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More than 2,500 serotypes of Salmonella exist. However, only some of these serotypes 
have been frequently associated with food-borne illnesses. Salmonella is the second 

most dominant bacterial cause of food-borne gastroenteritis worldwide. Often, most 
people who suffer from Salmonella infections have temporary gastroenteritis, which 

usually does not require treatment. However, when infection becomes invasive, 
antimicrobial treatment is mandatory. Symptoms generally occur 8 to 72 hours 

after ingestion of the pathogen and can last 3 to 5 days. Children, the elderly, and 
immunocompromised individuals are the most susceptible to salmonellosis infections. 

The annual economic cost due to food-borne Salmonella infections in the United States 
alone is estimated at $2.4 billion, with an estimated 1.4 million cases of salmonellosis 

and more than 500 deaths annually.

This book contains nineteen chapters which cover a range of different topics, such as 
the role of foods in Salmonella infections, food-borne outbreaks caused by Salmonella, 
biofilm formation, antimicrobial drug resistance of Salmonella isolates, methods for 
controlling Salmonella in food, and Salmonella isolation and identification methods
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Preface 

Salmonella is a gram-negative microorganism, widely dispersed in nature and often 
found in the intestinal tract of animals and humans. More than 2,500 serotypes of 
Salmonella exist, but only some of these serotypes have been frequently associated 
with food-borne illnesses. The pathogenic Salmonella is a life-threatening bacterium, 
and it is a leading cause of food-borne bacterial illnesses in humans. After 
Campylobacter, Salmonella is the second most predominant bacterial cause of food-
borne gastroenteritis worldwide. Salmonella pathogens may primarily spread through 
the feces of wildlife and domestic animals, contaminated water, poor fertilization 
methods, and other agricultural practices. Salmonella serotypes can grow and survive 
in many different foods. The behavior of Salmonella in foods is governed by a variety 
of environmental and ecological factors. These include water activity, pH, chemical 
composition, the presence of natural or added antimicrobial agents, and storage 
temperature and processing factors, such as the application of heat and physical 
manipulation. 

Food-borne infections from Salmonella are obtained through ingesting contaminated 
food or water. Poultry, eggs, beef, and milk products are the main vehicles in the 
salmonellosis outbreak, and secondary sources are foods, such as fruits, vegetables, 
and seafood. Since 1962, registered cases of human salmonellosis caused by 
contaminated food have been steadily increasing. Salmonellosis, or Salmonella 
infection, caused by nontyphoid strains is the most common food-borne disease 
reported from population-based, active laboratory surveillance in the United States. 
However, since the 1980s, food-borne salmonellosis from Salmonella serotypes 
Typhimurium and Enteritidis has increased. The Centers for Disease Control and 
Prevention (CDC) revealed that the incidence of Salmonella infections in 2010 was 
significantly higher than during the period 2006–2008. 

Often, most people who suffer from Salmonella infections may have temporary 
gastroenteritis, which usually does not require treatment. However, when infection 
becomes invasive, antimicrobial treatment is mandatory. Symptoms generally occur 8 
to 72 hours after ingestion of the pathogen and can last 3 to 5 days. Children, the 
elderly, and immunocompromised individuals are the most susceptible to 
salmonellosis infections. The annual economic cost due to food-borne Salmonella 
infections in the United States alone is estimated at $2.4 billion, with an estimated 1.4 



XII Preface

million cases of salmonellosis and more than 500 deaths annually. Many milder cases 
are not reported, making the estimated number of salmonellosis cases in the United 
States thirty times the number of reported cases.   

The chapters contained in this book describe a range of different topics, such as the 
role of foods in Salmonella infections, food-borne outbreaks caused by Salmonella, 
biofilm formation by Salmonella (Salmonella grows predominantly as biofilm in most 
of its natural habitats). Additional topics include antimicrobial drug resistance of 
Salmonella isolates (the multidrug resistance of Salmonella, which reduces the 
therapeutic options in cases of invasive infections and could potentially be associated 
with an increased burden of illness), methods for controlling Salmonella in food, and 
Salmonella isolation and identification methods to ensure the safety of food. 
Contributing to this book are internationally renowned scientists who have provided a 
diverse and global perspective of the issues of concern with the Salmonella pathogen. 
This book serves as an excellent resource for those interested in Salmonella. In fact, 
this book is intended to be primarily a reference book. However, it also summarizes 
the current state of knowledge regarding Salmonella, and it contains ideas for future 
research. The editor is indebted to the participating authors for their state-of-the-art 
contributions in providing authoritative views resulting from their research on this 
dangerous Salmonella pathogen. 

Barakat S. M. Mahmoud, PhD 
A. Professor of Food Safety and Microbiology

Mississippi State University 
USA 
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The Burden of Salmonellosis 
 in the United States 

Patricia L. Cummings1,2, Frank Sorvillo1,2 and Tony Kuo2,3 

1University of California, Los Angeles (UCLA) School of Public Health 
2Los Angeles County Department of Public Health 

3David Geffen School of Medicine at UCLA 
USA 

1. Introduction
Salmonellosis or Salmonella infection caused by nontyphoid strains is the most common 
foodborne disease reported from population-based, active laboratory surveillance in the 
United States (U.S.) (Figure 1). The overall incidence of laboratory confirmed Salmonella 

Fig. 1. Total number of laboratory-confirmed bacterial and parasitic infection cases and 
hospitalizations by pathogen in the United States (CDC, 2011). 
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infection was 17.6 cases per 100,000 persons in 2010. This was more than twice the U.S. 
Healthy People 2010 objective of 6.8 cases per 100,000 persons (Figure 2) (Matyas et al.,2010). 
Moreover, a recent report released by the Centers for Disease Control and Prevention (CDC) 
revealed that the incidence of Salmonella infections in 2010 was significantly higher than 
during 2006-2008 representing an increase of about 10% (95% Confidence Interval (CI), 4-
17%). However, other foodborne infections, such as Campylobacter, Listeria, Shigella, STEC 
O157, Vibrio, and Yersinia, have all actually decreased during this same period (CDC, 2011). 
The disease burden of salmonellosis has remained substantial in the United States in spite of 
ongoing public health and regulatory efforts to prevent and control this infectious disease.  
 

 
Fig. 2. Laboratory-confirmed Salmonella incidence rate per 100,000 population, by age group, 
as compared to the overall incidence rate and the national health objectives (Healthy People) 
for 2010 and 2020, United States, 2010 (CDC, 2011).  

The present chapter discusses the trends in morbidity, mortality, and years of potential life 
lost attributed to human salmonellosis in the United States. In addition, this chapter 
provides a snapshot of U.S. public health measures and control policies that are currently in 
place to protect the public against Salmonella infection.  

2. The burden of salmonellosis in the United States 
Salmonellosis causes more disease burden than any other foodborne pathogen. An 
estimated 93.8 million cases (90% CI, 61.8-131.6 million) of gastroenteritis caused by 
Salmonella species occur globally each year and of these, nearly 80.3 million cases are 
foodborne (Majowicz et al., 2010). In the United States, an estimated 1 million incident cases 
of human salmonellosis occur annually (Scallan et al., 2011); however, only a small portion 
of these cases are recognized clinically (see section 2.2). In industrialized countries as few as 
1% of clinical cases are actually reported (Heymann, 2008). Collectively, Salmonella infections 
in the United States account for roughly 19,336 hospitalizations, 17,000 quality adjusted life 

Overall Salmonella incidence rate in 2010
(17.6 per 100,000 persons) 

Healthy People 2020 objective
(11.4 per 100,000 persons) 

Healthy People 2010 objective
(6.8 per 100,000 persons) 
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years lost (QALYs), and $3.3 billion in total medical expenditures and lost productivity each 
year (Batz et al., 2011).  

2.1 Clinical manifestations, serotypes, and outbreaks 
Salmonella gastroenteritis is usually a self-limited disease in which the symptom of fever 
typically resolves within 48 to 72 hours and diarrhea within three to seven days. 
Complications from the infection may include severe dehydration, shock, collapse, and/or 
septicemia. Symptoms are usually more severe among infants, young children, elderly, and 
those who are immune-compromised (Scallan et al., 2011).  
Although there are many serotypes of Salmonella that are pathogenic to both humans and 
animals (i.e., approximately 2,500 serotypes have been identified), the vast majority of human 
Salmonella isolates are serotype S. enterica subsp. enterica (Heymann, 2008). Serovars Typhi and 
Paratyphi of this serotype, S. enterica subsp. enterica, are the etiologic agents that cause typhoid 
and paratyphoid fevers. These types are also common, but are generally found in developing 
countries, such as those in South America, Africa, and parts of Asia (Heymann, 2008). In 
developed countries where there is active, coordinated foodborne disease surveillance, other 
serovars such as Typhimurium and Enteritidis are frequently reported.  
Sixty to eighty percent of all human salmonellosis cases in the United States occur 
intermittently and sporadically throughout the population. Clusters of large outbreaks in 
restaurants, institutions for children, hospitals, and nursing homes have occurred recently 
and remain major public health threats. These outbreaks are usually the product of 
contamination from a production source, such as chicken farms, feed blending mills, and 
slaughterhouses. One of the more well-known Salmonella outbreaks in the United States 
occurred in 2010. This outbreak resulted from contamination in the food production chain, 
leading to a massive egg recall of over half a billion eggs and more than 2,000 reported cases 
of Salmonella-related illness (Hutchison, 2010). Although less common, outbreaks from food 
handling by an ill person or carrier have been reported in recent years (Cruickshank et al., 
1987; Khuri-Bulos et al., 1994). For instance, in 2000 an ill food handler in a bakery that 
supplied hamburger buns to restaurants was found responsible for an outbreak among 
several burger restaurants across Southern California and Arizona. This outbreak was 
atypical in that it resulted from consumption of commercially distributed bread, which is a 
highly unusual vehicle for most foodborne infectious agents (Kimura et al., 2005). 
Outbreaks from person-to-person transmission can also be of particular concern, especially 
among hospital workers who have the potential to spread the bacterium with their hands or 
through contaminated instruments. Outbreaks of Salmonella infection have occurred in 
places like maternity wards where staff members with contaminated hands and/or the use 
of contaminated medical instruments result in the transmission of Salmonella to babies and 
mothers (Rowe et al., 1969). In 2008, an outbreak strain of Salmonella serotype Tennessee 
occurred in a neonatal intensive care unit in the United States, where limited access to sinks 
for hand washing likely facilitated the transmission to infants (Boehmer, 2009). 

2.2 Salmonellosis incidence – FoodNet data 
Based on FoodNet surveillance data (see section 4.1) for nine selected foodborne pathogens 
from 10 states and three federal agencies (CDC, U.S. Food and Drug Administration, and 
U.S. Department of Agriculture), a total of 19,089 laboratory-confirmed cases of foodborne 
infections, 4,247 hospitalizations, and 68 deaths were identified for the year 2010 in the U.S. 
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(CDC, 2011). Of the nine pathogens monitored, including Campylobacter, Listeria, Salmonella, 
Shigella, STEC O157, Vibrio, Yersinia, Cryptosporidium, and Cyclospora, salmonellosis was the 
most common infection reported and had the highest number of associated hospitalizations 
and deaths. A total of 8,256 infections (17.6 illnesses per 100,000 persons); 2,290 
hospitalizations; and 29 deaths were attributed to this pathogen in 2010. Ninety-two percent 
(7,564 out of 8,256) of these isolates were subsequently serotyped through PulseNet (see 
section 4.1), with Enteritidis (22%), Newport (14%), and Typhimurium (13%) representing 
the most common serotypes. The FoodNet data indicate that the rate of infection from 
Salmonella remains substantially high and has not declined for over a decade, as compared 
to the other eight foodborne pathogens tracked through FoodNet. These data support 
ongoing control efforts in the United States that target Salmonella, particularly in response to 
the costs associated with treatment of this infection – approximately $365 million in direct 
medical costs each year (CDC, 2011).  

2.3 Salmonellosis-related mortality 
Current estimates indicate that there are about 155,000 salmonellosis-related deaths each 
year worldwide (Majowicz et al., 2010); between 400-600 of them are in the United States 
(Mead et al., 1999; CDC, 2008). While risk of death and actual deaths from salmonellosis are 
not typically common in the general population, the infection can be particularly virulent in 
vulnerable groups, especially among young children, older adults, and those who are 
immune-compromised (see section 3).  
Table 1 presents the most updated analysis of multiple cause-of-death (MCD) data based on 
death certificates in the United States. From 1990 to 2007, there were 1,372 nontyphoidal 
Salmonella-related deaths. Among these reported deaths, Salmonella was listed as an 
underlying cause of death on 785 (57.2%) death certificates and as an associated cause of 
death on 587 (42.8%) death certificates. Fifty-six deaths occurred in 2007 alone, resulting in 
an age-adjusted mortality rate of 0.018 per 100,000 population (95% CI, 0.013-0.022). The 
average age-adjusted mortality rate over the entire study period, from 1990 to 2007, was 
0.028 per 100,000 population (95% CI, 0.027-0.030; n=1,372). This represents a total of 21,417 
years of potential life lost (Table 1). 
Between 1990 and 2006 the age-adjusted mortality rate for human salmonellosis declined from 
0.06 per 100,000 population (95%CI, 0.05-0.07; n=136 deaths) to 0.01 per 100,000 population 
(95%CI, 0.01-0.02; n=45 deaths). The variance between deaths and incidence, in terms of trends 
over the past decade show that deaths have decreased (Cummings PL et al., 2010), but 
incidence has increased (CDC, 2011). This difference could potentially be the result of better 
medical treatment or other contributing factors accounting for the decline in deaths. In 2007, 
however, a slight increase (albeit not significant) in the frequency and rate of Salmonella-related 
deaths was observed (Figure 3). The mean age of decedents with Salmonella infection listed on 
their death certificate for the period 1990-2007 was 63.1 years. Overall, males were more likely 
than females to have Salmonella listed as a cause of death (either underlying or associated) on 
their death certificate and have more years of potential life lost – 13,447 years for males 
versus 7,970 years for females (Table 1). Infants (< 1 year of age) and older adults (> 65 years 
of age) had the highest frequency of Salmonella-related deaths over the 18-year period (Table 
1). The highest age-specific mortality rates during this period were observed among infants 
(0.086 per 100,000 population), those aged 75-84 (0.160 per 100,000 population), and those 85 
years and older (0.314 per 100,000 population). Asian, black, and Hispanic race/ethnicity 
had higher rates of mortality from Salmonella infection as compared to whites. 
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 Frequency 
(N%) 

Age-Adjusted 
Mortality Rate 

(95% CI) 

Age-Adjusted 
Rate Ratio 
(95% CI) 

Age-adjusted 
Rates of 

Potential Life 
Years Lost 

Sex 
Female 
Male 

 

 
583 (42.5%) 
789 (57.5%) 

 
0.021 (0.019-0.022) 
0.038 (0.035-0.041) 

 

 
Referent 

1.84 (1.68-2.02) 
 

 
7,970 
13,447 

 
Race/Ethnicity† 

White 
Asian/Pacific Islander 

Black 
Hispanic 

Native American 
 

 
893 (65.1%) 

76 (5.5%) 
279 (20.3%) 
116 (8.5%) 
7 (0.5%) 

 
0.023 (0.021-0.024) 
0.059 (0.045-0.073) 
0.057 (0.050-0.064) 
0.031 (0.025-0.038) 
0.025 (0.005-0.045) 

 
Referent 

2.63 (2.45-2.82) 
2.53 (2.36-2.72) 
1.39 (1.28-1.50) 
1.11 (1.02-1.21) 

 
9,768 
1,256 
7,095 
3,050 
173 

Age group (years)*† 
 

<1 
1-4 
5-14 

15-24 
25-34 
35-44 
45-54 
55-64 
65-74 
75-84 
>85 

 
 

61 (4.4%) 
18 (1.3%) 
12 (0.9%) 
22 (1.6%) 
85 (6.2%) 
91 (6.6%) 
128 (9.3%) 
134 (9.8%) 

243 (17.7%) 
342 (24.9%) 
235 (17.1%) 

 

Age-Specific 
Mortality Rate 

0.086 (0.064-0.107) 
0.006 (0.003-0.009) 
0.002 (0.007-0.003) 
0.003 (0.002-0.005) 
0.012 (0.009-0.014) 
0.012 (0.009-0.014) 
0.020 (0.017-0.024) 
0.030 (0.025-0.035) 
0.073 (0.064-0.082) 
0.160 (0.143-0.177) 
0.314 (0.274-0.354) 

 

 
 

-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
 

 
 

4,575 
1,315 
797 

1,204 
3,797 
3,236 
3,262 
2,004 
1,227 

0 
0 
 

Total 1,372 0.028 (0.027-0.030) N/A 21,417 

Note: 95% CI = confidence interval; Years of Potential Life Lost were calculated by subtracting the age 
in years at the time of death from 75 years. *Mortality rates are age-specific rates, not age-adjusted rates. 
† Numbers may not add up to total, due to missing data.  

Table 1. Age-adjusted nontyphoidal Salmonella-related mortality rates per 100,000 
population and mortality rate ratios by sex, race/ethnicity and age group, United States, 
1990-2007.  

Asians had the highest age-adjusted rate ratio of 2.63 (95% CI, 2.45-2.82; n=76 deaths) relative 
to whites, the referent group (Table 1). While whites had the highest absolute number of 
deaths (n = 893), they had the lowest age-adjusted mortality rate (0.023 per 100,000 population; 
95% CI, 0.021-0.024). Reasons for disparities in Salmonella mortality based on gender and 
race/ethnicity have been discussed in a previously published paper (Cummings PL et al., 
2010). California and New York had the highest number of deaths (n=219 and n=105, 
respectively), but relatively low age-adjusted mortality rates (0.04 per 100,000 population, 95% 
CI, 0.04-0.05 and 0.03 per 100,000 population, 95% CI, 0.02-0.04, respectively). Although 
Hawaii and District of Columbia had smaller numbers, they had the highest age-adjusted 
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(CDC, 2011). Of the nine pathogens monitored, including Campylobacter, Listeria, Salmonella, 
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years of potential life lost (Table 1). 
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(95%CI, 0.01-0.02; n=45 deaths). The variance between deaths and incidence, in terms of trends 
over the past decade show that deaths have decreased (Cummings PL et al., 2010), but 
incidence has increased (CDC, 2011). This difference could potentially be the result of better 
medical treatment or other contributing factors accounting for the decline in deaths. In 2007, 
however, a slight increase (albeit not significant) in the frequency and rate of Salmonella-related 
deaths was observed (Figure 3). The mean age of decedents with Salmonella infection listed on 
their death certificate for the period 1990-2007 was 63.1 years. Overall, males were more likely 
than females to have Salmonella listed as a cause of death (either underlying or associated) on 
their death certificate and have more years of potential life lost – 13,447 years for males 
versus 7,970 years for females (Table 1). Infants (< 1 year of age) and older adults (> 65 years 
of age) had the highest frequency of Salmonella-related deaths over the 18-year period (Table 
1). The highest age-specific mortality rates during this period were observed among infants 
(0.086 per 100,000 population), those aged 75-84 (0.160 per 100,000 population), and those 85 
years and older (0.314 per 100,000 population). Asian, black, and Hispanic race/ethnicity 
had higher rates of mortality from Salmonella infection as compared to whites. 
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Table 1. Age-adjusted nontyphoidal Salmonella-related mortality rates per 100,000 
population and mortality rate ratios by sex, race/ethnicity and age group, United States, 
1990-2007.  

Asians had the highest age-adjusted rate ratio of 2.63 (95% CI, 2.45-2.82; n=76 deaths) relative 
to whites, the referent group (Table 1). While whites had the highest absolute number of 
deaths (n = 893), they had the lowest age-adjusted mortality rate (0.023 per 100,000 population; 
95% CI, 0.021-0.024). Reasons for disparities in Salmonella mortality based on gender and 
race/ethnicity have been discussed in a previously published paper (Cummings PL et al., 
2010). California and New York had the highest number of deaths (n=219 and n=105, 
respectively), but relatively low age-adjusted mortality rates (0.04 per 100,000 population, 95% 
CI, 0.04-0.05 and 0.03 per 100,000 population, 95% CI, 0.02-0.04, respectively). Although 
Hawaii and District of Columbia had smaller numbers, they had the highest age-adjusted 
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mortality rates during 1990-2007 (0.08 per 100,000 population, 95% CI, 0.04-0.12; n=18 and 0.08 
per 100,000 population, 95% CI, 0.02-0.13; n=8, respectively).  
Methods used in this updated analysis are similar to those previously described in 
Cummings PL et al., 2010. Briefly, years of potential life lost (YPLL) were calculated by 
subtracting the age in years at the time of death from 75 years (Gardner, 1990). Deaths were 
defined as any observation listed as either the underlying cause or the associated cause of 
death with the following International Classification of Diseases, 9th revision (ICD-9) and 
10th revision (ICD-10) codes: 003.0-003.9 and A02.0-A02.9, respectively. These ICD codes 
included infection or foodborne intoxication due to any Salmonella species, other than 
serovars Typhi and Paratyphi, which are the microbial agents that cause typhoid and 
paratyphoid fevers. Since these latter conditions are rare in the United States and 
predominately occur in developing countries (e.g., countries in Southeast Asia, Africa, and 
South America), serovars Typhi and Paratyphi were excluded from the analysis.  
 
 

 
 

Fig. 3. Number of nontyphoidal Salmonella-related deaths and age-adjusted mortality rates 
per 100,000 population by year, United States, 1990-2007. 

2.4 Changing trends in factors that may contribute to human salmonellosis 
Although mortality rates are important indicators of health status, they often do not tell the 
entire story. Factors such as the aging population; increased burden of chronic diseases that 
can suppress immunity; and an increasingly global market in meats, poultry, vegetables, 
fruits, farm animals, and pets (e.g., chicks and reptiles) are all emerging influences that can 
potentially amplify the risk and burden of human salmonellosis in the United States.  
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2.4.1 An aging population and increased burden of chronic disease 
As the present generation of baby boomers (those born between 1946 and 1964) reach age 65 
and older, the trend in Salmonella-related deaths is expected to change, suggesting that more 
deaths could ensue, given that older adults frequently experience more severe infections 
and require hospitalization more often from this foodborne illness than younger adults 
(Kennedy et al., 2004). Trends showing increased chronic disease prevalence in the 
population for such conditions as cancer, autoimmune disorders, and other diseases 
requiring treatment with immune-suppressive therapies parallel the aging of the population 
and foreshadow the continual burden of human salmonellosis in the United States 
(Altekruse et al., 1997).  

2.4.2 An increasingly global market 
Today’s global market in meats, poultry, vegetables, fruits, farm animals, and pets, 
represents potential sources of Salmonella contamination that are complex and sometimes 
difficult to control. For example, in 2008 there was a multi-state outbreak of Salmonella 
Typhimurium associated with frozen vacuum-packed rodents that are used to feed snakes 
(Fuller et al., 2008). This occurrence represents a rare, but wide-spread outbreak associated 
with commercially distributed rodents. Likewise, the illicit selling and importation of many 
animals from abroad have caused several unanticipated salmonellosis outbreaks, as well as 
agricultural problems for the region. In Los Angeles County, the illegal selling of red-eared 
slider turtles (< 4 inches in diameter) has become an important public health problem. 
Because caring for these animals is exceedingly difficult, they are often abandoned or 
dumped by their owners into wildlife preserves and adquaducts. A local animal control 
agency in Los Angeles County found that an increasing number of turtles have been 
dumped over the years; they impounded over 6,000 illegally sold, undersized red-eared 
slider turtles from 2000-2007 (unpublished data). The upward trend in the abandonment of 
turtles and the turtles' high fecundity rates may also increase the risk of transmission to 
native species (Perez-Santigosa et al., 2008). Nearly 10% of all reported cases of human 
salmonellosis in Los Angeles County have been attributed to direct or indirect contact with 
reptiles, namely the red-eared slider turtle, the most common reptile source found in more 
than 50% of these cases (LACDPH, 2008). Continual monitoring and targeted improvements 
to regulate the illegal selling of these animals remain key control measures for protecting the 
public against acquiring Salmonella infections from reptiles. 

3. Salmonellosis in vulnerable groups with comorbid conditions  
Clinical evidence suggests that infection with nontyphoid Salmonella often results in more 
severe manifestations of clinical disease than from any other foodborne pathogen (Helms et 
al., 2006). Comorbid health conditions and their related immuno-suppressive treatments 
may be particularly problematic, especially among vulnerable groups at high risk of 
progressing to severe forms of salmonellosis (Trevejo et al., 2003; Cummings PL et al., 2010). 
For example, those with HIV/AIDS, certain types of cancers (e.g., leukemia, bone marrow), 
or autoimmune disorders are at significantly greater risk for death, as compared to persons 
without these conditions. In the updated analysis of Salmonella-related mortality as 
described in section 2.3, a matched case-control study showed that HIV (matched odds ratio 
(MOR) =7.42; 95% CI, 5.26-10.47), leukemia (MOR=2.95; 95% CI, 1.48-5.88), connective tissue 
disorders (MOR=2.36, 95%CI, 1.42-3.93), lupus (MOR=3.83; 95% CI, 1.72-8.55), and 
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mortality rates during 1990-2007 (0.08 per 100,000 population, 95% CI, 0.04-0.12; n=18 and 0.08 
per 100,000 population, 95% CI, 0.02-0.13; n=8, respectively).  
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subtracting the age in years at the time of death from 75 years (Gardner, 1990). Deaths were 
defined as any observation listed as either the underlying cause or the associated cause of 
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rheumatoid arthritis (MOR=2.24; 95% CI, 1.10-4.55) were more likely to be reported on death 
certificates with Salmonella infection listed as an underlying or associated cause of death than 
controls when matched on age, sex, and race/ethnicity (Table 2). Other conditions found to be 
listed with Salmonella infection on death certificates included: septicemia; various types of 
renal failure and disorders of fluid, electrolyte, and acid-base balance; and sickle-cell disorders 
(Table 2). The matched analysis examined comorbid conditions most often listed on death 
certificates of those who died from Salmonella infection, as either an underlying cause or 
associated cause of death. Table 2 lists these diseases within a broader category (e.g., all types 
of cancer, all types of renal failure) and their corresponding ICD codes. For example, Leukemia 
is one type of cancer that affects the bone marrow.  
 

Comorbid condition 
ICD-9 and ICD-10 

codes 
(respectively) 

Salmonella-
related 
deaths 

(N=1,371),a 

N(%)b 

Matched 
control 
deaths 

(N=5,484), 
N(%)b 

Matched 
odds ratios 

(95%CI) 

Alcohol and drug abuse 303-305, K70, F10-F19 40 (2.92) 237 (4.32) 0.65 
(0.46-0.92) 

Cancer (all types) 140-239, C00-D48 192 (14.00) 1,373 (25.04) 0.47 
(0.40-0.56) 

- Malignant neoplasm 
(bone, connective tissue, 
skin, breast) 

170-175, C40-C49 13 (0.95) 102 (1.86) 0.50 
(0.28-0.90) 

- Malignant neoplasm 
(digestive organs, 
peritoneum) 

150-159, C15-C26 33 (2.41) 336 (6.13) 0.37 
(0.26-0.54) 

Cancers affecting bone 
marrow (all types) 

200, 203-205, C85, C88, 
C90-C92 46 (3.36) 92 (1.68) 2.01 

(1.41-2.87) 

- Leukemia 204, C91 14 (1.02) 19 (0.35) 2.95 
(1.48-5.88) 

Connective tissue disorders 
(all types) 

710, 714, M05-M06, 
M08, M32-M35 

24 (1.75) 43 (0.78) 2.36 
(1.42-3.93) 

- Lupus* 695.4, 710, L93, M32 12 (0.88) 14 (0.26) 3.83 
(1.72-8.55) 

- Rhumatoid arthritis 714, M05-M06, M08 12 (0.88) 22 (0.40) 2.24 
(1.10-4.55) 

Diabetes 250, E10-E11, E14 109 (7.95) 422 (7.70) 1.04 
(0.83-1.30) 

Diseases of the circulatory 
system 390-459, I00-I99 674 (49.16) 2,938 (53.57) 0.82 

(0.73-0.93) 
Endocrine, nutritional, 
metabolic diseases, and 
immunity disorders (all 
types) 

240-279, E00-E90 242 (17.65) 669 (12.20) 1.56 
(1.32-1.83) 

- Disorders of fluid, 
electrolyte, acid-base balance 276, E87 57 (4.16) 78(1.42) 3.03 

(2.12-4.31) 
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Comorbid condition 
ICD-9 and ICD-10 

codes 
(respectively) 

Salmonella-
related 
deaths 

(N=1,371),a 

N(%)b 

Matched 
control 
deaths 

(N=5,484), 
N(%)b 

Matched 
odds ratios 

(95%CI) 

Flu/Pneumonia (organism 
unspecified) 480-488, J10-J18, P23 107 (7.80) 445 (8.11) 0.95 

(0.76-1.18) 
Diseases of the digestive 
system (all types) 520-579, K00-K93 246 (17.94) 447 (8.15) 2.46 

(2.08-2.92) 

 - Liver diseases 570-573, K70-K77 72 (5.25) 201 (3.67) 1.51 
(1.14-2.00) 

HIV 042, B20-B24 133 (9.70) 121 (2.21) 7.42 
(5.26-10.47) 

Renal Failure (all types) 580-589, N17-N19 197 (14.37) 374 (6.82) 2.38 
(1.96-2.87) 

 - Acute renal failure 584, N17 74 (5.40) 71 (1.29) 4.31 
(3.09-6.01) 

 - Chronic renal failure 585, N18 26 (1.90) 106 (1.93) 0.98 
(0.63-1.52) 

 - Unspecified renal failure 586, N19 96 (7.00) 203 (3.70) 2.00 
(1.55-2.58) 

Septicemia (including other 
septicemia) 038, A40.9, A41 193 (14.08) 304 (5.54) 2.73 

(2.25-3.32) 

Sickle-cell disorders 282, D57 13 (0.95) 6 (0.11) 10.2 
(3.16-32.91) 

a One case was excluded due to missing variables. b Numbers may not add up to total due to missing 
data. 

Table 2. Comorbid conditions associated with nontyphoidal Salmonella mortality in the 
United States, 1990-2007. 

4. Current surveillance efforts, prevention, and next steps  
4.1 Current surveillance efforts in the United States 
In the United States, surveillance for Salmonella infections has been an ongoing effort since 
1996. Managed by the CDC, the Foodborne Diseases Active Surveillance Network 
(FoodNet) collects active, population-based surveillance data on laboratory-confirmed 
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bacterial foodborne pathogens. PulseNet routinely subtypes E. coli O157:H7, nontyphoid 
Salmonella serotypes, Listeria monocytogenes, and Shigella. The database encompasses 46 
states, two local public health laboratories, and the food safety laboratories of the Food and 
Drug Administration and the U.S. Department of Agriculture. The national database of 
pulsed-field gel electrophoresis (PFGE) for foodborne bacterial pathogens helps track 
potentially unrelated cases in isolated geographic areas and identifies outbreak strains. 

4.2 Salmonellosis transmission, prevention, and next steps  
The most common mode of Salmonella transmission is through the ingestion of the 
bacterium in food derived from an infected animal or contaminated by feces of an infected 
animal or person (Mead et al., 1999). This includes raw and undercooked eggs or egg 
products, raw milk or milk products, poultry, meat, contaminated water, and any other 
food item that uses potentially contaminated ingredients. Farm animals used to produce 
these ingredients can become infected by eating feed and fertilizers prepared from 
contaminated meat scraps and bones. The infection can then spread by bacterial 
multiplication during rearing and slaughter. This chain of transmission can eventually 
lead to person-to-person fecal-oral transmission when a person comes in contact with 
contaminated feces and transmits it to others through a vehicle (e.g., food) or by direct 
transmission.  
Other sources of transmission may occur from handling Salmonella-contaminated pet turtles, 
iguanas, chicks, and unsterilized pharmaceuticals of animal origin. Contact with pet turtles 
and other reptiles can be a very serious health risk to infants, small children, and adults with 
weakened immune systems (LACDPH, 2008). Hand-to-mouth and object-to-mouth 
behaviors are common among young children and can increase their risk for contracting 
salmonellosis. This resulted in a nationwide ban on the sale of turtles less than four inches in 
diameter in 1975 (US-CFR, 2010).  
More recently, there have been several outbreaks of salmonellosis traced to consumption of 
raw fruits and vegetables, generally contaminated from manure on the outer surface of the 
fruit or vegetable. Manure contamination can be from the farm or during packing (Harris et 
al., 2003). In 1999, a multi-state outbreak of Salmonella enterica serotype Baildon (a rare 
serotype) was associated with raw, domestic tomatoes in the United States (Cummings K et 
al., 2001). This large outbreak resulted in 86 confirmed cases of salmonellosis.  
Since there are several species of domestic and wild animals that can harbor Salmonella (e.g., 
poultry, swine, cattle, rodents and pets such as iguanas, tortoises, turtles, terrapins, chicks, 
dogs and cats), control policies and measures for preventing Salmonella infection are often 
more complex than for other foodborne pathogens. The fact that humans can also carry this 
bacterium either as mild, unrecognized cases or as convalescent carriers (i.e., those who 
have recovered from symptomatic illness, but are still capable of transmitting the pathogen 
to others) also contributes to this complexity. As carriers, humans can be particularly 
effective in spreading the disease in the population. Fortunately, chronic carrier states are 
rare in humans; they are, however, prevalent in animals.  
Given that the most common mode of transmission is from handling and consuming 
infected food, the risk of exposure to salmonellosis can occur at multiple points in the food 
distribution chain, including retail food establishments and homes. Since the food 
distribution chain directly and indirectly affects all individuals, vigilant monitoring and 
regulation at multiple points in the chain are vital.  
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4.2.1 Food distribution chain 
Salmonella prevention can be implemented in a number of ways, one of which is through 
environmental or system policies that improve regulation of potential sources of 
contamination. For example, the U.S. Department of Agriculture’s Food Safety and 
Inspection Service currently recommends establishing facilities for irradiation of meats and 
eggs (USDA-FSIS, 2005). In addition, the need for improved sanitation inspection and 
supervision of abattoirs, food-processing plants, feed-blending mills, and egg grading 
stations is growing, as these are top sources of contamination for common foodborne 
pathogens in the United States (Batz et al., 2011). Multiple regulatory outlets are currently 
responsible for monitoring different aspects of the U.S. food distribution chain. The Food 
and Drug Administration is responsible for the safety of approximately 80% of the nation’s 
food supply, while other government entities, including the U.S. Department of Agriculture 
oversee the remainder. In covering such a broad enforcement responsibility, these agencies 
are continuously striving to reduce gaps in coordination and frequently collaborate on 
multiple efforts to ensure food safety. The World Health Organization (WHO) recommends 
strong communication, infrastructure, and coordination efforts among private, local, and 
federal regulatory sectors. The WHO also recommends the establishment of enhanced food 
safety standards in feed control regulation; cleaning and disinfection; vector control; and 
adequate cooking or heat-treating (including pasteurization or irradiation) of animal-
derived foods prepared for animal consumption (e.g., meat or bone or fishmeal and pet 
foods). U.S. agencies follow these standards. 
The regulatory policies currently in place have been developed over many years in the 
United States. Starting in the early 1990s, farm-to-table egg safety efforts were developed by 
the Food and Drug Administration and the USDA Food Safety and Inspection Service 
(FSIS). Over the years, FSIS gained more regulatory authority in enforcing laws, including 
the Federal Meat Inspection Act (FMIA), the Poultry Products Inspection Act (PPIA), and 
the Egg Products Inspection Act. These particular laws or regulations required federal 
inspection and regulation of meat, poultry, and processed egg products prepared for 
distribution. In conjunction with these laws, the Food and Drug Administration and the 
FSIS conducted a joint Salmonella Enteritidis risk assessment in 1998. This assessment found 
that a broad-based policy encompassing multiple interventions from farm-to-table is more 
likely to be effective in eliminating egg-associated salmonellosis cases than a single policy 
directed solely at one stage of the production-to-consumption continuum.  
The lessons learned from the Food and Drug Administration (FDA) and the FSIS joint 
evaluation efforts contributed to the development and implementation of the FDA’s new 
food safety strategy – coined as the “new egg rule” (Figure 4). This rule is considered very 
comprehensive and is aimed at preventing Salmonella Enteritidis in shelled eggs during 
production, storage, and transportation. Ironically, (as mentioned in section 2.1) one of the 
largest Salmonella outbreaks in U.S. history that led to a massive recall of about half a billion 
eggs and more than 2,000 reported illnesses occurred just prior to implementation of these 
new regulations during the summer of 2010 (Hutchison, 2010). The new egg rule requires 
production plants to implement intense rodent control, limits on contamination from people 
and equipment, regular egg tests, egg storage temperatures that retard Salmonella growth, 
and a requirement that egg producers maintain records documenting their compliance with 
these regulations. Modeled after several existing state programs (e.g., Pennsylvania Egg 
Quality Assurance Program), the new egg rule will, according to some farms, increase costs 
of production to about a penny per dozen (Hutchison, 2010). However, the Food and Drug 
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bacterial foodborne pathogens. PulseNet routinely subtypes E. coli O157:H7, nontyphoid 
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Administration projected an average annual cost of about $24,100 per farm site, which 
translates into about $0.30 cents per layer (i.e., a layer is a chicken that produces eggs) 
(USDA-APHIS, 1999). One of the benefits of this new egg rule, if properly regulated, is that 
it can potentially outweigh the healthcare-associated costs of treating salmonellosis. The 
Food and Drug Administration expects that the rule will decrease Salmonella in plants by 
60%, save more than 30 lives each year, and avert more than 79,000 cases of salmonellosis 
annually (USDHHS, 2009). The preventive measures that were included in this new rule 
have been demonstrated to be relatively effective for preventing the spread of Salmonella 
Enteritidis (USDHHS, 2009). Moreover, shelled eggs were targeted by these measures 
because they are the predominant source of foodborne Salmonella Enteritidis-related 
outbreaks in the United States (USDHHS, 2009).  
 

 
Fig. 4. Consumer health information guide released by the Food and Drug Administration 
and the U.S. Department of Agriculture on September 2010 outlining the new egg rule. 

One of the anticipated hurdles of the new egg rule may be implementation barriers, such as 
the limited capacity of smaller facilities to comply with the required preventive measures. 
Smaller farms may not be as prepared as larger farms to meet the rule’s requirements 
during the initial stages of implementation. More specifically, they may be less likely to 
have adequate refrigeration capacity, effective rodent control, an efficient biosecurity 
program, and the necessary measures in place to limit laying hens' exposure to manure on 
building floors. The Food and Drug Administration (FDA) has anticipated this need to assist 
smaller farms. Currently, there is an FDA exemption in place for producers with small 
flocks (i.e., less than 3,000 laying hens). The agency’s strategic decision to target the largest 
producers is based on its goal of having the greatest impact in terms of farm-to-table 
distribution of eggs. This is a reasonable approach, at least in the initial years of 
implementation. Eventually, consideration for expanding this rule to apply to smaller farms 
may be beneficial.  
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4.2.2 Restaurant and retail food environments  
United States, California 
On July 1, 2011, in the state of California (U.S.A.), a food handler card law was implemented. 
This law requires that all employees of retail food establishments who prepare, store or serve 
food, must have a California Food Handler Card. This regulation applies to servers, 
chefs/head chefs/cooks/head cooks, bartenders, bussers (i.e., those who help assist the server 
by cleaning tables and other duties), and hosts and hostesses who handle food. Supervisors, 
including the general manager, may also need to carry the card if they do not already have a 
Food Protection Manager Certification. To receive a card or become certified, a person must 
take a basic food safety training course and pass a test with a score of 70% or better; the card is 
only valid for up to three years. Thus, food service employees must take the course every three 
years. Currently, the U.S. National Restaurant Association (ServSafe® California Food Handler 
Program), ProMetric, and the U.S. National Registry for Food Safety Professionals are the only 
three providers that can issue cards within California.  
Implementation of this program demonstrates the importance of preventive measures at the 
restaurant and/or retail level. For instance, not all food handlers at the different stages of 
food preparation in a given establishment may be entirely aware of raw products that are 
contained in certain foods, dishes, or recipes handed down to them by restaurant 
management or by other food handlers. A few examples include raw or partially cooked 
eggs (e.g., ‘over easy’ or ‘sunny side up,’ eggnogs, and homemade ice cream), the use of 
dirty or cracked eggs, pooled eggs (i.e., combining multiple eggs together), and dishes 
containing eggs that are not immediately cooked. Generally, all of these practices should be 
avoided or at least substituted with the use of pasteurized egg products (or irradiated egg 
products) if use of raw eggs is necessary for a recipe. 
Other preventive measures should include prohibiting individuals with diarrhea from 
food preparation. Known Salmonella carriers may require isolation or long-term 
monitoring and should definitely be discouraged from preparing food for others as long 
as they shed the organism. 
Los Angeles County, California (U.S.A.) 
In December 1997, in response to increased media attention of foodborne illness stemming 
from unsafe and unhygienic food handling practices in restaurants, the County of Los 
Angeles government passed an ordinance that focused on increasing transparency and 
consumer awareness of hygiene and sanitation practices at restaurants and other retail food 
establishments through restaurant inspections (Fielding, 2008; Zhe Jin and Leslie, 2003). 
Prior to its passage, the Department of Health Services routinely conducted hygiene 
inspections among restaurants in Los Angeles County. However, the results of these 
inspections were not made public. Thus, under the new mandate, inspection results were 
required to be posted as a letter grade corresponding to an aggregated inspection score (i.e., 
90-100 = A, 80-89 = B, 70-79 = C, etc.) (Figure 5). Specifically, it required that restaurants and 
other retail food facilities publicly post their assigned letter grade (using a standardized-
format grade card, see Figure 5), typically near the entrance, within five feet of the point of 
entry so the score would be visible to patrons (Simon, et al. 2005; Zhe Jin and Leslie, 2003). 
A month prior to the adoption of the ordinance, as a direct response to the need for 
transparency and consumer awareness, the County of Los Angeles Board of Supervisors 
requested that the Department of Health Services, which at the time included the Department 
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of Public Health, draft a 17-point action plan to enhance the existing restaurant inspection 
process (Fielding, 2008). The recommendations outlined by this plan laid the groundwork for 
the ordinance. The plan called for establishing inspection scoring criteria, adopting letter 
grading, and increasing transparency of inspection results (Fielding, 2008). It also specified 
several enhancements to the existing program, such as requiring Environmental Health (EH) 
staff to undergo rigorous training to learn the new inspection procedures; restaurant managers 
and workers receive food safety training; a 24-hour restaurant hotline be established so that 
the public could report complaints about food establishments; and development of a new 
inspection schedule (Fielding, 2008). The drafting of the action plan and the subsequent 
passage of the ordinance led to the 1998 establishment of an improved inspection program, 
now known as the Restaurant Hygiene Inspection Program (RHIP). The program is currently 
under the supervision of the Los Angeles County Department of Public Health.  
 

 
Fig. 5. Standardized-format grade cards given to restaurants and other retail food 
establishments upon receiving an inspection score. Los Angeles County, California, USA, 2011. 

On July 1, 2011, an addendum to the RHIP’s policy and procedures manual was added to 
the program. This addendum provided guidance on inspection frequency requirements, 
outlining inspection frequencies for food facilities based on risk assessment results for the 
facility. Risk assessment designation or category is defined as “the categorization of a food 
facility based on the public health risk associated with the food products served, the 
methods of food preparation, and the operational history of the food facility” 
(Environmental Health Policy and Operations Manual, 2011). Currently, there are four risk 
assessment categories used to evaluate restaurants (Table 3). 
Since implementation, the Restaurant Hygiene Inspection Program in Los Angeles County has 
been considered a relatively effective strategy for reducing the burden of foodborne disease in 
the region. Credited for improving hygiene standards among food facilities in the county, the 
program has been theorized by some to have helped reduce foodborne illness hospitalizations 
(Figure 6). In the year following implementation of the RHIP (1998), the grading program was 
associated with a 13.1 percent decrease (p<0.01) in the number of foodborne disease 
hospitalizations in Los Angeles County (Simon et al., 2005), albeit other factors may have also 
been attributed to this decrease, including random chance. Figure 6 shows the number of 
hospitalizations in the county, as compared to the rest of California (Simon et al., 2005). 
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Risk Category Applies to, but not limited to: Number of Inspections per year 
High-Risk Category  
(Risk Assessment I) 

-Meat Markets 
-Full service restaurants 3 inspections per year 

Moderate-Risk 
Category  
(Risk Assessment II) 

-Retail food stores with 
unpackaged foods 
-Fast food chains that sell 
chicken and beef 
-Quick service operations 

2 inspections per year 

Low-Risk Category  
(Risk Assessment III) 

-Liquor stores 
-Food warehouses (retail & 
prepackaged) 
-Ice cream operations in drug 
stores 
-Operations that sell candy 
-Kitchen-less bars 
-Snack bars located in theatres 

1 inspection per year* 
 

* If inspection score falls below 90, 
facility may be subject to additional 

inspections throughout the year. 

Temporary-Risk 
Category 
(Risk Assessment IV) 

-Applies to facilities that have 
existing suspensions, 
violations, or investigations. 

Establishments in this category will 
increase number of inspections by 
one (i.e., a restaurant in the low-risk 
category assigned to risk assessment 
IV will go from the typical 1 
inspection per year to 2 inspections 
per year). 

Table 3. The four risk assessment categories used to evaluate restaurants and other retail 
food establishments in Los Angeles County, California, USA.  
 

  
Fig. 6. Number of Foodborne-Disease Hospitalizations by Year, Los Angeles County and the 
Rest of California, 1993-2000, USA.  

RHIP Implementation 
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4.2.3 Home kitchens  
Although restaurant inspections by local health departments routinely assess food-safety 
practices among food handlers in the retail food environment, similar scrutiny of home 
kitchens are rarely applied in most jurisdictions across the United States. In response to this 
potential risk in the home setting, the Los Angeles County Department of Public Health 
launched its Home Kitchen Self-Inspection Program in the spring of 2006 to promote safer 
food handling and preparation practices among the county’s residents, using a voluntary 
self-inspection and education program. The program included the use of a web-based, self-
assessment questionnaire, called the Food Safety Quiz (FSQ) that was based on emerging 
evidence indicating that online, interactive learning strategies are conducive to problem-
based learning, improving self-efficacy and increasing self-mastery of selected skills (Kuo et 
al., 2010). The educational program stressed the importance of such preventive measures as 
hand washing before, during and after food preparation; refrigerating prepared foods in 
small containers; thoroughly cooking all foodstuffs derived from animal sources, 
particularly poultry, pork, egg products and meat dishes; avoiding recontamination within 
the kitchen after cooking is completed; and maintaining a sanitary kitchen and protecting 
prepared foods against rodent and insect contamination (Heymann, 2008; Scott, 2003). 
During its initial program period from 2006-2008, more than 13,000 individuals 
participated in the program and completed the FSQ. Recent evaluation of program 
progress revealed that if home kitchens were graded similarly to restaurants in Los 
Angeles County, 61% would have received an A or B rating, as compared to 98% for the 
full-service restaurants based on rating criteria derived from the California Food Safety 
Code (Kuo et al., 2010). Among the program participants, approximately 27% reported 
not storing partially cooked food that was not used immediately in the refrigerator before 
final cooking; 26% reported that their kitchen shelves and cabinets were not clean and free 
from dust; and 36% said they did not have a properly working thermometer inside their 
refrigerators (Kuo et al., 2010).  
The program evaluators concluded that even among interested and motivated persons 
who took the time to participate in the Home Kitchen Self-Inspection Program, food 
handling and preparation deficiencies were common in the home kitchen setting. This 
innovative, ongoing educational program in Los Angeles County underscores the 
importance of educating the public about home kitchen safety. Such programs, which 
emphasize feedback and interactive teaching about food safety, can complement the 
efforts of established restaurant hygiene rating programs to reduce foodborne illnesses in 
jurisdictions across the United States.  

4.3 Exploring new strategies and technologies 
New research on control measures is underway to investigate additional strategies for 
reducing foodborne illnesses, especially for Salmonella prevention. Advances in non-thermal 
technologies for microbial inactivation of Salmonella, such as the use of cold plasma, high 
pressure, and carbon dioxide are currently being evaluated (Bermúdez-Aguirre et al., 2011). 
Another approach that is currently being considered is the use of antimicrobial bottle 
coatings (i.e., packaging for liquid foods) to inactivate Salmonella in liquid egg albumen (Jin 
and Gurtler, 2011). Scientists are also actively exploring an experimental chlorate product 
that can be introduced into drinking water and feed for hens (McReynolds et al., 2005). 
Although promising, these innovations are not standalone interventions and are expected to 
augment existing control measures at various levels of the food distribution chain. 
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5. Conclusion 
Salmonellosis caused by nontyphoid strains remains the most common foodborne illness 
reported in the United States. In spite of effective public health and regulatory efforts to 
control and prevent this infectious disease, the morbidity, mortality, and years of potential 
life lost due to this foodborne pathogen continue to be substantial. The overall incidence of 
laboratory confirmed Salmonella infection was 17.6 cases per 100,000 persons in 2010, which 
remains higher than the Healthy People 2020 objective of 11.4 cases per 100,000 persons 
(Figure 2). Active surveillance and continual efforts in developing and implementing control 
policies have helped federal and local health agencies in the United States make significant 
strides in combating this disease. Lessons learned from these efforts, including ways to 
work collaboratively across agencies at different levels of the food distribution chain have 
been invaluable for informing present and future Salmonella control policies and preventive 
measures in the United States. These lessons may have global implications for other 
jurisdictions abroad. 
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1. Introduction 
Salmonella is one of the most common causes of foodborne disease worldwide. It also 
generates negative economic impacts due to surveillance investigation, and illness treatment 
and prevention. Salmonellosis is a zoonotic infection caused by Salmonella; for example, S. 
Enterica causes gastroenteritis, typhoid fever and bacteremia. Transmission is by the fecal–
oral route whereby the intestinal contents of an infected animal are ingested with food or 
water. Human carriers are generally less important than animals in transmission of 
Salmonella strains. A period of temperature abuse which allows the Salmonella spp. to grow 
in food and/or inadequate or absent final heat treatment are common factors contributing to 
outbreaks. Meat, poultry, egg, dairy products, and fruits and vegetables are primary 
transmission vehicles; they may be undercooked, allowing the Salmonella strains to survive, 
or they may cross-contaminate other foods consumed without further cooking. Cross-
contamination can occur through direct contact or indirectly via contaminated kitchen 
equipment and utensils. This chapter is a review of the role foods play in Salmonella 
infections and provides an overview of the main food chain- associated Salmonella risks. 

2. Salmonella contamination sources in foods  
Salmonella is found in the environment and the gastrointestinal tract of wild and farmed 
animals. Animals may become infected with Salmonella through environmental 
contamination, other animals or contaminated feed. Both animals and humans can function 
as Salmonella reservoirs. In addition to sheep, goats, cattle, chickens and pigs, other animals 
which can become infected with Salmonella include geese and other birds, lizards and other 
reptiles, shellfish, and amphibians such as turtles. Indeed, most Salmonella contamination is 
of animal origin. 
Among livestock production systems, Salmonella is more frequently isolated from poultry 
(chicken, turkey, duck, and pheasants) than from other animals (Freitas et al., 2010). 
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Salmonella-infected animals shed the microorganism in the feces from where it can spread 
into soil, water, crops and/or other animals. All Salmonella serotypes can be harbored in the 
gastrointestinal tract of livestock. The most common chain of events leading to this 
foodborne illness involves healthy carrier animals which subsequently transfer the pathogen 
to humans during production, handling and/or consumption.  
Salmonella transmission to food processing plants and food production equipment is a 
serious public health issue. Salmonella can enter the food chain at any point: crop, farm, 
livestock feed, food manufacturing, processing and retailing (Wong et al., 2002). A number 
of workers handle animals during slaughter and processing, and contamination is possible 
when Salmonella or any other pathogen is present on the equipment or the workers’ hands or 
clothing. Contamination most often occurs during specific slaughter stages: bleeding, 
skinning (or defeathering in poultry), evisceration (removal of chest and abdomen contents, 
also known as gutting) and pre-processing carcass handling. Cattle may be 
asymptomatically infected with Salmonella and beef can be contaminated during slaughter 
and processing via gastrointestinal content, and by milk during milking. Salmonella Dublin 
which is highly pathogenic to humans, is strongly associated with cattle (host-adapted). This 
makes cattle an important target for Salmonella control efforts.  
Salmonella can frequently be isolated from most species of live poultry, such as broilers, 
turkeys, ducks and geese. Levels in poultry can vary depending on country, production 
system and the specific control measures in place. Contamination in poultry products can 
occur at several stages in the slaughter process, be it feces during evisceration or cross-
contamination from contaminated products or surfaces on the production line. Particular 
contamination ‘hot spots’ in the poultry slaughter process include defeathering, evisceration 
and cutting; chilling in a water bath reduces the Salmonella load but may in turn facilitate 
cross-contamination (Corry et al., 2002; Fluckey et al., 2003; Northcutt et al., 2003).  
Pork and pork products are increasingly recognized as important sources of human 
salmonellosis (Nielsen and Wegener, 1997). Salmonella colonizes pigs on the farm, and pork 
is then contaminated during slaughter or subsequent processing. Control of Salmonella in 
pork can be implemented on the farm, at slaughter and during processing. Pre-harvest 
control consists of monitoring Salmonella at the herd level, and implementing Salmonella 
reduction measures in infected herds through hygiene, animal separation, feeding strategy 
and strict control of Salmonella in the breeder and growing-finishing pig supply chain. 
Until recently, most human Salmonellosis cases have been caused by contaminated food 
animals, but in recent years an array of new food vehicles in foodborne disease transmission 
has been identified. Foods previously thought to be safe are now considered to be 
hazardous. These new food vehicles share several features. Contamination typically occurs 
early in the production process, rather than just before consumption. Consumer preferences 
and the globalized food market result in ingredients from many countries being combined 
in a single product, making it difficult to trace the specific contamination source. Many 
foods also have fewer barriers to microbial growth, such as added salt, sugar or 
preservatives. Their consequent short shelf life means they are often eaten or discarded by 
the time an outbreak is recognized. Under these circumstances, efforts to prevent 
contamination at the source are very important. Fresh produce such as fruits and vegetables 
have gained attention as transmission vehicles since contamination can occur at any one of 
the multiple steps in the processing chain (Bouchrif et al., 2009). Factors influencing the rise 
in salmonellosis outbreaks linked to vegetables include changes in agricultural practices and 
eating habits, as well as greater worldwide commerce in fresh produce (Collins, 1997). 
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Contamination with Salmonella strains from fresh produce apparently stems mainly from 
horticultural products. The principal contamination routes are probably use of animal-
source organic fertilizers, irrigation with wastewater, humans and other animals (Islam et 
al., 2004; Natvig et al., 2002). Presence of Salmonella in the environment may also lead to 
contamination in fruits and vegetables because Salmonella can survive for long periods in the 
environment. Multiple pathogenic microorganism sources occur during food packaging, 
distribution and marketing. 
Studies of environmental sources of Salmonella contamination indicate that water is an 
important source, particularly irrigation water containing manure, wildlife feces or sewage 
effluents (Islam et al., 2004; Reilly et al., 1981). Insects or birds may also transmit Salmonella 
to different foods. Flies are a known Salmonella carrier (Greenberg & Klowden, 1972), and 
can transmit various pathogenic microorganisms, as well as viruses such as polioviruses, 
coxsackie viruses, infectious hepatitis and anthrax (Ugbogu et al., 2006). Moore et al. (2003) 
mentioned the possibility that Chironomus genus insects were direct or indirect vectors of 
enteric bacteria contamination in water and food.  
In general, non-typhoid Salmonella is a persistent contamination hazard in all raw foods, 
including animals, poultry, wild birds, eggs, fruit, vegetables, dairy products, fish and 
shellfish and cereals. 

3. Salmonella in foods 
Salmonella spp. are the most common pathogenic bacteria associated with a variety of foods. 
Although myriad foods can serve as Salmonella sources, meat and meat products, poultry 
and poultry products, and dairy products are significant sources of foodborne pathogen 
infections in humans. Presence of Salmonella spp. in fresh raw products can vary widely 
(Harris et al., 2003). Frequency usually ranges from 1 to 10 %, depending on a range of 
factors including organism, farming and/or food production practices, and geographical 
factors (Harris et al., 2003). Research on Salmonella frequency in different countries is 
extensive, and Salmonella serotypes have been isolated in a variety of foods (Table 1). Poultry 
and egg products have long been recognized as an important Salmonella source (Skov et al., 
1999); in fact, contaminated poultry, eggs and dairy products are probably the most 
common cause of human Salmonellosis worldwide (Herikstad et al., 2002). Salmonella can 
contaminate eggs on the shell or internally, and egg shells are much more frequently 
contaminated than the white/yolk. Furthermore, egg surface contamination is associated 
with many different serotypes, while infection of the white/yolk is primarily associated 
with S. Enteritidis (Table 1).  
Poultry and poultry products are a common foodborne illness vector. Poultry can carry 
some Salmonella serovars without any outwards signs or symptoms of disease. Salmonella 
can be introduced to a flock via multiple environmental sources, such as feed, water, rodents 
or contact with other poultry. The gastrointestinal tract of one or more birds may harbor 
Salmonella-and, if damaged during slaughter, may contaminate other carcasses. Cross-
contamination can also occur from a Salmonella-positive flock or contaminated slaughter 
equipment to the carcasses of a Salmonella-free flock, as well as via handling of raw poultry 
during food preparation. Sufficient heating will eliminate Salmonella from contaminated 
poultry and poultry products.  
Pasteurization effectively kills Salmonella in milk, but consumption of unpasteurized milk 
and milk products is a well documented risk factor for salmonellosis in humans. 
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Inadequately pasteurized milk as well as post-pasteurization contamination of milk and 
milk products are recognized sources of human disease. 
 

Country Food Serotypes Reference 
United States Papaya Agona CDC, 2011 
United States Cantaloupe Panama CDC, 2011 

United States Raw milk 

Anatum, Cerro, Dublin, 
Infantis, Kentucky, 
Mbdanka, Montevideo, 
Muenster 

Van Kessel  
et al., 2011 

United States Oysters served raw  
in restaurants 

Newport, Mbandaka, 
Braenderup, Cerro, 
Muenchen, I:4,12:i:- 

Brillhart & 
Joens, 2011 

Mexico Chili peppers ND Castro-Rosas  
et al., 2011 

Mexico Cheese  

Amsterdam, Anatum, 
Montevideo, Brandenburg, 
Give, Kiambu, Nyborg, 
Bredeney, Typhimurium, 
Meleagridis, Kentucky 

Torres-Vitela  
et al., 2011 

China Beef  Enteritidis, Typhimurium Yang et al., 2010 

Iran  Chicken Thompson  Dallal et al., 
2010 

Brazil Poultry carcass Enteritidis Freitas et al., 
2010 

Turkey Retail Meat 
Products 

Typhimurium,  
S. bongori, S. enterica subsp. 
diarizonae  

Arslan & Eyi, 
2010 

Uruguay Poultry and Eggs Enteritidis, Derby, 
Gallinarum, Panama 

Betancor  
et al., 2010 

Mexico Zucchini squash ND Castro-Rosas  
et al., 2010 

Bangladesh  Chick egg  Typhimurium  Hasan et al., 
2009 

Senegal 
Chicken Carcasses 
and Street-Vended 
Restaurants 

Brancaster, Goelzau, 
Kentucky, Hadar, Agona, 
Poona, Bandia, Bessi, Brunei, 
Hull, Istanbul, Javiana, 
Magherafelt, Molade, 
Oxford, Rubislaw, Tamale, 
and Zanzibar 

Dione et al., 
2009 

United States Chicken carcasses 
from retail stores 

Kentucky, Hadar, 
Enteritidis, Braenderup, 
Montevideo, Thompson, 
Mbandaka, Agona 

Lestari et al., 
2009 
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Country Food Serotypes Reference 

United States Broiler carcasses 

Kentucky, Heidelberg, 
Typhimurium, 
Typhimurium var. 5-; 
4,5,12:I: -; Schwarzengrund, 
Montevideo, Ohio, Kiambu, 
Betha, Thompson; 4,12:I: -; 
Senftenberg, Enteritidis, 
Worthington, Hadar; 8,(20): -
:z6; Mbandaka; 8,(20):I: -; 
Infantis

Berrang et al., 
2009 

Republic of 
Ireland  Retail pork  Typhimurium  Prendergast  

et al., 2009 

Mexico 
Parsley, coriander, 
cauliflower, lettuce, 
spinach 

Typhimurium, Choleraesuis, 
Gallinarum, Anatum , 
Agona, Edinburg, 
Enteritidis, Typhi, Pullorum, 
Bongor 

Quiroz-Santiago 
et al, 2009 

Japan Imported Seafood Weltevreden Asai et al., 2008 

Iran Raw poultry Enteritidis, Baibouknown Jalali et al., 2008 

Mexico Hydroponic 
Tomatoes 

Typhimurium, Agona, 
Thompson, Montevideo, C1 
monophasic

Orozco et al., 
2008 

Australia Retail Raw Meats Typhimuriuam, Infantis Phillips et al., 
2008 

Turkey Chicken Infantis  Cetinkaya et al., 
2008 

Germany Sushi from sushi 
bars and retailers ND Atanassova  

et al., 2008 

Vietnam Pork, beef, chicken, 
Shellfish 

London, Havana, Anatum, 
Hadar, 
Albany, Typhimurium

Van et al., 2007 

Brazil Poultry meat ND Reiter et al., 
2007 

New Zealand Uncooked retail 
meats 

Infantis, Typhimurium, 
Enteritidis, Brandenberg, 
4,5,12:-:-, 4,12:-:-, 4:-:2, 6,7:k:-  

Wong et al., 
2007 

Canada Chicken nuggets 
and strips 

Heidelberg, Orion, 
Kentucky, Hadar, Indiana, 
Infantis, Enteritidis, 
Mbandaka,  

Bucher et al., 
2007  
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Inadequately pasteurized milk as well as post-pasteurization contamination of milk and 
milk products are recognized sources of human disease. 
 

Country Food Serotypes Reference 
United States Papaya Agona CDC, 2011 
United States Cantaloupe Panama CDC, 2011 

United States Raw milk 

Anatum, Cerro, Dublin, 
Infantis, Kentucky, 
Mbdanka, Montevideo, 
Muenster 

Van Kessel  
et al., 2011 

United States Oysters served raw  
in restaurants 

Newport, Mbandaka, 
Braenderup, Cerro, 
Muenchen, I:4,12:i:- 

Brillhart & 
Joens, 2011 

Mexico Chili peppers ND Castro-Rosas  
et al., 2011 

Mexico Cheese  

Amsterdam, Anatum, 
Montevideo, Brandenburg, 
Give, Kiambu, Nyborg, 
Bredeney, Typhimurium, 
Meleagridis, Kentucky 

Torres-Vitela  
et al., 2011 

China Beef  Enteritidis, Typhimurium Yang et al., 2010 

Iran  Chicken Thompson  Dallal et al., 
2010 

Brazil Poultry carcass Enteritidis Freitas et al., 
2010 

Turkey Retail Meat 
Products 

Typhimurium,  
S. bongori, S. enterica subsp. 
diarizonae  

Arslan & Eyi, 
2010 

Uruguay Poultry and Eggs Enteritidis, Derby, 
Gallinarum, Panama 

Betancor  
et al., 2010 

Mexico Zucchini squash ND Castro-Rosas  
et al., 2010 

Bangladesh  Chick egg  Typhimurium  Hasan et al., 
2009 

Senegal 
Chicken Carcasses 
and Street-Vended 
Restaurants 

Brancaster, Goelzau, 
Kentucky, Hadar, Agona, 
Poona, Bandia, Bessi, Brunei, 
Hull, Istanbul, Javiana, 
Magherafelt, Molade, 
Oxford, Rubislaw, Tamale, 
and Zanzibar 

Dione et al., 
2009 

United States Chicken carcasses 
from retail stores 

Kentucky, Hadar, 
Enteritidis, Braenderup, 
Montevideo, Thompson, 
Mbandaka, Agona 

Lestari et al., 
2009 
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Country Food Serotypes Reference 

United States Broiler carcasses 

Kentucky, Heidelberg, 
Typhimurium, 
Typhimurium var. 5-; 
4,5,12:I: -; Schwarzengrund, 
Montevideo, Ohio, Kiambu, 
Betha, Thompson; 4,12:I: -; 
Senftenberg, Enteritidis, 
Worthington, Hadar; 8,(20): -
:z6; Mbandaka; 8,(20):I: -; 
Infantis

Berrang et al., 
2009 

Republic of 
Ireland  Retail pork  Typhimurium  Prendergast  

et al., 2009 

Mexico 
Parsley, coriander, 
cauliflower, lettuce, 
spinach 

Typhimurium, Choleraesuis, 
Gallinarum, Anatum , 
Agona, Edinburg, 
Enteritidis, Typhi, Pullorum, 
Bongor 

Quiroz-Santiago 
et al, 2009 

Japan Imported Seafood Weltevreden Asai et al., 2008 

Iran Raw poultry Enteritidis, Baibouknown Jalali et al., 2008 

Mexico Hydroponic 
Tomatoes 

Typhimurium, Agona, 
Thompson, Montevideo, C1 
monophasic

Orozco et al., 
2008 

Australia Retail Raw Meats Typhimuriuam, Infantis Phillips et al., 
2008 

Turkey Chicken Infantis  Cetinkaya et al., 
2008 

Germany Sushi from sushi 
bars and retailers ND Atanassova  

et al., 2008 

Vietnam Pork, beef, chicken, 
Shellfish 

London, Havana, Anatum, 
Hadar, 
Albany, Typhimurium

Van et al., 2007 

Brazil Poultry meat ND Reiter et al., 
2007 

New Zealand Uncooked retail 
meats 

Infantis, Typhimurium, 
Enteritidis, Brandenberg, 
4,5,12:-:-, 4,12:-:-, 4:-:2, 6,7:k:-  

Wong et al., 
2007 

Canada Chicken nuggets 
and strips 

Heidelberg, Orion, 
Kentucky, Hadar, Indiana, 
Infantis, Enteritidis, 
Mbandaka,  

Bucher et al., 
2007  
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Country Food Serotypes Reference 

Malaysia 

Street food, fried 
chicken, kerabu 
jantung pisang, 
sambal fish, mix 
vegetables 

Biafra, Braenderup, 
Weltevreden 

Tunung et al., 
2007 

United States Almonds 35 different serotypes Danyluk et al., 
2007 

ND: not determined 

Table 1. Salmonella serotypes identified in different foods and countries. 

Salmonella spp. have been isolated from filter feeder seafood species such as oysters, clams 
and mussels (Table 1). These species acquire their food from the water flowing through their 
bodies, but also ingest anything else that happens to be in the water. If oceans, lakes and 
bays are contaminated with fecal matter, the shellfish living in them intake any waterborne 
pathogens and harbor them in their intestines. The highest potential infection risk is from 
oysters, since they are most often eaten raw on the half shell. A single raw oyster can contain 
enough bacteria to cause an infection in the human gut. Mussels and clams pose less of a 
risk because they are usually steamed, killing Salmonella and most other bacteria. The above 
constitute only a sampling of the principal ways in which animals and animal products 
cause lead to Salmonella infection.  
Fresh produce as a possible disease vehicle has become the focus of increasing concern since 
contamination can occur at multiple steps along the food chain. Salmonella is among the 
most worrisome of the pathogenic microorganisms found in minimally-processed fresh 
produce (CDC, 2009; Heaton et al., 2008). Bacterial contamination of whole or minimally-
processed fresh vegetables can occur at different processing stages (i.e. harvest, trimming, 
washing, slicing, soaking, dehydrating, blending and/or packaging) (Harris el al., 2003). 
Produce can also be contaminated with human or animal source pathogens (Beuchat, 2006; 
Natvig, 2002). Salmonella spp. are the most common etiological agent associated with fresh 
produce related infection in the United States (US). A range of fresh fruit and vegetable 
products have been implicated in Salmonella infection, most frequently lettuce, sprouted 
seeds, melons and tomatoes (Table 2). Salmonella spp. are often isolated during routine 
surveys of produce such as lettuce, cauliflower, sprouts, mustard cress, endive and spinach 
(Thunberg et al., 2002); mushrooms (Doran et al., 2005); bean sprouts, alfalfa sprouts, 
unpasteurized juices and fresh salad fruits and vegetables (CDC, 2009). 
In Mexico, Salmonella has been isolated from raw vegetables such as alfalfa sprouts (Castro-
Rosas and Escartín, 1999), parsley, cilantro, cauliflower, lettuce and spinach (Quiroz-
Santiago et al., 2009). It has also been identified from zucchini squash (Cucurbita pepo) 
(Castro-Rosas et al., 2010), and jalapeño and serrano chili peppers (Castro-Rosas et al., 2011). 
In 2008, 600,000 tons of zucchini were produced in Mexico: 419,768 tons for the domestic 
market (SAGARPA, 2010) and approximately 200,000 tons for the US market (USDA, 2010). 
This squash is most commonly consumed cooked in Mexico and other countries, but can be 
eaten raw (e.g. green salads). In 2009, over 1,981,500 tons of chili peppers were produced in 
Mexico; of these 613,308 tons were jalapeño peppers and 216,617 tons were serrano peppers 
(SAGARPA, 2010). These peppers are most commonly consumed raw [e.g. green salads or 
Mexican sauce (salsa)], both in Mexico and other countries.  
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We studied the frequencies of coliform bacteria (CB), thermotolerant coliforms (TC), 
Escherichia coli and Salmonella in zucchini squash (Castro-Rosas et al., 2010) and jalapeño and 
serrano peppers (Castro-Rosas et al., 2011). In zucchini squash, infection was detected in 
100% of cases for CB, 70% for TC, 62% for E. coli and 10% for Salmonella spp. Concentration 
range was 3.8 to 7.4 log CFU/fruit for CB, and <3 to 1000 MPN/fruit for TC and E. coli. In 
serrano chili peppers infection was detected in 100% of cases for CB, 90% for TC, 50% for E. 
coli and 10% for Salmonella spp., while in jalapeño peppers frequencies were 100% for CB, 
86% for TC, 32% for E. coli and 12% for Salmonella spp. All Salmonella-positive samples were 
also E. coli-positive. For CB, concentration range was 3.8 to 7.9 log CFU/serrano sample and 
5.3 to 8.2 log CFU/jalapeño sample, whereas TC and E. coli concentrations ranged from <3 to 
1100 MPN/serrano and jalapeño samples (Castro-Rosas, et al., 2010; 2011). As is the case 
with other vegetables consumed raw, zucchini squash, and jalapeño and serrano peppers 
are potential pathogen vehicles. Sources of pathogenic microorganisms in the field include 
soil, water, wild and domestic animals, drift and runoff from adjacent farms and manure 
(Beuchat, 2006; Natvig, 2002). Once harvested and used in food preparation, zucchini 
squash, jalapeño and serrano peppers are all potential sources of cross contamination with 
pathogenic microorganisms. 
Salmonellosis infection is an increasing problem and recent salmonellosis outbreaks have 
been associated with a wider variety of vegetables, even those that were not previously 
considered to imply a risk (e.g. jalapeño peppers; CDC, 2008a). Data on frequency of 
incidence for pathogenic bacteria such as Salmonella are clearly needed for a wide variety of 
vegetables which are consumed raw. Preventing contamination is vital to avoiding 
salmonellosis outbreaks, but it is also important to understand the potential survival and 
growth rates of Salmonella on specific substrates such as zucchini, jalapeño and serrano 
peppers. Our results suggest that both chili peppers and zucchini squash may be significant 
factors contributing to the endemicity of Salmonella in Mexico.  
Salmonella has been isolated from fruits and vegetables such as cantaloupes, melons, 
tomatoes, lettuce, and especially alfalfa sprouts (Table 1). These products can become 
contaminated by several routes, therefore, consumers need to thoroughly wash all fresh 
foods before consumption to reduce risk of illness from fruits and vegetables. With alfalfa 
sprouts and lettuce, washing can merely drive bacteria deeper into the lower layers of 
lettuce leaves or sprouts, so the outside three layers of lettuce leaves need to be removed 
and sprouts need to separated before careful washing.  
Finally, consumer awareness needs to be promoted that many other foods may carry 
Salmonella, even those not normally thought to be contamination sources. Most users 
know to handle raw chicken properly and to cook chicken and eggs thoroughly to avoid 
Salmonella contamination. But foods such as almonds, pecans and chocolate can also 
harbor Salmonella. In addition, as the food chain becomes completely global and highly 
complex, and international trade continues to develop, new foods will surely be linked to 
salmonellosis outbreaks. 

4. Salmonella outbreaks 
Disease surveillance reports frequently identify poultry, meat and milk products as the main 
vehicles in salmonellosis outbreaks. However, in recent years foodborne illness outbreaks 
have been increasingly associated with greater consumption of fresh fruits and vegetables 
(CDC, 2009). Salmonella is responsible for frequent foodborne illness outbreaks in the 
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Country Food Serotypes Reference 

Malaysia 

Street food, fried 
chicken, kerabu 
jantung pisang, 
sambal fish, mix 
vegetables 

Biafra, Braenderup, 
Weltevreden 

Tunung et al., 
2007 

United States Almonds 35 different serotypes Danyluk et al., 
2007 

ND: not determined 

Table 1. Salmonella serotypes identified in different foods and countries. 

Salmonella spp. have been isolated from filter feeder seafood species such as oysters, clams 
and mussels (Table 1). These species acquire their food from the water flowing through their 
bodies, but also ingest anything else that happens to be in the water. If oceans, lakes and 
bays are contaminated with fecal matter, the shellfish living in them intake any waterborne 
pathogens and harbor them in their intestines. The highest potential infection risk is from 
oysters, since they are most often eaten raw on the half shell. A single raw oyster can contain 
enough bacteria to cause an infection in the human gut. Mussels and clams pose less of a 
risk because they are usually steamed, killing Salmonella and most other bacteria. The above 
constitute only a sampling of the principal ways in which animals and animal products 
cause lead to Salmonella infection.  
Fresh produce as a possible disease vehicle has become the focus of increasing concern since 
contamination can occur at multiple steps along the food chain. Salmonella is among the 
most worrisome of the pathogenic microorganisms found in minimally-processed fresh 
produce (CDC, 2009; Heaton et al., 2008). Bacterial contamination of whole or minimally-
processed fresh vegetables can occur at different processing stages (i.e. harvest, trimming, 
washing, slicing, soaking, dehydrating, blending and/or packaging) (Harris el al., 2003). 
Produce can also be contaminated with human or animal source pathogens (Beuchat, 2006; 
Natvig, 2002). Salmonella spp. are the most common etiological agent associated with fresh 
produce related infection in the United States (US). A range of fresh fruit and vegetable 
products have been implicated in Salmonella infection, most frequently lettuce, sprouted 
seeds, melons and tomatoes (Table 2). Salmonella spp. are often isolated during routine 
surveys of produce such as lettuce, cauliflower, sprouts, mustard cress, endive and spinach 
(Thunberg et al., 2002); mushrooms (Doran et al., 2005); bean sprouts, alfalfa sprouts, 
unpasteurized juices and fresh salad fruits and vegetables (CDC, 2009). 
In Mexico, Salmonella has been isolated from raw vegetables such as alfalfa sprouts (Castro-
Rosas and Escartín, 1999), parsley, cilantro, cauliflower, lettuce and spinach (Quiroz-
Santiago et al., 2009). It has also been identified from zucchini squash (Cucurbita pepo) 
(Castro-Rosas et al., 2010), and jalapeño and serrano chili peppers (Castro-Rosas et al., 2011). 
In 2008, 600,000 tons of zucchini were produced in Mexico: 419,768 tons for the domestic 
market (SAGARPA, 2010) and approximately 200,000 tons for the US market (USDA, 2010). 
This squash is most commonly consumed cooked in Mexico and other countries, but can be 
eaten raw (e.g. green salads). In 2009, over 1,981,500 tons of chili peppers were produced in 
Mexico; of these 613,308 tons were jalapeño peppers and 216,617 tons were serrano peppers 
(SAGARPA, 2010). These peppers are most commonly consumed raw [e.g. green salads or 
Mexican sauce (salsa)], both in Mexico and other countries.  
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We studied the frequencies of coliform bacteria (CB), thermotolerant coliforms (TC), 
Escherichia coli and Salmonella in zucchini squash (Castro-Rosas et al., 2010) and jalapeño and 
serrano peppers (Castro-Rosas et al., 2011). In zucchini squash, infection was detected in 
100% of cases for CB, 70% for TC, 62% for E. coli and 10% for Salmonella spp. Concentration 
range was 3.8 to 7.4 log CFU/fruit for CB, and <3 to 1000 MPN/fruit for TC and E. coli. In 
serrano chili peppers infection was detected in 100% of cases for CB, 90% for TC, 50% for E. 
coli and 10% for Salmonella spp., while in jalapeño peppers frequencies were 100% for CB, 
86% for TC, 32% for E. coli and 12% for Salmonella spp. All Salmonella-positive samples were 
also E. coli-positive. For CB, concentration range was 3.8 to 7.9 log CFU/serrano sample and 
5.3 to 8.2 log CFU/jalapeño sample, whereas TC and E. coli concentrations ranged from <3 to 
1100 MPN/serrano and jalapeño samples (Castro-Rosas, et al., 2010; 2011). As is the case 
with other vegetables consumed raw, zucchini squash, and jalapeño and serrano peppers 
are potential pathogen vehicles. Sources of pathogenic microorganisms in the field include 
soil, water, wild and domestic animals, drift and runoff from adjacent farms and manure 
(Beuchat, 2006; Natvig, 2002). Once harvested and used in food preparation, zucchini 
squash, jalapeño and serrano peppers are all potential sources of cross contamination with 
pathogenic microorganisms. 
Salmonellosis infection is an increasing problem and recent salmonellosis outbreaks have 
been associated with a wider variety of vegetables, even those that were not previously 
considered to imply a risk (e.g. jalapeño peppers; CDC, 2008a). Data on frequency of 
incidence for pathogenic bacteria such as Salmonella are clearly needed for a wide variety of 
vegetables which are consumed raw. Preventing contamination is vital to avoiding 
salmonellosis outbreaks, but it is also important to understand the potential survival and 
growth rates of Salmonella on specific substrates such as zucchini, jalapeño and serrano 
peppers. Our results suggest that both chili peppers and zucchini squash may be significant 
factors contributing to the endemicity of Salmonella in Mexico.  
Salmonella has been isolated from fruits and vegetables such as cantaloupes, melons, 
tomatoes, lettuce, and especially alfalfa sprouts (Table 1). These products can become 
contaminated by several routes, therefore, consumers need to thoroughly wash all fresh 
foods before consumption to reduce risk of illness from fruits and vegetables. With alfalfa 
sprouts and lettuce, washing can merely drive bacteria deeper into the lower layers of 
lettuce leaves or sprouts, so the outside three layers of lettuce leaves need to be removed 
and sprouts need to separated before careful washing.  
Finally, consumer awareness needs to be promoted that many other foods may carry 
Salmonella, even those not normally thought to be contamination sources. Most users 
know to handle raw chicken properly and to cook chicken and eggs thoroughly to avoid 
Salmonella contamination. But foods such as almonds, pecans and chocolate can also 
harbor Salmonella. In addition, as the food chain becomes completely global and highly 
complex, and international trade continues to develop, new foods will surely be linked to 
salmonellosis outbreaks. 

4. Salmonella outbreaks 
Disease surveillance reports frequently identify poultry, meat and milk products as the main 
vehicles in salmonellosis outbreaks. However, in recent years foodborne illness outbreaks 
have been increasingly associated with greater consumption of fresh fruits and vegetables 
(CDC, 2009). Salmonella is responsible for frequent foodborne illness outbreaks in the 
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developed world, and Salmonella outbreaks have been associated with different Salmonella 
serovars (Table 2). Over 2000 Salmonella serotypes are known, but only a small fraction of 
these are commonly associated with foodborne illness. Which serotypes cause illness is 
influenced by serotype geographical distribution and serovar or strain pathogenicity. In the 
US, Salmonella Typhimurium has been considered the principal causative agent of foodborne 
salmonellosis, but both S. Typhimurium and Enteritidis have been increasingly identified in 
foodborne salmonellosis since the 1980s (Table 2); the exact cause of the predominance of 
these Salmonella serotypes is not yet clearly understood.  
Most developed countries have laboratory-based Salmonella infection surveillance programs, 
and many countries have systems for recording outbreaks and notification systems where 
clinicians submit data on patients with Salmonella infections to national public health 
institutions. Official Salmonella infection numbers are usually derived from laboratory-based 
surveillance in which clinical microbiology laboratories report positive findings and, in 
some countries, submit Salmonella isolates to national reference laboratories for serotyping 
and other characterization. These data are necessary for measuring trends over time and 
detecting outbreaks. However, official figures do not quantify the burden of illness, and 
degree of surveillance differs between countries. Moreover, reported incidence is a 
composite measure of several factors, including true Salmonella infection incidence, the 
health-care seeking behavior of patients with gastroenteritis, and the likelihood that the 
physician requests a stool culture. Furthermore, access to laboratories and microbiological 
methods varies widely, as does the precision of findings reported to public health 
authorities. Finally, comparisons between different geographical areas can be difficult 
because public health jurisdictions with a tradition of active case-searching as part of 
outbreak investigations or extensive testing of contacts of known patients or food-handlers 
are likely to report higher numbers of infections than jurisdictions with only passive 
surveillance. As a result, the precise incidence of Salmonella food poisoning in all countries is 
not known, since small outbreaks often remain unreported.  
Salmonella spp. and S. Typhi infections are endemic in many developing countries. In 
Mexico, there were 709,278 salmonellosis cases and 228,206 typhoid fever cases reported 
from 2004-2009 (Secretaría de Salud, 2011). In addition, S. Gaminara and S. Montevideo 
have been associated with several cases of human illness in Mexico (Gutiérrez-Cogco et al., 
2000). A certain proportion of salmonellosis and typhoid fever cases in Mexico may be 
associated with consumption of raw vegetables exposed to fecal contamination, probably 
due to the continued but limited practice of irrigating vegetable crops with untreated 
wastewater.  
Centers for Disease Control and Prevention (CDC) data for the US indicate that over 40,000 
salmonellosis cases occur annually, with about 500 resulting deaths. As is the case for 
staphylococcal gastroenteritis, the largest salmonellosis outbreaks typically occur at 
banquets or similar functions. However, the two largest recorded salmonellosis outbreaks 
occurred under rather unusual circumstances. The largest occurred in 1994 and involved 
over 224,000 cases in 41 states. The serovar was S. Enteritidis and the vehicle food was ice 
cream produced from milk transported in tanker trucks which had previously hauled liquid 
eggs. The second largest occurred in 1985 and involved nearly 200,000 cases. S. 
Typhimurium was the etiological agent and the vehicle was 2% milk produced by a single 
dairy plant in Illinois. The third largest outbreak occurred in 1974 on the Navajo Indian 
Reservation, when 3,400 persons became ill with the S. Newport serovar. Human carriers 
are generally less important than animals in transmission of salmonellosis. Human 
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transmission can occur if hands contaminated with infected fecal matter come in contact 
with food which is then consumed without adequate cooking, often after an intervening 
period in which microbial growth occurs. Exactly this chain of events led to a major 
outbreak affecting an international airline in 1984. A total of 631 passengers were infected 
after eating food containing an aspic glaze prepared by a food service worker who returned 
to work after a bout of salmonellosis but was still excreting Salmonella Enteritidis PT4. The 
serotype Typhimurium has participated in most recent outbreaks, although it is likely that 
this serotype’s involvement in salmonellosis cases worldwide is far greater than reported. 
Salmonella surveillance sensitivity may vary widely between countries but it is still crucial to 
identifying trends and detecting outbreaks. Surveillance which includes serotyping is 
particularly useful for this purpose. Available data suggest that the incidence of Salmonella 
infections has increased over the last twenty years, that new Salmonella serotypes often 
emerge in several countries at near the same time, and that multi-state or international 
outbreaks call for a coordinated response. In response, several national and international 
networks currently address the problem of emerging Salmonella infections. An important 
objective in preventing Salmonella outbreaks is improvement and enhancement of 
surveillance, including serotyping. 
 

Country Food vehicle Serotypes Number 
of cases Reference 

United States Papaya Agona 99 CDC, 2011a 

United States Alfalfa sprouts and 
spicy sprouts Enteritidis 25 CDC, 2011b 

United States Turkey Burgers Hadar 12 CDC, 2011c 
United States Cantaloupe Panama 20 CDC, 2011d 
United States Alfalfa sprouts I 4,[5],12:i:- 140 CDC, 2011e 
Denmark Salami Typhimurium 20 Kuhn et al, 2011 

England Sandwiches and 
prepared salads Typhimurium 179 Boxall et al., 

2011 

Australia Raw egg 
mayonnaise Typhimurium 87 Jardine et al, 

2011 
Ireland, 
United 
Kingdom 
(England, 
Wales, 
Northern 
Ireland, 
Scotland), 
France, 
Luxembourg, 
Sweden, 
Finland, 
Austria 

Pre-cooked meat 
products Agona 163 Nicolay et al., 

2011 

South Africa Food served in a 
school Enteritidis 18 Niehaus et al., 

2011 
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developed world, and Salmonella outbreaks have been associated with different Salmonella 
serovars (Table 2). Over 2000 Salmonella serotypes are known, but only a small fraction of 
these are commonly associated with foodborne illness. Which serotypes cause illness is 
influenced by serotype geographical distribution and serovar or strain pathogenicity. In the 
US, Salmonella Typhimurium has been considered the principal causative agent of foodborne 
salmonellosis, but both S. Typhimurium and Enteritidis have been increasingly identified in 
foodborne salmonellosis since the 1980s (Table 2); the exact cause of the predominance of 
these Salmonella serotypes is not yet clearly understood.  
Most developed countries have laboratory-based Salmonella infection surveillance programs, 
and many countries have systems for recording outbreaks and notification systems where 
clinicians submit data on patients with Salmonella infections to national public health 
institutions. Official Salmonella infection numbers are usually derived from laboratory-based 
surveillance in which clinical microbiology laboratories report positive findings and, in 
some countries, submit Salmonella isolates to national reference laboratories for serotyping 
and other characterization. These data are necessary for measuring trends over time and 
detecting outbreaks. However, official figures do not quantify the burden of illness, and 
degree of surveillance differs between countries. Moreover, reported incidence is a 
composite measure of several factors, including true Salmonella infection incidence, the 
health-care seeking behavior of patients with gastroenteritis, and the likelihood that the 
physician requests a stool culture. Furthermore, access to laboratories and microbiological 
methods varies widely, as does the precision of findings reported to public health 
authorities. Finally, comparisons between different geographical areas can be difficult 
because public health jurisdictions with a tradition of active case-searching as part of 
outbreak investigations or extensive testing of contacts of known patients or food-handlers 
are likely to report higher numbers of infections than jurisdictions with only passive 
surveillance. As a result, the precise incidence of Salmonella food poisoning in all countries is 
not known, since small outbreaks often remain unreported.  
Salmonella spp. and S. Typhi infections are endemic in many developing countries. In 
Mexico, there were 709,278 salmonellosis cases and 228,206 typhoid fever cases reported 
from 2004-2009 (Secretaría de Salud, 2011). In addition, S. Gaminara and S. Montevideo 
have been associated with several cases of human illness in Mexico (Gutiérrez-Cogco et al., 
2000). A certain proportion of salmonellosis and typhoid fever cases in Mexico may be 
associated with consumption of raw vegetables exposed to fecal contamination, probably 
due to the continued but limited practice of irrigating vegetable crops with untreated 
wastewater.  
Centers for Disease Control and Prevention (CDC) data for the US indicate that over 40,000 
salmonellosis cases occur annually, with about 500 resulting deaths. As is the case for 
staphylococcal gastroenteritis, the largest salmonellosis outbreaks typically occur at 
banquets or similar functions. However, the two largest recorded salmonellosis outbreaks 
occurred under rather unusual circumstances. The largest occurred in 1994 and involved 
over 224,000 cases in 41 states. The serovar was S. Enteritidis and the vehicle food was ice 
cream produced from milk transported in tanker trucks which had previously hauled liquid 
eggs. The second largest occurred in 1985 and involved nearly 200,000 cases. S. 
Typhimurium was the etiological agent and the vehicle was 2% milk produced by a single 
dairy plant in Illinois. The third largest outbreak occurred in 1974 on the Navajo Indian 
Reservation, when 3,400 persons became ill with the S. Newport serovar. Human carriers 
are generally less important than animals in transmission of salmonellosis. Human 
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transmission can occur if hands contaminated with infected fecal matter come in contact 
with food which is then consumed without adequate cooking, often after an intervening 
period in which microbial growth occurs. Exactly this chain of events led to a major 
outbreak affecting an international airline in 1984. A total of 631 passengers were infected 
after eating food containing an aspic glaze prepared by a food service worker who returned 
to work after a bout of salmonellosis but was still excreting Salmonella Enteritidis PT4. The 
serotype Typhimurium has participated in most recent outbreaks, although it is likely that 
this serotype’s involvement in salmonellosis cases worldwide is far greater than reported. 
Salmonella surveillance sensitivity may vary widely between countries but it is still crucial to 
identifying trends and detecting outbreaks. Surveillance which includes serotyping is 
particularly useful for this purpose. Available data suggest that the incidence of Salmonella 
infections has increased over the last twenty years, that new Salmonella serotypes often 
emerge in several countries at near the same time, and that multi-state or international 
outbreaks call for a coordinated response. In response, several national and international 
networks currently address the problem of emerging Salmonella infections. An important 
objective in preventing Salmonella outbreaks is improvement and enhancement of 
surveillance, including serotyping. 
 

Country Food vehicle Serotypes Number 
of cases Reference 

United States Papaya Agona 99 CDC, 2011a 

United States Alfalfa sprouts and 
spicy sprouts Enteritidis 25 CDC, 2011b 

United States Turkey Burgers Hadar 12 CDC, 2011c 
United States Cantaloupe Panama 20 CDC, 2011d 
United States Alfalfa sprouts I 4,[5],12:i:- 140 CDC, 2011e 
Denmark Salami Typhimurium 20 Kuhn et al, 2011 

England Sandwiches and 
prepared salads Typhimurium 179 Boxall et al., 

2011 

Australia Raw egg 
mayonnaise Typhimurium 87 Jardine et al, 

2011 
Ireland, 
United 
Kingdom 
(England, 
Wales, 
Northern 
Ireland, 
Scotland), 
France, 
Luxembourg, 
Sweden, 
Finland, 
Austria 

Pre-cooked meat 
products Agona 163 Nicolay et al., 

2011 

South Africa Food served in a 
school Enteritidis 18 Niehaus et al., 

2011 
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Country Food vehicle Serotypes Number 
of cases Reference 

Japan Boxed lunches Braenderup 176 Mizoguchi  
et al., 2011 

England Multiples foods Enteritidis 63 Janmohamed  
et al., 2011 

United States Shell Eggs Enteritidis 1,939 CDC, 2010a 

United States Cheesy chicken rice 
frozen entrée  Chester 44 CDC, 2010b 

United States Frozen mamey 
fruit pulp Typhi 9 CDC, 2010c 

United States Alfalfa Sprout Newport 44 CDC, 2010d 

United States 
Red and Black 
Pepper/Italian-
Style Meats 

Montevideo 272 CDC, 2010e 

United States Potato salad Schwarzengrund, 
Typhimurium 9 CDC, 2010f 

United States Cilantro and 
chicken meat Montevideo 58 Patel et al, 2010 

Netherlands Fresh fruit juice Panama 33 Noël et al., 2010 
France Dried pork sausage 4,12:i:- 90 Bone et al., 2010 
China Water S. Paratyphi A 267 Yang et al., 2010 
United 
Kingdom Raw bean sprouts Bareilly 231 Cleary et al., 

2010 

Netherlands 
Raw or 
undercooked beef 
products 

Typhimurium 23 Whelan et al., 
2010 

Australia Dessert containing 
raw egg Typhimurium 20 Reynolds et al., 

2010 

New Zealand Watermelon  Typhimurium 15 McCallum et al., 
2010 

Spain Infant formula Kedougou 42 
Rodriguez-
Urrego et al., 
2010 

United States Alfalfa Sprouts Saintpaul 228 CDC, 2009a 
United States Peanut butter Typhimurium 529 CDC, 2009b 

United States Unpasteurized 
orange juice 

Typhimurium 
and Saintpaul 152 Jain et al., 2009 

United States 
Vegetable-coated 
ready-to-eat snack 
food 

Wandsworth, 
Typhimurium 69 Sotir et al., 2009 

Australia Eggs Typhimurium 22 Dyda et al., 2009 

Australia 
Bread dumpling 
loaf prepared with 
eggs 

Enteritidis 8 Much et al., 2009 

Australia Papaya Litchfield 26 Gibbs et al., 2009 

 
The Role of Foods in Salmonella Infections 

 

31 

Country Food vehicle Serotypes Number 
of cases Reference 

Denmark, 
Norway and 
Sweden 

Pork meat and 
pork products Typhimurium 41 Bruun et al., 

2009 

Australia Eggs Typhimurium 19 Slinko et al., 
2009 

Mauritius Marlin mousse Typhimurium 53 Issack et al., 
2009 

Pakistan Drinking water S. typhi 300 Farooqui et al., 
2009 

France Cheese made from 
raw milk Montevideo 23 Dominguez  

et al., 2009 

France Goat's cheese Muenster 25 Van Cauteren  
et al., 2009 

Denmark Pasta salad with 
pesto Anatum At least 4 Pakalniskiene  

et al., 2009 

Netherlands Hard cheese made 
from raw milk Typhimurium 224 Van Duynhoven 

et al., 2009 

Australia Chocolate mousse  Typhimurium 8 
Roberts-
Witteveen et al., 
2009 

United States Jalapeño peppers Saintpaul at least 
1,442 CDC, 2008a 

United States Frozen Pot Pies I 4,5,12:i:-* 401 CDC, 2008b 
United States Fruit salad Litchfield 30 CDC, 2008c 

United States 
Unpasteurized 
Mexican-style aged 
cheese 

Newport 85 CDC, 2008d 

England and 
Wales Fresh basil Senftenberg 32 Pezzoli et al., 

2008 

Norway Rucola lettuce Thompson 21 Nygård et al., 
2008 

Bulgaria Minced meat Typhimurium 22 Pekova et al., 
2008 

Switzerland Soft cheese Stanley 82 Pastore et al., 
2008 

Denmark Pork products Typhimurium 1,054 Ethelberg et al., 
2008 

Japan Snapping turtle Typhimurium 4 Fukushima  
et al., 2008 

Ireland Meat products Agona 119 O'Flanagan  
et al., 2008 

Table 2. Recent reported Salmonella outbreaks, including country (ies) affected, food vehicle 
and serovar. 
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Country Food vehicle Serotypes Number 
of cases Reference 

Japan Boxed lunches Braenderup 176 Mizoguchi  
et al., 2011 

England Multiples foods Enteritidis 63 Janmohamed  
et al., 2011 

United States Shell Eggs Enteritidis 1,939 CDC, 2010a 

United States Cheesy chicken rice 
frozen entrée  Chester 44 CDC, 2010b 

United States Frozen mamey 
fruit pulp Typhi 9 CDC, 2010c 

United States Alfalfa Sprout Newport 44 CDC, 2010d 

United States 
Red and Black 
Pepper/Italian-
Style Meats 

Montevideo 272 CDC, 2010e 

United States Potato salad Schwarzengrund, 
Typhimurium 9 CDC, 2010f 

United States Cilantro and 
chicken meat Montevideo 58 Patel et al, 2010 

Netherlands Fresh fruit juice Panama 33 Noël et al., 2010 
France Dried pork sausage 4,12:i:- 90 Bone et al., 2010 
China Water S. Paratyphi A 267 Yang et al., 2010 
United 
Kingdom Raw bean sprouts Bareilly 231 Cleary et al., 

2010 

Netherlands 
Raw or 
undercooked beef 
products 

Typhimurium 23 Whelan et al., 
2010 

Australia Dessert containing 
raw egg Typhimurium 20 Reynolds et al., 

2010 

New Zealand Watermelon  Typhimurium 15 McCallum et al., 
2010 

Spain Infant formula Kedougou 42 
Rodriguez-
Urrego et al., 
2010 

United States Alfalfa Sprouts Saintpaul 228 CDC, 2009a 
United States Peanut butter Typhimurium 529 CDC, 2009b 

United States Unpasteurized 
orange juice 

Typhimurium 
and Saintpaul 152 Jain et al., 2009 

United States 
Vegetable-coated 
ready-to-eat snack 
food 

Wandsworth, 
Typhimurium 69 Sotir et al., 2009 

Australia Eggs Typhimurium 22 Dyda et al., 2009 

Australia 
Bread dumpling 
loaf prepared with 
eggs 

Enteritidis 8 Much et al., 2009 

Australia Papaya Litchfield 26 Gibbs et al., 2009 
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Country Food vehicle Serotypes Number 
of cases Reference 

Denmark, 
Norway and 
Sweden 

Pork meat and 
pork products Typhimurium 41 Bruun et al., 

2009 

Australia Eggs Typhimurium 19 Slinko et al., 
2009 

Mauritius Marlin mousse Typhimurium 53 Issack et al., 
2009 

Pakistan Drinking water S. typhi 300 Farooqui et al., 
2009 

France Cheese made from 
raw milk Montevideo 23 Dominguez  

et al., 2009 

France Goat's cheese Muenster 25 Van Cauteren  
et al., 2009 

Denmark Pasta salad with 
pesto Anatum At least 4 Pakalniskiene  

et al., 2009 

Netherlands Hard cheese made 
from raw milk Typhimurium 224 Van Duynhoven 

et al., 2009 

Australia Chocolate mousse  Typhimurium 8 
Roberts-
Witteveen et al., 
2009 

United States Jalapeño peppers Saintpaul at least 
1,442 CDC, 2008a 

United States Frozen Pot Pies I 4,5,12:i:-* 401 CDC, 2008b 
United States Fruit salad Litchfield 30 CDC, 2008c 

United States 
Unpasteurized 
Mexican-style aged 
cheese 

Newport 85 CDC, 2008d 

England and 
Wales Fresh basil Senftenberg 32 Pezzoli et al., 

2008 

Norway Rucola lettuce Thompson 21 Nygård et al., 
2008 

Bulgaria Minced meat Typhimurium 22 Pekova et al., 
2008 

Switzerland Soft cheese Stanley 82 Pastore et al., 
2008 

Denmark Pork products Typhimurium 1,054 Ethelberg et al., 
2008 

Japan Snapping turtle Typhimurium 4 Fukushima  
et al., 2008 

Ireland Meat products Agona 119 O'Flanagan  
et al., 2008 

Table 2. Recent reported Salmonella outbreaks, including country (ies) affected, food vehicle 
and serovar. 
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5. Interaction of Salmonella with foods 
Salmonella serotypes can grow and survive on a large number of foods (Harris et al., 2003). 
Their behavior in foods is controlled by a variety of environmental and ecological factors, 
including water activity, pH, Eh, chemical composition, the presence of natural or added 
antimicrobial compounds and storage temperature; as well as processing factors such as 
heat application and physical handling. For example, optimum pH for growth in Salmonella 
is approximately neutral, with values > 9.0 and < 4.0 being bactericidal. Minimum growth in 
some serotypes can occur at pH 4.05 (with HCl and citric acids), although this minimum can 
occur at pH as high as 5.5, depending on the acid used to lower pH (Harris, et al., 2003). 
Growth in Salmonella can continue at temperatures as low as 5.3 °C (S. Heidelberg) and 6.2 
°C (S. Typhimurium), and temperatures near 45 °C (temperatures ≥ 45 °C are bactericidal). 
In addition, available moisture (aw) inhibits growth at values below 0.94 in neutral pH 
media, although higher aw values are required as pH declines to near the minimum growth 
values (Harris, et al., 2003).  
Extensive data is available on the effects of individual environmental factors on Salmonella 
strains, but the effects of their interactions are not as well understood. Parish et al. (1997) 
determined survival for several Salmonella serotypes in orange juice. To achieve a 6 log 
reduction in Salmonella serotypes, orange juice (pH 3.5) had to be stored at 4 °C for 15-24 
days. A similar reduction took 43-57 days when the orange juice was at pH 4.1 and 4 °C. 
Using apple juice, Uljas & Ingham (1999) demonstrated that S. Typhimurium DT104 could 
be reduced by at least 5 log units at pH 3.3 after storage at 25 °C for 12 hours or at 35 °C 
for 2 hours. These treatments did not achieve a 5 log reduction in E. coli O157. At pH 4.1, 
a 5 log reduction in S. Typhimurium DT104 was produced by storage at 35 °C for 6 hours 
in the presence of 0.1% sorbic acid or by a combination of storage at elevated temperature 
(25 °C for 6 hours or 35 °C for 4 hours) followed by a freeze/thaw cycle without sorbic 
acid (Uljas & Ingham, 1999). In the field, the physical environment of vegetables surfaces 
is considered to be inhospitable for growth and survival of Salmonella (for example, 
temperature and humidity fluctuations, and ultraviolet light) (Dickinson, 1986). 
Environmental conditions, however, can greatly influence bacterial populations; the 
presence of free moisture on vegetable surfaces from precipitation, dew or irrigation can 
promote survival and growth of bacterial populations (Shaper et al., 2006). Certain 
conditions such as sunlight, particularly shorter ultraviolet wavelengths, can damage 
bacterial cells (Shaper et al., 2006); selection therefore occurs for bacteria with adaptations 
to stressful conditions. Microorganisms’ ability to survive on plants depends on the 
environmental, physicochemical and genetic features of the plant and specific properties 
(Shaper et al., 2006). Many microorganisms have developed mechanisms to attach to, 
survive and/or grow in microniches on different vegetables (Shaper et al., 2006). For 
instance, surface moisture on vegetables may provide a protective environment for 
Salmonella strains. On vegetable surfaces, microorganisms interact in aggregates and may 
compete for the limited nutrients available in microniches at the junction of epidermal 
cells, where water accumulates, cuticular waxes are less dense and nutrients are more 
available than in other sites (Shaper et al., 2006). Free water in the surface apertures of 
vegetables (e.g. stomata) constitutes a water channel connecting a plant’s apoplast with its 
external environment. Microorganisms can enter vegetables through these water channels 
in various ways. Once internalized, the microorganisms are protected from environmental 
stress (Shaper et al., 2006). Survival of pathogenic microorganisms on or in raw produce is 
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also dictated by its metabolic capabilities. However, the manifestations of these 
capabilities can be greatly influenced by intrinsic (e.g. vegetable moisture surface) and 
extrinsic ecological factors naturally present in the raw produce or imposed at one or 
more points during production, processing and distribution (Harris et al., 2003). 
Salmonella strains may be able to enter a viable but nonculturable state (VBNC) on the 
surface of fruit and vegetables, resulting in underestimation of viable population size by 
direct plating on culture medium. Brandl and Mandrell (2002), suggested that S. 
Thompson may enter into a VBNC state on Cilantro phyllosphere due to exposure to dry 
pre-harvest conditions on the plant surface. Improved understanding of microbial 
ecosystems on the surface of foods such as raw fruits and vegetables would be extremely 
useful in developing strategies to minimize contamination, prevent pathogen growth, and 
kill or remove pathogens at different stages in production, processing, marketing and 
preparation for consumption. Food ecosystems are extremely diverse and complex. 
Salmonella survival and/or growth on foods are influenced by the organism, produce item 
and environmental conditions in the field and post-harvest, including storage conditions. 
For many years, the interaction of Salmonella with animal hosts and animal-origin foods has 
received intense attention. In contrast, little research has been done on the interaction 
between Salmonella spp. and fruits and vegetables, and more specifically on its frequency 
and behavior in fruits and vegetables which may pose a special risk to humans [e.g. radish 
root (Raphanus sativus), beetroot (Beta vulgaris var. conditiva), jicama (Pachyrhizus erosus), 
loroco (Fernaldia pandurata), prickly pear (Opuntia spp.), zucchini squash (Cucurbita pepo), 
chili peppers (Jalapeño and Serrano peppers) and others]. It is particularly urgent to study 
fruits and vegetables not previously considered health hazards and those with the potential 
to function as pathogen microorganism vehicles but are as yet unidentified.  
In a recent Salmonella outbreak in the US, jalapeño and serrano peppers were the food 
vehicle and the isolated serovar was Saintpaul (CDC, 2008). It affected at least 1,442 persons 
in 43 states, the District of Columbia and Canada, and was traced back to distributors in the 
United States which had received produce grown and packed in Mexico. The outbreak 
strain was isolated from samples of jalapeño peppers collected from a US warehouse and a 
patient's home, as well as from samples of serrano peppers and water collected from a farm 
in Mexico. We have studied the behavior of Salmonella serotypes in zucchini squash and chili 
peppers. In zucchini, we tested the behavior of four Salmonella serotypes (Typhimurium, 
Typhi, Gaminara and Montevideo) and a cocktail of three Escherichia coli strains on whole 
and sliced zucchini squash at 25±2 and 3-5 °C. No growth was observed for any of the 
tested microorganisms or the cocktail on whole fruit stored at 25±2 or 3-5 °C. After 15 
days at 25±2 °C, the tested Salmonella serotypes had decreased from an initial inoculum 
level of 7 log CFU to <1 log and at 3-5 °C they decreased to approximately 2 log (Figure 1). 
Among the E. coli strains, survival was significantly higher than for the Salmonella strains at 
the same times and temperatures: after 15 days at 25±2 °C, E. coli cocktail strains had 
decreased to 3.4 log CFU/fruit and at 3-5 °C they decreased to 3.6 log CFU/fruit (Figure 1). 
The observed differences in survival between the Salmonella and E. coli strains on zucchini 
squash fruit could be due to factors such as the area inoculated, fruit ripeness and physical 
and chemical characteristics of the studied fruit and strains. Different strains of E. coli 
O157:H7, Pseudomonas, Salmonella, and Listeria monocytogenes attach to different regions of 
cut lettuce leaves, indicating different and specific attachment mechanisms among different 
species or strains (Takeuchi et al., 2000).  
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5. Interaction of Salmonella with foods 
Salmonella serotypes can grow and survive on a large number of foods (Harris et al., 2003). 
Their behavior in foods is controlled by a variety of environmental and ecological factors, 
including water activity, pH, Eh, chemical composition, the presence of natural or added 
antimicrobial compounds and storage temperature; as well as processing factors such as 
heat application and physical handling. For example, optimum pH for growth in Salmonella 
is approximately neutral, with values > 9.0 and < 4.0 being bactericidal. Minimum growth in 
some serotypes can occur at pH 4.05 (with HCl and citric acids), although this minimum can 
occur at pH as high as 5.5, depending on the acid used to lower pH (Harris, et al., 2003). 
Growth in Salmonella can continue at temperatures as low as 5.3 °C (S. Heidelberg) and 6.2 
°C (S. Typhimurium), and temperatures near 45 °C (temperatures ≥ 45 °C are bactericidal). 
In addition, available moisture (aw) inhibits growth at values below 0.94 in neutral pH 
media, although higher aw values are required as pH declines to near the minimum growth 
values (Harris, et al., 2003).  
Extensive data is available on the effects of individual environmental factors on Salmonella 
strains, but the effects of their interactions are not as well understood. Parish et al. (1997) 
determined survival for several Salmonella serotypes in orange juice. To achieve a 6 log 
reduction in Salmonella serotypes, orange juice (pH 3.5) had to be stored at 4 °C for 15-24 
days. A similar reduction took 43-57 days when the orange juice was at pH 4.1 and 4 °C. 
Using apple juice, Uljas & Ingham (1999) demonstrated that S. Typhimurium DT104 could 
be reduced by at least 5 log units at pH 3.3 after storage at 25 °C for 12 hours or at 35 °C 
for 2 hours. These treatments did not achieve a 5 log reduction in E. coli O157. At pH 4.1, 
a 5 log reduction in S. Typhimurium DT104 was produced by storage at 35 °C for 6 hours 
in the presence of 0.1% sorbic acid or by a combination of storage at elevated temperature 
(25 °C for 6 hours or 35 °C for 4 hours) followed by a freeze/thaw cycle without sorbic 
acid (Uljas & Ingham, 1999). In the field, the physical environment of vegetables surfaces 
is considered to be inhospitable for growth and survival of Salmonella (for example, 
temperature and humidity fluctuations, and ultraviolet light) (Dickinson, 1986). 
Environmental conditions, however, can greatly influence bacterial populations; the 
presence of free moisture on vegetable surfaces from precipitation, dew or irrigation can 
promote survival and growth of bacterial populations (Shaper et al., 2006). Certain 
conditions such as sunlight, particularly shorter ultraviolet wavelengths, can damage 
bacterial cells (Shaper et al., 2006); selection therefore occurs for bacteria with adaptations 
to stressful conditions. Microorganisms’ ability to survive on plants depends on the 
environmental, physicochemical and genetic features of the plant and specific properties 
(Shaper et al., 2006). Many microorganisms have developed mechanisms to attach to, 
survive and/or grow in microniches on different vegetables (Shaper et al., 2006). For 
instance, surface moisture on vegetables may provide a protective environment for 
Salmonella strains. On vegetable surfaces, microorganisms interact in aggregates and may 
compete for the limited nutrients available in microniches at the junction of epidermal 
cells, where water accumulates, cuticular waxes are less dense and nutrients are more 
available than in other sites (Shaper et al., 2006). Free water in the surface apertures of 
vegetables (e.g. stomata) constitutes a water channel connecting a plant’s apoplast with its 
external environment. Microorganisms can enter vegetables through these water channels 
in various ways. Once internalized, the microorganisms are protected from environmental 
stress (Shaper et al., 2006). Survival of pathogenic microorganisms on or in raw produce is 
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also dictated by its metabolic capabilities. However, the manifestations of these 
capabilities can be greatly influenced by intrinsic (e.g. vegetable moisture surface) and 
extrinsic ecological factors naturally present in the raw produce or imposed at one or 
more points during production, processing and distribution (Harris et al., 2003). 
Salmonella strains may be able to enter a viable but nonculturable state (VBNC) on the 
surface of fruit and vegetables, resulting in underestimation of viable population size by 
direct plating on culture medium. Brandl and Mandrell (2002), suggested that S. 
Thompson may enter into a VBNC state on Cilantro phyllosphere due to exposure to dry 
pre-harvest conditions on the plant surface. Improved understanding of microbial 
ecosystems on the surface of foods such as raw fruits and vegetables would be extremely 
useful in developing strategies to minimize contamination, prevent pathogen growth, and 
kill or remove pathogens at different stages in production, processing, marketing and 
preparation for consumption. Food ecosystems are extremely diverse and complex. 
Salmonella survival and/or growth on foods are influenced by the organism, produce item 
and environmental conditions in the field and post-harvest, including storage conditions. 
For many years, the interaction of Salmonella with animal hosts and animal-origin foods has 
received intense attention. In contrast, little research has been done on the interaction 
between Salmonella spp. and fruits and vegetables, and more specifically on its frequency 
and behavior in fruits and vegetables which may pose a special risk to humans [e.g. radish 
root (Raphanus sativus), beetroot (Beta vulgaris var. conditiva), jicama (Pachyrhizus erosus), 
loroco (Fernaldia pandurata), prickly pear (Opuntia spp.), zucchini squash (Cucurbita pepo), 
chili peppers (Jalapeño and Serrano peppers) and others]. It is particularly urgent to study 
fruits and vegetables not previously considered health hazards and those with the potential 
to function as pathogen microorganism vehicles but are as yet unidentified.  
In a recent Salmonella outbreak in the US, jalapeño and serrano peppers were the food 
vehicle and the isolated serovar was Saintpaul (CDC, 2008). It affected at least 1,442 persons 
in 43 states, the District of Columbia and Canada, and was traced back to distributors in the 
United States which had received produce grown and packed in Mexico. The outbreak 
strain was isolated from samples of jalapeño peppers collected from a US warehouse and a 
patient's home, as well as from samples of serrano peppers and water collected from a farm 
in Mexico. We have studied the behavior of Salmonella serotypes in zucchini squash and chili 
peppers. In zucchini, we tested the behavior of four Salmonella serotypes (Typhimurium, 
Typhi, Gaminara and Montevideo) and a cocktail of three Escherichia coli strains on whole 
and sliced zucchini squash at 25±2 and 3-5 °C. No growth was observed for any of the 
tested microorganisms or the cocktail on whole fruit stored at 25±2 or 3-5 °C. After 15 
days at 25±2 °C, the tested Salmonella serotypes had decreased from an initial inoculum 
level of 7 log CFU to <1 log and at 3-5 °C they decreased to approximately 2 log (Figure 1). 
Among the E. coli strains, survival was significantly higher than for the Salmonella strains at 
the same times and temperatures: after 15 days at 25±2 °C, E. coli cocktail strains had 
decreased to 3.4 log CFU/fruit and at 3-5 °C they decreased to 3.6 log CFU/fruit (Figure 1). 
The observed differences in survival between the Salmonella and E. coli strains on zucchini 
squash fruit could be due to factors such as the area inoculated, fruit ripeness and physical 
and chemical characteristics of the studied fruit and strains. Different strains of E. coli 
O157:H7, Pseudomonas, Salmonella, and Listeria monocytogenes attach to different regions of 
cut lettuce leaves, indicating different and specific attachment mechanisms among different 
species or strains (Takeuchi et al., 2000).  
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Fig. 1. Behavior of 4 Salmonella serotypes and E. coli on zucchini squash at 25±2 °C (Castro-
Rosas et al., 2010).  

When inoculated onto zucchini squash slices and incubated at 25±2 °C, the studied Salmonella 
and E. coli strains grew (Figure 2). After a short lag period (approx. 4 h), the Salmonella and E. 
coli populations increased from 2 log to 6 log CFU/slice at 24 h, and the E. coli strains increased 
a further 1 log CFU by 72 h. Initial Salmonella and E. coli inocula levels were close to that of 
Aerobic Plate Count bacteria (APC) in the studied zucchini squash fruit (approx. 2.5 log 

CFU/slice), and the APC growth rate (7.6 log CFU/slice by 24 h; 8.9 log CFU/slice by 72 h) 
was comparable to the studied strains (Figure 2). The behavior of Salmonella under these 
conditions does not differ greatly from that of Salmonella strains in other foods. For instance, S. 
Typhimurium inoculated in shredded cooked beef and stored at 20 ºC/8 h, increased from 2.3 
to 3.4 log CFU/g (16), while after 22 h incubation on sliced tomatoes S. Montevideo increased 
by ca. 1.5 log CFU/g at 20 °C and 2.5 log CFU/g at 30 °C (Zhuang et al. 1995).  
Under refrigeration (3-5 °C), growth in the Salmonella serotypes and E. coli strains was 
inhibited (Figure 4): bacterial concentration at 5 days was essentially similar to initial inocula 
levels. Nonetheless, survival of even a small concentration of E. coli and/or Salmonella under 
refrigeration poses a serious health hazard to consumers since salmonellosis outbreaks have 
been reported as originating in different foods at low pathogen concentrations (Greenwood 
and Hopper, 1983). 
In a separate study, we tested the growth behavior of the same four Salmonella serotypes and 
three E. coli strains at the same temperatures (25±2 and 3-5 °C) on whole and sliced jalapeño 
and serrano peppers, as well as in a blended chili pepper sauce (Castro-Rosas et al., 2011). The 
sauce was an aqueous suspension containing mixed peppers, tomatoes, coriander, onion and 
salt (NaCl) in specific proportions. Both types of microorganisms exhibited similar behavior 
on/in the serrano and jalapeño peppers. No growth was observed in rifampicin-resistant 
Salmonella and E. coli strains on the surface of whole serrano and jalapeño peppers stored at 
25±2 or 3-5 °C. After 6 days at 25±2 °C, the tested Salmonella serotypes and E. coli had 
decreased from an initial inoculum level of 5 log CFU to 1 log on the serrano peppers and to 
2.5 log on the jalapeño peppers (Figure 3). At 3-5 °C they decreased to approximately 1.8 log in 
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the serrano peppers and to 1.2 log on the jalapeño peppers. In contrast, when inoculated onto 
slices of both peppers and into the blended sauce, the Salmonella serotypes and E. coli grew: 
after 24 h at 25±2 °C, both bacteria types had grown to approximately 4 log CFU on the slices 
and 5 log CFU in the sauce (Figures 4-5). Bacterial growth was inhibited at 3-5 °C. In summary, 
the four tested Salmonella serotypes can survive on whole or sliced zucchini squash, serrano 
and jalapeño peppers and in sauce made of raw chili peppers, indicating them to be effective 
transmission vehicles and potential public health threats. 
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Fig. 2. Behavior of 4 Salmonella serotypes, E. coli and Aerobic Plate Count on zucchini slices 
at 25±2 °C (Castro-Rosas et al., 2010).  
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Fig. 3. Behavior of 4 Salmonella serotypes and a cocktail of three E. coli strains on whole 
jalapeño peppers at 25±2 ° C (Castro-Rosas, 2011). 
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Fig. 1. Behavior of 4 Salmonella serotypes and E. coli on zucchini squash at 25±2 °C (Castro-
Rosas et al., 2010).  

When inoculated onto zucchini squash slices and incubated at 25±2 °C, the studied Salmonella 
and E. coli strains grew (Figure 2). After a short lag period (approx. 4 h), the Salmonella and E. 
coli populations increased from 2 log to 6 log CFU/slice at 24 h, and the E. coli strains increased 
a further 1 log CFU by 72 h. Initial Salmonella and E. coli inocula levels were close to that of 
Aerobic Plate Count bacteria (APC) in the studied zucchini squash fruit (approx. 2.5 log 

CFU/slice), and the APC growth rate (7.6 log CFU/slice by 24 h; 8.9 log CFU/slice by 72 h) 
was comparable to the studied strains (Figure 2). The behavior of Salmonella under these 
conditions does not differ greatly from that of Salmonella strains in other foods. For instance, S. 
Typhimurium inoculated in shredded cooked beef and stored at 20 ºC/8 h, increased from 2.3 
to 3.4 log CFU/g (16), while after 22 h incubation on sliced tomatoes S. Montevideo increased 
by ca. 1.5 log CFU/g at 20 °C and 2.5 log CFU/g at 30 °C (Zhuang et al. 1995).  
Under refrigeration (3-5 °C), growth in the Salmonella serotypes and E. coli strains was 
inhibited (Figure 4): bacterial concentration at 5 days was essentially similar to initial inocula 
levels. Nonetheless, survival of even a small concentration of E. coli and/or Salmonella under 
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been reported as originating in different foods at low pathogen concentrations (Greenwood 
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the serrano peppers and to 1.2 log on the jalapeño peppers. In contrast, when inoculated onto 
slices of both peppers and into the blended sauce, the Salmonella serotypes and E. coli grew: 
after 24 h at 25±2 °C, both bacteria types had grown to approximately 4 log CFU on the slices 
and 5 log CFU in the sauce (Figures 4-5). Bacterial growth was inhibited at 3-5 °C. In summary, 
the four tested Salmonella serotypes can survive on whole or sliced zucchini squash, serrano 
and jalapeño peppers and in sauce made of raw chili peppers, indicating them to be effective 
transmission vehicles and potential public health threats. 
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Fig. 2. Behavior of 4 Salmonella serotypes, E. coli and Aerobic Plate Count on zucchini slices 
at 25±2 °C (Castro-Rosas et al., 2010).  
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Fig. 3. Behavior of 4 Salmonella serotypes and a cocktail of three E. coli strains on whole 
jalapeño peppers at 25±2 ° C (Castro-Rosas, 2011). 
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Fig. 4. Behavior of 4 Salmonella serotypes and a cocktail of three E. coli strains in jalapeño 
peppers slices at 25±2° C (Castro-Rosas, 2011). 
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Fig. 5. Behavior of 4 Salmonella serotypes and a cocktail of three E. coli strains in a chili 
pepper sauce at 25±2 °C (Castro-Rosas, 2011). 
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6. Conclusion 
Food is clearly a major Salmonella infection vehicle. This vital role in salmonellosis outbreaks 
calls for strict measures to minimize transmission, such as appropriate animal husbandry 
and agriculture practices, protection of feeds and water from contamination, adequate waste 
disposal methods and an overall effort to maintain a clean environment around food from 
farm to fork. Additionally, much of the risk posed by Salmonella can be mitigated through 
proper handling and correct food safety practices, including thorough washing and 
disinfection, prevention of pre-consumption, human-borne contamination during 
preparation and storage, leftovers disposal, cooking before consumption and refrigerated 
storage (3-5 ºC). Continuous monitoring and generation of data on Salmonella and 
salmonellosis outbreaks, and improved surveillance measures are also vital to controlling 
this public health hazard. A deeper understanding of Salmonella and its behavior in foods is 
still needed to ensure food safety and quality. 
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1. Introduction 
Foodborne salmonellosis is still today a serious public health issue: very common in poor 
developing countries, due to the bad general hygiene conditions, it is also largely widespread 
in developed countries. In the latter, 95% of recorded clinical cases are foodborne (Liu et al., 
2011). According to EFSA epidemiological data (2011), in the European Union (EU) Salmonella 
is the second cause of foodborne disease after Campylobacter and it is still first in many EU 
States, such as Italy. Unlike Campylobacter, Salmonella often cause very large multistate outbreaks 
of food infection; this proves the greater resistance of this pathogen in the external 
environment and in food. In developed countries the main source of salmonellosis is still today 
food of animal origin, particularly meat (fresh and processed) and shell eggs. Also fresh fruits 
and vegetables can convey the bacteria to humans, as well as undrinkable water. Salmonella is 
quite resistant to adverse conditions and this allows them to persist in the environment and 
spread along the food chain, from the animals to the food of animal origin, or to plants that are 
fertilized with animal manure. Two species are currently registered into the genus Salmonella: 
S. enterica and S. bongori. The former is better adapted than the latter to live in the intestine of 
man and warm-blooded animals, whereas S. bongori travels in the external environment and is 
detectable in the intestinal contents of warm-blooded animals, so it is rare for it to be found in 
food for human consumption. The dangers for human health mainly arise from food 
contaminated with Salmonella enterica, which is often present in the intestines of livestock and 
pets, without causing any infection to the animals (“healthy carrier” condition). Humans can 
be healthy carriers of S. enterica in the intestine too. This may be a potential hazard to food 
hygiene, if the healthy carriers are the people involved in producing and handling the food. 
Usually a healthy carrier eliminates Salmonella in their faeces for several months after the 
episode of gastroenteritis through which they became carrier. In the case of Salmonella ser. 
Typhi, however, it has been demonstrated that humans can be asymptomatic carriers of the 
bacterium for decades (Weill, 2009). The genus Salmonella has more than 2,500 serotypes, and 
over 1,600 of these are within the enterica species, but not all serotypes have the same affinity 
for human and/or animals and they are not all found in the food that humans consume. Some 
serotypes (Typhy, Paratyphi A and C, some clones of Paratyphi B and Sendai) travel almost 
exclusively among men, and express their pathogenicity only when they infect a human being. 
Few serotypes travel exclusively among animals and do not infect humans, if not seldom (e.g. 
Abortusovis in sheep and Gallinarum-Pullorum in poultry). On the contrary, approximately 
150 serotypes travel more or less constantly between the animal reservoir, the environment, 
food and man, starting from Salmonella ser. Typhimurium. Some serotypes, however, have a 
particular preference for some animal species: Enteritidis, Hadar, Heidelberg, Saintpaul, 
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Virchow, Senftenberg, Infantis and Kottbus find their main distribution channel in chickens, 
turkeys and ducks; Dublin and Bovismorbificans mainly infect cattle, while the Derby, 
Brandenburg and Panama serotypes frequently circulate among pigs (Weill, 2009). From the 
intestinal contents of livestock, the salmonellae can contaminate fresh meat, raw milk and egg 
shells. If the necessary hygienic precautions are not taken in the early stages of the production 
line (slaughter, milking, egg collecting), there is a risk that the salmonellae may then spread 
along each of their production chain, even polluting products such as cured meats, dairy 
products and egg-based dishes if they were made using raw milk or unpasteurized eggs. 
Moreover, through the faeces of animals and man, salmonellae can contaminate farmland, 
surface water flow and vegetables if they are fertilized with animal manure or dung that is not 
properly fermented. Vegetables, therefore, can be a source of disease to humans just like fresh 
meat, milk, shell eggs and by-products. Besides in animals, Salmonella can adhere well to the 
work surfaces, and from there spread to other foodstuffs by cross-contamination (Møretrø et 
al., 2011). The examples are numerous and blatant: in the U.S. a major Salmonella ser. 
Enteritidis outbreak occurred and was associated with the consumption of industrial ice cream 
premix which was transported in tanks that had been used for carrying unpasteurized liquid 
eggs and were not properly sanitized (Hennessy et al., 1996). An outbreak of salmonellosis due 
to S. Ealing caused by dehydrated powdered milk was traced back to the inadequate 
sanitization of production equipment (Rowe et al., 1987). The thorough cleaning of work 
surfaces, both in food manufacturing facilities and in domestic kitchens, is therefore one of the 
main strategies for the prevention of foodborne salmonellosis (Møretrø et al., 2011). Generally, 
forms of gastroenteritis caused by non-typhoid Salmonella are moderately serious diseases with 
a quick recovery and without the need to resort to specific therapies. Although in some cases – 
when young children, elderly, or immunocompromised subjects are affected – salmonellosis 
may also lead to the patient’s death (Pathan et al., 2010). The severity of Salmonella infections 
can also be aggravated by the fact that in recent years more and more Salmonella strains have 
been spreading and they are resistant to one or more of the antibiotics which are widely used 
in human medicine, such as fluoroquinolones and third generation cephalosporins. In addition 
to the Typhimurium serotype, Salmonella strains which are multiresistant to many antibiotics 
have also been detected in the Agona, Anatum, Choleraesuis, Derby, Dublin, Heidelberg, 
Kentucky, Newport, Pullorum, Schwarzengrund, Senftenberg, and Uganda serotypes (Yan et 
al., 2010). In most cases, human infection manifests itself through diarrhoea, persistent fever 
and abdominal cramps which appear 12 to 72 hours after the infection. The disease is self-
limiting and clears up by itself within 4-7 days, but it has rather significant side effects: it takes 
months for the patient to regain proper bowel function and they can remain healthy carriers 
for months. In addition, chronic complications may occur such as widespread polyarthritis 
(Reiter's syndrome), ocular and urinary disorders, and even occasional cases of endocarditis 
and appendicitis. All these diseases are hard to treat even with antibiotics (Castillo et al., 2011). 

1.2 The infective dose “issue” 
According to the regulations currently in force in the European Union, it is the manufacturer's 
responsibility to ensure the hygiene of their production processes on a daily basis, seeing to 
prevent any possible hazard that may contaminate food and be harmful to human health. The 
system used by food manufacturers to control processing hygiene in their facilities is the well-
known HACCP system. In view of the fundamental principles of HACCP, if Salmonella 
contaminates a food, this is a Hazard because its presence could potentially cause harm to 
human health. It is, however, a hypothetical danger, as, for it to become real, the food has to 
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present some specific conditions. One of these is certainly the “minimal infective dose”, i.e. the 
lowest charge that Salmonella must reach in the food for it to become dangerous to human 
health. Generally, it is accepted that Salmonella becomes truly dangerous for humans when it 
reaches in a food a charge of at least 104 cfu/g. However, it should be reminded that the 
bibliography reports some foodborne salmonellosis outbreaks caused by foods that contained 
less than 100 and sometimes less than 10 cfu of bacteria per gram of product. Fatty foods, such 
as cheeses, butter and chocolate, better protect the bacteria from the digestive enzymes in the 
stomach. In addition, the low water activity of these foods keeps the salmonellae in a latent 
phase, and this means that they do not proliferate in the food substrate, but can survive for 
very long time (Jansson et al., 2011; Finstad et al., 2011). The infective charge in one episode of 
salmonellosis which occurred in Canada and was caused by chocolate was estimated as low as 
0,005 cfu/g (Komitopoulou & Penaloza, 2009). It is important to underline that the foods 
contaminated with Salmonella do not usually show any modification in their sensory 
characteristics even though the pathogens within have reached very high levels, concretely 
harmful to human health (Lindhardt et al., 2009). 

1.3 Epidemiology of foodborne human salmonellosis in the EU 
According to the latest “European Union Summary Report on Trends and Sources of 
Zoonoses, Zoonotic Agents and Food-borne Outbreaks” (EFSA, 2011), in 2009 in the 27 EU 
Member States, the health authorities in charge have reported a total of 108,614 confirmed 
cases of human salmonellosis, with a prevalence of 23.7 cases/100,000 population. If we 
compare these levels with their equivalents reported from 2005 onwards, we discover that in 
the 2005/2009 period the cases of human salmonellosis have considerably dropped, 
estimated at -13%. In comparison, cases of campylobacteriosis have increased by +12%. In 
particular, between 2008 and 2009 there was a sharp decline in clinical cases of human 
salmonellosis caused by Salmonella ser. Enteritidis. All this indicates that the efforts made by 
health authorities and policies of individual EU states are obtaining positive and effective 
results. Furthermore, if we analyze the data regarding the spread of Salmonella among farm 
animals, we can find out that the importance of Salmonella as a cause of human foodborne 
disease is decreasing, also thanks to the decline in the spread of bacteria among livestock, 
starting with fowl. The decline in cases of foodborne salmonellosis among human beings 
does not tend to be consistent or regular in all 27 EU Members. The variations in the 
epidemiological pattern can be noticeable from one State to another. 10 states recorded a 
significant decline in cases; for 14 other states (including Italy) the epidemiological situation 
of human salmonellosis in food has remained essentially stable over the past five years, 
while Malta reported a sharp rise in cases (+24% compared to 2008), in contrast with the rest 
of the EU countries. Scandinavian and Central European countries are among the member 
states with the highest prevalence of human cases of foodborne salmonellosis while 
prevalence of salmonellosis among the population reported by the states bordering the 
Mediterranean are well below the previous. Epidemiologists interpret this as a sign of the 
single EU members’ health authorities’ increased awareness about the health of the 
populations under their responsibility. This increased attention to identify and report cases 
of foodborne salmonellosis explains the higher prevalence of human cases of salmonellosis 
in some northern European countries compared with the levels observed in Southern 
European countries. In most EU states food salmonellosis is a disease that patients contract 
“in their own country”. Only Sweden, Finland, Denmark and the UK count a number of 
cases imported from abroad because they were contracted by people when they were out of 
the country. It should, however, be pointed out that some of the EU countries were not able 
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to ascertain and report to the EFSA the proportion of “national” cases of salmonellosis and 
those “acquired” from abroad. We would like to recall that in 2005 the EU issued the 
2073/2005 (EC) Regulation which identified the food safety criteria for some of the major food 
groups most at risk of transmitting diseases to man. Salmonella was adopted as a parameter 
for the safety of fresh meat and products derived from it, raw milk and dairy products made 
with it, edible bivalve molluscs, as well as for pre-cut fruits and vegetables. In accordance 
with the EU provisions, Salmonella must be absent from 25 or 10 grams of examined sample 
of these foods in order for them to be destined for human consumption. In the EU which 
foodstuffs did not comply with this criterion and exceeded it? In 2009, as in 2008, the highest 
percentage of non-compliance was found in food derived from fresh meat, and particularly 
from minced meat and meat preparations containing chicken or turkey (8.7% of the total 
non-complying foods). Secondly, in order of prevalence, are bivalve molluscs and 
echinoderms, which are often traditionally consumed raw or hardly cooked (3.4% of all 
samples). Much less at risk are currently liquid eggs which go through a pasteurization 
process before entering the food manufacturing industry. Some concern arises from the fact 
that there are rather large percentages of non-compliance even among meat preparations for 
raw human consumption (the samples tested positive for Salmonella during official tests 
ranged from 1,2% to 1,7 % of the total tested samples). 

2. Animals as Salmonella reservoir 
The transmission cycle of Salmonella to humans through food presents many complexities 
because it involves animal reservoirs, vector food and the environment (Graziani et al., 
2005). Mammals, birds, rodents, reptiles, amphibians and insects act as environmental 
reservoirs of Salmonella and can transfer the pathogen to man (D’Aoust, 2007). On intensive 
farming facilities the role of the “healthy carriers” is important: even if they do not show any 
symptoms of the disease, they contaminate the environment and contribute to spreading 
salmonellae on the farm, sometimes creating endemic situations. The absence of symptoms 
in most of the infected animals and the technical difficulties in detecting the carriers during 
the inspection of the meat cause a continuous contamination of foods of animal origin.  
Graziani et al. (2005) argue that various Salmonella serotypes may prefer various animal 
species: some are considered specific to one animal species (S. Gallinarum in chickens), 
others are defined as “host-adapted” because they prefer one host over another (S. Dublin 
for cattle, S. Enteritidis in egg-laying hens, S. Hadar in birds); on the other hand, other 
serotypes, such as S. Typhimurium, are ubiquitous. The role as reservoir is played by many 
animal species, but poultry and pigs are the predominant reservoirs for Salmonella (Cantoni 
& Bersani, 2010). In birds, species-specific serotypes are present, such as S. Pullorum and S. 
Gallinarum (Cantoni & Ripamonti, 1998), as well as host-adapted serotypes, such as S. 
Hadar and S. Enteritidis in chickens in Italy, while S. Blockley is found more predominantly 
in turkeys (Graziani et al., 2005). The importance of broilers and other farm birds as 
Salmonella reservoirs should not be underestimated (D’Aoust, 2007). Although S. Pullorum 
and S. Gallinarum have been eradicated from industrial production thanks to in loco 
monitoring and eradication programs in reproducers, it is known that infections by S. 
Enteritidis and S. Typhimurium have been quite common in farm birds recently, therefore 
strict hygiene rules must be followed to prevent the contamination of finished products.  
For pigs, the pathogenic salmonellae are S. Choleraesuis and S. Typhi suis (Cantoni & 
Ripamonti, 1998). Over the past ten years a marked increase in the prevalence of S. enterica 
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serovar 4, [5], 12:i- has been observed in many European countries (Hopkins et al., 2010). It is 
resistant to ampicillin, streptomycin, sulphonamides and tetracycline in food-borne 
infections, in pigs and pork. The results indicate that genetically related strains of serovar 4, 
[5], 12:i:- of the DT193 and DT120 phage types with resistance to ampicillin, streptomycin, 
sulphonamides and tetracycline have emerged in many European countries and that pigs 
are the likely reservoir of the infection. A survey by the European Food Safety Authority has 
established the prevalence of Salmonella in pigs for slaughter in the EU-25 plus Norway 
(EFSA, 2008). This survey, as well as discovering that one pig every ten is affected, also 
identified the prevalent serotypes in infected pigs (S. Typhimurium and S. Derby), the same 
ones as in the cases of human infection.  
Cattle are often colonized by S. Dublin and S. Typhimurium, with infections that vary in 
duration and clinical manifestation (Graziani et al., 2005). Cattle are particularly susceptible 
to infection by Salmonella in the first weeks of life (Cantoni & Ripamonti, 1998). S. Dublin can 
stay in the host for a long time, in some cases all its life and often causes serious bouts of 
illness (Graziani et al., 2005). As healthy carriers, they can pass S. Dublin and S. 
Typhimurium in their faeces, and those can remain viable in the outside for at least six 
months (Cantoni & Ripamonti, 1998). 
In the meat-processing industry, eggs and poultry meat are the main groups of raw materials 
which usually carry Salmonella  (D’Aoust & Maurer, 2007) and in many States they 
overshadow other sources such as pork, beef and mutton as a means of infection (WHO, 1988).  
To conclude, we can say that the biological cycle of Salmonella spp. is complex (see Table 1) 
and involves animals, environment and food (D’Aoust & Maurer, 2007), and that animals 
act as the most important reservoirs for its conservation (Graziani et al., 2005). 
 

 
 

Table 1. Salmonella life cycle and transmission to humans (adapted from WHO, 1988). 
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3. Dynamics of the Salmonella population: Ecological factors 
Foods are generally considered ecosystems made up of a habitat and a community of living 
organisms (biocenosis) that can influence each other and, in turn, be influenced by the 
habitat itself. Given the minute size of the microorganisms, the environment that affects 
them, at least in a solid matrix, is very small – of the order of a few millimeters or 
centimeters – so very heterogeneous physical and chemical conditions can exist in food 
(different conditions between the surface and the inside). In addition, a succession of 
microbial communities can be observed in food. The original microbial load, largely 
depending on the initial sources of contamination, is then replaced by new microbial 
communities that depend on the set of factors that appear during production and 
conservation processes. The factors that influence the development and survival of 
contaminating microorganisms are: (i) intrinsic factors, i.e. the characteristics of the food, 
arising from its composition or structure, pH levels, water activity (Aw) and redox potential 
(OR-value); (ii) environmental, extrinsic factors which come into action during the 
processing or storage of the food (storage or treatment temperature; relative humidity, light, 
storage environment); they may affect the intrinsic factors; (iii) implicit factors derive from 
the interaction between populations during manufacturing or storage. They can either be 
positive, such as mutualism and commensalism, or negative, such as competition, 
antagonism and parasitism. 
Although it is possible to control the growth or survival of an individual or a group of 
microorganisms acting on only one of these factors, this is not always desirable, because it 
could have excessive consequences on the sensorial and nutritional qualities of food. As 
modern consumers are increasingly in demand of foods that look “natural” or “fresh”, 
that are safe and have a relatively long shelf life, it is often necessary to act using a 
combination of factors, each of which is present at sublethal levels, but that, together, 
ensure the desired level of control. Therefore, instead of using a single barrier, 
combinations of barriers are used (the so called “hurdle effect”) which cause, if the exposure 
to these conditions is prolonged, such damage that the microorganisms irreparably lose the 
ability to multiply, reaching their inactivation. Vice versa, if the microorganisms are 
subjected to lower levels of stress (sublethal conditions), they can adapt by activating a 
number of protection mechanisms, synthesizing proteins and other substances that improve 
their resistance to the stress in question or different stress. In recent decades, specific 
mathematical models have been implemented to describe the phenomena such as the 
growth, the production of metabolites and the death of the microorganisms found in 
various conditions, useful both for the conservation and for the hygienic safety of food. 
Predictive models, in particular, see to formulate mathematical models using adequate 
experimental designs which should provide information about the danger or conservation 
of food and about the possibility of growth, death or production of a toxin from pathogenic 
microorganisms. So, in view of the previous observations, we can predict microbial 
behaviour in similar environmental conditions (Ross & McMeekin, 1994). These 
approaches, however, are not disadvantage free, such as the variation of strains and the 
biomolecular knowledge for understanding which factors are responsible for pathogenicity. 
As regards Salmonella the ranges of the factors that favour their growth, death or survival 
are shown in Table 2. 
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Conditions Minimum Optimum Maximum 
T °C 
pH 
Aw 

Tolerance to salt (%) 

7.0  (5.2 *) 
4.00 (3.80 *) 

0.940 (0.900 *) 
-- 

35-43 
7.00-7.50 

-- 
-- 

46.2 (49.3 *) 
9.50 

-- 
4 

Table 2. Limits and optimum growth in relation to intrinsic and extrinsic factors for 
Salmonella spp. Notes. *: Some serotypes. (Source: ICMSF, 1996; amended). 

Temperature 
In particular, we can say that the minimum temperature for the growth of Salmonella is 7 
°C (at 8 °C generation time is 22-35 hours); under 15 °C its development is still low. The 
storage of food at temperatures below 5 °C therefore prevents the multiplication of all 
serotypes; the only one able to develop up to 5.3 °C is S. Heidelberg (Matches & Liston, 
1968). The highest mortality occurs during the slow freezing phase (0 to -10 °C), while in the 
deep-freezing one, for reaching temperatures below -17 °C rapidly, its survival is more 
likely, as damage to the cell membrane is minor. However, freezing does not guarantee the 
destruction of Salmonella: they have been found in frozen foods stored for years (ICMSF, 
1996; Farkas, 1997), due to the changes and the production of cold shock and cold 
acclimation proteins (Scherer & Neuhaus, 2002). Maximum development temperature is 49.3 
°C, beyond which Salmonella begin to die due to the denaturation of cell wall components 
and to the inactivation of heat-sensible enzymes. Although a temperature of 55 °C is 
sufficient to kill them, the legal limit for the storage of cooked foods meant to be eaten hot 
is normally 63 °C. Salmonella is not particularly resistant, so a pasteurization process is 
more than enough to destroy it. Several authors agree that the most heat-resistant 
serotype is S. Senftenberg 775W which registers D65= 0.29-2.0 and D60=1.0-9.0 when the 
substrate is in normal conditions, but the D value decreases if you move away from the 
optimal range for growth. Finally, its z value is 5,6-6,4 (°C). Resistance to heat is influenced 
by other factors, such as: 
 water activity: the lower it is, the greater the pathogen’s heat resistance, since the 

presence of water favours the thermal break of the peptide bonds and in their absence 
more energy is needed for achieving the same result; 

 the composition of the food, and its fat content, which enhance its resistance, as well as 
the glycerol or sucrose contents; 

 pH levels, which, if maintained at around neutrality, allow for greater heat resistance of 
the pathogen, whereas sensitivity increases if it is lowered or raised;  

 the age of the microbial cells, since the young ones are more sensitive to heat in 
logarithmic growth phase;  

 adaptation to high incubation temperatures, for a genetic selection that favours the 
development of strains which are more resistant to heat (Jay, 1996).  

Water activity (Aw) 
Minimum water activity is 0,940, below which multiplication does not cease, but the 
bacterial charge decreases, without disappearing though. Salmonella can survive for long 
periods in conditions of dehydration. This was detected several times in sweets, including 
chocolate, which led to outbreaks of food infection (Werber et al., 2005). In fact, the high fat 
and sugar content of sweet, may lead to a protective effect against it. Of course, in chocolate, 
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there cannot be any growth, but rather a sublethal stress which leads to an adaptation of the 
pathogen (Jasson et al., 2011). In the presence of NaCl concentrations between 3 and 4%, the 
development of Salmonella is usually inhibited. However, it appears that the inhibitory 
action of salt increases with increasing storage temperature. Variations depending on the 
serotype can be noticed (ICSFM, 1996).  
pH value 
The minimum pH is 3.80, but it all depends on the type of acid used, among which acetic 
acid seems to be more effective. Over the past twenty years, the survival of Salmonella under 
varying conditions of acid stress (Acid Tolerance Response ATR) has been extensively 
studied, especially regarding sublethal exposure with organic acids, which make the 
pathogen adapt to the acid used. The complex molecular mechanisms and environmental 
factors involved in ATR have been studied. An interesting discussion on this topic can be 
found in the article by Álvarez-Ordóñez et al. (2011). The increase in resistance to acids is 
very consistent, not only for the chances of survival of Salmonella in food, but also because it 
can lead the pathogen to resist to gastric pH (<1.5) and thus pass through the intestine 
unharmed. Generally speaking, we can say that Salmonella is very sensitive to acetic acid and 
lactic acid, while it is much more resistant to citric acid, used to acidify foods. In turn, these 
acids are more active if storage or treatment temperatures are close to the pathogen’s 
minimum or maximum values of growth. Finally, we also have to underline that the 
acidification and/or heat treatment should not be applied to food in sublethal conditions, in 
order to avoid adaptation phenomena of pathogenic strains to the same treatment or even to 
different treatments (salt, water activity, etc.). Leyer & Johnson (1993) tested a strain of 
adapted to acid S. Typhimurium by constantly lowering the pH, finding out that the 
adaptation was not only due to the rebalance of intracellular pH, but also to a change in 
membrane proteins and not in the lipopolysaccharidic component.  

Disinfectants 
An incorrect method of disinfection and sanitization can make Salmonella persist on tools 
and utensils used in the food industry and kitchens, with the ability to form biofilm and, 
therefore, enable the spread of the pathogen.  
Møretrø et al. (2009), using a treatment with a concentration of 100 ppm chlorine or 50 ppm 
of iodine for 15 minutes, noticed a biofilm can be completely removed, while with sodium 
hypochlorite (approximately 400 ppm) or cationic surfactants (benzalkonium chloride) for 5 
minutes, Salmonella biofilm can resist on stainless steel surfaces. 70% ethanol for 5 min. is 
unable to remove the biofilm (Ramesh et al., 2002). 

4. Salmonella in vegetables 
Compared to foods of animal origin, which are usually consumed once cooked, fruit and 
vegetables are mostly eaten raw and therefore a significant part of foodborne outbreaks 
due to the consumption of raw vegetables has been attributed to Salmonella (Cantoni & 
Bersani, 2010). Animal faeces and irrigation water are the main ways for Salmonella to 
spread to crops (Islam et al., 2004). The water can contaminate the food if it is used for 
irrigation, for washing or for handling it (Rondanelli et al., 2005). The salmonellae present 
in not perfectly ripened manure or in irrigation water invade the plants by gripping to the 
roots or contaminating the leaves (Cantoni & Bersani, 2010). Studies headed by Professor 
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Gadi Frankel (2008) of the Imperial College, London, UK, have revealed how salmonellae 
use their flagella to stick to salad and basil leaves. The results were presented at the 21st 
ICFMH International Symposium “Food Micro 2008” held in Aberdeen. This ability to 
attach itself to vegetables is described for a certain strain, S. enterica ser. Senftenberg, but 
not for S. Typhimurium (Frankel, 2009). Increased understanding of the mechanism that 
pathogens such as Salmonella use to adhere to vegetables is important if scientists are to 
develop new methods to prevent this type of contamination and the disease it causes 
(Berger et al., 2010). Schikora et al. (2008) have shown that S. Typhimurium, until now 
considered dangerous only for animals, can be a real danger for the vegetable kingdom 
too. Like any other plant pathogen, S. Typhimurium triggers the plant’s immune defences 
and does not just cover the root surface, but enters physically into the plant’s cells. The 
researchers attached a fluorescent probe to the bacterium and injected it, following its 
route: in just 17 hours the root cells were infected. Moreover, the infection later occurred 
simply by placing the plant (Arabidopsis) and the bacterium in the same liquid. Salmonella 
strains were detected in: aubergines, green salads, fennel, lettuce, onions, mustard, orange 
juice, pepper, parsley, spinach, strawberries, tomatoes, watermelons, coconuts, cereals, 
barley, chocolate and soy sauce (Cantoni & Bersani, 2010; Cantoni & Ripamonti, 1998). 
Today more and more ready-to-eat (RTE) vegetables are available in supermarket fridges 
because they are offered to the consumer as a convenience food, every part can be used, 
and, being already washed, peeled and chopped, they are quick and easy to prepare 
(Catellani et al., 2005). For their packing, various techniques are used, such as modified 
atmosphere packaging (MAP) – the gaseous composition of which varies according to the 
vegetable –, vacuum packaging, and ordinary atmosphere packaging. For the first two 
methods, the product should be packaged at refrigeration temperature, while with 
ordinary atmosphere it just needs to be kept cool. CO2 has the function to slow the 
breathing and the appearance of rotting, to inhibit pectinolytic enzymes and the 
development of Pseudomonas and other Gram-negative bacteria (Galli & Franzetti, 1998). 
Manvell & Ackland (1986) show that RTE vegetables can host various saprophytic 
microbial forms: 80-90% are Gram negative spoiling bacteria (including Pseudomonas spp, 
Enterobacter spp, Erwinia spp) and the rest are yeasts and moulds. If Good Manufacture 
Practices are respected, pathogens (Salmonella spp., L. monocytogenes, E. coli O157, 
enterovirus) or protozoa (Giardia, Entamoeba, Cryptosporidium) are detected only 
occasionally (Catellani et al., 2005). The study of Salmonella has dramatically contributed to 
the knowledge of the epidemiology of these infections. Large-scale distribution, 
particularly of fruit and vegetables, sets the conditions for events that touch a very wide 
area, involve the exposure of a big number of individuals, and that are difficult to 
recognize for lack of sophisticated surveillance systems that should involve international 
collaboration networks. 

5. Salmonella in eggs and egg products 
Eggs laid by healthy animals are generally safe to eat because if they kept in sound hygiene 
conditions they can be considered almost sterile inside, especially as regards bacterial agents 
of food diseases (Bozzo, 2008; Galli & Neviani, 2005). Nevertheless, Salmonella spp. is the 
most important pathogen transmitted by eggs (ICMSF, 1998). The natural defence factors 
that may affect the egg’s infection by microbiological contaminations are: 
- physical factors: cuticle, shell, shell membranes, viscosity of the albumen and chalazae, 
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there cannot be any growth, but rather a sublethal stress which leads to an adaptation of the 
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varying conditions of acid stress (Acid Tolerance Response ATR) has been extensively 
studied, especially regarding sublethal exposure with organic acids, which make the 
pathogen adapt to the acid used. The complex molecular mechanisms and environmental 
factors involved in ATR have been studied. An interesting discussion on this topic can be 
found in the article by Álvarez-Ordóñez et al. (2011). The increase in resistance to acids is 
very consistent, not only for the chances of survival of Salmonella in food, but also because it 
can lead the pathogen to resist to gastric pH (<1.5) and thus pass through the intestine 
unharmed. Generally speaking, we can say that Salmonella is very sensitive to acetic acid and 
lactic acid, while it is much more resistant to citric acid, used to acidify foods. In turn, these 
acids are more active if storage or treatment temperatures are close to the pathogen’s 
minimum or maximum values of growth. Finally, we also have to underline that the 
acidification and/or heat treatment should not be applied to food in sublethal conditions, in 
order to avoid adaptation phenomena of pathogenic strains to the same treatment or even to 
different treatments (salt, water activity, etc.). Leyer & Johnson (1993) tested a strain of 
adapted to acid S. Typhimurium by constantly lowering the pH, finding out that the 
adaptation was not only due to the rebalance of intracellular pH, but also to a change in 
membrane proteins and not in the lipopolysaccharidic component.  

Disinfectants 
An incorrect method of disinfection and sanitization can make Salmonella persist on tools 
and utensils used in the food industry and kitchens, with the ability to form biofilm and, 
therefore, enable the spread of the pathogen.  
Møretrø et al. (2009), using a treatment with a concentration of 100 ppm chlorine or 50 ppm 
of iodine for 15 minutes, noticed a biofilm can be completely removed, while with sodium 
hypochlorite (approximately 400 ppm) or cationic surfactants (benzalkonium chloride) for 5 
minutes, Salmonella biofilm can resist on stainless steel surfaces. 70% ethanol for 5 min. is 
unable to remove the biofilm (Ramesh et al., 2002). 

4. Salmonella in vegetables 
Compared to foods of animal origin, which are usually consumed once cooked, fruit and 
vegetables are mostly eaten raw and therefore a significant part of foodborne outbreaks 
due to the consumption of raw vegetables has been attributed to Salmonella (Cantoni & 
Bersani, 2010). Animal faeces and irrigation water are the main ways for Salmonella to 
spread to crops (Islam et al., 2004). The water can contaminate the food if it is used for 
irrigation, for washing or for handling it (Rondanelli et al., 2005). The salmonellae present 
in not perfectly ripened manure or in irrigation water invade the plants by gripping to the 
roots or contaminating the leaves (Cantoni & Bersani, 2010). Studies headed by Professor 
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Gadi Frankel (2008) of the Imperial College, London, UK, have revealed how salmonellae 
use their flagella to stick to salad and basil leaves. The results were presented at the 21st 
ICFMH International Symposium “Food Micro 2008” held in Aberdeen. This ability to 
attach itself to vegetables is described for a certain strain, S. enterica ser. Senftenberg, but 
not for S. Typhimurium (Frankel, 2009). Increased understanding of the mechanism that 
pathogens such as Salmonella use to adhere to vegetables is important if scientists are to 
develop new methods to prevent this type of contamination and the disease it causes 
(Berger et al., 2010). Schikora et al. (2008) have shown that S. Typhimurium, until now 
considered dangerous only for animals, can be a real danger for the vegetable kingdom 
too. Like any other plant pathogen, S. Typhimurium triggers the plant’s immune defences 
and does not just cover the root surface, but enters physically into the plant’s cells. The 
researchers attached a fluorescent probe to the bacterium and injected it, following its 
route: in just 17 hours the root cells were infected. Moreover, the infection later occurred 
simply by placing the plant (Arabidopsis) and the bacterium in the same liquid. Salmonella 
strains were detected in: aubergines, green salads, fennel, lettuce, onions, mustard, orange 
juice, pepper, parsley, spinach, strawberries, tomatoes, watermelons, coconuts, cereals, 
barley, chocolate and soy sauce (Cantoni & Bersani, 2010; Cantoni & Ripamonti, 1998). 
Today more and more ready-to-eat (RTE) vegetables are available in supermarket fridges 
because they are offered to the consumer as a convenience food, every part can be used, 
and, being already washed, peeled and chopped, they are quick and easy to prepare 
(Catellani et al., 2005). For their packing, various techniques are used, such as modified 
atmosphere packaging (MAP) – the gaseous composition of which varies according to the 
vegetable –, vacuum packaging, and ordinary atmosphere packaging. For the first two 
methods, the product should be packaged at refrigeration temperature, while with 
ordinary atmosphere it just needs to be kept cool. CO2 has the function to slow the 
breathing and the appearance of rotting, to inhibit pectinolytic enzymes and the 
development of Pseudomonas and other Gram-negative bacteria (Galli & Franzetti, 1998). 
Manvell & Ackland (1986) show that RTE vegetables can host various saprophytic 
microbial forms: 80-90% are Gram negative spoiling bacteria (including Pseudomonas spp, 
Enterobacter spp, Erwinia spp) and the rest are yeasts and moulds. If Good Manufacture 
Practices are respected, pathogens (Salmonella spp., L. monocytogenes, E. coli O157, 
enterovirus) or protozoa (Giardia, Entamoeba, Cryptosporidium) are detected only 
occasionally (Catellani et al., 2005). The study of Salmonella has dramatically contributed to 
the knowledge of the epidemiology of these infections. Large-scale distribution, 
particularly of fruit and vegetables, sets the conditions for events that touch a very wide 
area, involve the exposure of a big number of individuals, and that are difficult to 
recognize for lack of sophisticated surveillance systems that should involve international 
collaboration networks. 

5. Salmonella in eggs and egg products 
Eggs laid by healthy animals are generally safe to eat because if they kept in sound hygiene 
conditions they can be considered almost sterile inside, especially as regards bacterial agents 
of food diseases (Bozzo, 2008; Galli & Neviani, 2005). Nevertheless, Salmonella spp. is the 
most important pathogen transmitted by eggs (ICMSF, 1998). The natural defence factors 
that may affect the egg’s infection by microbiological contaminations are: 
- physical factors: cuticle, shell, shell membranes, viscosity of the albumen and chalazae, 
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- chemical factors: pH of the albumen, lysozyme, avidin, flavoprotein, protease inhibitor 
protein molecules (ovostatin, ovomucoid, cystatin, etc.).  

In addition to the factors mentioned above, we must add the environmental protection 
factors that are related to hygiene: egg-laying place, litter, surfaces, air, handlings, shell, 
duration and means of storage. The eggs can, however, be infected transovarianly with 
Salmonella by sick hens or healthy carriers (Cantoni & Ripamonti, 1998). There are many 
cases reported in the literature in which Salmonella was detected in eggs laid by hens with 
ovarian localization of this pathogen (in this case we speak about “endogenous 
contamination”) (Bozzo, 2008). Through good hygiene practices in breeding facilities, it is 
possible to limit the number of microorganisms on the shell, as more than 90% of the 
contaminations of various origins occur after egg laying (Gandini, 1993). These exogenous 
contaminations of the egg can occur at different times: during transport or packaging or 
during the shelling (Bozzo, 2008). There is evidence (EFSA, 2009b) to indicate that cross-
contamination between egg shells may occur during the manufacturing processes (sorting 
of the eggs, packing, etc.). The probability of this cross-contamination depends on the 
percentage of eggs contaminated with Salmonella, and the prevalence of eggs tested 
positive for Salmonella is also affected by the type of technology used and hygiene 
practices applied. However, the authors argue that we lack sufficient data to evaluate the 
occurrence of penetration through the shell and the proliferation of Salmonella due to 
cross- contamination during processing and, therefore, to assess the risks for consumers. 
The factors that influence the passage of microorganisms into the egg are: dampness, the 
shell’s degree of contamination, the age-related decline in physical defences of the hen 
and the type of dirt that causes changes in surface tension (Galli & Neviani, 2005). Table 
eggs are pointed at as a major source of Salmonella and egg refrigeration has been 
recommended as one of many possible measures along the food chain to reduce the 
incidence of salmonellosis in the human population (EFSA, 2009b). The panel of experts 
on biological hazards states that refrigerating table eggs to temperatures at or below 7 °C 
limits the multiplication of pathogens such as Salmonella. If the cold chain is maintained, 
starting the refrigeration already on the farm is the measure with the highest positive 
effect in order to limit the proliferation of Salmonella. Table egg refrigeration is another 
safety measure together with other steps taken on the farm and during the processing as 
part of an integrated approach. Interruption of the cold chain is a factor that increases the 
risk of condensation and this may increase the penetration of bacteria into the egg (Ricci, 
2005). The Salmonella infection cycle in poultry farms is summarized in Table 3. As stated 
in the EU Summary Report on trends and sources of zoonoses, zoonotic agents and 
resistance to antimicrobiotics (EFSA, 2007), the reported cases of human salmonellosis in 
the EU, respectively amounted to 154,099 and 31.1/100,000 inhabitants. The report also 
indicates that the prevalence of Salmonella in table eggs was 0.8%. According to the 
opinion of the European Scientific Committee on veterinary measures related to Public 
Health on Salmonella in food products in 2003, eggs and food produced with raw eggs 
(unpasteurized) are among the food categories most likely to cause cases of human 
salmonellosis (EFSA 2009). In Sweden, de Jong & Ekdhal (2006) compared the EFSA data 
on the prevalence of Salmonella on European egg-laying hen farms and the prevalence of 
human salmonellosis, revealing a high linear correlation between the two aspects. The 
same study analyzed the cases of salmonellosis in travellers returning to Sweden after 
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having been to several European countries with different Salmonella prevalence. The 
research seems to confirm the existence of a clear causal link between the presence of 
salmonellae in the egg production chain and the human disease. In Spain, Soler Crespo et 
al. (2005) focused on foodborne infections associated with the intake of eggs and egg 
products between 2002 and 2003. These outbreaks alone would account for 41% of all the 
episodes of food poisoning recorded throughout the duration of the study. The risk 
factors most often identified by the authors are the storage of the products at excessively 
high temperatures, the consumption of raw foods and a too long wait between the 
preparation and the consumption of the food. Table 4 shows some events in epidemic 
proportions observed in recent decades in various parts of the world. These epidemics 
serve as a constant reminder of the fact that food technology cannot always protect 
against infectious diseases that may result in large-scale epidemics (multistate outbreaks) 
(Winn et al., 2009). In the United States, however, the introduction of a program for egg 
safety and quality (egg quality assurance programs [EQAPs]) plays an important role in 
reducing disease by S. Enteritidis transmitted from eggs (Mumma et al., 2004). 
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- chemical factors: pH of the albumen, lysozyme, avidin, flavoprotein, protease inhibitor 
protein molecules (ovostatin, ovomucoid, cystatin, etc.).  

In addition to the factors mentioned above, we must add the environmental protection 
factors that are related to hygiene: egg-laying place, litter, surfaces, air, handlings, shell, 
duration and means of storage. The eggs can, however, be infected transovarianly with 
Salmonella by sick hens or healthy carriers (Cantoni & Ripamonti, 1998). There are many 
cases reported in the literature in which Salmonella was detected in eggs laid by hens with 
ovarian localization of this pathogen (in this case we speak about “endogenous 
contamination”) (Bozzo, 2008). Through good hygiene practices in breeding facilities, it is 
possible to limit the number of microorganisms on the shell, as more than 90% of the 
contaminations of various origins occur after egg laying (Gandini, 1993). These exogenous 
contaminations of the egg can occur at different times: during transport or packaging or 
during the shelling (Bozzo, 2008). There is evidence (EFSA, 2009b) to indicate that cross-
contamination between egg shells may occur during the manufacturing processes (sorting 
of the eggs, packing, etc.). The probability of this cross-contamination depends on the 
percentage of eggs contaminated with Salmonella, and the prevalence of eggs tested 
positive for Salmonella is also affected by the type of technology used and hygiene 
practices applied. However, the authors argue that we lack sufficient data to evaluate the 
occurrence of penetration through the shell and the proliferation of Salmonella due to 
cross- contamination during processing and, therefore, to assess the risks for consumers. 
The factors that influence the passage of microorganisms into the egg are: dampness, the 
shell’s degree of contamination, the age-related decline in physical defences of the hen 
and the type of dirt that causes changes in surface tension (Galli & Neviani, 2005). Table 
eggs are pointed at as a major source of Salmonella and egg refrigeration has been 
recommended as one of many possible measures along the food chain to reduce the 
incidence of salmonellosis in the human population (EFSA, 2009b). The panel of experts 
on biological hazards states that refrigerating table eggs to temperatures at or below 7 °C 
limits the multiplication of pathogens such as Salmonella. If the cold chain is maintained, 
starting the refrigeration already on the farm is the measure with the highest positive 
effect in order to limit the proliferation of Salmonella. Table egg refrigeration is another 
safety measure together with other steps taken on the farm and during the processing as 
part of an integrated approach. Interruption of the cold chain is a factor that increases the 
risk of condensation and this may increase the penetration of bacteria into the egg (Ricci, 
2005). The Salmonella infection cycle in poultry farms is summarized in Table 3. As stated 
in the EU Summary Report on trends and sources of zoonoses, zoonotic agents and 
resistance to antimicrobiotics (EFSA, 2007), the reported cases of human salmonellosis in 
the EU, respectively amounted to 154,099 and 31.1/100,000 inhabitants. The report also 
indicates that the prevalence of Salmonella in table eggs was 0.8%. According to the 
opinion of the European Scientific Committee on veterinary measures related to Public 
Health on Salmonella in food products in 2003, eggs and food produced with raw eggs 
(unpasteurized) are among the food categories most likely to cause cases of human 
salmonellosis (EFSA 2009). In Sweden, de Jong & Ekdhal (2006) compared the EFSA data 
on the prevalence of Salmonella on European egg-laying hen farms and the prevalence of 
human salmonellosis, revealing a high linear correlation between the two aspects. The 
same study analyzed the cases of salmonellosis in travellers returning to Sweden after 
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having been to several European countries with different Salmonella prevalence. The 
research seems to confirm the existence of a clear causal link between the presence of 
salmonellae in the egg production chain and the human disease. In Spain, Soler Crespo et 
al. (2005) focused on foodborne infections associated with the intake of eggs and egg 
products between 2002 and 2003. These outbreaks alone would account for 41% of all the 
episodes of food poisoning recorded throughout the duration of the study. The risk 
factors most often identified by the authors are the storage of the products at excessively 
high temperatures, the consumption of raw foods and a too long wait between the 
preparation and the consumption of the food. Table 4 shows some events in epidemic 
proportions observed in recent decades in various parts of the world. These epidemics 
serve as a constant reminder of the fact that food technology cannot always protect 
against infectious diseases that may result in large-scale epidemics (multistate outbreaks) 
(Winn et al., 2009). In the United States, however, the introduction of a program for egg 
safety and quality (egg quality assurance programs [EQAPs]) plays an important role in 
reducing disease by S. Enteritidis transmitted from eggs (Mumma et al., 2004). 
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Year Country Product Serovar Casesa Deaths 
1976 Spain Egg salad Typhimurium 702 6 

1977 Sweden Mustard 
dressing Enteritidis PT 4 2865 0 

1987 People’s Republic of 
China Egg drink Typhimurium 1113 NSb 

1988 Japan Cooked eggs Salmonella spp. 10476 NS 
1993 France Mayonnaise Enteritidis 751 0 

2001 United States Tuna salad with 
eggs Enteritidis 688 0 

2001 Latvia Cake/raw egg 
sauce Enteritidis PT 4 19 0 

2002 Spain Custard-filled 
pastry Enteritidis PT 6 1433 0 

2002 England Bakery products Enteritidis PT 14 >150 1 

2003 England, Wales, 
Scotland Egg sandwiches Bareilly 186 NS 

2003 Australia Raw egg 
mayonnaise Salmonella spp. >106 1 

2003 United States Egg salad kit Typhimurium 18 0 

2004 People’s Republic of 
China 

Cake/raw egg 
topping Enteritidis 197 NS 

2005 England Imported shell 
eggs Enteritidis PT 6 68 0 

a Confirmed cases, unless stated otherwise. 
b Not stated 
(Adapted from: D’Aoust. J.Y. & Maurer J., 2007) 

Table 4. Examples of outbreaks of human salmonellosis from eggs and egg products 

6. Salmonella in meat and meat products 
Meat includes all the edible parts of slaughtered warm-blooded animals, fit for human 
consumption. According to the EC Regulation 853/2004, this includes domestic ungulates 
(cattle, pigs, sheep and domestic equines), poultry, farmed lagomorphs (rabbits, hares), 
farmed game and hunted venison. It is called fresh meat if it has not undergone any 
treatment to extend its shelf life, except for the use of cold (refrigeration, freezing, deep 
freezing). Vacuum-packed meat and meat packed in a protective atmosphere are also 
considered fresh. Due to its chemical composition and to its intrinsic characteristics (Aw 
above 0.99, pH between 5.5 and 5.8), fresh meat is a good substrate for microbial growth. For 
this reason, cooling after slaughter is a critical point because it determines the 
microbiological quality of the product and must occur as fast as possible (internal 
temperature ≤ 7 °C, within 24-30 hours following slaughter). The flesh of healthy and 
unstrained animals is devoid of microorganisms in depth; but due to stress before slaughter, 
disease, or weakness, microbial contamination can occur and is defined as endogenous: 
pathogens, in particular starting from the intestine, spread into the blood due to the failing 
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immune system, and reach the muscles, lymph nodes and internal organs. Among these 
microorganisms, there may also be Salmonella, if it is present in the intestinal contents. In this 
case, after the analytical laboratory investigations requested by the Veterinary Inspector, 
carcasses must be confiscated and destroyed, as they represent a potential danger to the 
consumer. On the other hand, the main microbial contamination occurs during the various 
stages of butchering and cutting, as well as in the following stages, such as the preparation 
one (minced meat, sausages, kebabs, etc.) and processing (salami mixture), until the 
purchase and the preservation of meat products before consumption. This contamination, 
defined as exogenous, is inevitable, but, by applying good manufacturing practices, it can be 
successfully controlled. The slaughtering stage which can lead to greater contamination by 
Salmonella is the gutting, where the release of feces even if it is limited (from 1010 to 1012 
cfu/g microorganisms depending on the animals) results in the contamination of more or 
less large parts of the carcass. The main animal species that can host Salmonella spp. in their 
intestine, in descending order, are farmed birds, pigs and cattle. Meat is no doubt the food 
that undergoes the greatest number of tests, imposed by strict rules: on-farm veterinary 
visits, certificates accompanying the animals during its transport to slaughter, ante mortem 
and post mortem inspections, the scalding of the carcass (domestic ungulates and big game) 
that makes it fit for human consumption; followed by tests in the next stages (butchering 
facilities, butcher shops, supermarkets, meat-processing facilities, etc.) on meat and internal 
organs (heart, liver, stomach, etc.). Nevertheless, to restrict the Salmonella issue in meat, it is 
important to act upstream of the chain of production, during primary production. Ever since 
the 1990s, for poultry, the WHO (1994a) indicated guidelines to follow in order to identify 
the infected farms, to keep the vectors that carry the infection under control (WHO, 1994b) 
and to apply prevention methods (WHO, 1994c). In more recent years, the EU has released 
surveillance systems with specific control programs to significantly reduce the problem of 
Salmonella on farms rearing breeding poultry, egg-laying hens, broilers, turkeys and pigs, 
both for breeding and for meat (EC Regulation 2160/2003, Appendix 1). In these farming 
facilities, it is necessary to keep under control the hygienic characteristics of raw materials 
and animal feed, environmental hygiene, rodents, overcrowding, animal welfare, etc. The 
contamination of food for animal feed can occur in the factory as well as on the farm by 
cross contamination (not properly sanitized utensils) or by means of vectors (rodents, 
insects). Against the spread of Salmonella Enteritidis on poultry farms, it is effective to use 
antimicrobial agents in the feed, such as organic acids; as well as adding to the drinking 
water mixtures of probiotic bacteria in the early weeks of life, during which the intestinal 
colonization by potentially pathogenic microorganisms is most likely. Another difficulty 
resides in the elimination of the pathogen from the environment through cleaning and 
disinfection carried out after sending the animal to slaughter and before the arrival of the 
next cycle. Therefore, a good approach for controlling infection on the farm is definitely that 
of adopting prophylactic measures with serological monitoring and an accurate 
microbiologic testing of environment and faeces, trying to avoid the overuse of antibiotics in 
animals, which, on the other hand, can decrease their own organic resistance against 
Salmonella. In pigs, Salmonella can also be found very frequently in the tonsils, contaminated 
orally together with the intake of food. According to Griffith et al. (2006), it is possible to 
detect it in the oropharyngeal secretions and transmission between animals can happen 
nasally, especially in case of overcrowding on the farm or in transport. In cattle, the 
increased susceptibility to infection may arise from errors in the formulation of the food that 
changes the rumen flora, thus favouring the development of Salmonella. The EFSA report on 
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Year Country Product Serovar Casesa Deaths 
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2002 England Bakery products Enteritidis PT 14 >150 1 

2003 England, Wales, 
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2003 United States Egg salad kit Typhimurium 18 0 

2004 People’s Republic of 
China 
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topping Enteritidis 197 NS 

2005 England Imported shell 
eggs Enteritidis PT 6 68 0 

a Confirmed cases, unless stated otherwise. 
b Not stated 
(Adapted from: D’Aoust. J.Y. & Maurer J., 2007) 

Table 4. Examples of outbreaks of human salmonellosis from eggs and egg products 

6. Salmonella in meat and meat products 
Meat includes all the edible parts of slaughtered warm-blooded animals, fit for human 
consumption. According to the EC Regulation 853/2004, this includes domestic ungulates 
(cattle, pigs, sheep and domestic equines), poultry, farmed lagomorphs (rabbits, hares), 
farmed game and hunted venison. It is called fresh meat if it has not undergone any 
treatment to extend its shelf life, except for the use of cold (refrigeration, freezing, deep 
freezing). Vacuum-packed meat and meat packed in a protective atmosphere are also 
considered fresh. Due to its chemical composition and to its intrinsic characteristics (Aw 
above 0.99, pH between 5.5 and 5.8), fresh meat is a good substrate for microbial growth. For 
this reason, cooling after slaughter is a critical point because it determines the 
microbiological quality of the product and must occur as fast as possible (internal 
temperature ≤ 7 °C, within 24-30 hours following slaughter). The flesh of healthy and 
unstrained animals is devoid of microorganisms in depth; but due to stress before slaughter, 
disease, or weakness, microbial contamination can occur and is defined as endogenous: 
pathogens, in particular starting from the intestine, spread into the blood due to the failing 
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immune system, and reach the muscles, lymph nodes and internal organs. Among these 
microorganisms, there may also be Salmonella, if it is present in the intestinal contents. In this 
case, after the analytical laboratory investigations requested by the Veterinary Inspector, 
carcasses must be confiscated and destroyed, as they represent a potential danger to the 
consumer. On the other hand, the main microbial contamination occurs during the various 
stages of butchering and cutting, as well as in the following stages, such as the preparation 
one (minced meat, sausages, kebabs, etc.) and processing (salami mixture), until the 
purchase and the preservation of meat products before consumption. This contamination, 
defined as exogenous, is inevitable, but, by applying good manufacturing practices, it can be 
successfully controlled. The slaughtering stage which can lead to greater contamination by 
Salmonella is the gutting, where the release of feces even if it is limited (from 1010 to 1012 
cfu/g microorganisms depending on the animals) results in the contamination of more or 
less large parts of the carcass. The main animal species that can host Salmonella spp. in their 
intestine, in descending order, are farmed birds, pigs and cattle. Meat is no doubt the food 
that undergoes the greatest number of tests, imposed by strict rules: on-farm veterinary 
visits, certificates accompanying the animals during its transport to slaughter, ante mortem 
and post mortem inspections, the scalding of the carcass (domestic ungulates and big game) 
that makes it fit for human consumption; followed by tests in the next stages (butchering 
facilities, butcher shops, supermarkets, meat-processing facilities, etc.) on meat and internal 
organs (heart, liver, stomach, etc.). Nevertheless, to restrict the Salmonella issue in meat, it is 
important to act upstream of the chain of production, during primary production. Ever since 
the 1990s, for poultry, the WHO (1994a) indicated guidelines to follow in order to identify 
the infected farms, to keep the vectors that carry the infection under control (WHO, 1994b) 
and to apply prevention methods (WHO, 1994c). In more recent years, the EU has released 
surveillance systems with specific control programs to significantly reduce the problem of 
Salmonella on farms rearing breeding poultry, egg-laying hens, broilers, turkeys and pigs, 
both for breeding and for meat (EC Regulation 2160/2003, Appendix 1). In these farming 
facilities, it is necessary to keep under control the hygienic characteristics of raw materials 
and animal feed, environmental hygiene, rodents, overcrowding, animal welfare, etc. The 
contamination of food for animal feed can occur in the factory as well as on the farm by 
cross contamination (not properly sanitized utensils) or by means of vectors (rodents, 
insects). Against the spread of Salmonella Enteritidis on poultry farms, it is effective to use 
antimicrobial agents in the feed, such as organic acids; as well as adding to the drinking 
water mixtures of probiotic bacteria in the early weeks of life, during which the intestinal 
colonization by potentially pathogenic microorganisms is most likely. Another difficulty 
resides in the elimination of the pathogen from the environment through cleaning and 
disinfection carried out after sending the animal to slaughter and before the arrival of the 
next cycle. Therefore, a good approach for controlling infection on the farm is definitely that 
of adopting prophylactic measures with serological monitoring and an accurate 
microbiologic testing of environment and faeces, trying to avoid the overuse of antibiotics in 
animals, which, on the other hand, can decrease their own organic resistance against 
Salmonella. In pigs, Salmonella can also be found very frequently in the tonsils, contaminated 
orally together with the intake of food. According to Griffith et al. (2006), it is possible to 
detect it in the oropharyngeal secretions and transmission between animals can happen 
nasally, especially in case of overcrowding on the farm or in transport. In cattle, the 
increased susceptibility to infection may arise from errors in the formulation of the food that 
changes the rumen flora, thus favouring the development of Salmonella. The EFSA report on 
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the progress of zoonoses and foodborne diseases (EFSA, 2011) shows that the verification of 
Salmonella in intensive European poultry farming facilities went down in 2009 compared to 
previous years. Greece (7%), the Czech Republic (11%) and Hungary (32%) were the states 
where the detections were greater, respectively for roosters, egg-laying hens and broilers. In 
the first 2 types of farming facilities, the most detected serotypes were: S. Enteritidis, S. 
Typhimurium, S. Infantis, S. Virchow and S. Hadar. On pig farms, the data collected among 
the member states are not homogeneous about sampling time in the production chain 
(faeces on the farm, lymph nodes in the slaughterhouse): the only countries that submitted 
full data were Estonia (0.9% on the farm and 8% positive in the slaughterhouse) and 
Norway (0% in both cases). However, the EU estimated that the presence of Salmonella in 
intensively farmed pigs in 2009 varied from 0 to 64% (on average between 26 and 31%). S. 
Derby was the most detected serotype. For all other animals, although gathered data are 
few, the presence of Salmonella is low both on the farm and in the slaughterhouse. Finally, 
Salmonella was found in animal feed with a low incidence, ranging on average from 0.4% 
(for cattle) to 1% (for poultry), and the most contaminated products were meat and bone 
meal (1.4%). In later farming stages it is necessary to ensure that the animals arrive at the 
slaughterhouse in the best conditions possible (avoiding overcrowding, dirt on skin and 
feathers); it is also important to check, in addition to the above, the fasting time before 
slaughter, the temperature and the renewal of scalding water (poultry, pork) in order to 
limit the load of organic material and reduce the adhesion of Salmonella on the skin; it is also 
essential to check that the cleaning procedures, the maintenance of facilities and equipment 
are performed in optimal conditions. These checks should be supported by microbiological 
tests, in accordance with EC Regulation 2073/2005, to make sure that the slaughter took 
place in full respect of hygiene conditions and, if not, to review the process. Moreover, EFSA 
(2006) recommends that swine slaughter monitoring should provide for the research of the 
pathogen in the ileocaecal lymph nodes or in the meat juice. Decontamination of carcasses 
after slaughter can be useful for controlling pathogens, including Salmonella, but it can 
absolutely not replace poor hygiene during the slaughter. Some methods put forward, but 
not always accepted by the regulations, are the use of organic acids, such as acetic acid, 
which cannot be used for obvious reasons, and lactic acid, which, if used at concentrations 
of 1% v/v, affects S. Typhimurium well without affecting the colour or the flavour of the 
meat too much; also ozone mixed with the water used for showering poultry provides 
excellent results regarding the reduction of microbial load. In the USA, trisodium phosphate 
(TSP) can be used, an alkaline composite (pH 11) able to diminish the pathogen by 2 
logarithmic cycles and bring down the contamination of poultry carcasses to under 5% 
(Gudmundsdottir et al., 1993), but its disposal after use is a problem.  
A very powerful physical method to reduce microbial load is γ-ray irradiation, which is not 
licensed in Europe. Doses of 3-5 kGy are employed, effective for the decontamination of fresh 
meat, the Enterobacteriaceae loads ensuing in a fall of 6 logarithmic degrees (WHO, 1994), 
without causing significant deterioration of the sensory quality of the treated products. As 
regards the meat of hunted wild game, the microbiological quality depends on where skinning 
and handling is carried out: on average, it was stated that the total viable count as well as that 
of fecal coliform are about 2 logarithmic higher in game eviscerated outdoor than the similar 
value of game eviscerated in slaughterhouse (105-108 vs. 103-106 cfu/g). Anyway, Salmonella is 
rarely found, especially if the wild game does not come into contact with domestic animals. 
Frogs imported from various countries are frequently contaminated with Salmonella (20-30%) 
belonging to most diverse serotypes and often exotic ones, according to the importing country. 
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Snails, however, although they are very often contaminated, rarely cause food-poisoning 
episodes as the way they are cooked ensures they are sanitized; nevertheless, they represent an 
excellent means for the germ to spread (Tiecco, 2000). Possible contaminations can also occur 
when the meat is subjected to various types of processing, such as “minced meat”, defined as 
meat meant to be minced and to be sold as such, with the addition of salt up to a maximum of 
1%, and “meat preparations”, i.e. meat products to which seasonings or permitted food 
additives have been added or any treatment that does not alter the cellular structure of the 
core of the meat and does not change its characteristics as fresh meat. In both cases one can 
easily verify microbial contamination due either to the physical characteristics of the products, 
or to whether other potentially Salmonella carrying ingredients (vegetables, eggs, spices, etc.) 
are added. It is therefore important to keep the temperature constantly below 4°C, staff 
hygiene rules must be respected, as some staff members may be asymptomatic carriers of 
Salmonella and, most importantly, cross contamination must be prevented throughout the 
production chain and after cooking the meat, because this is the major problem for Salmonella. 
The processes of salting, curing, cold smoking, antimicrobial preserving additives and lactic 
fermentation the meat undergoes for becoming cold cuts are not able to completely eliminate 
Salmonella, but do cause the numbers to fall, sometimes substantially, which protects the 
consumer from food poisoning (<100 CFU/g). Heat (pasteurization, cooking, hot smoking), on 
the other hand, if it is done properly, is a good clearing method. But, without respecting basic 
technological principles, the previous operations will be completely useless. Many researchers 
agree that Salmonella usually contaminates food with a very low charge, mostly <10 cfu/g, but 
in the case of a human in normal immunological conditions, in order to be effective, an 
infection requires the ingestion of a fairly large charge, more than 104 cfu/g of food. As a 
result, it is necessary for the bacteria to find adequate conditions in the substrate to duplicate 
more or less rapidly. The “hygiene package” regulations introduced the obligation for the 
owners of manufacturing and processing factories to arrange and implement self-control 
procedures, to perform microbiological tests on the finished product and to indicate on the 
label if such meat, other than poultry, is to be subjected to adequate cooking before 
consumption.  
Researches in EU in 2009 (EFSA, 2011) showed that Salmonella was found most frequently in 
raw turkey meat (8.7%), chicken (5.4%), pork (0.7%) and cattle (0.2%). In general, at the pig 
slaughterhouse, Salmonella was detected between 0 and 14%, with a higher incidence in 
Belgium where a very meticulous sampling method is carried out. According to the EFSA, 
many episodes of human food-borne illnesses are attributable to pork. Minced meat and 
meat preparations, especially those intended to be eaten raw, are most often contaminated 
by bacteria (5.5% positive) and therefore do not meet European sanitary standards. In retail 
shops Salmonella was found in 3.5% of the analyzed samples, a decrease compared with the 
previous year. Finally, the analysis of the results shows that there is a prevalence of serovars 
Typhimurium and Enteritidis.  
In conclusion, the major risk factors of salmonellosis due to meat are to be found in 
insufficient cooking, the consumption of raw meat (pork sausages) which was not processed 
properly (minced horse meat, carpaccio, tartare, etc.), storage at inadequate temperatures, 
and cross contamination, if the product ready for consumption is in contact with other raw 
foods or dirty utensils. On the other hand, the staff’s role, whether infected or carrier, 
appears to be less important, as it has been proven that, if Good Manufacturing Practice 
(GMP) is applied to food, such as careful hand washing, the risk of conveying infection is 
kept well under control. 



 
Salmonella – A Dangerous Foodborne Pathogen 

 

60

the progress of zoonoses and foodborne diseases (EFSA, 2011) shows that the verification of 
Salmonella in intensive European poultry farming facilities went down in 2009 compared to 
previous years. Greece (7%), the Czech Republic (11%) and Hungary (32%) were the states 
where the detections were greater, respectively for roosters, egg-laying hens and broilers. In 
the first 2 types of farming facilities, the most detected serotypes were: S. Enteritidis, S. 
Typhimurium, S. Infantis, S. Virchow and S. Hadar. On pig farms, the data collected among 
the member states are not homogeneous about sampling time in the production chain 
(faeces on the farm, lymph nodes in the slaughterhouse): the only countries that submitted 
full data were Estonia (0.9% on the farm and 8% positive in the slaughterhouse) and 
Norway (0% in both cases). However, the EU estimated that the presence of Salmonella in 
intensively farmed pigs in 2009 varied from 0 to 64% (on average between 26 and 31%). S. 
Derby was the most detected serotype. For all other animals, although gathered data are 
few, the presence of Salmonella is low both on the farm and in the slaughterhouse. Finally, 
Salmonella was found in animal feed with a low incidence, ranging on average from 0.4% 
(for cattle) to 1% (for poultry), and the most contaminated products were meat and bone 
meal (1.4%). In later farming stages it is necessary to ensure that the animals arrive at the 
slaughterhouse in the best conditions possible (avoiding overcrowding, dirt on skin and 
feathers); it is also important to check, in addition to the above, the fasting time before 
slaughter, the temperature and the renewal of scalding water (poultry, pork) in order to 
limit the load of organic material and reduce the adhesion of Salmonella on the skin; it is also 
essential to check that the cleaning procedures, the maintenance of facilities and equipment 
are performed in optimal conditions. These checks should be supported by microbiological 
tests, in accordance with EC Regulation 2073/2005, to make sure that the slaughter took 
place in full respect of hygiene conditions and, if not, to review the process. Moreover, EFSA 
(2006) recommends that swine slaughter monitoring should provide for the research of the 
pathogen in the ileocaecal lymph nodes or in the meat juice. Decontamination of carcasses 
after slaughter can be useful for controlling pathogens, including Salmonella, but it can 
absolutely not replace poor hygiene during the slaughter. Some methods put forward, but 
not always accepted by the regulations, are the use of organic acids, such as acetic acid, 
which cannot be used for obvious reasons, and lactic acid, which, if used at concentrations 
of 1% v/v, affects S. Typhimurium well without affecting the colour or the flavour of the 
meat too much; also ozone mixed with the water used for showering poultry provides 
excellent results regarding the reduction of microbial load. In the USA, trisodium phosphate 
(TSP) can be used, an alkaline composite (pH 11) able to diminish the pathogen by 2 
logarithmic cycles and bring down the contamination of poultry carcasses to under 5% 
(Gudmundsdottir et al., 1993), but its disposal after use is a problem.  
A very powerful physical method to reduce microbial load is γ-ray irradiation, which is not 
licensed in Europe. Doses of 3-5 kGy are employed, effective for the decontamination of fresh 
meat, the Enterobacteriaceae loads ensuing in a fall of 6 logarithmic degrees (WHO, 1994), 
without causing significant deterioration of the sensory quality of the treated products. As 
regards the meat of hunted wild game, the microbiological quality depends on where skinning 
and handling is carried out: on average, it was stated that the total viable count as well as that 
of fecal coliform are about 2 logarithmic higher in game eviscerated outdoor than the similar 
value of game eviscerated in slaughterhouse (105-108 vs. 103-106 cfu/g). Anyway, Salmonella is 
rarely found, especially if the wild game does not come into contact with domestic animals. 
Frogs imported from various countries are frequently contaminated with Salmonella (20-30%) 
belonging to most diverse serotypes and often exotic ones, according to the importing country. 

 
Food as Cause of Human Salmonellosis  

 

61 

Snails, however, although they are very often contaminated, rarely cause food-poisoning 
episodes as the way they are cooked ensures they are sanitized; nevertheless, they represent an 
excellent means for the germ to spread (Tiecco, 2000). Possible contaminations can also occur 
when the meat is subjected to various types of processing, such as “minced meat”, defined as 
meat meant to be minced and to be sold as such, with the addition of salt up to a maximum of 
1%, and “meat preparations”, i.e. meat products to which seasonings or permitted food 
additives have been added or any treatment that does not alter the cellular structure of the 
core of the meat and does not change its characteristics as fresh meat. In both cases one can 
easily verify microbial contamination due either to the physical characteristics of the products, 
or to whether other potentially Salmonella carrying ingredients (vegetables, eggs, spices, etc.) 
are added. It is therefore important to keep the temperature constantly below 4°C, staff 
hygiene rules must be respected, as some staff members may be asymptomatic carriers of 
Salmonella and, most importantly, cross contamination must be prevented throughout the 
production chain and after cooking the meat, because this is the major problem for Salmonella. 
The processes of salting, curing, cold smoking, antimicrobial preserving additives and lactic 
fermentation the meat undergoes for becoming cold cuts are not able to completely eliminate 
Salmonella, but do cause the numbers to fall, sometimes substantially, which protects the 
consumer from food poisoning (<100 CFU/g). Heat (pasteurization, cooking, hot smoking), on 
the other hand, if it is done properly, is a good clearing method. But, without respecting basic 
technological principles, the previous operations will be completely useless. Many researchers 
agree that Salmonella usually contaminates food with a very low charge, mostly <10 cfu/g, but 
in the case of a human in normal immunological conditions, in order to be effective, an 
infection requires the ingestion of a fairly large charge, more than 104 cfu/g of food. As a 
result, it is necessary for the bacteria to find adequate conditions in the substrate to duplicate 
more or less rapidly. The “hygiene package” regulations introduced the obligation for the 
owners of manufacturing and processing factories to arrange and implement self-control 
procedures, to perform microbiological tests on the finished product and to indicate on the 
label if such meat, other than poultry, is to be subjected to adequate cooking before 
consumption.  
Researches in EU in 2009 (EFSA, 2011) showed that Salmonella was found most frequently in 
raw turkey meat (8.7%), chicken (5.4%), pork (0.7%) and cattle (0.2%). In general, at the pig 
slaughterhouse, Salmonella was detected between 0 and 14%, with a higher incidence in 
Belgium where a very meticulous sampling method is carried out. According to the EFSA, 
many episodes of human food-borne illnesses are attributable to pork. Minced meat and 
meat preparations, especially those intended to be eaten raw, are most often contaminated 
by bacteria (5.5% positive) and therefore do not meet European sanitary standards. In retail 
shops Salmonella was found in 3.5% of the analyzed samples, a decrease compared with the 
previous year. Finally, the analysis of the results shows that there is a prevalence of serovars 
Typhimurium and Enteritidis.  
In conclusion, the major risk factors of salmonellosis due to meat are to be found in 
insufficient cooking, the consumption of raw meat (pork sausages) which was not processed 
properly (minced horse meat, carpaccio, tartare, etc.), storage at inadequate temperatures, 
and cross contamination, if the product ready for consumption is in contact with other raw 
foods or dirty utensils. On the other hand, the staff’s role, whether infected or carrier, 
appears to be less important, as it has been proven that, if Good Manufacturing Practice 
(GMP) is applied to food, such as careful hand washing, the risk of conveying infection is 
kept well under control. 



 
Salmonella – A Dangerous Foodborne Pathogen 

 

62

7. Salmonella in raw milk and milk products 
Nowadays, according to the EC regulations in force, we can obtain milk for human 
consumption from all mammalian species, without exception, provided that the animals are 
reared and milked when they are in good health and nutrition conditions (EC Regulation 
853/04). In developed countries the milk that humans use as food is almost always cow’s 
milk; much more seldom we also consume sheep’s, goat’s and buffalo milk. In poor 
developing countries, in addition to cow’s milk, buffalo, sheep’s and goat's milk is also 
regularly drunk. In different geographical areas and with varying eating habits, along with 
“traditional” dairy species, man also employs various other animal species (camels, 
dromedaries, horses, reindeer, etc.) as a source of milk. Thanks to its chemical composition, 
milk is an almost ideal food for humans and for this reason it is part of the daily ration of 
most of the world’s population. Over time the different peoples on Earth have developed a 
remarkable range of food products that use milk as raw material: in the world today there 
are approximately 1,600 different types of cheeses and over 100 different types of fermented 
dairy products. From raw milk many kind of milk products are obtained, such as 
pasteurized or UHT milk, cheese, fermented milks and probiotics, ice cream, butter, ricotta 
and milk drinks or whey. This wide range of food is obtained by subjecting raw milk to one 
or more technical processes that change the components of milk and its rheological 
properties to a greater or lesser extent. These “treatments” may be the addition of salt and 
the removal of water (seasoning) or the addition of natural enzymes and/or milk ferments 
that trigger these complex biochemical processes that we call ageing of cheese or fermented 
milks. Salmonella, as well as other pathogenic agents of foodborne disease, can contaminate 
raw milk: (1) directly inside the mammary gland (very rare event); (2) during milking, 
because the bacteria are often present in the faeces of milk animals and on their coat; (3) 
after milking, because salmonellae can contaminate work surfaces with which the raw milk 
comes into contact; (4) in subsequent phases, still due to the presence of Salmonella on work 
surfaces and/or cross contamination. The fate of salmonellae in milk and milk products 
widely depends on the antimicrobial effects the different transformation processes may 
have on the bacteria, as bactericidal effect or more simply bacteriostatic effect. This explains 
why in developed countries cases of human salmonellosis caused by the consumption of 
dairy products and milk are much rarer than those caused by the consumption of fresh meat 
or fish products (Jayarao & Henning, 2001). Raw milk, of course, represents an exception: in 
recent years it has caused a number of fairly many outbreaks of human salmonellosis 
(Newkirk et al., 2011). We must not forget that in recent years in many European states the 
consumption of raw milk purchased directly from the dairy by means of automatic vending 
machines has greatly increased. The following study will, therefore, give information about 
the possible presence of Salmonella in raw milk and different products that are derived from 
it, focusing above all on the possibility for Salmonella to multiply in different dairy products. 
According to the epidemiology data of foodborne illnesses provided each year by the EFSA, 
milk and milk products are not by far the greatest sources of danger for consumers. Like in 
previous years, in 2009 too there were few cases of Salmonella detected in cow’s milk. Only 
three EU Member States conducted specific tests on raw milk sold in vending machines: 
Austria (71 samples tested), Germany (173 samples) and Hungary (50 samples). Salmonella 
was never detected in any of these samples. On the other hand, as regards pasteurized or 
UHT milk, seven states reported data: Austria (30 samples), Bulgaria (30 samples), the  
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Czech Republic (135 samples), Germany (980 samples), Greece (26 samples), Hungary (85 
samples) and Romania (57 samples). Again, none of the samples tested contained Salmonella. 
Italy reported that out of a total of 928 samples of cow’s milk, 3 were positive for Salmonella 
and that 5 samples out of a total of 5,799 samples of milk from “other unspecified species” 
also tested positive for the pathogen. 11 member countries supplied EFSA with results of 
their investigations on cheeses, for a total of 23,023 samples analyzed. In the great majority 
of cases, the cheese samples proved to be negative for Salmonella, with the exception of Spain 
(4 positive samples out of a total of 424 samples tested), Portugal (2 positive samples out of 
181 analyzed) and Italy (2 positive out of a total of 1,879 samples tested). As far as we know 
from the EFSA report, all the cheeses tested positive were semi-hard cheeses, and only semi-
mature, and made from raw or thermised milk (i.e. heated to a temperature between 45 °C 
and 54 °C, no more). As far as butter is concerned, 7 member states communicated the 
results of their inspections; no case revealed the presence of Salmonella. Besides cheese, the 
only other product derived from milk which pointed out the presence of Salmonella was ice 
cream. Spain, Hungary and Germany reported the presence of the bacterium respectively in 
13 samples out of 305 samples analyzed, 1 out of 140 and 1 in 2,626 samples, always taken in 
the production facilities. The presence of salmonellae in raw milk is widely documented in 
the literature, both in the collection tanks on the farms, and in the storage tanks in the food 
factories (Donaghy et al., 2004; Tondo et al., 2000). Salmonella may be present in raw milk 
ever since milking because the bacterium is present in the mammary gland, but this occurs 
very rarely. Mastitis due to Salmonella is a very rare condition in dairy cows, but it is 
reported. We know that different Salmonella serotypes can colonize the mammary gland and 
lead to the excretion, at the same time as the milk, of bacterial loads that can extend up to 3.3 
log10 cfu/ml (Fontaine et al., 1980). Furthermore, Salmonella can pass from animal to animal 
at the time of milking, both through the milker’s hands, and through polluted parts of the 
milking machines (Bergonier et al., 2003; Vautor et al., 2003; Zadoks et al., 2002; Zschöck et al., 
2000). Much more often, however, salmonellae contaminate raw milk in the stages that 
follow the milking process, because the bacteria may be present on the various surfaces that 
come into contact with the milk being collected. In particular, Salmonella (such as Listeria 
monocytogenes and verotoxigenic strains of E. coli) can enter the milk through the traces of 
animal faeces in the environment (Van Kessel et al., 2004). This factor of pollution, in turn, is 
influenced by the prevalence among dairy cows of Salmonella healthy carriers, which can 
evacuate various loads of the pathogen more or less frequently. In this regard, it is estimated 
that the U.S. dairy cows can be healthy carriers of Salmonella in their faeces with a 
prevalence that ranges from a minimum of 2% to a maximum of 27.5% of the animals tested 
(Kabagambe et al., 2000; Losinger et al., 1995, Wells et al., 2001). What can be the prevalence 
of a batch of raw milk tested positive for Salmonella ever since the milking phase? In view of 
the data that we can gather from the literature, we can estimate that the batches of raw milk 
straight after milking can be positive for Salmonella from a minimum of 2.6% to a maximum 
of 25.3% (Jayarao & Henning, 2001; Murinda et al., 2002; Zhao et al. 2002). Compared to other 
pathogenic microorganisms such as L. monocytogenes, salmonellae are not very resistant in 
the outside, so it is not very frequent for the work surfaces in the production plants to 
transfer salmonellae to the product. Nevertheless, in theory, Salmonella can survive for long 
on any work surface and then pollute the cheese curd which is meant to become cheese. This 
justifies the episodes of foodborne infection caused by processed dairy products, such as  



 
Salmonella – A Dangerous Foodborne Pathogen 

 

62

7. Salmonella in raw milk and milk products 
Nowadays, according to the EC regulations in force, we can obtain milk for human 
consumption from all mammalian species, without exception, provided that the animals are 
reared and milked when they are in good health and nutrition conditions (EC Regulation 
853/04). In developed countries the milk that humans use as food is almost always cow’s 
milk; much more seldom we also consume sheep’s, goat’s and buffalo milk. In poor 
developing countries, in addition to cow’s milk, buffalo, sheep’s and goat's milk is also 
regularly drunk. In different geographical areas and with varying eating habits, along with 
“traditional” dairy species, man also employs various other animal species (camels, 
dromedaries, horses, reindeer, etc.) as a source of milk. Thanks to its chemical composition, 
milk is an almost ideal food for humans and for this reason it is part of the daily ration of 
most of the world’s population. Over time the different peoples on Earth have developed a 
remarkable range of food products that use milk as raw material: in the world today there 
are approximately 1,600 different types of cheeses and over 100 different types of fermented 
dairy products. From raw milk many kind of milk products are obtained, such as 
pasteurized or UHT milk, cheese, fermented milks and probiotics, ice cream, butter, ricotta 
and milk drinks or whey. This wide range of food is obtained by subjecting raw milk to one 
or more technical processes that change the components of milk and its rheological 
properties to a greater or lesser extent. These “treatments” may be the addition of salt and 
the removal of water (seasoning) or the addition of natural enzymes and/or milk ferments 
that trigger these complex biochemical processes that we call ageing of cheese or fermented 
milks. Salmonella, as well as other pathogenic agents of foodborne disease, can contaminate 
raw milk: (1) directly inside the mammary gland (very rare event); (2) during milking, 
because the bacteria are often present in the faeces of milk animals and on their coat; (3) 
after milking, because salmonellae can contaminate work surfaces with which the raw milk 
comes into contact; (4) in subsequent phases, still due to the presence of Salmonella on work 
surfaces and/or cross contamination. The fate of salmonellae in milk and milk products 
widely depends on the antimicrobial effects the different transformation processes may 
have on the bacteria, as bactericidal effect or more simply bacteriostatic effect. This explains 
why in developed countries cases of human salmonellosis caused by the consumption of 
dairy products and milk are much rarer than those caused by the consumption of fresh meat 
or fish products (Jayarao & Henning, 2001). Raw milk, of course, represents an exception: in 
recent years it has caused a number of fairly many outbreaks of human salmonellosis 
(Newkirk et al., 2011). We must not forget that in recent years in many European states the 
consumption of raw milk purchased directly from the dairy by means of automatic vending 
machines has greatly increased. The following study will, therefore, give information about 
the possible presence of Salmonella in raw milk and different products that are derived from 
it, focusing above all on the possibility for Salmonella to multiply in different dairy products. 
According to the epidemiology data of foodborne illnesses provided each year by the EFSA, 
milk and milk products are not by far the greatest sources of danger for consumers. Like in 
previous years, in 2009 too there were few cases of Salmonella detected in cow’s milk. Only 
three EU Member States conducted specific tests on raw milk sold in vending machines: 
Austria (71 samples tested), Germany (173 samples) and Hungary (50 samples). Salmonella 
was never detected in any of these samples. On the other hand, as regards pasteurized or 
UHT milk, seven states reported data: Austria (30 samples), Bulgaria (30 samples), the  

 
Food as Cause of Human Salmonellosis  

 

63 

Czech Republic (135 samples), Germany (980 samples), Greece (26 samples), Hungary (85 
samples) and Romania (57 samples). Again, none of the samples tested contained Salmonella. 
Italy reported that out of a total of 928 samples of cow’s milk, 3 were positive for Salmonella 
and that 5 samples out of a total of 5,799 samples of milk from “other unspecified species” 
also tested positive for the pathogen. 11 member countries supplied EFSA with results of 
their investigations on cheeses, for a total of 23,023 samples analyzed. In the great majority 
of cases, the cheese samples proved to be negative for Salmonella, with the exception of Spain 
(4 positive samples out of a total of 424 samples tested), Portugal (2 positive samples out of 
181 analyzed) and Italy (2 positive out of a total of 1,879 samples tested). As far as we know 
from the EFSA report, all the cheeses tested positive were semi-hard cheeses, and only semi-
mature, and made from raw or thermised milk (i.e. heated to a temperature between 45 °C 
and 54 °C, no more). As far as butter is concerned, 7 member states communicated the 
results of their inspections; no case revealed the presence of Salmonella. Besides cheese, the 
only other product derived from milk which pointed out the presence of Salmonella was ice 
cream. Spain, Hungary and Germany reported the presence of the bacterium respectively in 
13 samples out of 305 samples analyzed, 1 out of 140 and 1 in 2,626 samples, always taken in 
the production facilities. The presence of salmonellae in raw milk is widely documented in 
the literature, both in the collection tanks on the farms, and in the storage tanks in the food 
factories (Donaghy et al., 2004; Tondo et al., 2000). Salmonella may be present in raw milk 
ever since milking because the bacterium is present in the mammary gland, but this occurs 
very rarely. Mastitis due to Salmonella is a very rare condition in dairy cows, but it is 
reported. We know that different Salmonella serotypes can colonize the mammary gland and 
lead to the excretion, at the same time as the milk, of bacterial loads that can extend up to 3.3 
log10 cfu/ml (Fontaine et al., 1980). Furthermore, Salmonella can pass from animal to animal 
at the time of milking, both through the milker’s hands, and through polluted parts of the 
milking machines (Bergonier et al., 2003; Vautor et al., 2003; Zadoks et al., 2002; Zschöck et al., 
2000). Much more often, however, salmonellae contaminate raw milk in the stages that 
follow the milking process, because the bacteria may be present on the various surfaces that 
come into contact with the milk being collected. In particular, Salmonella (such as Listeria 
monocytogenes and verotoxigenic strains of E. coli) can enter the milk through the traces of 
animal faeces in the environment (Van Kessel et al., 2004). This factor of pollution, in turn, is 
influenced by the prevalence among dairy cows of Salmonella healthy carriers, which can 
evacuate various loads of the pathogen more or less frequently. In this regard, it is estimated 
that the U.S. dairy cows can be healthy carriers of Salmonella in their faeces with a 
prevalence that ranges from a minimum of 2% to a maximum of 27.5% of the animals tested 
(Kabagambe et al., 2000; Losinger et al., 1995, Wells et al., 2001). What can be the prevalence 
of a batch of raw milk tested positive for Salmonella ever since the milking phase? In view of 
the data that we can gather from the literature, we can estimate that the batches of raw milk 
straight after milking can be positive for Salmonella from a minimum of 2.6% to a maximum 
of 25.3% (Jayarao & Henning, 2001; Murinda et al., 2002; Zhao et al. 2002). Compared to other 
pathogenic microorganisms such as L. monocytogenes, salmonellae are not very resistant in 
the outside, so it is not very frequent for the work surfaces in the production plants to 
transfer salmonellae to the product. Nevertheless, in theory, Salmonella can survive for long 
on any work surface and then pollute the cheese curd which is meant to become cheese. This 
justifies the episodes of foodborne infection caused by processed dairy products, such as  



 
Salmonella – A Dangerous Foodborne Pathogen 

 

64

milk powder and cheeses made with pasteurized milk. Fermented milks can be divided 
into two kinds: (i) acid, if their production is based on homolactic fermentation, (ii) acid-
alcoholic, if the starter strains used for fermentation are of the heterofermentative type. In 
case (i) the product will only be acid, while in case (ii) besides the presence of acid there is a 
fair amount of ethyl alcohol which enhances the food’s antimicrobial effect against 
Salmonella. Their production process usually starts from pasteurized milk. Furthermore, 
milk is caused to coagulate by using acid, by adding selected milk ferments that produce 
large amounts of lactic acid or other organic acids and possibly ethyl alcohol, with a drastic 
drop in the substrate’s pH which makes the casein coagulate. The presence of high loads of 
lactic acid bacteria, coupled with low pH levels (4.0 to 4.1 on average) and Aw mean that 
yogurt and other fermented milk products are a very unfit food matrix for allowing the 
growth and even the survival of Salmonella. 
Cheese is among the foods which are less likely to cause salmonellosis in humans due to 
their production process (Little et al., 2008). Nevertheless, in 2008 it was responsible for 0.4% 
of all episodes of illness reported in the EU (EFSA, 2010). In addition, several cases of 
salmonellosis caused by the consumption of cheese contaminated with Salmonella enterica 
are reported in the bibliography. The problem is that despite the fact that the production 
process poses several obstacles to the survival and multiplication of salmonellae, we eat 
cheese without further heat processing. Moreover, cheese often does not carry pathogenic 
microorganisms in its inside, but rather on its surface. This may result in the transfer of 
Salmonella and other pathogens to domestic working environments, thus favouring cross 
contamination, which in turn enables the outbreak of foodborne illnesses (Kousta et al., 
2010). The bibliography gives at least a dozen episodes of salmonellosis caused by the 
consumption of cheeses made not only with raw milk, but also with pasteurized milk. This 
means that in many cases the milk used to produce cheese is contaminated with Salmonella 
“after” its pasteurization, since this is largely able to inactivate very high loads of the 
bacteria. Nowadays, HTST pasteurization is often used in the dairy industry (at least 72 °C 
for at least 15 seconds) and it can produce a drop of about 6 LOG-degrees in the original 
load of Salmonella, as demonstrated by accurate experimental investigations (D’Aoust et al., 
1988; D’Aoust et al., 1987; Farber et al., 1988). In particular, these studies showed that 
Salmonella can still be detected in milk heated up to 67.5 °C for 15 seconds, but not at higher 
temperatures. We need not forget, though, that Salmonella, just like Listeria monocytogenes, 
can penetrate into the milk somatic cells that can provide it with a slight protection against 
the effects of heat. It is not, therefore, possible to exclude a priori that in normally 
pasteurized milk it may still be possible to detect some salmonellae which survived the 
treatment itself, if it was not carried out at temperatures above 72 °C. In the past decades, 
salmonellae have caused a series of outbreaks of illness caused by the consumption of 
various types of cheese. As mentioned before, we can find several references in the literature 
to outbreaks of salmonellosis caused by foods that contain very low numbers of Salmonella. 
According to D’Aoust (1985) and Ratnam & March (1986), the literature documents cases of 
salmonellosis caused by Cheddar cheese in which the estimated infectious load proved to be 
under 10 cfu of Salmonella/g of food. 
From the data we possess, we can therefore sum up that Salmonella may still be present in 
cheeses for human consumption, but with a prevalence which varies widely depending on 
several factors: 
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 the type of raw material: cheese made with raw milk may contain salmonellae still alive 
and vital, while it is hard for those made with pasteurized milk to still shelter the 
pathogen, unless the contamination occurred after the pasteurization process, 

 the duration and type of ageing: in cheeses which mature for a short time, Salmonella is 
more likely to survive, because the maturing biochemical processes that have a good 
antimicrobial effect against pathogen are not yet established in the substrate. In cheeses 
that mature for over 60 days, on the contrary, the characteristics of the substrate that are 
obtained as a result of aging make the product unfit for the reproduction and survival 
of salmonella, 

 the microbiological quality of milk used to make cheese. Cheeses made with raw milk 
are not necessarily infected with Salmonella, if good hygiene conditions are maintained 
during the milking process and the ensuing manufacturing process.  

As with many other types of foodstuffs, salmonellae can contaminate cheese coming from:  
 raw materials used in production, most likely from raw milk and less likely from other 

ingredients such as lactic acid starter and salt, 
 salt solutions (brine) used for salting certain products, 
 work surfaces in the cheese factories, including the air that circulates in various 

environments, 
 packaging materials in which is wrapped the finished product ready for sale (Temelli et 

al., 2006). 
As regards in particular brines used to salt the cheese, Ingham et al. (2000) conducted 
experimental inoculation tests with Salmonella ser. Typhimurium to test the viability of the 
pathogen in the cheeses’ brines. The researchers experimentally inoculated two cultures 
with S. Typhimurium and E. coli O157, mixed together, in three different brines containing 
23% salt, with the addition of 2% of flour. The brines were then stored at 8 °C and 15 °C for 
28 days. The same cultures were also inoculated into brines offered for sale, and then stored 
at 4 °C and 13 °C for 35 days. The load of the two pathogens immediately underwent a 
gradual decline during storage, but it is significant that the reduction was less noticeable in 
the brines stored at 4 °C compared to the ones stored at 13 ° or 15 °C. This study shows that 
Salmonella may still survive in saline solutions used for salting cheese, although with very 
small loads. 
Compared to other pathogens such as L. monocytogenes and Staphylococcus aureus, Salmonella 
is much less often blamed as a source of illness due to the consumption of cheese. As a 
result, we do not have precise data as to the actual prevalence of Salmonella in cheese. We 
can, however, find some data on the persistence of salmonellae in cheese sold in retail food 
stores. The pathogen was detected in Turkey in various kind of cheese produced mainly in 
an artisanal manner with raw cow’s, ewe’s and/or goat’s milk (Colak et al., 2000; Hayaloglu 
& Kirbag, 2007; Tekinşen & Özdemir, 2006), always in very low prevalence of the samples 
analyzed. On the other hand, we also have data documenting how salmonellae, potentially 
present in raw milk and/or in environments where milk and cheese are produced, are not 
so detectable in the dairy products offered for sale. For example, in Spain Cabedo et al. 
(2008) conducted a large study to test the microbiological quality of the cheeses of their land: 
they never detected Salmonella in any of the samples they analysed. In Britain, two studies 
conducted by Little et al. (2008) first in 2004 and then in 2005, showed that a total of 4,437 
samples of various types of cheeses (fresh, semi-mature and mature, made with raw or 
pasteurized milk) never showed the presence of Salmonella. 
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Butter is produced by the mechanical churning of the cream obtained after centrifugation of 
cheese whey. It can be sweet if the cream is used as it is, or ripened if it comes from cream that 
was first matured with the addition of starter enzymes. In most cases, the raw material for 
butter is subjected to pasteurization in butter before being processed, but in some cases 
butter is obtained directly from the cream of raw, unpasteurized milk. It is clear that in this 
second case Salmonella may be present in the butter from the start of the making process 
because the raw material itself was contaminated. In the case of butter made from 
pasteurized cream, however, a possible contamination with Salmonella cannot be excluded, 
because the pathogen could infect the finished product through a secondary contamination. 
In the past decades, in fact, several episodes of human salmonellosis caused by butter 
contaminated with Salmonella occurred, but over the years these episodes have registered a 
sharp decline, due to the fact that producers dedicate more attention to production hygiene 
and to the fact that butter is now rarely made with unpasteurized cream. The EU has 
established with EC Regulation 2073/05 that “cheese, butter and cream made from raw milk 
or milk subjected to heat treatment at sub-pasteurization temperatures” should not contain 
even one living cell of Salmonella in 125 g (25 g in 5 units of the sample) of product 
throughout its shelf life. Dried milk products as a rule, these foods are products obtained 
after pasteurized milk is nebulized in towers where a very dry and hot air current circulates, 
but on the market you can find lyophilised products, i.e. put through the cold-removal of 
water, not involving the use of high temperatures. The sanitary characteristics of milk 
powders, therefore, is determined by: (i) the microbiological quality of the raw material, (ii) 
the conditions of the production process (with or without heat treatment), (iii) the possibility 
of the dehydrated/lyophilised product to be contaminated with salmonellae after its 
processing. Salmonellae are sensitive to normal temperatures applied in the production 
process of dried milk products, so it is logical to expect that such products are rarely at risk 
of containing Salmonella, unless they are contaminated after this process, during packaging 
or storage. In these cases, dried milk products may be a risk to human health, since 
salmonellae can survive for months in substrates with low water content, such as bone meal 
and powdered foods. The possible dangers of these products is also enhanced by the fact 
that such foods are usually meant for very young children, much more sensitive than adults 
to even minor loads of Salmonella. For this reason, the EU has established by law (EC 
Regulation 2073/05) that “powdered milk and powdered whey” should not contain even 
one living cell of Salmonella in 125 g of product throughout its shelf life. Ice cream is a 
complex food made of various ingredients, including eggs and milk, where water 
crystallizes, forming a homogeneous creamy mass, thanks to the high amount of fat. As 
such, also ice cream can be contaminated with Salmonella, if it is contained in the raw milk or 
appears in the manufacturing process. Over the past decades, in fact, many outbreaks of 
salmonellosis caused by the consumption of ice cream have been documented, but it was 
not always possible to establish with certainty whether the pollution came from the raw 
milk or from the eggs, which are also used raw. For several years now, the use of 
pasteurized milk and eggs has become a habit for producing ice cream, so the risk of 
Salmonella contamination in these products has been greatly reduced. But we must 
remember that ice cream, due to its almost always neutral or slightly acidic pH levels and to 
its high amount of free water (Aw), can be an excellent substrate for the survival and growth 
of Salmonella, if the latter managed to infect it. The risks to public health may be greater for 
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those who produce ice cream from raw milk. In recent years, in fact, this habit seems to have 
come back into fashion, under the pressure from consumers who take great pleasure in 
consuming food products from raw materials treated as little as possible. Regarding ice 
cream too, the EU has set specific criteria for Salmonella, which must be “absent” in 125 g of 
product. This law does not apply to ice creams “whose manufacturing process or 
composition properties eliminate the risk of Salmonella” as required by Regulation 2073/05. 

8. Conclusion 
All this makes it difficult to control and prevent these toxi-infections; as a result, it is 
necessary for epidemiologists, clinicians and microbiologists as well as veterinarians to 
collaborate in order to launch an integrated approach to solve the problem. In order to 
prevent the occurrence of salmonellosis, it is therefore essential to know which animals 
and/or which foods most frequently carry the pathogens which have led to sporadic cases 
or episodes of disease in humans. Epidemiological data should then be given special 
attention and consideration by meat producers and in general by anyone whose role it is to 
carry out investigations on food, as they can provide useful information regarding changes 
or additions to be made to the eradication plans against Salmonella. 
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1. Introduction 
The occurrence and survival of enteric bacteria in marine ecosystems has been of interest to 
microbial ecology, sustainable usage of aquatic products, and the health of humans and the 
ecosystem (Barcina et al., 1986; Borrego and Figueras, 1997; Dionisio et al., 2000). Therefore, 
it is interesting to know and evaluate environmental factors that influence the occurrence of 
indicator bacteria and Salmonella spp. regarding sustainable and economical usage of aquatic 
products, ecosystem and human health.  
The majority of bacteria present in domestic wastewater are comprised of saprophyte 
bacteria of faecal or terrestrial origin and pathogen bacteria such as Salmonella, Shigella, 
Brucella, Mycobacterium, Escherichia coli, Leptospira, Campylobacter and Vibrio. Furthermore, 
Adenovirüs, Reovirüs, Rotavirüs and Hepatit viruses as well as prozoons such as Entamoeba 
histolytica, Giardia lamblia, and Cryptosporidium may contaminate the sea by means of 
wastewater (Lynch and Hobbie 1988, Westwood 1994, Black 1996.) 
Salmonella spp., one of the pathogenic bacteria which enter the sea environment as a result of 
anthropologic influences and particularly recreational use in coastal areas, continues to be a 
problem with regard to public health. 
In order to define the source of Salmonella spp., contamination strains isolated from 
seawater and rivers were studied by molecular marker methods. Their properties were 
compared with those of strains originating from possible sources of contamination such as 
sewage from humans, cattle, and treated sewage water used in watering plants (Graeber 
et al., 1995).  
The perforation of Salmonella spp. into sea water is not only from terrestrial originated 
wastewater but also from ships’ ballast water which is imported to and exported from ships 
to maintain their balance. 
The movements of ballast waters, from one continent to another by ships, create a global 
distribution mechanism for pathogenic and antibiotic-resistant forms and it may be 
significant in the worldwide distribution of microorganisms, as well as for the epidemiology 
of waterborne diseases affecting plants and animals (Ruiz et al., 2000). At the same time, 
most of the pathogens sourcing from sewage have been found to be present in shellfish. 
Particularly in production areas which are under the heavy influence of contamination, the 
most frequently found pathogen in shellfish is Salmonella spp. 
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1.1 The presence of Salmonella spp. and its relationship with primary hydrographic 
parameters 
The presence of Salmonella and its relationship with primary hydrographic parameters 
(temperature, salinity, and dissolved oxygen) and indicator organisms in various marine 
environments were previously partly documented. It is known that the results of 
microbiological analysis were influenced by the dynamic structure of the aquatic 
environments. For instance, estuaries, lagoons, coastal and offshore environments are under 
variable environmental influences from each other. The hydrodynamic parameters of the 
estuary, in particular the flow rate, salinity gradient, and tidal cycles, were reported to be 
possible different relations between faecal-bacterial indicators and pathogens (Mill et al., 2006).  
Water temperature was positively associated with total Salmonella spp. levels. Bradd et. all 
(2009) reported that  the levels of Salmonella spp. were correlated with average daily 
watershed rainfall for the 1 and 2 days preceding each sample collection. Similarly, 
environmental factors such as seasonal rainfall, salinity, and temperature were also 
correlated with Salmonella spp. abundance and diversity in the environment. (Bradd et. all 
2009, Dionisio et al., 2000, Lemarchand and Lebaron, 2003; Martinez-Urtaza et al., 2004).  

1.2 The presence of Salmonella spp. and its relationship with economically important 
aquatic products 
The presence of Salmonella spp. and its relationship with aquatic products with respect to 
food health is one of the important headlines of this issue. Providing quality safety of 
aquatic products from their catching to their marketing to consumers has great importance 
in terms of human health as well as economical and ecological aspects.  
Shellfish are filter-feeding organisms and because their power of movement is limited, 
they feed on the organic substances which the sea brings. They can reflect bacterial 
changes around them because they are capable of accumulating bacteria in high 
concentrations and the accumulation rate can change depending on microbial species. It 
was reported that Chamalea gallina can accumulate S. typhimurium, E. coli, Vibrio 
parahaemolyticus, Aeromonas hydrophyla, Streptococcus faecalis, and Staphylococcus aureus in 
the first six hours in laboratory conditions (Martinez et al., 1991). Nunes and Parsons 
(1998) reported that feeding oysters filter the surrounding water at a rate of 2 to 5 
liter/hour eventually assimilating all the biotic and abiotic contaminants present in their 
environment. Due to the sensitivity of organisms and accumulation of environmental 
contamination, more bacterial contamination can be found in mussels than in the sea 
samples surrounding them. Because of these characteristics, shellfish have been accepted 
as bioindicators for detecting bacterial contamination in marine environments.  
Salmonella spp. infections are one of the primary illnesses caused by the consumption of 
mussels. Bacterial pollution levels, associated with anthropological factors, are related to the 
occurrence of pathogenic bacteria in marine environments. S. typhi was isolated frequently 
in bivalve molluscs which were caught from a contaminated sea region. Salmonella spp. is 
one of the most important causes of human gastrointestinal diseases worldwide. Inal et al. 
(1979) have isolated S. typhi in shellfish taken from regions contaminated by slaughterhouse 
wastewater on the coast of the Aegean Sea, Turkey. 
For these reasons, the consumption of shellfish has been generally associated with food-
related infective diseases (Cook et al., 2001, Jose 1996). Food borne hazards are still of great 
concern for human health. Particularly the risks connected with shellfish and seafood 
consumption continue to be important both in developing and developed countries despite 

 
The Occurrence of Salmonella in Various Marine Environments in Turkey  

 

75 

the advances in technology, changes in food processing and packaging (Fedhusen 2000, 
Huss, et al., 2000, Egli et al., 2002).  

1.3 The presence of Salmonella spp. and its relationship with indicator bacteria 
The presence of Salmonella spp. and its relationship with indicator bacteria can be variable 
according to the hydrodynamic characteristics and environmental factors of the studied 
areas. Some studies have reported that a relation between Salmonella spp. and faecal 
bacterial-indicators was observed only rarely (Polo et al., 1998, 1999).  
Because of their better survival in saline waters enterococci have been suggested to be better 
indicators of microbial risk in coastal and estuarine environments (Dionisio et al., 2000; 
Kamizoulis and Saliba, 2004; Noble et al., 2003; Polo et al., 1998; Prüss, 1998). Lemarchand 
and Lebaron (2003) have reported that considering the occurrence of Salmonella spp., besides 
Giardia sp. and Cryptosporidium sp. and using changes of the levels of indicator organisms, 
‘‘higher microbiological risk’’ and ‘‘lower microbiological risk’’ areas can be defined. 
Additionally, it was reported that fecal indicators do not exactly reflect the presence of 
pathogens such as Salmonella spp. in natural waters and that pathogens and indicators may 
have different behaviors in the aquatic environment (Lemarchand and Lebaron 2003). 

1.4 Antibiotic resistance of Salmonella spp. in seawater 
Beta-lactam antibiotics are widely used for treatment of infections in the world. Domestic 
waste waters might be an important source of antibiotic-resistant Enterobacteriaceae. 
Resistances to clinically relevant antibiotics are widespread in aquatic bacteria, including 
potential human pathogens. Since antibiotic resistance related to domestic wastewaters is 
important for the ecosystem and also for human heath in the aquatic environments, the 
resistance frequency of some beta-lactam antibiotics to Salmonella spp. isolates were 
investigated in this study.  
In this study, the presence of Salmonella spp. and its relationship with primary hydrographic 
parameters and indicator organisms of bacterial pollution (total coliform, feacal coliforms) 
were investigated in the various marine areas of Turkey. The results were evaluated 
regarding sustainable and economical usage of aquatic products, the ecosystem and human  
 

 
Fig. 1. Location of sampling sites in various marine areas of Turkey 
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health. Sea water and shellfish samples which were collected from various marine 
environments were investigated for occurrence of Salmonella spp. in different time periods 
throughout 1998–2010. A total of 832 samples of seawater (495), shellfish (243) and fish (94) 
were collected from six sites between July 1998 and August 2010.  
 

 
Fig. 2. One of the study areas: Golden Horn Estuary, Istanbul  

2. Salmonella analyses 
The presence of Salmonella spp. and indicator bacteria with respect to the areas from which 
they were isolated were investigated in the coastal areas of the Eastern Mediterranean, the 
Western Black Sea, the Golden Horn Estuary (Istanbul), the Sea of Marmara, the northern 
part of the Aegean Sea and also in the offshore area extending from the eastern part of 
Andros Island to the southern parts of Gokceada and Thasos Island, as well as the 
Mediterranean (Figure 1).  
Indicator bacteria and Salmonella spp. were investigated in one hundred samples of seawater 
and 96 groups of C. gallina (striped venus) from six stations on the coastline of western Black 
Sea (Sile), Turkey. Studies were carried out on 15 days from June to December in 1998-1999 
(Altuğ and Bayrak 2002).  
Indicator bacteria and Salmonella spp. were investigated in 75 groups of sea snail (Rapana 
venosa) samples which were collected from the Florya-Ambarl seashore of the Sea of 
Marmara, during the period between June 2000 and November 2001 (Altuğ and Güler 2002). 
A total of 72 shellfish (D. trunculus /wedge-shell and C. gallina) were examined (36 groups 
C. gallina, 36 groups D. trunculus) which were taken from a site near Tekirdag on the 
northern coast of the Sea of Marmara, Turkey monthly between November 2005 and 
October 2006 (Altuğ et al., 2008). 
The occurrence of Salmonella spp. in the total 44 samples of surface water which were 
collected from four different areas in the Golden Horn Estuary (Istanbul, Turkey) were 
tested in the period from November 2002 to December 2003. 
The presence of Salmonella spp. in the 80 units of seawater samples, which were taken 
from 22 stations in the Southern part of the Sea of Marmara, was analyzed in 2006-2007 
(Altuğ et. al., 2007). 
The occurrence of Salmonella spp. in the 22 units of seawater samples from coastal areas in 
the Aegean Sea and 14 units of seawater samples from the Eastern Mediterranean, Turkey 
were investigated during the months of August in 2007 and 2008.  
The occurrence of Salmonella spp. was investigated in the 83 units of seawater samples 
which were taken from various depths ranging from 0-30 cm to 500 m in the northern part 
of the Aegean Sea in 2006 and 2007. Seven unit samples were taken from the offshore areas 
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extending from the eastern part of Andros Island to the southern part of Gokceada and 
Thasos Island in 2007 and 2008.  
The presence of Salmonella spp. in the 136 units of seawater samples which were taken from 
68 stations in the eastern and western coastal areas of Istanbul and from around the islands 
in the Sea of Marmara, Turkey were investigated in 2008 and 2010.  
The Sample types, the number of samples and sampling periods were summarized in Table 1. 
 

Sample Number of 
Samples 

Sampling 
Areas (Turkey) 

Sampling 
Period 

Seawater 

100 Western Black Sea  1998-1999 

44 Golden Horn Estuary  
(Istanbul) 2002-2003 

22 Aegean Sea (coastal areas) 2006-2008 
83 Northern Aegean Sea  2006-2007 
80 Southern part of the Sea of Marmara  2006-2007 

7 Northern Aegean Sea  
(0ffshore) 2007-2008 

14 Eastern Mediterranean  2007-2008 

5 Eastern Mediterranean  
(offshore) 2007-2008 

136 The Sea of Marmara 2008-2010 
Total Seawater samples           495 

C. gallina 
96 * Western Black Sea  1998-1999 

36* The Sea of Marmara  
(Tekirdağ) 2005-2006 

D. trunculus 36* The Sea of Marmara  
(Tekirdağ) 2005-2006 

R. venosa 75* The Sea of Marmara  
(Florya-Ambarl seashore) 2000-2001 

Total Shellfish Samples           243   
Fish 

Atherina boyeri 22 The Sea of Marmara  
(Yesilkoy-Avclar) 1999-2000 

Scorpaena porcus 24 The Sea of Marmara  
(Yesilkoy) 1999-2000 

Spicara smaris 31 The Sea of Marmara  
(Yesilkoy) 1999-2000 

Diplodus vulgaris 11 The Sea of Marmara  
(Tekirdağ) 1999-2000 

Scophthalmus maeoticus 6 Black Sea 
(Derekoy-Samsun) 1999-2000 

Total Fish Samples            94 
Total number of samples 835 Turkey 1998-2010 
*A total of 6 individual samples were accepted as a sample group in the analyses 

Table 1. The seawater, shellfish and fish samples which were collected from various marine 
environments, Turkey for bacteriological analyses in different periods. 
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health. Sea water and shellfish samples which were collected from various marine 
environments were investigated for occurrence of Salmonella spp. in different time periods 
throughout 1998–2010. A total of 832 samples of seawater (495), shellfish (243) and fish (94) 
were collected from six sites between July 1998 and August 2010.  
 

 
Fig. 2. One of the study areas: Golden Horn Estuary, Istanbul  
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2.1 Sampling areas  
2.1.1 Western Black Sea 
The Black Sea covers an area that is about one third of the area of continental Europe. The 
Istanbul Strait connects the Black Sea to the world’s oceans. The second largest river of 
Europe (Danube), also large rivers such as Dnieper, Don and Dniester all flow to the Black 
Sea. The salinity of the Black Sea is considerably lower (about 22-26 psu) than the 
Mediterranean. The population in Sile, western Black Sea, the sampling area, rises to 
200,000 during the months of July and August due to recreational activities, compared 
with 50,000 during the other months. The purpose of this study was to determine the 
effect of the increasing anthropological activity on the bacteriological pollution of the 
seawater and C. gallina samples. 

2.1.2 The Golden Horn Estuary (Istanbul) 
The Golden Horn Estuary has been heavily polluted by industrial and domestic wastes since 
1950. Five million cubic meters of sludge has been removed during the last 10 years of 
restoration works. After the rehabilitation project, decreases in level of bacteria were 
reported (Altuğ and Balks 2009). 

2.1.3 The Sea of Marmara 
The Istanbul Strait connects the Sea of Marmara to the Black Sea and the Canakkale Strait 
to the Aegean Sea. The Sea of Marmara separates Turkey’s Asian and European regions. 
Being an important water route between the Mediterranean and the Black Sea, the Sea of 
Marmara is under the pressure of heavy marine transportation. The Sea of Marmara is 
under the influence of various anthropological factors such as dwelling, domestic and 
industrial wastes. The bacteria which come from ships’ ballast water are another effective 
factor on the composition and abundance of bacteria in the Sea of Marmara. The less 
saline waters of the Black Sea reach the Mediterranean via upper currents while the 
concentrated saline waters of the Mediterranean reach the Black Sea via the undercurrents 
of the Canakkale and Istanbul Straits. These interesting hydrodynamic characteristics of 
the Sea of Marmara offer us unique opportunities for researching bacterial composition, 
under different, poorly described conditions.  

2.1.4 Eastern Mediterranean 
Northeastern Mediterranean is known as a typical example of the world’s oligotrophic seas. 
The salinity of the Mediterranean (38.5-38.6 psu) is considerably higher than the Black Sea. 
Bacterial composition of these environments have been managed by anthropological 
activities (Bayndrl, 2007).  

2.1.5 Aegean Sea 
The pelagic zones of the northern Aegean Sea and the Sea of Marmara share some main 
features due to their connection through the Çanakkale Strait. However, because of the 
anthropological sources, bacterial pollution level of northern part of the Aegean Sea less 
than the Sea of Marmara (Altuğ et. al., 2007). The population rate rises during the 
summer season due to recreational activities, compared with the other months in the 
coastal areas of the Aegean Sea. This situation is inducing the level of bacterial pollution 
(Altuğ et. all., 2007)  
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2.1.6 Offshore areas 
Due to the differences between coastal areas and offshore areas with respect to exposed 
pollution factors, the offshore areas can be accepted as reference stations for the studies 
which monitor bacterial contamination.  
In this study, seawater samples which were taken from the offshore areas extending from 
the eastern part of Andros Island to the southern parts of Gokceada and Thasos Island, as 
well as the Mediterranean were tested for indicator bacteria and Salmonella spp. 

2.2 Sea water sampling 
The samples from close stations (western Black Sea, the Sea of Marmara, and the Golden 
Horn Estuary, western Black Sea) were transported daily to the Aquatic Microbial Ecology 
Laboratory of Faculty of Fisheries of Istanbul University.  
However, because of the long distances (Northern Aegean Sea, Eastern Mediterranean) 
between the sampling point and the laboratory, some analyses for filtration (indicator 
bacteria), pre-enrichment, selective enrichment (Salmonella spp.) and isolation were carried 
out during the cruise on the Bacteriology Laboratory of the Research Vessel YUNUS-S. 
The numbers of the sea water samples which were collected from various marine areas 
between the years 1998 and 2010 according to sampling stations were summarized in the 
Table 1. 

2.3 Shellfish sampling 
C. gallina samples were collected by mechanical dredge at approximately 5-10 meters 
depth from the western Black Sea (Sile) from June to December in 1998-1999 (Altuğ and 
Bayrak 2002).  
R. venosa samples were collected by diving from Florya-Ambarl seashore, (Marmara Sea, 
Turkey) and with the help of divers during the period between June 2000 and November 
2001 (Altuğ and Güler 2002).  
C. gallina and D. trunculus samples were harvested along 500 m of shallow (4–7-m depth) 
area using a mechanical dredge in a site near Tekirdag (Kumbag), on the northern coast of 
the Sea of Marmara, Turkey monthly between November 2005 and October 2006. The 
mechanical dredge used was the standard dredging equipment used in fishing; a net with 
mesh openings of size 6 mm is attached to the metal dredge; when the dredge is dragged by 
the fishing vessel, in our case for 8–10 min, those particles equal to or greater than 6-mm size 
are collected in the net (Altuğ et  al. 2008). 
All the shellfish samples for the microbiological analyses were immediately transferred to 
the laboratory sealed in an ice box under aseptic conditions to avoid the possibility of 
bacterial contamination.  

2.4 Salmonella spp. analyses for seawater samples 
Salmonella spp. analyses depend on identification with biochemical and serological tests of 
suspicious colonies from selective solid medium after selective enrichment and unselective 
prior enrichment at 37 0C in liquid medium in the seawater samples (APHA, 2000).  
Then the colonies were restreaked several times to obtain pure cultures and the pure isolates 
of Salmonella spp. were identified using GN cards in the automated biochemical 
identification system VITEK 2 Compact 30 (Biomereux, France). The identification cards are 
based on established biochemical methods and newly developed substrates. There are 
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mesh openings of size 6 mm is attached to the metal dredge; when the dredge is dragged by 
the fishing vessel, in our case for 8–10 min, those particles equal to or greater than 6-mm size 
are collected in the net (Altuğ et  al. 2008). 
All the shellfish samples for the microbiological analyses were immediately transferred to 
the laboratory sealed in an ice box under aseptic conditions to avoid the possibility of 
bacterial contamination.  

2.4 Salmonella spp. analyses for seawater samples 
Salmonella spp. analyses depend on identification with biochemical and serological tests of 
suspicious colonies from selective solid medium after selective enrichment and unselective 
prior enrichment at 37 0C in liquid medium in the seawater samples (APHA, 2000).  
Then the colonies were restreaked several times to obtain pure cultures and the pure isolates 
of Salmonella spp. were identified using GN cards in the automated biochemical 
identification system VITEK 2 Compact 30 (Biomereux, France). The identification cards are 
based on established biochemical methods and newly developed substrates. There are 
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biochemical tests (47 tests for GN) measuring carbon source utilization, enzymatic activities, 
inhibition, and resistance (Pincus, 2005).  

2.5 Salmonella analyses for shellfish samples 
In the analyses, 94 groups were used; 6 individuals were accepted as a group, and a total of 
10 g (25 g for Salmonella spp.) was taken from each of these groups to form a sample group. 
 In accordance with the purpose of the test, diluted homogenous solutions of samples taken 
from those parts that are edible, were prepared with 0.1% buffered peptone water: 25:225 for 
the Salmonella spp.  
Analyses depend on identification with current biochemical and serologic tests of suspicious 
colonies from selective solid medium after selective enrichment for 24 h in Selenith cystine 
broth at a temperature of 350C, and unselective prior enrichment for 18–24 h at 370C in 
buffered peptone water 25:225 (w/v) (FDA, 1998). To further identify and characterize the 
strains that were detected and isolated, commercially available API test system (BioMerieux, 
France) was used. The biochemical reactions tested with API test are: production of indole; 
utilization of citrate; production of nitrite; fermentations of glucose, mannitol, inositol, 
sorbitol, rhamnose, sucrose, melibiose, amygdaline, and arabinose; production of H2S; 
activities of beta-galactosidase, tryptophane desaminase, gelatinase, arginine dihydrolase, 
lysine decarboxylase, and ornithine decorboxylase; formation of acetoin from pyruvate and 
oxidase (MacDonell et al.1982, Oberhofer 1983). When there was a need to further 
identification, the pure isolates of suspicious colonies were identified using GN cards in the 
automated biochemical identification system VITEK 2 Compact 30 (Biomereux, France).  
The identification cards are based on established biochemical methods and newly 
developed substrates. There are biochemical tests (47 tests for GN) measuring carbon source 
utilization, enzymatic activities, inhibition, and resistance (Pincus, 2005). 

2.6 Indicator bacteria analyses 
Two different methods were used for indicator bacteria analyses in various sampling 
periods in 1998-2010.  

2.6.1 Membrane filtration method 
The water samples were taken from 0-30 cm surface and from various depths ranging from 
1 to 50 meters. Water samples were filtered through a 0.45 μm membrane filter with a metal 
vacuum filtering set (Millipore, Germany) and then the membrane filters were placed on m-
Endo, m-FC and Azide-NKS for total coliform, fecal coliform and fecal streptococci. The 
plates were incubated for 48 h (at 37±0.1°C and 44.5±0.1°C) and the colonies on the plates 
were evaluated (APHA 1998; EPA 2006). Following the correction tests on suspicious 
colonies which grew after incubation, the average of three parallel tests was used for the 
numerical identification (cfu/100 mL: colony formed unit/100 mL). Brown-red colonies 
which grew on Azide medium were evaluated as fecal streptococci suspicious; blue colonies 
which grew on m-FC medium were evaluated as fecal coliform suspicious; pink-red colonies 
with yellow-green metallic shinyness which grew on m-Endo medium were evaluated as 
coliform suspicious. cytochrome oxidase test (API Strep, BioMereux ) was applied to 
coliform suspicious colonies and oxidase negative colonies were counted. cytochrome 
oxidase (API Strep, BioMereux ) and indole (HIMEDIA) tests were applied to fecal coliform 
suspicious colonies, and oxidase negative and indole positive  colonies were counted. 
(MacFaddin 1980, APHA 2000). 
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2.6.2 The most probable number method 
Diluted homogenous solutions of samples taken from those parts that are edible were 
prepared with 0.1% buffered peptone water: 10:100 for the E. coli total coliform and fecal 
coliform analyses. Sample dilutions of 10–1, 10–2, and 10–3 with buffered peptone water 
were transferred to three series of test tubes, each containing 10 mL of Modified Lauryl 
Sulphate Triptose Broth.  
Analyses were done according to the three tube most probable number method (MPN) 
using Brilliant green bile broth (BGLB), EC broth, Eosin methylene blue agar medium, Plate 
count agar medium (FDA, 1998).  
For characterization of coliform, Endo agar was used.  

2.7 Antibiotic resistance test 
The percentage of bacteria in the samples which exhibited antibiotic resistance was 
measured on Nutrient agar plates supplemented with Imipenem, Ampicillin, Cefotaxim, 
Ceftriaxon, Ceftazidim media (NCCLS 1999).  

3. Occurrence of Salmonella spp. in the samples of seawater, shellfish and 
fish 
3.1 Seawater 
The frequency of Salmonella spp. according to their exposure to environmental factors in the 
areas from which they were isolated were shown in Table 1 in the form of summary data of 
the level of coliform and fecal coliform bacteria and the occurrence of Salmonella spp.  
No Salmonella spp. was detected in the samples which were taken from the western Black 
Sea in 1998-1999.  
The presence of Salmonella spp. in seawater from the four stations was significantly different 
(p < 0.05) in the Golden Horn Estuary, Istanbul from 2002 to 2003. Eleven of 44 seawater 
samples were found positive for Salmonella spp. The number of Salmonella spp. positive 
samples was highest in the inner part of the estuary. 
The percentage distribution of the values for the ratio of fecal coliform to fecal streptococci 
in the surface water of the Aegean Sea and their relation with Salmonella spp. was also 
investigated. The contribution of fecal coliform bacteria to fecal streptococci (FC/FS > 0.7) 
showed that the sources of fecal contamination were anthropological in this area in 2006-
2008. Seven of the 22 unit seawater samples were found positive for Salmonella spp. in the 
sea water samples which were taken from the coastal areas of the Aegean Sea, Salmonella 
spp. positive samples were positive correlated with the indicator bacteria count. In the five 
stations which have higher number of indicator bacteria than the other stations Salmonella 
spp. were found positive. The percentages of Salmonella spp. among the total enteric bacteria 
were between 25% and 37% in these stations.  
Salmonella spp. was not isolated in the seawater samples which were taken from the 
offshore areas.  
Four units of 14 seawater samples tested which were taken from coastal areas of eastern 
Mediterranean were found positive for Salmonella spp. in August 2007-2008. 
Eight units of 83 seawater samples tested which were taken from 0-30 cm to 500 meters were 
found positive for Salmonella spp. in the samples of 0-30 cm, 50 meters and 100 meters in the 
June 2006. Salmonella spp. was only isolated in the summer period during the study.  
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biochemical tests (47 tests for GN) measuring carbon source utilization, enzymatic activities, 
inhibition, and resistance (Pincus, 2005).  
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The presence of Salmonella spp. in seawater from the four stations was significantly different 
(p < 0.05) in the Golden Horn Estuary, Istanbul from 2002 to 2003. Eleven of 44 seawater 
samples were found positive for Salmonella spp. The number of Salmonella spp. positive 
samples was highest in the inner part of the estuary. 
The percentage distribution of the values for the ratio of fecal coliform to fecal streptococci 
in the surface water of the Aegean Sea and their relation with Salmonella spp. was also 
investigated. The contribution of fecal coliform bacteria to fecal streptococci (FC/FS > 0.7) 
showed that the sources of fecal contamination were anthropological in this area in 2006-
2008. Seven of the 22 unit seawater samples were found positive for Salmonella spp. in the 
sea water samples which were taken from the coastal areas of the Aegean Sea, Salmonella 
spp. positive samples were positive correlated with the indicator bacteria count. In the five 
stations which have higher number of indicator bacteria than the other stations Salmonella 
spp. were found positive. The percentages of Salmonella spp. among the total enteric bacteria 
were between 25% and 37% in these stations.  
Salmonella spp. was not isolated in the seawater samples which were taken from the 
offshore areas.  
Four units of 14 seawater samples tested which were taken from coastal areas of eastern 
Mediterranean were found positive for Salmonella spp. in August 2007-2008. 
Eight units of 83 seawater samples tested which were taken from 0-30 cm to 500 meters were 
found positive for Salmonella spp. in the samples of 0-30 cm, 50 meters and 100 meters in the 
June 2006. Salmonella spp. was only isolated in the summer period during the study.  
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Fourteen of 80 seawater samples which were taken from 30 cm to 50 meter were positive for 
Salmonella spp. in July 2006 in southern part of the Sea of Marmara. Also, three seawater 
samples were found Salmonella spp. positive in June 2007. During this study Salmonella spp. 
was isolated only in July 2006 and June 2007. 
Sixty four of the 495 unit seawater samples tested was found positive for Salmonella spp. 
(13%) in the stations. Thirty three of the 64 unit Salmonella spp. positive samples of 
seawater (51.5 %) which have been recorded in the stations indicator bacteria were > 104 

fecal coliform /100 ml.  
Twenty two of 136 unit seawater samples which were taken from 0-30 cm in the Sea of 
Marmara were found positive for Salmonella spp. in the July 2009 and June 2010 period. S. 
enterica ssp. arizonae, S. enteritidis and S. typhimurium were the most identified isolates in the 
samples. S. typhimurium represented 64.3% of all Salmonella spp. strains and was identified 
in the seawater samples. 
The frequency of Salmonella spp. related to fecal coliform bacteria in the seawater samples 
was summarized in the Table 2. Biochemical details of two of isolated Salmonella spp. was 
summarized in Table 3. 

3.2 Shellfish 
Eight of 243 shellfish samples analyzed were found positive for Salmonella spp. (3.29%). Five 
of eight units of Salmonella spp. positive samples of shellfish (83.3%) also had indicator 
bacteria higher than 104 fecal coliform /100 ml (Table 2). 
Salmonella spp. was not isolated in the C. gallina samples which were collected from the 
western part of the Black Sea, Turkey in 1998 and 1999. 
The highest levels of fecal coliform and E. coli within the total of 75 R. venosa samples 
analyzed were found in the samples collected during the months of August 2000 and 2001. 
In the samples of August 2000, Salmonella spp. was found positive in both samples of fecal 
coliform and E. coli; however, Salmonella spp. was not isolated in the other samples.  
The maximum level of fecal coliform, total coliform, and E. coli were recorded in the D. 
trunculus and C. gallina samples in July, August, and September, 2006 (Altuğ et al., 2008). 
Salmonella spp. in the D. trunculus and C. gallina samples was detected only in July and 
August 2006. 
S. typhimurium, S. enterica ssp. arizonae and S. enteritidis also was isolated among the all 
isolated strains from the shellfish samples.  

3.3 Fish  
Three (A. boyeri, S. porcus and S.smaris) of the 94 unit fish samples analyzed were found 
positive for Salmonella spp. in 1999. All of the Salmonella spp. positive samples also had 
indicator bacteria more than 104 fecal coliform /100 ml. All the isolated strains from the fish 
samples were S. enterica ssp. arizonae. 
The overall prevalence of Salmonella spp. was 9.01%, with the highest occurrence in seawater 
(13%), shellfish (3.29 %), followed by fish (2.13%). 
Thirty two of 64 Salmonella isolates (50%) showed resistance to Imipenem (21 isolates), 
Ampicillin (22 isolates), Cefotaxim (19 isolates), Ceftriaxon (11 isolates), and Ceftazidim (18 
isolates) acid (9 isolates), with nine of these isolates displaying multiple resistance to four of 
these antibiotics.  
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While the highest Multiple Antibiotic Resistance (MAR) was found in the bacteria isolated 
in seawater which was taken from the Golden Horn Estuary, Istanbul, the bacteria 
isolated from northern part of the Sea of Marmara and coastal areas of Istanbul 
respectively followed it.  
 
 
 

Sample Type F. coliform Number of Salmonella (+) 
samples 

Relation (%) between the 
fecal coliform level and the 
number of Salmonella (+) 

samples 

Sea Water 

10-<102 0 0 
102 - <103 14 21.8 
103-<104 17 26.5 

>104 33 51.5 

Number of 
seawater 
samples: 495 

64 (13% of the 495 samples) 

Shellfish 

10-<102 0 0 
102 - <103 1 12.5 
103-<104 2 25 

>104 5 83.3 

Number of 
shellfish 
samples: 243 

8 (3.3% of the 243 samples) 

Fish 

10-<102 0 0 

102 - <103 0 0 

103-<104 3 100 

>104 0 0 

Number of fish 
samples: 94 3 (2.13% of the 94 samples) 

Total number of 
specimens:832 75 (9.01% of the 832 samples) 

 
Table 2. The frequency of Salmonella spp. (cfu/25 ml; cfu/25 g) and fecal coliform bacteria 
(cfu/100 ml) in the samples 
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TESTS Salmonella spp. Salmonella spp. 

APPA - - 
ADO - - 
PyrA - - 
IARL - - 
dCEL - - 
BGAL - - 
H2S + + 

BNAG - - 
AGLTp - - 
dGLU + + 
GGT - - 
OFF + + 

BGLU - - 
dMAL - - 
dMAN + + 
dMNE + + 
BXYL - - 
BAlap - - 
ProA - - 
LIP + + 
PLE - - 

TyrA - - 
URE - - 

dSOR - - 
SAC - - 

dTAG + + 
dTRE + + 
CIT - - 

MNT - - 
5KG - - 

ILATk - - 
AGLU - - 
SUCT - - 

NAGA - - 
AGAL - + 
PHOS + + 
GlyA - - 
ODC + + 
LDC + + 
IHISa - - 
CMT - - 

BGUR - - 
O129R - + 

 
The Occurrence of Salmonella in Various Marine Environments in Turkey  

 

85 

TESTS Salmonella spp. Salmonella spp. 

GGA - - 
IMLTa - - 
ELLM - - 
ILATa - - 

APPA: Ala-Phe-Pro-ARYLAMIDASE; ADO: ADONITOL; PyrA: L-Pyrrolydonyl-ARYLAMIDASE; IARL: 
L-ARABITOL; dCEL: D-CELLOBIOSE; BGAL: BETA-GALACTOSIDASE; H2S: H2S PRODUCTION; 
BNAG: BETA-ACETYL-GLUCOSAMINIDASE; AGLTp: Glutamyl Arylamidase pNA; dGLU; D-GLUCOSE; 
GGT: GAMMA-GLUTAMYL-TRANSFERASE; OFF: FERMENTATION/GLUCOSE; BGLU: BETA-
GLUCOSIDASE; dMAL: D-MALTOSE; dMAN: D-MANNITOL; dMNE: D-MANNOSE; BXYL: BETA-
XYLOSIDASE; BAlap: BETA-Alanine arylamidase pNA; ProA: L-Proline ARYLAMIDASE; LIP: LIPASE; 
PLE: PALATINOSE; TyrA: Tyrosine ARYLAMIDASE; URE: UREASE; dSOR: D-SORBITOL; SAC: 
SACCHAROSE/SUCROSE; dTAG: D-TAGATOSE; dTRE: D-TRHALOSE; CIT: CITRATE (SODIUM); 
MNT: MALONATE; 5KG: 5-KETO-D-GLUCONATE; ILATk: L-LACTATE alkalinisation; AGLU: ALPHA-
GLUCOSIDASE; SUCT: SUCCINATE alkalinisation; NAGA: Beta-N-NCETYL-GALACTOSAMINIDASE; 
AGAL: ALPHA-GALACTOSIDASE; PHOS: PHOSPHATASE; GlyA: Glycine ARYLAMIDASE; ODC: 
ORNITHINE DECARBOXYLASE; LDC: LYSINE DECARBOXYLASE; IHISa: L-HISTIDINE assimilation; 
CMT: COUMARATE; BGUR:  BETA-GLUCORONIDASE; O129R: O/ 129 RESISTANCE (comp.vibrio); 
GGAA: Glu-Gyl-Arg-ARYLAMIDASE; IMLTa: L-MALATE assimilation; ELLM: ELLMAN; ILATa: L-
LACTATE assimilation 

Table 3. Biochemical characteristics of some isolated Salmonella spp which were identified 
using GN cards in the automated biochemical identification system VITEK 2 Compact 30 
(Biomereux, France) 

4. Conclusion 
The frequency of Salmonella spp. according to their exposure to environmental factors in the 
areas from which they were isolated were different. For instance, higher indicator bacteria and 
Salmonella spp. abundance was found in the coastal stations compared to the offshore areas.  
The Salmonella spp. prevalence in a total of 832 samples of seawater (495), shellfish (243), and 
fish (94) which were collected from six sites between 1998 and 2010 exhibited diversity 
according to geographical areas. The coastal areas which were under the influence of 
biological pollution with respect to heavy inland population displayed higher levels of 
Salmonella spp. than the offshore areas.  
Enteric bacteria of sewage origin undergo a sudden osmotic shock when they enter seawater 
and may adapt their metabolism to the new medium by means of their osmoregulation 
systems. This ability of enteric bacteria aids them in gaining resistance to salt in sea 
environments and increases their probability of survival (Munro et al., 1989). The presence 
of a negative relationship between salinity concentration and the number of enteric bacteria 
in sea medium has been determined (Carlucci et al., 1960, APHA 1998, Bitton 2005) 
In this study, the influence of salinity on the presence of Salmonella spp. associated with 
water samples was also investigated. In the Sea of Marmara it was possible to isolate 
Salmonella spp. from the under and upper stratification of various localities which possessed 
salinity values between 24.0 psu and 39.2 psu during the study. The bacteria levels 
determined in water samples taken from under the halocline layer in the Sea of Marmara 
were sometimes found to be higher in comparison to sea water samples taken from 0-30 cm. 
The higher bacteria levels found in the undercurrent were considered to be a result of deep 
discharge systems carrying domestic waste products. Hydrographic changeable parameters 
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such as seawater temperature, pH, salinity and dissolved oxygen are significant factors 
associated with the presence of Salmonella spp. In this study, seawater temperature was the 
only variable showing a linear positive effect on the presence of Salmonella in the sea, while 
the other parameters showed more complex nonlinear effects in the studied areas. 
There are many factors such as temperature, salinity, sunlight, grazing by heterotrophic 
microorganisms affecting the survival of enteric bacteria in marine areas (Sinton et al 2007: 
Harm, 1980, Gameson & Gould 1985, Jagger 1985, Rozen and Belkin 2001, Sinton 2005)  
Temperature also seemed to affect efficiently the abundance of indicator bacteria and 
Salmonella spp. in the study areas. Salmonella spp. positive samples were mostly recorded in 
the summer seasons and the indicator bacteria level was also higher during these periods 
compared to the other sampling seasons in 1998-2010. This situation is directly related to the 
increase of human activity, especially in coastal areas in summer seasons. However it also 
shows that despite the salinity stress, occurrences of indicator bacteria and Salmonella spp. 
were possible under these conditions in the seawater. 
C. gallina and D. trunculus are two most common and abundant species in Turkish clam 
resources. Especially C. gallina is very important and valuable species, due to its great export 
potential, C. gallina, which has begun to be gathered since 1986 via mechanical dredge in 
Turkey, has great importance in terms of economy (Altuğ et. al., 2008).  
The mean values of bacterial contamination found in the 75 R. venosa samples under 
bacteriological analysis were between 15x10 and 24x103 and above. It is concluded that the 
area is under the influence of the waste products of dwellings and naval transportation 
(Altuğ and Güler 2002). 
Beta-lactam antibiotics are widely used for treatment of infections in the world. Domestic 
waste waters might be an important source of antibiotic-resistant Enterobacteriaceae. 
Resistances to clinically relevant antibiotics are widespread in aquatic bacteria, including 
potential human pathogens. Because antibiotic resistance related to domestic waste waters is 
important for the ecosystem and also for human health, the resistance frequency of 
Salmonella spp. isolates to some beta-lactam antibiotics was investigated in this study. The 
antibiotic derivates which were found to be resistant to bacteria were different in different 
regions. This situation shows that pollution input and the usage rate of antibiotics have 
differences related to geographic regions. Further research will help towards setting limits 
on the prevalence of antibiotic-resistant bacteria and supporting the effectiveness of 
antimicrobial agents. 
It was reported that Salmonella spp. presence in marine waters is adequately predicted by 
total coliforms or fecal coliforms (Efstratiou et al. 2009). In this study, positive correlations 
were found between the presence of coliform bacteria (especially >103 cfu/100 ml) and 
occurrences of Salmonella spp. positive isolates. Efstratiou et al.( 2009) reported that  the E. 
coli limits set by the EU Directive for defining “good” coastal bathing water quality 
(500 CFU100 ml−1) are much higher than the fecal coliform concentration which would best 
predict the absence of Salmonella spp.  
The percentage distribution of the ratio values of Fecal Coliform to Fecal Streptococci in the 
surface water of the Aegean Sea and the relation of this ratio with the occurrence of 
Salmonella spp. was also investigated (Altuğ et al., 2007). The percentages of Salmonella spp. 
among total enteric bacteria were between 25% and 37%. Positive correlations were 
observed between the level of indicator bacteria and the presence of Salmonella, implying 
that Salmonella spp. occurrence is a part of anthropological pollution input in the 
investigated areas. The presence of isolates of Salmonella spp. in the marine environment is 
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of notable significance with respect to public health due to the potential risk of acquiring 
infections as a result of the consumption of contaminated aquatic products or ingestion of 
contaminated seawater.  
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were possible under these conditions in the seawater. 
C. gallina and D. trunculus are two most common and abundant species in Turkish clam 
resources. Especially C. gallina is very important and valuable species, due to its great export 
potential, C. gallina, which has begun to be gathered since 1986 via mechanical dredge in 
Turkey, has great importance in terms of economy (Altuğ et. al., 2008).  
The mean values of bacterial contamination found in the 75 R. venosa samples under 
bacteriological analysis were between 15x10 and 24x103 and above. It is concluded that the 
area is under the influence of the waste products of dwellings and naval transportation 
(Altuğ and Güler 2002). 
Beta-lactam antibiotics are widely used for treatment of infections in the world. Domestic 
waste waters might be an important source of antibiotic-resistant Enterobacteriaceae. 
Resistances to clinically relevant antibiotics are widespread in aquatic bacteria, including 
potential human pathogens. Because antibiotic resistance related to domestic waste waters is 
important for the ecosystem and also for human health, the resistance frequency of 
Salmonella spp. isolates to some beta-lactam antibiotics was investigated in this study. The 
antibiotic derivates which were found to be resistant to bacteria were different in different 
regions. This situation shows that pollution input and the usage rate of antibiotics have 
differences related to geographic regions. Further research will help towards setting limits 
on the prevalence of antibiotic-resistant bacteria and supporting the effectiveness of 
antimicrobial agents. 
It was reported that Salmonella spp. presence in marine waters is adequately predicted by 
total coliforms or fecal coliforms (Efstratiou et al. 2009). In this study, positive correlations 
were found between the presence of coliform bacteria (especially >103 cfu/100 ml) and 
occurrences of Salmonella spp. positive isolates. Efstratiou et al.( 2009) reported that  the E. 
coli limits set by the EU Directive for defining “good” coastal bathing water quality 
(500 CFU100 ml−1) are much higher than the fecal coliform concentration which would best 
predict the absence of Salmonella spp.  
The percentage distribution of the ratio values of Fecal Coliform to Fecal Streptococci in the 
surface water of the Aegean Sea and the relation of this ratio with the occurrence of 
Salmonella spp. was also investigated (Altuğ et al., 2007). The percentages of Salmonella spp. 
among total enteric bacteria were between 25% and 37%. Positive correlations were 
observed between the level of indicator bacteria and the presence of Salmonella, implying 
that Salmonella spp. occurrence is a part of anthropological pollution input in the 
investigated areas. The presence of isolates of Salmonella spp. in the marine environment is 
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of notable significance with respect to public health due to the potential risk of acquiring 
infections as a result of the consumption of contaminated aquatic products or ingestion of 
contaminated seawater.  
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1. Introduction 
With more than 30.000 known species, sh form the biggest group in the animal kingdom 
that is used for the production of animal-based foods. About 700 of these species are 
commercially shed and used for food production. Further, some 100 crustacean and 100 
molluscan species (for example mussels, snails and cephalopods) are processed as food for 
humans in fish industry (Oehlenschläger & Rehbein, 2009). However, some fishery product 
is processed in a modern fish industry which is a technologically advanced and complicated 
industry in line with any other food industry, and with the same risk of product being 
contaminated with pathogenic organisms (Huss, 1994). 
The vast majority of outbreaks of food-related illness are due to pathogenic microorganisms, 
rather than to chemical or physical contaminants. As they are generally undetectable by the 
unaided human senses (i.e.they do not usually cause colour changes or produce off-flavours 
or taints in the food) and they are capable of rapid growth under favourable storage 
conditions (Lelieveld et al. 2003). The United States Centers for Disease Control and 
Prevention reported that fish and shellfish account for 5% of the individual cases and 10% of 
all foodborne illness outbreaks, with most of the outbreaks resulting from the consumption 
of raw molluscan shellfish (Flick, 2008). 
Salmonella is responsible for more than 40.000 cases of food-borne illness every year. The 
incidence of Salmonella infections has risen dramatically since the 1980s, leading to high 
medical costs, a loss of wages for workers who become ill, and a loss of productivity for the 
companies whose workers do become ill. In all, these financial losses can cost more than $3.6 
billion each year. Salmonella infections have long been a concern to scientists, doctors, and 
the U.S. Food and Drug Administration (FDA) (Brands, 2006). Salmonella is causing a public 
health problem associated with fish and fishery products. A monitoring of Salmonella has 
been suggested as a measure of fish quality. Also, risk management decisions should take 
into account the whole food chain from primary production to consumption, and should be 
implemented in the context of appropriate food safety infrastructures, for instance 
regulatory enforcement, food product tracing and traceability systems. In the fish processing 
chain managing risks should be based on scientific knowledge of the microbiological 
hazards and the understanding of the primary production, processing and manufacturing 
technologies and handling during food preparation, storage and transport, retail and 
catering (Popovic et al., 2010). Their presence in fish and fishery product is therefore seen as 
a sign of poor standards of process hygiene and sanitation (Dalsgaard, 1998).  
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2. Description of Salmonella 
Salmonella is a member of the Enterobacteriaceace, Gram negative, motile, with 
peritrichous flagella and nonsporeforming rods (the rods are typically 0.7-1.5 μm x 2.5 μm 
in size). Salmonella is a facultatively anaerobic (can grow with or without oxygen) catalase 
positive and oxidase negative bacteria. However, Salmonella is not included in the group 
of organisms referred to as coliforms (Huss & Gram, 2003; Adams & Moss, 2005; Erkmen, 
2007; Lawley et al., 2008). These mesophilic organisms are distrubuted geographically all 
over the world, but principally occurring in the gastrointestinal tracts of mammals, 
reptiles, birds, and insects and environments polluted with human or animal excreta 
(Huss, 1994, Huss & Gram, 2003; Saeed & Naji 2007). Survival in water depends on many 
parameters such as biological (interaction with other bacteria) and physical factors 
(temperature). More than 2,500 different types of Salmonella exist, some of which cause 
illness in both animals and people. Some types cause illness in animals but not in people. 
The various forms of Salmonella that can infect people are referred to as serotypes, which 
are very closely related microorganisms that share certain structural features. Some 
serotypes are only present in certain parts of the world (Brands, 2006). For over 100 years 
Salmonella have been known to cause illness. The bacterium was first isolated from pigs 
suffering hog cholera by an American scientist, Dr. Daniel Elmer Salmon, in 1885 (Bremer 
et al., 2003). 

3. Sources of Salmonella contamination in fish and fishery products 
Aquatic environments are the major reservoirs of Salmonella. Therefore, fishery products 
have been recognized as a major carrier of food-borne pathogens (Kamat et al., 2005; 
Upadhyay et al., 2010).  
Pathogenic bacteria associated with fish and fishery product can be categorised into three 
general groups: (1) bacteria (indigenous bacteria) that belong to the natural microora of sh 
(Clostridium botulinum, pathogenic Vibrio spp., Aeromonas hydrophila); (2) enteric bacteria (non-
indigenous bacteria) that are present due to fecal contamination (Salmonella spp., Shigella spp., 
pathogenic Escherichia coli, Staphylococcus aureus); and (3) bacterial contamination during 
processing, storage or preparation for consumption (Bacillus cereus, Listeria monocytogenes, 
Staphylococcus aureus,  Clostridium perfringens, Salmonella spp.) (Lyhs 2009).  
Information from literature indicates that fresh fish, fish meal, oysters, farmed and imported 
frozen shrimp and froglegs can carry Salmonella sp., particularly if they are caught in areas 
contaminated with faecal pollution (prior to harvest and during harvest) or processed, 
packed, stored, distributed under unsanitary conditions and consumed raw or slightly 
cooked (Kumar et al., 2003; Kamat et al., 2005, Mol et al., 2010; Norhana et al., 2010).  
There are some pathways of contamination of aquaculture systems with Salmonella. 
Non-point water run-off 
During rainfall events, increased run off of organic matter into ponds may occur and can 
contaminate the aquaculture system. 
Animals (domestic animals, frogs, rodents, birds, insects, reptiles, etc.) 
A variety of animal waste has been shown to be potential sources of Salmonella. Animal 
waste can be introduced directly through bird droppings or frogs living in ponds or 
indirectly through runoff. 
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Fertilization of ponds 
In some aquaculture systems animal manures are used in ponds to stimulate the production 
of algae. The use of non-composted manures can lead to production systems being 
contaminated with Salmonella. 
Contaminated feed 
Improperly stored feed or feed prepared on a farm under poor hygienic conditions can be a 
source of Salmonella. 
Contaminated source water 
The water used in growout ponds, cages or tanks can be contaminated with Salmonella 
through wildlife runoff, untreated domestic sewage, discharge from animal farms, etc. 
On farm primary processing 
Aquaculture products can become contaminated with Salmonella through the use of 
unsanitary ice, water, containers, and poor hygienic handling practices (FAO, 2010). 
For example, for shrimp processing industry the information from literature indicates that 
the principal sources of Salmonella contamination are culture ponds, coastal water used for 
handling and processing of seafood (Hariyadi et al., 2005; Shabarinath et al., 2007; 
Upadhyay et al., 2010). Similarly, Pal and Marshall (2009) reported that the potential source 
of Salmonella contamination in farm-raised catfish is likely due to poor water quality, farm 
runoff, fecal contamination from wild animals or livestock, feed processing under poor 
sanitary conditions or distribution, retail marketing, and handling/preparation practices.  
Ray et al.,(1976) reported that the potential hazard in cooked fishery product is cross 
contamination of the cooked products with raw fishery product which might occur under 
commercial processing condition. Thus, good sanitation practices on the unloading docks 
and during transport to the processing facility are essential for preventing product 
contamination. The use of contaminated ice or uncleaned holding facilities may also 
contribute to the product contaminant load (Gecan et al., 1988). As a result, many factors 
including inadequate supplies of clean water, inadequate sanitary measures, lack of food 
hygiene and food safety measures have been responsible for increased incidence of 
foodborne salmonellosis (Shabarinath et al., 2007).  
Deep-sea fish are generally Salmonella sp. free but susceptible to contamination post-catch. 
Water temperature has been 
proposed as playing an important role in the long-term survival of Salmonella in the 
environment (FAO, 2010). In raw seafood products mainly from tropical climates, there is a 
high prevalence of Salmonella whereas low prevalence or absence can be common in 
temperate regions (Millard and Rocklif, 2004).  

4. Occurrence in fish and fishery product 
Salmonella has been isolated from fish and fishery product, though it is not psychrotrophic 
or indigenous to the aquatic environment (Mol et al., 2010). The relationship between fish 
and Salmonella has been described by several scientists; some believe that fish are possible 
carriers of Salmonella which are harbored in their intestines for relatively short periods of 
time and some believe that fish get actively infected by Salmonella. The organism was never 
recovered from the flesh of the fish, but was isolated from viscera and epithelium (Pullela, 
1997). Most outbreaks of food poisoning associated with fish derive from the consumption 
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of raw or insufficiently heat treated fish and cross-contamination during processing and 
about 12% of the foodborne outbreaks related to consumption of fish are caused by bacteria 
including Salmonella (Huss et al., 2000; Aberoumand, 2010). Similarly, The U.S. Food and 
Drug Administration’s (FDA) data showed that Salmonella was the most common 
contaminant of fish and fishery products (Allshouse et al., 2004).  Up to 10-15% of fish 
samples from India and Mexico were positive of Salmonella which has also been detected in 
several crustacean and molluscan products from India and Malaysia (Huss & Gram 2003). 
Salmonella contamination in fish and fishery products has also been reported from other 
countries like Thailand, Hong Kong, Spain and Turkey (Herrera et al., 2006; Kumar et al., 
2009; Pamuk et al, 2011). The highest Salmonella incidence in fishery products was 
determined in Central Pacific and African countries while it was lower in Europe and 
including Russia, and North America (Heinitz et al. 2000). For example, Davies et al. (2001) 
reported the absence of Salmonella in fish from European Countries such as France, Great 
Britain, Greece and Portugal. However, Novotny et al., (2004), reported an outbreak of 
Salmonella blockley infections following smoked eel consumption in Germany. Salmonella 
paratyphi B infections were also reported associated with consumption of smoked halibut in 
Germany (Da Silva, 2002). Besides, consumption of dried anchovy was found to be the cause 
of Salmonella infection (Ling et al., 2002). 
Table 1 shows the incidence of salmonellosis associated with all food vehicles, and with 
separately seafood, for the European Union in 2007 (FAO,2010). 
 

Food vehicle Number of 
outbreaks 

Number of 
Salmonella 
outbreaks 

% of outbreaks 
associated with 

Salmonella 
Fish and fishery 
products 130 3 2.3 

Crustaceans, 
shellfish, 
molluscs, and 
products 

75 2 2.7 

All food vehicles 2025 590 29.1 

Table 1. Fishery product associated outbreaks in the European Union, 2007 (Data from 
FAO,2010) 

Salmonella has also been detected in US market oysters and in other US imported seafood 
from different countries (Heinitz et al. 2000; Ponce et al., 2008). For the 9-year period 1990–
1999, the FDA in the United States examined imported and domestic sh and seafoods for 
Salmonella. Of the 11.312 imported samples, 7.2% were positive while only 1.3% of the 768 
domestic samples were positive.  
The most common serovar found in the world was S. Weltvreden (Heinitz et al. 2000; Jay et 
al., 2005). In seafood the commonest serotype encountered was S. Worthington followed by 
S. Weltevreden. The diversity of serovars associated with fish and fishery product was 
highest in Southeast Asia and next highest in South America (FAO, 2010). Most Salmonella 
contamination problems in fishery product associated with shrimp. Almost one-quarter of 
all detentions, and more than half of the violations for Salmonella, were for shrimp and 
prawns (farm raised and wild caught). 
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S. Aberdeen +          
S. Agona  +      +   + 
S. Ahepe   +         
S. Albany  +          
S. Anatum  +   + + + +   + 
S. Anfo  +          
S. Arizonae +   +   +   + 
S. Atakpam +          
S. Augusten +          
S. Baguida           + 
S. Bareilly  +      +    
S. Biafra  +          
S. Blockley  +          
S. Bovis-mobificans +   +       
S. Bradford +          
S. Braender +          
S. Brancast +          
S. Bredeney          + 
S. Brunei  +          
S. Bullbay           + 
S. Cannstat       +    
S. Carrau    +        
S. Cerro  +         + 
S. Derby  +   +       
S. Drypool  +          
S. Dublin  +          
S. Duesseldorf    +       
S. Emek  +          
S. Emek  +          
S. Enteritidis + +  +   +  + + 
S. Farmsen  +          
S. Gallinaru +          
S. Georgia  +          
S. Gwaai      +      
S. Hadar  +   +   + +   
S. Harmelen   +        
S. Havana  +    +      
S. Havana            
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Table 2. Salmonella serotype reported in fish and fishery products (Data from FAO, 2010) 

 
 

 
Fig. 1. Share of FDA violations for Salmonella, by fishery product, 2001 (data from Allshouse 
et al., 2004). 
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5. Survival and growth parameters 
Salmonella sp. can multiply and survive in the estuarine environments and tropical 
freshwater environments for weeks although open marine waters are free from Salmonella 
(Huss,1994; Huss & Gram 2003). Salmonella prefers to grow at 37°C. Compared to other 
Gram-negative bacteria, Salmonella are relatively resistant to various environmental factors. 
They grow at temperatures between 5°C and 47°C. There are reports that they survive for 
longer than E. coli in sea and freshwater environments (Huss, 1994; Sugumar & Mariappan, 
2003; Marriot & Gravani, 2006). Salmonella have been also reported to be able to grow within 
the temperature range of 2-54°C, although growth below 7°C has largely been observed only 
in microbiological culture media and growth above 48°C is confined to mutants or tempered 
strains (Bremer et al. 2003). A few Salmonella serotypes can grow over a pH range of 3.6–9.6, 
which is mildly basic to strongly acidic. Optimum growth occurs at a pH of 6.5–7.5, which is 
close to neutral. Other factors such as temperature, the type of acid present and the presence 
of antimicrobials can effect the minimum pH for growth (Brands, 2006; Marriot & Gravani, 
2006; Lawley et al., 2008). It requires a minimum Aw of 0.94 (and possibly 0.93) with a 
maximum salt content of 4.0% to 5.0% (Huss, 1994; Lawley et al., 2008). A study by Basti et 
al., (2006), for example, showed complete elimination of Salmonella on heavy salted fish and 
heavy salted cold smoked fish due to the high concentration levels of NaCl (>7%). Limiting 
conditions were summarized for Salmonella in Table 3. 
 
 

Pathogen min. Aw 
(using salt) 

min. 
pH 

max. 
pH 

max.% water 
phase salt 

min. 
temp 

max. 
temp 

Oxygen 
requirement 

Salmonell
a spp. 0.94 3.7 9.5 5 5 C 47 C facultative 

anaerobe 

Table 3. Limiting Conditions for Salmonella Growth 

6. Control of Salmonella in fish and fishery products  
Since most of fish products, with the exception of coldsmoked fish, sushi, and a few 
specialty products such as spiced, salted, or pickled fish, are expected to be cooked prior to 
consumption, the presence of microbiological pathogens should not present a human health 
hazard (Flick, 2008). 
The aquaculture farm is the first link in the food safety continuum and controls must be in 
place and implemented throughout the food safety chain. The experts agreed that good 
hygienic practices during aquaculture production and biosecurity measures can minimize 
but not eliminate Salmonella in products of aquaculture. 
Some important control measures to minimize the risk of Salmonella contamination of 
aquaculture products according to FAO (2011) 
Farm location 

 Farms should be secured from the entry of wild and domestic animals that may lead to 
the contamination of aquaculture products with Salmonella. 

Farm layout, equipment and design 

 Farm design and layout should be such that prevents cross contamination 
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6. Control of Salmonella in fish and fishery products  
Since most of fish products, with the exception of coldsmoked fish, sushi, and a few 
specialty products such as spiced, salted, or pickled fish, are expected to be cooked prior to 
consumption, the presence of microbiological pathogens should not present a human health 
hazard (Flick, 2008). 
The aquaculture farm is the first link in the food safety continuum and controls must be in 
place and implemented throughout the food safety chain. The experts agreed that good 
hygienic practices during aquaculture production and biosecurity measures can minimize 
but not eliminate Salmonella in products of aquaculture. 
Some important control measures to minimize the risk of Salmonella contamination of 
aquaculture products according to FAO (2011) 
Farm location 

 Farms should be secured from the entry of wild and domestic animals that may lead to 
the contamination of aquaculture products with Salmonella. 

Farm layout, equipment and design 

 Farm design and layout should be such that prevents cross contamination 
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 Equipment such as cages, nets and containers should be designed and constructed to 
allow for adequate cleaning and disinfection 

 Septic tanks, toilet facilities and bathrooms/showers should be constructed and placed 
so drainage does not pose a risk of contamination of farm facilities. 

Source water 

 Farm source water should be free from sewage contamination and suitable for 
aquaculture production 

 Farms should have settling ponds or waste water treatment in place to condition the 
output water prior to discharge 

Ice and Water Supply 
 Potable or clean water is available and used in sufficient amount for harvest, handling 

and cleaning operations 
 Ice should be manufactured using potable water and produced under sanitary 

conditions 
 Ice should be handled and stored under good sanitary conditions which precludes the 

risk for contamination. 
Harvesting 
Harvesting equipment and utensils easy to clean and disinfect and kept in clean condition. 
 Harvesting is planned in advance to avoid time/temperature abuse. 
 Aquaculture products should be hygienically handled. 
 Records on harvesting are maintained for traceability. 
On farm post-harvest handling 
 Utensils and equipment for handling and holding of aquaculture products is 

maintained in a clean condition. 
 Aquaculture products are cooled down quickly and maintained at temperatures 

approaching that of melting ice. 
 Operations such as sorting, weighing, washing, drainage, etc., are carried out quickly 

and hygienically. 
 All additives and chemicals (disinfectants, cleaning agents, etc) used in post-harvest 

aquaculture products should be approved by the national competent authority. 
Transport of aquaculture products from farm 

 Transport is carried out in easy to clean and clean facilities (boxes, containers, etc.). 
 Conditions of transport should not allow contamination from surroundings (e.g. dust, 

soil, water, oil, chemicals, etc.). 
 Aquaculture products are transported in containers with ice or with, in sufficient 

amounts to ensure temperature around 0ºC (approaching that of melting ice) in all 
products and during the whole period of transport. 

Employee health 

 Staff should be medically fit to work and should be screened regularly to determine 
carriers of Salmonella. 

On the other hand, a number of studies have been carried out to develop methods to control 
contamination of proceed fishery products. They are sub-divided into physical or chemical 
approaches (Norhana et al., 2010). 
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7. Physical approaches  
7.1 Cooking 
Application of heat is one of the simplest and most effective methods of eliminating 
pathogens from food. Heat application of 90°C for 1.5 min. in the center for mollusc and 99–
100°C for 3–4 min. for shellfish are accepted as safe processes before consumption. These 
temperatures are sufficient for the destruction of vegetative forms of the pathogens 
(Olgunoglu, 2010). Ray et al. (1976) reported that the processing of blue crabs involving 
steam cooking with pressure of approximately 15 psi (121°C) for 10 min. is sufficent to kill 
pathogens on the raw crab. Vegetative, unstressed Salmonella cells are heat-sensitive and are 
easily destroyed at pasteurisation (hot-smoking) temperatures. D-values (Decimal reduction 
time) at 60°C are typically 1-3 minutes (Huss & Gram 2003). Time/Temperature Guidance 
for Controlling Salmonella growth in Fishery Products were given Table 4. 
 

Potentially Hazardous Product Temperature Maximum Cumulative 
Exposure Time 

Growth of Salmonella 
species 

5.2-10C 
11-21C 

above 21C 

2 days 
5 hours 
2 hours 

Table 4. Time/Temperature Guidance for Controlling Salmonella Growth inFih and Fishery 
Products (FDA, 2011) 

7.2 Refrigeration 
Refrigeration and freezing are well-known techniques for extending the shelf-life of food 
products. These processes lower the temperature to levels at which bacterial metabolic 
processes are stopped and the rates of chemical and biochemical reactions reduced (Norhana 
et al., 2010). Although most Salmonella serotypes are unable to grow at refrigeration 
temperatures, the organismis can be prevented holding chilled fishery products below 4.4°C 
(Ward &Hart, 1997). Worldwide, the most common cause of foodborne salmonellosis is 
Salmonella typhimurium. The minimum growth temperature reported for this species is 6.2°C 
(A study by Ingham et al., (1990), indicate that the temperature preventing growth of S. 
typhimurium in picked crab meat is at or below 7°C). Thus, proper refrigeration will prevent 
growth of S. Typhimurium. However, maintenance of optimal refrigeration temperatures 
often cannot be guaranteed at all times prior to food consumption (Ingham et al., 1990). Thus, 
good sanitation after refrigeration process of fishery products such as cooked crabs or cooked 
shrimp are very important in maintainning product quality(Ray et al., 1976). 

7.3 Irradiation 
The irradiation of fishery products is a physical treatment involving direct exposure to 
electron or electromagnetic rays, for their long time preservation and improvement of  
quality and safety (Oraei et al., 2011; Özden & Erkan, 2010). Irradiation of food has been 
legally allowed in many countries and the WHO has sanctioned radiation of up to 7.0 kilo 
Gray (kGy) as safe. This process is one of the most effective methods for decontaminating 
both the surface and deep muscle of fresh meat. There is substantial literature on the 
effects of irradiation in reducing Salmonella on some fishery product such as shrimp 
(Norhana et al., 2010). The alteration in pathogen population as a result of irradiation 
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depends on the dose of irradiation, storage temperature, packaging conditions and fish 
species (Özden  et al., 2007). For example a study, showed complete elimination of 
Salmonella on frozen shrimp when irradiated at 4.0 kGy. Similarly it is also reported that 
doses of 4.0–5.0 kGy were required to reduce the numbers of S. typhimurium on shrimp by 
6.0 log cycles. According to Oraei et al., (2011),  low-dose gamma irradiation (especially  3 
kGy) can be applied for microbial control and the safety of rainbow trout and shelf life 
extension in frozen state. Gamma irradiation at 3 kGy was more effective than irradiation 
at 1 and 5 kGy in eliminating microorganisms of rainbow trout fillets. The irridation doses 
are also reported in the range 1.5–2.0 kGy effectively control all pathogenic bacteria tested 
in shellfish except Salmonella spp., particularly, S. enteritidis, which requires 3.0 kGy 
(IAEA,2001). Similarly to achieve safety levels against  Salmonella spp., particularly S. 
enteritidis, in raw oysters, a dose of 3.0 kGy is recommended by Gelli (2001). As a results 
although irradiation appears to be effective in eliminating pathogens in fishery product, 
there is an unsubstantiated view amongst the public that food irradiation is unsafe and 
undesirable. There is also evidence some that irradiation may reduce the nutritional value 
of some foods by the destruction of aromatic amino acids and producing rancidity and 
off-odours (Norhana et al., 2010). 

8. Modified atmosphere packaging (MAP) 
Modifed atmosphere packaging (MAP) has been widely used for extending the shelf life of a 
wide variety of food, including fish and fish products since 1980. Packages are injected with 
carbon dioxide, nitrogen, and very small (0.4 percent) amounts of carbon monoxide. The 
effciency of MAP in eliminating pathogens from fish depends on the gas mixture in MAP 
and, most importantly, the storage temperature (Redman, 2007; Hudecová et al., 2010). 
There is limited information on the effect of MAP with elevated O2 level on Salmonella in the 
literature. A study by Hudecová et al., (2010), for example, showed a signifcant decrease in 
the microbial growth rate on fresh chilled common carp (Cyprinus carpio) during storage at 
+4 ± 0.5 °C in two different MAP (70% N2/30% CO2 and 80% O2/20% CO2) for 10 days 
when compared to air packaging and no Salmonella was reported in these conditions. 
Ingham et al., (1990) reported that modified atmosphere storage using 50% CO2/10% O2 
dose effectively reduce the growth rate of S. typhimurium, but it cannot, in the absence of 
proper refrigeration, be relied upon to prevent salmonellosis.  

9. High-pressure processing (HPP) and superheated steam drying (SSD) 
High-pressure processing is an emerging non-thermal process that can be used to destroy 
pathogenic microorganisms in seafood without greatly affecting the quality of the product. 
In addition to improving the safety of shrimp, HPP has also been demonstrated to extend 
shrimp shelf-life. Shrimp are generally spoiled by Gram-negative bacteria, which tend to be 
relatively pressure sensitive due to their cell wall structure and HPP may therefore prove to 
be a valuable processing technology for shrimp. Although research has demonstrated the 
benefit of using HPP on shrimp and shrimp products, limited studies have been carried out 
specifically to eliminate or reduce Salmonella in fishery product using this technology.  
Superheated steam drying (SSD) is a promising drying technology to a variety of industries. 
Superheated steam is steam heated to a temperature higher than the boiling point 
corresponding to its pressure (Norhana et al., 2010). 
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10. Chemical approaches 
10.1 The use of antimicrobial agents 
Chlorine is the decontaminating agent most widely used to kill pathogenic microorganisms 
in the seafood industry. It is used to disinfect water used in the process (such as thawing 
frozen products), washing raw materials and in making ice for chilling fishery products. 
Commonly used chlorine compounds are liquid chlorine solution (HOCl) and hypochlorite 
(OCl−). More recently chlorine dioxide (ClO2) and electrolyzed oxidizing (EO) water have 
also been used for this purpose. Specifically, ClO2 has been recognized as a bactericidal, 
viricidal and fungicidal agent and is widely used in Europe and US as an alternative to 
chlorine and hypochlorite. In addition, EO water has also been shown to possess strong 
bactericidal activity against various foodborne pathogens. 
Both gaseous and dissolved forms of ozone are approved to be used as antimicrobial agents 
by the food industry, including the seafood industry. There are investigations on the effect 
of 2% ozonated saline (5.2 mg ozone/L, 5°C) on the inactivation of nine bacterial strains 
(including S. typhimurium) in shrimp meat. Findings showed that S. typhimurium was the 
most resistant of the species tested, with only 0.1 log cycle reductions (Norhana et al., 2010).  
Lactate is considered to be an effective additional hurdle against the growth of contamination 
flora and pathogens such as Salmonella and it is used in the further processed fish industry 
(fish cakes, smoked salmon, injected fillets, marinated fish). Studies on the specific action of 
lactates indicate they stimulate mechanisms that interfere with the metabolism of the bacteria, 
such as intercellular acidification and interfere with proton transfer across the cell membrane 
and feedback inhibition. Lactate also lowers water activity. Since lactate does not kill bacteria, 
it cannot be used to mask poor sanitation practices (Da Silva 2002). 

11. Intermational commision on microbiological specification for food 
(ICMSF) recommended microbial limits 
 

Product n1 c2 Bacteria/gram or cm2 
m3 M4 

Fresh and frozen fish and cold-
smoked fish  5 0 0 - 

Frozen raw crustaceans  5 0 0 - 
Frozen cooked crustaceans  10 0 0 - 
Fresh and frozen bivalve molluscs  20 0 0 - 

1Number of representative sample units.  
2Maximum number of acceptable sample units with bacterial counts between m and M.  
3Maximum recommended bacterial counts for good quality products.  
4Maximum recommended bacterial counts for marginally acceptable quality products. Plate counts 
below "m" are considered good quality. Plate counts between "m" and "M" are considered marginally 
acceptable quality, but can be accepted if the number of samples does not exceed "c." Plate counts at or 
above "M" are considered unacceptable quality (SeafoodNIC; 
http://seafood.ucdavis.edu/haccp/compendium/chapt17.htm) 

Table 5. Recommended microbiological limits for Salmonella spp. in fish and fishery 
products  
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depends on the dose of irradiation, storage temperature, packaging conditions and fish 
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in the seafood industry. It is used to disinfect water used in the process (such as thawing 
frozen products), washing raw materials and in making ice for chilling fishery products. 
Commonly used chlorine compounds are liquid chlorine solution (HOCl) and hypochlorite 
(OCl−). More recently chlorine dioxide (ClO2) and electrolyzed oxidizing (EO) water have 
also been used for this purpose. Specifically, ClO2 has been recognized as a bactericidal, 
viricidal and fungicidal agent and is widely used in Europe and US as an alternative to 
chlorine and hypochlorite. In addition, EO water has also been shown to possess strong 
bactericidal activity against various foodborne pathogens. 
Both gaseous and dissolved forms of ozone are approved to be used as antimicrobial agents 
by the food industry, including the seafood industry. There are investigations on the effect 
of 2% ozonated saline (5.2 mg ozone/L, 5°C) on the inactivation of nine bacterial strains 
(including S. typhimurium) in shrimp meat. Findings showed that S. typhimurium was the 
most resistant of the species tested, with only 0.1 log cycle reductions (Norhana et al., 2010).  
Lactate is considered to be an effective additional hurdle against the growth of contamination 
flora and pathogens such as Salmonella and it is used in the further processed fish industry 
(fish cakes, smoked salmon, injected fillets, marinated fish). Studies on the specific action of 
lactates indicate they stimulate mechanisms that interfere with the metabolism of the bacteria, 
such as intercellular acidification and interfere with proton transfer across the cell membrane 
and feedback inhibition. Lactate also lowers water activity. Since lactate does not kill bacteria, 
it cannot be used to mask poor sanitation practices (Da Silva 2002). 

11. Intermational commision on microbiological specification for food 
(ICMSF) recommended microbial limits 
 

Product n1 c2 Bacteria/gram or cm2 
m3 M4 

Fresh and frozen fish and cold-
smoked fish  5 0 0 - 

Frozen raw crustaceans  5 0 0 - 
Frozen cooked crustaceans  10 0 0 - 
Fresh and frozen bivalve molluscs  20 0 0 - 

1Number of representative sample units.  
2Maximum number of acceptable sample units with bacterial counts between m and M.  
3Maximum recommended bacterial counts for good quality products.  
4Maximum recommended bacterial counts for marginally acceptable quality products. Plate counts 
below "m" are considered good quality. Plate counts between "m" and "M" are considered marginally 
acceptable quality, but can be accepted if the number of samples does not exceed "c." Plate counts at or 
above "M" are considered unacceptable quality (SeafoodNIC; 
http://seafood.ucdavis.edu/haccp/compendium/chapt17.htm) 

Table 5. Recommended microbiological limits for Salmonella spp. in fish and fishery 
products  
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12. Conclusions 
Significant numbers of detections of Salmonella in fish and fishery products indicate that 
current strategies for Salmonella control in the aquaculture production and processing 
sectors are not adequate. While some marine fish caught offshore and handled hygienically 
and at low temperature according to the Codex Code of Practice for fish and fishery 
products (CAC/RCP/52-2003) may be suitable for raw consumption, it would be advisable 
to consume products of aquaculture only after cooking. The Salmonella problem should be 
resolved by the use of good manufacturing procedures and the strict application of sanitary 
practices. On the other hand, Hazard analysis and critical control point (HACCP) systems 
should be implemented increasingly by private industry for seafood, sometimes voluntarily 
and sometimes as mandated by Federal governments. These must be rigidly enforced 
throughout the processing line and require the full understanding and cooperation of plant 
management and every employee. Investment in new technologies and equipment will also 
improve the seafood safety. 
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products (CAC/RCP/52-2003) may be suitable for raw consumption, it would be advisable 
to consume products of aquaculture only after cooking. The Salmonella problem should be 
resolved by the use of good manufacturing procedures and the strict application of sanitary 
practices. On the other hand, Hazard analysis and critical control point (HACCP) systems 
should be implemented increasingly by private industry for seafood, sometimes voluntarily 
and sometimes as mandated by Federal governments. These must be rigidly enforced 
throughout the processing line and require the full understanding and cooperation of plant 
management and every employee. Investment in new technologies and equipment will also 
improve the seafood safety. 
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1. Introduction 
Vegetables that have been physically altered from its original state but remain in its fresh 
state are considered minimally processed. These vegetables are subjected to one or more 
physical changes (processes of washing, peeling, slicing and cutting), which make them 
ready for consumption. However, in the dicing step occurs the release of internal cellular 
fluids, rich in nutrients, which allow microorganisms to multiply rapidly increasing the 
initial microbial load and thus reducing considerably the shelf life of these products 
(FARBER, 1999). Therefore, the sanitization step aiming the reduction or destruction of 
pathogenic and spoilage microorganisms to acceptable levels is critical for these products 
(BACHELLI, 2010) since food poisoning outbreaks associated with contamination of 
vegetables continue to exist despite the technological advances. Leafy vegetables have been 
identified as significant vehicles of pathogens relevant to public health, including 
enterohaemorrhagic Escherichia coli (O157: H7), Listeria sp., Salmonella sp. and Shigella spp. 
(FRANK & TAKEUSHI, 1999) especially if proper care is not met on the steps of growing, 
harvesting and processing (GARG et al., 1990). Thus, a minimally processed product should 
be consistent, to have fresh look, be of acceptable color, free from defects and safe from a 
microbiological standpoint. 

2. Salmonella sp. as a pontential contamination microorganism of minimally 
processed vegetables 
2.1 Taxonomy 
Salmonella is a genus of Rod-shaped gram negative bacteria that belong to the family 
Enterobacteriaceae. Their species are motile, oxidase-negative, catalase positive and utilize 
glucose and other carbohydrates with the production of acid and gas.  
Officially the genus is composed of a single species, Salmonella choleraesuis, divided into 
seven subspecies, which are also known by Roman numerals: I. choleraesuis, II. salamae, IIIa. 
arizonae, IIIb. diarizonae, IV. houtenae, V. bongori and VI. indicates. In 1987 a proposal was 
made to change the name Salmonella choleraesuis for Salmonella enterica and in 1989 the 
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proposed elevation of the subspecies to the species category bongori. This proposal received 
unanimous support of the Subcommittee on Enterobacteriaceae of the International 
Committee on Systematic Bacteriology at the Fourteenth International Congress of 
Microbiology, but was not made official by the International Committee of Nomenclature of 
Bacteria. Still, it was adopted and used by the CDC (U.S. Center for Disease Control and 
Prevention), ASM (American Society for Microbiology) and WHO (World Health 
Organization). The strains most frequently involved in human disease are S. enterica subsp. 
enterica, which is the habitat for warm-blooded animals and are responsible for 99% of 
human salmonellosis. S. enterica subsp. salamae subsp. arizonae and subsp. diarizonae, are 
often isolated from the intestinal contents of cold-blooded animals and rarely humans or 
warm-blooded animals. S. enterica subsp. houtenae and S. bongori are predominantly isolated 
from the environment and are rarely pathogenic to humans (SILVA et al., 2010). 
More than 50% of the serotypes of Salmonella belong to the Salmonella enterica subsp. enterica, 
and the most common somatic serogroups are; A, B, C1, C2, D, E1, and E4. Approximately, 
99% of Salmonella infections in humans and warm-blooded animals, are due these 
serogroups, including widely known serotypes Parathyphi A (A group), Paratyphi B and 
Thyphimurium (B group), Paratyphi C and cholerasuis (C group), Typhi, Enteritidis and 
Gallinarum (D group) (SILVA et al., 2010).  

2.2 Growth and survival 
Salmonella sp. has the ability to growth in the temperature range of 2-45oC, with the 
optimum at 35-37oC. The psychotropic attribute of Salmonellae and ability to growth slowly 
at cold temperature raises concerns on cold-induced bacteriostasis as a food safety measure. 
Salmonellae can growth in the pH range with an optimum pH range of 6.5-7.5 for growth. 
The water activity for this genus is 0.93 or greater (SILVA et al., 2010). 
The propensity of Salmonella sp. to survive bactericidal food process and to persist for years 
in frozen foods and in dry foods stores at ambient temperature is a food safety concern. The 
thermal process in food industry widely used to eliminated bacterial human pathogens is a 
challenge concerning to Salmonella sp., because of its heat resistance in foods with low water 
activity. The classical study on solute dependent thermal resistance showed that heating of 
Salmonella sp. at 57.2oC in aqueous solutions of sucrose and glycerol adjust the AW = 0.90 
yields D value of 40-55 minutes and 1.8-8.3 min. respectively (GOEPFERT et al., 1970). 

2.3 Detection methods 
The traditional technique for detecting Salmonella sp. in food is a classic culture method for 
presence/absence, developed in order to ensure detection even under extremely 
unfavorable conditions. This is the case of food microbiology with a competitor microbiota 
much larger than the population of Salmonella and / or food in which the cells of Salmonella 
sp. are very few in number and/or foods in which the cells are injured by the process of 
preservation (application of heat, freezing, drying) (SILVA et al., 2010).  
The procedures recommended by different regulatory bodies, although they present some 
variations in the selection of culture media and method of sample preparation basically 
follow five steps: pre-enrichment, selective enrichment, plating, biochemical and serological 
confirmation (DÁOUST, 1994). All samples should be pre-enriched in a non-selective broth 
medium for 18-24h at 35-37oC. The aim of this step is to resuscitate the few injured or 
stressed cells of Salmonella sp. By the method ISO 6579 (2007), one of the most recommended 
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for minimally processed vegetables, a portion of 25 g or 25 mL of the sample, is taken and 
placed in 225 ml of buffered peptone water (BPW). Incubate for 18 hours at 37°C (SILVA et 
al., 2010). 
Selective enrichment of portion of pre-enriched culture in nine volumes of tetrathionate 
brilliant green (TBG), selenite cistine (SC) or Rappaport-Vassilads (RV) broth medium for 
18-24h represses the growth of competitive microflora and makes easy the recovery in 
different plating media. 
Selective differential plating objectives to promote the preferential development of colonies 
with typical Salmonella sp. It is recommended to be done in one or more culture media. The 
most common are the Hectoen Enteric Agar (HE), Xylose Lysine Desicolato Agar (XLD) agar 
and Xylose Lysine tergitol4 (XLT4) (Silva et al., 2010). Each culture purview a streak SVR 
(depletion) in the differential media recommended. Repeat this procedure with the broth 
MKTTn. Incubate plates inverted XLD 37oC/24 hours. Follow the incubation plates of the 
others differential culture media, according to the manufacturer. 
Confirmation is a step that aims to verify whether the colonies obtained in the typical 
differential plating are actually colonies of Salmonella sp. is carried out through biochemical 
and serological tests.  
In the XLD medium, typical colonies are dark pink in color with black center and a reddish 
zone, slightly transparent around. In the second chosen medium, after plating, following the 
manufacturer's guidelines for evaluating features of typical colonies of Salmonella sp. Select 
at least two colonies of each medium for further confirmation. 
Confirmation checks the biochemical profile biochemical characteristics of strains of 
Salmonella enterica subsp. enterica. Miniaturized kits are also recommended for this aim.   
Series recommended for biochemical analysis method for Salmonella sp.: Incubation of all 
tests: 37C/24 hours (SILVA et al., 2010). 
 Growth test Agar Triple Sugar Iron-TSI: Initial color: orange. Positive test: ramp 

alkaline (red), background acid (yellow) with production of gas (bubbles) with or 
without H2S production. 

 Urease test: deep pink colour. Negative for Salmonella sp. The medium maintains its 
original color. 

 Test Lysine Carboxylase: Most lysine-positive strains. Serotype Parathypi are negative. 
 Voges-Proskauer test: tubes with 3 mL of methyl red (VM)-VP, Voges-Proskauer. 

Salmonella sp. are negative. 
 Indole: indole-negative: the most of them. 
 Beta-galactosidase test. Most strains of Salmonella enterica subsp. enterica are negative. 
A serological confirmation checks for the presence of antigens "O", "Vi" and "H" for tests 
agglutination polyvalent antisera. The results for confirmed positive Salmonella sp. by the 
ISO 6579 method (2007) are: typical for biochemical tests, no self-agglutination and antibody 
positive serological test for O, Vi, or H. The methods of analysis of food end up confirming 
this stage, since the full characterization of Salmonella sp. is usually done by reference 
laboratories in each specific country  (SILVA et al., 2010). 
Over the past ten years there was a breakthrough in developing new methods, especially 
immunological methods and to a lesser extent, methods based on nucleic acids. These 
methods follow the current trend of development kits analytical trademarked defined by 
AOAC (Association of Official Analytical Chemists) as “a system containing all key 
components to the analysis of one or more microorganisms, one or more types of food, 
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for minimally processed vegetables, a portion of 25 g or 25 mL of the sample, is taken and 
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A serological confirmation checks for the presence of antigens "O", "Vi" and "H" for tests 
agglutination polyvalent antisera. The results for confirmed positive Salmonella sp. by the 
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positive serological test for O, Vi, or H. The methods of analysis of food end up confirming 
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Over the past ten years there was a breakthrough in developing new methods, especially 
immunological methods and to a lesser extent, methods based on nucleic acids. These 
methods follow the current trend of development kits analytical trademarked defined by 
AOAC (Association of Official Analytical Chemists) as “a system containing all key 
components to the analysis of one or more microorganisms, one or more types of food, 
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according to a particular method” (ANDREWS, 1997). The great advantage of the kits is that 
the material required for tests (all or part of it) is sold together, eliminating the preparation 
in the laboratory (SILVA et al., 2010). 
The polymerase chain reaction (PCR) detection of Salmonella spp is based on the 
amplification of bacterial DNA sequence that is unique to salmonellae. The PCR assay 
consists of three different steps: denaturation of duplex bacterial DNA into single strands 
(94oC), annealing of synthetic oligonucleotide primers (45-65oC) that are highly- specific to 
Salmonella sp. DNA sequences that flank the Salmonella-specific DNA targed, and a 
polymerase-dependent extension (72oC) of the single-stranded DNA starting at the primer 
site where elongation progress from 3min to 5min end of template DNA strand. The 
commonly targeted sequence for amplification lies within the inVA gene of Salmonella sp. 
(DÁOUST, 1994). 
Related to the minimally processed vegetables, the main method used is the traditional 
technique described in this chapter together with the use of miniaturized kits for 
biochemical bacteria identification. 

3. Foods involved in Salmonella sp. outbreaks 
Salmonella is a bacteria with wide occurrence in animals and in environment, and the main 
sources are water, soil, animal feces, insects and surfaces of factory’s equipment and kitchen 
utensils. A disease is generally contracted mainly through consumption of contaminated 
food of animal origin. It is commonly accepted that at between 1 million to 1 billion bacteria 
are needed to cause infection although some investigators suggest some people may be 
infected by far fewer bacteria. Other authors mention that the infectious dose is 15 to 20 cells 
and can reach any age range, with the elderly and children under seven years the more 
susceptible to get ill (SILVA et al., 2010). Nevertheless, most data suggest food, water, or 
other sources of contamination contain large amounts of bacteria. Although human stomach 
acid can reduce and sometimes eliminate Salmonella spp., occasionally some bacteria get 
through to the intestine and then attach and penetrate the cells. Symptoms may include 
headache, muscle aches, diarrhea, vomiting, abdominal cramping, chills, fever, nausea and 
dehydration. According to the Illinois Department of Public Health, most persons infected 
with Salmonella bacteria develop diarrhea, fever and abdominal cramps 12 to 72 hours after 
infection. The illness usually lasts 4 to 7 days, and most persons recover without treatment. 
However, in some persons, the diarrhea may be so severe that the patient needs to be 
hospitalized. Salmonella sp. infection may spread from the intestines to the bloodstream, and 
then to other body sites and can cause death unless the person is treated promptly with 
antibiotics. On the other hand, persons can be infected with the bacteria without having 
symptoms. Persons with and without symptoms shed the bacteria in their stool, which is 
why proper handwashing after toileting and before handling food is so important. Children 
younger than 1 year old, people who have had ulcer surgery or take antacids, the elderly, 
infants and those with impaired immune systems are more likely to have a severe illness 
from Salmonella sp. which can contaminate a wide variety of foods. These include raw foods 
derived from animals like eggs and egg products, meat and meat products, unpasteurized 
milk and other dairy products, and raw poultry. Shell eggs and eggs products figured as 
prominently in recent years as a human salmonellosis. More recently, Salmonella sp. 
outbreaks have been tied to a variety of fresh produce like lettuce, salad mixes, sprouts, 
melons, tomatoes and even peanut butter. Minimally processed vegetables have risen, since 
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the 90”s, as a new source of Salmonella sp. in food industry. Fresh cut vegetables are by 
definition, perishables. The process of cutting, slicing, chopping, breaks the protective skin 
of fresh vegetables and increases their vulnerability to biological contamination. A poor 
hygiene in minimally processed vegetables, especially in developing countries are the 
main cause of food borne disease associated to this product. The minimally processed 
vegetables are products that have suffered some manipulation, thus, the useful life, 
compared to fresh produce is much lower (BOONER et al., 2003). Microorganisms that 
cause disease in humans as bacteria, protozoa, virus, has been the focus of many studies 
of minimally processed vegetables. Salmonella sp. serotypes however are estimated to be 
responsible for most cases of food poisoning due the consumption of this kind of product 
worldwide (MEAD et al., 1999).  
According to Francys et al. (1999) Salmonella is the organism that are relevant to public 
health more commonly associated with food poisoning outbreaks involving vegetables 
ready for consumption. An outbreak of salmonellosis occurred in the UK in 1988, involved 
the consumption of green beans. Epidemiological studies in England and Wales between 
1992 and 1996 linked the consumption of coleslaw with Salmonella outbreaks that occurred 
during this period. 
Machado et al. (2009), in a research for microbiological evaluation of some minimally 
processed vegetables in Brazil, evaluated samples of watercress, lettuce, grated carrot, 
spinach, green cabbage and rocket minimally processed for some pathogens, including 
Salmonella sp. The vegetables were stored at a temperature of 5°C. Salmonella sp. was 
detected in 12.7% of the samples.  
Bruno et al. (2005), evaluating the microbiological quality of 15 samples of vegetables 
including carrots, cabbage, chayote, all minimally processed and marketed in the north part 
of Brazil verified that Salmonella sp. was present in 66% of the samples. 
 Santana et al. (2011) tested 512 samples of minimally processed vegetables in São Paulo, 
Brazil, and obtained that Salmonella sp. was detected in four samples. The serovars were 
Salmonella Typhimurium (three samples) and Salmonella enterica subsp. enterica (one sample). 
A small outbreak of Salmonella sp happened in five states of United States of America, in 
June, 2011. A total of 21 persons with the outbreak strain of Salmonella enteritidis have been 
reported from 5 states: Idaho (3), Montana (7), North Dakota (1), New Jersey (1) and 
Washington (9). Among persons for whom information is available, ill persons range in age 
from 12 years to 77 years old, with a median age of 35 years old. Seventy-one percent are 
female. Among the 10 ill persons with available information, 3 (30%) persons have been 
hospitalized. No deaths have been reported. It was announced by Los Angeles Times. The 
outbreak was linked with the consumption of alfafa sprouts (http:// articles.latimes.com/ 
2011). In USA, a total of 99 individuals infected with the outbreak strain of Salmonella Agona 
have been reported from 23 states, late July, 2011. Epidemiologic, traceback, and laboratory 
investigations have linked this outbreak to eating fresh, whole papayas imported from 
Mexico (CDC, 2011). According to the Center for Disease Control (CDC), in the United 
States, food poisoning causes nearly 76 million illness cases with about 325,000 
hospitalizations, and approximately 5,000 deaths yearly. The Salmonellae organisms are 
reportedly responsible for as much as $1 billion in medical costs and lost time from work.  
Concerning to salmonellosis preventions, it is important to say that Salmonella bacteria are 
killed when food is thoroughly cooked properly. Once cooked, any food held in a buffet 
should be kept hotter than 55oC. Cross contamination, may be avoided using different 
utensils, plates, cutting boards and count tops before and after cooking. Cooking food 
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according to a particular method” (ANDREWS, 1997). The great advantage of the kits is that 
the material required for tests (all or part of it) is sold together, eliminating the preparation 
in the laboratory (SILVA et al., 2010). 
The polymerase chain reaction (PCR) detection of Salmonella spp is based on the 
amplification of bacterial DNA sequence that is unique to salmonellae. The PCR assay 
consists of three different steps: denaturation of duplex bacterial DNA into single strands 
(94oC), annealing of synthetic oligonucleotide primers (45-65oC) that are highly- specific to 
Salmonella sp. DNA sequences that flank the Salmonella-specific DNA targed, and a 
polymerase-dependent extension (72oC) of the single-stranded DNA starting at the primer 
site where elongation progress from 3min to 5min end of template DNA strand. The 
commonly targeted sequence for amplification lies within the inVA gene of Salmonella sp. 
(DÁOUST, 1994). 
Related to the minimally processed vegetables, the main method used is the traditional 
technique described in this chapter together with the use of miniaturized kits for 
biochemical bacteria identification. 

3. Foods involved in Salmonella sp. outbreaks 
Salmonella is a bacteria with wide occurrence in animals and in environment, and the main 
sources are water, soil, animal feces, insects and surfaces of factory’s equipment and kitchen 
utensils. A disease is generally contracted mainly through consumption of contaminated 
food of animal origin. It is commonly accepted that at between 1 million to 1 billion bacteria 
are needed to cause infection although some investigators suggest some people may be 
infected by far fewer bacteria. Other authors mention that the infectious dose is 15 to 20 cells 
and can reach any age range, with the elderly and children under seven years the more 
susceptible to get ill (SILVA et al., 2010). Nevertheless, most data suggest food, water, or 
other sources of contamination contain large amounts of bacteria. Although human stomach 
acid can reduce and sometimes eliminate Salmonella spp., occasionally some bacteria get 
through to the intestine and then attach and penetrate the cells. Symptoms may include 
headache, muscle aches, diarrhea, vomiting, abdominal cramping, chills, fever, nausea and 
dehydration. According to the Illinois Department of Public Health, most persons infected 
with Salmonella bacteria develop diarrhea, fever and abdominal cramps 12 to 72 hours after 
infection. The illness usually lasts 4 to 7 days, and most persons recover without treatment. 
However, in some persons, the diarrhea may be so severe that the patient needs to be 
hospitalized. Salmonella sp. infection may spread from the intestines to the bloodstream, and 
then to other body sites and can cause death unless the person is treated promptly with 
antibiotics. On the other hand, persons can be infected with the bacteria without having 
symptoms. Persons with and without symptoms shed the bacteria in their stool, which is 
why proper handwashing after toileting and before handling food is so important. Children 
younger than 1 year old, people who have had ulcer surgery or take antacids, the elderly, 
infants and those with impaired immune systems are more likely to have a severe illness 
from Salmonella sp. which can contaminate a wide variety of foods. These include raw foods 
derived from animals like eggs and egg products, meat and meat products, unpasteurized 
milk and other dairy products, and raw poultry. Shell eggs and eggs products figured as 
prominently in recent years as a human salmonellosis. More recently, Salmonella sp. 
outbreaks have been tied to a variety of fresh produce like lettuce, salad mixes, sprouts, 
melons, tomatoes and even peanut butter. Minimally processed vegetables have risen, since 
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the 90”s, as a new source of Salmonella sp. in food industry. Fresh cut vegetables are by 
definition, perishables. The process of cutting, slicing, chopping, breaks the protective skin 
of fresh vegetables and increases their vulnerability to biological contamination. A poor 
hygiene in minimally processed vegetables, especially in developing countries are the 
main cause of food borne disease associated to this product. The minimally processed 
vegetables are products that have suffered some manipulation, thus, the useful life, 
compared to fresh produce is much lower (BOONER et al., 2003). Microorganisms that 
cause disease in humans as bacteria, protozoa, virus, has been the focus of many studies 
of minimally processed vegetables. Salmonella sp. serotypes however are estimated to be 
responsible for most cases of food poisoning due the consumption of this kind of product 
worldwide (MEAD et al., 1999).  
According to Francys et al. (1999) Salmonella is the organism that are relevant to public 
health more commonly associated with food poisoning outbreaks involving vegetables 
ready for consumption. An outbreak of salmonellosis occurred in the UK in 1988, involved 
the consumption of green beans. Epidemiological studies in England and Wales between 
1992 and 1996 linked the consumption of coleslaw with Salmonella outbreaks that occurred 
during this period. 
Machado et al. (2009), in a research for microbiological evaluation of some minimally 
processed vegetables in Brazil, evaluated samples of watercress, lettuce, grated carrot, 
spinach, green cabbage and rocket minimally processed for some pathogens, including 
Salmonella sp. The vegetables were stored at a temperature of 5°C. Salmonella sp. was 
detected in 12.7% of the samples.  
Bruno et al. (2005), evaluating the microbiological quality of 15 samples of vegetables 
including carrots, cabbage, chayote, all minimally processed and marketed in the north part 
of Brazil verified that Salmonella sp. was present in 66% of the samples. 
 Santana et al. (2011) tested 512 samples of minimally processed vegetables in São Paulo, 
Brazil, and obtained that Salmonella sp. was detected in four samples. The serovars were 
Salmonella Typhimurium (three samples) and Salmonella enterica subsp. enterica (one sample). 
A small outbreak of Salmonella sp happened in five states of United States of America, in 
June, 2011. A total of 21 persons with the outbreak strain of Salmonella enteritidis have been 
reported from 5 states: Idaho (3), Montana (7), North Dakota (1), New Jersey (1) and 
Washington (9). Among persons for whom information is available, ill persons range in age 
from 12 years to 77 years old, with a median age of 35 years old. Seventy-one percent are 
female. Among the 10 ill persons with available information, 3 (30%) persons have been 
hospitalized. No deaths have been reported. It was announced by Los Angeles Times. The 
outbreak was linked with the consumption of alfafa sprouts (http:// articles.latimes.com/ 
2011). In USA, a total of 99 individuals infected with the outbreak strain of Salmonella Agona 
have been reported from 23 states, late July, 2011. Epidemiologic, traceback, and laboratory 
investigations have linked this outbreak to eating fresh, whole papayas imported from 
Mexico (CDC, 2011). According to the Center for Disease Control (CDC), in the United 
States, food poisoning causes nearly 76 million illness cases with about 325,000 
hospitalizations, and approximately 5,000 deaths yearly. The Salmonellae organisms are 
reportedly responsible for as much as $1 billion in medical costs and lost time from work.  
Concerning to salmonellosis preventions, it is important to say that Salmonella bacteria are 
killed when food is thoroughly cooked properly. Once cooked, any food held in a buffet 
should be kept hotter than 55oC. Cross contamination, may be avoided using different 
utensils, plates, cutting boards and count tops before and after cooking. Cooking food 
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stands at room temperature for a long time, such as two hours, is also at risk. It is important 
to assent that vegetables, now identified as a source of Salmonella sp., must be thoroughly 
washed in treated or healthy running water before they are eaten, as basic operations of 
food borne disease. In food industry, internal systems of quality control are essential to 
prevent occurrence of foodborne illness to consumer. As an example, the HACCP (Hazards 
Analysis and Control of Critical Points) system, adopted by major international markets, 
basically ensures that the manufactured products are developed without risk to public 
health, and also have uniform standards of identity and quality (SILVA, 1999). 

4. Sanitizers as a control measure 
Minimally processed vegetables are products ready for consumption and must be free of 
pathogenic microorganisms. Its washing step must be done with good quality water 
followed by the addition of sanitizer solution aiming to reduce the microbial counting and 
increasing microbial safety and the product preservation. Thus, the sanitation plays an 
important role in reducing decay and maintaining quality. Therefore, the types of sanitizers, 
the forms of application, generally a function of time and concentration, will depend on the 
accompanying microbiota and characteristics of raw material processing.  
Chlorine, in its various forms, is the group of most commonly used compound sanitizers 
because of its efficiency and low cost. They are compounds of broad-spectrum germicidal 
action by reacting with membrane proteins of the microorganism. Sodium hypochlorite is 
the most widely used chemical sanitizer because of its complete dissociation in water, easy 
application and quick action being effective in reducing populations of bacteria, fungi, 
viruses and nematodes. In water, produces sodium hydroxide (NaOH) and hypochlorous 
acid (HOCl), the latter being the germicidal agent, which dissociates into H+ and OCl- ion 
according to the following reactions: 

NaOCl + H2O    NaOH + HOCl 

HOCl  →  H+ + OCl-  

It is proved that the hypochlorous acid (HOCl) has greater disinfecting action (about 80 
times more) than the same concentration of hypochlorite ion (OCl-). The amount of HOCl 
formed depends on the pH of the solution and its concentration is considerably higher at pH 
4.0 decreasing as pH increases. Thus, at pH above 5.0 occurs an increase of the hypochlorite 
ion (OCl-). The sanitizing step is usually performed at pH between 6.5 and 7.0 because in 
this range there is still considerable amount of hypochlorous acid. The greatest disinfecting 
power of the hypochlorous acid is explained by the fact that being a small, neutral molecule 
has a greater ease of penetration through the cell wall. In turn, the hypochlorite ion due to 
its negative charge is more difficult to cross the cell wall and reach the enzyme system. It is 
therefore possible that the greatest difficulty in the elimination of sporulated forms is related 
to the penetration of the disinfecting agent as this may be hampered by the protective 
mantle of the microorganism.  
A study carried out  by Berbari et al. (2001) showed that soaking for 15 minutes in a solution 
containing a chlorine 70mg.L-1 enables a shelf-life of up to 6 days for minimally processed 
lettuce stored at 2°C, increasing to 9 days if treated with a solution containing 100 to 130mg.L-1 
of chlorine. On the other hand, a study by Nunes et al. (2010) with Peruvian carrot minimally 
processed, showed that soaking for 10 minutes in a solution containing 100mg.L-1 of chlorine 
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allowed a shelf-life of 6 days when stored at a temperature of 5°C ± 1°C. Nascimento (2002) 
showed that vegetables washed with a solution containing 50 ppm of free chlorine showed a 
significant reduction in the total count of aerobic and that fecal coliforms were even more 
sensitive to chlorine, not being more detected in vegetables after washing. Therefore, 
chlorine and its salts, especially hypochlorite, are effective and of low cost, and widely 
applied as a spray for bacteriological control in industries working with vegetables (KIM et 
al., 1999). However, in recent years there has been some concern in the use of chlorine due to 
the inconvenience of toxic compounds that can be formed and leave residual taste in food 
(OLIVEIRA & VALLE, 2000). Among these compounds, there are the trihalomethanes 
(THM), aldehydes, halocetonas and chloramines, which when hydrolyzed proved related to 
some types of cancer according to epidemiological studies of Meyer (1994). Depending on 
the toxicity of these compounds, there is a recognized need to find alternative sanitizers for 
hygiene and sanitization procedures for vegetables. Thus, chlorine dioxide (ClO2) has 
received special attention (ARENSTEIN, 2003) for, although it is a derivative of chlorine, 
generates negligible amount of by-products (trihalomethanes), characterized as a product of 
low carcinogenic potential (ANDRADE & MACEDO, 1999). In addition, chlorine dioxide is 
a strong oxidizing agent that reacts mostly through a mechanism of electron transfer by 
attacking the cell membrane, penetrating, dehydrating, and lastly, oxidizing the internal 
components of the microbial cell without however causing toxic effects, as most of the 
chlorine compounds do. It also has the advantage of being effective against gram negative 
and positive. Still, by the fact that hydrolyzes the phenolic compounds it reduces the 
possibility of formation of tastes and odors. 
Another important aspect of chlorine dioxide is its sharp and sporicidal disinfectant action 
in lower concentrations than that of chlorine. The explanation of its high bactericidal action 
is due to the fact that it is soluble in oils, greases and substances of mixed composition, such 
as cells of virus and bacteria, whose membranes easily penetrates in, as opposed to other 
disinfectants of polar nature. 
Chlorine dioxide is stable under a wide pH range (6-10) and its decomposition are first 
formed chlorite (ClO3) and then chlorate (ClO2) which can be seen in the equations: 

2 NaClO2 + Cl2    2 ClO2 + 2 NaCl 

2 ClO2 + H2O    ClO-2 + ClO-3 + 2 H+ 

4 ClO2- + H2+    2 ClO-2 + ClO-3 + 2 H2O 

However, the major disadvantages of chlorine dioxide are its cost and its sensitivity to high 
temperatures. 
Currently, several studies are being conducted with chlorine dioxide in different countries. 
Felkey et al. (2003) and Rash (2003) showed in their studies the efficiency of chlorine dioxide in 
reducing Salmonella on the surface of tomato and melon, respectively. Another sanitizing agent 
that has been used quite successfully is peracetic acid, also known as peroxide of acetic acid or 
peroxyacetic acid. It is obtained by the reaction of acetic acid or acetic anhydride with 
hydrogen peroxide in the presence of sulfuric acid, which has the function of catalyst. The 
decomposition products are acetic acid, hydrogen peroxide and water. 
The peroxyacetic acid has currently one of the largest application as disinfectants in the food 
industry and its efficiency is similar or superior to sodium hypochlorite (NASCIMENTO, 
2002), but more potent than hydrogen peroxide. It is an excellent sanitizer for the great 
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stands at room temperature for a long time, such as two hours, is also at risk. It is important 
to assent that vegetables, now identified as a source of Salmonella sp., must be thoroughly 
washed in treated or healthy running water before they are eaten, as basic operations of 
food borne disease. In food industry, internal systems of quality control are essential to 
prevent occurrence of foodborne illness to consumer. As an example, the HACCP (Hazards 
Analysis and Control of Critical Points) system, adopted by major international markets, 
basically ensures that the manufactured products are developed without risk to public 
health, and also have uniform standards of identity and quality (SILVA, 1999). 

4. Sanitizers as a control measure 
Minimally processed vegetables are products ready for consumption and must be free of 
pathogenic microorganisms. Its washing step must be done with good quality water 
followed by the addition of sanitizer solution aiming to reduce the microbial counting and 
increasing microbial safety and the product preservation. Thus, the sanitation plays an 
important role in reducing decay and maintaining quality. Therefore, the types of sanitizers, 
the forms of application, generally a function of time and concentration, will depend on the 
accompanying microbiota and characteristics of raw material processing.  
Chlorine, in its various forms, is the group of most commonly used compound sanitizers 
because of its efficiency and low cost. They are compounds of broad-spectrum germicidal 
action by reacting with membrane proteins of the microorganism. Sodium hypochlorite is 
the most widely used chemical sanitizer because of its complete dissociation in water, easy 
application and quick action being effective in reducing populations of bacteria, fungi, 
viruses and nematodes. In water, produces sodium hydroxide (NaOH) and hypochlorous 
acid (HOCl), the latter being the germicidal agent, which dissociates into H+ and OCl- ion 
according to the following reactions: 

NaOCl + H2O    NaOH + HOCl 

HOCl  →  H+ + OCl-  

It is proved that the hypochlorous acid (HOCl) has greater disinfecting action (about 80 
times more) than the same concentration of hypochlorite ion (OCl-). The amount of HOCl 
formed depends on the pH of the solution and its concentration is considerably higher at pH 
4.0 decreasing as pH increases. Thus, at pH above 5.0 occurs an increase of the hypochlorite 
ion (OCl-). The sanitizing step is usually performed at pH between 6.5 and 7.0 because in 
this range there is still considerable amount of hypochlorous acid. The greatest disinfecting 
power of the hypochlorous acid is explained by the fact that being a small, neutral molecule 
has a greater ease of penetration through the cell wall. In turn, the hypochlorite ion due to 
its negative charge is more difficult to cross the cell wall and reach the enzyme system. It is 
therefore possible that the greatest difficulty in the elimination of sporulated forms is related 
to the penetration of the disinfecting agent as this may be hampered by the protective 
mantle of the microorganism.  
A study carried out  by Berbari et al. (2001) showed that soaking for 15 minutes in a solution 
containing a chlorine 70mg.L-1 enables a shelf-life of up to 6 days for minimally processed 
lettuce stored at 2°C, increasing to 9 days if treated with a solution containing 100 to 130mg.L-1 
of chlorine. On the other hand, a study by Nunes et al. (2010) with Peruvian carrot minimally 
processed, showed that soaking for 10 minutes in a solution containing 100mg.L-1 of chlorine 
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allowed a shelf-life of 6 days when stored at a temperature of 5°C ± 1°C. Nascimento (2002) 
showed that vegetables washed with a solution containing 50 ppm of free chlorine showed a 
significant reduction in the total count of aerobic and that fecal coliforms were even more 
sensitive to chlorine, not being more detected in vegetables after washing. Therefore, 
chlorine and its salts, especially hypochlorite, are effective and of low cost, and widely 
applied as a spray for bacteriological control in industries working with vegetables (KIM et 
al., 1999). However, in recent years there has been some concern in the use of chlorine due to 
the inconvenience of toxic compounds that can be formed and leave residual taste in food 
(OLIVEIRA & VALLE, 2000). Among these compounds, there are the trihalomethanes 
(THM), aldehydes, halocetonas and chloramines, which when hydrolyzed proved related to 
some types of cancer according to epidemiological studies of Meyer (1994). Depending on 
the toxicity of these compounds, there is a recognized need to find alternative sanitizers for 
hygiene and sanitization procedures for vegetables. Thus, chlorine dioxide (ClO2) has 
received special attention (ARENSTEIN, 2003) for, although it is a derivative of chlorine, 
generates negligible amount of by-products (trihalomethanes), characterized as a product of 
low carcinogenic potential (ANDRADE & MACEDO, 1999). In addition, chlorine dioxide is 
a strong oxidizing agent that reacts mostly through a mechanism of electron transfer by 
attacking the cell membrane, penetrating, dehydrating, and lastly, oxidizing the internal 
components of the microbial cell without however causing toxic effects, as most of the 
chlorine compounds do. It also has the advantage of being effective against gram negative 
and positive. Still, by the fact that hydrolyzes the phenolic compounds it reduces the 
possibility of formation of tastes and odors. 
Another important aspect of chlorine dioxide is its sharp and sporicidal disinfectant action 
in lower concentrations than that of chlorine. The explanation of its high bactericidal action 
is due to the fact that it is soluble in oils, greases and substances of mixed composition, such 
as cells of virus and bacteria, whose membranes easily penetrates in, as opposed to other 
disinfectants of polar nature. 
Chlorine dioxide is stable under a wide pH range (6-10) and its decomposition are first 
formed chlorite (ClO3) and then chlorate (ClO2) which can be seen in the equations: 

2 NaClO2 + Cl2    2 ClO2 + 2 NaCl 

2 ClO2 + H2O    ClO-2 + ClO-3 + 2 H+ 

4 ClO2- + H2+    2 ClO-2 + ClO-3 + 2 H2O 

However, the major disadvantages of chlorine dioxide are its cost and its sensitivity to high 
temperatures. 
Currently, several studies are being conducted with chlorine dioxide in different countries. 
Felkey et al. (2003) and Rash (2003) showed in their studies the efficiency of chlorine dioxide in 
reducing Salmonella on the surface of tomato and melon, respectively. Another sanitizing agent 
that has been used quite successfully is peracetic acid, also known as peroxide of acetic acid or 
peroxyacetic acid. It is obtained by the reaction of acetic acid or acetic anhydride with 
hydrogen peroxide in the presence of sulfuric acid, which has the function of catalyst. The 
decomposition products are acetic acid, hydrogen peroxide and water. 
The peroxyacetic acid has currently one of the largest application as disinfectants in the food 
industry and its efficiency is similar or superior to sodium hypochlorite (NASCIMENTO, 
2002), but more potent than hydrogen peroxide. It is an excellent sanitizer for the great 
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oxidation capacity of the cellular components of microorganisms having a rapid action at 
low concentrations and still effective in the presence of organic material and therefore being 
an effective biocide. 
Its biocide action is influenced by the concentration, shape and type of microorganism. It 
degrades rapidly in biodegradable and harmless substances such as acetic acid and active 
oxygen, which pose no risk of toxicity and does not affect the taste and odor of food. Do not 
have mutagenic or carcinogenic effects (COSTA, 2007). However peroxyacetic acid has low 
stability during storage and handling must be done carefully. A study performed by Hilgren 
& Salverda (2000) showed a significant reduction in the total count of bacteria and fungi in 
vegetables treated with peroxyacetic acid. Alvarenga et al. (1991) found that after 1, 3 and 5 
minutes of contact with peracetic acid at a concentration of 300mg.L-1 reached respectively 
0.43, 1.2 and 2.8 decimal reductions in the population of spores of Bacillus subtilis. 
Also according to Nascimento (2002), there was no significant difference to the 
performances of the peracetic acid compared to sodium hypochlorite. Similar results were 
reported by Farrell et al. (1998), Sapers et al. (1999) and Wisniewsky et al. (2000). However 
other authors have demonstrated the superiority of peracetic acid when compared to the 
sodium hypochlorite in the presence of organic matter. Jones et al. (1992) got a reduction 
of 3 log cycle for Vibrio cholerae and E. coli using peracetic acid (25ppm) when compared to 
sodium hypochlorite (25 ppm). Thus, although there are a number of studies reported in 
the international literature, most of the time these were carried out under different 
conditions not allowing comparisons. Therefore, further studies are needed to know the 
effectiveness of sanitizers in the real conditions of use, working with vegetables available 
in the local market, with its natural contaminant microbiota unchanged. It is also 
interesting the implementation in the food sector, of a rotation between different 
sanitizers thereby preventing the development of resistance by microorganisms to the 
active principles of the same. 

5. Chlorine dioxide and peracetic acid as sanitizers to control microorganisms 
presents in minimally processed chicory (cichorium endivia l.) and rocket 
(eruca vesicaria sativa)  
Combined effect of type, concentration and action time of sanitizer in the microbial 
control of minimally processed chicory and rocket. An observation. 
Sodium hypochloride has been the sanitizer usually used to reduce the microbial counting 
in minimally processed vegetables, although its use is questioned due to be precursor in the 
formation of organic chloramines, compounds of high carcinogenic potential. As a 
consequence of this fact, other sanitizers have been proposed to replace it, among them 
chlorine dioxide and peracetic acid. Therefore in this work chlorine dioxide (10, 25 and 
50ppm/2, 5 and 10min) and peracetic acid (50, 75 and 100ppm/4, 7 and 10min) were 
compared with sodium hypochloride (120ppm/15min) in the control of natural microbiota of 
minimally processed rocket and chicory.  
In green leafy vegetables, the physical form of the vegetable being processed is very 
important because certain types of leaves are difficult to be washed and sanitized requiring 
greater care. The leafy vegetables, rocket and chicory, present this kind of difficulty, which 
by being consumed as salad, so fresh, are potentially risk factors, that’s why they were 
chosen for the work associated with their high consumption. 
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The microbial counts on fresh materials rocket and chicory after washing followed by 
immersion in water for 15 min. showed high contamination of molds and yeasts (5.90 and 
5.62 log CFU.g-1), total coliforms (6.22 and 5.59 log CFU.g-1) and Escherichia coli (2.61 and 
2.37 log CFU.g-1).  
It has also been seen that the samples of rocket showed initial contamination superior to the 
chicory for the same tests, which may be a consequence of the type of rocket leaf that by 
being rough ends up retaining contaminants on its surface, unlike the chicory which has the 
smooth leaf. 
Data regarding to the effects of chlorine dioxide and peracetic acid in the population of 
yeasts and molds in minimally processed chicory (Table 1) showed that the variables 
concentration and contact time influenced significantly (at 5%), and both concentrations as 
the contact times studied was inversely proportional to the population of yeasts and molds 
naturally present in chicory minimally processed.  
 

Time* Treatment with chlorine dioxide (ClO2)  
(Min) 10ppm 25ppm 50ppm MSD1 

2 3.312  0.212 a, A 2.871  0.157 b, A 2.436  0.120 c, A 0.419 
5 3.026  0.266 a, A, B 2.598  0.182 a, b, A 2.242  0.084 b, A 0.482 

10 2.541  0.278 a, B 2.026  0.046 b, B 2.000  0.000 b, B 0.407 
DMS2 0.635 0.353 0.212 ---- 

Time* Treatment with peracetic acid (CH3-COOOH)  
(Min) 50ppm 75ppm 100ppm MSD1 

4 3.445  0.279 a, A 3.247  0.185 a, A 2.716  0.119 b, A 0.514 
7 3.131  0.174 a, A, B 2.785  0.094 b, B 2.452  0.119 b, B 0.334 

10 2.902  0.139 a, B 2.308  0.166 b, C 2.000  0.000 b, C 0.313 
MSD2 0.517 0.384 0.243 ---- 

Blank (washing and immersion in tap water for 15 minutes) ** .(log CFU.g-1)         5.616 

Standard (washing with water and immersion in a solution of sodium 
hypochlorite: 120ppm/15min) ** ……………………………….…(log CFU.g-1)        <2.000 

MSD1 = for the data on the lines; MSD2 = for the data on the columns; small letter compares averages on 
the same line, capital letters compare means in the same column, different letters indicate that the data 
differ significantly at 5% probability; * Time of contact with the sanitizer product; ** reference 
treatments. 

Table 1. Yeast and mold count (log CFU.g-1) observed in samples of minimally processed 
chicory.  

In the case of chlorine dioxide, the treatments performed with 25ppm/10min and 
50ppm/10min were statistically superior to the others and there wasn’t, however, 
significant differences between the two. Both treatments showed a reduction equivalent to 3 
logarithmic cycles in the population of yeasts and molds when compared with the treatment 
by washing followed by immersion in water for 15 minutes. On the other hand, regarding 
the effect of peracetic acid in the population of yeasts and molds, the treatments carried out 



 
Salmonella – A Dangerous Foodborne Pathogen 116 

oxidation capacity of the cellular components of microorganisms having a rapid action at 
low concentrations and still effective in the presence of organic material and therefore being 
an effective biocide. 
Its biocide action is influenced by the concentration, shape and type of microorganism. It 
degrades rapidly in biodegradable and harmless substances such as acetic acid and active 
oxygen, which pose no risk of toxicity and does not affect the taste and odor of food. Do not 
have mutagenic or carcinogenic effects (COSTA, 2007). However peroxyacetic acid has low 
stability during storage and handling must be done carefully. A study performed by Hilgren 
& Salverda (2000) showed a significant reduction in the total count of bacteria and fungi in 
vegetables treated with peroxyacetic acid. Alvarenga et al. (1991) found that after 1, 3 and 5 
minutes of contact with peracetic acid at a concentration of 300mg.L-1 reached respectively 
0.43, 1.2 and 2.8 decimal reductions in the population of spores of Bacillus subtilis. 
Also according to Nascimento (2002), there was no significant difference to the 
performances of the peracetic acid compared to sodium hypochlorite. Similar results were 
reported by Farrell et al. (1998), Sapers et al. (1999) and Wisniewsky et al. (2000). However 
other authors have demonstrated the superiority of peracetic acid when compared to the 
sodium hypochlorite in the presence of organic matter. Jones et al. (1992) got a reduction 
of 3 log cycle for Vibrio cholerae and E. coli using peracetic acid (25ppm) when compared to 
sodium hypochlorite (25 ppm). Thus, although there are a number of studies reported in 
the international literature, most of the time these were carried out under different 
conditions not allowing comparisons. Therefore, further studies are needed to know the 
effectiveness of sanitizers in the real conditions of use, working with vegetables available 
in the local market, with its natural contaminant microbiota unchanged. It is also 
interesting the implementation in the food sector, of a rotation between different 
sanitizers thereby preventing the development of resistance by microorganisms to the 
active principles of the same. 

5. Chlorine dioxide and peracetic acid as sanitizers to control microorganisms 
presents in minimally processed chicory (cichorium endivia l.) and rocket 
(eruca vesicaria sativa)  
Combined effect of type, concentration and action time of sanitizer in the microbial 
control of minimally processed chicory and rocket. An observation. 
Sodium hypochloride has been the sanitizer usually used to reduce the microbial counting 
in minimally processed vegetables, although its use is questioned due to be precursor in the 
formation of organic chloramines, compounds of high carcinogenic potential. As a 
consequence of this fact, other sanitizers have been proposed to replace it, among them 
chlorine dioxide and peracetic acid. Therefore in this work chlorine dioxide (10, 25 and 
50ppm/2, 5 and 10min) and peracetic acid (50, 75 and 100ppm/4, 7 and 10min) were 
compared with sodium hypochloride (120ppm/15min) in the control of natural microbiota of 
minimally processed rocket and chicory.  
In green leafy vegetables, the physical form of the vegetable being processed is very 
important because certain types of leaves are difficult to be washed and sanitized requiring 
greater care. The leafy vegetables, rocket and chicory, present this kind of difficulty, which 
by being consumed as salad, so fresh, are potentially risk factors, that’s why they were 
chosen for the work associated with their high consumption. 
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The microbial counts on fresh materials rocket and chicory after washing followed by 
immersion in water for 15 min. showed high contamination of molds and yeasts (5.90 and 
5.62 log CFU.g-1), total coliforms (6.22 and 5.59 log CFU.g-1) and Escherichia coli (2.61 and 
2.37 log CFU.g-1).  
It has also been seen that the samples of rocket showed initial contamination superior to the 
chicory for the same tests, which may be a consequence of the type of rocket leaf that by 
being rough ends up retaining contaminants on its surface, unlike the chicory which has the 
smooth leaf. 
Data regarding to the effects of chlorine dioxide and peracetic acid in the population of 
yeasts and molds in minimally processed chicory (Table 1) showed that the variables 
concentration and contact time influenced significantly (at 5%), and both concentrations as 
the contact times studied was inversely proportional to the population of yeasts and molds 
naturally present in chicory minimally processed.  
 

Time* Treatment with chlorine dioxide (ClO2)  
(Min) 10ppm 25ppm 50ppm MSD1 

2 3.312  0.212 a, A 2.871  0.157 b, A 2.436  0.120 c, A 0.419 
5 3.026  0.266 a, A, B 2.598  0.182 a, b, A 2.242  0.084 b, A 0.482 

10 2.541  0.278 a, B 2.026  0.046 b, B 2.000  0.000 b, B 0.407 
DMS2 0.635 0.353 0.212 ---- 

Time* Treatment with peracetic acid (CH3-COOOH)  
(Min) 50ppm 75ppm 100ppm MSD1 

4 3.445  0.279 a, A 3.247  0.185 a, A 2.716  0.119 b, A 0.514 
7 3.131  0.174 a, A, B 2.785  0.094 b, B 2.452  0.119 b, B 0.334 

10 2.902  0.139 a, B 2.308  0.166 b, C 2.000  0.000 b, C 0.313 
MSD2 0.517 0.384 0.243 ---- 

Blank (washing and immersion in tap water for 15 minutes) ** .(log CFU.g-1)         5.616 

Standard (washing with water and immersion in a solution of sodium 
hypochlorite: 120ppm/15min) ** ……………………………….…(log CFU.g-1)        <2.000 

MSD1 = for the data on the lines; MSD2 = for the data on the columns; small letter compares averages on 
the same line, capital letters compare means in the same column, different letters indicate that the data 
differ significantly at 5% probability; * Time of contact with the sanitizer product; ** reference 
treatments. 

Table 1. Yeast and mold count (log CFU.g-1) observed in samples of minimally processed 
chicory.  

In the case of chlorine dioxide, the treatments performed with 25ppm/10min and 
50ppm/10min were statistically superior to the others and there wasn’t, however, 
significant differences between the two. Both treatments showed a reduction equivalent to 3 
logarithmic cycles in the population of yeasts and molds when compared with the treatment 
by washing followed by immersion in water for 15 minutes. On the other hand, regarding 
the effect of peracetic acid in the population of yeasts and molds, the treatments carried out 
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at concentrations of 75ppm/10min and 100ppm/10min  proved to be statically superior to 
others, but without showing any significant difference between them. Just as in the 
treatments with chlorine dioxide, peracetic acid treatments had reduced to the equivalent of 
3 logarithmic cycles in the population of yeasts and molds when compared with the 
treatment by washing followed by immersion in water for 15 minutes (blank). Treatment 
with chlorine dioxide and peracetic acid, described above as having showed the best results 
in terms of population control of yeasts and molds in chicory, showed the same level of 
standard treatment (2 log CFU.g-1). When the same treatments were performed using 
minimally processed rocket (Table 2), the counts were higher and showed no significant 
differences between them, as much for the treatments with chlorine dioxide as for treatment 
with peracetic acid. However, even with no significant difference between them, the greatest 
reductions in populations of yeasts and molds were obtained in the case of peracetic acid 
treatments, with 100ppm/10min and in the case of chlorine dioxide with 50ppm/10min. 
 

Time* Treatment with chlorine dioxide (ClO2)  
(Min) 10ppm 25ppm 50ppm MSD1 

2 5.149  0.544 a, A 4.433  0.538 a, A 4.078  0.479 a, A 1.305 
5 4.839  0.504 a, A 4.127  0.463 a, A 3.709  0.387 a, A 1.138 

10 4.327  0.375 a, A 3.797  0.439 a, A 3.371  0.370 a, A 0.992 
MSD2 1.202 1.207 1.039 ---- 

Time* Treatment with peracetic acid (CH3-COOOH)  
(Min) 50ppm 75ppm 100ppm MSD1 

4 4.314  0.425 a, A 3.869  0.577 a, A 3.400  0.593 a, A 1.345 
7 3.998  0.472 a, A 3.563  0.640 a, A 3.020  0.692 a, A 1.525 

10 3.594  0.468 a, A 3.160  0.690 a, A 2.644  0.673 a, A 1.549 
MSD2 1.141 1.596 1.638 ---- 

Blank (washing and immersion in tap water for 15 minutes) ** (log CFU.g-1) 5.896 

Standard (washing with water and immersion in a solution of sodium 
hypochlorite: 120ppm/15min) ** …………………………………(log CFU.g-1) 2.400 

MSD1 = for the data on the lines; MSD2 = for the data on the columns; small letter compares averages on 
the same line, capital letters compare means in the same column, different letters indicate that the data 
differ significantly at 5% probability; * Time of contact with the sanitizer product; ** reference 
treatments. 

Table 2. Yeast and mold count (log CFU.g-1) observed in samples of minimally processed 
rocket. 

As for the action of these sanitizers in counts of total coliform in chicory (Table 3) and rocket 
(Table 4), minimally processed, the response was almost linear and inversely proportional, 
that is, when the concentration of sanitizers or their periods of contact were increased, the 
population of total coliforms also decreased. 
Referring to the action of chlorine dioxide on the total coliform in chicory only the treatment 
with 50ppm/10min showed the same log cycle (1.34 log CFU.g-1) of the standard treatment 
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(1.48 log CFU.g-1) and statistically different from the others. In the case of peracetic acid, 2 
treatments were better: 100ppm/10min (1.10 log CFU.g-1) and 100ppm/7min (1.44 log 
CFU.g-1) and they were statistically different from the others, however not different from 
each other. Therefore, as far as the control of total coliform in minimally processed chicory 
under the conditions of the treatments performed peracetic acid was more effective than 
chlorine dioxide. 
In the case of the action of chlorine dioxide on the total coliform in minimally processed 
rocket only one treatment (50ppm/10min) provided results (3.85 log CFU.g-1) in the same 
logarithmic cycle of the standard treatment (3.52 log CFU.g-1) being statistically different 
from the others. When peracetic acid was used as sanitizer, only one treatment 
(100ppm/10min) was able to reduce the count of total coliforms to below the standard, 
respectively 2.87 x 3.52 log CFU.g-1. Other 3 treatments (100ppm/4min, and 100ppm/7min 
75ppm/10min) provided counts (3.65 log CFU.g-1, 3.33 log CFU.g-1 and 3.45 log CFU.g-1) 
similar to the standard (3.52 log CFU.g-1) being in the same log cycle. 
 

Time* Treatment with chlorine dioxide (ClO2)  
(Min) 10ppm 25ppm 50ppm MSD1 

2 3.088  0.647 a, A 2.944  0.613 a, A 2.302  0.424 a, A 1.428 
5 2.820  0.535 a, A 2.578  0.561 a, A 2.014  0.399 a, A, B 1.213 

10 2.544  0.561 a, A 2.423  0.515 a,b, A 1.339  0.308 b, B 1.883 
MSD2 1.460 1.415 0.953 ---- 

Time* Treatment with peracetic acid (CH3-COOOH)  
(Min) 50ppm 75ppm 100ppm MSD1 

4 3.446  0.143 a, A 3.256  0.194 a, A 2.344  0.292 b, A 0.547 
7 2.806  0.412 a, A, B 2.681  0.397 a, A, B 1.440  0.095 b, B 0.839 

10 2.310  0.544 a, B 2.170  0.492 a,b, B 1.100  0.174 b, B 1.090 
MSD2 1.008 0.957 0.510 ---- 

Blank (washing and immersion in tap water for 15 minutes) ** .(log CFU.g-1)         5.587 

Standard (washing with water and immersion in a solution of sodium 
hypochlorite: 120ppm/15min) ** ……………………………….…(log CFU.g-1)        1.480 

MSD1 = for the data on the lines; MSD2 = for the data on the columns; small letter compares averages on 
the same line, capital letters compare means in the same column, different letters indicate that the data 
differ significantly at 5% probability; * Time of contact with the sanitizer product; ** reference 
treatments. 

Table 3. Total coliform count (log CFU.g-1) observed in samples of minimally processed 
chicory. 

All samples of minimally processed chicory and rocket, treated with chlorine dioxide and 
peracetic acid were reduced by two logarithmic cycles for Escherichia coli, ie, an initial 
count of 2.86 log CFU.g-1 in the treatment by washing and immersion in water to less than 
1.00 log CFU.g-1. However, in the sample of standard treatment there was a total control, 
that is, no growth. 
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at concentrations of 75ppm/10min and 100ppm/10min  proved to be statically superior to 
others, but without showing any significant difference between them. Just as in the 
treatments with chlorine dioxide, peracetic acid treatments had reduced to the equivalent of 
3 logarithmic cycles in the population of yeasts and molds when compared with the 
treatment by washing followed by immersion in water for 15 minutes (blank). Treatment 
with chlorine dioxide and peracetic acid, described above as having showed the best results 
in terms of population control of yeasts and molds in chicory, showed the same level of 
standard treatment (2 log CFU.g-1). When the same treatments were performed using 
minimally processed rocket (Table 2), the counts were higher and showed no significant 
differences between them, as much for the treatments with chlorine dioxide as for treatment 
with peracetic acid. However, even with no significant difference between them, the greatest 
reductions in populations of yeasts and molds were obtained in the case of peracetic acid 
treatments, with 100ppm/10min and in the case of chlorine dioxide with 50ppm/10min. 
 

Time* Treatment with chlorine dioxide (ClO2)  
(Min) 10ppm 25ppm 50ppm MSD1 

2 5.149  0.544 a, A 4.433  0.538 a, A 4.078  0.479 a, A 1.305 
5 4.839  0.504 a, A 4.127  0.463 a, A 3.709  0.387 a, A 1.138 

10 4.327  0.375 a, A 3.797  0.439 a, A 3.371  0.370 a, A 0.992 
MSD2 1.202 1.207 1.039 ---- 

Time* Treatment with peracetic acid (CH3-COOOH)  
(Min) 50ppm 75ppm 100ppm MSD1 

4 4.314  0.425 a, A 3.869  0.577 a, A 3.400  0.593 a, A 1.345 
7 3.998  0.472 a, A 3.563  0.640 a, A 3.020  0.692 a, A 1.525 

10 3.594  0.468 a, A 3.160  0.690 a, A 2.644  0.673 a, A 1.549 
MSD2 1.141 1.596 1.638 ---- 

Blank (washing and immersion in tap water for 15 minutes) ** (log CFU.g-1) 5.896 

Standard (washing with water and immersion in a solution of sodium 
hypochlorite: 120ppm/15min) ** …………………………………(log CFU.g-1) 2.400 

MSD1 = for the data on the lines; MSD2 = for the data on the columns; small letter compares averages on 
the same line, capital letters compare means in the same column, different letters indicate that the data 
differ significantly at 5% probability; * Time of contact with the sanitizer product; ** reference 
treatments. 

Table 2. Yeast and mold count (log CFU.g-1) observed in samples of minimally processed 
rocket. 

As for the action of these sanitizers in counts of total coliform in chicory (Table 3) and rocket 
(Table 4), minimally processed, the response was almost linear and inversely proportional, 
that is, when the concentration of sanitizers or their periods of contact were increased, the 
population of total coliforms also decreased. 
Referring to the action of chlorine dioxide on the total coliform in chicory only the treatment 
with 50ppm/10min showed the same log cycle (1.34 log CFU.g-1) of the standard treatment 
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(1.48 log CFU.g-1) and statistically different from the others. In the case of peracetic acid, 2 
treatments were better: 100ppm/10min (1.10 log CFU.g-1) and 100ppm/7min (1.44 log 
CFU.g-1) and they were statistically different from the others, however not different from 
each other. Therefore, as far as the control of total coliform in minimally processed chicory 
under the conditions of the treatments performed peracetic acid was more effective than 
chlorine dioxide. 
In the case of the action of chlorine dioxide on the total coliform in minimally processed 
rocket only one treatment (50ppm/10min) provided results (3.85 log CFU.g-1) in the same 
logarithmic cycle of the standard treatment (3.52 log CFU.g-1) being statistically different 
from the others. When peracetic acid was used as sanitizer, only one treatment 
(100ppm/10min) was able to reduce the count of total coliforms to below the standard, 
respectively 2.87 x 3.52 log CFU.g-1. Other 3 treatments (100ppm/4min, and 100ppm/7min 
75ppm/10min) provided counts (3.65 log CFU.g-1, 3.33 log CFU.g-1 and 3.45 log CFU.g-1) 
similar to the standard (3.52 log CFU.g-1) being in the same log cycle. 
 

Time* Treatment with chlorine dioxide (ClO2)  
(Min) 10ppm 25ppm 50ppm MSD1 

2 3.088  0.647 a, A 2.944  0.613 a, A 2.302  0.424 a, A 1.428 
5 2.820  0.535 a, A 2.578  0.561 a, A 2.014  0.399 a, A, B 1.213 

10 2.544  0.561 a, A 2.423  0.515 a,b, A 1.339  0.308 b, B 1.883 
MSD2 1.460 1.415 0.953 ---- 

Time* Treatment with peracetic acid (CH3-COOOH)  
(Min) 50ppm 75ppm 100ppm MSD1 

4 3.446  0.143 a, A 3.256  0.194 a, A 2.344  0.292 b, A 0.547 
7 2.806  0.412 a, A, B 2.681  0.397 a, A, B 1.440  0.095 b, B 0.839 

10 2.310  0.544 a, B 2.170  0.492 a,b, B 1.100  0.174 b, B 1.090 
MSD2 1.008 0.957 0.510 ---- 

Blank (washing and immersion in tap water for 15 minutes) ** .(log CFU.g-1)         5.587 

Standard (washing with water and immersion in a solution of sodium 
hypochlorite: 120ppm/15min) ** ……………………………….…(log CFU.g-1)        1.480 

MSD1 = for the data on the lines; MSD2 = for the data on the columns; small letter compares averages on 
the same line, capital letters compare means in the same column, different letters indicate that the data 
differ significantly at 5% probability; * Time of contact with the sanitizer product; ** reference 
treatments. 

Table 3. Total coliform count (log CFU.g-1) observed in samples of minimally processed 
chicory. 

All samples of minimally processed chicory and rocket, treated with chlorine dioxide and 
peracetic acid were reduced by two logarithmic cycles for Escherichia coli, ie, an initial 
count of 2.86 log CFU.g-1 in the treatment by washing and immersion in water to less than 
1.00 log CFU.g-1. However, in the sample of standard treatment there was a total control, 
that is, no growth. 
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There was no Salmonella sp./25g in all samples analyzed. 
Therefore, when the results of the best treatments were considered, the two sanitizers tested 
proved to be as effective as treatment with sodium hypochlorite. Thus, both chlorine dioxide 
and peracetic acid are able to replace the sodium hypochlorite in concentrations and times 
considered (50ppm/10min chlorine dioxide, peracetic acid and the 100ppm/10min 
120ppm/15min sodium hypochlorite). On the other hand, none of the sanitizers caused any 
kind of physical or unfavorable organoleptic product changes (wilting, darkening, strong 
odor, color change etc.) at the concentration levels studied. 
 

Time* Treatment with chlorine dioxide (ClO2)  
(Min) 10ppm 25ppm 50ppm MSD1 

2 5.132  0.064 a, A 4.732  0.047 b, A 4.487  0.106 c, A 0.191 
5 4.896  0.138 a, A, B 4.530  0.157 b, A 4.215  0.094 b, B 0.331 

10 4.570  0.177 a, B 4.136  0.187 b, B 3.847  0.114 b, C 0.407 
MSD2 0.338 0.359 0.263 ---- 

Time* Treatment with peracetic acid (CH3-COOOH)  
(Min) 50ppm 75ppm 100ppm MSD1 

4 5.031  0.324 a, A 4.415  0.341 a, A 3.652  0.207 b, A 0.744 
7 4.680  0.320 a, A 4.078  0.283 a, A, B 3.334  0.100 b, A 0.634 

10 4.283  0.353 a, A 3.451  0.167 b, B 2.869  0.158 b, B 0.609 
MSD2 0.833 0.685 0.403 ---- 

Blank (washing and immersion in tap water for 15 minutes) ** .(log CFU.g-1) 6.224 

Standard (washing with water and immersion in a solution of sodium 
hypochlorite: 120ppm/15min) ** ……………………………….…(log CFU.g-1) 3.517 

MSD1 = for the data on the lines; MSD2 = for the data on the columns; small letter compares averages on 
the same line, capital letters compare means in the same column, different letters indicate that the data 
differ significantly at 5% probability; * Time of contact with the sanitizer product; ** reference 
treatments. 

Table 4. Total coliform count (log CFU.g-1) observed in samples of minimally processed rocket. 
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There was no Salmonella sp./25g in all samples analyzed. 
Therefore, when the results of the best treatments were considered, the two sanitizers tested 
proved to be as effective as treatment with sodium hypochlorite. Thus, both chlorine dioxide 
and peracetic acid are able to replace the sodium hypochlorite in concentrations and times 
considered (50ppm/10min chlorine dioxide, peracetic acid and the 100ppm/10min 
120ppm/15min sodium hypochlorite). On the other hand, none of the sanitizers caused any 
kind of physical or unfavorable organoleptic product changes (wilting, darkening, strong 
odor, color change etc.) at the concentration levels studied. 
 

Time* Treatment with chlorine dioxide (ClO2)  
(Min) 10ppm 25ppm 50ppm MSD1 

2 5.132  0.064 a, A 4.732  0.047 b, A 4.487  0.106 c, A 0.191 
5 4.896  0.138 a, A, B 4.530  0.157 b, A 4.215  0.094 b, B 0.331 

10 4.570  0.177 a, B 4.136  0.187 b, B 3.847  0.114 b, C 0.407 
MSD2 0.338 0.359 0.263 ---- 

Time* Treatment with peracetic acid (CH3-COOOH)  
(Min) 50ppm 75ppm 100ppm MSD1 

4 5.031  0.324 a, A 4.415  0.341 a, A 3.652  0.207 b, A 0.744 
7 4.680  0.320 a, A 4.078  0.283 a, A, B 3.334  0.100 b, A 0.634 

10 4.283  0.353 a, A 3.451  0.167 b, B 2.869  0.158 b, B 0.609 
MSD2 0.833 0.685 0.403 ---- 

Blank (washing and immersion in tap water for 15 minutes) ** .(log CFU.g-1) 6.224 

Standard (washing with water and immersion in a solution of sodium 
hypochlorite: 120ppm/15min) ** ……………………………….…(log CFU.g-1) 3.517 

MSD1 = for the data on the lines; MSD2 = for the data on the columns; small letter compares averages on 
the same line, capital letters compare means in the same column, different letters indicate that the data 
differ significantly at 5% probability; * Time of contact with the sanitizer product; ** reference 
treatments. 

Table 4. Total coliform count (log CFU.g-1) observed in samples of minimally processed rocket. 
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1. Introduction 
Salmonella causes various infections in humans. Contamination of people by Salmonella may 
be caused by infected persons, animals and direct contact of those with fluids Salmonella also 
has an important role in producing pathogens that cause food posinoning. Salmonellas act as 
primary reservoir for foods such as chicken meat, milk and milk products, eggs and meat 
products etc. Some of microorganisms lsuch as Coliform bacteria have same features with 
Salmonella. For that reason, isolation and identification of Salmonella from clinical and other 
samples are important. 

2. Salmonella  
Efforts related with classification of these bacteria since first Salmonellas has been found also 
continues recently. When Salmonella bacteria are examined by DNA/DNA hybridization 
trials which are performed among bacteria, all Salmonellas should be accepted as one species 
including Arizona species added to them. According to this, subgenuses that Kauffman has 
created among Salmonellas according to genetic and other characteristics (subgenus 1, 
subgenus 2, subgenus 3= Arizona and subgenus 4) and subgenus 5 which was added by Le 
Minor should be accepted as sub-species instead of subgenus.  
Up to the present, Salmonella bacteria were named according to their pathology, their host 
and the city where they have been found first and an attention was paid to use an individual 
name for every bacteria within the same antigen structure in Kauffman-White classification. 
These bacteria which were accepted as individual serovars were classified as separate 
species. It is known that these characteristics of bacteria are not appropriate and sufficient to 
determine a species and none of the methods that has been used up to the present is 
scientific in terms of taxonomy. Furthermore, international enterobacteriaceae subcommittee 
which is the most reliable organization about this subject have not performed a scientific 
guidance about various Salmonellas erovars classification. While studies continue, this 
committee has suggested as follows: 
To protect validity of Kauffman white classification without having a bias related with 
definition of this species; to keep names of bacteria in Salmonellas ubgenus 1 (like individual 
species names) by continuing a normal tradition in medicine, cliniz and microbiology up to 
the present; when new bacteria which comply to this subgenus is found, to classify them 
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individually; to keep names of bacteria which have been found up to the present in other 
subgenus similarly, but in case of finding new bacteria which comply to this genus, to 
classify them only by antigenic formulas. 
The idea which has arisen lately is that all Salmonellas including Arizona are single species 
and to classify this species as Salmonella enterica. Discriminations related with antigenic, 
biochemical, host and geographical distribution which are seen among bacteria has been 
depended on differentiation of this single species. Six subgroups were detected as a result of 
researches performed by DNA hybridization methods.  
These are; Salmonella: 1 subgroup including s. enterica subspecies; Salmonella : 2 subgroup 
including salamae subgroup; Salmonella: 3a and Salmonella: 3b subgroups including 
arizonae and diarizonae subspecies; Salmonella: 4 subgroup including hautenae; 
Salmonella: 5 subgroup including bongori subspecies and Salmonella: 6 subgroup including 
indica subspecies. 
In practice, bacteria are named as serovar names and for example, to use only Salmonellas 
erovar typhimurium, even Salmonellas erovar typhimurium name is preferred instead of 
long names such as Salmonella enterica subsp., Enterica serovar typhimurium.  

2.1 Appearance and stanng characterstcs 
Salmonella bacteria are asporogenic, capsule-free, motile via peritrichous cilium (Salmonella 
gallinarium or Salmonella pulorum are immotile), rod-shaped bacteria with an approximate 
length of 2,0-5,0 µm, width of 0,7-1,5 µm. They are stained well with bacteriologic stains and 
they are gram-negative (Figure 1). Most of them have type 1 (mannose sensitive (ms), 
hemagglutinating); S. Gallinarium and some origins have type 2 fimbriae. S. paratyphi As 
do not have fimbriae. 
 

 
Fig. 1. Microscopic View of Salmonella  
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2.2 Reproduction and biochemical characteristics 
Salmonella bacteria reproduce in many ordinary mediums. They are aerobe and facultative 
anaerobe. Their reproduction temperature limit is very wide even they reproduce at 37° C 
best. (20°C- 42°C). This is extremely important for reproduction of Salmonellas which cause 
food intoxication at room temperature. They like to produce at average pH of 7,2. They 
make homogenous turbidity in bouillon and similar liquid medium. They make round, slab 
sided, mostly tumescent colonies with a diameter of 2-3 mm, regular surface. In colonies of 
various Salmonellas , some differences may exist in terms of size, protuberance, surface and 
side. Salmonella typhi may also make gnome colonies which may reach to 0,2-0,3 mm 
diameter within the first 24 hours. Biochemical characteristics of bacteria which are obtained 
from these colonies are same as normal colonies; and they are agglutinated with O serums 
only antigenically and they differ from bacteria in S colonies in terms of not reacting with 
anti H, anti Vi serums. If they are reproduced in mediums including sulfurous compounds, 
sulfates and tiosulfates which may be assimilated, normal colonies occur from bacteria that 
make gnome colonies. 
Some of Salmonellas , S. Schottemuelleri (s. paratyphi) in particular and some others form M 
colonies in appropriate mediums. It is detected that these bacteria have M antigens and 
agglutination is prevented by anti O and anti H serums. Furthermore, R colonies are formed 
by Salmonella which reproduce in inappropriate mediums (Figure 2). 
 
 
 
 

 
 
 

Fig. 2. Salmonella colonies 
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 Salmonellas are not effective on lactose. This characteristics is important in first 
differentiation from Escherichias. As these bacteria which are planted in a separator plaque 
medium (endo, EMB) including lactose and an appropriate reagent are not effective on 
lactose, they make colorless colonies; however those effective on lactose make dark red, 
black, greenish bright colonies (Figure 3). 
 
 
 
 
 

 
 
 

Fig. 3. View of Salmonella and Lactose Positive Colonies 

Salmonellas do not effect on sucrose, adonitole and salicin in usual other than lactose. They 
digest glucose, mannite and maltose by producing acid and gas except Salmonella typhi and 
S. gallinarum; and Salmonella typhi and gallinarum digest them by producind acid only. 
They produce H2S in general (except S. paratyphi A); they are indole negative, methyl red 
positive, Vogesproskauter negative and they reproduce in citrated mediums (Simmon), they 
do not digest urea. They could not be produced in KCN (potassium cyanide 0,5%) mediums. 
ONPG (orthonitro phenyl galactopyranoside) assay is negative. (They do not have beta 
galactosidase enzymes that may digest lactose). This assay is positive in Arizona. 
Biochemical characteristics of Salmonellas were shown in Table 1. 
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Motility  + 
Indole  - 
H2S  + 
Oxidase  - 
Urease  - 
Nitrate reduction  + 
Citrate Utilization  + 
MR  + 
VP  - 
Lysine decarboxilation  + 
Ornithine decarboxilation  + 
Phenylalanine deamination  - 
Malonate Utilization  - 
Lactose  - 
Sucrose  - 
Salicine  - 
Inositol  - 
Amygdalin  - 
Gas Production from glucose  + 
β-galaktosidase (ONPG Test)  - 
Reproduction in KCN  - 

(-) Negative (+) Positive 

Table 1. Biochemical characteristics of Salmonellas  

3. Important terms n takng examnaton sample 
As delay in the diagnosis of acute infection is unhealthful in terms of delay in the treatment 
and it is also dangerous that other persons may be infected due to more contact. To obtain 
rapid and correct etiological diagnosis is possible to take the examination material 
appropriately, to send it to the laboratory rapidly and to examine them in the laboratory 
well. Inability to produce the active germ is due to faulty examination material taking in 
general. Examination material should be taken by persons who know the purpose of such 
procedure and by being careful in the following subjects.  
It should be especially noted that examination material should be taken before 
administration of any antibiotics or other chemotherapeutic medications. Pathogen bacteria 
may not exist in the purulence even 24 hours after antibiotic administration. If bacteria that 
chemotherapeutic substance inhibit can not be produced from the examination material 
during the administration, it may be produced several days after discontinuation of the 
medication.  
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Examination material should be taken from the place where suspicious germ may exist. While 
taking sterile materials in normal such as urine, cerebrospinal fluid, special attention should be 
paid for contamination with outer germs. Sometimes, falling of several bacteria from outside 
causes not to obtain a result from the culture. The orifice of the tube or bottle should be singed 
when it is opened or before closing after material is put. The cap or seal of the tube or the 
bottle should be closed after removal without contacting any where. Although an extreme care 
is not necessary for materials including normal flora such as phlegm and stool, it is 
appropriate to take materials carefully by avoiding contamination from outside.  
To obtain a successful result from the culture of the examination material, it should be taken 
within an appropriate period of the disease. In intestinal infections, bacteria may exist more 
in diarrhea period. It is more possible to isolate them within this period.  
Furthermore, to take the examination material within certain times of the day may be 
important. To obtain a positive result by a culture made with the blood which was taken in 
febrile period is more likely. To obtain the phlegm in the morning is easier. The patient may 
expectorate more with a less effort.  
No disinfecting or antiseptic are added into the examination material. If upper surface of the 
lesion is desired to be cleaned, a swam immersed into sterile saline or sterile cotton which is 
hold by a sterile holder is used. The material is taken after cleaned area dried.  
Examination material should be sufficient to perform the examinations completely. It is not 
necessary to take excessive material. For example, when materials such as phlegm or stool 
are put more, they smear outside of the container. Particularly, a janitor who does not know 
the importance of the procedure may be infected by touching these containers. This should 
be prevented by continuous warnings and trainings. 
The examination material should be sent to the laboratory as soon as possible and examined. 
Sensitive bacteria in the material of which examination is delayed die due to low 
temperature, effect of enzymes, drying or not being nourished. Saprophyte bacteria which 
may be present in the examination material reproduce at room temperature; to produce 
pathogenic bacteria is not possible as their count increases. Therefore, the material is stored 
in the refrigerator until the examination time when germs which are effected from cold are 
not searched. By this procedure, saprophytes do not reproduce and pathogens continue 
their vitality. Sometimes, mediums and required tools are carried near to the patient’s bed 
and examination material is added immediately when taken.  
Examination material should be sent to the laboratory early in the day. By this means, 
examination is possible within working hours of the laboratory. Laboratory should be 
notified one hour earlier for immediate examination.  

3.1 Taking examination material and putting in a suitable container 
It is extremely important not to contaminate with external germs for the material of which 
microbiological examination will be performed. The material which is taken in aseptic 
conditions should be put in a sterile container immediately and the cap should be closed. 
When germs in the examination material kept in hot conditions, they may reproduce and 
die in the cold. Therefore, the material which is taken to a sterile container should be 
implanted to the medium as soon as possible.  

3.2 Stool 
The stool that culture will be performed should be taken into a sterile container. By this 
means, contamination with bacteria in containers that stool was put before. There are special 
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containers to put stool. These are tubes made of glass which were closed by cork. A small 
spoon made of metal was put on the edge of cork seal. Purulence or mucous parts of stool is 
taken by this spoon and put into the tube and cork of the tube is closed. To send to far 
distances, this special tube is put into a cylinder shaped box and this box is put into a 
wooden box. Also, scoop shaped small spoons made of metal are used to take stool. The 
stool is taken by deep side of this spoon which is sterilized by wrapping to a paper and the 
spoon is put into a screw cap bottle. Especially, bottles with wider orifices are suitable to put 
stool. Stool may be taken into glass like cardboards directly.  
If culture of the stool will delay for several hours after taking, 1 g stool is mixed with 10 cm3 
30% neutral glycerol solution in 6% saline buffer. It is seen that reaction is alkaline by pink-
violet color after addition of phenol red. If this mixture is kept for a period, reaction 
becomes acid and indicator shows yellow color; so this mixture is not used anymore. 
Glycerol solution prevents saprophyte bacteria to reproduce and mask pathogen bacteria.  
 
 

The solution is prepared as follows: 
6% saltwater 70 cm3 

Glycerol 30 cm³ 
Na2 HPO4 1 g 

0,02% phenol red is added into this. 
 
Prepared solution is divided into bottles as 10 cm3. The stool is taken into this bottle.  
Stool may be sent to a far laboratory by a filter paper to search Salmonella bacteria. For 
this, stool is applied on a filter or blotter as a thin layer and left for drying in the room. 
Two edges of the paper is folded by superimposing by a holder, stool is kept between the 
folded part. The paper is placed into a plastic envelope. Various samples which were 
prepared by this manner may be sent with a package prepared accordingly for mail. Such 
paper is cut into three parts in the laboratory. Suspension is made with salt water and it is 
smeared on appropriate medium in petri plate. Other parts are put into selenite and tetra 
thionate bouillon, they are smeared on the petri plate after reproduction. 
Stool sample which was taken into sterile containers or stool sample which was taken by 
swab rectally, the sample taken from bedpan or diaper of unconscious patient, and stool 
sample taken from baby diapers should be examined within at least one hour. If the 
sample is not examined within one hour, it may be stored in the refrigerator for three to 
four hours. Because, coliform bacteria which are dominant on the stool reproduce more in 
the room temperature and acidize the environment. This prevents reproduction of 
Salmonella bacteria as well as causes death.  
Bean sized sample is taken into any of selenite or tetra thionate bouillon mediums and 
processed to pre-enrichment at 37°C for 3 to 4 hours in the incubator, then it is planted on 
SS, EMB, endoagar plates according to dilution planting technique and identification 
process is started by considering lactose negative colonies.  

3.3 Microbiological examination of the urine 
Kidneys, ureter, bladder and most of the urethra are sterile areas in healthy human. Urethra 
includes a bacteria flora as far as 1,5-2 cm inside from the orifice both in women and men. In 
normal, the urine coming from upper sterile areas always contaminates more or less while 
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passing from this region of the urethra. But this contamination is not over a certain bacteria 
count in a healthy person. By considering this feature of the urinary system and the urine, 
some criteria should be followed before taking the urine sample, while taking the sample 
and sending it to the laboratory for microbiological examinations.  
Generally, urinary antiseptics and antibiotic drugs and excessive water should not be given 
to persons before taking the sample. 
The form so called middle flow is the most common method applied in all hospitalized 
and polyclinic patients who are cooperated for taking urine sample. The most important 
subject that patients should know and should be informed in this method is genital region 
cleaning which is required to be performed before taking the urine sample. Because, 
bacteria reproduce over 105 criteria in urine samples taken from persons who do not care 
about genital area hygiene and cleaning, frequently in women and urinary infection is 
diagnosed inaccurately. No infection is found in urine samples of these persons after a 
well cleaning is performed. Soap and water are sufficient for cleaning. Persons should 
wash their hands first, and clean glans penis and orifice in men and genital areas, labias 
and the orifice of women from front to back and from up to down. The person will start to 
urinate just after this cleaning and take the urine which is in the middle of the urination 
stage, not the first or the last urine into a sterile tube or sterile bottle with a wide opening 
(as 5 to 10 ml) and close the cap immediately. The urine taken should be transmitted to 
the laboratory as soon as possible. If this is not possible, the urine should be stored in the 
refrigerator for a certain period. 
The urine sample brought to the laboratory should be stored in the refrigerator or examined 
within 1 hour.  
The other process that will be done with the urine sample is culturing.  
The method used in almost every microbiology laboratory is to plant with a washing bottle 
or loop. Loops used for planting are fabrication products which are calibrated and they are 
expensive. Apart from this, they should be controlled whether their calibration was 
deteriorated by special methods. The most suitable for us is 1 ml serological pipettes with 
0,1 calibrated. 
The urine brought is planted as 0,1 ml on every petri plate (blood agar- EMB, endo, Mac 
Conkey etc.) by a pipette after mixing well and smeared to the plate by a sterile glass rod.  
Plates put into the incubator (35-37°C) are removed after an incubation of 18 to 24 hours, 
and colony count is performed. The colony amount which is counted in every plate is 
multiplied with 10 and it is expressed as colony amount in ml. According to the values 
obtained, colony count between –10,000 is accepted as NORMAL, between 10,000-100,000 as 
SUSPICIOUS and over 100,000 as URINARY INFECTION.  
Except these criteria, lactose negative colonies are evaluated and identified in EMB or 
ENDO AGAR; and Salmonella is diagnosed. In this case, this is accepted as an infectious 
agent without considering 100,000 ml/cfu bacteria count as we accepted as infectious agent.  

3.4 Cerebrospinal fluid 
Bacteriological examination of cerebrospinal fluid is performed in cases that meningitis is 
suspected. Examination material taken under sterile conditions is sent to the laboratory as 
soon as possible. If the material will not be examined instantly, it is stored in the incubator 
to examine within one hour. Germs obtained from cerebrospinal fluid most: 
Neisseria meningitidis, Diplococcus pneumoniae, Haemophilus influenzae, Mycobacterium 
tuberculosis, Staphylococcus aureus, Streptococcus pyogenes, Salmonella escherichia, 
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Proteus, Pseudomonas, Mimeae, Flavobacterium, Bacteroides, Listeria monocytogenes, 
Pasteurella multocida, Leptospira, Cryptococcus, Neoformans viruses. 
While CSF is taken, the area where puncture will be performed should be cleaned with 
iodine and alcohol to avoid contamination with flora bacteria on the skin. Sufficient 
material should be taken to be able to perform cellular, chemical and microbiological 
examinations. To take material, to put sterile screw cap tubes in lumbar puncture sets is 
more appropriate instead of cotton or plastic seal tubes. In cases that sufficient CSF can 
not be obtained, only required examinations should be requested first from the laboratory. 
CSF should be transmitted to the laboratory immediately and examined instantly. As CSF 
is regarded as materials that planting should be performed near the patient, if 
examinations can not be done within a very short period it should be stored in the 
incubator. The sample taken to isolate Salmonellas hould be taken into selenite f medium 
and it is kept under pre-incubation at 37°C for 3 to 4 hours, then planted on mediums 
such as SS, EMB, MAC KONKEY by dilution planting technique and lactose negative 
colonies are identified.  

3.5 Autopsy material 
Examination material is taken from ileum in suspicion of typhoid fever. Intestinal wall is 
cauterized by superheated spatula. A sterile swab is inserted from the hole opened and 
moved on the mucosa by rotating. The swab is removed and immersed into tetrahionate 
bouillon or selenite bouillon. The swab is rotated by pressing on the wall of the tube and a 
clouded fluid is obtained. Planting is performed from this fluid to Endo, SS, bismuth 
sulphite agar mediums which are used to produce Salmonella bacteria. Material is taken 
from the bladder by the same way. 

3.6 Purulence 
The infectious agent from lesions such as abscess, wound and fistula are searched by 
bacteriological examination. 
Taking Examination material: 
 The purulence is taken from open lesions by a swab or a loop which is superheated 

and cooled. 
 If there is a closed abscess, upper surface is cleaned with tincture of iodine and 

alcohol and drying is waited. Abscess is opened, the first purulence is removed, the 
purulence appeared is taken by a swab, it is put into the tube without contacting the 
skin. Or, purulence is taken from the abscess by a sterile syringe or a Pasteur pipette 
and put into a sterile tube. Small pustules are pierced with a sterile needle after the 
upper surface is cleaned and the fluid appeared is taken by a Pasteur pipette, swab or 
a loop and examined.  

3.7 Serous liquids 
Liquids accumulated in cavities of pleura, pericardium and peritoneum and synovial and 
hydrocele liquids are sent to the laboratory to search for the bacteriological agent in case of 
infection.  
Serous liquids should be taken under sterile conditions and out into a sterile container. To 
prevent the coagulation by putting some of the liquid into a citrate solution or a beaded 
bottle is appropriate.  
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3.8 Microbiological examination of wound and abscess materials  
Wound infections and abscess appear as a complication of surgical interventions and 
traumas or contamination of any infectious disease to the skin, mucosa, tissues and 
organs. In general, agents in the wound and abscesses are closely associated with the flora 
in the region. However, open wounds, ulcers and fistulas are contaminated from the flora 
or air and microorganisms coming from objects according to their region. Therefore, a 
cleaning should be performed before taking a material from these lesions. To take 
material from dry lesions is impossible and useless many times. 
To isolate the agent in acute wounds is easy, however, to isolate the agent is quite difficult 
as number of microorganisms in chronic wounds decreased very much.  

3.9 Vomitus  
The vomit is examined when food poisoning occurs. Bacteria such as Salmonella , shigella, 
Staphylococcus aureus and Clostridium perfringens (welchii) are searched. Food 
poisoning also occurs when food contaminated with many other bacteria is eaten. In case 
of epidemic, the type of pathogen bacteria which is reproduced too many should be 
thought as the agent.  
Examination substances are planted into 2 blood agar and put into aerobe and anaerobe 
conditions. Selective medium is used for Salmonella bacteria. It is possible to obtain 
Salmonellas from the stool in food poisonings. Negative culture does not remove possibility 
of food poisoning with bacteria.  

4. Salmonella isolation from non-clinical samples 
Bacteria are present everywhere in the nature. Many of them are harmless. Some of them 
may infect humans and animals. These bacteria may reproduce only under certain 
circumstances. Dissemination may be from human to human, from animal to human or 
from human to animal. Dissemination may be either directly or indirectly. Dissemination 
via food takes an important place. Bacteria which cause disease by food may pass to human 
as well as some bacteria which may reproduce on food may cause food poisoning.  
Salmonella and Shigella bacteria are present in stools of sick human, animal and porters. 
These bacteria may pass from person to person by contact when hygiene rules are ignored 
and Salmonella bacteria which causes food poisoning may pass to food.  
Also, cats and dogs kept at homes may reveal Salmonella without any symptom. Livestocks 
also may be infected with Salmonellas and spread them to the environment.  
 Salmonellas appeared with stools of pets and livestock may directly contaminate to food. 
However, if hygiene rules are ignored in places where livestock is kept, everything 
belonging to the animal may cause contamination.  
In some places, flies play an important role in spreading of the infection. In case of spoiling 
of stools on the road in settlements where humans and animals live together, flies are 
effective in spreading if they were not controlled. If bacteria such as typhoid, dysentery etc. 
are endemic in these regions, flies create a big problem.  
With less possibility, bees, spiders and ants play role for spreading harmful bacteria in 
places where environmental conditions are not hygienic.  
Inorganic objects such as towels, pens, door handles, toilet (WC) equipment, containers may 
play a role in spreading of the infection from human to human or from human to food.  
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Reservoirs of microorganisms that cause food poisoning 
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Methods which is being used to detect pathogen microorganisms in the food are ineffective 
if such pathogenic microorganisms diffused rarely or the food is severely contaminated with 
other microorganisms. For these reasons, various indicator microorganisms are used for 
various purposes. 

4.1 Sample taking 
To take samples from the foods for microbiological analysis and to bring this to the 
laboratory by “protecting all microbiological criteria at the moment of sampling” are quite 
difficult. Subjects such as how much and how many sample will be taken, bringing to the 
laboratory, opening and preparation for planting should be overemphasized.  

4.2 Sample amount 
Many national and international standards give the food quantity to be analyzed as 10 g 
(mL). This value is valid for quantitative analyses only. Pathogens are usually analyzed by 
present/absent test in 25 grams of food.  
While 10 grams of sample is sufficient for a standard analysis, usually 25 grams of food is 
required for every additional pathogen test in accordance with special homogenization 
requirements as mentioned above. According to this, at least 60 grams of sample 
including10 grams for total bacteria, coliform group bacteria, yeast and mold and 
staphylococcus and 25 grams of each for Salmonella and Lysteria analysis should be brought 
to the laboratory.  
The requirement that how many items should be taken from a sample mostly causes 
confusion. In daily controls performed in food industry, only 1 sample is sufficient.  
More samples should be taken from foods that have high pathogenic risk such as Salmonella, 
Lysteria etc.  

4.3 Bringing the sample to the laboratory and acceptance 
The sample taken from the enterprise should be brought to the laboratory as cleared from all 
conditions that will increase or decrease the single microorganism count as soon as possible 
and analyzed.  
In microbiologically stable products such as sterile, dry and humid resistant packages, no 
cooling is required during transportation. On the other hand, unprocessed, cooled, 
pasteurized, spoiled foods should be transported between 0°C and +4°C and frozen 
products should be transported at -18°C and those bulged (or having a risk of bulge) should 
be packaged separately against explosion and leakage and brought to the laboratory.  
First, the sample should be accepted to be analyzed by the laboratory. For this acceptance, 
laboratory personnel should control whether the sample is brought to the laboratory under 
required conditions; if such personnel is sure that the sample was brought under standard 
conditions, she/he should accept the sample for the analysis; otherwise she/he should 
either reject or write all negativities related with this to the acceptance form.  
For the sample which has come to the laboratory and accepted, date of acceptance, time of 
acceptance, all information related with the product (date of production, package features, 
batch number, shift number, time of sampling, temperature of sampling, temperature of 
arrival etc. if required) should be recorded according to the features of the laboratory.  
Frozen liquid products are not accepted for microbiological or somatic cell analysis. If chemical 
tests will be performed, sub-samples should be separated for microbiological analysis first. 
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4.4 Opening the sample 
The sample which has come for analysis should be analyzed within the shortest period. If 
there is a necessity to wait for a while; 
 Microbiologically stable products should be analyzed before the expiry date and as 

soon as possible.  
 Fresh and cooled products should be analyzed within 24 hours after the acceptance. If a 

longer storage period is necessary, the product should be frozen immediately and 
stored under -18°C. As the frosting process will affect the microbial flora in the product, 
this situation should be specified in the analysis report exactly.  

Frozen products should be thawed in +4°C refrigerator temperature. It should be 
considered that big particle products will thaw within a longer period than small particle 
products and psycrophile bacteria may develop within the thawing period, therefore the 
food should be frozen with portions not more than 50 grams within bounds of possibility. 
If the sample is frozen by weighing before, it may be thawed by transferring into 
homogenization solution directly.  
Parallel of the sample which has come to the laboratory and accepted should be protected as 
witness of which features will not change until the termanitaion of the analysis. 
Before opening the closed package, the place and its surroundings should be disinfected via 
76% (v/v) alcohol or any appropriate chemical agent and if the package is appropriate, it 
should be singed. Packages that can not be singed (paper etc.) should be removed by 
cleaning with disinfecting sterile water after chemical disinfection and such disinfection 
should not be contacted with the food sample anyhow. Otherwise, negative result may be 
taken. Materials which will be used to open the sample such as scissors, tin opener, bottle 
opener etc. should have been disinfected or sterilized in the drying oven or autoclave by 
wrapping to an appropriate package (paper, kitchen type aluminum folio).  
Liquid samples may be analyzed directly. Solid foods should be pre-processed such as 
weighing, homogenization etc.  
Weighing to a certain weight (10 g, 25 g, etc.) in solid sample should be performed under 
aseptic conditions. To weight in vertical type planting cabinet is the most reliable method. 
The container that weighing will be performed should have been sterilized and should be in 
the size to take pre-enrichment medium like Salmonella.  
If solid food consists of particles which may create a problem during weighing in terms of 
size and qualification, it should be divided into suitable sizes.  
It should be remembered that this application is valid for weighing which is more than 
aimed weight and weighing over 5% should not be performed as far as possible. If 
microorganisms such as Salmonella was weighed as 26 grams instead of 25 grams in 
present/absent tests, to use a 234 (=225+9) mL medium instead of 225 mL of pre-enrichment 
medium is not a condition. Because, the process performed here by using 25 grams of food + 
225 mL medium is not a dilution, but using 9 mL medium per 1 gram food. Tolerence of +/- 
5% is always accepted. The deviation in this sample is only 4%. 
Generally, it is the process to make solid and semi-solid foods homogenous in a 
homogenization solution. Liquid foods show a homogenous distribution in anyway. The 
purpose of homogeneity here is to distribute all microorganisms in the food to all mass to be 
analyzed. Homogenization process is performed as 1:9 in general whether it is used for 
counting or present/absent tests. According to this, 1 part food is homogenizated by 9 part 
solution. In present/absent tests, 1 part food is homogenizated by 9 parts of medium. If 
counting will be performed, 1:9 homogenization is also used as 10¹ dilution. Therefore, 
amount of the food and homogenization solution should be cared about.  
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Methods which is being used to detect pathogen microorganisms in the food are ineffective 
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While 10 grams of sample is sufficient for a standard analysis, usually 25 grams of food is 
required for every additional pathogen test in accordance with special homogenization 
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including10 grams for total bacteria, coliform group bacteria, yeast and mold and 
staphylococcus and 25 grams of each for Salmonella and Lysteria analysis should be brought 
to the laboratory.  
The requirement that how many items should be taken from a sample mostly causes 
confusion. In daily controls performed in food industry, only 1 sample is sufficient.  
More samples should be taken from foods that have high pathogenic risk such as Salmonella, 
Lysteria etc.  

4.3 Bringing the sample to the laboratory and acceptance 
The sample taken from the enterprise should be brought to the laboratory as cleared from all 
conditions that will increase or decrease the single microorganism count as soon as possible 
and analyzed.  
In microbiologically stable products such as sterile, dry and humid resistant packages, no 
cooling is required during transportation. On the other hand, unprocessed, cooled, 
pasteurized, spoiled foods should be transported between 0°C and +4°C and frozen 
products should be transported at -18°C and those bulged (or having a risk of bulge) should 
be packaged separately against explosion and leakage and brought to the laboratory.  
First, the sample should be accepted to be analyzed by the laboratory. For this acceptance, 
laboratory personnel should control whether the sample is brought to the laboratory under 
required conditions; if such personnel is sure that the sample was brought under standard 
conditions, she/he should accept the sample for the analysis; otherwise she/he should 
either reject or write all negativities related with this to the acceptance form.  
For the sample which has come to the laboratory and accepted, date of acceptance, time of 
acceptance, all information related with the product (date of production, package features, 
batch number, shift number, time of sampling, temperature of sampling, temperature of 
arrival etc. if required) should be recorded according to the features of the laboratory.  
Frozen liquid products are not accepted for microbiological or somatic cell analysis. If chemical 
tests will be performed, sub-samples should be separated for microbiological analysis first. 
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The sample which has come for analysis should be analyzed within the shortest period. If 
there is a necessity to wait for a while; 
 Microbiologically stable products should be analyzed before the expiry date and as 

soon as possible.  
 Fresh and cooled products should be analyzed within 24 hours after the acceptance. If a 

longer storage period is necessary, the product should be frozen immediately and 
stored under -18°C. As the frosting process will affect the microbial flora in the product, 
this situation should be specified in the analysis report exactly.  

Frozen products should be thawed in +4°C refrigerator temperature. It should be 
considered that big particle products will thaw within a longer period than small particle 
products and psycrophile bacteria may develop within the thawing period, therefore the 
food should be frozen with portions not more than 50 grams within bounds of possibility. 
If the sample is frozen by weighing before, it may be thawed by transferring into 
homogenization solution directly.  
Parallel of the sample which has come to the laboratory and accepted should be protected as 
witness of which features will not change until the termanitaion of the analysis. 
Before opening the closed package, the place and its surroundings should be disinfected via 
76% (v/v) alcohol or any appropriate chemical agent and if the package is appropriate, it 
should be singed. Packages that can not be singed (paper etc.) should be removed by 
cleaning with disinfecting sterile water after chemical disinfection and such disinfection 
should not be contacted with the food sample anyhow. Otherwise, negative result may be 
taken. Materials which will be used to open the sample such as scissors, tin opener, bottle 
opener etc. should have been disinfected or sterilized in the drying oven or autoclave by 
wrapping to an appropriate package (paper, kitchen type aluminum folio).  
Liquid samples may be analyzed directly. Solid foods should be pre-processed such as 
weighing, homogenization etc.  
Weighing to a certain weight (10 g, 25 g, etc.) in solid sample should be performed under 
aseptic conditions. To weight in vertical type planting cabinet is the most reliable method. 
The container that weighing will be performed should have been sterilized and should be in 
the size to take pre-enrichment medium like Salmonella.  
If solid food consists of particles which may create a problem during weighing in terms of 
size and qualification, it should be divided into suitable sizes.  
It should be remembered that this application is valid for weighing which is more than 
aimed weight and weighing over 5% should not be performed as far as possible. If 
microorganisms such as Salmonella was weighed as 26 grams instead of 25 grams in 
present/absent tests, to use a 234 (=225+9) mL medium instead of 225 mL of pre-enrichment 
medium is not a condition. Because, the process performed here by using 25 grams of food + 
225 mL medium is not a dilution, but using 9 mL medium per 1 gram food. Tolerence of +/- 
5% is always accepted. The deviation in this sample is only 4%. 
Generally, it is the process to make solid and semi-solid foods homogenous in a 
homogenization solution. Liquid foods show a homogenous distribution in anyway. The 
purpose of homogeneity here is to distribute all microorganisms in the food to all mass to be 
analyzed. Homogenization process is performed as 1:9 in general whether it is used for 
counting or present/absent tests. According to this, 1 part food is homogenizated by 9 part 
solution. In present/absent tests, 1 part food is homogenizated by 9 parts of medium. If 
counting will be performed, 1:9 homogenization is also used as 10¹ dilution. Therefore, 
amount of the food and homogenization solution should be cared about.  
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4.5 Homogenization and dilution solutions 
Although “normal saline” (0.85% NaCl; Merck 1.06404) has been used as diluting solution 
for general purpose, “Maximum Recovery Diluent (Merck 1.12535) which has the formula of 
Normal Saline (0,85%) + Peptone (0,1%) in accordance with ISO 6887 is used recently. This 
solution is also referred as “peptone-saline”. Furthermore, 0.1% peptone solution (Merck 
1.07214) and “Buffered Peptone Water" (Merck 1.07228) which is used in Salmonella analysis 
are used for dilution in accordance with ISO 6887. 

4.6 Water 
To drink and to use waters contaminated with stool or sewage leakages is very important 
because they may cause infections such as typhoid, dysentery, cholera. In contaminated 
water, typhoid germ may exist together with intestinal bacteria. However, number of these 
bacteria is very less in general and it is impossible to obtain. On the other hand, commensal 
bacteria such as coliform bacteria, Streptococcus faecalis and Clostridium perfringens 
(welchii) are always obtained in contaminated water easily. Such water containing these 
bacteria means that the water was contaminated with the stool an this may contain typhoid 
germ. Coliform bacteria shows the contamination with the stool with the safest manner. The 
most important of them is Escherichia coli which is main commensal bacteria of the 
intestine. Existence of spore forming anaerobe bacteria in the absence of other bacteria 
shows an old contamination with the stool. 
Colifrom bacteria also exists in water contaminated with stool of various animals. But they are 
less. More bacteria are present in the water contaminated with sewage water. It is important to 
detect the bacteria count in the water to determine the level of the contamination.  
Detection of alive bacteria count gives information about quantity and type of organic 
substances. The trial is performed both at 37°C and 22°C. Bacteria which mix from human 
and animal origin organic substances reproduce at 37°C in particular. Those which 
reproduce in lower temperature are saprophyte bacteria that mix from the soil and plants or 
exist in the water normally. 

4.6.1 Taking the water sample 
The water to be examined should be taken into colorless, preferably glass cap bottles with a 
volume of 250 cm3 . Orifice and cap of the bottle are wrapped with separate papers and 
sterilized in the autoclave. If water will be taken from running water, the orifice of the tap is 
burned with spirit flame and the water is put into the bottle after leaving the water run for 
five minutes. The cap of the bottle is closed by caring the sterility conditions. To take water 
from the creek or river, the bottle is hold from the bottom, it is immersed into the water 
upside down to 30 cm deep. The orifice of the bottle is turned to the flow direction and 
water is filled with water without touching. To take water from dead water, lakes and 
depots, the bottle that a ballast was hung to the bottom and bounded with ropes from the 
neck and the cap is immersed into the water with a desired depth. The rope is pulled and 
the cap is opened, after the bottle is filled with water, it is pulled to up and the cap is closed.  
If a period more than 3 hours will pass from taking the water sample until the examination, 
the bottle should be kept in ice. It may be sent to far places only in ice. 
If sample will be taken from chlorinated water, chlorine should be neutralized immediately. 
For this, one sodium thiosulphate crystal is put into the bottle or 0,2 cm3 from 1 g of 
crystallized sodium thiosulphate solution which was dissolved in 100 cm3 sterile water 
before sterilization.  
To mix the water well before the assay, the bottle that water sample is taken is shaken.  
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4.6.2 Approximate assay for coliform bacteria count 
To produce coliform bacteria, water is planted into Durham tubes including 2% peptone, 0,5% 
sodium taurocholate, 1% lactose and bromthymol blue (or bromeresol purple) as indicator. 
Amount of the water planted varies between 0,1 cm3 and 50 cm3. Concentrated medium is 
used if more water will be planted. The least water amount including coliform bacteria is 
detected by assays and contamination degree of the water is determined. Generally, 20 cm of 
15 tubes included medium is taken. 0,1-1 cm3 water is put into 5 tubes; 1 cm3 water is put into 
5 tubes; and 10 cm3 water is put into 5 tubes. Tubes are left at 37°C for 48 hours. After 24 and 
48 hours, tubes are controlled and acid and gas formation is controlled. If gas is produced, it is 
examined that such gas has filled 1/10 of the small tube in Durham tube. Formation of gas 
which will occupy 1/10 of the tube after 24 hours shows possibility of Eschericihia coli 
reproduction. If no gas has formed within 24 hours or the gas occurred is less than 1/10 of the 
small tube, tubes are left at 37°C for 48 hours. Any gas formation is considered as suspicious. 
No gas formation after 48 hours shows no reproduction of Eschericihia coli. 
To confirm whether reproduced bacteria are Eschericihia coli, planting is performed from 
tubes with least amount of water that reproduction was observed to eosine-methylene blue 
agar by decreasing method. Petri dishes are left at 37°C for 24 hours and examined and it 
controlled whether the bacteria reproduced is Eschericihia coli.  

4.6.3 Searching for Salmonella bacteria 
Same amount of water is added into tubes including selenite f medium which was prepared 
with one portion concentrate. After waiting at 37°C for 24 hours, planting is performed from 
every tube to SS agar. Furthermore, one cm3 each from tubes are taken and mixed with 
bismuth sulphite agar and poured into petri plates. When reproduction occurs, it is searched 
whether it is from Salmonella group. (551,602,611)  

4.7 Meat  
Meat may include many germ types such as bacillus suptilis, Escherichia, proteus, Salmonella , 
staphylococcus species and fungus and especially anerobe spore forming bacteria show 
fundamental change. These bacteria cause formation of bad odor by making putrefaction in 
proteins. It is not very possible to decide on the status of the meat by bacteria on it.  
To detect bacteria, one gram is weighed, it is meshed in mortar with sand. 1000, 10.000, 
100.000 dilutions are prepared. Colony count is performed with these in the petri plate. 
Diagnose of bacteria is performed if required.  

4.8 Egg 
Fresh egg is not always sterile. Gran (+) coccus, gram (-) bacillus and some fungus species 
may be present in the egg. Sometimes, egg may include Salmonella bacteria. (617, 618) 
The shell of the egg has a porous structure. Gases and microscopic particles may pass 
through these pores. Bacteria always exist on the shell of the egg. Escherichia coli is present 
almost on all shells. Humidity causes bacteria to pass through pores in humid and dirty 
eggs. Therefore, eggs which sill be stored for a while must not be washed.  
The egg which will be examined is cleaned well by washing with brush, water and soap. It 
is kept in 0,1% sublimated solution for 30 minutes. It is taken from here by a sterile spoon 
and put into 200 cm3 of sterile water. It is kept in the water for 10 minutes and put into 95% 
alcohol and left for 5 minutes. The egg is taken from the alcohol and left for drying and 
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Although “normal saline” (0.85% NaCl; Merck 1.06404) has been used as diluting solution 
for general purpose, “Maximum Recovery Diluent (Merck 1.12535) which has the formula of 
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from the creek or river, the bottle is hold from the bottom, it is immersed into the water 
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4.6.2 Approximate assay for coliform bacteria count 
To produce coliform bacteria, water is planted into Durham tubes including 2% peptone, 0,5% 
sodium taurocholate, 1% lactose and bromthymol blue (or bromeresol purple) as indicator. 
Amount of the water planted varies between 0,1 cm3 and 50 cm3. Concentrated medium is 
used if more water will be planted. The least water amount including coliform bacteria is 
detected by assays and contamination degree of the water is determined. Generally, 20 cm of 
15 tubes included medium is taken. 0,1-1 cm3 water is put into 5 tubes; 1 cm3 water is put into 
5 tubes; and 10 cm3 water is put into 5 tubes. Tubes are left at 37°C for 48 hours. After 24 and 
48 hours, tubes are controlled and acid and gas formation is controlled. If gas is produced, it is 
examined that such gas has filled 1/10 of the small tube in Durham tube. Formation of gas 
which will occupy 1/10 of the tube after 24 hours shows possibility of Eschericihia coli 
reproduction. If no gas has formed within 24 hours or the gas occurred is less than 1/10 of the 
small tube, tubes are left at 37°C for 48 hours. Any gas formation is considered as suspicious. 
No gas formation after 48 hours shows no reproduction of Eschericihia coli. 
To confirm whether reproduced bacteria are Eschericihia coli, planting is performed from 
tubes with least amount of water that reproduction was observed to eosine-methylene blue 
agar by decreasing method. Petri dishes are left at 37°C for 24 hours and examined and it 
controlled whether the bacteria reproduced is Eschericihia coli.  

4.6.3 Searching for Salmonella bacteria 
Same amount of water is added into tubes including selenite f medium which was prepared 
with one portion concentrate. After waiting at 37°C for 24 hours, planting is performed from 
every tube to SS agar. Furthermore, one cm3 each from tubes are taken and mixed with 
bismuth sulphite agar and poured into petri plates. When reproduction occurs, it is searched 
whether it is from Salmonella group. (551,602,611)  

4.7 Meat  
Meat may include many germ types such as bacillus suptilis, Escherichia, proteus, Salmonella , 
staphylococcus species and fungus and especially anerobe spore forming bacteria show 
fundamental change. These bacteria cause formation of bad odor by making putrefaction in 
proteins. It is not very possible to decide on the status of the meat by bacteria on it.  
To detect bacteria, one gram is weighed, it is meshed in mortar with sand. 1000, 10.000, 
100.000 dilutions are prepared. Colony count is performed with these in the petri plate. 
Diagnose of bacteria is performed if required.  

4.8 Egg 
Fresh egg is not always sterile. Gran (+) coccus, gram (-) bacillus and some fungus species 
may be present in the egg. Sometimes, egg may include Salmonella bacteria. (617, 618) 
The shell of the egg has a porous structure. Gases and microscopic particles may pass 
through these pores. Bacteria always exist on the shell of the egg. Escherichia coli is present 
almost on all shells. Humidity causes bacteria to pass through pores in humid and dirty 
eggs. Therefore, eggs which sill be stored for a while must not be washed.  
The egg which will be examined is cleaned well by washing with brush, water and soap. It 
is kept in 0,1% sublimated solution for 30 minutes. It is taken from here by a sterile spoon 
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broken from the wide edge by a sterile holder. The content is transferred into a sterile 
beaded jar. Egg white and yolk are mixed by shaking well. Microorganisms are searched by 
planting into various mediums.  

4.9 Milk 
There are various methods for bacterial analysis in the milk. The most used methods include 
alive bacteria count in petri plate, direct microscope count, coliform bacteria detection, 
methylene blue assay, phosphatase assay, turbidity assay and assay for special bacteria 
search. These methods are applied to various milks.  
The milk which will be drunk should not include bacteria more than 30,000 and coliform 
bacteria in 0,1 cm3. 0,01 cm3 of pasteurized milk should not include any coliform bacteria 
and its pasteurization should be understood by phosphatase assay. Turbidity assay should 
be positive in sterilized milk.  
The milk which was milked in the morning is kept waiting 9 to 11 hours in the shadow and 
the milk which was milked at night is kept waiting until the next day. Other samples are 
tried immediately when they come to the laboratory. Milk that analysis is not performed 
immediately may be stored at refrigerator for 24 hours at most.  

4.10 Microbiological examination of fruit juices and other soft drinks  
Main soft drink is water. These beverages may be classified as follows.  
1. Water (mineral water etc.) 
2. Fruit juices ( fruit juices including alcohol less than 5 g/1 and SO2 less than 10 mg/1) 
3. Fruit juice concentrates (concentrates which were condensed and partially canned and 

is drunk by diluting, basic substances and essence) 
4. Beverages including carbonic acid (lemonades, soda pops, cokes) 
Mineral water including carbonic acid is microbiologically safe water. They lat for a long 
time. Some microorganisms may exist in them.  
As fruit juices are acidic and sugared foods; yeasts, molds and milk acid bacteria cause 
spoiling. Microbiological spoiling in fruit juice concentrates is very less. Abovementioned 
microorganisms also spoil concentrates. Yeasts (Candida saccharomyces, torolopsis species), 
milk acid bacteria (leuconostoc, lactobacillus species) in lemonades, sodas and cokes cause 
spoiling.  
Examination of the samples are performed according to the following steps. 
PROCESS 
1. BEVERAGE BOTTLES ARE TAKEN UNDER ASEPTIC CONDITIONS. Bottle of 

beverages with carbonic acid is opened 1 hour before, it is heated slightly and the gas 
moves out.  

2. Dilutions are prepared if necessary. (from intense textured beverages and concentrates) 
3. Samples are planted into or on the medium as 1,0 ml or 0,1 ml. 
4. If there are membrane filters, 100 ml of sample is filtered via water squinch and the 

membrane filter is placed on the medium.  
5. Plates are incubated at 30-32°C for 3 to 5 days and evaluated. 
6. Same amount of sample is added into tubes including selenite f medium which was 

prepared with one portion concentrate. After waiting at 37°C for 24 hours, planting is 
performed from every tube to SS agar. Furthermore, one cm3 each from tubes are taken 
and mixed with bismuth sulphide agar and poured into petri plates. When 
reproduction occurs, it is searched whether it is from Salmonella group. (551,602,611)  
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5. Culture and identification methods of Salmonellas  
For identification of various samples, methods which alternate and support each other. 
These are:  
 Culture methods 
 Invic test 
 Triple tube method 
 Api method 
 Full automatic bacteria identification device 
 Serological tests 
 Grubul Widel 

5.1 Culture methods 
Culture method in identification of Salmonellas is conducted with pre-enrichment and 
selective medium planting.  
Identification studies are same regardless from the source of the culture. Variety of mediums 
used in the culture may depend on characteristics of the sample examined. Especially when 
number of Salmonellas are less and other organisms are more, very careful study is required. If 
extra clinical samples are processed such as heating, drying and radiation or they are frozen or 
kept for a long time or pH level is low although clinical samples are examined as fresh, non-
selective pre-enrichment culture is applied. Because these processes weakened Salmonellas and 
made them semi-selective. The purpose is to provide this kind of bacteria to their normal 
reproduction period before contacting inhibitor substances. Because selective substances may 
make a toxic effect for “weakened” Salmonellas . While enrichment bouillon culture facilitates 
reproduction of Salmonellas , it also provides inhibiting or decreasing effect for reproduction of 
other organisms. Accompaniment organisms mainly include coliforms, proteus species and 
pseudomonas. As the proportion of these organisms is more than Salmonellas in particular, 
selective enrichment process gains importance. However, there are differences between 
Salmonella types in terms of inhibitor substance sensitivity. Therefore, it is impossible to say 
which selective enrichment bouillon is the most suitable definitely for today. Selective agar 
mediums generally include inhibitor substances and an inhibitor system. Indicator system 
either changes the color of colonies or the color of agar area around the colony changes. Thus, 
it helps to identify suspicious Salmonella colonies.  
The following Agar Mediums are used in various countries.  
Brillant green agar Brillantgreen Sulphadiazine agar Brillant Green Mac Conkey agar 
Desoksicholate Citrate agar Salmonella -Shigella Agar,(SS) Bismuth Sulphite agar EMB 
AGAR ENDO AGAR 
Samples are taken into non-selective enrichment medium (lactone bouillon) according to 
their clinical or extra clinical sample characteristics and incubates at 35-37 °C for 24 to 48 
hours, then 1 ml from them is taken and taken into selective enrichment medium and 
(Selenite F, tetrathionate bouillon) A and incubated at 35-37 °C for 24 hours.  

5.1.1 Non selective enrichment 
1. Clinical and other samples are taken into lactose bouillon with appropriate amounts. If 

the sample food is also solid, it is mixed in the blender. Ot is transferred into 500 ml of 
erlenmayer flask or flasks.  

2. It is incubated at 35-37°C for 48 hours and passed to selective enrichment.  
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broken from the wide edge by a sterile holder. The content is transferred into a sterile 
beaded jar. Egg white and yolk are mixed by shaking well. Microorganisms are searched by 
planting into various mediums.  
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3. At this time, a loop full of the sample is taken and planting to selective agar medium is 
performed.  

5.1.2 Selectve enrchment 
1. 1 ml of non selective enrichment medium culture is taken and it is transferred into a 

tube including 10 ml of selenite cystine. 1 ml is planted into one of 5 tetrathionate 
medium of 10 ml.  

2. Tubes are incubated at 35-37 °C for 24 hours.  

5.1.3 Planting to selective agar medium 
1. Two selective agar medium plate is prepared by drying. One of them may be 

enrichment and the other may be selective medium.  
2. A loop from every enrichment culture with a diameter of 5 mm is taken and planted to 

provide single colony.  
3. Plates are incubated by reversing at 35-37°C for 24 hours. If typical colonies are not 

observed at the end of 24 hours, incubation is extended to 48 hours.  
4. Suspicious two colonies are selected from every selective agar medium and 

identification is directed.  
5. If agar plates are completely full of coliforms, 1/1000 dilution of enrichment culture is 

prepared and kept at the room temperature or in the refrigerator. 
6. Selective agar plates are kept at 5-8°C until completion of identification tests.  
Appearances of Salmonella colonies in various mediums after incubation are as follows. 
5.1.3.1 Appearance of typical Salmonella colonies in Brillant green agar and Brillant green 
sulphadiazine agar  
It is colorless, pink, semi transparent or opaque. The color of medium which surrounds the 
colony has become pink or red. Some Salmonella colonies make semi-transparent green 
colonies when lactose or sucrose fermentating organisms are present around them. Lactose 
or sucrose fermantating colonies make yellow to green colonies (Figure 4). 
 

 
Fig. 4. Appearance of typical Salmonella colonies in Brillant green agar 
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5.1.3.2 Appearance of typical Salmonella colonies in mac conkey agar 
It is colorless and transparent. Coliform organisms precipitate bile salts in the medium. 
Salmonella colonies reproduced near coliforms dissolve precipitated area (Figure 5). 
 
 

 
Fig. 5. Appearance of typical Salmonella colonies in Mac Conkey agar 

5.1.3.3 Appearance of Salmonella colonies in Salmonella – Shigella agar (SS) 
Typical Salmonella colonies are colorless or very light pink, opaque or semi-transparent. 
Some of Salmonellas make colonies of which the centre is black (Figure 6).  
 
 

 
Fig. 6. Appearance of Salmonella colonies in Salmonella – Shigella agar (SS) 
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5.1.3.4 Appearance of Salmonella colonies in desoxyholate citrate agar 
Salmonella colonies are colorless or very light pink, opaque or semi-transparent. Some of 
Salmonellas reproduce as black or gray in the middle and colorless on the sided (Figure 7). 
 

 
Fig. 7. Appearance of Salmonella colonies in desoxyholate citrate agar 

5.1.3.5 Appearance of Salmonella colonies in bismuth sulphite agar 
Salmonella colonies appear as brown, gray or black. Sometimes they show a metallic 
brightness. The medium which surrounds the colony is brown at first. It becomes black 
when incubation period extends. Some strains make green colonies and they make the 
surrounding medium to black very less or they do not make blackness (Figure 8). 
 

 
Fig. 8. Appearance of Salmonella colonies in Bismuth sulphite agar 
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5.1.3.6 Appearance of bile-salts-jelatin lactose agar (Tahsin Berkin agar ) (BS) L AGAR)  
Salmonella colonies make cyclamen colored colonies with a diameter of 1 to 3 mm. These 
colonies are bright, swollen (s) type colonies.  
5.1.3.7 Appearance of Salmonella colonies in EMB AGAR  
Salmonella colonies make transparent, colorless colonies with a diameter of -4 mm (Figure 9). 
 

 
Fig. 9. Apperance of Salmonella colonies in EMB AGAR  

5.2 Identification of Salmonellas 
Identification of suspicious colonies among Salmonellas are performed in three steps. 
1. Biochemical examination of suspicious colonies,  
2. Serological tests (test with polyvalent H and O group antiserums and H pools)  
3. Test with bacteriophages 
Salmonellas uspicious colonies in mediums are examined by staining with gram method. 
Other detection methods are used for colonies where gram negative bacillus were observed.  
Although several biochemical tests may be used for identification of Salmonellas , sufficient 
information may be obtained with some of them. Gillen medium 1 and 2 (urea, indole and 
H2S formation is controlled by fermentation of motility, glucose, mannite, sucrose and 
salicine ). Triple Sugar Iron Agar (Triple Sugar Iron Agar shows H2S formation by 
fermentation of Sucrose, Lactose and Glucose). It is used common in laboratories.  
Suspicious colonies in terms of Salmonella are controlled by polyvalent H and O antiserums 
following biochemical tests. These antiserums include antibodies collectively against most of 
Salmonellas . Cultures that has given positive reaction with polyvalent antiserums are then 
examined with 0 group and H pool antiserums. These antiserums include antibodies of 
Salmonellas including the groups in Kauffmann-White sceheme. These groups are classified 
from A to I alphabetically. Positive agglutination presents the group of the culture. Specific 
H and 0 antiserums are required for den,itite typing.  
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5.3 Biochemical tests for identification of Salmonellas  
5.3.1 Purificitaion of colonies selected 
Colonies selected are purified. If time is restricted, this purifying process may be ignored. 
The following procedure is applied for purification process. 
a. Every colony selected is planted as to allocate single colony to a separate Mac Conkey 

agar plate.  
b. Reversed plates are incubated at 35 to 37 °C for 24 hours.  
c. Salmonella colonies appear as transparent and colorless in Mac Conkey agar. Sometimes 

the centre appears as pink. If there are many organisms that fermantates the lactose, the 
precipitated area around Salmonella colonies which are next to them becomes 
transparent.  

d. Planting is performed from typical colonies to normal slant agars. Cultures are 
incubates at 35 to 37°C for 24 hours.  

e. Preparation is prepared from slant agar cultures and stained with gram method. If 
cultures are pure, the following mediums are used for passages.  

A passage specified in the following is performed from 24 hours, purified slant agars to 
Gillies medium 1 and Gillies medium 2. 

5.3.2 Planting to Gillies medium 1 and assesment 
a. It is immersed to the bottom by a loop and then it is planted into slanted part. It is 

incubated at 35 to 37°C for 24 hours. 
b. Urease reaction, glucose and mannitol fermentation and gas formation are recorded. 

Cultures with positive urease reaction converts the medium to a dark purple color. 
Mannitol fermentation is characterized by bottom part turning into yellow; and gas 
formation is characterized by appearance of gas bubbles in the agar. Salmonellas are 
urease negative. On the other hand, they fermantate glucose and mannitol with or 
without forming gas.  

c. Urease postitive cultures that do not fermentate glucose or mannitol are assessed as 
negative in terms of Salmonella.  

5.3.3 Planting to Gillies medium II and assessment  
a. The tube is hold vertically and planting is performed by immersing to 2 cm depth with 

a loop.  
b. Tubes are incubated at 35 to 37 °C for 24 hours vertically. If reactions are not significant, 

they are waited for another 24 hours.  
c. Sucrose and salicine fermentation, motility, H2S and indole formation are recorded. 

Color change in the agar, conversion from original blue-green color to yellow shos that 
sucrose or salicine or both are fermentated. Darkening of the lead acetate paper 
indicates H2S formation and indol paper becoming red indicates indole formation. 
Typical Salmonellas are motile, indole positive, Sucrose and Salicine negative.  

5.3.4 Planting to TSI AGAR and assessment  
a. Suspicious single colony is taken from purified culture or selective agar medium and 

inoculation is performed by immersing to the bottom with a loop of triple sugar iron 
agar (TSI) or by drawing to the slant part.  

b. Cultures are incubates at 35 to 37 °C for 18 to 24 hours.  
c. Cultures that do not give reactions specific to Salmonellas are not taken into the 

assessment. Typical reaction in TSI agar is red color on the slant part, "alkaline reaction" 
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and the bottom is yellow. “Acid reaction, glucose fermentation) H2S and gas is positive 
or negative. H2S reaction manifest itself with blackening of the medium. Typical 
reactions of Salmonella and Arizone species in Lysine-Iron Agar medium are purple 
colored sloped and red "alkaline reactions", vertical part. They produce H2S and 
sometimes gas (Figure 10). 

Serological tests are continued with positive Salmonella cultures.  
 

 
Fig. 10. Appearance of Salmonella in TSI Agar 

5.3.5 Imvic test 
(I=indole, M=methyl red, V=voges pros cover, C=citrate) 
INDOL= Planting is performed into tryptophan medium. After incubation at 37°C for 24 
hours, 0,2 to 0,5 cc of Kovac indicator is dripped into indole medium. Red circle formation is 
positive (Figure 11). 
 

 
Fig. 11. Indole Test 



 
Salmonella – A Dangerous Foodborne Pathogen 

 

144 

5.3 Biochemical tests for identification of Salmonellas  
5.3.1 Purificitaion of colonies selected 
Colonies selected are purified. If time is restricted, this purifying process may be ignored. 
The following procedure is applied for purification process. 
a. Every colony selected is planted as to allocate single colony to a separate Mac Conkey 

agar plate.  
b. Reversed plates are incubated at 35 to 37 °C for 24 hours.  
c. Salmonella colonies appear as transparent and colorless in Mac Conkey agar. Sometimes 

the centre appears as pink. If there are many organisms that fermantates the lactose, the 
precipitated area around Salmonella colonies which are next to them becomes 
transparent.  

d. Planting is performed from typical colonies to normal slant agars. Cultures are 
incubates at 35 to 37°C for 24 hours.  

e. Preparation is prepared from slant agar cultures and stained with gram method. If 
cultures are pure, the following mediums are used for passages.  

A passage specified in the following is performed from 24 hours, purified slant agars to 
Gillies medium 1 and Gillies medium 2. 

5.3.2 Planting to Gillies medium 1 and assesment 
a. It is immersed to the bottom by a loop and then it is planted into slanted part. It is 

incubated at 35 to 37°C for 24 hours. 
b. Urease reaction, glucose and mannitol fermentation and gas formation are recorded. 

Cultures with positive urease reaction converts the medium to a dark purple color. 
Mannitol fermentation is characterized by bottom part turning into yellow; and gas 
formation is characterized by appearance of gas bubbles in the agar. Salmonellas are 
urease negative. On the other hand, they fermantate glucose and mannitol with or 
without forming gas.  

c. Urease postitive cultures that do not fermentate glucose or mannitol are assessed as 
negative in terms of Salmonella.  

5.3.3 Planting to Gillies medium II and assessment  
a. The tube is hold vertically and planting is performed by immersing to 2 cm depth with 

a loop.  
b. Tubes are incubated at 35 to 37 °C for 24 hours vertically. If reactions are not significant, 

they are waited for another 24 hours.  
c. Sucrose and salicine fermentation, motility, H2S and indole formation are recorded. 

Color change in the agar, conversion from original blue-green color to yellow shos that 
sucrose or salicine or both are fermentated. Darkening of the lead acetate paper 
indicates H2S formation and indol paper becoming red indicates indole formation. 
Typical Salmonellas are motile, indole positive, Sucrose and Salicine negative.  

5.3.4 Planting to TSI AGAR and assessment  
a. Suspicious single colony is taken from purified culture or selective agar medium and 

inoculation is performed by immersing to the bottom with a loop of triple sugar iron 
agar (TSI) or by drawing to the slant part.  

b. Cultures are incubates at 35 to 37 °C for 18 to 24 hours.  
c. Cultures that do not give reactions specific to Salmonellas are not taken into the 

assessment. Typical reaction in TSI agar is red color on the slant part, "alkaline reaction" 

 
Isolation and Identification of Salmonellas from Different Samples 

 

145 

and the bottom is yellow. “Acid reaction, glucose fermentation) H2S and gas is positive 
or negative. H2S reaction manifest itself with blackening of the medium. Typical 
reactions of Salmonella and Arizone species in Lysine-Iron Agar medium are purple 
colored sloped and red "alkaline reactions", vertical part. They produce H2S and 
sometimes gas (Figure 10). 

Serological tests are continued with positive Salmonella cultures.  
 

 
Fig. 10. Appearance of Salmonella in TSI Agar 

5.3.5 Imvic test 
(I=indole, M=methyl red, V=voges pros cover, C=citrate) 
INDOL= Planting is performed into tryptophan medium. After incubation at 37°C for 24 
hours, 0,2 to 0,5 cc of Kovac indicator is dripped into indole medium. Red circle formation is 
positive (Figure 11). 
 

 
Fig. 11. Indole Test 



 
Salmonella – A Dangerous Foodborne Pathogen 

 

146 

METHYL RED= Planting is performed into BGB (buffered glucose bouillon) or peptone 
medium. This test shows pH change in 0,5% buffered glucose medium. 5-6 drops of methyl 
red indicator is dripped on 1 cc. of medium. If pH drops under 4,2, red color occurs and the 
result is positive. If there is no color change, it is negative (Figure 12). 
 

 
Fig. 12. Methyl RED Test 

VOGES PROS COVER= 0,2 cc 40% KOH is dripped into 1 cc BGB medium. Then, 0,6 cc of 
alpha naphtol indicator is added. Test results 20-30 minutes after.  
 If red circle appears, the result is positive. In positive cases, acethyl-methyl-carbinol, final 
catabolism product of glucose occurs. If there is no color change, it is negative (Figure 13). 
 

 
Fig. 13. Voges Pros Cover test  
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CITRATE=Simmons citrate; line style planting is performed to citrate medium. If the 
bacteria used citrate as a carbon source, the color of the medium will turn from green into 
blue. The test is positive (Figure 14). 
 
 

 
Fig. 14. Citrate test 

IMVIC test results for Salmonella were given in Table 2.  
 

Reaction Salmonella  

Indole negative 

Methyl Red positive 

Voges Pros Kover negative 

Citrate positive 

Table 2. IMVIC Test Results 

5.3.6 Triple tube method 
Single colony that identification is desired is made suspension in the bouillon or a 3rd tube. 
Incubation is performed at 37°C for 3 to 4 hours if required. Plantings are performed to 2nd 
and 1st tubes. It is left for incubation at 37°C for 18-22 hours.  
1. Matters that we may observe in the tube: 
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VOGES PROS COVER= 0,2 cc 40% KOH is dripped into 1 cc BGB medium. Then, 0,6 cc of 
alpha naphtol indicator is added. Test results 20-30 minutes after.  
 If red circle appears, the result is positive. In positive cases, acethyl-methyl-carbinol, final 
catabolism product of glucose occurs. If there is no color change, it is negative (Figure 13). 
 

 
Fig. 13. Voges Pros Cover test  
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CITRATE=Simmons citrate; line style planting is performed to citrate medium. If the 
bacteria used citrate as a carbon source, the color of the medium will turn from green into 
blue. The test is positive (Figure 14). 
 
 

 
Fig. 14. Citrate test 

IMVIC test results for Salmonella were given in Table 2.  
 

Reaction Salmonella  

Indole negative 

Methyl Red positive 

Voges Pros Kover negative 

Citrate positive 

Table 2. IMVIC Test Results 

5.3.6 Triple tube method 
Single colony that identification is desired is made suspension in the bouillon or a 3rd tube. 
Incubation is performed at 37°C for 3 to 4 hours if required. Plantings are performed to 2nd 
and 1st tubes. It is left for incubation at 37°C for 18-22 hours.  
1. Matters that we may observe in the tube: 
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a. Glucose fermentation: It is understood by turning of the bottom of the tube to 
yellow color.  

b. Lactose fermentation: The color of sloped surface of the medium turns from orange 
red into yellow.  

c. H2S formation: It is understood by formation of black color in the medium.  
d. Lyzine decarboxylase: 4 ml of 4N NaOH and 2 ml of Chloroform are added on the 

culture. It is kept at room temperature for 15 minutes, 1 ml from chloroform layer is 
taken by Pasteur pipette. Equal quantities of ninhydrin (from 0,1% solution in 
chloroform) is added and kept at room temperature for 10 minutes. Formation of 
violet color at the end of this period shows that the test is positive.  

e. Gas formation: It is understood by biodegradation of the medium and occurrence 
of gas bubbles.  

f. ONPG Test: Loop full culture which was taken from the surface of the medium is 
dispersed with 0,25 ml of physiological saline. 0,25 ml ONPG solution is added on 
this and it is kept in the drying oven at 37°C for 30 minutes. Formation of fixed 
yellow color at the end of this period was evaluated as positive.  

g. Other tests:  Beta galactosidase  
Phennyaline deaminase  
Oxidase  

2. Matters that we may observe in the tube: 
a. Mannitol fermentation: It is understood by conversion of the color from red into 

yellow. 
b. Motility: It is smeared through the middle and it is reproduced to right and left 

alon the planting line. 
c. Nitrate reduction: 4 drops each from indicators A and B are dripped.  

3. Matters that we may observe in the tube: 
a. UREASE formation is observed by conversion o the medium into red color.  
b. Indole: 0,5 ml of Kovacs indicator is added from the side of the tube slowly. Red 

color indicates that the test is positive. 
c. Tryptophane deaminase: 5 drops of medium is transferred into a sterile agglutination 

tube via a pipette before addition of Kovacs indicator to the medium. 1 drop of 10% 
FeCl3 is added on it. If the color turns into red tile color within 3 to 5 minutes, test is 
positive.  

Mediumd used in triple tube method  

1. TUBE: klikler I A, or TSI agar are used.  
 

Peptone  20 g 
Lactose 10 g 
Glucose 1 g 
Sodyum thiosulphate 0,2 g 
Ferroammonium sulphate 0,3 g 
NaCl 6 g 
Agar 17 g 
Phenol red(0,2 %) 12.5 ml 
Distilled water  1,000 ml 
Ph 7 
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The mixture is distributed into screw tubes as 7 to 8 ml after boiling. It is sterilized in the 
autoclave at 121°C for 15 minutes. Tubes are frozen as oblique.  

2. TUBE:  
 

Peptone (casein)  5 g 
Neopeptone 5 g 
Mannitol 2 g 
Potassium nitrate  1,7 g 
Phenol red(0,2 %)  20 ml 
Distilled water  1,000ml  
Agar 2,5 g 

 

The mixture is distributed into screw tubes as 5 to 6 ml after boiling. It is sterilized in the 
autoclave at 121°C for 15 minutes. Ph is adjusted to 7. 

3. TUBE:  
 

L-Tryptophane  0,3 g 
Potassium dihidrogen phosphate (KH2PO4) 0,1 g 
Dipotassium hydrogen phosphate (K2HPO4) 0,1 g 
NaCl  0,5 g 
Urea 2 g 
Ethanole (95%) 1ml 
Phenol red(0,2 %)  1.25 ml 
Distilled water  1,000 ml  
Ph  6,5  

 

The mixture is sterilized by the filter after dissolving. It is distributed into sterile tubes. If 
there is no filter, it is sterilized by tyndalisation method (Table 3).  
 

 
Table 3. Identification Schedule of Salmonellas According to triple Tube Method 
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5.3.7 API method 
The API-20E test kit for the identification of enteric bacteria (bioMerieux, Inc., Hazelwood, 
MO) provides an easy way to inoculate and read tests relevant to members of the Family 
Enterobacteriaceae and associated organisms. A plastic strip holding twenty mini-test tubes is 
inoculated with a saline suspension of a pure culture (as per manufacturer's directions). 
This process also rehydrates the dessicated medium in each tube. A few tubes are 
completely filled (CIT, VP and GEL as seen in the photos below), and some tubes are 
overlaid with mineral oil such that anaerobic reactions can be carried out (ADH, LDC, 
ODC, H2S, URE). 
After incubation in a humidity chamber for 18-24 hours at 37°C, the color reactions are read 
(some with the aid of added reagents), and the reactions (plus the oxidase reaction done 
separately) are converted to a seven-digit code which is called the Analytical Profile Index, 
from which name the initials "API" are derived. The code can be fed into the manufacturer's 
database via touch-tone telephone, and the computerized voice gives back the identification, 
usually as genus and species. An on-line database can also be accessed for the identification. 
The reliability of this system is very high, and one finds systems like these in heavy use in 
many food and clinical labs. 
Note: Discussion and illustration of the API-20E system here does not necessarily constitute 
any commercial endorsement of this product. It is shown in our laboratory courses as a 
prime example of a convenient multi-purpose testing method one may encounter out there 
in the "real world." 
In the following photos: 
 Note especially the color reactions for amino acid decarboxylations (ADH through 

ODC) and carbohydrate fermentations (GLU through ARA). 
 The amino acids tested are (in order) arginine, lysine and ornithine. Decarboxylation 

is shown by an alkaline reaction (red color of the particular pH indicator used). 
 The carbohydrates tested are glucose, mannitol, inositol, sorbitol, rhamnose, 

sucrose, melibiose, amygdalin and arabinose. Fermentation is shown by an acid 
reaction (yellow color of indicator). 

 Hydrogen sulfide production (H2S) and gelatin hydrolysis (GEL) result in a black color 
throughout the tube. 

 A positive reaction for tryptophan deaminase (TDA) gives a deep brown color with the 
addition of ferric chloride; positive results for this test correlate with positive 
phenylalanine and lysine deaminase reactions which are characteristic of Proteus, 
Morganella and Providencia. 

In the first set of reactions: 
 Culture "5B" (isolated from an early stage of sauerkraut fermentation) is identified as 

Enterobacter agglomerans which has been a convenient dumping ground for organisms 
now being reassigned to better-defined genera and species including the new genus Pantoea. 
This particular isolate produces reddish (lactose +), "pimply" colonies on MacConkey Agar 
which exude an extremely viscous slime as may be seen here; this appearance is certainly 
atypical of organisms identified as E. agglomerans or Pantoea in general. 

 Culture "8P44" is identified as Edwardsiella hoshinae. The CDC had identified this 
culture (in 1988) as the ultra-rare Biogroup 1 of Edwardsiella tarda which may not be in 
the API-20E database (Figure 15). This system probably would not be able to 
differentiate between these two organisms. Note that 8P44 shows H2S production 
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which is probably typical of Edwardsiella tarda Biogroup 1. Clinical laboratories 
usually run this test in Triple Sugar Iron Agar in which the organism's fermentation 
of sucrose (with consequent high acid production) tends to negate the H2S reaction, 
and – as a result – the organism is mis-characterized throughout the literature as H2S 
negative even though it shows a positive reaction in KIA and other H2S-detecting 
media.  

 
 
 
 
 
 

 
 
 
 

Fig. 15. API Test Result for Salmonella  

5.3.8 Full automatic bacteria identification device 
Some amount of material is taken and transferred into selenite F bouillon (bio-Merieux SA-
France). It is incubated at 37°C for 16 to 24 hours in the drying oven. Single colony planting 
is performed to Salmonella -Shigella agar (bio-Merieux SA-France) after the period has 
passed. It is incubated at 37°C for 16 to 24 hours in the drying oven. Bacteria is made 
suspension to provide 0,40-0,60 McFarlantd turbidity from reproduced suspicious colonies 
to Phoenix ID broth.  
1 drop of Phoenix AST indicator (Phonex AST Indicator solution, BD Sparks, Benex Limited, 
Shannon, Ireland) to Phoenix AST broth (Phonex AST borth, BD Sparks, Benex Limited, 
Shannon, Ireland). 25 µl ID broth is taken and pipetted into AST Broth (BD Phoenix 
NMIC/ID-82 Sparks- USA). ID and AST broths are transferred to ID and AST pplate. 
Identification and antibiogram process are performed as full automatically in Phoenix-100 
(BD Sparks-USA). 
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5.4 Serologucal tests 
Antiserums which are used in serological tests of Salmonellas can be classified as follows. 
Pure Salmonellas uspicious culture reproduced in TSI agar, agar agar or bouillon and culture 
of Salmonellas erotypes reproduced in normal or oblique agar can be classified as follows to 
be used in serological tests: 
 
a. Salmonella polyvalent 0 (somatic) antiserum: 1,16,19,22,23,24,25 and vi in the least, 
b. Salmonella individual (0) somatic group anti-serums: A,B,C1,C2,D E (E1,E2,E3,E4), 

F,G,H,I, vi, 
c. Salmonella polyvalent H (flagella) antiserum: It will include agglutinins of 

a,b,c,d,en,en,enx,fg,tgt,gm,gms,gp,gpu,gq,gst,gt,i,k,lv,lw,lz13,lz28,mt,r,y,z,z4z23,z4z24,
z4z32,z6,z10,z29,1,2,1,5,1,6 ve 1,7 antigens. 

d.  Salmonellas picer-Edward’s H (flagella) antiserums: 
It is consisted of seven antiserums and it gives a reaction as follows: 

d1) Salmonella H antiserum Spicer –Edwards 3: Gives reaction with a, d, eh, k, z, z4z23, 
z4z32 ve z29 antigens. 

d2) Salmonella H antiserum Spicer –Edward 4: Gives reaction with b, d, fg, fgt, gm, gms, 
gmt, gp, gpu, gq, gst, ms, mt, k, r, z, ve z10 antigens. 

d3) Salmonella H antiserum e,n complex: It gives reaction with enx and enz 15 
antibodies.  

d4) Salmonella H antiserum L complex: Gives reaction with 1v,1w,1zl3,lz28 antigens. 
d5) Salmonella H antiserum 1 complex: Gives reaction with 1,2; 1,5 1,6 1,7 ve z6 antigens. 

5.4.1 Lame test for polyvalent 0 (somatic) antigen  
1. First, reliability of antiserum should be detected. For this, various dilutions of the 

antiserum should ne prepared and controlled with a certain culture.  
2. The lame is divided into two by a glass cutter.  
3. A small amount of culture a taken and put on both parts of the lame. (cultures in 

normal oblique agar and 24 hours cultures of TSI agar should be used.). 
4. One drop each from 0,85% sodium chloride solution is put on drops above and it is 

emulsified well.  
5. One drop of Salmonella polyvalent (0) antiserum is put into the first section and mixed 

well.  
6. The mixture is mixed by moving to the front and back for one minute and it is 

examined on a dark base. Positive reaction is rapid and strong reaction.  

5.4.2 Polyvalent H (flagella) antigen agglutination test 
1. Various dilutions of antiserum is prepared and it is controlled that whether the 

antiserum is safe with a known culture.  
2. 5 ml of 24 hours H bouillon culture is taken, 5 ml of 0,6% formalin physiological saline 

is added on it. It is kept for one hour. Formalin bouillon is kept for a couple of days at 5 
to 8°C if required.  

3. A small serological tube (10 X 75 mm or 13X 100 mm) is taken. 0,02 ml (one drop) is put 
from H (flagella) antiserum which was diluted appropriately and 1 ml of formalin 
bouillon culture (antigen) is added on it.  
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4. If formalin culture includes granular particles or thin membrane or sediment, control is 
performed by adding formalin salty water instead of antiserum (salty water control). 
For this, 0,02 ml Formalin salty water is put into the tube with the same length and 1 ml 
of formalin bouillon culture is added on it.  

5. Antigen-serum mixture and antigen-salty water mixture are incubated at 50°C warm 
water bath for one hour. It is controlled by 15 minutes of interval first and the final 
result is read after one hour.  

6. Polyvalent H test is assessed as follows. 
a. If agglutination is present in culture+formalin salty water + serum mixture and 

agglutination is absent in culture- formalin salty water mixture, reaction is 
positive.  

b. If there is no agglutination in culture+ formalin salty water + serum mixture, 
reaction is negative.  

c. If there is agglutination in both mixtures, reaction is non-specific.  
7. Immotile Salmonella cultures or Salmonella polyvalent H (flagella) negative cultures are 

assessed according to Edwards and Ewing. 

5.4.3 “0” antiserum groups test  
This test is performed to determine the “0” group that the culture belongs to.  
1. Various dilutions of antiserums are performed and it is processed with a known culture 

and reliability of antiserum is controlled.  
2. The test is applied as told in section II. But, “0” group antiserums are used in here 

instead of 0 polyvalent. ( Including Vi). 
3. Intense suspensions of cultures which give positive reactions with Vi antiserums in 

1 ml physiological saline and it is heated in boiling water for 20-30 minutes and left 
for cooling. The test is repeated by using D, C and Vi antiserums of 0 group with 
these heated cultures. Vi positive cultures which react with Soamtic D group 
antiserums are likely Salmonella typhi. Vi positive cultures which react with 
Somatic C1 group antiserum are probably Salmonella paratyphi C. If Vi positive 
cultures heated which does not react with any of = group antiserum continues to 
give positive reaction after heating, they are not probably Salmonella. They belong 
to Citrobacter group.  

4. The culture is accepted as belonging to the group that the culture reacted positively 
with which of “0” group antiserums. Cultures that do not react positively with any of 0 
group antiserums are accepted as negative.  

5.4.4 Spicer-Edwards H (flagella) test  
These tests may be used instead of polyvalent H test which was specified in 4.4.2. It is used 
in determination of H antigens.  
1. Various dilutions of antiserums are prepared and it is processed with a known culture 

and reliability of antiserum is detected.  
2. Every seven Spiecer-Edwards H antiserum is processed with each of them. This 

examination is as told in section III. Spiecer-Edwards H antiserums are used instead of 
polyvalent H antiserum.  

3. Positive agglutination shows presence of H antigen. Antigen is detected according to 
Spiecer-Edwards antiserum agglutinins which was shown in the sollowing table 3. 
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and reliability of antiserum is controlled.  
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Spiecer-Edwards antiserum agglutinins which was shown in the sollowing table 3. 
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H antigen Positive reaction with Spiecer 
Edward Salmonella H antiserum 

a 1, 2, 3 
b 1, 2, 4 
c 1, 2 
d 1, 3, 4 
eh 1, 3 

G complex 1, 4 
i 1 
k 2, 3, 4 
r 2, 4 
y 2 
z 3, 4 

z4 complex 4 
z10 4 
z9 2, 3 

enx, enz15 en complex 
1v, 1w, 1z13, 1z28 1 complex 

1,2; 1,5; 1,6; 1,7; z6 complex 

Table 3. 

5.5 Gruber-Widal reaction 
Gruber Widal reaction is used to reveal infections caused by Salmonella group bacteria. 
Salmonella typhi, Salmonella paratyphi B bacteria are used in the reaction, because they are 
most common species in our country. Salmonella paratyphi A is added for many times. 
Bacteria such as Salmonella paratyphi C are also important in another countries. Both O and 
H antigens of bacteria are used separately in the reaction. Because, only O or G agglutinins 
occur especially in first episode of the disease. O agglutinins appear before H agglutinins 
generally in typhoid fever. As O antigen fractions of Salmoenalla typhi are present in 
Salmoenalla paratyphi B, they give common agglutination. H agglutination is more valuable 
as it is not common.  
Gruber Widal reaction is performed quantitatively, because serum titration is important. It 
is impossible to put definite rules to improve various titrations. Reaction is improved by 
considering other findings. It should be considered that in which day of the disease serum 
has been taken, whether an infection appeared previously, whether protective vaccination is 
performed and normal antibody level in healthy persons in the population.  
Agglutinins may exist normally in the serum. H agglutinins of Salmonella typhi and 
Salmonella paratyphi B may be 1/40 titration and O agglutinins may be as 1/50 titration. 
Therefore, reaction is started as final dilution of the serum in the first tube will be as 1/50.  
If a non-specific antigen such as fimbria antigen is present in the bacteria suspension, false 
positive Gruber-Widal reaction occurs with an agglutinin in the human serum.  

 
Isolation and Identification of Salmonellas from Different Samples 

 

155 

Specific antibodies occur in serums of those who had typhoid-paratyphoid vaccination and 
Gruber-Widal reaction is positive in them. If previously vaccinated persons have a pyretic 
disease, agglutination titration elevates. When vaccinated persons are examined after 
months, it is seen that they have H agglutinins mainly. Therefore, high H agglutinin titration 
of those who was vaccinated is meaningless. However, if more than six months has passed 
from the vaccination date and titration of O agglutination is more than 1/100 and titration 
elevates in continuous assays, such result is insignificant in the diagnosis.  
Presence of both O and H agglutinins in persons who had undergone the infection may 
last long.  
Detection of O antibodies in the serum shows that a new infection was experienced. H 
agglutinins are 1/400 or higher in those who had new infections and they stay for a long 
time, sometimes for years. Serum titration elevates during an pyretic disease (anamnestic 
reaction). O agglutinins decrease rapidly in the blood and it may be shown rarely after one 
year. High O titration is not seen with anamnestic reaction.  
1/100 positive O agglutination and 1/200 positive agglutination are valuable in persons 
who was not infected and vaccinated. 1/200 O agglutination and 1/400 H agglutination in 
persons who was infected and vaccinated before is valuable in terms of diagnose of a new 
infection. Only 1/100-1/200 positive H agglutination shows an undergone infection, new 
vaccination or anamnestic reaction.  

Making the Assay; 
6 series of tubes are taken, 6 tubes are put in every series as 1/50, 1/100, 1/200, 1/400 serum 
dilutions, antigen control and serum control. To make serial dilution, 0,5 cm3 salty water 
except 1st tube and last serum control tube and 0,5 cm3 diluted immunized serum is put into 
the last tube. Immunized serum which was generally obtained from rabbits as immunized 
serum is used by diluting 100 or 1000 times and adding 0,5% phenol. First Tube 7.2 cm3 and 
0.3 cm3 of saline placed in serum 1 / 25 dilution of each series after the 1st and 2 tube is 
added 0.5 cm3. Serum was diluted as 1/25 in the 1st tube. Same amount of salty water was 
diluted as much in the 2nd tube and dilution has become 1/50.  
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1. Introduction 
During the last decades, it has become increasingly clear that bacteria, including foodborne 
pathogens such as Salmonella enterica, grow predominantly as biofilms in most of their 
natural habitats, rather than in planktonic mode. A biofilm can be broadly defined as a 
microbially derived sessile community characterized by cells that are irreversibly attached 
to a substratum or interface or to each other, are embedded in a matrix of extracellular 
polymeric substances (EPS) that they have produced, and exhibit an altered phenotype with 
respect to growth rate and gene transcription (Donlan & Costerton, 2002; Kuchma & 
O’Toole, 2000; Lazazzera, 2005; Shemesh et al., 2007). Interestingly, it has been observed that 
the resistance of biofilm cells to antimicrobials is significantly increased compared with 
what is normally seen with the same cells being planktonic (Gilbert et al., 2002; Mah & 
O’Toole, 2001). Thus, it is believed that biofilm formation enhances the capacity of 
pathogenic Salmonella bacteria to survive stresses that are commonly encountered both 
within food processing, as well as during host infection. 
In food industry, biofilms may create a persistent source of product contamination, leading to 
serious hygienic problems and also economic losses due to food spoilage (Brooks & Flint, 2008; 
Carpentier & Cerf, 1993; Ganesh Kumar & Anand, 1998; Lindsay & von Holy, 2006; Zottola & 
Sasahara, 1994). Improperly cleaned surfaces promote soil build-up, and, in the presence of 
water, contribute to the development of bacterial biofilms which may contain pathogenic 
microorganisms, such as Salmonella. Cross contamination occurs when cells detach from 
biofilm structure once food passes over contaminated surfaces or through aerosols originating 
from contaminated equipment. Till now, there is only limited information on the presence of 
Salmonella in biofilms in real food processing environments. However, numerous studies have 
shown that Salmonella can easily attach to various food-contact surfaces (such as stainless steel, 
plastic and cement) and form biofilms under laboratory conditions (Chia et al., 2009; Giaouris 
et al., 2005; Giaouris & Nychas, 2006; Hood & Zottola, 1997a,b; Marin et al., 2009; Oliveira et 
al., 2006; Rodrigues et al., 2011; Vestby et al., 2009a,b). 
The natural environments that most bacteria inhabit are typically complex and dynamic. 
Unfortunately, this complexity is not fully appreciated when growing microorganisms in 
monocultures under laboratory conditions. Thus, in real environments, biofilm communities 
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are usually inhabited by numerous different species in close proximity (Wimpenny et al., 
2000). Spatial and metabolic interactions between species contribute to the organization of 
multispecies biofilms, and the production of a dynamic local environment (Goller & Romeo, 
2008; Tolker-Nielsen & Molin, 2000). Indeed, cell-to-cell signalling and interspecies 
interactions have been demonstrated to play a key role in cell attachment and detachment 
from biofilms, as well as in the resistance of biofilm community members against 
antimicrobial treatments (Annous et al., 2009; Burmølle et al., 2006; Irie & Parsek, 2008; 
Nadell et al., 2008; Remis et al., 2010). Mixed-species biofilms are usually more stable than 
mono-species biofilms, while biofilm formation by Salmonella has also been shown to be 
influenced by either the natural in situ presence of other species, or just their metabolic by-
products (Chorianopoulos et al., 2010; Girennavar et al., 2008; Habimana et al., 2010b; Jones 
& Bradshaw, 1997; Prouty et al., 2002; Soni et al., 2008).  
In this chapter, we review up-to-date available voluminous literature on the attachment and 
biofilm formation by Salmonella strains on abiotic surfaces, simulating those encountered in 
food processing areas (section 4). Before this, the advantages of biofilm lifestyle for 
microorganisms are briefly discussed (section 2), together with the serious negative 
implications of biofilm formation for the food industry (section 3). Major molecular 
components building up Salmonella biofilm matrix are then reported (section 5). Finally, we 
review available knowledge on the influence of cell-to-cell communication (quorum 
sensing) on the establishment of Salmonella biofilms (section 6).  

2. Bacterial attachment to surfaces and advantages of the biofilm lifestyle  
For most of the history of microbiology, microorganisms have primarily been characterised 
as planktonic, freely suspended cells and described on the basis of their growth 
characteristics in nutritionally rich culture media. Although this traditional way of culturing 
bacteria in liquid media has been instrumental in the study of microbial pathogenesis and 
enlightening as to some of the amazing facets of microbial physiology, pure culture 
planktonic growth is rarely how bacteria exist in nature. On the contrary, direct observation 
of wide of variety of natural habitats has shown that the majority of microbes persist 
attached to surfaces within a structured biofilm ecosystem and not as free-floating 
organisms (Costerton et al., 1987, 1995; Kolter & Greenberg, 2006; Verstraeten et al., 2008). 
The data on which this theory is predicated came mostly from natural aquatic ecosystems, in 
which direct microscopic observations together with direct quantitative recovery techniques 
showed unequivocally that more than 99.9% of the bacteria grow as biofilms on a wide variety 
of surfaces. The diversity and distribution of salmonellae in fresh water biofilms has also been 
recently shown (Sha et al., 2011). Moreover, it is becoming clear that these natural assemblages 
of bacteria within the biofilm matrix function as a cooperative consortium, in a relatively 
complex and coordinated manner (James et al., 1995; Moons et al., 2009; Wuertz et al., 2004). 
Nowadays, besides natural aquatic systems, it is well established that biofilms may form on a 
wide variety of surfaces, including living tissues, indwelling medical devices and also 
industrial systems, such as pharmaceutical industries, oil drilling, paper production, waste 
water treatment and food processing (Hall-Stoodley et al., 2004). Thus, examples of this 
bacterial lifestyle are abundant in daily life: the slimy material that covers flower vases, 
pipelines, submerged rocks, and even the surface of teeth (Marsh, 2005; Wimpenny, 2009). 
Biofilm formation occurs through sequential steps in which the initial attachment of 
planktonic bacteria to a solid surface is followed by their subsequent proliferation and 
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accumulation in multilayer cell clusters, and the final formation of the bacterial community 
enclosed in a self-produced polymeric matrix (Goller & Romeo, 2008; Lasa, 2006; O’Toole et 
al., 2000; Palmer et al., 2007; Rickard et al., 2003). The initial interaction between solid 
surface and bacterial cell envelope appears to be mediated by a complex array of chemical 
and physical interactions, with each affected by the chemical and physical environment to 
which the bacterial cell and the surface are currently or recently exposed (Palmer et al., 
2007). Mature biofilms are highly organized ecosystems in which water channels are 
dispersed and can provide passages for the exchange of nutrients, metabolites and waste 
products (Stoodley et al., 2002). Once the biofilm structure has developed, some bacteria are 
released into the liquid medium, in order to colonize new surfaces, probably when 
surrounding conditions become less favourable (Gilbert et al., 1993; Hall-Stoodley & 
Stoodley, 2002, 2005; Klausen et al., 2006).  
According to Darwin’s theory of evolution, the only true driving force behind the course of 
action of any organism is reproductive fitness. Outside of the laboratory bacteria rarely, if 
ever, find themselves in an environment as nutrient rich as culture media, and in these 
conditions, there are a number of fitness advantages imparted by the biofilm mode of 
growth (Jefferson, 2004). The process of biofilm formation is believed to begin when bacteria 
sense certain environmental parameters (extracellular signals) that trigger the transition 
from planktonic growth to life on a surface (Lopez et al., 2010). Currently, four potential 
incentives behind the formation of biofilms by bacteria are considered: (i) protection from 
the harmful environment (as a stress response mechanism), (ii) sequestration to a nutrient 
rich area, (iii) utilization of cooperative benefits (through metabolic cooperativity), and (iv) 
acquisition of new genetic traits (Davey & O’Toole, 2000; Molin & Tolker-Nielsen, 2003).  
Bacteria experience a certain degree of shelter and homeostasis when residing within a 
biofilm and one of the key components of this microniche is the surrounding extrapolymeric 
substance (EPS) matrix (Flemming & Wingender, 2010). This matrix is composed of a 
mixture of components, such as exopolysaccharides, proteins, nucleic acids, and other 
substances (Branda et al., 2005). The nature of biofilm matrix and the physiological 
attributes of biofilm microorganisms confer an inherent resistance to antimicrobial agents, 
whether these antimicrobial agents are antibiotics, disinfectants or germicides. Thus, 
established biofilms can tolerate antimicrobial agents at concentrations of 10-1000 times that 
need to kill genetically equivalent planktonic bacteria, and are also extraordinary resistant to 
phagocytosis, making rather difficult to eradicate biofilms from living hosts (Cos et al., 
2010). Mechanisms responsible for resistance may be one or more of the following: (i) 
delayed penetration of the antimicrobial agent through the biofilm matrix, (ii) altered 
growth rate of biofilm microorganisms, and (iii) other physiological changes due to the 
biofilm mode of growth, e.g. existence of subpopulations of resistant phenotypes in the 
biofilm, which have been referred to as “persisters” (Donlan & Costerton, 2002; Gilbert et al., 
2002; Lewis, 2001; Mah & O’Toole, 2001).  
Scientific interest in the process of bacterial biofilm formation has erupted in recent years 
and studies on the molecular genetics of biofilm formation have begun to shed light on the 
driving forces behind the transition to the biofilm mode of existence. Evidence is mounting 
that up- and down-regulation of a number of genes occurs in the attaching cells upon initial 
interaction with the substratum (Donlan, 2002; Sauer, 2003). Thus, high-throughput DNA 
microarray studies have been conducted to study biofilm formation in many model 
microorganisms and have identified a large number of genes showing differential 
expression under biofilm conditions (Beloin et al., 2004; Hamilton et al., 2009; Lazazzera, 
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2005; Shemesh et al., 2007; Whiteley et al., 2001). In S. Typhimurium, 10% of its genome (i.e. 
433 genes) showed a 2-fold or more change in the biofilm, using a silicone rubber tubing as a 
substratum for growth, compared with planktonic cells (Hamilton et al., 2009). The genes 
that were significantly up-regulated implicated certain cellular processes in biofilm 
development, including amino acid metabolism, cell motility, global regulation and 
tolerance to stress. Obviously, the more we learn about the genetic regulation of biofilm 
formation, the more we understand about the relative roles of benefits and forces that drive 
the switch to the biofilm mode of growth. 

3. Biofilm formation in food processing environments and implications  
The ability of bacteria to attach to abiotic surfaces and form biofilms is a cause of concern for 
many industries, including the food ones (Chmielewski & Frank, 2003). Poor sanitation of 
food-contact surfaces is believed to be an essential contributing factor in foodborne disease 
outbreaks, especially those involving Listeria monocytogenes and Salmonella. This is because 
the attachment of bacterial cells to such surfaces is the first step of a process which can 
ultimately lead to the contamination of food products. Thus, biofilms formed in food 
processing environments are of special importance since they may act as a persistent source 
of microbial contamination which may lead to food spoilage or/and transmission of 
diseases (Brooks & Flint, 2008; Zottola & Sasahara, 1994). While food spoilage and 
deterioration may result in huge economic losses, food safety is a major priority in today’s 
globalizing market with worldwide transportation and consumption of raw, fresh and 
minimally processed foods (Shi & Zhu, 2009).  
Besides food spoilage and safety issues, in the dairy industry, bacterial attachment in heat 
exchangers (a process commonly known as “biofouling”) greatly reduces the heat transfer 
and operating efficiency of the processing equipment, while it can also causes corrosion 
problems (Austin & Bergeron, 1995). Additionally, in the various filtration systems, biofilm 
formation reduces significantly the permeability of the membranes (Tang et al., 2009). 
However, it should be noted that in the industry of fermented food products (sausages, 
cheeses etc), biofilm formation by some useful and technological bacteria (e.g. staphylococci, 
lactococci, lactobacilli) can be desirable, as a mean of the enhancement of food fermentation 
process, and more importantly as a mean of protection against the establishment of 
pathogenic biofilms (Chorianopoulos et al., 2008; Zhao et al., 2006). 
Adhesion of Salmonella to food surfaces was the first published report on foodborne bacterial 
biofilm (Duguid et al., 1966). Since that time, many documents have described the ability of 
foodborne pathogens to attach to various surfaces and form biofilms, including L. 
monocytogenes (Blackman & Frank, 1996; Chorianopoulos et al., 2011; di Bonaventura et al., 
2008; Poimenidou et al., 2009), Salmonella enterica (Chia et al., 2009; Giaouris et al., 2005; 
Giaouris & Nychas, 2006; Habimana et al., 2010b; Joseph et al., 2001; Kim & Wei, 2007, 2009; 
Oliveira et al., 2006; Marin et al., 2009; Rodrigues et al., 2011; Solomon et al., 2005; Stepanović 
et al., 2003, 2004), Yersinia enterocolitica (Kim et al., 2008), Campylobacter jejuni (Joshua et al., 
2006) and Escherichia coli O157:H7 (Habimana et al., 2010a; Skandamis et al., 2009). 
Modern food processing supports and selects for biofilm forming bacteria on food-contact 
surfaces due to mass production of products, lengthy production cycles and vast surface areas 
for biofilm development (Lindsay & von Holy, 2006). In situ biofilms have been recognised in 
various food processing industries, such as processors of cheese and other milk products, raw 
and cooked/fermented meats, raw and smoked fish etc (Austin & Bergeron, 1995; Bagge-Ravn 
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et al., 2003; Gounadaki et al., 2008; Gunduz & Tuncel, 2006; Sharma & Anand, 2002). Several 
studies were also focused on the attachment of bacterial pathogens to food surfaces such as 
Escherichia coli to beef muscle and adipose tissue (Rivas et al., 2006) and S. Typhimurium, 
Yersinia enterocolitica and L. monocytogenes to pork skin (Morild et al., 2011). 
Biofilm formation depends on an interaction between three main components: the bacterial 
cells, the attachment surface and the surrounding medium (Van Houdt & Michiels, 2010). 
Adhesion of bacterial cells, the first phase of biofilm formation, is influenced by the 
physicochemical properties of the cells’ surface, which in turn are influenced by factors such 
as microbial growth phase, culture conditions and strain’s variability (Briandet et al., 1999; 
Giaouris et al., 2009). The surfaces of most bacterial cells are negatively charged, and this net 
negative charge of the cell surface is adverse to bacterial adhesion, due to electrostatic 
repulsive force. However, the bacterial cell-surface possesses hydrophobicity due to 
fimbriae, flagella and lipopolysaccharide (LPS) (Ukuku & Fett, 2006). Hydrophobic 
interactions between the cell surface and the substratum may enable the cell to overcome 
repulsive forces and attach irreversibly (Donlan, 2002). The properties of the attachment 
surface (e.g. roughness, cleanability, disinfectability, wettability, vulnerability to wear) are 
important factors that also affect the biofilm formation potential and thus determine the 
hygienic status of the material. Stainless steel type 304, commonly used in the food processing 
industry, is an ideal material for fabricating equipment due to its physico-chemical stability 
and high resistance to corrosion. Teflon and other plastics are often used for gaskets and 
accessories of instruments. These surfaces become rough or crevice with continuous reuse and 
form a harbourage to protect bacteria from shear forces in the food fluid. 
Environmental factors such as pH, temperature, osmolarity, O2 levels, nutrient composition 
and the presence of other bacteria play important roles in the process of biofilm formation 
(Giaouris et al., 2005; Hood & Zottola, 1997a; Stepanovic et al., 2003). The integration of 
these influences ultimately determines the pattern of behavior of a given bacterium with 
respect to biofilm development (Goller & Romeo, 2008). In food processing environments, 
bacterial attachment is additionally affected by food matrix constituents, which can be 
adsorbed onto a substratum and create conditioning films (Bernbom et al., 2009). For 
example, skim milk was found to reduce adhesion of Staphylococcus aureus, L. monocytogenes, 
and Serratia marcescens to stainless steel coupons (Barnes et al., 1999). Additionally, in real 
environments, the presence of mixed bacterial communities adds additional complexity to 
attachment and biofilm formation procedure. For instance, the presence of Staphylococcus 
xylosus and Pseudomonas fragi affected the numbers of L. monocytogenes biofilm cells on 
stainless steel (Norwood & Gilmour, 2001), while compounds present in Hafnia alvei cell-free 
culture supernatant inhibited the early stage of S. Enteritidis biofilm formation on the same 
material (Chorianopoulos et al., 2010).  
Once biofilms have formed in the factory environment, they are difficult to be removed 
often resulting in persistent and endemic populations (Vestby et al., 2009b). Interestingly, 
persistent L. monocytogenes strains had the added ability of enhanced adhesion within 
shorter times to stainless steel surfaces compared to non-persistent strains (Lundén et al., 
2000). It has been suggested that such persistence is likely due to physical adaptation of cells 
in biofilms, particularly resistance to cleaning and sanitizing regimes, since it is generally 
accepted and well documented that cells within a biofilm are more resistant to biocides than 
their planktonic counterparts (Carpentier & Cerf, 1993). For example, nine disinfectants 
commonly used in the feed industry and efficient against planktonic Salmonella cells, showed a 
bactericidal effect that varied considerably for biofilm-grown cells with products containing 
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70% ethanol being most effective (Møretrø et al., 2009). Other studies similarly indicated that 
compared to planktonic cells, biofilm cells of Salmonella were more resistant to trisodium 
phosphate (Scher et al., 2005) and to chlorine and iodine (Joseph et al., 2001). In a comparative 
study of different S. Enteritidis phage type 4 isolates it was found that those isolates that 
survived better on surfaces also survived better in acidic conditions and in the presence of 
hydrogen peroxide and showed enhanced tolerance towards heat (Humphrey et al., 1995).  
The cellular mechanisms underlying microbial biofilm formation and behaviour are 
beginning to be understood and are targets for novel specific intervention strategies to 
control problems caused by biofilm formation in fields ranging from industrial processes 
like food processing, to health-related fields, like medicine and dentistry. In food industry, 
various preventive and control strategies, like hygienic plant lay-out and design of 
equipment, choice of materials, correct selection and use of detergents and disinfectants 
coupled with physical methods can be suitably applied for controlling biofilm formation. 
Right now, bacterial biofilms have not been specifically addressed in the HACCP system 
that has been employed in the food processing facilities. However, surveying of biofilms in 
food environments and developing an effective sanitation plan should be considered in the 
HACCP system (Sharma & Anand, 2002). An upgraded HACCP with biofilm assessment in 
food plants will provide clearer information of contamination, and assist the development of 
biofilm-free processing systems in the food industry. 

4. Attachment to food-contact surfaces and biofilm forming ability of 
Salmonella  
Salmonellae represent a group of Gram-negative bacteria that are recognized worldwide as 
major zoonotic pathogens for both humans and animals. In the EU, salmonellosis was the 
second most commonly reported zoonotic infection in 2009, with 108,614 human cases 
confirmed and a case fatality rate of 0.08%, which approximately corresponds to 90 human 
deaths (EFSA-ECDC, 2011). That year, Salmonella was most often found in fresh broiler, 
turkey and pig meat where proportions of positive samples, on average 5.4%, 8.7% and 
0.7%, were detected respectively. The two most common Salmonella serotypes, implicated in 
the majority of outbreaks, are Typhimurium and Enteritidis (52.3% and 23.3% respectively 
of all known serovars in human cases). The native habitat of salmonellae is considered to be 
the intestinal tract of taxonomically diverse group of vertebrates, from which salmonellae 
can spread to other environments through released faeces (Litrup et al., 2010).  
Interestingly, salmonellae have been shown to survive for extended periods of time in non-
enteric habitats, including biofilms on abiotic surfaces (White et al., 2006). Thus, several 
reports have demonstrated the ability of Salmonella to form biofilms on abiotic surfaces 
outside the host, such as stainless steel (Austin et al., 1998; Chorianopoulos et al., 2010; 
Giaouris et al., 2005; Giaouris & Nychas, 2006; Hood & Zottola, 1997a,b; Joseph et al., 2001; 
Kim & Wei, 2007, 2009; Møretrø et al., 2009), plastic (Asséré et al., 2008; Iibuchi et al., 2010; 
Jain & Chen, 2007; Joseph et al., 2001; Ngwai et al., 2006; Stepanović et al., 2003, 2004; Vestby 
et at., 2009a,b), rubber (Arnold & Yates, 2009), glass (Kim & Wei, 2009; Korber et al., 1997; 
Prouty & Gunn, 2003; Solano et al., 1998), cement (Joseph et al., 2001), marble and granite 
(Rodrigues et al., 2011). Taken into account, that all these surfaces are commonly 
encountered in farms, slaughter houses, food industries and kitchens, it is obvious that the 
risk for public health is quite serious.  
It is strongly believed that the ability of Salmonella to form biofilms on inanimate surfaces 
contributes to its survival and persistence in non-host environments and its transmission to 
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new hosts. To this direction, Vestby et al. (2009b) found a correlation between the biofilm 
formation capacities of 111 Salmonella strains isolated from feed and fish meal factories and 
their persistence in the factory environment. Another study on colonization and persistence 
of Salmonella on egg conveyor belts indicated that the type of egg belt (i.e. vinyl, nylon, 
hemp or plastic) was the most important factor in colonization and persistence, while rdar 
morphotype, a physiological adaptation associated with aggregation and long-term survival 
which is conserved in Salmonella (White & Surette, 2006), surprisingly, was not essential for 
persistence (Stocki et al., 2007). Interestingly, inoculation onto fresh-cut produce surfaces, as 
well as onto inert surfaces, such as polyethersufone membranes, was found to significantly 
increase the survival of salmonellae during otherwise lethal acid challenge (pH 3.0 for 2 
hours) (Gawande & Bhagwat, 2002). Similarly, Salmonella strains with high biofilm 
productivity survived longer on polypropylene surfaces under dry conditions than strains 
with low productivity (Iibuchi et al., 2010).  
In the food processing environments, food-contact surfaces come in contact with fluids 
containing various levels of food components. Under such conditions, one of the first events 
to occur is the adsorption of food molecules to the surface (conditioning). Both growth 
media and surface conditioning were found to influence the adherence of S. Typhimurium 
cells to stainless steel (Hood & Zottola, 1997b). A study of 122 Salmonella strains indicated 
that all had the ability to adhere to plastic microwell plates and that, generally, more biofilm 
was produced in low nutrient conditions, as those found in specific food processing 
environments, compared to high nutrient conditions (Stepanovic et al., 2004). A study 
conducted in order to identify the risk factors for Salmonella contamination in poultry farms, 
showed that the most important factors were dust, surfaces and faeces, and nearly 50% of 
the strains isolated from poultry risk factors were able to produce biofilm, irrespective of the 
origin of different serotypes (Marin et al., 2009).  
There are some studies which have investigated the influence of physicochemical and 
surface properties (e.g. charge, hydrophobicity, surface free energy, roughness) of Salmonella 
and surface materials on the attachment process. For instance, Sinde & Carballo (2000) 
found that surface free energies and hydrophobicity do not affect attachment of Salmonella 
to stainless steel, rubber and polytetrafluorethylene, while Ukuku & Fett (2002) found that 
there was a linear correlation between bacterial cell surface hydrophobicity and charge and 
the strength of attachment of Salmonella, E. coli and L. monocytogenes strains to cantaloupe 
surfaces. Korber et al. (1997) found that surface roughness influences susceptibility of S. 
Enteritidis biofilms, grown in glass flow cells (with or without artificial crevices) to 
trisodium phosphate. Chia et al. (2009) studied the attachment of 25 Salmonella strains to 
four different materials (Teflon®, stainless steel, rubber and polyurethane) commonly found 
in poultry industry and found out that materials more positive in interfacial free energies 
had the highest number of adhering bacteria. However, in that study, authors concluded 
that Salmonella adhesion is strain-dependent, and probably influenced by surface structures, 
such as cell wall and membrane proteins, fimbriae, flagella and polysaccharides. This was 
also the conclusion of another similar study which compared the adhesion ability of four S. 
Enteritidis isolates to three different materials (polyethylene, polypropylene and granite) 
used in kitchens (Oliveira et al., 2006). Ngwai et al. (2006) characterized the biofilm forming 
ability of eleven antibiotic-resistant S. Typhimurium DT104 clinical isolates from human 
and animal sources and concluded that there was a general lack of correlation between this 
ability and bacterial physicochemical surface characteristics. 
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The persistence of Salmonella within the food chain has become a major health concern, as 
biofilms of this pathogen formed in food processing environments can serve as a reservoir 
for the contamination of food products. The development of materials to be used for food-
contact surfaces with improved food safety profiles continues to be a challenge. One 
approach which has been developed to control microbial attachment is the manufacture of 
food-contact materials incorporating antimicrobial compounds. Triclosan-impregnated 
kitchen bench stones (silestones), although prone to bacterial colonization, were found to 
reduce S. Enteritidis biofilm development on them and also the viability of cells within the 
biofilm (Rodrigues et al., 2011).  

5. Molecular components of Salmonella biofilms formed on abiotic surfaces 
Curli fimbriae (formerly designated as thin aggregative fimbriae or Tafi) and cellulose are the 
two main matrix components (exopolymeric substances, EPS) in Salmonella biofilms (Gerstel & 
Römling, 2003). When co-expressed on Congo Red (CR) agar plates, curli fimbriae and the 
exopolysaccharide cellulose form the characteristic rdar (red, dry and rough) morphotype 
(also called rugose or wrinkled) (Römling, 2005). Their syntheses are co-regulated by a 
complex regulatory system. The LuxR type regulator CsgD protein stimulates the production 
of curli through transcriptional activation of the csgBAC (formerly agfBAC) operon, while the 
activation of cellulose production is indirect through the regulator AdrA which is a member of 
the GGDEF protein family regulated by csgD (Römling et al., 2000). García et al. (2004) 
demonstrated that most GGDEF proteins of S. Typhimurium are functionally related, 
probably by controlling the levels of the same final product, cyclic di-GMP, a secondary 
messenger that seems to regulate a variety of cellular functions including cellulose production 
and biofilm formation. The co-expression of curli fimbriae and cellulose leads to the formation 
of a highly hydrophobic network with tightly packed cells aligned in parallel in a rigid matrix 
and enhances biofilm formation on abiotic surfaces (Jain & Chen, 2007). Solomon et al. (2005) 
showed that 72% of 71 S. enterica strains, originating from produce, meat or clinical sources 
and belonging to 28 different serovars, expressed the rdar morphotype, with curli- and 
cellulose-deficient isolates being least effective in biofilm formation on polystyrene microtiter 
plates. White et al. (2006) showed that rdar morphotype significantly enhanced the resistance 
of Salmonella to dessication and sodium hypochlorite, suggesting that this phenotype could 
play a role in the transmission of Salmonella between hosts. However, aggregation via the rdar 
morphotype does not seem to be a virulence adaptation in S. Typhimurium, since competitive 
infection experiments in mice showed that nonaggregative cells outcompeted rdar-positive 
wild-type cells in all tissues analyzed (White et al., 2008).  
A variety of environmental cues such as nutrients, oxygen tension, temperature, pH, ethanol 
and osmolarity can influence the expression of the transcriptional regulator CsgD, which 
regulates the production of both cellulose and curli (Gerstel & Römling, 2003). Transcription 
of csgD is dependent upon the stationary phase-inducible sigma factor RpoS, and is 
maximal in the late exponential or early stationary phase of growth (Gerstel & Römling, 
2001). For an extensive overview on the current understanding of the complex genetic 
network regulating Salmonella biofilm formation, reader is advised to refer to the recently 
published review of Steenackers et al. (2011). When csgD is not expressed the morphotype is 
a conventional smooth and white (saw) colony, which does not produce any extracellular 
matrix (Römling et al., 1998b). In wild type Salmonella strains, rdar morphotype is restricted 
to low temperature (below 30°C) and low osmolarity conditions, but biogenesis of curli 
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fimbriae occurs upon iron starvation at 37°C. Römling et al. (2003) showed that the majority 
(more than 90% of 800 strains) of human disease-associated S. Typhimurium and S. 
Enteritidis (isolated from patients, foods and animals) displayed the rdar morphotype at 
28°C, but just rarely at 37°C. Interestingly, mutants in the csgD promoter have also been 
found expressing rdar morphotype independently of temperature (Römling et al., 1998b). 
Curli fimbriae are amyloid cell-surface proteins, and are involved in adhesion to surfaces, 
cell aggregation, environmental persistence and biofilm development (Austin et al., 1998; 
Collinson et al., 1991; White et al., 2006). The csg (curli subunit genes) genes (previously 
called agf genes) involved in curli biosynthesis are organized into two adjacent divergently-
transcribed operons, csgBAC and csgDEFG (Collinson et al., 1996; Römling et al., 1998a). 
Knocking out the gene encoding for the subunit of thin aggregative fimbriae, AgfA, results 
in pink colony formation, the pdar (pink, dry and rough) morphotype, which is 
characterised by production of cellulose without curli (Jain & Chen, 2007). Solano et al. 
(2002) stressed the importance of the applied biofilm system since they noticed that curli 
were not essential for biofilm mediated glass adherence under adherence test medium 
(ATM) conditions, while they were indispensable to form a tight pellicle under LB conditions.  
In addition to curli, the second component of the extracellular matrix of the Salmonella 
biofilms is cellulose, a β-1→4-D-glucose polymer, which is biosynthesized by the bcsABZC-
bcsEFG genes (bacterial cellulose synthesis) (Zogaj et al., 2001). Both operons are responsible 
for cellulose biosynthesis in both S. Enteritidis and S. Typhimurium (Jain & Chen, 2007; 
Solano et al., 2002). Cellulose production impaiment generates a bdar (brown, dry and 
rough) morphotype on congo red (CR) agar plates, characteristic of the expression of curli. 
Solano et al. (2002) showed that cellulose is a crucial biofilm determinant for Salmonella, 
under both LB and ATM conditions, without however affecting the virulence of the 
bacterium. Additionally, cellulose-deficient mutants were more sensitive to chlorine 
treatments, suggesting that cellulose production and biofilm formation may be an important 
factor for the survival of Salmonella in hostile environments. Prouty & Gunn (2003) identified 
its crucial importance for biofilm formation on glass coverslips. However, cellulose was not 
a major constituent of the biofilm matrix of S. Agona and S. Typhimurium strains isolated 
from the feed industry, but it contributed to the highly organized matrix structurization 
(Vestby et al., 2009a). Malcova et al. (2008) found that cellulose was not crucial for S. 
Enteritidis adherence and biofilm formation on polystyrene. 
Latasa et al. (2005) also reported another matrix component, BapA, a large cell-surface 
protein required for biofilm formation of S. Enteritidis. This protein was found to be loosely 
associated with the cell surface, while it is secreted through the BapBCD type I protein 
secretion system, encoded by the bapABCD operon. The expression of bapA was 
demonstrated to be coordinated with the expression of curli and cellulose through the action 
of csgD (Latasa et al., 2005). Also, these authors demonstrated that a bapA mutant strain 
showed a significant lower colonization rate at the intestinal cell barrier and consequently a 
decreased efficiency for organ invasion compared with the wild-type strain. 
Motility was found to be important for Salmonella biofilm development on glass (Prouty & 
Gunn, 2003) and polyvinyl chloride (PVC) (Mireles et al., 2001). On the contrary, Teplitski et al. 
(2006) noticed that the presence of the flagellum on the surface of the cell, functional or not, is 
inhibitory to biofilm formation on polystyrene, as mutants lacking intact flagella, showed 
increased biofilm formation compared to the wild-type. Flagella were not found to be 
important for S. Typhimurium rdar expression on Congo Red (CR) agar plates (Römling & 
Rohde, 1999). Solano et al. (2002) noticed that flagella affect S. Enteritidis biofilm development 
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demonstrated to be coordinated with the expression of curli and cellulose through the action 
of csgD (Latasa et al., 2005). Also, these authors demonstrated that a bapA mutant strain 
showed a significant lower colonization rate at the intestinal cell barrier and consequently a 
decreased efficiency for organ invasion compared with the wild-type strain. 
Motility was found to be important for Salmonella biofilm development on glass (Prouty & 
Gunn, 2003) and polyvinyl chloride (PVC) (Mireles et al., 2001). On the contrary, Teplitski et al. 
(2006) noticed that the presence of the flagellum on the surface of the cell, functional or not, is 
inhibitory to biofilm formation on polystyrene, as mutants lacking intact flagella, showed 
increased biofilm formation compared to the wild-type. Flagella were not found to be 
important for S. Typhimurium rdar expression on Congo Red (CR) agar plates (Römling & 
Rohde, 1999). Solano et al. (2002) noticed that flagella affect S. Enteritidis biofilm development 
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only under LB but not under ATM conditions. Stafford & Hughes (2007) showed that the 
conserved flagellar regulon gene flhE, while it is not required for flagella production or 
swimming, appeared to play a role in flagella-dependent swarming and biofilm formation on 
PVC. Kim & Wei (2009) noticed that flagellar assemply was important during biofilm 
formation on PVC in different (meat, poultry and produce) broths and on stainless steel and 
glass in LB broth. 
Colanic acid, a capsular extracellular polysaccharide, essential for S. Typhimurium biofilm 
development on epithelial cells was found not to be required for Salmonella biofilm formation 
on abiotic surfaces (Ledeboer & Jones, 2005; Prouty & Gunn, 2003). Solano et al. (2002) showed 
that colonic acid was important to form a tight pellicle under LB conditions, while it was 
dispensable under ATM conditions. De Rezende et al. (2005) purified another capsular 
polysaccharide (CP) from extracellular matrix of multiresistant S. Typhimurium DT104 which 
was found to be important for biofilm formation on polystyrene centrifuge tubes and was 
detected at both 25°C and 37°C. This was comprised principally of glucose and mannose, with 
galactose as a minor constituent. Malcova et al. (2008) confirmed the importance of this 
capsular polysaccharide in the biofilm formation capacity of strains unable to produce either 
curli fimbriae or cellulose. Due to mucoid and brown appearance on Congo Red agar plates, 
their morphotype was designated as sbam (smooth, brown and mucoid).  
However, other capsular polysaccharides can be present in the extracellular biofilm matrix of 
Salmonella strains (de Rezende et al., 2005; Gibson et al., 2006; White et al., 2003), and the exact 
composition depends upon the environmental conditions in which the biofilms are formed 
(Prouty & Gunn, 2003). Another component of the EPS matrix of Salmonella bile-induced 
biofilms, the O-antigen (O-ag) capsule, while it was found to be crucial for S. Typhimurium 
and S. Typhi biofilm development on gallstones, this was not necessary for adhesion and 
biofilm formation on glass and plastic (Crawford et al., 2008). The formation of this O-ag 
capsule was also found to be important for survival during desiccation stress (Gibson et al., 
2006). Anriany et al. (2006) highlighted the importance of an integral lipopolysaccharide (LPS), 
at both the O-antigen and core polysaccharide levels, in the modulation of curli protein and 
cellulose production, as well as in biofilm formation, thereby adding another potential 
component to the complex regulatory system which governs multicellular behavior in S. 
Typhimurium. Mireles et al. (2001) observed that for S. Typhimurium LT2, all of the LPS 
mutants examined were able to form a biofilm on polyvinyl chloride (PVC) but none were able 
to attach to a hydrophilic surface such as glass. Kim & Wei (2009) noticed that a rfbA mutant of 
S. Typhimurium DT104, showing an aberrant LPS profile, was impaired in rdar expression, 
pellicle formation, biofilm forming capability on PVC in meat, poultry and produce broths and 
biofilm formation on stainless steel and glass. 

6. Cell-to-cell communication in Salmonella biofilms (quorum sensing) 
It has been thoroughly suggested that bacterial cells communicate by releasing and sensing 
small diffusible signal molecules, in a process commonly known as quorum sensing (QS) 
(Miller & Bassler, 2001; Smith et al., 2004; Whitehead et al., 2001). Through cell-to-cell 
signaling mechanisms, bacteria modulate their own behaviour and also respond to signal 
produced by other species (Ryan & Dow, 2008). QS involves a density-dependent 
recognition of signaling molecules (autoinducers, AIs), resulting in modulation of gene 
expression (Bassler, 1999). Gram-negative bacteria primarily use a variety of N-
acylhomoserine lactones (AHLs) as AI (autoinducer-1, AI-1), while Gram-positive bacteria 
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use a variety of autoinducing polypeptides (AIPs). AHLs are synthesized and recognized by 
QS circuits composed of LuxI and LuxR homologues, respectively (Whitehead et al., 2001). 
Both AHLs and AIPs are highly specific to the species that produce them. A third QS system 
is proposed to be universal, allowing interspecies communication, and is based on the 
enzyme LuxS which is in part responsible for the production of a furanone-like compound, 
called autoinducer-2 (AI-2) (Schauder et al., 2001).  
Bacteria use QS communication circuits to regulate a diverse array of physiological 
activities, such as genetic competence, pathogenicity (virulence), motility, sporulation, 
bioluminescence and production of antimicrobial substances (Miller & Bassler, 2001). Yet, a 
growing body of evidence demonstrates that QS also contributes to biofilm formation by 
many different species (Annous et al., 2009; Davies et al., 1998; Irie & Parsek, 2008; Lazar, 
2011). As biofilms typically contain high concentration of cells, autoinducer (AI) activity and 
QS regulation of gene expression have been proposed as essential components of biofilm 
physiology (Kjelleberg & Molin, 2002; Parsek & Greenberg, 2005).  
To date, three QS systems have been identified in S. enterica and are thought to be mainly 
implicated in the regulation of virulence (SdiA, luxS/AI-2 and AI-3/epinephrine/ 
norepinephrine signaling system) (Boyen et al., 2009; Walters & Sperandio, 2006). Firstly, the 
LuxR homologue SdiA has been characterized in Salmonella, but there does not appear to be 
a corresponding signal-generating enzyme similar to LuxI in this species (Ahmer et al., 
1998). Since Salmonella does not possess a luxI homologue, it cannot produce its own AHLs 
(Ahmer, 2004). However, Salmonella SdiA can detect AHLs produced by a variety of 
bacterial species, leading to the suggestion that SdiA can be used in interspecies 
communication within a mixed-species community (Michael et al., 2001; Smith & Ahmer 
2003). Till now, SdiA is known to activate the expression of the rck operon and the srgE gene 
(Ahmer et al., 1998; Smith & Ahmer, 2003). In contrast to the function of SdiA in E. coli 
adherence to HEp-2 epithelial cells and also biofilm formation on polystyrene (Lee et al., 
2009; Sharma et al., 2010), no direct link between SdiA and Salmonella biofilms has been 
reported. Interestingly, Chorianopoulos et al. (2010) demonstrated that cell-free culture 
supernatant (CFS) of the psychrotrophic spoilage bacterium Hafnei alvei, containing AHLs 
among other unknown metabolites, negatively influenced the early stage of biofilm 
formation by S. Enteritidis on stainless steel. Similarly, Dheilly et al. (2010) reported the 
inhibitory activity of CFS from the marine bacterium Pseudoalteromonas sp. strain 3J6 against 
biofilm formation on glass flow cells by S. enterica and other Gram-negative bacteria. Taking 
into account that Salmonella possess SdiA, a receptor of AHLs which may be produced by 
resident flora on food-contact surfaces (Michael et al., 2001; Smith & Ahmer, 2003; Soares & 
Ahmer, 2011), the effect of AHLs on biofilm formation by this pathogen in multispecies real 
food processing environments needs to be further studied.  
The second QS system of Salmonella uses the LuxS enzyme for the synthesis of AI-2 
(Schauder et al., 2001; Soni et al., 2008). The Lsr ABC transporter is known to be involved in 
the detection and transport of AI-2 into the cell (Taga et al., 2001), while the rbs transporter 
has recently been suggested as an alternative AI-2 uptake system (Jesudhasan et al., 2010). A 
S. Typhimurium luxS deletion mutant was impaired in biofilm formation on polystyrene 
(De Keersmaecker et al., 2005; Jesudhasan et al., 2010). However, this phenotype could not 
be complemented by extracellular addition of QS signal molecules, suggesting that AI-2 is 
not the actual signal involved in Salmonella biofilm formation (De Keersmaecker et al., 2005). 
To this direction, Kint et al. (2010) analyzed additional luxS mutants for their biofilm 
phenotype. Interestingly, a luxS kanamycin insertion mutant and a partial deletion mutant, 
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that only lacked the 3′ part of the luxS coding sequence, were found to be able to form 
mature wild-type biofilms on polystyrene, despite the fact that these strains were unable to 
produce AI-2. These authors concluded that a small regulatory RNA molecule, MicA, 
encoded in the luxS adjacent genomic region, rather than LuxS itself, infuences S. 
Typhimurium biofilm formation phenotype. On the other hand, Prouty et al. (2002) showed 
that a S. Typhimurium luxS insertion mutant formed scattered biofilm on gallstones with 
little apparent EPS even after 14 days of incubation. Yoon & Sofos (2008) showed that 
biofilm formation by S. Thompson on stainless steel, under monoculture conditions (72 h at 
25°C), was similar between AI-2 positive and negative strains. Altogether, these results 
demonstrate that the relationship between biofilm formation and the presence of an active 
LuxS system and AI-2 in S. enterica is not clear and further research is needed. 
The third QS system of Salmonella uses the two component system PreA/B (Bearson & 
Bearson 2008; Merighi et al., 2006). PreA/B is similar to the luxS-dependent two component 
QseB/QseC of enterohemorrhagic E. coli, which has been shown to sense the QS signal AI-3, 
as well the eukaryotic hormones epinephrine and norepinephrine (Sperandio et al., 2002; 
Walters & Sperandio, 2006). In S. Typhimurium, the histidine sensor kinase QseC, which is 
able to detect norepinephrine, has been implicated in the regulation of virulence traits, such 
as motility and in vivo competitive fitness in pigs (Bearson & Bearson, 2008). Even though 
the role of AI-3/epinephrine/norepinephrine signaling system in the formation of biofilm 
by Salmonella is still unknown, given that motility is usually an important biofilm 
determinant in many bacterial species, it is quite possible that this third QS system may also 
affect Salmonella biofilm formation.  

7. Conclusions 
Biofilms are commonly defined as communities of microorganisms attached to a surface and 
producing an extracellular matrix, in which these microorganisms are embedded. Biofilms 
are very diverse and unique, not just to the microorganism, but to the particular 
environment in which they are being formed. This makes in vitro characterization of 
biofilms difficult and requires the establishment of laboratory conditions that mimic the 
natural setting being studied. Pathogenic biofilms have been of considerable interest in the 
context of food safety and have provoked interest of many research groups. In particular, 
biofilm formation by Salmonella is a serious concern in food industry, since the persistence of 
this bacterium in biofilms formed on food-contact surfaces may become a constant source of 
product contamination. 
The discovery of bacterial biofilms in medical and industrial ecosystems has created an 
urgency to identify and characterize factors that are necessary for biofilm development, 
which may serve as targets for biofilm prevention and treatment. Thus, researchers in the 
fields of clinical, food, water, and environmental microbiology have begun to investigate 
microbiological processes from a biofilm perspective. As the pharmaceutical, health-care 
and food industries embrace this approach, novel strategies for biofilm formation and 
control will undoubtedly emerge. Particularly challenging is the attempt to understand the 
complexicity of the interactions within a biofilm community, since these interactions 
between the different species influence the final outcome of this community. 
Communication between species may include extracellular compounds whose sole role is to 
influence gene expression, metabolic cooperativity and competition, physical contact, and 
the production of antimicrobial exoproducts. One or all of these interactions may be 
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occurring simultaneously. The challenge becomes more intriguing given that microflora on 
inadequately cleaned and disinfected food processing surfaces is a complex community, 
contrary to the laboratory studied pure-species biofilms.  
Undoubtedly, a clearer understanding of the factors which influence microbial attachment to 
abiotic surfaces could provide the information necessary to modify processes in food 
processing environments in order to reduce microbial persistence and therefore reduce the 
contamination of food products. For instance, the understanding of bacterial attachment to 
solid surfaces, such as stainless steel, may help in the future development of surfaces with no 
or reduced attachment, or in developing an effective sanitation programme and thus reducing 
the potential contamination of processed products by spoilage or/and pathogenic bacteria. 
Undoubtedly, the ability to recognize how Salmonella attach to food-contact surfaces and form 
biofilms on them is an important area of focus, since a better understanding of this ability may 
provide valuable ways towards the elimination of this pathogenic bacterium from food 
processing environments and eventually lead to reduced Salmonella-associated human illness. 
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1. Introduction 
The objective of this review was to discuss relevant issues related to the pathogeny, 
epidemiology and antimicrobial resistance of Salmonella spp. Due to its economic 
importance, and because it poses risks to human health, Salmonella spp. is one of the most 
frequently studied enteropathogens. Nowadays, the disease is considered to be a 
consequence of interrelated factors, such as food, the environment, vectors, men, utensils 
and equipments, the production line, animal transit and animal reservoirs.  

2. General aspects 
Salmonellae are widely distributed in nature. The main reservoir of these bacteria is the 
intestinal tract of men and warm-and cold-blooded animals (Jakabi et al., 1999), except for 
fish, mollusks and crustaceans, which may get contaminated after being fished. Among 
warm-blooded animals, chickens, geese, turkeys and ducks are the most important 
reservoirs. Domestic animals, such as dogs, cats, turtles and birds may be carriers, and pose 
great risk, mainly to kids (Franco & Landgraf, 1996).  
The natural habitat of Salmonella may be divided into three categories based on the 
specificity of the host and clinical pattern of the disease: highly adapted to men: Salmonella 
Typhi and Salmonella Paratyphi A, B and C, agents of typhoid fever; highly adapted to 
animals: Salmonella Dublin (bovines), Salmonella Choleraesuis and Salmonella Typhisuis 
(swine), Salmonella Pullorum and Salmonella Gallinarum (birds), responsible for animal 
paratyphoid. The third category includes most of the serovars that affect men and animals, 
called zoonotic Salmonella, responsible for worldwide-distributed foodborne diseases, and 
detected in most species of animals used for human consumption, wild and domestic 
animals (Gantois et al., 2009). 
Salmonellae are short bacilli, 0.7-1.5 x 2.5 μm, Gram-negative, aerobic or facultative anaerobic, 
positive catalase, negative oxidase; they ferment sugars with gas production, produce H2S, 
are nonsporogenic, and are normally motile with peritricheal flagella, except for Salmonella 
Pullorum and Salmonella Gallinarum, which are nonmotile (Forshell & Wierup, 2006). 
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called zoonotic Salmonella, responsible for worldwide-distributed foodborne diseases, and 
detected in most species of animals used for human consumption, wild and domestic 
animals (Gantois et al., 2009). 
Salmonellae are short bacilli, 0.7-1.5 x 2.5 μm, Gram-negative, aerobic or facultative anaerobic, 
positive catalase, negative oxidase; they ferment sugars with gas production, produce H2S, 
are nonsporogenic, and are normally motile with peritricheal flagella, except for Salmonella 
Pullorum and Salmonella Gallinarum, which are nonmotile (Forshell & Wierup, 2006). 
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Optimal pH for multiplication is around 7.0; pH values above 9.0 or below 4.0 are 
bactericidal. Ideal temperature is between 35 to 37°C, with minimum of 5°C and maximum 
of 47°C. As for salt concentration, Salmonellae do not survive concentrations over 9% (Franco 
& Landgraf, 1996).  
The first bacteria in the genus Salmonella were identified towards the end of the 19th century. 
Salmonella Typhy, the first to be recognized as a pathogen, was found in spleen and lymph 
nodes of humans in 1880. However, isolation and morphological description were only 
carried out by Gaffky, in 1884. 
In 1885, Salmon and Smith isolated a bacillus from diseased pigs, and called it Bacterium 
Suipestifer. They wrongly considered it the agent of swine fever. This bacterium was later 
on called Salmonella Cholerasuis. In 1888, there was a report on Salmonella Enteritidis by 
Gaetner; in 1889, Klein identified fowl typhoid in adult birds in England, and in 1892, Loefer 
isolated Salmonella Typhimurium. In 1899, Rettger described pulorosis and differentiated it 
from the disease that affected pigs. In 1913, Jones used an agglutination test to identify 
carriers of Salmonella Pullorum (Correa & Correa, 1992). 
The genus Salmonella started to be classified in 1925, with the use of serological methods. 
Salmonella Typhimurium, created by Loeffler (1892), and Salmonella Paratyphi, created by 
Schottimuller (1899), were included in the genus. Later on, several Salmonella serotypes were 
described, and classified according to White (1829) (Correa & Correa, 1992). Popoff et al. 
(1996) presented a proposal for the reclassification of the genus Salmonella, which would 
have two species: Salmonella enterica and Salmonella bongori. 
In the current classification of the Bergey’s manual, all Salmonella serotypes belong to one of 
two species: Salmonella bongori, which has at least 10 extremely rare serotypes; and 
Salmonella enterica, which is phenotypically and genotypically divided into six subspecies 
enterica, salamae, arizonae, diarizonae, houtenae and indica, differentiated by their biochemical 
behavior, mainly in terms of sugar and amino acid metabolism (Forshell & Wierup, 2006).  
In the current nomenclature, the name of the serovar begins with an uppercase letter, but it 
is never written in italics. For example in subspecies enterica: Salmonella enterica subespecies 
enterica serovar Typhimurium. The short form would be Salmonella ser. Typhimurium or 
Salmonella Typhimurium. Other subspecies are designated by the name of the serovar, 
followed by its antigenic formula, explained below.  
Typification of Salmonella spp. serovars is based on the antigens found in bacterial cells, 
somatic (O), flagellar (H) and capsular (Vi) (Selander et al., 1996). Vi antigen is associated with 
virulence, and is only expressed by serovars Typhi, Paratyphi C and Dublin (Rycroft, 2000; 
Grimont et al., 2000). H antigen is thermolabile, whereas O and Vi are thermoresistant, and not 
destroyed by heating at 100°C for two hours (Franco & Landgraf, 1996). The combination of 
the antigens O, H1 (flagellar, phase 1) and H2 (flagellar, phase 2) determine the antigenic 
formula of a serovar. O antigens receive Arabic numerals, whereas H1 antigens are identified 
by lowercase letters, and H2 antigens by Arabic numerals. For example, Salmonella enterica 
subsp salamae ser. 50: z : e,n,x, or Salmonella serotype II 50: z : e,n,x. 
Somatic (O) and flagellar (H) antigens, determine different serovars in each subspecies, in 
a total of 2,610 serovars today, as recognized by Kauffman-White scheme (Grimont & 
Weill, 2007). Although all of them are considered to be potentially pathogenic to men, 
only 200 are more frequently related with human disease (Baird-Parker, 1990). 
Distribution according to species and subspecies is as follows: Salmonella enterica subsp. 
enterica (1,547 serovars); Salmonella enterica subsp salamae (513); Salmonella enterica subsp 
arizonae (100); Salmonella enterica subsp diarizonae (341); Salmonella enterica subsp 
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houtenae (73); Salmonella enterica subsp. indica (13); Salmonella bongori (23); the newly 
proposed species Salmonella subterranea was not recognized, and is considered a serovar 
of the bongori species (Rodrigues, 2011). 
Serovars may be further subdivided into biotypes and phagotypes. Biotyping uses different 
sugar fermentation patterns and assimilation of amino acids among strains of the same 
serovar, whereas phagotyping is based on the difference in strain susceptibility to a series of 
bacteriophages (Ward et al., 1987; Grimont et al., 2000; Dunkley et al., 2009). 
As for their antigenic profile, Salmonella has an antigen common to all species in the 
Enterobacteriaceae family, called Kunin antigen. The presence of this antigen is not 
routinely analyzed, once it is not a relevant criterion for the differentiation between genus 
and species.  
Some serovars produce a superficial polysaccharide, or capsular antigen, called “Vi”. It is 
found outside the cell wall, and prevents detection of the somatic antigen. It is usually 
found in strains of Salmonella Typhi, Salmonella Paratyphi C and Salmonella Dublin. Vi 
antigens are thermolabile, and may be destroyed by heating at 100oC for 10-15 minutes. 
The somatic antigen, or “O” (Ohne), on the other hand, is specific. It is a lipopolysaccharide, 
and is resistant to heat and alcohol. It is made up of three parts: a lipid portion, responsible 
for toxicity and pyrogenic characteristics; a core portion; and the polysaccharide, which 
confers stability to smooth (S) variants. The “O” antigen is made up of repetitive chains with 
a definite spatial arrangement. The specificity of “O” antigen is given by this definite nature 
and the type of bond. The synthesis of this antigen is encoded by about 20 genes (locus rfb).  
Many somatic antigen factors (67) are recognized and used in the serological identification 
of Salmonella. Although these factors are intimately related, they are not always antigenically 
identical, and can only be characterized when strains are in the smooth phase. In this phase, 
colonies show homogenous, shiny surfaces, with regular borders, indicative of the complete 
"O" antigen. Mutations that affect the core portion of the antigen, or the synthesis of its 
chain, lead to loss of specificity. In this case, strains are called Rough (R), colonies have 
irregular borders and surfaces, and it is impossible to recover or recognize their original 
characteristics. They agglutinate in saline solution, are easily phagocyted, and are sensitive 
to the action of the complement system. Agglutination of bacterial cells (somatic or “O” 
antigen) using polyclonal (±7) and specific (65) antisera, which is the laboratory procedure 
for antigen confirmation, is slow and may form fine granules that are not dissociable by 
stirring. This occurs because the reaction is based on an interrelationship between the walls 
of the bacterial cells.  
Flagellar antigens, or “H” (Hauch) antigens, are made of a protein called flagellin. Antigenic 
differences are related to variations in the primary structure or amino acid content of 
different flagellin molecules. The “H” antigen is thermolabile, may be destroyed at 100oC for 
10 minutes, and by slow action of alcohol 50%; but it is resistant to formaldehyde 0.5%. 
Agglutination of flagellar antigen forms large clumps that are quickly dissociated by 
stirring. Compared with somatic agglutination, it occurs faster due to the large number of 
flagella in the cell, and because bacterial cells bind to each other.  
Spatial arrangement and intrinsic characteristics of the genus lead to the production of two 
different types of flagella. In a bacterial population of Salmonella spp. strains that produce 
two different types of flagella, the rate of cell variation among those that present one of the 
two types or phases is about 104. In most Salmonella isolates, two genes encode flagellar 
antigens: fliC (>50 different alleles), with highly conserved terminal sequences in the genus 
and which encodes phase 1 antigens; and fljB (±30 alleles), also conserved in the genus, 



 
Salmonella – A Dangerous Foodborne Pathogen 

 

182 

Optimal pH for multiplication is around 7.0; pH values above 9.0 or below 4.0 are 
bactericidal. Ideal temperature is between 35 to 37°C, with minimum of 5°C and maximum 
of 47°C. As for salt concentration, Salmonellae do not survive concentrations over 9% (Franco 
& Landgraf, 1996).  
The first bacteria in the genus Salmonella were identified towards the end of the 19th century. 
Salmonella Typhy, the first to be recognized as a pathogen, was found in spleen and lymph 
nodes of humans in 1880. However, isolation and morphological description were only 
carried out by Gaffky, in 1884. 
In 1885, Salmon and Smith isolated a bacillus from diseased pigs, and called it Bacterium 
Suipestifer. They wrongly considered it the agent of swine fever. This bacterium was later 
on called Salmonella Cholerasuis. In 1888, there was a report on Salmonella Enteritidis by 
Gaetner; in 1889, Klein identified fowl typhoid in adult birds in England, and in 1892, Loefer 
isolated Salmonella Typhimurium. In 1899, Rettger described pulorosis and differentiated it 
from the disease that affected pigs. In 1913, Jones used an agglutination test to identify 
carriers of Salmonella Pullorum (Correa & Correa, 1992). 
The genus Salmonella started to be classified in 1925, with the use of serological methods. 
Salmonella Typhimurium, created by Loeffler (1892), and Salmonella Paratyphi, created by 
Schottimuller (1899), were included in the genus. Later on, several Salmonella serotypes were 
described, and classified according to White (1829) (Correa & Correa, 1992). Popoff et al. 
(1996) presented a proposal for the reclassification of the genus Salmonella, which would 
have two species: Salmonella enterica and Salmonella bongori. 
In the current classification of the Bergey’s manual, all Salmonella serotypes belong to one of 
two species: Salmonella bongori, which has at least 10 extremely rare serotypes; and 
Salmonella enterica, which is phenotypically and genotypically divided into six subspecies 
enterica, salamae, arizonae, diarizonae, houtenae and indica, differentiated by their biochemical 
behavior, mainly in terms of sugar and amino acid metabolism (Forshell & Wierup, 2006).  
In the current nomenclature, the name of the serovar begins with an uppercase letter, but it 
is never written in italics. For example in subspecies enterica: Salmonella enterica subespecies 
enterica serovar Typhimurium. The short form would be Salmonella ser. Typhimurium or 
Salmonella Typhimurium. Other subspecies are designated by the name of the serovar, 
followed by its antigenic formula, explained below.  
Typification of Salmonella spp. serovars is based on the antigens found in bacterial cells, 
somatic (O), flagellar (H) and capsular (Vi) (Selander et al., 1996). Vi antigen is associated with 
virulence, and is only expressed by serovars Typhi, Paratyphi C and Dublin (Rycroft, 2000; 
Grimont et al., 2000). H antigen is thermolabile, whereas O and Vi are thermoresistant, and not 
destroyed by heating at 100°C for two hours (Franco & Landgraf, 1996). The combination of 
the antigens O, H1 (flagellar, phase 1) and H2 (flagellar, phase 2) determine the antigenic 
formula of a serovar. O antigens receive Arabic numerals, whereas H1 antigens are identified 
by lowercase letters, and H2 antigens by Arabic numerals. For example, Salmonella enterica 
subsp salamae ser. 50: z : e,n,x, or Salmonella serotype II 50: z : e,n,x. 
Somatic (O) and flagellar (H) antigens, determine different serovars in each subspecies, in 
a total of 2,610 serovars today, as recognized by Kauffman-White scheme (Grimont & 
Weill, 2007). Although all of them are considered to be potentially pathogenic to men, 
only 200 are more frequently related with human disease (Baird-Parker, 1990). 
Distribution according to species and subspecies is as follows: Salmonella enterica subsp. 
enterica (1,547 serovars); Salmonella enterica subsp salamae (513); Salmonella enterica subsp 
arizonae (100); Salmonella enterica subsp diarizonae (341); Salmonella enterica subsp 

 
Important Aspects of Salmonella in the Poultry Industry and in Public Health 

 

183 

houtenae (73); Salmonella enterica subsp. indica (13); Salmonella bongori (23); the newly 
proposed species Salmonella subterranea was not recognized, and is considered a serovar 
of the bongori species (Rodrigues, 2011). 
Serovars may be further subdivided into biotypes and phagotypes. Biotyping uses different 
sugar fermentation patterns and assimilation of amino acids among strains of the same 
serovar, whereas phagotyping is based on the difference in strain susceptibility to a series of 
bacteriophages (Ward et al., 1987; Grimont et al., 2000; Dunkley et al., 2009). 
As for their antigenic profile, Salmonella has an antigen common to all species in the 
Enterobacteriaceae family, called Kunin antigen. The presence of this antigen is not 
routinely analyzed, once it is not a relevant criterion for the differentiation between genus 
and species.  
Some serovars produce a superficial polysaccharide, or capsular antigen, called “Vi”. It is 
found outside the cell wall, and prevents detection of the somatic antigen. It is usually 
found in strains of Salmonella Typhi, Salmonella Paratyphi C and Salmonella Dublin. Vi 
antigens are thermolabile, and may be destroyed by heating at 100oC for 10-15 minutes. 
The somatic antigen, or “O” (Ohne), on the other hand, is specific. It is a lipopolysaccharide, 
and is resistant to heat and alcohol. It is made up of three parts: a lipid portion, responsible 
for toxicity and pyrogenic characteristics; a core portion; and the polysaccharide, which 
confers stability to smooth (S) variants. The “O” antigen is made up of repetitive chains with 
a definite spatial arrangement. The specificity of “O” antigen is given by this definite nature 
and the type of bond. The synthesis of this antigen is encoded by about 20 genes (locus rfb).  
Many somatic antigen factors (67) are recognized and used in the serological identification 
of Salmonella. Although these factors are intimately related, they are not always antigenically 
identical, and can only be characterized when strains are in the smooth phase. In this phase, 
colonies show homogenous, shiny surfaces, with regular borders, indicative of the complete 
"O" antigen. Mutations that affect the core portion of the antigen, or the synthesis of its 
chain, lead to loss of specificity. In this case, strains are called Rough (R), colonies have 
irregular borders and surfaces, and it is impossible to recover or recognize their original 
characteristics. They agglutinate in saline solution, are easily phagocyted, and are sensitive 
to the action of the complement system. Agglutination of bacterial cells (somatic or “O” 
antigen) using polyclonal (±7) and specific (65) antisera, which is the laboratory procedure 
for antigen confirmation, is slow and may form fine granules that are not dissociable by 
stirring. This occurs because the reaction is based on an interrelationship between the walls 
of the bacterial cells.  
Flagellar antigens, or “H” (Hauch) antigens, are made of a protein called flagellin. Antigenic 
differences are related to variations in the primary structure or amino acid content of 
different flagellin molecules. The “H” antigen is thermolabile, may be destroyed at 100oC for 
10 minutes, and by slow action of alcohol 50%; but it is resistant to formaldehyde 0.5%. 
Agglutination of flagellar antigen forms large clumps that are quickly dissociated by 
stirring. Compared with somatic agglutination, it occurs faster due to the large number of 
flagella in the cell, and because bacterial cells bind to each other.  
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which encodes phase 2 antigens. These genes are expressed by a phase-variation 
mechanism, with fliC being found in all Salmonellae, and having a homologous gene found 
in E. coli; whereas fljB is located in a region exclusive to the Salmonella genome, and is found 
in four of the six subspecies. In some cases, triphasic strains may be isolated. Besides the 
other two genes, it was described that these strains presented the flagellin gene (flpA) in a 
plasmid. The genes that encode flagellin in Salmonella spp. are generally highly conserved in 
extremities 5’ and 3’, whereas the central region is highly variable.  
In practical conditions, rapid agglutination with polyclonal antisera (12 polivalent and 85 
monovalent antisera) may frequently occur in the absence of expression of one of the 
phases, preventing the identification of the serovar. This may happen in some serovars, 
when cell subpopulations, each possessing a given antigen or set of antigens associated 
with their flagella, are able to produce a third or fourth type of flagellum. Identification, 
in these cases, requires “immobilization” of one of the phases, in order to characterize the 
unknown phase, a technique called “phase inversion”. When the phase is not recognized, 
the serovar will not be conclusively diagnosed, preventing effective control actions. 
However, considering the complexity of flagellar antigens, if not all monovalent antisera 
are used, results on antigenic structure may be incorrect, such as g,m; g,t; g,p; g,q; g,p,s; 
g,z61; m,t. 

3. Salmonellosis and public health 
Growth in international trade and current facilities for traveling increased not only the 
dissemination of pathogenic agents and contaminants in foodstuffs, but also our 
vulnerability. Nowadays, the world is interrelated and interdependent. Thus, local 
foodborne disease outbreaks have become a potential threat for the whole world. 
Globalization, commercialization and distribution make it possible for a contaminated 
foodstuff to affect the health of people in several countries at the same time. The 
identification of only one contaminated food ingredient may lead to the discard of literally 
tons of food; to considerable economic losses to the production sector; restrictions to trade; 
and effects on the tourism industry (Tauxe et al., 2010). 
Therefore, there is an ever growing perception of the need and importance for surveillance 
systems and adoption of measures to ensure food safety, such as the identification of the 
foods involved in foodborne disease outbreaks. In 1992, the National Surveillance scheme 
for general Outbreaks of Infectious Intestinal Disease was introduced in England and Wales 
to provide comprehensive information on causative agents, sources, vehicles of infection 
and modes of transmission (Oliveira et al., 2010). 
Salmonella spp. is an intestinal bacterium responsible for severe foodborne intoxications. It is 
one of the most important agents involved in outbreaks reported in several counties (Tessari 
et al., 2003). Salmonellosis is an important socioeconomic problem in several counties, 
mainly in developing countries, where this etiological agent is reported as the main 
responsible for foodborne disease outbreaks (Alves et al., 2001). There are reports of 
foodborne salmonellosis in humans since the 19th century, caused by the ingestion of 
contaminated bovine meat (Barrow, 1993). It is one of the most problematic zoonosis in 
terms of public health all over the world because of the high endemicity, but mainly because 
of the difficulty in controlling it (Antunes et al., 2003, Santos et al., 2002), and the significant 
morbidity and mortality rates (Cardoso et al., 2002).  
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According to the World Health Organization (WHO), Salmonella is the bacterial agent most 
frequently involved in cases of foodborne disease all over the world. The agent is normally 
transmitted to humans by means of foods of animal origin, such as meat, eggs and milk 
(Nascimento et al., 2003). In the past, the main motivations for controlling Salmonella spp. 
infections in poultry were the losses caused by clinical (pullorum disease and fowl typhoid) 
and subclinical diseases (paratyphoid infections) (Calnek, 1997). Nowadays, due to the 
public health implications, prevention of foodborne transmission of Salmonella spp. is a 
priority for the poultry sector (Oliveira & Silva, 2000). 
Historically, Salmonella Typhimurium was the most common agent of the foodborne disease 
in humans, although in the past decades Salmonella Enteritidis has been most frequently 
involved in salmonellosis outbreaks (Berchieri Jr. & Freitas Neto 2009; Kottwitz, et al., 2010). 
There is a growing concern about human infections caused by other serovars, such as 
Infantis, Agona, Hadar, Heidelberg and Virchow (Freitas Neto et al., 2010). 
Concerns about the presence of Salmonella spp. in foodstuffs of poultry origin increased in 
the 1980s, when Salmonella Enteritidis phagotype 4 was responsible for several outbreaks of 
foodborne disease in England, caused by the ingestion of foods containing poultry 
ingredients (Colin, 1996; Baxter-Jones, 1996). The vertical transmission of Salmonella 
Enteritidis in commercial poultry was responsible for the increased number of cases of 
human infection in Europe, North America and other parts of the world (Humphrey et al., 
1988; International Commission for Microbiological Safety of Foods (ICMSF), 1998). These 
species replaced Salmonella Typhimurium, which was the most common agent of human 
foodborne infection until the 1980s (Olsen et al., 2003; Jay, 2000).  
The introduction of Salmonella Enteritidis in Brazil probably occurred in the end of the 1980s, 
by means of breeders acquired from European countries. This may have also facilitated the 
introduction and dissemination of phatogotype PT-4 beginning in 1993 (Irino et al., 1996), 
the predominant phagotype in Europe at this time (Wall & Ward, 1999). 
In the 1990s, there were several reports of foodborne disease outbreaks in humans mainly 
caused by the ingestion of poultry products (Taunay et al., 1996). Between 1995 and 2011, 
there were 406 reported outbreaks and 16,304 cases of salmonellosis in Brazil, Chile, 
Argentina, Peru, Uruguay, Paraguay and Ecuador (Franco et al., 2003).  
According to the National Health Surveillance Agency in Brazil [ANVISA; Agência Nacional 
de Vigilância Sanitária], among the etiological agents of foodborne diseases identified 
between 1999 and 2004, Salmonella spp. was the most prevalent in Brazil, with the 
predominance of Salmonella Enteritidis between 2001 and august 2005 (Rodrigues, 2005). 
According to the WHO, Salmonella is one of the pathogens that causes the greatest impact on 
population health, and is associated with outbreaks and with sporadic cases of foodborne 
disease. According to data of the Brazilian Ministry of Health, 6,602 foodborne disease 
outbreaks were recorded between 1999 and 2008, and Salmonella spp. was associated with 
43% of the cases in which the etiological agent was identified (Medeiros, 2011). 
In the European Union, Salmonella Enteritidis, Salmonella Typhimurium, Salmonella Infantis, 
Salmonella Hadar and Salmonella Virchow are considered by the European Food Safety 
Authority the most important serovars in terms of public health (EFSA, 2007). In Japan, 
between 1999 and 2002, 32% of the cases of foodborne infection were due to Salmonella, with 
Enteritidis, Typhimurium and Infantis as the predominant serovars. In 2005, in the US, the 
serovars that were most frequently isolated from human sources were Salmonella 
Typhimurium, Salmonella Enteritidis, Salmonella Newport, Salmonella Heidelberg and 
Salmonella Javiana (Centers For Diseases Control and Prevention - CDC, 2007).  
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In Denmark, Salmonella Infantis was isolated from samples of pork, which was pointed out as 
the source human infection (Wegener & Baggesen, 1996). In several industrialized countries, 
cases of human infection caused by this serovar have been described (Raevuori et al., 1978; 
Pelkonen et al., 1994). In Finland, Salmonella Infantis was described as the third most important 
serovar; it infects humans, and it is the most frequently isolated serovar in poultry (Pelkonen et 
al., 1994). In Hungary, the rate of occurrence of Salmonella Infantis has increased in the past 
years both in the poultry industry and in humans (Nógrády et al., 2008).  
National and international regulations determine the absence of Salmonella spp. in 25 grams 
of sample, including poultry meat and eggs. In spite the technological development in food 
production and the adoption of better hygiene measures in the food production and 
handling, the incidence of human salmonellosis has increased in several parts of the world 
(Anais de Toxiinfecção Alimentar, 1996). 
In the US, there are more than 800,000 notified cases of infections caused by Salmonella spp., 
with an average of 500 deaths a year. Worldwide occurrence of salmonellosis is calculated in 
1.3 billion cases and 3 million deaths (Thong et al, 1995). In 1988, there were 4 million cases 
of foodborne disease in the US and Canada, representing an estimated cost of US$ 4.8 
billion, including losses in commercialization, productivity and labor (Todd, 1989). In a five-
year period (1985-1989), there were 189 outbreaks in the US caused only by Salmonella 
Enteritidis, with 6,604 people involved, and 43 deaths.  
Salmonellosis epidemiology and control are highly complex, and hygienic and sanitary 
standards vary with the region, based on feeding and cooking habits, and animal raising 
practices. Control of the disease is a challenge to public health because of the 
emergence/reemergence of serovars in different areas, both in developing and developed 
countries.  
Carriers are the most important epidemiological factors, because of the lack of symptoms, 
and the technical difficulty in detecting them before or during the inspection of foods of 
animal origin. Considering that the main route of transmission is in the food chain, the 
presence of this microorganism in production animals shows that Salmonella is the most 
incident and relevant etiological agent of intestinal infections. It causes million of dollars in 
losses to the industry, mainly in cattle, swine and poultry production, both in local and 
international trade. In some countries, rigid food inspection is a constant need to produce 
foodstuffs of high quality.  
Besides the importance of preventive measures against the risk of Salmonella infection in 
humans, control of salmonellosis has a positive economic impact in countries where 
outbreaks occur. Estimated costs of medical expenses, sick leaves and loss of productivity 
related to the high incidence of salmonellosis in the US range from US$1.3 to US$4.0 billion 
a year (Taitt et al., 2004).  
As for fowl salmonellosis, paratyphoid Salmonellae are the most important ones in terms of 
animal and public health (Nascimento et al., 1997). These microorganisms remain in the 
intestinal tract of the birds, making poultry a possible source of foodborne infection for 
humans (Berchieri Jr., 1991). Transmission of Salmonella to men generally occurs by means of 
contaminated food and water, although person-to-person transmission may take place, 
mainly in hospitals. Transmission by contact with infected animals, mainly among 
veterinarians and farm workers (Trabulsi & Landgraf, 2004), is also possible. It should be 
emphasized that most serotypes in this genus are pathogenic to men; the differences 
observed in symptoms may be related to variation in the mechanisms of pathogenicity, age 
and immune response of the host (Trabulsi & Landgraf, 2004; Hofer et al., 1997).  

 
Important Aspects of Salmonella in the Poultry Industry and in Public Health 

 

187 

A large number of Salmonellae have to be ingested to cause gastroenteritis. Generally, the 
infective dose depends on the serotype, ranging from 2.0x102 to 1.0x106 CFU/g or mL 
(Huang, 1999). Variation in the symptoms is also related to the type of food and the species 
of Salmonella involved, once species that are adapted to men require lower infective doses to 
cause the same characteristics symptoms of the disease (Pinto et al., 2004).  
Salmonella excretion in human and/or animal feces may contaminate the water, soil, other 
animals and foodstuffs. Animals are infected by direct contact with feces, contaminated 
water and food (Argôlo Filho, 2007). Because of the ability to disseminate and survive for a 
long period of time in the environment, Salmonella may be isolated from superficial 
freshwater bodies, from sea water in coastal areas, and from several raw materials used in 
food production (Jakabi et al., 1999). 
According to Nascimento (1996), contamination of poultry products (meat and eggs) 
destined for human consumption may occur at the slaughterhouse, during food 
preparation, or by cross-contamination with material from poultry with intestinal and 
systemic infections. As for poultry meat, even a small number of infected birds may 
contaminate the whole slaughter line, multiplying the chances of occurrence of foodborne 
disease. Because of that, slaughterhouses where carcasses are not correctly processed are a 
threat to public health (Nascimento, 1996); current practices of broiler slaughtering and 
processing may spread microorganisms from one carcass to another. When consumed, the 
product may be responsible for human infection (Santos, 2004). Although broiler carcasses 
may be contaminated with Salmonella Enteritidis, eggs and egg by-products - mainly 
homemade mayonnaise – are the main products responsible for outbreaks of the disease in 
humans (Silva, 2000). 
Transmission of Salmonella in birds may occur vertically, via eggs, with the birth of infected 
chicks; horizontally, by means of ingestion of water, feed, fecal material, contaminated 
bedding material or dust; or by oral, nasal, conjunctival, cloacal and umbilical routes (Cox et 
al., 1996; Navarro, 1995; Nascimento, 1996). Many Salmonella serotypes may survive for 
weeks or months in manure or bedding material, in equipments, in empty sheds, in the 
dirt around sheds that have been cleaned and disinfected, in feces of wild poultry, in dust 
particles, and in bird feeders. According to these authors, Salmonella may survive in 
contaminated feed for 26 months, in feces of infected birds for more than 11 days when 
inside of sheds, or for 9 days in open spaces. Besides, domestic and wild animals may be 
carriers of Salmonella, spreading the microorganism in the environment where they live. 
These bacteria may cause acute and/or chronic disease in susceptible animals. As stated 
before, the epidemiological complexity of the disease, which involves vertical 
transmission, fecal excretion, horizontal transmission, environmental contamination and 
presence of carriers in different species, make salmonellosis control difficult to be 
achieved (Soncini & Back, 2001). 
Salmonellae are distributed all over the world. Multiplication outside the body of the host is 
facilitated by high temperatures and presence of protein (for example, in residual waters). 
Therefore, the most important points of transmission of Salmonella are tropical and 
subtropical regions, as well as places where there is a large concentration of animals and 
people. Salmonella may also be found in products refrigerated at 2°C; the microorganism is 
able to remain viable in frozen products for long periods.  
After entering the digestive system together with contaminated food and water, 
Salmonellae reach the intestines, where they attach to intestinal cells and multiply. 
Depending on the host species and age, and on the pathogenicity of the microorganism 
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and its adaptation to the host, Salmonellae may cause severe disease, or go unnoticed and 
remain in the host for months or years. In this case, the host will be a reservoir of the 
bacteria for susceptible animals. 
The most common symptoms include diarrhea, abdominal pain, vomit and nausea, and may 
occur together with prostration, muscle pain, drowsiness and fever. Although symptoms 
generally disappear after 5 days, the microorganisms may be excreted in the feces for many 
weeks (Jay, 1992). Children, mainly those younger than 1 year of age, elderly and 
immunocompromised patients are much more susceptible to the disease, and may present 
more severe infections, such as sepsis, which may lead to death (Gomez & Cleary, 1998; 
Pinto et al., 2004)  
Salmonellosis is not limited to intestinal infection and gastroenterocolitis. The 
microorganism may infect other organs; as Salmonellae are able to reach the circulation, they 
may cause diffuse extraintestinal infections, such as meningitis, osteomyelitis, arthritis, 
pneumonia, cholecystitis, peritonitis, pyelonephritis, cystitis, endocarditis, pericarditis, 
vasculitis and other disorders (Gelli, 1995). 
Salmonellae cross the intestinal epithelium, and reach the lamina propria (the layer where 
epithelial cells are anchored), where they multiply. They are phagocyted by macrophages 
and monocytes, causing an inflammatory response as a consequence of the hyperactivity of 
the reticuloendothelial system. Different from what happens in typhoid fever, penetration of 
Salmonella spp. is limited to the lamina propria in cases of enterocolitis. In these cases, sepsis 
or systemic infection are rarely observed, and infection is restricted to the intestinal mucous 
membrane. Inflammatory response is also related to the release of prostraglandins, which 
stimulate adenylate cyclase, leading to increased secretion of water and electrolytes and 
aqueous diarrhea (Franco & Landgraf, 2004). 
From 1980 on, human outbreaks caused by Salmonella Enteritidis, showed common 
sources in the US, Great Britain and other European countries (CDC, 2005). 
Epidemiological surveys from the CDC identified the consumption of eggs or egg-based 
foods as responsible for most of the outbreaks involving specific phagotypes (PT) of 
Salmonella Enteritidis; PT-4 in European countries, and PT-8 and PT-13a in the US (Perales 
& Audicana, 1989). The predominant serotypes involved in foodborne diseases changed, 
in the past decades, from Salmonella Agona, Salmonella Hadar and Salmonella 
Typhimurium to Salmonella Enteritidis, which is the predominant cause of salmonellosis 
in several countries (Suresh et al., 2006). Changes in the predominance of serotypes reflect 
changes in animal raising practices and dissemination of new serotypes due to increased 
international trade. Nowadays, the main concern is the emergence of Salmonella serotypes 
that are resistant to multiple antibiotics (Huang, 1999).  
Cases of disease caused by four serovars of subspecies enterica are subject to mandatory 
reporting, according to regulation number 207 of the Brazilian Agency of Agricultural 
Defense [SDA; Secretaria da Defesa Agropecuária] , reviewed in July 30th, 1995. These serovars 
are part of the list B of the World Organization for Animal Health (OIE), of diseases that 
cause regional economic losses. Among them, Salmonella Pullorum, Gallinarum, 
Typhimurium and Enteritidis. About 90 serovars of Salmonella spp. are more frequent in 
cases of human and animal infection (Berchieri Jr. & Freitas Neto, 2009).  
The typification of serovars is important to track the source of infection. For example, 
Salmonella Agona affected humans in the US, in European countries and in Brazil (Synnott et 
al., 1998; CDC, 2007). According to Clark et al. (1973), human outbreaks in the US and 
Europe that occurred around 1970 were caused by poultry meat. Animals were infected by 
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feed containing contaminated fish meal that came from Peru. This case is an example of the 
epidemiological complexity of this disease.  
The intensive breeding system adopted by the poultry industry favors the introduction, 
establishment, permanence and dissemination of these bacteria (Berchieri Jr. & Freitas Neto, 
2009). Therefore, the stage when animals are raised is very important in the dissemination of 
Salmonella spp. among the birds, and consequently, in giving rise to contaminated food 
products (Bersot, 2006). Salmonella may affect all segments of poultry production, such as 
breeder facilities, incubators, commercial raising operations, feed factories, slaughterhouses, 
transportation systems and commercialization facilities.  
Globalization incorporated the sanitary restrictions imposed by the European Community 
to international traders of foods of animal origin, mainly poultry. The occurrence of cases of 
foodborne infection linked to Salmonella Enteritidis and Salmonella Typhimurium show the 
sanitary importance of Brazilian poultry production, in social and economic terms. When 
the World Trade Organization (WTO) was created, the guidelines and Codex Alimentarius 
regulations were determined for international trade, and for agreements on sanitary and 
phytosanitary (SPS) measures and technical barriers to trade (TBT). With these agreements, 
WTO country members should review, establish and implement internal control systems, 
that is, adopt the Hazard Analysis and Critical Control Points System (HACCP).  

4. Detection methods 
Salmonellae are short Gram-negative bacilli, about 0.7-1.5 x 2-5 μm, readily stained, and 
nonsporulating. Most of them move using peritrichial flagella, although serotypes such as 
Salmonella Pullorum and Salmonella Gallinarum are nonmotile. They are either aerobic or 
facultative anaerobic, and grow between 5 and 45°C. Optimum growth occurs at 37°C. Ideal 
pH for multiplication is 7, but Salmonella survives in pH values between 4 and 9. They grow 
in culture medium for enterobacteria and in blood agar. Colonies are 2-4 mm in diameter, 
with smooth and round edges. They are slightly raised in medium containing carbon and 
nitrogen. Colonies may remain viable for a long time when stored in peptone (Holt et al., 
1994; Gast, 1997). 
Biochemically, Salmonella strains have the ability to metabolize nutrients, and catabolize D-
glucose and other carbohydrates, except lactose and sucrose, with production of acid and 
gas. They are catalase positive and oxidase negative, as are all genera in the 
Enterobacteriaceae family. They do not ferment malonate, do not hydrolyze urea, do not 
produce indol, use citrate as a sole source of carbon, reduce nitrate to nitrite, and may 
produce hydrogen sulfide (Quinn et al., 2000). 
Conventional culture methods for isolating Salmonella spp. in poultry or animal feed or in 
feed ingredients have been reported in a number of studies, which were summarized by 
Williams (1981). Although all methods follow the basic strategy of preenrichment followed 
by selective enrichment, differential plating and biochemical or serological confirmation, 
there is no single internationally accepted procedure for Salmonella spp. detection.  
The Food and Drug Administration (FDA), for example, recommends lactose broth for 
preenrichment (Andrews el al. 1998), while Wyatt et al. (1993) used buffered peptone water. 
Cox et al. (1982) reported that preenrichment decreased the recovery of Salmonella spp. from 
artificially contaminated poultry feed when compared with direct enrichment. Suggested 
protocols also vary with the substrate: Kafel (l981) suggested the use of anaerobic lactose 
broth, followed by selection in tetrathionate brilliant green broth and plating on brilliant 
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and its adaptation to the host, Salmonellae may cause severe disease, or go unnoticed and 
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weeks (Jay, 1992). Children, mainly those younger than 1 year of age, elderly and 
immunocompromised patients are much more susceptible to the disease, and may present 
more severe infections, such as sepsis, which may lead to death (Gomez & Cleary, 1998; 
Pinto et al., 2004)  
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and monocytes, causing an inflammatory response as a consequence of the hyperactivity of 
the reticuloendothelial system. Different from what happens in typhoid fever, penetration of 
Salmonella spp. is limited to the lamina propria in cases of enterocolitis. In these cases, sepsis 
or systemic infection are rarely observed, and infection is restricted to the intestinal mucous 
membrane. Inflammatory response is also related to the release of prostraglandins, which 
stimulate adenylate cyclase, leading to increased secretion of water and electrolytes and 
aqueous diarrhea (Franco & Landgraf, 2004). 
From 1980 on, human outbreaks caused by Salmonella Enteritidis, showed common 
sources in the US, Great Britain and other European countries (CDC, 2005). 
Epidemiological surveys from the CDC identified the consumption of eggs or egg-based 
foods as responsible for most of the outbreaks involving specific phagotypes (PT) of 
Salmonella Enteritidis; PT-4 in European countries, and PT-8 and PT-13a in the US (Perales 
& Audicana, 1989). The predominant serotypes involved in foodborne diseases changed, 
in the past decades, from Salmonella Agona, Salmonella Hadar and Salmonella 
Typhimurium to Salmonella Enteritidis, which is the predominant cause of salmonellosis 
in several countries (Suresh et al., 2006). Changes in the predominance of serotypes reflect 
changes in animal raising practices and dissemination of new serotypes due to increased 
international trade. Nowadays, the main concern is the emergence of Salmonella serotypes 
that are resistant to multiple antibiotics (Huang, 1999).  
Cases of disease caused by four serovars of subspecies enterica are subject to mandatory 
reporting, according to regulation number 207 of the Brazilian Agency of Agricultural 
Defense [SDA; Secretaria da Defesa Agropecuária] , reviewed in July 30th, 1995. These serovars 
are part of the list B of the World Organization for Animal Health (OIE), of diseases that 
cause regional economic losses. Among them, Salmonella Pullorum, Gallinarum, 
Typhimurium and Enteritidis. About 90 serovars of Salmonella spp. are more frequent in 
cases of human and animal infection (Berchieri Jr. & Freitas Neto, 2009).  
The typification of serovars is important to track the source of infection. For example, 
Salmonella Agona affected humans in the US, in European countries and in Brazil (Synnott et 
al., 1998; CDC, 2007). According to Clark et al. (1973), human outbreaks in the US and 
Europe that occurred around 1970 were caused by poultry meat. Animals were infected by 
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feed containing contaminated fish meal that came from Peru. This case is an example of the 
epidemiological complexity of this disease.  
The intensive breeding system adopted by the poultry industry favors the introduction, 
establishment, permanence and dissemination of these bacteria (Berchieri Jr. & Freitas Neto, 
2009). Therefore, the stage when animals are raised is very important in the dissemination of 
Salmonella spp. among the birds, and consequently, in giving rise to contaminated food 
products (Bersot, 2006). Salmonella may affect all segments of poultry production, such as 
breeder facilities, incubators, commercial raising operations, feed factories, slaughterhouses, 
transportation systems and commercialization facilities.  
Globalization incorporated the sanitary restrictions imposed by the European Community 
to international traders of foods of animal origin, mainly poultry. The occurrence of cases of 
foodborne infection linked to Salmonella Enteritidis and Salmonella Typhimurium show the 
sanitary importance of Brazilian poultry production, in social and economic terms. When 
the World Trade Organization (WTO) was created, the guidelines and Codex Alimentarius 
regulations were determined for international trade, and for agreements on sanitary and 
phytosanitary (SPS) measures and technical barriers to trade (TBT). With these agreements, 
WTO country members should review, establish and implement internal control systems, 
that is, adopt the Hazard Analysis and Critical Control Points System (HACCP).  

4. Detection methods 
Salmonellae are short Gram-negative bacilli, about 0.7-1.5 x 2-5 μm, readily stained, and 
nonsporulating. Most of them move using peritrichial flagella, although serotypes such as 
Salmonella Pullorum and Salmonella Gallinarum are nonmotile. They are either aerobic or 
facultative anaerobic, and grow between 5 and 45°C. Optimum growth occurs at 37°C. Ideal 
pH for multiplication is 7, but Salmonella survives in pH values between 4 and 9. They grow 
in culture medium for enterobacteria and in blood agar. Colonies are 2-4 mm in diameter, 
with smooth and round edges. They are slightly raised in medium containing carbon and 
nitrogen. Colonies may remain viable for a long time when stored in peptone (Holt et al., 
1994; Gast, 1997). 
Biochemically, Salmonella strains have the ability to metabolize nutrients, and catabolize D-
glucose and other carbohydrates, except lactose and sucrose, with production of acid and 
gas. They are catalase positive and oxidase negative, as are all genera in the 
Enterobacteriaceae family. They do not ferment malonate, do not hydrolyze urea, do not 
produce indol, use citrate as a sole source of carbon, reduce nitrate to nitrite, and may 
produce hydrogen sulfide (Quinn et al., 2000). 
Conventional culture methods for isolating Salmonella spp. in poultry or animal feed or in 
feed ingredients have been reported in a number of studies, which were summarized by 
Williams (1981). Although all methods follow the basic strategy of preenrichment followed 
by selective enrichment, differential plating and biochemical or serological confirmation, 
there is no single internationally accepted procedure for Salmonella spp. detection.  
The Food and Drug Administration (FDA), for example, recommends lactose broth for 
preenrichment (Andrews el al. 1998), while Wyatt et al. (1993) used buffered peptone water. 
Cox et al. (1982) reported that preenrichment decreased the recovery of Salmonella spp. from 
artificially contaminated poultry feed when compared with direct enrichment. Suggested 
protocols also vary with the substrate: Kafel (l981) suggested the use of anaerobic lactose 
broth, followed by selection in tetrathionate brilliant green broth and plating on brilliant 
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green agar, in the analysis of fish meal. Allen et al. (1991) reported that the sensitivity of 
Rappaport Vassiliadis medium depended on the substrate in the detection of Salmonella spp. 
in high moisture foods, compared with tetrathionate or selenite cystine broth. Eckner et al. 
(1992) added novobiocin to tetrathionate selective enrichment and increased the incubation 
temperature to 42ºC.  
The conventional technique for the detection of the microorganism includes the following 
steps: preenrichment, selective enrichment, isolation and selection, biochemical 
characterization, serological characterization and final identification. This technique 
requires at least four days for a negative result and six to seven days for the identification 
and confirmation of positive samples (Soumet et al., 1997). The presence of Salmonella has 
to be determined in at least 25g or mL of sample.  
New methodologies, such as immunological tests, have been proposed as alternatives for 
direct detection of this pathogen. For example, ELISA (Enzyme-linked Immunosorbent 
Assay) was used by Loguercio et al. (2002). Immunoenzymatic technology may be 
combined with other rapid methods in order to decrease total assay time. Luk et al. (1997) 
combined a digoxigenin-based ELISA with the polymerase chain reaction (PCR) to detect 
amplified rfbS, a lipopolysaccharide gene of Salmonella spp.; in this case, preenrichment 
was no longer than 16 hours.  
Other types of assays have also been used: techniques based on molecular biology, such 
as nucleic acid hybridization or PCR, which was used by Flôres et al. (2003); and tests 
based on metabolism measurements (impedance and radiometry) (Franco & Landgraf, 
1996). Ribotyping is the most recent addition to the automated identification of bacteria.  
The RiboPrinterTM Microbial Characterization System is based on the highly conserved 
nature of the rRNA operon. Ribotyping provides a reproducible method by which rRNA 
and polymorphic fragments can be compared with a database for identification of genus, 
species and strain (Grimont & Grimont, 1986). The system is almost completely 
automated, requiring only picking up the colonies, suspending them in buffer and 
submitting them to heat treatment in a special carrier. Once heated, the sample is placed 
in the device, which automatically lyses the bacteria, releasing DNA; digests it with 
restriction enzymes; transfers the sample to agarose gel; and separates restricted 
fragments by electrophoresis. DNA fragments separated by size are then transferred to a 
nylon membrane, which is hybridized with a chemically-labeled and treated DNA 
antibody/alkaline phosphatase conjugate.  
Resulting stained bands are then photographed, and the image is stored in the computer 
database and compared with other images in it. The database for this system is less 
comprehensive than that of other automated systems, but it still adequate for Salmonella 
spp. The system would, however, be invaluable in epidemiological studies related to 
(HACCP) incidents. 
Serotyping is an important epidemiological tool that complements the identification of 
Salmonella, making it possible to determine the prevalence/emergence or to show trends of a 
given serovar in different geographical regions, as well as to identify outbreaks, and discover 
sources of infection and routes of transmission. Serotyping is based on the Kauffmann & White 
classification and involves the identification of somatic and flagellar antigens.  
The somatic structure is identified based on the recognition of the serovars, which are 
represented by uppercase letters. For example, group A (O:2), group B (O:4); group C1 
(O:6,7), group C2 (O:6,8,20), group D (O:9), group E1 (O:3,10), group E2 (O:3,15), group E4 
(O:1,3,19), etc. Some factors identify the antigenic group, for example, O:4, O:9. Other 
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factors have little or no discriminatory value, and are normally associated because they 
represent a complex, such as O:12 (121, 122, 123), with O:2, O:4 and O:9. For example, 
Salmonella Paratyphi A (O:1,2,12), Salmonella Typhimurium (O:1,4,5,12) and Salmonella 
Enteritidis (O:1,9,12). 
Some antigens appear as a consequence of a change in the structure, such as O:1, which is a 
result of the insertion of galactose in the polysaccharide; O:5 a results of the acetylation of 
abequose, found in the repetitive units of the polysaccharide responsible for specificity, such 
as in serovar Salmonella Typhimurium O:4,12 and O:1,4,5,12.  
As for the characterization of flagellar antigens, it should be taken into account the fact that 
some Salmonella serovars have only one flagellar phase. They are called monophasic: 
Salmonella Enteritidis (9,12: g,m:-), Salmonella Typhi (9,12 [Vi]:d:-); however, most serogroups 
show two flagellar phases, that is, they are diphasic strains, such as Salmonella Typhimurium 
(1,4,5,12: i: 1,2) and Salmonella Hadar (6,8: z10: e,n,x), which express phase 1 (antigens i or 
z10) and phase 2 antigens (respectively, antigens 1,2 or e,n,x). Nonmotile strains, which have 
no flagella, have also been recognized (Rodrigues, 2011). 

5. Drug resistance 
Microbial resistance is related to strains of microorganisms that are able to multiply in the 
presence of concentrations of antimicrobial compounds even higher than those given as 
therapeutic doses to humans. Development of resistance is a natural phenomenon that 
followed the introduction of antimicrobial agents in clinical practice. The irrational and 
widespread use of these agents has added to the problem, and resistance rates vary from 
place to place, depending on the local use of antibiotics.  
One of the major concerns of the poultry industry is maintaining the sanitary status of the 
herds. In the incubators where birds are born, there is an attempt to reduce contamination to 
minimum levels in all phases of the process. Lack of contact with natural biota soon after 
birth interferes with the normal development of bird intestines (Silva, 2000). Generally, 
antimicrobial substances (antibiotic or chemotherapic agents), called growth promoters, are 
used in the feed from the first day of life to the moment of slaughter of the birds, respecting 
the recommended withdrawal period (Mota, 1996). These growth promoters improve 
performance because they “modulate” intestinal microbiota and improve feed efficiency.  
Suppliers of growth promoters guarantee that these substances are not absorbed through 
the intestinal walls and are shed in feces, where they are quickly biodegraded. Thus, they do 
not leave residues in the animal, and do not pose risks to human health or the environment 
(Mota, 1996). However, consumers are constantly concerned on the possible risks that 
antimicrobial resistance poses to human health.  
In veterinary medicine, antimicrobial agents are used in therapy, metaphylaxis, prophylaxis, 
and as growth promoters (Scharwz et al., 2001). The use of subtherapeutic doses of 
antibiotics as growth promoters is a public health problem, because many resistant 
microorganisms may transfer resistance to microorganisms found in bird feces. This kind of 
use may be responsible for selective pressure that generates resistant bacteria, a current, 
worldwide-spread, public health problem, due to the risk of dissemination of pathogens and 
transfer of resistance genes, via food chain, to pathogenic and commensal microorganisms 
of humans, decreasing the treatment options for infections (Medeiros, 2011). 
Since antimicrobials started to be widely used by humans at the end of the 1940s, the 
emergence of resistant strains was observed in most bacterial species, and against all drugs 
available (Flemming, 2005). The use of antimicrobials, combined with improvements in 
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green agar, in the analysis of fish meal. Allen et al. (1991) reported that the sensitivity of 
Rappaport Vassiliadis medium depended on the substrate in the detection of Salmonella spp. 
in high moisture foods, compared with tetrathionate or selenite cystine broth. Eckner et al. 
(1992) added novobiocin to tetrathionate selective enrichment and increased the incubation 
temperature to 42ºC.  
The conventional technique for the detection of the microorganism includes the following 
steps: preenrichment, selective enrichment, isolation and selection, biochemical 
characterization, serological characterization and final identification. This technique 
requires at least four days for a negative result and six to seven days for the identification 
and confirmation of positive samples (Soumet et al., 1997). The presence of Salmonella has 
to be determined in at least 25g or mL of sample.  
New methodologies, such as immunological tests, have been proposed as alternatives for 
direct detection of this pathogen. For example, ELISA (Enzyme-linked Immunosorbent 
Assay) was used by Loguercio et al. (2002). Immunoenzymatic technology may be 
combined with other rapid methods in order to decrease total assay time. Luk et al. (1997) 
combined a digoxigenin-based ELISA with the polymerase chain reaction (PCR) to detect 
amplified rfbS, a lipopolysaccharide gene of Salmonella spp.; in this case, preenrichment 
was no longer than 16 hours.  
Other types of assays have also been used: techniques based on molecular biology, such 
as nucleic acid hybridization or PCR, which was used by Flôres et al. (2003); and tests 
based on metabolism measurements (impedance and radiometry) (Franco & Landgraf, 
1996). Ribotyping is the most recent addition to the automated identification of bacteria.  
The RiboPrinterTM Microbial Characterization System is based on the highly conserved 
nature of the rRNA operon. Ribotyping provides a reproducible method by which rRNA 
and polymorphic fragments can be compared with a database for identification of genus, 
species and strain (Grimont & Grimont, 1986). The system is almost completely 
automated, requiring only picking up the colonies, suspending them in buffer and 
submitting them to heat treatment in a special carrier. Once heated, the sample is placed 
in the device, which automatically lyses the bacteria, releasing DNA; digests it with 
restriction enzymes; transfers the sample to agarose gel; and separates restricted 
fragments by electrophoresis. DNA fragments separated by size are then transferred to a 
nylon membrane, which is hybridized with a chemically-labeled and treated DNA 
antibody/alkaline phosphatase conjugate.  
Resulting stained bands are then photographed, and the image is stored in the computer 
database and compared with other images in it. The database for this system is less 
comprehensive than that of other automated systems, but it still adequate for Salmonella 
spp. The system would, however, be invaluable in epidemiological studies related to 
(HACCP) incidents. 
Serotyping is an important epidemiological tool that complements the identification of 
Salmonella, making it possible to determine the prevalence/emergence or to show trends of a 
given serovar in different geographical regions, as well as to identify outbreaks, and discover 
sources of infection and routes of transmission. Serotyping is based on the Kauffmann & White 
classification and involves the identification of somatic and flagellar antigens.  
The somatic structure is identified based on the recognition of the serovars, which are 
represented by uppercase letters. For example, group A (O:2), group B (O:4); group C1 
(O:6,7), group C2 (O:6,8,20), group D (O:9), group E1 (O:3,10), group E2 (O:3,15), group E4 
(O:1,3,19), etc. Some factors identify the antigenic group, for example, O:4, O:9. Other 
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factors have little or no discriminatory value, and are normally associated because they 
represent a complex, such as O:12 (121, 122, 123), with O:2, O:4 and O:9. For example, 
Salmonella Paratyphi A (O:1,2,12), Salmonella Typhimurium (O:1,4,5,12) and Salmonella 
Enteritidis (O:1,9,12). 
Some antigens appear as a consequence of a change in the structure, such as O:1, which is a 
result of the insertion of galactose in the polysaccharide; O:5 a results of the acetylation of 
abequose, found in the repetitive units of the polysaccharide responsible for specificity, such 
as in serovar Salmonella Typhimurium O:4,12 and O:1,4,5,12.  
As for the characterization of flagellar antigens, it should be taken into account the fact that 
some Salmonella serovars have only one flagellar phase. They are called monophasic: 
Salmonella Enteritidis (9,12: g,m:-), Salmonella Typhi (9,12 [Vi]:d:-); however, most serogroups 
show two flagellar phases, that is, they are diphasic strains, such as Salmonella Typhimurium 
(1,4,5,12: i: 1,2) and Salmonella Hadar (6,8: z10: e,n,x), which express phase 1 (antigens i or 
z10) and phase 2 antigens (respectively, antigens 1,2 or e,n,x). Nonmotile strains, which have 
no flagella, have also been recognized (Rodrigues, 2011). 

5. Drug resistance 
Microbial resistance is related to strains of microorganisms that are able to multiply in the 
presence of concentrations of antimicrobial compounds even higher than those given as 
therapeutic doses to humans. Development of resistance is a natural phenomenon that 
followed the introduction of antimicrobial agents in clinical practice. The irrational and 
widespread use of these agents has added to the problem, and resistance rates vary from 
place to place, depending on the local use of antibiotics.  
One of the major concerns of the poultry industry is maintaining the sanitary status of the 
herds. In the incubators where birds are born, there is an attempt to reduce contamination to 
minimum levels in all phases of the process. Lack of contact with natural biota soon after 
birth interferes with the normal development of bird intestines (Silva, 2000). Generally, 
antimicrobial substances (antibiotic or chemotherapic agents), called growth promoters, are 
used in the feed from the first day of life to the moment of slaughter of the birds, respecting 
the recommended withdrawal period (Mota, 1996). These growth promoters improve 
performance because they “modulate” intestinal microbiota and improve feed efficiency.  
Suppliers of growth promoters guarantee that these substances are not absorbed through 
the intestinal walls and are shed in feces, where they are quickly biodegraded. Thus, they do 
not leave residues in the animal, and do not pose risks to human health or the environment 
(Mota, 1996). However, consumers are constantly concerned on the possible risks that 
antimicrobial resistance poses to human health.  
In veterinary medicine, antimicrobial agents are used in therapy, metaphylaxis, prophylaxis, 
and as growth promoters (Scharwz et al., 2001). The use of subtherapeutic doses of 
antibiotics as growth promoters is a public health problem, because many resistant 
microorganisms may transfer resistance to microorganisms found in bird feces. This kind of 
use may be responsible for selective pressure that generates resistant bacteria, a current, 
worldwide-spread, public health problem, due to the risk of dissemination of pathogens and 
transfer of resistance genes, via food chain, to pathogenic and commensal microorganisms 
of humans, decreasing the treatment options for infections (Medeiros, 2011). 
Since antimicrobials started to be widely used by humans at the end of the 1940s, the 
emergence of resistant strains was observed in most bacterial species, and against all drugs 
available (Flemming, 2005). The use of antimicrobials, combined with improvements in 
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sanitation, nutrition and immunization, has lead to a dramatic decrease in deaths and a 
major gain in human life expectancy (WHO, 2002). However, with the increased use of 
antimicrobials, antimicrobial resistance has emerged as one of the greatest threats to the 
safety of human health (WHO, 2007), and as a most pressing problem for public health, 
animal health and food safety authorities (Tenover, 2006; Marchese & Schito, 2007). 
The increase in antimicrobial resistance has narrowed the potential uses of antibiotics for 
the treatment of infections in humans and animals (Angulo et al., 2004). As a striking 
example, the CDC estimated that the total of methicillin-resistant Staphylococcus Infections 
(MRSI) in US hospitals and communities have increased from 2 % in 1974 to almost 63% 
in 2004 (CDC, 2010).  
In the US, more than 40% of the antibiotics produced are used in animal feed. This non-
therapeutic use of antibiotics is a way to promote the selection of a growing number of 
resistant bacteria (Levy, 1998). As more strains responsible for poultry infections become 
resistant to therapeutic drugs, these compounds become less available for human 
treatments. Similarly, with Salmonella being an important cause of foodborne diarrheal 
disease in humans 10/12, the reduction in the number of antibiotics available for effective 
treatment of Salmonella-related infections in humans and animals has become a serious 
concern (Angulo et al., 2004).  
In Europe, besides this concern with resistance, several recent public health episodes were 
branded on the mind of the consumers. Among them, the connection between eggs and 
Salmonella Enteritidis, BSE/“mad cow disease” and cattle meat and, more recently, avian flu 
in Asia. Therefore, zoonoses and restricted use of additives and antimicrobials as growth 
promoters in feeds, together with the occurrence of resistant microorganisms, have become 
an important challenge in the control of detrimental microorganisms found in the digestive 
system of birds.  
There is a consensus in several countries that the indiscriminate use of antimicrobials in 
animal production is one of the causes of the increased resistance to antimicrobials. Human 
infections are more severe when a strain of a given microorganism is resistant to the drug of 
choice for its treatment. The use of antimicrobials may stimulate the selection of resistant 
bacteria in this ecosystem. Human pathogens and resistant genes may cross species and 
ecosystems by contact with, or consumption of contaminated food and water (Kelley et al., 
1998). Due to the little knowledge on single, multiple or cross-resistance mechanisms in 
microorganisms that are highly pathogenic to humans, the WHO has recommended careful 
use and restrictions to antimicrobials in animal production (WHO, 2001). 
Before Salmonella Enteritidis outbreaks related to traditional drugs in Europe, different 
antibiotics – such as nitrofurazone, furazolidone, novobiocine and tetracyclines - were used 
in drinking water and in feed offered to poultry. In Brazil, tetracyclines, penicillins, 
chloramphenicol, sulphonamides, furazolidone, nitrofurazone and avoparcin were banned 
as additives in animal feed in 1998. However, the use of several other drugs is still allowed: 
3-nitro acid, arsanilic acid, avilamycin, colistine sulfate, enramycin, flavomycin, lincomycin, 
spiramycin, tylosin sulfate and zinc bacitracin. 
Extensive use of quinolones in birds was made possible by very flexible prescription 
regulations, use of generic, lower cost drugs in feed and water, and, without a doubt, 
because of the efficiency of these agents against Salmonella. The use of fluoroquinolones, 
which have a similar mechanism of action, followed quinolones (Rossi, 2005). 
Strains of Salmonella Enteritidis may become resistant because of the indiscriminate use of 
drugs in their country of origin, imports of foodstuffs contaminated with bacteria carrying 
resistance genes, or infected people returning from international trips. Finnish researchers 
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(Hakanen et al., 2001) observed increased antimicrobial resistance in strains of Salmonella 
Enteritidis isolated from travelers after they came back from Asian countries where 
quinolones were used indiscriminately. There was an increase from 3.9% to 23.5% in the 
resistance to fluoroquinolones in samples analyzed between 1995 and 1999 in Finland. 
These facts, suggest that drug resistance genes may be associated with virulence, or that 
humans strains have an improved resistance profile compared with Salmonella of animal 
origin, making the whole situation even more concerning from a public health viewpoint.  
The frequency and extent of Salmonella resistance to antimicrobials vary based on the use of 
antibiotics in humans and animals, and on ecological differences in the epidemiology of 
Salmonella infections (McDermott, 2006). Globally, Salmonella exhibits extensive resistance 
profiles which have been associated both with higher rates of morbidity and mortality and 
the use of antimicrobials in food-producing animals (Angulo et al., 2004). Antibiotics 
suppress normal intestinal microbiota, breaking its protective effect, increasing the 
competitive advantage of antibiotic-resistant Salmonella, and favoring the occurrence of 
salmonellosis (Eley, 1994). 
Salmonellosis surveillance has been described all over the world, specially after the 
emergence of strains resistant to multiple antibiotics, making control and treatment even 
more difficult. The WHO observed an alarming increase in the number of strains of 
Salmonella resistant to antibiotics due to the abusive use in intensive animal raising 
(Eurosurveillance, 1997). This finding is a concern for surveillance and environmental 
control organisms, once the use of antibiotics in animal feed as growth promoters 
contributes for the emergence of resistant and pathogenic strains (Pinto, 2000).  
Antibiotics may be either bactericidal or bacteriostatic agents. Bactericidal agents cause 
changes incompatible with bacterial survival, whereas bacteriostatic agents inhibit bacterial 
growth and reproduction, without immediately killing microorganisms (Tavares, 2001).  
The mechanism of action of antibiotics is essentially related to interference with cell wall 
synthesis. Cell wall constitution varies in Gram-positive or Gram-negative bacteria, leading 
to differences in permeability to drugs. Antibiotics that affect the permeability of the 
cytoplasmic membrane are similar to cationic detergents, due to the presence of basic 
groups (NH3 +) in a lateral chain of the fatty acid.  
Insertion of antibiotic molecules disorganizes the membrane, producing leakage of cell 
components and death. Antibiotics that interfere with DNA replication generate toxic 
products that get inserted in the DNA molecule, breaking it up and preventing its synthesis. 
Others compounds loosen the DNA spiral structure, making it larger and breaking the 
bacterial cell. Agents that affect protein synthesis act on the ribosome, inhibiting protein 
synthesis by different mechanisms (Tavares, 2001; Trabulsi & Alterthum, 2008). 
Some bacterial species are considered naturally resistant to antibacterial compounds 
(primary resistance), because only concentrations that would be unviable in vivo would 
affect them. Under continuous exposure to antimicrobials, microorganisms show acquired 
resistance (secondary) caused by the development of new mechanisms of defense (Fuchs & 
Wannmacher, 1999).  
Resistance mechanisms may emerge because of changes in bacterial DNA, or biochemical 
mechanisms of molecule production, reactions and behaviors, which may be transmissible 
or not to the daughter cells. Resistance is observed when an antibiotic is administered to 
patients who are carriers of sensitive, mutant strains. Antimicrobials eliminate 
microorganisms that are sensitive, “selecting” the ones that are resistant. The rate of 
emergence of mutant strains is highly variable, and the mutation process may occur quickly 
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in some cases, and slowly and gradually in other cases, taking years to appear. Some cells 
may present random genetic changes that may lead to resistance to a given antibiotic 
(Decamp & Moriarty, 2006). The process is called single resistance when the bacterium is 
resistant to only one drug; multiple resistance, when it is simultaneously resistant to two or 
more drugs (Tavares, 2001). 
According to Claus (1988), mechanisms of antimicrobial resistance may involve 
chromosomal DNA, by means of mutations; or may be due to the acquisition of 
extrachromosomal DNA (by means of gene transduction, transformation or conjugation). 
Mutations occur by chromosome swapping. These changes may be random, or caused by 
physical and/or chemical agents, and the process may be caused or not by exposure to 
antimicrobial agents. Many microorganisms isolated before the use of antibiotics showed 
mutations, and were not sensitive to antibiotics when these were discovered. 
Antimicrobials are not necessarily responsible for mutations, but they have an important 
role in the selection of resistant strains. Commonly, the genetic change that causes the 
resistance in a microorganism is generated by genes transported in extrachromosomal 
plasmids (Claus, 1988). 
In the transduction process, a bacteriophage transfers, from a resistant to a sensitive bacterium, 
extrachromosomal bacterial DNA incorporated in its protein. The previously sensitive 
bacterium, then, will acquire resistance and transfer it to its daughter cells. This mechanism is 
easily observed in Staphylococcus aureus strains that acquired resistance to penicillins.  
Transformation occurs when bacteria that are sensitive to one substance incorporate the 
DNA with genes that encode resistance, that are found in the environment. These bacteria, 
then, become resistant to one or more antimicrobials. Some bacteria, in certain growth 
phases, are able to excrete DNA to the environment.  
Conjugation is caused by a passage of genes (R factors) from a resistant to a sensitive 
bacterium by attachment to a sex pilus. The R factor may contain resistance information 
against several antimicrobials. Conjugation and production of the sex pilus requires 
intervention of another group of genes, called transference factor. Without them, the process 
is not carried out. The R determinant complex, plus the resistance transfer factor, are known 
as R factor. R factor is important to Gram-negative bacteria, specially enterobacteria. 
Escherichia coli, Salmonella, Shiguella, Klebsiella and Pseudomonas aeruginosa are among 
microorganisms capable of transferring this type of resistance to sensitive bacteria. This 
resistance mechanism has been observed in relation to tetracyclines, chloramphenicol, 
sulfonamides, penicillins and aminoglycosides. 
All these genetic alterations give rise to several biochemical changes in bacterial 
metabolism. Resistance to antibiotics may be carried out by three basic mechanisms 
produced by these changes (Strohl et al., 2004): decreased absorption or increase efflux of 
the antibiotic; change in the target site of the antibiotic, and acquisition of the ability to 
break or modify the antibiotic. 
Acquired resistance to antibiotics is a necessary gain, or temporary or permanent change of 
bacterial genetic information. Most resistance genes are found in plasmids, which may be 
swapped with chromosomal elements. Acquired resistance is caused by mutations in the 
bacterial chromosome (which leads to the emergence of resistance genes in a sensitive 
bacterium), or by the transfer of resistance genes from one cell to another, with DNA 
fragments with these genes being inserted in the receptor cell. Both types of resistance, 
mutation (chromosomal) and transferable (plasmidial) may be found in the same bacterium 
(Tavares, 2001). 
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Plasmids are circular, extrachromosomal DNA molecules found in many bacterial species, 
and in some eukaryotes. They replicate separately or together with the host cell, and are 
passed on to the daughter cells. Plasmids may removed from the cell by different stress 
conditions, such as changes in temperature, presence of some stains or lack of certain 
nutrients. They are not essential to the cell, but may confer some selective advantages: they 
may have information for the degradation of certain substrates, resistance antibiotics or 
heavy metals. Plasmids may self-replicate independently of chromosomal replication, and 
may occur in variable numbers. Sex factors (F factor), antibiotic resistance (R factor), N2-
fixation (Trabulsi & Alterthum, 2008) are example of plasmids. 
Antimicrobial resistance is one of the most important problems for human and veterinary 
medicine, and it is recognized by the WHO as an important public health problem (Rossi, 
2005).  
There was a significant increase in the occurrence of Salmonella Enteritidis in poultry 
carcasses from 2000 to 2005 in the US. Studies in Brazil between 2000 and 2009 show the 
predominance of this serovar in poultry. More than half of the strains were resistant to 
multiple antibiotics, and Salmonella Enteritidis was the only serovar that showed different 
degrees of resistance to all antimicrobial compounds. Studies carried out with Salmonella 
Heidelberg demonstrated that all strains showed multiple resistance, including marked 
resistance to third generation cephalosporins. In the past years in the US, increased 
resistance to ceftiofur was observed in poultry strains. In 1997, resistance to this antibiotic 
was 1.6%, and in 2003, 7.4% (Medeiros, 2011). 
During decades, ampicillin, chloramphenicol and trimetoprim-sulfametoxazole were the 
most frequent antimicrobials used in salmonellosis treatment. However, the increase in the 
number of strains resistant to these drugs reduced their used in medical practice. 
Consequently, fluoroquinolones became the main antimicrobials used in the treatment of 
human infections (Souza et al., 2010).  
Resistance to Salmonella transmitted by contaminated foods of animal origin is undesirable, 
but it is an inevitable consequence of the use of antimicrobials in animals used in food 
production (Threlfall et al., 2002). Bacterial resistance is a natural process, but it should and 
can be prevented with the rational use of antimicrobials in animal production. Therefore, it 
is very important to follow the evolution of resistance in order to use efficient methods for 
Salmonella control.  

6. Prevention and control 
Prevention and control programs for infections caused by paratyphoid Salmonellae aim at 
protecting the health of the birds, ensure the safety of the consumers, and strengthen the 
reliability of the poultry production chain. In the case of Salmonella, measures recommended 
for prevention and control are not specific due to the large number of species and their 
complex epidemiological behavior. Similarly, variability in the implementation of these 
measures depends on the requisites determined by the international market, or the 
adaptation of the industry to the chronogram of production.  
In the past 10 years, there have been important outbreaks of emerging foodborne diseases 
all over the world. These outbreaks showed sanitary authorities of the countries affected 
that there is an increasing need for measures to prevent the risk of transmission. This led the 
Food and Agriculture Organization (FAO) to create the WTO, which motivated countries to 
review their innocuousness policies, rules and strategies to ensure that the food consumed 
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All these genetic alterations give rise to several biochemical changes in bacterial 
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produced by these changes (Strohl et al., 2004): decreased absorption or increase efflux of 
the antibiotic; change in the target site of the antibiotic, and acquisition of the ability to 
break or modify the antibiotic. 
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bacterial genetic information. Most resistance genes are found in plasmids, which may be 
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by the population had appropriate sanitary conditions for international trade (Pan American 
Health Organization - PAHO, 2001). 
General regulations issued all over the world for Salmonella control and prevention are: 
Proposed Guidelines for the Control Campylobacter and Salmonella in chicken meat, from the 
Codex Alimentarius; Prevention, Detection and Control of Salmonella in poultry, Chapter 6.5 
of the Terrestrial Animal Health Code of 2010, from the World Organization for Animal 
Health (OIE); Compliance Guideline for Controlling Salmonella and Campylobacter in Poultry, 
of May 2010, from the Food Safety Inspection Service and United States Department of 
Agriculture (FSIS/USDA); and the national programs for eradication control and 
surveillance of some Salmonella serotypes in breeding chickens and broilers, from the 
Ministry of Environment of Spain. 
Together with many other biosafety measures, monitoring of these bacteria, which may be 
associated with foodborne disease in humans, is one of the great objectives of the poultry 
industry. Health education actions that emphasize personal hygiene habits, mainly correct 
hand washing, care in food preparation, handling, storage and distribution, are 
recommended for food handlers. Main prevention strategies should be: selection of raw 
materials; carefully cleaning of equipment and utensils; adequate supply of potable water; 
adequate garbage disposal and sewage treatment; adoption of good manufacturing practices 
and implementation of the HACCP; removal of asymptomatic carriers from the production 
area, and adequate methods for transportation and preservation. All these actions are in 
compliance with the recommendations of public health authorities from all over the world 
(ICMSF, 2002; Brazil, 2002; Reuben et al., 2003). 
Literature information show that one year after the implementation of Salmonella control in 
Finland, prevalence was below 1% in egg and bovine, swine and poultry meat production, 
decreasing the occurrence of salmonellosis outbreaks (Maijala et al., 2005). Food hygiene, 
therefore, is based on the adoption of preventive and control measures. The HACCP system 
is an efficient tool to remove disease-causing agents. The system provides specific protection 
against foodborne disease, and leads to reduction in costs and warranties of 
microbiologically safe foods.  
The risk of vertical transmission may be minimized by bacteriological and serological 
monitoring of breeding chicken lots, resulting in Salmonella-free birds; by purchasing birds 
more resistant to Salmonella infection (Bumstead, 2000); by culling birds that are carriers of 
the microorganism; by treatment of eggs that are still in the sheds, and careful incubation of 
dirty and cracked eggs (Berchieri Jr., 2000). 
Biosafety and sanitary management are important to reduce the environmental presence of 
Salmonella. According to Gast (1997), one of the methods employed to achieve this aim is 
cleaning and disinfection of the sheds with chemical disinfectants. However, not all 
disinfectants are efficient and depend, for example, on their behavior in the presence of 
large amounts of organic material (Berchieri Jr. & Barrow, 1996). Together with this, it is 
important to control rodents found in bird sheds. These animals have an important role in 
Salmonella infection by contaminating the environment and transmitting the microorganism 
to birds and eggs (Henzler & Opitz, 1992). 
Specific procedures that aim at controlling Salmonella in bird feed include pelleting and use 
of organic acids (Silva, 2005). According to Gama (2001), as pelleting is carried out at 
temperatures over 60ºC, the process may eliminate Salmonella from poultry feed, provided 
that the feed is not recontaminated by handling, rats or insects. Iba & Berchieri Jr. (1995), 
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observed that a mixture of formic and propionic acids was efficient in controlling Salmonella 
Typhimurium in artificially contaminated feed.  
Another important tool in Salmonella prevention and control is the use of quantitative 
thresholds. These values vary from country to country and correspond to the measures and 
control systems that are adequate for local production. These limits should be established 
based on scientific research and special attention should be paid to the use of antibiotics, 
detergents, disinfectants and process temperature.  
Indiscriminate use of antibiotics and addition of growth promoters in animal feed 
contributed to the emergence of resistance among strains of Salmonella and other bacteria 
(Berchieri Jr. & Barrow, 1998). Besides, according to Barrow (1999), after the therapeutic 
agent is removed, there may be a period in which birds may become susceptible to 
Salmonella infection, because their normal microbiota – which would inhibit Salmonella 
naturally – is also affected by the use of the antibiotic.  
Competitive exclusion is based on oral inoculation of the cecum contents of adult birds in 
newborn chicks, speeding the establishment of desirable intestinal microbiota (Nurmi & 
Rantala, 1973). The process attempts to prevent the establishment of pathogenic 
microorganisms in the intestinal mucous membrane. This is an important method in the 
control of Salmonella infection in birds with immature or debilitated intestinal microbiota 
(submitted to antibiotic therapy).  
Another measure for Salmonella control and prevention is vaccination of susceptible birds 
(Gast, 1997). Nowadays, several studies have been carried out in order to evaluate the 
efficacy of live (Barrow et al., 1991; Hassan & Curtiss III, 1997) and inactivated vaccines 
(Timms et al., 1990; Gast et al., 1993; Nakamura et al., 1994; Miyamoto et al., 1999; 
Woodward et al., 2002). These studies support the use of vaccination, in a safe and efficient 
manner, as part of the prevention of infection in birds and contamination of eggs by 
Salmonella Enteritidis (Gast et al., 1992). 
Notification and epidemiological records are important sources of information for 
inspection and control agencies, which may estimate which pathogens and foods may 
possibly be involved in foodborne disease outbreaks. For example, the presence of several 
Salmonella serotypes that did not show high prevalence some years ago, are found now in 
poultry herds and represent an important public health problem worldwide.  
Control of salmonellosis cases will be achieved by the adoption of some measures, such as 
frequent and systematic surveillance of food production and distribution. An efficient 
program both provides warranties in the production of safe foods and reduces costs.  

7. Conclusions 
It is concluded that salmonellosis outbreaks still occur daily, even when recommended 
biosafety measures to ensure the health of poultry herds are in place. This may be due to the 
lack of awareness on animal health issues and due to the difficult control of this 
microorganism.  
Birds may carry Salmonella spp. to inside of the industry by means of utensils, men, rodents, 
and mainly feces. Therefore, the microorganism may be introduced in all facilities and 
equipments of a slaughterhouse, negatively affecting the quality of final products and by-
products destined for human consumption and animal feed.  
Due to the wide distribution and variety of forms of Salmonella transmission, and the large 
number of foodstuffs involved in salmonellosis outbreaks, programs for guiding and 
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Woodward et al., 2002). These studies support the use of vaccination, in a safe and efficient 
manner, as part of the prevention of infection in birds and contamination of eggs by 
Salmonella Enteritidis (Gast et al., 1992). 
Notification and epidemiological records are important sources of information for 
inspection and control agencies, which may estimate which pathogens and foods may 
possibly be involved in foodborne disease outbreaks. For example, the presence of several 
Salmonella serotypes that did not show high prevalence some years ago, are found now in 
poultry herds and represent an important public health problem worldwide.  
Control of salmonellosis cases will be achieved by the adoption of some measures, such as 
frequent and systematic surveillance of food production and distribution. An efficient 
program both provides warranties in the production of safe foods and reduces costs.  

7. Conclusions 
It is concluded that salmonellosis outbreaks still occur daily, even when recommended 
biosafety measures to ensure the health of poultry herds are in place. This may be due to the 
lack of awareness on animal health issues and due to the difficult control of this 
microorganism.  
Birds may carry Salmonella spp. to inside of the industry by means of utensils, men, rodents, 
and mainly feces. Therefore, the microorganism may be introduced in all facilities and 
equipments of a slaughterhouse, negatively affecting the quality of final products and by-
products destined for human consumption and animal feed.  
Due to the wide distribution and variety of forms of Salmonella transmission, and the large 
number of foodstuffs involved in salmonellosis outbreaks, programs for guiding and 
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sensitizing the consumers, the trade, food handlers and breeders of animals, mainly of 
poultry, should be implemented in order to improve health and hygiene conditions of 
products and processes, and ensure the health of the final consumer.  
Resistance of Salmonella strains to antimicrobials normally used in poultry raising may serve 
as a warning against the indiscriminate use of antibiotics in the treatment of infections. 
Addition of antibiotics in animal feed as growth promoters may contribute for selecting 
resistant strains, and may affect human health.  
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1. Introduction 
Foodborne pathogens cause diarrhea and flulike illnesses. An estimated 1.8 million 
children death is associated with disease-causing organisms acquired via food 
consumption with the greatest number of cases occurring in developing countries (WHO 
2008). In the United States, the burden of foodborne infections causes an estimated of 48 
million cases of sick people, from which 128,000 are hospitalized and 3,000 die anually 
(CDC, 2011). In addition, around 31 of the acquired pathogens known cause an 
approximated of 9.4 million episodes of foodborne illnesses while additional episodes are 
caused by unspecified agents, known agents not yet recognized as causing foodborne 
illness, and substances known to be in food but unproven pathogenicity (Scallan et al., 
2011). According to Allos et al. (2004) and Imhoff et al. (2004) the economic burden of 
foodborne illnesses results in an estimated annual cost of $6.9 billion USD because of 
work absenteeism, cost of medication and hospitalization, being the annual diarrheal 
burden of 0.72 episodes per person. 
According to Buzby et al. (1996) and WHO (2008) the most common foodborne pathogens 
associated with outbreaks are bacteria like Campylobacter jejunii, Escherichia coli O157:H7, 
Listeria monocytogenes and Salmonella. Data from the CDC (2011) indicates the prevalence 
of Salmonella serotypes causing foodborne illnesses, which shows an increasing tendency 
from 2006 to 2011, involving several food as transmission vehicle, such as tomatoe, 
cantaloupe, egg, alfalfa sprout, peanut butter, pepper, and papaya. Therefore, the control 
of foodborne pathogens must be considered as one of the most important goals of 
authorities and producers. When a pathogen related outbreak is detected, the 
collaboration among Universities, Research Centers and health authorities from countries 
involved, is an essential step to source track the origin of the causative agent, and to seek 
for strategies for problem remediation. 
The association of food with pathogens is a critical problem that requires special attention of 
the Mexican producers, since the presence of disease-causing organisms might provoke the 
close of borders of the destiny country. Therefore, the Mexican agricultural authorities have 
established mandatory regulations for fresh produce production and processing, which 
include Good Agricultural Practices (GAP) and Good Manufacturing Practices (GMP) audit 
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programs that must be implemented in order to avoid the presence of both pesticides and 
pathogens on the final product (SAGARPA, 2011).  

1.1 Fresh produce production in the state of Sinaloa 
One of the main activities in Sinaloa is the agriculture. Sinaloa state is located at the 
northwest of Mexico (27° 7´-22° 20´N, 105° 22´-109-109° 30´O) (Figure 1) with a population of 
2,767,761 people (INEGI, 2011). 
 
 
 

 
 
 

Fig. 1. Location of Sinaloa state. 

During the agricultural season of 2006, Confederación de Asociaciones Agrícolas del Estado 
de Sinaloa (CAADES: Confederation of Agricultural Associations of the State of Sinaloa) 
reported a total agricultural surface of 1,267,636 ha and a total production worth $1,711,816 
USD. Tomato is the most important fresh produce for Sinaloa; from 1980 to 2006, CAADES 
reported a total of 719,383 ha for red tomato production and profits of $3,098,412 USD, while 
for green tomato only 130,980 hectares were destined for its production, obtaining profits of 
$306,662 U.S dollars. In the international trade, the production of tomato favors Mexican 
economy of America, with a total export of 298,292 t (Figure 2) and profits of $279.7 million 
USD during the agricultural season of 2008-2009 (Figure 3) (CIDH, 2011).  
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Fig. 2. Total horticultural production expressed in tons from 2008 to 2009 in Sinaloa state. 
Data from Committee for the Research and Defence of Vegetables, CIDH, 2011. 

 

 
Fig. 3. Global value of horticultural exports from 2008 to 2009 in Sinaloa state expressed in 
Million USD. Data from CIDH, 2011.  
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Fig. 2. Total horticultural production expressed in tons from 2008 to 2009 in Sinaloa state. 
Data from Committee for the Research and Defence of Vegetables, CIDH, 2011. 

 

 
Fig. 3. Global value of horticultural exports from 2008 to 2009 in Sinaloa state expressed in 
Million USD. Data from CIDH, 2011.  
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The commercial relationship between Sinaloa state producers and the United States, is given 
in great majority for the exportation of Mexican fresh produce, which are extensively and 
carefully produced under strict guidelines of GAP and GMP, to prevent the misuse of 
pesticides and the presence of pathogens (SENASICA, 2011). As evidence of that, among the 
different foodborne outbreaks occurred in the United States of America, none of them had 
been associated to fresh produce grown in fields of Sinaloa.  

1.2 Salmonella Saintpaul outbreak 
From April to August of 2008, the US CDC Health Department confirmed the occurrence of 
a multistate Salmonella serotype Saintpaul outbreak affecting 43 US states, Columbia district 
and Canada (Figure 4). In August of 2008, a total of 1,442 cases and at least 286 
hospitalizations and two deaths were reported. The US Health authorities argued high 
association (85%) of tomato and later jalapeño peppers as the pathogen transmission 
vehicles and pointed out Sinaloa tomato production as a possible source of the bacterial 
strain (CDC, 2008). The outbreak and the CDC call alerted both countries, which started to 
work together to source track the origin of the causative agent.  

2. Searching the causative agent in Sinaloa fields 
2.1 Sample collection 
In order to confirm or discard the presence of Salmonella Saintpaul strain in Sinaloa fields, 
the U.S Food and Drug Administration (FDA), according to CDC statement, began the 
traceability of the strain in collaboration with Health and Agricultural Mexican authorities 
Comisión Federal para la Protección contra Riesgos Sanitarios (COFEPRIS, Federal 
Commission for Protection against Health Risks) and Servicio Nacional de Sanidad, 
Inocuidad y Calidad Agroalimentaria (SENASICA, National Health Service, Agri-food 
Safety and Quality). COFEPRIS and SENASICA are Mexican government institutions 
responsible to promote the adequate food production and to prevent the microbial risk 
ensuring food safety. Along with Health and Agricultural authorities of both countries, 
scientists from the Centro de Investigación en Alimentación y Desarrollo, A.C. (CIAD, 
Research Center for Food and Development), Culiacán station began collecting samples in 
Sinaloa fields to search for the Salmonella enterica serotype Saintpaul.  
The sampling collection was conducted from June 23rd to June 27th of 2008. The sampling 
areas were divided in agricultural fields and packinghouse´s facilities. From the agricultural 
fields, canal water, reservoir water, water filtering equipment, soil, and tomato samples 
were collected; while from packinghouse´s facilities conveyor belts, tomato washing area, 
drying area and packing lines were sampled.  
Sampling procedure was conducted according to the established by the American Public 
Health Association (APHA, 1998). Water and sediments samples were placed in sterile 
polypropylene flasks (Nalgene, Miami USA), while hermetic bags and sterile pre-wetted 
sampling sponges with 15 mL of phosphate-buffered solution (Whirl-Pak, Fort Atkinson, 
WI, USA) were used for soil and fruit. 

2.2 Salmonella isolation method 
Salmonella isolation from the collected samples was performed according to the APHA 
(1998), which consists in the Most Probable Number (MPN) technique by the use of 3x  
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Fig. 4. Distribution and number of infected cases with Salmonella Saintpaul, in the United 
States (CDC, 2008).  

Tripticase Soy Broth (3x TSB) (Bioxon, México), modified semi-solid Rappaport 
Vassiliadis (Difco, USA) and XLD agar (BIoxon, México) as pre enrichment, enrichment 
and selective isolation, respectively. The homogenized sample was diluted and 
distributed in 3 sets of 3 tubes each. Once inoculated the tubes were incubated at 37°C 
during 24 h. After incubation, aliquots were transferred to modified semi-solid Rappaport 
Vassiliadis (Difco, USA) and incubated at 42°C during 24 h. This process was done by 
triplicate. Finally a loop of the inoculated semi-solid medium was transferred to the XLD 
agar (Bioxon, México), which was incubated at 37°C during 24 h to identify presumptive 
colonies presenting round morphology, black central pigment and a well-defined 
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transparent border. Presumptive colonies were prepared to DNA extraction for 
confirmation assay by Polymerase Chain Reaction (PCR). 

3. Results 
During the monitoring of packinghouses and agricultural fields, a total of 124 samples were 
collected and analyzed. According to results, Salmonella Saintpaul was absent from any of 
the samples collected regarding its origin.  
It is necessary to remark the absence of Salmonella in all the samples analyzed corresponding 
to packinghouses, which implies a strong evidence of the adherence and following to the 
GAP and GMP of growers from Sinaloa.  
The Ministry of Agriculture announced the absence of Salmonella Saintpaul in Sinaloa fields 
supported by the microbiological traceability conducted by federal and CIAD personnel. 
During the inspection It was also corroborated the good situation of the horticulture in 
Sinaloa and that tomatoes from Sinaloa have no responsibility for the unfortunate public 
health problem occurred in the United States. These actions removed the name of México 
from the list of countries associated to fresh produce involved in the outbreak.  
During this season, only 717,000 t of tomato were exported, a 9.6% less than the previous 
season due to the Salmonella Saintpaul outbreak generating an economic impact for the 
Sinaloa tomato industry worth  $134 million USD losses.  
According to United States Department of Agriculture (USDA) 2009, in terms of 
consumption the tomato is one of the four more consumed fresh produce, as well as 
potato, lettuce and onion, while in terms of trade, the imports of Mexican tomato 
represent a strong source of profits. However, this outbreak produced a negative 
perception for the tomato consumption, not only for Mexican tomato but also to tomato 
grown in the USA. According to the Center of Agribusiness and Economic Development 
from The University of Georgia in 2008, the tomato demand decreased significantly 
during the outbreak, with an average impact of $11,778 USD per acre for tomato not sold 
and a total of $25.7 million USD only for Georgia State. 
The economic impact in México caused by the presumptive responsibility of Mexican 
tomato as transmission vehicle of Salmonella Saintpaul promoted the emergence of the 
Coordinación Estatal de Inocuidad Hidroagrícola, Pecuaria, Acuícola y Pesquera 
(CEIHAPAP), which is governed by the Stated of Sinaloa to coordinate efforts among 
producers and scientific institutions for the development of methods to ensure the safety 
production of fresh produce, free of biological, chemical and physical agents that can 
represent risks for the consumer´s health. 
Results of the absence of Salmonella Saintpaul from Sinaloa tomatoes allowed the re-opening 
of the international trade for tomatoes, helping the economy and strengthening the 
commercial relationship between México and the United States of America. 

4. Conclusions 
According to the scientific evidence, it was demonstrated the consistent and effective 
adherence to the GMP and GAP by the Mexican growers, as well as the proper monitoring 
of fields to ensure microbiological quality of the fresh produce. 
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1. Introduction 
Infections with nontyphoid Salmonella enterica serovars represent an important public 
health problem worldwide (Zhao et al. 2003) and an economic burden in many parts of 
the world today (Gomez et al 1997; Vugia et al, 2004). In the United States (US), Salmonella 
is the second most common identifiable cause of illness, and the leading cause of 
hospitalizations and deaths, due to food-borne bacterial infection (Mead et al, 1999). Each 
year, 31 major known pathogens acquired in the US caused an estimated 9.4 million 
episodes of foodborne illness (Scallan et al, 2011), and an estimated 38.4 million episodes 
of domestically acquired foodborne illness were caused by unspecified agents, resulting 
in 71,878 hospitalizations and 1,686 deaths (Scallan et al, 2011). The annual economic cost 
due to foodborne Salmonella infections in the US alone is estimated at $2.4 billion 

(http://www.ers.usda.gov) with an estimated 1.4 million cases of salmonellosis and over 
500 deaths annually (Arshad et al. 2007). In 2004 for instance, among 3686 Salmonella 
isolates serotyped, 862 (23%) were serotype Typhimurium, 565 (15%) Enteritidis, 399 
(11%) Newport and 248 (7%) Heidelberg (CDC, 2005). Similarly, the same Salmonella 
enterica serovars were reported as major causes of salmonellosis in humans in another 
study (Oloya et al. 2007). The predominance of S. Typhimurium and S. Newport in both 
domestic animals and human case reports further highlights their role in causing cross 
infections (Arshad et al. 2007; Bacon et al. 2002; Besser et al. 2000). 
Although human salmonellosis has been associated with exposure to other vehicles of 
transmission (e.g. pets, reptiles, and contaminated water), about 95% of human infections 
have been found to be associated with ingestion of contaminated foods; namely animal 
products (Gaul et al. 2007; McLaughlin et al. 2006; Padungtod and Kaneene 2006), poultry 
products (Plym and Wierup 2006; Mead et al. 1999), sea foods (Duran and Marshall 2005; 
Ozogul et al. 2007; Shabarinath et al. 2007) and fresh produce (Johnston et al. 2006; 
Puohiniemi et al. 1997). Direct contact with companion and food animals has also been 
documented as another important route of Salmonella transmission to humans (Coburn et al. 
2006; Doyle and Erickson 2006; Gorman and Adley 2004; Mead et al. 1999; Padungtod and 
Kaneene 2006). Consumption of raw or undercooked ground beef and lack of safe food 
handling practices to prevent cross contamination are considered critical in infections at 
household levels (Ling et al. 2001). These reports highlight the possibility of increased 
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transmission of these organisms to humans through the food chain (Zhao et al. 2003). 
Understanding the association between human salmonellosis cases, animal sources and the 
environment is an important epidemiological factor needed to successfully control the 
spread of the infection within communities (Ling et al. 2001). 
Recently, emergence of resistant and multi-resistant bacteria has become an important 
worldwide sanitary problem, impacting both veterinary medicine and public health 
through the potential for therapeutic failures (Lathers, 2001). Antimicrobial resistance 
among bacterial isolates from animals is also of concern because of the potential for these 
organisms to be food-borne or zoonotic pathogens or to be donors of resistance genes to 
human pathogens (Lathers, 2001). For instance, multidrug-resistant Salmonella enterica 
serovar Typhimurium phage type DT104, resistant to ampicillin, chloramphenicol/florfenicol, 
streptomycin, sulfonamides, and tetracycline, has disseminated worldwide (Mulvey et al, 
2006). The resistance genes reside on the 43-kb Salmonella genomic island 1 (SGI1), which is 
transferable. Drug-resistant variants of SGI1 have been identified in numerous serotypes. 
Strains harboring SGI1 may be more virulent and have a tendency to rapidly disseminate 
(Mulvey et al, 2006). 
International agencies, such as the World Health Organization (WHO) have recommended 
improving resistance surveillance studies in not only human but also animal origin strains 
(WHO, 2005). Because of its ubiquitous characteristics and zoonotic nature, Salmonella spp. 
can be used as a good indicator microorganism for resistance surveillance studies (Usera, et 
al, 2002). Yet there is little information available on Salmonella isolates from healthy animals 
on farms across a wide geographic area that uses various production practices (Dargatz, et 
al, 2002). This chapter will examine the genotypic relatedness of Salmonella serovars 
commonly isolated from domestic animals raised under different production systems, meat 
products and humans in order to quantify their role in causing human infection. 
Antimicrobial drug resistance (AMR) and genetic profiles of Salmonella will be used to assess 
their role in transferring drug resistance to humans. 
Reliable and powerful typing methods are necessary in order to gain insight into the 
infection routes of pathogenic microorganisms. Traditionally, Salmonella serotyping 
combined with various molecular techniques such as phage typing, plasmid profiles, pulsed 
field gel electrophoresis (PFGE) (Gaul et al. 2007; Guerra et al. 2000; Pickard et al. 2008; 
Rabsch 2007; Trung et al. 2007) have been used to establish this association. The PFGE 
method particularly has been found to be very discriminatory and reproducible (Guerra et 
al. 2000; Tsen et al. 2002) and useful in epidemiological analysis of Salmonella infections 
(Refsum et al. 2002) to determine the relatedness of individual cases (Kim et al. 2007), detect 
and establish outbreaks (Puohiniemi et al. 1997; Xercavins et al. 1997) and determine linkage 
between human salmonellosis and consumption of foods of animal origin (McLaughlin et al. 
2006). PFGE is increasingly being used as well to identify multidrug resistant strains 
(Bacon et al. 2002; Besser et al. 2000; McLaughlin et al. 2006; Santos et al. 2007). In fact, the 
method allows for the detection of DNA polymorphisms that were previously undetected 
by other techniques (Santos et al. 2007). Also, PFGE has been widely used to investigate 
the ecology of foodborne pathogens at various points along the food chain (Avery et al., 
2002; Vali et al., 2005). This technique has also been used to evaluate the genetic diversity 
in Salmonella isolates from humans, animals, and the environment (Refsum et al., 2002; 
Gaul et al,2007), and from oysters (Brands et al., 2005). PFGE using XbaI restriction was 
used by Gaul et al (2007) for screening and identifying swine Salmonella serotypes. 
Additionally, in the US, molecular subtyping network for foodborne bacterial diseases 
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including non-typhoidal Salmonella serotypes has been using standardized PFGE 
technique (Swaminathan, et al., 2001). 
Most people who suffer from Salmonella infections usually present with temporary 
gastroenteritis that usually does not require treatment. However, when infection becomes 
invasive, antimicrobial treatment is mandatory (Winokur et al, 2000). As a result, 
traditionally ampicillin, chloramphenicol, and trimethoprim-sulfamethoxazole were used to 
treat such severe cases. However, the increasing number of antimicrobial-resistant 
Salmonella strains has led to a decrease in the efficacy of these treatments (Angulo et al, 
2000). Additionally, the frequency of isolation of Salmonella strains resistant to one or more 
antimicrobial agents has risen in the US (Fey et al, 2000), and elsewhere in the world (Al-
Tawfiq, 2007). Fluoroquinolones and broad-spectrum cephalosporins have been employed 
most recently, as the preferred drugs for treatment of adults and children, respectively, due 
to the low number of Salmonella isolates showing resistance to these drugs (Angulo et al, 
2000; Chiappini et al, 2002). However, the viability of these drugs may be diminishing as 
Salmonella strains producing β-lactamases conferring resistance to broad-spectrum 
cephalosporins have been isolated from clinical patients (Dunne et al, 2000; Winokur et al, 
2000), some of which have been acquired from cattle (Fey et al, 2000). The situation is 
reported to be more complex and difficult in developing countries where there is a 
widespread misuse of antimicrobials both in human and veterinary medicine practices 
(Okeke et al, 2005). Furthermore, resistance to combinations of several classes of 
antimicrobials has led to the emergence of multidrug-resistant (MDR) strains that may pass 
from food animals to humans (Fey et al, 2000).  
The spread of antibiotic resistance among bacteria have been associated with mobile genetic 
elements such as plasmids, transposons (Zhang et al, 2004) and integrons (Miko et al, 2005). 
Notably, MDR has been frequently linked with microbial genomic elements known as 
integrons, which have the ability to distribute genes encoding resistance to a number of 
antimicrobial drugs (Miko et al, 2005). Integrons do have specific structures and can capture 
genes notably those encoding antimicrobial resistance by a site-specific recombination 
system and have been located in both chromosomal and extra chromosomal DNA (Bennet, 
1999; Hall and Collis 1995). The main classes of integrons are found in the family 
Enterobacteriaceae with class 1 integrons being the most extensively studied. Class 1 integrons 
are characterized by presence of two conserved segments, the 5′ -conserved segment (5′ -CS) 
and 3'-conserved segment (3'-CS) (Bennet, 1999), and are defined by an intI gene encoding 
integrase, a recombinant site attI, and a strong promoter. Previous studies (Zhang et al, 2004; 
Zhao et al, 2005) on integrons and associated antimicrobial resistance genes in Salmonella 
revealed a predominance of gene cassettes that confer resistance to aminoglycosides and 
trimethoprim, with aadA genes carried by all the integrons-containing Salmonella serovars. 
The investigation of multi-drug-resistance in foodborne pathogens in general and Salmonella 
in particular is essential for the proper understanding of the epidemiology of emerging 
multidrug resistance in Salmonella serovars (Winokur et al, 2000). The implications of 
therapeutic failure in public health due to multidrug resistance is particularly important 
given that Salmonella is the leading cause of hospitalizations and deaths, due to food-borne 
bacterial infection in the US (Mead et al, 1999). 

1.1 Aim of chapter 
This chapter will 1) describe prevalence, antimicrobial drug resistance (AMR) and molecular 
characterization of Salmonella commonly isolated from domestic animals, humans and meat 
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transmission of these organisms to humans through the food chain (Zhao et al. 2003). 
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spread of the infection within communities (Ling et al. 2001). 
Recently, emergence of resistant and multi-resistant bacteria has become an important 
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human pathogens (Lathers, 2001). For instance, multidrug-resistant Salmonella enterica 
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commonly isolated from domestic animals raised under different production systems, meat 
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their role in transferring drug resistance to humans. 
Reliable and powerful typing methods are necessary in order to gain insight into the 
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combined with various molecular techniques such as phage typing, plasmid profiles, pulsed 
field gel electrophoresis (PFGE) (Gaul et al. 2007; Guerra et al. 2000; Pickard et al. 2008; 
Rabsch 2007; Trung et al. 2007) have been used to establish this association. The PFGE 
method particularly has been found to be very discriminatory and reproducible (Guerra et 
al. 2000; Tsen et al. 2002) and useful in epidemiological analysis of Salmonella infections 
(Refsum et al. 2002) to determine the relatedness of individual cases (Kim et al. 2007), detect 
and establish outbreaks (Puohiniemi et al. 1997; Xercavins et al. 1997) and determine linkage 
between human salmonellosis and consumption of foods of animal origin (McLaughlin et al. 
2006). PFGE is increasingly being used as well to identify multidrug resistant strains 
(Bacon et al. 2002; Besser et al. 2000; McLaughlin et al. 2006; Santos et al. 2007). In fact, the 
method allows for the detection of DNA polymorphisms that were previously undetected 
by other techniques (Santos et al. 2007). Also, PFGE has been widely used to investigate 
the ecology of foodborne pathogens at various points along the food chain (Avery et al., 
2002; Vali et al., 2005). This technique has also been used to evaluate the genetic diversity 
in Salmonella isolates from humans, animals, and the environment (Refsum et al., 2002; 
Gaul et al,2007), and from oysters (Brands et al., 2005). PFGE using XbaI restriction was 
used by Gaul et al (2007) for screening and identifying swine Salmonella serotypes. 
Additionally, in the US, molecular subtyping network for foodborne bacterial diseases 
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most recently, as the preferred drugs for treatment of adults and children, respectively, due 
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2000; Chiappini et al, 2002). However, the viability of these drugs may be diminishing as 
Salmonella strains producing β-lactamases conferring resistance to broad-spectrum 
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2000), some of which have been acquired from cattle (Fey et al, 2000). The situation is 
reported to be more complex and difficult in developing countries where there is a 
widespread misuse of antimicrobials both in human and veterinary medicine practices 
(Okeke et al, 2005). Furthermore, resistance to combinations of several classes of 
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Notably, MDR has been frequently linked with microbial genomic elements known as 
integrons, which have the ability to distribute genes encoding resistance to a number of 
antimicrobial drugs (Miko et al, 2005). Integrons do have specific structures and can capture 
genes notably those encoding antimicrobial resistance by a site-specific recombination 
system and have been located in both chromosomal and extra chromosomal DNA (Bennet, 
1999; Hall and Collis 1995). The main classes of integrons are found in the family 
Enterobacteriaceae with class 1 integrons being the most extensively studied. Class 1 integrons 
are characterized by presence of two conserved segments, the 5′ -conserved segment (5′ -CS) 
and 3'-conserved segment (3'-CS) (Bennet, 1999), and are defined by an intI gene encoding 
integrase, a recombinant site attI, and a strong promoter. Previous studies (Zhang et al, 2004; 
Zhao et al, 2005) on integrons and associated antimicrobial resistance genes in Salmonella 
revealed a predominance of gene cassettes that confer resistance to aminoglycosides and 
trimethoprim, with aadA genes carried by all the integrons-containing Salmonella serovars. 
The investigation of multi-drug-resistance in foodborne pathogens in general and Salmonella 
in particular is essential for the proper understanding of the epidemiology of emerging 
multidrug resistance in Salmonella serovars (Winokur et al, 2000). The implications of 
therapeutic failure in public health due to multidrug resistance is particularly important 
given that Salmonella is the leading cause of hospitalizations and deaths, due to food-borne 
bacterial infection in the US (Mead et al, 1999). 
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This chapter will 1) describe prevalence, antimicrobial drug resistance (AMR) and molecular 
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products and 2) assess the relatedness of AMR and genetic profiles of Salmonella from 
various sources and their role in transferring antimicrobial resistance to humans.  

2. Research methods 
2.1 Salmonella from domestic animals sources   
2.1.1 Salmonella from feedlot cattle 
One hundred and thirty eight (138) 1-year-old steers distributed in 24 pens (6 steers/pen) 
were used in this study (Tabe et al (2010a, 2010b). Cattle from various private farms were 
housed at the North Dakota State University feedlot facility in October 2006. From October 
2006 to March 26, 2007 cattle were placed on growers diet and then on finishing diet from 
March 27 to June 2007. Cattle in different pens could not directly contact each other, and 
there was no sharing of feed or water sources between pens. Fecal samples were collected 
from cattle every three weeks from March 2007 to June 2007. During the first and second 
sampling periods (March and April 2007 respectively), one-hundred-thirty eight cattle were 
available for the study. At the third sampling period (May 2007), two unhealthy cattle were 
withdrawn from the study while at the last sampling period (June 2007), forty six cattle were 
available as the rest had been taken for slaughter.  
Samples were collected in accordance with the guidelines approved by the Institutional 
Animal Care and Use Committee (IACUC) following a previously described protocol 
(Khaitsa et al., 2007a). The feces were put into sterile plastic cups and placed in iced-pack 
coolers before transport to the laboratory for processing. The sampling procedure was 
repeated every three weeks for the entire finishing period. For the isolation of Salmonella, 
fecal samples were cultured using conventional culture methods optimized for the 
detection of Salmonella (Khaitsa et al., 2007). Briefly, a sterile swab was loaded with fecal 
sample and pre-enriched in buffered peptone water (Difco, Becton Dickinson) at 37°C 
overnight followed by immunomagnetic beads separation specific for Salmonella species 
(Dynabeads anti-Salmonella, Dynal Biotech, Inc., Lake Success, N.Y.) according to the 
manufacturer’s instructions. After the final wash, the beads were transferred to 10 ml of 
Rappaport Vassiliadis R10 (RV) broth (Becton Dickinson) and incubated (with constant 
gentle shaking) at 420C for 24 h. Following incubation, the RV cultures were streaked onto 
modified brilliant green agar (Becton Dickinson) and mannitol lysine crystal violet 
brilliant green agar (Oxoid, Basingstoke, UK). Colonies with typical Salmonella 
characteristics (Fratamico et al., 2000) were stabbed in 10-ml triple sugar iron agar slants 
(Becton Dickinson), and the biochemical results read after 24-h incubation as described. 
Presumptive Salmonella isolates were stabbed into 2 ml tryptic soy agar (Difco, Becton 
Dickinson) slants and shipped to the National Veterinary Service Laboratories, Animal 
and Plant Health Inspection Services, US Department of Agriculture, Ames, Iowa, for 
serotyping. The detection sensitivity culture post immunomagnetic separation and 
enrichment using culture media for Salmonella was based on growth of bacteria of interest 
on the culture plates. Fifty eight (58) isolates of Salmonella were shipped to the E. coli 
reference center (University Park, PA) for PFGE. 

2.1.2 Salmonella from ranch cattle 
The objective of this study (Theis et al 2005, 2006, 2007) was to determine the prevalence, 
serotypes, and antimicrobial resistance patterns of Salmonella isolates recovered from grass 
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fed cattle in North Dakota. A total of 212 cattle (97 calves and 115 cows) originating from 7 
cow-calf farms in the ND counties of Billings, Dunn, Mercer and Stark participated in the 
study. A random sample of at least 30 cattle (15 calves and 15 adult cows) were selected 
from each of the 7 herds that participated in the study except where less than 30 animals in 
each category were available; in that case all of them were sampled. One herd had only 
calves and 2 herds had only adult cows and so 30 animals of one category were sampled 
from each of these herds. Approximately 20 grams of feces were obtained from the rectum 
of individual cattle and shipped by Fedex overnight to the department of Veterinary and 
Microbiological Sciences, at North Dakota State University. The fecal samples were 
processed within twenty-four hours of their arrival to the laboratory. The fecal samples were 
cultured in the laboratory using culture methods optimized for the detection of Salmonella 
(Khaitsa et al., 2007a) in fecal specimens. Presumptive Salmonella isolates were sent to NVSL 
in Ames, IA for serotyping. Antimicrobial susceptibility of Salmonella isolates was 
determined using a custom designed panel according to the manufacturer’s instructions 
(Sensititre, Trek Diagnostics, Westlake, Ohio).  

2.1.3 Salmonella from dairy cattle 
A study (Khaitsa et al, 2004) investigated the prevalence of cattle shedding Salmonella in 
their feces at the NDSU dairy and to test antimicrobial susceptibility of Salmonella isolates. In 
June, 2004, fecal samples from a random sample of thirty cows out of 60 at the NDSU dairy 
were collected and cultured for Salmonella at the Department of Veterinary and 
Microbiological Sciences. Approximately 20g of fecal matter was obtained from the rectum 
of each cow and transported on ice to the Department of Veterinary and Microbiology 
Sciences at NDSU for microbiologic culture. The fecal samples were cultured in the 
laboratory using culture methods optimized for the detection of Salmonella (Khaitsa et al 
2007a) in fecal specimens. 

2.1.4 Salmonella from bison 
Twenty bison from one herd in North Dakota, US were run through a chute and 
approximately 20 grams of feces obtained from the rectum of each animal. Fecal samples 
were transferred into sterile plastic cups, placed on ice and transported to the laboratory for 
culturing. Salmonella spp were cultured using the procedure described by Khaitsa et al 
(2007a). All suspect colonies were sent to National Veterinary Services Lab, Ames, IA for 
serotyping. Antimicrobial susceptibility testing was carried out using Sensititre Trek 
Diagnostic Systems, Westlake, OH.  

2.2 Salmonella from meats 
A study (Khaitsa et al 2007b) investigated the occurrence of Salmonella in raw and ready to 
eat turkey meat products, and factors associated with its occurrence in 959 turkey meat 
products (raw, n =614; and ready to eat (RTE), n = 345) purchased from four retail outlets 
in one city in the Midwestern United States. Another study (Kegode et al, 2008) 
investigated occurrence of Salmonella species, in 456 fresh raw meat products (turkey 
(n=87, 19.1%) chicken (n=123, 27.0%) chicken, pork (n=113, 24.8%) and beef (n=133, 
29.2%)) purchased from five retail outlets in the Midwestern United States during a 12-
week period (July 11, 2005 to October 3, 2005). Three stores were visited each week until 
all the stores had been visited a total of five times. The stores were sampled on different 
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products and 2) assess the relatedness of AMR and genetic profiles of Salmonella from 
various sources and their role in transferring antimicrobial resistance to humans.  

2. Research methods 
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One hundred and thirty eight (138) 1-year-old steers distributed in 24 pens (6 steers/pen) 
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2006 to March 26, 2007 cattle were placed on growers diet and then on finishing diet from 
March 27 to June 2007. Cattle in different pens could not directly contact each other, and 
there was no sharing of feed or water sources between pens. Fecal samples were collected 
from cattle every three weeks from March 2007 to June 2007. During the first and second 
sampling periods (March and April 2007 respectively), one-hundred-thirty eight cattle were 
available for the study. At the third sampling period (May 2007), two unhealthy cattle were 
withdrawn from the study while at the last sampling period (June 2007), forty six cattle were 
available as the rest had been taken for slaughter.  
Samples were collected in accordance with the guidelines approved by the Institutional 
Animal Care and Use Committee (IACUC) following a previously described protocol 
(Khaitsa et al., 2007a). The feces were put into sterile plastic cups and placed in iced-pack 
coolers before transport to the laboratory for processing. The sampling procedure was 
repeated every three weeks for the entire finishing period. For the isolation of Salmonella, 
fecal samples were cultured using conventional culture methods optimized for the 
detection of Salmonella (Khaitsa et al., 2007). Briefly, a sterile swab was loaded with fecal 
sample and pre-enriched in buffered peptone water (Difco, Becton Dickinson) at 37°C 
overnight followed by immunomagnetic beads separation specific for Salmonella species 
(Dynabeads anti-Salmonella, Dynal Biotech, Inc., Lake Success, N.Y.) according to the 
manufacturer’s instructions. After the final wash, the beads were transferred to 10 ml of 
Rappaport Vassiliadis R10 (RV) broth (Becton Dickinson) and incubated (with constant 
gentle shaking) at 420C for 24 h. Following incubation, the RV cultures were streaked onto 
modified brilliant green agar (Becton Dickinson) and mannitol lysine crystal violet 
brilliant green agar (Oxoid, Basingstoke, UK). Colonies with typical Salmonella 
characteristics (Fratamico et al., 2000) were stabbed in 10-ml triple sugar iron agar slants 
(Becton Dickinson), and the biochemical results read after 24-h incubation as described. 
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Dickinson) slants and shipped to the National Veterinary Service Laboratories, Animal 
and Plant Health Inspection Services, US Department of Agriculture, Ames, Iowa, for 
serotyping. The detection sensitivity culture post immunomagnetic separation and 
enrichment using culture media for Salmonella was based on growth of bacteria of interest 
on the culture plates. Fifty eight (58) isolates of Salmonella were shipped to the E. coli 
reference center (University Park, PA) for PFGE. 
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The objective of this study (Theis et al 2005, 2006, 2007) was to determine the prevalence, 
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fed cattle in North Dakota. A total of 212 cattle (97 calves and 115 cows) originating from 7 
cow-calf farms in the ND counties of Billings, Dunn, Mercer and Stark participated in the 
study. A random sample of at least 30 cattle (15 calves and 15 adult cows) were selected 
from each of the 7 herds that participated in the study except where less than 30 animals in 
each category were available; in that case all of them were sampled. One herd had only 
calves and 2 herds had only adult cows and so 30 animals of one category were sampled 
from each of these herds. Approximately 20 grams of feces were obtained from the rectum 
of individual cattle and shipped by Fedex overnight to the department of Veterinary and 
Microbiological Sciences, at North Dakota State University. The fecal samples were 
processed within twenty-four hours of their arrival to the laboratory. The fecal samples were 
cultured in the laboratory using culture methods optimized for the detection of Salmonella 
(Khaitsa et al., 2007a) in fecal specimens. Presumptive Salmonella isolates were sent to NVSL 
in Ames, IA for serotyping. Antimicrobial susceptibility of Salmonella isolates was 
determined using a custom designed panel according to the manufacturer’s instructions 
(Sensititre, Trek Diagnostics, Westlake, Ohio).  

2.1.3 Salmonella from dairy cattle 
A study (Khaitsa et al, 2004) investigated the prevalence of cattle shedding Salmonella in 
their feces at the NDSU dairy and to test antimicrobial susceptibility of Salmonella isolates. In 
June, 2004, fecal samples from a random sample of thirty cows out of 60 at the NDSU dairy 
were collected and cultured for Salmonella at the Department of Veterinary and 
Microbiological Sciences. Approximately 20g of fecal matter was obtained from the rectum 
of each cow and transported on ice to the Department of Veterinary and Microbiology 
Sciences at NDSU for microbiologic culture. The fecal samples were cultured in the 
laboratory using culture methods optimized for the detection of Salmonella (Khaitsa et al 
2007a) in fecal specimens. 

2.1.4 Salmonella from bison 
Twenty bison from one herd in North Dakota, US were run through a chute and 
approximately 20 grams of feces obtained from the rectum of each animal. Fecal samples 
were transferred into sterile plastic cups, placed on ice and transported to the laboratory for 
culturing. Salmonella spp were cultured using the procedure described by Khaitsa et al 
(2007a). All suspect colonies were sent to National Veterinary Services Lab, Ames, IA for 
serotyping. Antimicrobial susceptibility testing was carried out using Sensititre Trek 
Diagnostic Systems, Westlake, OH.  

2.2 Salmonella from meats 
A study (Khaitsa et al 2007b) investigated the occurrence of Salmonella in raw and ready to 
eat turkey meat products, and factors associated with its occurrence in 959 turkey meat 
products (raw, n =614; and ready to eat (RTE), n = 345) purchased from four retail outlets 
in one city in the Midwestern United States. Another study (Kegode et al, 2008) 
investigated occurrence of Salmonella species, in 456 fresh raw meat products (turkey 
(n=87, 19.1%) chicken (n=123, 27.0%) chicken, pork (n=113, 24.8%) and beef (n=133, 
29.2%)) purchased from five retail outlets in the Midwestern United States during a 12-
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all the stores had been visited a total of five times. The stores were sampled on different 
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days of the week during subsequent sampling times in order to minimize systematic bias 
associated with a particular day of the week. On each visit to a store, an average of 18 
(range 11 to 23) fresh raw samples of all meat types (turkey, chicken, pork, and beef) and 
different meat products were obtained. Turkey products sampled included: ground 
breast, breast, breast cutlets, breast tenderloin, drumstick, and thigh. Chicken products 
comprised whole, quarter, breast, drumstick, thigh, wing, and kebab; pork products 
included ground, chops, steak, ribs, neck bones, roast, and stew; beef products consisted 
of ground beef-store brand, steak, stew, chuck, roast, ribs, round, loin, and kebab. Where 
available, different brands were selected including in-store packaged products. All 
products were raw and unfrozen. Samples were immediately transported to the 
laboratory on ice and processed within one hour of purchase. 
For Salmonella isolation, meat samples were aseptically placed in a plastic WhirlPak bag 
(Nasco, Fort Atkinson, WI) with 200-400ml buffered peptone water, depending on the size 
of the meat sample. Approximately 200 ml and 400 ml of buffered peptone water added to 
any meat sample that was ≤ 1 Ib and > 1Ib, respectively. The bags were shaken manually for 
3 minutes and left on ice for 20 minutes. All samples were subjected to an enrichment 
procedure. The buffered peptone water (BPW) rinse solution (20ml) was mixed with the 
same volume of double-concentrated lactose broth and enriched overnight at 35ºC. To 
culture Salmonella, 1.0 ml of the lactose enrichment broth was transferred into 9.0 ml of 
tetrathionate broth and incubated (42ºC for 24 hr.)  The broth culture was then streaked onto 
XLT4 agar plates and incubated (24h at 37ºC). Suspect colonies (yellow with black centers) 
were stabbed in Triple Sugar Iron (TSI) agar slants and incubated (37ºC for 24 hr.)  
Presumptive Salmonella isolates, which formed red slants with black butts, were sent for 
serotyping to the US National Veterinary Services Laboratories (NVSL, Ames, IA).  
Additionally, Tumuhairwe et al (2007) reviewed the temporal and spatial distribution of 
1465 human salmonellosis cases associated with consumption of turkey meat in the US 
during the period 1990 to 2003 involving 49/50 states. Tumuhairwe et al (2007) also 
described the distribution of salmonellosis cases by vehicle and serotype. Trends in the 
outbreak numbers over time, and major serotypes across vehicles were tested by Cox-Stuart 
and chi-square test, respectively. Also, a study (Tumuhairwe et al, 2008) characterized 386 
non-typhoidal salmonellosis cases in North Dakota from 2000 to 2005. Salmonellosis cases 
were extracted from the enteric disease investigation database of the North Dakota 
Department of Health (NDDoH) for the period 2000 to 2005.  

2.3 Salmonella from clinical cases of humans and animals (cattle, chicken, ducks, 
swine, turkeys, elk and bison) 
A total of 434 frozen presumptive Salmonella isolates were included in the study. The isolates 
were previously obtained from 4 different sources comprising; 1) feces from apparently 
healthy feedlot, range and dairy cattle in an ongoing surveillance program in ND; 2) Clinical 
isolates from sick or dead cattle, chicken, ducks, swine, turkeys, elk and bison submitted to 
North Dakota State University-Veterinary Diagnostic Laboratory (NDSU-VDL) (2000-2005); 
3) Frozen isolates from Salmonella data bank in the NDSU-Veterinary and Microbiological 
Services (VMS) Department from previous food surveillance studies involving turkey, 
chicken and bison meat sold at the grocery stores at ND; and 4) 183 Salmonella isolated from 
stools of human patients in ND (2000-2005) and stored at North Dakota Department of 
Health (NDDoH) (Table 1).  
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Source Nature/state of the sample Number Percent 

Humans sick 179 41.2 

Cattle 

feedlot (feces) 112 25.8 

dairy (feces) 5 1.2 

range(feces) 17 3.9 

sick or dead cattle 59 13.6 

Chicken retail chicken 4 0.9 

Ducks ill/dead 1 0.2 

Swine ill/dead 5 1.2 

Turkeys 
ill/dead 3 0.7 

meat 32 7.4 

Elk ill/dead 1 0.2 

Bison 
fecal samples 1 0.2 

meat 1 0.2 

Humans sick 179 41.2 

Others beddings, linx etc 14 3.2 

   Total 434 100 

Table 1. Sources of Salmonella isolates from clinical cases of humans and animals  

2.4 Antimicrobial resistance (AMR) testing 
Antimicrobial susceptibility of Salmonella isolates from the various sources was determined 
using the National Antimicrobial Resistance Monitoring System (NARMS) panel according 
to Food and Drug Administration and National Committee for Clinical Laboratory 
Standards (NCCLS) recommendation (Sensititre®, Trek Diagnostics System, Inc, Westlake, 
Ohio). Each isolate was screened for resistance using full-range minimum inhibitory 
concentration. The US National Antimicrobial Resistance Monitoring System (NARMS) 
panels were used to compare AMR levels between domestic animal and human isolates of 
the same genotype in order to assess a possible role of domestic animals in transfer of AMR of 
Salmonella isolated from human cases. The antimicrobials tested included ampicillin, 
apramycin, ceftiofur, chlortetracycline, clindamycin, enrofloxacin, erythromycin, florfenicol , 
gentamicin, neomycin, oxytetracycline, penicillin, spectinomycin, sulphachloropyridazine, 
sulphadimethoxime, sulphathiazole, tiamulin, tilmicosin, trimethoprim/ sulphamethoxazole 
and tylosin. Isolates were defined as resistant according to FDA recommended breakpoints. 
Breakpoints were defined as minimum drug concentration above which growth of the test 
isolate should not occur (Logue et al. 2003).  

2.5 Salmonella serotyping and genotyping  
Frozen (-70°C) presumptive Salmonella cultures from the above sources were thawed and 
stabbed into 2ml tryptic soy agar (Difco, Becton Dickinson) deeps and shipped to the 



 
Salmonella – A Dangerous Foodborne Pathogen 

 

220 

days of the week during subsequent sampling times in order to minimize systematic bias 
associated with a particular day of the week. On each visit to a store, an average of 18 
(range 11 to 23) fresh raw samples of all meat types (turkey, chicken, pork, and beef) and 
different meat products were obtained. Turkey products sampled included: ground 
breast, breast, breast cutlets, breast tenderloin, drumstick, and thigh. Chicken products 
comprised whole, quarter, breast, drumstick, thigh, wing, and kebab; pork products 
included ground, chops, steak, ribs, neck bones, roast, and stew; beef products consisted 
of ground beef-store brand, steak, stew, chuck, roast, ribs, round, loin, and kebab. Where 
available, different brands were selected including in-store packaged products. All 
products were raw and unfrozen. Samples were immediately transported to the 
laboratory on ice and processed within one hour of purchase. 
For Salmonella isolation, meat samples were aseptically placed in a plastic WhirlPak bag 
(Nasco, Fort Atkinson, WI) with 200-400ml buffered peptone water, depending on the size 
of the meat sample. Approximately 200 ml and 400 ml of buffered peptone water added to 
any meat sample that was ≤ 1 Ib and > 1Ib, respectively. The bags were shaken manually for 
3 minutes and left on ice for 20 minutes. All samples were subjected to an enrichment 
procedure. The buffered peptone water (BPW) rinse solution (20ml) was mixed with the 
same volume of double-concentrated lactose broth and enriched overnight at 35ºC. To 
culture Salmonella, 1.0 ml of the lactose enrichment broth was transferred into 9.0 ml of 
tetrathionate broth and incubated (42ºC for 24 hr.)  The broth culture was then streaked onto 
XLT4 agar plates and incubated (24h at 37ºC). Suspect colonies (yellow with black centers) 
were stabbed in Triple Sugar Iron (TSI) agar slants and incubated (37ºC for 24 hr.)  
Presumptive Salmonella isolates, which formed red slants with black butts, were sent for 
serotyping to the US National Veterinary Services Laboratories (NVSL, Ames, IA).  
Additionally, Tumuhairwe et al (2007) reviewed the temporal and spatial distribution of 
1465 human salmonellosis cases associated with consumption of turkey meat in the US 
during the period 1990 to 2003 involving 49/50 states. Tumuhairwe et al (2007) also 
described the distribution of salmonellosis cases by vehicle and serotype. Trends in the 
outbreak numbers over time, and major serotypes across vehicles were tested by Cox-Stuart 
and chi-square test, respectively. Also, a study (Tumuhairwe et al, 2008) characterized 386 
non-typhoidal salmonellosis cases in North Dakota from 2000 to 2005. Salmonellosis cases 
were extracted from the enteric disease investigation database of the North Dakota 
Department of Health (NDDoH) for the period 2000 to 2005.  

2.3 Salmonella from clinical cases of humans and animals (cattle, chicken, ducks, 
swine, turkeys, elk and bison) 
A total of 434 frozen presumptive Salmonella isolates were included in the study. The isolates 
were previously obtained from 4 different sources comprising; 1) feces from apparently 
healthy feedlot, range and dairy cattle in an ongoing surveillance program in ND; 2) Clinical 
isolates from sick or dead cattle, chicken, ducks, swine, turkeys, elk and bison submitted to 
North Dakota State University-Veterinary Diagnostic Laboratory (NDSU-VDL) (2000-2005); 
3) Frozen isolates from Salmonella data bank in the NDSU-Veterinary and Microbiological 
Services (VMS) Department from previous food surveillance studies involving turkey, 
chicken and bison meat sold at the grocery stores at ND; and 4) 183 Salmonella isolated from 
stools of human patients in ND (2000-2005) and stored at North Dakota Department of 
Health (NDDoH) (Table 1).  
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Source Nature/state of the sample Number Percent 

Humans sick 179 41.2 

Cattle 

feedlot (feces) 112 25.8 

dairy (feces) 5 1.2 

range(feces) 17 3.9 

sick or dead cattle 59 13.6 

Chicken retail chicken 4 0.9 

Ducks ill/dead 1 0.2 

Swine ill/dead 5 1.2 

Turkeys 
ill/dead 3 0.7 

meat 32 7.4 

Elk ill/dead 1 0.2 

Bison 
fecal samples 1 0.2 

meat 1 0.2 

Humans sick 179 41.2 

Others beddings, linx etc 14 3.2 

   Total 434 100 

Table 1. Sources of Salmonella isolates from clinical cases of humans and animals  
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gentamicin, neomycin, oxytetracycline, penicillin, spectinomycin, sulphachloropyridazine, 
sulphadimethoxime, sulphathiazole, tiamulin, tilmicosin, trimethoprim/ sulphamethoxazole 
and tylosin. Isolates were defined as resistant according to FDA recommended breakpoints. 
Breakpoints were defined as minimum drug concentration above which growth of the test 
isolate should not occur (Logue et al. 2003).  

2.5 Salmonella serotyping and genotyping  
Frozen (-70°C) presumptive Salmonella cultures from the above sources were thawed and 
stabbed into 2ml tryptic soy agar (Difco, Becton Dickinson) deeps and shipped to the 
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National Veterinary Service Laboratories, Animal and Plant Health Inspection Services, U.S. 
Department of Agriculture, Ames, Iowa, for serotyping. PFGE assays on Salmonella cultures 
to investigate their genotypic relatedness were performed at the E. coli Reference Centre, 
Pennsylvania State University, University Park. The sample preparation, restriction 
digestion, electrophoresis, and gel staining for PFGE were accomplished following the CDC-
standardized procedure as described (CDC, 2004) (http://www.cdc.gov/pulsenet/ 
protocols.htm). Restriction endonuclease XbaI (Roche Diagnostics Corporation, Indianapolis, 
IN) was used for restriction digestion of genomic DNA. The size standard used for all gels 
was XbaI-digested DNA from Salmonella Braenderup strain H9812 (American Type Culture 
Collection catalogue no. BAA-664), i.e. the universal size standard used by all PulseNet 
laboratories. Fingerprints were analyzed using BioNumerics software version 3.5 (Applied 
Maths, Austin, Texas). Strain relatedness was done based on previously recommended 
criteria (Gebreyes et al. 2006) using ‘different bands’ algorithm for clustering and the 
unweighted pair group for arithmetic means (UPGMA) tree-building approach with 
optimization of 1 and 0.5% position tolerance. Visual inspection of the patterns was 
performed as a final step for analysis. 

2.6 PCR amplification of class 1 and 2 integrons 
The bacterial DNA template preparation and the PCR conditions for the detection of class 1 
and class 2 integrons were undertaken as previously described (Miko et al, 2005). The 
screening for the presence of class 1 and class 2 integrons was carried out using PCR with 
primers specific for the intI1 ( and intI2 (Goldstein et al, 2001)). The primer sequences used 
are shown in Table 2. Amplifications were performed in 10 μL of 5x Taq PCR Master Mix 
(Qiagen, Valencia, CA, USA), 2 pmol/L each primer, and 2 μg template DNA. Amplification 
specifications were as follows: 5 min at 94°C followed by 35 cycles of 1 min at 94°C, 1 min at 
55°C, and 30 s at 72°C. PCR products were analyzed by gel electrophoresis with 2 % agarose 
gels. All PCRs included DNA ladder, positive and negative controls.  
 

Primers Sequence a` Size 
(bp) 

PCR 
Annealin
g Temp 

(0C) 

References 

intI1 F: CCTCCCGCACGATGATC 280 55 Kraft et al., 1986 

 R: TCCACGCATCGTCAGGC    
intI2 F: TATTGCTGGGATTAGGC 233 50 Goldstein et al., 2001 
 R: ACGGCTACCCTCTGTTATC    

Table 2. PCR primers and conditions used in Screening Salmonella isolates for presence of 
class 1 and class 2 integrons; a F, Forward; R, Reverse. 

3. Key results 
3.1 Salmonella from feedlot cattle 
Salmonella was isolated from 58 out of 458 (12.7%) fecal samples tested (Tabe et al, 2010a, 
2010b). All Salmonella belonged to the Typhimurium serotype and the majority 53/58 
(91.4%) were Typhimurium vars Copenhagen. The rest (3/58, 5%) were reported as 
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Salmonella Typhimurium. AMR testing showed that all isolates were resistant to more than 
one of the antibiotics (Table 3). All but two of the isolates were resistant to more than two of 
the antibiotics tested with 96.6% (56 of 58) of the isolates showing MDR antibiogram. All 
isolates tested were susceptible to amikacin, cefoxitin, cetriaxone, ciprofloxacin, gentamycin, 
gentamycin, nalidixic acid, and trimethoprim-sulfamethoxazole (Table 3). Almost all the 
isolates recovered from this study had a similar antimicrobial pattern. Regardless of 
sampling period (1, 2, or 3), 29 (3 Salmonella serovars Typhimurium and 26 Salmonella 
serovars Typhimurium var Copenhagen) were positive for class I integron (280 bp product) 
while only two of the isolates showed a 233-bp PCR product using primers intI2 thus 
suggesting the presence of integron 2. These two isolates also had integron 1. Upon PFGE 
analysis, 9 distinguishable Salmonella genotypes were identified. For clarity, the genotypes 
were numbered I to IX with genotype V (28 of 58; 46.6%) being the most prevalent followed 
by type VII (15 of 58; 25.9 %) (Figure 1). Genotypes I, II, and III had the least prevalence (1 of 
58; 1.7 % each). From the 58 isolates, types IV, V, VII, VIII, and IX (38 of 58; 65.5 %) isolated 
from the cattle at two sampling periods were observed at a similarity level of 100 %. Type V 
(28 of 58 isolates; 48.2 %) genotypes comprised of the most common isolates; of the 28 
isolates from type V, 8 of 28 (28.6%), 18 of 28 (64.3%), and 2 of 28 (7.1%) were derived from 
sampling 1, 2 and 3 respectively. (Figure1). The 2 isolates which were positive for both Int 1 
and 2 belonged to genotypes I and IV, respectively. Sampling time had a significant effect on 
the recovery of Salmonella (P = 0.004) while pen (P = 0.79) did not. All 58 Salmonella isolates 
which were grouped into two clusters (d and e) and five single isolates (a, b, c, f, and g) were 
observed at a similarity level of 80% (Figure 1).  
 

Antibiotics Susceptible 
Isolates (%) 

Intermediate 
Isolates (%) 

Resistant 
Isolates (%) 

Amikacin (0.5–64), 58(100.0) - - 
Amoxicillin/clavulanic acid 
(1/0.5–32/16)  2(3.5) 1(1.7) 55(94.8) 

Ampicillin (2–32)  2(5.3) - 56(94.7) 
Cefoxitin (0.5–32) 58(100.0) - - 
Cetriaxone (0.25–64) 58(100.0) - - 
Chloramphenicol (2–32) - 2(5.3) 56(94.7) 
Ciprofloxacin (0.015–4) 58(100.0) - - 
Gentamycin (0.25–16) 58(100.0) - - 
Kanamycin (6–64) 58(100.0) - - 
Nalidixic acid (0.5–32) 58(100.0) - - 
Streptomycin (32–64)  NI NI 56(94.7) 
Sulfizoxazole (16–512) 2(5.3) - 56(94.7) 
Tetracycline(4–32), 2(5.3) - 56(94.7) 

Trimethoprim-
sulfamethoxazole (4-76) 58(100.0) - - 

Table 3. Number (%) of Salmonella isolates resistant/susceptible to various antimicrobials         
(N = 15) 
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to investigate their genotypic relatedness were performed at the E. coli Reference Centre, 
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Collection catalogue no. BAA-664), i.e. the universal size standard used by all PulseNet 
laboratories. Fingerprints were analyzed using BioNumerics software version 3.5 (Applied 
Maths, Austin, Texas). Strain relatedness was done based on previously recommended 
criteria (Gebreyes et al. 2006) using ‘different bands’ algorithm for clustering and the 
unweighted pair group for arithmetic means (UPGMA) tree-building approach with 
optimization of 1 and 0.5% position tolerance. Visual inspection of the patterns was 
performed as a final step for analysis. 

2.6 PCR amplification of class 1 and 2 integrons 
The bacterial DNA template preparation and the PCR conditions for the detection of class 1 
and class 2 integrons were undertaken as previously described (Miko et al, 2005). The 
screening for the presence of class 1 and class 2 integrons was carried out using PCR with 
primers specific for the intI1 ( and intI2 (Goldstein et al, 2001)). The primer sequences used 
are shown in Table 2. Amplifications were performed in 10 μL of 5x Taq PCR Master Mix 
(Qiagen, Valencia, CA, USA), 2 pmol/L each primer, and 2 μg template DNA. Amplification 
specifications were as follows: 5 min at 94°C followed by 35 cycles of 1 min at 94°C, 1 min at 
55°C, and 30 s at 72°C. PCR products were analyzed by gel electrophoresis with 2 % agarose 
gels. All PCRs included DNA ladder, positive and negative controls.  
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 R: TCCACGCATCGTCAGGC    
intI2 F: TATTGCTGGGATTAGGC 233 50 Goldstein et al., 2001 
 R: ACGGCTACCCTCTGTTATC    

Table 2. PCR primers and conditions used in Screening Salmonella isolates for presence of 
class 1 and class 2 integrons; a F, Forward; R, Reverse. 

3. Key results 
3.1 Salmonella from feedlot cattle 
Salmonella was isolated from 58 out of 458 (12.7%) fecal samples tested (Tabe et al, 2010a, 
2010b). All Salmonella belonged to the Typhimurium serotype and the majority 53/58 
(91.4%) were Typhimurium vars Copenhagen. The rest (3/58, 5%) were reported as 
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Salmonella Typhimurium. AMR testing showed that all isolates were resistant to more than 
one of the antibiotics (Table 3). All but two of the isolates were resistant to more than two of 
the antibiotics tested with 96.6% (56 of 58) of the isolates showing MDR antibiogram. All 
isolates tested were susceptible to amikacin, cefoxitin, cetriaxone, ciprofloxacin, gentamycin, 
gentamycin, nalidixic acid, and trimethoprim-sulfamethoxazole (Table 3). Almost all the 
isolates recovered from this study had a similar antimicrobial pattern. Regardless of 
sampling period (1, 2, or 3), 29 (3 Salmonella serovars Typhimurium and 26 Salmonella 
serovars Typhimurium var Copenhagen) were positive for class I integron (280 bp product) 
while only two of the isolates showed a 233-bp PCR product using primers intI2 thus 
suggesting the presence of integron 2. These two isolates also had integron 1. Upon PFGE 
analysis, 9 distinguishable Salmonella genotypes were identified. For clarity, the genotypes 
were numbered I to IX with genotype V (28 of 58; 46.6%) being the most prevalent followed 
by type VII (15 of 58; 25.9 %) (Figure 1). Genotypes I, II, and III had the least prevalence (1 of 
58; 1.7 % each). From the 58 isolates, types IV, V, VII, VIII, and IX (38 of 58; 65.5 %) isolated 
from the cattle at two sampling periods were observed at a similarity level of 100 %. Type V 
(28 of 58 isolates; 48.2 %) genotypes comprised of the most common isolates; of the 28 
isolates from type V, 8 of 28 (28.6%), 18 of 28 (64.3%), and 2 of 28 (7.1%) were derived from 
sampling 1, 2 and 3 respectively. (Figure1). The 2 isolates which were positive for both Int 1 
and 2 belonged to genotypes I and IV, respectively. Sampling time had a significant effect on 
the recovery of Salmonella (P = 0.004) while pen (P = 0.79) did not. All 58 Salmonella isolates 
which were grouped into two clusters (d and e) and five single isolates (a, b, c, f, and g) were 
observed at a similarity level of 80% (Figure 1).  
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Fig. 1. Dendogram generated from the Xbal patterns of the 58 Salmonella isolates using 
UPGMA clustering analysis with the BioNumerics software. A positive tolerance of 1.5 % 
was chosen. 

3.1.1 Salmonella from ranch cattle 
Of the 212 cattle (115 adult cattle, 97 calves) investigated by Theis et al (2007), 15 (7%) tested 
positive for Salmonella. The prevalence of Salmonella among adult cattle and calves was 
9/115 (7.8%) and 6/97 (6.2%), respectively. The 15 cattle that tested positive to Salmonella 
were distributed in three of the four counties with the majority originating from Billings 
county and no animal from Mercer county as follows: Stark (7/92, 7.6%), Billings (5/30, 
6.6%), Dunn (3/60,5.0%), and Mercer (0/30, 0.0%). Thirteen (87%) of the 15 Salmonella 
isolates recovered were Salmonella Typhimurium (Copenhagen) and the rest (2/15, 13%) 
were Salmonella Worthington. All 15 Salmonella isolates from healthy cattle were susceptible 
to Apramycin, Ceftiofur, Entrofloxacin, Gentamicin, and Neomycin. All samples were 
resistant to Chlortetracycline, Clindamycin, Erythromycin, Florfenicol, Oxytetracycline, 
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Penicillin, Sulphachlorophridazine, Sulphadimethoxime, Sulphathiazole, Tiamulin, 
Tilmicosin. Two isolates (both Salmonella Worthington), were susceptible to Ampicillin, 
whereas the other thirteen samples (all Salmonella Typhimurium (Copenhagen), were 
resistant to Ampicillin and to Spectinomycin.  

3.1.2 Salmonella from dairy cattle 
In a study of Salmonella occurrence in dairy cattle (Khaitsa et al, 2004), 5 out of 30 cows 
(17%) tested positive for Salmonella. A sensitivity test to 20 antibiotics was performed on the 
5 Salmonella isolates and the results were similar for all the 5 isolates except for only one 
isolate that was sensitive to Sulphachloropyridazine and Sulphadimethoxime and gave an 
intermediate result to Sulphathiazole (Table 4).  
 

Antimicrobial All 5 Salmonella Isolates 
Ampicillin R 
Apramycin S 

Ceftiofur S 
Chlortetracycline R 

Clindamycin R 
Enrofloxacin S 

Erythromycin R 
Florfenicol R 
Gentamicin S 
Neomycin S 

Oxytetracycline R 
Penicillin R 

Spectinomycin R 
Sulphachloropyridazine R (S)* 

Sulphadimethoxime R (S)* 
Sulphathiazole R (I)* 

Tiamulin R 
Tilmicosin R 

Trimethoprim/Sulphamethoxazole S 
Tylosin (Tartrate/Base) R 

S = Sensitive, I = Intermediate. *These 3 antimicrobials are the only ones that gave a different result 
(sensitive or intermediate) to 1 of the 5 isolates; the other 4 isolates were all resistant to them).  
For all other antimicrobials the results were the same for all 5 Salmonella isolates. 

Table 4. Antimicrobial Sensitivity Results to 5 Salmonella Isolates from dairy cattle. R = 
Resistant, 

3.1.3 Salmonella from bison 
The prevalence of Salmonella in the bison feces was 15% (3/20). The Salmonella isolates 
belonged to the serotypes Salmonella Typhimurium (Copenhagen) and Salmonella 
Worthington. In a panel of 20 antimicrobials, Salmonella Typhimurium (Copenhagen) was 
resistant to 13 of 20 antimicrobials (65% resistance), including macrolides (erythromycin, 
tilmicosin, tylosin), tetracyclines (chlortetracycline, oxytetracycline), chloramphenicol 
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Penicillin, Sulphachlorophridazine, Sulphadimethoxime, Sulphathiazole, Tiamulin, 
Tilmicosin. Two isolates (both Salmonella Worthington), were susceptible to Ampicillin, 
whereas the other thirteen samples (all Salmonella Typhimurium (Copenhagen), were 
resistant to Ampicillin and to Spectinomycin.  

3.1.2 Salmonella from dairy cattle 
In a study of Salmonella occurrence in dairy cattle (Khaitsa et al, 2004), 5 out of 30 cows 
(17%) tested positive for Salmonella. A sensitivity test to 20 antibiotics was performed on the 
5 Salmonella isolates and the results were similar for all the 5 isolates except for only one 
isolate that was sensitive to Sulphachloropyridazine and Sulphadimethoxime and gave an 
intermediate result to Sulphathiazole (Table 4).  
 

Antimicrobial All 5 Salmonella Isolates 
Ampicillin R 
Apramycin S 

Ceftiofur S 
Chlortetracycline R 

Clindamycin R 
Enrofloxacin S 

Erythromycin R 
Florfenicol R 
Gentamicin S 
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Penicillin R 

Spectinomycin R 
Sulphachloropyridazine R (S)* 

Sulphadimethoxime R (S)* 
Sulphathiazole R (I)* 

Tiamulin R 
Tilmicosin R 

Trimethoprim/Sulphamethoxazole S 
Tylosin (Tartrate/Base) R 

S = Sensitive, I = Intermediate. *These 3 antimicrobials are the only ones that gave a different result 
(sensitive or intermediate) to 1 of the 5 isolates; the other 4 isolates were all resistant to them).  
For all other antimicrobials the results were the same for all 5 Salmonella isolates. 

Table 4. Antimicrobial Sensitivity Results to 5 Salmonella Isolates from dairy cattle. R = 
Resistant, 

3.1.3 Salmonella from bison 
The prevalence of Salmonella in the bison feces was 15% (3/20). The Salmonella isolates 
belonged to the serotypes Salmonella Typhimurium (Copenhagen) and Salmonella 
Worthington. In a panel of 20 antimicrobials, Salmonella Typhimurium (Copenhagen) was 
resistant to 13 of 20 antimicrobials (65% resistance), including macrolides (erythromycin, 
tilmicosin, tylosin), tetracyclines (chlortetracycline, oxytetracycline), chloramphenicol 
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analog – florfenicol,  most sulphonamides, and penicillin, and susceptible to 7 antimicrobials 
including the cephalosporin – ceftiofur, the quinolone – enrofloxacin some aminoglycosides, 
and ampicillin (Table 5). Salmonella Worthington was resistant to 14 of 20 antimicrobials 
(70% resistance), including macrolides (erythromycin, tilmicosin, tylosin), tetracyclines 
(chlortetracycline, oxytetracycline), chloramphenicol analog – florfenicol, some 
sulphonamides, and penicillins (penicillin and ampicillin), and susceptible to 6 
antimicrobials including the cephalosporin – ceftiofur, the quinolone - enrofloxacin and 
some aminoglycosides (Table 5). Except for ampicillin, both Salmonella isolates were 
resistant to similar antimicrobials (Table 5). None of the Salmonella isolates were resistant to 
clinically important antimicrobials.  
 

 Salmonella Isolates 

Antibiotics 18S 24S 53S 
Aminoglycosides 
 Apramycin 
 Gentamycin 
 Neomycin 
 Spectinomycin 
Sulphanamides/Potentiated Sulphonamides 
 Trimethoprim/Sulphamethoxazole 
 Sulphadimethoxime 
 Sulphachloropyridazine 
 Sulphathiazole 
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3.2 Salmonella from meats  
In the Khaitsa et al (2007b) study, 2.4% (23/959) of the samples were contaminated with 
Salmonella; with 5% (16/329), and 1% (7/607) of the raw and ready to eat meat samples 
testing positive for Salmonella, respectively. There was a significant difference in recovery of 
Salmonella (P < 0.05), between meat type (raw vs RTE; OR =4.2, 95% CI = 1.6, 10.8); and 
sampling time (OR = 0.4, 95% CI = 0.2, 0.7). Retail store and product brand did not affect 
Salmonella recovery. The twenty three Salmonella isolates recovered from meat products were 
confirmed to belong to 6 different serotypes; the predominant one being S. hadar followed 
by S. Heidelberg, S. typhimurium var Copenhagen, S. newport, S. saintpaul and S. agona. 
Overall, Salmonella isolates from raw turkey products exhibited a higher antimicrobial 
resistance rate (53%) compared to those from RTE products (33%). Multidrug resistance was 
exhibited by 54% of the Salmonella isolates with the majority (62%) originating from RTE 
meats compared to 45% from raw ones.  
In the Kegode et al (2008) study the distribution of samples that tested positive for 
Salmonella by meat type and meat part is summarized in Table 6. Salmonella was recovered 
from turkey breast (1/8, 13%), ground turkey breast (1/15, 7%), and turkey drumsticks 
(1/20, 5%) (Table 6). For chicken products Salmonella (2/5, 40%) were recovered from whole 
chicken. Thirteen Salmonella isolates recovered from the meat samples were confirmed by 
NVSL to belong to eight different Salmonella enterica serotypes (Table 7). The predominant 
serotype was S. enterica serotype Heidelberg recovered from turkey from which S. 
Typhimurium, S. Newport, S. Saintpaul and S. Senftenberg were also recovered. S. 
Kentucky, S. Typhimurium var Copenhagen, S. Blockley, and one undetermined serotype 
were recovered from chicken. 
In the study by Tumuhairwe et al, 2007) that investigated the temporal and spatial 
distribution of 1465 salmonellosis outbreaks involving 49/50 states in the US, turkey meat 
associated outbreaks (TMAOs) were reported by 24 states, mostly from California and New 
York. Additionally, turkey meat was implicated in 4.2% of outbreaks, sea-foods (5.8%), pasta 
(8.3%), milk-products (8.6%), chicken (13.4%), red-meats (15.4%), eggs (21.3%), and fresh-
produces (22.9%). Most outbreaks were at restaurants and private-homes for TMAOs (23.2% 
and 21%). The major serotypes were: S. Enteritidis, S. Heidelberg, S. Reading and S. 
Newport for TMAOs,  
In the study by Tumuhairwe et al (2008), there were 45 different serotypes that were 
recovered from 71.8% (277/386) of the salmonellosis cases in North Dakota (2000 to 2005). 
The four major ones contributing over 70% of the cases were: S. Typhimurium (93, 33.1%), S. 
Enteritidis (40, 14.2%), S. Heidelberg (33, 11.7%) and S. Newport (32, 11.4%). The rest of the 
serotypes were: S. Saintpaul and S. Montevideo  from eight cases each, S. Thompson was 
recovered from five cases, S. Hadar from four cases, S. Stanley, S. Poona, S. Mbandaka,  S. 
Javiana, S. Braenderup, and S. Bredeney from three patients each. S. Reading, S. 
Oranienburg, S. Hillington, S. Derby, S. Urbana, and S. Albany were each recovered from 2 
cases. One case each was diagnosed with S. Agona, S. Berta, S. Bleadon, S. Blockley, S. 
Chameleon, S. Ealing, S. Edinburgh, S. Havana, S. Ibadan, S. Indiana, S. Infantis, S. Istanbul, 
S. Lexington, S. Litchfield, S. Manhattan, S. Marina, S. Miami, S. Mississippi, S. Muenchen, 
S. Newport, S. Othmarschen,  S. Sandiego, S. Schwarzengrund, S. Senftenberg, S. Sepsis, S. 
Syrsis, S. Tripoli, S. Uppsala, and S. Weltevereden. 
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analog – florfenicol,  most sulphonamides, and penicillin, and susceptible to 7 antimicrobials 
including the cephalosporin – ceftiofur, the quinolone – enrofloxacin some aminoglycosides, 
and ampicillin (Table 5). Salmonella Worthington was resistant to 14 of 20 antimicrobials 
(70% resistance), including macrolides (erythromycin, tilmicosin, tylosin), tetracyclines 
(chlortetracycline, oxytetracycline), chloramphenicol analog – florfenicol, some 
sulphonamides, and penicillins (penicillin and ampicillin), and susceptible to 6 
antimicrobials including the cephalosporin – ceftiofur, the quinolone - enrofloxacin and 
some aminoglycosides (Table 5). Except for ampicillin, both Salmonella isolates were 
resistant to similar antimicrobials (Table 5). None of the Salmonella isolates were resistant to 
clinically important antimicrobials.  
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meats compared to 45% from raw ones.  
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(1/20, 5%) (Table 6). For chicken products Salmonella (2/5, 40%) were recovered from whole 
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Typhimurium, S. Newport, S. Saintpaul and S. Senftenberg were also recovered. S. 
Kentucky, S. Typhimurium var Copenhagen, S. Blockley, and one undetermined serotype 
were recovered from chicken. 
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produces (22.9%). Most outbreaks were at restaurants and private-homes for TMAOs (23.2% 
and 21%). The major serotypes were: S. Enteritidis, S. Heidelberg, S. Reading and S. 
Newport for TMAOs,  
In the study by Tumuhairwe et al (2008), there were 45 different serotypes that were 
recovered from 71.8% (277/386) of the salmonellosis cases in North Dakota (2000 to 2005). 
The four major ones contributing over 70% of the cases were: S. Typhimurium (93, 33.1%), S. 
Enteritidis (40, 14.2%), S. Heidelberg (33, 11.7%) and S. Newport (32, 11.4%). The rest of the 
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Javiana, S. Braenderup, and S. Bredeney from three patients each. S. Reading, S. 
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 Store/Meat Type Salmonella 
Store A (n=97)  
 whole chicken 0 
 ground turkey 1 
 turkey breast 1 
 Total 2 
 2/97 (2%) 
Store B (n=108)  
 turkey drumstick 1 
 chicken drumstick 1 
 chicken thigh 0 
 whole chicken 2 
 Total 4 
 4/108 (4%) 
Store C (n=95)  
 chicken breast 0 
 chicken thigh 0 
 chicken wings 0 
 whole chicken 0 

 
ground turkey 
breast 1 

 Total 1 
 1/95 (1.1%) 

Store D (n = 93)  

 ground turkey 4 
 chicken thigh 1 
 whole chicken 0 
 chicken wings 0 
 turkey thigh 0 
 Total 5 
  5/93 (5.4%) 
 Store E (n = 63)  
 chicken breast 1 
 Total 1 
 1/63 (1.6%) 
Grand Total (n =456) 13 
 13/456 (2.9%) 

Table 6. Number and percentage of retail meat samples that tested positive for salmonella by 
store and meat type, 2005 (n = 456). 
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Salmonella serotypes n (%) Chicken Turkey 

S. Heidelberg 4 (30.8) 0 4 
S. Kentucky 2 (15.4) 2 0 
S. Typhimurium (Copenhagen) 1 (7.7) 1 0 
S. Typhimurium 1 (7.7) 0 1 
S. Blockley 1 (7.7) 1 0 
S. Newport 1 (7.7) 0 1 
S. Saintpaul 1 (7.7) 0 1 
S. Senftenberg 1 (7.7) 0 1 
Unknown 1 (7.7) 1 0 
Total  13 (100) 5 8 

United States metropolitan area, 2005. 

Table 7. Salmonella enterica serotypes recovered from retail meats in the Midwestern  

3.3 Salmonella from clinical cases of humans and animals (cattle, chicken, ducks, 
swine, turkeys, elk and bison) 
3.3.1 Salmonella serotypes 
A total of 434 isolates were serotyped, including the 255 (58.8%) isolates from NDSU (from 
apparently healthy cattle, sick or dead animals and meat products) and 179 (41.2%) isolates 
from NDDoH (Table 8). 
 

Serotypes Cattle Human Chicken Ducks Swine Turkey Bison Elk Others Total 

Agona - 3(0.7) - - - 1(0.2) - - - 4(0.9) 

Anatum - 1(0.2) - - - 2(0.5) - - - 3(0.7) 

Arizona  3 (0.7) - - - - - - - - 3(0.7) 

Blockley - - 2(0.5) - - - - - - 2(0.5) 

Braenderup - 1(0.2) - - - - - - - 1(0.2) 

Brandeberg - 2(0.5) - - - - - - - 2(0.5) 

Bredeney - 2(0.5) - - - - - - - 2(0.5) 

Derby  - - - - 2(0.5) - - - - 2(0.5) 

Dublin  2 (0.5) - - - - - - - - 2(0.5) 

Ealing - 1(0.2) - - - - - - - 1(0.2) 

Enteritidis - - - 1(0.2) - - - - - 1(0.2) 

Give 4 (0.9) - - - - - - - - 4(0.9) 

Hadar - - - - - 10(2.3) - - - 10(2.3) 

Havana  - 1(0.2) - - - - - - - 1(0.2) 

Heidelberg  - 5(1.2) - - - 9(2.1) - - - 14 (3.2) 

Indiana  - 2(0.5)  - - - - - - 2(0.5) 
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Salmonella serotypes n (%) Chicken Turkey 
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Table 7. Salmonella enterica serotypes recovered from retail meats in the Midwestern  

3.3 Salmonella from clinical cases of humans and animals (cattle, chicken, ducks, 
swine, turkeys, elk and bison) 
3.3.1 Salmonella serotypes 
A total of 434 isolates were serotyped, including the 255 (58.8%) isolates from NDSU (from 
apparently healthy cattle, sick or dead animals and meat products) and 179 (41.2%) isolates 
from NDDoH (Table 8). 
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Serotypes Cattle Human Chicken Ducks Swine Turkey Bison Elk Others Total 

Infantis 2(0.5) 2(0.5)  - - - - - - 4(0.9) 

Java - 1(0.2)  - - - - - - 1(0.2) 

Kentucky  - 1(0.2) 2(0.5) - - - - - - 3(0.7) 

Litchfield - 1(0.2) - - - - - - - 1(0.2) 

Mbandaka 2(0.5) 2(0.5) - - - - - - - 4(0.9) 

Mississipi - 1(0.2) - - - - - - - 1(0.2) 

Montevideo  - 3(0.7) - - - - - - - 3(0.7) 

Muenchen - 3(0.7) - - - - - 1 
(0.2) - 4(0.9) 

Muenster 15 (3.5) - - - - - - - - 15(3.5) 

Newport  9(2.1) 17(3.9) - - - 2(0.5) - - - 28(6.5) 

Oranienburg - 2(0.5) - - - - - - - 2(0.5) 

Paratyphi - 2(0.5) - - - - - - - 2(0.5) 

Reading  - 1(0.2) - - - - - - - 1(0.2) 

Reno  - 1(0.2) - - - - - - - 1(0.2) 

Sandiego - 2(0.5) - - - - - - - 2(0.5) 

Senftenberg - - - - - 1(0.2) - - - 1(0.2) 

Soesterberg - 1(0.2) - - - - - - - 1(0.2) 

Sonnei - 3(0.7) - - - - - - - 3(0.7) 

Sovenga - 1(0.2) - - - - - - - 1(0.2) 

St paul  - 7(1.6) - - - 3(0.7) - - - 10 (2.3) 

Stanley  - 1(0.2) - - - - - - - 1(0.2) 

Thompson - 1(0.2) - - - - - - 11(0.2) 
(bedding) 1(0.2) 

Tripoli  - 2(0.5) - - - - - - - 2(0.5) 

Typhi - 1(0.2) - - - - - - - 1(0.2) 

Typhimurium 140 
(32.3) 58 (13.4) - - 3(0.7) 4(0.9) 1(0.2) - 11(0.2) 

(lynx) 
207 

(47.7) 
Worthingtom 2 (0.5) - - - - - 1(0.2) - - 3(0.7) 

unidentified 14 (3.2) 47 (10.8) - - - 3(0.7) - - 12(2.8) 76 
(17.5) 

Total 193 
(44.5) 

179 
(41.2) 4(0.9) 1(0.2) 5(1.2) 35(8.1) 2(0.5) 1 

(0.2) 14(3.2) 434(10
0) 

Table 8. Salmonella serotypes isolated from different animal species and human cases in 
North Dakota. 

The total number of isolates that were common between domestic animals and humans 
were 183 (42.2%) and 90 (20.7%) respectively (Table 8). S. Typhimurium was the predominant 
serotype in both humans (13.4%, n=58) and domestic animals (34.3%, n= 159), followed by 
Newport with 11 (2.6%) and 17(3.9%) isolated in animals and human, respectively. S. 
Arizona (n=3, 0.7%), S. Give (n=4, 0.9%) and S. Muenster (n=15, 3.5%) were isolated mostly 
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from sick or dead animals submitted to the NDSU-VDL. Of the 42 serotypes involved in 
animal and human infection, human isolates were highly diverse with 32 serotypes involved 
compared to cattle (9), turkeys (8), chickens (2), bison (2), swine (2), ducks (1) and elk (1). 
The detailed distribution of the different serotypes between different host species is 
provided in Table 8. 

3.3.2 PFGE Results  
The initial 434 Salmonella isolates were grouped into 113 distinct PFGE profiles at 85% 
similarity (Tables 9, 10, 11; Figure 2). The 179 human isolates were distributed within the 98 
of the 113 PFGE fingerprint patterns or profiles at the same level of similarity. A detailed 
examination of the 273 isolates from serotypes commonly isolated from man (n=90) and 
domestic animals (n=183), revealed that 40 of the human and 55 animal isolates were 
distributed amongst 8 distinct (i.e. with 100% similarity) PFGE fingerprint profiles. The 40 
isolates from the human cases were linked to 2 serotypes – S. Typhimurium Copenhagen and 
S. Heidelberg that shared indistinguishable genetic fingerprint patterns (100% homology) 
with some animal isolates. The biggest clonal group involving S. Typhimurium Copenhagen 
with 100 % similarity in the PFGE fingerprint patterns involved 22 isolates from cattle, 17 
Humans and 1 from a sick swine (Figure 2). The second PFGE profile involved 19 isolates of 
S. Typhimurium Copenhagen with indistinguishable fingerprints, isolated from 7 feedlot 
cattle, 2 range cattle and 10 human cases (Figure 2). The third profile had 10 cattle and 4 
humans, fifth profile had 1 human, 1 swine and 1 turkey, sixth profile was identified as S. 
Heidelberg form human (1) and turkey meat (1), seventh profile had S. Typhimurium 
Copenhagen from cattle (4), human (5) and chicken (1) and the eighth profile had  S. 
Heidelberg, isolated from human (1) and turkey meat (1). Figure 2 shows details of human 
and domestic animal serotypes in the eight distinct profiles each with indistinguishable 
PFGE fingerprint patterns. The isolation of serovars with similar PFGE patterns in cattle 
preceded those in humans. Most outbreaks were recorded in 2004 (58%), while a few turkey 
isolates with similar PFGE profile were recorded after (Table 9).  
 
 

 
 

Fig. 2. PGFE profile of the commonly serotypes isolated from domestic animals or their 
products and humans. 
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Table 8. Salmonella serotypes isolated from different animal species and human cases in 
North Dakota. 

The total number of isolates that were common between domestic animals and humans 
were 183 (42.2%) and 90 (20.7%) respectively (Table 8). S. Typhimurium was the predominant 
serotype in both humans (13.4%, n=58) and domestic animals (34.3%, n= 159), followed by 
Newport with 11 (2.6%) and 17(3.9%) isolated in animals and human, respectively. S. 
Arizona (n=3, 0.7%), S. Give (n=4, 0.9%) and S. Muenster (n=15, 3.5%) were isolated mostly 
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from sick or dead animals submitted to the NDSU-VDL. Of the 42 serotypes involved in 
animal and human infection, human isolates were highly diverse with 32 serotypes involved 
compared to cattle (9), turkeys (8), chickens (2), bison (2), swine (2), ducks (1) and elk (1). 
The detailed distribution of the different serotypes between different host species is 
provided in Table 8. 

3.3.2 PFGE Results  
The initial 434 Salmonella isolates were grouped into 113 distinct PFGE profiles at 85% 
similarity (Tables 9, 10, 11; Figure 2). The 179 human isolates were distributed within the 98 
of the 113 PFGE fingerprint patterns or profiles at the same level of similarity. A detailed 
examination of the 273 isolates from serotypes commonly isolated from man (n=90) and 
domestic animals (n=183), revealed that 40 of the human and 55 animal isolates were 
distributed amongst 8 distinct (i.e. with 100% similarity) PFGE fingerprint profiles. The 40 
isolates from the human cases were linked to 2 serotypes – S. Typhimurium Copenhagen and 
S. Heidelberg that shared indistinguishable genetic fingerprint patterns (100% homology) 
with some animal isolates. The biggest clonal group involving S. Typhimurium Copenhagen 
with 100 % similarity in the PFGE fingerprint patterns involved 22 isolates from cattle, 17 
Humans and 1 from a sick swine (Figure 2). The second PFGE profile involved 19 isolates of 
S. Typhimurium Copenhagen with indistinguishable fingerprints, isolated from 7 feedlot 
cattle, 2 range cattle and 10 human cases (Figure 2). The third profile had 10 cattle and 4 
humans, fifth profile had 1 human, 1 swine and 1 turkey, sixth profile was identified as S. 
Heidelberg form human (1) and turkey meat (1), seventh profile had S. Typhimurium 
Copenhagen from cattle (4), human (5) and chicken (1) and the eighth profile had  S. 
Heidelberg, isolated from human (1) and turkey meat (1). Figure 2 shows details of human 
and domestic animal serotypes in the eight distinct profiles each with indistinguishable 
PFGE fingerprint patterns. The isolation of serovars with similar PFGE patterns in cattle 
preceded those in humans. Most outbreaks were recorded in 2004 (58%), while a few turkey 
isolates with similar PFGE profile were recorded after (Table 9).  
 
 

 
 

Fig. 2. PGFE profile of the commonly serotypes isolated from domestic animals or their 
products and humans. 
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Xbal profiles with 
indistinguishable 

fingerprint 
Host 

Year of isolation and number isolated (%) 

2003 2004 2005 2006 Total 

I 

Cattle - 19 (19.8) 2 (2.1) 1 (1.0) 22 (22.9) 

Human - 4 (4.2) 12 (12.5) 1 (1.0) 17(17.7) 

Swine - - - 1(1.0) (1.0) 
       

II 
Cattle 2 (2.1) 7(7.3) - - 9(9.4) 

Human - 2 (2.1) 8(8.3) - 10(10.4) 
       

III 
Cattle - 10(10.4) - - 10(10.4) 

Human - - 4(4.2) - 4(4.2) 
       

IV 
Cattle - 4(4.2) - - 4(4.2) 

Human - - 1(1.0) - 1(1.0) 
       

V 

Turkey 
meat - - 1(1.0) - 1(1.0) 

Human - - - 1(1.0) 1(1.0) 

swine - - - 1(1.0) 1(1.0) 
       

VI 
Turkey 
meat - - - 1(1.0) 1(1.0) 

Human - - 1(1.0) - 1(1.0) 
       

VII 

Cattle - 4(4.2) - - 4(4.2) 

Human - - 6(15) - 6(12.5) 

Chicken - - 1(1.0) - 1(1.0) 
       

VIII 
Turkey 
meat - - - 1(1.0) 1(1.0) 

Human - 1(1.0) - - 1(1.0) 
 Total 2(2.1) 51(53.1) 36(37.5) 7(7.3) 94(100) 

Table 9. PFGE profiles, host species and year of isolation of the Salmonella serotypes.  

3.3.3 Antimicrobial resistance (AMR) patterns 
A comparison of the AMR patterns of isolates with indistinguishable PFGE profiles revealed 
variations within the groups (Table 11). In profile 1, 2 bovine and 1 human isolates shared 
similar AMR and PFGE profiles. Second observation was recorded for 1 swine and 20 cattle.  
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Xbal patterns with 
indistinguishable 

fingerprint 

Salmonella 
Serotype Origin Antimicrobial resistance 

profile 

Number of 
matching 
isolates 

I Typhimurium 
Copenhagen 

Cattle AM,AMP,CL,STR,SU,TET 20 
Cattle AM,AMP,KAN,STR,SU,TET 2 
Swine AM,AMP,CL,STR,SU,TET 1 

Human AM,AMP,KAN,STR,SU,TET 1 
Human CL 4 
Human - 5 
Human AM,AMP 3 
Human GE,STR,SU 1 
Human CL,KAN,TET 3 

II Typhimurium 
Copenhagen 

Cattle AM,AMP,CL,STR,SU,TET 8 
Cattle AM,AMP,KAN,STR,SU,TET 1 

Human - 5 
Human CL 4 
Human CL,KAN,TET 1 

III Typhimurium 
Copenhagen 

Cattle AM,AMP,CL,STR,SU,TET 10 
Human CL 2 
Human - 2 

IV Typhimurium 
Copenhagen 

Cattle AM,AMP,CL,STR,SU,TET 4 
Human - 1 

V Typhimurium 
Copenhagen 

Human CL 1 
Swine AM,AMP,CL,STR,SU,TET 1 

Turkey meat AM,AMP,CL,STR,SU,TET 1 

VI Heidelberg 
Human - 1 

Turkey meat AMP,CL,SU,TET 1 

VII Typhimurium 
Copenhagen 

Cattle AM,AMP,CL,STR,SU,TET 4 
Chicken AM,AMP,CL,STR 1 
Human CX 1 
Human CL 1 
Human - 2 
Human AM,AMP 1 

VIII Heidelberg 
Human CL 1 

Turkey meat SU 1 
   Total 95 

AM-Amoxacillin/Clavulonic acid, AMP-Ampicillin,CX-Ceftixiaxone, CL-Chloramphenicol, GEN-Gentamicin, 
KAN-Kanamycin, STR-Streptomycin, SU-Sulfizoxazole,TET-Tetacycline 
 

Table 10. Relationship of molecular types and antibiotic resistance patterns of Salmonella 
enterica serotype isolated from man, domestic animals and animal products.  
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enterica serotype isolated from man, domestic animals and animal products.  
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The rest shared the PFGE but not the AMR profiles. The AMR profile AM,AMP,CL, 
STR,SU,TET appeared the most common across many PFGE profiles, recorded in 20 bovines 
and 1 human (profile 1), 8 bovines (profile II), 10 bovines (profile III), 4 bovine (profile IV), 1 
swine and 1 turkey (profile V) and 4 bovines (profile VII). Details of AMR profiles of other 
PFGE profiles will be provided. For the antibiotic susceptibility tests, a total of 9 antibiotic 
resistant patterns were found for the 55 animal isolates and 40 human isolates with identical 
PFGE profiles. Of these, cattle isolates accounted for 7, human 19, swine 2, turkey meat 3 
and chicken 1 AMR patterns. A review of susceptibility levels of different isolates was 
summarized. All human (62), swine (2) and turkey (3) and 97 out of 98 cattle isolates were 
susceptible to amikacin. Resistance to amoxicillin/clavulanic acid was observed in swine (all 
2 isolates) and 75 cattle isolates (76.5%) while turkey (n=2, 100%) and human (n=59, 95.2%) 
were mostly susceptible. All the 2 swine isolates were susceptible to cefoxitin, ceftriaxone, 
ciprofloxacin, gentamycin, nalidixic acid and trimethoprim/sulfamethoxazole, while 
resistant to amoxicillin/clavulanic acid, ampicillin, streptomycin, sulfizoxazole and 
tetracycline. Detailed antimicrobial susceptibility profiles of the different isolates by origin 
are shown in Tables 10 and 11.  

 
 No of susceptibility 

 isolates (%) 
No. of intermediate 

isolates (%) 
No. of resistant 

 isolates (%) 

 Cattle Human Swine Turkey Cattle Human Turkey Cattle Human Swine Turkey 

Amikacin 
(0.5–64), 

97 
(99.0) 

62 
(100.0) 

2 
(100.0) 

3 
(100.0) - - - 1(1.0) - - - 

Amoxicillin
/clavulanic 
acid 
(1/0.5–
32/16)  

2 (2.0) 59 
(95.2) - 2 

(66.7) 
21 

(21.4) 2(3.2) 1 
(33.3) 

75 
(76.5) 1(1.6) 2 

(100.0) - 

Ampicillin 
(2–32)  - 59 

(95.2) - 1 
(33.3) - - - 98 

(100.0) 3(4.8) 2 
(100.0) 

2 
(66.7) 

Cefoxitin 
(0.5–32) 

97 
(99.0) 

60 
(96.8) 

2 
(100.0) 

3 
(100.0) - 1(1.6) - 1(1.0) 1(1.6) - - 

Ceftriaxone 
(0.25–64) 

97 
(99.0) 

60 
(96.8) 

2 
(100.0) 

3 
(100.0) - 1(1.6) - 1(1.0) 1(1.6) - - 

Chlora-
mphenicol  
(2–32) 

1(1.0) 35 
(56.5) 

1 
(50.0) 

1 
(33.3) 4(4.1) 26(41.9) - 93 

(94.9) 1(1.6) 1 
(50.0) 

2 
(66.7) 

Ciproflo-
xacin 
(0.015–4) 

97 
(99.0) 

62 
(100.0) 

2 
(100.0) 

3 
(100.0) - - - 1(1.0) - - - 

Gentamicin 
(0.25–16) 

97 
(99.0) 

60 
(96.8) 

2 
(100.0) 

3 
(100.0) - - - 1(1.0) 2(3.2) - - 

Kanamycin 
(6–64) 

88 
(89.8) 

58 
(93.5) 

1 
(50.0) 

3 
(100.0) - - - 10 

(10.2) 4(6.5) 1 
(50.0) 0.0 
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 No of susceptibility 
 isolates (%) 

No. of intermediate 
isolates (%) 

No. of resistant 
 isolates (%) 

 Cattle Human Swine Turkey Cattle Human Turkey Cattle Human Swine Turkey 

Nalidixic 
acid  
(0.5–32) 

97 
(99.0) 

62 
(100.0) 

2 
(100.0) 

3 
(100.0) - - - 1(1.0) - - - 

Streptomy-
cin (32–64)  2 (2.0) 58 

(93.5) - 2 
(66.7) - - - 96 

(98.0) 4(6.5) 2 
(100.0) 

1 
(33.3) 

Sulfizoxa-
zole 
(16–512) 

- 58 
(93.5) - - - - - 98 

(100.0) 4(6.5) 2 
(100.0) 

3 
(100.0) 

Tetracycline 
(4–32), - 57 

(91.9) - 1 
(33.3) - - - 98 

(100) 5(8.1) 2 
(100) 

2 
(66.7) 

Trimetho-
primsulfa-
methoxa-
zole (4-76) 

97 
(99.0) 

62 
(100) 2(100) 3(100) - - - 1(1.0) - - - 

Table 11. Drug susceptibility patterns of the common salmonella serotypes isolated from 
domestic animals and human. 

4. Discussion 
4.1 Salmonella from animals 
4.1.1 Salmonella in feedlot cattle 
The study by Tabe et al (2010a, 2010b) reported Salmonella prevalence of 12.7% in fecal 
samples tested. A larger study (Dargatz et al 2003) that evaluated presence of Salmonella in 
fecal samples from cattle in US feedlots (73 feedlots in 12 states during the period from 
October 1999 to September 2000) had earlier reported a lower overall Salmonella prevalence 
of 6.3%. However, Salmonella prevalence at pen and feedlot level was higher. In that study 
(Dargatz et al 2003) although overall individual animal prevalence was 6.3% (654/10,417), 
22.2% (94/422) of pens and 50.7% (37/73) of feedlots had one or more positive samples. 
Samples collected during the period of April to June (6.8%, 209/3054) and July to September 
(11.4%, 286/2500) were more likely to be positive than those collected during October to 
December (4.0%, 73/1838) and January to March (2.8%, 86/3025). The study by Tabe et al 
(2010a, 2010b) was conducted from October 2006 to March 26, 2007. 
An understanding of the genetic diversity of Salmonella isolated from cattle could help 
determine if contamination at a feedlot is due to bacteria that are transient or resident 
(Galland et al., 2001) in their gut. Transient bacteria can be introduced into the feedlot by 
arriving cattle, in ingredients for cattle rations such as legume hay, from contaminated 
water sources, or by other animals (wild or domestic), motor vehicles, and employees 
(Galland et al., 2001). In the study by Tabe et al (2010a, 2010b), the isolation of S. 
Typhimurium vars Copenhagen as the major Salmonella serovar 95% of the time supported 
previous reports (Hegde et al., 2005; Khaitsa et al., 2007a) of the existence of common 
genotypes circulating among the steers. Salmonella Typhimurium vars Copenhagen which 
was primarily reported to be found in pigeons is now frequently isolated from cattle, swine, 
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The rest shared the PFGE but not the AMR profiles. The AMR profile AM,AMP,CL, 
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arriving cattle, in ingredients for cattle rations such as legume hay, from contaminated 
water sources, or by other animals (wild or domestic), motor vehicles, and employees 
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was primarily reported to be found in pigeons is now frequently isolated from cattle, swine, 
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and other animals (Frech et al., 2003). Another study (NARMS-EB, 2003) reported 
Typhimurium variant Copenhagen as the most predominant serotype accounting for 16.9% 
of the total number of isolates examined by U.S. Department of Agriculture's National 
Animal Health Monitoring System for Enteric Bacteria and reported over a 7-year period 
(1997 to 2003).  
The study by Tabe et al (2010a), reported widespread AMR among the Salmonella isolated; 
all but two of the Salmonella isolates were resistant to more than two of the antimicrobials 
tested with 96.6% of the isolates showing multidrug resistant antibiograms. The widespread 
AMR of Salmonella isolated from cattle in North Dakota had been reported before (Oloya, et 
al, 2009) with most animal strains showing more multidrug resistance compared to human 
Salmonella isolates possibly due to a difference in antimicrobial selection pressure exerted to 
the microorganisms in the two populations. Isolation of S. Typhimurium vars Copenhagen 
as the major Salmonella serovar 95% of the time supports previous reports of the existence of 
common genotypes circulating among the steers. This similarity in clonal relationship and 
antimicrobial resistance of S. Typhimurium vars Copenhagen was reported in a study that 
characterized Salmonella isolates from feedlot cattle (Khaitsa et al, 2007a), humans, and ready 
to eat turkey produce (Oloya et al, 2007, 2009). This could possibly be responsible for the 
spread of such resistant genes among bacteria, a characteristic typical of gram negative 
bacteria. Surveillance of antibiotic resistance, especially of integrons distribution among 
bacteria is therefore critical. The genotypic variation in Salmonella isolated in healthy feedlot 
steers reported in this study plus variation in MDR antibiogram supports previous reports 
that not all MDR salmonella Typhimurium do carry a wide variety of resistance genes 
(Khaitsa et al, 2007a; White, 2005). Additionally, isolates with the same resistance 
phenotypes often had different resistance genotypes, a phenomenon that had been observed 
before by other studies (Frye and Fedorka-Cray, 2007).  
In the study by Tabe et al (2010a), although the prevalence of class 1 and 2 integrons were 
50% (29/58) and 35% (2/58), respectively, more than 90% of the isolates were multidrug 
resistant to Amoxicillin/clavulanic acid, Ampicillin, Chloramphenicol, Streptomycin, 
Sulfizoxazole, and Tetracycline. The lower frequency of class 2 integron relative to class 1 as 
seen in this study could probably result from lower exposure to selective pressure of 
antibiotics among the isolates (Zhao et al, 2005). Additionally, two isolates positive for 
integron 1 had integron 2. These isolates belonged to genotypes I and IV and showed only 
about 67% genomic similarity (Figure 1). Additionally, these isolates were recovered from 
different sampling periods (sampling time one and two respectively). It is important to note 
that, all 29 isolates with integron 1, were susceptible to Amikacin, Cefoxitin, Cetriaxone, 
Ciprofloxacin, Gentamycin, Kanamycin, Nalidixic acid, and Trimethoprim-sulfamethoxazole 
possibly due to the presence of defective resistant genes or the presence of quiescent integrons 
as reported in a previous study (Khaitsa et al, 2008). The fact that integrons 1 and 2 were not 
detected in some of the isolates (n=29), 93% (27/29) which were resistant to two or more of the 
antibiotics, with patterns similar to the positive integron isolates, may be an indication that 
integrons may play a sufficient but not a necessary role in antibiotic resistance in bacteria. 
This observation is similar to what has been reported in a previous study where class 1 
integron was not always involved in the resistance of E. coli isolates to antimicrobial agents 
(Khaitsa et al, 2008). However integrons have been often associated with broad antibiotic 
resistance, even if they do not encode multiple drug resistant determinants (Zhang et al, 
2004). This was also evident in our study as not all integron bearing strains expressed 
resistance to antibiotics. Additionally, it is possible that our PCR analysis as designed in this 
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study missed some large amplicons and most especially integron 2, which contains some 
gene cassettes encoding antibiotic resistance (Zhang et al, 2004). 
The emergence and dissemination of MDR among Salmonella isolates from health cattle may 
have potential adverse implication in public health. Since the first description of class 1 
integron by Stokes and Hall (Stokes, H.W., and R.M. Hall. 1989), integron-mediated 
resistance has been reported in clinical isolates of various organisms including K. 
pneumoniae, K. oxytoka, Pseudomonas aeroginosa, E. coli, C. fruedii and V. cholerae (Orman,et al 
2002;  Sallen et al, 1995). It has been reported (Collis, et al, 2002) that classes 1 and 2 are most 
common in resistant bacteria, and the mobility of these integrons was undoubtedly 

important in facilitating their spread into many different bacterial species. A study 
(Krauland et al, 2009) reported that Salmonella enterica bacteria have become increasingly 
resistant to antimicrobial agents, partly as a result of genes carried on integrons, and that 
clonal expansion and horizontal gene transfer may contribute to the spread of antimicrobial 
drug-resistance integrons in these organisms. Krauland et al (2009) investigated this 
resistance and integron carriage among 90 isolates with the ACSSuT phenotype (resistance 
to ampicillin, chloramphenicol, streptomycin, sulfamethoxazole, and tetracycline) in a global 
collection of S. enterica isolates. Four integrons, dfrA12/orfF/aadA2, dfrA1/aadA1, dfrA7, 
and arr2/blaOXA30/cmlA5/aadA2, were found in genetically unrelated isolates from 8 
countries on 4 continents, which supports a role for horizontal gene transfer in the global 
dissemination of S. enterica multidrug resistance. Serovar Typhimurium isolates containing 
identical integrons with the gene cassettes blaPSE1 and aadA2 were found in 4 countries on 
3 continents, which supports the role of clonal expansion. The study by Krauland et al (2009) 
demonstrated that clonal expansion and horizontal gene transfer contribute to the global 
dissemination of antimicrobial drug resistance in S. enterica. 
The 58 isolates of Salmonella Typhimurium var. Copenhagen reported by Tabe et al (2010a) 
belonged to nine PFGE profiles. Multiple genotypes were frequently observed among 
Salmonella isolated within and between pens sampled in one feedlot in this study (Tabe et al, 
2010a). A similar result was reported by a previous study (Edrington et al., 2004) which 
highlighted the genotypic variation in Salmonella isolated from cattle within a farm and 
among four farms. Another study (Alam et al 2009) that investigated antimicrobial 
susceptibility profiles of 530 Salmonella enterica serotypes recovered from pens of 
commercial feedlot cattle reported tremendous strain diversity and multidrug resistance 
(MDR) among Salmonella recovered. This study determined antimicrobial susceptibility 
profiles, serotype, and presence or absence of the integron-encoded intI1 gene for 530 
Salmonella isolates recovered using composite rope (n = 335), feces (n = 59), and water (n = 
136) samples from 21 pens in 3 feedlots. Most isolates (83.0%) of the 19 Salmonella serotypes 
identified were susceptible or intermediately susceptible to all the antimicrobials evaluated. 
Resistance to sulfisoxazole (14.9%), streptomycin (3.8%), and tetracycline (3.6%) were the 
most common. None of the isolates tested positive for a class 1 integron, and only 2.5% were 
resistant to multiple antimicrobials. All the MDR isolates, namely, serotypes Uganda (n = 9), 
Typhimurium (n = 2), and Give (n = 2), were resistant to at least five antimicrobials. Most 
MDR isolates (n = 11) were from two pens during 1 week within one feedlot. Overall, many 
Salmonella isolates collected within a pen were similar in terms of serotype and 
antimicrobial susceptibility regardless of sample type. However, MDR Salmonella and rare 
serotypes were not recovered frequently enough to suggest a general strategy for 
appropriate composite sampling of feedlot cattle populations for Salmonella detection and 
monitoring. This observation offers an insight into the complexity of the population 
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and other animals (Frech et al., 2003). Another study (NARMS-EB, 2003) reported 
Typhimurium variant Copenhagen as the most predominant serotype accounting for 16.9% 
of the total number of isolates examined by U.S. Department of Agriculture's National 
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Sulfizoxazole, and Tetracycline. The lower frequency of class 2 integron relative to class 1 as 
seen in this study could probably result from lower exposure to selective pressure of 
antibiotics among the isolates (Zhao et al, 2005). Additionally, two isolates positive for 
integron 1 had integron 2. These isolates belonged to genotypes I and IV and showed only 
about 67% genomic similarity (Figure 1). Additionally, these isolates were recovered from 
different sampling periods (sampling time one and two respectively). It is important to note 
that, all 29 isolates with integron 1, were susceptible to Amikacin, Cefoxitin, Cetriaxone, 
Ciprofloxacin, Gentamycin, Kanamycin, Nalidixic acid, and Trimethoprim-sulfamethoxazole 
possibly due to the presence of defective resistant genes or the presence of quiescent integrons 
as reported in a previous study (Khaitsa et al, 2008). The fact that integrons 1 and 2 were not 
detected in some of the isolates (n=29), 93% (27/29) which were resistant to two or more of the 
antibiotics, with patterns similar to the positive integron isolates, may be an indication that 
integrons may play a sufficient but not a necessary role in antibiotic resistance in bacteria. 
This observation is similar to what has been reported in a previous study where class 1 
integron was not always involved in the resistance of E. coli isolates to antimicrobial agents 
(Khaitsa et al, 2008). However integrons have been often associated with broad antibiotic 
resistance, even if they do not encode multiple drug resistant determinants (Zhang et al, 
2004). This was also evident in our study as not all integron bearing strains expressed 
resistance to antibiotics. Additionally, it is possible that our PCR analysis as designed in this 
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study missed some large amplicons and most especially integron 2, which contains some 
gene cassettes encoding antibiotic resistance (Zhang et al, 2004). 
The emergence and dissemination of MDR among Salmonella isolates from health cattle may 
have potential adverse implication in public health. Since the first description of class 1 
integron by Stokes and Hall (Stokes, H.W., and R.M. Hall. 1989), integron-mediated 
resistance has been reported in clinical isolates of various organisms including K. 
pneumoniae, K. oxytoka, Pseudomonas aeroginosa, E. coli, C. fruedii and V. cholerae (Orman,et al 
2002;  Sallen et al, 1995). It has been reported (Collis, et al, 2002) that classes 1 and 2 are most 
common in resistant bacteria, and the mobility of these integrons was undoubtedly 

important in facilitating their spread into many different bacterial species. A study 
(Krauland et al, 2009) reported that Salmonella enterica bacteria have become increasingly 
resistant to antimicrobial agents, partly as a result of genes carried on integrons, and that 
clonal expansion and horizontal gene transfer may contribute to the spread of antimicrobial 
drug-resistance integrons in these organisms. Krauland et al (2009) investigated this 
resistance and integron carriage among 90 isolates with the ACSSuT phenotype (resistance 
to ampicillin, chloramphenicol, streptomycin, sulfamethoxazole, and tetracycline) in a global 
collection of S. enterica isolates. Four integrons, dfrA12/orfF/aadA2, dfrA1/aadA1, dfrA7, 
and arr2/blaOXA30/cmlA5/aadA2, were found in genetically unrelated isolates from 8 
countries on 4 continents, which supports a role for horizontal gene transfer in the global 
dissemination of S. enterica multidrug resistance. Serovar Typhimurium isolates containing 
identical integrons with the gene cassettes blaPSE1 and aadA2 were found in 4 countries on 
3 continents, which supports the role of clonal expansion. The study by Krauland et al (2009) 
demonstrated that clonal expansion and horizontal gene transfer contribute to the global 
dissemination of antimicrobial drug resistance in S. enterica. 
The 58 isolates of Salmonella Typhimurium var. Copenhagen reported by Tabe et al (2010a) 
belonged to nine PFGE profiles. Multiple genotypes were frequently observed among 
Salmonella isolated within and between pens sampled in one feedlot in this study (Tabe et al, 
2010a). A similar result was reported by a previous study (Edrington et al., 2004) which 
highlighted the genotypic variation in Salmonella isolated from cattle within a farm and 
among four farms. Another study (Alam et al 2009) that investigated antimicrobial 
susceptibility profiles of 530 Salmonella enterica serotypes recovered from pens of 
commercial feedlot cattle reported tremendous strain diversity and multidrug resistance 
(MDR) among Salmonella recovered. This study determined antimicrobial susceptibility 
profiles, serotype, and presence or absence of the integron-encoded intI1 gene for 530 
Salmonella isolates recovered using composite rope (n = 335), feces (n = 59), and water (n = 
136) samples from 21 pens in 3 feedlots. Most isolates (83.0%) of the 19 Salmonella serotypes 
identified were susceptible or intermediately susceptible to all the antimicrobials evaluated. 
Resistance to sulfisoxazole (14.9%), streptomycin (3.8%), and tetracycline (3.6%) were the 
most common. None of the isolates tested positive for a class 1 integron, and only 2.5% were 
resistant to multiple antimicrobials. All the MDR isolates, namely, serotypes Uganda (n = 9), 
Typhimurium (n = 2), and Give (n = 2), were resistant to at least five antimicrobials. Most 
MDR isolates (n = 11) were from two pens during 1 week within one feedlot. Overall, many 
Salmonella isolates collected within a pen were similar in terms of serotype and 
antimicrobial susceptibility regardless of sample type. However, MDR Salmonella and rare 
serotypes were not recovered frequently enough to suggest a general strategy for 
appropriate composite sampling of feedlot cattle populations for Salmonella detection and 
monitoring. This observation offers an insight into the complexity of the population 
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dynamics of foodborne pathogens in food animals preharvest and demonstrates their 
variability in terms of shedding and environmental contamination (Edrington et al., 2004). 
In order to reduce the prevalence of foodborne pathogens in food animals at slaughter 
(which could produce significant reductions in the food supply; Hynes et al., 2000), a 
thorough understanding of the population dynamics of Salmonella at the farm level is crucial 
before implementation of pathogen reduction strategies can be expected to be successful 
(Edrington et al., 2004).  

4.1.2 Salmonella from ranch cattle 
The study by Theis et al (2005, 2007) reported a prevalence of Salmonella in ranch cattle of 
7.1%. Other researchers (Dargatz et al., 2000) have reported a lower prevalence (1.4 to 4.5%) 
than that observed by Theis et al (2005, 2007) while others (Fegan et al, 2004) have reported  
Salmonella prevalence as high as 16%. It is possible that the lower prevalence reported by 
Theis et al (2005, 2007) could have been attributed to the smaller sample (N =212) of cattle 
compared to that of other researchers. It is also possible that the time of sampling may have 
influenced the prevalence of Salmonella reported. Seasonal changes have been reported to 
affect Salmonella prevalence. Samples collected during the period of April to June and July to 
September were more likely to be positive than those collected during October to December 
and January to March (Fegan et al, 2004). The study by Theis et al (2005, 2007) was 
conducted from September to November, 2004.  
The Salmonella serotypes identified in beef cattle (Theis et al, 2005, 2007) were Salmonella 
Typhimurium (Copenhagen) (87%) and Salmonella Worthington (13%). The presence of S. 
Typhimurium in cattle and the consequent cross contamination of beef carcass tissue are of 
particular concern as this serotype is one of the most common causes of Salmonella infection 
in developed countries (Gomez et al, 1997). Of the twenty most common Salmonella 
serotypes identified by the Centers for Disease Control and Prevention (CDC) eight 
(Salmonella Typhimurium, Heidelberg, Agona, Montevideo, Braenderup, Enteritidis, Saint 
Paul, and Thompson) are found in both human and non-clinical nonhuman isolates (Chen et 
al, 2004). All 15 Salmonella isolates recovered by Theis et al (2005, 2007) were resistant to 
more than 10 antimicrobials which is an indication that multiple antimicrobial resistance 
was widespread. This should be of concern because of the potential for therapeutic failures. 
Other studies have found various levels of antimicrobial resistance. For example one study 
of Salmonella isolates in food animals found that of the 209 Salmonella isolates tested 112 
(53.6%) were resistant to more than one antimicrobial (Johnson et al., 2005). AMR has been a 
topic of interest in many studies and the results of those studies vary widely. For instance 
one study of AMR patterns of Salmonella isolated from beef cattle (Dargatz et al., 2000) 
showed that all of the 1314 Salmonella isolates tested were susceptible to amikacin, 
cefotaxime, and ciprofloxacin with only 14% susceptible to all antimicrobials tested. The 
remaining 86% showed resistance to at least one antimicrobial agent. The most common 
resistance observed was to tetracycline with ampicillin, and co-amoxiclav was the second 
most common class that the Salmonella serotypes were resistant.  

4.1.3 Salmonella from dairy cattle 
In the study by Khaitsa et al (2004) five out of 30 (17%) of the cattle sampled tested positive 
for Salmonella. This result was similar to what had been reported in other dairies (NAHMS, 
1996; USDA, 2001) with prevalence values ranging from 5.4% to 75%. This result 
demonstrated that dairies are a potential source of Salmonella for susceptible animals/humans. 
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The United States National Animal Health Monitoring System's Dairy ’96 study reported 54% 
of milk cows shed Salmonella and 275% of dairy operations had at least one cow shedding 
Salmonella [Wells et al, 1998; NAHMS, 1996]. Salmonella has been isolated from all ages of dairy 
cattle and throughout the production process. Mature dairy cattle typically appear 
asymptomatic while shedding this pathogen in their faeces (Richardson, 1975; McDonough, 
1986; Edrington, 2004; Edrington et al, 2004) and while young calves are more susceptible to 
salmonellosis, cases in adult cattle have been reported (Gay and Hunsaker, 1993; Anderson, 
1997;  Sato, 2001). Previous research demonstrated significant variation in the prevalence of 
faecal Salmonella in healthy, lactating dairy cattle, not only among farms across the United 
States (Edrington et al, 2008) but also in farms within a small geographic area and in 
individual farms from season to season (Edrington et al, 2004 ) . Additional research 
examined production parameters (heifers vs. mature cows, lactation status, stage of lactation 
and heat stress) on Salmonella prevalence (Edrington, 2004; Fitzgerald et al, 2003). While 
minor differences were noted in Salmonella shedding, results were generally inconsistent 
with no significant trends noted.  
As part of a national study of US dairy operations, another study (Blau et al 2005) conducted 
between March and September 2002, in 97 dairy herds in 21 states reported an overall 
prevalence of 7.3% of fecal samples that were culture positive for Salmonella. In another 
study of dairy cattle (Warnick et al. 2003) , Salmonella was isolated from 9.3% of 4049 fecal 
samples collected from a 2 months study of 12 dairy herds originating from Michigan, 
Minnesota, New York and Wisconsin(Warnick et al, 2003). Also, Fossler et al (2004) sampled 
dairy cattle to describe the occurrence of fecal shedding, persistence of shedding over time, 
and serogroup classification of Salmonella spp on a large number of dairy farms of various 
sizes. The design was that of a longitudinal study and the sample population comprised 
22,417 fecal samples from cattle and 4,570 samples from the farm environment on 110 
organic and conventional dairy farms in Minnesota, Wisconsin, Michigan, and NewYork. 
Five visits were made to each farm at 2-month intervals from August 2000 to October 2001. 
Fecal samples from healthy cows, calves, and other targeted cattle groups and samples from 
bulk tank milk, milk line filters, water, feed sources, and pen floors were collected at each 
visit. Salmonella spp were isolated from 4.8% of fecal samples and 5.9% of environmental 
samples; 92.7% of farms had at least 1 Salmonella-positive sample. 
Results from the various studies conducted indicated some variability in the prevalence of 
fecal shedding of Salmonella among the different cattle and production systems sampled 
possibly due to several factors such as state of origin, treatment with antimicrobials, herd 
size and season that have previously been reported (Fossler et al, 2005). The study by Fossler 
et al (2005)  that investigated environmental sample-level factors associated with the 
presence of Salmonella in a multi-state study of conventional and organic dairy farms 
reported that State of origin was associated with the presence of Salmonella in samples from 
cattle and the farm environment; Midwestern states were more likely to have Salmonella-
positive samples compared to New York. Cattle treated with antimicrobials within 14 days 
of sampling were more likely to be Salmonella-negative compared with nontreated cattle 
(OR=2.0, 95% CI: 1.1, 3.4). Farms with at least 100 cows were more likely to have Salmonella-
positive cattle compared with smaller farms (OR=2.6, 95% CI: 1.4, 4.6). Season was 
associated with Salmonella shedding in cattle, and compared to the winter period, summer 
had the highest odds for shedding (OR=2.4, 95% CI: 1.5, 3.7), followed by fall (OR=1.9, 95% 
CI: 1.2, 3.1) and spring (OR=1.8, 95% CI: 1.2, 2.6). Environmental samples significantly more 
likely to be Salmonella-positive (compared to bulk tank milk) included, in descending order, 
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dynamics of foodborne pathogens in food animals preharvest and demonstrates their 
variability in terms of shedding and environmental contamination (Edrington et al., 2004). 
In order to reduce the prevalence of foodborne pathogens in food animals at slaughter 
(which could produce significant reductions in the food supply; Hynes et al., 2000), a 
thorough understanding of the population dynamics of Salmonella at the farm level is crucial 
before implementation of pathogen reduction strategies can be expected to be successful 
(Edrington et al., 2004).  

4.1.2 Salmonella from ranch cattle 
The study by Theis et al (2005, 2007) reported a prevalence of Salmonella in ranch cattle of 
7.1%. Other researchers (Dargatz et al., 2000) have reported a lower prevalence (1.4 to 4.5%) 
than that observed by Theis et al (2005, 2007) while others (Fegan et al, 2004) have reported  
Salmonella prevalence as high as 16%. It is possible that the lower prevalence reported by 
Theis et al (2005, 2007) could have been attributed to the smaller sample (N =212) of cattle 
compared to that of other researchers. It is also possible that the time of sampling may have 
influenced the prevalence of Salmonella reported. Seasonal changes have been reported to 
affect Salmonella prevalence. Samples collected during the period of April to June and July to 
September were more likely to be positive than those collected during October to December 
and January to March (Fegan et al, 2004). The study by Theis et al (2005, 2007) was 
conducted from September to November, 2004.  
The Salmonella serotypes identified in beef cattle (Theis et al, 2005, 2007) were Salmonella 
Typhimurium (Copenhagen) (87%) and Salmonella Worthington (13%). The presence of S. 
Typhimurium in cattle and the consequent cross contamination of beef carcass tissue are of 
particular concern as this serotype is one of the most common causes of Salmonella infection 
in developed countries (Gomez et al, 1997). Of the twenty most common Salmonella 
serotypes identified by the Centers for Disease Control and Prevention (CDC) eight 
(Salmonella Typhimurium, Heidelberg, Agona, Montevideo, Braenderup, Enteritidis, Saint 
Paul, and Thompson) are found in both human and non-clinical nonhuman isolates (Chen et 
al, 2004). All 15 Salmonella isolates recovered by Theis et al (2005, 2007) were resistant to 
more than 10 antimicrobials which is an indication that multiple antimicrobial resistance 
was widespread. This should be of concern because of the potential for therapeutic failures. 
Other studies have found various levels of antimicrobial resistance. For example one study 
of Salmonella isolates in food animals found that of the 209 Salmonella isolates tested 112 
(53.6%) were resistant to more than one antimicrobial (Johnson et al., 2005). AMR has been a 
topic of interest in many studies and the results of those studies vary widely. For instance 
one study of AMR patterns of Salmonella isolated from beef cattle (Dargatz et al., 2000) 
showed that all of the 1314 Salmonella isolates tested were susceptible to amikacin, 
cefotaxime, and ciprofloxacin with only 14% susceptible to all antimicrobials tested. The 
remaining 86% showed resistance to at least one antimicrobial agent. The most common 
resistance observed was to tetracycline with ampicillin, and co-amoxiclav was the second 
most common class that the Salmonella serotypes were resistant.  

4.1.3 Salmonella from dairy cattle 
In the study by Khaitsa et al (2004) five out of 30 (17%) of the cattle sampled tested positive 
for Salmonella. This result was similar to what had been reported in other dairies (NAHMS, 
1996; USDA, 2001) with prevalence values ranging from 5.4% to 75%. This result 
demonstrated that dairies are a potential source of Salmonella for susceptible animals/humans. 
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The United States National Animal Health Monitoring System's Dairy ’96 study reported 54% 
of milk cows shed Salmonella and 275% of dairy operations had at least one cow shedding 
Salmonella [Wells et al, 1998; NAHMS, 1996]. Salmonella has been isolated from all ages of dairy 
cattle and throughout the production process. Mature dairy cattle typically appear 
asymptomatic while shedding this pathogen in their faeces (Richardson, 1975; McDonough, 
1986; Edrington, 2004; Edrington et al, 2004) and while young calves are more susceptible to 
salmonellosis, cases in adult cattle have been reported (Gay and Hunsaker, 1993; Anderson, 
1997;  Sato, 2001). Previous research demonstrated significant variation in the prevalence of 
faecal Salmonella in healthy, lactating dairy cattle, not only among farms across the United 
States (Edrington et al, 2008) but also in farms within a small geographic area and in 
individual farms from season to season (Edrington et al, 2004 ) . Additional research 
examined production parameters (heifers vs. mature cows, lactation status, stage of lactation 
and heat stress) on Salmonella prevalence (Edrington, 2004; Fitzgerald et al, 2003). While 
minor differences were noted in Salmonella shedding, results were generally inconsistent 
with no significant trends noted.  
As part of a national study of US dairy operations, another study (Blau et al 2005) conducted 
between March and September 2002, in 97 dairy herds in 21 states reported an overall 
prevalence of 7.3% of fecal samples that were culture positive for Salmonella. In another 
study of dairy cattle (Warnick et al. 2003) , Salmonella was isolated from 9.3% of 4049 fecal 
samples collected from a 2 months study of 12 dairy herds originating from Michigan, 
Minnesota, New York and Wisconsin(Warnick et al, 2003). Also, Fossler et al (2004) sampled 
dairy cattle to describe the occurrence of fecal shedding, persistence of shedding over time, 
and serogroup classification of Salmonella spp on a large number of dairy farms of various 
sizes. The design was that of a longitudinal study and the sample population comprised 
22,417 fecal samples from cattle and 4,570 samples from the farm environment on 110 
organic and conventional dairy farms in Minnesota, Wisconsin, Michigan, and NewYork. 
Five visits were made to each farm at 2-month intervals from August 2000 to October 2001. 
Fecal samples from healthy cows, calves, and other targeted cattle groups and samples from 
bulk tank milk, milk line filters, water, feed sources, and pen floors were collected at each 
visit. Salmonella spp were isolated from 4.8% of fecal samples and 5.9% of environmental 
samples; 92.7% of farms had at least 1 Salmonella-positive sample. 
Results from the various studies conducted indicated some variability in the prevalence of 
fecal shedding of Salmonella among the different cattle and production systems sampled 
possibly due to several factors such as state of origin, treatment with antimicrobials, herd 
size and season that have previously been reported (Fossler et al, 2005). The study by Fossler 
et al (2005)  that investigated environmental sample-level factors associated with the 
presence of Salmonella in a multi-state study of conventional and organic dairy farms 
reported that State of origin was associated with the presence of Salmonella in samples from 
cattle and the farm environment; Midwestern states were more likely to have Salmonella-
positive samples compared to New York. Cattle treated with antimicrobials within 14 days 
of sampling were more likely to be Salmonella-negative compared with nontreated cattle 
(OR=2.0, 95% CI: 1.1, 3.4). Farms with at least 100 cows were more likely to have Salmonella-
positive cattle compared with smaller farms (OR=2.6, 95% CI: 1.4, 4.6). Season was 
associated with Salmonella shedding in cattle, and compared to the winter period, summer 
had the highest odds for shedding (OR=2.4, 95% CI: 1.5, 3.7), followed by fall (OR=1.9, 95% 
CI: 1.2, 3.1) and spring (OR=1.8, 95% CI: 1.2, 2.6). Environmental samples significantly more 
likely to be Salmonella-positive (compared to bulk tank milk) included, in descending order, 
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were; samples from sick pens (OR=7.4, 95% CI: 3.4, 15.8), manure storage areas (OR=6.4, 
95% CI: 3.5, 11.7), maternity pens (OR=4.2, 95% CI: 2.2, 8.1), hair coats of cows due to be 
culled (OR=3.9, 95% CI: 2.2, 7.7), milk filters (OR=3.3, 95% CI: 1.8, 6.0), cow waterers 
(OR=2.8, 95% CI: 1.4, 5.7), calf pens (OR=2.7, 95% CI: 1.3, 5.3), and bird droppings from cow 
housing (OR=2.4, 95% CI: 1.3, 4.4). Parity, stage of lactation, and calf age were not associated 
with Salmonella shedding. Another study (Fitzgerald et al, 2003)    
that examined factors affecting fecal shedding of Salmonella in dairy cattle reported that 
multiparous lactating cows tended to shed more (P = 0.06) Salmonella than primiparous 
lactating cows (39% vs 27%, respectively), and that parity did not influence (P > 0.10) 
Salmonella shedding in non lactating cows. Unfortunately, information on parity of the cows 
in Khaitsa et al (2004) was not obtained so comparisons of Salmonella prevalence by parity 
could not be made.  
The fact that Salmonella isolates recovered by Khaitsa et al (2004) were resistant to more than 
10 out of the 20 antimicrobials tested was a concern. Dairy cattle serve as an important 
reservoir for Salmonella and have been implicated in cases of human salmonellosis [CDC, 
2003]. In the study by Edrington et al (2008), seven and nine different Salmonella serotypes 
were identified in the healthy and sick dairy cattle, respectively. The serotypes Senftenberg 
and Kentucky were not detected in any of the healthy cattle and accounted for 34% of the 
sick isolates. No differences in antimicrobial susceptibility patterns were observed in any the 
Salmonella isolates from sick and healthy cattle. Isolates were susceptible to all antimicrobials 
examined with the exception of spectinomycin, with three and five isolates resistant in the 
healthy and diarrhoeic groups, respectively. PFGE was used to compare the genetic 
relatedness of isolates cultured from the faecal samples of healthy and sick cattle. Seventeen 
serotypes representing 84 isolates were examined. No genotypic differences were noted 
when comparing sick vs. healthy isolates However, multiple genotypes within serotype 
were observed for a number of the isolates examined. 

4.1.4 Salmonella from bison 
Salmonella prevalence of 15% reported in the bison herd was comparable to that reported in 
cattle herds  (Beach et al, 2002; Huston et al, 2002; Warnick et al, 2003) and other livestock 
(Branham et al, 2005) from the US. This is an indication that Salmonella prevalence in bison 
may be more widespread than is currently known. Unfortunately, not many studies of 
Salmonella occurrence in bison have been reported; it is possible, Khaitsa et al (2008) was 
the first of such studies reported. A cross-sectional study of 212 cattle from 7 cow-calf 
operations in North Dakota reported Salmonella spp. shedding point prevalence of 7% (15 of 
212) of cattle sampled (Theis, 2006). This prevalence was similar to that reported for bison 
given the limitation of number of animals sampled in both studies. It is also possible that the 
time of sampling may have influenced the prevalence of Salmonella reported. Seasonal 
changes have been reported to affect prevalence of Salmonella fecal shedding in cattle 
(Dargatz et al, 2003). Samples collected during the period of April to June and July to 
September were more likely to be positive than those collected during October to December 
and January to March (Dargatz et al, 2003). In this study we sampled bison in June 2005 
while Theis (2006) sampled cattle from September to November, 2004. Another longitudinal 
study (Branham et al, 2005) that assessed Salmonella spp. presence in white-tailed deer 
(Odocoileus virginianus) and livestock simultaneously grazing the same rangeland, reported 
Salmonella prevalence of  2/26 (7.69%) and 6/82 (7.32%) in deer and sheep, respectively, and 
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a lower prevalence of (3/81 (3.70%), and 1/80 (1.25%) in goats and cattle, respectively, all 
from samples taken in September.  
The Salmonella isolated from bison feces (Khaitsa et al, 2008) belonged to the serotypes 
Salmonella Typhimurium (Copenhagen) and Salmonella Worthington. This was not a total 
surprise since bovine are a common source of Salmonella Typhimurium (Cray et al, 2006). It 
is interesting to note that the same serotypes, Salmonella Typhimurium (Copenhagen) and 
Salmonella Worthington, were recovered from cattle on cow-calf operations in North Dakota 
during the same year35 (Theis, 2006). However, a larger study of beef cattle (Beach et al 
2002), reported that the five serotypes most commonly associated with feedlot cattle and 
their environment were Salmonella Anatum (18.3% of the isolates), Salmonella Kentucky 
(17.5%), Salmonella Montevideo (9.2%), Salmonella Senftenberg (8.3%), and Salmonella 
Mbandaka (7.5%). The five serotypes most commonly associated with nonfeedlot cattle and 
their environment were Salmonella Kentucky (35.4%), Salmonella Montevideo (21.7%). 
Salmonella Cerro (7.5%), Salmonella Anatum (6.8%), and Salmonella Mbandaka (5.0%) 
(Beach et al 2002).  
Other studies9, (Edrington et al 2004) have reported different Salmonella serotypes recovered 
from cattle originating from other states, possibly due to regional differences. In one study 
(Edrington et al 2004)9 mature dairy cattle were sampled over a 2-year period (2001-2002) on 
six farms in New Mexico and Texas. Fecal samples (n = 1560) were collected via rectal 
palpation and cultured for Salmonella, and one isolate from each positive sample was 
serotyped. Twenty-two different serotypes were identified from a total of 393 Salmonella 
isolates. Montevideo was the predominant serotype (27%) followed by Mbandaka (15%), 
Senftenberg (11.4%), Newport (6.4%), Anatum (4.8%), and Give (4.8%). Salmonella 
Typhimurium and Dublin, two frequently reported serotypes, accounted for only 1% of the 
observed serotypes in this study. A national Salmonella study of 97 dairy herds in 21 states in 
the US reported Salmonella Meleagridis (24.1%), Salmonella Montevideo (11.9%), and 
Salmonella Typhimurium (9.9%) as the three most frequently recovered serotypes (Blau et al 
2005). It is noteworthy that Salmonella enterica serovar Hadar was the major Salmonella 
serotype isolated from processed bison carcasses originating in the same region as our 
sampled animals25 (Li et al, 2006). In the absence of studies that correlate recovery of 
Salmonella from the same bison pre and post-harvest, it is difficult to ascertain the sources of 
contamination of bison carcasses post-harvest.  
In the study Khaitsa et al (2008) both Salmonella isolates were susceptible to at least 6 
antimicrobials on the panel including the cephalosporin - ceftiofur and the 
quinolone/fluoroquinolone - enrofloxacin that are clinically important. However, both isolates 
(100%) demonstrated widespread multi-drug resistance (resitance to ≥ 13 antimicrobials) in a 
panel of 20.antimicrobials with resistance most frequently to tetracycline, streptomycin, 
and/or ampicillin). In a larger study (Dargatz et al 2003) of 73 feedlots in 12 states the 
antimicrobial resistance patterns of Salmonella spp recovered were determined. The 
susceptibilities of all isolates were determined using a panel of 17 antimicrobials. The 
majority of isolates (62.8%, 441/702) were sensitive to all of the antimicrobials tested. 
Resistance was most frequently observed to tetracycline (35.9%, 252/702) followed by 
streptomycin (11.1%, 78/702), ampicillin (10.4%, 73/702) and chloramphenicol (10.4%, 
73/702). Multiple resistance (resistance to > or =2 antimicrobials) was observed for 11.7% 
(82/702) of the isolates. However, overall, most of the Salmonella isolates were sensitive to all 
the antimicrobials tested. Interestingly, antimicrobial testing of Salmonella enterica serovar 
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were; samples from sick pens (OR=7.4, 95% CI: 3.4, 15.8), manure storage areas (OR=6.4, 
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could not be made.  
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and Kentucky were not detected in any of the healthy cattle and accounted for 34% of the 
sick isolates. No differences in antimicrobial susceptibility patterns were observed in any the 
Salmonella isolates from sick and healthy cattle. Isolates were susceptible to all antimicrobials 
examined with the exception of spectinomycin, with three and five isolates resistant in the 
healthy and diarrhoeic groups, respectively. PFGE was used to compare the genetic 
relatedness of isolates cultured from the faecal samples of healthy and sick cattle. Seventeen 
serotypes representing 84 isolates were examined. No genotypic differences were noted 
when comparing sick vs. healthy isolates However, multiple genotypes within serotype 
were observed for a number of the isolates examined. 
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(Branham et al, 2005) from the US. This is an indication that Salmonella prevalence in bison 
may be more widespread than is currently known. Unfortunately, not many studies of 
Salmonella occurrence in bison have been reported; it is possible, Khaitsa et al (2008) was 
the first of such studies reported. A cross-sectional study of 212 cattle from 7 cow-calf 
operations in North Dakota reported Salmonella spp. shedding point prevalence of 7% (15 of 
212) of cattle sampled (Theis, 2006). This prevalence was similar to that reported for bison 
given the limitation of number of animals sampled in both studies. It is also possible that the 
time of sampling may have influenced the prevalence of Salmonella reported. Seasonal 
changes have been reported to affect prevalence of Salmonella fecal shedding in cattle 
(Dargatz et al, 2003). Samples collected during the period of April to June and July to 
September were more likely to be positive than those collected during October to December 
and January to March (Dargatz et al, 2003). In this study we sampled bison in June 2005 
while Theis (2006) sampled cattle from September to November, 2004. Another longitudinal 
study (Branham et al, 2005) that assessed Salmonella spp. presence in white-tailed deer 
(Odocoileus virginianus) and livestock simultaneously grazing the same rangeland, reported 
Salmonella prevalence of  2/26 (7.69%) and 6/82 (7.32%) in deer and sheep, respectively, and 
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The Salmonella isolated from bison feces (Khaitsa et al, 2008) belonged to the serotypes 
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surprise since bovine are a common source of Salmonella Typhimurium (Cray et al, 2006). It 
is interesting to note that the same serotypes, Salmonella Typhimurium (Copenhagen) and 
Salmonella Worthington, were recovered from cattle on cow-calf operations in North Dakota 
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2002), reported that the five serotypes most commonly associated with feedlot cattle and 
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(17.5%), Salmonella Montevideo (9.2%), Salmonella Senftenberg (8.3%), and Salmonella 
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Other studies9, (Edrington et al 2004) have reported different Salmonella serotypes recovered 
from cattle originating from other states, possibly due to regional differences. In one study 
(Edrington et al 2004)9 mature dairy cattle were sampled over a 2-year period (2001-2002) on 
six farms in New Mexico and Texas. Fecal samples (n = 1560) were collected via rectal 
palpation and cultured for Salmonella, and one isolate from each positive sample was 
serotyped. Twenty-two different serotypes were identified from a total of 393 Salmonella 
isolates. Montevideo was the predominant serotype (27%) followed by Mbandaka (15%), 
Senftenberg (11.4%), Newport (6.4%), Anatum (4.8%), and Give (4.8%). Salmonella 
Typhimurium and Dublin, two frequently reported serotypes, accounted for only 1% of the 
observed serotypes in this study. A national Salmonella study of 97 dairy herds in 21 states in 
the US reported Salmonella Meleagridis (24.1%), Salmonella Montevideo (11.9%), and 
Salmonella Typhimurium (9.9%) as the three most frequently recovered serotypes (Blau et al 
2005). It is noteworthy that Salmonella enterica serovar Hadar was the major Salmonella 
serotype isolated from processed bison carcasses originating in the same region as our 
sampled animals25 (Li et al, 2006). In the absence of studies that correlate recovery of 
Salmonella from the same bison pre and post-harvest, it is difficult to ascertain the sources of 
contamination of bison carcasses post-harvest.  
In the study Khaitsa et al (2008) both Salmonella isolates were susceptible to at least 6 
antimicrobials on the panel including the cephalosporin - ceftiofur and the 
quinolone/fluoroquinolone - enrofloxacin that are clinically important. However, both isolates 
(100%) demonstrated widespread multi-drug resistance (resitance to ≥ 13 antimicrobials) in a 
panel of 20.antimicrobials with resistance most frequently to tetracycline, streptomycin, 
and/or ampicillin). In a larger study (Dargatz et al 2003) of 73 feedlots in 12 states the 
antimicrobial resistance patterns of Salmonella spp recovered were determined. The 
susceptibilities of all isolates were determined using a panel of 17 antimicrobials. The 
majority of isolates (62.8%, 441/702) were sensitive to all of the antimicrobials tested. 
Resistance was most frequently observed to tetracycline (35.9%, 252/702) followed by 
streptomycin (11.1%, 78/702), ampicillin (10.4%, 73/702) and chloramphenicol (10.4%, 
73/702). Multiple resistance (resistance to > or =2 antimicrobials) was observed for 11.7% 
(82/702) of the isolates. However, overall, most of the Salmonella isolates were sensitive to all 
the antimicrobials tested. Interestingly, antimicrobial testing of Salmonella enterica serovar 
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Hadar recovered from bison carcasses originating from the same region as our sample bison 
also demonstrated resistance to tetracycline, gentamicin, sulfamethoxazole, and 
streptomycin25, results that were quite similar to what we reported for isolates from 
apparently healthy bison. Additionally, both isolates recovered in our study were susceptible 
to apramycin. In comparison with human isolates, of the 2613 isolates tested in 1999-2000 at 
the 17 public health laboratories participating in NARMS, 26% (679) were resistant to >1 agent; 
21% (546) were multidrug resistant (resistant to >2 agents)1 (Angulo et al, 2001). Three 
multidrug resistant strains accounted for 10% (263/2613) of all Salmonella isolates, 38% 
(263/679) of the resistant isolates and 48% (263/546) of the multidrug resistant isolates. In 
particular, 30% (162/546) of multidrug resistant Salmonella were S. Typhimurium R-type 
ACSSuT, 12% (63/546) were S. Typhimurium R-type AKSSuT, and 7% (38/546) were S. 
Newport R-type ACSSuT; no other multidrug resistant patterns accounted for more than 5% 
of multidrug resistant Salmonellae.  
It was interesting to note that in spite of the reports that antibiotics were not routinely used 
in the study herd, and that no other animals were raised on the farm together with the 
bison, antimicrobial resistance was detected in the Salmonella isolates recovered. It is 
possible that since the animals were not housed, and the pasture was not completely fenced, 
wild life, birds and other domestic livestock had access to the animals. It is possible 
therefore that even when antibiotics were not used in the bison, Salmonella isolated from the 
bison could have acquired resistance through horizontal transfer from other multidrug 
resistant organisms originating from wild life, birds or other domestic livestock that had 
access to the bison. Hoyle et al., 2005 discuss the problem of possible transfer of resistance, 
which may occur horizontally or vertically from enteric organisms such as Salmonella to 
other organisms. Many pathogenic and commensal organisms are multidrug resistant due 
to exposure to various antibiotics. Often, this antimicrobial resistance is encoded by 
integrons that occur on plasmids or that are integrated into the bacterial chromosome. 
Integrons are commonly associated with bacterial genera in the family Enterobacteriaceae 
(Goldstein et al 2001). Most of the resistance integrons found to date in clinical isolates of 
Enterobacteriaceae are class 1 integrons, which are highly associated with resistance to 
antimicrobial agents (Norrby 2005). Multi-drug resistant phenotypes have been associated 
with large, transferable plasmids such as integrons (Schoeder et al 2003). These plasmids are 
stable, transfer readily to other microorganisms in the same environment, and often contain 
cassettes encoding resistance to one or more classes of antimicrobials (Schoeder et al 2003) 
thus, resistance to an antimicrobial not routinely used in clinical medicine can mean 
resistance to one that is (Schoeder et al 2003). This finding has implications for animal and 
public health due to the potential for failure to treat some infections in animals and humans 
with the drugs that are currently on the market. 

4.2 Salmonella from meats 
In the study by Khaitsa et al (2007b) that investigated the occurrence of Salmonella in raw 
and ready to eat turkey meat products, in 959 turkey meat products (raw, n =614; and ready 
to eat (RTE), n = 345) purchased from four retail outlets in the Midwestern United States, 
overall, Salmonella was detected in 2.4% (23 of 959) of the retail meat samples with most 5% 
(16/329), recovered from raw meats and only 1% (7/607) from ready to eat meat samples. 
This finding was significant as it demonstrated that control strategies for this pathogen post-
production are meeting with some success. However, recovery of Salmonella from the ready 
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to eat meat products was a concern as it indicated that control strategies for this pathogen 
post-processing in these ready to eat turkey products was not completely successful. This 
may be attributed to the way the meats are handled after processing (CDC, 1998).  
Other researchers have reported similar low recovery of Salmonella in retail meats (Ono, 
1999; , Mayrhofer et al, 2004, Whyte et al, 2004, Zhao et al, 2001). It was also reported that 
among raw turkey meat products, ground turkey had higher Salmonella contamination rates 
than whole turkey or other turkey parts (drumsticks, thighs, breast, breast cutlets, wings, 
breakfast link, bratwurst, sausage and bacon). This was not a total surprise as ground turkey 
samples have traditionally had higher food borne pathogens compared to whole turkey or 
turkey parts (Cloak et al, 2001). This is possibly due to the fact that ground turkey is an 
amalgamation of large numbers of meat parts from different sources that are eventually 
ground together. Salmonella contamination of poultry meat has been reported to be seasonal 
with higher prevalence in summer than other seasons (Wallace et al, 1997). Although 
Salmonella recovery was reported to be higher in spring than winter, the study was limited 
in that it spanned over a period of only 6 months so could not possibly provide us with the 
best estimates of seasonal occurrence of Salmonella. 
While some previous researchers (Zhao et al, 2001) reported similar Salmonella prevalence 
(4.2%) to ours, others (Soultos et al, 2003) reported lower levels. Low Salmonella incidence 
rates in chicken of 1.5% were reported by Soultos et al (2003). Another study (Zhao et al, 
2006) of Salmonella from retail foods of animal origin reported a higher prevalence (6%) than 
what we observed. However, the Salmonella distribution within the meat products was 
similar to ours, with ground turkey and chicken having the highest Salmonella 
contamination rates; overall, six percent of 6,046 retail meat samples (n = 365) were 
contaminated with Salmonella, the bulk recovered from either ground turkey (52%) or 
chicken breast (39%). There are other studies that have reported higher Salmonella 
prevalence (16.4% to 35.8%) than reported here (Domínguez et al, 2002;  Duffy et al, 199;  
Mayrhofer et al, 2004, White et al, 2001). In one study (White et al, 2001), 200 meat samples 
were processed and 41 (20 percent) contained Salmonella, with a total of 13 serotypes. The 
majority of Salmonella isolates (61.5%) in the Khaitsa et al (2007b) study were recovered from 
ground turkey. In the study by Kegode et al (2008), Salmonella prevalence was 3% (13/ 456) 
of all retail meat samples. The Salmonella contamination rate for chicken was 4.1% (5/123), 
which is strikingly similar to what Zhao et al (2001) reported for grocery stores in the 
Washington, DC metropolitan area. In that study, Salmonella was isolated from 3.0% of the 
825 meat samples, and chicken had a Salmonella contamination rate of 4.2%. Furthermore, 
the percentage of Salmonella recovered in the assorted turkey and chicken parts was similar 
to findings of the larger FoodNet study conducted in 2002 to 2003 (Zhao et al, 2006). Kegode 
et al (2008) did not report any Salmonella from beef and pork products tested. 
Recovery of Salmonella from the retail meat products was not influenced by the store type 
(Khaitsa et al, 2007b). The possible explanations for this finding include; similar product 
batches within stores, the location of stores within one city, low number of stores 
sampled, short sampling time and the relatively smaller number of samples tested. It is 
possible that the relatively low prevalence of Salmonella recovered from our study 
hindered our ability to detect a significant difference among the stores. Also, the relatively 
smaller number of stores in our study (5 compared to 58 in that study (Zhao et al, 2001) 
may have explained the difference in results.  
Khaitsa et al (2007b) reported the predominant Salmonella serotype in retail meats as S. 
heidelberg (30.8%) followed by S. kentucky (15.4%). Studies have reported different serotypes 
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Hadar recovered from bison carcasses originating from the same region as our sample bison 
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particular, 30% (162/546) of multidrug resistant Salmonella were S. Typhimurium R-type 
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hindered our ability to detect a significant difference among the stores. Also, the relatively 
smaller number of stores in our study (5 compared to 58 in that study (Zhao et al, 2001) 
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and proportions recovered from meat products. One study found that S. heidelberg was 
predominant in chicken, S. Montevideo in beef, S. hadar in turkey and S. derby in pork 
(Schlosser et al, 2000). The three major Salmonella serotypes (Heidelberg, Typhimurium and 
Kentucky) reported by Kegode et al (2008) were similar to major serotypes reported by the 
larger studies conducted by FoodNet and others (Zhao et al, 2001; CDC, 2005; CDC, 2006). 
For example, in 2005, the Salmonella serotypes accounting for 56% of human infections 
included Typhimurium (20%), Enteritidis (15%), Newport (10%), Javiana (7%), and 
Heidelberg (5%) (CDC, 2006). Another study found the predominant serotype to be S. 
typhimurium var Copenhagen (Sorensen et al, 2002). Other studies have reported the 
predominant serotype to be S. enteritidis (Domínguezet al, 2002; Mayrhofer et, 2004), S. 
bredeney (Duffy et al, 1999) and S. anatum (Mrema et al, 2006). The different results may 
reflect the different meat types examined (meat cuts vs ground meat) or different 
geographic locations of sampling. Regional variation in predominant serotypes of bacterial 
foodborne pathogens has previously been reported (CDC, 1998). 
In the study by Tumuhairwe et al, 2007) that investigated the temporal and spatial 
distribution of 1465 salmonellosis outbreaks involving 49/50 states in the US , overall, when 
the incidence rates were computed, the states with higher rates were not necessarily those 
with higher outbreak occurrences, an indication that these states probably had better 
reporting systems. Membership in FoodNet (US federal agency that actively monitors seven 
foodborne disease trends including Salmonella) may have explained the comparatively large 
number of reports originating from California, Maryland, and New York. The four major 
Salmonella serotypes commonly isolated in humans in the US are: S. Enteritidis, S. 
Typhimurium, S. Heidelberg and S. Newport; Three of these serotypes (S. Enteritidis, S. 
Heidelberg and S. Newport) were the most implicated in both TMAOs and SOOVs 
compared to the other serotypes. Additionally, S. Reading was frequently isolated in 
TMAOs in this study. This observation was in agreement with other studies (CDC, 2005; 
CDC, 2006) that have cited S. Reading as a common serotype in turkey meats. Also, it is 
interesting to note that S. Reading and S. Heidelberg were among the serotypes recovered 
from turkey farms and their environment, where S. Heidelberg was relatively more 
common in both humans and turkeys than S. Reading. 
The Centers for Disease Control Foodborne Diseases Active Surveillance Network 
(FoodNet) data indicate that outbreaks and clusters of food-borne infections peak during the 
warmest months of the year (CDC, 2006). Additionally, some studies have shown that the 
rate of microbial contamination of food products follows the same trend (CDC, 2003; CDC, 
2006). Since our study was conducted during the warmest months of the year, the 
prevalence estimates of the food-borne pathogens obtained should be fairly representative 
of their true estimate. One limitation of the study was that we could not evaluate the 
seasonality of microbial contamination of retail meats due to the short sampling period; the 
study was conducted only during one season (summer). It has been suggested that future 
food safety studies focusing on seasonality components of microbial contamination of retail 
meats may require larger sample sizes and longer analysis periods (Zhao et al, 2006. Also, 
the location of sampling, the relatively smaller number of samples tested and low number of 
stores sampled may have influenced the results of this study. S. Heidelberg was the 
predominant serotype identified (23%), followed by S. Saintpaul (12%), S. Typhimurium 
(11%), and S. Kentucky (10%). Overall, resistance was most often observed to tetracycline 
(40%), streptomycin (37%), ampicillin (26%), and sulfamethoxazole (25%). Twelve percent of 
isolates were resistant to cefoxitin and ceftiofur, though only one isolate was resistant to 
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ceftriaxone. All isolates were susceptible to amikacin and ciprofloxacin; however, 3% of 
isolates were resistant to nalidixic acid and were almost exclusive to ground turkey samples 
(n = 11/12). All Salmonella isolates were analyzed for genetic relatedness using pulsed-field 
gel electrophoresis (PFGE) patterns generated by digestion with Xba1 or Xba1 plus Bln1. 
PFGE fingerprinting profiles showed that Salmonella, in general, were genetically diverse 
with a total of 175 Xba1 PFGE profiles generated from the 365 isolates. PFGE profiles 
showed good correlation with serotypes and in some instances, antimicrobial resistance 
profiles. Results demonstrated a varied spectrum of antimicrobial resistance and PFGE 
patterns, including several multidrug resistant clonal groups among Salmonella isolates, 
and signify the importance of sustained surveillance of foodborne pathogens in retail meats. 
(Zhao et al, 2006). 

4.3 Salmonella from clinical cases of animals and humans 
In the study by Oloya et al (2007), more Salmonella isolates were recovered from feces of 
apparently healthy feedlot cattle (25.8%) than range or beef cattle (3.9%) or dairy (1.2%) 
cattle. A similar Salmonella prevalence in feedlot cattle had been reported before and been 
attributed to low hygiene in feedlots (Vanselow et al. 2007; Khaitsa et al. 2007a). Also, 
previous reports of Salmonella prevalence in range cattle (Ranta et al. 2005) and dairy cattle 
(Sorensen et al. 2003; Huston et al. 2002) have been comparable to what is reported by this 
study, and have been consistently lower than in feedlot cattle. However, the isolation of 
Salmonella in sick or dead cattle (13.6%) and sick humans (41.2%) was indicative of its 
increasing role in causing disease in both groups of hosts (Besser et al. 2000; Padungtod and 
Kaneene 2006). Previous studies have reported lower prevalence of salmonellosis in both 
humans and cattle in ND (Tumuhairwe et al. 2008) and the US (Tumuhairwe et al. 2007). 
Human isolates were more diverse (32 different serotypes) than cattle (9 serotypes) or other 
domestic animal species with the following predominant serotypes; S. Typhimurium (cattle and 
man), S. Newport (cattle, man and turkey) and S. Heidelberg (man and turkey) (Oloya et al, 
2007). The occurrence of Salmonella serovars; Agona, Anatum, Heidelberg, Newport, St. Paul 
and Typhimurium in turkey and man, Infantis, Mbandaka, Newport and Typhimurium in 
cattle and man and many other less frequently recovered serotypes in both domestic animals 
and man, highlights the scope and magnitude of risk of Salmonella infection from individual 
species of domestic animals to man (Besser et al. 2000; Gorman and Adley 2004; Oloya et al. 
2007; Padungtod and Kaneene 2006). Previous studies had reported clonal relationships of 
Salmonella serovars from humans and non-animal and animal sources and products (Gorman 
and Adley 2004; Padungtod and Kaneene 2006; Zhao et al. 2003).  
The PFGE results showed occurrence of similar genotypes of Salmonella isolates in both 
domestic animals and humans (Oloya et al, 2007). However, it was not possible to ascertain 
whether the transmission was from domestic animals to humans or either way. Previous 
studies (Besser et al. 2000; Gorman and Adley 2004) have provided incriminating evidence 
against food animals or their products as being responsible for transmission of Salmonella to 
humans. The most common PFGE fingerprint profiles I, II, III and IV had strong cattle and 
human involvement (Figure 2). Since Salmonella serovar Typhimurium was a major infection 
in both domestic animals and humans the isolation of Salmonella serotypes with similar 
PFGE fingerprints profiles in both groups confirms existence of common clones or 
genotypes between human and animal sources and suggests occurrence of an epidemic 
strain circulating between the two groups (Tsen et al. 2002). Interestingly, the isolation of 
serovars with the exact similar PFGE fingerprint patterns in cattle preceded those in 
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and proportions recovered from meat products. One study found that S. heidelberg was 
predominant in chicken, S. Montevideo in beef, S. hadar in turkey and S. derby in pork 
(Schlosser et al, 2000). The three major Salmonella serotypes (Heidelberg, Typhimurium and 
Kentucky) reported by Kegode et al (2008) were similar to major serotypes reported by the 
larger studies conducted by FoodNet and others (Zhao et al, 2001; CDC, 2005; CDC, 2006). 
For example, in 2005, the Salmonella serotypes accounting for 56% of human infections 
included Typhimurium (20%), Enteritidis (15%), Newport (10%), Javiana (7%), and 
Heidelberg (5%) (CDC, 2006). Another study found the predominant serotype to be S. 
typhimurium var Copenhagen (Sorensen et al, 2002). Other studies have reported the 
predominant serotype to be S. enteritidis (Domínguezet al, 2002; Mayrhofer et, 2004), S. 
bredeney (Duffy et al, 1999) and S. anatum (Mrema et al, 2006). The different results may 
reflect the different meat types examined (meat cuts vs ground meat) or different 
geographic locations of sampling. Regional variation in predominant serotypes of bacterial 
foodborne pathogens has previously been reported (CDC, 1998). 
In the study by Tumuhairwe et al, 2007) that investigated the temporal and spatial 
distribution of 1465 salmonellosis outbreaks involving 49/50 states in the US , overall, when 
the incidence rates were computed, the states with higher rates were not necessarily those 
with higher outbreak occurrences, an indication that these states probably had better 
reporting systems. Membership in FoodNet (US federal agency that actively monitors seven 
foodborne disease trends including Salmonella) may have explained the comparatively large 
number of reports originating from California, Maryland, and New York. The four major 
Salmonella serotypes commonly isolated in humans in the US are: S. Enteritidis, S. 
Typhimurium, S. Heidelberg and S. Newport; Three of these serotypes (S. Enteritidis, S. 
Heidelberg and S. Newport) were the most implicated in both TMAOs and SOOVs 
compared to the other serotypes. Additionally, S. Reading was frequently isolated in 
TMAOs in this study. This observation was in agreement with other studies (CDC, 2005; 
CDC, 2006) that have cited S. Reading as a common serotype in turkey meats. Also, it is 
interesting to note that S. Reading and S. Heidelberg were among the serotypes recovered 
from turkey farms and their environment, where S. Heidelberg was relatively more 
common in both humans and turkeys than S. Reading. 
The Centers for Disease Control Foodborne Diseases Active Surveillance Network 
(FoodNet) data indicate that outbreaks and clusters of food-borne infections peak during the 
warmest months of the year (CDC, 2006). Additionally, some studies have shown that the 
rate of microbial contamination of food products follows the same trend (CDC, 2003; CDC, 
2006). Since our study was conducted during the warmest months of the year, the 
prevalence estimates of the food-borne pathogens obtained should be fairly representative 
of their true estimate. One limitation of the study was that we could not evaluate the 
seasonality of microbial contamination of retail meats due to the short sampling period; the 
study was conducted only during one season (summer). It has been suggested that future 
food safety studies focusing on seasonality components of microbial contamination of retail 
meats may require larger sample sizes and longer analysis periods (Zhao et al, 2006. Also, 
the location of sampling, the relatively smaller number of samples tested and low number of 
stores sampled may have influenced the results of this study. S. Heidelberg was the 
predominant serotype identified (23%), followed by S. Saintpaul (12%), S. Typhimurium 
(11%), and S. Kentucky (10%). Overall, resistance was most often observed to tetracycline 
(40%), streptomycin (37%), ampicillin (26%), and sulfamethoxazole (25%). Twelve percent of 
isolates were resistant to cefoxitin and ceftiofur, though only one isolate was resistant to 
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ceftriaxone. All isolates were susceptible to amikacin and ciprofloxacin; however, 3% of 
isolates were resistant to nalidixic acid and were almost exclusive to ground turkey samples 
(n = 11/12). All Salmonella isolates were analyzed for genetic relatedness using pulsed-field 
gel electrophoresis (PFGE) patterns generated by digestion with Xba1 or Xba1 plus Bln1. 
PFGE fingerprinting profiles showed that Salmonella, in general, were genetically diverse 
with a total of 175 Xba1 PFGE profiles generated from the 365 isolates. PFGE profiles 
showed good correlation with serotypes and in some instances, antimicrobial resistance 
profiles. Results demonstrated a varied spectrum of antimicrobial resistance and PFGE 
patterns, including several multidrug resistant clonal groups among Salmonella isolates, 
and signify the importance of sustained surveillance of foodborne pathogens in retail meats. 
(Zhao et al, 2006). 

4.3 Salmonella from clinical cases of animals and humans 
In the study by Oloya et al (2007), more Salmonella isolates were recovered from feces of 
apparently healthy feedlot cattle (25.8%) than range or beef cattle (3.9%) or dairy (1.2%) 
cattle. A similar Salmonella prevalence in feedlot cattle had been reported before and been 
attributed to low hygiene in feedlots (Vanselow et al. 2007; Khaitsa et al. 2007a). Also, 
previous reports of Salmonella prevalence in range cattle (Ranta et al. 2005) and dairy cattle 
(Sorensen et al. 2003; Huston et al. 2002) have been comparable to what is reported by this 
study, and have been consistently lower than in feedlot cattle. However, the isolation of 
Salmonella in sick or dead cattle (13.6%) and sick humans (41.2%) was indicative of its 
increasing role in causing disease in both groups of hosts (Besser et al. 2000; Padungtod and 
Kaneene 2006). Previous studies have reported lower prevalence of salmonellosis in both 
humans and cattle in ND (Tumuhairwe et al. 2008) and the US (Tumuhairwe et al. 2007). 
Human isolates were more diverse (32 different serotypes) than cattle (9 serotypes) or other 
domestic animal species with the following predominant serotypes; S. Typhimurium (cattle and 
man), S. Newport (cattle, man and turkey) and S. Heidelberg (man and turkey) (Oloya et al, 
2007). The occurrence of Salmonella serovars; Agona, Anatum, Heidelberg, Newport, St. Paul 
and Typhimurium in turkey and man, Infantis, Mbandaka, Newport and Typhimurium in 
cattle and man and many other less frequently recovered serotypes in both domestic animals 
and man, highlights the scope and magnitude of risk of Salmonella infection from individual 
species of domestic animals to man (Besser et al. 2000; Gorman and Adley 2004; Oloya et al. 
2007; Padungtod and Kaneene 2006). Previous studies had reported clonal relationships of 
Salmonella serovars from humans and non-animal and animal sources and products (Gorman 
and Adley 2004; Padungtod and Kaneene 2006; Zhao et al. 2003).  
The PFGE results showed occurrence of similar genotypes of Salmonella isolates in both 
domestic animals and humans (Oloya et al, 2007). However, it was not possible to ascertain 
whether the transmission was from domestic animals to humans or either way. Previous 
studies (Besser et al. 2000; Gorman and Adley 2004) have provided incriminating evidence 
against food animals or their products as being responsible for transmission of Salmonella to 
humans. The most common PFGE fingerprint profiles I, II, III and IV had strong cattle and 
human involvement (Figure 2). Since Salmonella serovar Typhimurium was a major infection 
in both domestic animals and humans the isolation of Salmonella serotypes with similar 
PFGE fingerprints profiles in both groups confirms existence of common clones or 
genotypes between human and animal sources and suggests occurrence of an epidemic 
strain circulating between the two groups (Tsen et al. 2002). Interestingly, the isolation of 
serovars with the exact similar PFGE fingerprint patterns in cattle preceded those in 
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humans, suggesting a difference in timing of outbreak and possibly, the direction of 
infection from domestic animals to humans. Recent evidence of clustering of S. Typhimurium 
infection in domestic animals and correspondingly high case reports of the same serovars in 
humans in the same counties of ND (Oloya et al. 2007), concurs with an earlier observation 
that region and infection of domestic animals influence Salmonella occurrence in humans 
(Torpdahl et al. 2006). 
AMR profiles showed that most domestic animal strains were multidrug resistant (Oloya et 
al, 2007). Cattle isolates were resistant (>76.5%) to Amoxicillin/clavulanic acid, ampicillin, 
chloramphenicol, streptomycin and tetracycline, while human isolates were of 
comparatively lower resistance to the similar individual drugs (1.6-8.1%) or drug 
combinations. Only 1 human isolate with similar PFGE profile as the main group of cattle 
isolates, had similar range of multidrug resistance, providing a single evidence of a possible 
AMR transmission from cattle to humans. Whereas parallel development of resistance in 
humans as result of using antibiotics that are identical to those used in animals (Phillips et 
al. 2004; Tumuhairwe et al. 2007) could not be ruled out, this scenario is less likely. Various 
epidemiological studies (Besser et al. 2000; Padungtod and Kaneene 2006; Zhao et al. 2003) 
have provided insights into the roles of domestic animals or their products in the 
transmission of Salmonella and associated antimicrobial drug resistance to humans. 
Occurrence of serovars with similar PFGE profile may suggest that some cases of human 
salmonellosis are the results of the circulation of certain strains between animal and human 
hosts (Phillips et al. 2004). However, the occurrence of different AMR profiles within the 
similar PFGE patterns suggests fairly established strains in which the domestic animal 
isolates are more subjected to antimicrobial pressure in the production systems (Zhao et al. 
2003), hence the higher resistance compared to the human isolates. If the widespread use of 
antimicrobial agents in animal husbandry is selecting for antimicrobial-resistant serotypes 
and there is transmission to humans, then these ought to be reflected in the resistance 
profiles of salmonella isolates from humans in the same period.  
The presence of resistance to chloramphenicol or drug patterns; amoxicillin-ampicillin and 
chloramphenicol-kanamycin-tetracycline combinations in humans but not in domestic 
animals could have equally resulted from use of these antibiotic drugs in humans (Phillips 
et al. 2004). The fact that most isolates with multi-drug resistance were from cattle and only 
a single human case had the similar resistance profile suggests that Salmonella in cattle or 
predominantly food animals may not play a significant role in transmitting AMR to 
Salmonella in humans. This observation may also support the argument that adequate 
cooking destroys bacteria in the food (Phillips et al. 2004) and could be that one important 
barrier to both human infection and AMR transfer. Evidence linking antimicrobial use in 
food animals to human health risk points to but does not prove a human health threat 
(Barza and Travers 2002). Attempts could also be made to explain this difference in light of 
the time lag between time of outbreaks in cattle and humans. Reduction in the antibiotic 
selection pressure from cattle to humans could result in loss of expression of specific 
resistance genes (Dowd et al. 2008) as well as loss of the mobile genetic elements responsible 
for resistance (Kang et al. 2006), but this is beyond the scope of this study. 
The diverse Salmonella serotypes observed infecting man, suggests other possible sources of 
infection in human environment. Differences could also arise from the fact that not all 
infections arise directly from farm animals in contact with the farmers, but also from other 
sources such as pets and contaminated produce (Johnston et al. 2006) or water sources 
(Phillips et al. 2004) that may not have been captured in this study. In conclusion, this study 
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demonstrated that although there were similarities in Salmonella genotypes responsible for 
infection in both domestic animals and humans in the 2000-2005 period, both the AMR and 
multidrug resistance levels in animals were higher than in humans suggesting that 
resistance acquired in domestic animals did not translate directly into the burden of 
resistance in humans. 
Greene et al (2008) conducted a nationwide study in the US to test for regional differences in 
risk factors for human infection with salmonellosis. The study analyzed distributions of the 
two most prevalent MDR Salmonella phenotypes in the United States, 2003-2005: (i) MDR-
ACSSuT (resistant to at least ampicillin, chloramphenicol, streptomycin, sulfonamides, and 
tetracycline) Typhimurium; (ii) MDR-AmpC (resistant to at least ampicillin, 
chloramphenicol, streptomycin, sulfonamides, tetracycline, amoxicillin/clavulanic acid, 
and ceftiofur, and with decreased susceptibility to ceftriaxone) Newport. Participating 
public health laboratories in all states forwarded every 20th Salmonella isolate from 
humans to the National Antimicrobial Resistance Monitoring System for Enteric Bacteria 
for antimicrobial susceptibility testing. Among the serotypes Typhimurium and Newport 
isolates submitted 2003-2005, pansusceptible, MDR-ACSSuT Typhimurium, and MDR-
AmpC Newport were identified. Patterns of resistance, demographic factors, and cattle 
density were compared across regions. Of 1195 serotype Typhimurium isolates, 289 (24%) 
were MDR-ACSSuT. There were no significant differences in region, age, or sex 
distribution for pansusceptible versus MDR-ACSSuT Typhimurium. Of 612 serotype 
Newport isolates, 97 (16%) were MDR-AmpC, but the percentage of MDR-AmpC isolates 
varied significantly across regions: South 3%, Midwest 28%, West 32%, and Northeast 38% 
(p < 0.0001). The South had the lowest percentage of MDR-AmpC Newport isolates and 
also the lowest density of milk cows. More Newport isolates were MDR-AmpC in the 10 
states with the highest milk cow density compared with the remaining states. Overall, 
22% of pansusceptible Newport isolates but only 7% of MDR-AmpC Newport isolates 
were from patients <2 years of age. For both serotypes, MDR phenotypes had less 
seasonal variation than pansusceptible phenotypes. This was the first analysis of the 
distribution of clinically important MDR Salmonella isolates in the United States. MDR-
ACSSuT Typhimurium was evenly distributed across regions. However, MDR-AmpC 
Newport was less common in the South and in children <2 years of age. Information on 
individuals' exposures was needed to fully explain the observed patterns. Moreover, 
another study (Nielsen, 2009) reported variation in antimicrobial resistance in sporadic 
and outbreak-related Salmonella enterica serovar Typhimurium from patients in 
Denmark. Variation in antimicrobial resistance and corresponding changes of SGI1 were 
shown among isolates from a foodborne outbreak (Nielsen, 2009). 

5. Conclusion 
The study on Salmonella occurrence from naturally infected feedlot cattle housed at the 
North Dakota State University cattle feedlot research facility highlighted the genotypic 
variation in Salmonella isolated in healthy feedlot steers and also supported previous reports 
that not all MDR salmonella Typhimurium do carry a wide variety of resistance genes, and 
also that isolates with the same resistance phenotype often have different resistance 
genotypes. Also the widespread AMR observed in the majority of Salmonella isolates was 
not matched with presence of integrons, an indication that besides integrons, AMR in 
Salmonella may be explained by other mechanisms that warrant further research. Prevalence 
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humans, suggesting a difference in timing of outbreak and possibly, the direction of 
infection from domestic animals to humans. Recent evidence of clustering of S. Typhimurium 
infection in domestic animals and correspondingly high case reports of the same serovars in 
humans in the same counties of ND (Oloya et al. 2007), concurs with an earlier observation 
that region and infection of domestic animals influence Salmonella occurrence in humans 
(Torpdahl et al. 2006). 
AMR profiles showed that most domestic animal strains were multidrug resistant (Oloya et 
al, 2007). Cattle isolates were resistant (>76.5%) to Amoxicillin/clavulanic acid, ampicillin, 
chloramphenicol, streptomycin and tetracycline, while human isolates were of 
comparatively lower resistance to the similar individual drugs (1.6-8.1%) or drug 
combinations. Only 1 human isolate with similar PFGE profile as the main group of cattle 
isolates, had similar range of multidrug resistance, providing a single evidence of a possible 
AMR transmission from cattle to humans. Whereas parallel development of resistance in 
humans as result of using antibiotics that are identical to those used in animals (Phillips et 
al. 2004; Tumuhairwe et al. 2007) could not be ruled out, this scenario is less likely. Various 
epidemiological studies (Besser et al. 2000; Padungtod and Kaneene 2006; Zhao et al. 2003) 
have provided insights into the roles of domestic animals or their products in the 
transmission of Salmonella and associated antimicrobial drug resistance to humans. 
Occurrence of serovars with similar PFGE profile may suggest that some cases of human 
salmonellosis are the results of the circulation of certain strains between animal and human 
hosts (Phillips et al. 2004). However, the occurrence of different AMR profiles within the 
similar PFGE patterns suggests fairly established strains in which the domestic animal 
isolates are more subjected to antimicrobial pressure in the production systems (Zhao et al. 
2003), hence the higher resistance compared to the human isolates. If the widespread use of 
antimicrobial agents in animal husbandry is selecting for antimicrobial-resistant serotypes 
and there is transmission to humans, then these ought to be reflected in the resistance 
profiles of salmonella isolates from humans in the same period.  
The presence of resistance to chloramphenicol or drug patterns; amoxicillin-ampicillin and 
chloramphenicol-kanamycin-tetracycline combinations in humans but not in domestic 
animals could have equally resulted from use of these antibiotic drugs in humans (Phillips 
et al. 2004). The fact that most isolates with multi-drug resistance were from cattle and only 
a single human case had the similar resistance profile suggests that Salmonella in cattle or 
predominantly food animals may not play a significant role in transmitting AMR to 
Salmonella in humans. This observation may also support the argument that adequate 
cooking destroys bacteria in the food (Phillips et al. 2004) and could be that one important 
barrier to both human infection and AMR transfer. Evidence linking antimicrobial use in 
food animals to human health risk points to but does not prove a human health threat 
(Barza and Travers 2002). Attempts could also be made to explain this difference in light of 
the time lag between time of outbreaks in cattle and humans. Reduction in the antibiotic 
selection pressure from cattle to humans could result in loss of expression of specific 
resistance genes (Dowd et al. 2008) as well as loss of the mobile genetic elements responsible 
for resistance (Kang et al. 2006), but this is beyond the scope of this study. 
The diverse Salmonella serotypes observed infecting man, suggests other possible sources of 
infection in human environment. Differences could also arise from the fact that not all 
infections arise directly from farm animals in contact with the farmers, but also from other 
sources such as pets and contaminated produce (Johnston et al. 2006) or water sources 
(Phillips et al. 2004) that may not have been captured in this study. In conclusion, this study 
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demonstrated that although there were similarities in Salmonella genotypes responsible for 
infection in both domestic animals and humans in the 2000-2005 period, both the AMR and 
multidrug resistance levels in animals were higher than in humans suggesting that 
resistance acquired in domestic animals did not translate directly into the burden of 
resistance in humans. 
Greene et al (2008) conducted a nationwide study in the US to test for regional differences in 
risk factors for human infection with salmonellosis. The study analyzed distributions of the 
two most prevalent MDR Salmonella phenotypes in the United States, 2003-2005: (i) MDR-
ACSSuT (resistant to at least ampicillin, chloramphenicol, streptomycin, sulfonamides, and 
tetracycline) Typhimurium; (ii) MDR-AmpC (resistant to at least ampicillin, 
chloramphenicol, streptomycin, sulfonamides, tetracycline, amoxicillin/clavulanic acid, 
and ceftiofur, and with decreased susceptibility to ceftriaxone) Newport. Participating 
public health laboratories in all states forwarded every 20th Salmonella isolate from 
humans to the National Antimicrobial Resistance Monitoring System for Enteric Bacteria 
for antimicrobial susceptibility testing. Among the serotypes Typhimurium and Newport 
isolates submitted 2003-2005, pansusceptible, MDR-ACSSuT Typhimurium, and MDR-
AmpC Newport were identified. Patterns of resistance, demographic factors, and cattle 
density were compared across regions. Of 1195 serotype Typhimurium isolates, 289 (24%) 
were MDR-ACSSuT. There were no significant differences in region, age, or sex 
distribution for pansusceptible versus MDR-ACSSuT Typhimurium. Of 612 serotype 
Newport isolates, 97 (16%) were MDR-AmpC, but the percentage of MDR-AmpC isolates 
varied significantly across regions: South 3%, Midwest 28%, West 32%, and Northeast 38% 
(p < 0.0001). The South had the lowest percentage of MDR-AmpC Newport isolates and 
also the lowest density of milk cows. More Newport isolates were MDR-AmpC in the 10 
states with the highest milk cow density compared with the remaining states. Overall, 
22% of pansusceptible Newport isolates but only 7% of MDR-AmpC Newport isolates 
were from patients <2 years of age. For both serotypes, MDR phenotypes had less 
seasonal variation than pansusceptible phenotypes. This was the first analysis of the 
distribution of clinically important MDR Salmonella isolates in the United States. MDR-
ACSSuT Typhimurium was evenly distributed across regions. However, MDR-AmpC 
Newport was less common in the South and in children <2 years of age. Information on 
individuals' exposures was needed to fully explain the observed patterns. Moreover, 
another study (Nielsen, 2009) reported variation in antimicrobial resistance in sporadic 
and outbreak-related Salmonella enterica serovar Typhimurium from patients in 
Denmark. Variation in antimicrobial resistance and corresponding changes of SGI1 were 
shown among isolates from a foodborne outbreak (Nielsen, 2009). 

5. Conclusion 
The study on Salmonella occurrence from naturally infected feedlot cattle housed at the 
North Dakota State University cattle feedlot research facility highlighted the genotypic 
variation in Salmonella isolated in healthy feedlot steers and also supported previous reports 
that not all MDR salmonella Typhimurium do carry a wide variety of resistance genes, and 
also that isolates with the same resistance phenotype often have different resistance 
genotypes. Also the widespread AMR observed in the majority of Salmonella isolates was 
not matched with presence of integrons, an indication that besides integrons, AMR in 
Salmonella may be explained by other mechanisms that warrant further research. Prevalence 
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of Salmonella in grass fed cattle in ND was 7.1%, relatively higher than some studies have 
reported. Salmonella Typhimurium was the most common cause of salmonellosis in animals 
in North Dakota. Salmonella Typhimurium (Copenhagen) serotype was identified as the 
major serotype that was being shed by ranch beef cattle. The data show that multi-drug 
resistance was widespread among the Salmonella recovered from apparently healthy grass 
fed cattle. The emergence of multi-drug resistant Salmonella reduces the therapeutic options 
in cases of invasive infections and has been shown to be associated with an increased 
burden of illness. 
The study of salmonella occurrence in dairy cattle demonstrated that a substantial 
percentage of cattle in this dairy was shedding Salmonella in the feces, and antimicrobial 
resistance among the five Salmonella isolates was widespread. It is possible that some 
management practices of dairies related to antimicrobial use may contribute to developing 
Salmonella serotypes that are resistant to antimicrobials. The study on Salmonella occurrence 
in a bison herd indicated that Salmonellae were shed in feces of bison at a comparable 
prevalence to that of cattle herds in the US, and that the isolates were multidrug resistant. 
The data contribute to risk assessment of Salmonella in bison and highlight the possible 
existence of antimicrobial resistance in bison. The multi-drug resistance reported among the 
Salmonella isolates warrants further study considering that the serotype S. Typhimurium is 
widely distributed and has the potential of greatly impacting human and animal health. The 
study on retail meats indicate that turkey meat products from retail stores may occasionally 
be contaminated with Salmonella possessing a varied spectrum of antimicrobial resistance. 
The contamination was dependent on the type of meat and the time of sampling. These data 
confirm that both raw and ready to eat retail turkey meat products may be vehicles for 
transmitting salmonellosis, some of which is resistant to antimicrobials justifying the need 
for sustained surveillance of foodborne pathogens in retail meats. 
The study that compared Salmonella isolates from clinical cases of humans and animals 
reported that human isolates were more diverse than cattle or other domestic animal 
species. PFGE results confirmed occurrence of similar Salmonella genotypes in both domestic 
animals and humans, with the isolation in cattle preceding those in humans. This suggests a 
spread of infection from domestic animals to humans. AMR profiles showed that domestic 
animal strains were multidrug resistant. Only 1 human isolate had similar PFGE profile as 
cattle isolates with a similar range of multidrug resistance, providing a single evidence of a 
possible AMR transmission from cattle to humans. This study demonstrated that although 
there were similar Salmonella genotypes from domestic animals and humans, the AMR 
levels observed in domestic animal isolates was higher than in humans, implying that cattle 
or food animals may not play a significant role in transmitting AMR to Salmonella in humans 
and that the occurrence of resistance in animal isolates may not translate directly into 
resistance in human isolates in this area.  
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confirm that both raw and ready to eat retail turkey meat products may be vehicles for 
transmitting salmonellosis, some of which is resistant to antimicrobials justifying the need 
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species. PFGE results confirmed occurrence of similar Salmonella genotypes in both domestic 
animals and humans, with the isolation in cattle preceding those in humans. This suggests a 
spread of infection from domestic animals to humans. AMR profiles showed that domestic 
animal strains were multidrug resistant. Only 1 human isolate had similar PFGE profile as 
cattle isolates with a similar range of multidrug resistance, providing a single evidence of a 
possible AMR transmission from cattle to humans. This study demonstrated that although 
there were similar Salmonella genotypes from domestic animals and humans, the AMR 
levels observed in domestic animal isolates was higher than in humans, implying that cattle 
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1. Introduction 
Salmonella enterica serovars continue to be among the most important foodborne pathogens 
worldwide due to the considerable human rates of illness reported and the wide range of 
hosts that are colonized by members of this genus, which serve as vectors and reservoirs for 
spreading these agents to animal and human populations. Furthermore, public concern for 
the appearance of resistant strains to many antibiotics, particularly among zoonotic 
pathogens such as common Salmonella isolates, is also challenging the poultry industry to 
find alternative means of control (Boyle, Bishop, Grassl, & Finlay, 2007). For example, in 
January 2006 Europe implemented a complete ban on growth promoting antibiotics in 
animal feed (Anadon, Martinez-Larranaga, & Aranzazu Martinez, 2006). Thus, while 
attempting to control human foodborne pathogens poultry producers are simultaneously 
challenged to improve production in the face of increasing feed costs while using fewer 
antibiotics due to increased restriction of antimicrobial usage. These regulations were 
implemented because of export market restrictions and consumer or customer preferences 
in local markets. For these reasons continued research on sustainable alternatives to 
antibiotic growth promoters for animal production such as probiotics or direct fed 
microbials (DFM) consisting of live or dead organisms and spores (Patterson & Burkholder, 
2003), non-traditional chemicals (Ko, Mendoncam, Ismail, & Ahn, 2009), bacteriophages 
(Andreatti Filho et al., 2007; Bielke, Higgins, Donoghue, Donoghue, & Hargis, 2007; J. P. 
Higgins et al., 2005; J. P. Higgins, Andreatti Filho et al., 2008), organic acids and other plant 
extracts and essential oils (Aengwanich & Suttajit, 2010; Allen-Hall, Arnason, Cano, & 
Lafrenie, 2010; Bagchi et al., 2000; Kubena, Byrd, Young, & Corrier, 2001; Over, 
Hettiarachchy, Johnson, & Davis, 2009; Van Immerseel et al., 2006), and vaccines (Kremer et 
al., 2011; O’Meara et al., 2010; Wolfenden et al., 2010; Van Immerseel et al., 2005; Dueger et 
al., 2001, 2003) are increasingly more important. These potential solutions have emerged in 
the last decade as tools that could be potentially useful in the near future for pathogen 
control and poultry performance improvement.  
Probiosis, although not a new concept, has only recently begun to receive an increasing level 
of scientific interest. In agriculture, probiotics and DFMs used in animal feed are becoming 
accepted as potential alternatives to antibiotics for use as growth promoters, and in select 
cases, for control of specific enteric pathogens (Anadón, Rosa Martínez-Larrañaga, & 
Aranzazu Martínez, 2006; Boyle et al., 2007; Cartman, La Ragione, & Woodward, 2008; Vila 
et al., 2009; L. D. Williams, Burdock, Jimenez, & Castillo, 2009). For these reasons the 
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development of new and more effective probiotic products that can be licensed for animal 
use continues to receive considerable interest (Hong, Duc le, & Cutting, 2005; Hong, Huang, 
Khaneja, Hiep, Urdaci, & Cutting, 2008a; Jadamus, Vahjen, & Simon, 2001; Osipova, 
Makhailova, Sorokulova, Vasil'eva, & Gaiderov, 2003; P. Williams, 2007b; Wolken, Tramper, 
& van der Werf, 2003). 
Currently, there is no universal class of probiotic bacterium. However, the most common 
types that have been indisputably effective involve LAB. These bacteria are found normally 
in the gastrointestinal tract (GIT) of vertebrates and invertebrates, and the use of some LAB 
cultures are able to restore the natural microflora within the gut (Shahani & Ayebo, 1980). 
Lactic acid bacteria include the genera Lactobacillus, Pediococcus, and others that have long 
been associated with health benefits and which have been used for fermentation of certain 
foods. While speciation of members of these genera is difficult and inconsistent, these 
organisms are considered uniformly safe and are not associated with disease in healthy 
animals or humans (Tellez et al., 2006). 
A second classification of probiotic cultures are those microorganisms that are not normally 
found in the GIT (such as allochthonous flora). For example, Saccharomyces boulardii, a strain 
of yeast found on some tropical fruits, has been shown to be effective in preventing the 
recurrence of Clostridium difficile infections (Czerucka, Piche, & Rampal, 2007) and some 
colibacillosis in humans (Czerucka& Rampal, 2002). Otherallochthonous probiotic microbes 
are the spore-forming bacteria, normally members of the genus Bacillus.  

2. Lactic acid bacteria-based probiotic for Salmonella control and 
performance in poultry 
The selection of individual enteric bacteria capable of inhibiting Salmonella growth in vitro and 
the ability of selected oxygen-tolerant bacteria to also protect neonatal poults and broilers from 
Salmonella infection following challenge has been a goal of multiple research laboratories 
(Menconi et al., 2011; Vicente et al., 2008; Bielke et al., 2003; Hollister et al., 1999; Corrier et al., 
1998; Hume et al., 1998). Tellez and co-workers (2006) evaluated a simple method to select for 
individual enteric bacteria capable of inhibiting Salmonella growth in vitro and the ability of 
selected oxygen tolerant bacteria, in combination, to protect neonatal poults from Salmonella 
infection following challenge. Concurrently, they also worked toward the isolation, selection, 
further evaluation and combination of LAB to control additional foodborne pathogens. 
Extensive laboratory and field research conducted with this defined LAB culture has 
demonstrated accelerated development of normal microflora in chickens and turkeys, 
providing increased resistance to Salmonella spp. infections (Farnell et al., 2006; J. P. Higgins et 
al., 2007; J. P. Higgins et al., 2008; J. P. Higgins et al., 2010; S. E. Higgins et al., 2008; Vicente et 
al., 2008). Published experimental and commercial studies have shown that these selected 
probiotic organisms are able to reduce idiopathic diarrhea in commercial turkey brooding 
houses (S. E. Higgins et al., 2005). Large scale commercial trials indicated that appropriate 
administration of this probiotic mixture to turkeys and chickens increased performance and 
reduced costs of production (Torres-Rodriguez et al., 2007a; Torres-Rodriguez et al., 2007b; 
Vicente et al., 2007a; Vicente et al., 2007b; Vicente et al., 2007c). 
These data have clearly demonstrated that selection of therapeutically efficacious probiotic 
cultures with marked performance benefits in poultry is possible, and that defined cultures 
can sometimes provide an attractive alternative to conventional antimicrobial therapy 
(seehttp://www.pacificvetgroup.com/ for more information).  
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3. Mechanism of action of probiotics against Salmonella 
Probiotics are defined as live microorganisms that, when administered in adequate 
amounts, confer a health benefit on the host. Amongst the many benefits associated with 
the consumption of probiotics, modulation of the immune system has received 
considerable attention (Borchers, Keen, & Gershwin, 2002; Borchers, Selmi, Meyers, Keen, 
& Gershwin, 2009).  
Previously, it was thought that administration of bacteria such as probiotics to neonates 
directly reduced infection by pathogens due to competition amongst the bacteria for 
attachment sites and nutrients and, that beneficial bacteria would out-compete pathogens 
within the GIT. This competition, coined as “competitive exclusion” was first described in 
1973 by Nurmi and Rantala (Nurmi& Rantala, 1973). Their data indicated that early 
administration of beneficial bacteria to chicks prevented infection by pathogens. Since 
Nurmi and Rantala proposed competitive exclusion could be used as a method to prevent 
Salmonella infection, numerous researchers have reported the ability of live bacterial cultures 
to also reduce colonization of opportunistic microorganisms in the gastrointestinal tract 
(Callaway et al., 2008; Wagner et al., 2003; Hollister et al., 1999; Corrier et al., 1998; Hume et 
al., 1998; Nisbet et al., 1998) and probiotic organisms (J. P. Higgins et al., 2010; S. E. Higgins 
et al., 2008; Vicente et al., 2008; J. P. Higgins et al., 2007; Bielke et al., 2003; Patterson & 
Burkholder, 2003). Yet, understanding of how probiotics mediate these health benefits, 
specifically reduction of Salmonella infection, is very limited.  
Balanced gastrointestinal microflora and immune-stimulation are major functional effects 
attributed to the consumption of probiotics (Amit-Romach, Uni, & Reifen, 2010; Boirivant & 
Strober, 2007; Boirivant, Amendola, & Butera, 2008; Flint, O'Toole, & Walker, 2010; Flore, 
Francois, & Felicite, 2010; Ibrahim et al., 2010; Klein, Sanders, Duong, & Young, 2010; Nayak, 
2010). Many probiotic effects are mediated through immune regulation, particularly through 
balance control of pro-inflammatory and anti-inflammatory cytokines (Di Giacinto, 
Marinaro, Sanchez, Strober, & Boirivant, 2005; Foligne et al., 2010; Hacini-Rachinel et al., 
2009; Jobin, 2010; Li, Xia, & Li, 2009). However, several animal and human studies have 
provided unequivocal evidence that specific strains of probiotics are able to stimulate 
multiple aspects of innate immunity (Amit-Romach et al., 2010; Boirivant & Strober, 2007; 
Boirivant et al., 2008; Farnell et al., 2006; Romanin et al., 2010; Weiss et al., 2010) as well as to 
increase humoral immunity (Fang, Elina, Heikki, & Seppo, 2000; Galdeano, de Leblanc Ade, 
Carmuega, Weill, & Perdigon, 2009; Leblanc, Fliss, & Matar, 2004; Nermes, Kantele, Atosuo, 
Salminen, & Isolauri, 2011). 
Using a Salmonella challenge model, an effective LAB probiotic, administered 2 hours after 
Salmonella challenge, had no effect during the first 12 hours on increasing cecal colonization by 
this pathogen, although marked and rapid decreases were observed between 12 and 24 hours 
post-challenge (J. P. Higgins et al., 2007; J. P. Higgins et al., 2010). Later, using the same model 
and microarray analysis of gut mRNA expression, gene expression differences in birds treated 
with a Lactobacillus-based probiotic were compared to saline treated birds. At 12h post-
probiotic treatment, 170 genes were significantly different (P<0.05), but by 24h post treatment, 
the number of differentially regulated genes were 201. Pathway analysis revealed that at both 
time points, genes associated with the NFκB complex were significantly regulated, as well as 
genes involved in apoptosis. Probiotic-induced differential regulation of the genes GAS2 and 
CYR61 may result in increased apoptosis in the ceca of chicks. Because Salmonella is an 
intracellular pathogen, it was suggested that increased apoptosis may be a mechanism by 
which B11 reduces Salmonella infection (S. E. Higgins et al., 2011).  
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4. Comparisons between genotypic 16S rRNA, MIDI, and biolog 
identifications of FloraMaxTM lactic acid bacteria 
A well-characterized LAB-based probiotic has been investigated in numerous studies (Tellez 
et al., 2006; Torres-Rodriguez et al., 2007a; Torres-Rodriguez et al., 2007b; Vicente et al., 
2007a; Vicente et al., 2007b; Vicente et al., 2007c) and has now been commercialized (Pacific 
Vet Group USA Inc., Fayetteville AR 72703). Struggles with speciation of the LAB isolates 
during development of this product illustrate the well recognized problem for speciation of 
LAB. The identification techniques of choice for many facultative anaerobes are biochemical 
analyses, but the standard identification system for lactic acid bacteria is cellular fatty acid 
profiling. Nevertheless, these phenotypic methods can yield variable results. Genotypic 
methods that rely on comparisons of 16S rRNA sequences from unknown bacteria are 
proving to be valuable for use in a wide range of genera and are not sensitive to variable 
culture conditions. Genotypic 16S rRNA identification of organisms from probiotic cultures 
may be more consistent than the current standard microbial techniques applied separately 
to different microbial groups. However, this approach comes with its own limitations and 
issues. As identification is based on specific sequence homology as compared with a known 
database of microflora previously identified through conventional methodologies, the 
speciation is dependent upon the closest match with what was previously identified, 
correctly or incorrectly, in the database. As databases constantly expand and change, the 
same sequence submission over time may match other names with greater homology. Thus, 
at this moment, it is nearly impossible to really know the speciation of LAB except under 
specific examples with very highly characterized isolates. In fact, 16S rRNA sequencing of 
isolates from internationally-known name brands of commercially-produced yogurt with 
live cultures has consistently resulted in database matches with LAB species that are labeled 
as other species on the yogurt labels (unpublished). Thus, while 16s RNA sequencing can 
positively identify one LAB isolate as unique among several, true accuracy of homology 
comparisons is a somewhat subjective exercise.  
Even though there are many new experimental molecular identification techniques, such as 
microarray hybridization, sequence analysis of 16S rRNA is the predominant molecular 
technology presently available for microbial identification of these commensal microorganisms 
(Wagner et al., 2003), even with the known problem of database accuracy and consistency over 
time. The detailed information needed to identify each species represented in a commercial 
probiotic product can only be fully obtained from the 16S rRNA at the level of the nucleotide 
sequence. As an example, an identification scheme was designed using the MIDI System ID 
from two different private laboratories (Micro Test Lab Inc., Agawam, MA 01001, USA; and 
Microbial ID Inc., Newark, DE 19713, USA) the Biolog ID System (Biolog, Inc., Hayward, CA 
94545, USA) and compared those results with the 16S rRNA Sequence Analyses (Microbial ID 
Inc., Newark, DE 19713, USA) for identification of the individual component bacteria present 
in the commercial probiotic FloraMaxTM (Table 1). The results of that study showed that the 
complex populations of bacteria present in FloraMaxTM are not easy to accurately identify, 
especially with phenotypic techniques. Conventional technologies can detect human 
pathogens, because they are well-established in comparative databases, but emerging and 
opportunistic pathogens are not. Despite the fact that uncertainty exists between different 
methods of identification of non-pathogenic probiotic bacteria, identification of known 
pathogens is much more consistent. Therefore, the use of fully defined cultures for competitive 
exclusion or probiotic use are still inherently safer than undefined cultures or those where 
organisms are identified after the culture has been produced. 
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LAB 
ID 

16S RNA 
Sequencing 

(FIRST 500 bp) 
Microbial ID Inc. 

Midi system ID 
Micro Test Lab 

Inc. 

Midi system ID 
Microbial ID Inc. 

Biolog ID 
Dept. of Poultry 

Sc. 
U. of Arkansas 

18 Pediococcus 
parvulus 

Enterococcus 
cecorum 

Lactobacillus 
gasseri Unable to identify 

24 Weissella confusa Lactobacillus casei Lactobacillus casei Clostridium 
clostridiiforme 

27 Weissella confusa Lactobacillus casei Lactobacillus casei Weissella confusa 

29 Pediococcus 
parvulus 

Lactobacillus 
delbreuckii-
bulgaricus 

Lactobacillus 
delbreuckii-
bulgaricus 

Lactobacillus 
hamsteri 

36 Lactobacillus 
salivaruis 

Lactobacillus 
cellobiosus Lactobacillus casei Weissella confusa 

37B Weissella confusa Pediococcus 
acidilactici 

Pediococcus 
ruminis Unable to identify 

40 Weissella confusa Lactobacillus casei Lactobacillus 
cellobiosus 

Weissella 
paramesenteroides 

44 Weissella 
paramesenteroides 

Lactobacillus 
fermentum 

Lactobacillus 
fermentum Unable to identify 

46 Lactobacillus 
salivaruis 

Lactobacillus 
helveticus 

Lactobacillus 
sanfranciscensis 

Lactobacillus 
salivaruis 

48 Lactobacillus 
salivarius 

Lactobacillus 
helveticus 

Lactobacillus 
gasseri 

Lactobacillus 
salivarius 

52 Pediococcus 
parvulus Unable to identify Lactobacillus 

cellobiosus Unable to identify 

Table 1. Comparisons between MicroSeq , MIDI, and Biolog identifications of FloraMaxTM 
lactic acid bacteria1 

5. Bacillus spore-based probiotic for Salmonella control and performance 
enhancement in poultry 
In spite of the success showed by the development of the LAB probiotic for use in 
commercial poultry as described above, there is still an urgent need for commercial 
probiotics that are shelf-stable, cost-effective and feed-stable (tolerance to heat pelletization 
process) to increase compliance and widespread utilization. Among the large number of 
probiotic products in use today some are bacterial spore formers, mostly of the genus 

                                                                 
1Adapted from Tellez et al., 2006 
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Salmonella – A Dangerous Foodborne Pathogen 264 

Bacillus. Used primarily in their spore form, some (though not all) have been shown to 
prevent selected gastrointestinal disorders and the diversity of species used and their 
applications are astonishing. While not all Bacillus spores are highly heat tolerant, some 
specific isolates are the toughest life form known on earth (Vreeland, Rosenzweig, & 
Powers, 2000) and can be used under extreme heat conditions. Several studies have shown 
that either live vegetative cells or endospores of some isolates can prevent colon 
carcinogenesis (Parket al., 2007) or discharge antimicrobial substances against Gram-
positive bacteria, such as Staphylococcus aureus, Enterococcus faecium, and Clostridium difficile 
(O'Mahony et al., 2001). These results provided evidence of colonization and antimicrobial 
activity of probiotic bacteria, thus, products containing Bacillus spores are used 
commercially as probiotics, and they offer potential advantages over the more common LAB 
products since they can be used as direct feed microbials (Anadón et al., 2006; Barbosa et al., 
2005; Duc le et al., 2004; Hong et al., 2005; Hong et al., 2008a; Hong et al., 2008b; McNulty et 
al., 2007; Osipova et al., 2003; P. Williams, 2007a; Wolken et al., 2003). There is scientific 
evidence suggesting that some but not all isolates of ingested B. subtilis spores can, in fact, 
germinate in the small intestine (Casula & Cutting, 2002; Casula & Cutting, 2002; Duc le & 
Cutting, 2003; Hoa et al., 2001). Together, these studies not only show that spores are not 
transient passengers in the gut, but they have an intimate interaction with the host cells or 
microflora that can enhance their potential probiotic effect. Several commercial spore-
forming Bacillus cultures have been shown to reduce food borne pathogens (Aureli et al., 
2010). However, cost issues associated with achieving necessary concentrations of spores in 
feed have greatly limited commercial acceptance in the animal industry (Hong et al., 2005). 
While the majority of clear-cut research with regard to beneficial probiotic cultures has 
focused on LAB, as discussed above, a major question in several laboratories is whether or 
not selected spore-former bacteria (genus Bacillus or related) can be as effective as the best 
known LAB cultures. Recently, one Bacillus subtilis spore isolate was as effective as a well-
established LAB-based probiotic for Salmonella reduction in poultry (Wolfenden R.E. et al., 
2010; Shivaramaiah et al., 2011), and was equal to bacitracin for prevention of experimental 
necrotic enteritis, and was able to markedly reduce necrotic enteritis issues in large scale 
feed trials (unpublished from the author’s laboratory).  
Other isolates or combinations of isolates with increased potency and efficacy may be 
identified with continued research. Some of these environmental Bacillus isolates have been 
evaluated in vitro for antimicrobial activity against selected bacterial pathogens, heat 
stability, and the ability to grow to high numbers. Unpublished experimental evaluations 
have confirmed improved body weight gain as well as Salmonella sp. or Clostridium 
perfringens reduction in commercial turkey and broiler operations when compared with 
medicated (nitarsone) or control nonmedicated diets respectively. Indeed, preliminary data 
suggests that these isolates could be an effective alternative to antibiotic growth promoters 
for commercial poultry.  
Importantly, improved efficiency of amplification and sporulation is absolutely essential to 
gain widespread industry acceptance of a feed-based probiotic for ante mortem foodborne 
pathogen intervention, as well as cost effectiveness. Recently, both vegetative growth and 
sporulation rates have been optimized, which may lead to new efficiencies for commercial 
amplification and manufacture of a cost-effective product at very high spore counts 
(Wolfenden R.E. et al., 2010). In order to select even more effective isolates, current research 
is focused on the mechanistic action of new Bacillus candidates. Preliminary studies indicate 
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a potential mechanistic action of these new Bacillus candidates at least partially involve 
rapid activation of innate host immune mechanisms (system or responses) in chickens and 
turkeys (unpublished data). This data provides an exciting possibility for identification of 
vastly superior and more potent probiotics in the near future. 

6. Prospects of bacteriophage therapy to control gastrointestinal disease 
6.1 Overview  
During the last approximately 60 years, there have been sporadic published reports of 
efficacy in treating Enterobacteriaceae infections systemically and within the gastrointestinal 
tract. While a number of reports have rather consistently indicated that systemic or tissue-
associated infections were treatable by parenteral administration of appropriate 
bacteriophage cocktails, reports of successful treatment of enteric Enterobacteriaceae are 
much more sporadic, and are interspersed with a number of reports of failed attempts for 
enteric treatment. The following sections will discuss selected successes and failures and 
describe the possible differences in these studies and the potential for development of more 
effective strategies.  

6.2 Successes 
The bacteriocidal effects of bacteriophages have long been studied for their usefulness in 
treating gastrointestinal infections. Early studies originating from the former Soviet Union, 
Eastern Europe, and Eastern Asia suggested bacteriophages could prevent and treat Vibrio 
cholera infections (Dubos et al, 1943; Dutta, 1963; Sayamov, 1963; and Marčuk et al, 1971). In 
the 1980s Slopek and co-workers (1983a-b, 1984, 1985a-c, 1987) published numerous papers 
showing the promising results of treating septic patients with bacteriophages. While the 
validity of these studies has been questioned, in part due to relaxed scientific rigor in these 
regions during the time when these studies were completed (Merril et al, 2003; Alisky et al, 
1998) and are not often cited by bacteriophage researchers in recent years, they have served 
as an inspiration for continued research into the possibility that bacteriophages can cure 
gastrointestinal diseases in humans and animals. 
Smith and Huggins (1982) compared the efficacy of phages with that of antibiotics in treating 
both generalized and cerebral infections in mice. They isolated anti-K1 bacteriophages that 
were able to lyse K1-positive E. coli. These bacteriophages were able to cure infection caused 
by K1-positive, even when used at a low titer. The bacteriophages were more effective than 
several antibiotics for curing mice. Smith and Huggins (1983) also successfully used 
bacteriophage therapy to treat calves, pigs, and lambs that had been infected with E. coli. 
Perhaps key to their success, they selected a bacteriophage that would lyse E. coli and also 
selected a second bacteriophage that would lyse the target E. coli that had become resistant to 
the first bacteriophage. In 1987, Smith and Huggins used bacteriophages to treat calves with E. 
coli-caused diarrhea. They selected their bacteriophages by administering E. coli to a calf 
followed by a bacteriophage cocktail. Bacteriophages able to survive the gastrointestinal tract 
were collected in the feces 24 hours post-administration. These bacteriophages were used to 
treat subsequent calves. Calves given bacteriophages within 24 hours of the onset of diarrhea 
recovered within 20 hours. Also, sick calves placed on litter that had been sprayed with 
bacteriophages recovered from diarrhea. Smith and Huggins noted that during the period of 
disease, bacteriophages continued to persist in the feces, but after recovery, bacteriophage 
numbers dropped dramatically. 
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Bacillus. Used primarily in their spore form, some (though not all) have been shown to 
prevent selected gastrointestinal disorders and the diversity of species used and their 
applications are astonishing. While not all Bacillus spores are highly heat tolerant, some 
specific isolates are the toughest life form known on earth (Vreeland, Rosenzweig, & 
Powers, 2000) and can be used under extreme heat conditions. Several studies have shown 
that either live vegetative cells or endospores of some isolates can prevent colon 
carcinogenesis (Parket al., 2007) or discharge antimicrobial substances against Gram-
positive bacteria, such as Staphylococcus aureus, Enterococcus faecium, and Clostridium difficile 
(O'Mahony et al., 2001). These results provided evidence of colonization and antimicrobial 
activity of probiotic bacteria, thus, products containing Bacillus spores are used 
commercially as probiotics, and they offer potential advantages over the more common LAB 
products since they can be used as direct feed microbials (Anadón et al., 2006; Barbosa et al., 
2005; Duc le et al., 2004; Hong et al., 2005; Hong et al., 2008a; Hong et al., 2008b; McNulty et 
al., 2007; Osipova et al., 2003; P. Williams, 2007a; Wolken et al., 2003). There is scientific 
evidence suggesting that some but not all isolates of ingested B. subtilis spores can, in fact, 
germinate in the small intestine (Casula & Cutting, 2002; Casula & Cutting, 2002; Duc le & 
Cutting, 2003; Hoa et al., 2001). Together, these studies not only show that spores are not 
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microflora that can enhance their potential probiotic effect. Several commercial spore-
forming Bacillus cultures have been shown to reduce food borne pathogens (Aureli et al., 
2010). However, cost issues associated with achieving necessary concentrations of spores in 
feed have greatly limited commercial acceptance in the animal industry (Hong et al., 2005). 
While the majority of clear-cut research with regard to beneficial probiotic cultures has 
focused on LAB, as discussed above, a major question in several laboratories is whether or 
not selected spore-former bacteria (genus Bacillus or related) can be as effective as the best 
known LAB cultures. Recently, one Bacillus subtilis spore isolate was as effective as a well-
established LAB-based probiotic for Salmonella reduction in poultry (Wolfenden R.E. et al., 
2010; Shivaramaiah et al., 2011), and was equal to bacitracin for prevention of experimental 
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for commercial poultry.  
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amplification and manufacture of a cost-effective product at very high spore counts 
(Wolfenden R.E. et al., 2010). In order to select even more effective isolates, current research 
is focused on the mechanistic action of new Bacillus candidates. Preliminary studies indicate 
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a potential mechanistic action of these new Bacillus candidates at least partially involve 
rapid activation of innate host immune mechanisms (system or responses) in chickens and 
turkeys (unpublished data). This data provides an exciting possibility for identification of 
vastly superior and more potent probiotics in the near future. 

6. Prospects of bacteriophage therapy to control gastrointestinal disease 
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bacteriophage cocktails, reports of successful treatment of enteric Enterobacteriaceae are 
much more sporadic, and are interspersed with a number of reports of failed attempts for 
enteric treatment. The following sections will discuss selected successes and failures and 
describe the possible differences in these studies and the potential for development of more 
effective strategies.  

6.2 Successes 
The bacteriocidal effects of bacteriophages have long been studied for their usefulness in 
treating gastrointestinal infections. Early studies originating from the former Soviet Union, 
Eastern Europe, and Eastern Asia suggested bacteriophages could prevent and treat Vibrio 
cholera infections (Dubos et al, 1943; Dutta, 1963; Sayamov, 1963; and Marčuk et al, 1971). In 
the 1980s Slopek and co-workers (1983a-b, 1984, 1985a-c, 1987) published numerous papers 
showing the promising results of treating septic patients with bacteriophages. While the 
validity of these studies has been questioned, in part due to relaxed scientific rigor in these 
regions during the time when these studies were completed (Merril et al, 2003; Alisky et al, 
1998) and are not often cited by bacteriophage researchers in recent years, they have served 
as an inspiration for continued research into the possibility that bacteriophages can cure 
gastrointestinal diseases in humans and animals. 
Smith and Huggins (1982) compared the efficacy of phages with that of antibiotics in treating 
both generalized and cerebral infections in mice. They isolated anti-K1 bacteriophages that 
were able to lyse K1-positive E. coli. These bacteriophages were able to cure infection caused 
by K1-positive, even when used at a low titer. The bacteriophages were more effective than 
several antibiotics for curing mice. Smith and Huggins (1983) also successfully used 
bacteriophage therapy to treat calves, pigs, and lambs that had been infected with E. coli. 
Perhaps key to their success, they selected a bacteriophage that would lyse E. coli and also 
selected a second bacteriophage that would lyse the target E. coli that had become resistant to 
the first bacteriophage. In 1987, Smith and Huggins used bacteriophages to treat calves with E. 
coli-caused diarrhea. They selected their bacteriophages by administering E. coli to a calf 
followed by a bacteriophage cocktail. Bacteriophages able to survive the gastrointestinal tract 
were collected in the feces 24 hours post-administration. These bacteriophages were used to 
treat subsequent calves. Calves given bacteriophages within 24 hours of the onset of diarrhea 
recovered within 20 hours. Also, sick calves placed on litter that had been sprayed with 
bacteriophages recovered from diarrhea. Smith and Huggins noted that during the period of 
disease, bacteriophages continued to persist in the feces, but after recovery, bacteriophage 
numbers dropped dramatically. 
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Biswas et al. (2002) successfully cured Enterococcus faecium-infected mice with bacteriophage 
therapy. Mice were treated with bacteriophages just 45 minutes after infection with bacteria. 
Treatment at a multiplicity of infection (MOI) level of 0.3 to 3.0 was able to cure all of the 
infected mice. However, lower MOIs of 0.03 to 0.003 resulted in just 60% and 40% survival 
of mice, respectively. They also noted that bacteriophage treatment could be delayed for up 
to five hours after infection. However, if treatment was delayed for 18 or 24 hours, only 50% 
recovery was seen. 
Berchieri et al. (1991) treated broiler chickens infected with Salmonella typhimurium (ST) 
with bacteriophages and found that the levels of ST could be reduced by several logs, and 
mortality associated with ST was reduced significantly. However, ST was not eliminated 
and it returned to its original levels within six hours of treatment. Also, the 
bacteriophages did not persist in the gastrointestinal tract for as long as the Salmonella was 
present. In fact, bacteriophages persisted only as long as they were added to the feed. In 
order to be effective, bacteriophages had to be administered in large numbers, and soon 
after infection with ST. 
In 1998 Barrow et al. prevented morbidity and mortality in chickens using bacteriophages 
lytic for E. coli. When chickens were challenged intramuscularly with E. coli and 
simultaneously treated with 106 – 108 pfu of bacteriophages the mortality was reduced by 
100%. This study also demonstrated that bacteriophages can cross the blood brain barrier, 
and furthermore that they can amplify in both the brain and the blood. Similarly, a number 
of other researchers have shown that bacteriophages can be useful for treating non-enteric E. 
coli infections. Extensive research about the effects of bacteriophages on colibacillosis in 
broiler chickens has shown that bacteriophages can treat respiratory infections (Huff et al, 
2002a-b; Huff et al, 2003a-b). Treatment was most successful when bacteriophages were 
directly applied to the infected area or injected into the bloodstream. This observation is 
consistent with previous research discussed above. 
However, such successes do not necessarily translate into effective enteric treatments. Host-
associated pressure against pathogen infections may predispose systemic bacteriophage 
therapy toward success. In these cases, where bacteriophage(s) are used to treat systemic or 
tissue-associated infections, an acute efficacy of merely reducing the infection load by 90% 
or more, could greatly reduce mortality and reduce the duration and magnitude of disease. 
In the intestinal lumen, host pressures against the infection may not be as severe and many 
Enterobacteriaceae are capable of free living status within the gut without eliciting robust 
acquired immune responses from the infected animal. In these cases, a temporary reduction 
in enteric colonization may not be as likely to be curative, as discussed below.  

6.3 Failures 
As the history of published successful bacteriophage treatments of enteric disease is 
reviewed, it is readily evident that such reports, while often dramatic in effect, are relatively 
sporadic during the last approximately 60 years. Given that experimental failures frequently 
are not published, as the cause of failure can often not be ascertained, the authors suspect 
that history is replete with unpublished examples of failures to treat enteric 
Enterobacteriaceae infections.  
Our laboratory, and others, have demonstrated that resistance to bacteriophages selected 
against Salmonella isolates quickly occurs, often in a single passage (Bastias et al, 2010). 
When bacteriophage cocktails of 71 different bacteriophages selected for treatment of 
experimental Salmonella enteritidis infections in chickens, a brief reduction in enteric 
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colonization was noted during the first 24 hours, but rebound levels were similar to controls 
within 48 hours, even with repeated or continuous dosage of the bacteriophage cocktail 
(Higgins et al, 2007). Because of the demonstrated temporary reduction in enteric 
colonization in these studies, effective bacteriophages were demonstrably able to pass to the 
lower gastrointestinal tract. As continued treatments failed to maintain this reduction, 
development of resistance by the enteric Salmonella enteritidis is the most likely explanation.  
In order to potentially deliver higher levels of bacteriophage, several attempts to protect the 
bacteriophage cocktail through the upper gastrointestinal tract were made in our laboratory. 
Pre-treatment of infected poultry with antacid preparations designed to reduce the acidity 
of the proventriculus (true stomach) were successful in increasing the number of 
administered bacteriophage that successfully passed into the intestinal tract, but this 
treatment did not improve the outcome of bacteriophage treatment of Salmonella enteritidis 
infection (Higgins et al, 2007).  
An alternative approach is to select for alternative non-pathogenic bacteriophage hosts 
which could potentially “carry” bacteriophage through the gastrointestinal tract and, with 
continuous dietary administration of the non-infected alternative host bacterium, provide a 
means of amplification within the gut of the host (Bielke et al., 2007a). Bielke and co-workers 
demonstrated that non-pathogenic alternative hosts can be selected for some bacteriophages 
that were originally isolated using a Salmonella enteritidis target (2007b). This approach, 
which has potential utility for amplification of large numbers of phage without the necessity 
to thoroughly separate bacteriophage from a pathogenic target host, was also used to create 
a potential “Trojan Horse” model for protecting the bacteriophages through the upper 
gastrointestinal tract, thus potentially providing a vehicle for enteric amplification of those 
surviving bacteriophages. In these studies, neither the Trojan Horse approach, nor the 
continuous feeding of the alternative host bacteria as a source of enteric amplification, were 
effective in producing even more than a transient reduction in enteric Salmonella infections.  
Through these failures, many investigators have concluded that the escape of even a 
minority of target bacteria within the enteric ecosystem allows for almost immediate 
selection of resistant target bacteria and rebound to pre-treatment levels of infection may 
even exceed the levels of non-treated controls in some cases. 

6.4 Potential strategies to overcome failures 
Bacteriophage resistance is an important component of therapy to overcome before 
bacteriophages can really be a viable antimicrobial for infection. The generation time for 
bacteria is typically short enough that mutants with bacteriophage resistance can emerge 
within hours (Higgins et al, 2007; Lowbury and Hood, 1953). One possibly strategy to 
overcome this problem is administration of multiple bacteriophage isolates for treatment, 
but resistance is difficult, if not impossible, to predict and combining the correct cocktail of 
bacteriophages to overcome resistance would be a blind guess in most cases.  
The most success is likely to come from treating points in the system that are continually 
bombarded with bacteria that have not been previously subjected to the bacteriophages 
being used for treatment. Also important for this system is keeping exposure of the bacteria 
to bacteriophages to a minimal amount of time. If the bacteriophages interact with the 
bacteria for long periods of time, the bacteria will become resistant. Food and meat 
processing facilities are an excellent example. As live animals enter a processing facility, the 
bacteria have not likely been exposed to the bacteriophages used to treat the infection. This 
greatly increases the chances of success.  
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Biswas et al. (2002) successfully cured Enterococcus faecium-infected mice with bacteriophage 
therapy. Mice were treated with bacteriophages just 45 minutes after infection with bacteria. 
Treatment at a multiplicity of infection (MOI) level of 0.3 to 3.0 was able to cure all of the 
infected mice. However, lower MOIs of 0.03 to 0.003 resulted in just 60% and 40% survival 
of mice, respectively. They also noted that bacteriophage treatment could be delayed for up 
to five hours after infection. However, if treatment was delayed for 18 or 24 hours, only 50% 
recovery was seen. 
Berchieri et al. (1991) treated broiler chickens infected with Salmonella typhimurium (ST) 
with bacteriophages and found that the levels of ST could be reduced by several logs, and 
mortality associated with ST was reduced significantly. However, ST was not eliminated 
and it returned to its original levels within six hours of treatment. Also, the 
bacteriophages did not persist in the gastrointestinal tract for as long as the Salmonella was 
present. In fact, bacteriophages persisted only as long as they were added to the feed. In 
order to be effective, bacteriophages had to be administered in large numbers, and soon 
after infection with ST. 
In 1998 Barrow et al. prevented morbidity and mortality in chickens using bacteriophages 
lytic for E. coli. When chickens were challenged intramuscularly with E. coli and 
simultaneously treated with 106 – 108 pfu of bacteriophages the mortality was reduced by 
100%. This study also demonstrated that bacteriophages can cross the blood brain barrier, 
and furthermore that they can amplify in both the brain and the blood. Similarly, a number 
of other researchers have shown that bacteriophages can be useful for treating non-enteric E. 
coli infections. Extensive research about the effects of bacteriophages on colibacillosis in 
broiler chickens has shown that bacteriophages can treat respiratory infections (Huff et al, 
2002a-b; Huff et al, 2003a-b). Treatment was most successful when bacteriophages were 
directly applied to the infected area or injected into the bloodstream. This observation is 
consistent with previous research discussed above. 
However, such successes do not necessarily translate into effective enteric treatments. Host-
associated pressure against pathogen infections may predispose systemic bacteriophage 
therapy toward success. In these cases, where bacteriophage(s) are used to treat systemic or 
tissue-associated infections, an acute efficacy of merely reducing the infection load by 90% 
or more, could greatly reduce mortality and reduce the duration and magnitude of disease. 
In the intestinal lumen, host pressures against the infection may not be as severe and many 
Enterobacteriaceae are capable of free living status within the gut without eliciting robust 
acquired immune responses from the infected animal. In these cases, a temporary reduction 
in enteric colonization may not be as likely to be curative, as discussed below.  

6.3 Failures 
As the history of published successful bacteriophage treatments of enteric disease is 
reviewed, it is readily evident that such reports, while often dramatic in effect, are relatively 
sporadic during the last approximately 60 years. Given that experimental failures frequently 
are not published, as the cause of failure can often not be ascertained, the authors suspect 
that history is replete with unpublished examples of failures to treat enteric 
Enterobacteriaceae infections.  
Our laboratory, and others, have demonstrated that resistance to bacteriophages selected 
against Salmonella isolates quickly occurs, often in a single passage (Bastias et al, 2010). 
When bacteriophage cocktails of 71 different bacteriophages selected for treatment of 
experimental Salmonella enteritidis infections in chickens, a brief reduction in enteric 
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colonization was noted during the first 24 hours, but rebound levels were similar to controls 
within 48 hours, even with repeated or continuous dosage of the bacteriophage cocktail 
(Higgins et al, 2007). Because of the demonstrated temporary reduction in enteric 
colonization in these studies, effective bacteriophages were demonstrably able to pass to the 
lower gastrointestinal tract. As continued treatments failed to maintain this reduction, 
development of resistance by the enteric Salmonella enteritidis is the most likely explanation.  
In order to potentially deliver higher levels of bacteriophage, several attempts to protect the 
bacteriophage cocktail through the upper gastrointestinal tract were made in our laboratory. 
Pre-treatment of infected poultry with antacid preparations designed to reduce the acidity 
of the proventriculus (true stomach) were successful in increasing the number of 
administered bacteriophage that successfully passed into the intestinal tract, but this 
treatment did not improve the outcome of bacteriophage treatment of Salmonella enteritidis 
infection (Higgins et al, 2007).  
An alternative approach is to select for alternative non-pathogenic bacteriophage hosts 
which could potentially “carry” bacteriophage through the gastrointestinal tract and, with 
continuous dietary administration of the non-infected alternative host bacterium, provide a 
means of amplification within the gut of the host (Bielke et al., 2007a). Bielke and co-workers 
demonstrated that non-pathogenic alternative hosts can be selected for some bacteriophages 
that were originally isolated using a Salmonella enteritidis target (2007b). This approach, 
which has potential utility for amplification of large numbers of phage without the necessity 
to thoroughly separate bacteriophage from a pathogenic target host, was also used to create 
a potential “Trojan Horse” model for protecting the bacteriophages through the upper 
gastrointestinal tract, thus potentially providing a vehicle for enteric amplification of those 
surviving bacteriophages. In these studies, neither the Trojan Horse approach, nor the 
continuous feeding of the alternative host bacteria as a source of enteric amplification, were 
effective in producing even more than a transient reduction in enteric Salmonella infections.  
Through these failures, many investigators have concluded that the escape of even a 
minority of target bacteria within the enteric ecosystem allows for almost immediate 
selection of resistant target bacteria and rebound to pre-treatment levels of infection may 
even exceed the levels of non-treated controls in some cases. 

6.4 Potential strategies to overcome failures 
Bacteriophage resistance is an important component of therapy to overcome before 
bacteriophages can really be a viable antimicrobial for infection. The generation time for 
bacteria is typically short enough that mutants with bacteriophage resistance can emerge 
within hours (Higgins et al, 2007; Lowbury and Hood, 1953). One possibly strategy to 
overcome this problem is administration of multiple bacteriophage isolates for treatment, 
but resistance is difficult, if not impossible, to predict and combining the correct cocktail of 
bacteriophages to overcome resistance would be a blind guess in most cases.  
The most success is likely to come from treating points in the system that are continually 
bombarded with bacteria that have not been previously subjected to the bacteriophages 
being used for treatment. Also important for this system is keeping exposure of the bacteria 
to bacteriophages to a minimal amount of time. If the bacteriophages interact with the 
bacteria for long periods of time, the bacteria will become resistant. Food and meat 
processing facilities are an excellent example. As live animals enter a processing facility, the 
bacteria have not likely been exposed to the bacteriophages used to treat the infection. This 
greatly increases the chances of success.  
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Higgins and co-workers (2005) successfully treated turkey carcasses at a processing facility 
with bacteriophages specific to the Salmonella to which they were infected. This process was 
effective when either an autogenous bacteriophage treatment targeted to the specific 
Salmonella strain infecting the turkeys was used, or a cocktail of nine wide host-range 
Salmonella-targeting bacteriophage were used. Similarly, a bacteriophage treatment for cattle 
carcass contamination has been effective at reducing the E. coli 0157:H7 load at processing 
has been developed and commercially licensed in the United States. These successes avoid 
development of bacteriophage resistance by applying treatment at a single point during 
production, in an environment where proliferation of the target organism is extremely 
limited. In this way, since the target organism is never intentionally exposed twice to the 
same treatment, resistance is unlikely to ever increase beyond the naturally-occurring 
resistance to the bacteriophage (or cocktail) used.  
One of the most well documented successes of published treatment of enteric 
Enterobacteriaceae infections with bacteriophages was the study of Smith and Huggins 
(1983) as described above. It is notable that in this successful study, the bacteriophage 
cocktail used was a combination of two bacteriophages, but the second was isolated using 
the target organism which was resistant to the first bacteriophage. This approach of 
selecting for bacteriophage isolates using target bacteria that are resistant to sequential 
bacteriophage treatments was not used in the work of Higgins et al (2007), or in several 
other published studies. Higgins and co-workers (2007) used a collection bacteriophages, 
independently isolated from different sources and with several different plaque 
morphologies, suggesting that a number of different bacteriophages were employed – and 
failed to persistently reduce enteric colonization.  
It is possible that one of the most notable exceptions to the many failures to treat enteric 
Enterobacteraceae infections during recent years, that of Smith and Huggins (1983), 
provides a singular clue as to the potential for enhancing the likelihood of enteric 
Enterobacteriaceae efficacy. It is possible that selection of multiple bacteriophages for the 
same target cell phenotype results in selection of bacteriophages that are effective through 
identical mechanisms of adhesion, penetration, replication, and release. When new 
bacteriophages are isolated for efficacy against sequentially resistant isolates of the target 
bacteria, and these are combined for administration as a cocktail, the ability of the target cell 
to shift phenotype may be severely limited, resulting in a much larger proportion of target 
cell reduction, thereby increasing the probability of elimination or cure.  
Clearly, widespread bacteriophage treatments with Enterobacteriaceae have not been 
adopted for any animal species during the last 60 years and successful research in this area 
has been modest and sporadic. Nevertheless, the occasional reports by reputable scientists 
in solid journals must indicate that there is potential for improved therapeutic efficacy of 
bacteriophages for this purpose. With the diminution of new antimicrobial pharmaceuticals 
and the widespread resistance among many pathogenic enteric Enterobacteriaceaes, a 
breakthrough in this area is sorely needed.  

7. Vaccination for control of Salmonella in poultry 
Killed whole-cell bacterins and live attenuated vaccines are the most common types of 
vaccines currently used in the poultry industry. Vaccination programs depend on the 
recognition of specific antigens, called epitopes, by the immune system of the host to 
prevent or reduce the spread of pathogenic viruses and bacteria. Because there are a large 
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number of Salmonella serovars, each with individual epitopes that do not elicit cross-
protection against other serovars, there has been little traditional emphasis on development 
of generic Salmonella vaccines. Primarily, killed vaccines, which generally must be 
administered parenterally (through injection), have been applied to protect against systemic 
infections, and although they have been shown to reduce colonization and shedding, the 
protection provided by these vaccines has limited ability to stop intestinal colonization. 
They predominantly stimulate both humoral (circulating IgM and IgG) and cell-mediated 
responses, but are quite ineffective at generating mucosal immunity as secretory IgA 
antibody stimulation is very low through this type of vaccination. This is important because, 
whereas both systemic (humoral and cell-mediated) and mucosal immunity can reduce the 
chances of disease and mortality, only the mucosal portion of this adaptive immune 
response is capable of protecting animals from infection. The key to inducing both an 
adaptive systemic and mucosal response has traditionally been through the use of the 
mucosa as a “portal of entry” for live but weakened (attenuated) vaccines. However, the use 
of such vaccines for protection against Salmonella infection have been tremendously limited 
due to the very large number of different antigens presented by the more than 200 serotypes 
that can infect domestic animals and man, with more than 38 of these commonly infecting 
poultry within the United States, as discussed below (Hargis et al., 2010).  
One approach to solving the problem of serotype variation among the common paratyphoid 
strains of Salmonella, which are often not a disease-causing problem for poultry but rather 
create a source of foodborne illness for consumers, is the identification of “universal 
epitopes” that are shared among all Salmonella isolates. This concept has been established for 
a number of pathogens and is based on the identification of a minor surface structure 
(antigen or epitope) which does not cause robust immune reaction during infection, but 
which can be targeted for protection if the antigen is presented in a way that tricks the 
animal into responding robustly. Some of these are relatively minor antigens which are 
highly conserved among related organisms – usually because they involve biological 
function. Since small peptide sequences that are biologically functional cannot vary in 
sequence, organisms that carry a mutation for such sequences are often either lethal or 
sufficiently detrimental to cause these to not be successful over time (Neirynck et al., 1999).  
A well-described example of this phenomenon is a small 23 amino acid peptide on the 
surface of Type A Influenza viruses named M2e. This peptide is part of an ion transport 
channel which is necessary for viral activation. Mutations in this sequence undoubtedly 
occur frequently, but since the 1918 Spanish Influenza outbreak, all Type A Influenza 
isolates share a highly conserved core sequence for this peptide (Layton et al., 2009). 
Although natural influenza infection does not result in a robust immune response to this 
peptide sequence, tricking the animal into producing a robust response has resulted in 
protective immunity in several animal species (Neirynck et al., 1999; Mozdzanowska et al., 
2003; Fiers et al., 2004; Zou et al., 2004). In recent years, the rapid increase in molecular 
biological techniques has led to the development of more sophisticated vaccines, of which 
live recombinant bacterial vectored vaccines are one of the most promising (Ashby et al., 
2005; Zhang et al., 2006; Duc et al., 2007; Kajikawa et al., 2007; Uyen et al., 2007; Yang et al., 
2007; Huang et al., 2008; Liu et al., 2008; Ceragioli et al., 2009; Deguchi et al., 2009). 
This type of vaccine uses a genetically modified bacterium to express a heterologous 
antigen. Oral live attenuated Salmonella vaccine vectors expressing recombinant foreign 
antigens have previously been shown to stimulate systemic, mucosal, humoral, and cell-
mediated immune responses against Salmonella (Mollenkopf et al., 2001; Koton and 
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Higgins and co-workers (2005) successfully treated turkey carcasses at a processing facility 
with bacteriophages specific to the Salmonella to which they were infected. This process was 
effective when either an autogenous bacteriophage treatment targeted to the specific 
Salmonella strain infecting the turkeys was used, or a cocktail of nine wide host-range 
Salmonella-targeting bacteriophage were used. Similarly, a bacteriophage treatment for cattle 
carcass contamination has been effective at reducing the E. coli 0157:H7 load at processing 
has been developed and commercially licensed in the United States. These successes avoid 
development of bacteriophage resistance by applying treatment at a single point during 
production, in an environment where proliferation of the target organism is extremely 
limited. In this way, since the target organism is never intentionally exposed twice to the 
same treatment, resistance is unlikely to ever increase beyond the naturally-occurring 
resistance to the bacteriophage (or cocktail) used.  
One of the most well documented successes of published treatment of enteric 
Enterobacteriaceae infections with bacteriophages was the study of Smith and Huggins 
(1983) as described above. It is notable that in this successful study, the bacteriophage 
cocktail used was a combination of two bacteriophages, but the second was isolated using 
the target organism which was resistant to the first bacteriophage. This approach of 
selecting for bacteriophage isolates using target bacteria that are resistant to sequential 
bacteriophage treatments was not used in the work of Higgins et al (2007), or in several 
other published studies. Higgins and co-workers (2007) used a collection bacteriophages, 
independently isolated from different sources and with several different plaque 
morphologies, suggesting that a number of different bacteriophages were employed – and 
failed to persistently reduce enteric colonization.  
It is possible that one of the most notable exceptions to the many failures to treat enteric 
Enterobacteraceae infections during recent years, that of Smith and Huggins (1983), 
provides a singular clue as to the potential for enhancing the likelihood of enteric 
Enterobacteriaceae efficacy. It is possible that selection of multiple bacteriophages for the 
same target cell phenotype results in selection of bacteriophages that are effective through 
identical mechanisms of adhesion, penetration, replication, and release. When new 
bacteriophages are isolated for efficacy against sequentially resistant isolates of the target 
bacteria, and these are combined for administration as a cocktail, the ability of the target cell 
to shift phenotype may be severely limited, resulting in a much larger proportion of target 
cell reduction, thereby increasing the probability of elimination or cure.  
Clearly, widespread bacteriophage treatments with Enterobacteriaceae have not been 
adopted for any animal species during the last 60 years and successful research in this area 
has been modest and sporadic. Nevertheless, the occasional reports by reputable scientists 
in solid journals must indicate that there is potential for improved therapeutic efficacy of 
bacteriophages for this purpose. With the diminution of new antimicrobial pharmaceuticals 
and the widespread resistance among many pathogenic enteric Enterobacteriaceaes, a 
breakthrough in this area is sorely needed.  

7. Vaccination for control of Salmonella in poultry 
Killed whole-cell bacterins and live attenuated vaccines are the most common types of 
vaccines currently used in the poultry industry. Vaccination programs depend on the 
recognition of specific antigens, called epitopes, by the immune system of the host to 
prevent or reduce the spread of pathogenic viruses and bacteria. Because there are a large 
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number of Salmonella serovars, each with individual epitopes that do not elicit cross-
protection against other serovars, there has been little traditional emphasis on development 
of generic Salmonella vaccines. Primarily, killed vaccines, which generally must be 
administered parenterally (through injection), have been applied to protect against systemic 
infections, and although they have been shown to reduce colonization and shedding, the 
protection provided by these vaccines has limited ability to stop intestinal colonization. 
They predominantly stimulate both humoral (circulating IgM and IgG) and cell-mediated 
responses, but are quite ineffective at generating mucosal immunity as secretory IgA 
antibody stimulation is very low through this type of vaccination. This is important because, 
whereas both systemic (humoral and cell-mediated) and mucosal immunity can reduce the 
chances of disease and mortality, only the mucosal portion of this adaptive immune 
response is capable of protecting animals from infection. The key to inducing both an 
adaptive systemic and mucosal response has traditionally been through the use of the 
mucosa as a “portal of entry” for live but weakened (attenuated) vaccines. However, the use 
of such vaccines for protection against Salmonella infection have been tremendously limited 
due to the very large number of different antigens presented by the more than 200 serotypes 
that can infect domestic animals and man, with more than 38 of these commonly infecting 
poultry within the United States, as discussed below (Hargis et al., 2010).  
One approach to solving the problem of serotype variation among the common paratyphoid 
strains of Salmonella, which are often not a disease-causing problem for poultry but rather 
create a source of foodborne illness for consumers, is the identification of “universal 
epitopes” that are shared among all Salmonella isolates. This concept has been established for 
a number of pathogens and is based on the identification of a minor surface structure 
(antigen or epitope) which does not cause robust immune reaction during infection, but 
which can be targeted for protection if the antigen is presented in a way that tricks the 
animal into responding robustly. Some of these are relatively minor antigens which are 
highly conserved among related organisms – usually because they involve biological 
function. Since small peptide sequences that are biologically functional cannot vary in 
sequence, organisms that carry a mutation for such sequences are often either lethal or 
sufficiently detrimental to cause these to not be successful over time (Neirynck et al., 1999).  
A well-described example of this phenomenon is a small 23 amino acid peptide on the 
surface of Type A Influenza viruses named M2e. This peptide is part of an ion transport 
channel which is necessary for viral activation. Mutations in this sequence undoubtedly 
occur frequently, but since the 1918 Spanish Influenza outbreak, all Type A Influenza 
isolates share a highly conserved core sequence for this peptide (Layton et al., 2009). 
Although natural influenza infection does not result in a robust immune response to this 
peptide sequence, tricking the animal into producing a robust response has resulted in 
protective immunity in several animal species (Neirynck et al., 1999; Mozdzanowska et al., 
2003; Fiers et al., 2004; Zou et al., 2004). In recent years, the rapid increase in molecular 
biological techniques has led to the development of more sophisticated vaccines, of which 
live recombinant bacterial vectored vaccines are one of the most promising (Ashby et al., 
2005; Zhang et al., 2006; Duc et al., 2007; Kajikawa et al., 2007; Uyen et al., 2007; Yang et al., 
2007; Huang et al., 2008; Liu et al., 2008; Ceragioli et al., 2009; Deguchi et al., 2009). 
This type of vaccine uses a genetically modified bacterium to express a heterologous 
antigen. Oral live attenuated Salmonella vaccine vectors expressing recombinant foreign 
antigens have previously been shown to stimulate systemic, mucosal, humoral, and cell-
mediated immune responses against Salmonella (Mollenkopf et al., 2001; Koton and 
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Hohmann, 2004; Ashby et al., 2005). Salmonella vectors have the potential advantage of being 
extremely inexpensive to manufacture and, because they do not have to be injected and can 
be administered by spray or drinking water, they are much more acceptable for widespread 
administration to commercial poultry. 
Currently, some laboratories are exploiting this concept by identifying candidate 
antigens/epitopes that are evolutionarily conserved between the many different serotypes of 
Salmonella and which do not elicit a robust response when animals are infected with wild type 
Salmonella (or vaccinated with conventional vaccines), but which may protect against infection 
when delivered in an appropriate way using a recombinant vaccine platform (Wolfenden, RE 
et al., 2010; Kremer et al., 2011). Recently, bacterial carriers of antigens (vectors), including 
Salmonella Enteritidis and Bacillus subtilis, have been manipulated to express protein antigens 
to protect against bacterial, viral, and protozoal pathogens (Layton et al., 2009; O’Meara et al., 
2010; Kremer et al., 2011; Layton et al., 2011). These vaccines have an advantage over many 
other types of vaccines in that they are able to be delivered directly to a mucosal surface via 
nasal, ocular, or oral administration. Because most pathogens invade the host through a 
mucosal surface, an enhanced mucosal immune response is the only portion of acquired 
immunity that can markedly reduce the probability of an animal or flock to become infected, 
as discussed above. While prevention of morbidity and mortality alone are useful traits of 
conventional vaccines for most poultry disease-causing agents, in the case of the common 
Salmonella serotypes which cause foodborne illness, these isolates generally cause little or no 
disease in the animals. Thus, recombinant vaccines that are able to provide wide-range 
protection against common Salmonella serotypes of poultry, by mucosal presentation, may be a 
critical component for controlling this problem in the next few years.  
Along with presentation of conserved antigens through mucosally-administered 
recombinant vaccines, there is a need to trick the immune system of the animal to respond 
robustly to these recombinant bacteria that are not capable of infecting or causing disease. 
Co-expression of molecules that may enhance the immune response or may be recognized 
by receptors located on the mucosal surface of the gastrointestinal tract is a promising area 
of work. Several such molecules may enhance the response to these recombinant vaccines 
(Layton et al., 2009; O’Meara et al., 2010; Wolfenden et al., 2010).  
Presently, there are no broad-spectrum recombinant vaccines approved for use in 
agricultural animals to protect against the wide range of serotypes which plague poultry 
producers worldwide. Specific serotype vaccines, such as S. Enteritidis or S. Gallinarum, 
have gained considerable acceptance in countries with endemic problems with these more 
devastating serovars, particularly in breeders and table egg production chickens (see 
Shivaprasad, 1997, for a review). These vaccines generally do not provide robust protection 
against infection with even the identical serotype, and even less protection against 
heterologous serotypes (Hargis et al., 2010). However, there is a general consensus that 
some protection is provided and for valuable birds, these vaccines may offer a much-needed 
modicum of protection, though often through reduced persistence and shedding of the 
organism, thus limiting spread. For example, studies have shown that oil emulsion 
Salmonella Enteritidis bacterins administered to breeders caused a three log10 cfu/g cecal 
content reduction in recovery from progeny chicks (Inoue et al., 2008), and a two log10 cfu/g 
cecal content reduction in breeders after molting (Nakamura et al., 2004). Thus, these 
vaccines have value at the present time, especially for breeders and at-risk laying hens.  
Live-type vaccines with gene deletions assuring avirulence while allowing immunogenicity 
have been reported (Curtiss and Kelly, 1987; Dueger et al., 2003), and other specific deletion 

 
Alternative Strategies for Salmonella Control in Poultry 271 

mutants have been proposed (Zhang-Barber et al., 1999; Sydenham et al., 2000). Day-of-
hatch chicks vaccinated with this type of attenuated Salmonella vaccine have been shown to 
have serological protection to homologous and heterologous Salmonella serotypes, possibly 
through a mechanism similar to competitive exclusion (Hassan and Curtiss, 1994; Hassan 
and Curtiss, 1997; Dueger et al., 2003; Holt et al., 2003; Bohez et al., 2008). Furthermore, 
maternal antibodies can be demonstrated in eggs and chicks from breeders vaccinated with 
this vaccine. These antibodies were reported to reduce Salmonellae colonization and to 
provide protection to laying hens up to 11 months post-inoculation (Hassan and Curtiss, 
1997). However, susceptibility to antimicrobial agents commonly used in poultry 
production can reduce or eliminate the efficacy of live vaccines, and these vaccines are 
subject to the serotype limitations as discussed above.  
Autogenous vaccines provide for yet another mechanism for vaccinating poultry. In many 
(but not all) countries, there are regulatory provisions under certain circumstances for 
production of specific killed vaccines using the specific isolate plaguing a given poultry 
flock or complex. These “autogenous” Salmonella isolates are typically grown, killed and 
mixed with an adjuvant (a chemical that potentiates the immune response) for parenteral 
administration. Some veterinarians associated with valuable breeder flocks believe that 
these vaccines are highly preferred for vaccination against endemic and common serotypes 
for which no commercial vaccine exists.  
Taken together, there are tremendous future opportunities for manipulating the acquired 
immune response, particularly the mucosal secretory IgA response, for reduceing Salmonella 
infections in poultry. However, current vaccine availability is limited and progress is greatly 
needed on two fronts: 1) improving mucosal immune responses for Salmonella vaccines; and 
2) targeting shared protective epitopes for broad-spectrum serotype coverage for the 
paratyphoid Salmonellae that currently plague poultry producers world-wide. Currently-
available commercial vaccines are enjoying significant popularity due to the intense 
regulatory pressures facing meat and egg producing poultry, although applications are 
generally limited to breeder or layer flocks except under intense regulatory pressure.  

8. Conclusions 
The interest in digestive physiology and the role of microorganisms has generated data 
whereby human and animal well-being can be enhanced and the risk of disease reduced. 
New molecular techniques that allow an accurate assessment of the flora composition, 
resulting in improved strategies for elucidating mechanisms. Given the recent international 
legislation and domestic consumer pressures to withdraw growth-promoting antibiotics and 
limit antibiotics available for treatment of bacterial infections, probiotics can offer alternative 
options. New advances in the application of probiotics, are directed to produce significant 
changes in gut physiology and provide even higher levels of health as well as increase 
performance parameters in poultry.  
Metchnikoff founded the research field of probiotics, aimed at modulating the intestinal 
microflora (Dobrogosz, Peacock, & Hassan, 2010; Schmalstieg & Goldman, 2010; Weissmann, 
2010). However, other parts of the body containing endogenous microflora or problems 
relating to the immune system may also be candidates for probiotic therapy. Research has 
shown that probiotics have potential for human health issues such as: vaginal candidiasis 
(Ehrstrom et al., 2010; Ya, Reifer, & Miller, 2010); dental caries (Chen & Wang, 2010; Stamatova 
& Meurman, 2009); allergies (Gourbeyre, Denery, & Bodinier, 2011; Schiavi, Barletta, Butteroni, 



 
Salmonella – A Dangerous Foodborne Pathogen 270 

Hohmann, 2004; Ashby et al., 2005). Salmonella vectors have the potential advantage of being 
extremely inexpensive to manufacture and, because they do not have to be injected and can 
be administered by spray or drinking water, they are much more acceptable for widespread 
administration to commercial poultry. 
Currently, some laboratories are exploiting this concept by identifying candidate 
antigens/epitopes that are evolutionarily conserved between the many different serotypes of 
Salmonella and which do not elicit a robust response when animals are infected with wild type 
Salmonella (or vaccinated with conventional vaccines), but which may protect against infection 
when delivered in an appropriate way using a recombinant vaccine platform (Wolfenden, RE 
et al., 2010; Kremer et al., 2011). Recently, bacterial carriers of antigens (vectors), including 
Salmonella Enteritidis and Bacillus subtilis, have been manipulated to express protein antigens 
to protect against bacterial, viral, and protozoal pathogens (Layton et al., 2009; O’Meara et al., 
2010; Kremer et al., 2011; Layton et al., 2011). These vaccines have an advantage over many 
other types of vaccines in that they are able to be delivered directly to a mucosal surface via 
nasal, ocular, or oral administration. Because most pathogens invade the host through a 
mucosal surface, an enhanced mucosal immune response is the only portion of acquired 
immunity that can markedly reduce the probability of an animal or flock to become infected, 
as discussed above. While prevention of morbidity and mortality alone are useful traits of 
conventional vaccines for most poultry disease-causing agents, in the case of the common 
Salmonella serotypes which cause foodborne illness, these isolates generally cause little or no 
disease in the animals. Thus, recombinant vaccines that are able to provide wide-range 
protection against common Salmonella serotypes of poultry, by mucosal presentation, may be a 
critical component for controlling this problem in the next few years.  
Along with presentation of conserved antigens through mucosally-administered 
recombinant vaccines, there is a need to trick the immune system of the animal to respond 
robustly to these recombinant bacteria that are not capable of infecting or causing disease. 
Co-expression of molecules that may enhance the immune response or may be recognized 
by receptors located on the mucosal surface of the gastrointestinal tract is a promising area 
of work. Several such molecules may enhance the response to these recombinant vaccines 
(Layton et al., 2009; O’Meara et al., 2010; Wolfenden et al., 2010).  
Presently, there are no broad-spectrum recombinant vaccines approved for use in 
agricultural animals to protect against the wide range of serotypes which plague poultry 
producers worldwide. Specific serotype vaccines, such as S. Enteritidis or S. Gallinarum, 
have gained considerable acceptance in countries with endemic problems with these more 
devastating serovars, particularly in breeders and table egg production chickens (see 
Shivaprasad, 1997, for a review). These vaccines generally do not provide robust protection 
against infection with even the identical serotype, and even less protection against 
heterologous serotypes (Hargis et al., 2010). However, there is a general consensus that 
some protection is provided and for valuable birds, these vaccines may offer a much-needed 
modicum of protection, though often through reduced persistence and shedding of the 
organism, thus limiting spread. For example, studies have shown that oil emulsion 
Salmonella Enteritidis bacterins administered to breeders caused a three log10 cfu/g cecal 
content reduction in recovery from progeny chicks (Inoue et al., 2008), and a two log10 cfu/g 
cecal content reduction in breeders after molting (Nakamura et al., 2004). Thus, these 
vaccines have value at the present time, especially for breeders and at-risk laying hens.  
Live-type vaccines with gene deletions assuring avirulence while allowing immunogenicity 
have been reported (Curtiss and Kelly, 1987; Dueger et al., 2003), and other specific deletion 
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mutants have been proposed (Zhang-Barber et al., 1999; Sydenham et al., 2000). Day-of-
hatch chicks vaccinated with this type of attenuated Salmonella vaccine have been shown to 
have serological protection to homologous and heterologous Salmonella serotypes, possibly 
through a mechanism similar to competitive exclusion (Hassan and Curtiss, 1994; Hassan 
and Curtiss, 1997; Dueger et al., 2003; Holt et al., 2003; Bohez et al., 2008). Furthermore, 
maternal antibodies can be demonstrated in eggs and chicks from breeders vaccinated with 
this vaccine. These antibodies were reported to reduce Salmonellae colonization and to 
provide protection to laying hens up to 11 months post-inoculation (Hassan and Curtiss, 
1997). However, susceptibility to antimicrobial agents commonly used in poultry 
production can reduce or eliminate the efficacy of live vaccines, and these vaccines are 
subject to the serotype limitations as discussed above.  
Autogenous vaccines provide for yet another mechanism for vaccinating poultry. In many 
(but not all) countries, there are regulatory provisions under certain circumstances for 
production of specific killed vaccines using the specific isolate plaguing a given poultry 
flock or complex. These “autogenous” Salmonella isolates are typically grown, killed and 
mixed with an adjuvant (a chemical that potentiates the immune response) for parenteral 
administration. Some veterinarians associated with valuable breeder flocks believe that 
these vaccines are highly preferred for vaccination against endemic and common serotypes 
for which no commercial vaccine exists.  
Taken together, there are tremendous future opportunities for manipulating the acquired 
immune response, particularly the mucosal secretory IgA response, for reduceing Salmonella 
infections in poultry. However, current vaccine availability is limited and progress is greatly 
needed on two fronts: 1) improving mucosal immune responses for Salmonella vaccines; and 
2) targeting shared protective epitopes for broad-spectrum serotype coverage for the 
paratyphoid Salmonellae that currently plague poultry producers world-wide. Currently-
available commercial vaccines are enjoying significant popularity due to the intense 
regulatory pressures facing meat and egg producing poultry, although applications are 
generally limited to breeder or layer flocks except under intense regulatory pressure.  

8. Conclusions 
The interest in digestive physiology and the role of microorganisms has generated data 
whereby human and animal well-being can be enhanced and the risk of disease reduced. 
New molecular techniques that allow an accurate assessment of the flora composition, 
resulting in improved strategies for elucidating mechanisms. Given the recent international 
legislation and domestic consumer pressures to withdraw growth-promoting antibiotics and 
limit antibiotics available for treatment of bacterial infections, probiotics can offer alternative 
options. New advances in the application of probiotics, are directed to produce significant 
changes in gut physiology and provide even higher levels of health as well as increase 
performance parameters in poultry.  
Metchnikoff founded the research field of probiotics, aimed at modulating the intestinal 
microflora (Dobrogosz, Peacock, & Hassan, 2010; Schmalstieg & Goldman, 2010; Weissmann, 
2010). However, other parts of the body containing endogenous microflora or problems 
relating to the immune system may also be candidates for probiotic therapy. Research has 
shown that probiotics have potential for human health issues such as: vaginal candidiasis 
(Ehrstrom et al., 2010; Ya, Reifer, & Miller, 2010); dental caries (Chen & Wang, 2010; Stamatova 
& Meurman, 2009); allergies (Gourbeyre, Denery, & Bodinier, 2011; Schiavi, Barletta, Butteroni, 
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Corinti, Boirivant, & Di Felice, 2010b); autoimmune diseases (Lavasani et al., 2010; Tlaskalova-
Hogenova et al., 2011); urogenital infections (Pascual, Ruiz, Giordano, & Barberis, 2010; Ruiz et 
al., 2009); atopic diseases (Hoang, Shaw, Pham, & Levine, 2010; Nermes et al., 2011); 
rheumatoid arthritis (Lee et al., 2010; Mandel, Eichas, & Holmes, 2010); and respiratory 
infections (Harikrishnan, Balasundaram, & Heo, 2010; Silvestri et al., 2010). Current research is 
still heavily biased toward gastrointestinal applications for probiotics, such as: chronic 
constipation (Bu, Chang, Ni, Chen, & Cheng, 2007; Coccorullo et al., 2010); chronic diarrhea 
(Preidis et al., 2011; Swidsinski, Loening-Baucke, Verstraelen, Osowska, & Doerffel, 2008); 
inflammatory bowel disease (Ng, Chan, & Sung, 2011; Vanderpool, Yan, & Polk, 2008); 
irritable bowel syndrome (Camilleri & Tack, 2010; Enck, Klosterhalfen, & Martens, 2011); and 
food allergy (Gourbeyre et al., 2011; Schiavi, Barletta, Butteroni, Corinti, Boirivant, & Di Felice, 
2010a), but the possibilities for impacting many areas of health are numerous. Much research 
has been completed in efforts to understand and apply the natural benefits of non-pathogenic 
bacteria, but there is much still to do. 
New approaches to vaccination-based prophylaxis for Salmonella infection in poultry offer 
tremendous hope that highly effective vaccines may be on the horizion for commercial 
poultry. However, currently available and autogenous vaccines for Salmonella offer a modicum 
of protection that is generally only useful for breeders and laying hens at this time.  
Although there are occasional successes with treatment of enteric Salmonella infections in 
live birds with bacteriophage cocktails, as described above, resistance to bacteriophage lysis 
generally develops very quickly, leading most scientist to conclude that these offer little 
promise for treating Salmonella infections in live poultry. However, when broadly-effective 
bacteriophage cocktails have been applied to poultry carcasses at processing, these cocktails 
have been highly efficacious and potentially cost-effective for inducing marked reductions 
in Salmonella contamination (Higgins et al., 2005). This latter approach has the probability of 
avoiding the resistance issues associated with treatment of live animals in that Salmonella 
contaminants would only be exposed to the bacteriophage cocktail at a single point in the 
vertical production scheme, thereby avoiding re-introduction of resistant Salmonella isolates 
into the integrated poultry production operation.  
The scientific progress outlined in this chapter show highly encouraging progress toward 
intervention methods for Salmonella infections of poultry, and opportunities that are just 
becoming available to potentially impact poultry as a source of Salmonella-related food 
borne illness. Salmonella infections of poultry continue to be hugely problematic in both 
developed and developing countries. To date, no single “silver bullet” has been identified 
which can be applied commercially to eliminate this risk for this important and healthy 
human food source. Nevertheless, several tools, as described above, have been shown to be 
highly effective in reducing Salmonella levels in poultry production operations worldwide, 
particularly when used in combination. New probiotic/DFM products, with isolate selection 
based on better understanding of the mechanisms of efficacy, along with eventual 
regulatory approval and commercialization of exciting new vaccine technologies may make 
a tremendous impact in the very near future.  
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1. Introduction 
Food-borne illness as a result of consumption of foods contaminated with pathogenic 
bacteria is a world-wide concern. The presence and subsequent growth of micro-organisms 
in food in addition to improper storage not only results in spoilage but also in a reduction of 
food quality. The microbiological safety in ready to eat products is a cause of big concern 
not only for the consumers and food industries but also for the regulatory agencies. The 
number of documented outbreaks of foodborne diseases has increased in the last decade 
with Salmonella spp., Listeria monocytogenes and Escherichia coli being responsible for the 
largest number of outbreaks and deaths.  
The European Food Safety Authority (EFSA) reported Salmonella to be the most common 
cause of food-borne outbreaks in the EU (EFSA, 2009). As high as 50,000 and 35,000 people 
were reported to be suffering from salmonellosis in the Netherlands during 1999-2000 and 
2002, respectively (Bouwknegt et al., 2003). The symptoms include diarrhoea, vomiting, 
nausea, abdominal pain and fever. Salmonella enterica Typhimurium and Salmonella enterica 
Enteritidis are the most frequently isolated serovars in the EU which are responsible for 
diarrhoea and fever (EFSA-ECDC, 2007). Some strains of Salmonella such as S. Senftenberg 
are more heat resistant than other strains. Even in the United States, Salmonella is considered 
to be one of the most prevalent bacteria amongst the foodborne pathogens, causing an 
estimated 1.6 million foodborne illnesses with annual cost of ~$14 billion. Salmonella 
Typhimurium has been implicated in the US as the major causative agent for food borne 
salmonellosis.  

2. Salmonella 
Salmonella is a gram negative, non-spore forming bacilli belonging to the family 
Enterobacteriaceae and is one of the most prominent food pathogenic bacteria. This 
pathogen has the ability to grow at a wide range of temperatures (8-45 °C), pH (4 to 9) and 
foods with high moisture content (thus high water activity). Since the organism is heat 
sensitive, it is more prevalent in raw and under-cooked foods. In general, consumption of 
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contaminated foods such as raw or under-cooked eggs, meat, poultry or even dairy 
products can act as vehicles for salmonellosis in humans. Because of the ability of Salmonella 
cells to exist under dormant conditions and regain active growth phase when favourable 
conditions return, it also has the ability to survive in dry products. As fresh cut fruits lack 
any skin barrier they are also likely to be contaminated by Salmonella. Storage of raw or 
pasteurized foods under refrigerated conditions or with treatments that reduce pH can help 
to increase the shelf life by retarding or avoiding the growth but certain strains of Salmonella 
have been reported to survive even under chilling conditions. It is now evident that these 
conditions cannot stop the chromosomal replication and are only bacteriostatic in nature 
(Tahergorabi et al., 2011). Risco (2009) reported survival of Salmonella inoculated into 
chicken nuggets during 16 weeks at -20ºC. This further adds to the problems that can arise 
by the consumption of ready to eat frozen products that are just pre-warmed in a 
microwave prior to consumption.  
Although any person can contract food poisoning due to Salmonella, the disease can be 
more serious in infants, elderly and people with weak immune system. Treatment with 
antibiotics becomes essential for the eradication of this bacterial species. However, 
excessive use of antibiotics has made several strains to develop resistance against such 
drugs resulting in increased prevalence of these resistant strains in humans and animals. 
In order to minimize its presence in foods, synthetic antimicrobial agents such as sodium 
benzoate and sodium nitrite were used. However, these are also losing popularity due to 
consumer demand for food products with natural preservatives. Thermal processing is 
the most efficient way for eliminating Salmonella from foods. However, consumer’s 
demand for minimally processed foods in addition to the negative effect of heat on 
nutritional properties of foods is making this technology less popular in the food 
industry. Novel remedies for safe and efficient removal of this bacterium from foods are 
becoming vital. Nowadays, non thermal techniques such as the addition of naturally 
occurring compounds having antibacterial activity, the use of high pressure carbon 
dioxide (HPCD), use of electrolysed water, high intensity pulsed electric field (PEF) or 
irraditation are increasingly gaining attention as a means of food preservation. In 
addition, it is imperative for the non thermal applications to have similar or higher 
inactivation as compared to the traditional heat treatments. According to US-FDA 
guidelines, the main requirement is to reduce the pathogen load by 5 logs (FDA, 2001). 
The major advantage of these non-thermal technologies (table 1) is that they are 
environmentally friendly and act at ambient or sub-lethal temperatures resulting in 
minimal impact on color, flavor and nutritional quality of foods. These techniques help in 
retaining the “fresh-like” characteristics of food and may also help to preserve 
functionalities.  
However, the use of essential oils and other plant extracts is often limited by 
organoleptical criteria. Moreover, high pressures can cause cell wall breakdown and 
result in loss of cell turgidity. Thus, under these conditions, it might be necessary to 
combine two or more technologies in order to achieve the desired preservative effect. The 
technique of combination or “hurdle technology” is slowly becoming eminent. Thus, the 
use of natural antimicrobials along with pulsed electric field, ozone or super critical 
carbon dioxide can be used to curtail the growth of Salmonella with a minimal effect on the 
sensory characteristics such as flavor.  
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Many different sources available 
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Non-heat related method 
Lesser changes in quality attributes 
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Long term exposure can be 
harmful to the industry workers 

HPP 
Independent of the shape of food  
Can be used for both solid and 
liquid samples. 

Changes in quality of food has 
been observed 

HPCD 

Can be used in a batch or 
continuous process 
CO2 is GRAS, nonflammable and 
non-toxic 

Not very successful for solid 
foods 
Commercial application is still 
not a success 

PEF 
Pulse applied for a short period so 
no generation of heat 
Less usage of energy 

Cannot be applied to foods 
which cannot withstand high 
fields 
Cannot be applied to foods that 
form bubbles  

Natural 
antimicrobials 

Natural “green” preservatives 
Have “GRAS” status 

Can have a negative effect on the 
sensory properties of foods 

 
Table 1. Limitations and advantages of non thermal processing techniques 

3. Thermal processing 
Heating of food is the most common and effective method for eliminating pathogens. 
Thermal pasteurization, involving the reduction or inactivation of micro-organisms, was 
traditionally the most common method for the production of microbiologically safe food 
products. The method involves generation of heat outside the food which gets transferred 
into the food through conduction or convection. Although the method is inexpensive, 
preservative free and environmental friendly, it does result in undesirable changes related 
to the nutritional and organoleptical properties of foods. At the same time, the content or 
bioavailability of some bioactive compounds such as ascorbic acid, phenolic compounds or 
carotenoids may be severely diminished. The case becomes even worse if the food product 
is heat sensitive. Nonetheless the extent of destruction depends on the temperature used for 
processing in addition to the time for which it is applied. In order to circumvent the 
shortcomings of thermal processing, several non-thermal methods such as the use of 
radiation, high pressure processing and natural antimicrobials are receiving considerable 
attention (table 2).  



 
Salmonella – A Dangerous Foodborne Pathogen 288 
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However, the use of essential oils and other plant extracts is often limited by 
organoleptical criteria. Moreover, high pressures can cause cell wall breakdown and 
result in loss of cell turgidity. Thus, under these conditions, it might be necessary to 
combine two or more technologies in order to achieve the desired preservative effect. The 
technique of combination or “hurdle technology” is slowly becoming eminent. Thus, the 
use of natural antimicrobials along with pulsed electric field, ozone or super critical 
carbon dioxide can be used to curtail the growth of Salmonella with a minimal effect on the 
sensory characteristics such as flavor.  
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bioavailability of some bioactive compounds such as ascorbic acid, phenolic compounds or 
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shortcomings of thermal processing, several non-thermal methods such as the use of 
radiation, high pressure processing and natural antimicrobials are receiving considerable 
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Food Product Strain Condition Reduction Reference Technique 

Chicken meat S. Typhimurium 13.7 MPa,  
35 °C , 2 h 94-98% Wei et al., 1991 hpcd 

Beef 
Trimmings Salmonella spp. 10.3 MPa,  

36 °C , 15 min 0.83 log Meurehg, 2006 hpcd 

Ground beef Salmonella spp. 10.3 MPa,  
36 °C , 15 min 1.23 log Meurehg, 2006 hpcd 

Physiological 
saline S. Typhimurium 6 MPa, 35 °C , 

15 min 7 log Erkmen and 
Karaman 2001 hpcd 

Orange juice S. Typhimurium 38 MPa, 25 °C , 
10 min 6 log Kincal et al., 

2005 hpcd 

Melon juice S. Enteritidis 2000 μs and 
100 Hz 4.27 log 

Mosqueda-
Melgar et al., 
2007 

PEF 

Watermelon 
juice S. Enteritidis 1250 μs and 

175 Hz 3.75 log 
Mosqueda-
Melgar et al., 
2007 

PEF 

Orange juice S. Typhimurium 90 kV/cm and 
55 °C 5.0 log Liang et al., 

(2002) PEF 

UHT Milk Salmonella spp. 
600 MPa for 10 

min and  
21.5 °C 

6.5-8.2 log Chen et al., 2006 HPP 

Orange juice Salmonella spp. 600 MPa and 
20 °C 7 log Bull et al., 2004 HPP 

Sliced Ham S. Typhimurium 2 kGy 3.78 Song et al., 2011 Electron 
beam 

Sliced Ham S. Typhimurium 8000 J/ m2 2.02 logs Chun et al., 2009 UV-C 

Table 2. Inactivation of Salmonella spp. achieved by application of non-thermal techniques in 
foods 

4. Non thermal approaches 
4.1 Application of radiation 
4.1.1 Irradiation 
The use of ionizing radiation as a means of food preservation is being extensively 
researched and is approved in many countries such as the United States, France, 
Netherlands and Canada. The use of radiation dose up to 7 kiloGray (kGy) has been 
sanctioned by WHO as safe. The critical target of ionizing radiation is the bacterial DNA. 
Gamma rays, X-rays and electron beam are the most common types of ionizing radiation. 
Gamma radiation is generated using radioactive isotopes such as cobalt-60 or Cesium-137 
(FDA approved) whereas for electron beam high speed electrons are generated using 
electricity. Generation of X-rays involves interposition of a metal target between the food 
and the electron beam. The choice of use between e-beam and X-ray is typically made as an 
exchange between efficiency and product penetration depth. Unlike gamma radiation, the 
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processing time using electron beam is very short and the technique does not produce 
radioactive waste. The effect of both techniques on the quality is minimal as no heat is 
generated during the process. However, electron beam can penetrate only up to 8 cm in 
foods which is its major limitation. Nonetheless both these techniques are being studied for 
eliminating Salmonella. Irradiation in the range of 2-3 kGy has been used for the elimination 
of Salmonella in meat products. Park et al. (2010) reported lower total aerobic counts in 
gamma rays treated beef sausage patties as compared to electron beam treated samples. 
Reduction of 3.78 and 2.04 logs has been reported using electron beam irradiation (2 kGy) 
for S. Typhimurium inoculated in sliced ham (Song et al., 2011) and powdered weaning 
foods (Hong et al., 2008), respectively whereas Martins et al., (2004) reported a 4 log 
reduction in a cocktail of Salmonella strains using 1.7 kGy in watercress thereby showing the 
applicability of gamma radiation in salad vegetables. Application of 3 kGy electron beam 
resulted in a reduction of 6.75 and 4.85 logs of S. Tennessee and S. Typhimurium inoculated 
in Peanut butter (Hvizdzak et al., 2010). In contrast, irradiation by electron beam was found 
to be an unacceptable method for destroying Salmonella on raw almonds (Prakash et al., 
2010). A dose of 5 kGy was reported to be required for achieving a 4 log reduction whereas 
radiation intensity higher than 2.98 kGy induced significant sensory changes in raw 
almonds (Prakash et al., 2010). Mahmoud (2010) reported 3.7 logs reduction in S. enterica 
per tomato upon the application of 0.75 kGy X-rays. Increasing the dose to more than 1 kGy 
resulted in more than 5 logs reduction. X-ray has shown to result in more than 6 logs 
reduction in ready to eat shrimps (Mahmoud, 2009) and spinach leaves and shredded 
iceberg lettuce (Mahmoud et al., 2010). However, several adverse effects (lipid oxidation, 
textural degradation) caused by ionizing radiation have prevented this technology from 
being extended. Especially, lipid oxidation of meat products by irradiation is the most 
important factor for quality decline. An increase in the off-odors of irradiated ground pork 
and pork chops upon refrigerated storage were observed (Ohene-Adjei et al., 2004). The 
negative effects of gamma radiation on the appearance and color of chicken breasts, pork 
loin and beef loin, has also been reported (Kim et al., 2002). Additionally just like other 
inactivation techniques, S. Typhimurium has been reported to develop resistance against the 
radiation if the cells are repeatedly processed with electron beam at sub-lethal doses (Tesfai 
et al., 2011). Although irradiation has a high potential to be used for food preservation, its 
use is limited by an uncorroborated view that irradiated foods are not well accepted by the 
public as safe and desirable.  

4.1.2 Ultravoilet radiation 
Irradiation using non-ionizing rays, especially ultraviolet (UV)-C (wavelengths of 220–300 
nm with 90% emission at 253.7 nm) has been approved as a non thermal method by the U.S. 
Food and Drug Administration (FDA) for surface sterilization (US Food and Drug 
Administration (2007)). This technique has been used extensively to decontaminate food 
surfaces directly or other materials which come in contact with food surfaces. The main 
industrial application of UV is its use in disinfection of drinking water. The mechanism of 
action of UV light involves the interruption of bacterial replication due to the formation of 
thymine dimers in the bacterial chromosome either killing them or making them unable to 
reproduce.  
Chun et al., (2009) reported a reduction of 2.02 logs of S. Typhimurium in sliced ham upon 
the application of 8000 J/m2 of UV-C whereas in the case of chicken breasts a reduction of 
only 1.19 logs were observed upon the application of 5 kJ/m2 UV-C radiation (Chun et al., 
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The use of ionizing radiation as a means of food preservation is being extensively 
researched and is approved in many countries such as the United States, France, 
Netherlands and Canada. The use of radiation dose up to 7 kiloGray (kGy) has been 
sanctioned by WHO as safe. The critical target of ionizing radiation is the bacterial DNA. 
Gamma rays, X-rays and electron beam are the most common types of ionizing radiation. 
Gamma radiation is generated using radioactive isotopes such as cobalt-60 or Cesium-137 
(FDA approved) whereas for electron beam high speed electrons are generated using 
electricity. Generation of X-rays involves interposition of a metal target between the food 
and the electron beam. The choice of use between e-beam and X-ray is typically made as an 
exchange between efficiency and product penetration depth. Unlike gamma radiation, the 
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processing time using electron beam is very short and the technique does not produce 
radioactive waste. The effect of both techniques on the quality is minimal as no heat is 
generated during the process. However, electron beam can penetrate only up to 8 cm in 
foods which is its major limitation. Nonetheless both these techniques are being studied for 
eliminating Salmonella. Irradiation in the range of 2-3 kGy has been used for the elimination 
of Salmonella in meat products. Park et al. (2010) reported lower total aerobic counts in 
gamma rays treated beef sausage patties as compared to electron beam treated samples. 
Reduction of 3.78 and 2.04 logs has been reported using electron beam irradiation (2 kGy) 
for S. Typhimurium inoculated in sliced ham (Song et al., 2011) and powdered weaning 
foods (Hong et al., 2008), respectively whereas Martins et al., (2004) reported a 4 log 
reduction in a cocktail of Salmonella strains using 1.7 kGy in watercress thereby showing the 
applicability of gamma radiation in salad vegetables. Application of 3 kGy electron beam 
resulted in a reduction of 6.75 and 4.85 logs of S. Tennessee and S. Typhimurium inoculated 
in Peanut butter (Hvizdzak et al., 2010). In contrast, irradiation by electron beam was found 
to be an unacceptable method for destroying Salmonella on raw almonds (Prakash et al., 
2010). A dose of 5 kGy was reported to be required for achieving a 4 log reduction whereas 
radiation intensity higher than 2.98 kGy induced significant sensory changes in raw 
almonds (Prakash et al., 2010). Mahmoud (2010) reported 3.7 logs reduction in S. enterica 
per tomato upon the application of 0.75 kGy X-rays. Increasing the dose to more than 1 kGy 
resulted in more than 5 logs reduction. X-ray has shown to result in more than 6 logs 
reduction in ready to eat shrimps (Mahmoud, 2009) and spinach leaves and shredded 
iceberg lettuce (Mahmoud et al., 2010). However, several adverse effects (lipid oxidation, 
textural degradation) caused by ionizing radiation have prevented this technology from 
being extended. Especially, lipid oxidation of meat products by irradiation is the most 
important factor for quality decline. An increase in the off-odors of irradiated ground pork 
and pork chops upon refrigerated storage were observed (Ohene-Adjei et al., 2004). The 
negative effects of gamma radiation on the appearance and color of chicken breasts, pork 
loin and beef loin, has also been reported (Kim et al., 2002). Additionally just like other 
inactivation techniques, S. Typhimurium has been reported to develop resistance against the 
radiation if the cells are repeatedly processed with electron beam at sub-lethal doses (Tesfai 
et al., 2011). Although irradiation has a high potential to be used for food preservation, its 
use is limited by an uncorroborated view that irradiated foods are not well accepted by the 
public as safe and desirable.  

4.1.2 Ultravoilet radiation 
Irradiation using non-ionizing rays, especially ultraviolet (UV)-C (wavelengths of 220–300 
nm with 90% emission at 253.7 nm) has been approved as a non thermal method by the U.S. 
Food and Drug Administration (FDA) for surface sterilization (US Food and Drug 
Administration (2007)). This technique has been used extensively to decontaminate food 
surfaces directly or other materials which come in contact with food surfaces. The main 
industrial application of UV is its use in disinfection of drinking water. The mechanism of 
action of UV light involves the interruption of bacterial replication due to the formation of 
thymine dimers in the bacterial chromosome either killing them or making them unable to 
reproduce.  
Chun et al., (2009) reported a reduction of 2.02 logs of S. Typhimurium in sliced ham upon 
the application of 8000 J/m2 of UV-C whereas in the case of chicken breasts a reduction of 
only 1.19 logs were observed upon the application of 5 kJ/m2 UV-C radiation (Chun et al., 
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2010). At the same time, storage of UV-C treated chicken breasts resulted in an increase in 
the TBARS values and a negligible change in the Hunter L, a and b values for the product. 
The effects of UV-C on the quality attributes and decontamination efficiency against 
Salmonella Enteritidis were evaluated in different egg fractions (de Souza and Fernández, 
2011). In terms of quality attributes, UV-C did not affect the viscosity and the pH however, 
browning due to maillard reaction was detectable in egg yolk and whole egg at low UV-C 
doses. The TBARS value was not significantly different to untreated samples. At the same 
time, a reduction of 5.3, 3.3 and 3.8 log was achieved under dynamic conditions (9.22 J/cm2, 
39 min) in egg white, egg yolk and whole egg, respectively.  
The main drawback of UV irradiation is that it is a surface sterilization method. The 
efficiency of the treatment will strongly depend on the actual location of the bacterial 
contaminant as well as the composition, surface topography and transmissivity of the food 
(Allende et al., 2006). Moreover, the penetration of UV in liquid foods will strongly depend 
on the characteristics of the liquid product. The presence of solid particles and other 
components can seriously hinder the penetration. In addition the actual physical 
arrangement, power and wavelength of the UV source will also play a significant role. 
Besides, care has to be taken while using short wave UV regarding the damage that it can 
cause to human eyes in addition to being a cause of skin cancers and burns in humans upon 
excessive exposure. 

4.2 Application of pressure  
4.2.1 High pressure processing (HPP) 
High pressure processing (HPP) is a food processing method involving the application of 
pressure throughout the food. The technique is independent of the shape of food and can be 
used for both solid and liquid samples. Pressures in the range of 100-800 MPa are generally 
applied with temperatures ranging from 0-100 °C. The main target for HPP is the bacterial 
cytoplasmic membrane. In addition to the loss of solute, enzyme inactivation and protein 
coagulation might also occur as a result of excess pressure. HPP technique has been used for 
reducing or eliminating Salmonella in foods or culture media. Reduction of 6.5-8.2 logs in 
Salmonella inoculated in UHT whole milk was achieved at a pressure of 600 MPa for 10 min 
and 21.5 °C (Chen et al., 2006). Several instances regarding the growth of Salmonella spp. on 
the surface of tomatoes have been reported. HPP has been applied for the removal of this 
bacterium from the tomatoes surface. Application of pressures in the range of 350-550 MPa 
has been reported to result in 0.46-3.67 log reduction in S. enterica serovar Braenderup 
inoculated on diced and whole tomatoes (Maitland et al., 2011). Exposure to a pressure of 
550 MPa for 2 min resulted in a reduction of several S. enterica serovars (Baildon, Gaminara, 
Michigan and Typhimurium) in the range of 4 log cfu/ml or greater for broth, water and 
apple juice (Whitney et al., 2007). Time did not seem to be an important factor when HPP 
was applied in a chicken meat model system. Treatment at 400 MPa for 2 min and 20 °C 
resulted in an inactivation between 3.26 and 4.35 log in a chicken meat model system (Escriu 
and Mor-Mur, 2009). The applicability of HPP as a preservation method against Salmonella 
has also been evaluated for products with lower water activity such as raw almonds. 
Goodridge et al. (2006) studied the effect of continuous and oscillatory HPP treatment on the 
viability of two Salmonella Enteriditis strains (FDA and PT30) inoculated onto raw almonds. 
Continuous pressurization of raw almonds resulted in less than one log reduction whereas 
the oscillatory process provided 1.27 and 1.16 log reduction for FDA and PT30 strains, 
respectively. However, a reduction of 3.37 logs was achieved when the almonds were 
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directly suspended in water and then given the treatment. The effect was attributed to the 
fact that low water activity provided a protective effect to the bacterial cells. Application of 
HPP to orange juice resulted in 7-log inactivation of Salmonella at 600 MPa and 20 °C (Bull et 
al., 2004) and 615MPa and 15 °C (Teo et al., 2001) for 60 s. At the same time, HPP was 
reported not to have any significant effect on the quality parameters of orange juice such as 
titratable acid content, °Brix, viscosity, alcohol insoluble acids, color, ascorbic acid and β-
carotene concentrations (Bull et al., 2004). 
However, the application of high pressure at high temperatures may result in undesirable 
changes in the quality of many foods. Moreover, in the case of meat products, high pressure 
can increase the susceptibility of meat products to attack by oxygen thus resulting in 
increased lipid oxidation. For instance, Ma et al. (2007) reported almost 5-fold increase in 
TBARS values after 7 days storage at 4 °C in beef exposed to a pressure ≥400MPa. In other 
studies, pressures higher than 300 or 400 MPa (at ambient temperatures) caused increased 
rate of oxidation in pork (Cheah and Ledward, 1996) and cod muscles (Angsupanich and 
Ledward, 1998), respectively. McArdle et al. (2011) reported detrimental effect of HPP at 
600MPa on texture, oxidation and water binding properties of beef. However lower TBARS 
and cook loss for beef processed by HPP were obtained as compared to raw or conventional 
heat processed samples. Besides, HPP carried out at high temperatures can cause cell wall 
breakdown and result in loss of cell turgidity. In addition, large-scale industrial application 
will only be possible if the technique becomes economical. The treatment time and the 
pressures applied are the major factors involved in deciding the cost and in achieving the 
desirable microbial inactivation. Hence, it is important to optimize conditions wherein 
minimal pressure is applied for the shortest time so that a food product with a reasonable 
cost is obtained.  

4.2.2 High pressure carbon dioxide (HPCD) 
High pressure carbon dioxide (HPCD) is another upcoming treatment that is being 
extensively used as a non-thermal technique for food pasteurization. The process is not only 
environmentally friendly due to the non-toxic nature of carbon dioxide but also involves 
application of lower CO2 pressure as compared to those employed for HPP. The use of 
lower pressures makes this technique an energy-saving process. The major factor involved 
in the destruction is CO2 although pressure helps in greater penetration of CO2 in the cells. 
Lethality imparted by pressurized CO2 is a result of disassociation of CO2 (in foods with 
high water content) into reactive ions such as carbonates (CO32-), bicarbonates (HCO3-) and 
hydrogen (H+). These reactive ionic species can then have an effect on the permeability of 
the cell membrane and properties of cell constituents. In addition, generation of carbonic 
acid (H2CO3) in the water present in food products further results in a reduction in the pH 
of the food products enhancing the penetration of CO2 (Wei et al., 1991). 
Studies involving the use of HPCD for the inactivation of S. Typhimurium (Kim et al., 2007; 
Erkmen and Karaman, 2001; Erkmen 2000; Wei et al., 1991) have clearly reported the 
microbial strain, pressure applied, pH of the medium, type of medium and temperature to 
be important factors for the inactivation. S. Typhimurium in orange juice was effectively 
reduced by 5-6 logs when subjected to continuous dense phase carbon dioxide (DPCD) for 
10 min at 21–107 MPa and 25 °C (Kincal et al., 2005) whereas in another study reduction as 
high as 8 logs was achieved when the growth media was changed to physiological saline 
(PS) or phosphate buffer solution (Kim et al., 2007). Kim et al. (2007) also analyzed the 
structural changes in S. Typhimurium cells upon the application of super-critical CO2. A 
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2010). At the same time, storage of UV-C treated chicken breasts resulted in an increase in 
the TBARS values and a negligible change in the Hunter L, a and b values for the product. 
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efficiency of the treatment will strongly depend on the actual location of the bacterial 
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Besides, care has to be taken while using short wave UV regarding the damage that it can 
cause to human eyes in addition to being a cause of skin cancers and burns in humans upon 
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Salmonella inoculated in UHT whole milk was achieved at a pressure of 600 MPa for 10 min 
and 21.5 °C (Chen et al., 2006). Several instances regarding the growth of Salmonella spp. on 
the surface of tomatoes have been reported. HPP has been applied for the removal of this 
bacterium from the tomatoes surface. Application of pressures in the range of 350-550 MPa 
has been reported to result in 0.46-3.67 log reduction in S. enterica serovar Braenderup 
inoculated on diced and whole tomatoes (Maitland et al., 2011). Exposure to a pressure of 
550 MPa for 2 min resulted in a reduction of several S. enterica serovars (Baildon, Gaminara, 
Michigan and Typhimurium) in the range of 4 log cfu/ml or greater for broth, water and 
apple juice (Whitney et al., 2007). Time did not seem to be an important factor when HPP 
was applied in a chicken meat model system. Treatment at 400 MPa for 2 min and 20 °C 
resulted in an inactivation between 3.26 and 4.35 log in a chicken meat model system (Escriu 
and Mor-Mur, 2009). The applicability of HPP as a preservation method against Salmonella 
has also been evaluated for products with lower water activity such as raw almonds. 
Goodridge et al. (2006) studied the effect of continuous and oscillatory HPP treatment on the 
viability of two Salmonella Enteriditis strains (FDA and PT30) inoculated onto raw almonds. 
Continuous pressurization of raw almonds resulted in less than one log reduction whereas 
the oscillatory process provided 1.27 and 1.16 log reduction for FDA and PT30 strains, 
respectively. However, a reduction of 3.37 logs was achieved when the almonds were 
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directly suspended in water and then given the treatment. The effect was attributed to the 
fact that low water activity provided a protective effect to the bacterial cells. Application of 
HPP to orange juice resulted in 7-log inactivation of Salmonella at 600 MPa and 20 °C (Bull et 
al., 2004) and 615MPa and 15 °C (Teo et al., 2001) for 60 s. At the same time, HPP was 
reported not to have any significant effect on the quality parameters of orange juice such as 
titratable acid content, °Brix, viscosity, alcohol insoluble acids, color, ascorbic acid and β-
carotene concentrations (Bull et al., 2004). 
However, the application of high pressure at high temperatures may result in undesirable 
changes in the quality of many foods. Moreover, in the case of meat products, high pressure 
can increase the susceptibility of meat products to attack by oxygen thus resulting in 
increased lipid oxidation. For instance, Ma et al. (2007) reported almost 5-fold increase in 
TBARS values after 7 days storage at 4 °C in beef exposed to a pressure ≥400MPa. In other 
studies, pressures higher than 300 or 400 MPa (at ambient temperatures) caused increased 
rate of oxidation in pork (Cheah and Ledward, 1996) and cod muscles (Angsupanich and 
Ledward, 1998), respectively. McArdle et al. (2011) reported detrimental effect of HPP at 
600MPa on texture, oxidation and water binding properties of beef. However lower TBARS 
and cook loss for beef processed by HPP were obtained as compared to raw or conventional 
heat processed samples. Besides, HPP carried out at high temperatures can cause cell wall 
breakdown and result in loss of cell turgidity. In addition, large-scale industrial application 
will only be possible if the technique becomes economical. The treatment time and the 
pressures applied are the major factors involved in deciding the cost and in achieving the 
desirable microbial inactivation. Hence, it is important to optimize conditions wherein 
minimal pressure is applied for the shortest time so that a food product with a reasonable 
cost is obtained.  

4.2.2 High pressure carbon dioxide (HPCD) 
High pressure carbon dioxide (HPCD) is another upcoming treatment that is being 
extensively used as a non-thermal technique for food pasteurization. The process is not only 
environmentally friendly due to the non-toxic nature of carbon dioxide but also involves 
application of lower CO2 pressure as compared to those employed for HPP. The use of 
lower pressures makes this technique an energy-saving process. The major factor involved 
in the destruction is CO2 although pressure helps in greater penetration of CO2 in the cells. 
Lethality imparted by pressurized CO2 is a result of disassociation of CO2 (in foods with 
high water content) into reactive ions such as carbonates (CO32-), bicarbonates (HCO3-) and 
hydrogen (H+). These reactive ionic species can then have an effect on the permeability of 
the cell membrane and properties of cell constituents. In addition, generation of carbonic 
acid (H2CO3) in the water present in food products further results in a reduction in the pH 
of the food products enhancing the penetration of CO2 (Wei et al., 1991). 
Studies involving the use of HPCD for the inactivation of S. Typhimurium (Kim et al., 2007; 
Erkmen and Karaman, 2001; Erkmen 2000; Wei et al., 1991) have clearly reported the 
microbial strain, pressure applied, pH of the medium, type of medium and temperature to 
be important factors for the inactivation. S. Typhimurium in orange juice was effectively 
reduced by 5-6 logs when subjected to continuous dense phase carbon dioxide (DPCD) for 
10 min at 21–107 MPa and 25 °C (Kincal et al., 2005) whereas in another study reduction as 
high as 8 logs was achieved when the growth media was changed to physiological saline 
(PS) or phosphate buffer solution (Kim et al., 2007). Kim et al. (2007) also analyzed the 
structural changes in S. Typhimurium cells upon the application of super-critical CO2. A 
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complete loss of colony forming activity was observed for the treated cells with a formation 
of veins and small vesicles on the surface. TEM images showed the inner areas to be highly 
disrupted accompanied by a membrane deformation. In addition, shrinking and uneven 
dispersion of cytoplasmic materials was also observed (Figure 1). Liao et al. (2010) obtained 
a remarkable reduction of 5 logs for S. Typhimurium when carrot juice was subjected to 
DPCD treatment. Both temperature and pressure had a noticeable effect as the inactivation 
was enhanced with increasing pressure at a constant temperature or increasing temperature 
at a constant pressure. In contrast, inactivation of S. Typhimurium in PS or PS containing 
10% brain–heart infusion (PS-BHI) broth was completed in 35 min in PS whereas it took 140 
min in the case of PS-BHI (Erkmen, 2000). Besides, the previous study reported the presence 
of two phases during the destruction characterized by a slow rate of reduction in the cell 
number which increased sharply at the later stage. Erkmen and Karaman (2001) observed 
that the exposure time required to achieve the same level of Salmonella inactivation was 
drastically reduced as the pressure during the inactivation increased. Complete inactivation 
of Salmonella was reported in egg yolk, 94-98% in chicken meat strips and limited 
inactivation in whole egg at a pressure of 13.7 MPa at 35 °C for 2 h (Wei et al., 1991). The 
variation in the results clearly indicates the complex nature of food systems. A treatment of 
14 MPa at 45 °C for 40 min resulted in a 34.48% and 32.74% reduction for S. Typhimurium in 
soy sauce and hot-pepper paste marinated pork products, respectively (Choi et al., 2009a). 
However, the technique is more suitable for liquid foods as the diffusion of CO2 into solid 
samples becomes a limitation due to the absence of agitation in solid foods. Also, high 
concentrations of CO2 can cause darkening of color of certain animal products due to the 
formation of metmyoglobin. Due to the complex nature of foods conflicting results are 
available on the effect of HPCD on sensory, chemical and physical properties of foods. In 
spite of the potential advantages of HPCD more research is needed to monitor and quantify 
sensory and chemical characteristics of foods undergoing this preservation technique. 
 
 

 
 

Fig. 1. Scanning electron micrograph (upper; magnification: 20,000) and Transmission 
electron micrograph (lower; magnification: 50,000) images of S. Typhimurium cells (left: 
untreated; right: treated) upon application of super critical carbon dioxide at 35°C and 100 
bar for 30 min (Kim et al., 2007) 
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4.3 Pulsed electric field (PEF) 
Pulsed electric field (PEF) is another non-thermal technology that can be used to inactivate 
bacterial cells at ambient temperatures. The process involves placing the food material 
between two electrodes and passing pulses of high electric field (1-50 kV/cm) strengths. 
Since the pulses are applied for short durations (2μs to 1 ms) the negative impact on food 
quality due to heat processing is highly diminished (Barbosa-Cánovas et al., 2001). The 
technique is more suitable for liquid or semi-liquid foods which can be easily pumped. It 
can be used to increase the shelf life of soups, milk, whole liquid eggs and fruit juices. PEF 
as a non-thermal preservation method has been implemented by Genesis Juices, Oregon, 
USA. The application of electric field results in cellular death due to generation of pores 
(electroporation) in the bacterial cell membrane without having an effect on enzymes or 
proteins present in foods (Wouters et al., 2001). The effectiveness of the technique will 
strongly depend on the treatment time, electric field strength and specific energy of the 
pulses. For instance, Monfort et al., (2010) achieved an inactivation of 4 log for Salmonella 
Typhimurium when 45 kV/cm of electric field was applied for 30 μs. Higher number of 
pulses and electric field was reported to be a stronger factor for reducing the number of S. 
Typhimurium population in orange juice (Liang et al., 2002) whereas in another study on 
melon and water melon juices, treatment time was found be a more important factor 
(Mosqueda-Melgar et al., 2007). Treatment of watermelon and melon juice with PEF resulted 
in a reduction of 4.27 log (at 2000 μs and 100 Hz) and 3.75 log (at 1250 μs and 175 Hz) of S. 
Enteritidis, respectively (Mosqueda-Melgar et al., 2007). In contrast, Liang et al. (2002) 
reported a 5 log reduction of S. Typhimurium in orange juice exposed to a PEF of 90 kV/cm 
at a temperature of 55 °C. However, the higher reduction could be a result of combination of 
higher acidity of orange juice in addition to relatively higher temperature and high intensity 
of the PEF applied. Although the technique is useful, inactivation has only been achieved in 
the range of 3-4 logs. 

4.4 Natural antimicrobials 
Since ancient times, spices and herbs have been used for preventing food spoilage and 
deterioration, and also for extending food shelf life. The antimicrobial effect of these 
components is a result of an increase in the permeability of the cytoplasmic membrane 
which leads to the loss of cellular constituents. At the same time, plant secondary 
metabolites such as essential oils and natural plant extracts have also been reported to have 
antibacterial, antifungal and anti-insecticidal properties. Extracts from capsicum, seaweeds 
and green tea have been found to inhibit the growth of Salmonella spp. in-vitro. Studies are 
also available wherein inhibitory effect of plant extracts was evaluated against Salmonella 
inoculated in minced beef, salad vegetables, fresh cut apples and minced sheep meat.  

4.4.1 Extracts from vegetables 
Vegetable extracts have shown a good potential when applied under laboratory 
conditions in culture media. For instance, application of 6% seaweed extract was shown to 
result in complete inhibition of S. abony whereas 3% extract resulted in 93% inhibition 
(Gupta et al., 2011). In contrast, 2.8% methanolic extract from Irish York cabbage was 
shown to result in only 64% inhibition of S. abony (Jaiswal et al., 2011). Xu et al. (2007) 
reported a minimal inhibitory concentration (MIC) of 15μl of grapefruit seed extract to 
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complete loss of colony forming activity was observed for the treated cells with a formation 
of veins and small vesicles on the surface. TEM images showed the inner areas to be highly 
disrupted accompanied by a membrane deformation. In addition, shrinking and uneven 
dispersion of cytoplasmic materials was also observed (Figure 1). Liao et al. (2010) obtained 
a remarkable reduction of 5 logs for S. Typhimurium when carrot juice was subjected to 
DPCD treatment. Both temperature and pressure had a noticeable effect as the inactivation 
was enhanced with increasing pressure at a constant temperature or increasing temperature 
at a constant pressure. In contrast, inactivation of S. Typhimurium in PS or PS containing 
10% brain–heart infusion (PS-BHI) broth was completed in 35 min in PS whereas it took 140 
min in the case of PS-BHI (Erkmen, 2000). Besides, the previous study reported the presence 
of two phases during the destruction characterized by a slow rate of reduction in the cell 
number which increased sharply at the later stage. Erkmen and Karaman (2001) observed 
that the exposure time required to achieve the same level of Salmonella inactivation was 
drastically reduced as the pressure during the inactivation increased. Complete inactivation 
of Salmonella was reported in egg yolk, 94-98% in chicken meat strips and limited 
inactivation in whole egg at a pressure of 13.7 MPa at 35 °C for 2 h (Wei et al., 1991). The 
variation in the results clearly indicates the complex nature of food systems. A treatment of 
14 MPa at 45 °C for 40 min resulted in a 34.48% and 32.74% reduction for S. Typhimurium in 
soy sauce and hot-pepper paste marinated pork products, respectively (Choi et al., 2009a). 
However, the technique is more suitable for liquid foods as the diffusion of CO2 into solid 
samples becomes a limitation due to the absence of agitation in solid foods. Also, high 
concentrations of CO2 can cause darkening of color of certain animal products due to the 
formation of metmyoglobin. Due to the complex nature of foods conflicting results are 
available on the effect of HPCD on sensory, chemical and physical properties of foods. In 
spite of the potential advantages of HPCD more research is needed to monitor and quantify 
sensory and chemical characteristics of foods undergoing this preservation technique. 
 
 

 
 

Fig. 1. Scanning electron micrograph (upper; magnification: 20,000) and Transmission 
electron micrograph (lower; magnification: 50,000) images of S. Typhimurium cells (left: 
untreated; right: treated) upon application of super critical carbon dioxide at 35°C and 100 
bar for 30 min (Kim et al., 2007) 
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4.3 Pulsed electric field (PEF) 
Pulsed electric field (PEF) is another non-thermal technology that can be used to inactivate 
bacterial cells at ambient temperatures. The process involves placing the food material 
between two electrodes and passing pulses of high electric field (1-50 kV/cm) strengths. 
Since the pulses are applied for short durations (2μs to 1 ms) the negative impact on food 
quality due to heat processing is highly diminished (Barbosa-Cánovas et al., 2001). The 
technique is more suitable for liquid or semi-liquid foods which can be easily pumped. It 
can be used to increase the shelf life of soups, milk, whole liquid eggs and fruit juices. PEF 
as a non-thermal preservation method has been implemented by Genesis Juices, Oregon, 
USA. The application of electric field results in cellular death due to generation of pores 
(electroporation) in the bacterial cell membrane without having an effect on enzymes or 
proteins present in foods (Wouters et al., 2001). The effectiveness of the technique will 
strongly depend on the treatment time, electric field strength and specific energy of the 
pulses. For instance, Monfort et al., (2010) achieved an inactivation of 4 log for Salmonella 
Typhimurium when 45 kV/cm of electric field was applied for 30 μs. Higher number of 
pulses and electric field was reported to be a stronger factor for reducing the number of S. 
Typhimurium population in orange juice (Liang et al., 2002) whereas in another study on 
melon and water melon juices, treatment time was found be a more important factor 
(Mosqueda-Melgar et al., 2007). Treatment of watermelon and melon juice with PEF resulted 
in a reduction of 4.27 log (at 2000 μs and 100 Hz) and 3.75 log (at 1250 μs and 175 Hz) of S. 
Enteritidis, respectively (Mosqueda-Melgar et al., 2007). In contrast, Liang et al. (2002) 
reported a 5 log reduction of S. Typhimurium in orange juice exposed to a PEF of 90 kV/cm 
at a temperature of 55 °C. However, the higher reduction could be a result of combination of 
higher acidity of orange juice in addition to relatively higher temperature and high intensity 
of the PEF applied. Although the technique is useful, inactivation has only been achieved in 
the range of 3-4 logs. 

4.4 Natural antimicrobials 
Since ancient times, spices and herbs have been used for preventing food spoilage and 
deterioration, and also for extending food shelf life. The antimicrobial effect of these 
components is a result of an increase in the permeability of the cytoplasmic membrane 
which leads to the loss of cellular constituents. At the same time, plant secondary 
metabolites such as essential oils and natural plant extracts have also been reported to have 
antibacterial, antifungal and anti-insecticidal properties. Extracts from capsicum, seaweeds 
and green tea have been found to inhibit the growth of Salmonella spp. in-vitro. Studies are 
also available wherein inhibitory effect of plant extracts was evaluated against Salmonella 
inoculated in minced beef, salad vegetables, fresh cut apples and minced sheep meat.  

4.4.1 Extracts from vegetables 
Vegetable extracts have shown a good potential when applied under laboratory 
conditions in culture media. For instance, application of 6% seaweed extract was shown to 
result in complete inhibition of S. abony whereas 3% extract resulted in 93% inhibition 
(Gupta et al., 2011). In contrast, 2.8% methanolic extract from Irish York cabbage was 
shown to result in only 64% inhibition of S. abony (Jaiswal et al., 2011). Xu et al. (2007) 
reported a minimal inhibitory concentration (MIC) of 15μl of grapefruit seed extract to 
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inhibit Salmonella. Careaga et al. (2003) reported that a minimum concentration of 1.5 ml 
of capsicum extract per 100g of meat was needed in order to prevent the growth of S. 
Typhimurium inoculated in minced beef. Karapinar and Sengun (2007) evaluated the 
antimicrobial activity of koruk (unripe grape—Vitis vinifera) juice against S. Typhimurium 
on cucumber and parsley samples which resulted in 1-1.5 log reduction upon immediate 
contact with korak juice and the reduction increased as the time of exposure of the 
vegetables to the juice increased.  
The antimicrobial efficacy of plant extracts has been attributed to the presence of phenolic 
compounds, quinones, alkaloids, flavanols/flavonoids and lectins. Solubility of the extract 
in the food systems and the pH of the extract are important factors determining their 
efficacy in foods. Mechanism of action of these phenolic compounds involves alteration in 
the cell morphology which results in a disruption of the cytoplasmic membrane and leakage 
of cell constituents. Although the use of vegetable extracts for controlling the growth of 
Salmonella is promising the actual application in foods is in its budding stage. 

4.4.2 Extracts of herbs and spices 
In addition to providing flavor and fragrance, spices and herbs have also antimicrobial 
potential and thus can be used for preventing food deterioration and shelf life extension. 
Sumac, rosemary, sage, basil and ginger are some of the spices commonly being used for 
imparting antimicrobial effects on food. The flower, buds, leaf, stem or bark of these 
plants contains aromatic oily liquid which is the essential oil (EO). These EO are rich in 
phytochemicals such as terpenoids, polyphenols, flavonoids, antocyanin and organic 
acids which are responsible for the antimicrobial activity. Compounds such as carvacrol, 
citral, thymol, eugenol and citric acid have been shown to inhibit the growth of Salmonella. 
Eugenol has been reported to strongly inhibit the growth of Listeria monocytogenes, 
Salmonella Enteritidis, Escherichia coli and Staphylococcus aureus. Carvacrol and thymol are 
reported to be the principal constituents of EO of certain herbs. Burt et al. (2007) evaluated 
the antimicrobial activity of carvacrol vapour against S. Enteritidis on pieces of raw 
chicken. UV sterilized chicken pieces treated with carvacrol vapour (2 μl) showed reduced 
viable numbers of salmonellae at 4, 20 and 37 °C and a concentration of 4 μl resulted in a 
complete elimination of all viable cells in a minimum of 3 h at 37 °C. Govaris et al. (2010) 
studied the antimicrobial effect of oregano EO, nisin and their combination against S. 
Enteritidis in minced sheep meat during refrigerated storage (4 or 10 °C) for 12 days. 
Addition of nisin, at 500 or 1000 IU/g, proved insufficient to inhibit S. Enteritidis. The 
addition of oregano EO at 0.9% caused the population of S. Enteritidis to be maintained 
below 1 log cfu/g whereas a combination of 0.9% oregano EO and nisin at 500 or 1000 
IU/g showed a bactericidal effect. The addition of 0.6% or 0.9% EO was found to be 
organoleptically acceptable also. EOs have also been applied for the elimination of 
Salmonella on fresh tomatoes. Gündüz et al. (2010) tested the antimicrobial potential of 
essential oil extracts on tomatoes. The tomatoes were inoculated with the nalidixic acid 
resistant strain of Salmonella Typhimurium ATCC 13311 and treated for 5-20 min with 
water extracts of sumac or oregano oil. Tomatoes treated with 100 ppm oregano or 4% 
sumac extract resulted in 2.78 and 2.38 log reduction, respectively. Hayouni et al. (2008) 
studied the antimicrobial effect of extracts from Salvia officinalis L. and berries of Schinus 
molle L against S. anatum or S. Enteritidis inoculated on minced beef meat. Concentrations 
in the range of 0.02-0.1% showed bacteriostatic effect against both the bacteria by the 
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extracts from S. officinalis and S. molle for over 15 days. In case of S. molle, the 
bacteriostatic effect was seen up to a concentration of 1%. At concentrations higher than 
1.5% for S. officinalis and 2% for S. molle, immediate bactericidal effect was observed with 
a 2.6 log cfu /g reduction at 1.5% S. officinalis and 1 log cfu/g at 2% S. molle. However, 
sensory analysis of meat containing more than 2% of S. molle and 1.5% of S. officinalis 
showed a distinguished effect on the flavour and taste. In order to reduce the amount of 
EO being used, combinations of EO with NaCl were studied. The use of 0.1% or 1.5% S. 
officinalis with 6% or 4% NaCl or 0.1% or 1.5% S. molle with 4 or 8% Nacl could effectively 
eliminate S. anatum from refrigerated raw beef (Hayouni et al., 2008). The positive effect of 
spices on the inactivation of S. Typhimurium DT104 was observed when in direct contact, 
however, the activity reduced when added to food system such as ground beef (Uhart et 
al., 2006). Utilization of packaging materials containing these antimicrobial compounds is 
also becoming an attractive option in the food industry. However, a major limitation in 
using the EO in foods is the effect they have on the sensory properties of foods. At times, 
the concentration required to show the antimicrobial effect can surpass the 
organoleptically levels resulting in alteration in the flavor of foods. 

5. Hurdle technology or synergism 
Hurdle approach or the process of using multiple technologies is an effective approach to 
improve microbial decontamination in comparison to that of a single technology alone. 
Deliberate and intelligent combination of preservative treatments can help in maintaining 
the quality of food and delivering almost similar levels of microbial destruction as 
conventional methods alone. At the same time it warranties to counteract the negative effect 
of individual technologies on food quality. The choice of hurdles will strongly depend on 
the type of food it is being applied to in addition to the mode of inactivation. Potential 
synergistic effects among different technologies have been reported to be more effective 
than individual technologies applied alone. The outer membrane of gram negative cells 
prevents the entry of hydrophobic compounds. A combined treatment of heat and 
irradiation can result in sub-lethal injury to the cells. The sublethally injured cells can be 
more vulnerable to attack by antimicrobial compounds thereby reducing the dose of each 
individual technique. 
For instance, combined effect of UV-C (0.5 J/cm2) and potassium lactate, lauric arginate 
ester and sodium diacetate (FDA approved) resulted in a 3.6-4.1 log reduction of Salmonella, 
L. monocytogenes and Staphylococcus aureus on the surface of frankfurters (12 weeks storage at 
10 °C). In addition, UV-C and antimicrobials had no significant impact on frankfurter color 
or texture (Sommers et al., 2010). Amiali et al. (2007) studied the synergistic effects of 
temperature, treatment time and electric field strength on inactivation of S. Enteritidis and 
Escherichia coli O157:H7 in egg yolk. A 5 log reduction in the population of E. coli O157:H7 
and S. enteritidis was observed at an electric field of 30 kV cm−1 and 40 °C.  
Exposure of egg shells contaminated with S. Enteritidis with UV radiation (1,500 to 2,500 
μW/cm2) followed by ozone (5 lb/in2 gauge for 1 min) resulted in an inactivation of 4.6 logs 
or more in a total treatment time of 2 min (Roriguez-Romo and Yousef, 2005). Although the 
individual treatments resulted in similar reductions, however exposure time and pressure 
were comparatively higher. Combined treatment of lactic and acetic acid with super critical 
CO2 resulted in 2.33 log cfu/cm2 reduction in S. Typhimurium in fresh pork which was 
higher as compared to these treatments being applied individually (Choi et al., 2009b). 
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inhibit Salmonella. Careaga et al. (2003) reported that a minimum concentration of 1.5 ml 
of capsicum extract per 100g of meat was needed in order to prevent the growth of S. 
Typhimurium inoculated in minced beef. Karapinar and Sengun (2007) evaluated the 
antimicrobial activity of koruk (unripe grape—Vitis vinifera) juice against S. Typhimurium 
on cucumber and parsley samples which resulted in 1-1.5 log reduction upon immediate 
contact with korak juice and the reduction increased as the time of exposure of the 
vegetables to the juice increased.  
The antimicrobial efficacy of plant extracts has been attributed to the presence of phenolic 
compounds, quinones, alkaloids, flavanols/flavonoids and lectins. Solubility of the extract 
in the food systems and the pH of the extract are important factors determining their 
efficacy in foods. Mechanism of action of these phenolic compounds involves alteration in 
the cell morphology which results in a disruption of the cytoplasmic membrane and leakage 
of cell constituents. Although the use of vegetable extracts for controlling the growth of 
Salmonella is promising the actual application in foods is in its budding stage. 

4.4.2 Extracts of herbs and spices 
In addition to providing flavor and fragrance, spices and herbs have also antimicrobial 
potential and thus can be used for preventing food deterioration and shelf life extension. 
Sumac, rosemary, sage, basil and ginger are some of the spices commonly being used for 
imparting antimicrobial effects on food. The flower, buds, leaf, stem or bark of these 
plants contains aromatic oily liquid which is the essential oil (EO). These EO are rich in 
phytochemicals such as terpenoids, polyphenols, flavonoids, antocyanin and organic 
acids which are responsible for the antimicrobial activity. Compounds such as carvacrol, 
citral, thymol, eugenol and citric acid have been shown to inhibit the growth of Salmonella. 
Eugenol has been reported to strongly inhibit the growth of Listeria monocytogenes, 
Salmonella Enteritidis, Escherichia coli and Staphylococcus aureus. Carvacrol and thymol are 
reported to be the principal constituents of EO of certain herbs. Burt et al. (2007) evaluated 
the antimicrobial activity of carvacrol vapour against S. Enteritidis on pieces of raw 
chicken. UV sterilized chicken pieces treated with carvacrol vapour (2 μl) showed reduced 
viable numbers of salmonellae at 4, 20 and 37 °C and a concentration of 4 μl resulted in a 
complete elimination of all viable cells in a minimum of 3 h at 37 °C. Govaris et al. (2010) 
studied the antimicrobial effect of oregano EO, nisin and their combination against S. 
Enteritidis in minced sheep meat during refrigerated storage (4 or 10 °C) for 12 days. 
Addition of nisin, at 500 or 1000 IU/g, proved insufficient to inhibit S. Enteritidis. The 
addition of oregano EO at 0.9% caused the population of S. Enteritidis to be maintained 
below 1 log cfu/g whereas a combination of 0.9% oregano EO and nisin at 500 or 1000 
IU/g showed a bactericidal effect. The addition of 0.6% or 0.9% EO was found to be 
organoleptically acceptable also. EOs have also been applied for the elimination of 
Salmonella on fresh tomatoes. Gündüz et al. (2010) tested the antimicrobial potential of 
essential oil extracts on tomatoes. The tomatoes were inoculated with the nalidixic acid 
resistant strain of Salmonella Typhimurium ATCC 13311 and treated for 5-20 min with 
water extracts of sumac or oregano oil. Tomatoes treated with 100 ppm oregano or 4% 
sumac extract resulted in 2.78 and 2.38 log reduction, respectively. Hayouni et al. (2008) 
studied the antimicrobial effect of extracts from Salvia officinalis L. and berries of Schinus 
molle L against S. anatum or S. Enteritidis inoculated on minced beef meat. Concentrations 
in the range of 0.02-0.1% showed bacteriostatic effect against both the bacteria by the 

Recent Advances in the Application  
of Non Thermal Methods for the Prevention of Salmonella in Foods 297 

extracts from S. officinalis and S. molle for over 15 days. In case of S. molle, the 
bacteriostatic effect was seen up to a concentration of 1%. At concentrations higher than 
1.5% for S. officinalis and 2% for S. molle, immediate bactericidal effect was observed with 
a 2.6 log cfu /g reduction at 1.5% S. officinalis and 1 log cfu/g at 2% S. molle. However, 
sensory analysis of meat containing more than 2% of S. molle and 1.5% of S. officinalis 
showed a distinguished effect on the flavour and taste. In order to reduce the amount of 
EO being used, combinations of EO with NaCl were studied. The use of 0.1% or 1.5% S. 
officinalis with 6% or 4% NaCl or 0.1% or 1.5% S. molle with 4 or 8% Nacl could effectively 
eliminate S. anatum from refrigerated raw beef (Hayouni et al., 2008). The positive effect of 
spices on the inactivation of S. Typhimurium DT104 was observed when in direct contact, 
however, the activity reduced when added to food system such as ground beef (Uhart et 
al., 2006). Utilization of packaging materials containing these antimicrobial compounds is 
also becoming an attractive option in the food industry. However, a major limitation in 
using the EO in foods is the effect they have on the sensory properties of foods. At times, 
the concentration required to show the antimicrobial effect can surpass the 
organoleptically levels resulting in alteration in the flavor of foods. 

5. Hurdle technology or synergism 
Hurdle approach or the process of using multiple technologies is an effective approach to 
improve microbial decontamination in comparison to that of a single technology alone. 
Deliberate and intelligent combination of preservative treatments can help in maintaining 
the quality of food and delivering almost similar levels of microbial destruction as 
conventional methods alone. At the same time it warranties to counteract the negative effect 
of individual technologies on food quality. The choice of hurdles will strongly depend on 
the type of food it is being applied to in addition to the mode of inactivation. Potential 
synergistic effects among different technologies have been reported to be more effective 
than individual technologies applied alone. The outer membrane of gram negative cells 
prevents the entry of hydrophobic compounds. A combined treatment of heat and 
irradiation can result in sub-lethal injury to the cells. The sublethally injured cells can be 
more vulnerable to attack by antimicrobial compounds thereby reducing the dose of each 
individual technique. 
For instance, combined effect of UV-C (0.5 J/cm2) and potassium lactate, lauric arginate 
ester and sodium diacetate (FDA approved) resulted in a 3.6-4.1 log reduction of Salmonella, 
L. monocytogenes and Staphylococcus aureus on the surface of frankfurters (12 weeks storage at 
10 °C). In addition, UV-C and antimicrobials had no significant impact on frankfurter color 
or texture (Sommers et al., 2010). Amiali et al. (2007) studied the synergistic effects of 
temperature, treatment time and electric field strength on inactivation of S. Enteritidis and 
Escherichia coli O157:H7 in egg yolk. A 5 log reduction in the population of E. coli O157:H7 
and S. enteritidis was observed at an electric field of 30 kV cm−1 and 40 °C.  
Exposure of egg shells contaminated with S. Enteritidis with UV radiation (1,500 to 2,500 
μW/cm2) followed by ozone (5 lb/in2 gauge for 1 min) resulted in an inactivation of 4.6 logs 
or more in a total treatment time of 2 min (Roriguez-Romo and Yousef, 2005). Although the 
individual treatments resulted in similar reductions, however exposure time and pressure 
were comparatively higher. Combined treatment of lactic and acetic acid with super critical 
CO2 resulted in 2.33 log cfu/cm2 reduction in S. Typhimurium in fresh pork which was 
higher as compared to these treatments being applied individually (Choi et al., 2009b). 
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Application of PEF (25kV/cm, 250 μs in pulses of 2.12 μs) followed by heat treatment at 55 °C 
for 3.5 min increased the inactivation of Salmonella Enteritidis inoculated into liquid whole egg 
from 1 logs to 4.3 logs (Hermawan et al., 2004). The combination treatment had no effect on 
the color, pH, viscosity and brix of the treated samples and had a longer shelf life in 
comparison to heat treated samples. 
High pressure applied in combination with other agents such as heat or antimicrobial 
agents can be effectively used to increase microbial inactivation. Individual and combined 
effects of HPP and nisin treatment on relative resistance, viability and cellular 
components on S. Enteritidis (strains: FDA and OSU 799) was evaluated in culture media. 
High pressure up to 200MPa and nisin (200 IU/ml) when applied separately did not have 
any effect on the viability of either strain. However, application of high pressure (500 
MPa) or a combination of nisin with a pressure of 350MPa (OSU 799 strain) and 400 MPa 
(FDA strain) resulted in an 8 log reduction (Lee and Kaletunç, 2010). Penetration of nisin 
into the cells was assisted by the pressure and thereafter the additive effect of two hurdles 
resulted in inactivation to be achieved at a lower value than when the technique was 
applied separately. Viedma et al. (2008) studied the synergistic effects of antimicrobial 
peptide enterocin AS-48 and high-intensity-PEF treatment (35 kV/cm, 150 Hz, 4 μs and 
bipolar mode) on the inhibition of S. enterica CECT 915 in apple juice. A combination of 
high intensity PEF (1000 μs) and AS-48 (60 μg/ml) and a treatment temperature of 40 °C 
resulted in 4.5 log reduction. The sequence of the synergistic treatments was an important 
factor as the inhibition was observed only when HIPEF was applied in the presence of 
previously-added bacteriocin. Since both, enterocin AS-48 and high pressure PEF, act on 
the bacterial cytoplasmic membrane, synergism between them could be a result of 
enhanced permeability of bacterial cytoplasmic membrane.  

6. Conclusion 
With the rise of the concept of “green consumerism”, meeting the consumer demand for 
nutritious and fresh food in addition to providing food safety has increased interest in non 
thermal preservation methods. The literature described herein gives an account of some of 
the non-thermal methods used for the elimination of Salmonella from foods. Considering the 
wide range of conditions under which Salmonella can easily grow, it is imperative to apply a 
combination of intervention technologies. With the advent of these novel methods of food 
preservation, it is hoped that issues of spoilage and contamination of food products, not 
only with Salmonella spp. but also with many other food spoilage or pathogenic micro-
organisms could be effectively controlled. Besides, a major impediment in the acceptance of 
foods processed by these emerging technologies is a lack of information among the 
consumers. Thus, it is very important to provide proper knowledge to the consumers 
regarding the benefits of these technologies as a means of food preservation. 
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1. Introduction  
Over sixty percent (60%) of poisoning in the world are caused by Salmonella. Salmonellosis 
is thus become a public health event which justifies the involvement of the World Health 
Organization (WHO) in the fight against Salmonella (Salm-Surv, 2005). Salmonellosis is a 
foodborne illness of the most common and widespread. It represents a significant burden to 
public health and a considerable cost to society in many countries. Each year, millions of 
cases are reported worldwide, causing thousands of deaths. This disease is caused by the 
bacterium Salmonella (Salmonella). We know now more than 2500 types, or serotypes of 
Salmonella. The genus Salmonella, which belongs to the Enterobacteriaceae family, is named 
by Dr. Daniel Elmer Salmon American Veterinary even if the scientist who discovered the 
type was Theobald Smith, co-worked with Dr. Salmon in the Bureau of Animal Industry 
(BAI) in 1884 (Brown, 1935). 
In 1880 Eberth discovered the causative agent of typhoid fever. The culture of this bacterium 
was considered in 1884 by Gaffky. The genus Salmonella was used after the bacteriologist 
Dr. Daniel Salmon had isolated in 1886 a bacterium from the pig (Salmonella choleraesuis), 
which was considered the cause of swine fever (hog cholera) (Encarta Encyclopedia 2004). In 
1896 Widal showed the antigenic diversity of strains of salmonella. Now, more than 2500 
Salmonella serotypes were isolated. Since the first observations reported by Eberth until 
now, the genus Salmonella has continued to have considerable importance in the veterinary 
and medical domain, both in economic losses due to animal disease, and by the high 
incidence on humans, typhoid fever and food poisoning salmonella (Bornert, 2000). 

2. Taxonomy 
Domain:  Bacteria 
Phylum:  Proteobacteria 
Class:   Gammaproteobacteria 
Order:   Enterobacteriale 
Family:   Enterobacteriaceae 
Genre:   Salmonella 
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The nomenclature of salmonella recognizes that the genre has three Salmonella species (Le 
Minor and Popoff, 1987, Reeves et al. Nov.1989): 
Salmonella bongori; Salmonella enterica or Salmonella choleraesuis and Salmonella subterranea 
(Shelob olina et al., 2004). 
The second most important species includes six subspecies (Grimont et al., 2000): 
Salmonella enterica subsp. Arizonae; Salmonella enterica subsp. Diarizonae; Salmonella enterica 
subsp. Enterica; Salmonella enterica subsp. Houtenae; Salmonella enterica subsp. Indica and 
Salmonella enterica subsp. salamae. 
With this division into species and sub-species actually, 2541 serotypes are recognized 
officially. These result from multiple combinations of somatic O polysaccharide in nature, 
flagellar H antigens, protein in nature and, finally, capsular (Vi). Genetic determinants of 
these factors are stable enough to perform reliable epidemiological surveys. The type of 
classification based on the O and H antigens is called the Kauffmann-White scheme 
(Grimont et al., 2000). Names of serotypes should necessarily be written in capitalized block 
characters (not italics): Salmonella enterica subsp. enterica serotype Typhimurium. However, 
the following simplifications are allowed: Salmonella Typhimurium or S. Typhimurium. 

3. Biology of Salmonella 
Salmonella belongs to the Enterobacteriaceae family. On Light microscopy, they appear as 
Gram-negative, 0,3 to 1μm wide and 1 to 6 μm microns long (Figure 1). They are moving 
through peritrichous ciliature. Salmonella are mesophilic bacteria, developing at 
temperatures between 5.2 °C and 47 °C and optimally between 35 ° C and 37 °C, at pH 
between 4.5 and 9, with water activity (Aw) greater than 0.93. 
Salmonella is aero-anaerobic, reduce nitrate to nitrite, can use citrate as single carbon source. 
She ferments glucose but not lactose or sucrose and she produce gas from glucose (except 
Salmonella Typhi). Hydrogen sulfide is generally produced from the mid commonly called 
"triple sugar". The reaction in the oxidase test is negative (Le Minor, 1984 International 
Commission on Microbiological Specifications for Foods, 1996, Hanes 2003). Like all bacteria 
stain Gram-negative envelope of Salmonella consists of three elements: the cytoplasmic 
membrane and outer membrane separated by a periplasmic space consists of peptidoglycan. 
This structure gives the bacterium its shape and rigidity and allows it to withstand a 
relatively high osmotic pressure in the environment (Rycroft, 2000)  

3.1 Habitats 
Salmonella can be isolated from the intestines of many animal species. They are zoonotic 
agents. The animals are a reservoir and release into the environment is mainly due to fecal 
contamination (Berends et al. 1996; Murray, 2000; Hanes, 2003). Salmonella can also survive 
for very long periods in the environment: a few days to 9 months in soil and surface 
materials Farm Building (wood, concrete, steel, iron and brick), a few months in dry foods 
not acidified, on stems and leaves of plants and ensiled over a year in the dust (Gray and 
Fedorka-Cray, 2001). These bacteria can bind to many substrates, such as, boots, brushes, 
shovels, wheel barrows, clothes... When cleaning and disinfection of livestock housing and 
feeding it must consider all inanimate material, which can cause a re-infection of the next 
batch. Can also be contaminated: spider webs, water, byproducts of agro-food, animal feed, 
the surrounding farms, fishes and birds (Berends et al., 1996). Rodents and insects can also 
be an important source of Salmonella in livestock (Letellier et al., 1999). 

 
Use Thyme Essential Oils for the Prevention of Salmonellosis 

 

307 

3.1.1 Animal reservoir 
Serotypes can be classified according to the target animal species. First, some are exclusively 
adapted to humans, causing serious and very specific diseases. This is essentially Salmonella 
Typhi, Paratyphi, and Sendai, causative agents of typhoid and paratyphoid fevers (Bäumler 
et al. 1998; Hu and Kopecko, 2003). Second, a number of serotypes can attract animals. 
Among these are: Choleraesuis, Typhisuis pigs, Abortusequi in horses, sheep Abortusovis, 
Gallinarum, specific poultry... Finally, most Salmonella serotypes can cross the species 
barrier. They are present in many animal species, usually in a latent or subclinical disease-
causing, and can reach the man, either through food, which is the most common way, either 
by direct or indirect contact. Any salmonella, with rare exceptions, is potentially dangerous 
to humans. United States, Salmonella has been associated with collective poisoning from 
reptiles, which are used as pets (Center for Disease Control, 1999, Mitchell and Shane, 2000). 
This shows that Salmonella are capable of multiple adjustments and can cause new and 
various problems to humans, from various sources. 

3.1.2 Salmonella and human 
The specific agents of salmonellosis in humans (Salmonella Typhi, Paratyphi, and Sendai) are 
the agents of typhoid and paratyphoid fevers. Worldwide, the human deaths caused by 
typhoid fever are estimated at 600,000 per year (Hu and Kopecko, 2003). The cases are mainly 
listed in the Third World. In developed countries, cases are usually du to imported food. Five 
percent of patients infected with S. Typhi become chronic carriers, asymptomatic (Mermin et 
al., 1999). This poses enormous problems if they are employed by food companies. 

3.2 Mechanisms of virulence 
A considerable number of genes (of the order of hundreds) must be mobilized by 
Salmonella to counteract the defense mechanisms of the host. All Salmonella serotypes can 
in theory cause a systemic infection in humans with decreased immune status, although 
most will generate a febrile diarrhea, vomiting, abdominal pain and in elderly or immuno-
défiscients bacteremia, the septicemia and extra intestinal locations, especially vascular 
(Bäumler et al., 2000). When there is localization of the infection, Salmonella often remain 
confined to the mesenteric lymph nodes. The first defense mechanisms used by the host are 
made by the acidity of the stomach and bile salts in the small intestine, which exert a 
bactericidal effect. Once in the small intestine, Salmonella must as soon as possible adhere to 
the intestinal mucosa. They will cross at the lymphoid follicles of the ileum (Peyer's patches, 
located at the bottom of intestinal crypts). At this point in the gut, the epithelium is 
characterized by the presence among the enterocytes, M cells and the absence of cells 
secreting mucus. It seems that the fimbriae (adhesins) must be present to allow recognition 
and binding of Salmonella to Peyer's patches (Dibb-Fuller et al. 1999; Thorns and 
Woodward, 2000, Vimal et al., 2000).These fimbriae play a critical role in the pathology and 
the fact that some serotypes are specifically tailored to a particular species. Entry into the 
Peyer's patches requires the presence of secretion systems of type III. They are encoded by 
sets of pathogenicity genes ("pathogenicity islands"), known as SPI-1 and SPI-2 (China and 
Goffaux, 1999; Bäumler et al. 2000; Cornelis, 2000; Jones et al. 2002; Doublet et al., 2005). SPI-
1 is normally necessary for passage through M cells of the intestinal mucosa, whereas SPI-2 
is involved in the systemic nature of the infection (Hueck, 1998). Subsequent to penetration 
of salmonella in M cells, the latter will be killed by apoptosis, leading to transmigration 
across mucosal inflammatory cell type polymorphonuclear (PMN) and acute gastroenteritis. 
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The nomenclature of salmonella recognizes that the genre has three Salmonella species (Le 
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To survive in the inflammatory process and the development of bactericidal proteins 
produced by PMN, a set of genes must be activated, especially those in the complex PhoPQ.  

4. Biochemical characteristics of salmonella 
Salmonella possess the general characteristics of the Enterobacteriaceae and intrinsic 
differential characters. 

4.1 Family characters 
Eight main characters determine the Enterobacteriaceae, they are: 
1. Bacilli Gram negative; 
2. Often through their mobile ciliature peritrichous (rarely stationary), non-spore forming; 
3. Bacteria that grow on ordinary media; 
4. Aero-anaerobic bacteria optional; 
5. Bacilli that ferment glucose with or without gas production; 
6. Bacteria that reduce nitrate to nitrite; 
7. Bacilli that do not have cytochrome oxidase (Hanes, 2003; ICMSF, 1996); 
8. Bacilli that have a catalase. 
Some strains do not obey all these characters, in the case of Erwinia, which does not reduce 
nitrates, Shigella dysenteriae serotype 1 (SD1) that does not have catalase, Salmonella 
pullorum-galinarum is immobile.  

4.2 Differential characters of the genus Salmonella 
The main biochemical characteristics for identification of Salmonella (Humbert et al., 1998) 
are: 
 The absence of an active urease, tryptophan or phenylalanine deaminase; 
 Lack of production of indole and acetoin (Voges-Proskauer test negative); 
 The production of hydrogen sulfide from thiosulfate (presence of thiosulfate reductase); 
 The frequent decarboxylation of lysine and ornithine; 
 The growth on Simmons citrate medium. 

5. Antigens of Salmonella 
Salmonella can have three types of diagnostic antigens of interest (Dumas, 1958). 
 

 
Fig. 1. Salmonella posses a flagellar antigen (H), somatic (O) and a surface antigen Vi 
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5.1 Somatic O antigen (Ag O) 
The O antigen is an antigen of the wall. O antigens are carried by chains specific 
lipopolysaccharide (LPS). The O antigen has properties immunizing is a complex 
containing a protein, a polysaccharide and a phospholipid compound. We distinguish 67 
O factors depending on the nature of the sugars used in the construction of 
oligosaccharide units of the polysaccharide (Humbert et al., 1998). O antigens are 
composed of a lipid fraction called lipid A is responsible for toxic effects, or basal part of 
the core and the support of the specific polysaccharide (Gledel and Corbion, 1991). 
Antigens are classified as major factors O and O factors accessories. The major factors are 
related to the presence of certain sugars (abequose for O: 4, tyvélose for O: 9) (Humbert et 
al., 1998). The somatic antigen is stable and it is resistant to alcohol and phenol for two 
and a half hours at a 100 ° C (Dumas, 1958). 

5.2 Flagellar antigen (Ag H) 
It is a polymer of flagellin (structural protein of flagella). This antigen is thermolabile, 
destroyed by heat at 100 ° C by the action of alcohol and by proteolytic enzymes. It is 
resistant to formalin and loses their agglutinability by antibodies in the presence of alcohol 
and phenol. Optimum development is achieved on soft liquid media after spending eight 
hours at 37 ° C (Dumas, 1958). The vast majority of serovars has two genetic systems, and 
can alternately express two different specificities for their flagellar antigen. It is said that the 
flagellar antigens of Salmonella are two-phase (Humbert et al., 1998). 

5.3 The virulence antigen (Vi Ag) 
It is an antigen of the envelope; it was identified in three types of serovar: Typhi, Paratyphi 
C and Dublin, but all strains of these serotypes do not necessarily have this antigen 
(Humbert et al., 1998). This antigen is considered a surface antigen (Dumas, 1958), it is 
distinct from the somatic antigen and the flagellar antigen. The Vi antigen makes germs 
inagglutinable by antibodies O when it is abundant. It does not develop if the cultures are 
carried out below 25 ° C and above 40 ° C. Heating at 100 ° C destroys the germs and 
become agglutinating antibodies by O. It is likely glucidolipidopolypeptidique. In addition 
to these antigens exists in the genus Salmonella, the protein structures from surface pilis 
pilis which differentiate into common (occurring in mannose-dependent 
haemagglutination) and sexual pilis (involved in bacterial conjugation) and whose presence 
is encoded by plasmids (and Gledel Corbion, 1991). 

6. Isolation and identification of salmonella 
6.1 Isolation of salmonella 
Salmonella Typhi, Paratyphi A, B, C are preferably isolated in the blood and feces of typhoid 
(Dumas, 1958). The Salmonella that cause food poisoning or acute gastroenteritis are still 
being sought in the feces and in food. The detection of Salmonella may be direct 
(bacteriological method) or indirect (serological technique) according to (Humbert et al., 
1998). The microbiological analysis of a food is to highlight the microorganisms responsible 
for the alteration of merchantability and / or health. The analytical methods vary with the 
type of food, the potential danger it presents, and conservation features, consumption (raw 
or cooked) and the desired type of germ. Food is supportive environments for the 
development of a multitude of germs, some of which are pathogenic. Faced with the task of 
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finding a pathogenic bacteria specie in very small proportion of a product heavily 
contaminated with the bacteria most various conventional methods of analysis, sampling 
and isolation have been proposed. Several standards govern the detection of Salmonella in 
food hygiene (Humbert et al., 1998): the horizontal standards applicable to all types of 
products (ISO6579 December 1993) at international level and industry standards specific to 
one type of product (NF V59 - 109 for edible gelatin). The detection of Salmonella in a food 
according to ISO 6579 has four key steps: The pre-enrichment; Enrichment; Isolation and 
Biochemical and serological identification. 

6.1.1 The pre-enrichment 
It's a non-selective phase that uses a rich medium in which the sample is diluted to one tenth 
(1 / 10) and for which the incubation period is about twenty hours at 35 ° C or 37 ° C 
(Humbert et al ., 1998). The pre-enrichment allows bacteria to sublethal to recover all of their 
potential at the end of incubation. The media used are liquids, most often using buffered 
peptone water or lactose broth (Humbert et al., 1998). For dairy products can be used 
Ringer's solution or phosphate buffer solution. 

6.1.2 Enrichment 
Enrichment is designed to minimize the growth of other bacteria associated with the 
collection and continue the selective breeding of Salmonella. 0.1 ml or 1 ml of the solution 
pre-enrichment was transferred to one or more enrichment media (10 ml of medium). The 
enrichment media are classified into three families (Humbert et al., 1998): 
 selenite broth; 
 broths containing tetrathionate (Muller Kauffmann broth) and 
 broth containing malachite green and magnesium chloride. 

6.1.3 Isolation 
This is a phase that uses selective solid media cast in Petri dishes. The isolation media 
contains a variety of combination of selective factors (Humbert et al., 1998). Salmonella 
colonies appear as features in their form, color and morphology. Solid media used for 
isolation are: Rambach medium; Hektoen medium; Salmonella agar - Shigella (SS agar); 
brilliant green agar and phenol red (VB-RP); xylose lysine Tergitol medium (XLT); 
Compass mid Salmonella; mannitol lysine, crystal violet, brilliant green; deoxycholate 
citrate agar lactose sucrose (DCLS); xylose lysine deoxycholate agar (XLD) and Bismuth 
sulfite agar. 
With conventional bacteriological diagnostic methods, other unconventional techniques can be 
used. These are among others: sensitivity to phage 01, and Felix and Callow and standardized 
systems (API 20 E, 20 E RAPID, Enterotube Rocks, MIS Enterobacteriaceae). The lysis by phage 
01 (Felix and Callow) that can be used as a confirmatory test for membership of Salmonella 
that do not provide positive results with all strains (Gledel and Corbion, 1991). 

6.2 Biochemical identification 
Biochemical identification of the colonies tried characteristics is done in two steps:  
1. The search for characters of the family: often, the Gram stain, the presence of catalase, 

the absence of cytochrome oxidase, mobility, respiratory type, the mainstream culture 
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and fermentation of glucose are sufficient to encourage the search for differential 
characters. 

2. The search for differential characters requires pure cultures. Used for this purpose, the 
reduced rack of le Minor which is a set of five settings: the mid-Hajna Klinger; the 
Simmons citrate medium; the lysine iron or Taylor medium; the tryptophan-urea 
medium and mannitol nitrate mobility medium. 

The mid-Hajna Kliger (solid medium): The mid-Hajna Kliger has a carmine red color. This 
medium is only valid for the fermentative bacteria. It is part of the study of carbohydrate 
metabolism. The lysine iron medium or mid-Taylor (purple), enriched with L-lysine and 
contains low concentrations of glucose. The Simmons citrate medium (green), contains 
citrate as the sole carbon source. Bacteria that are able to use this carbon source, will grow 
on this agar and cause a pH change at the origin of the middle turn blue. Remains green 
agar for strains citrate (-). The urea-indole medium (liquid medium), the urea -indole or 
urea -tryptophan medium, is a medium orange, made up of urea and tryptophan. It allows 
for three enzymatic activities of protein metabolism, including urease, tryptophanase and 
tryptophan deaminase. The medium with glycerol (liquid medium), this medium is green; 
it is very often added to other settings of Le Minor rack. It helps to distinguish Citrobacter 
and Salmonella genus. Citrobacter degrades glycerol by causing acidification of the medium 
(turns to yellow) and Salmonella do not degrade it, the green color is maintained. In 
summary, the general biochemical characteristics of most serotypes isolated from humans 
and warm-blooded animals are: 
 Lactose (-), ONPG (-)(orthonitrophenyl-β-D-galactopyranoside), H2S (+), gas (glucose) 

(+);  
 LDC (+)(lysine decarboxylase), ODC (+)(ornithine decarboxylase), ADH (-)(arginine 

dihydrolase), urease (-), TDA (-)(tryptophane deaminase), indole (-), gelatinase (-) 
DNase (-);  

 No production of acetoin (Voges-Proskauer test (-)), RM (+)(methyl red energy source), 
Simmons citrate (-), adonitol (-), glycerol (-), galacturonate (-). 

It should be noted that there are important exceptions. The serotype Typhi does not 
decarboxylated ornithine, does not grow on a medium composed of Simmons citrate, it is 
agazogene and produces only trace amounts of H2S. Serotype Paratyphi A does not 
decarboxylated lysine and does not grow on Simmons citrate medium. Finally, Salmonella 
Paratyphi A, Choleraesuis, and Gallinarum do not produce H2S. In this case, the settlements 
will not have black centers on isolation media consisting of iron citrate and sodium 
thiosulfate (eg, XLD, Hektoen, SS). 

7. Economic importance and societal 
The economic importance of these diseases is considerable. In the U.S., economists have 
estimated the annual costs of salmonellosis between 400 million and U.S. $ 3.5 billion for the 
entire U.S. economy. They took into account the medical costs and lost productivity 
(Frenzen et al. 1999; Sarwari et al., 2001). Europe, whereas 95% of salmonellosis is food 
borne, annual costs range between 560 million and 2.8 billion euros. A single case of 
salmonellosis is estimated, in turn, to a value between EUR 24 and EUR 3.8 million. This 
estimate refers to cases where the patient dies of infection (European Parliament and 
Council of the European Union, 2001). In Africa, there are no data on the annual cost of 
salmonellosis. 
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and fermentation of glucose are sufficient to encourage the search for differential 
characters. 

2. The search for differential characters requires pure cultures. Used for this purpose, the 
reduced rack of le Minor which is a set of five settings: the mid-Hajna Klinger; the 
Simmons citrate medium; the lysine iron or Taylor medium; the tryptophan-urea 
medium and mannitol nitrate mobility medium. 

The mid-Hajna Kliger (solid medium): The mid-Hajna Kliger has a carmine red color. This 
medium is only valid for the fermentative bacteria. It is part of the study of carbohydrate 
metabolism. The lysine iron medium or mid-Taylor (purple), enriched with L-lysine and 
contains low concentrations of glucose. The Simmons citrate medium (green), contains 
citrate as the sole carbon source. Bacteria that are able to use this carbon source, will grow 
on this agar and cause a pH change at the origin of the middle turn blue. Remains green 
agar for strains citrate (-). The urea-indole medium (liquid medium), the urea -indole or 
urea -tryptophan medium, is a medium orange, made up of urea and tryptophan. It allows 
for three enzymatic activities of protein metabolism, including urease, tryptophanase and 
tryptophan deaminase. The medium with glycerol (liquid medium), this medium is green; 
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 Lactose (-), ONPG (-)(orthonitrophenyl-β-D-galactopyranoside), H2S (+), gas (glucose) 

(+);  
 LDC (+)(lysine decarboxylase), ODC (+)(ornithine decarboxylase), ADH (-)(arginine 

dihydrolase), urease (-), TDA (-)(tryptophane deaminase), indole (-), gelatinase (-) 
DNase (-);  

 No production of acetoin (Voges-Proskauer test (-)), RM (+)(methyl red energy source), 
Simmons citrate (-), adonitol (-), glycerol (-), galacturonate (-). 

It should be noted that there are important exceptions. The serotype Typhi does not 
decarboxylated ornithine, does not grow on a medium composed of Simmons citrate, it is 
agazogene and produces only trace amounts of H2S. Serotype Paratyphi A does not 
decarboxylated lysine and does not grow on Simmons citrate medium. Finally, Salmonella 
Paratyphi A, Choleraesuis, and Gallinarum do not produce H2S. In this case, the settlements 
will not have black centers on isolation media consisting of iron citrate and sodium 
thiosulfate (eg, XLD, Hektoen, SS). 

7. Economic importance and societal 
The economic importance of these diseases is considerable. In the U.S., economists have 
estimated the annual costs of salmonellosis between 400 million and U.S. $ 3.5 billion for the 
entire U.S. economy. They took into account the medical costs and lost productivity 
(Frenzen et al. 1999; Sarwari et al., 2001). Europe, whereas 95% of salmonellosis is food 
borne, annual costs range between 560 million and 2.8 billion euros. A single case of 
salmonellosis is estimated, in turn, to a value between EUR 24 and EUR 3.8 million. This 
estimate refers to cases where the patient dies of infection (European Parliament and 
Council of the European Union, 2001). In Africa, there are no data on the annual cost of 
salmonellosis. 
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8. Prophylaxis 
Currently, even if the food manufacturing is done according to the standards proposed by the 
WHO, an important part of the fight against zoonoses must be borne by the consumer, who 
can be considered an integral link in the chain. We must therefore inform about the risks that 
may result from errors in food handling. Unfortunately, at present, few initiatives have been 
undertaken in Africa, unlike the situation in Europe and the United States, where politics at 
this level is a little more proactive. The operation FightBac ® bases its message on a logo 
simple and easy to understand for educators, children and operators of processing lines and 
distribution. CSCC logo are constantly reminded that people must wash their food ("Clean"), 
separate ("Separate"), Cook ("Cook") and cool ("Chill"). Advice is provided for hand washing, 
cooking food. The FDA in collaboration with the Center for food Safety and Applied Nutrition 
(CFSAN) has published a brochure about the risk of salmonellosis associated with eggs (FDA 
2002). The CDC ("Centers for Disease Control") has published a leaflet on Salmonella 
Enteritidis, available on the Internet (Center for Disease Control, 2003). Finally, the educated 
consumers will, no doubt, more likely to seek medical attention, which will encourage 
feedback and help to reduce the phenomenon of under-reporting of cases. 

9. Resistant salmonella 
Salmonella is still a topical; it is in any way, a rearguard battle. They are among the first known 
causes of food borne illness. It is a collective and a real public health problem. Economically, 
they are crucial, given the casualties they cause. In recent years, problems related to 
Salmonella have increased significantly, both in terms of the incidence of salmonellosis, that 
the severity of human cases. While some countries have managed to reverse the upward trend 
in the incidence of human salmonellosis, new problems were identified. Since the late 90s, 
Salmonella strains resistant to a range of antimicrobials including major therapeutic agents in 
human medicine have emerged and are threatening to cause serious public health problem 
(Mermin et al., 1999). After a very long incubation period, between 7 and 21 days (sometimes 
up to six weeks), the disease can take many forms (Hu and Kopecko, 2003). The infection may 
be asymptomatic or cause very mild symptoms in the case of S. Paratyphi or, conversely, cause 
typhoid fever, severe disease, with fever and sepsis. It mainly affects young children and 
teenagers (Bäumler et al., 1998). This resistance results from the use of antimicrobials in both 
human medicine and animal husbandry. 

10. Essential oils 
10.1 Introduction 
The use of essential oils (EO) dates back to the earliest civilizations: first in the East and the 
Middle East and later in North Africa and Europe (Franchomme et al., 1990). The Hydrosols 
(aromatic) were used in India over than 7000 years. Between 3000 and 2000 B.C., the Egyptians 
made used extensively aromatic plants and other plants to treat the sick. the Persians seem to 
be the first ones who used the hydrodistillation in 1000 B.C. The use of essential oils was a 
common practice among the Greeks, several books have been published on the subject. 
Examples of this literature are "Natural History" by Pliny, "The Aphorisms" by Hippocrates, 
"odor treatment" by Theophrastus and Dioscorides Pedanius wrote a book on herbal medicine 
(phytotherapy). The Arabs have made a significant improvement in chemistry and in the 
distillation of oils by inventing the alembic still by Jaber Ibn Hayan. In the late seventeenth and 
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eighteenth century, more than 10 essential oils were used. In modern history, the therapeutic 
properties of essential oils have an increasing importance. Aromatherapy has been used to 
describe the healing properties of essential oils. Actually, we recognize that essential oils have 
pharmacological, psychological and physiological effects in humans. 
Among the plant species estimated by botanists (800 000 to 1 500 00), only 10% are classified 
as "aromatic". Aromatic plants synthesize and secrete trace amounts of aromatic essence 
through hair, secretory pockets or channels. Types capable of developing the components of 
essential oils are distributed in a limited number of families, Myrtaceae, Lauraceae, 
Rutaceae, Lamiaceae, Asteraceae, Cupressaceae, Poaceae, Zingiberaceae, such as Piperaceae 
[Bruneton, 1999]. About 20,000 of plant species in the world are used for food, cosmetics, 
chemical, pharmaceutical and therapeutic food. Among the 4,000 plant species existing in 
Morocco, more than 280 plants are currently operating. 
The AFNOR NF T 75-006 (AFNOR, 1986) defines the essential oil as "a product made from a 
vegetable raw material, either by steam or by mechanical means from the exocarp, Citrus, or 
by dry distillation. Essential oils (EO), also called "essences" are aromatic substances, volatile 
and oily consistency, contained in plants [Balz, 1986 - Lardry and Haberkorn, 2003]. Most 
plants contain (Eo), but usually in lower quantities. Only plants known as "aromatic" 
produce essential oils in sufficient quantity. They are usually concentrated in a particular 
area of the plant such as leaves, bark or fruit, and generally when they occur in various 
organs from the same plant, they have different compositions (Conner, 1993). The synthesis 
and accumulation of essential oils, classified as secondary metabolites, are generally in the 
specialized histological structures, often located on or near the surface of the plant 
(Brunechon, 1987): pockets (citrus exocarp ) of a storage (eucalyptus), secretory canals or 
blisters containing resin (conifers), or glands in cuticular (conical epidermal cells on the 
flowers of Rosaceae), trichomes or secretory glandular trichomes on the leaves of 
solanaceous or Lamiaceae (Gershenzon, 2000) (Figure 8). It is important to note that several 
categories of these secretory tissues can coexist simultaneously in the same species, even 
within the same organ (Fahn, 1979 - Fahn, 1988). For example, to the Lamiaceae family, it is 
within the secretory hairs, in Myrtaceae in pockets secretory or secretory channels in 
Asteraceae. Essential oils can be stored in various organs of the plant: flowers (oregano), 
leaves (lemon grass, eucalyptus), bark (cinnamon), wood (rosewood, sandalwood), roots 
(vetiver), rhizomes (sweet flag), fruits (star anise) and seeds (caraway). Essential oils are 
complex mixtures consisting of several compounds, mainly terpenes. Terpenes are formed by 
one or more isoprene units (Tedder, 1970; Brunechon, 1987), constituting a diverse family both 
structurally and functionally. Mainly mono-and sesquiterpenes (with 10 and 15 carbon atoms) 
are the most encountered the diterpenes (20 carbon atoms). Essential oils can also contain 
aliphatic or aromatic compounds. These terpenoids have an ecological role in plant 
interactions, such as allelopathic agents. They can be inhibitor of germination, but also during 
plant-animal interactions, as a protective agent against predators such as insects. 
They are also involved, through their characteristic odors in the attraction of pollinators 
(Langenheim, 1969). Some plants may have an odor similar due to a common molecule 
present in significant amounts in the essential oil. According to the economic environment, 
it would be profitable to produce plant species may provide an essential oil with high 
molecular compound, and therefore generally better (Tedder, 1970). 
Herbs that produce essential oils have been the subject of various researches particularly in 
the field of perfumery. A range of products to smell more or less pronounced depending on 
the concentration of volatile compounds collected from the essential oils produced by steam 
distillation or expression of the peel fruit (Tedder, 1970;Brunechon, 1987). 
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Fig. 2. Glandular trichomes of mint gardens observed in electron microscope scan (1000 ×) 
before (a) and after (b) extraction by steam distillation [Lucchesi, 2005]. 

10.2 Chemical composition of essential oil 
Essential oils are composed of a complex mixture. These compounds mainly belong to two 
families of chemicals: terpene compounds and aromatic compounds.  
The terpene compounds are hydrocarbons of general formula (C5H8)n formed from isoprene 
units (Figure 3) and are represented in essential oils, mainly monoterpenes, sesquiterpenes 
and rarely few diterpenes. These compounds may be acyclic, monocyclic, bicyclic or tricyclic 
[Paris, 1981]. 
 

 
Fig. 3. Isoprene. 

The aromatic compounds are derived from phenylpropane, which are characteristic of 
certain species, such as cinnamaldehyde in cinnamon essential oil, eugenol in the cloves, 
anethol and aldehyde anasique, in the essential oils of anise and fennel (Fig. 10) (Paris, 1981). 
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Fig. 4. Examples of aromatic compounds. 
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The majority of the components of EO are monoterpenes; they represent 90% of most 
essential oils. They are volatile usually easily driven by steam, have often pleasant odor 
(Lamart, 1994). By the diversity of their structure, they can be classified into several groups 
(Bakkali, 2008) (Table 3). Several factors may be responsible of the chemical polymorphism 
of essential oils. The most important are climate, soil, time harvest and method of storage 
and retrieval. Genetic factors (Echeverrigaray, 2001) and the growth cycle (Hance, 2003) may 
also influence this variability…(Bakkali, 2008). The use of essential oils is of great interest in 
many areas. Thus, the species most studied for their antibacterial and antifungal properties 
(biological activities) belong to the Lamiaceae family: Thyme, oregano, savory, lavender, 
mint, rosemary, sage and hyssop. 

10.3 Biosynthesis of essential oil 
Essential oils are very complex natural mixtures that can hold about 20-60 components with 
very different concentrations. The main group composed by terpenoids or isoprenoids is a 
family of secondary metabolites widely distributed in the plant kingdom. More than 22000 
compounds have been identified (Connolly 1992). Their classification is based on the 
number of repetition of the basic unit of isoprene: hemiterpene (C5), monoterpene (C10), 
sesquiterpene (C15), diterpene (C20), sesterpene (C25), triterpene (C30), tetraterpene (C40) 
and polyterpene. The major terpene components of essential oils are monoterpene and 
sesquiterpene. Isoprenoid biosynthesis of essential oils can be simplified into three phases: 
Isopentenyl diphosphate (IPP) Biosynthesis, condensation of IPP units and formation of 
prenyl diphosphates and Conversion of prenyl-diphosphates. The condensation of 
isopentenyl diphosphate (nucleophilic entity) to dimethylallyl diphosphate 
(electrophilicentity) leads to geranyl diphosphate (GPP, C10), precursor of monoterpenes. A 
further condensation type head-to-tail of IPP on the GPP leads to farnesyl diphosphate (FPP, 
C15), the precursor of sesquiterpenes. The prenyl transferases allow prenyl chain elongation 
by addition of one molecule of IPP.  
 
 

 
 
Fig. 5. Biosynthetic precursors of the main metabolic constituents of essential oils  
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Conversion of prenyl- diphosphates: Under the action of terpene synthases, the acyclic 
isoprene precursors thus obtained may undergo transformations for the formation of other 
compounds by hydroxylation, oxidation, inter-conversion alcohol /aldehyde, methylation 
of the hydroxyl and carboxyl, acylation... 
 
 
 

 
 
 

Fig. 6. Structures of monoterpenes derived from geranyl diphosphate. 

10.4 Quality control  
According to French and European Pharmacopoeia, the control of essential oils can be 
made by the miscibility of ethanol, the index of refraction, the optical rotation and gravity. 
The color and smell are also important parameters. The quantitative and qualitative 
chromatographic profile of an essential oil helps to know exactly the chemical 
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composition and search for any traces of other undesirable products such as pesticides or 
chemicals added. 
A pure and natural essential oil is characterized by its composition strictly 'vegetable', 
unlike gasoline, synthetic or "natural identical" fully reconstituted from synthetic chemicals. 
In aromatherapy, the use of such profiles is essential to differentiate within a species 
changes induced by chemical factors influencing the plant biosynthesis, such as sunshine, 
altitude, nature and composition of the soil. Indeed, the observation of a clump of thyme 
and knowledge of its origin is not sufficient to characterize its essential oil. For example, an 
essential oil of Thymus vulgaris can be thymol chemotype, linalool, geraniol or thuyanol. 
Botanically, it is the same plant family Lamiaceae (or Labiatae ).  

10.5 Economic characteristics of EO  
The plant is a concentrate of active ingredients (enzymes, polysaccharides, alkaloids, 
terpenes, tannins, resins etc.) and often requires large quantities of plants for a few drops of 
essential oil (100 kilos per 200 grams of EO thyme). If scarcity is one of their attractions, it 
also makes the price, hence the importance of good conservation: the dark (dark bottles), air 
and heat. In Morocco, the development of natural resources is the integration of non-food 
plants in the Moroccan economy, especially their conservation and development in food, 
cosmetics, industrial and therapeutic. Moroccan products in the areas of essential oils and 
aromatic extracts are well known on the world market. For some products, Morocco has a 
privileged position; he is the sole or primary producer, in the case of mint, chamomile wild, 
thyme, Atlas cedar, etc. For other products, production Moroccan faces other competitors; 
this was the case for example of rosemary undergoing tough Tunisian and Spanish 
competition. In other cases, the position of Morocco on the world market is rather high, in 
the case of myrtle, mint and so on. (Benjilali, 1986). 

10.6 Methods of extraction of EO  
There are several techniques of extraction of essential oils (Sallé, 2004). They can be 
extracted simply by cold pressing, distillation, by volatile solvent or supercritical fluid such 
as carbon dioxide. Distillation by steam distillation of water (still) is the method most 
practiced in the industry. The essential oils obtained are generally low polarity products, 
volatile, fragrant and usually less dense than water (Valnet, 2005). They are soluble in most 
organic solvents and poorly soluble in water. (Sallé, 2004). Steam-hydrodistillation   is the 
most common method of recovery of essential oils. Under the action of water vapor, gas is 
released by the plant tissue and effect of temperature, volatiles products are driven by the 
steam. The essential oils are recovered by condensing (Bruneton, 1993). Hydrodistillation 
(steam water 'in situ') method involves by immersing the plant material in water which is 
then boiled (Bruneton, 1999). The enfleurage, distillation assisted by microwaves, extraction 
with solvents, extraction with a supercritical fluid are among the methods used to recover 
the EO of aromatic and medicinal plants (Sallé,2004, Brian, 1995). 

11. Biological activity of thymus EO 
11.1 Source of Salmonella sp  
Salmonella sp. was isolated from soil argan Marrakech (Morocco). The identification was 
performed according to the methods described above. Inocula were prepared from liquid 
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Conversion of prenyl- diphosphates: Under the action of terpene synthases, the acyclic 
isoprene precursors thus obtained may undergo transformations for the formation of other 
compounds by hydroxylation, oxidation, inter-conversion alcohol /aldehyde, methylation 
of the hydroxyl and carboxyl, acylation... 
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composition and search for any traces of other undesirable products such as pesticides or 
chemicals added. 
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cultures by 18 h, diluted with saline so as to contain about 108 cells / ml, at a density of 
between 0.08 and 0.1 at 625 nm (Careaga and al. 2003; Joffin and Leyral,2001). We evaluated 
the sensitivity of this strain against the essential oils of thymus broussonetii and thymus 
maroccanus from the region of Marrakech (Morocco). We used the Mueller Hinton medium 
for our study. The antimicrobial activity of essential oils, we used the method of diffusion 
from antibiotic susceptibility discs of pure essential oil (Jacob et al., 1979). The media 
poured in Petri dishes are inoculated with 1 ml of bacterial suspension 
of 108 cells / ml and excess inoculum was removed by aspiration (Shunying et al., 2005). 
The essential oil is deposited in the volume of 10 ml on Whatman sterile paper discs of 6 
mm in diameter. In parallel, we use cookies to check the growth of the strain tested. The 
petri dishes were left 30 min at room temperature to allow complete diffusion of the 
product (CA-SFM, 1993). The antibacterial activity was determined in terms of diameter of 
inhibition zone around the discs recorded after 24 h of incubation at 37 ° C. The test is 
performed in three repetitions in the same experimental conditions. 

11.2 Essential oils of T. broussonetii and T. maroccanus 
Thymus (thyme) is an aromatic and medicinal plant belonging to the Lamiaceae family. This 
plant is native to the Mediterranean region. (Duke, 1989; Zargari, 1990; Newall et al., 1996). 
Thymus broussonetii Boiss and Thymus maroccanus. are an endemic plants of Morocco. Its 
species are used for traditional medicine for the treatment of various illnesses (Bellakhdar, 
1997; Sijelmassi, 1993). The studies of essential oil of T. broussonetii have been published 
indicating the antimicrobial, anti-inflammatory, the immunological, behavioural effects and 
antitumor properties (Lattaoui et al., 1994; Lattaoui and Tantaoui-Elaraki, 1994, Ismaili et al. 
2001; 2002; 2004, Elhabazi et al., 2006, Jaafari et al, 2007). 
T. broussonetii and T. maroccanus were collected at flowering stage in July 2006 in a High 
Atlas mountain respectively, in “Ait Ourir” and in “Essaouirra” from the region, Centre and 
Southwest of Morocco. The inflorescences, leaves and stem were separated by hand. 
Samples were dried at the shade.  

11.3 Chemical composition of essential oils of T. broussonetii and T. maroccanus 
The identification of 93.1% (36 compounds) of the chemical composition of the essential oil 
of some leaf of T. broussonetii (figure 7) is shown in Table 2. This part produces a yield of 
1.6% essential oils. The chemical identity of this oil shows that it consists mainly of 
monoterpene hydrocarbons which represent more than half of this oil (53.3%). In this class 
of monoterpenes, p-cymene (21.0%), the α-pinene (11.8%) and camphene (8.5%) are the most 
important compounds. The class of oxygenated monoterpenes is second with 33%, 
represented mainly by borneol (16.5%) and thymol (11.3%). The sesquiterpene hydrocarbon 
represent 6.6% and consist mainly leden (3.2%). The spathulénol is the only oxygenated 
sesquiterpene identified in this part of the plant with a percentage of 0.2%. 
The identification of 96.7% of the chemical composition of the essential oil of some leaf of T. 
maroccanus (figure 8) is shown in Table 3. The yield of essential oils of this part is 1%. The 
monoterpene hydrocarbon species represent 49.5% of the leaves of this species. The α-
pinene (11.6%) and p-cymene (25.3%) are the most important compounds in this class. The 
oxygenated monoterpenes represent 37.9%, they consist mainly of carvacrol (33%). The 
sesquiterpene hydrocarbon represents 6.6% and consists of 2% β-caryophyllene. The 
oxygenated sesquiterpenes represented only 0.4% of this oil. 
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cultures by 18 h, diluted with saline so as to contain about 108 cells / ml, at a density of 
between 0.08 and 0.1 at 625 nm (Careaga and al. 2003; Joffin and Leyral,2001). We evaluated 
the sensitivity of this strain against the essential oils of thymus broussonetii and thymus 
maroccanus from the region of Marrakech (Morocco). We used the Mueller Hinton medium 
for our study. The antimicrobial activity of essential oils, we used the method of diffusion 
from antibiotic susceptibility discs of pure essential oil (Jacob et al., 1979). The media 
poured in Petri dishes are inoculated with 1 ml of bacterial suspension 
of 108 cells / ml and excess inoculum was removed by aspiration (Shunying et al., 2005). 
The essential oil is deposited in the volume of 10 ml on Whatman sterile paper discs of 6 
mm in diameter. In parallel, we use cookies to check the growth of the strain tested. The 
petri dishes were left 30 min at room temperature to allow complete diffusion of the 
product (CA-SFM, 1993). The antibacterial activity was determined in terms of diameter of 
inhibition zone around the discs recorded after 24 h of incubation at 37 ° C. The test is 
performed in three repetitions in the same experimental conditions. 
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Thymus (thyme) is an aromatic and medicinal plant belonging to the Lamiaceae family. This 
plant is native to the Mediterranean region. (Duke, 1989; Zargari, 1990; Newall et al., 1996). 
Thymus broussonetii Boiss and Thymus maroccanus. are an endemic plants of Morocco. Its 
species are used for traditional medicine for the treatment of various illnesses (Bellakhdar, 
1997; Sijelmassi, 1993). The studies of essential oil of T. broussonetii have been published 
indicating the antimicrobial, anti-inflammatory, the immunological, behavioural effects and 
antitumor properties (Lattaoui et al., 1994; Lattaoui and Tantaoui-Elaraki, 1994, Ismaili et al. 
2001; 2002; 2004, Elhabazi et al., 2006, Jaafari et al, 2007). 
T. broussonetii and T. maroccanus were collected at flowering stage in July 2006 in a High 
Atlas mountain respectively, in “Ait Ourir” and in “Essaouirra” from the region, Centre and 
Southwest of Morocco. The inflorescences, leaves and stem were separated by hand. 
Samples were dried at the shade.  

11.3 Chemical composition of essential oils of T. broussonetii and T. maroccanus 
The identification of 93.1% (36 compounds) of the chemical composition of the essential oil 
of some leaf of T. broussonetii (figure 7) is shown in Table 2. This part produces a yield of 
1.6% essential oils. The chemical identity of this oil shows that it consists mainly of 
monoterpene hydrocarbons which represent more than half of this oil (53.3%). In this class 
of monoterpenes, p-cymene (21.0%), the α-pinene (11.8%) and camphene (8.5%) are the most 
important compounds. The class of oxygenated monoterpenes is second with 33%, 
represented mainly by borneol (16.5%) and thymol (11.3%). The sesquiterpene hydrocarbon 
represent 6.6% and consist mainly leden (3.2%). The spathulénol is the only oxygenated 
sesquiterpene identified in this part of the plant with a percentage of 0.2%. 
The identification of 96.7% of the chemical composition of the essential oil of some leaf of T. 
maroccanus (figure 8) is shown in Table 3. The yield of essential oils of this part is 1%. The 
monoterpene hydrocarbon species represent 49.5% of the leaves of this species. The α-
pinene (11.6%) and p-cymene (25.3%) are the most important compounds in this class. The 
oxygenated monoterpenes represent 37.9%, they consist mainly of carvacrol (33%). The 
sesquiterpene hydrocarbon represents 6.6% and consists of 2% β-caryophyllene. The 
oxygenated sesquiterpenes represented only 0.4% of this oil. 
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 IRa IRb % 
Monoterpenes hydrocarbon 53.3 
Tricyclene 921 1001 0.3 
α-Thujene 924 - 0.3 
α-Pinene 934 1012 11.8 
Thuja-2,4(10)-diene 937 1112 0.1 
Camphene 944 1051 8.5 
Sabinene 966 1105 0.2 
β-Pinene 971 1093 1.9 
Myrcene 984 1141 2.1 
α-phellandrene 998 1185 0.2 
3-δ-carene 1006 1128 0.1 
α-terpinene 1010 1158 1.0 
p-cymene 1017 1244 21.0 
Limonene 1024 1176 2.2 
γ-Terpinene 1052 1220 2.5 
Terpinolene 1079 1254 0.2 
Oxygenated Monoterpenes 33.0 
(E)-Sabinene hydrate 1054 1423 0.3 
Linalol 1085 1510 0.2 
Camphre 1122 1466 0.1 
Isoborneol 1140 1651 tr 
Borneol 1148 1651 16.5 
Terpinen-4-ol 1161 1554 0.4 
Dihydrocarvone 1 1171 1557 0.4 
Dihydrocarvone 2 1179 1579 0.1 
Carvenone 1233 1676 tr 
Thymol 1268 2124 11.3 
Carvacrol 1280 2151 3.7 
Sesquiterpenes hydrocarbon 6.5 
α-Cubebene 1348 1431 tr 
β-Bourbonene 1382 1488 0.1 
α-Gurjunene 1408 1497 0.1 
β-caryophyllene 1416 1558 0.3 
Aromadendrene 1437 1570 2.1 
allo-Aromadendrene 1456 1605 0.4 
γ-Muurolene 1469 1683 0.2 
Ledene 1491 1655 3.2 
Calamenene 1508 1784 tr 
Oxygenated Sesquiterpènes 0.2 
Spathulenol 1561 2059 0.2 

IRa: Index of retention in non-polar chromatographic column HP-1 
IRb: Index of retention in the polar chromatographic column HP-20 
tr: trace 
 

Table 2. Percentage and chemical composition of the EO part of the leaf of T. broussonetii 
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IRa IRb % 

Monoterpenes hydrocarbon 49.5 
Tricyclene 921 1001 tr 
α-Thujene 924 - 0.8 
α-Pinene 934 1012 11.6 
Thuja-2,4(10)-diene 937 1112 0.1 
Camphene 944 1051 0.8 
β-Pinene 971 1093 0.4 
Myrcene 984 1141 1.4 
α-phellandrene 998 1185 0.3 
α-terpinene 1010 1158 1.1 
p-cymene 1017 1244 25.3 
Limonene 1024 1176 2.7 
γ-Terpinene 1052 1220 4.6 
Terpinolene 1079 1254 0.1 
Oxygenated Monoterpenes 37.9 
(E)-Sabinene hydrate 1054 1423 0.2 
Linalol 1085 1510 2.3 
Camphre 1122 1466 0.2 
Borneol 1148 1651 0.8 
Terpinen-4-ol 1161 1554 0.5 
Dihydrocarvone 1 1171 1557 0.3 
Dihydrocarvone 2 1179 1579 0.2 
Carvone 1233 1676 0.2 
Thymol 1268 2124 0.4 
Carvacrol 1280 2151 33.0 
Eugenol  1328 - tr 
Sesquiterpenes hydrocarbon 6.6 
α-Cubebene 1348 1431 tr 
α-ylangene 1370 1461 tr 
Copaene 1375 1463 0.1 
β-Bourbonene 1382 1488 0.1 
β-Patchoulene 1386 - tr 
β-caryophyllene 1416 1558 2.0 
β-Cubebene 1425 1667 tr 
Aromadendrene 1437 1570 1.4 
α-Humulene 1449 - 0.1 
allo-Aromadendrene 1456 1605 0.2 
D-Germacrene 1474 1667 tr 
β-Gurjunene 1484 1681 0.2 
Ledene 1491 1655 1.0 
γ-Cadinene 1504 - 1.3 
Calamenène 1508 1784 0.1 
(Z)-α-Bisabolène 1532 - tr 
Guaiazulène 1652 - tr 
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IRa IRb % 

Sesquiterpènes oxygénés 0.2 
Spathulénol 1561 2059 0.2 
Caryophyllène oxyde 1567 1920 0.1 
Globulol 1571 - tr 
Autres 2.4 
Octen-3-ol 964 1357 1.3 
Octen-3-one 980 1225 0.2 
Carvacryl acetate 1345 1690 Tr 
Acetovanillone 1516 - 0.9 

IRa: Index of retention in non-polar chromatographic column HP-1 
IRb: Index of retention in the polar chromatographic column HP-20, tr: trace 

Table 3. Percentage and chemical composition of the HE part of the leaf of T. maroccanus 

11.4 In vitro effect of essential oils of T. broussonetii and T. maroccanus 
As has been reported in the literature, we considered that an essential oil has bacteriostatic 
action if the diameter of inhibition is greater than 12 mm (Baudoux, 2001; Sağdac ° 2003) or 
15mm (Rossi, 2003). The diameters of inhibition zones obtained with the essential oils of T. 
broussonetii and T. maroccanus, from the region of Marrakech (Morocco), are 19 mm and 23 
mm respectively. The essential oils acted actively on the growth of Salmonella sp responsible 
for salmonellosis. They have an inhibitory effect on the growth of Salmonella sp. 

 

 
 
 

Inhibition Zone (mm) 

Essential oil Standard antibiotics 
T.b. T.m. Gentamicine Tetracycline 

 Salmonella sp. 19±0.9 23±0.4 25±0.1 15±0.3 

Table 4. Antibacterial activity of the essential oils of Thymus broussonetii (T.b.) and Thymus 
maroccanus (T.m.) and from antibiotic expressed by diameter of inhibition zone. 

These values are reported as means ± standard deviations of three separate determinations. 
Disc diameter. 6mm (Romane et al, 2010). 
The major activity of essential oils of Thyme broussonetii and Thyme maroccanus is due to their 
richness in phenolic compounds (thymol and carvacrol). Most antimicrobial compounds are 
phenols (carvacrol, thymol, eugenol), followed by alcohol (cineole, linalool ...) and to a lesser 
extent alkenes (p-cymene, pinene, terpinene ...) (Burt, 2004, Ultee et al., 2002). Indeed, 
several studies have shown that high antimicrobial power of essential oils of several species 
of thyme is attributed to their high phenolic compounds (carvacrol and thymol) (Marino et 
al. 1999; Mirmostafa and Rasool, 2002; Dafer and Ziogas , 2000; Baranauskiene et al. 2003; Di 
Pasqua et al. 2005; Di Pasqua et al. 2007; Cristan et al., 2007). 
Most of the work that had for its object the study of the mechanism of action of phenolic 
compounds suggests that their main site of action is the bacterial plasma membrane 
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(Shunying et al., 2005). They are able to disintegrate the bacterial cell membrane (Ultee et al., 
1999). The membrane loses its structure and becomes more permeable to ions (Lambert et 
al., 2001). Damages to the cell membrane may also allow the dissipation of pH gradient and 
decreased membrane potential (Ultee et al., 1999). 

11.5 The antibacterial activity of antibiotics 
The study by (Imelouane & ElBachiri, 2010) of the antibiotic susceptibility shows that the 
strain used is relatively sensitive to Florenfinicol, Spectinomycin, Enrofloxacin, 
Cotrimoxazole, Flumequine Tiafen, Tetracycline and Gentamycin. This sensitivity varies 
from one antibiotic to another and from one strain to another 
 
 

 Inhibition Zone (mm) 
antibiotics 

KF30 AMP10 AML25 TPC30 E15 
Salmonella sp 0 0 0 30 0 

 

 
 

Inhibition Zone (mm) 
antibiotics 

UB30 SXT25 MY ENR5 SH FFC  
Salmonella sp 28 25 0 32 18 34  

Kf: Cephalothin; AMP: Ampiciline; AML:Amoxycilline; TPC:Tiafen; E:Erythromycine 
UB: Fluméquine ,SXT: Cotrimoxazole; MY:Lyncomycine ; ENR:Enrofloxacine ; SH : Spectinomycine; 
FFC: Florenfinicol 

Table 5. Inhibitory effect of different antibiotic discs: Diameter of inhibition zones in mm 
among Salmonella sp. 

The study of antibiotic susceptibility shows that the strain used is sensitive to Florenfinicol, 
Spectinomycin, Enrofloxacin, Flumequine, Tetracycline and Gentamycin. This sensitivity 
varies from one antibiotic to another (Table), while the strain is resistant to Cephalothin, 
Ampicillin, Amoxicillin and Lyncomycine. 
Quantitative comparison of the results of EO to antibiotics is difficult because the nature of 
the activity and composition of the molecules are not comparable. Unlike EO, complex 
mixtures of volatile compounds that evaporate, but also that diffuse into the agar at 
different speeds, antibiotics are large non-volatile molecules. There Dissemination takes 
place probably at the surface and / or volume in the mass of the agar. 
 

 
 Inhibition Zone (mm) 

microorganisms Thymus pubescens 

Salmonella sp 08 

Table 6. Antibioaromatogramme of the essential oil of Thymus pubenscens. Diameter of 
inhibition zone of Salmonella sp determined using the diffusion method on solid medium. 
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15mm (Rossi, 2003). The diameters of inhibition zones obtained with the essential oils of T. 
broussonetii and T. maroccanus, from the region of Marrakech (Morocco), are 19 mm and 23 
mm respectively. The essential oils acted actively on the growth of Salmonella sp responsible 
for salmonellosis. They have an inhibitory effect on the growth of Salmonella sp. 

 

 
 
 

Inhibition Zone (mm) 

Essential oil Standard antibiotics 
T.b. T.m. Gentamicine Tetracycline 

 Salmonella sp. 19±0.9 23±0.4 25±0.1 15±0.3 

Table 4. Antibacterial activity of the essential oils of Thymus broussonetii (T.b.) and Thymus 
maroccanus (T.m.) and from antibiotic expressed by diameter of inhibition zone. 

These values are reported as means ± standard deviations of three separate determinations. 
Disc diameter. 6mm (Romane et al, 2010). 
The major activity of essential oils of Thyme broussonetii and Thyme maroccanus is due to their 
richness in phenolic compounds (thymol and carvacrol). Most antimicrobial compounds are 
phenols (carvacrol, thymol, eugenol), followed by alcohol (cineole, linalool ...) and to a lesser 
extent alkenes (p-cymene, pinene, terpinene ...) (Burt, 2004, Ultee et al., 2002). Indeed, 
several studies have shown that high antimicrobial power of essential oils of several species 
of thyme is attributed to their high phenolic compounds (carvacrol and thymol) (Marino et 
al. 1999; Mirmostafa and Rasool, 2002; Dafer and Ziogas , 2000; Baranauskiene et al. 2003; Di 
Pasqua et al. 2005; Di Pasqua et al. 2007; Cristan et al., 2007). 
Most of the work that had for its object the study of the mechanism of action of phenolic 
compounds suggests that their main site of action is the bacterial plasma membrane 
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(Shunying et al., 2005). They are able to disintegrate the bacterial cell membrane (Ultee et al., 
1999). The membrane loses its structure and becomes more permeable to ions (Lambert et 
al., 2001). Damages to the cell membrane may also allow the dissipation of pH gradient and 
decreased membrane potential (Ultee et al., 1999). 

11.5 The antibacterial activity of antibiotics 
The study by (Imelouane & ElBachiri, 2010) of the antibiotic susceptibility shows that the 
strain used is relatively sensitive to Florenfinicol, Spectinomycin, Enrofloxacin, 
Cotrimoxazole, Flumequine Tiafen, Tetracycline and Gentamycin. This sensitivity varies 
from one antibiotic to another and from one strain to another 
 
 

 Inhibition Zone (mm) 
antibiotics 

KF30 AMP10 AML25 TPC30 E15 
Salmonella sp 0 0 0 30 0 

 

 
 

Inhibition Zone (mm) 
antibiotics 

UB30 SXT25 MY ENR5 SH FFC  
Salmonella sp 28 25 0 32 18 34  

Kf: Cephalothin; AMP: Ampiciline; AML:Amoxycilline; TPC:Tiafen; E:Erythromycine 
UB: Fluméquine ,SXT: Cotrimoxazole; MY:Lyncomycine ; ENR:Enrofloxacine ; SH : Spectinomycine; 
FFC: Florenfinicol 

Table 5. Inhibitory effect of different antibiotic discs: Diameter of inhibition zones in mm 
among Salmonella sp. 

The study of antibiotic susceptibility shows that the strain used is sensitive to Florenfinicol, 
Spectinomycin, Enrofloxacin, Flumequine, Tetracycline and Gentamycin. This sensitivity 
varies from one antibiotic to another (Table), while the strain is resistant to Cephalothin, 
Ampicillin, Amoxicillin and Lyncomycine. 
Quantitative comparison of the results of EO to antibiotics is difficult because the nature of 
the activity and composition of the molecules are not comparable. Unlike EO, complex 
mixtures of volatile compounds that evaporate, but also that diffuse into the agar at 
different speeds, antibiotics are large non-volatile molecules. There Dissemination takes 
place probably at the surface and / or volume in the mass of the agar. 
 

 
 Inhibition Zone (mm) 

microorganisms Thymus pubescens 

Salmonella sp 08 

Table 6. Antibioaromatogramme of the essential oil of Thymus pubenscens. Diameter of 
inhibition zone of Salmonella sp determined using the diffusion method on solid medium. 
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12. Conclusion 
Recently, Salmonella strains resistant to a range of antibiotics, including major therapeutic 
agents in human medicine have emerged and are threatening to cause serious public health 
problems.  
This resistance results from the use of antibiotics; this situation is getting worse year by year 
due to misuse or inappropriate use of antibiotics to treat any disease;, hence the importance 
of direct research into plants that have always been a source of inspiration for new drugs. 
Thus, the essential oils have a lot of interest as a potential source of bioactive natural 
molecules which extracts have a strong antimicrobial potency. 
The use of essential oils is a serious substitute to treatment with antibiotics in infectious 
diseases because of their interference with bacteria vital functions. The alteration of the cell 
membrane including permeability may result in abnormal losses of ions or macromolecules.  
Several authors have put the relationship between the antibacterial activity of essential oils 
with their chemical composition; specially 
 phenolic and terpenic compounds but some studies have shown that the antimicrobial 
activity, antiviral, insecticidal, larvicidal and ovicidal essential oils are superior to those of 
its majority compounds tested separately. 
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1. Introduction 
Salmonella spp., facultatively anaerobic gram-negative rod-shaped bacteria (Krieg & Holt, 
1984), is one of the most important food borne pathogens. If present in food, the bacteria do 
not affect the taste, smell or appearance of the food. Frequent hand washing, throwing out 
expired food, avoid eating raw or undercooked eggs, meats, seafood or poultry are the key 
to preventing Salmonella food poisoning. Antibiotics (such as ampicillin, chloramphenicol, 
streptomycin, sulfonamides and tetracycline) may be prescribed for moderate to severe cases 
of Salmonella food poisoning or when it occurs in a person who is at risk for complications. 
However, probably as a consequence of the extensive use of antibiotics, that the incidence and 
severity of human diseases related to Salmonella caused by antimicrobial resistant Salmonella is 
rising in many countries (Breuil et al., 2000). Furthermore, illness caused by resistant Salmonella 
can be more severe and difficult to control (Oliveira et al., 2006).  
Presence of the bacterium Salmonella in food and the disease Salmonella food poisoning and 
typhoid fever continue to be a major public health problem worldwide. Millions of human 
cases are reported worldwide every year and the disease results in thousands of deaths. The 
increasingly resistance to antibiotics of food borne Salmonella (Breuil et al., 2000) drive much 
of the current interest on plant antimicrobial molecules. At the same time, increasingly 
consumer demand for more natural products has led to the food industry to consider the 
incorporation of the natural preservative in a range of products (Dorman & Deans, 2000; 
Elgayyar et al., 2001). Plants are complex chemical storehouses of undiscovered biodynamic 
compounds with unrealized potential for use in modern medicine (Plotkin, 1988). Several 
antimicrobial agents were isolated from plant including secondary metabolites as essential 
oil, terpenoides, phenols, alkaloids and flavanoids (Kazmi et al., 1994; Cosentino et al., 1999; 
Omulokoli et al., 1997). An important characteristic of these compounds is their 
hydrophobicity, which enables them to partition in the lipids of the bacterial cell membrane 
and mitochondria, disturbing the structures and rendering them more permeable (Burt, 
2004). This chapter is undertake in order to investigate inhibitory effect of plant extracts on 
Salmonella spp., including a prevalence and control of Salmonella in foods and incidence of 
antibiotic resistant strains of Salmonella. Information on extraction methods and 
phytochemical compositions of medicinal plants can be found in this chapter. The current 
knowledge on potential of plant extracts for antibacterial activity against Salmonella spp. and 
its application in food processing or packaging will be discussed.  
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2. Prevalence of Salmonella in foods 
Most Salmonella can survive for extended periods in food stored at refrigeration to ambient 
room temperatures (2-25°C). Some Salmonella strains can grow in high temperature as 54°C 
(Montville & Matthews, 2008). The Salmonellla are generally transmitted to humans through 
consumption of contaminated food of animal origin, mainly meat, poultry, eggs and milk. 
The prevalence of pathogenic serotypes associated with food-borne disease varies by 
geographical location (Watie & Yousef, 2010). The Enteritidis, Typhimurium, Newport and 
Javiana were the most prevalence serotypes in the United States in 2007. The symptoms and 
sign of Salmonella infection include diarrhea, abdominal pains, nausea, vomiting and chills, 
leading to dehydration and headaches (Richard et al., 2008).  

2.1 Salmonella in egg 
In eggs, various Salmonella serovars can be found in the egg content, principally S. enteritidis, 
is the serovar most frequently with egg infection (Gast & Beard, 1990; Humphrey et al., 1991; 
de Louvois 1993). A few reported in human on outbreaks of Salmonella food poisoning 
related egg caused by S. typhimurium (EFSA, 2010a). Other Salmonella serovars, e.g., S. 
mbandaka, S. livingstone, S. heidelberg, S. hadar, S. infantis and S. virchow, also occur with low 
frequency in layers and consequently on egg surfaces (Chemaly et al., 2009). The risk 
assessment estimates the probability of human illness due to Salmonella following the 
ingestion of a single food serving of internally contaminated shell eggs, either consumed as 
whole eggs, egg meals, or product containing these ingredients such as cake or mayonnaise. 
The growth of Salmonella in egg albumen is eased at 20°C, while it is unable to grow at 
temperature less than 10°C (Gantois et al., 2009). Recently, an average prevalence of 0.5% 
eggs contaminated with Salmonella was reported across the member states of the European 
Commission (EFSA, 2010b).  

2.2 Salmonella in meat 
Pork and pork products are also recognized as one of the major sources of human Salmonella 
food poisoning. The commonly isolated non-typhoid Salmonella serovars in pigs, pork and 
humans is S. typhimurium (Astorga Marquez et al., 2007; Boyen et al., 2008; Perugini et al., 
2010). During further processing of meat, such as cutting and mincing, S. typhimurium from 
contaminated pork cuts may then spread into pork preparations (Gonzales-Barron et al., 
2010). The proportion of human Salmonella food poisoning attributable to pork has been 
estimated to be between 9 and 15% in Denmark and around 21% in Netherlands (EFSA, 
2008; Hald et al., 2004). In Ireland, the pork meat has been identified as a significant source 
of Salmonella with an incidence of 2.9% as surveyed in processing plants (Gonzales-Barron, 
2010b). A Belgian survey from 2000 to 2003 indicated that the mean prevalence values of 
Salmonella in 25 g samples of pork meat cuts and minced meat were 17.3% (95% CI: 15.0–
19.7%) and 11.1% (95% CI: 9.4–13.0%) (Ghafir et al., 2007, 2005), respectively. 

2.3 Salmonella in poultry 
In the European Union, three of the top four serovars (S. infantis: 29.2%, S. enteritidis: 13.6%, 
S. kentucky: 6.2% and S. typhimurium: 4.4%, respectively) isolated from poultry are also 
found in the top four serovars (S. enteritidis: 58.0%, S. typhimurium: 21.9%, S. infantis: 1.1% 
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and S. virchow: 0.7%, respectively) isolated from humans (EFSA, 2010c). The S. soa has 
rarely been reported to be isolated from poultry in Australia, which the very low prevalence 
of Salmonella food poisoning linked to S. soa suggests low virulence for humans (Duffy et 
al., 2011). A large percentage of poultry is colonized by salmonellas during grow-out, and 
the skin and meat of carcasses are frequently contaminated by the pathogen during 
slaughter and processing. In Brazil, the remarkable increase in the incidence of S. enteritidis 
from foodborne outbreaks, human infections, nonhuman sources, broiler carcasses and 
other poultry materials has been reported since the 1990s (Peresi et al., 1998; Fuzihara et al., 
2000; Tavechio et al., 2002). Of the 281 chicken meat samples in Austria, 46 were positive for 
the occurrence of Salmonella (prevalence of 16.4%) as described by Mayrhofer et al., 2004.  

2.4 Salmonella in milk 
One route of Salmonella transmission is via raw/unpasteurized milk and products made 
from raw milk (e.g. cheese) (Cody 1999). In a 2000 study of New York dairy herds, 
Salmonella were isolated from 1.5 percent of 404 milk filters. Salmonella contamination of 
bulk milk most likely occurs through fecal contamination, and mitigation through improved 
hygiene practices may be possible (Karns et al., 2005). Consumption of cheese contaminated 
with the mentioned pathogens can lead to serious health problems, which the outbreaks of 
Salmonella spp. in Mozzarella cheese can be seen since 1981 in Italy and USA (De Buyser et 
al., 2001). In 1985, D’Aoust et al. found that S. typhimurium was linked to Canadian 
foodborne outbreaks associated with the consumption of Cheddar cheese. 

2.5 Salmonella in other food 
A recent Salmonella outbreak is also occur with other food products (Waite & Yousef, 2010). 
In United States, Columbia and Canada in 2008, there are estimated more than 1000 case of 
Salmonella food poisoning outbreaks by S. saintpaul in raw tomatoes, fresh cilantro, fresh 
jalapeno peppers and fresh Serrano peppers, whereas in 2007, the foodborne outbreaks was 
found in peanut butter, frozen pot pie and puffed vegetable snack in United States and 
boxed lunch in Japan. Other fruit product such as fruit salad and orange juice has been 
associated with occasional outbreaks of Salmonella food poisoning.  

3. Control of Salmonella in foods 
High temperatures used in cooking and in pasteurization processes have been regarded as 
the treatment of choice for the destruction of Salmonella in eggs, milk and meat products. 
Humphrey et al. (1980) showed that to kill Salmonella present in the egg yolk, the yolk 
temperature had to be raised to >8O°C. Boiling for over 6 to 10 min was required inactivate 
approximately 107 cfu S. enteritidis in the yolk of shell eggs, depending on the method of 
boiling (Chantarapanont et al., 2000). Kuo et al. (1997) determined that UV radiation 
significantly reduced S. typhimurium inoculated on shell eggs. Directional microwave 
technology resulted in more than 2-log reduction of S. enteritidis in shell eggs without 
causing any detrimental effects to quality reviewed by Lakins et al. (2008). The effectiveness 
of steam treatments on meat and poultry has been investigated, which the presence of a 
number of pathogens may be reduced by the application of steam to meat surfaces, mostly 
gram negative enteric pathogens, such as Escherichia coli O157:H7 and a number of 
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Salmonella serotypes (James et al., 2000; Phebus et al., 1997; Whyte et al., 2003). Following the 
published report by Porto-Fett et al., 2010, the fermentation and drying and/or high 
pressure processing of contaminated dry sausage or pork are effective for inactivating 
Salmonella spp. High-pressure treatment of milk is considered to be the most promising 
alternative to traditional thermal treatments. Metrick et al., (1989) indicated that the pressure 
treatments of 310 and 379MPa/15 min at ambient temperature were required for a 3-log 
reduction in colony forming units (cfu) of S. seftenberg 775W. 

4. Antibiotic resistance Salmonella 
The first reports on antibiotic resistant Salmonella had been indicated since 1960s and 
describe mainly case with monoresistance strain (Helmuth, 2000). In the late 1980s, the 
appearance multiple resistances against ampicillin, chloramphenicol, streptomycin, 
sulfonamides and tetracycline were found in serovar Thyphimurium definitive type 104 
(DT 104) (Montville & Matthews, 2005). The main mechanism of bacteria exhibit 
resistance to antimicrobial agents can be due to many factors including drug inactivation, 
reduced drug accumulation, alteration of metabolic pathway and target site (Barbosa & 
Levy, 2000; Schwarz & Chaslus-Dancla, 2001). Much of the resistance to penicillins and 
cephalosporins by Salmonella spp. is attributable to the acquired ability of the strains to 
produce β-lactamase that can degrade the chemical structure of the antimicrobial agents 
(Bush, 2003).  
In recent years, the prevalence of multidrug resistant Salmonella in foods has been 
reported in many parts of the world. Several clinical treatment failures with 
fluoroquinolones (such as ciprofloxacin) in cases of S. typhi showed in Europe, Asia, and 
Africa (Butt et al., 2003; Nkemngu et al., 2005). Shirakawa et al. (2006) claims that the 
resistance to nalidixic acid and decreased susceptibility to fluoroquinolone in the S. 
enterica serovar Typhi isolated in Katmandu, Nepal, in 2003 were completely correlated to 
the mutation at codon 83 of gyrA. Most antimicrobial-resistant Salmonella infections are 
acquired from eating contaminated foods of animal origin. During 2000-2006 in Taiwan, it 
was found that 30.5% of the raw chicken meat was contaminated with multidrug resistant 
S. enterica serovar Schwarzengrund (Chen et al., 2011). Among the 88 Salmonella isolated 
from 300 meat products (raw beef, chicken meat and street foods) in Kuala Lumpur, the 
highest resistance was to tetracycline (73.8%), followed by sulfonamide (63.6%), 
streptomycin (57.9%), nalidixic acid (44.3%), trimethoprim sulfamethoxazole (19.3%), 
ampicillin (17.0%), chloramphenicol (10.2%) (Thong & Modarressi, 2011). The most 
antimicrobial resistance S. enteritidis isolates from South of Brazil reported by de Oliveir et 
al. (2005) was found in poultry related samples, where all strains were resistant to at least 
one antimicrobial agent.  
The prevalence of extraintestinal salmonella infections caused by antibiotic resistant 
Salmonella spp. in several geographic areas of the world is increasing. Pokharel et al. (2006) 
demonstrated a 5% prevalence of multidrug resistance among S. enterica at a tertiary care 
hospital in Kathmandu, Nepal, with a higher rate of multidrug resistance among S. paratyphi 
A (7%) compared to S. typhi (3%). Rotimi et al. (2008) reported the serious problem of drug 
resistance in Salmonella spp. in Kuwait and United Arab Emirates that the non-typhoidal 
Salmonella spp. isolates from fecal samples of patients had 5-fold rise in resistant to 
cefotaxime and ceftriaxone compared with reported earlier. 
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5. Plant extract 
Plant contain a variety of substance called “phytochemicals” (divided into two groups; 
primary and secondary metabolite), which are naturally occurring biochemicals in plants 
that give plants their color, flavor, smell and texture. Plant secondary metabolite differ from 
ubiquitous primary metabolite (e.g. carbohydrate, proteins, fats, nucleic acid) (Bako and 
Aguh, 2007), that have a scientifically proven effect on human health. The most important of 
these bioactive constituents of plants are alkaloids, tannins, flavonoids, anthraquinone, 
other phenolic compound and essential oil (Kisangau et al, 2007).  
Extraction is the first important step for the recovery and purification of active ingredients 
of plant materials. Several extraction techniques and solvents are used for obtain antioxidant 
and antimicrobial extract from plant origin. The general techniques of medicinal plant 
extraction include maceration, percolation, hot continuous extraction (Soxhlet), solvent 
extraction, counter-current extraction, microwave-assisted extraction, ultrasound extraction 
(sonication), supercritical fluid extraction (Chen et al., 1992; Bicchi et al., 2000; Kaufmann 
and Christen, 2002). For solvent extraction method, polar solvents (such as organic acids), 
solvents of intermediate polarity (such as methanol, ethanol, acetone, and dichloromethane) 
and solvents of low polarity (such as hexane and chloroform) are used to extract plant 
secondary metabolites, which the extracts obtained from the same plant material with 
different solvent characteristics have distinct physical and biological properties. Lapornik, et 
al. (2005) reported that ethanol and methanol extracts of red and black currant contain twice 
more anthocyanins and polyphenols than water extracts, extracts made from grape marc 
had seven times higher values than water extracts. Among the five different Indian medical 
plants, methanol extract showed more antibacterial activity and moderate activity with 
aqueous, ethyl acetate and chloroform extract (Ashokkumar et al., 2010), while the more-
polar solvent extracts (BuOH and water extracts) in Korean herbal medicines gave higher 
antioxidant activity than that of non-polar solvent extracts (hexane and EtOAC extracts) 
(Kang et al., 2003). Moreover, the chemical compound of extracts from particular plant 
species can vary according to the geographic origin, harvesting period and parts of the plant 
use. Nwokocha et al. (2011) found that all secondary metabolites analyzed were present in 
all tissues (leaf, stem, root and seed) studied but at different concentrations. A spatial and 
seasonal impact on the total phenolic content has been reported for Poacynum henersonii 
collected at three sites in China (Hong et al., 2003). 
Essential oils are a volatile liquid aromatic compound which extracted from plant cell. The 
cells are location in specific parts of the plant such as bark, flowers, leave, seed, peel and 
root. Table 1 shows the plant organ contains essential oil and their essential oil constitutes. 
Distillation (water distillation, water and steam distillation, steam distillation) is the most 
commonly used method for produces essential oils on the commercial basis (Rasooli, 2007). 
Some volatile oils cannot be distilled without decomposition are thus are usually obtained 
by expression (such as lemon oil or orange oil). The effect of diffrent distillation methods on 
oil content and composition of aromatic plants have been reported. The water-distillation of 
the rose-scented geranium (Pelargonium sp.) gave a higher oil yield (0.16–0.22%) than did 
water-steam-distillation (0.09–0.12%) or steam-distillation methods (0.06–0.18%) (Kiran et 
al., 2005). The oil of Satureja rechingeri Jamzad in full owering stage obtained by hydro-
distillation, water- and steam-distillation and direct steam-distillation consisted of twenty, 
seventeen and twenty-two compounds, respectively, which the major constituents were 
carvacrol and p-cymene (Sedkon et al., 2007).  
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Salmonella serotypes (James et al., 2000; Phebus et al., 1997; Whyte et al., 2003). Following the 
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produce β-lactamase that can degrade the chemical structure of the antimicrobial agents 
(Bush, 2003).  
In recent years, the prevalence of multidrug resistant Salmonella in foods has been 
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acquired from eating contaminated foods of animal origin. During 2000-2006 in Taiwan, it 
was found that 30.5% of the raw chicken meat was contaminated with multidrug resistant 
S. enterica serovar Schwarzengrund (Chen et al., 2011). Among the 88 Salmonella isolated 
from 300 meat products (raw beef, chicken meat and street foods) in Kuala Lumpur, the 
highest resistance was to tetracycline (73.8%), followed by sulfonamide (63.6%), 
streptomycin (57.9%), nalidixic acid (44.3%), trimethoprim sulfamethoxazole (19.3%), 
ampicillin (17.0%), chloramphenicol (10.2%) (Thong & Modarressi, 2011). The most 
antimicrobial resistance S. enteritidis isolates from South of Brazil reported by de Oliveir et 
al. (2005) was found in poultry related samples, where all strains were resistant to at least 
one antimicrobial agent.  
The prevalence of extraintestinal salmonella infections caused by antibiotic resistant 
Salmonella spp. in several geographic areas of the world is increasing. Pokharel et al. (2006) 
demonstrated a 5% prevalence of multidrug resistance among S. enterica at a tertiary care 
hospital in Kathmandu, Nepal, with a higher rate of multidrug resistance among S. paratyphi 
A (7%) compared to S. typhi (3%). Rotimi et al. (2008) reported the serious problem of drug 
resistance in Salmonella spp. in Kuwait and United Arab Emirates that the non-typhoidal 
Salmonella spp. isolates from fecal samples of patients had 5-fold rise in resistant to 
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Aguh, 2007), that have a scientifically proven effect on human health. The most important of 
these bioactive constituents of plants are alkaloids, tannins, flavonoids, anthraquinone, 
other phenolic compound and essential oil (Kisangau et al, 2007).  
Extraction is the first important step for the recovery and purification of active ingredients 
of plant materials. Several extraction techniques and solvents are used for obtain antioxidant 
and antimicrobial extract from plant origin. The general techniques of medicinal plant 
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and solvents of low polarity (such as hexane and chloroform) are used to extract plant 
secondary metabolites, which the extracts obtained from the same plant material with 
different solvent characteristics have distinct physical and biological properties. Lapornik, et 
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more anthocyanins and polyphenols than water extracts, extracts made from grape marc 
had seven times higher values than water extracts. Among the five different Indian medical 
plants, methanol extract showed more antibacterial activity and moderate activity with 
aqueous, ethyl acetate and chloroform extract (Ashokkumar et al., 2010), while the more-
polar solvent extracts (BuOH and water extracts) in Korean herbal medicines gave higher 
antioxidant activity than that of non-polar solvent extracts (hexane and EtOAC extracts) 
(Kang et al., 2003). Moreover, the chemical compound of extracts from particular plant 
species can vary according to the geographic origin, harvesting period and parts of the plant 
use. Nwokocha et al. (2011) found that all secondary metabolites analyzed were present in 
all tissues (leaf, stem, root and seed) studied but at different concentrations. A spatial and 
seasonal impact on the total phenolic content has been reported for Poacynum henersonii 
collected at three sites in China (Hong et al., 2003). 
Essential oils are a volatile liquid aromatic compound which extracted from plant cell. The 
cells are location in specific parts of the plant such as bark, flowers, leave, seed, peel and 
root. Table 1 shows the plant organ contains essential oil and their essential oil constitutes. 
Distillation (water distillation, water and steam distillation, steam distillation) is the most 
commonly used method for produces essential oils on the commercial basis (Rasooli, 2007). 
Some volatile oils cannot be distilled without decomposition are thus are usually obtained 
by expression (such as lemon oil or orange oil). The effect of diffrent distillation methods on 
oil content and composition of aromatic plants have been reported. The water-distillation of 
the rose-scented geranium (Pelargonium sp.) gave a higher oil yield (0.16–0.22%) than did 
water-steam-distillation (0.09–0.12%) or steam-distillation methods (0.06–0.18%) (Kiran et 
al., 2005). The oil of Satureja rechingeri Jamzad in full owering stage obtained by hydro-
distillation, water- and steam-distillation and direct steam-distillation consisted of twenty, 
seventeen and twenty-two compounds, respectively, which the major constituents were 
carvacrol and p-cymene (Sedkon et al., 2007).  
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Plant organ Plant Main chemical composition 

Flower Neroli, rose, jasmine, rosemary, 
lavender, chamomile 

Linalool, citronellol, bezyl 
acetate, -pinene, -bisabolol  

Leaves Eucalyptus, tea tree, patchouli, 
verbena 

Eucalyptol, 1,8-cineole, 
terpinen-4-ol, patchoulol, 
geranial 

Aerial part Basil, peppermint, spearmint Linalool, manthol, carvone 

Fruit Bergamot, juniper, lemon, 
mandarin 

Limonene, -terpineol, citral, 
limonene 

Seed Coriander, caraway,  
nutmeg, fennel, angelica 

linalool, carvone, sabinene, (E)-
anethole, -Phellandrene 

Bark and wood Cinnnamon, cedarwood, 
sandalwood, pine 

Cinnamaldehyde, Thujopsene, 
-santalene, -pinene 

Rhizomes Ginger, galanga, calamus, 
curcuma, kaempferia, 

Zingiberene, 1,8-cineole,  
-asarone, turmerone, 
methylcinnamate 

Roots Vetiver, saussurea, valerian 
Khusimol, -selinene, bornyl 
acetate 

Table 1. Essential oils in each plant organ (Base on Krishnasamy, 2008) 

6. Anti-Salmonella activity of plant extract 
Chemical compound of the plant extract or essential oils has revealed the presence of 
several ingredients, most of which posses important antimicrobial properties (Botsoglou 
et al., 2003; Exarchou et al., 2002). Many studied claim that the phenolic compound in 
herb and spice significantly contributed to their properties (Hara-Kudo et al., 2004). 
Twenty-five extracts (accounting for 54% of the 46 test extract as 20 dietary spices and 26 
medical herbs) reported by Shan et al. (2007) showed inhibitory activity against S. anatum 
(mean=7.2 mm; 4.7–19.2 mm) with correlate the content of phenolic compound at R2 value 
of 0.86. Based on the results of chemical composition of the essential oil from Zataria 
multiflora Boiss, can also conclude that the anti-S. typhi ATCC 19430 nature of the essential 
oil studied is apparently related to its high phenolic contents, particularly carvacrol and 
thymol (Sharififar et al., 2007). Acidic environment enhanced the antibacterial activity of 
Filipendula ulmaria extract when it was tested against S. enteritidis PT4, which water-
methanol extract from F. ulmaria contains a variety of phenolic compounds, such as 
caffeic, p-coumaric, vanillic acid and myricetin, etc, which demonstrate antibacterial 
activity (Boziaris et al.,2011). 
Out of all the three solvent (hexane, dichloromethane and methanol) used for extract 
Mauritians flora, the methanol extracts showed relative good anti-bacterial activities, most 
particularly against S. enteritidis (Rangasamy et al., 2007). The aqueous extract of leaf of 
Coccinia indica could be used against Salmonella, while no activity was shown by solvent 
extract (ethanol, petroleum ether and chloroform) (Hussain et al., 2010). From twenty-two 
medicinal herb species traditionally used in Korea to treat gastrointestinal infections 
studied, only the aqueous and methanolic extracts of Schizandrae fructus exhibited 
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antibacterial activity against all three Salmonella serotypes (S. typhi ATCC 19943, S. paratyphi 
A and S. gallinarum ATCC 9184) (Lee et al., 2006).  
In India, Mahida & Mohan (2007) described that the methanol Manilkara hexandra, Wrightia 
tomentora and Xanthium strumarium extracts displayed MIC value of 2 mg/mL for S. 
paratyphi A whereas the methanol Schrebera swietenoiides and Wrightia tomentora showed MIC 
value of 4 mg/mL for S. typhi. The result studied by N'guessan et al. (2007) showed 
bactericidal effect of the aqueous extract of Thonningia sanguinea for all the multiple drug 
resistance Salmonella strains (S. typhi, S. hadar and S. typhimurium) and sensitive tested 
strains (S. enteritidis). The S. typhimurium strain was also found to be sensitive to extracts of 
Acacia nilotica, Syzygium aromaticum and Cinnamum zeylanicum, in Khan et al. (2009). The 
petroleum ether extract of Pedalium murex Linn exhibits the activity at 300-500 mg/disc 
against the S. paratyphi A and at 500 mg/disc against the S. paratyphi B (Nalini et al., 2011). 
Furthermore, the root of the Euphorbia balsamifera has high activity against the S. 
typhimurium when compared with the leaves and stems extracts (Kamba & Hassa, 2010). In 
contrast, the extract of eucalyptus from root, leave and stem had exhibited activity against S. 
typhi (Evans et al., 2002).  

7. Salmonella control in food product and food packaging by plant extract 
Nowadays, the foodborne outbreaks Salmonella food poisoning and the prevalence of 
antibiotic resistant Salmonella in humans, animals and food are increasing (Rabsch et al., 
2001; Angulo et al., 2000; O'Brien, 2002). Consumers are also concerned about the safety of 
food containing synthetic preservative. Therefore, there has been growing interesting in 
using natural antibacterial extract from herb or spice for food conservation (Smid & Gorris, 
1999; Fasseas et al., 2008; Gutierrez et al., 2008). Particular interest has been focused on the 
potential application of plant extract or essential oils as safer additives for meat, poultry, 
milk, fruit and vegetable.  
The combination of the oregano essential oil at 0.6% with nisin at 500 IU/g showed stronger 
antimicrobial activity against S. enteritidis in minced sheep meat than the oregano EO at 0.6% 
but lower than the combination with nisin at 1000 IU/g (Govaris et al., 2010). The minimum 
inhibitory concentration of the Capsicum extract to prevent the growth of S. typhimurium in 
minced beef was 1.5 mL/100 g of meat; the addition of 1%, 2%, 3% and 4% w/w of sodium 
chloride did not have any additional inhibitory effect on Salmonella (Careaga et al., 2003). 
Ravishankar et al. (2009) suggest that the food industry and consumers could use apple-based 
edible films containing cinnamaldehyde or carvacrol as wrappings to control surface 
contamination by foodborne pathogenic microorganisms, which at 23°C on chicken breasts, 
films with 3% antimicrobials showed the highest reductions (4.3 to 6.8 log cfu/g) of both S. 
enterica and E. coli O157:H7. Moreover, the lowest concentration of trans-cinnamaldehyde (10 
mM) reducing S. enteritidis populations inoculated on chicken cecal contents by approximately 
6.0 log(10) cfu/mL after 8 h and >8.0 log(10) cfu/mL after 24 h of incubation (Johny et al., 
2010). The carvacrol vapour was effective at preventing growth of Salmonella on agar and in 
significantly reducing viable numbers on raw chicken at temperatures ranging from 4°C to 
37 °C (Burt et al., 2007). The results by Shan et al. (2011) showed that the five spice and herb 
extracts (cinnamon stick, oregano, clove, pomegranate peel, and grape seed) were effective 
against S. enterica in cheese at room temperature (~23°C), which the clove showed the 
highest antibacterial activity.  
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(mean=7.2 mm; 4.7–19.2 mm) with correlate the content of phenolic compound at R2 value 
of 0.86. Based on the results of chemical composition of the essential oil from Zataria 
multiflora Boiss, can also conclude that the anti-S. typhi ATCC 19430 nature of the essential 
oil studied is apparently related to its high phenolic contents, particularly carvacrol and 
thymol (Sharififar et al., 2007). Acidic environment enhanced the antibacterial activity of 
Filipendula ulmaria extract when it was tested against S. enteritidis PT4, which water-
methanol extract from F. ulmaria contains a variety of phenolic compounds, such as 
caffeic, p-coumaric, vanillic acid and myricetin, etc, which demonstrate antibacterial 
activity (Boziaris et al.,2011). 
Out of all the three solvent (hexane, dichloromethane and methanol) used for extract 
Mauritians flora, the methanol extracts showed relative good anti-bacterial activities, most 
particularly against S. enteritidis (Rangasamy et al., 2007). The aqueous extract of leaf of 
Coccinia indica could be used against Salmonella, while no activity was shown by solvent 
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medicinal herb species traditionally used in Korea to treat gastrointestinal infections 
studied, only the aqueous and methanolic extracts of Schizandrae fructus exhibited 
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antibacterial activity against all three Salmonella serotypes (S. typhi ATCC 19943, S. paratyphi 
A and S. gallinarum ATCC 9184) (Lee et al., 2006).  
In India, Mahida & Mohan (2007) described that the methanol Manilkara hexandra, Wrightia 
tomentora and Xanthium strumarium extracts displayed MIC value of 2 mg/mL for S. 
paratyphi A whereas the methanol Schrebera swietenoiides and Wrightia tomentora showed MIC 
value of 4 mg/mL for S. typhi. The result studied by N'guessan et al. (2007) showed 
bactericidal effect of the aqueous extract of Thonningia sanguinea for all the multiple drug 
resistance Salmonella strains (S. typhi, S. hadar and S. typhimurium) and sensitive tested 
strains (S. enteritidis). The S. typhimurium strain was also found to be sensitive to extracts of 
Acacia nilotica, Syzygium aromaticum and Cinnamum zeylanicum, in Khan et al. (2009). The 
petroleum ether extract of Pedalium murex Linn exhibits the activity at 300-500 mg/disc 
against the S. paratyphi A and at 500 mg/disc against the S. paratyphi B (Nalini et al., 2011). 
Furthermore, the root of the Euphorbia balsamifera has high activity against the S. 
typhimurium when compared with the leaves and stems extracts (Kamba & Hassa, 2010). In 
contrast, the extract of eucalyptus from root, leave and stem had exhibited activity against S. 
typhi (Evans et al., 2002).  

7. Salmonella control in food product and food packaging by plant extract 
Nowadays, the foodborne outbreaks Salmonella food poisoning and the prevalence of 
antibiotic resistant Salmonella in humans, animals and food are increasing (Rabsch et al., 
2001; Angulo et al., 2000; O'Brien, 2002). Consumers are also concerned about the safety of 
food containing synthetic preservative. Therefore, there has been growing interesting in 
using natural antibacterial extract from herb or spice for food conservation (Smid & Gorris, 
1999; Fasseas et al., 2008; Gutierrez et al., 2008). Particular interest has been focused on the 
potential application of plant extract or essential oils as safer additives for meat, poultry, 
milk, fruit and vegetable.  
The combination of the oregano essential oil at 0.6% with nisin at 500 IU/g showed stronger 
antimicrobial activity against S. enteritidis in minced sheep meat than the oregano EO at 0.6% 
but lower than the combination with nisin at 1000 IU/g (Govaris et al., 2010). The minimum 
inhibitory concentration of the Capsicum extract to prevent the growth of S. typhimurium in 
minced beef was 1.5 mL/100 g of meat; the addition of 1%, 2%, 3% and 4% w/w of sodium 
chloride did not have any additional inhibitory effect on Salmonella (Careaga et al., 2003). 
Ravishankar et al. (2009) suggest that the food industry and consumers could use apple-based 
edible films containing cinnamaldehyde or carvacrol as wrappings to control surface 
contamination by foodborne pathogenic microorganisms, which at 23°C on chicken breasts, 
films with 3% antimicrobials showed the highest reductions (4.3 to 6.8 log cfu/g) of both S. 
enterica and E. coli O157:H7. Moreover, the lowest concentration of trans-cinnamaldehyde (10 
mM) reducing S. enteritidis populations inoculated on chicken cecal contents by approximately 
6.0 log(10) cfu/mL after 8 h and >8.0 log(10) cfu/mL after 24 h of incubation (Johny et al., 
2010). The carvacrol vapour was effective at preventing growth of Salmonella on agar and in 
significantly reducing viable numbers on raw chicken at temperatures ranging from 4°C to 
37 °C (Burt et al., 2007). The results by Shan et al. (2011) showed that the five spice and herb 
extracts (cinnamon stick, oregano, clove, pomegranate peel, and grape seed) were effective 
against S. enterica in cheese at room temperature (~23°C), which the clove showed the 
highest antibacterial activity.  
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Tornuk et al. (2011) indicated that the thyme hydrosol (contain carvacrol: 48.30% and 
thymol: 17.55%) was the most efcient agent on the carrot samples with resulted in 1.48 log 
cfu/g reduction in S. typhimurium number. The antimicrobial effect of essential oil 
components (monoterpenes e.g. thymol, menthol and linalyl acetate) might be due to a 
perturbation of the lipid fraction of bacterial plasma membranes, resulting in alterations of 
membrane permeability and in leakage of intracellular materials (Trombetta et al., 2005). 
Both concentrations of carvacrol and trans-cinnamaldehyde, and 0.75% eugenol decreased 
Salmonella counts on tomatoes by ~6.0 log cfu/mL at 1 min (Mattson et al., 2011). Treatment 
of seeds at 50 degrees C for 12 h with acetic acid (100 and 300 mg/L of air) and thymol or 
cinnamic aldehyde (600 mg/L of air) significantly reduced Salmonella populations on seeds 
(>1.7 log10 cfu/g) without affecting germination percentage (Weissinger et al., 2001). 
The use of edible films to release antimicrobial constituents in food packaging is a form of 
active packaging. Seydium & Sarikus (2006) reported that the whey protein based edible 
films containing oregano essential oil was the most effective against S. enteritidis (ATCC 
13076), at 2% level than those containing garlic and rosemary extracts (P < 0.05). 
Incorporation of garlic oil up to 0.4% v/v in alginate film, the clear zone of inhibition was 
not observed with S. typhimurium. However, incorporation of garlic oil at higher than 0.1% 
v/v revealed a weak inhibitory effect, indicated by minimal growth underneath film discs 
(Pranoto et al., 2005). 

8. Conclusion 
Prevalence of Salmonella infection has increased markedly in both humans and domestic 
animals. Probably as a consequence of the extensive use of antibiotics surveillance networks 
have indicated that the incidence of human Salmonella food poisoning caused by 
antimicrobial resistant Salmonella is rising in many countries. In present, the anti-Salmonella 
spp. properties of plant extract/essential oils from a variety of plant have been assessed. It is 
clear from these studies that these secondary plant metabolites have potential as alternative 
antibacterial in food conservation. The phenolic compounds are most active and appear to 
act principally as membrane permeabilisers. In addition, consumers are also demand for 
food preservation from natural source. Therefore, the incorporating plant extracts in or onto 
food packaging materials to against foodborne pathogen, especially Salmonella spp., is of 
increasing interest. 
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Tornuk et al. (2011) indicated that the thyme hydrosol (contain carvacrol: 48.30% and 
thymol: 17.55%) was the most efcient agent on the carrot samples with resulted in 1.48 log 
cfu/g reduction in S. typhimurium number. The antimicrobial effect of essential oil 
components (monoterpenes e.g. thymol, menthol and linalyl acetate) might be due to a 
perturbation of the lipid fraction of bacterial plasma membranes, resulting in alterations of 
membrane permeability and in leakage of intracellular materials (Trombetta et al., 2005). 
Both concentrations of carvacrol and trans-cinnamaldehyde, and 0.75% eugenol decreased 
Salmonella counts on tomatoes by ~6.0 log cfu/mL at 1 min (Mattson et al., 2011). Treatment 
of seeds at 50 degrees C for 12 h with acetic acid (100 and 300 mg/L of air) and thymol or 
cinnamic aldehyde (600 mg/L of air) significantly reduced Salmonella populations on seeds 
(>1.7 log10 cfu/g) without affecting germination percentage (Weissinger et al., 2001). 
The use of edible films to release antimicrobial constituents in food packaging is a form of 
active packaging. Seydium & Sarikus (2006) reported that the whey protein based edible 
films containing oregano essential oil was the most effective against S. enteritidis (ATCC 
13076), at 2% level than those containing garlic and rosemary extracts (P < 0.05). 
Incorporation of garlic oil up to 0.4% v/v in alginate film, the clear zone of inhibition was 
not observed with S. typhimurium. However, incorporation of garlic oil at higher than 0.1% 
v/v revealed a weak inhibitory effect, indicated by minimal growth underneath film discs 
(Pranoto et al., 2005). 

8. Conclusion 
Prevalence of Salmonella infection has increased markedly in both humans and domestic 
animals. Probably as a consequence of the extensive use of antibiotics surveillance networks 
have indicated that the incidence of human Salmonella food poisoning caused by 
antimicrobial resistant Salmonella is rising in many countries. In present, the anti-Salmonella 
spp. properties of plant extract/essential oils from a variety of plant have been assessed. It is 
clear from these studies that these secondary plant metabolites have potential as alternative 
antibacterial in food conservation. The phenolic compounds are most active and appear to 
act principally as membrane permeabilisers. In addition, consumers are also demand for 
food preservation from natural source. Therefore, the incorporating plant extracts in or onto 
food packaging materials to against foodborne pathogen, especially Salmonella spp., is of 
increasing interest. 
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1. Introduction 
Salmonella are enteric gram negative organisms that are widely dispersed in nature. These 
organisms can reside as common commensals in the gastrointestinal tracts of animals and 
man or cause disease states that range from self-limited diarrhea to bacteremia with enteric 
fever or invasion of vascular structures, bone or other localized sites (Hook, 1990). 
Organisms can be highly host adapted, where they infect only a limited number of species, 
or can be much more ubiquitous. The most significant human host-adapted organism is S. 
typhi, the cause of typhoid fever. Man remains the only known reservoir for these isolates. 
Similarly, S. pullorum and S. gallinarum are poultry associated organisms that are so host-
adapted that even upon transmission to man they usually remain non-pathogenic (Ziprin & 
Hume, 2001). More frequently, animal host-adapted organisms can be transmitted to man 
causing symptomatic disease. S. choleraesuis is normally a porcine organism though it can 
cause gastroenteritis and enteric fever, when transmitted to man (especially in children). 
Other organisms, such as S. typhimurium, have a broad host range and these serotypes are 
responsible for the majority of human infections. 
Thus, Salmonella strains, the well and “old” pathogens, continued threat to public health. 
In fact, despite that, the incidence of salmonellosis has decreased substantially especially 
in developed country, recent events and several articles illustrate continued challenges in 
Salmonella control. The first challenge in Salmonella control is the widespread distribution 
of food; in fact contaminated food produced in one country may cause illness far away 
demonstrating the importance of robust control programmes. Likewise, this organism 
cause substantial economic loss resulting from mortality, morbidity, poor growth of 
infected animals, poultry and human beings; hazardous of transmitting food poisoning 
with gastroenteritis to human and so represents a serous problem for the food industry 
(Khan et al., 2007). 
The second challenge is traceability, in fact, the complexity of the food supply chains and/ 
or the lack of identifying markers on foods can make it extremely difficult to trace back to 
their origin. 
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The third is antimicrobial resistance; in fact, over the last decade, strains of Salmonella 
enterica with multiples drug resistance have been distributed widely in many countries. 
The fourth is capacity building to enhance outbreak detection through routinely subtyping 
certain Salmonella using molecular methods.  
To contain this organism, it is essential to maintain continued vigilance, including rapid 
identification of similar strains and the immediate sharing of information within the 
public health community. Many nations have established extensive surveillance systems 
to track Salmonella infections and disrupt epidemic spread. Most of these surveillance 
projects rely on traditional serotype and phage type analyses to identify trends and 
potential outbreaks. Many clinical outbreaks cluster among a few serotypes so further 
discrimination is often needed. 
Molecular epidemiological techniques have been used to enhance surveillance and 
discriminate outbreak strains within these common serotypes. The institution of these 
techniques has led to enhanced detection of outbreaks worldwide. In this chapter, we 
review the theoretical and practical basis of laboratory typing method for diagnostic of 
salmonella strains with emphasis on molecular methods which would contribute to the 
monitoring of human and animal Salmonella infections. Overall, traditional serotype 
surveillance in association with one or several molecular typing techniques, appears to 
provide the most reproducible and comparable discrimination of epidemiologically-
linked isolates. 

2. General properties of the genus Salmonella 
Salmonella are Gram negative, short plump shaped rods, nonsporeforming, noncapsulated, 
aerobic and facultatively anaerobic organisms and classified under the family 
Enterobacteriaceae (Freeman, 1985).  
Salmonella nomenclature has changed many times and still is not stable. The genus 
Salmonella was previously differentiated into two species: Salmonella enterica and Salmonella 
bongori. However, a new species, Salmonella subterranea was identified and validated 
(Shelobolina et al., 2004; Validation List No: 102, 2005). Among them, the species Salmonella 
enterica (S. enterica) is further divided into the six subspecies S. enterica subsp. enterica (I), S. 
enterica subsp. salamae (II), S. enterica subsp. arizonae (IIIa), S. enterica subsp. diarizonae (IIIb), 
S. enterica subsp. houtenae (IV), and S. enterica subsp. indica (VI). Formerly, S. bongori was the 
subspecies V, but later considered as a separate species (Fluit, 2005). 
Fermentation of selected substances, such as dulcitol, malonate, sorbitol, d-tartrate, 
galacturonate, mucate, salicine, ONPG, and lactose, as well as production of enzymes such 
as gelatinase, -glutamyl-transferase or -glucuronidase, but also lysis by phage O1 allow a 
differentiation between the different species and subspecies (Le Minor 1984). 
Furthermore, the genus composed of over 2500 serotypes differentiated according to three 
different types of surface antigens discussed bellow in more detail. 99% of these serotypes 
belong to S. enterica and nearly 60% of them are in S. enterica subsp. enterica. The average 
DNA sequence similarity between Salmonella serotypes is 96-99% (Edwards et al., 2002). 

3. Bacterial isolations 
A standard technique was used to isolate Salmonella strains in many laboratories. The 
technique is explained bellow.  
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3.1 Food samples 
Samples were analysed according to French Norm for Salmonella spp. NFV 08-052/97. From 
each sample, 25 g was pre-enriched in 275 ml buffered peptone water (Oxoid, Dardilly 
Cedex, France) at 37°C for 24h. Afterwards, 0.1 ml of the pre-enrichment sample was 
incubated in 9.9 ml of buffered Rappaport-Vassiliadis medium (Oxoid, Dardilly Cedex, 
France) and 2 ml in 20 ml of buffered selenite cystine medium for another 24 h at 42 °C and 
37 °C, respectively. The enrichment samples were then applied onto Hecktoen and 
Kampelmacher agar. Both selective media were incubated during 24 h at 37 °C.  
Suspicious colonies were identified by Gram staining performed according to the 
conventional method and also with biochemical test (oxydase reaction). Both Gram-negative 
and oxidase-negative isolates were further tested. Biochemical tests other than oxidase test 
were done by using API 20E test kit (bioMérieux, Inc., France). 
The plastic strips holding twenty mini-test tubes were inoculated with the saline 
suspensions of the cultures according to manufacturer's directions. This process also 
rehydrated the desiccated medium in each tube. A few tubes were completely filled (CIT, 
VP and GEL), and some tubes were overlaid with mineral oil such that anaerobic reactions 
could be carried out (ADH, LDC, ODC, H2S, URE) (Figure 1). 
 
 

 
Fig. 1. Typical Salmonella reaction of API 20E test kit.  

After incubation in a humidity chamber for 18-24 hours at 37°C, the colour reactions were 
read (some with the aid of added reagents as supplied by the kit). The data were analysed 
by the manufacturer’s software and positive results with ≥89% probabilities were confirmed 
as Salmonella. The list of the biochemical tests performed by API 20E test kit and typical 
reactions exhibited by Salmonella spp. are given in Table 1.  

3.2 Stool sample 
Each stool sample was streaked onto Hecktoen agar and pre-enriched in selenite broth at 
37 °C for 24 h. The pre-enrichment sample was streaked onto Hecktoen agar, and after 
incubation at 37 °C for another 24 h, the suspicious colonies were identified with 
biochemical test (as mentioned above). 

3.3 Environmental water samples 
From each sample, 100 ml was pre-enriched in 100 ml double concentrated buffered peptone 
water (Oxoid, Dardilly Cedex, France) at 37 °C for 24 h. Afterwards, 0.1 ml of the pre-
enrichment sample was incubated in 9.9 ml of buffered Rappaport-Vassiliadis medium 
(Oxoid, Dardilly Cedex, France) and 1 ml in 9 ml of buffered selenite cystine medium for 
another 24 h at 37 °C; The enrichment samples were then applied onto Hecktoen and 
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Fig. 1. Typical Salmonella reaction of API 20E test kit.  
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Kampelmacher agar. Both selective media were incubated during 24 h at 37 °C. The 
suspicious colonies were identified with biochemical test (as mentioned above). 
 

Tests Substrate Reaction (-) Results (+) Results Salmonella 
spp. 

ONPG ONPG betagalactosidase colorless yellow - 

ADH arginine Arginine 
dihydrolase yellow red/orange - 

LDC lysine Lysine 
decarboxylase yellow red/orange + 

ODC ornithine Ornithine 
decarboxylase yellow red/orange + 

CIT citrate Citrate 
Utilization 

pale to 
green/yellow 

blue-green/ 
blue - 

H2S Na 
thiosulfate 

H2S 
production colorless/gray black 

deposit + 

URE urea Urea 
hydrolysis yellow red/orange - 

TDA tryptophan deaminase yellow brown-red - 

IND tryptophan Indole 
production yellow red 

(in 2 min) - 

VP Na-
pyruvate 

Acetoin 
production colorless pink/red 

(in 10 min) - 

GEL charcoal 
gelatin Gelatinase no diffusion 

of black 
black 

diffusion - 

GLU glucose fermentation/oxidation blue/ 
blue-green yellow + 

MAN mannitol fermentation/oxidation blue/ 
blue-green yellow + 

INO inositol fermentation/oxidation blue/ 
blue-green yellow - 

SOR sorbitol fermentation/oxidation blue/ 
blue-green yellow + 

RHA rhamnose fermentation/oxidation blue/ 
blue-green yellow + 

SAC sucrose fermentation/oxidation blue/ 
blue-green yellow - 

MEL melibiose fermentation/oxidation blue/ 
blue-green yellow + 

AMY amygdalin fermentation/oxidation blue/ 
blue-green yellow - 

ARA arabinose fermentation/oxidation blue/ 
blue-green yellow + 

 

Table 1. Biochemical reactions involved in API 20E (bioMérieux, Inc., France) test kits and 
typical Salmonella reactions.  
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4. Laboratory typing methods 
The determination of the relatedness of strains within a Salmonella serotype is a prerequisite 
for the identification of the sources of infection and for tracing the routes of Salmonella 
dissemination in outbreaks. Since biochemical analysis did not further differentiate between 
the bacteria assigned to the same S. enterica subspecies, other phenotypic and molecular 
methods have been used (Riley, 2004). 

4.1 Phenotypic methods 
4.1.1 Serotyping 
Serotyping is the initial step for routine diagnostics of Salmonella strains and performed with 
commercially available omni-, poly- and monovalent antisera. Up to date, over 2500 
serotypes of Salmonella has been identified and classified in the Kaufmann-White scheme. 
This scheme differentiates between O (=somatic) antigens of the cell surface, H1 and H2 
(=flagellar) antigens of the phase 1 or phase 2, respectively (Selander et al., 1996) and the Vi 
(=capsular) antigens which, however, may only be present in very few serotype, such as 
Typhi, Paratyphi C or Dublin. 
Each Salmonella serogroup has a group specific O-antigen. Within each O-group, different 
serovars are distinguished by the combination of O- and H-antigens that are present. Each 
serotype has a specific antigenic formula where the O-antigens are indicated by Arabic 
numbers, the H1-antigens by lower case letters and the H2- antigens again by Arabic 
numbers. In these formulas, underlined antigens may only be expressed once the culture is 
lysogenised by the corresponding converting phage whereas letters or numbers in brackets 
indicate antigens which may be present or absent without relation to phage conversion (Le 
Minor, 1984).  
For most of the isolates assigned to S. enterica and the subspecies I, antigenic formula 
corresponds to a serotype name. In contrast, serotypes identified after 1996 in the subspecies 
salamae, houtenae and indica and in the subspecies bongori are designated only by antigenic 
formula (Brenner et al., 2000).  
 

Serotype O-antigen(s) H1-antigen(s) H2-
antigen(s) 

S. Enteritidis 1, 9, 12 [f], g, m, [p] [1, 7] 
S. Dublin 1, 9, 12 [Vi] g, p - 
S. Gallinarum 1, 9, 12 - - 
S. Typhimurium 1, 4, 5, 12 i 1, 2 
S. Virchow 6, 7 r 1, 2 
S. Infantis 6, 7, 14 r 1, 5 

Table 2. Examples for the antigenic formulas of Salmonella enterica subsp. enterica serotypes 
according to Kaufmann-White scheme (Poppoff and Le Minor, 2001).  

The detection of the presence of Salmonella O- and H- antigens were tested by slide 
agglutination with the commercially available antisera. One loop of appropriate antisera 
was dropped onto a cleaned glass slide. One loop of overnight culture grown on agar was 
dispersed in the drop to obtain a homogeneous and turbid suspension. The slide was rocked 
gently for 30 s and clumping was monitored by a magnifying glass. The scheme to obtain 
the serotype was given in Figure 2.  
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Kampelmacher agar. Both selective media were incubated during 24 h at 37 °C. The 
suspicious colonies were identified with biochemical test (as mentioned above). 
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4. Laboratory typing methods 
The determination of the relatedness of strains within a Salmonella serotype is a prerequisite 
for the identification of the sources of infection and for tracing the routes of Salmonella 
dissemination in outbreaks. Since biochemical analysis did not further differentiate between 
the bacteria assigned to the same S. enterica subspecies, other phenotypic and molecular 
methods have been used (Riley, 2004). 

4.1 Phenotypic methods 
4.1.1 Serotyping 
Serotyping is the initial step for routine diagnostics of Salmonella strains and performed with 
commercially available omni-, poly- and monovalent antisera. Up to date, over 2500 
serotypes of Salmonella has been identified and classified in the Kaufmann-White scheme. 
This scheme differentiates between O (=somatic) antigens of the cell surface, H1 and H2 
(=flagellar) antigens of the phase 1 or phase 2, respectively (Selander et al., 1996) and the Vi 
(=capsular) antigens which, however, may only be present in very few serotype, such as 
Typhi, Paratyphi C or Dublin. 
Each Salmonella serogroup has a group specific O-antigen. Within each O-group, different 
serovars are distinguished by the combination of O- and H-antigens that are present. Each 
serotype has a specific antigenic formula where the O-antigens are indicated by Arabic 
numbers, the H1-antigens by lower case letters and the H2- antigens again by Arabic 
numbers. In these formulas, underlined antigens may only be expressed once the culture is 
lysogenised by the corresponding converting phage whereas letters or numbers in brackets 
indicate antigens which may be present or absent without relation to phage conversion (Le 
Minor, 1984).  
For most of the isolates assigned to S. enterica and the subspecies I, antigenic formula 
corresponds to a serotype name. In contrast, serotypes identified after 1996 in the subspecies 
salamae, houtenae and indica and in the subspecies bongori are designated only by antigenic 
formula (Brenner et al., 2000).  
 

Serotype O-antigen(s) H1-antigen(s) H2-
antigen(s) 

S. Enteritidis 1, 9, 12 [f], g, m, [p] [1, 7] 
S. Dublin 1, 9, 12 [Vi] g, p - 
S. Gallinarum 1, 9, 12 - - 
S. Typhimurium 1, 4, 5, 12 i 1, 2 
S. Virchow 6, 7 r 1, 2 
S. Infantis 6, 7, 14 r 1, 5 

Table 2. Examples for the antigenic formulas of Salmonella enterica subsp. enterica serotypes 
according to Kaufmann-White scheme (Poppoff and Le Minor, 2001).  

The detection of the presence of Salmonella O- and H- antigens were tested by slide 
agglutination with the commercially available antisera. One loop of appropriate antisera 
was dropped onto a cleaned glass slide. One loop of overnight culture grown on agar was 
dispersed in the drop to obtain a homogeneous and turbid suspension. The slide was rocked 
gently for 30 s and clumping was monitored by a magnifying glass. The scheme to obtain 
the serotype was given in Figure 2.  
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Serotyping is easy to perform and standardized antisera are commercially available. 
However, it only allows the assignment of Salmonella strains to a specific serotype, and no 
further differentiation between strains of the same serotype is achieved. 
 
 

 
 
 
 

Fig. 2. Serotyping analysis scheme for Salmonella 

During the 1980's, a tremendous increase in S. enteritidis was identified, particularly in the 
Northeastern U.S. (Rodrigue et al.,1990). Studies linked S. enteritidis to contaminated shell 
eggs or foods that contained eggs (Mishu et al., 1994). During 1987-1997, five serotypes 
accounted for 66% of all clinical infections in which a Salmonella isolate was identified to the 
serotype level. S. typhimurium accounted for 24% of these isolates, S. enteritidis (22%), S. 
heidelberg (9%), S. newport (5%) and S. hadar (4%) followed (Olsen et al., 2001). When clinical 
outbreaks were distinguished from sporadic infections, S. enteritidis was implicated in 55% 
of Salmonella cases associated with a clinical outbreak (Olsen et al., 2001). 
In Tunisia, from 1994 to 2004, 16.214 Salmonella isolates were reported to the national Centre 
of Enteropathogenic bacteria at Pasteur Institute, Tunis, Tunisia. (Ridha et al., 2007). The 
largest proportion of Salmonella isolates was from human origin (n=6815) followed by 
isolates from food (n=5539). During the surveillance period, the top five reported Salmonella 
serotypes were: Enteritidis, Anatum, Corvallis, Braenderup, and Livingstone. These five 
serotypes accounted for 3479 strains of all Salmonella isolates from food. (Ridha et al., 2007). 
Finally, Salmonella isolates reported from environmental origin cam in last position (n=1611) 
after isolates from animal origin (n=2249) (Ridha et al., 2007). 
Serological analysis usually remains the first step in an epidemiological investigation of 
Salmonella and may be sufficient for epidemiological investigations associated with 
uncommon serotypes (Threlfall & Frost, 1990). However, smaller labs often do not have 
access to the pools of serum required for this analysis and may need to rely on other 
techniques to analyze isolates. The multiplex PCR, an easier molecular method, has been 
developed to differenciate between the most common serotypes of Salmonella enterica subsp. 
enterica (Imen et al. 2010).  

Salmonella polyvalent  
antisera (A-E) 

Salmonella group 
A,B, C, D, and E 

Non- 
Salmonella  

Detection of Salmonella somatic with 
monovalent antisera 

Detection of Salmonella 
flagellar antisera 

Serotype definition 

+ -

Laboratory Typing Methods for Diagnostic of  
Salmonella Strains, the “Old” Organism That Continued Challenges 

 

355 

4.1.2 Phage typing 
Individual isolates of many Salmonella serotypes vary in their susceptibility to lysis by 
different bacteriophages and this has led to a typing scheme based on reactivity to a panel of 
bacteriophage. Therefore, a Salmonella strain is subjected to a specified set of typing phages 
and the lytic pattern obtained commonly allows the assignment to a specific phage type. The 
strains exhibiting a lytic pattern that does not correspond to a known phage type are 
classified as RDNC (= Reacting with the typing phage, but lytic pattern Did Not Correspond 
to any recognized phage types).  
Phage typing is mostly performed for serotypes such as S. Typhimurium, S. Enteritidis, S. 
Typhi or S. Paratyphi, although phage typing systems are also available for a number of 
additional serotypes, including S. Virchow. Phage typing has led to the discrimination of 
over 200 S. typhimurium phage types (Threlfall & Frost, 1990) and, together with 
antimicrobial susceptibility analyses, led to detection of several large-scale, international 
epidemics including the dissemination of a multi-drug resistant clone of S. typhimurium 
DT104, (definitive phage type, DT, 104) (Threlfall, 2000). In Denmark, phage typing as 
described by the World Health Organization (WHO) Collaborative Centre for phage 
typing of Salmonella (Health Protection Agency (HPA), Colindale, United Kingdom) has 
been applied for surveillance of S. Enteritidis and S. Typhimurium in humans, food and 
food production animals. Phage typing has proven to be an important tool for strain 
characterisation and the results obtained have been used since the mid-90s in 
surveillance, source attribution and outbreak investigations (Baggesen & Wegener, 1994; 
Hald et al., 2007) 
In general, phage typing is only performed by the National Reference Centers, since only 
these institutions have access to the defined sets of typing phages. The interpretation of 
the results requires considerable experience (Riley, 2004). Although, phage typing in 
Salmonella epidemiology has been used since the 1950s, the stability of phage types can be 
limited by phage type conversion (Rabsch et al., 2002), even during an outbreak 
(Mmolawa et al., 2002). This is due to the acquisition of a temperate phage or a plasmid. 
Besides, host-controlled phage defence mechanisms such as restriction/modification 
systems and phage adsorption inhibition are also responsible for the phage typing 
difficulties of a Salmonella strain. 
By means of a sterile inoculation loop, the test culture was inoculated into a test tube 
containing 4 mL double strength nutrient broth with a special care for heavy inoculum to 
give visible turbidity for S. Enteritidis and a very light inoculum for S. Typhimurium to give a 
barely visible turbidity. 
The culture was incubated by shaking at 200 rpm at 37°C for 1-1.5 h for S. Enteritidis and for 
S. Typhimurium 1.5 h without agitation to obtain a very light growth in early log phase. After 
incubation, it was flooded over the surface of double strength nutrient agar using a flooding 
pipette and the excess of culture was removed. As soon as the surface of agar dried, the 
appropriate typing phages at routine test dilutions were applied to the dried surface by a 
multipoint inoculation loop. When the phage spots dried, the agar plate was incubated at 
37°C for 18 h. At the end of the incubation, the agar plate was read using a magnifying glass 
through the bottom of the plate (Ward et al., 1987). 
Phage susceptibilities were evaluated by means of the plaque number, size and 
transparency. The pattern was compared with known phage type patterns in the database 
and defined. If the culture did not react with any of the typing phages, it was defined as 
non-typable (NT); and if the culture reacted with the typing phages, but gave a different 
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4.1.2 Phage typing 
Individual isolates of many Salmonella serotypes vary in their susceptibility to lysis by 
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DT104, (definitive phage type, DT, 104) (Threlfall, 2000). In Denmark, phage typing as 
described by the World Health Organization (WHO) Collaborative Centre for phage 
typing of Salmonella (Health Protection Agency (HPA), Colindale, United Kingdom) has 
been applied for surveillance of S. Enteritidis and S. Typhimurium in humans, food and 
food production animals. Phage typing has proven to be an important tool for strain 
characterisation and the results obtained have been used since the mid-90s in 
surveillance, source attribution and outbreak investigations (Baggesen & Wegener, 1994; 
Hald et al., 2007) 
In general, phage typing is only performed by the National Reference Centers, since only 
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Besides, host-controlled phage defence mechanisms such as restriction/modification 
systems and phage adsorption inhibition are also responsible for the phage typing 
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37°C for 18 h. At the end of the incubation, the agar plate was read using a magnifying glass 
through the bottom of the plate (Ward et al., 1987). 
Phage susceptibilities were evaluated by means of the plaque number, size and 
transparency. The pattern was compared with known phage type patterns in the database 
and defined. If the culture did not react with any of the typing phages, it was defined as 
non-typable (NT); and if the culture reacted with the typing phages, but gave a different 



 
Salmonella – A Dangerous Foodborne Pathogen 

 

356 

pattern other than those in the database, it was considered as reacting with the typing 
phages, but lytic pattern did not correspond to any recognized phage types, so called 
RDNC (= Reacting with the typing phage, but lytic pattern Did Not Correspond to any 
recognized phage types). But, we must note that phage typing analyses needs typing 
phage sets to be performed.  
In bref, phage typing can play an important role in surveillance and control of the common 
Salmonella serotypes. However, this requires strengthened efforts to make the system 
available to more laboratories internationally, possibly a simplification of the system to 
enhance its robustness even though this may slightly compromise its discriminatory power, 
and finally improved external and internal quality assurance systems. 

4.2 Molecular methods 
Phenotypic typing methods requiring enough time, personnel and reagent have led to the 
development of typing methods based on genotypic information. Currently used molecular 
typing methods are based on restriction endonuclease digestion, nucleic acid amplification, 
or nucleotide sequencing techniques.  

4.2.1 Plasmid profiling 
Plasmid profile analysis was one of the earliest DNA-based subtyping schemes. It is 
particularly important, since most of the plasmids harbour virulence and antimicrobial 
resistance properties in Salmonella. Plasmid content of the host within the same serotype 
reveals the differentiation according to the profile (the number and molecular sizes of 
plasmids) obtained. The different plasmid profiles within a serotype points the lateral 
transfer by gaining or loosing the plasmid(s). The plasmids found in Salmonella differ in size 
2 – 200 kb with different functionalities (Rychlik et al., 2006). 
The detection method is based on the isolation of plasmids followed by agarose gel 
electrophoresis. Different protocols can be used (Helmuth et al., 1985). To view the plasmid 
pattern, agarose gel must be stained with ethidium bromide solution and then visualised 
under UV light. 
Plasmid analysis has several limitations. Plasmids can rapidly be acquired or lost. Also, 
single predominant plasmids have become endemic within various serotypes. In sporadic 
isolates of S. enteritidis from Maryland, 88% of isolates contained a single 36-Mda plasmid 
(Morris et al., 1992). Similarly, only 1 of 56 S. typhimurium isolates failed to encode a 90 kb 
plasmid, which is thought to be a serotype specific virulence plasmid. Despite the 
ubiquitous nature of the 90 kb plasmid, profiling of the entire complement of plasmids in 
each strain was able to discriminate S. typhimurium strains isolated from a single poultry 
flock or closely related flocks (Millemann et al.,1995). 
Plasmid analysis was also able to identify a multi-state outbreak of chloramphenicol 
resistant S. newport in humans that could be traced back to contaminated beef and to dairy 
farms (Riley et al.,1983). In a testament to the power of combining a strong traditional 
epidemiological analysis with serological and genotypic tests, a peak of S. muenchen was 
noted in Ohio, Michigan, Georgia and Alabama. Epidemiological studies failed to identify a 
common food source responsible for this outbreak, but a strong correlation with marijuana 
use was identified. Marijuana obtained from affected households was contaminated with S. 
muenchen and the isolates from the different states showed a similar plasmid fingerprint 
suggesting interstate transfer of the contaminated drug (Taylor et al., 1982). 
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Plasmid profiling is most useful in an outbreak setting that is limited temporally and 
geographically (Mendoza & Landeras, 1999). Furthermore, this technique will only be 
successful if the serotype of interest carries multiple plasmids of differing sizes. 

4.2.2 PFGE (pulsed field gel electrophoresis) 
PFGE has been considered as the “gold standard” among other molecular typing methods. 
By cutting the bacterial DNA with rare-cutting restriction endonucleases and running with 
special electrophoresis separation technique which use pulsed currents that change polarity 
at defined intervals, it separates the large fragments of DNA up to 12000 kb and yields 
strain specific patterns.  
The choice of restriction endonuclease is somewhat empiric, but the most commonly used 
enzymes in Salmonella have been XbaI, SpeI and NotI. Comparisons of patterns from 
multiple enzymes can elucidate new subtypes and increase the discriminatory power of this 
technique (Liebisch & Schwarz, 1996). 
PFGE of 60 S. enteritidis isolates revealed 28 different XbaI restriction profiles and 26 with 
SpeI, yet when the patterns generated from both enzymes were combined, 32 different 
pulsed-field types could be identified (Ridley et al., 1998). PFGE was used to determine 
whether molecular subtyping was able to detect unsuspected clusters or outbreaks of S. 
typhimurium (Bender et al., 2001). In fact, during a four-year period, 16% of isolates were 
linked to common source outbreaks. Of these, the authors felt that 62% of outbreak strains 
would have been missed without the use of PFGE molecular subtyping (Bender et al., 2001). 
PFGE has also been used to track outbreak strains occurring across national boundaries 
(Lyytikainen et al., 2000). 
PFGE is characterized by a high degree of reproducibility both within and between 
laboratories (Swaminathan et al., 2001). The recent introduction of computerized gel-based 
data collection and analysis systems allows better standardization between laboratories thus 
creating the ability to rapidly compare restriction fragment patterns from isolates analyzed 
from remote locations (Swaminathan et al., 2001). Large databanks that house PFGE 
patterns from isolates around the world will greatly enhance Salmonella outbreak detection. 
PulseNet, a molecular subtyping network for foodborne bacterial disease surveillance, has 
been active in developing standardized PFGE protocols and establishing a national 
database. An outbreak of S. agona linked to contaminated cereal was identified in 1998. 
PFGE, in association with PulseNet, was used to identify cases in adjoining states that were 
not initially thought to be at risk (Swaminathan et al., 2001). In fact, combining typing 
methods such as PFGE and information from food chains, it was possible to identify related 
strains and common source of contamination. This type of approach may be useful in order 
to improve Salmonella spp. surveillance systems. 
PFGE, however, is not always successful. Some serotypes, especially those with certain 
distinct phage types, can be so genetically homogeneous that multiple genotypic techniques 
fail to discriminate outbreak from non-outbreak strains. Ahmed et al. (Ahmed et al., 2000) 
evaluated PFGE to differentiate S. enteritidis DT8 strains that developed during a Canada-
wide outbreak of gastroenteritis that was eventually traced to contaminated cheese. 
Successful discrimination was only achieved with a combination of intensive 
epidemiological, genotypic and phenotypic methods (Ahmed et al., 2000). Additionally, 
certain serotypes may be more susceptible to genetic rearrangements that can alter the PFGE 
pattern, even within an outbreak (Echeita & Usera, 1998).  
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pattern other than those in the database, it was considered as reacting with the typing 
phages, but lytic pattern did not correspond to any recognized phage types, so called 
RDNC (= Reacting with the typing phage, but lytic pattern Did Not Correspond to any 
recognized phage types). But, we must note that phage typing analyses needs typing 
phage sets to be performed.  
In bref, phage typing can play an important role in surveillance and control of the common 
Salmonella serotypes. However, this requires strengthened efforts to make the system 
available to more laboratories internationally, possibly a simplification of the system to 
enhance its robustness even though this may slightly compromise its discriminatory power, 
and finally improved external and internal quality assurance systems. 

4.2 Molecular methods 
Phenotypic typing methods requiring enough time, personnel and reagent have led to the 
development of typing methods based on genotypic information. Currently used molecular 
typing methods are based on restriction endonuclease digestion, nucleic acid amplification, 
or nucleotide sequencing techniques.  
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Plasmid profile analysis was one of the earliest DNA-based subtyping schemes. It is 
particularly important, since most of the plasmids harbour virulence and antimicrobial 
resistance properties in Salmonella. Plasmid content of the host within the same serotype 
reveals the differentiation according to the profile (the number and molecular sizes of 
plasmids) obtained. The different plasmid profiles within a serotype points the lateral 
transfer by gaining or loosing the plasmid(s). The plasmids found in Salmonella differ in size 
2 – 200 kb with different functionalities (Rychlik et al., 2006). 
The detection method is based on the isolation of plasmids followed by agarose gel 
electrophoresis. Different protocols can be used (Helmuth et al., 1985). To view the plasmid 
pattern, agarose gel must be stained with ethidium bromide solution and then visualised 
under UV light. 
Plasmid analysis has several limitations. Plasmids can rapidly be acquired or lost. Also, 
single predominant plasmids have become endemic within various serotypes. In sporadic 
isolates of S. enteritidis from Maryland, 88% of isolates contained a single 36-Mda plasmid 
(Morris et al., 1992). Similarly, only 1 of 56 S. typhimurium isolates failed to encode a 90 kb 
plasmid, which is thought to be a serotype specific virulence plasmid. Despite the 
ubiquitous nature of the 90 kb plasmid, profiling of the entire complement of plasmids in 
each strain was able to discriminate S. typhimurium strains isolated from a single poultry 
flock or closely related flocks (Millemann et al.,1995). 
Plasmid analysis was also able to identify a multi-state outbreak of chloramphenicol 
resistant S. newport in humans that could be traced back to contaminated beef and to dairy 
farms (Riley et al.,1983). In a testament to the power of combining a strong traditional 
epidemiological analysis with serological and genotypic tests, a peak of S. muenchen was 
noted in Ohio, Michigan, Georgia and Alabama. Epidemiological studies failed to identify a 
common food source responsible for this outbreak, but a strong correlation with marijuana 
use was identified. Marijuana obtained from affected households was contaminated with S. 
muenchen and the isolates from the different states showed a similar plasmid fingerprint 
suggesting interstate transfer of the contaminated drug (Taylor et al., 1982). 
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Plasmid profiling is most useful in an outbreak setting that is limited temporally and 
geographically (Mendoza & Landeras, 1999). Furthermore, this technique will only be 
successful if the serotype of interest carries multiple plasmids of differing sizes. 

4.2.2 PFGE (pulsed field gel electrophoresis) 
PFGE has been considered as the “gold standard” among other molecular typing methods. 
By cutting the bacterial DNA with rare-cutting restriction endonucleases and running with 
special electrophoresis separation technique which use pulsed currents that change polarity 
at defined intervals, it separates the large fragments of DNA up to 12000 kb and yields 
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The choice of restriction endonuclease is somewhat empiric, but the most commonly used 
enzymes in Salmonella have been XbaI, SpeI and NotI. Comparisons of patterns from 
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technique (Liebisch & Schwarz, 1996). 
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PFGE has also been used to track outbreak strains occurring across national boundaries 
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database. An outbreak of S. agona linked to contaminated cereal was identified in 1998. 
PFGE, in association with PulseNet, was used to identify cases in adjoining states that were 
not initially thought to be at risk (Swaminathan et al., 2001). In fact, combining typing 
methods such as PFGE and information from food chains, it was possible to identify related 
strains and common source of contamination. This type of approach may be useful in order 
to improve Salmonella spp. surveillance systems. 
PFGE, however, is not always successful. Some serotypes, especially those with certain 
distinct phage types, can be so genetically homogeneous that multiple genotypic techniques 
fail to discriminate outbreak from non-outbreak strains. Ahmed et al. (Ahmed et al., 2000) 
evaluated PFGE to differentiate S. enteritidis DT8 strains that developed during a Canada-
wide outbreak of gastroenteritis that was eventually traced to contaminated cheese. 
Successful discrimination was only achieved with a combination of intensive 
epidemiological, genotypic and phenotypic methods (Ahmed et al., 2000). Additionally, 
certain serotypes may be more susceptible to genetic rearrangements that can alter the PFGE 
pattern, even within an outbreak (Echeita & Usera, 1998).  
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Despite that PFGE is usually considered as the method of choice to determine the 
molecular relatedness among Salmonella strains; this method is relatively slow, often 
taking three days to complete, and requires the presence of expensive specialized 
equipment, high quality chemicals, and a considerable experience in the preparation of 
the DNA-containing agarose slices. Moreover, single genetic events, such as point 
mutations, integration, deletion or recombination events, can result in differences in the 
fragment patterns (Herschleb et al., 2007). 

4.2.3 Ribotyping 
The Fingerprinting of rRNA coding sequences, termed ribotyping, describes the 
hybridization of restriction-digested DNA fragments with probes specific for rDNA. 
Multiple copies of the rRNA operon are present within the Salmonella chromosome 
(Mendoza & Landeras, 1999). The rRNA genes themselves are quite homologous among 
these copies and between isolates, but the intervening sequences vary in length and 
nucleotide composition.  
Ribotyping begins with separating endonuclease-digested chromosomal DNA on agarose 
gels, DNA then is transferred to a membrane and fragments are hybridized to a probe that 
recognizes 16S and 23S rRNA. Analysis of multiple restriction endonucleases can improve 
the discriminatory powers of ribotyping (Millemann et al., 1995). 
Ribotype analysis is clearly able to subtype some of the isolates that fall within some 
common serotypes and phage types (Landeras et al., 1996). Lin et al. (Lin et al., 1996) 
detected 7 different ribotypes among 17 S. enteritidis PT 8 isolates when chromosomal 
DNA was digested with SphI. Using rRNA gene restriction patterns to investigate the 
relatedness of S. Enteritidis strains isolated in São Paulo, from 1975 to 1995; Fernandes et 
al. showed that ribotyping is a genomic profiling method that is reproducible and suitable 
for tracing the spread of S. Enteritidis. They found that the restriction endonuclease SphI 
discriminated best between subtypes of this serotype. Dambaugh et al. presented 
evidence suggesting that the ribotyping of Salmonella using the restriction enzyme PvuII 
increased the incidence of discreet ribotype patterns for the most common Salmonella 
serovars. This study evaluates the potential of PvuII to generate serotype-specific DNA 
fingerprints. However, studies have identified isolates that belong to different phage 
types yet demonstrate identical ribotypes (Fontana et al., 2002). Therefore, ribotyping is 
considered not suitable for local epidemiological studies or surveillance studies in a 
restricted region (Riley, 2004). 
Comparisons of ribotyping with PFGE have been somewhat unpredictable and often 
depend on the enzymes used for digestion as well as the nature of the population being 
tested. Several studies have found PFGE to be more discriminating than ribotype analysis 
(Fontana et al., 2002) while others have found the two procedures equivalent (Navarro et 
al., 1996) or ribotype analysis superior (Liebana et al., 2001). Ribotype analysis using two 
restriction enzymes, Pst I -SphI or HindIII - EcoRV, can improve discrimination (Liebana 
et al., 2001). Particular care must be taken when analyzing chromosomal patterns of S. 
typhi. The rapid genomic reassortment that occurs in S. typhi can affect ribotype analysis 
(Ng et al., 1999). 
Though most laboratories continue to perform ribotyping manually, machinery has been 
developed to perform this entire procedure in an automated fashion. Data is stored 
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electronically and the banding pattern from a particular organism can be compared to the 
entire databank stored in the computer. In contrast to PFGE, the time required to perform 
automated ribotyping is minimal; hybridization results can be obtained within 4 hours. A 
recent study tracking the rise of a multi-drug resistant, cephalosporin-resistant S. newport 
proposes to use automated ribotyping as a way to rapidly identify the newport serotype and 
PFGE to further evaluate strain associations (Fontana et al., 2002). The major drawbacks of 
automated ribotyping are the high reagent costs per isolate and the cost of the automated 
riboprinter itself. 
Laconha et al. and Ridley et al. investigated the genotypic differences between strains of 
Salmonella by plasmid analysis, ribotyping and pulsed-field gel electrophoresis (PFGE). The 
results obtained by those researchers indicated that PFGE may offer a better level of 
discrimination of S. Enteritidis types than other genotypic methods. Conversely, other 
epidemiological studies of S. Enteritidis have demonstrated that PFGE methodology has a 
lower discriminatory capacity than ribotyping (Olsen et al. 1994; Thong et al. 1998).  

4.2.4 Insertion sequence (IS) typing 
IS200 is a mobile element found in a variety of eubacterial genera, such as Salmonella, 
Escherichia, Shigella, Vibrio, Enterococcus, Clostridium, Helicobacter, and Actinobacillus. IS200 
elements are very small (707-711 bp) and contain a single gene. Unlike typical mobile 
elements, IS200 transposes rarely. A consequence of IS200 self-restraint is that the number 
and distribution of IS200 elements remain fairly constant in natural populations of bacteria. 
This stability makes IS200 a suitable molecular marker for epidemiological and ecological 
studies, especially when the number of IS200 copies is high. IS200 typing, has been used to 
evaluate the molecular relationships between Salmonella isolates. In Salmonella enterica, IS200 
fingerprinting is extensively used for strain discrimination. It is a 708 bp insertion sequence 
that is present in multiple copies within the Salmonella chromosome (Lam & Roth, 1983). 
Hybridization of digested chromosomal DNA with an IS200 probe has been useful in 
describing the clonal heritage of Salmonella from various serotypes, but has not been as 
discriminating as phage typing itself for S. enteritidis, S. typhi and others (Threlfall et al., 
1994). For certain phage types of S. typhimurium, such as the multidrug resistant DT204c and 
193 types common in the U.K., IS200 typing can result in strain discrimination and in some 
studies has been superior to PFGE and ribotyping (Jeoffreys et al., 2001). More frequently, 
PFGE has performed better than IS200 typing (Amavisit et al., 2001). 

4.2.5 RAPD (randomly amplified polymorphic DNA) 
The standard RAPD technology (Williams et al., 1990) utilises short synthetic 
oligonucleotides (10 bases long) of random sequences as primers to amplify nanogram 
amounts of total genomic DNA under low annealing temperatures by PCR. Amplification 
products are generally separated on agarose gels and stained with ethidium bromide. 
Decamer primers are commercially available from various sources (e.g., Operon 
Technologies Inc., Alameda, California). PCR amplification with primers shorter than 10 
nucleotides [DNA amplification fingerprinting (DAF)] has also been used producing more 
complex DNA fingerprinting profiles (Caetano-Annoles et al., 1991).  
Although these approaches are different with respect to the length of the random primers, 
amplification conditions and visualisation methods, they all differ from the standard PCR 
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Despite that PFGE is usually considered as the method of choice to determine the 
molecular relatedness among Salmonella strains; this method is relatively slow, often 
taking three days to complete, and requires the presence of expensive specialized 
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(Mendoza & Landeras, 1999). The rRNA genes themselves are quite homologous among 
these copies and between isolates, but the intervening sequences vary in length and 
nucleotide composition.  
Ribotyping begins with separating endonuclease-digested chromosomal DNA on agarose 
gels, DNA then is transferred to a membrane and fragments are hybridized to a probe that 
recognizes 16S and 23S rRNA. Analysis of multiple restriction endonucleases can improve 
the discriminatory powers of ribotyping (Millemann et al., 1995). 
Ribotype analysis is clearly able to subtype some of the isolates that fall within some 
common serotypes and phage types (Landeras et al., 1996). Lin et al. (Lin et al., 1996) 
detected 7 different ribotypes among 17 S. enteritidis PT 8 isolates when chromosomal 
DNA was digested with SphI. Using rRNA gene restriction patterns to investigate the 
relatedness of S. Enteritidis strains isolated in São Paulo, from 1975 to 1995; Fernandes et 
al. showed that ribotyping is a genomic profiling method that is reproducible and suitable 
for tracing the spread of S. Enteritidis. They found that the restriction endonuclease SphI 
discriminated best between subtypes of this serotype. Dambaugh et al. presented 
evidence suggesting that the ribotyping of Salmonella using the restriction enzyme PvuII 
increased the incidence of discreet ribotype patterns for the most common Salmonella 
serovars. This study evaluates the potential of PvuII to generate serotype-specific DNA 
fingerprints. However, studies have identified isolates that belong to different phage 
types yet demonstrate identical ribotypes (Fontana et al., 2002). Therefore, ribotyping is 
considered not suitable for local epidemiological studies or surveillance studies in a 
restricted region (Riley, 2004). 
Comparisons of ribotyping with PFGE have been somewhat unpredictable and often 
depend on the enzymes used for digestion as well as the nature of the population being 
tested. Several studies have found PFGE to be more discriminating than ribotype analysis 
(Fontana et al., 2002) while others have found the two procedures equivalent (Navarro et 
al., 1996) or ribotype analysis superior (Liebana et al., 2001). Ribotype analysis using two 
restriction enzymes, Pst I -SphI or HindIII - EcoRV, can improve discrimination (Liebana 
et al., 2001). Particular care must be taken when analyzing chromosomal patterns of S. 
typhi. The rapid genomic reassortment that occurs in S. typhi can affect ribotype analysis 
(Ng et al., 1999). 
Though most laboratories continue to perform ribotyping manually, machinery has been 
developed to perform this entire procedure in an automated fashion. Data is stored 
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electronically and the banding pattern from a particular organism can be compared to the 
entire databank stored in the computer. In contrast to PFGE, the time required to perform 
automated ribotyping is minimal; hybridization results can be obtained within 4 hours. A 
recent study tracking the rise of a multi-drug resistant, cephalosporin-resistant S. newport 
proposes to use automated ribotyping as a way to rapidly identify the newport serotype and 
PFGE to further evaluate strain associations (Fontana et al., 2002). The major drawbacks of 
automated ribotyping are the high reagent costs per isolate and the cost of the automated 
riboprinter itself. 
Laconha et al. and Ridley et al. investigated the genotypic differences between strains of 
Salmonella by plasmid analysis, ribotyping and pulsed-field gel electrophoresis (PFGE). The 
results obtained by those researchers indicated that PFGE may offer a better level of 
discrimination of S. Enteritidis types than other genotypic methods. Conversely, other 
epidemiological studies of S. Enteritidis have demonstrated that PFGE methodology has a 
lower discriminatory capacity than ribotyping (Olsen et al. 1994; Thong et al. 1998).  

4.2.4 Insertion sequence (IS) typing 
IS200 is a mobile element found in a variety of eubacterial genera, such as Salmonella, 
Escherichia, Shigella, Vibrio, Enterococcus, Clostridium, Helicobacter, and Actinobacillus. IS200 
elements are very small (707-711 bp) and contain a single gene. Unlike typical mobile 
elements, IS200 transposes rarely. A consequence of IS200 self-restraint is that the number 
and distribution of IS200 elements remain fairly constant in natural populations of bacteria. 
This stability makes IS200 a suitable molecular marker for epidemiological and ecological 
studies, especially when the number of IS200 copies is high. IS200 typing, has been used to 
evaluate the molecular relationships between Salmonella isolates. In Salmonella enterica, IS200 
fingerprinting is extensively used for strain discrimination. It is a 708 bp insertion sequence 
that is present in multiple copies within the Salmonella chromosome (Lam & Roth, 1983). 
Hybridization of digested chromosomal DNA with an IS200 probe has been useful in 
describing the clonal heritage of Salmonella from various serotypes, but has not been as 
discriminating as phage typing itself for S. enteritidis, S. typhi and others (Threlfall et al., 
1994). For certain phage types of S. typhimurium, such as the multidrug resistant DT204c and 
193 types common in the U.K., IS200 typing can result in strain discrimination and in some 
studies has been superior to PFGE and ribotyping (Jeoffreys et al., 2001). More frequently, 
PFGE has performed better than IS200 typing (Amavisit et al., 2001). 

4.2.5 RAPD (randomly amplified polymorphic DNA) 
The standard RAPD technology (Williams et al., 1990) utilises short synthetic 
oligonucleotides (10 bases long) of random sequences as primers to amplify nanogram 
amounts of total genomic DNA under low annealing temperatures by PCR. Amplification 
products are generally separated on agarose gels and stained with ethidium bromide. 
Decamer primers are commercially available from various sources (e.g., Operon 
Technologies Inc., Alameda, California). PCR amplification with primers shorter than 10 
nucleotides [DNA amplification fingerprinting (DAF)] has also been used producing more 
complex DNA fingerprinting profiles (Caetano-Annoles et al., 1991).  
Although these approaches are different with respect to the length of the random primers, 
amplification conditions and visualisation methods, they all differ from the standard PCR 
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condition (Erlich, 1989) in that only a single oligonucleotide of random sequence is 
employed and no prior knowledge of the genome subjected to analysis is required. 
At an appropriate annealing temperature during the thermal cycle, oligonucleotide primers 
of random sequence bind several priming sites on the complementary sequences in the 
template genomic DNA and produce discrete DNA products if these priming sites are 
within an amplifiable distance of each other.  
The profile of amplified DNA primarily depends on nucleotide sequence homology 
between the template DNA and oligonucleotide primer at the end of each amplified 
product. Nucleotide variation between different sets of template DNAs will result in the 
presence or absence of bands because of changes in the priming sites. Recently, sequence 
characterised amplified regions (SCARs) analysis of RAPD polymorphisms (Bardakci & 
Skibinski, 1999) showed that one cause of RAPD polymorphisms is chromosomal 
rearrangements such as insertions/deletions. Therefore, amplification products from the 
same alleles in a heterozygote differ in length and will be detected as presence and absence 
of bands in the RAPD profile.  
Although the RAPD method is relatively fast, cheap and easy to perform in comparison 
with other methods that have been used as DNA markers, the issue of reproducibility has 
been of much concern since the publication of the technique. In fact, ordinary PCR is also 
sensitive to changes in reaction conditions, but the RAPD reaction is far more sensitive than 
conventional PCR because of the length of a single and arbitrary primer used to amplify 
anonymous regions of a given genome. This reproducibility problem is usually the case for 
bands with lower intensity. The most important factor for reproducibility of the RAPD 
profile has been found to be the result of inadequately prepared template DNA (Welsh & 
McClelland, 1994). Differences between the template DNA concentration of 2 individuals’ 
DNA samples result in the loss or gain of some bands (Bardakci, 1996). 
Since RAPD amplification is directed with a single, arbitrary and short oligonucleotide 
primer, DNA from virtually from all sources is amenable to amplification. Therefore, DNA 
from the genome in question may include contaminant DNA from infections and parasites 
in the material from which the DNA has been isolated. Special care is needed for keeping 
out the DNA to be amplified from other sources of DNA. 
Finally, due to the amplification conditions, RAPD method is sensitive to slight changes within 
amplification parameters, thus it is hard to achieve reproducibility. However, ribotyping is a 
supplementary tool in conjunction with other typing methods (Yan et al., 2003). 

4.2.6 AFLP (amplified fragment length polymorphism) 
Also termed infrequent restriction site PCR (IRS PCR). It, has been developed by Vos et al. 
(1995). L’AFLP analysis belongs to the category of selective restriction fragment 
amplification techniques, which are based on the ligation of adapters (i.e., linkers and 
indexers) to genomic restriction fragments followed by a PCR-based amplification with 
adapterspecific primers.  
The optimal number of scorable bands (50–100) can easily be set by selection of the 
appropriate AFLP primers and restriction enzymes. These characteristics make AFLP a 
powerful fingerprinting technique which can be used in identification, epidemiology and 
taxonomy (Folkerstma et al. 1996; Huys et al. 1996; Janssen et al. 1996). In addition, the 
technique can be used to generate large numbers of molecular markers for linkage studies 
(Ballvora et al. 1995; Becker et al. 1995; van Eck et al. 1995). 

Laboratory Typing Methods for Diagnostic of  
Salmonella Strains, the “Old” Organism That Continued Challenges 

 

361 

For AFLP analysis, only a small amount of purified genomic DNA is needed; this is digested 
with two restriction enzymes, one with an average cutting frequency (like EcoRI) and a 
second one with a higher cutting frequency (like MseI or TaqI).  
Double-stranded oligonucleotide adapters are designed in such a way that the initial 
restriction site is not restored after ligation, which allows simultaneous restriction and 
ligation, while religated fragments are cleaved again.  
An aliquot is then subjected to two subsequent PCR amplifications under highly stringent 
conditions with adapter-specific primers that have at their 39 ends an extension of one to 
three nucleotides running into the unknown chromosomal restriction fragment.  
An extension of one selective nucleotide amplifies 1 of 4 of the ligated fragments, whereas 
three selective nucleotides in both primers amplify 1 of 4,096 of the fragments. The PCR 
primer which spans the average-frequency restriction site is labeled.  
After polyacrylamide gel electrophoresis a highly informative pattern of 40 to 200 bands is 
obtained. The patterns obtained from different strains are polymorphic due to (i) mutations 
in the restriction sites, (ii) mutations in the sequences adjacent to the restriction sites and 
complementary to the selective primer extensions, and (iii) insertions or deletions within the 
amplified fragments. 
Optimization of restriction enzymes and adapter-specific primers is ongoing for the 
Salmonella (Garaizar et al., 2000), but the technique appears more reproducible than 
ribotyping techniques (Savelkoul et al., 1999). Some of the studies have shown specificity to 
the serotype level with occasional subserotype discrimination (Garaizar et al., 2000). 
Alternative AFLP typing procedures are based on one enzyme with a single adapter and 
analysis by agarose gel electrophoresis (Gibson et al., 1998). A major improvement has been 
obtained using a fluorescent amplified fragment length polymorphisms (FAFLP) technique 
that followed the same principles of AFLP yet the adapter-specific primers were tagged with 
a fluorescent moiety (Tamada et al., 2001). Fluorescent tagged fragments are then accurately 
sized on an automated sequencer.  
FAFLP analysis of S. typhimurium generated 45-50 fragments ranging in size from 80-430 bp, 
though only a subset of these fragments were polymorphic among the strains. FAFLP 
grouped the isolates into four distinct clusters while PFGE generated three clusters.  
Sizing was enhanced by incorporation of a fluorescent internal marker (Tamada et al., 2001). 
This accurate sizing, combined with the ability to acquire and analyze the data as a gel 
image, electrophorogram or in a tabular data format will allow comparison of patterns 
among different laboratories or within databanks (Savelkoul et al., 1999).  
FAFLP appears quite promising. Disadvantages include the need for a greater technical 
expertise. In fact, despite that AFLP has been considered as a highly discriminative method, 
it remains a labour- and cost-intensive technique (Riley, 2004). Set up costs may be 
prohibitive until automated sequencers become more affordable. 

4.2.7 MLST (multilocus sequence typing) 
A recently developed methodology (Maiden et al., 1998) called multilocus sequence typing 
(MLST) may provide an ideal balance of high discriminatory power and a powerful data 
analysis capability requiring minimal human input. Multilocus sequence typing (MLST) is 
a molecular typing strategy that compares DNA sequences from portions of housekeeping 
or virulence genes and/or rRNA sequences which varies due to mutation or 
recombination events (Maiden et al., 1998). Nucleotide differences in the individual genes 
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condition (Erlich, 1989) in that only a single oligonucleotide of random sequence is 
employed and no prior knowledge of the genome subjected to analysis is required. 
At an appropriate annealing temperature during the thermal cycle, oligonucleotide primers 
of random sequence bind several priming sites on the complementary sequences in the 
template genomic DNA and produce discrete DNA products if these priming sites are 
within an amplifiable distance of each other.  
The profile of amplified DNA primarily depends on nucleotide sequence homology 
between the template DNA and oligonucleotide primer at the end of each amplified 
product. Nucleotide variation between different sets of template DNAs will result in the 
presence or absence of bands because of changes in the priming sites. Recently, sequence 
characterised amplified regions (SCARs) analysis of RAPD polymorphisms (Bardakci & 
Skibinski, 1999) showed that one cause of RAPD polymorphisms is chromosomal 
rearrangements such as insertions/deletions. Therefore, amplification products from the 
same alleles in a heterozygote differ in length and will be detected as presence and absence 
of bands in the RAPD profile.  
Although the RAPD method is relatively fast, cheap and easy to perform in comparison 
with other methods that have been used as DNA markers, the issue of reproducibility has 
been of much concern since the publication of the technique. In fact, ordinary PCR is also 
sensitive to changes in reaction conditions, but the RAPD reaction is far more sensitive than 
conventional PCR because of the length of a single and arbitrary primer used to amplify 
anonymous regions of a given genome. This reproducibility problem is usually the case for 
bands with lower intensity. The most important factor for reproducibility of the RAPD 
profile has been found to be the result of inadequately prepared template DNA (Welsh & 
McClelland, 1994). Differences between the template DNA concentration of 2 individuals’ 
DNA samples result in the loss or gain of some bands (Bardakci, 1996). 
Since RAPD amplification is directed with a single, arbitrary and short oligonucleotide 
primer, DNA from virtually from all sources is amenable to amplification. Therefore, DNA 
from the genome in question may include contaminant DNA from infections and parasites 
in the material from which the DNA has been isolated. Special care is needed for keeping 
out the DNA to be amplified from other sources of DNA. 
Finally, due to the amplification conditions, RAPD method is sensitive to slight changes within 
amplification parameters, thus it is hard to achieve reproducibility. However, ribotyping is a 
supplementary tool in conjunction with other typing methods (Yan et al., 2003). 

4.2.6 AFLP (amplified fragment length polymorphism) 
Also termed infrequent restriction site PCR (IRS PCR). It, has been developed by Vos et al. 
(1995). L’AFLP analysis belongs to the category of selective restriction fragment 
amplification techniques, which are based on the ligation of adapters (i.e., linkers and 
indexers) to genomic restriction fragments followed by a PCR-based amplification with 
adapterspecific primers.  
The optimal number of scorable bands (50–100) can easily be set by selection of the 
appropriate AFLP primers and restriction enzymes. These characteristics make AFLP a 
powerful fingerprinting technique which can be used in identification, epidemiology and 
taxonomy (Folkerstma et al. 1996; Huys et al. 1996; Janssen et al. 1996). In addition, the 
technique can be used to generate large numbers of molecular markers for linkage studies 
(Ballvora et al. 1995; Becker et al. 1995; van Eck et al. 1995). 

Laboratory Typing Methods for Diagnostic of  
Salmonella Strains, the “Old” Organism That Continued Challenges 

 

361 

For AFLP analysis, only a small amount of purified genomic DNA is needed; this is digested 
with two restriction enzymes, one with an average cutting frequency (like EcoRI) and a 
second one with a higher cutting frequency (like MseI or TaqI).  
Double-stranded oligonucleotide adapters are designed in such a way that the initial 
restriction site is not restored after ligation, which allows simultaneous restriction and 
ligation, while religated fragments are cleaved again.  
An aliquot is then subjected to two subsequent PCR amplifications under highly stringent 
conditions with adapter-specific primers that have at their 39 ends an extension of one to 
three nucleotides running into the unknown chromosomal restriction fragment.  
An extension of one selective nucleotide amplifies 1 of 4 of the ligated fragments, whereas 
three selective nucleotides in both primers amplify 1 of 4,096 of the fragments. The PCR 
primer which spans the average-frequency restriction site is labeled.  
After polyacrylamide gel electrophoresis a highly informative pattern of 40 to 200 bands is 
obtained. The patterns obtained from different strains are polymorphic due to (i) mutations 
in the restriction sites, (ii) mutations in the sequences adjacent to the restriction sites and 
complementary to the selective primer extensions, and (iii) insertions or deletions within the 
amplified fragments. 
Optimization of restriction enzymes and adapter-specific primers is ongoing for the 
Salmonella (Garaizar et al., 2000), but the technique appears more reproducible than 
ribotyping techniques (Savelkoul et al., 1999). Some of the studies have shown specificity to 
the serotype level with occasional subserotype discrimination (Garaizar et al., 2000). 
Alternative AFLP typing procedures are based on one enzyme with a single adapter and 
analysis by agarose gel electrophoresis (Gibson et al., 1998). A major improvement has been 
obtained using a fluorescent amplified fragment length polymorphisms (FAFLP) technique 
that followed the same principles of AFLP yet the adapter-specific primers were tagged with 
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4.2.7 MLST (multilocus sequence typing) 
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analysis capability requiring minimal human input. Multilocus sequence typing (MLST) is 
a molecular typing strategy that compares DNA sequences from portions of housekeeping 
or virulence genes and/or rRNA sequences which varies due to mutation or 
recombination events (Maiden et al., 1998). Nucleotide differences in the individual genes 
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are combined and used to determine the differentiation of strains (Yan et al., 2003). MLST 
provides data similar to those obtained by multilocus enzyme electrophoresis, but in 
substantively greater detail, because it has the ability to assess individual nucleotide 
changes rather than to screen for changes in the overall charge and expression of the 
enzyme under study (Maiden et al., 1998). 
This method is extremely useful for long-term epidemiological studies or phylogenetic 
analyses. Over 230 Salmonella isolates were recently characterized by MLST based on 
sequences from the 16S RNA, pduF, glnA and manB genes (Kotetishvili et al., 2002). These 
results were compared to PFGE and serotype analysis. MLST was able to differentiate 
strains better than PFGE, though not all genes performed equally. Among the four loci, only 
manB demonstrated clusters among the clinical and environmental strains. As expected, the 
16S rRNA locus showed significant homogeneity among the isolates and grouped most 
isolates together. 
MLST shows great promise for accurate strain discrimination with data that can be 
accurately shared between laboratories. However, like FAFLP, the universal appeal of this 
technique will be improved when automated sequence machinery becomes more 
affordable and labs can develop familiarity with complicated DNA sequence analysis and 
statistical software 

4.2.8 Multiplex PCR 
Theoretical basis of multiplex PCR method: Critical Parameters 
Multiplex polymerase chain reaction (PCR) is a variant of PCR in which two or more loci are 
simultaneously amplified in the same reaction. Since its first description in 1988 
(Chamberlain et al., 1988), this method has been successfully applied in many areas of DNA 
testing, including analyses of deletions (Henegariu et al., 1994), mutations (Shuber et al., 
1993) and polymorphisms (Mutirangura et al., 1993), or quantitative assays (Mansfield et al., 
1993) and reverse transcription PCR (Crisan, 1994). 
The role of various parameters that may influence the performance of standard (uniplex) 
PCR has been discussed (Robertson & J., 1998). However, fewer publications discuss 
multiplex PCR (Henegariu et al., 1997). 
The optimization of multiplex PCRs can pose several difficulties, including poor sensitivity 
or specificity and/or preferential amplification of certain specific targets (Polz & C. M., 
1998). The presence of more than one primer pair in the multiplex PCR increases the chance 
of obtaining spurious amplification products, primarily because of the formation of primer 
dimers (Brownie et al., 1997). These nonspecific products may be amplified more efficiently 
than the desired target, consuming reaction components and producing impaired rates of 
annealing and extension. Thus, the optimization of multiplex PCR should aim to minimize 
or reduce such non-specific interactions.  
Compatibility among the primers within the reaction mixture such that there is no 
interference, is of great technical importance. Primer selection followed simple rules (i) primer 
length of 18–24 bp or higher and (ii) a GC content of 35%–60%, thus having an annealing 
temperature of 55 °C-58 °C or higher. Longer primers (28-30 bp) allowed the reaction to be 
performed at a higher annealing temperature and yielded less unspecific products. 
Combining the primers in various mixtures and amplifying many loci simultaneously 
required alteration/optimization of some of the parameters of the reaction. When the 
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multiplex reaction is performed for the first time, it is useful to add the primers in equimolar 
amounts. The results will suggest how the individual primer concentration and other 
parameters need to be changed. Special attention to primer design parameters such as 
homology of primers with their target nucleic acid sequences, their length, the GC content, 
and their concentration have to be considered (Robertson & J., 1998). Ideally, all the primer 
pairs in a multiplex PCR should enable similar amplification efficiencies for their respective 
target. This may be achieved through the utilization of primers with nearly identical 
optimum annealing temperatures and should not display significant homology either 
internally or to one another (Henegariu et al., 1997). Also, the extension rate of specific 
primer-target hybrids depends on the activity of the enzyme, availability of essential 
components such as deoxyribonucleoside triphosphates (dNTPs), and the nature of the 
target DNA. Thus, the majority of modifications to improve PCR performance have been 
directed towards the factors affecting annealing and/or extension rates. Therefore, in 
multiplex PCR, as more loci are simultaneously amplified, the pool of enzyme 
concentrations, PCR buffer constituents and nucleotides becomes a limiting factor and more 
time is necessary for the polymerase molecules to complete synthesis of all the products 
(Chamberlain et al., 1989). 
Variation in concentrations of reaction components above those used in uniplex PCR 
probably reflects the competitive nature of the PCR process. The desired target DNA can be 
outcompeted by the more efficient amplification of other targets (including nonspecific 
products), leading to decreases in the efficiency of the amplification of the desired targets 
and hence sensitivity of the reaction (Raeymaekers, 1995). 
Various authors recommend dimethyl sulfoxide (DMSO) and glycerol to improve 
amplification efficiency (higher amount of product) and specificity (no unspecific products) of 
PCR, when used in concentrations varying between 5%–10% (vol/vol) (Innis & D.H., 1990). 
Also bovine serum albumin, or betaine, has been reported to be of benefit in multiplex PCRs 
(Jackson et al., 1996). The components may act to prevent the stalling of DNA polymerization, 
which can occur through the formation of secondary structures within regions of template 
DNA during the extension process (Hengen, 1997). Also it can act as destabilizing agents, 
reducing the melting temperature of GC-rich sequences, or as osmoprotectants, increasing the 
resistance of the polymerase to denaturation (Hengen, 1997). 
A straightforward solution to difficulties encountered in the development of multiplex PCR 
has been the use of hot start PCR (Chou et al., 1992) and/or nested PCR (Zheng et al., 1995). 
The former often eliminates nonspecific reactions (particularly production of primer dimers) 
caused by primer annealing at low temperature (4 to 25°C) before commencement of 
thermocycling (Chou et al., 1992). The procedure has recently been made more practicable 
through the use of a nonmechanical hot start methodology which involves the use of a form 
of Taq polymerase, for example, Ampli Taq Gold (Roche Diagnostics), which is activated 
only if the reaction mixture is heated in first denaturation step at approximately 94°C for 10 
min (Kebelmann-Betzing et al., 1998).  
Nested PCR increases the sensitivity and specificity of the test through two independent 
rounds of amplification using two discrete primer sets. Although this adaptation is 
undoubtedly effective in most cases, it also considerably complicates the practical 
application of PCR. The second round of amplification delays results, increases the 
possibility of cross-contamination, and may complicate automation.  
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target DNA. Thus, the majority of modifications to improve PCR performance have been 
directed towards the factors affecting annealing and/or extension rates. Therefore, in 
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Practical test of multiplex PCR method: Application and results in Salmonella 
serotyping 
During the last decade, a number of studies have demonstrated the practicality of 
identifying Salmonella serovars using multiplex PCR (mPCR) (Kim et al., 2006). In addition, 
the technique has been shown to be a powerful and cost-effective tool for Salmonella 
serotyping. For these reasons, we optimize a mPCR protocole to type the most common 
Salmonella enterica subsp. enterica serovars. This method is based on detection of genes 
present in specific serotypes. These genes were selected from analysis of previous work 
including whole-genome sequencing (Porwollik et al., 2004, 2005). 
The first step is to extract bacterial DNA. In this study, it was prepared by boiling (Agarwal 
et al. 2002). Then, we prepared the final PCR volume (34μl) that included: dNTPs mixture 
(0.2 mM); MgCl2 (2 mM); TaqDNA polymerase (5.0 units); primer(s) (50 ng each); genomic 
DNA template (5μl) and deionised water to make up the volume (Imen et al. 2010).  
All assays used the same cycling parameters under the following conditions: enzyme 
activation at 94°C for 5 min and then an additional 40 cycles with heat denaturation at 94°C 
for 30 s, primer annealing at 62°C for 30 s, and DNA extension at 72°C for 1 min. After the 
last cycle, samples were maintained at 72°C for 5 min to complete the synthesis of all 
strands. 
The PCR products (10μl) were separated by electrophoresis on 2% Tris-acetate EDTA 
agarose gel stained with ethidium bromide, visualized with UV induced fluorescence, and 
photographed (Imen et al. 2010). 
The first multiplex PCR for Salmonella serotyping was applied using five primer sets in the 
same reaction mixture. Using these five STM primers with the 19 Salmonella serovars, we can 
identify four distinct groups (Imen et al. 2010). In a second approach, we validated the 
mPCR for Salmonella serovars detection by using STY primers. Thus, the 19 different tested 
Salmonella serovars could be classified into three groups on the basis of scoring the presence 
or absence of appropriately size amplicons (Imen et al. 2010). To further evaluate the 
discriminatory method for Salmonella serotyping and to increase identified serovars, we 
combined molecular results of both the STM and STY primers (Imen et al. 2010). 
In this study, using suitable primers for the two five-plex PCRs methods for molecular 
Salmonella serotyping, we could easily discriminate all the tested Salmonella serotypes that 
represented 100% of all Salmonella isolates in our laboratory. Also, a high rate of correlation 
was found between traditional and molecular serotyping. However, one exception was 
found with Salmonella Anatum serotype (Imen et al. 2010). 
These results have been found elsewhere (Perch et al. 2003). Whereas, we have noted a 
resemblance in molecular amplicon code in some salmonella serovars that can be explained 
by the presence of a very similar region in these serovars. It can also be explained by 
deletion problems that can concern a specific region and so the absence of appropriately 
sized amplicons with specific primers (Garaizar et al. 2002). A secondary discrimination 
problem that was interesting to note was that for Anatum serovar more than one amplicon 
code can be detected which may reflect intraserovar variation. 
To further discriminate each serovar, we can associate to this multiplex PCR serotyping the 
PFGE analysis, or the 16 S\23 S r RNA ribotyping. These methods provided a high degree of 
intraserovar discrimination. 
In this way, we describe the mPCR as a rapid, specific, and cost-effective molecular method 
that has demonstrated its efficient discrimination in serotyping of the most common clinical 
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and food isolates of S. enterica subsp. enterica in our region. This technique can be used as an 
alternative method of standard serotyping in many clinical laboratories. 

5. Conclusions and perspectives 
Overall the Salmonella demonstrate significant phenotypic diversity. Several phenotypic 
typing techniques have been developed and have been used successfully for decades. 
Over the years, serotype and phage type analyses have been particularly useful as 
evidenced by the success of the National Salmonella Surveillance System, and many other 
national surveillance projects throughout the world. However, these techniques have 
often been relegated to reference laboratories making rapid analysis by an individual 
laboratory difficult. An ideal typing method should fulfil the following six criteria: 
typeability, reproducibility, discriminatory power, and ease of interpretation, easy to use, 
and low cost. It is clear, that any method used currently for typing of Salmonella strains is 
an ideal method alone in terms of these criteria, but all methods exhibit benefits and also 
limitations. It is obvious that it is difficult to find a single method, which is most suitable 
for typing of Salmonella strains. As a consequence, the best discrimination has resulted 
from combinations of techniques, often a combination of phenotypic and genotypic 
techniques. At this time, major reference institutions rely on serotype analysis followed by 
PFGE as the gold standard for strain discrimination. PCR-based techniques, though, are 
more rapid and within a particular laboratory can be used as a primary screening tool for 
strain discrimination. Better standardization between laboratories will be required before 
any of the PCR techniques can become the method of choice. Additionally, validation in 
outbreak situations involving varied serotypes will be required to prove these techniques 
effective in the field. 
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1. Introduction  
Salmonella is the etiologic agent of Salmonellosis in humans causing severe illness in infants, 
the elderly, and immunocompromised patients (Cross et al. 1989; Tauxe 1991; Smith 1994; 
Baumler et al. 2000). Salmonellosis symptoms include watery diarrhea, abdominal pain, 
nausea, fever, headache and occasional constipation with hospitalization required in cases 
of severe infections. The genus currently contains two species, Salmonella bongori and 
Salmonella enterica (including six subspecies: enterica (I), salamae (II), arizonae (IIIa), diarizonae 
(IIIb), houtenae (IV), and indica (VI). However, there are more than 2,500 serovars of 
Salmonella based on the Kauffmann-White antigenic scheme for the classification of 
Salmonellae (Popoff et al. 1994). Salmonella is a gram-negative, non-spore forming rod and 
facultative anaerobe that can ferment glucose belonging to the family Enterobacteriaceae. 
Most strains are motile with peritrichous flagella and can reduce nitrate to nitrite (Grimont 
et al. 2000). The organism is mesophilic with optimum growth temperature in the range of 
32 – 37°C but capable of growth within a wide temperature range of 6 – 46oC. Salmonella is 
ubiquitous in the environment originating from the gastrointestinal tracts of domesticated 
and wild animals and can be present without causing apparent illness. Most infections 
result from the ingestion of foods of animal origin contaminated with Salmonella species 
such as beef, chicken, turkey, pork, eggs, and milk (D’Aoust 1997; D’Aoust 2000; Olsen et al. 
2000). Other vehicles, including non-animal foods such as fresh fruits and vegetables 
(Mahon et al. 1997), reptiles (Friedman et al. 1998), water (Angulo et al. 1997), and direct 
person-to-person transmission (Lyons et al. 1980), have also been implicated. However, 
certain serotypes of Salmonella such as S. Enteritidis, which can penetrate poultry 
reproductive organs resulting in the contamination of egg contents has been a prominent 
cause of human illness for several decades (Gantois et al. 2009). In addition to faecal 
contamination, cross-contamination of foods by Salmonella during food preparation can be 
an important source of foodborne illness.  
Generally, detection methods are based on physiological and biochemical markers of the 
organism (Williams 1981). Cultural methods are based on nutrient acquisition, biochemical 
characteristics, and metabolic products unique to Salmonella spp. (Ricke et al. 1998). More 
rapid immunological and molecular screening methods of detection have been devised to 
detect cell surface markers and nucleic acids, respectively. This chapter will provide an 
overview of various culture based methods and rapid methods currently available for the 
detection of Salmonella in foods and food ingredients. We will focus our discussion on 
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organism (Williams 1981). Cultural methods are based on nutrient acquisition, biochemical 
characteristics, and metabolic products unique to Salmonella spp. (Ricke et al. 1998). More 
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detect cell surface markers and nucleic acids, respectively. This chapter will provide an 
overview of various culture based methods and rapid methods currently available for the 
detection of Salmonella in foods and food ingredients. We will focus our discussion on 
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advances introduced for the improvement of conventional culture methods, the use of 
Polymerase Chain Reaction (PCR) technology, immunology-based methods, and 
bacteriophage based assays. Whenever possible, examples from the academic literature as 
well as from commercial applications will be considered. The importance of sample 
preparation will be examined throughout as it relates to its impact on sensitivity and turn-
around time for detection. Specific Salmonella serovars will be named according to the 
nomenclature of Leminor and Popoff (2001), e.g. Salmonella Enteritidis or S. Enteritidis. 

2. Culture methods 
Culture based methods are still the most widely used detection techniques and remain the 
gold standard for the detection of Salmonella due to their selectivity and sensitivity. For 
instance, the US Food and Drug Administration (FDA) and the Food Safety and Inspection 
Service (FSIS) of the US Department of Agriculture (USDA), requires an isolated organism 
as unambiguous proof of contamination (Alocilja and Radke 2003). Depending on the 
approach, standard culture methods typically require 5–7 days to obtain a result as they rely 
on the ability of Salmonella to multiply to visible colonies, which can then be characterized 
by performing additional biochemical and or serological tests. Due to their widespread use, 
numerous and varied bacteriological media (selective enrichment broths and selective agar 
plates) are applied to best monitor for Salmonella in food and food ingredients. The media 
may contain inhibitors in order to stop or delay the growth of non-target organisms, or 
particular substrates that only the target bacteria can degrade, or that confer a particular 
colour to the growing colonies (Manafi 2000).  
Cultural methods typically involve the enrichment of a portion of the food sample to 
recover sub-lethally injured cells due to heat, cold, acid, or osmotic shock (Sandel et al. 2003; 
Gracias and McKillip 2004) in a non-selective pre-enrichment media, such as Buffered 
Peptone Water (BPW), and to increase the number of target cells as these are generally not 
uniformly distributed in foods, typically occur in low numbers, and may be present in a 
mixed microbial population. Next, primary enrichment cultures are typically inoculated into 
secondary selective enrichment broths, such as Selenite Cystine broth (SC), Rappaport 
Vasiliadis Soy broth (RVS), Tetrathionate Broth (TT), or Muller-Kauffmann Tetrathionate-
Novobiocin broth (MKTTn) and incubated at elevated temperatures (37°C or 42°C for 18-24 
hours) before being struck onto selective agars such as Xylose Lysine Deoxycholate agar 
(XLD agar), Bismuth Sulphite agar (BIS), Brilliant Green agar (BG) with or without the 
addition of sulfadiazine or sulfapyridine (BGS), modified semisolid Rappaport Vasiliadis 
(MSRV), Salmonella Shigella Agar, or Hektoen Enteric agar. There are several published 
standard methods utilizing combinations of media such as the current ISO horizontal 
method, ISO 6579:2002 (updated in 2007) for the detection Salmonella, including Salmonella 
Typhi and Salmonella Paratyphi applicable to products intended for human consumption 
and the feeding of animals, and to environmental samples in the area of food production 
and food handling. Similar standard methods have been published elsewhere, most notably 
in the FDA Bacteriological Analytical Manual (BAM).  
Typical Salmonella colonies based on morphology and or indicative biochemical reactions on 
selective agars are then cultured onto non-selective media prior to confirmatory testing. 
There are well-established confirmations and identification procedures for Salmonella. 
Preliminary identification is traditionally performed using classical biochemical and 
serological tests. Key biochemical tests include the fermentation of glucose, negative urease 
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reaction, lysine decarboxylase, negative indole test, H2S production, and fermentation of 
dulcitol. Serological confirmation tests typically utilize polyvalent antisera for flagellar (H) 
and somatic (O) antigens. Isolates with a typical biochemical profile, which agglutinate with 
both H and O antisera are identified as Salmonella species. Where results are inconclusive, it 
may be necessary to perform additional biochemical tests. Positive isolates are often sent for 
further serotyping to identify the serovar using specific antisera as per the Kauffman-White 
(KW) typing scheme recognizing 46 O antigens, and 119 H antigens, thereby permitting the 
characterization of 2,541 serotypes (Shipp and Rowe 1980). Serotyping is a useful 
epidemiological tool in identifying circulating serotypes and to characterize outbreaks. The 
antigenic formulae of Le Minor and Popoff (2001) is a standard method for naming the 
serovars. However, serotyping is normally undertaken at reference laboratories and is rarely 
performed in routine food or clinical laboratories. Reference laboratories are also able to 
further type isolates using techniques such a phage typing (Anderson and Williams 1956; 
Callow 1959; Anderson 1964; Anderson et al. 1977), antibiotic susceptibility (Bauer et al. 
1966), pulsed-field gel electrophoresis (PFGE), or other emerging genetic typing 
technologies such Multiple-Locus Variable Number Tandem Repeat Analysis (MLVA) and 
Multilocus sequence typing (MLST) (Kruy et al. 2011). 
Although standard culture methods are excessively time-consuming, there is potential for 
further improvements, and thus many attempts have been made to maximize their 
efficiency by introducing new technologies, making reliability of detection more convenient, 
user friendly, as well as by reducing the costs of materials and labour (de Boer and Beumer 
1999; Weenk, 1992). For example, biochemical confirmatory tests may be easily replaced by 
commercial identification kits such as the API 20E (BioMérieux) or other commercially 
available bacterial identification kits. The detection of sub-lethally damaged cells is of 
utmost importance as these may still pose a risk to human health and may lead to false 
negative results. Strategies for the recovery of injured bacteria are based on overlay methods 
such as tryptic soy agar (TSA) overlayed on XLD selective agar (Kang and Fung 2000) and 
other approaches also include the development of single enrichment broths where 
multiple step enrichments are usually required (Baylis et al. 2000). Other novel 
approaches include the addition of bacteriophages for the elimination of background 
microflora that may out-compete the target organism. For example, RapidChek® 
SELECTTM Salmonella (Strategic Diagnostics Inc.) employs a primary enrichment media 
supplemented with a bacteriophage cocktail as a selective agent, which reduces the level 
of background flora in high burden samples allowing Salmonella to grow with minimal 
competition. In addition, there is also the development of enrichment broths for the 
concurrent enrichment of pathogens thereby reducing laboratory workloads with respect 
to the preparation of sample homogenates since different enrichment broths would no 
longer be required, and multiple analyses could be performed from a single universal 
enrichment culture (Kim and Bhunia 2008). Amendments to media have also been 
performed such as the addition of novobiocin (Restaino et al. 1977; Devenish et al. 1986), 
and cycloheximide to decrease fungal overgrowth (Ricke et al. 1998). Lastly, and perhaps 
the most important advancement is the use of chromogenic or fluorogenic substrates in 
selective agars, permitting identification to be performed directly on the isolation plate, 
thereby expediting or eliminating the use of subculture media or additional biochemical 
tests as these media provide highly specific reactions, and help reduce the workload for 
unnecessary examination of suspect colonies arising from poor specificity of conventional 
agars (Manafi 1996; Manafi 2000). A number of selective chromogenic agar media 
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advances introduced for the improvement of conventional culture methods, the use of 
Polymerase Chain Reaction (PCR) technology, immunology-based methods, and 
bacteriophage based assays. Whenever possible, examples from the academic literature as 
well as from commercial applications will be considered. The importance of sample 
preparation will be examined throughout as it relates to its impact on sensitivity and turn-
around time for detection. Specific Salmonella serovars will be named according to the 
nomenclature of Leminor and Popoff (2001), e.g. Salmonella Enteritidis or S. Enteritidis. 

2. Culture methods 
Culture based methods are still the most widely used detection techniques and remain the 
gold standard for the detection of Salmonella due to their selectivity and sensitivity. For 
instance, the US Food and Drug Administration (FDA) and the Food Safety and Inspection 
Service (FSIS) of the US Department of Agriculture (USDA), requires an isolated organism 
as unambiguous proof of contamination (Alocilja and Radke 2003). Depending on the 
approach, standard culture methods typically require 5–7 days to obtain a result as they rely 
on the ability of Salmonella to multiply to visible colonies, which can then be characterized 
by performing additional biochemical and or serological tests. Due to their widespread use, 
numerous and varied bacteriological media (selective enrichment broths and selective agar 
plates) are applied to best monitor for Salmonella in food and food ingredients. The media 
may contain inhibitors in order to stop or delay the growth of non-target organisms, or 
particular substrates that only the target bacteria can degrade, or that confer a particular 
colour to the growing colonies (Manafi 2000).  
Cultural methods typically involve the enrichment of a portion of the food sample to 
recover sub-lethally injured cells due to heat, cold, acid, or osmotic shock (Sandel et al. 2003; 
Gracias and McKillip 2004) in a non-selective pre-enrichment media, such as Buffered 
Peptone Water (BPW), and to increase the number of target cells as these are generally not 
uniformly distributed in foods, typically occur in low numbers, and may be present in a 
mixed microbial population. Next, primary enrichment cultures are typically inoculated into 
secondary selective enrichment broths, such as Selenite Cystine broth (SC), Rappaport 
Vasiliadis Soy broth (RVS), Tetrathionate Broth (TT), or Muller-Kauffmann Tetrathionate-
Novobiocin broth (MKTTn) and incubated at elevated temperatures (37°C or 42°C for 18-24 
hours) before being struck onto selective agars such as Xylose Lysine Deoxycholate agar 
(XLD agar), Bismuth Sulphite agar (BIS), Brilliant Green agar (BG) with or without the 
addition of sulfadiazine or sulfapyridine (BGS), modified semisolid Rappaport Vasiliadis 
(MSRV), Salmonella Shigella Agar, or Hektoen Enteric agar. There are several published 
standard methods utilizing combinations of media such as the current ISO horizontal 
method, ISO 6579:2002 (updated in 2007) for the detection Salmonella, including Salmonella 
Typhi and Salmonella Paratyphi applicable to products intended for human consumption 
and the feeding of animals, and to environmental samples in the area of food production 
and food handling. Similar standard methods have been published elsewhere, most notably 
in the FDA Bacteriological Analytical Manual (BAM).  
Typical Salmonella colonies based on morphology and or indicative biochemical reactions on 
selective agars are then cultured onto non-selective media prior to confirmatory testing. 
There are well-established confirmations and identification procedures for Salmonella. 
Preliminary identification is traditionally performed using classical biochemical and 
serological tests. Key biochemical tests include the fermentation of glucose, negative urease 
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reaction, lysine decarboxylase, negative indole test, H2S production, and fermentation of 
dulcitol. Serological confirmation tests typically utilize polyvalent antisera for flagellar (H) 
and somatic (O) antigens. Isolates with a typical biochemical profile, which agglutinate with 
both H and O antisera are identified as Salmonella species. Where results are inconclusive, it 
may be necessary to perform additional biochemical tests. Positive isolates are often sent for 
further serotyping to identify the serovar using specific antisera as per the Kauffman-White 
(KW) typing scheme recognizing 46 O antigens, and 119 H antigens, thereby permitting the 
characterization of 2,541 serotypes (Shipp and Rowe 1980). Serotyping is a useful 
epidemiological tool in identifying circulating serotypes and to characterize outbreaks. The 
antigenic formulae of Le Minor and Popoff (2001) is a standard method for naming the 
serovars. However, serotyping is normally undertaken at reference laboratories and is rarely 
performed in routine food or clinical laboratories. Reference laboratories are also able to 
further type isolates using techniques such a phage typing (Anderson and Williams 1956; 
Callow 1959; Anderson 1964; Anderson et al. 1977), antibiotic susceptibility (Bauer et al. 
1966), pulsed-field gel electrophoresis (PFGE), or other emerging genetic typing 
technologies such Multiple-Locus Variable Number Tandem Repeat Analysis (MLVA) and 
Multilocus sequence typing (MLST) (Kruy et al. 2011). 
Although standard culture methods are excessively time-consuming, there is potential for 
further improvements, and thus many attempts have been made to maximize their 
efficiency by introducing new technologies, making reliability of detection more convenient, 
user friendly, as well as by reducing the costs of materials and labour (de Boer and Beumer 
1999; Weenk, 1992). For example, biochemical confirmatory tests may be easily replaced by 
commercial identification kits such as the API 20E (BioMérieux) or other commercially 
available bacterial identification kits. The detection of sub-lethally damaged cells is of 
utmost importance as these may still pose a risk to human health and may lead to false 
negative results. Strategies for the recovery of injured bacteria are based on overlay methods 
such as tryptic soy agar (TSA) overlayed on XLD selective agar (Kang and Fung 2000) and 
other approaches also include the development of single enrichment broths where 
multiple step enrichments are usually required (Baylis et al. 2000). Other novel 
approaches include the addition of bacteriophages for the elimination of background 
microflora that may out-compete the target organism. For example, RapidChek® 
SELECTTM Salmonella (Strategic Diagnostics Inc.) employs a primary enrichment media 
supplemented with a bacteriophage cocktail as a selective agent, which reduces the level 
of background flora in high burden samples allowing Salmonella to grow with minimal 
competition. In addition, there is also the development of enrichment broths for the 
concurrent enrichment of pathogens thereby reducing laboratory workloads with respect 
to the preparation of sample homogenates since different enrichment broths would no 
longer be required, and multiple analyses could be performed from a single universal 
enrichment culture (Kim and Bhunia 2008). Amendments to media have also been 
performed such as the addition of novobiocin (Restaino et al. 1977; Devenish et al. 1986), 
and cycloheximide to decrease fungal overgrowth (Ricke et al. 1998). Lastly, and perhaps 
the most important advancement is the use of chromogenic or fluorogenic substrates in 
selective agars, permitting identification to be performed directly on the isolation plate, 
thereby expediting or eliminating the use of subculture media or additional biochemical 
tests as these media provide highly specific reactions, and help reduce the workload for 
unnecessary examination of suspect colonies arising from poor specificity of conventional 
agars (Manafi 1996; Manafi 2000). A number of selective chromogenic agar media 
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specifically designed for the differentiation of Salmonella colonies are commercially available 
with varying success of adoption by regulatory agencies such as: Salmonella SMS (AES 
Chemunex), BBL CHROMagar (CHROMagar), RAPID’Salmonella (Bio-Rad Laboratories, 
S.A.), chromID Salmonella (BioMerieux), Harlequin Salmonella ABC (Lab M), Oxoid 
Brilliance Salmonella Agar (Oxoid), and Rambach Agar (Merck), among others. 
It is evident that the multitude of options for isolation of Salmonella and the lack of inter-
laboratory consistency make Salmonella isolation one of the most variable procedures in 
laboratories with new media available every year, promising to be more sensitive, specific, and 
rapid (Hyatt and Weese 2004). With this myriad of choice, laboratories must chose culture 
approaches which efficiently and accurately provide timely results via the development of 
standard methods and participation in proficiency quality assurance programs. 

2.1 Immunomagnetic separation 
In an attempt to reduce the length of routine microbiological analysis and to minimize the 
problems associated with rapid detection systems such as interference from foods and 
food ingredients debris, background micro-organisms, and lack of sensitivity, there has 
been a lot of interest in the development of separation and concentration techniques prior 
to detection. Various techniques have been utilized for this purpose including: 
centrifugation (Basel et al. 1983), filtration (Farber and Sharpe 1984), and lectin-based 
biosorbents (Payne et al. 1992). However, the most successful of approaches for the 
separation and concentration of target organisms has been the use of immunomagnetic 
separation (IMS). The advantages of IMS are that it reduces the total analysis time and 
improves the sensitivity of detection. IMS is rapid, technically simple, and specific 
method for the isolation of the target organisms (Shaw et al. 1998). Paramagnetic particles 
are coated with antibodies specific to the target organism and added to a post enrichment 
culture. The target organism is captured onto the magnetic particles and the whole 
complex is then removed from the system by the application of a magnetic field. Target 
organisms are thus removed from food debris and competing microorganisms, which 
may otherwise interfere with the detection system. If required, the isolated complex may 
be re-suspended in an enrichment broth so that cell numbers can be rapidly increased to 
improve the sensitivity of detection assays. In addition, IMS by design can be used in 
conjunction with other rapid detection methods, including ELISA, conductance 
microbiology, electrochemiluminescence, and polymerase chain reaction (PCR) to further 
increase its analytical sensitivity (Fluit et al. 1993; Cudjoe et al. 1994; Cudjoe et al. 1995; 
Sapanova et al. 2000). It has been reported that IMS is more sensitive than conventional 
culture methods and is able to reduce the total culture analysis time by one to two days 
(Lynch et al. 2004; Ten Bosch et al. 1992).  
The most commonly used commercial IMS bead for the recovery of Salmonella from food 
samples is Dynabeads anti Salmonella (Invitrogen). Similar magnetic beads specific for 
Salmonella are available such as Captivate Salmonella (Lab M), Tecra Salmonella Unique 
(3M), as wells as for specific serovars such as S. Enteritidis, via Rapidchek Confirm S. 
Enteritidis IMS kit (SDIX). IMS can also be automated using automated IMS separators such 
as the BeadRetriever (Invitrogen) capable of processing up to fifteen 1 mL enrichments 
volumes per cycle (23 minutes), to larger scale instruments such as the Kingfisher IMS 
separator (Thermofisher) or Mag Max (Life Technologies) capable of processing up to 100 
samples with the capability of re-suspending the IMS target complex in microtitre plates for 
further testing by PCR, or ELISA. For instance, the VIDAS ICS test (BioMérieux) uses 
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automated immunoconcentration prior to analysis by an automated ELISA instrument for the 
detection of Salmonella from food and food ingredients. Another IMS variation was also 
developed by Pathatrix (Matrix MicroScience Ltd) combining IMS and a recirculation step 
(Flow Through Immunocapture or FTI), to further increase the sensitivity of detection since 
larger enrichment volumes can be reacted with IMS beads. For example Warren et al. (2007) 
investigated FTI, using the Pathatrix device, followed by plating on XLD agar (FTI-XLD) or 
analysis by real-time PCR (FTI-PCR) for the detection of Salmonella on smooth tomato surfaces 
and in potato salad and ground beef. The FTI-XLD method demonstrated the ability to isolate 
presumptive Salmonella colonies up to 48 h faster than did the standard modified BAM 
Salmonella culture method and the FTI-PCR was able to detect Salmonella within 8h. 
Among the problems associated with IMS is non-target carryover where non-target organisms 
adhere to the walls of glass test tubes (Meadows 1971). Protamine as well as the use of mild 
detergents is commonly used to minimize non-target carryover since it adheres to the glass 
and to the bacteria in the sample reducing the net negative charge to prevent adherence. IMS 
also suffers in that it requires small sample sizes, organisms may be lost from beads during 
separation from samples with high fat content, and non specific binding of Citrobacter freundii 
and coliforms with mucoid layers has also been observed (Coleman et al 1995). 

3. Immunological based methods 
3.1 Rapid agglutination assays 
Several rapid latex agglutination assay tests are widely used for the rapid detection of 
Salmonella. These assays however, are primarily used as a confirmation screen for 
presumptive Salmonella colonies after culture isolation from selective agar plates, with 
further confirmation and identification work carried out on those organisms giving a 
positive latex reaction. An aliquot of a colony suspension or enrichment broth is simply 
mixed with the latex reagent and after a few minutes rotation, the results are clearly visible. 
If the test is negative, the latex remains in smooth suspension and retains its original colour. 
A positive result is indicated by distinct colour agglutination against an altered background. 
By reducing the number of samples requiring further confirmatory testing, these tests save 
time and resources and allow negative results to be reported at least 24 hours earlier than by 
conventional culture methods. However, depending on the antibodies used they may lack 
specificity due to non-specific agglutination of some organisms (Cheesbrough and Donnelly, 
1996). Some commercial kits include Remel Wellcolex Colour tests for the presumptive 
identification of Salmonella serogroups A, B, C, D, E, and G, and the Vi antigen using just two 
reagents. Similar tests include Oxoid Salmonella latex test, Microgen Salmonella Latex test, 
and Denka-Seiken, among others. 

3.2 Enzyme-linked immunosorbent assay (ELISA) 
Enzyme-linked immunosorbent assay (ELISA) also known as an enzyme immunoassay 
(EIA), is a biochemical technique used to detect the presence of an antibody or an antigen in 
a sample. In the context of Salmonella detection, a sample with an unknown amount of 
antigen is immobilized on a solid support (usually a polystyrene microtitre plate) either 
non-specifically (via adsorption to the surface) or specifically (via capture by another 
antibody specific to the same antigen, in a "Sandwich" ELISA). After the antigen is 
immobilized, a detection antibody linked to an enzyme such as Horse Radish Peroxidase 
(HRP) is added, forming a complex with the antigen. Between each step, the plate is 
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specifically designed for the differentiation of Salmonella colonies are commercially available 
with varying success of adoption by regulatory agencies such as: Salmonella SMS (AES 
Chemunex), BBL CHROMagar (CHROMagar), RAPID’Salmonella (Bio-Rad Laboratories, 
S.A.), chromID Salmonella (BioMerieux), Harlequin Salmonella ABC (Lab M), Oxoid 
Brilliance Salmonella Agar (Oxoid), and Rambach Agar (Merck), among others. 
It is evident that the multitude of options for isolation of Salmonella and the lack of inter-
laboratory consistency make Salmonella isolation one of the most variable procedures in 
laboratories with new media available every year, promising to be more sensitive, specific, and 
rapid (Hyatt and Weese 2004). With this myriad of choice, laboratories must chose culture 
approaches which efficiently and accurately provide timely results via the development of 
standard methods and participation in proficiency quality assurance programs. 

2.1 Immunomagnetic separation 
In an attempt to reduce the length of routine microbiological analysis and to minimize the 
problems associated with rapid detection systems such as interference from foods and 
food ingredients debris, background micro-organisms, and lack of sensitivity, there has 
been a lot of interest in the development of separation and concentration techniques prior 
to detection. Various techniques have been utilized for this purpose including: 
centrifugation (Basel et al. 1983), filtration (Farber and Sharpe 1984), and lectin-based 
biosorbents (Payne et al. 1992). However, the most successful of approaches for the 
separation and concentration of target organisms has been the use of immunomagnetic 
separation (IMS). The advantages of IMS are that it reduces the total analysis time and 
improves the sensitivity of detection. IMS is rapid, technically simple, and specific 
method for the isolation of the target organisms (Shaw et al. 1998). Paramagnetic particles 
are coated with antibodies specific to the target organism and added to a post enrichment 
culture. The target organism is captured onto the magnetic particles and the whole 
complex is then removed from the system by the application of a magnetic field. Target 
organisms are thus removed from food debris and competing microorganisms, which 
may otherwise interfere with the detection system. If required, the isolated complex may 
be re-suspended in an enrichment broth so that cell numbers can be rapidly increased to 
improve the sensitivity of detection assays. In addition, IMS by design can be used in 
conjunction with other rapid detection methods, including ELISA, conductance 
microbiology, electrochemiluminescence, and polymerase chain reaction (PCR) to further 
increase its analytical sensitivity (Fluit et al. 1993; Cudjoe et al. 1994; Cudjoe et al. 1995; 
Sapanova et al. 2000). It has been reported that IMS is more sensitive than conventional 
culture methods and is able to reduce the total culture analysis time by one to two days 
(Lynch et al. 2004; Ten Bosch et al. 1992).  
The most commonly used commercial IMS bead for the recovery of Salmonella from food 
samples is Dynabeads anti Salmonella (Invitrogen). Similar magnetic beads specific for 
Salmonella are available such as Captivate Salmonella (Lab M), Tecra Salmonella Unique 
(3M), as wells as for specific serovars such as S. Enteritidis, via Rapidchek Confirm S. 
Enteritidis IMS kit (SDIX). IMS can also be automated using automated IMS separators such 
as the BeadRetriever (Invitrogen) capable of processing up to fifteen 1 mL enrichments 
volumes per cycle (23 minutes), to larger scale instruments such as the Kingfisher IMS 
separator (Thermofisher) or Mag Max (Life Technologies) capable of processing up to 100 
samples with the capability of re-suspending the IMS target complex in microtitre plates for 
further testing by PCR, or ELISA. For instance, the VIDAS ICS test (BioMérieux) uses 
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automated immunoconcentration prior to analysis by an automated ELISA instrument for the 
detection of Salmonella from food and food ingredients. Another IMS variation was also 
developed by Pathatrix (Matrix MicroScience Ltd) combining IMS and a recirculation step 
(Flow Through Immunocapture or FTI), to further increase the sensitivity of detection since 
larger enrichment volumes can be reacted with IMS beads. For example Warren et al. (2007) 
investigated FTI, using the Pathatrix device, followed by plating on XLD agar (FTI-XLD) or 
analysis by real-time PCR (FTI-PCR) for the detection of Salmonella on smooth tomato surfaces 
and in potato salad and ground beef. The FTI-XLD method demonstrated the ability to isolate 
presumptive Salmonella colonies up to 48 h faster than did the standard modified BAM 
Salmonella culture method and the FTI-PCR was able to detect Salmonella within 8h. 
Among the problems associated with IMS is non-target carryover where non-target organisms 
adhere to the walls of glass test tubes (Meadows 1971). Protamine as well as the use of mild 
detergents is commonly used to minimize non-target carryover since it adheres to the glass 
and to the bacteria in the sample reducing the net negative charge to prevent adherence. IMS 
also suffers in that it requires small sample sizes, organisms may be lost from beads during 
separation from samples with high fat content, and non specific binding of Citrobacter freundii 
and coliforms with mucoid layers has also been observed (Coleman et al 1995). 

3. Immunological based methods 
3.1 Rapid agglutination assays 
Several rapid latex agglutination assay tests are widely used for the rapid detection of 
Salmonella. These assays however, are primarily used as a confirmation screen for 
presumptive Salmonella colonies after culture isolation from selective agar plates, with 
further confirmation and identification work carried out on those organisms giving a 
positive latex reaction. An aliquot of a colony suspension or enrichment broth is simply 
mixed with the latex reagent and after a few minutes rotation, the results are clearly visible. 
If the test is negative, the latex remains in smooth suspension and retains its original colour. 
A positive result is indicated by distinct colour agglutination against an altered background. 
By reducing the number of samples requiring further confirmatory testing, these tests save 
time and resources and allow negative results to be reported at least 24 hours earlier than by 
conventional culture methods. However, depending on the antibodies used they may lack 
specificity due to non-specific agglutination of some organisms (Cheesbrough and Donnelly, 
1996). Some commercial kits include Remel Wellcolex Colour tests for the presumptive 
identification of Salmonella serogroups A, B, C, D, E, and G, and the Vi antigen using just two 
reagents. Similar tests include Oxoid Salmonella latex test, Microgen Salmonella Latex test, 
and Denka-Seiken, among others. 

3.2 Enzyme-linked immunosorbent assay (ELISA) 
Enzyme-linked immunosorbent assay (ELISA) also known as an enzyme immunoassay 
(EIA), is a biochemical technique used to detect the presence of an antibody or an antigen in 
a sample. In the context of Salmonella detection, a sample with an unknown amount of 
antigen is immobilized on a solid support (usually a polystyrene microtitre plate) either 
non-specifically (via adsorption to the surface) or specifically (via capture by another 
antibody specific to the same antigen, in a "Sandwich" ELISA). After the antigen is 
immobilized, a detection antibody linked to an enzyme such as Horse Radish Peroxidase 
(HRP) is added, forming a complex with the antigen. Between each step, the plate is 
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typically washed with a mild detergent solution to remove any proteins or antibodies that 
are not specifically bound. After the final wash step, the plate is developed by adding an 
enzymatic substrate (ABTS or 3,3’,5,5’-tetramethylbenzidine) to produce a visible signal 
(colorimetric or fluorescent product) due to the enzymatic cleavage of the substrate. 
Colorimetric equipment is used to measure the signal indicating colorimetric equipment 
indicating the presence of target antigen in the sample. 
ELISAs are highly specific, sensitive, rapid, easy to perform, and scalable, allowing 
laboratories to easily adopt the technology for routine microbiological testing. The ELISA 
reactivity however, is influenced by various components of the enrichment medium and 
incubation conditions used. With most ELISA methods, negative results can be obtained 
within 24 h after an overnight incubation in selective broth. Positive results may still require 
further cultural isolation and serological and biochemical confirmation depending of 
regulatory requirements. 
Currently, there are numerous ELISA plate based assay systems for the detection on 
Salmonella: Salmonella ELISA (BIO ART SA), TRANSIA® PLATE Salmonella Gold 
(BioControl), and RIDASCREEN® Salmonella ELISA (R-Biopharm AG). Some of these tests 
have the advantage of being able to process numerous samples at once in 96 well microtitre 
plates, and some such as the Tecra™ Salmonella Visual Immunoassay (3M), provide a visual 
indication of detection without the use of colorimetric equipment. In addition ELISA 
systems have been automated to facilitate routine laboratory testing such as the EIAFoss 
(Foss Electronics) and the VitekImmuno Diagnostic Assay System (VIDAS) (BioMerieux). 
For example, the VIDAS®SLM assay (BioMérieux), is intended for use with the VIDAS as an 
automated qualitative enzyme-linked fluorescent immunoassay (ELFA) for the detection of 
Salmonella in food and food ingredients. The VIDAS instrument performs all of the assay 
steps automatically. In contrast to the manual manipulation required for microtitre plate 
based systems, a pipette tip-like disposable unit (a solid phase receptacle or SPR) serves as 
the solid phase as well as a pipetter during the process. The SPR is coated with polyclonal 
anti-Salmonella antibodies and reagents for the assay are sealed in reagent strips. An aliquot 
of the enrichment broth is placed into the reagent strip and the sample and reagents are 
sequentially cycled in and out of the SPR for a specific length of time until the instrument 
detects fluorescence.  
Nevertheless, ELISA methods are not without disadvantages, some of which include high 
limits of sensitivity of >105 cfu/mL (Cox 1988) variable cell surface antigen production 
(Peplow et al. 1999); cross reactivity (Westerman et al. 1997), and changes to antigens due to 
acetylation and changing recognition by assay antibodies (Kim and Slauch, 1999). Newer 
ELISA-like techniques utilize fluorogenic, electrochemiluminescent, and real-time PCR 
reporters to create quantifiable signals. However, given that the general principles in these 
assays are largely similar, they are often grouped in the same category as ELISAs. 

3.3 Lateral flow immunoassays 
Lateral flow immunoassays typically use a sandwich type ELISA and the majority use 
polyclonal antibody as a capture antibody and a monoclonal antibody as the detection 
antibody. The antibodies are fixed on a hydrophobic polyvinylidine difluoride-based 
membrane. A drop of an enrichment sample is placed in a reaction window and travels by 
capillary action across the membrane to react with the antibodies and provide a colour 
change. Results are often available within 24 hours. False positive results may be observed 
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during the reaction because of denaturation or degradation of the capture antibody and it is 
likely that detection antibody or enzyme-conjugated antibody may also bind 
non-specifically to denatured capture antibody. Commercially available lateral flow 
immunoassays for the detection of Salmonella include: DuPont™ Lateral Flow System 
Salmonella, Singlepath Salmonella (Merck), Reveal® Salmonella lateral flow (Neogen), VIP 
Gold (BioControl), and RapidChek® SELECT (SDIX). Recently, serotype specific lateral flow 
immunoassays for the detection of S. Enteritidis have also been introduced to serve the egg 
and poultry industry such as RapidChek® SELECT S. Enteritids (SDIX) and Reveal S. 
Enteritidis (Neogen). In general, these types of immunoassays are ideally suited where a 
low testing throughput is expected. The implementation of these tests is beneficial in that 
they require low technical expertise, and minimal capital expenditure. 

4. Molecular methods 
4.1 Polymerase chain reaction (PCR) 
Over the past 15 years there has been an important evolution in molecular approaches for 
the rapid detection of food borne pathogens rather than relying on their biochemical and 
phenotypic characteristics. Foremost among these tools is the Polymerase Chain Reaction 
(PCR), a technique based on the specific amplification of a short target DNA sequence 
(Mullis et al. 1986). Briefly, extracted DNA is first subjected to heat denaturation into single 
stranded DNA. Next, specific short DNA fragments (primers) are annealed to the single 
DNA strands, followed by extension of the primers complementary to the single stranded 
DNA with the aid of a thermostable DNA polymerase, such as Taq polymerase, an enzyme 
originally isolated from the bacterium Thermus aquaticus (Chien et al. 1976). Each new 
double-stranded DNA is then a targeted during a new thermal cycle and thus the 
exponential amplification of the specific DNA sequence is achieved. The amplified product 
is then separated by gel electrophoresis and visualized by staining with fluorescent 
ethidium bromide. This type of conventional or endpoint PCR, although sensitive and 
specific under optimized conditions, is time consuming and labour intensive due to post-
amplification steps, not sensitive enough to measure the accumulated DNA copies 
accurately, and can only provide a qualitative result. Nevertheless, PCR techniques have 
expedited the process of pathogen detection and in some cases, replaced traditional 
methods for bacterial identification, characterization, and enumeration in foods (McKillip 
and Drake 2004). 

4.2 Real-time PCR 
The development of novel chemistries and instrumentation platforms enabling detection of 
PCR products on a real-time basis has led to widespread adoption of real-time PCR as the 
method of choice for detection of Salmonella (Espy et al. 2006). This method combines 
amplification and detection stages of the process so that nucleic acid amplification is 
monitored and recorded continuously hence eliminating the need for post-amplification 
steps such as gel electrophoresis. The detection of PCR products is accomplished via the 
generation of a fluorescent signal by any of the commercially available chemistries for real-
time PCR: TaqMan® (Applied Biosystems®), Molecular Beacons, Scorpions®, and SYBR® 
Green (Molecular Probes), among others.  
The simplest approach involves the use of the intercalating fluorescent dye SYBR® Green. 
This fluorogenic dye exhibits little fluorescence when in solution, but emits a strong 



 
Salmonella – A Dangerous Foodborne Pathogen 

 

378 

typically washed with a mild detergent solution to remove any proteins or antibodies that 
are not specifically bound. After the final wash step, the plate is developed by adding an 
enzymatic substrate (ABTS or 3,3’,5,5’-tetramethylbenzidine) to produce a visible signal 
(colorimetric or fluorescent product) due to the enzymatic cleavage of the substrate. 
Colorimetric equipment is used to measure the signal indicating colorimetric equipment 
indicating the presence of target antigen in the sample. 
ELISAs are highly specific, sensitive, rapid, easy to perform, and scalable, allowing 
laboratories to easily adopt the technology for routine microbiological testing. The ELISA 
reactivity however, is influenced by various components of the enrichment medium and 
incubation conditions used. With most ELISA methods, negative results can be obtained 
within 24 h after an overnight incubation in selective broth. Positive results may still require 
further cultural isolation and serological and biochemical confirmation depending of 
regulatory requirements. 
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Nevertheless, ELISA methods are not without disadvantages, some of which include high 
limits of sensitivity of >105 cfu/mL (Cox 1988) variable cell surface antigen production 
(Peplow et al. 1999); cross reactivity (Westerman et al. 1997), and changes to antigens due to 
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change. Results are often available within 24 hours. False positive results may be observed 
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during the reaction because of denaturation or degradation of the capture antibody and it is 
likely that detection antibody or enzyme-conjugated antibody may also bind 
non-specifically to denatured capture antibody. Commercially available lateral flow 
immunoassays for the detection of Salmonella include: DuPont™ Lateral Flow System 
Salmonella, Singlepath Salmonella (Merck), Reveal® Salmonella lateral flow (Neogen), VIP 
Gold (BioControl), and RapidChek® SELECT (SDIX). Recently, serotype specific lateral flow 
immunoassays for the detection of S. Enteritidis have also been introduced to serve the egg 
and poultry industry such as RapidChek® SELECT S. Enteritids (SDIX) and Reveal S. 
Enteritidis (Neogen). In general, these types of immunoassays are ideally suited where a 
low testing throughput is expected. The implementation of these tests is beneficial in that 
they require low technical expertise, and minimal capital expenditure. 

4. Molecular methods 
4.1 Polymerase chain reaction (PCR) 
Over the past 15 years there has been an important evolution in molecular approaches for 
the rapid detection of food borne pathogens rather than relying on their biochemical and 
phenotypic characteristics. Foremost among these tools is the Polymerase Chain Reaction 
(PCR), a technique based on the specific amplification of a short target DNA sequence 
(Mullis et al. 1986). Briefly, extracted DNA is first subjected to heat denaturation into single 
stranded DNA. Next, specific short DNA fragments (primers) are annealed to the single 
DNA strands, followed by extension of the primers complementary to the single stranded 
DNA with the aid of a thermostable DNA polymerase, such as Taq polymerase, an enzyme 
originally isolated from the bacterium Thermus aquaticus (Chien et al. 1976). Each new 
double-stranded DNA is then a targeted during a new thermal cycle and thus the 
exponential amplification of the specific DNA sequence is achieved. The amplified product 
is then separated by gel electrophoresis and visualized by staining with fluorescent 
ethidium bromide. This type of conventional or endpoint PCR, although sensitive and 
specific under optimized conditions, is time consuming and labour intensive due to post-
amplification steps, not sensitive enough to measure the accumulated DNA copies 
accurately, and can only provide a qualitative result. Nevertheless, PCR techniques have 
expedited the process of pathogen detection and in some cases, replaced traditional 
methods for bacterial identification, characterization, and enumeration in foods (McKillip 
and Drake 2004). 

4.2 Real-time PCR 
The development of novel chemistries and instrumentation platforms enabling detection of 
PCR products on a real-time basis has led to widespread adoption of real-time PCR as the 
method of choice for detection of Salmonella (Espy et al. 2006). This method combines 
amplification and detection stages of the process so that nucleic acid amplification is 
monitored and recorded continuously hence eliminating the need for post-amplification 
steps such as gel electrophoresis. The detection of PCR products is accomplished via the 
generation of a fluorescent signal by any of the commercially available chemistries for real-
time PCR: TaqMan® (Applied Biosystems®), Molecular Beacons, Scorpions®, and SYBR® 
Green (Molecular Probes), among others.  
The simplest approach involves the use of the intercalating fluorescent dye SYBR® Green. 
This fluorogenic dye exhibits little fluorescence when in solution, but emits a strong 
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fluorescent signal upon binding to double-stranded DNA. Thus, as a PCR product 
accumulates, fluorescence increases. The advantages of SYBR® Green are that it is 
inexpensive, simple, and sensitive. The disadvantage is that SYBR® Green will bind to any 
double-stranded DNA in the reaction, which may result in an overestimation of the target 
concentration. A second, more accurate and reliable method is to use fluorescent reporter 
probes (TaqMan®, Molecular Beacons, Scorpions®). These probes depend on Förster 
Resonance Energy Transfer (FRET) to generate the fluorescence signal via the coupling of a 
fluorogenic dye molecule and a quencher moeity to the same or different oligonucleotide 
substrates. The main advantage of TaqMan probes, Molecular Beacons and Scorpions is that 
they allow for multiplex PCR assays by using spectrally separated fluor/quench moieties 
for each probe. Multiplex PCR allows internal controls to be co-amplified and permits allele 
discrimination in single-tube, homogeneous assays. These hybridization probes afford a 
level of discrimination impossible to obtain with SYBR® Green, since they will only 
hybridize to true targets in a PCR and not to primer-dimers or other spurious products. 
However these probes can be expensive to synthesize, with a separate probe needed for 
each target being analyzed.  
Commercial real time PCR assays employ a high degree of automation to reduce the 
number of operations involved and reduce the risk of contamination. The reaction usually 
takes place inside a combined thermocycler-fluorescence detection instrument and uses pre-
prepared reagents, often in a dehydrated tablet form. The thermo-cycling and detection are 
controlled by software that also calculates and interprets the results. Total time for an 
analysis for the detection of Salmonella species is normally 20 to 48 hours but can be as little 
as 12 hours depending on the food matrix, enrichment conditions, and instrument run time. 
The main advantage of these PCR systems over other methods is in time saving, both in the 
total time from sampling to result and in the technical time needed to set up and run the 
assay. In addition many available real time PCR assays have achieved a variety of 
certifications via AOAC, AFNOR, NORDVAL, and ISO 16140 validation. However, capital 
costs for automated PCR systems are relatively high and consumable costs are also high by 
comparison to culture based techniques. There is a clear cost benefit in rapid test results 
allowing faster HACCP verification and release of finished food products particularly where 
the prevalence of Salmonella is known to be low, thus reducing additional culture 
confirmation tests or where pooling of samples is permitted. Numerous assays are 
commercially available using real time PCR for the detection of Salmonella. The BAX PCR 
detection system (DuPont-Qualicon Inc.), a platform adopted by USDA-FSIS as a screening 
tool offers a detection kit for the detection of Salmonella in a variety of food and food 
ingredients. Other systems offering similar testing capabilities include: ADIAFOOD Rapid 
Pathogen Detection System (AES Chemunex), the Assurance Genetic Detection System GDS 
(Biocontrol Inc.) utilizing a post enrichment IMS step followed by real time PCR, iQ-
Check™ Salmonella II (BioRad Laboratories, S.A.), and R.A.P.I.D. LT system (Idaho 
Technology Inc.), among others. 
Lastly, real time PCR systems have sufficient flexibility to allow for the rapid development 
of new assays targeting specific Salmonella serovars of clinical significance. More recently in 
2010, in order to minimize the potential for foodborne illness from eggs containing S. 
Enteritidis, the FDA implemented new regulations for the egg industry, which included 
requiring large-scale egg producers to begin SE monitoring programs in their poultry 
houses and potentially on their products. In response to the industry testing needs, a 27 
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hour commercial real time PCR assay for the detection of S.Enteritidis was developed by 
Applied Biosystems®, the TaqMan® Salmonella Enteritidis Detection Kit. 

4.3 Multiplex PCR 
In multiplex PCR (mPCR), several specific primer sets are combined into a single PCR assay 
for the simultaneous amplification of more than one target DNA sequence (Chamberlain et 
al. 1988). As with conventional or endpoint PCR, the amplified DNA targets are separated 
by agarose gel electrophoresis and visualized by ethidium bromide staining. Depending on 
the number of targets, the analysis is carried out by a single amplification reaction of four–to 
five targets, or could take place via a two-step amplification reaction for five–six targets or 
more (Settanni and Corsetti 2007). For example, Malorny et al. (2007) developed an assay for 
the specific detection of S. Enteritidis in whole chicken carcass rinses and consumption eggs. 
The assay used specifically designed primers and a TaqMan probe to target the Prot6e gene 
located on the S. Enteritidis 60-kb virulence plasmid. As an internal amplification control to 
monitor Salmonella DNA in the sample, a second primer/TaqMan probe set detected 
simultaneously the Salmonella specific invA (invasion protein A) gene. It must be considered 
however, that the majority of the articles in the scientific literature deal with mPCR methods 
developed to identify and or characterize Salmonella serotypes from pure cultures, or in 
controlled artificial inoculation experiments, with only a minority of studies providing 
results from in situ detection of pathogens in foods or environmental samples. Soumet et al. 
(1999) developed a multiplex PCR assay for the simultaneous identification of Salmonella 
species, S. Enteritidis and S. Typhimurium from environmental swabs of poultry houses. 
Similarly, O’Regan et al. (2008) developed a real-time multiplex PCR assay for the detection 
of multiple Salmonella serotypes in chicken samples. Poultry-associated serotypes detected 
in the assay included S. Enteritidis, S. Gallinarum, S. Typhimurium, S. Kentucky and S. 
Dublin. Generally, the 16S rRNA gene is the most common target for mPCR as it is routinely 
used to establish phylogenetic distinctions among bacteria (Rossello-Mora and Amman 
2001). However, other target genes are also considered in order to achieve a high specificity. 
For example, Rajtak et al. (2011) developed a two step real-time mPCR assay for the rapid 
screening of 19 Salmonella serotypes frequently encountered in humans, animals, and 
animal-associated meat products within the European Union. Specific primers for serotype 
differentiation were designed to target the genes encoding either phase 1 and 2 flagellar 
antigens fliC and fljB or unique serotype-specific loci. In addition, the assay simultaneously 
screened for the presence of the ampicilin-amoxicillin, chloramphenicol-florfenicol, 
streptomycin-spectinomycin, sulfanomides, and tetracycline (ACSSuT)-type multidrug 
resistance pattern, indicated by the floR gene, and for the Salmonella virulence plasmid 
encoded by the svp operon in S. Typhimurium. The assay represents a more rapid and 
reliable method for identification of large numbers of serotypes than assays using 
phenotypic serotyping methods. Multiplex PCR is thus quite versatile and numerous other 
assays have been published for the rapid detection and characterization of specific 
Salmonella serotypes (Alvarez et al. 2004; Woods et al. 2008; Kim et al. 2006; Chiu et al. 2006) 
analogous to mPCR approaches used for the differentiation of multiple species belonging to 
single genera such as gastroenteritis causing themotolerant Campylobacter species (Korolik et 
al. 2001;Klena et al. 2004; Wang et al. 2002; Yamazaki-Matsune et al. 2007) or for the 
differentiation of the major L. monocytogenes serovars (1/2a, 1/2b, 1/2c, and 4b) commonly 
implicated in food borne listeriosis (Doumith et al. 2004; Zhang and Knabel 2005; Chen and 
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Resonance Energy Transfer (FRET) to generate the fluorescence signal via the coupling of a 
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level of discrimination impossible to obtain with SYBR® Green, since they will only 
hybridize to true targets in a PCR and not to primer-dimers or other spurious products. 
However these probes can be expensive to synthesize, with a separate probe needed for 
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Commercial real time PCR assays employ a high degree of automation to reduce the 
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takes place inside a combined thermocycler-fluorescence detection instrument and uses pre-
prepared reagents, often in a dehydrated tablet form. The thermo-cycling and detection are 
controlled by software that also calculates and interprets the results. Total time for an 
analysis for the detection of Salmonella species is normally 20 to 48 hours but can be as little 
as 12 hours depending on the food matrix, enrichment conditions, and instrument run time. 
The main advantage of these PCR systems over other methods is in time saving, both in the 
total time from sampling to result and in the technical time needed to set up and run the 
assay. In addition many available real time PCR assays have achieved a variety of 
certifications via AOAC, AFNOR, NORDVAL, and ISO 16140 validation. However, capital 
costs for automated PCR systems are relatively high and consumable costs are also high by 
comparison to culture based techniques. There is a clear cost benefit in rapid test results 
allowing faster HACCP verification and release of finished food products particularly where 
the prevalence of Salmonella is known to be low, thus reducing additional culture 
confirmation tests or where pooling of samples is permitted. Numerous assays are 
commercially available using real time PCR for the detection of Salmonella. The BAX PCR 
detection system (DuPont-Qualicon Inc.), a platform adopted by USDA-FSIS as a screening 
tool offers a detection kit for the detection of Salmonella in a variety of food and food 
ingredients. Other systems offering similar testing capabilities include: ADIAFOOD Rapid 
Pathogen Detection System (AES Chemunex), the Assurance Genetic Detection System GDS 
(Biocontrol Inc.) utilizing a post enrichment IMS step followed by real time PCR, iQ-
Check™ Salmonella II (BioRad Laboratories, S.A.), and R.A.P.I.D. LT system (Idaho 
Technology Inc.), among others. 
Lastly, real time PCR systems have sufficient flexibility to allow for the rapid development 
of new assays targeting specific Salmonella serovars of clinical significance. More recently in 
2010, in order to minimize the potential for foodborne illness from eggs containing S. 
Enteritidis, the FDA implemented new regulations for the egg industry, which included 
requiring large-scale egg producers to begin SE monitoring programs in their poultry 
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hour commercial real time PCR assay for the detection of S.Enteritidis was developed by 
Applied Biosystems®, the TaqMan® Salmonella Enteritidis Detection Kit. 

4.3 Multiplex PCR 
In multiplex PCR (mPCR), several specific primer sets are combined into a single PCR assay 
for the simultaneous amplification of more than one target DNA sequence (Chamberlain et 
al. 1988). As with conventional or endpoint PCR, the amplified DNA targets are separated 
by agarose gel electrophoresis and visualized by ethidium bromide staining. Depending on 
the number of targets, the analysis is carried out by a single amplification reaction of four–to 
five targets, or could take place via a two-step amplification reaction for five–six targets or 
more (Settanni and Corsetti 2007). For example, Malorny et al. (2007) developed an assay for 
the specific detection of S. Enteritidis in whole chicken carcass rinses and consumption eggs. 
The assay used specifically designed primers and a TaqMan probe to target the Prot6e gene 
located on the S. Enteritidis 60-kb virulence plasmid. As an internal amplification control to 
monitor Salmonella DNA in the sample, a second primer/TaqMan probe set detected 
simultaneously the Salmonella specific invA (invasion protein A) gene. It must be considered 
however, that the majority of the articles in the scientific literature deal with mPCR methods 
developed to identify and or characterize Salmonella serotypes from pure cultures, or in 
controlled artificial inoculation experiments, with only a minority of studies providing 
results from in situ detection of pathogens in foods or environmental samples. Soumet et al. 
(1999) developed a multiplex PCR assay for the simultaneous identification of Salmonella 
species, S. Enteritidis and S. Typhimurium from environmental swabs of poultry houses. 
Similarly, O’Regan et al. (2008) developed a real-time multiplex PCR assay for the detection 
of multiple Salmonella serotypes in chicken samples. Poultry-associated serotypes detected 
in the assay included S. Enteritidis, S. Gallinarum, S. Typhimurium, S. Kentucky and S. 
Dublin. Generally, the 16S rRNA gene is the most common target for mPCR as it is routinely 
used to establish phylogenetic distinctions among bacteria (Rossello-Mora and Amman 
2001). However, other target genes are also considered in order to achieve a high specificity. 
For example, Rajtak et al. (2011) developed a two step real-time mPCR assay for the rapid 
screening of 19 Salmonella serotypes frequently encountered in humans, animals, and 
animal-associated meat products within the European Union. Specific primers for serotype 
differentiation were designed to target the genes encoding either phase 1 and 2 flagellar 
antigens fliC and fljB or unique serotype-specific loci. In addition, the assay simultaneously 
screened for the presence of the ampicilin-amoxicillin, chloramphenicol-florfenicol, 
streptomycin-spectinomycin, sulfanomides, and tetracycline (ACSSuT)-type multidrug 
resistance pattern, indicated by the floR gene, and for the Salmonella virulence plasmid 
encoded by the svp operon in S. Typhimurium. The assay represents a more rapid and 
reliable method for identification of large numbers of serotypes than assays using 
phenotypic serotyping methods. Multiplex PCR is thus quite versatile and numerous other 
assays have been published for the rapid detection and characterization of specific 
Salmonella serotypes (Alvarez et al. 2004; Woods et al. 2008; Kim et al. 2006; Chiu et al. 2006) 
analogous to mPCR approaches used for the differentiation of multiple species belonging to 
single genera such as gastroenteritis causing themotolerant Campylobacter species (Korolik et 
al. 2001;Klena et al. 2004; Wang et al. 2002; Yamazaki-Matsune et al. 2007) or for the 
differentiation of the major L. monocytogenes serovars (1/2a, 1/2b, 1/2c, and 4b) commonly 
implicated in food borne listeriosis (Doumith et al. 2004; Zhang and Knabel 2005; Chen and 
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Knabel 2007). Lastly, and perhaps the largest impact that mPCR may provide in a near 
future is in the rapid and simultaneous detection of Salmonella concurrently with other 
bacterial pathogens. For instance, Gilbert et al. (2003) established a mPCR assay in order to 
detect Salmonella along with Campylobacter jejuni, and E. coli O157:H7 in a variety of raw and 
ready-to-eat food products. The primers amplified a single product from each target 
bacterium. More recently, Kim et al. (2007) developed a novel mPCR assay for the 
simultaneous screening of five foodborne pathogenic bacteria including Salmonella. Specific 
primers for mPCR amplification of the Shiga-like toxin gene (Stx2), femA (cytoplasmic 
protein), toxR (transmembrane DNA binding protein), iap (invasive associative protein), and 
invA genes were designed to allow simultaneous detection of E. coli O157:H7, S. aureus, 
Vibrio parahaemolyticus, L. monocytogenes, and Salmonella spp., respectively. Furthermore, the 
detection of all five food borne pathogenic bacteria could be completed in less than 24 h. 
Similar approaches have been described by others utilizing various primer sets for a variety 
of pathogens (Li and Mustapha 2004; Park et al. 2006). 

4.4 Reverse transcriptase PCR (RT-PCR) 
Thus far, there is no correlation between viability and detection as provided by PCR assays. 
The amplification of genomic DNA by PCR has been shown to be inappropriate for 
distinguishing viable from non-viable bacteria owing to DNA stability over time (Masters et 
al. 1994). Furthermore, the detection of pathogens by PCR in food samples often requires 
additional evidence of viability before risk can be assigned. In an effort to address the issue 
of viability, many researchers turned to RNA amplification methods using mRNA as a 
target since it is a molecule with a very short half-life of 0.5 to 2 minutes due to the rapid 
degradation by endogenous RNases (King et al. 1986). The outcome was the development of 
an amplification technique for detecting mRNA termed reverse transcriptase PCR (RT-PCR). 
To date however, due to the variable persistence of nucleic acids in cells post-death, the 
correlation between the presence of DNA and RNA and viability is still not clear 
(Cenciarini-Borde et al. 2009). In RT-PCR, an RNA strand is first reverse transcribed into its 
DNA complement (complementary DNA, or cDNA) using the enzyme reverse transcriptase, 
and the resulting cDNA is then amplified using conventional, multiplex, or real-time PCR. 
For example, Rijpens et al. (2002) targeted the housekeeping rpoD gene of Salmonella. 
Overall, the assay could not detect viable Salmonella in heat or ethanol killed Salmonella cells. 
However, conventional RT-PCR techniques are labour intensive since the amplicon can be 
visualized only after the amplification ends, requires the rapid extraction of RNA due to its 
short half-life, suffers from an increased cross-contamination risk of the samples thus 
requiring DNase treatments, and the target genes must demonstrate abundant transcript 
expression, expression throughout the growth cycle, and negligible or no transcriptional 
regulation (Klein and Juneja 1997; Deisingh and Thompson 2004; Yaron and Matthews 
2002). Due to these difficulties, the development of RT-PCR applications focusing on the 
detection of food-borne pathogens, including Salmonella in foods and environmental 
samples has been limited. D’Souza et al. (2009) developed a RT-PCR for the rapid detection 
of Salmonella using invA primers. Park et al. (2011) evaluated immunomagnetic beads and a 
RT-PCR method for the detection of Salmonella inoculated into poultry feed demonstrating 
that the hilA gene is a candidate for use in RT-PCR. Techathuvanan and D’Souza (2011) 
optimized a rapid Salmonella detection assay in liquid whole eggs by SYBR® Green based 
real-time RT-PCR targeting the invA gene as described previously for the detection of 
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Salmonella from jalapeno and serrano peppers, and Pork (Miller et al. 2010; Techatuvanan et 
al. 2010). To further address the issue of viability of the species detected in a complex matrix 
such as foods, perhaps the best alternative could be the development and validation of real 
time and multiplexed PCR assays targeting mRNA, also termed multiplex RT-PCR 
(Gonzalez-Escalona et al. 2009; Settanni and Corsetti 2007). Thus far however, no 
commercial PCR assay is available utilizing reverse-transcriptase technology for detecting 
Salmonella in foods.  
It is evident that molecular methods offer improved sensitivity and potential reduction in 
assay time. It has now become possible to rapidly detect and confirm the presence of 
foodborne Salmonella spp. in a wide array of food and environmental samples by 
commercial amplification detection systems. The primary challenges remaining are to 
develop more reliable recovery and extraction procedures for routine processing of samples 
from a wider variety of feed and environmental matrices and apply molecular techniques 
for further characterizing Salmonella spp.  

4.5 Nucleic acid hybridization 
Endpoint PCR is commonly utilized for the detection of amplified PCR products. However, 
DNA hybridization has also been described for detection (Chan et al. 1988; Hill and Keasler 
1991; Hill and Lampel 1990). Probes directed to specific gene regions of the Salmonella 
genome provide a powerful tool for use in DNA hybridization assays. Such methods of 
detection have proven to be more sensitive than agarose gel electrophoresis and more 
specific than culture or immunological based assays (Ten Bosch et al. 1992; Manzano et al. 
1998). For example, Maciorowski et al. (1998) was able to detect PCR products from S. 
Typhimurium inoculated animal feeds by hybridization with biotin and fluorescently 
labeled probes. Such specificity eliminates the need for serological confirmation and 
incidences of false-positive identification caused by antibody cross-reactivity with other 
organisms. Also, unlike biochemical differentiations, probe reactions do not rely on 
enzymatic activities and are therefore unaffected by media interference or the presence of 
bacteria with similar phenotypes. The majority of DNA based hybridization assays have 
exploited this specificity for DNA microarray assay targeting multiple genes with few 
applications related to the detection of Salmonella from food and environmental samples. 
Probes complimentary to amplified gene products have been used for the detection of 
Salmonella in oysters and chicken meat as well as from environmental poultry house drag 
swabs (Cohen et al. 1994; Doran et al. 1994; Jones et al. 1993; Bej et al. 1996). Commercial 
hybridization assays for the detection of Salmonella include the GeneQuence Salmonella assay 
(Neogen) utilizing probes previously evaluated by D’Aoust et al. (1995). This test employs 
Salmonella-Specific DNA probes, which are directly labeled with horseradish peroxidase. A 
colorimetric endpoint is then used for the detection of Salmonella spp. in food samples 
following broth culture enrichment with results available within 24 h. 

5. Phage based detection methods 
Bacteriophages are viruses infecting bacteria and by definition obligate intracellular 
parasites lacking their own metabolism, are extremely host-specific, and able only to infect 
specific species or even strains. Virulent phages with a broad host range within the 
Salmonella genus are ideally suited for detection purposes since they are unable to integrate 
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Salmonella from jalapeno and serrano peppers, and Pork (Miller et al. 2010; Techatuvanan et 
al. 2010). To further address the issue of viability of the species detected in a complex matrix 
such as foods, perhaps the best alternative could be the development and validation of real 
time and multiplexed PCR assays targeting mRNA, also termed multiplex RT-PCR 
(Gonzalez-Escalona et al. 2009; Settanni and Corsetti 2007). Thus far however, no 
commercial PCR assay is available utilizing reverse-transcriptase technology for detecting 
Salmonella in foods.  
It is evident that molecular methods offer improved sensitivity and potential reduction in 
assay time. It has now become possible to rapidly detect and confirm the presence of 
foodborne Salmonella spp. in a wide array of food and environmental samples by 
commercial amplification detection systems. The primary challenges remaining are to 
develop more reliable recovery and extraction procedures for routine processing of samples 
from a wider variety of feed and environmental matrices and apply molecular techniques 
for further characterizing Salmonella spp.  

4.5 Nucleic acid hybridization 
Endpoint PCR is commonly utilized for the detection of amplified PCR products. However, 
DNA hybridization has also been described for detection (Chan et al. 1988; Hill and Keasler 
1991; Hill and Lampel 1990). Probes directed to specific gene regions of the Salmonella 
genome provide a powerful tool for use in DNA hybridization assays. Such methods of 
detection have proven to be more sensitive than agarose gel electrophoresis and more 
specific than culture or immunological based assays (Ten Bosch et al. 1992; Manzano et al. 
1998). For example, Maciorowski et al. (1998) was able to detect PCR products from S. 
Typhimurium inoculated animal feeds by hybridization with biotin and fluorescently 
labeled probes. Such specificity eliminates the need for serological confirmation and 
incidences of false-positive identification caused by antibody cross-reactivity with other 
organisms. Also, unlike biochemical differentiations, probe reactions do not rely on 
enzymatic activities and are therefore unaffected by media interference or the presence of 
bacteria with similar phenotypes. The majority of DNA based hybridization assays have 
exploited this specificity for DNA microarray assay targeting multiple genes with few 
applications related to the detection of Salmonella from food and environmental samples. 
Probes complimentary to amplified gene products have been used for the detection of 
Salmonella in oysters and chicken meat as well as from environmental poultry house drag 
swabs (Cohen et al. 1994; Doran et al. 1994; Jones et al. 1993; Bej et al. 1996). Commercial 
hybridization assays for the detection of Salmonella include the GeneQuence Salmonella assay 
(Neogen) utilizing probes previously evaluated by D’Aoust et al. (1995). This test employs 
Salmonella-Specific DNA probes, which are directly labeled with horseradish peroxidase. A 
colorimetric endpoint is then used for the detection of Salmonella spp. in food samples 
following broth culture enrichment with results available within 24 h. 

5. Phage based detection methods 
Bacteriophages are viruses infecting bacteria and by definition obligate intracellular 
parasites lacking their own metabolism, are extremely host-specific, and able only to infect 
specific species or even strains. Virulent phages with a broad host range within the 
Salmonella genus are ideally suited for detection purposes since they are unable to integrate 
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into the host genome, with the successful infection always resulting in the death of their host 
(Hagens and Loessner 2007). Since the first report of the use of phage for detection by 
Ulitzur and Kuhn (1987), different strategies have been described for the detection of 
Salmonella. Generally, the majority of methods described involve measuring the activity of a 
reporter gene (generally, the luciferase lux genes from Vibrio fisherii), cloned into a vector 
carried by a phage, and expressed only after infection (Kuhn et al. 2002; Thouand et al. 
2008). Luciferase genes have the enormous advantage in that background noise or photon 
emission is absent from food samples and the luminescence, when detected, reflects the 
presence of viable target bacteria. Other approaches include use of an ice nucleation reporter 
phage (Wolber and Green 1990); concentration by IMS followed by phage mediated release 
of adenylate kinase (AK) (Blasco et al. 1998; Wu et al. 2001); fluorescently labelled phage 
(Jiang et al 2009); and an IMS-bacteriophage plaque formation assay requiring the addition 
of a virucide to inactivate free phage particles (Fravrin et al. 2001). The usefulness of phage-
based cell wall recognition proteins for magnetic capture has also been recently described 
utilizing cell-wall-binding domains (CBDs) highly specific for recognition and binding to 
target cells surfaces (Kretzer et al. 2007; Korndoerfer et al. 2006; Loessner et al. 2002). 
Paramagnetic beads coated with CBD molecules were shown to outperform commercially 
available antibody-based magnetic beads with respect to sensitivity and percent recovery 
(Kretzer et al. 2007). An extension to this approach has been the use of phage-tail-associated 
recognition proteins for the immobilization of gram-negative cells (Galikowska et al. 2011). 
For example, BioMerieux. has recently introduced Salmonella Up, an automated ELISA 
based VIDAS assay using a phage recombinant protein derived from specific bacteriophage 
tail fibers for the detection of Salmonella in food and food ingredients within 18-24 hours 
after enrichment in a non-selective broth. 
Although at present commercial phage based detection systems are limited, the technology 
may circumvent the problem of viability presented by PCR, while promising to be more 
rapid than standard culture methods.  

6. Conclusions and future perspectives on Salmonella detection methods 
A wide range of methods for the detection of Salmonella has been developed in the last 
decade and significant progress has been made in sample preparation techniques for 
improved isolation and detection of Salmonella in foods and food ingredients. The use of 
immunomagenetic separation technique which separates target organisms from 
background flora, is now routinely applied in various diagnostic labs for a variety of 
foodborne pathogens including Salmonella. This technique has increased the sensitivity of 
the detection of Salmonella in various types of food and food ingredients as well as 
environmental samples with high levels of background. Similarly, the application of 
molecular methods, immunological methods, and bacteriophage detection systems for 
Salmonella is now routine in many diagnostic food microbiology labs. Novel technologies 
such as the application of biosensors, microarrays, and nanotechnology are currently in 
the research stage and these are likely to become available for routine testing of food and 
food ingredients within the next decade.  
The application of rapid methods for the detection, identification, and characterization of 
Salmonella provides a useful tool for assessment of the safety of food products when used in 
conjunction with foodsafety programs such as the Hazard Analysis Critical Control Point 
(HACCP) program for the assessment of raw materials and food ingredients used in food 
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processing and production. Further improvements to rapid methods for isolation and 
detection of Salmonella and other microbial pathogens will continue to focus on sample 
enrichment and preparation procedures to reduce test turn around times and increase the 
sensitivity of detection, and also on the application of novel technologies such as biosensors, 
microarrays and nanotechnology for pathogen detection in foods. 
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1. Introduction 
The analysis of food products for presence of pathogenic microorganisms is one of the basic 
steps to control safety and quality of food. Development of new, fast, and reliable 
identification methods for biological threats are necessary to meet the safety standards of 
food products and risk management. Salmonella spp., a marker of food products safety, is 
widely distributed foodborne pathogen.  
The standard culture methods to detect the presence of microorganisms in food products are 
well developed; although these methods require 4 to 5 days to obtain presumptive positive 
or negative results. These tests are time-consuming and can take up to 7 days depending on 
the realization of biochemical and serological confirmations. In addition, sensitivity of 
cultures can be affected by antibiotic treatment, inadequate sampling, and a small number of 
viable microorganisms in samples. 
Standardized classical culture methods are still in use by many labs, especially by regulatory 
agencies, because they are harmonized methods, looked at as the “gold standards” in food 
diagnostics and thus overall well accepted. These are important aspects in international 
trade and compliance testing. A serious drawback is that, although they demand no 
expensive infrastructure and are rather cheap in consumables, they are laborious to perform, 
demand large volumes usage of liquid and solid media and reagents, and encompass time-
consuming procedures both in operation and data collection. 
As an alternative to time-consuming culture methods, several approaches have been 
developed to accelerate detection of pathogenic microorganisms in food products. In the 
present work, besides the standard method of Salmonella spp. detection in food products 
(ISO 6579:2003) some alternative detection methods have been presented. 

2. Taking samples for tests 
The first stage of microbiological analysis of food consists in taking and preparing a sample for 
analyses. Incorrect sampling can lead to obtaining false negative or false positive results. When 
talking about taking samples, the term “representative sample” is often used. The sample 
should reflect the image of the product from which it originates as precisely as possible. It is 
quite easy to take a representative sample from liquid products, e.g. milk, if the milk has been 
sufficiently mixed before taking the sample. On the other hand, when the subject of 
examination is a product of high viscosity, with slow flow or of a heterogeneous structure, 
then it is very difficult to assess the microbiological quality of the entire batch (e.g. a barrel or a 
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truckload) by examining only one 25-gram sample. The answer to the question concerning the 
required number of single samples is extremely difficult. In view of the high costs of 
microbiological tests, the number of samples is generally limited. In a microbiological 
laboratory, samples are taken with the use of sterile tools, e.g. spoons, scalpels, knives, 
spatulas and pipettes. Frozen products should be first thawed at below 5°C (for not longer 
than 12 hours). In the case of deeply frozen samples, sterile drills are used for sampling. 
Determination of Salmonella sp. in food products always consists in detecting the presence of 
those bacteria in a specified amount of the product (generally 25g/ml, very rarely 10g/ml), 
but the number of those microorganisms in food is not determined. Both in the classical 
method and in its modifications, the first stage of detection is non-selective enrichment. This 
is crucial, since food production involves its technological treatment, e.g. heating, which can 
cause the death of most cells or cause sub-lethal injured. Omission of the stage of pre-
enrichment of the sample and inoculating the material directly on the solid medium can 
give false negative results. If the examined material includes a very low number of living 
cells, or the cells have been sub-lethally damaged during the technological processes, we 
may not receive macroscopically-visible colonies on the solid medium. In such a case there 
is a risk of releasing the product to market although it does not satisfy safety criteria. During 
the storage of such a product, damaged cells can be repaired and bacteria can proliferate to a 
level that would be hazardous for the consumers. 
There are many methods to determine Salmonella sp. in food and, for this reason, the present 
study focuses on the classical culture method – the application of a Vidas device – as the 
only fully automated one. Additionally, the PCR method (a commonly-applied alternative 
to the plate method) and the FISH method (which is still not popular, although work on its 
optimization is ongoing) are also described. 

3. A classical culture method of detecting Salmonella  
Detection of the presence of Salmonella pursuant to Commission Regulation (EC) No 
2073/2005 (microbiological criteria for foodstuff) as amended, is carried out according to the 
ISO 6579 standard - Microbiology of food and animal feeding stuffs - Horizontal method for 
detection of Salmonella spp.(ISO, 2002). Pursuant to the above regulation, detection of 
Salmonella in food should be carried out for such products as raw meat, meat products 
intended for consumption in the raw state, gelatine, cheese, butter, cream, unpasteurized 
milk, powdered milk, eggs and products containing raw eggs, crustaceans, molluscs, fruit 
and vegetables, unpasteurized juice, powdered infant formulas and dietary food for special 
medical purposes. 
Standard ISO 6579 2003 (Microbiology of food and animal feeding stuffs - Horizontal 
method for detection of Salmonella spp.)includes four stages of the detection process and 
depending on the need to obtain confirmations, it lasts from 5 to 7 days: 
 Pre-enrichment in non-selective liquid medium 
 Selective enrichment in liquid media 
 Plating on selective media 
 Serological and biochemical identification of suspected colonies 
During the first stage, in order to proliferate and regenerate damaged cells, the culture is 
performed on liquid peptone water at 37°C for 18±2 hours. Buffered peptone water is 
applied for non-selective enrichment of Salmonella sp. For such products as cocoa or 
chocolate products, peptone water is applied with an addition of casein or skimmed milk 
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and brilliant green in order to inhibit the growth of Gram-positive bacteria. In the case of 
acid and soured food products, peptone water should be used with double concentration of 
components, while for meat and food of high fat content, pre-enrichment should be 
performed in lactose broth with the addition of Triton X-100.  
 
 

 Non-selective pre-enrichment  
 25 g food in 225ml of 10% buffered pepton water 37°C, 24 h 
   
 Selective enrichment  
 0.1 ml in 10 ml Rappaport-Vassiliadis Soy Broth 37°C, 24 h 
 1 ml in 10 ml Tetrathionate broth (Müller-Kauffman) 41.5°C, 24 h 
   
 Isolation  
 XLD with an inoculation loop  
 BGA or Hektoen or other selective agar plates with an 

inoculation loop 
37°C, 24 h 

   
 Streaking on nutrient agar 37°C, 24 h 
   
 Biochemical confirmation 37°C, 24 h 
   
 TSI  
 Urea broth  
 LDC  
 ONPG  
 VP  
 Indole  
   
 Serotyping  
 O-antigens  
 H-antigens  
   

Fig. 1. Flow diagram for detection of Salmonella. 

After the non-selective pre-enrichment stage, a 0.1cm3 sample is taken from the culture and 
inoculated on 10cm3 of selective medium, Rappaport-Vassiliadis with soya, and on Muller-
Kauffmann medium in the amount of 1 cm3. Rappaport-Vassiliadis (RVS) medium is solid, 
strongly selective and contains malachite green and sodium chloride (inhibiting the growth 
of accompanying microflora). Soya peptone, pH 5.2, and increased temperature of 
incubation (41.5°C) favour the growth of Salmonella sp. strains. The medium is dark blue and 
clear. Salmonella sp. strains grow on this medium in the form of milky residue, while the 
colour of the medium itself does not change. The other selective medium, Muller-
Kauffmann broth (MKTTn), contains sodium thiosulphate and potassium iodide, which 
react to form a compound known as sodium tetrathionate, inhibiting the growth of the 
coliforms. Salmonella sp. are able to reduce this compound. The broth also contains brilliant 
green, which, in turn, inhibits the growth of Gram-positive bacteria. 
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After incubation at 37°C for 48±3 hours, cultures are inoculated on two selective media, so 
as to receive individual colonies. The first of them is XLD (xylose lysine deoxycholate) agar. 
The other can be chosen by the laboratory, and it can be BGA (brilliant green agar), Hektoen 
or Wilson-Blair agar for example. 
XLD agar contains lactose, saccharose, L-lysine, sodium thiosulphate, sodium deoxycholate, 
ferric ammonium citrate (III) and phenol red. Differential agents of the agar include: 
lactose, saccharose, xylose, lysine and sodium thiosulphate, from which hydrogen sulfide 
is released, forming in reaction with iron salts (III) black residue of iron sulfide in the 
centre of the colony. The pH indicator is phenol red. The agar makes it possible to 
determine the sugar fermentation ability. Incubation is carried out at 37ºC for 24±3 hours. 
Typical colonies can be colourless, very light, slightly shiny and transparent (colour of the 
medium) with a dark tinted centre, surrounded by a light red area and yellow edge, or of 
pink to red colour, with a black centre or without a black centre. H2S (–) colonies are 
colourless or light pink with darker centres, and lactose (+) colonies are yellow or without 
the characteristic blackening. 
BGA. Differential factors of this agar are sugars: saccharose and lactose. Brilliant green is a 
selective agent. Typical colonies are transparent, colourless or light pink, and the colour 
around colonies changes from pink to light red. 
Hektoen agar. Selective agents include bile salts, inhibiting the growth of Gram (+) bacteria 
Differential factors are three sugars: lactose, saccharose and salicin. Increased lactose 
content ensures that bacteria fermenting this sugar with a delay are not omitted. Bacteria 
colonies producing hydrogen sulfide had a dark centre as a result of the reaction between 
hydrogen sulfide and iron (III). Typical colonies of Salmonella sp. are green, with or 
without a black centre. 
Wilson-Blair agar. This is a strongly selective and differential medium for Salmonella, 
including S. Typhi isolated from food. Salmonella spp., depending on the strain, grow in the 
form of black colonies surrounded with an area of black medium or dark brown and brown 
without this area. A characteristic feature of Salmonella spp. colonies is a metallic, shining 
surface as a result of produced hydrogen sulfide, forming a metallically-black residue in 
reaction with iron ions. The growth of Gram-positive bacteria and other Enterobacteriaceae, 
including Shigella spp., is strongly inhibited by brilliant green and bismuth sulfite present in 
the medium. 
Rambach-agar chromogenic medium – with sodium deoxycholate, proplylene glycol and 
chromogenic mix. Colonies of Salmonella sp. are red as a result of glycol fermentation, 
lactose positive bacteria from the coli group, due to the activity of galactosidase, destroy a 
bound between the components of chromogenic mix and released chromophore gives those 
colonies a blue-violet or blue-green colouring. Salmonella Typhi and Salmonella Paratyphi 
form colourless or yellowish colonies on this medium. 
New selective media have been developed based on biochemical characteristic of Salmonella 
such as α-galactosidase activity in the absence of β-galactosidase activity, C8-esterase 
activity, catabolism of glucuronate, glycerol and propylene glycol, hydrolysis of X-5-Gal, 
and H2S production. e.g. SMID agar (BioNerieux, France), Rainbow Salmonella agar (Biolog, 
USA), CHROMagar Salmonella (CHROM agar, France), chromogenic Salmonella esterase agar 
(PPR Diagnostics Ltd, UK), Compass Salmonella agar (Biokar diagnostics, France), and 
chromogenic ABC medium (Lab M. Ltd., UK) (Maciorowski et al., 2006; Manafi, 2000; Perry 
et al., 2007; Schonenbrucher et al., 2008) 
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MEDIUM REACTIONS/ENZYMES 
RESULTS 

NEGATIVE POSITIVE 

TSIa 

Acid production (if the 
butt is yellow, and the 

slope is red, acid 
production is only from 

glucose) 

Butt red Butt yellow 

TSIa Acid production from 
lactose and/or sucrose Surface red Surface yellow 

TSIa Gas production No air bubbles in 
butt Air bubbles in butt 

TSIa H2S production No black colour Black colour 

UREA BROTH Urease Yellow Rose pink – deep 
cerise 

LCD TEST Lysine decarboxylase A yellow/brown 
colour 

A purple colour 
(and a 

yellow/brown 
colour in the LDC 
control medium if 

used) 

ONPG β-Galactosidase Remain 
colourless Yellow 

VOGES 
PROSKAUER Acetoin production Remain 

colourless A pink/red colour 

INDOLE Indole production Yellow ring Red / pink ring 

 

Table 1. Interpretation table. aRegarding TSI: Read the colour of the butt and of the surface 
of the medium; ALK: A red colour corresponding to no acid production; NC: No change in 
the colour of the medium ; A: A yellow colour corresponding to acid production; G: Gas 
production in the butt; H2S production; +: Black colour; -: No black colour  

After 48 h incubation at 37°C, a preliminary identification is made on the basis of the 
appearance of colonies grown on selective media. Five characteristic colonies are selected 
from each plate and are plating on the nutrient agar medium, followed by biochemical 
examinations. In order to perform these examinations, biochemical tests are carried out on 
the following media: 
 TSI medium (Triple-sugar iron agar) 
 Christensen medium with urea (urease production) 
 peptone medium with tryptophan (indole production) 
 medium with lysine (lysine decarboxylation) 
 Clark medium (V-P reaction) 
 ONPG medium (β-galactosidase detection) 
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After incubation at 37°C for 48±3 hours, cultures are inoculated on two selective media, so 
as to receive individual colonies. The first of them is XLD (xylose lysine deoxycholate) agar. 
The other can be chosen by the laboratory, and it can be BGA (brilliant green agar), Hektoen 
or Wilson-Blair agar for example. 
XLD agar contains lactose, saccharose, L-lysine, sodium thiosulphate, sodium deoxycholate, 
ferric ammonium citrate (III) and phenol red. Differential agents of the agar include: 
lactose, saccharose, xylose, lysine and sodium thiosulphate, from which hydrogen sulfide 
is released, forming in reaction with iron salts (III) black residue of iron sulfide in the 
centre of the colony. The pH indicator is phenol red. The agar makes it possible to 
determine the sugar fermentation ability. Incubation is carried out at 37ºC for 24±3 hours. 
Typical colonies can be colourless, very light, slightly shiny and transparent (colour of the 
medium) with a dark tinted centre, surrounded by a light red area and yellow edge, or of 
pink to red colour, with a black centre or without a black centre. H2S (–) colonies are 
colourless or light pink with darker centres, and lactose (+) colonies are yellow or without 
the characteristic blackening. 
BGA. Differential factors of this agar are sugars: saccharose and lactose. Brilliant green is a 
selective agent. Typical colonies are transparent, colourless or light pink, and the colour 
around colonies changes from pink to light red. 
Hektoen agar. Selective agents include bile salts, inhibiting the growth of Gram (+) bacteria 
Differential factors are three sugars: lactose, saccharose and salicin. Increased lactose 
content ensures that bacteria fermenting this sugar with a delay are not omitted. Bacteria 
colonies producing hydrogen sulfide had a dark centre as a result of the reaction between 
hydrogen sulfide and iron (III). Typical colonies of Salmonella sp. are green, with or 
without a black centre. 
Wilson-Blair agar. This is a strongly selective and differential medium for Salmonella, 
including S. Typhi isolated from food. Salmonella spp., depending on the strain, grow in the 
form of black colonies surrounded with an area of black medium or dark brown and brown 
without this area. A characteristic feature of Salmonella spp. colonies is a metallic, shining 
surface as a result of produced hydrogen sulfide, forming a metallically-black residue in 
reaction with iron ions. The growth of Gram-positive bacteria and other Enterobacteriaceae, 
including Shigella spp., is strongly inhibited by brilliant green and bismuth sulfite present in 
the medium. 
Rambach-agar chromogenic medium – with sodium deoxycholate, proplylene glycol and 
chromogenic mix. Colonies of Salmonella sp. are red as a result of glycol fermentation, 
lactose positive bacteria from the coli group, due to the activity of galactosidase, destroy a 
bound between the components of chromogenic mix and released chromophore gives those 
colonies a blue-violet or blue-green colouring. Salmonella Typhi and Salmonella Paratyphi 
form colourless or yellowish colonies on this medium. 
New selective media have been developed based on biochemical characteristic of Salmonella 
such as α-galactosidase activity in the absence of β-galactosidase activity, C8-esterase 
activity, catabolism of glucuronate, glycerol and propylene glycol, hydrolysis of X-5-Gal, 
and H2S production. e.g. SMID agar (BioNerieux, France), Rainbow Salmonella agar (Biolog, 
USA), CHROMagar Salmonella (CHROM agar, France), chromogenic Salmonella esterase agar 
(PPR Diagnostics Ltd, UK), Compass Salmonella agar (Biokar diagnostics, France), and 
chromogenic ABC medium (Lab M. Ltd., UK) (Maciorowski et al., 2006; Manafi, 2000; Perry 
et al., 2007; Schonenbrucher et al., 2008) 
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MEDIUM REACTIONS/ENZYMES 
RESULTS 

NEGATIVE POSITIVE 

TSIa 

Acid production (if the 
butt is yellow, and the 

slope is red, acid 
production is only from 

glucose) 

Butt red Butt yellow 

TSIa Acid production from 
lactose and/or sucrose Surface red Surface yellow 

TSIa Gas production No air bubbles in 
butt Air bubbles in butt 

TSIa H2S production No black colour Black colour 

UREA BROTH Urease Yellow Rose pink – deep 
cerise 

LCD TEST Lysine decarboxylase A yellow/brown 
colour 

A purple colour 
(and a 

yellow/brown 
colour in the LDC 
control medium if 

used) 

ONPG β-Galactosidase Remain 
colourless Yellow 

VOGES 
PROSKAUER Acetoin production Remain 

colourless A pink/red colour 

INDOLE Indole production Yellow ring Red / pink ring 

 

Table 1. Interpretation table. aRegarding TSI: Read the colour of the butt and of the surface 
of the medium; ALK: A red colour corresponding to no acid production; NC: No change in 
the colour of the medium ; A: A yellow colour corresponding to acid production; G: Gas 
production in the butt; H2S production; +: Black colour; -: No black colour  

After 48 h incubation at 37°C, a preliminary identification is made on the basis of the 
appearance of colonies grown on selective media. Five characteristic colonies are selected 
from each plate and are plating on the nutrient agar medium, followed by biochemical 
examinations. In order to perform these examinations, biochemical tests are carried out on 
the following media: 
 TSI medium (Triple-sugar iron agar) 
 Christensen medium with urea (urease production) 
 peptone medium with tryptophan (indole production) 
 medium with lysine (lysine decarboxylation) 
 Clark medium (V-P reaction) 
 ONPG medium (β-galactosidase detection) 
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Test Positive or negative 
reaction 

Percentage of Salmonella 
inoculations showing the 

reaction1) 

 
TSI glucose (acid formation) 
TSI glucose (gas formation) 
TSI lactose 
TSI sucrose 
TSI hydrogen sulfide 
Urea splitting 
Lysine decarboxylation 
β-Galactosidase reaction 
Voges-Proskauer reaction 
Indole reaction 

 
+ 
+ 
- 
- 
+ 
- 
+ 
- 
- 
- 

 
100 

91.92) 

99.23) 

99.5 
91.6 
99 

94.64) 
98.43) 

100 
98.9 

1) These percentages indicate only that not all strains of Salmonella show the reactions marked + or -. 
These percentages may vary from country to country and from food product to food product.  
2) Salmonella Typhi is anaerogenic.  
3) The Salmonella subspecies III (Arizona) gives positive or negative lactose reactions but is always β-
galactosidase positive. The Salmonella subspecies II gives a negative lactose reaction, but gives a positive 
β-galactosidase reaction. For the study of strains, it may be useful to carry out complementary 
biochemical tests.  
4 S. Paratyphi A is negative.  
Table 2. Biochemical results for Salmonella. 

Triple-sugar iron agar is used for differentiation of Enterobactericeae according to their 
ability to ferment lactose, sucrose and glucose. The colour of the slope and the butt and gas 
production are noted. Acid production from fermentation of one or more of the sugars 
results in a yellow colour because the phenol red indicator turns yellow at low pH. Very 
little glucose is present in the medium, so if a bacteria, like Salmonella, only ferments glucose 
then only a little acid will be formed. On the slope, the acid will be oxidised by the air and 
by the breakdown of protein in the medium and the colour will remain red while the butt is 
yellow. H2S production from thiosulphate will be seen as black areas in the medium due to 
FeS production. Gas production from fermentation of sugars will be seen as gas bubbles in 
the medium. The medium is only lightly inoculated.  
Christensen medium with urea. Urea medium tests for high urea activity. It is the most 
common method to detect urease production by Enterobacteriaceae (1): 

  2 2 3 22NH CO H O 2NH CO     (1) 

The phenol red turns red at alkaline pH so a positive reaction is shown as the development 
of a red-pink colour. 
Tryptone/tryptophane medium for indole reaction. The media is used for testing the 
liberation of indole from tryptophane. When Kovacs reagent containing amyl alcohol and p-
dimethylaminobenzaldehyde is added, indole can be extracted into the amyl alcohol layer by 
shaking a little. Indole and p-dimethylaminobenzaldehyde produces a red or pink colour. 
L-Lysine decarboxylation medium for the LDC test. The LDC broth is used for the test of 
production of lysine decarboxylase. This enzyme decarboxylates lysine to yield the alkaline 
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compound cadaverin and 2CO . A paraffin oil layer is added after inoculation to keep the 
pH alkaline. Often glucose is metabolised in the beginning of the incubation period and a 
yellow colour develops in the media after some hours of incubation, but later the media 
turns purple if the lysin decarboxylase is present because of formation of the alkaline 
compound cadaverin. As other compounds in the media could be broken down to alkaline 
compounds, the LDC control media without lysine is also inoculated, a layer of paraffin oil 
added and it is incubated at the same time. If both the LDC media and the LDC control 
media turn purple, it cannot be shown that lysine decarboxylase is present and the test is 
evaluated as negative. 
Medium VP. This is a test for acetoin production from glucose. The acetoin produced is 
oxidised to diacetyl, which produces a red colour with α-naphtol at alkaline pH. A positive 
reaction is seen as a very pale red colour. 
ONPG medium. This medium shows the presence of β-galactosidase producing bacteria. β-
galactosidase liberates o-nitrophenol, which is yellow at alkaline pH, from ONPG. The 
reaction is positive if a yellow colour develops.  
API. Determination of biochemical features of the examined bacteria can also involve the 
application of API 20E tests (Biomerieux), aimed at identification of bacteria from the family 
Enterobacteriaceae. The API 20E system facilitates the 24-hour identification of 
Enterobacteriaceae as well as 24 or 48-hour identification of other Gram negative bacteria. The 
API 20E strip consists of microtubes containing dehydrated substrates for the demonstration 
of enzymatic activity and carbohydrate (CHO) fermentation. The substrates are 
reconstituted by adding a bacterial suspension. After incubation, the metabolic end products 
are detected by indicator systems or the addition of reagents. CHO fermentation is detected 
by colour change in the pH indicator. 
Serological tests. These tests are carried out for strains of bacteria which have been 
classified into the Salmonella genus on the basis of their biochemical features, in order to 
detect the presence of somatic O, capsular Vi and flagellar H antigens. The examinations are 
carried out by slide agglutination on the basis of Kauffmann-White antigenic schema. 
Polyvalent and monovalent serums should be used to determine somatic antigens, and anti-
Vi and anti – H serums to detect the presence of Vi and H antigen. Determination of 
flagellar antigens makes it possible to determine the serological type of the examined 
bacteria. 
Culture methods are labor intensive and time consuming when handling many samples. In 
addition, detection can be prevented by the presence of other competing microorganisms 
during cultural enrichment, and the selective agar media have a very poor specificity 
creating an abundance of false positives (such as Citrobacter or Proteus) (Manafi, 2000). 
Therefore, there is a need for Salmonella detection methods that provide results more rapidly 
with sensitivity similar to or greater than, the conventional methods. 

4. Polymerase chain reaction 
Due to its high sensitivity, specificity, and rapid results, PCR is an efficient alternative to 
conventional microbiological culture methods to detect specific types of microorganisms in 
foods, water, and environmental samples (Moganedi et al., 2007; Glynn et al., 2006; 
Piknova´et al., 2002). The International Standardization Organization (ISO) recently 
published standards which address the PCR methodology for the detection of food-borne 
pathogens (Tomás et al., 2009). 
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Test Positive or negative 
reaction 

Percentage of Salmonella 
inoculations showing the 

reaction1) 

 
TSI glucose (acid formation) 
TSI glucose (gas formation) 
TSI lactose 
TSI sucrose 
TSI hydrogen sulfide 
Urea splitting 
Lysine decarboxylation 
β-Galactosidase reaction 
Voges-Proskauer reaction 
Indole reaction 

 
+ 
+ 
- 
- 
+ 
- 
+ 
- 
- 
- 

 
100 

91.92) 

99.23) 

99.5 
91.6 
99 

94.64) 
98.43) 

100 
98.9 

1) These percentages indicate only that not all strains of Salmonella show the reactions marked + or -. 
These percentages may vary from country to country and from food product to food product.  
2) Salmonella Typhi is anaerogenic.  
3) The Salmonella subspecies III (Arizona) gives positive or negative lactose reactions but is always β-
galactosidase positive. The Salmonella subspecies II gives a negative lactose reaction, but gives a positive 
β-galactosidase reaction. For the study of strains, it may be useful to carry out complementary 
biochemical tests.  
4 S. Paratyphi A is negative.  
Table 2. Biochemical results for Salmonella. 

Triple-sugar iron agar is used for differentiation of Enterobactericeae according to their 
ability to ferment lactose, sucrose and glucose. The colour of the slope and the butt and gas 
production are noted. Acid production from fermentation of one or more of the sugars 
results in a yellow colour because the phenol red indicator turns yellow at low pH. Very 
little glucose is present in the medium, so if a bacteria, like Salmonella, only ferments glucose 
then only a little acid will be formed. On the slope, the acid will be oxidised by the air and 
by the breakdown of protein in the medium and the colour will remain red while the butt is 
yellow. H2S production from thiosulphate will be seen as black areas in the medium due to 
FeS production. Gas production from fermentation of sugars will be seen as gas bubbles in 
the medium. The medium is only lightly inoculated.  
Christensen medium with urea. Urea medium tests for high urea activity. It is the most 
common method to detect urease production by Enterobacteriaceae (1): 

  2 2 3 22NH CO H O 2NH CO     (1) 

The phenol red turns red at alkaline pH so a positive reaction is shown as the development 
of a red-pink colour. 
Tryptone/tryptophane medium for indole reaction. The media is used for testing the 
liberation of indole from tryptophane. When Kovacs reagent containing amyl alcohol and p-
dimethylaminobenzaldehyde is added, indole can be extracted into the amyl alcohol layer by 
shaking a little. Indole and p-dimethylaminobenzaldehyde produces a red or pink colour. 
L-Lysine decarboxylation medium for the LDC test. The LDC broth is used for the test of 
production of lysine decarboxylase. This enzyme decarboxylates lysine to yield the alkaline 
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compound cadaverin and 2CO . A paraffin oil layer is added after inoculation to keep the 
pH alkaline. Often glucose is metabolised in the beginning of the incubation period and a 
yellow colour develops in the media after some hours of incubation, but later the media 
turns purple if the lysin decarboxylase is present because of formation of the alkaline 
compound cadaverin. As other compounds in the media could be broken down to alkaline 
compounds, the LDC control media without lysine is also inoculated, a layer of paraffin oil 
added and it is incubated at the same time. If both the LDC media and the LDC control 
media turn purple, it cannot be shown that lysine decarboxylase is present and the test is 
evaluated as negative. 
Medium VP. This is a test for acetoin production from glucose. The acetoin produced is 
oxidised to diacetyl, which produces a red colour with α-naphtol at alkaline pH. A positive 
reaction is seen as a very pale red colour. 
ONPG medium. This medium shows the presence of β-galactosidase producing bacteria. β-
galactosidase liberates o-nitrophenol, which is yellow at alkaline pH, from ONPG. The 
reaction is positive if a yellow colour develops.  
API. Determination of biochemical features of the examined bacteria can also involve the 
application of API 20E tests (Biomerieux), aimed at identification of bacteria from the family 
Enterobacteriaceae. The API 20E system facilitates the 24-hour identification of 
Enterobacteriaceae as well as 24 or 48-hour identification of other Gram negative bacteria. The 
API 20E strip consists of microtubes containing dehydrated substrates for the demonstration 
of enzymatic activity and carbohydrate (CHO) fermentation. The substrates are 
reconstituted by adding a bacterial suspension. After incubation, the metabolic end products 
are detected by indicator systems or the addition of reagents. CHO fermentation is detected 
by colour change in the pH indicator. 
Serological tests. These tests are carried out for strains of bacteria which have been 
classified into the Salmonella genus on the basis of their biochemical features, in order to 
detect the presence of somatic O, capsular Vi and flagellar H antigens. The examinations are 
carried out by slide agglutination on the basis of Kauffmann-White antigenic schema. 
Polyvalent and monovalent serums should be used to determine somatic antigens, and anti-
Vi and anti – H serums to detect the presence of Vi and H antigen. Determination of 
flagellar antigens makes it possible to determine the serological type of the examined 
bacteria. 
Culture methods are labor intensive and time consuming when handling many samples. In 
addition, detection can be prevented by the presence of other competing microorganisms 
during cultural enrichment, and the selective agar media have a very poor specificity 
creating an abundance of false positives (such as Citrobacter or Proteus) (Manafi, 2000). 
Therefore, there is a need for Salmonella detection methods that provide results more rapidly 
with sensitivity similar to or greater than, the conventional methods. 

4. Polymerase chain reaction 
Due to its high sensitivity, specificity, and rapid results, PCR is an efficient alternative to 
conventional microbiological culture methods to detect specific types of microorganisms in 
foods, water, and environmental samples (Moganedi et al., 2007; Glynn et al., 2006; 
Piknova´et al., 2002). The International Standardization Organization (ISO) recently 
published standards which address the PCR methodology for the detection of food-borne 
pathogens (Tomás et al., 2009). 
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Gene 
Target Matrices Enrichment Limit of 

detection 
Primers (1-forward; 2-reverse; 

3-probe) References 

            

ttrBCA 

chicken 

20 h < 3 
CFU/ml 

1: CTC ACC AGG AGA TTA CAA CAT 
GG 

Malorny  
et al., 2004 

minced 
meat 

2: AGC TCA GAC CAA AAG TGA CCA 
TC 

fish 3: CAC CGA CGG CGA GAC CGA CTT T 

      

fimC 

  
103 

CFU/ml 

1: ATA AAT CCG GCG GCC TGA TG 

Seo et al., 
2006 

ice cream without 2: TGG TAT CGA CGC CTT TAT CTG 
AGA 

  
3: TTA CAC CGG AGT GGA TTA AAC 
GGC TGG G 

      

invA 

salmon 

16h 

2,5-5 
CFU/25g 

1: GTG AAA TAA TCG CCA CGT TCG 
GGC AA 

Hein et al., 
2006 

chicken 
meat 

(salmon, 
chicken) 

2: TCA TCG CAC CGT CAA AGG AAC 
CGT AA 

milk 
5 

CFU/25
ml (milk) 

3: TTA TTG GCG ATA GCC TGG CGG 
TGG GTT TTG TTG 

      

invA 
 

35°C-24h 
(pre-)  1: AAC GTG TTT CCG TGC GTA AT 

Cheng  
et al., 2008 

chili 
powder 41°C-24h 0,04  

CFU/g 2: TCC ATC AAA TTA GCG GAG GC 

shrimp (selective)  3: TGG AAG CGC TCG CAT TGT GG 

      

oriC 

   1: TCACCTGCGACAGCCATGA 

McCarthy 
et al., 2009 

cheddar   2: TGAGCATCGCCATCGGCAT 

turkey 
meat 

48 h 
(selective) 

6,1 x 101 
CFU/ml 

3: ATTCCAGCAGTCGGCCATAGCTG  
(Set I) 

cooked 
turkey 
meat   1: CATTGATGCCATGGGTGACART 

   2: CGTGACGATAATCCGTGTAC 

      3: TACACGAGTCACTAAATCCTTCAGT 
(Set II) 

Table 3. Detection of Salmonella using real-time PCR.increase of the released dye 
concentration). Consequently, we are able to monitor, in real time, whether the product of 
reaction has been obtained. 
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4.1 Conventional PCR 
PCR – polymerase chain reaction – is an enzymatic reaction replicating a DNA molecule. A 
critical condition of the PCR course is the presence of an enzyme, thermostable DNA 
polymerase. Substrates of the reaction are deoxyribonucleotides (building blocks of newly 
synthesized DNA molecules) and oligonucleotides (starters), which on a complementary 
basis attach to the replicated DNA strand. Polymerase chain reaction is a thermal process, 
with cyclically changing temperatures. One cycle leading to synthesis of one copy of DNA 
from one matrix molecule is composed of the following stages: DNA denaturation (90-95°C), 
attachment of starters (the so-called annealing, 50-65°C) and strand elongation. Reaction 
under laboratory conditions is carried out in a device known as thermocycler. Usually, one 
PCR reaction is made of 35-40 cycles, which result in creating billions of copies of an 
individual DNA molecule (with a logarithmic increase of the product in each cycle). 

4.2 Real–time PCR 
Real-time PCR is a polymerase chain reaction observed in real time, is an improvement of 
the classical PCR method (Al-Soud et al., 2005; Bansal et al., 2006). A real-time PCR 
thermocycler is equipped with an optical system which collects information about the 
course of reaction, cycle by cycle. TaqMan® probes labelled with fluorescent dyes make an 
additional component of PCR real time reactions. A probe is an oligonucleotide designed to 
bind highly specifically to a replicated fragment of DNA, therefore – in case of the analysed 
application in food microbiology – to “detect” a sequence which is characteristic for the 
required pathogen. The probe should bind specifically and strongly, which can be ensured 
by special protein molecules (a MGB molecule in TaqMan® Applied Biosystems probes). 
Polymerase, while synthesising a new strand, moves along the matrix, encountering a probe 
on its way. Because of its exonucleolytic activity, the enzyme starts to “unstick” the probe 
from the matrix and afterwards to destroy it, releasing a fluorescent dye. An optical system 
of the thermocycler triggers and then receives dye glow, which becomes more intense with 
each cycle (a logarithmic increase of the amount of product results in a logarithmic 
A forty-cycle real-time PCR reaction lasts about 1.5 hours. After adding the time needed to 
isolate DNA from the analysed sample (up to 30 minutes), the entire determination of the 
presence or the lack of pathogen lasts 2 hours (while using the Applied Biosystems 
TaqMan® Pathogen Detection System). Samples for determination are taken from pre-
enrichment cultures on buffered peptone water after 18 h incubation at 37°C, so the total 
time from the collection of a sample to the final results does not exceed 24 hours.  
Chen et al. (2000) evaluated the TaqMan system for the detection of Salmonella that utilizes 
primers and probes developed from a novel target sequence (invA). The detection limit was 
below 3 CFU/25 g or 25 ml when raw milk, ground beef and ground pork inoculated with 
Salmonella were pre-enriched overnight. Malorny et al. (2004) used specifically designed 
primers and a probe target within the ttrRSBCA locus, and included internal amplification 
control, which is coamplified with the same primers as the Salmonella DNA in the assay. The 
diagnostic accuracy was shown to be 100% compared to the traditional culture method 
when 110 various food samples (chicken rinses, minced meat, fish, and raw milk) were 
investigated for Salmonella by real-time PCR including a pre-enrichment step in buffered 
peptone water. 
A very frequent target of species-specific Salmonella PCR assays is the invasion protein invA 
gene, and several invA-based PCR assays have been already developed and validated 
(Malorny et al. 2003a; b). 
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Gene 
Target Matrices Enrichment Limit of 

detection 
Primers (1-forward; 2-reverse; 
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Malorny  
et al., 2004 

minced 
meat 

2: AGC TCA GAC CAA AAG TGA CCA 
TC 

fish 3: CAC CGA CGG CGA GAC CGA CTT T 

      

fimC 

  
103 

CFU/ml 

1: ATA AAT CCG GCG GCC TGA TG 

Seo et al., 
2006 

ice cream without 2: TGG TAT CGA CGC CTT TAT CTG 
AGA 

  
3: TTA CAC CGG AGT GGA TTA AAC 
GGC TGG G 

      

invA 

salmon 

16h 

2,5-5 
CFU/25g 

1: GTG AAA TAA TCG CCA CGT TCG 
GGC AA 

Hein et al., 
2006 

chicken 
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(salmon, 
chicken) 

2: TCA TCG CAC CGT CAA AGG AAC 
CGT AA 

milk 
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CFU/25
ml (milk) 

3: TTA TTG GCG ATA GCC TGG CGG 
TGG GTT TTG TTG 

      

invA 
 

35°C-24h 
(pre-)  1: AAC GTG TTT CCG TGC GTA AT 

Cheng  
et al., 2008 

chili 
powder 41°C-24h 0,04  

CFU/g 2: TCC ATC AAA TTA GCG GAG GC 

shrimp (selective)  3: TGG AAG CGC TCG CAT TGT GG 

      

oriC 

   1: TCACCTGCGACAGCCATGA 

McCarthy 
et al., 2009 

cheddar   2: TGAGCATCGCCATCGGCAT 

turkey 
meat 

48 h 
(selective) 

6,1 x 101 
CFU/ml 

3: ATTCCAGCAGTCGGCCATAGCTG  
(Set I) 

cooked 
turkey 
meat   1: CATTGATGCCATGGGTGACART 

   2: CGTGACGATAATCCGTGTAC 

      3: TACACGAGTCACTAAATCCTTCAGT 
(Set II) 

Table 3. Detection of Salmonella using real-time PCR.increase of the released dye 
concentration). Consequently, we are able to monitor, in real time, whether the product of 
reaction has been obtained. 
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4.1 Conventional PCR 
PCR – polymerase chain reaction – is an enzymatic reaction replicating a DNA molecule. A 
critical condition of the PCR course is the presence of an enzyme, thermostable DNA 
polymerase. Substrates of the reaction are deoxyribonucleotides (building blocks of newly 
synthesized DNA molecules) and oligonucleotides (starters), which on a complementary 
basis attach to the replicated DNA strand. Polymerase chain reaction is a thermal process, 
with cyclically changing temperatures. One cycle leading to synthesis of one copy of DNA 
from one matrix molecule is composed of the following stages: DNA denaturation (90-95°C), 
attachment of starters (the so-called annealing, 50-65°C) and strand elongation. Reaction 
under laboratory conditions is carried out in a device known as thermocycler. Usually, one 
PCR reaction is made of 35-40 cycles, which result in creating billions of copies of an 
individual DNA molecule (with a logarithmic increase of the product in each cycle). 

4.2 Real–time PCR 
Real-time PCR is a polymerase chain reaction observed in real time, is an improvement of 
the classical PCR method (Al-Soud et al., 2005; Bansal et al., 2006). A real-time PCR 
thermocycler is equipped with an optical system which collects information about the 
course of reaction, cycle by cycle. TaqMan® probes labelled with fluorescent dyes make an 
additional component of PCR real time reactions. A probe is an oligonucleotide designed to 
bind highly specifically to a replicated fragment of DNA, therefore – in case of the analysed 
application in food microbiology – to “detect” a sequence which is characteristic for the 
required pathogen. The probe should bind specifically and strongly, which can be ensured 
by special protein molecules (a MGB molecule in TaqMan® Applied Biosystems probes). 
Polymerase, while synthesising a new strand, moves along the matrix, encountering a probe 
on its way. Because of its exonucleolytic activity, the enzyme starts to “unstick” the probe 
from the matrix and afterwards to destroy it, releasing a fluorescent dye. An optical system 
of the thermocycler triggers and then receives dye glow, which becomes more intense with 
each cycle (a logarithmic increase of the amount of product results in a logarithmic 
A forty-cycle real-time PCR reaction lasts about 1.5 hours. After adding the time needed to 
isolate DNA from the analysed sample (up to 30 minutes), the entire determination of the 
presence or the lack of pathogen lasts 2 hours (while using the Applied Biosystems 
TaqMan® Pathogen Detection System). Samples for determination are taken from pre-
enrichment cultures on buffered peptone water after 18 h incubation at 37°C, so the total 
time from the collection of a sample to the final results does not exceed 24 hours.  
Chen et al. (2000) evaluated the TaqMan system for the detection of Salmonella that utilizes 
primers and probes developed from a novel target sequence (invA). The detection limit was 
below 3 CFU/25 g or 25 ml when raw milk, ground beef and ground pork inoculated with 
Salmonella were pre-enriched overnight. Malorny et al. (2004) used specifically designed 
primers and a probe target within the ttrRSBCA locus, and included internal amplification 
control, which is coamplified with the same primers as the Salmonella DNA in the assay. The 
diagnostic accuracy was shown to be 100% compared to the traditional culture method 
when 110 various food samples (chicken rinses, minced meat, fish, and raw milk) were 
investigated for Salmonella by real-time PCR including a pre-enrichment step in buffered 
peptone water. 
A very frequent target of species-specific Salmonella PCR assays is the invasion protein invA 
gene, and several invA-based PCR assays have been already developed and validated 
(Malorny et al. 2003a; b). 
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Validated PCR methods are available from Bio-Rad, Roche, Qualicon/Oxoid, 
Genesystems, AES Chemunex, Applied BioSystems, Idaho Technology Inc., Lantmännen, 
IEH Laboratries and Consulting Group, ADNucleis and BioControl systems. Validation is 
an important step in the process of standardizing a method because it provides evidence 
that the new method gives similar results and is in agreement with the currently used 
reference method (Patel et al., 2006). 
One major difficulty with PCR is the presence of compounds that inhibit the PCR reaction. 
These compounds can contaminate the DNA templates extracted from food samples and 
may in turn generate false-negative results (Elizaquivel et al., 2008). Therefore, evaluation 
and elimination of PCR inhibitory compounds are important steps in the development of 
PCR and real-time PCR assays (Abu Al-Soud et al., 2000). The PCR procedure is sufficiently 
sensitive such that, in theory, only a few template molecules are required to initiate the 
synthesis reactions (Uyttendaele et al., 2003). However, an enrichment step is still required 
to detect small numbers of Salmonella in food samples. This step may consist of non-selective 
enrichment with buffered peptone water (BPW) and selective enrichment with Rappaport-
Vassiliadis. These enrichment broth have been directly utilized for Salmonella DNA template 
preparation. However, limited research has been conducted to quantitatively evaluate the 
effects of the enrichment broths using conventional PCR assays and even less using a real-
time PCR protocol. Therefore, identifying and eliminating the PCR inhibitory effects of the 
enrichment broths is key to enhancing the performance of PCR assays in detecting 
Salmonella in foods. 

4.3 Multiplex polymerase chain reaction (PCR) 
Multiplex PCR is a variant of the PCR technique in which two or more loci are 
simultaneously amplified in the same reaction. Multiplex PCR can be described as a 
specific and sensitive in vitro amplification of DNA with distinguishable size products 
from the same or different organisms in a single reaction (Jasson et al., 2010; Fitzgerald et 
al., 2007). In this methodology several specific primer sets are combined into a single PCR 
assay. MPCR is undoubtedly useful to rapidly establish simultaneous detection of 
multiple virulence factors (Fach et al., 2009) or combined detection of multiple isolates 
(Kawasaki et al., 2009; Settanni & Corsetti, 2007). A convened format for MPCR is the 
GeneDisc (PALL) (Beutin et al., 2009).  
Recently, multiplex real-time PCR assays have been applied to detect more than two gene 
sequences in a single reaction by using spectrally distinct dye-labeled probes (TaqMan 
system) (Elizaquivel et al., 2008). This technology could potentially save time and effort in 
the laboratory and thus may lower testing-related costs incurred by the food industry 
(Elizaquivel et al., 2008). 

5. Fish (fluorescent in situ hybridization) 
The literature provides a limited number of reports concerning the application of the 
FISH technique for food examination (Ootsubo et al., 2003), while it is broadly applied in 
microbiology of environment, histopathology, histoimmunology, cytogenetics. Initially, 
it was developed in order to identify and to determine the number of bacterial cells in 
water ecosystem environments (Skowrońska & Zmysłowska, 2006), deposits, rhizosphere 
and soil. 
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Fig. 1. Flow chart of a typical FISH procedure. 

The FISH technique consists in hybridization of the rRNA sequence of immobilized cells by 
a fluorescently-labelled 16S rRNA oligonucleotide probe (Zwirglmaier, 2005; Baudart et al., 
2005). Oligonucleotide probes are short fragments of deoxyribonucleic acid which hybridize 
or are paired with complementary sequences of DNA or RNA extracted from the analysed 
microorganisms. They are paired in the same way as double-stranded DNA forms (adenine 
with thymine and guanine with cytosine). If the sequence of bases on the DNA probe is 
complementary to the sequence characteristic for the determined microorganism, the probe 
binds only with the DNA of the identified microorganism. Probes are most often marked on 
one or on both ends with a fluorescent dye. Molecular probes bind specifically to rRNA in 
ribosomes of the target cells, identifying them on various taxonomic levels. Such a solution 
significantly increases the sensitivity of determination – since rRNA is an integral part of 
bacterial ribosome, it is found in the cell in large number of copies (between 1,000 and 
10,000). Another advantage of this solution is the availability of vast information 
concerning rRNA sequences originating from various microorganisms which are often 
very closely genetically related, which allows probes to have very high specificity (Sakai 
et al., 2004; Ercoloni et al., 2005) Due to the range of probe specificity, the following 
probes can be distinguished: universal, e.g. EUB338 (GCTGCCTCCCGTAGGAGT), 
specific for Bacteria domain, except for the Planctomycetales order, antisense, e.g. NON388 
(CGACGGAGGGCATCCTCA) designed to detect non-specific probe binding, and specific 
probes, e.g. for Salmonella sp.: Sal3 (5’-AATCACTTCACCTACGTG-3’). 
The FISH method with the application of fluorescently labelled 16S rRNA oligonucleotide 
probes is used for determining only the number of physiologically active cells, since rRNA 
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Validated PCR methods are available from Bio-Rad, Roche, Qualicon/Oxoid, 
Genesystems, AES Chemunex, Applied BioSystems, Idaho Technology Inc., Lantmännen, 
IEH Laboratries and Consulting Group, ADNucleis and BioControl systems. Validation is 
an important step in the process of standardizing a method because it provides evidence 
that the new method gives similar results and is in agreement with the currently used 
reference method (Patel et al., 2006). 
One major difficulty with PCR is the presence of compounds that inhibit the PCR reaction. 
These compounds can contaminate the DNA templates extracted from food samples and 
may in turn generate false-negative results (Elizaquivel et al., 2008). Therefore, evaluation 
and elimination of PCR inhibitory compounds are important steps in the development of 
PCR and real-time PCR assays (Abu Al-Soud et al., 2000). The PCR procedure is sufficiently 
sensitive such that, in theory, only a few template molecules are required to initiate the 
synthesis reactions (Uyttendaele et al., 2003). However, an enrichment step is still required 
to detect small numbers of Salmonella in food samples. This step may consist of non-selective 
enrichment with buffered peptone water (BPW) and selective enrichment with Rappaport-
Vassiliadis. These enrichment broth have been directly utilized for Salmonella DNA template 
preparation. However, limited research has been conducted to quantitatively evaluate the 
effects of the enrichment broths using conventional PCR assays and even less using a real-
time PCR protocol. Therefore, identifying and eliminating the PCR inhibitory effects of the 
enrichment broths is key to enhancing the performance of PCR assays in detecting 
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4.3 Multiplex polymerase chain reaction (PCR) 
Multiplex PCR is a variant of the PCR technique in which two or more loci are 
simultaneously amplified in the same reaction. Multiplex PCR can be described as a 
specific and sensitive in vitro amplification of DNA with distinguishable size products 
from the same or different organisms in a single reaction (Jasson et al., 2010; Fitzgerald et 
al., 2007). In this methodology several specific primer sets are combined into a single PCR 
assay. MPCR is undoubtedly useful to rapidly establish simultaneous detection of 
multiple virulence factors (Fach et al., 2009) or combined detection of multiple isolates 
(Kawasaki et al., 2009; Settanni & Corsetti, 2007). A convened format for MPCR is the 
GeneDisc (PALL) (Beutin et al., 2009).  
Recently, multiplex real-time PCR assays have been applied to detect more than two gene 
sequences in a single reaction by using spectrally distinct dye-labeled probes (TaqMan 
system) (Elizaquivel et al., 2008). This technology could potentially save time and effort in 
the laboratory and thus may lower testing-related costs incurred by the food industry 
(Elizaquivel et al., 2008). 

5. Fish (fluorescent in situ hybridization) 
The literature provides a limited number of reports concerning the application of the 
FISH technique for food examination (Ootsubo et al., 2003), while it is broadly applied in 
microbiology of environment, histopathology, histoimmunology, cytogenetics. Initially, 
it was developed in order to identify and to determine the number of bacterial cells in 
water ecosystem environments (Skowrońska & Zmysłowska, 2006), deposits, rhizosphere 
and soil. 
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The FISH technique consists in hybridization of the rRNA sequence of immobilized cells by 
a fluorescently-labelled 16S rRNA oligonucleotide probe (Zwirglmaier, 2005; Baudart et al., 
2005). Oligonucleotide probes are short fragments of deoxyribonucleic acid which hybridize 
or are paired with complementary sequences of DNA or RNA extracted from the analysed 
microorganisms. They are paired in the same way as double-stranded DNA forms (adenine 
with thymine and guanine with cytosine). If the sequence of bases on the DNA probe is 
complementary to the sequence characteristic for the determined microorganism, the probe 
binds only with the DNA of the identified microorganism. Probes are most often marked on 
one or on both ends with a fluorescent dye. Molecular probes bind specifically to rRNA in 
ribosomes of the target cells, identifying them on various taxonomic levels. Such a solution 
significantly increases the sensitivity of determination – since rRNA is an integral part of 
bacterial ribosome, it is found in the cell in large number of copies (between 1,000 and 
10,000). Another advantage of this solution is the availability of vast information 
concerning rRNA sequences originating from various microorganisms which are often 
very closely genetically related, which allows probes to have very high specificity (Sakai 
et al., 2004; Ercoloni et al., 2005) Due to the range of probe specificity, the following 
probes can be distinguished: universal, e.g. EUB338 (GCTGCCTCCCGTAGGAGT), 
specific for Bacteria domain, except for the Planctomycetales order, antisense, e.g. NON388 
(CGACGGAGGGCATCCTCA) designed to detect non-specific probe binding, and specific 
probes, e.g. for Salmonella sp.: Sal3 (5’-AATCACTTCACCTACGTG-3’). 
The FISH method with the application of fluorescently labelled 16S rRNA oligonucleotide 
probes is used for determining only the number of physiologically active cells, since rRNA 
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has a shorter half-life than DNA, which makes rRNA a potentially better indicator of their 
activity. Ribosomes of quickly-growing cells include a certain number of rRNA copies, 
usually over 1,000, which is sufficient for inducing a light signal after the labelled probe 
binds (Bottari et al., 2006). After the death of the cell, rRNA disintegrates, and the rate of this 
process depends, among others, on the concentration of enzymes – RNAz, as well as on the 
continuity of the cytoplasmic membrane (Vieira-Pinto et al., 2007). Slowly growing or 
metabolically inactive cells, containing a small number of ribosome copies, emit light of low 
intensity. New, more sensitive modifications of the FISH technique lead to amplification of 
the signal (TSA-FISH also known as CARD-FISH), becoming a useful tool for contemporary 
microbiology (Fang et al., 2003). 16S rRNA oligonucleotide probes labelled with 
fluorophores of various molecular weight (e.g. horseradish peroxidase – 44 kDa, fluorescein 
– 330 kDa) provide a visual assessment of the degree of cell wall permeabilization, on the 
basis of differences in dye permeation into the cell. An extreme advantage of the FISH 
technique is the possibility to detect VBNC (viable but not culturable) cells which do not 
grow on solid media, which makes this method more sensitive in comparison to the plate 
methods (Pisz et al., 2007, Oliver, 2005)  
The most frequent used dyes for the detection of the FISH signals are FITC (fluorescein 
isothiocyanate) that emits a green fluorescence and dyes with orange or red fluorescence, 
such as Cy3™ , or TexasRed™. Another commonly used fluorochrome in FISH 
experiments is Cy5™ that emits in the far red/close infrared. Since this fluorescence is not 
visible by eye it would need detection by an infrared sensitive camera mounted on the 
microscope. (Hoefel et al., 2003; Gatti et al., 2006)There are various other dyes with similar 
characteristics available from various different vendors. For example, FITC can well be 
replaced by Rhodamin 110, and Cy3™ by TAMRA (carboxytetramethyl- rhodamine) 
depending on the actual price and for some dyes, depending on the quality of the 
currently distributed lot (Table 4).  
 

Dyes Ex.Max. Em.Max. 

Blue DAPI 358 461 
Turquoise DEAC 426 480 
Green FITC/R110 494/500 517/525 
Yellow R6G 524 550 
Orange TAMRA/Cy3™ 552/550 575/570 
Red TexRed/Cy3.5™ 590/581 612/596 
Near Infrared Cy5™ 649 670 
Infrared Cy5.5™ 675 694 

Table 4. Characteristics of selected fluorescent dyes. 

A standard FISH methodology includes preparation and permeabilization of cells, 
hybridization, washing off the excess unbound probe and detecting the signal with the 
application of fluorescence microscopy (Jasson et al., 2010; Ootsubo et al., 2003) 
Reports concerning the use of fluorescent in situ hybridization in food research indicate the 
possibility of its application of Salmonella spp. detection and recommend this method as 
very sensitive, fast and cheap.  
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Vieira-Pinto et al., (2005) compared FISH methods with the classical plate method for 
detection of Salmonella spp. Out of 47 samples of pork tonsils, 16 (34%) were positive for 
Salmonella spp detection by the FISH method with the application of 23S rRNA Sal3 probe. 
Out of 31 negative results obtained by FISH method, one sample was positive for Salmonella 
spp. detection by the plate method. Similar results were obtained by Fang et al., (2003), who 
detected Salmonella sp. species in 56 samples of food products by the FISH method (23S 
rRNA Sal3), while 28 samples were not positive for Salmonella spp. detection by the plate 
method. Huge number of positive results can derive from the presence of cells slightly 
damaged or occurrence of factors inhibiting their growth in food products, which can 
transfer cells to VBNS state. The authors suggest that FISH method seems to be less prone to 
diverse physical-chemical properties of preserved food products (temperature, 
concentration of NaCl, pH), which can work as a stress factor for Salmonella spp. cells. 
Presence of microflora can be another reason of high number of positive results obtained by 
the FISH method as compared to the plate methods. 
The conclusions drawn from the research show the need for continuous improvement of the 
methodology and selecting and/or designing more specific probes. This is related to the 
varied chemical and microbiological composition of food (the so-called matrix), which can 
lead to errors in reading. Therefore, a relatively fast assessment of the quality and safety of 
food requires not only the selection of probes for individual species of microorganisms, but 
first of all optimal preparation of food samples for examination purposes on the basis of the 
matrix. Preparation of samples is understood as proper filtration and centrifugation at 
various parameters in order to eliminate large particles, and also the choice of optimal 
digestion conditions or permeabilization of the cell wall of microorganisms (e.g. with 
lysozyme, proteinase K, achromopeptidase, paraformaldehyde, ethanol etc.) occurring in 
the examined food. Proper preparation of samples and cells prevents non-specific 
absorption of the probe on cell elements and easier penetration of cell cytoplasm. 

6. VIDAS  
VIDASTM (BioMérieux) is an automated enzyme-linked fluorescent assay (ELFA) method 
based on the detection of Salmonella by using specific antibodies coated on the inner surface 
of a tip-like disposable pipette which is introduced into the VIDAS system along with the 
VIDAS Salmonella strip containing the boiled Salmonella culture.  
VIDAS Immuno-concentration Salmonella (ICS) is a fully automated method for the 
concentration of Salmonella from foods. It replaces traditional selective enrichment 
procedures with an automated immunological capture and specific release process (Yeh et 
al., 2002). The method is based on multistage reaction. The kit contains so called reagent 
stripes, that is a set of wells with reagents sealed tightly inside, and pipettes, which inner 
sides are coated with antibodies against specific antigens. The amount of 500 µl of the 
sample after selective enrichment stage on RVS is introduced to the first well and a strip is 
placed in the immunoanalyser chamber. Reaction suspension is cyclically pulled up and 
down by pipettes. A pipet tip-like device, the solid-phase receptacle (SPR) serves as the solid 
phase as well as the pipet for the assay. The SPR is coated with anti-Salmonella antibodies 
absorbed on the surface. A final enzymatic step releases the captured Salmonella into a well.  
Detection of Salmonella antigens is based on enzyme-linked fluorescent immunoassay 
performed in the automated VIDAS instrument. ASPR serves as the solid phase as well as 
the pipet for the assay. The SPR is coated with a cocktail of highly specific monoclonal 
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has a shorter half-life than DNA, which makes rRNA a potentially better indicator of their 
activity. Ribosomes of quickly-growing cells include a certain number of rRNA copies, 
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– 330 kDa) provide a visual assessment of the degree of cell wall permeabilization, on the 
basis of differences in dye permeation into the cell. An extreme advantage of the FISH 
technique is the possibility to detect VBNC (viable but not culturable) cells which do not 
grow on solid media, which makes this method more sensitive in comparison to the plate 
methods (Pisz et al., 2007, Oliver, 2005)  
The most frequent used dyes for the detection of the FISH signals are FITC (fluorescein 
isothiocyanate) that emits a green fluorescence and dyes with orange or red fluorescence, 
such as Cy3™ , or TexasRed™. Another commonly used fluorochrome in FISH 
experiments is Cy5™ that emits in the far red/close infrared. Since this fluorescence is not 
visible by eye it would need detection by an infrared sensitive camera mounted on the 
microscope. (Hoefel et al., 2003; Gatti et al., 2006)There are various other dyes with similar 
characteristics available from various different vendors. For example, FITC can well be 
replaced by Rhodamin 110, and Cy3™ by TAMRA (carboxytetramethyl- rhodamine) 
depending on the actual price and for some dyes, depending on the quality of the 
currently distributed lot (Table 4).  
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hybridization, washing off the excess unbound probe and detecting the signal with the 
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Reports concerning the use of fluorescent in situ hybridization in food research indicate the 
possibility of its application of Salmonella spp. detection and recommend this method as 
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Vieira-Pinto et al., (2005) compared FISH methods with the classical plate method for 
detection of Salmonella spp. Out of 47 samples of pork tonsils, 16 (34%) were positive for 
Salmonella spp detection by the FISH method with the application of 23S rRNA Sal3 probe. 
Out of 31 negative results obtained by FISH method, one sample was positive for Salmonella 
spp. detection by the plate method. Similar results were obtained by Fang et al., (2003), who 
detected Salmonella sp. species in 56 samples of food products by the FISH method (23S 
rRNA Sal3), while 28 samples were not positive for Salmonella spp. detection by the plate 
method. Huge number of positive results can derive from the presence of cells slightly 
damaged or occurrence of factors inhibiting their growth in food products, which can 
transfer cells to VBNS state. The authors suggest that FISH method seems to be less prone to 
diverse physical-chemical properties of preserved food products (temperature, 
concentration of NaCl, pH), which can work as a stress factor for Salmonella spp. cells. 
Presence of microflora can be another reason of high number of positive results obtained by 
the FISH method as compared to the plate methods. 
The conclusions drawn from the research show the need for continuous improvement of the 
methodology and selecting and/or designing more specific probes. This is related to the 
varied chemical and microbiological composition of food (the so-called matrix), which can 
lead to errors in reading. Therefore, a relatively fast assessment of the quality and safety of 
food requires not only the selection of probes for individual species of microorganisms, but 
first of all optimal preparation of food samples for examination purposes on the basis of the 
matrix. Preparation of samples is understood as proper filtration and centrifugation at 
various parameters in order to eliminate large particles, and also the choice of optimal 
digestion conditions or permeabilization of the cell wall of microorganisms (e.g. with 
lysozyme, proteinase K, achromopeptidase, paraformaldehyde, ethanol etc.) occurring in 
the examined food. Proper preparation of samples and cells prevents non-specific 
absorption of the probe on cell elements and easier penetration of cell cytoplasm. 
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VIDASTM (BioMérieux) is an automated enzyme-linked fluorescent assay (ELFA) method 
based on the detection of Salmonella by using specific antibodies coated on the inner surface 
of a tip-like disposable pipette which is introduced into the VIDAS system along with the 
VIDAS Salmonella strip containing the boiled Salmonella culture.  
VIDAS Immuno-concentration Salmonella (ICS) is a fully automated method for the 
concentration of Salmonella from foods. It replaces traditional selective enrichment 
procedures with an automated immunological capture and specific release process (Yeh et 
al., 2002). The method is based on multistage reaction. The kit contains so called reagent 
stripes, that is a set of wells with reagents sealed tightly inside, and pipettes, which inner 
sides are coated with antibodies against specific antigens. The amount of 500 µl of the 
sample after selective enrichment stage on RVS is introduced to the first well and a strip is 
placed in the immunoanalyser chamber. Reaction suspension is cyclically pulled up and 
down by pipettes. A pipet tip-like device, the solid-phase receptacle (SPR) serves as the solid 
phase as well as the pipet for the assay. The SPR is coated with anti-Salmonella antibodies 
absorbed on the surface. A final enzymatic step releases the captured Salmonella into a well.  
Detection of Salmonella antigens is based on enzyme-linked fluorescent immunoassay 
performed in the automated VIDAS instrument. ASPR serves as the solid phase as well as 
the pipet for the assay. The SPR is coated with a cocktail of highly specific monoclonal 
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antibodies. All of the assay steps are performed automatically by the VIDAS instrument. For 
the detection of Salmonella by VIDAS SLM, the sample is inoculated into lactose broth and 
incubated for 18 h at 37°C (non-selective pre-enrichment). Subsequently, 0.1 ml of this 
medium is inoculated into Rappaport–Vassiliadis broth and 1 ml into tetrathionate broth, 
and then incubated for 8 h at 42°C and 8 h at 37°C, respectively. Then, 1 ml of each broth is 
inoculated separately into 10 ml of M-broth and incubated at 42°C for 18 h. Finally, 1 ml of 
each broth is placed in a tube, which is heated for 15 min at 100°C. Following pre-
enrichment, immuno-concentration, and postenrichment of test portions, an aliquot of the 
boiled test suspension is placed into the reagent strip and is cycled in and out of the SPR for 
a specific length of time. Salmonella antigens, if present, bind to the monoclonal antibodies 
coating the interior of the SPR. All other unbound material is washed away. Antibodies 
conjugated with alkaline phosphatase are cycled in and out of the SPR, binding to any 
Salmonella antigen bound to the SPR wall. The final wash step removes unbound conjugate. 
The substrate, 4-methyl umbelliferyl phosphate, is converted by the enzyme on SPR wall to 
the fluorescent product, 4-methyl umbelliferone.  
The intensity of fluorescence is measured by the optical scanner in VIDAS. The fluorescence 
intensity is measured twice at 450 nm. The first result is related to the background, the 
second it the value after incubation of the substrate with enzyme. Based on that, the 
apparatus calculates the result of the test and interprets it as a positive or negative one. RFV 
(Relative Fluorescence Value) is calculated as the difference between the sample and 
background fluorescences. The printed report contains the RFV value of the sample, RFV 
value of the standard, and test value (TV), which is a quotient of the sample value and 
standard value. A result was interpreted by the apparatus as positive, if TV ≥ 0.23, while as 
negative if TV ≤ 0.23. Results are interpreted after the test values and control are compared 
to thresholds stored in the computer. A positive result requires confirmation with classical 
culture methods, that is streak plating on two plates with selection growth medium. For 
confirmation, previously prepared and stored under cold conditions broth culture of the 
investigated sample is used. 
Based on the comparative studies with the standard plate method, it can be concluded that 
the VIDAS system can be use to get fast results; however, because these results can be false 
positive then they have to be confirmed by culture method (Yeh et al., 2002; Zadernowska et 
al., 2010; Walker et al., 2001) 
Problems with detection of some Salmonella spp. serotypes were observed during detection 
by the immunoenzymatic method. This may be caused by weak binding of antibodies, 
which is confirmed by results obtained by other authors. Vitek Immunodiagnostic Assay 
System (VIDAS, BioMérieux) are currently used in the meat and poultry processing 
industries (Maciorowski et al., 2006). Several validation studies have been reported that the 
detection rate of VIDAS systems were comparable to that of culture method (Yeh et al., 
2002) and real-time PCR (Uyttendaele et al., 2003) for detecting of Salmonella in food.  
VIDAS Salmonella Xpress (VIDAS SLMX) is most rapid method for the detection of 
Salmonella than VIDAS SLM. The results are obtained as little as 17 hours. The method has 
been simplified with a single enrichment in buffer peptone water and just one pipeting step. 
A broad incubation time of 16 to 24 hours simplifies the laboratory workflow, enabling all 
samples to be processed as they arrive during the day. This test is validated for raw beef and 
veal meats (including frozen), not flavoured and pasteurized egg products. 
VIDAS UP Salmonella is a new generation of assay based on the latest technology 
available for pathogen screening: Phage recombinant protein. Bacteriophages are viruses 
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infecting bacteria. Phages are extremely host-specific. Most bacteria can be infected by 
particular phages and it is common that a given phage can recognize and infect only one or 
a few strains or species of bacteria (Hagens & Loessner, 2007). The specificity of these 
phages is partly mediated by tail-associated proteins that distinctively recognize surface 
molecules of susceptible bacteria (Kretzer et al., 2007). Bacteriophages or proteins of 
bacteriophages have been included in various ways in detection methods for pathogens 
(Favrin et al., 2003) 
Although there is a need to perform a collaborative study to further evaluate the methods 
before it can be concluded that their performances are equal, both the PCR and the ELFA-
based assay could provide a rapid and user-friendly screening method for detection of 
Salmonella in food (Uyttendaele et al., 2003; Priego et al., 2009; Kumar et al., 2008; Szabo et 
al., 2008) 

7. Conclusion 
Numerous and diverse alternative methods for microbial analysis of foods, as described 
above, exist (Bohaychuk et al., 2005; Wu, 2008) . They are currently brought to the market by 
various suppliers in a variety of formats as a result of recent developments, particularly in 
the field of biotechnology, microelectronics and related software development. Many of 
them have been proven to be equivalent to the “golden standard” reference methods with 
regard to the performance characteristics of the method.  
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antibodies. All of the assay steps are performed automatically by the VIDAS instrument. For 
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The intensity of fluorescence is measured by the optical scanner in VIDAS. The fluorescence 
intensity is measured twice at 450 nm. The first result is related to the background, the 
second it the value after incubation of the substrate with enzyme. Based on that, the 
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VIDAS Salmonella Xpress (VIDAS SLMX) is most rapid method for the detection of 
Salmonella than VIDAS SLM. The results are obtained as little as 17 hours. The method has 
been simplified with a single enrichment in buffer peptone water and just one pipeting step. 
A broad incubation time of 16 to 24 hours simplifies the laboratory workflow, enabling all 
samples to be processed as they arrive during the day. This test is validated for raw beef and 
veal meats (including frozen), not flavoured and pasteurized egg products. 
VIDAS UP Salmonella is a new generation of assay based on the latest technology 
available for pathogen screening: Phage recombinant protein. Bacteriophages are viruses 
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infecting bacteria. Phages are extremely host-specific. Most bacteria can be infected by 
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phages is partly mediated by tail-associated proteins that distinctively recognize surface 
molecules of susceptible bacteria (Kretzer et al., 2007). Bacteriophages or proteins of 
bacteriophages have been included in various ways in detection methods for pathogens 
(Favrin et al., 2003) 
Although there is a need to perform a collaborative study to further evaluate the methods 
before it can be concluded that their performances are equal, both the PCR and the ELFA-
based assay could provide a rapid and user-friendly screening method for detection of 
Salmonella in food (Uyttendaele et al., 2003; Priego et al., 2009; Kumar et al., 2008; Szabo et 
al., 2008) 

7. Conclusion 
Numerous and diverse alternative methods for microbial analysis of foods, as described 
above, exist (Bohaychuk et al., 2005; Wu, 2008) . They are currently brought to the market by 
various suppliers in a variety of formats as a result of recent developments, particularly in 
the field of biotechnology, microelectronics and related software development. Many of 
them have been proven to be equivalent to the “golden standard” reference methods with 
regard to the performance characteristics of the method.  
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Due to an overload of alternative methods and/or formats on the market, food business 
operators or competent authority, for which microbial analysis of food is only a supporting 
tool in the assurance of food safety, have difficulties in deciding which method is best fit for 
their purpose in their particular context. (Jasson et al., 2010)  
Evolution in alternative rapid methods, mainly immunological and molecular methods, 
focus on the combination of available techniques e.g. combination of immunocapture and 
PCR and/or by elaboration of new formats optimizing reading and registration software 
rather than introducing new principles of detection or enumeration. 
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1. Introduction 
1.1 Using molecular biological methods to identified Salmonella spp. 
As the industrialization had made food supply to exceed demand, more and more 
consumers were interested in ‘Delicious food’ than ‘Good quality food’ today and they ask 
for not only taste but also safety. Microbiological safety is one of the most critical factors for 
ensuring safe food supply. Fig 1. is a flow chart of traditional detection procedure for 
Salmonella spp., showing that it takes about one week. Therefore, a rapid screening method 
using PCR is the basis of most molecular diagnostic laboratories. As the field of molecular 
pathology becomes more accessible to practicing pathologists, a working knowledge of PCR 
techniques is necessary related to biological safety of food is very essential in food industry. 
Salmonella spp. are an important cause of food-borne infections throughout the world, and 
the availability of rapid and simple detection techniques is critical for the food industry.  
 

 
Fig. 1. Traditional procedure for the detection of Salmonella spp. (ISO/CD draft standard 
6575 revision 2000) 
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Present commercial detection system for Salmonella spp. can be classified into four categories. 
The first, traditional method which uses culture medium and observe colony morphology 
formed on it. This requires at least four days and experienced skill to perform biological tests, 
but it is the only common method authorized throughout the world for now.  
The second, Enzyme-Linked Immuno-Sorbent Assay (ELISA) detects certain bacteria using 
immune reaction between antibody and antigen specific for them. This method is easy to 
use because it makes color change or forms lines but it can be applied only for those which 
has specific toxin protein and requires more than 106 CFU / ml for detection which needs 16 
hours of incubation. The third, Adenosine triphosphate (ATP) detection kit detects level of 
bacterial contamination by the amount of ATP in sample. This method can not be used for 
identification of bacteria because it can only tell including the total amount of ATP from 
food. This is usually used for comparing hygiene level before and after washing. The fourth, 
genetic method which is based on PCR is highly specific and sensitive enough to detect 100 
CFU / ml of bacteria, but at the same time it can detect even the dead cells after processing 
or cooking food because of the high sensitivity.   

1.2 Advanced PCR technologies 
1.2.1 Multiplex PCR 
Multiplex PCR can amplify two or more amplicons in a single PCR reaction. For multiplex 
PCR, each primer set is designed to amplify its target gene and make a PCR product of 
certain size  to the target gene. To perform a multiplex PCR, the concentration of primers, 
Mg2+, free dNTPs and polymerase must be optimized to allow synthesis of the genes of 
interest, And also the PCR reaction temperature parameters must be optimized to the best 
average for amplicon production for all primer sets. This technique saves time and labor 
more than one target DNA sequence can be detected in each reaction, It might not be 
optimal if the PCR products are limited in certain sizes and agarose gel staining with 
ethidium bromide (John Maurer, 2006). Therefore, it is possible to detect multiple pathogens 
in a sample with a single PCR test (Panicker et al., 2004)  

1.2.2 Real-Time PCR 
Real-Time PCR technology is based on the ability of detection and quantification of PCR 
products, or amplicons, as the reaction cycles progress. Higuchi and colleagues introduced 
this technology (Higuchi et al., 1993) and it became possible by including of a fluorescent 
dye that binds to the amplicon as it is made (Fig. 2. A). 
Initially, a fluorescent dye, SYBR green I (A), was used to detect the amplicons. SYBR green I 
binds the double stranded, DNA amplicon and fluorescences upon illumination with UV 
light. In TaqMan PCR (B), the oligoprobe contains a fluorescent marker and chemical group 
that quenches fluorescent of oligoprobe until the dye is liberated by 3’ exonuclease activity 
of the Taq DNA polymerase (Source http://cafe.naver.com/solgent.cafe?iframe_url= 
/ArticleRead.nhn%3Farticleid=38&) 
In TanMan PCR, an intact, “internal” fluorogenic oligoprobe binds to target DNA sequence, 
internal to the PCR primer binding sites. This oligoprobe possesses a reporter dye that will 
fluorescence and a suppressor dye known as quencher that prevent fluorescent activity via 
Fluorescence Resonance Energy Transfer (FRET). After each PCR cycle, when the double-
stranded DNA products are made, a measure of fluorescence is taken after the fluorogenic 
probe is hydrolytically cleaved from the DNA structure by exonuclease activity of the 
Thermus aquaticus DNA polymerase (Heid et al., 1996; Holland et al., 1991). Once cleaved, the 
probe’s fluorescent activity is no longer suppressed (Fig. 2. B). FAM (6-Carboxyfluorescein) 
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and TAMRA(6-Carboxy-Tetramethyl-Rhodamin) are most frequently used as reporter and 
quencher, respectively. This PCR is often referred to as 5’ exonuclase-based, real-time PCR 
or TaqMan PCR (Mullah et al., 1998).  
 

 

 
Fig. 2. Real-Time PCR detection of amplicons 

1.2.3 Isothermal PCR 
Recently, Jung et al. (2010) developed a new highly sensitive and specific isothermal 
amplification and detection system called isothermal target and probe amplification (iTPA) 
by employing DNA-RNA-DNA chimeric primers and a FRET (fluorescence Resonance 
Energy Transfer) probe. The iTPA method is based on a combination of novel isothermal 
chain amplification (ICA) and FRET cycling probe technology (CPT) (Fig. 3).  

A) 
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Fig. 3. Scheme of the Isothermal Target and Probe Amplification (iTPA) system 

In the ICA method, which relies on the strand displacement activity of DNA polymerase 
and the RNA-degrading activity of RNase H, two displacement events occur in the 
presence of four specially designed primers that lead to high specificity for the target 
sequence. In the CPT method, a DNA-RNA-DNA chimeric probe is hybridized with the 
target DNA, and the RNA region of the duplex is specifically cleaved by RNase H. The 
cleaved probe fragment is disassociated from the target DNA and another intact probe is 
again hybridized and then cleaved. In this cycling event, a single target DNA molecule 
results in a large number of cleaved probe fragments, which can be designed to generate 
fluorescence signals (Kim et al. 2011). 
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2. Various PCR methods approaches for the detection of Salmonella spp. 
2.1 Rapid and simultaneous detection of five pathogenic bacteria by a novel multiplex 
PCR assay: Salmonella spp., Escherichia coli O157:H7, Listeria monocytogenes, 
Staphylococcus aureus and Vibrio parahaemolyticus 
According to Centers for Disease Control (CDC), about 5 millions food mediated diseases 
are killing 4,000 people every year. Salmonella was the most frequently found pathogenic 
bacteria in food poisoning : 1 ~ 4 millions of people were infected, 2,000 (0.1%) of them were 
dead. Salmonella is an important pathogen associated with bacterial foodborne outbreaks in 
the United states, accounting for 24% of all food outbreaks and 18% of produce-related 
outbreaks between 1990 and 2009 (Center for Science in the Public Interest, 2009). An 
outbreak in 2009 associated with Salmonella-contaminated peanut butter and peanut 
containing products caused nine deaths in 46 states as of 17 March 2009. This outbreak led 
to the largest recall of food items in the United States resulting in over 2100 products being 
voluntarily recalled by more than 200 companies (FDA, 2009). Recently, more than 500 
million eggs were recalled after dangerous levels of Salmonella were detected in the eggs 
from two Iowa producers, who distributed the eggs in 14 US states. Nearly 2000 illnesses 
were reported between May and July 2010 (CDC, 2010). Food poisoning by E. coli O157:H7 
broke out in 10000 people, 300 of them were dead. As for Listeria monocytogenes, 1500 
people were infected and 400 were dead. This shows that stock farm products which were 
contaminated by these four bacteria (E. coli O157:H7, Salmonella spp., Listeria monocytogene 
and Staphylococcus aureus) is seriously threatening consumer’s health. In korea, 50% of food 
poisoning are caused by meat or processed meat products, and Salmonella strains (50%), S. 
aureus (20%) are two major sources. Different molecular targets have been used to 
characterize the presence of food-borne pathogenic bacteria. In this study, genes encoding 
the virulence determinants and their expression regulator have been used to characterize 
numerous bacteria. A molecular test based on the detection of shiga-like toxin (verotoxin 
type II), femA (cytoplasmic protein), toxR (trans-membrane DNA binding protein), iap 
(invasive associative protein), and invA (invasion protein A) genes has been applied for 
identification of E. coli O157:H7 (Jinneman et al., 2003; Kaneko et al., 2001; Karpman et al., 
1998; Schmidt et al., 1995; Wang et al., 2002), Staphylococcus aureus (Mehrotra et al., 2000), 
Vibrio parahaemolyticus (Karpman et al., 1998; Cabrera-Garcia et al., 2004), Listeria 
monocytogenes (Bubert et al., 1992; Bubert et al., 1999; Volokhov et al., 2002), and Salmonella 
spp. (Chiu et al., 1996).  
To our knowledge, there is not a single acceptable method which is available to detect these 
five food-borne pathogenic bacteria simultaneously in food samples. The objective of the 
present work, therefore, was to establish a multiplex PCR assay method to detect the 
specific bacterial genus simultaneously and to analyze their distribution in contaminated 
foods. Our results indicate, that this method is rapid and specific for the simultaneous 
detection of E. coli O157:H7, Staphylococcus aureus, Vibrio parahaemolyticus, Listeria 
monocytogenes and Salmonella spp. 

2.1.1 Materials & methods [bacterial strains] 
Bacterial strains were obtained from the American Type Culture Collection (ATCC; 
Manassas, Va.), the Korean Collection for Type Culture (KCTC; Daejeon, South Korea), and 
the Korean Culture Center of Microorganisms (KCCM; Seoul, South Korea), Also the strains 
isolated from various food samples were used in this study (Table 1).  
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All bacterial strains were grown on Luria-Bertani broth (LB; Bactopeptone 10 g, Yeast 
extract 5 g, and NaCl 10 g, each per Liter) at 37°C. All Vibrio species were grown in LB 
broth with supplementary 2% sodium chloride. Cultures were grown in LB, and a 
population of visible microorganisms was obtained by plating 10-fold serial dilutions of 
broth cultures on to plate count agar (Difco, Sparks, USA) and incubating the plates at 
37°C for 16 hours. At each sampling dilution ratio, all bacterial cultures were mixed, and 
100 l (approximately 107 CFU) of the suspension was used as DNA templates for PCR. 
 

Strain Source a Cultural medium 

Vibrio spp.
V.   algosus KCCM41677 Trypticase Soy Broth with 2.5% NaCl 
V.   carchariae KCCM40865 Marine Broth
V.   cholerae KCCM41626 Nutrient Broth
V.   cincinnatiensis KCCM41683 Marine Broth
V.   diazotrophicus KCCM41666 Trypticase Soy Broth with 1% NaCl 
V.   fischeri KCCM41685 Marine Broth
V.   fluvialis KCCM40827 Marine Broth
V.   furnissii KCCM41679 Trypticase Soy Broth with 1% NaCl 
V.   hollisae KCCM41680 Marine Broth
V.   marinagilis KCCM41673 Marine Broth
V.   marinofulvus KCCM41674 Marine Broth
V.   marinovulgaris KCCM41675 Marine Broth
V.   mediterranei KCCM40867 Marine Broth
V.   metschnikovii KCCM41681 Trypticase Soy Broth with 1% NaCl 
V.   natriegens KCCM40868 Nutrient Broth with 1.5% NaCl 
V.   navarrensis KCCM41682 Marine Broth
V.   penaeicida KCCM40869 Marine Broth
V.   proteolyticus KCCM11992 Nutrient Broth with 3% NaCl 
V.   salmonicida KCCM41663 Trypticase Soy Broth with 1% NaCl 
V.   vulnificus KCCM41665 Trypticase Soy Broth with 1% NaCl 
V. parahaemolyticus KCCM11965 LB Broth with 1% Nacl
V. parahaemolyticus KCCM41664 LB Broth with 1% Nacl
V. parahaemolyticus Inha university LB Broth with 1% Nacl

Other bacteria
Staphylococcus xylosus KCCM41465 LB Broth
Bacillus licheniformis KCTC1831 LB Broth
Yersinia enterocolitica KCCM41657 LB Broth
Staphylococcus aureus KCCM11764 LB Broth
Staphylococcus cohnii KCTC3574 LB Broth
Bacillus subtilis KCTC2213 LB Broth
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Strain Source a Cultural medium 

Bacillus cereus KCTC1661 LB Broth
Bacillus cereus KCTC 3624 LB Broth 
Salmonella typhimurium KCTC 2421 LB Broth 
Bacillus subtilis KCTC 3013 LB Broth 
Staphylococcus arlettae KCTC 3588 LB Broth 
Citrobacter freundii KCCM 11931 LB Broth 
Bacillus licheniformis KCTC 3006 LB Broth 
Salmonella choleraesuis KCCM 41575 LB Broth 
Shigella sonnei KCTC 2009 LB Broth 
Stphylococcus aureus KCTC 1916 LB Broth 
Salmonella typhimurium KCTC 2515 LB Broth 
Shigella bongori KCCM 41758 LB Broth 
Staphylococcus caprae KCTC 3583 LB Broth 
Salmonella typhimurium ATCC 14028 LB Broth 
Staphylococcus warneri KCTC 3340 LB Broth 
Salmonella enterica KCTC 2929 LB Broth 
Staphylococcus aureus KCTC 1927 LB Broth 
Listeria grayi ATCC 700545 LB Broth 
Listeria ivanovii ATCC 49953 LB Broth 
Listeria grayi ATCC 25400 LB Broth 
Listeria innocuia ATCC 33091 LB Broth 
Listeria murroy ATCC 25403 LB Broth 
Listeria ivanovii ATCC 49954 LB Broth 
Escherichia coli O157:H7 NVRQ LB Broth 
Listeria innocuia ATCC 33090 LB Broth 
Staphylococcus aureus KCTC 1928 LB Broth 

 

a KCCM, Korean Culture Center of Microorganisms  
  KCTC, Korean Collection for Type Culture  
  ATCC, American Type Culture Collection  
  NVRQS, National Veterinary Research and Quarantine Service  
  KACC, Korean Agricultural Culture Collection    

Table 1. Bacterial strains used in this study 

[Enrichment procedures for detection of food-borne microorganisms] 
All food-borne pathogens were grown for 16 hours in LB broth at 37°C in a shaking water 
bath. Cells were diluted from 1:10 to 1:108 in 10 ml of Luria-Bertani broth and manipulated 
as described above to make approximate cell count from 10 to 108 CFU / ml. In each dilution 
ratio, single enrichment broth samples (1 ml) were collected into 1.5 ml micro-centrifuge 
tubes and used for DNA extraction (Fig. 1). 
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a KCCM, Korean Culture Center of Microorganisms  
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  ATCC, American Type Culture Collection  
  NVRQS, National Veterinary Research and Quarantine Service  
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Table 1. Bacterial strains used in this study 

[Enrichment procedures for detection of food-borne microorganisms] 
All food-borne pathogens were grown for 16 hours in LB broth at 37°C in a shaking water 
bath. Cells were diluted from 1:10 to 1:108 in 10 ml of Luria-Bertani broth and manipulated 
as described above to make approximate cell count from 10 to 108 CFU / ml. In each dilution 
ratio, single enrichment broth samples (1 ml) were collected into 1.5 ml micro-centrifuge 
tubes and used for DNA extraction (Fig. 1). 
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[Extraction and preparation of DNA templates for PCR assay] 
Individual samples (1 ml) were centrifuged at 10,000 X g for 3 min. The cell pellets were 
resuspended in RNase free water (100 l) and placed in a 100°C heating block for 20 min. 
The samples were cooled for 2 min at room temperature and centrifuged at 16,000 X g for 5 
min. The supernatant fluids (5 l) were used to make 25 l of a multiplex PCR reaction 
mixture, which included 5 l of 5 X reaction buffer (2.5 mM MgCl2 and 0.8 mM 
concentration of each dNTP), 4 l of the primer mixtures of the five food-borne bacteria, 1 l 
of Super Taq plus polymerase (Rexgene Biotech., Cheongwon, South Korea), and 10 l of 
DNase free water in a single tube. The multiplex PCR was run for 35 cycles on a Tpersonal 
cycler (Whatman Biometra, Goettingen, Germany) under the following conditions : 
denaturation at 94°C for 30 sec, primer annealing at 60°C for 30 sec, and extension at 72°C 
for 30 sec. The final cycle included an additional 5 min of extension time at 72°C. A 5 l 
aliquot of the reaction mixture was then electrophoresis on a 2% agarose gel electrophoresis 
in 0.5 X Tris-borate buffer at 100 V for 25 min. The amplification products were stained with 
ethidium bromide and visualized by UV trans-illumination. 
 

 
Fig. 4. Flow diagram of experimental protocols for PCR template preparation 
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[Oligonucleotides] 
The oligonucleotide primers designed with Primer 3.0 software (Whitehead Institute, 
Cambridge, Mass.) were based on sequences obtained from Genbank and were used to 
amplify chromosomal DNA for the five food-borne pathogens (Table 2). The 
oligonucleotides and all reagents for PCRs were synthesized and purchased from 
Incorporation Bioneer (Daejeon, South Korea) and KoGene BioTech. (Seoul, South Korea). 
 

Strains Primer
name

Primer
direction Sequences   (5`→3`) Target 

gene 

PCR 
product 

(bp) 

Vibrio  
parahaemolyticus VP Forward

Reverse

CTCATTTGTACTGTTGAAC
GCCTAAATAGA 
AGGCAACCAGTTGTTGAT 

toxR 219 bp 

Salmonella spp. SAL Forward
Reverse

GAATCCTCAGTTTTTCAAC
GTTTC 
TAGCCGTAACAACCAATAC
AAATG 

invA 678 bp 

Staphylococcus  
aureus SA Forward

Reverse

AATTTAACAGCTAAAGAGT
TTGGT 
TTCATTAAAGAAAAAGTGT
ACGAG 

femA 264 bp 

E. coli O157:H7 EC Forward
Reverse

GATAGACTTTTCGACCCAA
CAAAG 
TTGCTCAATAATCAGACGA
AGATG 

shiga- 
like toxin 208 bp 

Listeria  
monocytogenes  LM Forward

Reverse

CTGGCACAAAATTACTTAC
AACGA 
AACTACTGGAGCTGCTTGT
TTTTC 

p60 protein 454 bp 

Table 2. Oligonucleotide primers used in this study 

[Specificity of the primer pairs and the multiplex PCR] 
To evaluate the specificity of each oligonucleotide primer pair for its target gene, a PCR 
assay was carried out by testing all the reference strains reported in Table 2.1. The multiplex 
PCR was developed specifically and efficiently using amplified reactions and the same PCR 
program. The reaction was performed in a total volume of 25 l that contained 5 to 15 l (50 
ng) of template. 

[Food sample processing and multiplex PCR assay] 
A sample of ham (CJ, Seoul, South Korea) from the Korea Food & Drug Administration was 
used for all tests. Equal concentration of the bacteria were used for inoculation of the ham. 
E. coli O157:H7, Staphylococcus aureus, Listeria monocytogenes, V. parahaemolyticus and 
Salmonella typhimurium were inoculated either single or as two or three species 
simultaneously. Media bottles (500 ml) containing 25 g of crushed ham were inoculated with 
bacteria at 100 CFU of each species alone or with 2 X 103 CFU for inoculation of the three 
species together. inoculated ham was vigorously mixed by shaking for about 30sec to 
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program. The reaction was performed in a total volume of 25 l that contained 5 to 15 l (50 
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bacteria at 100 CFU of each species alone or with 2 X 103 CFU for inoculation of the three 
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distribute the bacteria. After inoculation, 225 ml of freshly made LB broth was added to each 
bottle containing ham. To suspend the bacteria, the bottles were shaken for 10 min at 200 
rpm and then incubated at 37°C for 16 hours (Kim et al., 2006). Raw pork was also processed 
as described method above. 
The five bacterial species were inoculated simultaneously in raw pork. Water and milk were 
directly inoculated with five strains; 1 ml of medium containing each strain was added to 9 
ml of water and milk and diluted 10 times from 1:10 to 1:108.  

2.1.2 Results and discussion 
[Multiplex PCR assay] 
Five PCR products of different sizes were amplified simultaneously from five food-borne 
pathogenic bacteria with the multiplex PCR assay used in this study (Fig. 2). For all of the 
bacteria tested, the optical density (absorbance value) at 600 nm was 0.010 and 0.080. The 
different sizes of the amplification products allowed rapid and specific discrimination of 
Vibrio parahaemolyticus, Salmonella spp., Staphylococcus aureus, E. coli O157:H7 and L. 
monocytogenes. The annealing temperature, extension time, and primer concentrations used 
in this multiplex PCR assay were optimized. The PCR products were separated by agarose 
gel electrophoresis, and the negative controls used with the multiplex PCR produced 
negative results. Using the multiplex primers, another single amplification was conducted to 
confirm the chromosomal DNA from samples contaminated with single specific pathogenic 
bacteria. In the multiplex PCR with mixed DNA samples, five different bands of specific 
sizes corresponding to the target genes (Table 2) were detected simultaneously after 
amplification of the contents of a single tube (Fig. 2). 
 

 

 
Fig. 5. Agarose gel electrophoresis showing the result of multiplex PCR amplification of five 
target gene segments from purified DNA of the five microbial pathogens  
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M, 100 bp size marker; lane 1, negative control (no template); lane 2, E. coli O157:H7 
NVRQS; lane 3, Staphylococcus aureus KCTC1927; lane 4, Vibrio parahaemolyticus KCCM41654; 
lane 5, Listeria monocytogenes ATCC15313; lane 6, Salmonella enteritidis ATCC10376; lane 7, 
Multiplex PCR amplification of all five target genes. 
[Specificity and sensitivity for selected primer sets] 
The sensitivity and specificity of the PCR assay were evaluated with 67 food-borne 
pathogenic bacteria (Table 1). Fig. 3 shows the result of amplification from a representative 
sample of Salmonella spp. The multiplex primer is highly specific for the five pathogenic 
bacteria target sequence; all Salmonella serovars tested produced amplicons of the expected 
size (678 bp) without spurious priming and without cross-reactivity with non-Salmonella 
species. Results for the other four bacterial species also highly specific (data not shown). Fig. 
4 illustrates the detection sensitivities of the multiplex PCR assay, which were evaluated 
using whole cell cultures of S. choleraesuis KCCM41035 and S. bongori KCCM41758, cell 
cultures diluted 10-fold from 1:10 to 1:108 were tested. Based on these results, the multiplex 
PCR assay detection limits were approximately 105 CFU / ml. Detection results for the other 
four bacteria with this assay were similar (data not shown).  
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Fig. 6. Specificity for five food pathogenic bacteria using the multiplex primer sets for the 
detection of Salmonella spp. 

M,100 bp size marker; lane 1, Negative control(no template); lane 2, S. bongori KCCM41757; 
lane 3, B. subtilis KCTC2213; lane 4, B. cereus KCTC1526; lane 5, Listeria monocytogenes 
ATCC15313; lane 6, L. innocula ATCC3091; lane 7, S. enteritidis ATCC13076; lane 8, S. 
typhimurium KCTC2421; lane 9, Shigella boydii ATCC12034; lane 10, Shigella flexneri 
ATCC12022; lane 11, Shigella flexneri KCTC2517; lane 12, Shigella sonnei KCTC2009; lane 13, 
S. enteritidis KCCM12021; lane 14, Shigella sonnei KCTC2518; lane 15, Shigella sonnei 
KCCM41282; lane 16, S. choleraesuis KCCM41035; lane 17, Shigella sonnei KCCM41282; lane 
18, Y. enterocolitica KCCM41657; lane 19, B. cereus KCTC1661; lane 20, B. lichniformis 
KCTC3006; lane 21, B. thuringiensis KCTC1510; lane 22, Citrobacter fruendii KCCM11931; lane 
23, Listeria murray ATCC25402. 
The non-autoclaved ham samples were representative of samples that would be collected 
from a commercial food processing environment. The detection limit for the five pathogens 
inoculated individually onto non-autoclaved ham was 2 CFU / ml after enrichment. For 
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non-autoclaved ham incubated with two or three organisms together, the sensitivity was the 
same as that achieved when the pathogens were evaluated singly (Fig. 5). Without 
enrichment of the bacterial culture, the detection limits after inoculation of non-autoclaved 
ham with E. coli O157:H7, S. aureus and L. monocytogenes together were 20,000 cells, 
respectively (data not shown). 
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(A)              (B) 

Fig. 7. Sensitivity of the multiplex PCR assay for Salmonella choleraesuis KCCM41035 (A) and 
Salmonella bongori KCCM41757 (B)  

M, 100 bp size marker; lane 1, 1.2 X 108 CFU / ml; lane 2, 1.2 X 107 CFU / ml; lane 3, 1.2 X 106 
CFU / ml; lane 4, 1.2 X 105 CFU / ml; lane 5, 1.2 X 104 CFU / ml; lane 6, 1.2 X 103 CFU / ml; 
lane 7, 1.2 X 102 CFU / ml; lane 8, 1.2 X 10 CFU / ml; lane 9, 1.2 X 108 CFU / ml; lane 10, 1.2 X 
107 CFU / ml; lane 11, 1.2 X 106 CFU / ml; lane 12, 1.2 X 105 CFU / ml; lane 13, 1.2 X 104 CFU / 
ml; lane 14, 1.2 X 103 CFU / ml; lane 15, 1.2 X 102 CFU / ml; lane 16, 1.2 X 10 CFU / ml 

[Validity of the multiplex PCR assay for food samples] 
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Fig. 8. Amplification products obtained with the multiplex PCR assay  

M, 100 bp size marker; N, negative control; lane 1, PCR with E. coli O157:H7; lane 2, PCR 
with E. coli O157:H7 DNA (100 pg); lane 3, PCR with S. aureus; lane 4, PCR with S. aureus 
DNA (100 pg); lane 5, PCR with L. monocytogenes; lane 6, PCR with L. monocytogenes DNA 
(100 pg); lane 7, PCR with 100 pg DNA each from E. coli O157:H7, S. aureus and L. 
monocytogenes; lane 8, PCR with 100 pg DNA each from E. coli O157:H7, L. monocytogenes 
and Salmonella typhimurium; lane 9, PCR with 100 pg DNA each from S. aureus and V. 
parahaemolyticus 
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This multiplex PCR assay offers the advantages of significantly short processing time and 
saving cost. Only one composite DNA sample is required rather than separate samples for 
each target gene to be analyzed (Kim et al., 2006). To test the efficacy of this PCR assay for 
detecting pathogenic bacteria in food, Salmonella typhimurium ATCC19585 (10 CFU / g of 
food) was inoculated into samples of selected foods (milk, raw pork and raw chicken) that 
had been previously screened for detectable pathogenic microbial contamination. The 
inoculated samples were then incubated aerobically at 37°C for 8 hours (enrichment 
culture step). The PCR assay detected bacterial cells in all inoculated samples. However, 
when a 5 hours instead of 8 hours enrichment culture step was used, no bacteria were 
detected (data not shown).  
Thus, our PCR assay requires at least 8 hours of enrichment to detect the added pathogenic 
bacteria in these foods with a detection sensitivity ranging from 10 to 100 CFU / g. 
Therefore, the enrichment step is required in this PCR protocol for detection of food-borne 
pathogenic bacteria. The five specific primer sets tested for Vibrio parahaemolyticus, 
Salmonella spp., Staphylococcus aureus, E. coli O157:H7 and L. monocytogenes can be used 
specifically and simultaneously. These five food pathogens were clearly detected from both 
culture medium artificially inoculated water, milk and raw pork. Thus, the protocol 
developed in this study could have important application for the rapid and simultaneous 
detection and identification of up to five food-borne pathogenic bacteria in many foods. This 
simple method is expected to enable rapid risk assessment of pathogen contamination of 
foods at a low cost. The cost of detection could be reduced from the $ 50 (approximately $ 10 
per pathogen) for the traditional method to less than $ 1 for this multiplex PCR method. 

3. The development of rapid real-time PCR detection system for Salmonella 
spp.  
Previously, we developed multiplex conventional PCR assay from the conventional PCR 
methods (Kim et al., 2007). Conventional PCR methods for the detection of food-borne 
bacterial pathogens are time consuming and insensitive that it can not provide adequate 
screening of samples for the presence of potential pathogens. With the advent of automated 
real-time PCR suspected food-borne contaminants can be detected in less than an hour. This 
technique, using TaqMan PCR, has been successfully adapted for the detection of 
pathogenic bacteria, including Salmonella enterica, Listeria monocytogenes, Escherichia coli 
O157:H7, and Yersinia pestis (Bassler et al, 1995; Bellin et al, 2001; Higgins et al, 1998; Hoorfar 
et al, 2000; Jothikumar et al, 2002; Knutsson et al, 2002; Oberst et al, 1998; Sharma et al, 1999).  
Can there be a better method which has the same sensitivity with nested PCR and can be 
performed with one PCR reaction? It will be more effective if there is more sensitive optical 
instrument and staining dye which can detect very small amount of product than naked 
eyes and EtBr. Micro PCR, which was developed for this purpose, uses real-time PCR 
machine as a detector and SYBR Green reagent as a staining dye. Real-Time PCR is currently 
used for the diagnosis of Escherichia coli strain O157:H7 (Ibekwe et al, 2002) and Plesimonas 
shigelloides (Loh et al, 2001) in stool specimens. To develop micro PCR, following factors 
were studied. First, selection of specific primers; primer size (17~25 mer), hybridization 
ability, secondary structure within primer, GC content (40~60%), melting temperature (Tm) 
(55~65°C). Second, factors affecting Tm; product size, GC contents of product. Third, effect 
of commercial SYBR Green reagent; Takara, A&B, Qiagen and in house reagent. Forth, 
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non-autoclaved ham incubated with two or three organisms together, the sensitivity was the 
same as that achieved when the pathogens were evaluated singly (Fig. 5). Without 
enrichment of the bacterial culture, the detection limits after inoculation of non-autoclaved 
ham with E. coli O157:H7, S. aureus and L. monocytogenes together were 20,000 cells, 
respectively (data not shown). 
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(A)              (B) 

Fig. 7. Sensitivity of the multiplex PCR assay for Salmonella choleraesuis KCCM41035 (A) and 
Salmonella bongori KCCM41757 (B)  

M, 100 bp size marker; lane 1, 1.2 X 108 CFU / ml; lane 2, 1.2 X 107 CFU / ml; lane 3, 1.2 X 106 
CFU / ml; lane 4, 1.2 X 105 CFU / ml; lane 5, 1.2 X 104 CFU / ml; lane 6, 1.2 X 103 CFU / ml; 
lane 7, 1.2 X 102 CFU / ml; lane 8, 1.2 X 10 CFU / ml; lane 9, 1.2 X 108 CFU / ml; lane 10, 1.2 X 
107 CFU / ml; lane 11, 1.2 X 106 CFU / ml; lane 12, 1.2 X 105 CFU / ml; lane 13, 1.2 X 104 CFU / 
ml; lane 14, 1.2 X 103 CFU / ml; lane 15, 1.2 X 102 CFU / ml; lane 16, 1.2 X 10 CFU / ml 

[Validity of the multiplex PCR assay for food samples] 
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Fig. 8. Amplification products obtained with the multiplex PCR assay  

M, 100 bp size marker; N, negative control; lane 1, PCR with E. coli O157:H7; lane 2, PCR 
with E. coli O157:H7 DNA (100 pg); lane 3, PCR with S. aureus; lane 4, PCR with S. aureus 
DNA (100 pg); lane 5, PCR with L. monocytogenes; lane 6, PCR with L. monocytogenes DNA 
(100 pg); lane 7, PCR with 100 pg DNA each from E. coli O157:H7, S. aureus and L. 
monocytogenes; lane 8, PCR with 100 pg DNA each from E. coli O157:H7, L. monocytogenes 
and Salmonella typhimurium; lane 9, PCR with 100 pg DNA each from S. aureus and V. 
parahaemolyticus 

 
Studies on PCR-Based Rapid Detection Systems for Salmonella spp. 

 

425 

This multiplex PCR assay offers the advantages of significantly short processing time and 
saving cost. Only one composite DNA sample is required rather than separate samples for 
each target gene to be analyzed (Kim et al., 2006). To test the efficacy of this PCR assay for 
detecting pathogenic bacteria in food, Salmonella typhimurium ATCC19585 (10 CFU / g of 
food) was inoculated into samples of selected foods (milk, raw pork and raw chicken) that 
had been previously screened for detectable pathogenic microbial contamination. The 
inoculated samples were then incubated aerobically at 37°C for 8 hours (enrichment 
culture step). The PCR assay detected bacterial cells in all inoculated samples. However, 
when a 5 hours instead of 8 hours enrichment culture step was used, no bacteria were 
detected (data not shown).  
Thus, our PCR assay requires at least 8 hours of enrichment to detect the added pathogenic 
bacteria in these foods with a detection sensitivity ranging from 10 to 100 CFU / g. 
Therefore, the enrichment step is required in this PCR protocol for detection of food-borne 
pathogenic bacteria. The five specific primer sets tested for Vibrio parahaemolyticus, 
Salmonella spp., Staphylococcus aureus, E. coli O157:H7 and L. monocytogenes can be used 
specifically and simultaneously. These five food pathogens were clearly detected from both 
culture medium artificially inoculated water, milk and raw pork. Thus, the protocol 
developed in this study could have important application for the rapid and simultaneous 
detection and identification of up to five food-borne pathogenic bacteria in many foods. This 
simple method is expected to enable rapid risk assessment of pathogen contamination of 
foods at a low cost. The cost of detection could be reduced from the $ 50 (approximately $ 10 
per pathogen) for the traditional method to less than $ 1 for this multiplex PCR method. 

3. The development of rapid real-time PCR detection system for Salmonella 
spp.  
Previously, we developed multiplex conventional PCR assay from the conventional PCR 
methods (Kim et al., 2007). Conventional PCR methods for the detection of food-borne 
bacterial pathogens are time consuming and insensitive that it can not provide adequate 
screening of samples for the presence of potential pathogens. With the advent of automated 
real-time PCR suspected food-borne contaminants can be detected in less than an hour. This 
technique, using TaqMan PCR, has been successfully adapted for the detection of 
pathogenic bacteria, including Salmonella enterica, Listeria monocytogenes, Escherichia coli 
O157:H7, and Yersinia pestis (Bassler et al, 1995; Bellin et al, 2001; Higgins et al, 1998; Hoorfar 
et al, 2000; Jothikumar et al, 2002; Knutsson et al, 2002; Oberst et al, 1998; Sharma et al, 1999).  
Can there be a better method which has the same sensitivity with nested PCR and can be 
performed with one PCR reaction? It will be more effective if there is more sensitive optical 
instrument and staining dye which can detect very small amount of product than naked 
eyes and EtBr. Micro PCR, which was developed for this purpose, uses real-time PCR 
machine as a detector and SYBR Green reagent as a staining dye. Real-Time PCR is currently 
used for the diagnosis of Escherichia coli strain O157:H7 (Ibekwe et al, 2002) and Plesimonas 
shigelloides (Loh et al, 2001) in stool specimens. To develop micro PCR, following factors 
were studied. First, selection of specific primers; primer size (17~25 mer), hybridization 
ability, secondary structure within primer, GC content (40~60%), melting temperature (Tm) 
(55~65°C). Second, factors affecting Tm; product size, GC contents of product. Third, effect 
of commercial SYBR Green reagent; Takara, A&B, Qiagen and in house reagent. Forth, 
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product size; 60, 100, 200, 300, 400, 500, 600 and 700bp Fifth, condition of PCR. To enable 
simultaneous detection, each PCR products were designed to have different melting 
temperature, at least 2°C apart from each other (Fig. 1).  
 

 
Fig. 9. Strategy for the development of SYBR Green I real-time PCR detection system.   

3.1 Materials & methods  
[Oligonucleotides ] 
The oligonucleotide primers were designed by Primer version 3.0 software (Whitehead 
Institute), referring to Genbank in order to amplify a chromosomal DNA of  Salmonella spp. 
(Table 1). The oligonucleotides and all reagents for PCR used in this study were synthesized 
and purchased from Bioneer (Daejeon, Korea) and Kogene Biotech Inc. (Seoul, Korea). 
50 ng of template DNA was used in a 20 l reaction mixture that included 2X SYBR Green 
I premix Ex Taq (Takara, Japan), 1X ROX Dye (Takara, Japan), 20 pmol of forward and 
reverse specific primer (Bioneer, Korea). Cycling conditions began with an initial hold at 
94°C for 5 min, followed by 35 cycles consisting of 94°C for 30 s, 60°C for 30 s and 72°C for 
30 s. and final extension time carry out 72°C for 5 min. Following amplification, melting 
curves were acquired on the SYBR channel using a ramping rate of 1°C / 30 s for 60 ~ 
94°C. The differentiated data were analysed by 7500 software V1.3.0. with the digital filter 
set as none. 
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Strains Direction 
(5' → 3') Primer sequence Size 

(bp) 

Salmonella 
spp. 

Forward GAA TCC TCA GTT TTT CAA CGT TTC  

Reverse 

CCA GAC GAA AGA GCG TGG TAA 
GAA GCC CGA ACG TGG CGA 
GTA TGC CCG GTA AAC AGA TGA GT 
AAA GGA ACC GTA AAG CTG GCT 
GGG TCA TCC CCA CCG AAA TAC 

60 
137 
284 
330 
424 

Table 3. Oligonucleotide primers for Salmonella spp. used in this study 

[SYBR Green I PCR assay using ABI 7500] 
[Detection studies with diversity food samples]  
Before inoculating into food, five bacterial strains were incubated in 5 ml LB broth for 
overnight. 100 l of each culture broth was inoculated in 25 g of each food material. These 
food samples were then mixed with 225 ml of LB broth and incubated for overnight. Food 
segments in sample solution must be removed before assay because PCR can be inhibited 
by them. Among the 10 samples, water contaminated with Salmonella spp. were analyzed 
without any pre-treatment, other samples were filtered through gauze before assay. 1 ml 
of each prepared sample solution was transferred to 1.5 ml e-tube and centrifuged at 
12,000 rpm for 10 min. The supernatant was removed and the pellet was re-suspended in 
500 ml deionized water. Centrifugation and re-suspension in deionized water was 
performed one more time for exact assay. 150 l of Deionized water and 50 l of 10% 
chelex resin was added to the pellet and mixed throughly. The solution was heated at 
100°C for 10 min, and centrifuged at 12,000 rpm for 10 min. 5 l aliquot of this solution 
was taken for SYBR Green I assay. PCR using ABI 7500 (Perkin-elmer, USA) was cycled 35 
times as follows: 30 sec denaturation at 94°C, 30 seconds annealing at 60°C, and 30 
seconds polymerization at 72°C. The products of real-time PCR were run on 2% agarose 
gel electrophoresis and melting curves were acquired on the SYBR channel using a 
ramping rate of 1°C / 30 seconds for 60 ~ 94°C. 

3.2 Results and discussion 
[Primers design and specificity] 
Fig. 2 is the result of PCR reaction performed with various primer sets which are designed 
for Salmonella spp. Specific PCR reaction was observed with primer sets of which product 
sizes are 60 bp, 284 bp and 678 bp, respectively. However, primer sets of 137 bp, 330 bp and 
551 bp showed non-specific products in the place of negative control, meaning that these 
primers are not available. As for the primers of 424 bp, bacterial DNA was not amplified. 
Therefore, primer sets of 60 bp, 284 bp, and 678 bp were selected. 
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temperature, at least 2°C apart from each other (Fig. 1).  
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30 s. and final extension time carry out 72°C for 5 min. Following amplification, melting 
curves were acquired on the SYBR channel using a ramping rate of 1°C / 30 s for 60 ~ 
94°C. The differentiated data were analysed by 7500 software V1.3.0. with the digital filter 
set as none. 
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Strains Direction 
(5' → 3') Primer sequence Size 

(bp) 

Salmonella 
spp. 

Forward GAA TCC TCA GTT TTT CAA CGT TTC  

Reverse 

CCA GAC GAA AGA GCG TGG TAA 
GAA GCC CGA ACG TGG CGA 
GTA TGC CCG GTA AAC AGA TGA GT 
AAA GGA ACC GTA AAG CTG GCT 
GGG TCA TCC CCA CCG AAA TAC 

60 
137 
284 
330 
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Table 3. Oligonucleotide primers for Salmonella spp. used in this study 

[SYBR Green I PCR assay using ABI 7500] 
[Detection studies with diversity food samples]  
Before inoculating into food, five bacterial strains were incubated in 5 ml LB broth for 
overnight. 100 l of each culture broth was inoculated in 25 g of each food material. These 
food samples were then mixed with 225 ml of LB broth and incubated for overnight. Food 
segments in sample solution must be removed before assay because PCR can be inhibited 
by them. Among the 10 samples, water contaminated with Salmonella spp. were analyzed 
without any pre-treatment, other samples were filtered through gauze before assay. 1 ml 
of each prepared sample solution was transferred to 1.5 ml e-tube and centrifuged at 
12,000 rpm for 10 min. The supernatant was removed and the pellet was re-suspended in 
500 ml deionized water. Centrifugation and re-suspension in deionized water was 
performed one more time for exact assay. 150 l of Deionized water and 50 l of 10% 
chelex resin was added to the pellet and mixed throughly. The solution was heated at 
100°C for 10 min, and centrifuged at 12,000 rpm for 10 min. 5 l aliquot of this solution 
was taken for SYBR Green I assay. PCR using ABI 7500 (Perkin-elmer, USA) was cycled 35 
times as follows: 30 sec denaturation at 94°C, 30 seconds annealing at 60°C, and 30 
seconds polymerization at 72°C. The products of real-time PCR were run on 2% agarose 
gel electrophoresis and melting curves were acquired on the SYBR channel using a 
ramping rate of 1°C / 30 seconds for 60 ~ 94°C. 

3.2 Results and discussion 
[Primers design and specificity] 
Fig. 2 is the result of PCR reaction performed with various primer sets which are designed 
for Salmonella spp. Specific PCR reaction was observed with primer sets of which product 
sizes are 60 bp, 284 bp and 678 bp, respectively. However, primer sets of 137 bp, 330 bp and 
551 bp showed non-specific products in the place of negative control, meaning that these 
primers are not available. As for the primers of 424 bp, bacterial DNA was not amplified. 
Therefore, primer sets of 60 bp, 284 bp, and 678 bp were selected. 
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Fig. 10. PCR amplification of Salmonella spp. using each primer set  

M, 100 bp DNA ladder; lane 1, 2, 60 bp primer; lane 3, 4, 137 bp primer; lane 5, 6, 284 bp 
primer; lane 7, 8, 330 bp primer; lane 9, 10, 424 bp primer; lane 11, 12, 551 bp primer; lane 13, 
14, 678 bp primer; lane 15, 16, 787 bp primer; odd lane number, negative control; even lane 
number, positive control. 
[Real-time PCR system] 
It will be more effective if there is more sensitive optical instrument and staining dye which 
can detect very small amount of product than naked eyes and EtBr. Micro PCR, which was 
developed for this purpose, uses real-time ABI 7500 PCR machine as a detector and SYBR 
Green I reagent as a staining dye. First, selection of specific primers; primer size (17~25 mer), 
hybridization ability, secondary structure within primer, GC contents (40~60%), melting 
temperature (Tm) (55~65°C). Second, factors affecting Tm; product size, GC content of 
product. Third, effect of commercial SYBR green reagent; Takara, A&B, Qiagen and in house 
reagent. Fourth, products size; approximately 60, 100, 200, 300, 400, 500, 600 and 700 bp. Fifth, 
running conditions of real-time PCR. to enable simultaneous detection, each PCR products 
were designed to have different melting temperature, at least 2°C apart from each other. 
As shown in Fig. 3 primer of 60 bp showed two peaks of positive and negative control at 
the same position. Primer of 284 bp did not showed non-specific products at all but it was 
also unavailable because the peak of positive control was too weak. The Tm value was 
86.8°C. Only the primer of 678 bp was proved to be available. Although a weak undesired 
peak was appeared beneath 75°C, it is ignorable because its temperature is sufficiently 
low. The Tm value was measured as 86.7°C. Therefore, the primer of 678 bp is finally 
selected for SYBR Green I system. 

A. 60 bp 
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B. 284 bp 

 
 

 

C. 678 bp 

 
 

Fig. 11. Melting curve analysis for Salmonella spp. A ~ C : melting curve of 60, 284, 678 bp 
primer sets  

[Application of Real-time SYBR Green Ⅰ PCR system to food] 

To apply real-time SYBR Green I system to food, various food samples were artificially 
contaminated by the Salmonella and incubated for enrichment. After overnight 
enrichment, Salmonella spp. gave positive PCR reaction. No signals were observed in 
negative (un-inoculated) controls. As shown in this result, no other strains but the 
inoculated Salmonella enteritidis was detected (Fig. 4). In conclusion, the SYBR Green I PCR 
assay combined with DNA extraction using boiling method offers rapid and non-
sequence-specific detection of amplicons.  
M, 100 bp ladder; N, negative control; lane 1, hamburger patty contaminated with 
Escherichia coli O157:H7; lane 2, ground poultry with Escherichia coli O157:H7; lane 3 , 
soondae (a sausage made of bean curd and green-bean sprouts stuffed in pig intestine) 
with Staphylococcus aureus; lane 4, kimbob (rice rolled in dried laver) with Staphylococcus 
aureus; lane 5, sea water with Vibrio parahaemolyticus; lane 6, shrimp with Vibrio 
parahaemolyticus; lane 7, salad with Listeria monocytogenes; lane 8, ice-cream with Listeria 
monocytogenes; lane 9, frozen chicken with Salmonella enteritidis.; lane 10, salad with 
Salmonella enteritidis.; lane 11, Soybean paste with B. cereus; lane 12, korean red pepper 
paste with B. cereus; lane 13, bottled water with Yersinia enterocolitica; lane 14, milk with 
Yersinia entercolitica; lane 15, spring water with Shigella spp.; lane 16, oyster with Shigella 
spp.; P, Positive control (100 pg) 
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M, 100 bp DNA ladder; lane 1, 2, 60 bp primer; lane 3, 4, 137 bp primer; lane 5, 6, 284 bp 
primer; lane 7, 8, 330 bp primer; lane 9, 10, 424 bp primer; lane 11, 12, 551 bp primer; lane 13, 
14, 678 bp primer; lane 15, 16, 787 bp primer; odd lane number, negative control; even lane 
number, positive control. 
[Real-time PCR system] 
It will be more effective if there is more sensitive optical instrument and staining dye which 
can detect very small amount of product than naked eyes and EtBr. Micro PCR, which was 
developed for this purpose, uses real-time ABI 7500 PCR machine as a detector and SYBR 
Green I reagent as a staining dye. First, selection of specific primers; primer size (17~25 mer), 
hybridization ability, secondary structure within primer, GC contents (40~60%), melting 
temperature (Tm) (55~65°C). Second, factors affecting Tm; product size, GC content of 
product. Third, effect of commercial SYBR green reagent; Takara, A&B, Qiagen and in house 
reagent. Fourth, products size; approximately 60, 100, 200, 300, 400, 500, 600 and 700 bp. Fifth, 
running conditions of real-time PCR. to enable simultaneous detection, each PCR products 
were designed to have different melting temperature, at least 2°C apart from each other. 
As shown in Fig. 3 primer of 60 bp showed two peaks of positive and negative control at 
the same position. Primer of 284 bp did not showed non-specific products at all but it was 
also unavailable because the peak of positive control was too weak. The Tm value was 
86.8°C. Only the primer of 678 bp was proved to be available. Although a weak undesired 
peak was appeared beneath 75°C, it is ignorable because its temperature is sufficiently 
low. The Tm value was measured as 86.7°C. Therefore, the primer of 678 bp is finally 
selected for SYBR Green I system. 

A. 60 bp 
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Fig. 11. Melting curve analysis for Salmonella spp. A ~ C : melting curve of 60, 284, 678 bp 
primer sets  

[Application of Real-time SYBR Green Ⅰ PCR system to food] 

To apply real-time SYBR Green I system to food, various food samples were artificially 
contaminated by the Salmonella and incubated for enrichment. After overnight 
enrichment, Salmonella spp. gave positive PCR reaction. No signals were observed in 
negative (un-inoculated) controls. As shown in this result, no other strains but the 
inoculated Salmonella enteritidis was detected (Fig. 4). In conclusion, the SYBR Green I PCR 
assay combined with DNA extraction using boiling method offers rapid and non-
sequence-specific detection of amplicons.  
M, 100 bp ladder; N, negative control; lane 1, hamburger patty contaminated with 
Escherichia coli O157:H7; lane 2, ground poultry with Escherichia coli O157:H7; lane 3 , 
soondae (a sausage made of bean curd and green-bean sprouts stuffed in pig intestine) 
with Staphylococcus aureus; lane 4, kimbob (rice rolled in dried laver) with Staphylococcus 
aureus; lane 5, sea water with Vibrio parahaemolyticus; lane 6, shrimp with Vibrio 
parahaemolyticus; lane 7, salad with Listeria monocytogenes; lane 8, ice-cream with Listeria 
monocytogenes; lane 9, frozen chicken with Salmonella enteritidis.; lane 10, salad with 
Salmonella enteritidis.; lane 11, Soybean paste with B. cereus; lane 12, korean red pepper 
paste with B. cereus; lane 13, bottled water with Yersinia enterocolitica; lane 14, milk with 
Yersinia entercolitica; lane 15, spring water with Shigella spp.; lane 16, oyster with Shigella 
spp.; P, Positive control (100 pg) 
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Fig. 12. Detection specificity using the Salmonella spp. 674 bp primer in contaminated variety 
food samples 

The minimum detection limit was 10 cells / ml with pure culture, which is far more 
sensitive than conventional PCR which has detection limit of 10,000 cells / ml. In 
conclusion, we developed a highly sensitive and specific real-time PCR assay for detection 
of the five food-borne pathogenic bacteria in food samples. This newly developed assay was 
successfully used to monitor the dynamics of this novel bacterium in food (Abu et al, 2005). 

4. Rapid and simple detection of invA gene in Salmonella spp. by isothermal 
target probe amplification (iTPA) 
Nucleic acid amplification methods are widely used for detection of food-borne pathogens 
and the PCR is the most popular and useful method, requires a high precision thermal 
cycling instrument, which often prevents PCR from being used in routine food pathogen 
detection by the food industry. Recently, Jung et al. (Jung et al. 2010) developed a new 
highly sensitive and specific isothermal amplification and detection system called 
isothermal target and probe amplification (iTPA) by employing DNA-RNA-DNA chimeric 
primers and a FRET probe. The iTPA reaction is done under isothermal conditions between 
55 and 65°C using a simple incubator such as a water bath or block heater which is sufficient 
for amplification. The detection of the fluorescence signal is acquired directly from the 
amplification reaction tube without any post-amplification handling that reduces the risk of 
any amplicon-carryover cross-contamination. The iTPA assay is highly specific for the target 
sequence because the primers and probe recognize five distinct regions on the targeted 
DNA. The iTPA method is based on a combination of novel ICA (isothermal chain 
amplification) and FRET cycling probe technology (CPT). In the ICA method, which relies 
on the strand displacement activity of DNA polymerase and the RNA degrading activity of 
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RNase H, two displacement events occur in the presence of four specially designed primers 
that lead to powerful amplification of target DNA. Since the amplification is initiated only 
after hybridization of the four primers, the ICA method leads to high specificity for the 
target sequence. In the CPT method, a DNA-RNA-DNA chimeric probe is hybridized with 
the target DNA, and the RNA region of the duplex is specifically cleaved by RNase H. The 
cleaved probe fragments are disassociated from the target DNA and another intact probe is 
again hybridized and then cleaved. In the cycling events, a single target DNA molecule 
results in a large number of cleaved probe fragments, which can be designed to generate 
fluorescent signals (Fig. 1). In the present study, a sensitive and specific iTPA assay for 
detecting Salmonella spp. in experimentally inoculated food samples was developed.  
 
 

 
Fig. 13. The process for the Isothermal target & Probe amplification  

4.1 Materials & methods  
[iTPA primers, FRET probe, and reaction conditions] 
The Salmonella invA gene (GenBank: EU348369) was used as the target for iTPA primer 
and probe design. Four primers, two outer and two inner, and one FRET probe which 
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The minimum detection limit was 10 cells / ml with pure culture, which is far more 
sensitive than conventional PCR which has detection limit of 10,000 cells / ml. In 
conclusion, we developed a highly sensitive and specific real-time PCR assay for detection 
of the five food-borne pathogenic bacteria in food samples. This newly developed assay was 
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4. Rapid and simple detection of invA gene in Salmonella spp. by isothermal 
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for amplification. The detection of the fluorescence signal is acquired directly from the 
amplification reaction tube without any post-amplification handling that reduces the risk of 
any amplicon-carryover cross-contamination. The iTPA assay is highly specific for the target 
sequence because the primers and probe recognize five distinct regions on the targeted 
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amplification) and FRET cycling probe technology (CPT). In the ICA method, which relies 
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RNase H, two displacement events occur in the presence of four specially designed primers 
that lead to powerful amplification of target DNA. Since the amplification is initiated only 
after hybridization of the four primers, the ICA method leads to high specificity for the 
target sequence. In the CPT method, a DNA-RNA-DNA chimeric probe is hybridized with 
the target DNA, and the RNA region of the duplex is specifically cleaved by RNase H. The 
cleaved probe fragments are disassociated from the target DNA and another intact probe is 
again hybridized and then cleaved. In the cycling events, a single target DNA molecule 
results in a large number of cleaved probe fragments, which can be designed to generate 
fluorescent signals (Fig. 1). In the present study, a sensitive and specific iTPA assay for 
detecting Salmonella spp. in experimentally inoculated food samples was developed.  
 
 

 
Fig. 13. The process for the Isothermal target & Probe amplification  

4.1 Materials & methods  
[iTPA primers, FRET probe, and reaction conditions] 
The Salmonella invA gene (GenBank: EU348369) was used as the target for iTPA primer 
and probe design. Four primers, two outer and two inner, and one FRET probe which 
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recognized five distinct regions of the target sequence were designed using the 
DNASTAR software (Maison, WI). Oligonucleotide sequences and locations of the 
primers and the probe are shown in Table 1. The DNA primers were synthesized by 
Genotech (Daejeon, South Korea). The chimeric primers and a FRET probe were 
synthesized by IDT (San Diego, CA). The iTPA reaction mix in a 20 μl volume consisted of 
the following: 10 mmol / L of Tris-HCl (pH 8.5), 22 mmol / L of MgSO4, 10 mmol / L of 
KCl, 10 mmol / L of (NH4)2SO4, 0.05 mg ml / L of acetylated BSA, 3 mmol / L of DTT, 0.4 
mmol / L of deoxynucleotide triphosphate (dNTP), 0.22 mol / L of each outer primers, 2.2 
mol / L of each inner primers, 100 nmol / L of the FRET probe, 5 units of bst polymerase 
(NEB, Ipswich, MA), 5 units of RNase H (Epicentre, Madison, WI), 6 units of RNase 
inhibitor (Solgent, South Korea), and 2 l l of DNA template (2 l of sterilized water was 
used for a negative control). The iTPA reaction mix was incubated at 58°C for 60 min in a 
water-bath and then cooled to room temperature. After a quick spin-down, the reaction 
tube was inserted into a RF-1000 fluorescent reader (Raplegene, Inc., Sungnam, South 
Korea) to read the relative RFU (fluorescence relative unit) signal. The RF-1000 fluorescent 
reader calculates the F-score and it is display on the LCD window. The result was 
interpreted as a Salmonella spp. positive if the F-score was ≥35 or a Salmonella spp. 
negative if the F-score was < 35. This cut-off value was determined using uninoculated 
food samples that had also undergone cultural pre-enrichment. F-scores of uninoculated 
egg yolk samples and chicken meat samples were 20±9.5 and 20±7.2 respectively 
(p≤0.001). The equation used to calculate the F-score is the following:  
F-score = [(fluorescence of the sample – fluorescence of the negative control) / fluorescence of 
the negative control] x 100. Sterilized water was used for the negative control reaction instead 
of the extracted nucleic acid from inoculated food samples. Since uninoculated food samples 
may be contaminated, we used sterile water as the negative control. 
 
 

Name Sequence (5’-3’) Position# 

Outer forward 
Outer reverse 
Inner forward 
 
Inner reverse 
FRET probe 

CCT GAT CGC ACT GAA TAT C 
CGA AAG AGC GTG GTA ATT AAC 
CGA TGA CTG ACT ATA CAA GrUrA rCrGC TGG CGA 
TAT TGG TGT TTA TG 
CTA GTA CAT GAA GCT rArArA rGAC CGC AGG 
AAA CGT TGA A 
FAM-CGT TCT ACA TTrG rArCrA rGrAA TCC TCA G-
DABCYL 

99-117 
195-215 
121-131 
 
174-191 
146-170 

 

Table 4. iTPA primers and FRET probe used in this study to detect Salmonella spp. 

[iTPA specificity and detection limits] 
Fifty bacterial strains were used to determine the iTPA specificity. DNA templates were 
prepared from bacterial cultures and aliquots were subjected to the iTPA assay. For 
Salmonella strains, the genomic DNA was isolated from the overnight culture grown in LB 
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medium and then quantified. One picogram of genomic DNA was used as the template. For 
non-Salmonella strains, the genomic DNA was isolated from the overnight culture grown in 
LB medium and then 2 L of the DNA extraction TE buffer solution was used. Specificity 
tests were repeated 10 times. To determine iTPA detection limits, serial 10-fold dilutions of a 
mid-log phase S. typhimurium KCTC2515 culture (ca. 108 CFU) grown in LB broth were 
prepared in PBS and quantified using the standard plating method. The detection limit tests 
were repeated 10 times and the lower limits of detection (CFU per assay) were reported. 
[iTPA testing in experimentally inoculated food samples]  
Three kinds of foods were used for the study: peanut butters, egg yolk and chicken 
breasts. Food samples were processed as described in a previous study (Kim et al. 2007) 
with slight modifications. Briefly, A 500 ml Erlenmeyer flask (LB broth 225 ml) containing 
25 g of chicken breast was incubated at 37°C overnight and then 9 ml of this solution was 
transferred into a 10 ml conical tube followed by adding 1 ml of inoculated buffered 
peptone water of Salmonella spp.(1.0 x 109 CFU / ml) to prepare a stock solution. Plastic 
food bags containing 25 g of chicken breast were inoculated with 1 ml of serial dilutions 
(1:10 to 1:108) of the stock solution and vigorously mixed using a homogenizer (Pro-media 
SH-001, ELMEX Ltd., Tokyo, Japan) for about 30 sec to distribute the bacteria followed by 
adding 225 ml of freshly made LB broth to prepare pre-enriched solutions. The sample 
preparations for peanut butters and other food samples were the same except that for 
peanut butters which required an additional washing with a washing solution (0.05% 
NaOH, 0.5% Tween 20 in PBS buffer solution) due to the high viscosity. 100 L of the pre-
enriched solution was mixed with the washing solution and centrifuged at 10,770 x g for 5 
min followed by discarding the supernatant. The pellet was washed with 100% ethanol 
and then with TE buffer solution twice. The washed pellet was suspended in 200 L of TE 
buffer solution and heated at 100°C for 10 min in a dry heating block. The crude cell lysate 
was centrifuged at 10,770 x g for 5 min and an aliquot (2 L) of the supernatant was used 
for the iTPA assay. For negative samples, the same amount of aliquot (2 L) of 
uninoculated food samples that had also undergone cultural pre-enrichment was used. 
The inoculated food sample tests were repeated 10 times and the lower limits of detection 
(CFU per assay) were reported.  

4.2 Results and discussion 
[Inclusivity and exclusivity of the iTPA assay] 
The Salmonella spp. invA-based iTPA assay, which required only a water bath and the RF-
1000 fluorescent reader successfully detected 10 Salmonella spp. strains while showing 
negative results for 40 non-Salmonella spp. strains (Table 1), indicating that the invA-based 
iTPA assay was specific for Salmonella spp.. The PCR assay using iTPA outer primers 
yielded amplicons of the expected size (117 bp) for all 10 Salmonella spp. strains. (data not 
shown) Two sample t-tests were performed for negatives and positives in pure culture. The 
mean F-score of the negatives was 3.97±0.44 and the mean F-score of the positives was 
82.9±6.1 (p≤0.001, data not shown). For a rigorous exclusivity comparison, the positive 
strains were used at a low concentration of the genomic DNA (1pg, ca. 102 CFU) as the 
template while the negative strains were used at very high concentration of the genomic 
DNA (ca. 105 CFU). Neither false positive nor false negative results for the 50 bacterial 
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recognized five distinct regions of the target sequence were designed using the 
DNASTAR software (Maison, WI). Oligonucleotide sequences and locations of the 
primers and the probe are shown in Table 1. The DNA primers were synthesized by 
Genotech (Daejeon, South Korea). The chimeric primers and a FRET probe were 
synthesized by IDT (San Diego, CA). The iTPA reaction mix in a 20 μl volume consisted of 
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mol / L of each inner primers, 100 nmol / L of the FRET probe, 5 units of bst polymerase 
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may be contaminated, we used sterile water as the negative control. 
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medium and then quantified. One picogram of genomic DNA was used as the template. For 
non-Salmonella strains, the genomic DNA was isolated from the overnight culture grown in 
LB medium and then 2 L of the DNA extraction TE buffer solution was used. Specificity 
tests were repeated 10 times. To determine iTPA detection limits, serial 10-fold dilutions of a 
mid-log phase S. typhimurium KCTC2515 culture (ca. 108 CFU) grown in LB broth were 
prepared in PBS and quantified using the standard plating method. The detection limit tests 
were repeated 10 times and the lower limits of detection (CFU per assay) were reported. 
[iTPA testing in experimentally inoculated food samples]  
Three kinds of foods were used for the study: peanut butters, egg yolk and chicken 
breasts. Food samples were processed as described in a previous study (Kim et al. 2007) 
with slight modifications. Briefly, A 500 ml Erlenmeyer flask (LB broth 225 ml) containing 
25 g of chicken breast was incubated at 37°C overnight and then 9 ml of this solution was 
transferred into a 10 ml conical tube followed by adding 1 ml of inoculated buffered 
peptone water of Salmonella spp.(1.0 x 109 CFU / ml) to prepare a stock solution. Plastic 
food bags containing 25 g of chicken breast were inoculated with 1 ml of serial dilutions 
(1:10 to 1:108) of the stock solution and vigorously mixed using a homogenizer (Pro-media 
SH-001, ELMEX Ltd., Tokyo, Japan) for about 30 sec to distribute the bacteria followed by 
adding 225 ml of freshly made LB broth to prepare pre-enriched solutions. The sample 
preparations for peanut butters and other food samples were the same except that for 
peanut butters which required an additional washing with a washing solution (0.05% 
NaOH, 0.5% Tween 20 in PBS buffer solution) due to the high viscosity. 100 L of the pre-
enriched solution was mixed with the washing solution and centrifuged at 10,770 x g for 5 
min followed by discarding the supernatant. The pellet was washed with 100% ethanol 
and then with TE buffer solution twice. The washed pellet was suspended in 200 L of TE 
buffer solution and heated at 100°C for 10 min in a dry heating block. The crude cell lysate 
was centrifuged at 10,770 x g for 5 min and an aliquot (2 L) of the supernatant was used 
for the iTPA assay. For negative samples, the same amount of aliquot (2 L) of 
uninoculated food samples that had also undergone cultural pre-enrichment was used. 
The inoculated food sample tests were repeated 10 times and the lower limits of detection 
(CFU per assay) were reported.  

4.2 Results and discussion 
[Inclusivity and exclusivity of the iTPA assay] 
The Salmonella spp. invA-based iTPA assay, which required only a water bath and the RF-
1000 fluorescent reader successfully detected 10 Salmonella spp. strains while showing 
negative results for 40 non-Salmonella spp. strains (Table 1), indicating that the invA-based 
iTPA assay was specific for Salmonella spp.. The PCR assay using iTPA outer primers 
yielded amplicons of the expected size (117 bp) for all 10 Salmonella spp. strains. (data not 
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mean F-score of the negatives was 3.97±0.44 and the mean F-score of the positives was 
82.9±6.1 (p≤0.001, data not shown). For a rigorous exclusivity comparison, the positive 
strains were used at a low concentration of the genomic DNA (1pg, ca. 102 CFU) as the 
template while the negative strains were used at very high concentration of the genomic 
DNA (ca. 105 CFU). Neither false positive nor false negative results for the 50 bacterial 
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strains were observed by the iTPA assay using two primer sets and a FRET probe, indicating 
good specificity. (Table 1) 

[Detection limits of the iTPA assay] 
The detection limits of the iTPA assay using serial in S. Typhimurium strain were 
determined. KCTC2515 were determined and the lowest number of cells detected was 4 x 
101 CFU per iTPA reaction (Table 2). 
 
 

 
Dilution No. of Bacteria 

(CFU) 
iTPA reaction 

(F-score#) 

S. Typhimurium KCTC2515 

10-4 

10-5 

10-6 

10-7 

10-8 

4 x 104 

4 x 103 

4 x 102 

4 x 101 

4 

142±9 
96±30 
82±35 
69±18 

0 

# F-score = [(fluorescence of the sample – fluorescence of the negative control) / fluorescence  of the 
negative control] x 100 
 

Table 5. Sensitivity of the iTPA assays 

[Detection of Salmonella spp. cells in inoculated food samples] 
The detection limits of Salmonella spp. inoculated in three food samples are shown in Table 
3. In inoculation experiments, the invA-based iTPA assay using the serial dilution platforms 
consistently detected at an initial inoculums level of less than 10 CFU in the pre-enriched 
food samples (egg yolk, chicken breast, and peanut butter). In Table 4 the results of the F-
score measurement for the iTPA reaction for 60 min at 58°C in the artificially contaminated 
samples are shown. For statistics, one-way analysis of variance (ANOVA) test was 
performed (Clarke and Cooke 1998). The mean F-scores for uninoculated peanut butter, egg 
yolk and chicken breast were 14±4.7, 20±10, and 20±7.2, respectively. The mean F-scores for 
inoculated peanut butter, egg yolk and chicken breast were 87.34±30.24, 59.09±36.16 and 
68.24±26.33(p≤0.001), respectively. The lowest detection limit achieved in this study was a 
less than 10 CFU per 25 g of food samples.  
In this study, we designed a set of DNA-RNA-DNA chimeric primers and a FRET probe to 
specifically target the Salmonella spp. invA gene. So, a novel and rapid DNA detection 
system has been developed which we have termed isothermal target and probe 
amplification (iTPA). By simultaneously utilizing the dual amplification powers of the target 
DNA and FRET probe, we have demonstrated that iTPA can be used to rapidly detect less 
than 10 CFU of Salmonella spp. in food samples after pre-enrichment. The four chimeric 
primers and one FRET probe were designed from five regions of the Salmonella spp. invA 
gene coding sequence that are highly specific for Salmonella spp. (Table 1). In conclusion, we 
have developed a DNA detection system which is conveniently performed by requiring 
only a water bath and a fluorometer and has great potential in applications for hand-held or 
point-of-care-testing (POCT) diagnostics. The invA-based iTPA assay developed in this 
study is a specific, sensitive, and rapid method for the detection of Salmonella spp. in food 
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samples. This simple method is expected to enable a rapid risk assessment of pathogen 
contamination of foods at a low cost. (Kim et al. 2011) 
 

Food samples Dilution No. of Bacteria#(CFU) F-score 
Peanut butter 
 
 
 
 
 
Egg yolk 
 
 
 
 
 
Chicken meat 

10-5 

10-6 

10-7 

10-8 

10-9 

 
10-5 

10-6 

10-7 

10-8 

10-9 

 
10-5 

10-6 

10-7 

10-8 

10-9 

 

1.7±0.4 x 103 

1.7±0.4 x 102 

1.7±0.4 x 101 

1.7±0.4 x 100 

1.7±0.4 x 10-1 

un-inoculated 
1.7±0.4 x 103 

1.7±0.4 x 102 

1.7±0.4 x 101 

1.7±0.4 x 100 

1.7±0.4 x 10-1 

un-inoculated 
1.7±0.4 x 103 

1.7±0.4 x 102 

1.7±0.4 x 101 

1.7±0.4 x 100 

1.7±0.4 x 10-1 

un-inoculated 

87±5.7 
86±6.6 
82±12 
82±13 
39±40 
14±4.7 
72±4.0 
73±4.0 
69±7.3 
44±3.4 
11±26 
20±10 
72±3.6 
72±2.3 
71±4.8 
56±19 
34±29 
20±7.2 

# Seven Salmonella spp. strains were tested: S. typhimurium (KCTC 2515, KCTC 2412, ATCC 14028),  
S. choleraesuis (KCTC 2929, KCCM 41575), S. enetritidis (KCCM 12021), S. bongori (KCCM 41758) 

Table 6. Detection limits for inoculated food samples by iTPA assay 
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strains were observed by the iTPA assay using two primer sets and a FRET probe, indicating 
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