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Preface

Since the beginning of civilization, humans and animals developed very strong associations
to their mutual benefits. The lives of humans and animals have been connected in all as‐
pects. Early humans learned to raise animals for food and this continues today. Ruminant
livestock are the most domesticated animals that includes bovines, ovines and caprines.
Livestock, particularly bovines, are important contributors to total food production in the
world. Moreover, their contribution increases at a higher rate than that of cereals. These ani‐
mals play very important economic and socio-cultural roles for the welfare of rural house‐
holds. They help in employment, soil fertility, livelihoods, transport, agricultural traction,
agricultural diversification, food supply, source of income and also in sustainable agricul‐
tural production. These animals play an important role in food supply for rural and urban
areas and contribute to family nutrition. Products such as milk, eggs, and meat are used as a
source of food, with other livestock products used for domestic consumption.

The social expectations in Science and Technology are increasing because of rapid advances.
Prevention and control of infectious diseases in bovines have been among the top-most pub‐
lic health objectives in the last decades. However, controlling diseases due to pathogens that
move between animals and humans remains challenging. Such pathogens have been re‐
sponsible for the majority of new human and bovine disease threats as was proved with a
number of recent international epidemic incidences. Identifying and addressing emergent
cross-species infections will require a newer approach, in which resources from public vet‐
erinary, environmental and human health functions as a part of an integrative system.

The current technological boom has put forth a variety of research techniques, methods and
protocols being used in bovine science. There is now a great deal of interaction between the
chemical, physical and biological sciences. Nutritional management is required in bovines,
as it is an important criterion to match the current increasing need of the population. Meet‐
ing with such issues, dietary requirements maximize production and hence profit potential
and minimizes soil, water, diseases and atmospheric impacts. The biologist today depends
on recent advances of bovine science in aspects of physiology, biochemistry, microbiology,
biotechnology, genetics, pharmacology, toxicology and environmental biology of these ani‐
mals. Several technologies have been developed over the years to address the challenges of
bovine science. This book is aimed at young researchers, academicians and industry people.

In this book, experts from different continents present some of the important aspects of bo‐
vine science such as louse infestations of ruminants, cytogenetics of bovines, factors of com‐
petitiveness for the bovine livestock, bovine feed manipulation, enhancement of conjugated
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linoleic acid and its bioavailability, emergence of antimicrobial resistance, prevention strat‐
egies and meat quality. The aim of this book to give an understanding of the present scenar‐
io, advances, and challenges in bovine science.

This book is dedicated to all academicians and researchers.

Dr. Sadashiv S. O. and Dr. Sharangouda J. Patil
School of Sciences

Department of Life Sciences
Garden City University

Bengaluru, Karnataka, India
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1. Introduction

1.1. Livestock

Livestock animals play vital role in socio-economic, cultural and these animals serve as a 
function for rural households. Livestock helps in food supply, family nutrition, quality sav-
ings, family financial gain, increase in soil productivity, livelihoods, transport, agricultural 
diversification and production, family and community employment, ritual functions, and 
social station. As per the Food and Agriculture Organization (FAO), two widely used clas-
sifications are supported the forms of output created or inside the uses [1].

Among output uses, maintenance and consumption by the farm holder’s house, direct offer
of inputs, financial gain through sales of the live animals or their output, savings investment
and social functions like paying bride wealth, or in other way providing animals for com-
munal feasts or sacrifices will be distinguished. Another classification divides animal func-
tions in the economic role like supply of financial gain and mean of savings accumulation,
direct feed use for family subsistence, additional benefits like fertilizer and animal draught,
and capability to accommodate a collection of social rules and obligations. Livestock has a
crucial contribution to the food chain of rural and urban areas and contributes to family nutri-
tion. As a social unit, financial gain will increase and consumption of product will increase,
mainly from animal origin, permitting the substitution of vegetal diet by animal supermol-
ecule. Apart from milk, eggs, and meat used in food, skins, hides, and horns are also used for
domestic purposes.

Livestock production is closely reticulated with crop production. The employment of live-
stock and its by-product manure are widely used in crop production. It may be a supply of 

© 2019 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.
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energy, providing draught animal power, and manure improves soil structure and fertility 
and also increases water retention. Each use is environmentally friendly and yields more 
energy and nutrient support. Its production is a very important mean of exchange between 
rural households and, when sold, contributes to spice up and strengthen the rural markets. 
Rural markets are very important areas within the operation mode of rural communities and 
play a big contribution for rural families in the upgradation of wealth. Livestock may fea-
ture as savings and may be regenerated into money whenever the family desires it; also it 
may act as a security, influencing access to informal credits and loans and being conjointly a 
supply of collateral for loans. In many rural regions, wherever monetary markets are absent 
or nonexistent, livestock’s or herds are a supply of plus accumulation and live of prosper-
ity. Livestock or assets may be mobilized at any time, satisfying planned expenditures, for 
example, kids’ fees and bride wealth, or many unplanned expenses like the unhealthiness and 
death of members of the family. These animals may well be seen as a “bank account,” and 
they are conjointly a very important supply of family savings that may be employed in years 
of low crop production, reducing financial insecurity and social unit vulnerability, being a 
very important supply of risk reduction and security increase.

Animal health greatly affects the farm animal functions, not solely by direct effects on animal 
productivity but also by indirect effects, specifically regarding human health, costs associ-
ated to disease management, and international movement restrictions of animals on animal 
merchandise and animal welfare [2]. The existence of an excellent variety of parasitary, infec-
tious, or metabolic diseases that have an effect on fertility cannot be underestimated. Besides 
the positive effects of stock to human welfare, stock production and consumption may be 
associated with some risks, specifically the transmission of vital diseases that are transmit-
ted from animals to humans (zoonosis). The absence of rigorous animal health management 
programs represents a high risk to the human health. Furthermore, the rigorous management 
and restrictions to animal movement and to exportation of animal merchandise, related to the 
existence of disease, makes the existence of national animal health programs indispensable so 
as to permit international trade.

2. Bovine mastitis

Bovine mastitis in farm cows may be a significant issue because it is an economically devastat-
ing sickness inflicting large economic losses within the farm trade and is the worldwide costli-
est production unwellness in dairy farm herds. It stands second to foot and mouth disease as 
the most difficult disease in high-yielding dairy farm animals in Asian countries; however, 
as per reports of the prevalence of mastitis in dairy farm animals, it stands on initial position 
and had been reported quite in a high rate in crossbred dairy farms. Field surveys of major 
placental mammal diseases have indicated that inflammation is one of the foremost major 
diseases of farm animals [3].

Mastitis is the outcome of interaction of assorted factors related to the host, pathogen(s), and 
therefore the atmosphere. Infectious agents, particularly varied species of bacterium, are the 
foremost vital etiologic agents of inflammation. The association of some host, management, 
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and housing determinants with inflammation is well-established and was the subject of 
investigation. Bovine inflammation is caused by the entry of bacterium within the mammary 
gland resulting in inflammation. This illness, characterized by a rise in the cells, particularly 
leukocytes, within the milk and by pathological changes within the mammary gland tissue, 
causes large economic losses and additionally holds the danger for the transmission of animal 
diseases like TB, brucellosis, and zoonotic disease. Bovine mastitis is generally classified into 
clinical and subclinical mastitis. Clinical mastitis is characterized by local (e.g., swelling of 
the udder, heat, and pain) or systemic (e.g., fever, anorexia, depression) symptoms with milk 
abnormalities (e.g., milk clots, flakes, watery secretions, blood). Subclinical redness is that 
the most serious kind because the infected animal shows no obvious symptoms and secrets 
apparently traditional milk for an extended time, therefore it is a crucial feature of the medical 
specialty of bovine inflammation.

The consumption of dairy farm product has additionally magnified at similar levels with a 
great increase in recent years, primarily because of a bigger income base for people. Improving 
udder health and decreasing the incidence of udder infection and inflammation in dairy farm 
herds can end in augmented milk production. Even though advanced technology is created, 
mastitis continues to be a significant economic issue for dairy farm producers. Thus, research-
ers and dairy farm advisors still refine the National Mastitis Council (NMC) and regularly 
they counsel farm producers on mastitis management program.

Increase in the prevalence of mastitis might be due to the absence of udder washing and 
milking of cows with common milkers which have cuts and chaps on their hands and using 
of common udder cloths, which could be vectors of spread especially for contagious mastitis. 
In the preparation for milking, teats and udder should be properly washed with suitable 
sanitizing agent and completely dried, even before and after milking to control mastitis effec-
tively. In order to reduce the high prevalence of bovine mastitis, improved milking hygiene, 
hindrance of skin lesions, culling of chronic mastitis carriers, and treating of clinically infected 
herds must be practiced. Improper hygiene and poor farm management practices contributed 
to the presence of many pathogenic bacteria in milk. Improving the hygienic conditions of 
the milking environment and utensils may reduce the prevalence of many pathogens in milk, 
and also implementation of a systematic application of an in vitro antibiotic susceptibility 
test, earlier to the use of antibiotics in both treatment and prevention of bovine mastitis, is 
reommended [4].

3. Feed and fodder management

The previous report of five year plan of the animal husbandry, agriculture, horticulture and 
forestry departments, with slight intersectoral conversation between these departments in 
around the world for the fodder production and management. Livestock farming is one of 
the major occupations of farmers along with or without agriculture and entrepreneurs to 
produce various products for the tremendous input to the country’s gross domestic product 
(GDP). Livestock farming is one of the important livestock activities worldwide to produce 
and provide milk, meat, manure, leather, wool, energy for agriculture, basic transportation, 
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test, earlier to the use of antibiotics in both treatment and prevention of bovine mastitis, is 
reommended [4].
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The previous report of five year plan of the animal husbandry, agriculture, horticulture and 
forestry departments, with slight intersectoral conversation between these departments in 
around the world for the fodder production and management. Livestock farming is one of 
the major occupations of farmers along with or without agriculture and entrepreneurs to 
produce various products for the tremendous input to the country’s gross domestic product 
(GDP). Livestock farming is one of the important livestock activities worldwide to produce 
and provide milk, meat, manure, leather, wool, energy for agriculture, basic transportation, 
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and many useful food sources and income-generating works for millions of households 
throughout the world [5].

The number of livestock from the past few years has increased in all the conditions, in the 
form of two levels, i.e., (i) maximum number of farmers practicing extensive stall feeding 
in different breeds of hybrid cattle and (ii) similarly also increased grazing of local variety 
livestock population to depend their survival on the natural sources. Increasing livestock 
population without information is against to the animal husbandry policies, without atten-
tion of their feed and fodder sources, production of feed and fodder should be in farms by 
scientific management, otherwise, it is stress on the livestock and if sources are limited, poor 
fodder production technologies and storage methods in the developed country to depleting 
productivity sources of the farming area.

The annual estimated growth and income depends on urbanization, globalization, and civi-
lization of the countries, demand for the livestock resources also increased subsequently, 
and further research is required for future advancements in production of animal products 
to meet the demand of global population. In 2050, the global demand for dairy and meat 
products are expected to increase by 74 % and 58 %, respectively, by the choice of developing 
countries. The cattle global population in 2000 was 1.5 billion and many model projects by the 
government are helping to the  increase by 2050 at around 2.7 and 2.6 billion, respectively. 
For this, animal feed ingredient requirement is estimated to increase annually by 553 million 
tonnes; it was also reported by the FAO in 2009 that 50% of the demand were met in that 
year [6]. To meet the future demands of global population, the production of milk and meat 
strategies need to be depends on animal health, food & nutrition and scientific management 
by using available feed and fodder resources, also they are monitored  all the time for serve 
the livestock sufficient and significantly [7].

Strategies are also required to improve feed quality, fodder resources, and sustainability in 
management of livestock production. It is necessary to adopt newer technology of fodder pro-
duction to utilize it efficiently and effectively without wasting the available natural resources 
for improvement in productivity of the future food security of the country. Management and 
practices came through traditional approach, they are modified into modern technologies for 
high yield variety of green fodder production, different strategies to enhance fodder produc-
tion/unit land area and using locally available resources. To livestock farmers, encourage 
and promote high yield varieties for fodder production in integrated farming systems along 
with agriculture and horticulture practices. Livestock farmers adopt the waste and barren 
land resources for cultivation of fodders, it will shows the conservation strategies of the 
biodiversity for the establishment of diverse agro-forest ecosystem. Available resources of 
agriculture like crop residues and by products of the agriculture and horticulture utilize it 
as a feeds and fodders. Introduce the newer technologies of research institutes/industries in 
the field level to manage systematically and to enhance the fodder production. Governments 
organization like FAO, ICRISAT, ILRI, IFAD, ICAR, CABI, IRRI, IRRD working on feed and 
fodder resources for scale up as per the requirement and modification in the fodder produc-
tion processes, come out with best viable and economic products. There is a proper attention 
in the area of fodder production by introducing improved variety of high-yielding fodders 
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(varieties of grasses and leguminous), perennial fodder trees and shrubs & herbs to make 
sure there is sufficiently available food to feed for livestock across the year. In this context, 
the production of feed and fodder depends on quality seeds sapling material and scientific 
information and there availability to the farmers.

The concept of conservation of feed and fodder for sustainable development seems to be a 
newer approach for most of the farmers. Application of new technologies to make the feed 
and fodder to store in limited spaces and equipped with low cost conservation strategies 
like box baling, silage making to use it in scarcity time for livestock [8]. For dry fodder, 
conserve as feed block preparation using different dry fodders with enriched nutrients or 
balanced ration, urea treatment of straws, degradation by enzymatic action, etc.

The recently investigated newer technique called “hydroponics” means growing fodder plant 
material using the required environment with nutrients, desired temperature, and humid-
ity in water without soil. Hydroponics is an easier and faster technology to produce green 
fodder to maintain livestock production all the time. Maize is the potential seed source for 
hydroponics, and even cowpea, chickpea, grams, hemps, and any millet seeds can be grown 
in very limited amount of time with maximum production. By the literature, hydroponics 
yield differs with the type of crop, for example, ragi and bajra ranging from 300%, maize, 
cowpea, and grams were 600%, and sun hemp was 800%. Based on nutritional parameters, 
a leguminous crop was used for production and it is encouraging as rich fodder crop with 
high crude content of protein than the cereal and millet crops. Hydroponic fodder is a highly 
enriched nutritional feed to livestock and is found to be highly palatable with 100% utilization 
with proper management [9].

These management plans will useful for bovines and it is depends on utilization of the avail-
able feed and fodder resources timely to get quality products and supply for the use of human 
population.
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This chapter’s objective is to show that finance, marketing and innovation could be 
considered as factors of competitiveness. Owners of 30 cattle ranches were included in 
the state surveys, with each ranch having at least 1000 head of cattle. The study was 
quantitative and used a multiple linear regression model. The results were that the use of 
financial information, the profitability and funding are components of finance factor. The 
product and the process innovation are components of innovation factor and the market 
positioning, the knowledge of the competition and customer satisfaction are components 
of marketing factor, being the profitability, the market positioning, the customer satisfac-
tion, the product and the process innovation, relatively more important.
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1. Introduction

Meat is an important element in human nutrition and, in the world dietary context, the level 
of consumption is an indicator of the life of the population [1].

In Ref. [2], livestock represents 40% of the global value of agricultural production and the 
basis of livelihoods and food security of almost one billion people. The livestock sector, driven 
by the increase in income and support of technological and structural changes, is the fastest-
growing in the agricultural economy. The progress and transformation of the sector offer 
opportunities for agricultural development, but the rapid pace of change could marginalize 
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small farmers; on the other hand, it must address systemic risks to the environment and 
human health with a view to ensuring sustainability.

In Ref. [3], mentioned that livestock activity in Mexico is carried out throughout the country; 
he affirmed that 56% of the national territory is dedicated to livestock, approximately 110 
million hectares.

Livestock breeding takes place in four large areas: the arid and semi-arid, the humid tropics, 
the temperate and subhumid tropics [4].

In Ref. [5], it was indicated that in the state of Yucatan, the agricultural and fishing sector 
represent 6.7% of the total Gross Domestic Product in the state.

In Ref. [4], it was mentioned that the livestock is composed of the following products: cattle, 
sheep, horses, pigs, poultry, turkeys and bees.

Cattle ranching in the state of Yucatan constitutes a relevant economic activity because it 
occupies about 30% of Yucatan territory. The authors indicate that the eastern zone of the 
state of Yucatan has the largest concentration of cattle. The municipalities located in the east-
ern region are Sucilá, Espita, San Felipe, Panabá, Tizimín, Buctzotz, Cenotillo and Valladolid, 
with Tizimín constituting 90% of cattle production [6].

The agricultural sector in Yucatan faces several challenges: disorganization of beef producers 
in the region; problems in the integration of the various links in the production-consumption 
chain [7]; unemployment resulting from limited job opportunities, resulting in labor migra-
tion to other regions [8]; lack of effective marketing strategies to ensure higher sales, market 
diversification, and the use of intermediaries in marketing [9]; lack of technology, knowledge, 
and limited financial resources to generate innovation in production units, value-generation 
for all activities; and finally, market competitiveness [10].

The eastern zone has an area of 413,237 ha. It occupies 11% of Yucatan territory; in some parts, 
there is still vegetation rich in precious woods. It is also noted that the zone has fertile land 
capable of producing many kinds of tropical fruit [5].

In Ref. [5], the economically active population numbers 43,256 people, of whom 21,280 are 
reported as employed.

The census also reports that the income per person of the population is low. Of the total employed 
population, 14,111 people receive a salary between one and two minimum wages and only 3210 
people receive more than five minimum wages. The latter figure corresponds to people working 
in the capital city of Mérida and in some other locations in the state of Quintana Roo. For this 
reason, the eastern region of the state of Yucatan is considered to be in extreme poverty.

In Ref. [5], the income of the employed population by sector is integrated as follows: 8205 
people obtain income from the primary sector, 4114 from the secondary sector, and 8961 from 
the tertiary sector, which is saturated and provides less and less income to those who engage 
in the above activities.

Bovine Science - A Key to Sustainable Development8

An important business market to consider taking advantage of the proximity to it is the state 
of Quintana Roo. In Ref. [11], reports that in order to meet the rapidly increasing demand, 
Quintana Roo needs to obtain agricultural and livestock products from outside its borders to 
feed its growing tourism industry and atypical demography.

The general objective of this research is to generate a competitiveness index based on three 
factors: finance, innovation and marketing.

2. Literature review, methodology and results

2.1. Literature review

2.1.1. Competitiveness

In [12], it was noted that technological change could affect competition in virtually any activ-
ity. The impact of technology on competitiveness occurs because it affects differentiation or 
cost, the two fundamental generic strategies.

The competitiveness of a company is represented by the payment of higher wages, better jobs 
and greater safety for workers in the plant and the surroundings [13].

In [14], it was pointed out that it is also necessary to consider a very important factor that can 
cause the customer to value the product of the company more: having products to comple-
ment the main products of the company. These complementers can also become competitive 
products over time.

In [15], it was indicated that organizations would be competitive only to the extent that the 
products and services they offer have the attributes that correspond to the key purchasing 
criteria of a substantial number of customers.

In [16], it was remarked that companies that have managed to survive have resorted to com-
petitiveness as a fundamental element. Competitiveness depends more and more on the way 
in which economic agents organize themselves into networks of companies that cooperate 
and compete with each other. Agricultural activity is not exempt from being immersed in 
today’s globalization.

According to Blunck [17], competitiveness is the ability to provide products and services in 
a more efficient and effective way than competitors. In the commercial sector, this entails 
sustained success in international markets without protection or subsidies. Competitiveness 
at the industry level is the best indicator of the economic health of nations that compete at the 
enterprise level.

In [18], it was concluded in a study on competitiveness in the coffee industry in Veracruz that 
the factors that lead to greater incidence of it are as follows:
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1. innovation,

2. marketing,

3. finances

In [19], it was established that the only way to be competitive is through maintaining advan-
tages in innovation in the long term, and the only way to achieve this is by investing in new 
differentiated capacities.

According to Malhotra and Manyika [20], for companies to be competitive, it is necessary that 
governments at the federal, state and local levels effectively address the broad barriers that 
hinder productivity growth and support innovation in companies.

2.1.2. Innovation as a factor of competitiveness

According to Porter [21], companies achieve competitiveness through acts of innovation, 
which include both new technologies and new ways of doing things (innovation of products 
and processes).

Several innovations create competitive advantages by perceiving a completely new market 
opportunity or by serving a market segment that others have ignored. Competitive advan-
tages are generated when competitors are slow to respond to innovations.

In international markets, the author points out that innovations that generate competitive 
advantage must anticipate both domestic and external needs.

Information plays an important role in the process of innovation and improvement. Sometimes 
this information comes from simple investments in research and development or market 
research.

With few exceptions, innovation is the result of an unusual effort. The company that success-
fully implements a new or better way to compete pursues its approach with a single-minded 
determination, often in the face of harsh criticism and difficult obstacles. Indeed, to be suc-
cessful, innovation usually requires pressure, necessity, and sometimes adversity; the fear of 
losing often provides more impetus than the hope of winning.

Once the company reaches the competitive advantage through innovation, it can only sustain 
it with persistent, continuous improvement.

Competitors will eventually and inevitably surpass any company that stops the processes 
of improvement and innovation. Sometimes the advantage of being the first, for example in 
customer relationships, economies of scale in existing technologies or loyalty of distribution 
channels, is not enough to allow a stagnant company to retain its entrenched position for 
years or even for decades; sooner or later, more dynamic rivals will find a way to innovate 
around those advantages or create a better or more economical way of doing things.

Ultimately, the same author establishes that in order to sustain a competitive advantage over 
time, it is necessary to stay up to date.

Bovine Science - A Key to Sustainable Development10

According to Schroeder [22], innovation should be considered as a boost to the market, making 
what can be sold; impulse to technology, selling what can be done; and inter-functional, seeking 
cooperation between the different areas involved. The steps to follow in an innovation process 
are focused on the generation of the idea, product selection, preliminary design of the proto-
type, prototype construction, testing and definitive design of the product, which will stimulate 
competitiveness in organizations, that is, in a continuous research and development to innovate.

In [23], the global competitiveness index assumes that, in the first stage of development, the 
economy of a country is driven by a series of factors such as unskilled labor and, above all, 
natural resources. This is when the four elements (institutions, labor, macroeconomic envi-
ronment and infrastructure) play an important role in what has been called factor-driven 
economies.

2.1.3. Marketing as a factor of competitiveness

The competitive behavior of marketing is the rivalry between companies expressed in market 
strategies; that is, when a firm reacts to the marketing actions of a competitor in a certain way. 
There are three ways to react or competitive behavior: revengeful, cooperative and base or 
opportunistic. The first type of behavior is an aggressive response to an attack; the second 
consists of actions of the same type and in the same direction, but they are not perceived as 
aggressive by the competitor. The third behavior occurs when a company reduces its market-
ing effort and competitors take advantage of that decision [24].

According to Galán and Vecino [25], there is a certain consensus among researchers to point 
out that the competitiveness of the company is determined by three types of factors or sources: 
those related to the country where the company is located (country effect or territory effect), 
derivatives of the sector to which it belongs (sector effect or industry effect) and those that 
have their origin in the company itself (company effect).

According to Stanton et al. [26], market positioning is the proportion of total sales of a product 
during a certain period in a specific market captured by a company. Similarly, it can also be 
considered as the potential part of the market that a company plans to achieve on the sales 
volume that all companies that sell a product during a certain period can expect to sell under 
ideal conditions.

In [27], it was pointed out that marketing implies knowledge of the competition and creates 
pricing policies and customer satisfaction services.

Accordingly, Fischer and Espejo [28] pointed out that the benefits that marketing brings to 
a company can be many and diverse: it contributes directly to sales, innovates products and 
services, satisfies the changing needs of the consumer, contributes to raise the profits of the 
company and generates great benefits in organizations.

2.1.4. Finance as a factor of competitiveness

The financial resources serve to maintain the solvency of the company in supplying necessary 
cash flows to satisfy the obligations and acquire the circulating assets necessary to achieve 
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the objectives of the company and improve the competitiveness. In order to have financial 
resources, it is necessary to measure profitability and financing in companies [29].

The use of financial information is indispensable in the implementation and development of 
strategies in organizations. This same author establishes that financial institutions are willing 
to lend funds for projects that are profitable and that guarantee the recovery of said funds [30].

In [31], it was pointed out that the maintenance of good financial standards through proper 
financial management is one of the main factors highlighted as necessary to achieve competi-
tive success. In this sense, it is necessary to carry out short-term planning with caution, imple-
ment and control information systems, pay special attention to credit institutions, establish 
annual budgets, analyze the economic-financial situation and try to measure possible, use 
own sources of financing. To develop the aforementioned [32], comment that the level of edu-
cation to be a reflection of knowledge and skills possessed, is positively related to the ability 
of the manager to make strategic choices according to the demands of the environment, with 
its propensity to generate and implement creative solutions to the problems of the entity and 
even with the highest level of productivity [33].

Companies have many objectives, but according to Sallenave [34], they can be reduced to 
three: profitability, growth and survival. Until the 1970s, emphasis was placed on profit-
ability; in the 1970s and 1980s, growth was sought, and today survival is sought. The latter 
presupposes the previous two. Without profitability and growth, there is no survival.

This same author points out that there are three fundamental characteristics of profitability 
(ROS), profitability over assets (ROA) and financial profitability (ROE).

According to David [30], the companies that apply the most profitable and more successful 
management concepts than those that do not, register more sales and reach higher levels of 
productivity and competitiveness. The companies that do not arrive at anything tend to carry 
out myopic activities and do not show well the forecasts of the future activities.

2.2. Methodology

In the present investigation, a type of quantitative research was applied because a correlation 
was applied, for which a Pearson statistical analysis was carried out. This study is based on 
the temporal dimension of the cross section. It is not experimental, because it seeks to deter-
mine the processes that lead cattle producers in the state of Yucatan to improve and generate 
value, thereby increasing competitiveness. The study was carried out in 2014.

For the determination of the competitiveness index, the research work used information 
obtained by the large ranching operations (at least 1000 head of cattle) in the state of Yucatan in 
2014. A survey was applied specifically to obtained needed information for this investigation.

In Ref. [35], the study population was made up of 30 large ranches in the state of Yucatan. In 
this case, all the observation units that make up the target population could be accessed.

The validity and reliability of the recruitment instrument was reviewed mainly through the 
exhaustive review of the literature, the content validity, the validity of construction, through 
the application of the factorial analysis and the reliability analysis of the instrument by the 
Cronbach alpha coefficient.

Bovine Science - A Key to Sustainable Development12

2.2.1. Validity

Content: the validity of content has been achieved by reviewing the literature on the subject 
that has shaped the theoretical framework of the research, as well as the review and adapta-
tion of the recruitment instrument, after reviewing it by the experts. The uptake instrument 
was previously applied in a similar study in the state of Sonora [36].

Construction: the validity of the construction of the collection instrument was determined 
through the application of factor analysis in [37], on the content variables related to the mar-
keting, innovation and finance sections. The results obtained for each section are presented 
below (see Table 1).

According to the results, the KMO sample adequacy coefficient is considered acceptable for 
all cases higher than 0.7, a value that several authors [38], consider adequate for the applica-
tion of factor analysis. On the other hand, the value of the Bartlett test is based on the hypoth-
esis of an inadequate relationship between the variables for the application of the analysis, so 
this relationship is considered adequate, and the application of the factor analysis is relevant. 
On the other hand, in all three cases, the first component explains a percentage close to 70% 
or greater, so that the variables can be considered to be in a group around the correspond-
ing construct (marketing, innovation and finance). The results obtained by applying the IBM 
SPPP Statistics 21 statistical package.

2.2.2. Reliability measurement

Reliability can be measured by using a measuring instrument or more times with the same 
group of people or by applying two or more measuring instruments to the same group at 
different times. The split halves method requires only one application of the measurement and 
comparison of the parts that must be highly correlated. The Cronbach alpha coefficient requires 
only one measurement administration for the whole population without the need to divide it.

The method used for the characteristics of the research is the Cronbach coefficient.

  α =   NP ______________________________   (   1 + P  ( N − 1 )     (1)

where α=Cronbach’s alpha reliability coefficient; N = number of items; P = average of the 
correlations between items.

Considering that the content reagents are presented on a Likert scale, to establish the reli-
ability of the capturing instrument, Cronbach’s alpha coefficient was applied for each of the 

Section KMO coefficient P value of the Bartlett test Explained percentage of variance

Marketing 0.833 0.000 74.5

Innovation 0.728 0.000 80.3

Finance 0.825 0.000 68.9

Source: Own elaboration based on research data.

Table 1. Validation results of the instrument’s construct.
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sections (marketing, innovation and finance) and for the complete instrument. The results are 
presented in Table 2.

According to the results, for any of the sections, the value of the Cronbach alpha coefficient is 
greater than 0.95, so that once the reliability was tested per section, the value of the coefficient 
for the complete instrument was obtained. This turned out to be 0.983, a value which supports 
the affirmation that the capture instrument is reliable. The results were obtained by applying 
the IBM SPPP Statistics 21 statistical package.

2.3. Results

Prior to the construction of the competitiveness indicator, the possible existence of atypical 
data was analyzed through the construction of a box diagram [39], for the sums of the reagent 
ratings associated with the sections corresponding to marketing, innovation, and finance. As 
a result, the nonexistence of extreme values was confirmed.

Since the statistical results of the study correspond to a population, the run test [40] was 
applied to determine if the sums per section could be considered as random. According to the 
p values obtained for this test (0.593, 0.193 and 0.193) for a significance level of 0.05, the ran-
domness hypothesis cannot be rejected, so it is confirmed that the results can be considered 
random. Similar results were obtained for the indices that were subsequently constructed 
using the threshold method (see Tables 3 and 4).

Section Cronbach’s alpha coefficient

Marketing 0.974

Innovation 0.984

Finance 0.960

General 0.989

Source: Own elaboration based on research data.

Table 2. Reliability analysis.

Sum of Section 2 Sum of Section 3 Sum of Section 4

Median 51 181 92

Cases < median 14 15 15

Cases ≥median 16 15 15

Total cases 30 30 30

Number of streaks 14 12 12

Z value −.535 −1.301 −1.301

P values .593 .193 .193

Source: Own elaboration based on research data.

Table 3. Streak test by section.
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Likewise, the Kolmogorov–Smirnov goodness-of-fit test was applied to establish whether the 
results of the indicators could be considered to have a normal distribution. According to the 
p-values obtained for this test (0.06, 0.180, 0.595 and 0.114), for a level of significance of 0.05, 
the normality hypothesis cannot be rejected, so it is confirmed that the values of the indicators 
have this distribution (see Table 5).

To establish the competitiveness index of the observation units under study, the Marketing, 
Innovation and Finance indices were previously obtained, considering that the response to 
the reagents is presented on an additive Likert scale, using the threshold method [41], accord-
ing to which the value of the index in scale from 0 to 100 for the ith observation is obtained 
by the expression:

   Ind  i   =  (  
 x  i   −  x  min   _______  x  m a   ́ x   −  x  m i   ́ n    )  × 100  (2)

Marketing 
indicator

Innovation 
indicator

Finance 
indicator

Competitiveness indicator

Median 60.0 52.0 49.0 53.7

Cases < median 14 15 15 15

Cases ≥median 16 15 15 15

Total cases 30 30 30 30

Number of streaks 18 18 18 18

Z value .585 .557 .557 .557

P value .559 .577 .577 .577

Source: Own elaboration based on research data.

Table 4. Streak test by factor.

Marketing 
indicator

Innovation 
indicator

Finance 
indicator

Competitiveness 
indicator

N 30 30 30 30

Descriptive 
measures

Mean 49.444 38.026 37.949 41.999

Standard 
deviation

26.3099 25.8404 21.9028 24.2776

More extreme 
differences

Absolute .241 .200 .140 .218

Positive .140 .150 .140 .161

Negative −.241 −.200 −.130 −.218

Z value 1.323 1.097 .769 1.196

P values .060 .180 .595 .114

Source: Own elaboration based on research data.

Table 5. Kolmogorov-Smirnov test for a simple.
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where   Ind  
i
    It is the value of the Indicator (marketing, innovation, finance) for the ith observa-

tion unit;   x  
i
    It is the sum of the rating awarded for the items that make up the corresponding 

section for the ith observation unit;   x  
min

    It is the minimum value observed of the sum of the 
rating granted for the items that make up the corresponding section for the ith observation 
unit;   x  

m a   ́ x
    It is the minimum value observed of the sum of the rating granted for the items that 

make up the corresponding section for the ith observation unit.

Based on these results, the competitiveness index (IndComp) is obtained as the weighted 
average of the marketing, innovation and finance indexes, by means of the expression:

   IndComp  i   =  (0.35)   IndMer  i   +  (0.35)   IndInnov  i   +  (0.3)   IndFnz  i    (3)

The weights assigned to the marketing, innovation and finance factors are the result of the 
analysis of the literature, the opinion of the owners, and the representatives of the livestock 
associations, with respect to the relative importance of said factors in the competitiveness of 
the production units. As can be seen, the value reflects a similar importance for the three fac-
tors with a greater relative importance of marketing and innovation, with respect to finance.

Nine subthemes based on the same number of reagent subgroups (three for each section of 
the survey) were previously established to identify the relationship between the sub-themes 
and the competitiveness index. For each subtheme, an indicator was constructed from the cor-
responding subgroup of reagents using the threshold method. The subthemes and indicators 
by section are the following:

• Marketing:

 ○ Market positioning.

 ○ Knowledge of the competition.

 ○ Customer satisfaction.

• Innovation:

 ○ Innovation in processes.

 ○ Innovation in products.

 ○ Investigation and development.

• Finance:

 ○ Use of information.

 ○ Cost effectiveness.

 ○ Sources of financing.

To analyze the relationship between subtopics and the competitiveness index, three mod-
els of multiple linear regression were performed, reviewing in addition to compliance with 
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the assumptions of the constructed models, the standardized regression coefficients and the 
p-values associated with said coefficients in said models. The general results of the analyses 
are presented in Table 6.

In accordance with the above, considering the value of the standardized regression coeffi-
cients as a measure of the relative importance that the aspects of each section (marketing, 
innovation and finance) have in relation to the competitiveness of the observation units, as 
well as the values p of the tests of statistical significance for the regression coefficients under 
study, the results are the following.

In relation to marketing, the aspects most related to competitiveness are market positioning 
and customer satisfaction, which coincides with [26–28] who consider the competitiveness 
factor to include these variables as the real generators of competitiveness. Regarding innova-
tion, the most closely related aspects are innovation in products and innovation in processes; 
this coincides with what was pointed out by [21], who states that the variables of innova-
tion of process and innovation of product are indispensable for the competitiveness of the 
organizations. Finally, regarding finances, the most closely related aspects are the sources 
of financing, the use of financial information and profitability; this coincides with principles 
established by [31, 34].

Concept Marketing Innovation Finance

Model  y = 0.378  x  1   + 0.152  x  2   + 0.329  
x  3   + 1.829 

 y = 0.306  x  1   + 0.578  
x  2   + 0.001  x  3   + 7.798 

 y = 0.269  x  1   + 0.515  x  2   + 0.461  
x  3   − 7.609 

Standardized coefficient 
B1

0.463 0.334 0.328

Standardized coefficient 
B2

0.166 0.671 0.309

Standardized coefficient 
B3

0.375 0.001 0.408

R2 adjusted 0.956 (95.6%) 0.973 (97.3%) 0.943 (94.3%)

Durbin Watson coefficient 2.081 2.201 1.545

P value (ANOVA) 0.000 0.000 0.000

P value (B1) 0.006 0.001 0.003

P value (B2) 0.220 0.000 0.000

P value (B3) 0.007 0.988 0.000

P values (B0) 0.481 0.000 0.058

P value of the test of 
Kolmogorov-Smirnov

0.995 0.996 0.960

Homoscedasticity ok ok ok

Source: Own elaboration based on research data.

Table 6. Results of multiple linear regression analysis.
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The other aspects were not statistically significant in relation to the built models, that is, their 
relative importance is minimal.

3. Conclusions and recommendations

3.1. Conclusions

The population studied was made up of 18 cattle ranches in the municipality of Tizimín (60%), 
5 cattle ranches in the municipality of Panabá (16.7%), 3 in the municipality of Sucilá (10%) 
and the rest in the municipalities of Buctzotz, Cenotillo, Dzilam González and Sotuta, each of 
these, with only one ranch.

Ranching operations are, on the average, 31 years old. They have an average of 27 full-time 
workers working in them, with an average of 1120 head of cattle and a territorial extension of 
1306 ha. It was found that the owners are on average 57 years of age.

The competitiveness index model (IndComp) is obtained as the weighted average of the mar-
keting, innovation and finance indexes.

The finance indicator has the lowest maximum value as compared to the other two indicators 
related to marketing and innovation and the competitiveness index itself.

The competitiveness of most of the observation units at a medium level could be qualified.

There is a statistically significant negative correlation with the years of foundation and the 
age of the owner; that is, it seems that the seniority of the ranch or greater age of the owner 
is associated with lower competitiveness. On the other hand, a larger-sized observation unit 
(according to the heads of livestock or hectares it has) is more competitive. The generation 
of the competitiveness index as well as the importance of the factors analyzed in the study 
(finance, marketing and innovation), allows all those involved in the sector to develop strate-
gies to boost their competitiveness.

3.2. Recommendations

It will be necessary to have qualified workers in order to use the most sophisticated tech-
nology in the breeding and fattening of cattle. Bearing in mind that there are many small 
cattle producers that produce independently of the largest cattle farmers, the smaller produc-
ers should consider working together in order to create outsourcing alliances to obtain cost 
advantages in the acquisition of raw material.

Cattle meat producers could benefit more from production if they could further exploit 
economies of scale in the production and distribution of new food products. They could also 
increase the production of high-end products. Finally, they should focus the growth of their 
external sales to the countries of high consumption and high growth and with which there are 
trade agreements, such as China and Vietnam.
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Farmers and related industries should invest in research in order to develop local technology, 
in relation to biotechnology as well as equipment. Although some progress has been made in 
this regard, there is an opportunity to develop the machinery that can be tested and improved 
locally. When the results are positive, the machinery can be easily exported later to other beef 
producers in the world. The development of more suppliers and support for industries would 
be very beneficial, as it increases competition and innovation among suppliers. This gives 
companies more opportunities to improve costs.

It is necessary to improve local competition and cooperation abroad. Because there are high 
fixed costs to enter new world markets, strategic alliances could be made between producers 
entering foreign markets.

Some of the limitations that could be mentioned are the context in which it can be applicable, 
as well as the lack of vision and the ingrained organizational culture that hinders innovation.

As a contribution for future studies, this work offers a strategic model and a methodology to 
boost competitiveness and the generation of added value. However, there could be, in addi-
tion to the factors analyzed in this study, other factors that could have an important effect on 
competitiveness of the sector. This study can also be replicated in other states to identify the 
competitiveness index of the livestock sector as well as in other sectors to assess their com-
petitiveness. In Mexico, there are few studies related to the generation of the competitiveness 
index of the different sectors. In the specific case of the beef sector, the information obtained 
is generated by government entities such as SAGARPA, the Ministry of Economy as well as 
local secretariats, which are based on data on production, exports, and so on. This information 
is important, but the lack of an index of competitiveness of the different productive sectors of 
each federative entity impedes comparison among the sectors in order to develop strategies 
to boost their competitiveness.
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1. Introduction

The consumption of dietary fat and fatty acids is still the prominent focusing on human nutri-
tion and health research. This continuing trend in research not only leads to classify fat as 
saturated, unsaturated, monounsaturated, polyunsaturated and omega fatty acids but also 
the essential role of fairly small and relatively specific fatty acid called, conjugated linoleic 
acid (CLA). CLA is a mixture of isomers that are characterized by the presence of conjugated 
dienes on different geometric positions coming from ruminant to human diet primarily in 
meat and milk products [1]. The promising health effects of CLA are the major interest of 
research in fatty acids. CLA from dairy sources has predominant isomers such as c9, t11 and 
t10, c12 and has shown biological effects against modern nutritional disorders [2]. These dairy 
products with natural CLA concentration ranging from 0.34 to 1.07 g/100 g fat in milk and 
0.12 to 0.68 g/100 g fat in meat [3, 4] but this CLA concentration is not sufficient to meet daily 
requirement (1.5 to 3.5 g/day) of human being [5, 6].

To meet the recommended daily CLA intake, production and sale of meat and milk products 
supplemented and/or enrichment with essential fatty acids, particularly CLA has increased drasti-
cally from the late 1990s due to its biofunctionalities. Several efforts have been made to increase 
the concentration of CLA in these dairy products for pronounced health effects. In this context, the 
feeding practices of dairy animals let them to change nutrients concentration, particularly the fatty 
acids composition in its milk and meat and its products. However, these bio-enriched dairy prod-
ucts do not differ in their nutrient composition as compared to the conventional foods. Animal diet 
modifications result in change of amount of trans fatty acids, unsaturated fatty acids, ratio of 3:6 
omega fatty acids but most pronounced difference was observed in concentration of CLA while 
feeding on grain supplemented diet as compared to pastures diet [7, 8].

To date, there is a lot of scientific literature on animal feedings practices and effects of CLA on 
human health but there are relatively very few studies on the bioavailability of CLA from dairy 
products and more precisely, the bioavailability of CLA from these naturally bio-fortified dairy 
products needs to be fully explored. It is generally considered that c-9, t-11 CLA from dairy prod-
ucts and animal meat accounts of 90 and 75%, respectively, while plant oils have less than 50% c-9, 
t-1I CLA isomer in total CLA. It formulated as biologically active form that tended to become less 
active in processed dairy and meats products [1]. Furthermore, the comparative human health 
effect of CLA products from dairy products remains inconclusive. Most of the previous studies 
were conducted on animals, and secondly, in most of these studies, synthetic mixtures of CLA 
supplement were used that do not mimic the similar functions as CLA from natural food sources 
possess and do not confound differently with potential risk factors [9]. To our knowledge, this is 
the first manuscript to discuss the bioavailability of CLA from dairy products obtained by rumi-
nant diets modification and chemically synthesized CLA.

1.1. Biosynthesis of CLA

The biosynthesis of CLA in ruminants depends on content of diet and microbial and enzymatic 
action. CLA isomers produce either in rumen or in the intestine as shown in Figure 1. For 
example, the major isomers of CLA, cis-9, trans-11 CLA is produced in rumen from dietary 
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linoleic and linolenic acids by microbial biohydrogenation [10, 11]. The major pathway in the 
biosynthesis of cis-9, trans-11 CLA in cow’s milk is the biohydrogenation and desaturation. 
After microbial biohydrogenation of cis-9, trans-11, it is further bio-hydrogenated to trans-
11-octadecenoic acid if not absorbed directly. Bioconversion of trans-vaccenic acid to cis-9, 
trans-11 CLA is occurred  with the help of stearoyl-CoA desaturase action in ruminants [12, 
13]. The presence of trans-10, cis-12 in ruminant’s milk indicates that cis-9, trans-11 CLA and 
trans-10, cis-12 CLA have been converted to trans-10-octadecenoic acid via biohydrogenation in 
rumen. But due to lack of delta 12 desaturase, mammal could not desaturate trans-10-octadec-
enoic acid back to trans-10, cis-12 CLA depositing trans-10, cis-12 CLA in their tissues [12, 14].

1.2. CLA bio-fortification through diet manipulation

The presence of CLA intrigues the researchers to look at the possible ways of increasing the 
concentration of CLA in ruminant’s milk, meat and other dairy products for its positive health 
promising functionalities. These products are the principle source of nutrients, minerals and 
vitamins. Among these, dairy milk is the major dietary source with highest concentration of 
CLA. All ruminants under normal physiological conditions produce only 0.2–2.0% CLA of 
total tissue or milk fat [16, 17]. While the consumption of 120 g beef fat having CLA concentra-
tions from 1.2 to 12.5 mg/g of fat accounts for total recommended daily intake of 1.5 to 3.5 g 
of CLA [5, 6]. This naturally low level of CLA makes very difficult to consume large quantity 
of fat to meet daily-recommended intake of CLA. Thus, several interventions have been made 
to enhance CLA concentration on milk and meat. For this purpose, different animals, their 
breeds, diet manipulations, commercial/synthetic CLA production, use of different strains 
of microbes have been used as strategies. Dietary manipulation is one of the approaches to 
increase natural production and enhancement of CLA in dairy products [18].

Figure 1. Schematic representation of linoleic acid in ruminants under normal (left side) and diet-induced milk fat 
formation (right side) [15].
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1.3. Bio-fortified CLA in bovine’s milk

Different diet manipulations, seasonal effects and farm characteristics (e.g., organic vs. 
traditional) have been used to enhance CLA concentration in milk of cow and buffalo. The 
diet-manipulating strategies and their effects on CLA enhancement in milk have been sum-
marized in Table 1. It was observed the dietary substrates of CLA in animal feed results result 
in an increase of CLA in milk, most variation in cow milk [19–21]. It has been shown that the 
concentration of milk CLA is as result of interaction between the diet composition and fatty 
acid profile of diet supplement. This complex interaction greatly influences greatly the biohy-
drogenation of supplemented fat in rumen and the formation of CLA. For example, Holstein 
cow fed with high concentrate and forage at the ratio of 65:35 along with 5 g/100 g dry matter 
of sunflower oil, 5 g/100 g linseed oil or 2.5 g/100 g fish oil drained out greater CLA in milk as 
compared to control without fat supplementation. The cow fed on sunflower oil drained out 
greater total CLA (8.3 g/day vs. 4.0 g/day) as compared to feed consist of fish oil while linseed 
oil feeding results in 6.9 g/day of total CLA. The cis9, trans11-CLA (0.22 g/100 g total fatty 
acids) was higher in case of feeding on sunflower oil compared to linseed oil (0.13 g/100 g) and 
fish oil (0.06 g/100 g) [22]. Another study conducted to evaluate the effects of sunflower oil in 
dairy rations for vaccenic (trans-11-18:1) and rumenic acids (cis-9, trans-11-18:2) production in 
milk, the animal were fed with forage and concentrate of barley/alfalfa/hay barley-alfalfa-hay 
silage and corn/barley grain. They reported that there was linear increase in total trans-18:1 
(5.2, 9.1, 14.1, and 21.3%) and total CLA (0.7, 1.9, 2.4, and 3.9%), respectively. The rumenic acid 
concentration also increased in linear pattern from 0.43, 1.5, 1.9, and 3.4% for 10 days feeding 
period and 0.42, 2.15, 2.09, and 2.78% for 38 days feeding period, respectively. Rumenic acid 
increased from 66 to 85% using sunflower, linseed and fish oil supplement in cow’s feed. CLA 
enhancement of 4.5-fold by feeding 3% sunflower, oil/fish oil appears to be most promising 
in trans-11-18:1 and cis-9, trans-11-18:2. While total saturated fatty acids declined to 18%. A 
good and healthy composition of fatty acids including 4% vaccenic and 2% rumenic acids was 
achieved by feeding 3% sunflower oil and 0.5% fish oil in animal diet dry matter [23, 24]. Bell 
et al. adopted three dietary strategies to enhance the flow of CLA in cow milk. The Holstein 
cows were fed for 2 weeks with control diet of forage and dry matter while 6%, monensin, saf-
flower and safflower oil as experimental diet. The cis-9, trans-11 CLA in milk increased from 
0.45 to 5.15% of total fatty acids for control or experimental diet. Furthermore, the addition of 
vitamin E supplementation resulted in retained the CLA content in milk of cow [25]. The high 
corn and corn silage dietary feeding strategy was also observed in increase of cow milk from 
3.8 and 3.9 mg/g total fatty acids, respectively. The Alfalfa hay and concentrates replacing all 
pasture by one-third, two-thirds resulted in increase of milk CLA to 8.9, 14.3, and 22.1 mg/g. 
Grazing pasture only led to 500% more CLA as compared to feeding on typical dairy diets. 
Gairn with alfalfa with fish oil and monensin supplement resulted in 6.8 mg/g of milk total 
fatty acids [14]. Beside fatty acids dietary modification, other diet components modification 
also resulted in increase the concentration of cow milk CLA. For example, studies of Morales 
et al. have shown that tannin diet contents can modify the milk CLA concentration. The tan-
nin supplementation in feeding cow diet cow feed affects the microfloura of rumen resulting 
in unsaturated fatty acids biohydrogenation and hence influencing linolenic acid (c9, c12, c15–
18:3), vaccenic acid (t11–18:1) and rumenic acid (c9, t11–18:2) [26]. Tyagi studied the effects of 
green fodder feeding on CLA in milk fat of buffaloes. There was and reported that there was 
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Feed type Feed specialty CLA (control) CLA (treatment) Reference

Grass hay, 
concentrates

Fish oil 0.72 mg/g 2.83 mg/g [30]

Grass hay, 
concentrates

Sunflower oil and wheat starch 0.72 mg/g 1.33 mg/g [30]

Hay forage, 
concentrate

CLA (38%) + EPA + DHA 
36.5% and humic-mineral 
carrier

2.33 mg/g 2.78 mg/g [31]

Egyptian clover, 
sorghum forage

Rice straw 0.433 mg/g 1.0.4 mg/g [32]

Egyptian clover, 
sorghum forage

Pleurotus ostreatus 0.27 mg/g 0.80 mg/g [32]

Corn silage, 27.7% 
dietary starch

Fish oil (0.80%) 0.48 mg/g fat 0.76 mg/g fat [33]

Forage, 
concentrate, palm 
oil (300 g/day)

Linseed oil (300 g/day) 0.82 mg/g fat 1.90 mg/g fat [34]

Forage, 
concentrate, palm 
oil (300 g/day)

Top dressed whole linseed 
(688 g/day)

0.82 mg/g fat 2.05 mg/g fat [34]

Concentrate Pasture and extruded soybeans 15.4 percentage FA 24.2 percentage FA [35]

Alfalfa, corn silage, 
concentrate

Fish oil (2%) 2.86 mg/g fat 3.14 mg/g fat [36]

Alfalfa, corn silage, 
concentrate

Canola oil + fish oil (1:1) 2.86 mg/g fat 3.32 mg/g fat [36]

Alfalfa, corn silage, 
concentrate

Canola oil (2%) 2.86 mg/g fat 3.16 mg/g fat [36]

Concentrate, maize 
ground, soybean, 
cane molasses, 
alfalfa

Whole cottonseed 7.59 percentage FA 9.36 percentage FA [22]

Alfalfa hay forage Sunflower oil 0.65 g/100 g fatty acids 0.80 g/100 g fatty acids [37]

Alfalfa hay forage Hydrogenated palm oil 0.65 g/100 g fatty acids 0.71 g/100 g fatty acids [37]

Indoor concentrate Pasture 4.3 mg/g fat 6.80 mg/g fat [38]

Grass forage Sunflower oil (255 g/day) 1.76 mg/g fat 1.87 mg/g fat [39]

Grass forage Sunflower oil: fish oil 
(255:52.5 g/day)

1.76 mg/g fat 2.36 mg/g fat [39]

Grass forage Fish oil (105 g/day) 1.76 mg/g fat 2.16 mg/g fat [39]

Animal fat (400 g) Fish oil: sunflower oil 
(100 g:300 g)

2.02 mg/g fat 3.41 mg/g fat [40]

Typical indoor 
concentrate

Pasture + sunflower oil (100 g/
kg.day)

0.46 mg/g fat 2.22 mg/g fat [41]

Wheat straw, 
concentrate

Sunflower seed supplemented 
(11.2%)

0.54 mg/g fat 2.0 mg/g fat [23]
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(5.2, 9.1, 14.1, and 21.3%) and total CLA (0.7, 1.9, 2.4, and 3.9%), respectively. The rumenic acid 
concentration also increased in linear pattern from 0.43, 1.5, 1.9, and 3.4% for 10 days feeding 
period and 0.42, 2.15, 2.09, and 2.78% for 38 days feeding period, respectively. Rumenic acid 
increased from 66 to 85% using sunflower, linseed and fish oil supplement in cow’s feed. CLA 
enhancement of 4.5-fold by feeding 3% sunflower, oil/fish oil appears to be most promising 
in trans-11-18:1 and cis-9, trans-11-18:2. While total saturated fatty acids declined to 18%. A 
good and healthy composition of fatty acids including 4% vaccenic and 2% rumenic acids was 
achieved by feeding 3% sunflower oil and 0.5% fish oil in animal diet dry matter [23, 24]. Bell 
et al. adopted three dietary strategies to enhance the flow of CLA in cow milk. The Holstein 
cows were fed for 2 weeks with control diet of forage and dry matter while 6%, monensin, saf-
flower and safflower oil as experimental diet. The cis-9, trans-11 CLA in milk increased from 
0.45 to 5.15% of total fatty acids for control or experimental diet. Furthermore, the addition of 
vitamin E supplementation resulted in retained the CLA content in milk of cow [25]. The high 
corn and corn silage dietary feeding strategy was also observed in increase of cow milk from 
3.8 and 3.9 mg/g total fatty acids, respectively. The Alfalfa hay and concentrates replacing all 
pasture by one-third, two-thirds resulted in increase of milk CLA to 8.9, 14.3, and 22.1 mg/g. 
Grazing pasture only led to 500% more CLA as compared to feeding on typical dairy diets. 
Gairn with alfalfa with fish oil and monensin supplement resulted in 6.8 mg/g of milk total 
fatty acids [14]. Beside fatty acids dietary modification, other diet components modification 
also resulted in increase the concentration of cow milk CLA. For example, studies of Morales 
et al. have shown that tannin diet contents can modify the milk CLA concentration. The tan-
nin supplementation in feeding cow diet cow feed affects the microfloura of rumen resulting 
in unsaturated fatty acids biohydrogenation and hence influencing linolenic acid (c9, c12, c15–
18:3), vaccenic acid (t11–18:1) and rumenic acid (c9, t11–18:2) [26]. Tyagi studied the effects of 
green fodder feeding on CLA in milk fat of buffaloes. There was and reported that there was 
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Feed type Feed specialty CLA (control) CLA (treatment) Reference

Grass hay, 
concentrates

Fish oil 0.72 mg/g 2.83 mg/g [30]

Grass hay, 
concentrates

Sunflower oil and wheat starch 0.72 mg/g 1.33 mg/g [30]

Hay forage, 
concentrate

CLA (38%) + EPA + DHA 
36.5% and humic-mineral 
carrier

2.33 mg/g 2.78 mg/g [31]

Egyptian clover, 
sorghum forage

Rice straw 0.433 mg/g 1.0.4 mg/g [32]

Egyptian clover, 
sorghum forage

Pleurotus ostreatus 0.27 mg/g 0.80 mg/g [32]

Corn silage, 27.7% 
dietary starch

Fish oil (0.80%) 0.48 mg/g fat 0.76 mg/g fat [33]

Forage, 
concentrate, palm 
oil (300 g/day)

Linseed oil (300 g/day) 0.82 mg/g fat 1.90 mg/g fat [34]

Forage, 
concentrate, palm 
oil (300 g/day)

Top dressed whole linseed 
(688 g/day)

0.82 mg/g fat 2.05 mg/g fat [34]

Concentrate Pasture and extruded soybeans 15.4 percentage FA 24.2 percentage FA [35]

Alfalfa, corn silage, 
concentrate

Fish oil (2%) 2.86 mg/g fat 3.14 mg/g fat [36]

Alfalfa, corn silage, 
concentrate

Canola oil + fish oil (1:1) 2.86 mg/g fat 3.32 mg/g fat [36]

Alfalfa, corn silage, 
concentrate

Canola oil (2%) 2.86 mg/g fat 3.16 mg/g fat [36]

Concentrate, maize 
ground, soybean, 
cane molasses, 
alfalfa

Whole cottonseed 7.59 percentage FA 9.36 percentage FA [22]

Alfalfa hay forage Sunflower oil 0.65 g/100 g fatty acids 0.80 g/100 g fatty acids [37]

Alfalfa hay forage Hydrogenated palm oil 0.65 g/100 g fatty acids 0.71 g/100 g fatty acids [37]

Indoor concentrate Pasture 4.3 mg/g fat 6.80 mg/g fat [38]

Grass forage Sunflower oil (255 g/day) 1.76 mg/g fat 1.87 mg/g fat [39]

Grass forage Sunflower oil: fish oil 
(255:52.5 g/day)

1.76 mg/g fat 2.36 mg/g fat [39]

Grass forage Fish oil (105 g/day) 1.76 mg/g fat 2.16 mg/g fat [39]

Animal fat (400 g) Fish oil: sunflower oil 
(100 g:300 g)

2.02 mg/g fat 3.41 mg/g fat [40]

Typical indoor 
concentrate

Pasture + sunflower oil (100 g/
kg.day)

0.46 mg/g fat 2.22 mg/g fat [41]

Wheat straw, 
concentrate

Sunflower seed supplemented 
(11.2%)

0.54 mg/g fat 2.0 mg/g fat [23]
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no change in milk composition of buffaloes with respect to dietary treatments while 310% 
increase in CLA contents were increased was observed by feeding buffalo on green fodder 
[27]. The starch diet containing high proportions of polyunsaturated fatty acid promotes shifts 
in biohydrogenation mechanism, which results in major intermediate trans isomers [28, 29].  

Feed type Feed specialty CLA (control) CLA (treatment) Reference

Corn silage-based 
rations

Fish oil (45 g) + sunflower oil 
(45 g)

0.50 mg/g fat 3.47 mg/g fat [42]

Hay supplemented 
with tallow

Fresh forage supplemented 
with tallow

0.93 mg/g fat 1.07 mg/g fat [43]

Hay supplemented 
with tallow

Fresh forage + ground solin 
seed

0.93 mg/g fat 1.30 mg/g fat [43]

Concentrate (50%), 
corn silage (25%), 
alfalfa hay (25%)

Fish oil (0.5%) 0.33 mg/g fat 0.47 mg/g fat [44]

Concentrate (50%), 
corn silage (25%), 
alfalfa hay (25%)

Soybean oil (2.5%) 0.33 mg/g fat 0.79 mg/g fat [44]

Concentrate (50%), 
corn silage (25%), 
alfalfa hay (25%)

Fish oil: soybean oil (0.5%:2%) 0.33 mg/g fat 1.39 mg/g fat [44]

Grass silage Fish oil 0.2–0.6 mg/g fat 1.5–2.7 mg/g fat [45]

Grass silage Fish oil 0.2–0.6 mg/g fat 1.5–2.7 mg/g fat [45]

Forage and grain 
(TMR)

Pasture feeding 3.8 g/100 g fatty acids 22.1 g/100 g fatty acids [14]

Dry matter with 
blood meal, feather 
meal and corn 
gluten

Sunflower oil (53 g/kg) 3.55 g/100 g fatty acids 24.4 g/100 g fatty acids [46]

Dry matter with 
blood meal, feather 
meal and corn 
gluten

Linseed oil (53 g/kg) 3.55 g/100 g fatty acids 16.7 g/100 g fatty acids [46]

Dry matter with 
blood meal, feather 
meal and corn 
gluten

Peanut oil (53 g/kg) 3.55 g/100 g fatty acids 13.3 g/100 g fatty acids [46]

DM + 4% calcium 
salts

Canola oil 3.5 g/100 g fatty acids 13.0 g/100 g fatty acids [47]

DM + 4% calcium 
salts

Soybean oil 3.5 g/100 g fatty acids 22.0 g/100 g fatty acids [47]

DM + 4% calcium 
salts

Linseed oil 3.5 g/100 g fatty acids 19.0 g/100 g fatty acids [47]

CLA represents two major CLA isomers of C18:2 cis-9, trans-11 and trans-10, cis-12 isomer, TMR: total mixed ration, 
DM: dry matter, FA: fatty acid.

Table 1. Effect of feed modification on CLA content in bovine’s milk.
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Griinari et al. made an attempt by modifying the endogenous activity of D9-desaturase, 
which involves in synthesis of CLA from trans-11 18:1 in ruminal biohydrogenation [12]. 
They observed that infusion of trans-11 18:1 resulted in a 31% increase of concentration of 
cis-9, trans-11 CLA in milk fat. While induction of D9-desaturase inhibitor in cow abdomen 
resulted in a 45% decrease of 45% in the concentration of CLA. Overall, they concluded that 
endogenous synthesis of CLA is the primary source of milk CLA in ruminants.

1.4. Bio-fortified CLA in bovine’s meat

Recent studies on different feed resources and their influence on meat quality in the term 
of CLA from small ruminants showed that CLA content in meat would be increased due to 
chopped cactus cladodes feeding to animals. The oil supplementation in all forms of safflower 
soybean, sunflower, linseed and fish oil results in enhancement of CLA contents in meat of 
small as well as large ruminants. Furthermore, reducing anti-nutritional components in above 
oil sources leads to more enhancements in CLA content of meat in all ruminants [48–54]. 
For example, a very recent study by Fiorentini et al. reported that feeding palm oil, linseed 
oil, soybean grain or protected fat result in increased the meat CLA contents from 0.29 to 
0.67 mg/100-gram fatty acid, respectively in Nellore steers [53]. While feeding 4.5% linseed, 
sunflower, or soybean enhances meat CLA content to 0.47, 0.52 and 0.54 mg/100 g fatty in 
Holstein Friesian bulls. Similar CLA enhancement was observed when Nellore steer were fed 
with cottonseed at different proportion to dry matter. However, the reducing anti-nutritional 
contents of linseed, soybean or sunflower, and so on further led to enhance the CLA con-
tents from 0.73 mg/100 g to 0.91 mg/100 g fatty acid in meat [55]. Joele et al. reported that 
11% supplementation of coconutor 15% palm cake enhanced 7.98 and 4.98% of CLA contents, 
respectively, in buffalo Red Norte meet [52]. Fish oil supplementation in concentrate-based 
diet of Charolais steer results in enhancement of meat CLA content to 0.57% to total fatty acids 
[56]. Similarly, pasture grazing of small as well as large ruminants enhances the CLA content 
of meat. More notably, pasture grazing leads to CLA substantial increase as a proportion of 
total fatty acids and is more available in the form of edible fat as compared to the CLA concen-
tration present in raw meat. This pasturing strategy also leads to reduced total fat contents in 
raw meat as well as product. On the other shrubs that are rich in vitamin E, protect myoglobin 
from oxidation and grazing saltbush (Atriplex spp.), preserves lamb meat color stability, while 
linoleic acid contents may increase in meat fat by adding olive cake silage in ewe or lamb diets, 
respectively. Grazing on some novel pasture species, such as Cichorium intybus, Chrisantemum 
coronarium, and Galium verum enhanced the appearance of terpenes in goat and sheep meat. 
Although the dietary factors contribute significantly in the increase of CLA content in milk 
and meat but only marginal increases in meat is observed as compared to milk. The pos-
sible mechanisms and synthesis pathway of CLA may be different according to organ site. 
Furthermore, other related factors regulating the synthesis of CLA in the rumen muscles and 
mammary glands are poorly understood [57, 58]. Table 2 shows the different strategies with 
increase CLA contents in meat of bovine.

1.5. Bio-fortified CLA milk’s cheese and butter

Most of the studies show that the milk processing and cooking do not influence the CLA con-
centration in milk by products like such as cheese, butter, and ice cream, and so on. The cheese 
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no change in milk composition of buffaloes with respect to dietary treatments while 310% 
increase in CLA contents were increased was observed by feeding buffalo on green fodder 
[27]. The starch diet containing high proportions of polyunsaturated fatty acid promotes shifts 
in biohydrogenation mechanism, which results in major intermediate trans isomers [28, 29].  

Feed type Feed specialty CLA (control) CLA (treatment) Reference

Corn silage-based 
rations

Fish oil (45 g) + sunflower oil 
(45 g)

0.50 mg/g fat 3.47 mg/g fat [42]

Hay supplemented 
with tallow

Fresh forage supplemented 
with tallow

0.93 mg/g fat 1.07 mg/g fat [43]

Hay supplemented 
with tallow

Fresh forage + ground solin 
seed

0.93 mg/g fat 1.30 mg/g fat [43]

Concentrate (50%), 
corn silage (25%), 
alfalfa hay (25%)

Fish oil (0.5%) 0.33 mg/g fat 0.47 mg/g fat [44]

Concentrate (50%), 
corn silage (25%), 
alfalfa hay (25%)

Soybean oil (2.5%) 0.33 mg/g fat 0.79 mg/g fat [44]

Concentrate (50%), 
corn silage (25%), 
alfalfa hay (25%)

Fish oil: soybean oil (0.5%:2%) 0.33 mg/g fat 1.39 mg/g fat [44]

Grass silage Fish oil 0.2–0.6 mg/g fat 1.5–2.7 mg/g fat [45]

Grass silage Fish oil 0.2–0.6 mg/g fat 1.5–2.7 mg/g fat [45]

Forage and grain 
(TMR)

Pasture feeding 3.8 g/100 g fatty acids 22.1 g/100 g fatty acids [14]

Dry matter with 
blood meal, feather 
meal and corn 
gluten

Sunflower oil (53 g/kg) 3.55 g/100 g fatty acids 24.4 g/100 g fatty acids [46]

Dry matter with 
blood meal, feather 
meal and corn 
gluten

Linseed oil (53 g/kg) 3.55 g/100 g fatty acids 16.7 g/100 g fatty acids [46]

Dry matter with 
blood meal, feather 
meal and corn 
gluten

Peanut oil (53 g/kg) 3.55 g/100 g fatty acids 13.3 g/100 g fatty acids [46]

DM + 4% calcium 
salts

Canola oil 3.5 g/100 g fatty acids 13.0 g/100 g fatty acids [47]

DM + 4% calcium 
salts

Soybean oil 3.5 g/100 g fatty acids 22.0 g/100 g fatty acids [47]

DM + 4% calcium 
salts

Linseed oil 3.5 g/100 g fatty acids 19.0 g/100 g fatty acids [47]

CLA represents two major CLA isomers of C18:2 cis-9, trans-11 and trans-10, cis-12 isomer, TMR: total mixed ration, 
DM: dry matter, FA: fatty acid.

Table 1. Effect of feed modification on CLA content in bovine’s milk.

Bovine Science - A Key to Sustainable Development28

Griinari et al. made an attempt by modifying the endogenous activity of D9-desaturase, 
which involves in synthesis of CLA from trans-11 18:1 in ruminal biohydrogenation [12]. 
They observed that infusion of trans-11 18:1 resulted in a 31% increase of concentration of 
cis-9, trans-11 CLA in milk fat. While induction of D9-desaturase inhibitor in cow abdomen 
resulted in a 45% decrease of 45% in the concentration of CLA. Overall, they concluded that 
endogenous synthesis of CLA is the primary source of milk CLA in ruminants.

1.4. Bio-fortified CLA in bovine’s meat

Recent studies on different feed resources and their influence on meat quality in the term 
of CLA from small ruminants showed that CLA content in meat would be increased due to 
chopped cactus cladodes feeding to animals. The oil supplementation in all forms of safflower 
soybean, sunflower, linseed and fish oil results in enhancement of CLA contents in meat of 
small as well as large ruminants. Furthermore, reducing anti-nutritional components in above 
oil sources leads to more enhancements in CLA content of meat in all ruminants [48–54]. 
For example, a very recent study by Fiorentini et al. reported that feeding palm oil, linseed 
oil, soybean grain or protected fat result in increased the meat CLA contents from 0.29 to 
0.67 mg/100-gram fatty acid, respectively in Nellore steers [53]. While feeding 4.5% linseed, 
sunflower, or soybean enhances meat CLA content to 0.47, 0.52 and 0.54 mg/100 g fatty in 
Holstein Friesian bulls. Similar CLA enhancement was observed when Nellore steer were fed 
with cottonseed at different proportion to dry matter. However, the reducing anti-nutritional 
contents of linseed, soybean or sunflower, and so on further led to enhance the CLA con-
tents from 0.73 mg/100 g to 0.91 mg/100 g fatty acid in meat [55]. Joele et al. reported that 
11% supplementation of coconutor 15% palm cake enhanced 7.98 and 4.98% of CLA contents, 
respectively, in buffalo Red Norte meet [52]. Fish oil supplementation in concentrate-based 
diet of Charolais steer results in enhancement of meat CLA content to 0.57% to total fatty acids 
[56]. Similarly, pasture grazing of small as well as large ruminants enhances the CLA content 
of meat. More notably, pasture grazing leads to CLA substantial increase as a proportion of 
total fatty acids and is more available in the form of edible fat as compared to the CLA concen-
tration present in raw meat. This pasturing strategy also leads to reduced total fat contents in 
raw meat as well as product. On the other shrubs that are rich in vitamin E, protect myoglobin 
from oxidation and grazing saltbush (Atriplex spp.), preserves lamb meat color stability, while 
linoleic acid contents may increase in meat fat by adding olive cake silage in ewe or lamb diets, 
respectively. Grazing on some novel pasture species, such as Cichorium intybus, Chrisantemum 
coronarium, and Galium verum enhanced the appearance of terpenes in goat and sheep meat. 
Although the dietary factors contribute significantly in the increase of CLA content in milk 
and meat but only marginal increases in meat is observed as compared to milk. The pos-
sible mechanisms and synthesis pathway of CLA may be different according to organ site. 
Furthermore, other related factors regulating the synthesis of CLA in the rumen muscles and 
mammary glands are poorly understood [57, 58]. Table 2 shows the different strategies with 
increase CLA contents in meat of bovine.

1.5. Bio-fortified CLA milk’s cheese and butter

Most of the studies show that the milk processing and cooking do not influence the CLA con-
centration in milk by products like such as cheese, butter, and ice cream, and so on. The cheese 
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Breed CLA enhancing diet CLA content References

Nellore steers Palm oil 0.29 mg/g fat [53]

Nellore steers Linseed oil 0.67 mg/g fat [53]

Nellore steers Protected fat 0.39 mg/g fat [53]

Nellore steers Soybean grains 0.37 mg/g fat [53]

Steers Pasture and extruded soybeans 25.0 g/100 g fatty acids [35]

Rubia Gallega calves 4.5% Linseed 0.47 mg/g fat [59]

Rubia Gallega calves 4.5% Sunflower 0.52 mg/g fat [59]

Rubia Gallega calves 4.5% Soybean 0.54 mg/g fat [59]

Nellore steers Cottonseed (14.35 kg/100 kg DM) 0.28 mg/g fat [48]

Nellore steers Cottonseed (27.51 kg/100 kg DM) 0.29 mg/g fat [48]

Nellore steers Cottonseed (34.09 kg/100 kg DM) 0.24 mg/g fat [48]

Yearling steers Flax seed oil 0.76 mg/g fat [49]

Yearling steers Sunflower seed oil 0.85 mg/g fat [49]

Yearling steers Flax seed oil 0.79 mg/g fat [49]

Yearling steers Sunflower seed oil 0.86 mg/g fat [49]

Charolais × Saler steers Extruded linseed 4% 0.72 mg/g fat [55]

Charolais cows Extruded linseed 4% 0.40 mg/g fat [55]

Holstein cows Extruded linseed 4% 0.99 mg/g fat [55]

Charolais bulls Extruded linseed 4% 0.91 mg/g fat [55]

German Holstein, bulls Pasture 17 g/100 g fatty acids [60]

German Simmental, bulls Pasture 12 g/100 g fatty acids [60]

Wagyu x Limousin, steers whole concentrate 0.12 mg/g fat [5]

Charolais steers Grass silage 35 g/100 g fatty acids [61]

Holstein calves Megalac 15·9 g/100 g fatty acids [62]

Holstein calves Protected lipid supplement 14·5 g/100 g fatty acids [62]

Holstein calves Protected lipid supplement 10.1 g/100 g fatty acids [62]

Angus × Hereford Finishing diet + soy oil 0.28 mg/g fat [63]

Limousin, steers Sunflower oil 134 g/100 g fatty acids [64]

Angus steers Concentrate + soy oil (6%) 0.34 mg/g fat [65]

Angus steers Concentrate + extruded soybean 0.73 mg/g fat [66]

Angus crossbred steers Whole pasture 1.5 mg/g fat [67]

Charolais steers Grass based + concentrate 1.1 mg/g fat [68]

Wagyu crossbred Barley-based diet 1.7 mg/FA [69]

Charolais steers Grass silage whole linseed 36 g/100 g fatty acids [56]
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prepared from milk produced by diet supplementing with soybean, extruded soybean, soy-
bean, and so on in cows, soybean oils, extruded soybean, olive oil and palm oils, linseed and 
extruded linseed, and flaxseed meal, flaxseed oil, castor oil and soybean, and so on in goats 
resulted in stable CLA content [31, 70–72]. For example, the milk cheese prepared using milk 
from cows fed extruded soybeans and cottonseed shows the same concentration of CLA in 
cheese as it was present in milk [73]. Fish oil supplement in all ruminants also resulted shows 
in enhancement of CLA content cheese from milk used for cheese preparation. Furthermore, 
the CLA enhancement effects were more predominant when starter culture was used in cheese 
manufacturing process [74, 75]. The pasture grazing strategy is also significant to enhance the 
CLA contents in cheese and butter. Other reports have shown that the quality and composition 
of sheep and goat milk influenced by farming and feeding systems while comparing three feed-
ing systems based on natural pasture in the plain, on mountains and on hills for goats. Thus, 
milk yield was shown to be lower to some extent on mountain pasture while percentages of 
PUFA, protein and fat contents were high. Therefore, the terpenes were more abundant in goat 
milk. On the other hand, milk was richer in CLA at an early stage of natural pasture grazing. 
Simultaneously, the milk products like cheese, butter and ice cream prepared from goat milk 
produced by feeding on diet enriched with castor, sesame and faveleira vegetable oils showed 
enhance CLA content in these products [72, 76, 77]. Table 3 shows the summarized results of 
different dietary manipulation strategies to enhance CLA contents in cheeses and butters.

1.6. Enrichment of CLA

1.6.1. Commercial/synthetic CLA

The low percentage rate of CLA conversion by ruminants was accounting as very small in 
total percentage of fat and oil as dietary sources. The highly bioactive importance of CLA 
derived the focus to develop commercial CLA. Several methods were developed by using a 
series of acids and bases reactions to convert polyunsaturated oils to CLA. The earlier attempt 
to produce commercial CLA resulted in unnatural ratios of CLA isomers. The first successful 
attempt to develop drying oil from linolenic acid oils using monohydric and polyhydric solu-
tion with addition of numerous alkalis as catalysts. Later, another development, a modifica-
tion was made by the use of water and steam to achieve a required temperature to conjugate 
unsaturated fatty acids. Moreover, the successive addition of mineral acid led to the success-
ful development of free conjugated fatty acids production method [80, 81]. Christie et al. first 
time reported to develop a CLA product by alkaline water isomerization (KOH and NaOH 
catalyst at temperature > 280°C) which have all 8, 10: 9, 11: 10, 12: 11,13 trans and cis CLA 

Breed CLA enhancing diet CLA content References

Charolais steers Concentrate based + linseed 0.80 mg/g fat [56]

Holstein claves 53 g/kg Sunflower oil 24.4 g/100 g fatty acids [46]

CLA represents two major CLA isomers of C18:2 cis-9, trans-11 and trans-10, cis-12 isomer, TMR: total mixed ration, 
DM: dry matter, FA: fatty acid.

Table 2. Effect of diet modification on CLA content in bovine’s meat.
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Breed CLA enhancing diet CLA content References

Nellore steers Palm oil 0.29 mg/g fat [53]

Nellore steers Linseed oil 0.67 mg/g fat [53]

Nellore steers Protected fat 0.39 mg/g fat [53]

Nellore steers Soybean grains 0.37 mg/g fat [53]

Steers Pasture and extruded soybeans 25.0 g/100 g fatty acids [35]

Rubia Gallega calves 4.5% Linseed 0.47 mg/g fat [59]

Rubia Gallega calves 4.5% Sunflower 0.52 mg/g fat [59]

Rubia Gallega calves 4.5% Soybean 0.54 mg/g fat [59]

Nellore steers Cottonseed (14.35 kg/100 kg DM) 0.28 mg/g fat [48]

Nellore steers Cottonseed (27.51 kg/100 kg DM) 0.29 mg/g fat [48]

Nellore steers Cottonseed (34.09 kg/100 kg DM) 0.24 mg/g fat [48]

Yearling steers Flax seed oil 0.76 mg/g fat [49]

Yearling steers Sunflower seed oil 0.85 mg/g fat [49]

Yearling steers Flax seed oil 0.79 mg/g fat [49]

Yearling steers Sunflower seed oil 0.86 mg/g fat [49]

Charolais × Saler steers Extruded linseed 4% 0.72 mg/g fat [55]

Charolais cows Extruded linseed 4% 0.40 mg/g fat [55]

Holstein cows Extruded linseed 4% 0.99 mg/g fat [55]

Charolais bulls Extruded linseed 4% 0.91 mg/g fat [55]

German Holstein, bulls Pasture 17 g/100 g fatty acids [60]

German Simmental, bulls Pasture 12 g/100 g fatty acids [60]

Wagyu x Limousin, steers whole concentrate 0.12 mg/g fat [5]

Charolais steers Grass silage 35 g/100 g fatty acids [61]

Holstein calves Megalac 15·9 g/100 g fatty acids [62]

Holstein calves Protected lipid supplement 14·5 g/100 g fatty acids [62]

Holstein calves Protected lipid supplement 10.1 g/100 g fatty acids [62]

Angus × Hereford Finishing diet + soy oil 0.28 mg/g fat [63]

Limousin, steers Sunflower oil 134 g/100 g fatty acids [64]

Angus steers Concentrate + soy oil (6%) 0.34 mg/g fat [65]

Angus steers Concentrate + extruded soybean 0.73 mg/g fat [66]

Angus crossbred steers Whole pasture 1.5 mg/g fat [67]

Charolais steers Grass based + concentrate 1.1 mg/g fat [68]

Wagyu crossbred Barley-based diet 1.7 mg/FA [69]

Charolais steers Grass silage whole linseed 36 g/100 g fatty acids [56]
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prepared from milk produced by diet supplementing with soybean, extruded soybean, soy-
bean, and so on in cows, soybean oils, extruded soybean, olive oil and palm oils, linseed and 
extruded linseed, and flaxseed meal, flaxseed oil, castor oil and soybean, and so on in goats 
resulted in stable CLA content [31, 70–72]. For example, the milk cheese prepared using milk 
from cows fed extruded soybeans and cottonseed shows the same concentration of CLA in 
cheese as it was present in milk [73]. Fish oil supplement in all ruminants also resulted shows 
in enhancement of CLA content cheese from milk used for cheese preparation. Furthermore, 
the CLA enhancement effects were more predominant when starter culture was used in cheese 
manufacturing process [74, 75]. The pasture grazing strategy is also significant to enhance the 
CLA contents in cheese and butter. Other reports have shown that the quality and composition 
of sheep and goat milk influenced by farming and feeding systems while comparing three feed-
ing systems based on natural pasture in the plain, on mountains and on hills for goats. Thus, 
milk yield was shown to be lower to some extent on mountain pasture while percentages of 
PUFA, protein and fat contents were high. Therefore, the terpenes were more abundant in goat 
milk. On the other hand, milk was richer in CLA at an early stage of natural pasture grazing. 
Simultaneously, the milk products like cheese, butter and ice cream prepared from goat milk 
produced by feeding on diet enriched with castor, sesame and faveleira vegetable oils showed 
enhance CLA content in these products [72, 76, 77]. Table 3 shows the summarized results of 
different dietary manipulation strategies to enhance CLA contents in cheeses and butters.

1.6. Enrichment of CLA

1.6.1. Commercial/synthetic CLA

The low percentage rate of CLA conversion by ruminants was accounting as very small in 
total percentage of fat and oil as dietary sources. The highly bioactive importance of CLA 
derived the focus to develop commercial CLA. Several methods were developed by using a 
series of acids and bases reactions to convert polyunsaturated oils to CLA. The earlier attempt 
to produce commercial CLA resulted in unnatural ratios of CLA isomers. The first successful 
attempt to develop drying oil from linolenic acid oils using monohydric and polyhydric solu-
tion with addition of numerous alkalis as catalysts. Later, another development, a modifica-
tion was made by the use of water and steam to achieve a required temperature to conjugate 
unsaturated fatty acids. Moreover, the successive addition of mineral acid led to the success-
ful development of free conjugated fatty acids production method [80, 81]. Christie et al. first 
time reported to develop a CLA product by alkaline water isomerization (KOH and NaOH 
catalyst at temperature > 280°C) which have all 8, 10: 9, 11: 10, 12: 11,13 trans and cis CLA 

Breed CLA enhancing diet CLA content References

Charolais steers Concentrate based + linseed 0.80 mg/g fat [56]

Holstein claves 53 g/kg Sunflower oil 24.4 g/100 g fatty acids [46]

CLA represents two major CLA isomers of C18:2 cis-9, trans-11 and trans-10, cis-12 isomer, TMR: total mixed ration, 
DM: dry matter, FA: fatty acid.

Table 2. Effect of diet modification on CLA content in bovine’s meat.
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CLA enhancing feed CLA content Reference

Pasture + extruded soybean 1.4 g/100 g fatty acid [16]

Whole pasture 1.5 g/100 g fatty acid [17]

Sunflower seed (11.2%) 400 (percentage increase) [23]

Pasture 8.12 mg/100 g cheese [38]

Pasture, 100 g/kg of sunflower oil/d 1.93 g/100 g fatty acid [41]

Grass-fed animals 64·19 mg/100 g cheese [74]

Fish oil (0.75% of dry matter) 2.41 g/100 g fatty acid [75]

Natural spring pasture 0.76 g/100 g fatty acid [78]

Pasture grazing 1.45 g/100 g fatty acid [79]

CLA represents two major CLA isomers of C18:2 cis-9, trans-11 and trans-10, cis-12 isomer, TMR: total mixed ration, 
DM: dry matter, FA: fatty acid.

Table 3. Effect of feed modification on CLA content in milk’s cheese.

with unknown geometric position. However, the two major peaks in that commercial CLA 
mixture were assumed the isomers c9, t11 and t10, c12. Later on, further research advances 
turned out to achieve the possible isomerization with specific isomers ratios [82]. Propylene 
glycol isomerization was another method to produce CLA from monounsaturated and poly-
unsaturated oil fatty acids. The propylene glycol was used with KOH as a catalyst instead of 
ethylene alcohol for consumer safety reasons. Later, hexane was also used instead of ethylene/
propylene glycol to facilitate the purification of required CLA isomers. Thus, the mixture of 
CLA isomers was marketed as free acids instead of n-3 concentrates [83]. Isomerization of 
mono-alkyl ester is a relatively recent effective quantitative method to produce CLA isomers 
by isomerizing methyl and ethyl esters of linolenic acids in presence of very small quantity of 
catalyst and virtually no solvent. Besides, thermal sigma tropic rearrangement by preceding 
the reaction below 100°C results in CLA isomer production.

1.6.2. Microbial CLA

Regarding the potential health effects, safe isomers selective processes are investigated for CLA 
production. Among these, bioprocess by microbial use is the potential method for production 
of CLA. Initially, the bacteria were divided into group A and group B depending on the type 
of reactions and the products as result of biohydrogenation. The bacteria of group A were able 
to hydrogenate linolenic acid and α-linolenic acid end product t11- C18:1. The group B bacte-
ria were able to convert t11-C18:1 to end product stearic acid [84]. Besides ruminant bacteria, 
some bacterial strains from human/animal intestinal membrane, dairy products origins were 
isolated for CLA production. Lactobacillus reuteri, Lactobacillus plantarum, Lactobacillus lrhamno-
sus, Lactobacillus brevis, Lactococcus lactis, Lactobacillus acidophilus, Propionibaterium freudenrehi-
chii, Bifidobacterium, Streptococcus, are capable for CLA production. Potential CLA producing 
strains such as bifidobacteria Bifidobacterium, lactobacilli, and pediococci have been selective 
for CLA production. The increasing interest in bifidobacteria as the natural inhabitant and 
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useful in conversion of CLA fatty acid has been derived the attention of microbiologists [70]. 
Coakley et al. reported for the first time that the strains collection of bifidobacteria, lactobacilli, 
and pediococci were capable to convert LA into CLA isomers [41]. They sorted out the nine 
strains of bifidobacteria, which convert c9, t11 CLA from MRS culture supplemented with 
linoleic acids. Among these nine strains, Bifidobacterium breve is strong bio convertor of LA 
to 66% to c9, t11 CLA and 6.2% to t9, t11 CLA in only the culture supernatant [41, 85, 86]. 
Several studies have also reported the pivotal role of lactic acid bacteria in production of CLA 
from LA when grown on MRS, skim milk and cheddar cheese [75, 87, 88]. These bacteria 
have enzymatic conversion of LA to CLA by linoleate isomerase in their cell wall. Lactobacillus 
reuteri PYR8, Clostridium sporogenes and Propionibacterium acnes were reported to have putative 
polyunsaturated fatty acid PUFA linoleate isomerase function [89–91]. Several efforts were 
made to produce the CLA using E. coli, but none was capable to produce CLA. However, 
Lactobacillus plantarum AKU 1009a were found to produce t11-CLA, t10, c12-CLA and t9, t11-
CLA with less known enzymatic action [85, 92, 93]. Later, the genetic mutation in linoleate 
isomerase enzyme machinery of strain plantrum AKU 1009a led to develop E. coli as catalysts 
to produce significant t9, t11-CLA with c9, t11-CLA [92, 94].

2. Bioavailability and clinical manifestation of enhanced CLA

The general availability of CLA from food sources has been summarized in Table 4. Recently, 
the manipulation of fatty acid profile of milk, meat, cheese and butter has been shown to 
confer beneficial impacts on human health. There are very few experimental studies that 
indicate the kinetic behavior of dietary CLA from naturally enhanced diary and meat prod-
ucts. The studies on kinetic behavior of polyunsaturated fatty acids (PUFAs) showed that 
the bioavailability and disposition of PUFA could be altered in some biologic fluids after the 
intake of enriched PUFA-rich food products. For example, previous studies with high-fat diet 
and low-fat diet containing 1% rumenic acid show higher and lower bioavailability of CLA 
content respectively which in return was more bioactive in reducing hyperinsulinemia [95]. 
The experimental rats group fed on CLA enriched butter had sixfold higher CLA content in 
liver compared to that of the control group, without having difference in dietary intake. The 
naturally enriched CLA butter consumption leads to increase the c9, t11-CLA serum concen-
trations and will as other PUFA without influencing the cholesterol content and blood TG 
[96, 97]. de Almeida et al. showed that the animals with synthetic CLA supplement diet have 
lower level of hyperinsulinemia, hyperglycemia and inflammatory proteins in retroperitoneal 
adipose tissue with high level of plasma HDL cholesterol [95]. While, other studies in which 
synthetic CLA mixture was used, report unhealthy effect of synthetic CLA as compared to 
that of naturally enriched CLA products, several authors have reported that using synthetic 
CLA in animal developed insulin resistance, hyperinsulinemia [97–98]. Thus, it is important 
to differentiate the bioavailability of CLA from different production sources, which ultimately 
determine the bio-functionalities of CLA from the health point of view. As commercial com-
mercially produced CLA has predominant with mixture of 10-, 9,11-, 10,12-, and 11,13-iso-
mers while natural CLA has 80–90% of 9,11-isomer. This difference in isomers composition 
is a major determinant of biological activities of CLA in diet and thus source. Furthermore, 
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CLA enhancing feed CLA content Reference

Pasture + extruded soybean 1.4 g/100 g fatty acid [16]

Whole pasture 1.5 g/100 g fatty acid [17]

Sunflower seed (11.2%) 400 (percentage increase) [23]

Pasture 8.12 mg/100 g cheese [38]

Pasture, 100 g/kg of sunflower oil/d 1.93 g/100 g fatty acid [41]

Grass-fed animals 64·19 mg/100 g cheese [74]

Fish oil (0.75% of dry matter) 2.41 g/100 g fatty acid [75]

Natural spring pasture 0.76 g/100 g fatty acid [78]

Pasture grazing 1.45 g/100 g fatty acid [79]

CLA represents two major CLA isomers of C18:2 cis-9, trans-11 and trans-10, cis-12 isomer, TMR: total mixed ration, 
DM: dry matter, FA: fatty acid.

Table 3. Effect of feed modification on CLA content in milk’s cheese.

with unknown geometric position. However, the two major peaks in that commercial CLA 
mixture were assumed the isomers c9, t11 and t10, c12. Later on, further research advances 
turned out to achieve the possible isomerization with specific isomers ratios [82]. Propylene 
glycol isomerization was another method to produce CLA from monounsaturated and poly-
unsaturated oil fatty acids. The propylene glycol was used with KOH as a catalyst instead of 
ethylene alcohol for consumer safety reasons. Later, hexane was also used instead of ethylene/
propylene glycol to facilitate the purification of required CLA isomers. Thus, the mixture of 
CLA isomers was marketed as free acids instead of n-3 concentrates [83]. Isomerization of 
mono-alkyl ester is a relatively recent effective quantitative method to produce CLA isomers 
by isomerizing methyl and ethyl esters of linolenic acids in presence of very small quantity of 
catalyst and virtually no solvent. Besides, thermal sigma tropic rearrangement by preceding 
the reaction below 100°C results in CLA isomer production.

1.6.2. Microbial CLA

Regarding the potential health effects, safe isomers selective processes are investigated for CLA 
production. Among these, bioprocess by microbial use is the potential method for production 
of CLA. Initially, the bacteria were divided into group A and group B depending on the type 
of reactions and the products as result of biohydrogenation. The bacteria of group A were able 
to hydrogenate linolenic acid and α-linolenic acid end product t11- C18:1. The group B bacte-
ria were able to convert t11-C18:1 to end product stearic acid [84]. Besides ruminant bacteria, 
some bacterial strains from human/animal intestinal membrane, dairy products origins were 
isolated for CLA production. Lactobacillus reuteri, Lactobacillus plantarum, Lactobacillus lrhamno-
sus, Lactobacillus brevis, Lactococcus lactis, Lactobacillus acidophilus, Propionibaterium freudenrehi-
chii, Bifidobacterium, Streptococcus, are capable for CLA production. Potential CLA producing 
strains such as bifidobacteria Bifidobacterium, lactobacilli, and pediococci have been selective 
for CLA production. The increasing interest in bifidobacteria as the natural inhabitant and 
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useful in conversion of CLA fatty acid has been derived the attention of microbiologists [70]. 
Coakley et al. reported for the first time that the strains collection of bifidobacteria, lactobacilli, 
and pediococci were capable to convert LA into CLA isomers [41]. They sorted out the nine 
strains of bifidobacteria, which convert c9, t11 CLA from MRS culture supplemented with 
linoleic acids. Among these nine strains, Bifidobacterium breve is strong bio convertor of LA 
to 66% to c9, t11 CLA and 6.2% to t9, t11 CLA in only the culture supernatant [41, 85, 86]. 
Several studies have also reported the pivotal role of lactic acid bacteria in production of CLA 
from LA when grown on MRS, skim milk and cheddar cheese [75, 87, 88]. These bacteria 
have enzymatic conversion of LA to CLA by linoleate isomerase in their cell wall. Lactobacillus 
reuteri PYR8, Clostridium sporogenes and Propionibacterium acnes were reported to have putative 
polyunsaturated fatty acid PUFA linoleate isomerase function [89–91]. Several efforts were 
made to produce the CLA using E. coli, but none was capable to produce CLA. However, 
Lactobacillus plantarum AKU 1009a were found to produce t11-CLA, t10, c12-CLA and t9, t11-
CLA with less known enzymatic action [85, 92, 93]. Later, the genetic mutation in linoleate 
isomerase enzyme machinery of strain plantrum AKU 1009a led to develop E. coli as catalysts 
to produce significant t9, t11-CLA with c9, t11-CLA [92, 94].

2. Bioavailability and clinical manifestation of enhanced CLA

The general availability of CLA from food sources has been summarized in Table 4. Recently, 
the manipulation of fatty acid profile of milk, meat, cheese and butter has been shown to 
confer beneficial impacts on human health. There are very few experimental studies that 
indicate the kinetic behavior of dietary CLA from naturally enhanced diary and meat prod-
ucts. The studies on kinetic behavior of polyunsaturated fatty acids (PUFAs) showed that 
the bioavailability and disposition of PUFA could be altered in some biologic fluids after the 
intake of enriched PUFA-rich food products. For example, previous studies with high-fat diet 
and low-fat diet containing 1% rumenic acid show higher and lower bioavailability of CLA 
content respectively which in return was more bioactive in reducing hyperinsulinemia [95]. 
The experimental rats group fed on CLA enriched butter had sixfold higher CLA content in 
liver compared to that of the control group, without having difference in dietary intake. The 
naturally enriched CLA butter consumption leads to increase the c9, t11-CLA serum concen-
trations and will as other PUFA without influencing the cholesterol content and blood TG 
[96, 97]. de Almeida et al. showed that the animals with synthetic CLA supplement diet have 
lower level of hyperinsulinemia, hyperglycemia and inflammatory proteins in retroperitoneal 
adipose tissue with high level of plasma HDL cholesterol [95]. While, other studies in which 
synthetic CLA mixture was used, report unhealthy effect of synthetic CLA as compared to 
that of naturally enriched CLA products, several authors have reported that using synthetic 
CLA in animal developed insulin resistance, hyperinsulinemia [97–98]. Thus, it is important 
to differentiate the bioavailability of CLA from different production sources, which ultimately 
determine the bio-functionalities of CLA from the health point of view. As commercial com-
mercially produced CLA has predominant with mixture of 10-, 9,11-, 10,12-, and 11,13-iso-
mers while natural CLA has 80–90% of 9,11-isomer. This difference in isomers composition 
is a major determinant of biological activities of CLA in diet and thus source. Furthermore, 
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the bioavailability of CLA is measured either the total contents of CLA in blood circulation 
after ingestion or the total contents of CLA disposition in the liver, mammary fat, peritoneal 
fat and plasma. The composition of CLA isomers mixture can also influence the incorporation 
and bioavailability of CLA to tissue and organs. To date, most of the human studies evaluated 
by only blood measurements, which are different from animal models regarding the bioavail-
ability and distribution modes of CLA according organs, model of dietary supplementation 
or enrichment [97, 99].

A very recent study by Rodriguez-Alcala et al. (2015) was conducted on oral absorption and dis-
position of CLA isomers from naturally enriched goat milk cheese conducted to evaluate the bio-
availability of CLA. The oral doses of 153 mg vaccenic acid, 46 mg rumenic acid were fed to rats 
on kilogram body weight basis. The maximum concentration value of vaccenic acid and rumenic 

Food Product Fat (g)/serving CLA(mg)/g fat CLA (mg)/serving

Milk and milk products

250 mL of milk (2% fat) 5.1 4.1 20.9

125 mL of condensed milk 14.1 7.0 98.7

250 mL of fermented buttermilk (2%) 5.2 5.4 28.1

175 g of plain yogurt (2–4% fat) 4.9 4.8 23.5

175 g of yogurt (1–2% fat) 2.7 4.4 11.9

50 g of processed cheese 12.3 5.0 61.5

50 g of cheddar cheese 16.6 4.1 68.1

15 mL of butter 11.7 4.7 55.0

125 mL cream 17.1 4.6 78.7

125 mL ice cream 11.8 3.6 42.5

Meat and meat products

90 g of lamb meat 12.7 5.8 73.7

90 g of ground beef 12.3 4.3 52.9

90 g of veal 6.1 2.7 16.5

90 g of fresh ground turkey 6.5 2.6 16.9

90 g of chicken 12.1 0.9 10.9

90 g of pork 13.8 0.6 8.3

Large egg yolk 5.3 0.6 3.2

90 g of salmon 5.7 0.3 1.7

Vegetable oils

15 mL of safflower oil 13.8 0.7 9.7

15 mL of sunflower oil 13.8 0.4 5.5

Table 4. Availability of CLA content from food products.
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acid were 18.76 and 63.42 μg/mL in plasma and 7.60 and 26.66 μg/g in erythrocytes, respectively, 
suggesting that CLA-enriched dairy fat produced by dietary manipulation may be well absorbed 
for better health effects in humans as compared to synthetic CLA [9]. It was observed that the 
rats fed on butter selectively absorbed more CLA. The accumulation was fourfold more higher 
for total CLA in mammary gland and tissues compared to rats fed on synthetic free fatty acids 
while taking the same dietary intake [100]. The studies on transfer efficiency of a CLA showed 
that bioavailability of the 9, 11-CLA isomer was twofold more as compared to 10, 12-CLA isomer 
[97]. While feeding of commercial CLA to pigs showed that c9, t11-isomer preferentially incorpo-
rate to liver and c11, t13-isomer into heart. Another study showed that the serum bioavailability 
of synthetic CLA was low when was inducted to pig feed for 15 days dietary treatments. The 
results were in increase of 10–30-fold mono-CLA isomers (c9, t11-c15-18:3 + c9-t13-c15-18:3) in 
the heart, kidneys and liver indicating the trend of incorporation of conjugated CLA isomers, 
which depends on the structure and source of the conjugated fatty acids [47]. The rats fed during 
the mammary gland development period show that naturally enriched CLA was more potent in 
reducing 22% epithelial mass, 30% terminal end bud density, 30% proliferation and 53% tumor 
yield of mammary glands. The consumers have the options for choosing CLA to increase CLA 
intake from synthetic CLA pill or produced by diet modification in dairy and meat products. 
The relative health value benefits of CLA from ruminant, microbes, and synthetic sources are 
uncertain regarding the bioavailability and functional disposition in human [100, 101].

3. Conclusion

Enhanced or enriched dairy fats produced by dietary manipulation are considered well-
absorbed and bioactive source of essential fatty acids with beneficial health effects in humans. 
However, most of the studies related to effect of CLA on human health were conducted on 
commercial CLA that was differentially available and dispersed in body organs and tis-
sues and hence have different health effects. Further, there are not conclusive studies on 
the moderation of CLA and its dietary source on average human intake. The extrapolation 
from rat animal models to human intake must be taken with cautions due to difference in 
dietary requirements. To meet recommended intake of CLA, several efforts have been made 
to enhance the level of CLA naturally and natural enhanced CLA in dairy food is more health 
effective. The manipulation of dairy ration type and composition seems to be one of the most 
suitable strategies for enhancement of CLA in enriched dairy products. Manipulation of the 
animal’s diet can result in up to 8- to 10-fold increase in the concentration of CLA in milk. As 
consumers become more conscious of the link between diet and health, milk designed to have 
enhanced levels of CLA may provide new market opportunities for milk and milk products 
such as butter and cheese.
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the bioavailability of CLA is measured either the total contents of CLA in blood circulation 
after ingestion or the total contents of CLA disposition in the liver, mammary fat, peritoneal 
fat and plasma. The composition of CLA isomers mixture can also influence the incorporation 
and bioavailability of CLA to tissue and organs. To date, most of the human studies evaluated 
by only blood measurements, which are different from animal models regarding the bioavail-
ability and distribution modes of CLA according organs, model of dietary supplementation 
or enrichment [97, 99].

A very recent study by Rodriguez-Alcala et al. (2015) was conducted on oral absorption and dis-
position of CLA isomers from naturally enriched goat milk cheese conducted to evaluate the bio-
availability of CLA. The oral doses of 153 mg vaccenic acid, 46 mg rumenic acid were fed to rats 
on kilogram body weight basis. The maximum concentration value of vaccenic acid and rumenic 
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acid were 18.76 and 63.42 μg/mL in plasma and 7.60 and 26.66 μg/g in erythrocytes, respectively, 
suggesting that CLA-enriched dairy fat produced by dietary manipulation may be well absorbed 
for better health effects in humans as compared to synthetic CLA [9]. It was observed that the 
rats fed on butter selectively absorbed more CLA. The accumulation was fourfold more higher 
for total CLA in mammary gland and tissues compared to rats fed on synthetic free fatty acids 
while taking the same dietary intake [100]. The studies on transfer efficiency of a CLA showed 
that bioavailability of the 9, 11-CLA isomer was twofold more as compared to 10, 12-CLA isomer 
[97]. While feeding of commercial CLA to pigs showed that c9, t11-isomer preferentially incorpo-
rate to liver and c11, t13-isomer into heart. Another study showed that the serum bioavailability 
of synthetic CLA was low when was inducted to pig feed for 15 days dietary treatments. The 
results were in increase of 10–30-fold mono-CLA isomers (c9, t11-c15-18:3 + c9-t13-c15-18:3) in 
the heart, kidneys and liver indicating the trend of incorporation of conjugated CLA isomers, 
which depends on the structure and source of the conjugated fatty acids [47]. The rats fed during 
the mammary gland development period show that naturally enriched CLA was more potent in 
reducing 22% epithelial mass, 30% terminal end bud density, 30% proliferation and 53% tumor 
yield of mammary glands. The consumers have the options for choosing CLA to increase CLA 
intake from synthetic CLA pill or produced by diet modification in dairy and meat products. 
The relative health value benefits of CLA from ruminant, microbes, and synthetic sources are 
uncertain regarding the bioavailability and functional disposition in human [100, 101].

3. Conclusion

Enhanced or enriched dairy fats produced by dietary manipulation are considered well-
absorbed and bioactive source of essential fatty acids with beneficial health effects in humans. 
However, most of the studies related to effect of CLA on human health were conducted on 
commercial CLA that was differentially available and dispersed in body organs and tis-
sues and hence have different health effects. Further, there are not conclusive studies on 
the moderation of CLA and its dietary source on average human intake. The extrapolation 
from rat animal models to human intake must be taken with cautions due to difference in 
dietary requirements. To meet recommended intake of CLA, several efforts have been made 
to enhance the level of CLA naturally and natural enhanced CLA in dairy food is more health 
effective. The manipulation of dairy ration type and composition seems to be one of the most 
suitable strategies for enhancement of CLA in enriched dairy products. Manipulation of the 
animal’s diet can result in up to 8- to 10-fold increase in the concentration of CLA in milk. As 
consumers become more conscious of the link between diet and health, milk designed to have 
enhanced levels of CLA may provide new market opportunities for milk and milk products 
such as butter and cheese.
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1. Introduction

Antimicrobial compounds include antibiotics as well as many other substances which are used
to kill or inhibit the growth (multiplication) of bacteria. But nowadays, many bacteria causing
diseases of pandemic (e.g., tuberculosis) importance are increasingly developing the resistance
against a myriad of the antimicrobial compounds which, in terms, is leading to the ineffective
treatment of many fatal human and animal disease outbreaks.

1.1. Antimicrobial resistance in microbes

The idea of using antimicrobial compounds was originally proposed by Paul Ehrlich in 1908
who proposed to use some chemicals which he originally thought as “magic bullet” to kill the
bacteria specifically with a minimum harm to the host (animals and humans). He used
SilverSan to treat an infectious disease in humans transmitted through sexual contact known
as syphilis. This was the first time that a chemical was used to treat the microbial infections.
Since the discovery of the first antibiotic, penicillin (1920s), researcher worked diligently to
find new antibiotics, and this leads to the discovery of many new antibiotics, e.g., tetracycline,
gentamicin, and chloramphenicol. Antibiotics are compounds which are produced by one
microbe, and they are used to kill the other microbial spp. So, till 1950 a majority of infectious
diseases in humans were treatable by using these antibiotics [1].

However, unfortunately, soon after the clinical use of antibiotics, a phenomenon was found in
Staphylococcus aureus by means of which it was no longer susceptible to penicillin. It started
producing an enzyme named as penicillinase, which can easily break down the beta lactam ring
of penicillin. This ring is necessary to bind bacteria (penicillin binding proteins; PBPs) and
therefore its bacterial killing ability. This effect was named as antimicrobial/antibiotic resistance
in bacteria. Since then, many different types of bacteria are becoming increasingly resistant to
many new antibiotics. The phenomenon of antibiotic resistance in bacteria is a persistently
ongoing process and is on rise with every new day. This process can further be increased by
humans, e.g., the inappropriate use of antibiotics, following reduced doses of antibiotics than
required/standards, using antibiotics as a precautionary measures in viral infections, using
antibiotics as growth promoters, prescribing broad-spectrum antibiotics, using antibiotics with-
out using the antimicrobial sensitivity testing, and finally by noncompliance of the animal
owner. There has been a surge in the use of antibiotics for treatment of a variety of infections. In
fact, nowadays, the use of a variety of anti-infection therapy has become an invaluable tool for
the treatment of a variety of bovine infections. Using anti-infective agents has greatly reduced the
mortality as well as the morbidity against a variety of microbial infections in animals and
humans. However, their frequent use has also led to a major problem in human and animal
health, the development of antimicrobial resistance in microbes (ability of a microorganism to
tolerate and even grow in the presence of the normal inhibitory concentration), and its transmis-
sion to a variety of other microbes (within same or different genera) against these anti-infective
agents. The development of the resistance in microbes against anti-infective agents was predict-
able as the discoverer of the first antibiotic, Dr. Alexander Fleming, discussed this issue in his
Nobel prize winning lecture (1945) [2, 3].
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The emergence of the antibiotic-resistant strains has been associated with an increased occur-
rence of the morbidity and mortality by the antibiotic-resistant isolates than caused by the
nonresistant isolates in both humans and animals. In the last 6 decades, there has been a
tremendous increase in the number of the multidrug-resistant (MDR) isolates in bacterial
community, which have been associated with an increase in hospital stay in humans. Nowa-
days, with an advent of a variety of molecular biology techniques, there have been several
mechanisms reported for the development of the resistance in the bacterial populations
infecting humans and animals, and this process is ever increasing. Therefore, it is extremely
important to know the factors that cause antibiotic resistance in humans and animals, molec-
ular mechanisms of the antimicrobial resistance in different microbes, different methods of the
genetic transfer of the resistance among different microbes, and the development of a variety
of strategies for the control of bacterial resistance against antimicrobials, so that a better control
of the infections in humans as well as in animals can be made.

2. Common bovine infections and their treatment

Currently, in Indo-Pak numerous infectious diseases are prevalent in bovines. Because these
are the major source of income for the poor farmers (who merely raise about 4–5 animals),
there is massive irregular use of a variety of anti-infectious agents to save their life and thus
family earnings. Whereas, in Table 1, a list of diseases and their possible treatments in bovines
is given.

3. Factors associated with antimicrobial resistance in animals

Since the discovery of the first antibiotic, penicillin, by Alexander Fleming, there has been a
tremendous use of antibiotics in farm animals. In animals, antibiotics have been used as growth
promoters as prophylaxis as well as metaphylaxis. Both approaches involve the administration
of antibiotics in animals either by injection or through feed/water.

The primary goal of antibiotics was to treat the infectious diseases in animals and, thereby,
improve the overall health of animals and humans. However, an unexpected thing observed in
chickens during the 1940s was that antibiotic use may also cause an increase in the growth rate

Infection/disease Etiology Treatment options

Hemorrhagic septicemia Pasteurella multocida Oxytetracycline

Anthrax Bacillus anthracis Penicillin

Black leg/quarter Clostridium chauvoei Penicillin

Contagious bovine Pleuropneumonia Mycoplasma mycoides Tylosin

Table 1. Common bovine infections and their treatment.
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in animals. This finding has led to their use as growth promoters. Antibiotics have been used
as growth promoters for decades. This aspect is of tremendous controversy since the begin-
ning. The practice employs the use of antibiotics at subtherapeutic levels, with the main
purpose to control the enteric and respiratory diseases in farm animals associated with poor
management. The exact mechanism by which antibiotic may enhance the growth rate in
animals is yet unknown precisely; however, it is postulated that antibiotics may increase the
animal growth rate by either one of the following mechanisms:

a. Killing the pathogenic bacterial species in the intestine and thereby reducing the inflam-
matory conditions

b. Reduced inflammation in the intestinal mucosa leading to the increased absorption of the
variety of nutrients from the intestinal tract

c. Increasing the amount of beneficial microbes in the intestinal tract leading to an optimal
intestinal environment

d. Synthesis of a variety of bacteriocins (bacterial products made by beneficial bacteria or
probiotics which are used to inhibit other pathogenic microbes) and vitamins by the
probiotics further increasing animal health

Currently, China, the USA, and Brazil are the leading countries of antibiotic utilization in
animals. Approximately, 40 antibiotics have been approved for animals in the USA, out of
which more than 30 are currently being used in humans. Majority of antibiotic use in animals
falls in either one of the three uses:

3.1. For the treatment of infectious diseases in animals (therapeutic use)

Therapeutic treatment usually involves the treatment of either single or whole herd/flock with
specific doses of specific antimicrobial drugs. One typical care should be kept in mind in this
aspect is that each animal should receive the complete dose of antibiotics and the antibiotic
treatment should be continued for at least 72–120 h. But there may be problems in this aspect
of antibiotic use as the diseased animal has greatly reduced appetite, and this thing may lead
to the reduced intake of the specific antibacterial drug. This may lead to the potential problem
of developing the resistance in microbial communities against these antibiotics [4].

3.2. For the prevention of a variety of infections in animals (prophylactic use)

Traditionally many antibiotics were being used in the feed lot and dairy cattle to prevent
against a variety of diseases. However, this practice is discouraged.

3.3. The use of antibiotics as growth promoters

Although the use of antibiotics in animals has greatly contributed in increasing the produc-
tion in farm animals, however, their use as growth promoter was an issue of great contro-
versy as this practice has greatly enhanced the development of resistance in a variety of
microbial species not only in animals but also in humans. Therefore, nowadays, several
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countries have banned the use of the latest antibiotics as growth promoters in animals (to be
intended for human use only in order to minimize the chances for development of antimi-
crobial resistance) [5, 6].

There are some exceptions in this aspect of development of the resistance in microbial commu-
nities against antimicrobial use as AGPs. The typical example is the use of ionophores which
are mainly used to reduce the incidence of coccidiosis as well as improve the microbial
communities in rumen (favor the microbial communities toward Gram-positive bacteria).
Furthermore, latest studies have also shown that the use of the AGPs may contribute toward
the disturbance of normal microflora in animals, thereby greatly affecting the immune system
of the animals [7–10].

4. Molecular mechanisms of the resistance against major antimicrobial
drugs

Although, till now, different types of the resistance mechanisms have been reported in bacteria
against different antibiotics, they can be broadly classified as follows.

4.1. Degradation of the antibacterial drug by the bacterial enzymes

Several bacterial beta lactamases can degrade the beta lactam antibiotics. Beta lactamases do it so
by degrading the beta lactam ring of the antibiotics. Also, some antibiotics can be degraded by
the addition of the specific group, e.g., chloramphenicol molecule possesses hydroxyl group that
can be easily acetylated by the incorporation of acetyl-CoA, a reaction that is catalyzed by acetyl
transferases. Moreover, aminoglycosides can also be easily degraded by the addition of phos-
phate, acetyl-CoA, and adenylyl group, and these additions are carried out by the phosphotr-
ansferases, acetyl transferases and the adenyl transferases [11, 12].

4.2. Reduced permeability to a drug by bacteria

For example, most of the Gram negatives contain extremely small-sized porin in their outer
membrane, and this imparts a major permeability barrier to a large number of antibiotics to
cross that barrier. In similar manner, Mycobacterium also offers a major permeability barrier to
most of the antibiotics as they contain a thick layer of the mycolic acid, and this waxy material
hinders the entry of the majority of drugs [13].

4.3. Increased efflux of the drug

Several bacterial species possess the efflux pumps that actively pump out the drug by bacterial
cells. Such pumps effectively reduce the bactericidal concentration of a particular antibiotic
drug, and they have been actively implicated in the emergence of resistance against a myriad
of the antibiotics particularly against tetracyclines, aminoglycosides, and sulfonamides. The
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against different antibiotics, they can be broadly classified as follows.

4.1. Degradation of the antibacterial drug by the bacterial enzymes

Several bacterial beta lactamases can degrade the beta lactam antibiotics. Beta lactamases do it so
by degrading the beta lactam ring of the antibiotics. Also, some antibiotics can be degraded by
the addition of the specific group, e.g., chloramphenicol molecule possesses hydroxyl group that
can be easily acetylated by the incorporation of acetyl-CoA, a reaction that is catalyzed by acetyl
transferases. Moreover, aminoglycosides can also be easily degraded by the addition of phos-
phate, acetyl-CoA, and adenylyl group, and these additions are carried out by the phosphotr-
ansferases, acetyl transferases and the adenyl transferases [11, 12].

4.2. Reduced permeability to a drug by bacteria

For example, most of the Gram negatives contain extremely small-sized porin in their outer
membrane, and this imparts a major permeability barrier to a large number of antibiotics to
cross that barrier. In similar manner, Mycobacterium also offers a major permeability barrier to
most of the antibiotics as they contain a thick layer of the mycolic acid, and this waxy material
hinders the entry of the majority of drugs [13].

4.3. Increased efflux of the drug

Several bacterial species possess the efflux pumps that actively pump out the drug by bacterial
cells. Such pumps effectively reduce the bactericidal concentration of a particular antibiotic
drug, and they have been actively implicated in the emergence of resistance against a myriad
of the antibiotics particularly against tetracyclines, aminoglycosides, and sulfonamides. The
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examples of bacteria containing these types of pumps include Pseudomonas, Staphylococcus
aureus, and E. coli [14].

4.4. Modification of the drug target

Several drugs act by their initial binding to a particular site within bacterial cells in order to
initiate their bactericidal/bacteriostatic activity. So when a drug binding target is changed, it
may lead to the development of the resistance in bacteria against that drug. This phenomenon
has been incriminated in the emergence of the resistance against antibiotics such as macrolides
and phenolics (Chloramphenicol) in which alternations in the binding sites at ribosome dras-
tically reduce the antibacterial activity of these drugs [15].

4.5. Use of an alternative pathway by bacterial cells

Some of the microbes use alternate pathways, and they change the previous pathway which is
inhibited by a particular antibiotic. Typical example is that some of the bacteria use the
preformed folic acid rather than synthesizing it, which is inhibited by sulfonamides by a
phenomenon known as competitive antagonism.

4.6. Specific analysis of antibiotic resistance at molecular level

With an advent of the molecular biology techniques, many mechanisms for the development of
antibiotic resistance have been observed in the last half century [2]. One of the major threats
nowadays is by the extended spectrum beta lactamases (ESBLs) producing Gram-negative
bacteria [11]. Till now, approximately 13,000 different types of the ESBLs have been reported,
and they are mainly classified into three different functional groups. Most of the ESBLs are
encoded by a gene known as bla, and the most important ones are bla CTX, bla TEM, bla SHV,
bla KPC, and bla OXA. One of the major issues is the origin of the carbapenemase enzymes
which are mainly associated with the development of the resistance in the carbapenems (e.g.,
IMP, KPC, VIM beta lactamases, and OXA), major drugs which are used for the treatment of
multidrug-resistant (MDR) Gram-negative infections. These enzymes also act on the third- and
fourth-generation cephalosporins, e.g., cefquinome and ceftiofur, thus referred as the extended
spectrum cephalosporinases (ESCs). One of the major features associated with many ESBLs/
ESCs is that they are located in the moveable genetic elements, e.g., plasmids [12]. In similar
way, resistance to macrolides is also associated with the development of the resistance in a
variety of closely related drugs, i.e., lincosamides, pleuromutilins, and streptogramins, and
thus they are referred as PLSA phenotype [16, 17] and MLSB phenotype [18].

Another main point associated with the aminoglycoside resistance is that the same gene in
bacteria is responsible for resistance against the gentamicin and apramycin. Moreover it has
also been observed that the gene causing the resistance against the aminoglycoside is also
responsible for the resistance against the fluoroquinolones [19].

The table below illustrates the different mechanisms of the development of the resistance
against a variety of anti-infection drugs used in veterinary medicine. This table clearly depicts
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that each bacterium possesses a unique set of the resistance mechanisms, and virtually resis-
tance against antibiotics is present in nearly all species. One such example is that the resistance
against the macrolide is different in Staphylococcus than observed in the Campylobacter.

One of the major emerging issues nowadays is the resistance against multiple drugs, i.e.,
fluoroquinolones and cephalosporins; another such issue is the emerging MDR E.coli ST 131
[20, 21]. Some of the old antibiotics, e.g., colistin, which was previously widely used for the
control of E. coli [21], have been withdrawn so that it may be used to treat a variety of infections
caused by the MDRGram-negative bacterial spp. [22]. However, recently it has been observed in
China that bacteria possess the mcr-1 gene which plays an important role in conferring resistance
against colistin, and this observation has severely raised questions on the use of colistin for the
treatment of a variety of bacterial infections [23–25]. Just immediately afterward, in Belgium,
mcr-2 gene was also observed in a bacterium that did not contain the mcr-1 gene and that gene
was also responsible for conferring the resistance against colistin in those bacteria [26, 27].

Another important fact is that the emergence of the resistance against one member of a class of
antibiotic may result in the development of the resistance against other members of that class. The
other mechanism is known as co-selection. This is a phenomenon in which the genes for resistance
against a myriad of antibiotics are located in the single plasmid or the mobile genetic element. In
this case this mobile genomic element or the plasmid confers the resistance against all the
antibiotics. In contrary to this, the other mechanism is that when one bacterium becomes resistant
against one microbe, then it exhibits an increased susceptibility against the other antibiotic [28].

4.6.1. Mechanisms of the antibacterial drug resistance

Table 2 illustrates the mechanisms of the bacterial resistance against different drugs. It also
depicts various genes involved in the emergence of resistance against that drug.

4.7. Mechanisms of antibacterial resistance transfer in bacteria

One of the major problems is that bacteria not only become resistant to many antibacterial
drugs by a variety of phenomena, but they are also capable of transferring this resistance to
other bacteria of same as well as with other genera. The main reason for transfer of genetic
resistance is because the genes for antibacterial resistance are mainly present on the moveable
genomic elements (MGE), e.g., integrons, plasmids, and transposons. But the changes at gene
level may also occur in chromosomes although they are extremely rare (except in Mycobacte-
rium). This often occurs because there is a change in the drug target and, thus, the antibacterial
drug cannot bind to the appropriate binding site, leading to the loss of efficacy of that partic-
ular antibiotic. If the use of antibiotics is inappropriate, e.g., not following the well-established
dosage regimen for a particular drug against a particular disease, it can dramatically increase
the chances of the development of the resistance against that drug because of the selective
advantage of changing their genomic elements.

One of the main important locations of antibacterial resistance is the bacterial plasmids.
Plasmids are single covalently closed circular pieces of the DNA which are not important in
the survival of the bacteria, but they are extremely important in offering an added advantage
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examples of bacteria containing these types of pumps include Pseudomonas, Staphylococcus
aureus, and E. coli [14].

4.4. Modification of the drug target

Several drugs act by their initial binding to a particular site within bacterial cells in order to
initiate their bactericidal/bacteriostatic activity. So when a drug binding target is changed, it
may lead to the development of the resistance in bacteria against that drug. This phenomenon
has been incriminated in the emergence of the resistance against antibiotics such as macrolides
and phenolics (Chloramphenicol) in which alternations in the binding sites at ribosome dras-
tically reduce the antibacterial activity of these drugs [15].

4.5. Use of an alternative pathway by bacterial cells

Some of the microbes use alternate pathways, and they change the previous pathway which is
inhibited by a particular antibiotic. Typical example is that some of the bacteria use the
preformed folic acid rather than synthesizing it, which is inhibited by sulfonamides by a
phenomenon known as competitive antagonism.

4.6. Specific analysis of antibiotic resistance at molecular level

With an advent of the molecular biology techniques, many mechanisms for the development of
antibiotic resistance have been observed in the last half century [2]. One of the major threats
nowadays is by the extended spectrum beta lactamases (ESBLs) producing Gram-negative
bacteria [11]. Till now, approximately 13,000 different types of the ESBLs have been reported,
and they are mainly classified into three different functional groups. Most of the ESBLs are
encoded by a gene known as bla, and the most important ones are bla CTX, bla TEM, bla SHV,
bla KPC, and bla OXA. One of the major issues is the origin of the carbapenemase enzymes
which are mainly associated with the development of the resistance in the carbapenems (e.g.,
IMP, KPC, VIM beta lactamases, and OXA), major drugs which are used for the treatment of
multidrug-resistant (MDR) Gram-negative infections. These enzymes also act on the third- and
fourth-generation cephalosporins, e.g., cefquinome and ceftiofur, thus referred as the extended
spectrum cephalosporinases (ESCs). One of the major features associated with many ESBLs/
ESCs is that they are located in the moveable genetic elements, e.g., plasmids [12]. In similar
way, resistance to macrolides is also associated with the development of the resistance in a
variety of closely related drugs, i.e., lincosamides, pleuromutilins, and streptogramins, and
thus they are referred as PLSA phenotype [16, 17] and MLSB phenotype [18].

Another main point associated with the aminoglycoside resistance is that the same gene in
bacteria is responsible for resistance against the gentamicin and apramycin. Moreover it has
also been observed that the gene causing the resistance against the aminoglycoside is also
responsible for the resistance against the fluoroquinolones [19].

The table below illustrates the different mechanisms of the development of the resistance
against a variety of anti-infection drugs used in veterinary medicine. This table clearly depicts
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that each bacterium possesses a unique set of the resistance mechanisms, and virtually resis-
tance against antibiotics is present in nearly all species. One such example is that the resistance
against the macrolide is different in Staphylococcus than observed in the Campylobacter.

One of the major emerging issues nowadays is the resistance against multiple drugs, i.e.,
fluoroquinolones and cephalosporins; another such issue is the emerging MDR E.coli ST 131
[20, 21]. Some of the old antibiotics, e.g., colistin, which was previously widely used for the
control of E. coli [21], have been withdrawn so that it may be used to treat a variety of infections
caused by the MDRGram-negative bacterial spp. [22]. However, recently it has been observed in
China that bacteria possess the mcr-1 gene which plays an important role in conferring resistance
against colistin, and this observation has severely raised questions on the use of colistin for the
treatment of a variety of bacterial infections [23–25]. Just immediately afterward, in Belgium,
mcr-2 gene was also observed in a bacterium that did not contain the mcr-1 gene and that gene
was also responsible for conferring the resistance against colistin in those bacteria [26, 27].

Another important fact is that the emergence of the resistance against one member of a class of
antibiotic may result in the development of the resistance against other members of that class. The
other mechanism is known as co-selection. This is a phenomenon in which the genes for resistance
against a myriad of antibiotics are located in the single plasmid or the mobile genetic element. In
this case this mobile genomic element or the plasmid confers the resistance against all the
antibiotics. In contrary to this, the other mechanism is that when one bacterium becomes resistant
against one microbe, then it exhibits an increased susceptibility against the other antibiotic [28].

4.6.1. Mechanisms of the antibacterial drug resistance

Table 2 illustrates the mechanisms of the bacterial resistance against different drugs. It also
depicts various genes involved in the emergence of resistance against that drug.

4.7. Mechanisms of antibacterial resistance transfer in bacteria

One of the major problems is that bacteria not only become resistant to many antibacterial
drugs by a variety of phenomena, but they are also capable of transferring this resistance to
other bacteria of same as well as with other genera. The main reason for transfer of genetic
resistance is because the genes for antibacterial resistance are mainly present on the moveable
genomic elements (MGE), e.g., integrons, plasmids, and transposons. But the changes at gene
level may also occur in chromosomes although they are extremely rare (except in Mycobacte-
rium). This often occurs because there is a change in the drug target and, thus, the antibacterial
drug cannot bind to the appropriate binding site, leading to the loss of efficacy of that partic-
ular antibiotic. If the use of antibiotics is inappropriate, e.g., not following the well-established
dosage regimen for a particular drug against a particular disease, it can dramatically increase
the chances of the development of the resistance against that drug because of the selective
advantage of changing their genomic elements.

One of the main important locations of antibacterial resistance is the bacterial plasmids.
Plasmids are single covalently closed circular pieces of the DNA which are not important in
the survival of the bacteria, but they are extremely important in offering an added advantage
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Antibiotic class Members Target Resistance
mechanism

Genes involved
(examples)

Polypeptide Bacitracin Cell wall (inhibits peptidoglycan
synthesis)

Efflux Bcr

Tetracycline Tetracycline
Oxytetracycline
Chlortetracycline
Doxycycline
Minocycline

Ribosome (30 S) Drug efflux
Change in binding
site
Drug modification by
bacterial enzymes

Otr, tet

Streptogramins Virginiamycin Ribosome Efflux
Change in drug target
Drug inactivation by
bacterial enzymes

Erm, Isa, Vgb,
Vga, cfr, vat

Macrolides Tylosin
Tilmicosin
Tiamulin
Erythromycin
Azithromycin
Clarithromycin
Spiramycin
Tulathromycin

Ribosome (50 S; inhibit the
translocation of the aminoacyl tRNA
from P site to A site)

Glycosylation
Hydrolysis
Phosphorylation
Efflux
Altered drug target

Ere, erm, msr,
mef, mph, cfr

Pleuromutilins Valnemulin Ribosomes Altered drug target
Efflux of the drug

Sal, cfr, vga, isa

Lincosamides Lincomycin
Clindamycin

Ribosome (50 S; Inhibit the
translocation of the aminoacyl tRNA
from P site to A site)

Drug efflux
Inactivation of the
drug
Altered drug target

Erm, inu, vga,
inu, cfr, msr,

Beta lactams Penicillin
Amoxicillin
Ampicillin
Cloxacillin
Cefuroxime
Cefalexin
Ceftiofur
Cefquinome

Cell wall (inhibit the synthesis of
peptidoglycan)

Efflux,
Hydrolysis
Altered drug target

Ade, mec, bla,
mex, cme

Aminoglycosides Gentamicin
Kanamycin
Neomycin
Apramycin
Spiramycin
Framycetin

Ribosomes Inactivation by
bacterial enzymes
Efflux
Altered drug target

Aph, ant, acc,
rmt, ade, arm,
spd, apw

Fluoroquinolones Enrofloxacin
Marbofloxacin
Orbifloxacin
Ibafloxacin
Pradofloxacin

DNA replication
(inhibit the DNA gyrase)

Altered drug target
Drug efflux
Inactivation of the
drug by the bacterial
enzymes

Aac (60), oqx,
qnr, gyr A, parC

Phenicols Florfenicol
Chloramphenicol

Ribosomes (50 S; inhibit the
peptidyltransferase)

Drug efflux
Inactivation of the
drug by enzymes
Altered drug target

Cat, cfr, cml, flo,
optr
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to the microbes when present. They do it by providing the genes for resistance against many
antibacterial drugs. Moreover, they can also make the bacteria resist the toxins and heavy
metals. Because of the fact that they are important in providing the bacteria resistance against
many factors, that is why they are also called as R factor. Plasmids are extremely important in
the development of the resistance against the drugs as they can easily be transferred from one
to the other bacteria by means of the pilus. This process is known as conjugation. This process
can occur in many species including Clostridium, E. coli, Bordetella, Salmonella, Proteus, Strepto-
coccus, and Shigella. One important factor should be kept in mind that plasmids may not only
be transmitted within a genus but also between genera. This fact is of extreme danger to the
bovine as well as public health as resistance in bovine microbial spp. can transfer the resistance
in many microbes of public health importance, sometimes even leading to the pandemic
spread of the zoonotic and public health pathogens.

However, it should be kept in mind that although the plasmids are often exchanged between
bacteria by the process of conjugation, however, they may also be transmitted from one to the
other bacteria by means of other methods of genetic transfer, and they may include the
transduction and transformation. In transformation, the genetic components of one bacterium
are transmitted to the other bacterium when placed in a medium. However, it should be kept
in mind that this process is poorly understood, yet at molecular level and moreover, it occurs
in limited microbes under specific conditions (the presence of divalent ions or electrical
pulses).

Transduction is defined as the transfer of genetic components from one to another bacterium
through a bacteriophage (viruses infecting bacteria). When a virus infects the bacterial cells,
there is possibility that during integration with the host cell genome, it may take away some
components of those bacterial cells in the process when it leaves the cells. Two types of
transduction are possible. One is generalized transduction in which any component of the

Antibiotic class Members Target Resistance
mechanism

Genes involved
(examples)

Sulfonamides Sulfamethoxazole Folic acid synthesis Altered drug target
Increase efflux of the
drug

acr, sul

Nitrofurans Nitrofurazone
Nitrofurantoin

DNA Modification of the
target in bacteria
Changes in porins

Omp, nfs

Pyrimidines Trimethoprim Folic acid synthesis Modification of the
target in bacteria
Enhance drug efflux

Dhfr, bpr-opc

Cationic
polypeptides

Colistin
Polymyxin B

Cell membrane Modification of the
drug target
Increased efflux of the
drug

pmr AB, mgr

Table 2. Mechanisms of the antibacterial drug resistance.
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Antibiotic class Members Target Resistance
mechanism
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(examples)

Polypeptide Bacitracin Cell wall (inhibits peptidoglycan
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translocation of the aminoacyl tRNA
from P site to A site)

Glycosylation
Hydrolysis
Phosphorylation
Efflux
Altered drug target

Ere, erm, msr,
mef, mph, cfr

Pleuromutilins Valnemulin Ribosomes Altered drug target
Efflux of the drug

Sal, cfr, vga, isa

Lincosamides Lincomycin
Clindamycin

Ribosome (50 S; Inhibit the
translocation of the aminoacyl tRNA
from P site to A site)

Drug efflux
Inactivation of the
drug
Altered drug target

Erm, inu, vga,
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Ceftiofur
Cefquinome

Cell wall (inhibit the synthesis of
peptidoglycan)

Efflux,
Hydrolysis
Altered drug target

Ade, mec, bla,
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Aminoglycosides Gentamicin
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Neomycin
Apramycin
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Framycetin

Ribosomes Inactivation by
bacterial enzymes
Efflux
Altered drug target

Aph, ant, acc,
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Fluoroquinolones Enrofloxacin
Marbofloxacin
Orbifloxacin
Ibafloxacin
Pradofloxacin

DNA replication
(inhibit the DNA gyrase)

Altered drug target
Drug efflux
Inactivation of the
drug by the bacterial
enzymes
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Phenicols Florfenicol
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Ribosomes (50 S; inhibit the
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Drug efflux
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to the microbes when present. They do it by providing the genes for resistance against many
antibacterial drugs. Moreover, they can also make the bacteria resist the toxins and heavy
metals. Because of the fact that they are important in providing the bacteria resistance against
many factors, that is why they are also called as R factor. Plasmids are extremely important in
the development of the resistance against the drugs as they can easily be transferred from one
to the other bacteria by means of the pilus. This process is known as conjugation. This process
can occur in many species including Clostridium, E. coli, Bordetella, Salmonella, Proteus, Strepto-
coccus, and Shigella. One important factor should be kept in mind that plasmids may not only
be transmitted within a genus but also between genera. This fact is of extreme danger to the
bovine as well as public health as resistance in bovine microbial spp. can transfer the resistance
in many microbes of public health importance, sometimes even leading to the pandemic
spread of the zoonotic and public health pathogens.

However, it should be kept in mind that although the plasmids are often exchanged between
bacteria by the process of conjugation, however, they may also be transmitted from one to the
other bacteria by means of other methods of genetic transfer, and they may include the
transduction and transformation. In transformation, the genetic components of one bacterium
are transmitted to the other bacterium when placed in a medium. However, it should be kept
in mind that this process is poorly understood, yet at molecular level and moreover, it occurs
in limited microbes under specific conditions (the presence of divalent ions or electrical
pulses).

Transduction is defined as the transfer of genetic components from one to another bacterium
through a bacteriophage (viruses infecting bacteria). When a virus infects the bacterial cells,
there is possibility that during integration with the host cell genome, it may take away some
components of those bacterial cells in the process when it leaves the cells. Two types of
transduction are possible. One is generalized transduction in which any component of the

Antibiotic class Members Target Resistance
mechanism

Genes involved
(examples)

Sulfonamides Sulfamethoxazole Folic acid synthesis Altered drug target
Increase efflux of the
drug

acr, sul

Nitrofurans Nitrofurazone
Nitrofurantoin

DNA Modification of the
target in bacteria
Changes in porins

Omp, nfs

Pyrimidines Trimethoprim Folic acid synthesis Modification of the
target in bacteria
Enhance drug efflux

Dhfr, bpr-opc

Cationic
polypeptides

Colistin
Polymyxin B

Cell membrane Modification of the
drug target
Increased efflux of the
drug

pmr AB, mgr

Table 2. Mechanisms of the antibacterial drug resistance.
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bacterial cell may be transmitted. On the other hand, the specialized transduction is one in
which the virus carries only the specific component of the bacterial cells (mostly surrounding
portion of the integration site). When the same bacteriophage may infect the other cell, it can
transfer the genes of previous bacteria into the new bacteria. The process of transduction
occurs with the greatest frequency in gram-positive bacteria.

A single plasmid may carry the genes for antibacterial resistance against many drugs (3–9);
thus, the whole population of the bacteria may become multidrug resistant by the process of
plasmid transfer although the animals may be treated with only one drug. A single plasmid
has been found to carry the genes of antibacterial drug resistance at against least nine different
drugs.

Other MGEs may also play an important role in the emergence of antibacterial resistance in
microbial populations. Many transposons may also carry the genes for antibacterial drug
resistance, and they are rapidly moving within the bacteria leading to the emergence of
antibacterial drugs resistance in microbes. Some examples of the transposons include the
Tn05 (bleomycin, kanamycin, and streptomycin), Tn21 (spectinomycin, streptomycin, and
sulfonamides), and Tn4001 (tobramycin, gentamicin, and kanamycin).

A genetic component that carries many genes against many antibiotics together in the form of
gene cassettes is also known as integrons. An integrin is normally a nonreplicating piece of the
DNA that is often associated with a plasmid, chromosomes, or integrons. The integrons also
play an important role in the spread of antibiotic resistance against many microbes as they are
also easily transmitted from one to the other bacterial spp.

4.8. Determination of antibiotic susceptibility

Although antibiotics have been made many years ago, however, still little information is
available on how to use antibiotics in which way. Although there are many guidelines about
the treatment of specific infections with specific antimicrobial agents, however, still it is often
extremely difficult to select an appropriate antibiotic to treat a particular disease. This happens
primarily as many factors contribute to the selection of an appropriate antibiotic, and they
include animal species affected (some antibiotics are contraindicated in bovine because of
public health issues, or they are too much toxic for animals),the infection (aerobic or anaerobic,
soft tissue or hard tissue infection), microorganism susceptibility to a particular agent, drug
behavior within the body (pharmacodynamics, e.g., where the drug distributes more effec-
tively and toxicity profile of the drug within the body), dosage regimen of particular antibiotic,
route of administration, and various drug residues. Majority of the mentioned parameters are
studied in depth while designing and final approval of the drug, but still pharmacodynamics
of a particular drug are often unpredictable in some animals and the site of infection also
matters in the selection of antibiotics.

So, testing antimicrobial compounds to determine the antimicrobial susceptibility in various
bacteria becomes an extremely important parameter to be determined, before making a final
decision about the antibiotic use in animals. On the basis of the results of the antibiotic
sensitivity testing, the organisms may be classified as the susceptible, intermediate, or resistant
microorganisms. However, an important aspect should be kept in mind that antibiotic is not
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equally effective against all bacteria even if they belong to the same spp. A typical example is
Pasteurella multocida, which causes the respiratory infection in bovines. When its (isolated from
many animals from different countries) antibiotic susceptibility was done against ampicillin,
then different isolates demonstrated different levels of the susceptibility and resistance against
the same drug (Penicillins). In addition, it is possible that an antibiotic is initially highly effective
in the treatment of a particular infection; however, with the passage of time, its effectiveness may
become lower. This problem may arise if the animal is treated many times with the same
antibiotic or is exposed to the suboptimal concentration of a particular antibiotic.

So because of this intense variation in antibiotic response against different infections, it
becomes imperative to accurately test the antibiotic susceptibility routinely prior to make any
decision. The results provided by some of the routinely used antibiotic susceptibility tests can
provide some guidance about the susceptibility profile of bacteria against different antibiotics.
However, it should also be kept in mind that although these in vitro antibiotic profile may
provide us with an idea of bacterial antibiotic susceptibility testing, however, still they do not
provide any guarantee to be effective in vivo. A simpler scenario may be that when animals is
suffering from an anaerobic infection in which E. coli is primarily the causative organisms,
in vitro test may show that aminoglycosides possess good antibacterial activity against the E.
coli; however, if only the interpretation of that result is kept in mind and aminoglycosides are
used to threat that infection, there will be treatment failure. This is because of the fact that
aminoglycosides need oxygen-based uptake within the bacteria, and in anaerobic environ-
ment, there is no uptake of the aminoglycosides leading to the failure of treatment. Similarly,
different drugs have different affinities for different tissues, and thus if some drug is unable to
reach to a particular tissue, it is unable to demonstrate its microbial killing or inhibition
activity. Moreover, nowadays a very hot research issue is how to control bacterial population
in biofilms. Different bacteria make biofilms which are collections of millions of the microbes.
In biofilms, microbial population becomes extremely resistant to a particular drug, as it does
not allow the drug to penetrate the microbial populations. In short various factors are respon-
sible for an antimicrobial drug to demonstrate different antibacterial effects in vitro and
in vivo.

Although the assays for the determination of the antimicrobial sensitivity were developed just
after the discovery of the first antibiotic, penicillin, however, they were poorly designed assays,
and they exhibited a greater variability not only among different communities but within the
same hospital. So there was a pressing issue for the development of the test which exhibits
greater reproducibility and may be applied universally across the globe. So after a lot of hit and
trial method, researcher became successful in devising an assay which is used till now as one of
the most preferred methods for the determination of the antibiotic susceptibility testing in
microbes. This test was developed by Bauer in 1966 and is known as disk diffusion assay of
antimicrobial sensitivity in microbes.

4.8.1. Disk diffusion test for antimicrobial sensitivity

This is one of the most widely assays currently being used in veterinary medicine because this
assay can be used to test the antimicrobial activity of many drugs against any bacterial spp.,
and it is also economical.
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bacterial cell may be transmitted. On the other hand, the specialized transduction is one in
which the virus carries only the specific component of the bacterial cells (mostly surrounding
portion of the integration site). When the same bacteriophage may infect the other cell, it can
transfer the genes of previous bacteria into the new bacteria. The process of transduction
occurs with the greatest frequency in gram-positive bacteria.

A single plasmid may carry the genes for antibacterial resistance against many drugs (3–9);
thus, the whole population of the bacteria may become multidrug resistant by the process of
plasmid transfer although the animals may be treated with only one drug. A single plasmid
has been found to carry the genes of antibacterial drug resistance at against least nine different
drugs.

Other MGEs may also play an important role in the emergence of antibacterial resistance in
microbial populations. Many transposons may also carry the genes for antibacterial drug
resistance, and they are rapidly moving within the bacteria leading to the emergence of
antibacterial drugs resistance in microbes. Some examples of the transposons include the
Tn05 (bleomycin, kanamycin, and streptomycin), Tn21 (spectinomycin, streptomycin, and
sulfonamides), and Tn4001 (tobramycin, gentamicin, and kanamycin).

A genetic component that carries many genes against many antibiotics together in the form of
gene cassettes is also known as integrons. An integrin is normally a nonreplicating piece of the
DNA that is often associated with a plasmid, chromosomes, or integrons. The integrons also
play an important role in the spread of antibiotic resistance against many microbes as they are
also easily transmitted from one to the other bacterial spp.

4.8. Determination of antibiotic susceptibility

Although antibiotics have been made many years ago, however, still little information is
available on how to use antibiotics in which way. Although there are many guidelines about
the treatment of specific infections with specific antimicrobial agents, however, still it is often
extremely difficult to select an appropriate antibiotic to treat a particular disease. This happens
primarily as many factors contribute to the selection of an appropriate antibiotic, and they
include animal species affected (some antibiotics are contraindicated in bovine because of
public health issues, or they are too much toxic for animals),the infection (aerobic or anaerobic,
soft tissue or hard tissue infection), microorganism susceptibility to a particular agent, drug
behavior within the body (pharmacodynamics, e.g., where the drug distributes more effec-
tively and toxicity profile of the drug within the body), dosage regimen of particular antibiotic,
route of administration, and various drug residues. Majority of the mentioned parameters are
studied in depth while designing and final approval of the drug, but still pharmacodynamics
of a particular drug are often unpredictable in some animals and the site of infection also
matters in the selection of antibiotics.

So, testing antimicrobial compounds to determine the antimicrobial susceptibility in various
bacteria becomes an extremely important parameter to be determined, before making a final
decision about the antibiotic use in animals. On the basis of the results of the antibiotic
sensitivity testing, the organisms may be classified as the susceptible, intermediate, or resistant
microorganisms. However, an important aspect should be kept in mind that antibiotic is not
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equally effective against all bacteria even if they belong to the same spp. A typical example is
Pasteurella multocida, which causes the respiratory infection in bovines. When its (isolated from
many animals from different countries) antibiotic susceptibility was done against ampicillin,
then different isolates demonstrated different levels of the susceptibility and resistance against
the same drug (Penicillins). In addition, it is possible that an antibiotic is initially highly effective
in the treatment of a particular infection; however, with the passage of time, its effectiveness may
become lower. This problem may arise if the animal is treated many times with the same
antibiotic or is exposed to the suboptimal concentration of a particular antibiotic.

So because of this intense variation in antibiotic response against different infections, it
becomes imperative to accurately test the antibiotic susceptibility routinely prior to make any
decision. The results provided by some of the routinely used antibiotic susceptibility tests can
provide some guidance about the susceptibility profile of bacteria against different antibiotics.
However, it should also be kept in mind that although these in vitro antibiotic profile may
provide us with an idea of bacterial antibiotic susceptibility testing, however, still they do not
provide any guarantee to be effective in vivo. A simpler scenario may be that when animals is
suffering from an anaerobic infection in which E. coli is primarily the causative organisms,
in vitro test may show that aminoglycosides possess good antibacterial activity against the E.
coli; however, if only the interpretation of that result is kept in mind and aminoglycosides are
used to threat that infection, there will be treatment failure. This is because of the fact that
aminoglycosides need oxygen-based uptake within the bacteria, and in anaerobic environ-
ment, there is no uptake of the aminoglycosides leading to the failure of treatment. Similarly,
different drugs have different affinities for different tissues, and thus if some drug is unable to
reach to a particular tissue, it is unable to demonstrate its microbial killing or inhibition
activity. Moreover, nowadays a very hot research issue is how to control bacterial population
in biofilms. Different bacteria make biofilms which are collections of millions of the microbes.
In biofilms, microbial population becomes extremely resistant to a particular drug, as it does
not allow the drug to penetrate the microbial populations. In short various factors are respon-
sible for an antimicrobial drug to demonstrate different antibacterial effects in vitro and
in vivo.

Although the assays for the determination of the antimicrobial sensitivity were developed just
after the discovery of the first antibiotic, penicillin, however, they were poorly designed assays,
and they exhibited a greater variability not only among different communities but within the
same hospital. So there was a pressing issue for the development of the test which exhibits
greater reproducibility and may be applied universally across the globe. So after a lot of hit and
trial method, researcher became successful in devising an assay which is used till now as one of
the most preferred methods for the determination of the antibiotic susceptibility testing in
microbes. This test was developed by Bauer in 1966 and is known as disk diffusion assay of
antimicrobial sensitivity in microbes.

4.8.1. Disk diffusion test for antimicrobial sensitivity

This is one of the most widely assays currently being used in veterinary medicine because this
assay can be used to test the antimicrobial activity of many drugs against any bacterial spp.,
and it is also economical.
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The test is based on the use of disk impregnated with antibacterial compound and placing it on
the agar plate (Muller Hinton agar) which is cultured with 1 � 108 microorganisms/ml of the
suspension. When the antibiotic disk is placed on the agar surface, it allows the antibiotic to
move in a lateral position due to diffusion. This results in the generation of the antibiotic
gradient along the agar surface. Near the antibiotic disk, the concentration of the antibiotic is
higher, but as the distance increases from the disk, it causes a reduced concentration of the
antibiotic. This results in the production of the zone of inhibition of the bacterial growth. This
zone gives an indirect idea for the estimation of the minimum inhibitory concentration of the
drug that is required against particular bacterium.

The disk diffusion method can also be affected by many different types of factors. The first one
is the thickness of the agar in the petri plate. The recommended thickness of agar medium is
4 mm. If the thickness of the agar medium is more than the recommended thickness, it will
result in the reduced diffusion of the drug in lateral direction, resulting in false interpretation
of the antimicrobial sensitivity test. If the thickness of the plate is less than the recommended
thickness, it will result in increased drug diffusion in the lateral direction. The second factor is
the bacterial concentration. If the bacterial concentration in the media is less than the
recommended, it will result in an increased zone of inhibition, which leads to the false inter-
pretation of the test. Similarly, if the concentration of the bacterial suspension is more than the
standard one, it will also mislead the final interpretation. If the generation time of the micro-
organism is too long, e.g., Arcanobacterium, it will result in an increased zone of inhibition
leading to a false interpretation. Another factor to be kept in mind while conducting antibiotic
sensitivity testing is the placement of the disks on agar. The standard distance is 24 mm. If the
distance is too small between two antibiotic disks, it may lead to overlap among various zones
of inhibition making the interpretation of the assay difficult.

One major disadvantage of this test is that this assay is mainly qualitative. Although it gives us
an idea about the minimum inhibitory concentration of a particular drug against a particular
microbe, however, still it is one of the most commonly used particularly in developing coun-
tries, where infrastructure is poor at local veterinary hospitals. The other advantage of this test
is that it is an extremely simpler test to carry out with a minimum cost. The results of this assay
are available within 24–48 h for most of the bacterial pathogens of bovine importance [29].

4.8.2. E-test

The other method of determination of antibiotic sensitivity is the E-test. The disadvantage of
the disk diffusion assay can be mitigated by using another similar test which almost involves
the same technique; however, it gives a nearly realistic value of the MIC of particular antibi-
otics against a particular bacterium. The test is named as E-test.

The principle of the E-test is based on the lateral diffusion of the drug from a plastic strip
which is impregnated with the different conc. of the antibiotics usually starting from 0. Along
the length of the plastic strip, the concentration of the antibiotic increases gradually, thus
creating a continuous gradient of antibiotic concentration along the plastic strip.

So at the beginning where the concentration of antibiotic is zero, there is usually no zone of the
inhibition. As the concentration of the antibiotic increases, there is a proportional increase in
the zone of inhibition around the plastic strip.
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Although E-test gives us quantity data regarding the MIC against a particular bacterium,
however, it is expensive to carry out, which makes it difficult to be carried out under field
conditions; however, it may be used for research purpose against a particular bacterium [30].

4.9. Strategies to reduce the antimicrobial resistance

As development of antibiotic resistance in major microbes is posing a major threat to animal
and human populations, it requires efforts at gross root level to reduce this problem. Several
different strategies may be adopted which are extremely important for the reduction in the
emergence of antibacterial resistance. This may involve the early detection and diagnosis of the
infectious diseases, the use of alternatives to antibiotics, estimation of the cost and relative
benefit analysis, and using immunomodulation.

4.9.1. Early detection and diagnosis of diseases

This strategy may also aid a lot in the reduction of antimicrobial use and thus develop
resistance as discussed; see [29]. Several diseases have different parameters, which may give
an important indicator about the disease occurrence at an earlier stage. For example, several
liver enzymes and kidney enzymes start to alter their serum conc. And this may provide an
initial indicator for a variety of infectious diseases at earlier stages. Several infectious diseases
produce systemic indicators, such as increase in the serum proteins, and this effect is collec-
tively known as acute phase response to an infection. In acute phase response, several acute
phase proteins are greatly increased in their serum concentration. Similarly at initial stages of
viral and bacterial infection, there are changes in the conc. of the specific cytokines in the
serum of an animal. All of these acute phase proteins and changes in the levels of the different
cytokines can easily be detected by a variety of laboratory tests (e.g., ELISA). Although this
approach requires a state-of-the-art diagnostic laboratory facility, using this approach can help
in the reduction of the emergence of the antibiotic residues in bovines. All of these changes in
earlier stages of infection are the consequences of systemic inflammatory response which can
easily be controlled by the use of a variety of anti-inflammatory drugs, i.e., nonsteroidal anti-
inflammatory drugs. This treatment can be augmented by using the strategy of nutritional
modulation in dairy animals by supplementing feed with omega-3 fatty acid, phytochemicals
(e.g., Aloe arborescence, Echinacea purpurea), and antioxidants. It has been observed that using
this strategy can lead to the reduction in the incidence of many reproductive diseases, ketosis,
and somatic cell count in milk.

The above strategy may be adopted with a greatest success in terms of the reduction of the
antibiotics use in animals, but this strategy also necessitates the routinely strict monitoring and
inspection of the dairy herd. A variety of animal welfare and health parameters should be
regularly monitored, and they include recording the dry matter intake of animals, milk
somatic cell count, rectal temperature, the presence of blood or fibrin clots in milk, and noting
any teat lesions. It has been observed that routine monitoring of these parameters can result in
earlier detection of the disease and therefore earlier and simpler treatments, often not requiring
antibiotics (e.g., by improving the ruminal activity with the use of yeast or glucogenic supple-
mentation).
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The test is based on the use of disk impregnated with antibacterial compound and placing it on
the agar plate (Muller Hinton agar) which is cultured with 1 � 108 microorganisms/ml of the
suspension. When the antibiotic disk is placed on the agar surface, it allows the antibiotic to
move in a lateral position due to diffusion. This results in the generation of the antibiotic
gradient along the agar surface. Near the antibiotic disk, the concentration of the antibiotic is
higher, but as the distance increases from the disk, it causes a reduced concentration of the
antibiotic. This results in the production of the zone of inhibition of the bacterial growth. This
zone gives an indirect idea for the estimation of the minimum inhibitory concentration of the
drug that is required against particular bacterium.

The disk diffusion method can also be affected by many different types of factors. The first one
is the thickness of the agar in the petri plate. The recommended thickness of agar medium is
4 mm. If the thickness of the agar medium is more than the recommended thickness, it will
result in the reduced diffusion of the drug in lateral direction, resulting in false interpretation
of the antimicrobial sensitivity test. If the thickness of the plate is less than the recommended
thickness, it will result in increased drug diffusion in the lateral direction. The second factor is
the bacterial concentration. If the bacterial concentration in the media is less than the
recommended, it will result in an increased zone of inhibition, which leads to the false inter-
pretation of the test. Similarly, if the concentration of the bacterial suspension is more than the
standard one, it will also mislead the final interpretation. If the generation time of the micro-
organism is too long, e.g., Arcanobacterium, it will result in an increased zone of inhibition
leading to a false interpretation. Another factor to be kept in mind while conducting antibiotic
sensitivity testing is the placement of the disks on agar. The standard distance is 24 mm. If the
distance is too small between two antibiotic disks, it may lead to overlap among various zones
of inhibition making the interpretation of the assay difficult.

One major disadvantage of this test is that this assay is mainly qualitative. Although it gives us
an idea about the minimum inhibitory concentration of a particular drug against a particular
microbe, however, still it is one of the most commonly used particularly in developing coun-
tries, where infrastructure is poor at local veterinary hospitals. The other advantage of this test
is that it is an extremely simpler test to carry out with a minimum cost. The results of this assay
are available within 24–48 h for most of the bacterial pathogens of bovine importance [29].

4.8.2. E-test

The other method of determination of antibiotic sensitivity is the E-test. The disadvantage of
the disk diffusion assay can be mitigated by using another similar test which almost involves
the same technique; however, it gives a nearly realistic value of the MIC of particular antibi-
otics against a particular bacterium. The test is named as E-test.

The principle of the E-test is based on the lateral diffusion of the drug from a plastic strip
which is impregnated with the different conc. of the antibiotics usually starting from 0. Along
the length of the plastic strip, the concentration of the antibiotic increases gradually, thus
creating a continuous gradient of antibiotic concentration along the plastic strip.

So at the beginning where the concentration of antibiotic is zero, there is usually no zone of the
inhibition. As the concentration of the antibiotic increases, there is a proportional increase in
the zone of inhibition around the plastic strip.
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Although E-test gives us quantity data regarding the MIC against a particular bacterium,
however, it is expensive to carry out, which makes it difficult to be carried out under field
conditions; however, it may be used for research purpose against a particular bacterium [30].

4.9. Strategies to reduce the antimicrobial resistance

As development of antibiotic resistance in major microbes is posing a major threat to animal
and human populations, it requires efforts at gross root level to reduce this problem. Several
different strategies may be adopted which are extremely important for the reduction in the
emergence of antibacterial resistance. This may involve the early detection and diagnosis of the
infectious diseases, the use of alternatives to antibiotics, estimation of the cost and relative
benefit analysis, and using immunomodulation.

4.9.1. Early detection and diagnosis of diseases

This strategy may also aid a lot in the reduction of antimicrobial use and thus develop
resistance as discussed; see [29]. Several diseases have different parameters, which may give
an important indicator about the disease occurrence at an earlier stage. For example, several
liver enzymes and kidney enzymes start to alter their serum conc. And this may provide an
initial indicator for a variety of infectious diseases at earlier stages. Several infectious diseases
produce systemic indicators, such as increase in the serum proteins, and this effect is collec-
tively known as acute phase response to an infection. In acute phase response, several acute
phase proteins are greatly increased in their serum concentration. Similarly at initial stages of
viral and bacterial infection, there are changes in the conc. of the specific cytokines in the
serum of an animal. All of these acute phase proteins and changes in the levels of the different
cytokines can easily be detected by a variety of laboratory tests (e.g., ELISA). Although this
approach requires a state-of-the-art diagnostic laboratory facility, using this approach can help
in the reduction of the emergence of the antibiotic residues in bovines. All of these changes in
earlier stages of infection are the consequences of systemic inflammatory response which can
easily be controlled by the use of a variety of anti-inflammatory drugs, i.e., nonsteroidal anti-
inflammatory drugs. This treatment can be augmented by using the strategy of nutritional
modulation in dairy animals by supplementing feed with omega-3 fatty acid, phytochemicals
(e.g., Aloe arborescence, Echinacea purpurea), and antioxidants. It has been observed that using
this strategy can lead to the reduction in the incidence of many reproductive diseases, ketosis,
and somatic cell count in milk.

The above strategy may be adopted with a greatest success in terms of the reduction of the
antibiotics use in animals, but this strategy also necessitates the routinely strict monitoring and
inspection of the dairy herd. A variety of animal welfare and health parameters should be
regularly monitored, and they include recording the dry matter intake of animals, milk
somatic cell count, rectal temperature, the presence of blood or fibrin clots in milk, and noting
any teat lesions. It has been observed that routine monitoring of these parameters can result in
earlier detection of the disease and therefore earlier and simpler treatments, often not requiring
antibiotics (e.g., by improving the ruminal activity with the use of yeast or glucogenic supple-
mentation).
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4.9.2. Using antibiotic alternatives

Recently, it has been proposed in the international OIE conference that an emphasis should be
placed on the use of antibacterial drug alternatives such as bacteriophages, biological response
modifiers (BMRs), antibacterial peptides of natural origin, prebiotics, probiotics, and the use of
proper vaccination schedule in animals (given in the table below); probiotics, prebiotics, and
BRMs are responsible for the development of the optimal intestinal microbial flora which can
overall improve the animal health along with reducing the incidence of the several infectious
diseases in dairy animals; see [31–33]. Bacteriophages are extremely specific in infecting par-
ticular bacteria, and that is why they pose a minimum toxicity danger in humans and animals,
yet this approach is mainly on theoretical grounds and needs many successful clinical trials
and intensive knowledge before they may be adapted in animals for treating infectious dis-
eases. Similarly following an appropriate vaccination program in animals (keeping in view of
the serotype/strain of the agent to be used in a particular area) can dramatically reduce the
occurrence of many primary as well as secondary infections in bovines.

Table 3 illustrates a variety of diseases and their treatment.

Vaccinating the bovine against many infectious diseases can definitely reduce the incidence of
majority of bacterial and viral infections, thereby further reducing the usage of the antimicro-
bials in bovine.

Similarly, using a variety of phytochemicals may also be useful in the treatment of variety of
infections. These chemicals derived from different plants act systemically for the treatment of
diseases.

For treating the infections of gastrointestinal tract, Allium sativum stem is crushed, is boiled in
the water, and then is provided to the animals. Its effect is mainly due to the compound
present in it also known as allicin which is well known for its antibacterial activity [34, 35].
Also Cassia fistula is also being used in treating a variety of GIT maladies of bovines; particu-
larly, it is effective in treating E. coli infections effectively. This activity may be due to the
presence of several compounds of pharmacological importance including terpenoids, sapo-
nins, steroids, anthraquinone, phenolic compounds, and steroids present in them [36]. Simi-
larly seeds of the Foeniculum vulgare are mixed with the root of Glycyrrhiza glabra, and they are
also used to treat the GIT infections [37, 38]. Morus alba leaves are given to the animals for

Brucellosis (breeding animals) 4–12 months of age

Vibriosis (breeding animals) Before breeding

Leptospirosis (breeding animals) Before breeding

Black leg March

Anthrax February–August

Hemorrhagic septicemia June–December

Foot-and-mouth disease March–September

Table 3. Vaccination schedule of bovine.
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5 days in order to treat constipation. This anticonstipation activity is mainly reported because
of the presence of the quercetin, rutin, and apigenin [39, 40]. Punica granatum peel has also
demonstrated its activity against majority of the GIT pathogens which may be because of the
presence of the flavonoids and phenolic compounds in it [41].

One of the most economically devastating diseases of bovine, mastitis, can also be treated by
using a variety of phytochemicals. Here again, Allium sativum is also routinely being used in
the treatment of mastitis. It has shown promising results even against those pathogens which
are resistant to many antibiotics [42]. Zingiber officinale is also being used to control mastitis in
dairy animals [43]. Similarly, Allium cepa and Trachyspermum ammi mixture was also being
routinely used to control mastitis successfully in dairy herds [44].

Bovine often do suffer from a myriad of respiratory infections particularly when kept in a
closed humid confinement in winter season and with poor ventilation. Again some com-
pounds are extremely useful in treating respiratory diseases of animals, and they include
Glycyrrhiza glabra (stem) and Hordeum vulgare (seeds). Both of these plants possess a variety
of compounds such as saponins, volatile compounds, tannins, and alkaloids which are
beneficial in treating a variety of mild to moderate respiratory infections (when treated for
5–7 days) [45, 46].

Similarly for the treatment of a variety of bovine skin infections, many compounds are rou-
tinely used, and they include Aloe barbadensis leaves (given orally alone or mixing with salts),
Tamarix aphylla leaves (applied topically), Citrullus colocynthis (extracts from fruit and seed),
and Azadirachta indica (leaves). All of these plants are extremely useful in treating a variety of
inflammatory/infectious diseases of bovine skin [47–49].

4.9.3. Estimation of the cost and relative benefit analysis

Although currently there is a great emphasis on the reduction of antibiotic use in animals,
however, its use is still needed in some cases of infectious diseases. But in such cases, it is better
to prioritize the basis of cost of antibiotics in animals and the benefits achieved. For example, in
the case of mastitis, treatment efficacy with the help of gram-negative bacteria depends on
several factors including the bacterial spp. involved and the acuteness or chronicity of the
disease. Some cases have good outcomes following treatment, while the treatment of the chron-
ically affected animals is often futile. Similarly, some bacterial spp., e.g., Streptococcus agalactiae
and Staphylococcus aureus, along with coagulase-negative Staphylococcus aureus, are extremely
difficult to treat. This also implies that culturing of the mastitis-infected milk along with antibi-
otic susceptibility testing should be a routine practice while treating the animals; see [50].

Similarly if the animal is repeatedly suffering from clinical mastitis, particularly after the third
lactation, then mostly cost of the treatment becomes extremely higher than the benefits.

4.9.4. Immunomodulator use

Animals often suffer from chronic stress when their welfare is compromised. Stress may be in
the form of overcrowding, nutritional deficiency, poor ventilation and temperature control,
transportation, and high production. Under stress body physiology is altered, and it results in
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4.9.2. Using antibiotic alternatives

Recently, it has been proposed in the international OIE conference that an emphasis should be
placed on the use of antibacterial drug alternatives such as bacteriophages, biological response
modifiers (BMRs), antibacterial peptides of natural origin, prebiotics, probiotics, and the use of
proper vaccination schedule in animals (given in the table below); probiotics, prebiotics, and
BRMs are responsible for the development of the optimal intestinal microbial flora which can
overall improve the animal health along with reducing the incidence of the several infectious
diseases in dairy animals; see [31–33]. Bacteriophages are extremely specific in infecting par-
ticular bacteria, and that is why they pose a minimum toxicity danger in humans and animals,
yet this approach is mainly on theoretical grounds and needs many successful clinical trials
and intensive knowledge before they may be adapted in animals for treating infectious dis-
eases. Similarly following an appropriate vaccination program in animals (keeping in view of
the serotype/strain of the agent to be used in a particular area) can dramatically reduce the
occurrence of many primary as well as secondary infections in bovines.

Table 3 illustrates a variety of diseases and their treatment.

Vaccinating the bovine against many infectious diseases can definitely reduce the incidence of
majority of bacterial and viral infections, thereby further reducing the usage of the antimicro-
bials in bovine.

Similarly, using a variety of phytochemicals may also be useful in the treatment of variety of
infections. These chemicals derived from different plants act systemically for the treatment of
diseases.

For treating the infections of gastrointestinal tract, Allium sativum stem is crushed, is boiled in
the water, and then is provided to the animals. Its effect is mainly due to the compound
present in it also known as allicin which is well known for its antibacterial activity [34, 35].
Also Cassia fistula is also being used in treating a variety of GIT maladies of bovines; particu-
larly, it is effective in treating E. coli infections effectively. This activity may be due to the
presence of several compounds of pharmacological importance including terpenoids, sapo-
nins, steroids, anthraquinone, phenolic compounds, and steroids present in them [36]. Simi-
larly seeds of the Foeniculum vulgare are mixed with the root of Glycyrrhiza glabra, and they are
also used to treat the GIT infections [37, 38]. Morus alba leaves are given to the animals for

Brucellosis (breeding animals) 4–12 months of age

Vibriosis (breeding animals) Before breeding

Leptospirosis (breeding animals) Before breeding

Black leg March

Anthrax February–August

Hemorrhagic septicemia June–December

Foot-and-mouth disease March–September

Table 3. Vaccination schedule of bovine.
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5 days in order to treat constipation. This anticonstipation activity is mainly reported because
of the presence of the quercetin, rutin, and apigenin [39, 40]. Punica granatum peel has also
demonstrated its activity against majority of the GIT pathogens which may be because of the
presence of the flavonoids and phenolic compounds in it [41].

One of the most economically devastating diseases of bovine, mastitis, can also be treated by
using a variety of phytochemicals. Here again, Allium sativum is also routinely being used in
the treatment of mastitis. It has shown promising results even against those pathogens which
are resistant to many antibiotics [42]. Zingiber officinale is also being used to control mastitis in
dairy animals [43]. Similarly, Allium cepa and Trachyspermum ammi mixture was also being
routinely used to control mastitis successfully in dairy herds [44].

Bovine often do suffer from a myriad of respiratory infections particularly when kept in a
closed humid confinement in winter season and with poor ventilation. Again some com-
pounds are extremely useful in treating respiratory diseases of animals, and they include
Glycyrrhiza glabra (stem) and Hordeum vulgare (seeds). Both of these plants possess a variety
of compounds such as saponins, volatile compounds, tannins, and alkaloids which are
beneficial in treating a variety of mild to moderate respiratory infections (when treated for
5–7 days) [45, 46].

Similarly for the treatment of a variety of bovine skin infections, many compounds are rou-
tinely used, and they include Aloe barbadensis leaves (given orally alone or mixing with salts),
Tamarix aphylla leaves (applied topically), Citrullus colocynthis (extracts from fruit and seed),
and Azadirachta indica (leaves). All of these plants are extremely useful in treating a variety of
inflammatory/infectious diseases of bovine skin [47–49].

4.9.3. Estimation of the cost and relative benefit analysis

Although currently there is a great emphasis on the reduction of antibiotic use in animals,
however, its use is still needed in some cases of infectious diseases. But in such cases, it is better
to prioritize the basis of cost of antibiotics in animals and the benefits achieved. For example, in
the case of mastitis, treatment efficacy with the help of gram-negative bacteria depends on
several factors including the bacterial spp. involved and the acuteness or chronicity of the
disease. Some cases have good outcomes following treatment, while the treatment of the chron-
ically affected animals is often futile. Similarly, some bacterial spp., e.g., Streptococcus agalactiae
and Staphylococcus aureus, along with coagulase-negative Staphylococcus aureus, are extremely
difficult to treat. This also implies that culturing of the mastitis-infected milk along with antibi-
otic susceptibility testing should be a routine practice while treating the animals; see [50].

Similarly if the animal is repeatedly suffering from clinical mastitis, particularly after the third
lactation, then mostly cost of the treatment becomes extremely higher than the benefits.

4.9.4. Immunomodulator use

Animals often suffer from chronic stress when their welfare is compromised. Stress may be in
the form of overcrowding, nutritional deficiency, poor ventilation and temperature control,
transportation, and high production. Under stress body physiology is altered, and it results in
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secretion of cortisol from the adrenal cortex. Under the influence of the adrenal cortisol, the
body immune system is greatly compromised. This predisposes the animals to a variety of
infectious diseases. So it is better to use immunomodulators in animals under the conditions of
stress. This strategy has been discussed in detail; see [51, 52]. These immunomodulators may
include the use of vitamins A, C, and E along with minerals such as selenium, copper, and
many other minerals. This can dramatically reduce the incidence of many infectious diseases in
dairy animals leading toward a reduced use of antibiotics in animals.

5. Conclusion

There are numerous aspects of antibiotic resistance in animals, which are important public health
threats for humans, and therefore it is imperative to make as many possible efforts to reduce the
emergence of antibiotic resistance in farm animals. It may involve maintaining the animal welfare
and good nutritional and immunological status, routine examination of the herd, early detection
and appropriate diagnosis of infectious diseases in animals, appropriate therapy at time and the
use of antibiotic alternatives such as bacteriophages and vaccination, the use of phenomena of
competitive exclusion (by using pre-, pro-, and synbiotics), biological response modifiers, and
appropriate immunomodulation in animals. Implementing such programs at national level
requires huge financial and political support for ongoing efforts to effectively control the emer-
gence of antibacterial resistance in major bacterial spp. Although using these approaches may not
completely assure the avoidance of antibiotics and, therefore, the possibility of emergence of
antibiotics, yet, these approaches may aid in slowing down the antibiotic resistance to a greater
extent in animals leading toward a great step in improving the public health.
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secretion of cortisol from the adrenal cortex. Under the influence of the adrenal cortisol, the
body immune system is greatly compromised. This predisposes the animals to a variety of
infectious diseases. So it is better to use immunomodulators in animals under the conditions of
stress. This strategy has been discussed in detail; see [51, 52]. These immunomodulators may
include the use of vitamins A, C, and E along with minerals such as selenium, copper, and
many other minerals. This can dramatically reduce the incidence of many infectious diseases in
dairy animals leading toward a reduced use of antibiotics in animals.

5. Conclusion

There are numerous aspects of antibiotic resistance in animals, which are important public health
threats for humans, and therefore it is imperative to make as many possible efforts to reduce the
emergence of antibiotic resistance in farm animals. It may involve maintaining the animal welfare
and good nutritional and immunological status, routine examination of the herd, early detection
and appropriate diagnosis of infectious diseases in animals, appropriate therapy at time and the
use of antibiotic alternatives such as bacteriophages and vaccination, the use of phenomena of
competitive exclusion (by using pre-, pro-, and synbiotics), biological response modifiers, and
appropriate immunomodulation in animals. Implementing such programs at national level
requires huge financial and political support for ongoing efforts to effectively control the emer-
gence of antibacterial resistance in major bacterial spp. Although using these approaches may not
completely assure the avoidance of antibiotics and, therefore, the possibility of emergence of
antibiotics, yet, these approaches may aid in slowing down the antibiotic resistance to a greater
extent in animals leading toward a great step in improving the public health.
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Abstract

Indonesia have alot of indigenous of cattle breed that already adapted with local condi-
tion like bali cattle, madura cattle, ongole crossbred cattle, sumba ongole, aceh cattle and 
other.  The purpose of this review was to determine the quality of meat from local cattle 
and buffalo in  Indonesia. Livestock products in Indonesia must follow ASUH rules that 
are Aman (safe), Sehat (healthy), Utuh (Wholesomeness) and Halal. Halal food is food 
that is free from any components that Muslims are prohibited to consuming. The  criti-
cal point of halal to the product of animal origin is the animal species, the slaughtering 
process, the distribution until the process of preparing the product for the consumer. 
Local beef cattle and buffalo meats were more red, tough (warner bratzler shear force > 
4.6 kgcm_2), low flavor (marbling, texture and juiceness) than imported meat. Some of 
the circumstances causing the low quality of meat in Indonesia are most of the breeders 
employing cattle and buffalo, low quality of feeding, older slaughter age and handling 
before and at the time of slaughtering process that does not pay attention to aspects of 
animal welfare. Efforts to improve livestock management, selection and crosses with Bos 
taurus breeds.

Keywords: meat quality, local cattle, buffalo, meat tenderness, muscle microstructure

1. Introduction

Local livestock is crossing cattle or introduction from outside that has been bred in Indonesia 
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Abstract

Indonesia have alot of indigenous of cattle breed that already adapted with local condi-
tion like bali cattle, madura cattle, ongole crossbred cattle, sumba ongole, aceh cattle and 
other.  The purpose of this review was to determine the quality of meat from local cattle 
and buffalo in  Indonesia. Livestock products in Indonesia must follow ASUH rules that 
are Aman (safe), Sehat (healthy), Utuh (Wholesomeness) and Halal. Halal food is food 
that is free from any components that Muslims are prohibited to consuming. The  criti-
cal point of halal to the product of animal origin is the animal species, the slaughtering 
process, the distribution until the process of preparing the product for the consumer. 
Local beef cattle and buffalo meats were more red, tough (warner bratzler shear force > 
4.6 kgcm_2), low flavor (marbling, texture and juiceness) than imported meat. Some of 
the circumstances causing the low quality of meat in Indonesia are most of the breeders 
employing cattle and buffalo, low quality of feeding, older slaughter age and handling 
before and at the time of slaughtering process that does not pay attention to aspects of 
animal welfare. Efforts to improve livestock management, selection and crosses with Bos 
taurus breeds.
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cattle and buffalo, and beef is a livestock commodity that became the main source of animal 
protein and became one of the main foodstuffs in Indonesia.

The population of cattle in 2017 is 16,599,247 head and buffalo only about 1,395,191 head. 
Bali cattle is the breed cattle with the highest population when compared with other cattle 
such as ongole cattle, ongole crossbreed (PO) cattle, aceh cattle, pasundan and madura cattle. 
Farmer’s demand on bali cattle are great because they have many benefits, such as having 
high reproduction efficiency, fast breeding, potential in producing meat with high carcass 
percentage and also have a good adaptability to the environment.

Ref. [1] reported that Kebumen district is feasible to be a source of PO cattle breeding because 
the reproduction of PO cattle in this area is good enough and its population dynamics are 
expected to increase from 2015 to 2019. Local ciamis cattle have carcass percentage which is 
not different from Bali cattle, PO and crosses cattle. Local ciamis cattle have a closer genetic 
distance to PO cattle [2]. Each area has a specific cattle breed, such as Aceh, West Sumatra 
(pesisir cattle), West Java (pasundan cattle), and the breed’s wider spread is a bali cattle and 
ongole cross breed cattle. In addition, the potential of buffalo in several regions of Indonesia, 
such as Banten, West Sumatra, Demak, West Nusa Tenggara also make this livestock as a 
source of meat in Indonesia [3].

The diversity of local feeds in Indonesia also creates different feed quality between regions. 
Agricultural areas produce agricultural waste that can be used as a source of feed [4]. The use 
of sorghum silage in cattle fattening could increase meat production by 12.7% with the best 
growth response achieved by ongole crossbreed cattle. Several other studies also suggest that 
local cattle provide a rapid growth response through the fattening process [5–7]. The research 
results showed that local cattle (sumba ongole) with high energy rations have a weight of 
life and value higher marbling, and more efficient use of ration compared to low energy and 
medium energy ration. Production performance and quality of local beef can be improved 
through fattening with rations high energy [6]. To meet the needs of meat and improve the 
quality of local beef, Indonesia also imports several breeds such as brahman cross, simmental, 
limousine and angus. The imported cattle have adapted well, even crossed with local cattle in 
order to improve the quality of meat [8].

Indonesia with a variety of ethnic, cultural and custom has a variety of cuisine based 
on meat cooked by the method of wet cooking. Wet cooking methods in Indonesia are 
grouped into several techniques that used the basic ingredients of water to cook it. Wet 
cooking techniques are boiling, poaching, braising, stewing, simmering, and steaming. 
This cooking technique actually adjusts to the quality of meat in the market. Beef or buf-
falo derived from local livestock is generally less tender so it is suitable with wet cooking 
techniques.

Application of the concept of quality at this time is very important, so that the resulting prod-
uct can compete in domestic and foreign trade. The term quality means fitness for use [9]. The 
definition is universal that can be applied to all types of goods and services. The concept is 
oriented to the assessment or views of consumers as users of goods or services. If the goods 
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produced by the manufacturer match or in accordance with the wishes of consumers, then the 
goods or services have a good sale value. According to [10] the definition of meat quality is a 
measure of the characteristics or characteristics of meat assessed by consumers.

The quality of the meat is a special part of the quality of production (production quality) and 
should clearly be distinguished from the quality of production. The assessment of carcass 
composition is one part of the quality of production, although it may be a factor influenc-
ing the quality of meat. The ecological and animal welfare aspects are part of the quality of 
production [11]. Furthermore, these factors can be categorized into factors prior to slaughter 
and factors after slaughter. The assessment of meat quality is an attempt to predict the nature 
of palatability, processing and cooking of meat. The nature of palatability of meat means 
acceptable ingredients of meat (fits) with the senses of the eyes, nose and ears [12]. Indonesia’s 
condition with tropical climate, unstable feed quality and traditional rearing management 
caused the quality of beef and buffalo not to compete in the international market [13]. This 
situation creates two different meat markets in Indonesia, that is, traditional markets and 
specific markets (for hotel, restaurant and catering).

The purpose of this review was to determine the quality of local beef and buffalo meat in 
Indonesia.

2. Meat quality

The quality of meat is a special part of a product quality that is a combination of several 
important factors when it comes to using the product. When described in an equation, the 
quality of meat [11] is:

  Q = Σ fi  .   xi  (1)

where: Q = quality; f = weighting of the assessed factors from 0 to 1; x = the factor itself.

What matters is the assessment and determining factors are different for each person and also 
depend on the purpose of performing a quality assessment.

The quality of production will affect the quality of the product such as the occurrence of DFD 
(dark, firm, dry), hygiene of the slaughter process and aging after the post mortem process. 
Production quality also affects judgments, for example, from ecological aspects, such as reli-
gion, ethnicity and ethics, are currently receiving much attention from consumers. Indonesia 
has the largest Muslim consumer, so the religious aspect of halal meat is very important.

Assessment of nutritional aspects, as part of hygiene indicators and some technologi-
cal factors such as pH or myofibril protein content can be measured by chemical analysis. 
Microbiological aspects as part of hygiene indicators can be evaluated by indicators such as 
ATP and pyruvate detection or cell differentiation and cell counting. Technological character-
istics can be measured physically such as water holding capacity and shear force to measure 
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tenderness. Sensory assessment is a very difficult part to measure in meat quality assessment, 
this is because it involves the factor of subjectivity in the assessment.

Briefly it can be mentioned that the quality of production and product quality consists of sev-
eral factors that can be described and measured objectively, where the quality of production 
affects product quality. While the assessment is a subjective illustration to determine the likes 
or dislikes by consumers. The description illustrates that the quality of meat is a combination 
of several assessments and could be divided into:

1. religious aspect

2. sensory quality

3. nutritional quality

4. hygienic and toxicological quality

5. technological quality

Factors affecting of meat quality characteristics can be classified on the physical and chemical 
properties of meat (called internal factors = internal determinants/IDs) and external factors of 
meat or livestock. Some internal factors have a direct influence on the characteristics of meat 
quality (e.g. the concentration of myoglobin affects the color of the meat). However, for some 
of its indirect effects. For example, two important livestock characteristics, namely genotype 
and sex are internal factors, but their effect on quality through indirect media.

Internal factors that affect the quality of meat can be divided into primary and secondary 
internal factors, depend on direct or indirect influence. Primary internal factors such as con-
nective tissue, muscle fiber size, mixed muscle fiber types, concentration and muscle glycogen 
content, degree of fat and adipose tissue composition. Secondary internal factors include solu-
bility and collagen concentration, metabolic characteristics, muscle ultimate pH, myoglobin 
form, degree of muscle contraction, fat pigment level, fatty acid proportion. But in reality, the 
relationship between these factors can occur more than two or three aspects. Changes in meat 
quality patterns can be estimated due to the growth process. Besides, the influence of other 
factors such as genotype and nutrition will also affect the pattern of change.

Other factors that affect the quality of meat are external factors. External factors are tech-
nical factors as how to handle livestock before, during and after the slaughtering process. 
Handling or treatment before livestock is slaughter, duration of resting and fasting of live-
stock. Furthermore, the process of slaughter, electrical stimulation and aging/chilling process 
will have a lot of effect on the quality of meat.

3. Quality of Indonesian local meat

In this section we will describe the quality of Indonesian local cattle and buffalo, both qualitative 
and quantitative. Livestock products in Indonesia must follow ASUH rules that are Aman (safe), 
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Sehat (healthy), Utuh (Wholesomeness) and Halal. To meet the needs of domestic meat, local 
beef and buffalo showed the same quality as beef crossbreed cattle [14]. The results showed that 
physical and chemical quality of local beef cattle (ongole grade) was not different from cross-
breed cattle. Independent t test was no different for the variable: water content, protein content, 
fat content, pH, WHC and texture. However, other researchers reported that the slaughter 
weight of the Bali cattle and Madura cattle are generally below average (270.30 ± 63.07 kg) of 
optimal slaughter weight, so the productivity of cattle with this small frame size is still low, pref-
erably small frame size beef cattle is slaughter if the level of body fatness is fat [15]. Slaughter 
weight of Madura cattle to meet the traditional market demand is 338.07 kg [13] and Bali cattle 
which is intensively fattened, able to achieve slaughter weight 343.017 kg [5].

3.1. Religion aspects

Islam as religion has a quality criterion for a very important product that is halal. Halal food is 
food that is free from any components that Muslims are prohibited to consuming. The grow-
ing awareness of Muslim consumers about their religious obligations is halal food, creating 
greater demand for halal food and other consumer goods. Indonesia is currently a potential 
market for halal food considering that over 80% of the population is Muslim. Halal meat is 
one of the products that should receive special attention. The critical point of halal to the 
product of animal origin is the animal species, the slaughtering process, the distribution until 
the process of preparing the product for the consumer.

This religious aspect is to help ensure food safety for consumption through adherence to good 
animal feeding practices at farm level and good manufacturing practices (GMP) during the 
procurement, handling, storage, processing and distribution of feed and animal feed ingre-
dients in the production process. The main focus is on halal practices and safety in animal 
and meat production systems. Topics of concern such as animal welfare issues in livestock 
production, livestock processing, the concept of halal and religious issues. Halal assurance 
system developed by Indonesian Council of Ulama is already used in many countries around 
the world. It provides safety and comfort for consumers.

3.2. Sensory quality

Eating quality or palatability is determined by a single consumer response or a combination 
of factors such as flavor, juiceness and the tenderness of cooked meat. Assessment of sen-
sory factor of meat is generally done by panel test by using hedonic scale. At this time some 
sensory indicators can be assessed quantitatively by using equipment. Indicators commonly 
practiced by consumers in this sensory assessment including:

1. Meat color

The color of fresh meat is one of the main criteria that consumers pay attention to at the 
time of purchase. Color of the meat can be determined by a meat pigment called myoglobin. 
Myoglobin content is influenced by genetic factors of livestock, age, feed, muscle activity, 
species and slaughtering techniques. Besides, the color of the meat is also determined by the 
reactions that occur in myoglobin. The color of fresh meat favored by consumers is a bright 
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red color. The dark color of the meat is assessed as meat that has been stored for a long time 
and has been damaged. The color of the meat that has not been exposed to oxygen is a pur-
plish red, then if it has been oxidized for several minutes it will be bright red. The bright red 
color may turn red or brown if there is oxidation or if the meat is stored long, or reddish-green 
if decay has occurred.

Ref. [16] showed no difference in semitendinosus muscle color from angus cross, bali cattle, 
brahman cross, peranakan ongole and simmental × PO. The results of this study are consistent 
with [17] that there was no difference in the color of the flesh between cattle Bos taurus and Bos 
indicus. Ref. [18] reported that the bright red color is the color of meat expected by consumers. 
The red color of bali beef is more darker (P < 0.05) than wagyu beef.

2. Tenderness

Tenderness is also a major criterion in the assessment of meat quality. If the meat is not tender, 
that the meat is less acceptable to consumers. Ref. [12] mention that tenderness means a qual-
ity that represents a number of structural properties of skeletal muscle proteins and is associ-
ated with all factors affecting muscle and muscle proteins (e.g. growth and development of 
livestock, nutrition, pre- and post- cooling, processing and cooking). The first time consumers 
assess the tenderness of meat is when meat first chewed. Therefore, to assess objectively based 
on processing that occur during mastication (the process of cutting, tearing and pressing).

Ref. [19] grouped Warner-Bratzler Shear (WBS) into four categories: very soft (WBS <3.2), 
soft (3.2 < WBS <3.9), intermediate (3.9 < WBS <4.6), and hard (WBS > 4.6). The strength of cut 
is negatively correlated with tenderness, the higher on cutting strength value mean lowest 
level of tenderness or tough. Ref. [20] reported that the lowest cutting strength value in male 
buffalo (7.17 ± 2.69 kg cm−2) and female buffalo (5.89 ± 3.54 kg cm−2) were present at approxi-
mately 1 year (tooth turn I0). Highest on WBS value of buffalo meat mean this meat was 
tough. Tenderness value of bali beef (5.8 ± 1.7 kg cm−2) and brahman cross (6.3 ± 1.3 kg cm−2) 
was not different, and angus cross beef (2.5 ± 0.3 kg cm−2) had the lowest WBS value, in other 
words angus cross beef is more tender than other beef cattle [16].

3. Flavor

Flavor is also an important sensory aspect in consumer acceptance of meat products. It is 
estimated that about 1000 volatile compounds that have been identified are present in various 
meats (cattle, chickens, pigs, sheep and goats).

There is no qualitative difference between the types of compounds present among the live-
stock species, but there are differences in quantitative terms. For example, the concentrations 
of 3.5-dimethyl-1,2,4-trithiolane and 2,4,6-trimethylperhydro-1,3,5-dithiazine (thaidine) com-
pounds in mutton were higher than other livestock species. While the aroma of beef is more 
influenced by mercapto thiophenes and mercaptofuran compounds [21]. Another indicator of 
this sensory rating is the amount of marbling, texture and juiceness.

3.3. Nutrient quality

Nutrients contained in the meat also entered into consideration consumers to choose meat. 
Meat as a protein source has a complete amino acid composition and high digestibility as 
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well as macro and micronutrients, all of which are essential for good health throughout life. 
The healthiest balanced diet will include moderate amounts of lean meat, along with enough 
carbohydrates, fruits and vegetables, also milk and other dairy products. How much red 
meat should be consumed? According to the report of The Scientific Advisory Committee 
on Nutrition (SACN) on “Iron and Health 2010” led to new guidance on eating red and pro-
cessed meat. Advice for adults, their intake is an average of 70 g daily [22].

Nutrient meats such as protein content, amino acid composition, fat content, fatty acid com-
position, minerals and vitamins can be chemically analyzed or biochemically. In principle a 
common method can be used but there are some inappropriate methods used in meat analy-
sis. For example, to determine the protein content can be used Kjeldahl method. This method 
is less appropriate to use because meat protein consists of several kinds of myofibril protein, 
sarcoplasmic, NPN and connective tissue. For that reason BEFFE method can be derived from 
Germany [11]. At 100 g of beef contains 201 Kcal, 18.8 g protein, 14 g of fat, 11 mg of calcium 
and 2.8 mg of iron. Meat protein can help produce muscle tissue. The red color produced from 
beef contains a lot of iron. This iron that will produce hemoglobin which will deliver oxygen 
from the blood to all new muscle cells, the production of antibodies and protect the body from 
infection. Ref. [23] states that the average muscle protein content of longissimus dorsi aceh 
cattle is 15.94% with fat content of 5.63%.

The chemical composition of meat varies depending on location and function of muscle in 
the body. The muscles present in active organs contain more protein content compared to the 
muscles at the passive organs. Ref. [24] reported the content of bali beef nutrient i.e. ash content, 
protein content and carbohydrate levels of active muscle is higher when compared with passive 
muscle value (P < 0.05). While fat and water content of active muscle was low when compared 
with passive muscle. Ash content, protein and carbohydrate content of active muscle (0.99, 
16.60, 5.99%) and the content of passive muscle respectively (0.90, 14.60, 4.32%). Fat and water 
content of active muscle (6.30, 70.08%) and for passive muscle (6.54, 72.99%).

3.4. Hygiene and toxicology quality

Hygiene factors in meat can be divided into two parts, namely the presence of residue in the 
meat and microbiological aspects. Both of these aspects are health-oriented. In consumer rat-
ings, hygiene factors are often more important than nutritional factors.

Meat and processed products do not contain natural toxins, but can occur contamination and 
use of additive(s). Antibiotics can be found in meat if the animal is slaughter before the drug 
withdrawal (withdrawal time) runs out. Use of antibiotics is usually done in the process of 
treatment or use in the feed. Other residues can also occur in meat processing.

3.5. Technology quality

Consumers in addition to attention to hygiene factors are also carried out assessment of tech-
nological factors. Texture, water-binding power and pH can be felt from the hardness, juice-
ness and the taste of sour or tasteless. Meat experts say that technological factors are closely 
related to meat processing. Indicators closely related to this processing include: pH and water 
holding capacity.
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(1) pH

The pH value of meat may indicate a deviation of the quality of the meat, since the pH value 
of the meat is related to the color, tenderness, taste, water holding capacity and the shelf life of 
the meat. The isoelectric pH points of the meat proteins are between 5.0 and 5.1 with a normal 
pH range of 5.5–5.8.

If pH > 5.8, then there are two possibilities of normal or DFD (dark, firm, dry). The second pH 
test is done at 24 hours after cutting, if pH > 6.2 means the meat is DFD, whereas if the pH is 
about 5.5 means the meat is normal [25]. Ref. [26] reported that meat with high pHu has a low 
tenderness value.

Ref. [27] compares the physical characteristics of ongole crossbreed beef at different body 
weights. The results showed that body weight has a very low correlation with pH value of 
meat, that is, 0.192 in Longissimus dorsi (average pH value of 5.59) and 0.000 on bicep femoris 
(average pH value of 5.57). Ref. [18] reported that pH bali beef is no different from wagyu 
beef.

The pH value of meat is generally more influenced by the factor at the time of the slaughter 
process.

(2) Water holding capacity

Water is the most important part in meat composition. Meat contains about 75% water. Muscle 
protein (myofibrillar) plays an important role in water binding, which determines the quality 
of meat and its processed products [28].

Water holding capacity is the ability of the meat (especially myofibrillary proteins) to bind 
water or water added during external influences (e.g. meat cutting, heating, grinding and 
pressing). Ref. [29] found that water holding capacity of buffalo meat is not affected by age, 
but it is affected by sex during the storage period of 0, 24, and 48 hours. Result of analysis 
show water holding capacity of buffalo meat is not influenced by age and sex [20]. There is no 
difference in water holding capacity of bali beef and wagyu beef [18]. Ref. [16] also reported 
that there was no difference in binding power of brahman cross beef, bali cattle, ongole cross-
breed cattle and simmental × ongole crossbreed cattle on Semitendinosus muscles.

4. Relationship of muscle microstructure and meat quality

Carcass is composed of meat, fat, adipose tissue, bone, cartilage, connective tissue and ten-
don. Muscle turns into flesh after cutting process because its physiological function stops. 
Muscle is the main component of meat constituents. All muscles have the same basic struc-
ture, consisting of muscle cells or fibers that are intertwined together in bundles and form 
larger groups. Collagen is the most important component related to meat texture. Collagen of 
old animals grow larger and they have more cross-linked connective tissues, causing the meat 
to become tough and less tender [12].
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Muscle is composed of many bundles of muscle fibers commonly called fasciculi. Fasciculi 
consist of muscle fibers, whereas muscle fibers consist of many filaments called myofilaments. 
Connective tissue is composed of an epimysium located around the muscle, perimysium con-
taining blood vessels, and relatively larger nerves located between fasciculi and endomysium 
containing amorphous component, non-fibrous tissue with fine woven binders surrounding 
muscle cells or muscle fibers [29].

Muscle fiber is composed of myofibrils containing many myofilaments. Myofibril is an organ-
elle of cylindrical muscle fiber with a diameter of approximately 1–2 μm. A muscle fiber that 
has a diameter of 50 μm contains 1000–2000 myofibrils. Myofibril consists of segments called 
sarcomere. The length of sarcomere at rest is approximately 2.5 μm. Sarcomeres have two 
forms of myofilaments, namely thick filaments (myosin) with a diameter of 10–12 μm and thin 
filaments (actin) with a diameter of approximately 5–7 μm. The lighter portion of myofibril is 
called I band, while the thicker part is called A band. I band and A band are arranged in lon-
gitudinal parallel within muscle fibers, which causes the cross section of skeletal muscle fibers 
to appear transverse [12, 30]. Increasing number of muscle cells during prenatal growth can 
be indicated from the addition of the amount of muscle per fasciculus. Increased muscle size 
during postnatal growth can be indicated from the addition of muscle cross-sectional area.

Observations on histology of muscle not only result in obtaining images or descriptions of 
muscle tissues (existence of muscle fibers, connective tissues and intramuscular fat tissues), 
but also in discovering the size of the tissues (such as diameter of muscle fiber, diameter of 
fasciculus, and thickness of connective tissue). Nuraini et al. [20] state that the average diam-
eter of muscle fibers of buffalo meat, which is 38.32 ± 1.9 μm, increases under 1 year of age 
(I.0) and reaches the highest point at the age of 3 years (I3) with 54.95 ± 8.6 μm (P < 0.05). This 
is in line with the decline of buffalo meat tenderness level, which is 6.53 ± 2.89 kg cm−2 (under 
1 year of age) to 9.63 ± 1.45 kg cm−2 (3 years of age). Ref. [29] mentions that many factors affect 
the diameter of muscle fibers, such as the level of nutrition, the rate of postnatal body weight 
development, the level of muscle performance and the age of livestock.

Ref. [31] describe the histology and histomorphometry of bali beef and wagyu beef. It appears 
that the muscle cell diameter (75.00 ± 1.72 μm) and fat cell (195.20 ± 2.17 μm) of wagyu cattle 
were larger than the muscle cell diameter (45.00 ± 1.89 μm) and fat cell (90.10 ± 2.69 μm) of bali 
cattle. Foreign tourists in Bali prefer wagyu beef than bali beef. This is partly because wagyu 
beef is more tender. Histologic observation results in wagyu cattle muscle illustrates that the 
connective tissue of wagyu beef is very little so that the meat is more tender.

Samples of muscle histology can also be used to discover the thickness of connective tissue 
that can be an indicator of the level of meat tenderness. Thickness of connective tissue of 
female buffalo at I0 age (15.59 ± 2.00 μm) is smaller than at I2 age (16.29 ± 5.96 μm) and at I3 age 
(18.2 ± 5.81 μm) [20]. This condition illustrates that there is an increase in connective tissue as 
the livestock ages. It is related to the level of collagen in animal tissues. Collagen is the prin-
cipal protein component of connective tissue and has a major influence on toughness of meat 
[30]. Collagen of old livestock is more stable against the influence of temperature change, 
which results in formation of thicker and larger connective tissue. An increase in livestock age 
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is related to increased level of pyridinoline. The level of pyridinoline in younger livestock is 
lower, making collagen labile against heat.

Efforts to improve the quality of local livestock, in this case cattle and buffalo, have been 
conducted in various methods, both physical (e.g. aging, cold/frozen storage) and chemically 
(e.g. using protease enzymes). Refrigerator storage causes the split muscle fibers. Increase in 
period of freezer storage can result in separation of muscle fibers as well as structural damage 
to muscle shape caused by ice crystal formation. The fourth day of storing meat inside freezer 
(−10 ± 1°C) shows mild damage. It is the beginning of muscle fibers cracking. On the 60th day, 
the structural damage of muscle fibers becomes more severe with ice crystals pressing and 
tearing cells. On the 75th day, the damage of muscle fibers becomes greater than the 60th day 
with greater intercellular distance [32].

According to [33] the diameter of muscle fibers of buffalo meat is not influenced by sex differ-
ence, but influenced by age difference during different storage periods. The data of research 
results conducted by Rao et al. [33]. The decrease in muscle fiber diameter occurs gradually 
from 0 to 48 hours of storage period inside freezer (−15 ± 1°C), so as to increase the tender-
ness of meat during the period of aging. Freezing also affects the structure of muscle fiber 
diameter due to histological changes in muscle tissue during frozen storage. Muscle fibers of 
female buffalo that were stored inside freezer at a temperature of −12°C for 35 days had less 
structural damage when compared to muscles stored for 79 days. Increased storage time of 
meat inside freezer can increase the damage of muscle fibers, so that connective tissue and the 
distance between muscle fibers become more easily decomposed due to the process stretch-
ing. Such damage is most likely to result in myofibril alterations.

Another treatment to improve tenderness in meat is to use enzymes, such as papain or brome-
lain enzymes. Related to [34], the tissue structure of beef samples not treated with bromelain 
enzyme is seen to have intact-shaped structures of myofibril and sarcolemma. Meanwhile, 
the myofibrils structure of meat samples soaked with bromelin enzyme for 1 and 4 hours 
looks incomplete, or in other words, has endured degradation. Descriptively, the alterations 
that occur in the myofibril structure indicate that giving treatment of bromelin enzyme can 
improve the tenderness of meat.

5. Conclusion

Summarizing the various studies of meat quality in Indonesia, it is illustrated that the quality 
of local meat for some criteria such as pH, water holding capacity, cooking loss, meat color, 
fat color, nutrient content, basically does not differ between local beef cattle and imported 
beef. The difference is seen in the fatty, degree of marbling and tenderness that will affect 
the juiceness of meat. But if it is connected with how to process the majority of Indonesian 
cuisine, which is wet cooking, like rendang and semur, meat quality already meet the require-
ments of consumer’s preference. For cooking menu that uses dry cooking like barbeque it can 
be treated like aging with long period or using tenderizing like bromelin or papain enzyme.
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Some of the circumstances causing the low quality of meat in Indonesia are most of the breed-
ers employing cattle and buffalo, low quality of feeding, older slaughter age and handling 
before and at the time of slaughtering process that does not pay attention to aspects of animal 
welfare. The meat industry in Indonesia is only able to form two market segments namely 
the local market for middle to lower class consumers and special markets for hotel, restau-
rant, catering and franchise consumers. Efforts to improve livestock management, selection 
and crosses with Bos taurus breeds are expected to improve local livestock performance in 
Indonesia.
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is related to increased level of pyridinoline. The level of pyridinoline in younger livestock is 
lower, making collagen labile against heat.
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period of freezer storage can result in separation of muscle fibers as well as structural damage 
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(−10 ± 1°C) shows mild damage. It is the beginning of muscle fibers cracking. On the 60th day, 
the structural damage of muscle fibers becomes more severe with ice crystals pressing and 
tearing cells. On the 75th day, the damage of muscle fibers becomes greater than the 60th day 
with greater intercellular distance [32].

According to [33] the diameter of muscle fibers of buffalo meat is not influenced by sex differ-
ence, but influenced by age difference during different storage periods. The data of research 
results conducted by Rao et al. [33]. The decrease in muscle fiber diameter occurs gradually 
from 0 to 48 hours of storage period inside freezer (−15 ± 1°C), so as to increase the tender-
ness of meat during the period of aging. Freezing also affects the structure of muscle fiber 
diameter due to histological changes in muscle tissue during frozen storage. Muscle fibers of 
female buffalo that were stored inside freezer at a temperature of −12°C for 35 days had less 
structural damage when compared to muscles stored for 79 days. Increased storage time of 
meat inside freezer can increase the damage of muscle fibers, so that connective tissue and the 
distance between muscle fibers become more easily decomposed due to the process stretch-
ing. Such damage is most likely to result in myofibril alterations.

Another treatment to improve tenderness in meat is to use enzymes, such as papain or brome-
lain enzymes. Related to [34], the tissue structure of beef samples not treated with bromelain 
enzyme is seen to have intact-shaped structures of myofibril and sarcolemma. Meanwhile, 
the myofibrils structure of meat samples soaked with bromelin enzyme for 1 and 4 hours 
looks incomplete, or in other words, has endured degradation. Descriptively, the alterations 
that occur in the myofibril structure indicate that giving treatment of bromelin enzyme can 
improve the tenderness of meat.

5. Conclusion

Summarizing the various studies of meat quality in Indonesia, it is illustrated that the quality 
of local meat for some criteria such as pH, water holding capacity, cooking loss, meat color, 
fat color, nutrient content, basically does not differ between local beef cattle and imported 
beef. The difference is seen in the fatty, degree of marbling and tenderness that will affect 
the juiceness of meat. But if it is connected with how to process the majority of Indonesian 
cuisine, which is wet cooking, like rendang and semur, meat quality already meet the require-
ments of consumer’s preference. For cooking menu that uses dry cooking like barbeque it can 
be treated like aging with long period or using tenderizing like bromelin or papain enzyme.
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Some of the circumstances causing the low quality of meat in Indonesia are most of the breed-
ers employing cattle and buffalo, low quality of feeding, older slaughter age and handling 
before and at the time of slaughtering process that does not pay attention to aspects of animal 
welfare. The meat industry in Indonesia is only able to form two market segments namely 
the local market for middle to lower class consumers and special markets for hotel, restau-
rant, catering and franchise consumers. Efforts to improve livestock management, selection 
and crosses with Bos taurus breeds are expected to improve local livestock performance in 
Indonesia.
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Abstract

Throughout the world, louse infestation of ruminants is an important problem that 
impairs the growth and performance parameters of beef, dairy and buffalo stocks. Full 
details of geographical and taxonomical features of blood sucking and biting louse on 
ruminants are discussed. The objective of the topic is to demonstrate the occurrence, bio-
logical, epidemiological and clinical importance of bovine pediculosis. At the same time, 
presenting factors determining the severity of infestation with blood-sucking and biting 
lice include the animals’ age and sex and also the season. Important determination of the 
prevalence and rate of louse infestation among ruminants offer a survey of advances in 
systemic chemotherapeutic control.
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1. Introduction

Infestations of animals with lice are medically called pediculosis. Origin of pediculosis: 1885–1890; 
< Latin pēdicul(us) louse. Related forms pe·dic·u·lous [puh-dik-yuh-luh s]/pəˈdɪk yə ləs/, 
adjective1.

Pediculosis in cattle occurs throughout the world, and is more common in cattle than in any 
other domestic animal [1, 2].

Lice infecting ruminants are wingless insects and can produce a seasonal chronic dermatitis. 
The most common sign is pruritus, excoriation and alopecia. The host’s rubbing and groom-
ing may not correlate with the extent of infestation. Hairballs can result from overgrooming 

1Dictionary.com Unabridged Based on the Random House Unabridged Dictionary, © Random House, Inc. 2018
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Figure 1. Haematopinus tuberculatus female with nit (×19.4).

in cattle. In severe cases, especially in calves, the organisms can lead to anemia, weight loss, 
and damaged pelts. Pregnant animals may abort. Lice eggs or nits are attached to hairs near 
the skin. Three nymphal stages, or instars, occur between egg and adult, and the growth cycle 
takes about 1 month for all species. Lice cannot survive for more than a few days off the host.

Caused by several species (Table 1), five louse species are known to be able to infect cattle: 
three species of the genus Haematopinus, along with the species Linognathus vituli and 
Solenopotes capillatus. Haematopinus tuberculatus (Figure 1) is a typical parasite of the domesti-
cated Asian buffalo, which is known to infest cattle as well [6] as the young animals may be 

Lice species Localization of the lice

Chewing lice

Damalinia bovis/Bovicola bovis (cattle biting 
louse, red louse)

Most commonly found in the dorsum. Infestation may extend 
cranially to head and caudally to tailhead

Bloodsucking lice

Linognathus vituli (long-nosed cattle louse) Most commonly found over withers, lateral shoulders, and dewlap. 
May have generalized distribution over animal. In early infestations 
may be found in clusters

Haematopinus eurysternus (short-nosed cattle 
louse)

In heavy infestations, may be found over most of the body. Often 
found on front half of the host from ears to dewlap

Solenopotes capillatus (little blue cattle louse) Infestations tend to be heavier in anterior portions of the body, 
including the ears, during warm weather. Found in distinct clusters, 
mainly on head and face

Haematopinus quadripertusus (cattle tail louse) Heavy infestations may extend to dewlap or surround the eyes. 
Adults often confined to the tail, eggs commonly noted on tail switch

Table 1. Site predilection of cattle lice [3–5].
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infested with multiple species of lice simultaneously. S. capillatus and H. eurysternus infesta-
tions are more often recognized on mature animals, whereas L. vituli is more commonly seen 
on calves and on dairy stock. Damalinia bovis/Bovicola bovis is the chewing lice of the cattle [7] 
(Figures 2 and 3).

2. Life cycle

Lice undergo an incomplete metamorphosis. The life cycle takes about 4 to 5 weeks to complete. 
Lice lay eggs that hatch after 6–7 days. Each female deposits 20–50 (30–40) eggs (nits) during 

Figure 2. Bovicola bovis male (×26.6).

Figure 3. Bovicola bovis female with nymph (over) (×17.5).
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her lifetime. She deposits them one by one to single hairs. Incubation lasts 4–20 days. The eggs 
hatch and develop through three nymph stages to adults. Nymphs look like adults but are 
smaller. Adult life lasts for 2–6 weeks. Lice tend to prefer the white areas of black-and-white 
cattle. Off the host, most lice survive only for a few days. Survival of lice is reduced by warm 
weather, cattle self-grooming, loss of hair coat and good nutrition of the host [3, 4].

Lice infestations develop mostly in the colder season and peak in late winter and early spring. 
Skin temperature has also been correlated with the severity of louse infestation. Lice decline 
during the hotter season. Stabling the animals during the winter season favors overcrowding, 
which makes contact transmission easier. The poorer diet during winter weakens the natural 
defense of cattle against the lice infestations. The denser and more humid hair coat in winter 
offers an excellent environment for lice development as well.

In spring, food improves quickly when the herds start grazing fresh pastures. The shorter hair 
and the exposure to the sun reduce skin humidity, and free grazing ends overcrowding in the 
winter quarters, which also diminishes transmission. As a consequence, lice infestation usu-
ally recedes spontaneously during the summer season. However, a few lice usually manage 
to survive in some animals that will re-infest the whole herd when it comes back to the winter 
quarters for the next winter [3, 4].

3. Epidemiology

Lice spend their whole life on the same hosts: transmission from one host to another one is by 
contact. Transmission from herd to herd is usually through introduction of an infested ani-
mal, but flies or fomites may also occasionally transport lice. Up to 1–2% of the cattle in a herd 
can carry a high load of lice, even in the summer when high temperatures reduce the number 
of lice. These carrier animals are the source of reinfestation during the fall. Usually, they are 
a bull or a cow in poor body condition [8]. Winter housing provides the ideal conditions for 
the transfer of lice between cattle.

4. Clinical findings

Throughout the world, louse infestation of ruminants is an important problem that impairs 
the growth and performance parameters among beef, dairy stocks and buffalos. Chewing lice 
feed on skin and hair debris as well as on skin secretions. The other species have mouthparts 
adapted for piercing the skin and suck blood.

Louse infestation has been reported to cause blood loss [9], anemia, anorexia, restlessness, 
weight reduction of as much as 25–30 kg, diminished milk production and development of 
stress [6, 10–13]. The blood-sucking lice mentioned above may also be carriers of different 
pathogens [14]. Host animals infested with blood-sucking lice tend to keep scratching, licking 
and biting their skin, thus causing hair loss and skin injuries to themselves. By rubbing their 
body against different objects, cattle infested with lice may damage fences or trees. Such stress 
can reduce weight gains and milk production for up to 10% and makes the animals more 
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susceptible for other diseases. Cattle with hair loss may be discounted at the saleyards. Skin 
that has been irritated by lice has a rough surface with complete loss of hair in some areas, 
which gives the animals an unthrifty appearance and reduces both the slaughter value and 
the usability of skin and hide for industrial processing [15]. In the UK, analysis of hides in 
abattoirs resulted in more than 80% showing some degree of lice damage. In recent years, hide 
or fleece damage caused by lice has been increasingly recognized as a significant effect of lice 
infestations. The damage is described as areas of grain loss up to 3 mm diameter that are seen 
on dyed crust leather [16].

For all age classes of cattle, stressors such as high stocking density, poor feed quality, gesta-
tional status, and underlying health issues are often contributing factors to susceptibility and 
degree of infestation.

Factors determining the severity of infestation with blood-sucking lice include the animals’ age 
and sex and also the season. Numerous studies have been conducted to investigate correlations 
between the distribution of lice and the age of host animals within herds. Occurrences of bovine 
pediculosis do not show seasonal variation in countries with a warm climate. However, in the 
temperate zone and in colder regions, the most severe infestations occur in late winter and 
early spring, when the weather is cold and damp and the animals have the thickest coat of hair. 
The coat of hair serves as a habitat and shelter for lice, and provides optimum conditions for 
their propagation. During the year, the highest increase in the louse population occurs when 
cattle or buffaloes are kept indoors for the winter. In late spring, the number of lice suddenly 
decreases. It then remains at a low average level during the summer months when the hair coat 
becomes thinner, which provides a less favorable habitat for lice, because the high temperature 
of the skin surface and direct exposure to sunlight reduce the intensity of their development 
[2, 15]. Other authors have also observed seasonal occurrences of pediculosis, reporting that 
the population of sucking lice starts to grow in late winter, reaches its peak in the spring and 
its nadir in the summer and autumn months. In India, the highest ‘louse index’ was found 
in January and the lowest in June [17]. According to the results obtained by Hussain et al., 
the louse population reaches its highest level in February, and the environmental conditions 
continue to be favorable for survival and propagation of lice in March and April [9].

In a survey conducted in Pakistan [18], the prevalence of lice was significantly (P < 0.05) 
higher in cattle than in buffaloes: 144 out of 600 randomly selected cattle (24%) and only 113 
out of 600 randomly selected buffaloes (18%), kept under conditions identical to those of the 
cattle, proved to be infected. The prevalence of louse infestation in cattle has been reported by 
researchers from different countries [19–21] have reported varying prevalence rates of louse 
infestation in cattle in association with differences in the ecological, geographic and weather 
conditions. Animals kept in closed management systems are not exposed to direct sunlight, 
which favors the survival of lice. When cattle are kept in open barns, houses with outdoor 
runs or in free range management system, their skin surface is directly exposed to sunlight 
and consequently becomes drier, which reduces the survival chances of lice and decreases 
the intensity of their propagation [10]. A total of 762 water buffaloes were examined. H. tuber-
culatus was found in the 11.0% (14/127) of the farms and in the 4.5% (34/762) of the animals. 
The presence of H. tuberculatus should be routinely considered because it is a cause of serious 
health, production and economic damages in intensive breeding buffaloes [22]. According to 
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our observations, the female host animals and, among them, the cows showed the most severe 
louse infestation. Larvae of the parasite accounted for only 0.3% and adult lice represented 
3.2% of all the developmental stages recovered, while 96.4% of the stages found were louse 
eggs. The hair samples from the bulls yielded five adult lice and 83 louse eggs, while those 
from the cows yielded 78 adult lice, eight larvae and 2348 louse eggs. The hair samples from 
the buffalo heifers yielded 12 adult lice, two larvae and 641 louse eggs, while from those of 
young males, seven adult lice and 16 louse eggs were recovered [18].

5. Vector significance

Lice may serve as biological or mechanical vectors for various infectious agents. Haematopinus 
tuberculatus is known to be a vector for the species Trypanosoma evansi and Anaplasma marginale. 
H. tuberculatus invasion might play a role as a vector in the intensive spreading of mycoplasma 
infection among buffaloes. The results of the study of Egri et al. draw attention to the impor-
tance of preventing the spread of mycoplasma infection and implementing control programs 
against parasitoses of animals [18]. The occurrence of cattle-associated Bartonella species was 
investigated in the cattle tail louse Haematopinus quadripertusus and in dairy cattle blood in 
the study of Gutiérrez et al. from Israel [23]. The lice were identified morphologically and 
molecularly using 18S rRNA sequencing. Thereafter, they were screened for Bartonella DNA 
by conventional and real-time PCR assays using four partial genetic loci (gltA, rpoB, ssrA, 
and internal transcribed spacer [ITS]). A potentially novel Bartonella variant, closely related 
to other ruminant bartonellae, was identified in 11 of 13 louse pools collected in summer. In 
the cattle blood, the prevalence of Bartonella infection was 38%, identified as B. bovis and B. 
henselae (24 and 12%, respectively). A third genotype, closely related to Bartonella melophagi 
and Bartonella chomelii (based on the ssrA gene) and to B. bovis (based on the ITS sequence) 
was identified in a single cow. The relatively high prevalence of these Bartonella species in 
cattle and the occurrence of phylogenetically diverse Bartonella variants in both cattle and 
their lice suggest the potential role of this animal system in the generation of Bartonella spe-
cies diversity. To investigate louse infestation of ruminants and pathogens potentially trans-
mitted by them, anopluran lice (n = 1182) were collected in Hungary and evaluated for the 
presence of anaplasma, rickettsia and hemotropic mycoplasma DNA in the study of Hornok 
et al. [24]. On cattle, the following species were found: Linognathus vituli (57%), Haematopinus 
eurysternus (38%) and Solenopotes capillatus (5%). L. vituli had a lower mean individual count/
host when compared to H. eurysternus. On calves, only L. vituli was observed, with a higher 
louse burden than on full-grown cattle. H. eurysternus and S. capillatus were more likely to 
occur simultaneously with another species on the same host, than L. vituli.

6. Diagnosis and monitoring

Sampling involves carefully inspecting sections of skin on a representative sample of animals 
in the herd, either 10% or 15 animals in each group: mature cows, heifers, and calves. The best 
regions to inspect are head, neck, shoulders, back, hips, and tail. If sampling indicates that 
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B. bovis is the dominant species present, assessment of the neck and tailhead alone is sufficient 
to detect most infestations. If sampling indicates that Haematopinus tuberculatus is the domi-
nant species present in the herds, hair samples were taken only from animals which the hair 
was covered with louse eggs that were easily visible with the naked eye. These hair samples 
were consistently collected from a 2 cm2 area on the side of the middle part of the neck.

Although lice normally do not survive away from the host, it is possible to send live speci-
mens by post if a suitably insulated container is used (warmed to 25°C beforehand if pos-
sible) and containing a generous quantity of suitable animal hair. Some biting lice can be 
maintained for at least 8 weeks and a new generation obtained in vitro if they are kept on filter 
papers in Petri dishes at 36–37°C. It is essential to maintain the humidity at 68% RH by the 
use of an appropriate solution of NaOH, sulfuric acid, or concentrated solution of NH4NO3. 
For short-term tests, a solution of NaCl may be used, giving approximately 75% RH as a food 
supply, dried yeasts with powered hair and fresh skin scrapings is supplied; it is important 
that these should be fresh (no more than 6 days old unless deep frozen) and from the correct 
host species. This maintenance technique makes it possible to test the insecticide susceptibil-
ity of strains from the field [18, 25–27].

7. Treatment

Classical concentrates for dipping and spraying with traditional contact insecticides (mainly 
organophosphates, synthetic pyrethroids and amidines) are quite effective lousicides for 
cattle. However, such insecticides do not kill lice eggs (nits) and their residual effect is usu-
ally not long enough to ensure that immature lice are killed when hatching out of the eggs. A 
variety of compounds effectively control lice in cattle, including synergized pyrethrins, the 
synthetic pyrethroids cyfluthrin, permethrin, zeta cypermethrin, and cyhalothrin (includ-
ing gamma- and lambda-cyhalothrin) (beef cattle only). Many pyrethroids are lyophilic, 
which assists the development of pour-on formulations with good distribution [28]. Natural 
pyrethrins are quickly degraded, while synthetic pyrethroids such as flumethrin and del-
tamethrin have greater stability and a relatively long period of action [29], but they do not 
affect all developmental stages of the louse life cycle. Organophosphates such as phosmet, 
chlorpyrifos (beef and nonlactating dairy cattle only), tetrachlorvinphos, coumaphos, and 
diazinon (beef and nonlactating dairy cattle only) are used against lice. Certain Brahman 
and Brahman-cross cattle have organophosphate hypersensitivity, which should be consid-
ered when selecting a treatment compound. The compounds such as macrocyclic lactones 
ivermectin, eprinomectin, and doramectin are also used to control lice in cattle. Injectable 
macrocyclic lactones will also control biting lice, since they reach the parasites through the 
blood stream of the host. But control of chewing lice is usually incomplete2. Pour-on formu-
lations are effective against biting and bloodsucking lice, whereas injectable formulations 
are primarily effective against bloodsucking lice.

2The interesting thing about it is that in the treatment of chewing or biting lice, Werneckiella equi equi (Denny, 1842) 
infestation in a foal stock in Hungary, which was treated with paste Eqvalan (MSD) (and Rintal Plus (Bayer)) at doses of 
0.2 mg/kg (and 8.4 g/100 kg) body weight, respectively, after 13 days was not found with the nits of lice [30].
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Multiple pour-on formulations of 5% permethrin/5% piperonyl butoxide, 5% diflubenzuron/5% 
permethrin, and gamma cyhalothrin are labeled for season-long control (~3–4 mo) of lice on 
beef and dairy cattle. Although both amitraz and spinosad are effective against lice, the last 
cattle products containing amitraz were removed from the USA market in 2014. Spinosad 
formulations for use on cattle were officially discontinued in the USA in 2010. In 2016, Bayer 
Animal Health introduces Clean-Up TM II Pour-On Insecticide with an insect growth regulator 
(IGR) pour-on for topical application to control lice on dairy and beef cattle and calves.

The compound chosen must be appropriate for the animal’s age, reproductive status, and 
production system. The treatment of meat and dairy animals must be restricted to uses speci-
fied on the product label, and all label precautions should be carefully observed. Appropriate 
meat and milk withdrawal times must be observed. In most countries, regulatory agencies 
specify tissue residue limits of insecticides and carefully regulate insecticide use on livestock. 
All regulations are subject to change, and pertinent current local laws and requirements 
should be determined before treatment [5, 27].

Research on the use of entomopathogenic fungi (Metarhizium anisopliae) for the biological con-
trol of lice has shown promising results.

By the Parasitipedia.net for the time being, there are vaccines that will protect cattle by 
making them immune to lice. There are repellents natural or synthetic that will keep lice 
away from cattle. And there are traps for catching cattle lice. Insecticides must be used 
properly to achieve satisfactory control of lice. Many louse-control products require two 
treatments, 10 to 14 days apart. The second treatment is essential to kill newly hatched lice that 
were present as eggs at the time of the first treatment and were therefore not killed. Failure to 
make the second treatment in a timely manner will create problems requiring many more 
subsequent treatments [3].

8. Conclusions

Many factors can cause susceptibility for louse infestation (stress, pregnancy, lactation), 
which is important to produce optimal husbandry conditions as well as optimal animal feed-
ing. Feeding cattle a high energy diet and maintaining uncrowded conditions will reduce the 
chances of a louse infestation. When the infested animals became asymptomatic, on the hid-
den surface of the body (anal or pubic region, ridges), the louse can survive. The introducing 
of new animals in the herd realize necessary only after investigation of these on louse infesta-
tion and use of acaricide. Secondary bacterial and viral infections may also occur, resulting in 
a different (e.g., mange like) lesion. The regular disinfection of infested herds and all articles 
that infested animals may have come in contact with are essential too, for preventing further 
lice infestations. Specific lice control products can be more effective than integrated pest man-
agement principles, which indicate that it is preferable to use a narrow spectrum or specific 
product for each pest.
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Multiple pour-on formulations of 5% permethrin/5% piperonyl butoxide, 5% diflubenzuron/5% 
permethrin, and gamma cyhalothrin are labeled for season-long control (~3–4 mo) of lice on 
beef and dairy cattle. Although both amitraz and spinosad are effective against lice, the last 
cattle products containing amitraz were removed from the USA market in 2014. Spinosad 
formulations for use on cattle were officially discontinued in the USA in 2010. In 2016, Bayer 
Animal Health introduces Clean-Up TM II Pour-On Insecticide with an insect growth regulator 
(IGR) pour-on for topical application to control lice on dairy and beef cattle and calves.

The compound chosen must be appropriate for the animal’s age, reproductive status, and 
production system. The treatment of meat and dairy animals must be restricted to uses speci-
fied on the product label, and all label precautions should be carefully observed. Appropriate 
meat and milk withdrawal times must be observed. In most countries, regulatory agencies 
specify tissue residue limits of insecticides and carefully regulate insecticide use on livestock. 
All regulations are subject to change, and pertinent current local laws and requirements 
should be determined before treatment [5, 27].

Research on the use of entomopathogenic fungi (Metarhizium anisopliae) for the biological con-
trol of lice has shown promising results.

By the Parasitipedia.net for the time being, there are vaccines that will protect cattle by 
making them immune to lice. There are repellents natural or synthetic that will keep lice 
away from cattle. And there are traps for catching cattle lice. Insecticides must be used 
properly to achieve satisfactory control of lice. Many louse-control products require two 
treatments, 10 to 14 days apart. The second treatment is essential to kill newly hatched lice that 
were present as eggs at the time of the first treatment and were therefore not killed. Failure to 
make the second treatment in a timely manner will create problems requiring many more 
subsequent treatments [3].

8. Conclusions

Many factors can cause susceptibility for louse infestation (stress, pregnancy, lactation), 
which is important to produce optimal husbandry conditions as well as optimal animal feed-
ing. Feeding cattle a high energy diet and maintaining uncrowded conditions will reduce the 
chances of a louse infestation. When the infested animals became asymptomatic, on the hid-
den surface of the body (anal or pubic region, ridges), the louse can survive. The introducing 
of new animals in the herd realize necessary only after investigation of these on louse infesta-
tion and use of acaricide. Secondary bacterial and viral infections may also occur, resulting in 
a different (e.g., mange like) lesion. The regular disinfection of infested herds and all articles 
that infested animals may have come in contact with are essential too, for preventing further 
lice infestations. Specific lice control products can be more effective than integrated pest man-
agement principles, which indicate that it is preferable to use a narrow spectrum or specific 
product for each pest.
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