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Preface

Essential amino acids, the majority of which come from consuming meat, are
necessary for the growth and development of the human body. Usually, humans
consume the meat from poultry, mid-sized animals like goats and pigs, and
large-sized animals like cows, donkeys, camels, and so on. These are the main
sources of meat for daily consumption and are commercially produced on farms.
Wild, as opposed to commercially produced meat, may have value and benefits
for human health; however, more research is needed in this area.

Preservation of meat is important and typically accomplished with refrigeration.
However, refrigeration requires large amounts of energy. New advances in food
storage along with traditional techniques may lead to the development of low-energy
solutions that preserve the nutritional value and taste of meat. In other words, it is
necessary to produce and preserve meat at low cost at both individual and commercial
levels so that all people have access to affordable meat with high nutritional value

(i.e., contains essential amino acids). There is a great disparity in meat access and
consumption. Wealthy people have been accused of overconsuming meat, whereas
less wealthy people may not even have access to meat.

The ultimate goal of consuming meat is good health. There are many meat-borne
diseases due to unhealthy handling and consumption. Recent evidence from large
prospective US and European cohort studies and from meta-analyses of epidemio-
logical studies indicates that the long-term consumption of increasing amounts of
red meat and particularly processed meat is associated with an increased risk of
total mortality, cardiovascular disease, colorectal cancer, and type 2 diabetes in both
men and women. The association persists after the inclusion of known confounding
factors such as age, race, body mass index (BMI), history, smoking, blood pressure,
lipids, physical activity, and multiple nutritional parameters in multivariate analysis.
The association has not always been noted with red meat, and it has been absent
with white meat. There is evidence of several mechanisms for the observed adverse
effects that might be involved; however, their individual role is not defined at
present. It is concluded that recommendations for the consumption of unprocessed
red meat and particularly of processed red meat should be more restrictive than
existing recommendations. Restrictive recommendations should not be applied to
subjects older than 70 years of age, as the studies quoted herein did not examine this
age group and the inclusion of sufficient protein supply (e.g., in the form of meat) is
particularly important in the elderly. This is a challenge for public health.

To promote people’s health, existing and ongoing research is not sufficient. Clear
policy interventions are also needed. Poultry and livestock contribute greatly to

the GDP of countries. Globally, livestock production currently accounts for some

40 percent of the gross value of agricultural production. In industrial countries, this
share is more than half. In developing countries, where it accounts for one-third, its
share is rising quickly; livestock production is increasing rapidly because of growth
in population and incomes and changes in lifestyles and dietary habits. Thus, it

is necessary to formulate policies on meat production as well as consumption to
balance public health and the economy.



This book covers a wide array of topics related to meat and nutrition. Chapters
present recent research on the production, consumption, and handling of meat.
They also explore the nutrient value of meat that is not commercially produced.
This book is important for academicians, researchers, policy makers, and
entrepreneurs who want to invest in poultry and livestock.

Dr. Chhabi Lal Ranabhat, Ph.D.

Health Service and Policy,

Department of Public Health,

Manmohan Memorial Institute of Health Science,
Kathmandu, Nepal

Global Center for Research and Development,
Kathmandu, Nepal

Pai Chai University,
Daejeon, South Korea
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Chapter1

Inequality: The Dangers of
Meat Haves and Have-Nots
in a Nicotinamide-Adenine-

Dinucleotide World

Adrian C. Williams and Lisa J. Hill

Abstract

Our evolution and recent history can be seen as a “World Hunt” for meat as part
of an omnivorous diet. Meat contains key micronutrients namely Nicotinamide
(vitamin B3) and methyl-donors with deficits causing pellagra, an archetypal dis-
ease of poverty. Inequality is a leading ultimate risk factor invoked in the aetiology
of common diseases let alone threats from climate change and pandemic triggered
catastrophes. We hypothesize that the origin of inequality was our evolutionary
and nutritional move from equal to unequal sharing of the meat supply some 10-20
thousand years ago. High meat intake may have bioengineered powerful ruling
classes and lower intake the proletariat with higher fertility, but inferior (brain)
health. A fairer quantity of a safer meat intake in future should moderate global
variances of fertility, height, health, and prosperity. Death rates of acute infections
including emergent zoonoses (such as COVID-19) and chronic infections (such as
TB) should fall as might the incidence of some diseases of affluence. Meat justice by
improving human capital could make redundant superficial markers, such as skin
colour, used to discriminate against peoples and heal a divided world.

Keywords: Disease Transitions, Demographic transitions, Anthropocene,
Nicotinamide, COVID-19, ACE2 receptor, Tryptophan, Multiple sclerosis,
Tuberculosis

1. Introduction

Prelapsarian human nature was egalitarian sharing animal products that are
the main sources of nicotinamide, tryptophan and methyl-donors. The origin of
inequality was in the Mesolithic with unequal sharing of meat creating phenotypic
variety in a genetically homogeneous population (genomes were later modified
by nutrition and infection [1]). A high meat intake allowed for a ruling intellec-
tual class and a lower intake worker class with higher fertility but poorer health.
Meat intake currently manages hundredfold variances within a global annual 300
million metric tonnes (was 7 million in 1960 and could rise another 75% by 2050).
Meat inequality is high and for billions their slice of the “meat-loaf” is wafer-thin
undoubtedly affecting their well-being. Wells, 2016, threw down the gauntlet: “If
we cannot define the link between nutrition and power we will never gain the power
to resolve global malnutrition and its numerous costs” [2].
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2. Extreme meat inequality: the forgotten case of pellagra

Indeed inequality is generally held to be the pernicious culprit responsible for
many medical and social ills faced by food-insecure billions that can lead to trade-offs
between survival with high fertility but poorer health and shorter lives [3-8]. As
defined by Bellamy (1897) the basis of equality is when ..there are no more a-hungered”.

An iconic example of a nutritional trap is when a low meat intake risks the
degenerative condition pellagra whose sufferers, with inferior cognitive and social
intelligence, were ostracised as the “Butterfly caste”, and contracted infections such
as tuberculosis (TB) also closely linked with poverty [9, 10]. Terms used to stigma-
tize, shame, blame and pillory pellagrins are still in common usage today to keep the
poor in their place. Worse was the call for forced sterilization based on eugenic and
racist policies building on the “myth of the lazy native”. Yet there turned out to be a
biological and trans-generational explanation for this man-made layer of destitu-
tion preventable by public health means.

3. A desire for meat

Nutritional traps drive a “flight to quality”, as noted by Ernst Engel in the 19th
Century [11]. As the price of bread falls or when incomes rise people spend less on
starches but more on meat up to a point. This gastronomic desire extends to can-
nibalism documented in the Magdalen (30,000 years ago) as funerary defleshing
and later ritualised by states short of meat in Central America or, as infanticide or
witch-hunting [12, 13]. Cannibalism has proponents for a “materialist” theory and
the need for protein but it is also a symbol of “savagery” giving many an excuse for
racism, slavery and “civilising” colonialism [14]. In retaliation cattle-based original
capitalism and its descendant expropriations of land and nature has been convinc-
ingly called “cannibal capitalism”

Rich Americans eat more than their body weight in meat every year whilst many
in the “Global South” are on negligible amounts. Developed countries are not immune
as their poor, often children and minorities, fall below “Eat Well Plates” as witnessed
by the rise of food banks and the recognition of place based food deserts where good
food is unavailable. This also creates (obesogenic)socio-ecological environments that
argue against neoliberal paternalistic views on the incompetent poor having “mis-
managed lives” that need to be disciplined or shamed, stereotyped as “chavs” and
stigmatized by “body fascism” or politicized by neoliberals as “deplorables” - as were
pellagrins in their pathological NAD-deficient food-scape in “Foucaultian” fields of
lost-power and little choice. Geographical meat transitions are still occurring though
not everywhere: in 1962 the average Chinese was eating 4 kg pa but now that figure
is 60 kg pa and rising fast towards the American average of 120 kg pa. Ten calories of
animal feed produce 1 calorie of meat and need enormous quantities of water, oil, fer-
tilizers, pesticides, and antibiotics let alone consumption risking dangers from food
poisoning and zoonoses with human and economic costs [15, 16]. Given all that, and
given animal rights abuses and that meat producers are high contributors to global
greenhouse emissions, one would hope that there is a sound biological demand rather
than a higher supply on the market for “showing off” .

4. Demography and subsistence are key considerations

Modes of subsistence and demography are the place to start a quest for the source
of inequality [17, 18]. Malthus noted that poor parishioners reliant on cereals had high

1
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rates of baptisms relative to burials sparking concern that their high fertility led to
cycles of deprivation [19, 20]. He commented on the sparse numbers of the more car-
nivorous hunter-gatherers and that population densities increased exponentially with
cereal based agriculture. Conversely Boserup suggested population pressure increased
agricultural innovation to cope and De Castro’s “Geography of Hunger” (1952) pointed
out reverse causation was at play in that global epidemiological and experimental data
suggested that a degree of malnutrition increases fertility and quoted Doubleday’s
“True Law of Population” (1853) on high meat intake decreasing fertility.

Fertility may have a “U” shaped relationship with meat intake. Low nicotinamide
in diet leads to its synthesis “in house” from the degradation of tryptophan. This path-
way is an “immune tolerance” mechanism that can welcome foreign antigens such
as the foetus or symbionts, but risks dysbiotic and acute infections - and may switch
to immune intolerance as the nicotinamide dose increases [14, 15]. Teleologically
this allows “baby booms” as diet improves when emerging from famines and for
slight changes in fertility that compounded over generations alters trajectories from
extinction to strong growth and for shifts toward quality over quantity of offspring
[21, 22]. Disease inequality could derive from subpar meat intake and nicotinamide
related biochemical and epigenetic mechanisms to affect “human capital” with
other life-history trade-offs and dietary mismatches over lifetimes then forming the
developmental origins of adult disease (DOHaD) and late-life and transgenerational
inequality [23, 24]. Current demographic and disease correlations with factors, such
as education, may be hiding a “lurking” variable of food, particularly meat, resource;
this systemic dietary inequality was not present in our “deep” history [25, 26].

5. Meat and brains: “Planet of the Apes”

Primordial pecking orders with dominant alpha males or females were more over
access to mates. At the time of the “Great Divorce” Homo increased meat intake,
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Figure 1.

Meat and Nicotinamide dosage steadily increased during our evolution up until the time that we became
behaviourally modern. Human brain size increased and got move globular with Broca’s and pre-frontal and
parietal areas becoming prominent and better connected using newfound neurotransmitter and neuroendocrine
facilities. However fertility and population sizes were low, with several extinctions. The advent of a more plant
based, and lower nicotinamide dosage, diet led to populations expanding but brain and body size got smaller
and infectious diseases emerged.
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sourced on the savannah, became reproductively isolated (“kissing cousins” on
forest edges excepted) and at a fork in the road speciated (Figure1) [27, 28].

6. Food and fortune

Trans-continental food quests with the prosocial and technological skills for
hunting catalysed the NAD (H) based energy rise required for high general intel-
ligence in positive feed-back loops [29, 30] (Figure 2). Hunting parties crossed the
globe extirpating animal, bird, fish, or sea-mammal species in their wake.

Homo sapiens and Neanderthals independently evolved large brains on high meat
diets but both species were “thin on the ground” with populations that “tottered”
with local extinctions and population bottle-necks that led to the exponential
expansion and cultural flowering of one but the simultaneous extinction of the
other [31, 32]. Homo sapiens honed in on the difficult to digest and toxic plant
foods detoxified by cooking and xenobiotic enzymes in a cultural and genetic
co-evolutionary approach [33, 34]. This move down the food chain along with pro-
fertility cultural innovations, exemplified by cosmetic ornamentation and seductive
figurines, perhaps rescued us from extinction [35, 36].

-'/ l
/ Citrie Oxidative 1.0
CARBOHYDRATE acid Phosphorylation /
GLYCOLYSIS cycle

Figure 2.
NAD is the crucial carrier for our high energy Hydrogen based needs for optimal brain function in a
“NAD World”.

7. At human evolution’s heart was meat-centred equality

Hunter-gatherer social norms were egalitarian sharing meat with kin and
non-kin, at least within the reproductive in-group. Land was then a shared “com-
mons”. Social animals fight for the spoils even when they are by-standers - so this
was our “social leap”. Leaders only existed for time limited tasks. “Stag Hunt” and
“Ultimatum” games demonstrate a residual sense of fair play in contrast to the mis-
anthropic “Homo economicus” depicted in the “Tragedy of the Commons” [37, 38].
This redistributive system created the most long lived economy in our history
with ample leisure time and was the dietary evolutionary environment to which
we adapted [39]. Adaptations have occurred since (such as lactase persistence)
but a mismatch with this “Palaeolithic” diet may still be relevant to modern day
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illnesses - particularly for the poor or the post-reproductive who are of an age
when selective pressures to adapt are attenuated implying that their metabolism, in
particular, would perform better on the long-abandoned ancestral diet [40, 41].

8. A more variable subsistence package developed

Horticulture emerged in the Mesolithic in marshlands and uplands. Communal
village “nests” allowed storage, helped by pottery, and pans for vegetable and meat
stews [42, 43] and veneration of fertility and diet - later examples were Ceres,
Maize, and Bull cults [44]. A sexual selection process included language, dance,
laughter and cooking domesticated and “civilized” us encouraging our reproduction
and controlling the reproduction of domesticates [45].

9. The “great disequalization”: outer walls inner castes

There was a lag of some 5000 years between gardening and Neolithic agri-
culture and aquaculture that started in arid zones between rivers suitable for
irrigation or flood-retreat alluvial zones. Another long gap exists before city and
national walls. Walls kept out pastoralist egalitarian barbarians and their meat
surpluses traded or raided for grain - and kept in a populace with their cereal
surpluses that could be taxed by rulers [46]. Cities record social stratification with
kings, priests and military elites feasting on quality foods and waging wars over
meat resources. Nobles were taller and healthier and better educated as a “cogni-
tive class” not unlike our well-fed “meritocracies” [47, 48]. This disequalization
event perhaps started earlier in a mosaic such as in the sedentary Nafutian culture
but wherever it occurred a relative shortage of meat fits the facts well: inequal-
ity even developed in non-agricultural communities who needed technological
advances such as ocean-going canoes or horses to hunt new sources of meat as it
ran out [49].

Much has been made of class differentiation in Eurasia being more over the
quality of food but over the quantity of food in Africa however if meat is the
crucial factor, and manners, spices and sensuality more superficial, this para-
dox disappears as meat was more of a luxury in equatorial Africa [45, 50]. The
importance of meat is shown by cattle as capital with transfers in “bride-wealth”
dowries and as a universal central-dish in feasts [51]. Crucial determinants of
inequality were ownership of land and livestock that could be inherited with Gini
coefficients as low as .25 for foraging hunter-gatherers compared to .5 amongst
agriculturalists.

10. Stocks and trade: an overdue tribute to “Barbarians”

Savvy pastoralists at independent sites developed dairy that as a source of nico-
tinamide riboside could explain the convergent genetic evolution of lactose toler-
ance and the cultural evolution of fermented yogurts and cheeses [52, 53]. Steppe
peoples and their ideas spread across Europe around 2500 BCE, replacing or amal-
gamating with agriculturalists as did later mounted pastoralists [54, 55]. The fall of
the Roman Empire on a diet of “bread and circuses” and many pandemics allowed
Germanic pastoralists with their pedigreed animal husbandry to overwhelm a cereal
dependant system (with its “agri deserti”) and Roman deserters [56].
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11. See-saw cerealization: meet thy maker and breaker

A Green revolution around 1000 AD with unification of African and Asian
crops now with rotations and multiple planting seasons during a warm medieval
period allowed further “Cerealization and Calorie-ization”. The social gulf between
meat-eaters and grain-eaters was a cultural fact of life with social penalties for
transgressors [57, 58]. Populations boomed then busted with the Black Death [59]
then recovered slowly on the higher meat diet available to the survivors whose
better human capital may explain the rise of Europe.

12. Old and new worlds: all things (NAD) were not equal

American megafauna, as in Australia, had unlike the “Old World”, no prior expe-
rience of resisting human predators leading to their easy extinction as the hunters
arrived 10-15 thousand years ago. The New World thus had less animals in general
and were unlucky with their limited choice of domesticates, given no sheep, goats or
cattle. Comparison between Old World social structures and the New World shows
that the latter were the less stratified with less inherited wealth [60]. Old Babylonia
yields a Gini of .40 whereas near contemporaneous Teotihuacan scores a low Gini
of .12. Similar observations were made in China with its low level stratification and
pigs but no draft animal’s supports availability of “food on the hoof” as the driver
rather than animal labour. This all suggests a “U” shaped curve with high and low
meat intakes favouring egalitarianism and collectivism but somewhat constrained
meat supplies leading to stratification (later in North America an abundant meat
supply was an explanation given for the lack of socialism and high stratification “on
the shoals of roast beef and apple pie” [61]).

The Columbian exchange exported maize and tubers east in a non-uniform fash-
ion, driving local population explosions. In exchange ungulates were introduced to
the New World. Breeding rates were extraordinarily high so much so that ecological
damage was caused by often feral “plagues of sheep” (that compares with “plagues
of corn” in Europe). 17th C Spanish and Portuguese ranchers maintained herds
of 7-10 million animals producing a surfeit of veal in industrial scale pastoralism
[62, 63]. However introduced zoonotic diseases, such as smallpox, decimated local
populations immunologically weakened by their low meat/high cereal diet as much
as by lack of “herd resistance”.

Observers noted that as meat intake increased Native Americans health
improved and they became, they thought by Galenic “humoralism”, more Spanish,
partially reversing concerns about racial decline with inter-marriages but still
creating new castes with the poorest Amerindians displaced to reservations unable
to hunt [64]. One astute writer (1596) presciently noted that “meat generates
superfluous humours so they now sneeze as we do” suggesting an early switch from
infectious to allergic disease - a phenomenon repeated in the late 19th century as
meat intake recovered from an earlier fall in Europe as we discuss later [65, 66].

Maize went east as an important part of the Columbian exchange but of all
the cereal staples it has the lowest concentration of tryptophan and nicotinamide
so much so that there was an evolutionary drive to cook in a (female)labour
intensive process with alkali producing “nixtazmel” in Mesoamerica; but this
culture or even mixed planting and eating with beans was not exported east put-
ting those in the east at a higher risk of pellagra — despite this maize was popular
as it adapts to variable altitudes and water supplies with high yields unlike wheat
or rice [67, 68].
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By contrast with successful pastoralists then nowadays many herders are poor.
This reflects changes in the meat market with more advanced societies distancing
themselves from zoonotic risks by industrializing meat production. Pastoralism
per se is no advantage unless it allows the owners a higher income or access to their
own animal source foods free of contamination [69].

13. Meat elites: NAD “us and them” co-operations and conflicts

We argue that a sliding rule of meat intake benefits states as well as classes by
engineering upper “expert” classes with high longevity (adding to their crystallised
intelligence) to the lower classes with their “essential” but often poorly paid and
dangerous front-line jobs, but higher fertility. As Henry George said in 1879 “This
association of poverty with progress is the great enigma of our times; not to answer is to
be destroyed.”

At a more macro- level a latitudinal gradient in food-getting technology to
catch prey in the more animal dependant climes exists and once weaponised
fuelled northerner’s fire-power as perhaps did their more individualistic culture
[70]. Luminaries such as McNeill and Maddison mention transatlantic meat flows
alongside technological nous in their expositions on the rise of Europe [71, 72].
Colonialism and World Wars aimed to ensure enough pastureland for the winners
and at the same time cutting off the colonies or enemies food supply inflicting
developmental and epigenetic scars on the losers, as documented in the Danish
“Hongerwinter” of 1944 [73, 74].

14. Skin colour and nicotinamide

Variation in human skin pigmentation, whether from genetic polymorphisms
or tanning, is the most important physical trait used to instantly categorize human
groups and individuals [75, 76]. Pale skin has the adaptive advantage in low UV
environments for vitamin D production. Darker skin protects against the rash of
pellagra and the closer to the equator the more populations were at risk as the meat/
vegetable ratio falls compared with temperate and polar climes. Resistance to the
rash is good short-term but as it serves as an early warning to (self-)treat before
more serious and harder to spot effects on cognition it may be disadvantageous at a
population level and opens a door for discrimination.

The idea of intellectually and morally inferior races based on complexion (that
otherwise seems absurd), accelerated with the scramble for Africa and Atlantic
with slave-owners conveniently believing whites and blacks were different species
- views that others did their best to dispel “God hath made of one blood all nations
of men”. Links with low meat intake go back to Saharan trades with captives turned
to slaves from civil wars usually over the meat supply as equatorial pastoralism is
harder. Local ungulates resisted domestication and are threatened by large carni-
vores and year round transmission of vector-borne diseases in the vast tsetse fly
belt - and by rapid proliferation of pathogens in food in the heat.

Many believed they were sold for cannibalism but in fact died in droves in the
sugar plantations of the Caribbean; in the Americas they were fed somewhat better
such that fertility rates allowed for generations to be born in slavery - but were not
so well fed as to avoid pellagra particularly after emancipation and neoslavery
[77-81]. Policies directed at indigenous and imported peoples were early assimi-
lation or attempted annihilation if expropriating hunting lands. “Buffalo Bills”
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executed their bison but “last drop of blood” segregationist policies allowed
reproduction if more after labour - either policy conspired to deliver an inferior
diet for many [82]. In contrast to the Comanche and their colleagues, cattle now
fenced in by barbed wire on ranches and ranges and protected in a “6-shooter colt
and cowboy empire” created a beef and red meat republic. Industrialized meat
processing, as in Chicago, followed with an international capital market aided by
steam railroads and ships with refrigeration.

Confederate cotton states that housed pellagra were in the forefront of suprema-
cist “White privilege” “Klansman” and “America First” thinking. The common inter-
ests of this multi-colored underclass were muted by racial tensions encouraged by
white elites to divide and rule the workers and were even written into national and
state constitutions and (Jim Crow) laws. W.E.B. Du Bois writing after the American
Civil War referred to a divisive dignity with being white seen as a substitute for
inclusive economic policies that could have improved diet for all assembly-line and
other workers: degradation of black labour being seen as more important than uplift
of white labour. Even the 1890s Farmer Alliance bottom-up populist movements
were weakened by segregation and racism and undermined later “Wars on Poverty”.

Others were not immune as poor Italians, Irish and Gypsies or even alcohol-
ics in degenerate “drinking classes”, also prone to pellagra, are often considered
inferior races [83]. Genocidal thinking against others, such as Jews or the Tutsi
tribe, may be because they were thought superior but these are historical excep-
tions as are those examples of collectivist and communist anti-middle class
agendas, such as in China, Russia or the Cambodian Khmer Rouge. Most of
the rest are subject to well fed “White Anglo Saxon Protestant (WASPs)” and
Western, Educated, Industrialized, Rich and Democratic (WEIRD) people being
in charge though this in reality may allow for the mediocre to flourish. Diet and
type of agriculture when contemporaneously studied across America or across
countries affects cultural norms from “tightness” to a “looseness” that supports
a more individualistic and entrepreneurial society with extreme wealth inequal-
ity — “tightness” maps closely to former pellagra states or cereal based cultures
and collectivism with a high incidence of chronic infections and other signs of
poor development [84, 85].

15. Beyond the pale: pellagra and the undeserving poor

The “undeserving poor” whether amongst white skinned “Hillbilly” rural classes
in America or in England (originally noted by Cobbett in 1872) were prominent
sufferers from pellagra and like poor blacks attracted the attention of eugenicists
and social Darwinism although, to be fair, more positive “social hygiene” ideas
targeted diet and education [86]. Developmental impairments may have spawned
the “sciences” of phrenology, physiognomy and craniometrics that helped create
myths about black racial groups having deficits in brain capacity.

Push-back has occurred with peasants, slave (“Black Spartacus”), and many
indigenous people’s revolts although poor diet may weaken resistance. Pellagrins
had specialist trade unions and newspapers “Il Pellagrasso” and, driven by
“Pellagraphobia’, “Pellagrasorium” hospitals. School meals welfare programs have
a surprising history for example in being promoted by the activist Black Panthers
despite attracting heavy opposition from the FBI who perhaps realized those at the
knife-edge had got to the heart of the matter of connecting diet to power and the
political economy [87]. The rise of the middle classes and enlightenment thinking
on food and the first restaurants insisted on regimens elaborating on meat and 2
vegetable based diet [88, 89]. Frustration such as by the 20th C solidarity movement
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in Poland was driven by annoyance at queueing, often unsuccessfully, for meat that
eventually freed them and others of the communist yoke [90].

16. Poor immigrants emigrating for meat

“Out of Africa” hunting parties from around 70,000 years ago (and earlier for
our hominid ancestors), was driven by the need for meat. Later meat food-ways in
the age of migration and the “hungering for America” came from groups known to
be pellagra prone such as the Irish, Italians and Mexicans. Once arrived, they ate like
the aristocrats they had left behind. Similarly the African-American northern “great
migration” around 1879 of some 6 million freed “Exodusters” were fleeing from the
pellagra-prone southern states. The initial poor state of all such immigrants, that
included smallpox outbreaks in slums, contributed to xenophobic discrimination as
did their high fertility setting off worries about degeneration and displacement of
the local whites [91, 92].

17. Gender, religion and nicotinamide

This worry overlaps with gender inequality that explores a similarly dark
history. Female sex, like colour, compounds risk factors for pellagra with men, the
“bread-winner bringing home the bacon” and also the “carver” controlling and
rationing the meat amongst family members being given priority over women. This
long standing dietary disadvantage and lost privilege over meat rations may have
increased fertility but could have spawned much male entitlement including to sex
(sometimes traded for meat) [93]. High fertility, as already mentioned attracts criti-
cism as “Welfare Queens” and the attention of eugenicists, family planners, and as
a part of “Great replacement theory” these worries intersect with antipathy to rival
religions that promote reproduction and rely little on converts.

18. Occam’s razor: real bias is against the less educated

Intersectional and multiplicative effects of these injustices and many exceptions
from superficial markers, that may reflect the cultural schisms and “identity poli-
tics” of the day, is compatible with a common more material and tangible cause in
diet. Indeed the politics of recognition may at times be at odds with the political and
human need for redistribution. Diet induced poor cognition that, if unrecognized,
neither allows for equality of opportunity or for society to show solidarity with
those who do not rise (even though essential workers), leading to their segregation
or even incarceration [94-96]. Data suggests that the college educated “meritoc-
racy” (usually well-fed), have more bias against the less-educated than they do
against any other dis-favored group as a “tyranny of merit” . This is even true of
America’s black upper class that originated in freed slaves, or because they worked
inside the master’s house, that had a better diet than field slaves and more access to
educational material. Dietary differences could explain disparities between com-
munities given that success differs between black Caribbean’s and black Africans
with both performing better than poor whites and neither better than rich Asians
or rich Whites. Lower IQ, often in the “Imbecile” ran were core features of “pel-
lagra sine pellagra” who frequently failed the very basic tests required to join the
military. A good diet was important to the evolution of “WEIRD” people [97]. The
net track record of such intellectuals realizing they are part of a “meat elite”, rather
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than having a superior genetic or racial endowment, or in sticking up for the poor
or racial groups or falsely believing in an overriding role for artificial selection is a
classic “trahison des clercs” [98].

Dietary head starts also define Diamond’s milestone hypothesis on global faunal
inequality with “lucky latitudes” for farming at the onset of the Anthropocene.

19. Meat inequality: the climate link

The origin of the climatically benign Holocene heralded the “Anthropocene”
that consists of a series of horticultural and agricultural developments - some even
call it the “Plantation-ocene” [99, 100]. The Anthropocene influenced climate by
deforestation and terraforming affecting CO, and methane emissions from rice
production and animal domesticates keeping the benign Holocene climate roll-
ing [101-103]. These arguably reversed temporarily after the pandemics of the
Columbian collision - as the 1610 “Orbis spike” — and a “Little Ice Age”. An unho-
mogenised intercontinental meat supply and green agricultural advances has ever
since driven population explosions of both domesticates and ourselves. Alongside
the advent of fossil fuels and artificial fertilisers these have conspired to become
major contributors to climate change with further inequality in ruptured “Sacrifice
Zones” characterized by low to negligible meat intake variances that make for both
a “Meat-obscene” and a “Planet under Pressure.”

20. Farewell to alms — one for all and all for one

Dietary variances may allow some wanted diversity and plurality but meat
became the origin of inequality however this was against strong resistance as
reflected in a fitful history over the right for a balanced diet that we will now
summarise [104]. As has been said “The arc of the moral universe is long but it bends
towavrds justice”

Aristotle first proposed that government provide good nutrition by means tested
communal meals and that private land could be used by people in need so that all
could flourish. Utopian thinking pleading for public help for paupers such as by 4™C
Saint Ambrose —“the earth has been created in common for all, rich and poor” — and the
13thC Thomas Aquinas and 16thC Juan Vives and Thomas More argued that stealing
if hungry was not a criminal act with the latter in his Utopia (1516) first suggesting
a Universal Basic Income. Later John Locke (1689) a strong supporter of the state
protecting the sanctity of private property rights excluded cases of “pressing Wants”
where stealing if hungry could be justified - “God hath not left one Man so to the
Mercy of another, that he may starve him if he please”. Thomas Paine (in 1796 irritated
by a bishop preaching “God made rich and poor”) argued for redistribution “not
bounty but justice”- not with scraps, crumbs or handouts but compensation for lost
farmland to “buy a cow and to cultivate a few acres”. Howlett however insightfully
felt that opposition came from a gravitational pull to increase fertility and to create a
paid male and unpaid female labourer class to provide social reproduction [105].

There was further intellectual support in early “socialist” and (French and
American) revolutionary thinking of provision as a right not as charity. Thomas
Spence’s pamphlet (“The Rights of Infants” 1797) and Charles Fourier are good
examples —“If the civilised order deprives man of hunting, the class that took the land
owes to the frustrated class abundant subsistence”. Von Humboldt with like-minded
agrarians including Goethe and Jefferson and Madison in the infant USA under-
stood the effects of colonialism and deforestation and the need for less parasitic
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approaches to nature bucking the biblical “dominion over all the earth and every
creeping thing”. Many empires encountered local resistance and insurgencies

such as the Indian Mutiny of 1857 with early dissent from universalist thinkers
who eschewed biological racism and believed all men to be equal such as Burke,
Bentham, Smith and Diderot (1780) were concerned about European explorers,
pioneers, and colonialist unjust and attitudes “instead of recognising this man as a
brother, you see him as a slave”. This enlightened attitude later lost out to civilising
missions of “backward societies” and the frontier spirit, supported by Mill and
de Tocqueville, and racial ideas of white superiority mitigated but not solved by
Wilberforce and the anti-slavery movement or the American civil war.

21. Enclosures, empires and the “third world”

Oppositions to underhand removals and expropriations of common pasture-
land from serfs are recorded. Resistance included the Magna Carta (particularly
the Charter of the Forest (1217) that talks about “common herbage”) and the
17th Century leveller movement and opposition to the notorious Black Act (1723)
[106, 107]. Poachers and commoners even blackened their faces to disguise their
identity and to show solidarity with slaves. Nevertheless Arcadian grasslands got
eroded by the “enclosure” movement and punitive laws for poaching and the birth
of “Enemy of Nature” capitalism with its exemplar lack of recycling manure as
natural nutrients back to the soil and “metabolic rifts” as first proposed by Marx.
Enclosure of pastureland is also associated with the concept of “social closure”
when scarce resources only get shared with those of the same class such as certain
clothing and education — and the rich monopolising a gourmet taste for meat [64].

Dietary ideals sank into oblivion with imperial grabs of land creating “new
Europe’s” with “cash crops and stocks”, mining of bones from Napoleonic battlefields
and importing guano for fertiliser, and the “triangular” slave trade. Governments
and companies employed armed forces to crush uprisings with “scorched earth” cam-
paigns leading to famines and genocides creating the third world by kyboshing local
development and introducing pellagra-genic maize [108, 109] (Figure 3). Imperial
interlopers farmed then imported cattle or taxed locals providing themselves with
a ‘free lunch’ resulting in “slow violence”, “long dyings”, “zones of abandonments”,
“necropolitics” and “tristes tropiques” and “Victorian holocausts” with both ruins
and ruination [110]. Other plunders and blunders include the ugly histories of the
Irish famine, the Scottish Clearances, the Soviet war on the Kulaks, the US “dust-
bowl” and the Chinese Cultural Revolution. Colonial near starvation led to debilitat-
ing phenotypic adaptations (in survivors) often acquired in childhood in “metabolic”
ghettos, such as by Native Americans and Aboriginal peoples thrown off their
hunting lands; or later as in the legacy in the Caribbean of a low meat/high sugar diet
followed by a western diet triggering the “double burden” pandemic of metabolic
(“amputation capitals”) and cancerous syndromes [111]. Slave trade reparations were
not given to the slaves or to their epigenetically affected descendants however there is
some history of trying to help the poor locally [112].

22. From poor laws to meat rations
Elizabethan poor laws were a reaction to the dissolution of the monasteries and
aresurgence of “Royal Forests” that reduced common pastureland. The 1834 poor

law with workhouses and means testing legitimized the concept of the undeserving
poor and resulted in Edwardian slum-dwellers being no better off than the later
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GDP falls as a % of British GDP became extreme in colonial times. Low meat diets in China, India and Africa
compared to Europe and Novth America created the “thivd world”. This dietary inequity is unvavelling in places
with the “tiger economies” undergoing “meat transitions” developing the fastest.

starving victims of Somalia or Rwanda. Poor diet came to the fore when the state of
recruits to the Crimean and Boer wars affected the country’s defenses with hunger
marches adding to the pressure.

Initiatives such as a broader diet in WW?2 rations and school milk and meals
improved health and infant mortality as did “cradle to grave” welfare states. Lessons
on the primacy of diet still got forgotten and never rolled out internationally
despite experimental evidence that poor diet influenced individual, class, tribal and
national success [113].

More evidence on diet comes from the Indian caste system as the lowest
untouchable class (Dalits) in a “metabolic ghetto” were short and unhealthy on
rice and vegetables compared with Brahmins (who ate nicotinamide rich buffalo
milk, yogurt and butter) and other castes on wheat and meat. In Kenya the meat
and blood eating Masai were taller and healthier than the vegetarian Kikuyu tribes,
who suffered greatly from TB. Specific mention was made of the near impossibility
of modernising in the Caribbean on a plantain diet yet botanical benevolence, such
as introducing sago plants and breadfruit, was commoner than promoting meat
perhaps as the immediate pressure usually seemed to be about bread.

“Flour wars” have triggered the downfall of empires and aristocracies such as
in 18th C France and early 20th C Russia and along with the British experiences in
Ireland and Bengal and the recent bread riots in the Arab Spring uprising suggest
that the food supply chain is an iceberg underlying stable societies and financial
markets. Governments and commerce should aim higher than avoiding caloric star-
vation [114]. Indeed WW?2 rationing was thought to have made class war obsolete
with a nutritional egalitarianism, that covered meat and milk, and led to a 30 year
upswing in equality lasting long after the normal levelling effect of the exigencies
of war [115, 116]. This temporary upswing included “sharing the prize” with black
southerners in America helped by the civil rights revolution that had not happened
with the 1930’s New Deal that was, despite some good aspects, racialized on housing
and jobs and therefore the income to buy meat [117, 118].
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23. Tiger economies — a unified field and food theory

The age of Industrialization increased the gap between the North Atlantic states
and the rest of the world: the former had high meat intakes with the “laggards”
being cereal dependent. Japan overcame Buddhist piety that proscribed consump-
tion of four legged animals and both imported beef and altered their class system.
Later “Tiger” economies built arcs of food security less hooked on subsidised
cereals and more generous on the more elastic need for meat. They realized, or
were advised, to “use it (their land) or lose it” risking become “banana” republics.
The lesson of the 19th C Ireland “meat republic” is apposite as the Irish landowners
exported cattle to the UK whilst their own cottager population boomed on a poor
potato diet until blight led to widespread starvation and emigration [119, 120].

China followed suit, after disastrous collectivist experiments when some 45 million
people starved, and massively increased meat consumption surging to the forefront.
India have followed but with lower increases in meat consumption (and lower
growth), as has Latin America but not sub-Saharan Africa. Cuba managed with mod-
est increases in meat consumption to demonstrate beneficial effects on measures of
health and happiness [16, 121]. Such countries achieved modernity with no significant
aid that usually came as subsidised cereals or the “Green Revolution” as in much of
Africa [122]. Cereals and sugars along with apartheid thinking of Africans being inher-
ently poor unscientific farmers in “cattle complexes” considered as wealth not food in
a “malnutrition syndrome” (whilst valuable food is exported) to create a vicious cycle
leading to “starving on a full stomach” and micronutrient deficiency, including B3/
Nicotinamide and pellagra outbreaks particularly amongst refugees from war. The
paradox here being that Africa has plenty of sun and enormous land-banks but their
agricultural methods and utensils would have been familiar at the time of Christ creat-
ing crop yield chasms with knock-on effects for animal fodder and meat intake.

Tables have been turned in that food exporters are now in the rich world that
subsidises its farmers with the poorest countries off-shoring even grain staples
risking international food spikes. “World-making” needs more international effort
than expecting self-determination to help with diet and could be seen as a practical
reparation [123]. After all, the development of a European core was given prior-
ity over colonial settlers raising cattle for sale at the centre at prices that excluded
the peripheral colony and allowed the industrial “take-off” [124, 125]. The rise of
Anglo-American hegemony and the current convergence in a predominantly Asian
drama that also correlates with meat intake could be enacted everywhere to help
demographic and disease transitions.

24. Levelling playing fields

If looking backward to imperial violations provides no traction risk of pandem-
ics and wars may be the better bargaining tool as poor countries are not, after all,
stationed on Mars [126]. The history of disease and demographic transitions when
the West was just as poor is instructive as progress correlated then to an increased
meat and milk supply and the colonial “klepto-parasitic” meat-trade [125, 127-129].
As Walter Rodney tellingly said in his 1972 book on how Europe underdeveloped
Africa “Pellagra was unknown in South Africa till about 1914”.

Many have commented on the importance of meat and skimmed milk on health
in particular the incidence of TB - and as a cure for Kwashiorkor and is the basis of
many school milk and meals programmes. These early 20th C programmes often
driven by fear of TB were sometimes reversed such as in 1950’s south Africa for
African but not European children as they were “white man’s food!” [111, 130].
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25. Beefed up: Au Revoir “Old Friends” and Plagues

It is difficult to overestimate the pervasive importance of TB the “White Death” in
the 19thC that mysteriously vanished (as did other infections) first in the wealthy as
Disraeli pointed out “Two nations: as if inhabitants of diffevent planets formed by a differ-
ent breeding and fed by a different food — the vich and the poor”. At this time food imports
(the UK at this point accounted for 80% of the trans-equatorial meat trade) were aided
by lower shipping costs, trains and salting then refrigeration [118, 131, 132] (Figure 4).
Better breeding helped as did the rise in the use of poultry. The case for nicotinamide
intake being causal has been that TB excretes and is inhibited by nicotinic acid with
many antibiotics being analogues and that TB incidence always rises on a poor meat
diet [133, 134]. TB’ toxin, an NAD glycohydrolase, depletes the macrophage of NAD
on a cell-death pathway that enables replication and dissemination. Over 300 like tox-
ins are responsible for other pandemics [135, 136] so optimal NAD levels offers “broad
spectrum” protection against many organisms that is lost if diet then deteriorates.

26. Inflection: inflammatory disease in affluent geographies

As TB died down a promiscuous range of auto-immune, inflammatory, and
mind altering “Diseases of Modern Civilisations” took-off alongside infertility, first
in the upper classes who eat more meat [137, 138]. A less plant based diet affects
fermentation-derived short-chain fatty acids such as butyrate that interact with the
nicotinic acid receptor [139, 140]. This flip also relates to the altered education of
immune systems as “Absent Old Friends” affect the differentiation and migration
of antigen-specific protective regulatory T cells and the balance with pro-inflam-
matory T helper 17 (with BCG having mitigating effects). The result is “immune
intolerance” to otherwise harmless antigens and allergic and auto-immune disease
[141, 142]. As already mentioned a prequel took place in the Spanish New World
when those locals on a higher meat diet developed “sneezes”.

27. So long so much auto-immunity — example of MS

Less Tryptophan in diet abrogates pathology in models of multiple sclerosis.
MS is not the only auto-immune disease where one can link diet, microbiomes,
autoreactive T cells, and IDO- 1 mediated tryptophan breakdown [143, 144]. Risk
factors include meat, low Vitamin D, genetic pro-inflammatory predispositions,
and inter-current infections that all affect T cell regulation. Adjusting tryptophan
and nicotinamide in diet could lead to more resilient Treg/T (17) helper cell ratio -
the same mechanism that stem-cells or the adoptive transfer of regulatory T cells,
helminths or microbiomes are thought to work [145, 146].

28. Modern diseases and the ageing stakes — highs and lows

NNMT is a detoxification enzyme reducing nicotinamide levels that controls behav-
iour, neurodegeneration and lifespan by regulating energy, methylome and autophagy.
NNMT is raised in many diseases of affluence whilst NAD levels fall: enzyme induction
could be from high nicotinamide intake [147, 148] (Figure 5). As Brenner has said
“NAD coenzymes catalyse the conversion of everything we eat in to everything we are
and everything we do”. High nicotinamide dosage from plentiful meat and milk often
with supplements may play a part in diseases of affluence as is fairly well established for
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TB, the “White Death,” mortality shown using London data for 1850, TB vanished as meat intake increased -
chiefly from imports (in exchange for cotton goods) that in effect exported infectious diseases to the poorly fed
and low meat tropics.
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Figure 5.
NAD declines with age whereas NNMT levels vise in affluent geographies. Amongst the poor NAD levels would
be low at all ages. Major preventive windows of opportunity present themselves for both rich and poor.

red or processed meat and cancer, particularly colorectal, and deaths and yet in Japan a
“Goldilocks” diet with more meat and dairy is thought to be responsible for a decline in
cerebrovascular mortality and their unusual longevity [149].

29. Pellagra: longevity at a price

Theories on ageing involve nicotinamide: pellagra was a real world case of
premature ageing consistent with rises in life expectancy and lower incidence of
dementia when diet improves [150, 151]. Longevity pathways, are activated by NAD
booster molecules. NAD- rhythms are lynch-pins that explain circadian clocks and
physiological states from hunger to fatigue to stress, and even the effects of alcohol.
Antagonistic pleiotropy, a popular theory for ageing with genes important in devel-
opment having adverse effects from relaxed selection in later life or developmental
run-on includes NAD-consumer and NNMT genes [152, 153].
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Pellagra comprised of dozens of mimics of neurodegenerative diseases and
psychopathology that selectively affect high energy neurones in complex synaptic
circuits. Topical explanations invoke proteinopathies, mitochondrial failure,
inflammation, oxidant stress, calcium dysregulation, gut dysbioses, and neu-
rotransmitter loss that were downstream events in pellagra [154, 155].

NAD may be the common denominator and “silver bullet” for cells with com-
peting “mouths to feed” that with genetic or co-existent environmental factors
gets channelled to various phenotypes spreading in “vulnerability networks” and
prion-like waves. Nicotinamide may need to be adjusted by genome and age to avoid
DOHaD, “disposable soma” or antagonistic pleiotropic effects that may only kick-in
later in life requiring a higher nicotinamide and the more ancestral diet [156].

30. Nurture over nature: NAD World — barometers and monitors

Measuring ourselves embedded in an “NAD World” may be a parsimonious way
of emancipating metabolic controls and energy flows to “refresh parts others cannot
reach” by optimising nicotinamide dosage [157, 158] (Figure 6). Nicotinamide
replacement or “Nutraceuticals” in general (often selling “candy” and empty
calorie-ization) should not be the sole focus given negative effects on the methy-
lome. Randomised trials varying meat intake are not realistic (first suggested by
Daniel at the court of Nebuchadnezzar) but the predicted value, with a low ceiling
effect, would lie in better cognition, resistance to microbes and “K” style fertility
prioritising quality.
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This version of an “NAD World” has the dietary and social milieu, symbionts and pathogens all

interacting with biochemical internal affaivs. NAD has a “finger in every pie” affecting circadian

rhythms, appetite and exercise alongside detoxification pathways for plant (and now drug) toxins with
oxidant and other shocks from microbial pathogens and viruses that require vesistance and (DNA) repair.
Abbreviations: NMN=Nicotinamide mononucleotide; NAMPT = Nicotinamide phosphoribosyl-transferase;
IDO = Indoleamine 2,3-dioxygenase; NNMT = Nicotinamide N-methyl-transferase; NRK = Nicotinamide
riboside-kinase; PARP=Poly ADP-ribose polymerases; SIRTs = Sivtuins; CD38 = Cyclic ADP ribose-hydrolase;
AhR = Aryl hydrocarbon receptor.
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31. Human right to respire right

Subpar NAD levels are metabolic headwinds and pseudo-hypoxic states literally
taking peoples “breath away” but, unlike meat, oxygen is free. Water is critical as
splitting it is at the photosynthetic heart of an NAD World with riparian “hydraulic
societies” raising civilizations [159, 160]. Although water can be a flashpoint on the
whole cooperation has prevailed (with some high profile exceptions around dams
or privatization), as it did over cleaning up water supplies to avoid infections such
as cholera - perhaps because it was more obvious that the poor could infect the rich
as is also true of air pollution (that now includes rising CO2) [161]. This danger is
just as true for diet where obstacles should be overcome to deliver a “nicotinamide
rush” as the platform for human capital, capacities and capabilities and to reduce
the danger of zoonotic pandemics [162, 163].

32. Meat dangers: “X” diseases, “Y” plagues and zoonoses

Desperation for meat and cannibalism is implicated in prion diseases as feeding
meat to herbivores triggered bovine spongiform encephalopathy and new version
Jacob-Creutzfeld disease where NAD depletion has been implicated, consistent with
the prion mimics seen in pellagra epidemics [164, 165].

33. Red flags and blind eyes: something new under the Sun

Opportunistic zoonoses are prominent (70%) causes of human scourges, a price
of the (peri-) domestication of animals [166, 167]. Some think influenza strains
and plagues arose and spread in tribes wandering with cattle over lands conquered
by Genghis Khan [168, 169]. Recent emergent diseases include Marburg (1967),
Ebola (1976), HIV (1981), Nipah (1998), SARS (2003) and other Coronaviruses
like COVID-19 [170-172]. Cauldrons and hot-spots of emergent infections are
built in high density populations with land cleared for agriculture encroaching on
animal territories or are due to the desire for exotic foods [173, 174]. Those that heap
opprobrium on current animal markets need to look back to London’s 19" century
costermongers who sold live meat in carnivalesque markets [175-178].

Poor and dangerous meat supplies have been described as “Structural violence”
as for several billion wildlife consumption, or the income from household farming
outside industrial “dragonhead” enterprises, is the only way of avoiding the “hidden
hunger” of micronutrient deficiencies whether iron or vitamins A, D, B12 and B3
[179-182]. Campaigns to ban wildlife hunting needs thought if aimed to improve
pandemic preparedness without leading to an even poorer diet for the “have-nots”
As Lederberg said of viruses this is really a matter of “Our Wits and their Genes”.
Zoonoses can be predicted and could be prevented by stringent surveillance of
wildlife consumption with safe-guards including better hygiene with butchers and
less exposure of Guano farmers to bat droppings [183, 184].

34. COVID-19 exposes an achilles heel

Pathogenic coronaviruses use the inducible angiotensin converting enzyme
(ACE2) receptor to invade species that has roles in renin-aldosterone, tryptophan,
immune-competence, and the microbiome [185, 186]. ACE2 is a chaperone for the
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Plfil(:tmpic ACE-2 receptor and some overlooked interactions. ACE-2 affects Tryptophan uptake and the BoAT1
neutral amino-acid system and thevefore the kynurenine and the T cell and interferon dependant “immune
tolerance” pathway and exacerbates lost NAD homeostasis from pre-existing conditions (such as age or poverty and
poor diet) or infection induced oxidative stress and its repair. Coronaviruses could, like ACE-2 knock-downs or the
BoAT1 mutations that lead to the Hartnup pellagrous phenotype, veduce tryptophan and therefore serotonin levels
and cause pellagra-like symptomatology both in the acute phase and as “long Covid” if not corrected. The renin-
angiotensin system also involved in the pathophysiology could be affected by other vitamins such as Vitamin D.

amino acid transporter particularly regulating tryptophan uptake and interacting with
Hartnup mutations that cause a multifactorial pellagra-like disorder. Metabolomics
suggests that Covid-19 may have similar effects to ace2 knockouts affecting trypto-
phan convoys with loss of T cell homeostasis and Interferon responses affecting reac-
tive and over-reactive immune responses [187, 188] (Figure 7). Some effective Covid
treatments such as Dexamethasone and Tocilizumab affect this kynurenine pathway
[189, 190]. Prominent enteritis and neuropsychiatric complications with (myoclonic)
encephalopathy and “Long Covid” and other delayed complications are reminiscent of
pellagra. As with other microbes being NAD-replete in the first place should improve
host resistance and low initial NAD levels may explain several risk factors such as age,
poverty and disability particularly if then exacerbated by post-Covid austerity diets as
economies fail [141, 191-193].

35. Population matters redux — crunch-time for non-coercive measures

Earlier we referred to Malthus’ observations on a cereal dependant popula-
tion and introduced meat in to the demographic debate as a quality versus
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quantity piece of a complex jig-saw [194-196]. Formulae such as Environmental
impact = Population x Energy consumed per capita - show that population counts
particularly when energy consumed per person is high [197, 198]. Coercive popula-
tion measures have had mixed results as have state “cash for babies” procreation
policies and has stigmatised debate. Cereal supplements increase infant birth
weight but reduce time to next pregnancy whereas a diet with adequate meat
directly and indirectly (through better education) speeds demographic transitions.

The extremes are striking with population predicted to fall by 50% in rich coun-
tries but to increase by 300% in poor African nations, such as “zestful” Nigeria,
with consequences for age structure, economic potential, migration and geopolitical
power. There is currently little recognition of dietary drivers even though de Castro
proposed that malnutrition was the cause not the effect of low quality population
explosions 70 years ago [199].

36. Cutting to the chase: mean about meat means to a bad end

A remedy is to retro-shift to the 18th C idea of liberty that imposes state obliga-
tions to ensure “bon marche” not basic “bread and circuses”. Adam Smith wrote,
after observing European induced injustices, “greater wealth may inspire respect
for the rights of one another” with a fairer “slice of the pie”. Peak meat has surely
passed for the rich and needs to be levelled at say 30 kg pa reducing food related
emissions by a third (or more if switching from beef) and benefitting health. Given
the world is home to 5 billion ungulates and 22 billion chickens this surely should
provide an optimal “flexitarian” diet for all - with a role for plant-based meat substi-
tutes and affordable lab-grown meat or tucking into “cricket snacks”. Many political
systems have accepted the need to supply grain yet none treat meat as a need rather
than for those who have the means (16th C Henri IV of France’s “chicken in the pot”
for peasants was the exception). Rulers, from fascists to socialists, have recognised
the power of food as a tool for their territorial ambitions whilst not balking at using
it to starve their own people or only supporting equal sustenance for the working
classes if linked to productivity [200]. One predicament of modern democracies
is that they legitimize and spend large sums on defined disease, much in the last
years of life, yet delegitimize those in dietary poverty normalizing their premature
deaths. As Kropotkin (1892) said “Well-being for all should not be a dream’”.

If regimes addressed these dietary issues rulers may find that their citizens are
healthier and less likely to reject basic democratic principles or descend in to mono-
culturalism, restrictive immigration or insurrections.

The ill effects of inequality, austerity and pauperism from “Ancien Regimes” to
modern times on health, well-being and social mobility are well documented. Most
narratives swing between clashes between oppressors and the proud oppressed
and how self-serving oligarchies have self-perpetuated. The exact mechanism
for harm, other than invoking stress or “social determinants” or “weathering”, is
however unclear. Stress reduction is, after all, convincingly invoked as the reason
for pyramids of power and hierarchy [201]. Here we spell out how this originally
happened in line with ecological and metabolic rift observations on the later effects
of industrialization allowing food meccas and food ghettos and deserts [2, 202].
We propose that once the meat supply became constrained, we evolved on a dietary
spectrum with a high meat to cereal ratio supporting a ruling intellectual elite and
a low ratio a fertile proletarian essential (yet disposable) working class - and when
there is a surplus of population, an unsupported underclass prone to rebellion [48].
Turchin however also points out that elite overproduction and intra-elite competi-
tion in gilded ages (such as the 1920s and now) marked by extremes of income,
height and health inequality has often preceded ages of discord and societal
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collapses before a more progressive new-deal social construct and ecological
revival. Increased equality should proceed on a “de-growth” and socio-ecological
agenda recognizing that there is an abundance of good food to be shared if better
managed rather than acting as if the calorie-ization and empty calorie-ization
of the poor has solved the problem rather than becoming a tangible commercial
determinant of health adversely affecting NAD homeostasis. This drive for meat
security is more sustainable than continuing with a scenario with an artificial scar-
city of meat and other “luxuries” encouraged by capitalist concentrations of power
in the mega-merged agri-food “Big Food” profit driven sector that leads to reduced
public wealth but private riches, biodiversity loss and excess emissions [203, 204].
Meat elites are now redundant developmental over-runs (not unlike some theo-
ries of cancer). Affirmative action needs to correct this dietary discord or actions
aimed at the facades fronting inequality will fail. The opposite of inequality in this
context is not a Utopian state or a meritocracy but equity of provisions with better
metabolic homeostasis and no NAD headwinds for the poor. Hinman and Harris
(1939) recognised that the meat eating races and classes have been instrumental to
progress and that meatification is a marker and the ladder of class ascension and
social mobility. Reframing Aristotle, this corresponds to a hierarchy of needs with
a physiologically good diet being met free as a public good (it basically is already
free for the rich) but the equally important self-actualization wants for a good
life being left more to an individual’s freedom and drive. Redistributing quality
food has been modelled from social and economic perspectives in a new “Moral
Economy” as “Sitopias” and “Diets for a Small Planet” that could now be grounded
in the constitution and currency of an “NAD World” - and seen more as an invest-
ment as it closes innovation gaps, as seen in China, as well as reducing risks from
pandemics or “superbug” antibiotic resistance [205-209]. Families may be the place
to start as they already have “Burkian” style covenants between the dead, the living
and those yet to be born. Enough family income to provide meat reflected in more
shapely Engel Curves locked in to a top-down international governance structure
could work as a “Gramscian” common-sense counter-hegenomic bloc and cry from
those stuck in the basement [210]. Gramsci’s words ring true “The old is dying and
the new cannot be born; in this interregnum a great variety of morbid symptoms
appear”.

37. Conclusion

AsThoreau suggested with capitalism and its attendant inequalities in mind “If
Icarian thoughts returned to ground would we go to heaven the long way round”. Our
solution speaks for an algorithm that opens secure and safe meat larders derived
from agro-ecological farming regimes that respect the best of the organic and food
sovereign movements without forsaking scientific or commercial approaches shorn
of soil degeneration from high tillage, excess fertilisers and pesticides and mono-
crops [211, 212]. New meat technology should help but at the least cleaned up meat
production from grass-and even feed-lot grain based farms to table will help and are
unlikely to become “stranded” assets any time soon [213].

Quixotic quests for preventive causes for every known complication of poverty
could be avoided by moving the dial to find a “sweet-spot” to avoid nicotinamide
under-and over-load. Fair reform could happen without imposing widespread
vegetarianism — a vaunted solution that would not benefit the needs of the nico-
tinamide have-not-half. Discrimination, we say, piggy-backs on meat extremes
and could dissolve as it did for the pellagra-ridden “Butterfly caste”, with meat
justice leading at the least to a new emergent chapter in the history of inequality by
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abolishing “Precariats and Proletariats” Black Egyptian educators were after all the
sparks of modern Europe not the blonde races or the later Anglosphere. Condorcet
(1795) divided history into ten periods, the last of which permitted “the abolition

of inequality between nations, the progress of equality within each nation, and the true
perfection of mankind”. A global overhaul that enables NAD equity would return us
to our “other regarding” and sharing roots that, after some detours to boost popula-
tion, began with meat and land equality - as well as showing that we can rise above
Kant’s “self-incurred immaturity” in a new enlightenment movement with values
that this time round are fair to all and might solve a more general syndemic crisis.
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Chapter2

Cost Effectiveness of Poultry
Production by Sustainable and
Renewable Energy Source

Yuanlong Cui, Xuan Xue and Saffa Riffat

Abstract

Poultry farming is one of high energy consumption and energy-intensive
industries that requires significant amount of fuel fossil to provide the desired
internal temperature for health and production level of chicken, which results in
high running cost and growth of greenhouse gas (GHG) emissions. Renewable and
sustainable energy technologies are being employed in the area of poultry farming
in order to achieve energy saving, GHG emission reduction and to some extent
supply potential selective benefits for farmers. Therefore, it is very necessary for
generalizing the state-of-the-art technologies including the solar photovoltaic, solar
photovoltaic/thermal, ventilation and wind turbine, air/water/ground sources heat
pump and thermal energy storage. It is demonstrated that the system energy saving
could achieve up to 85% with a payback time of 3-8 years, compared to the conven-
tional heating system.

Keywords: Poultry farm, Renewable and sustainable energy technology,
Energy efficiency, Cost-effective, Payback period

1. Introduction

The ongoing coronavirus disease 2019 (COVID-19) global pandemic brought a
few extreme challenges to the world including public health crisis, political, envi-
ronmental, social and economic domains [1, 2]. Meanwhile, it reveals how popula-
tion growth, globalization, urbanization, and mass travel give rise to a complex
externality with far-reaching global impacts [3-5]. Notably, the COVID-19 has
expounded the importance of addressing another global issue: global warming. The
increasing atmospheric concentration of GHG is thought as the biggest contribu-
tor of global warming. This has exerted negative effect on plants, animals, human
activity, ecosystems and economy around the world, which are largely associated
to alterations in climate extremes [6]. Therefore, energy efficient and energy
consumption saving have become more than important nowadays because of
energy resource shortage, soaring energy prices as well as pressing environmental
problems [7].

Notably, livestock production is responsible for GHG emission attaining 20-25%
of global entire emission, of which approximately 70-80% stems from animal farm
industries [8-10]. Poultry farm is an important sector that consumes large quanti-
ties of fuel all over the world. This is due to that the internal temperature, relative
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humidity, chemical environment, ventilation and lighting inside a chicken house
would dramatically affect the growth of broilers, which should be kept within a
reasonable scope [11]. The growth of broilers mainly depended on the internal envi-
ronmental condition variation which may impede the meat and eggs production,
such as heat or cold stress [12]. The desirable temperature and relative humidity
requires to be kept between 26°C and 35°C and between 60% and 70%, respectively
[13, 14]. The ammonia concentrations must be controlled below 25 ppm. This is
because that high ammonia level may cause respiratory damages to the chicken

[15]. Hence, the heating, cooling, lighting, temperature and ventilation need to be
supervised accurately for better production [16, 17]. Traditional poultry farming
seriously consume fossil fuel and gas via the power and heating systems for heating,
cooling, lighting, ventilation and running electric motors for feed lines [18, 19].
Therefore, the usage of the renewable and sustainable energy technologies, includ-
ing wind energy, solar energy, geothermal energy and air/water sources

[20, 21], plays vital role on the poultry farm owing to their potential to a reduction
of energy demand and welfare losses, economy and profitability, GHG reduction
and conservation of resources [22-24]. Hence, in this chapter, these advanced
technologies is investigated and summarized for easier tracking and better under-
standing of energy-efficient renovation for typical poultry houses.

2. Renewable and sustainable energy technologies for poultry farm
2.1 Solar energy technology

Solar energy is a very enormous, environment friendly and inexhaustible renew-
able energy resource. It is divided into solar photovoltaic (PV) technology, which
convert the solar radiation into power generation, and solar thermal technology,
which utilize the solar radiation directly for space heating, water heating, drying
and cooking [25, 26].

2.1.1 Solar photovoltaic

Solar PV module is regarded as the electrical production element, and its per-
formance is associated with the category and temperature of PV cell [27, 28]. When
the PV cell temperature rises 1°C, the electrical conversion efficiency is reduced
by approximately 0.4-0.5% for the crystalline silicon cell and about 0.25% for the
amorphous silicon cell [29, 30]. Additionally, solar radiation is converted into direct
current electricity by the PV module, thus is transformed into alternating current
by an inverter. Notably, about 36% of mono-silicone and 55% of poly-silicone
types as PV cell materials are broadly utilized to provide artificial light for poultry
farm [31, 32]. This contributes to extending the day and improving the meat and
egg production. Generally, solar PV module can either be roof installed or ground
mounted for chicken houses [33-35]. Specifically, the Allen Family Foods Inc.
mounted a 42 kW PV array with 314 m” area in the USA [31]. This PV array could
output approximately 56112 kWh/year electrical energy, which could save about
78% energy consumption and £5700 operating expense per annum. Similarly, a
50 kW ground mount and a 49.82 kW roof mount solar PV arrays are utilized at the
Cramble cross poultry farm. It is demonstrated that the power energy saving could
achieve about 85% per annum compared to conventional heating system. The S.A.
& D.E. poultry farm in the UK installed a 50 kW solar PV array, and found that
the electrical energy production by the PV array could reach 42200 kWh/year,
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resulting in a 75% energy savings, £10854 operating cost -savings and 11.03 tons
CO; emission reduction per annum [36]. Additionally, in hot areas, the solar PV
pumping system is needed for providing livestock watering usage and energy
storage in the form of water in a water reservoir [37].

2.1.2 Solar thermal collector

Another vital factor for chicken house in some fields is heat to decrease the
mortality rate of chicken [38]. Heat gains and losses from chicken and other
resources are the core issue for the chicken house. Gad et al. [35] designed a flat
plate solar thermal collector module to evaluate the system thermal efficiency
and poultry production. The system composes of 12 horizontal copper tubes with
7 mm diameter which are embedded at the absorber surface plate. It is found that
the system thermal efficiency is about 71.6% which can fulfill the poultry thermal
demand. Brewer et al. [39] designed and installed three solar thermal collector
modules to investigate the feasibility of heating poultry house. To be more specific,
each module consists of twelve double glazed, copper plate collectors with 65 m*
area, which is mounted on the roof with an angle of 45°. It is found that about 100%
thermal energy demand can be fulfilled and about 75% energy consumption can be
saved compared to traditional heating system.

2.1.3 Solar photovoltaic/thermal

Solar photovoltaic/thermal (PV/T) module can simultaneously produce heat
and electricity for poultry farming by fully using the solar radiation lies in the
overall solar spectrum ranging from 0.2-3 pm [40, 41]. Normally, the flat plate
PV/T module is the most common category because of its constructional simplicity
and building integration easiness [42, 43]. Meanwhile, it can shorten the payback
time compared to the traditional PV module. Cui et al. [44] developed and installed
an innovative PV/T integrated with ground copper pipe array system to decrease
energy consumption and CO, emission for a poultry house in Newark, UK. It is
revealed that the electricity and thermal output of the hybrid system could reach
11867 kWh and 30747 kWh, respectively. This contributes to obtaining about
70% electricity savings and 40% gas savings per annum, resulting in 6.23 tons for
electricity and 5.65 tons for gas CO, emissions reduction.

2.2 Ventilation and wind turbine

The health level of the chicks is largely reliant on the indoor environmental
temperature of the chicken shed. In winter, the indoor air temperature for broiler
houses should be maintained ranging from 21 to 32°C, whereas the overheating and
heat stress issues should be avoided in summer [45, 46]. Meanwhile, the ammonia
(NH;) and CO, are the two main harmful gases that must be controlled below their
corresponding critical concentration levels of ~25 ppm and ~ 2500 ppm, respec-
tively [47]. They can be removed from the poultry house by the ventilation fans. It is
reported the energy consumption for the ventilation and cooling of a chicken shed
can consume about 39.5% of the entire power energy usage and this value rises by
43.7% in laying hens [48, 49]. Specifically, Fawaz et al. [47] developed a parabolic
concentrator solar thermal assisted with localized ventilation system for chicken
brooding in Lebanon, and confirmed that the system is able to overlap 84% of ther-
mal energy demand resulting in about 74% of energy savings and obtain a payback
period of less than 5-year. Additionally, the wind turbine technology can be utilized
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to produce the power for the poultry farm. The energy could be generated by the
force of the wind, and thus move the mills that are connected to electricity genera-
tors [50]. Small wind turbine, ranging from 0.4-40 kW, can fulfill the electrical
demand of a whole poultry farm [50, 51]. Du et al. [51] designed and test a small-
scale ventilation integrated with wind turbine energy system for a poultry house in
China, and concluded that the electrical energy could be steadily produced 270 W/
year by the wind turbine system, meanwhile, approximately 2074kWh/year renew-
able energy could be obtained, making up around 10.2% of entire energy demand
and leading to 3.01 tons/year GHG emission reduction. Kapica et al. [52] developed
a hybrid solar-wind turbine system for a chicken shed in the Central Europe. It is
obtained that the system is conducive to a CO, emission reduction ranging from
0.11 to 0.22 kg/per kg in comparison with typical heating system. In addition to
these typical cases, some other solutions have also been investigated involving the
insulation thickness of chicken shed wall [53] and passive cooling system [54] to
boost energy efficiency and save energy consumption.

2.3 Heat pump technology

Heat pump technology is commonly utilized in chicken house due to its advan-
tage that can attain heating from one source including air/water/ground, and rise it
to a suitable temperature for space water and heating. In the meantime, heat pump
is one of the optimum solutions to heat shed in heating season with a fast return on
investment [55].

2.3.1 Ground source heat pump

A ground source heat pump (GSHP) is able to extract heat source from soil for
heating the chicken shed to obtain the optimum production performance, which
is conducive to guaranteeing a desired indoor temperature for poultry shed and
decreasing fuel requirement and CO, emissions. To be more specific, Choi et al.
[56] developed a GSHP system utilized to provide the heating for a poultry house in
Korea. It is concluded that the GSHP system could decline the operating cost since
it could obtain more heating from ground for heating the shed. About 82% energy
consumption could be saved in comparison to the conventional poultry shed during
the operation period. Moreover, the concentration of the CO, in the GSHP poultry
house is reduced by 2150 ppm compared to the traditional shed. Furthermore, the
system COP is in the range from 3.5 to and 4.2, and the payback period is expected
to be about 8-year. Kharseh and Nordell [57] built a GSHP integrated of the solar
energy system to provide the thermal and electrical energy requirements for a
chicken shed in Syria. It is indicated that the chicken weight is enhanced by about
5% ~ 6.8% on average. What is more, the energy consumption could be declined by
57% and has a payback time of about 6-year.

2.3.2 Water source heat pump

Water source heat pump (WSHP) is an effective approach of supplying water
and space heating, meantime, it can be adapted to a range of bodies of water
including canal, lake and river. The S.A. & D.E. Dixon chicken farm installed a
WSHP system for rearing poultry house as a desired heat source for a heat pump
operation in the UK [58]. The surface temperature of the lake is 4°C on average
all over a year. It is obtained that about 33% of energy cost could be saved, which
contributes to creating a 22% return on initial investment with a payback period
of 5-year.
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2.3.3 Air source heat pump

ASHP technology is the most common used in the chicken shed, which could
extract heat from ambient air in heating season, meanwhile, it could reject heat
outside in cooling season. Generally, the efficient of the ASHP technology is in the
range from 300 to 400% [59]. For example, stonehouse farm installed six 14 kW
ASHP units to supply the required heating to sustain the indoor temperature for two
poultry sheds with a capacity of 20000 birds in the UK [60]. It is demonstrated that
the energy consumption of each chick could reach below 1kWh, and system COP
is in the range from 3 to 4. What is more, the economic benefit is approximately
£11250 per annum with a payback period of 4.5-year.

2.4 Thermal energy storage technology

Thermal energy storage (TES) technology is typically considered for not only
alleviating thermal demand of chicken shed but also stabilizing the indoor tem-
perature variation for broilers growth. Hence, it is very important for keeping the
stability of the temperature and relative humidity within poultry shed.

2.4.1 TES with phase change material

Phase change material (PCM) is usually regarded as a heat storage materials
owing to its high thermal storage capacity that typically depends on latent heat in
phase transition process. Additionally, PCM could absorb latent heat at a constant
temperature, which is also the key factor for their application in TES with PCM
system for poultry house. Zanaty [61] installed a thermal storage tank with PCM
system to explored the influence of PCM latent heat on indoor environmental
condition inside a chicken shed, and found that the replacement of the thermal tank
from sensible water storage tank to latent heat water with embedded PCM results
in a reduction of around 2% of the auxiliary energy demands. Moreover, there is a
payback time of about 4-year in this case.

2.4.2 Trombe wall

A classical Trombe wall is used to absorb solar radiation for providing the indoor
space water and heating, in the meantime, the external surface of the wall is colored
black in order to increase the absorption rate. Additionally, the Trombe wall is usu-
ally mounted facing south to collect the solar thermal energy [62]. Currently, two
categories of Trombe wall are usually adopted for the poultry shed because of low heat
losses, high energy efficiency and convenient installation. Okonkwo and Akubuo [63]
designed and built a Trombe wall heating unit to control the thermal energy require-
ment for the shed in Nigeria. Results concluded that the exterior surface temperature of
the Trombe wall could achieve the maximum values of 60°C and the minimum values
of 25°C, respectively, whereas the internal surface temperatures could reach ranging
from 29.73 to 39.1°C. This indicates that this Trombe wall technology could accumulate
and store adequate heat for the chicken shed in the tropics environmental condition.

3. Key findings and recommendations for future development
The development and usage of renewable and sustainable energy technologies

are significant challenging research fields of poultry rearing. These technologies are
advanced in power and heat production, fuel and gas savings, and the reduction of
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operating expense and GHG emission for poultry house. Meanwhile, they are condu-
cive to sustaining the required indoor environmental conditions. Current researches
have been identified obviously that the demand of the electrical and thermal energy
could be fulfilled about 20-30% and 80-90% compared to the conventional heating
system applied in poultry house, which therefore decreases fossil fuel consumption
and GHG emission. Currently, the two renewable sources of energy production

are wind and solar energy, both of which are seeing growing popularity for poultry
healthy and high production. Specifically, wind power can generate huge electricity
to meet the demand of poultry house, and wind turbine has a very low influence on
the chick growing and environment. However, wind turbines need to be performed
annual mechanical checks and servicing. In comparison, solar energy technology
can be utilized for providing continuous heating, cooling, ventilation and lighting in
poultry house, which requires less maintenance compared to other renewable energy
technologies and supplies a potential long-term alternative available to anyone with a
rooftop. Nevertheless, it cannot produce much electricity and heat energy when it is
dark or cloudy, and there is a high installation costs. Despite these small issues, solar
and wind energy are still the most preferable renewable energy sources for poultry
house in the world. This is because they are the cheapest, fastest-growing, most reli-
able and do much less damage to nature and wildlife surrounding their sites as opposed
to fossil fuels. In spite of being a vanguard and promising techniques, some perspec-
tives and challenges for future technique investigation applied into the poultry house
are put forward to formulate the framework for the future research interests as follows:

* Most existing technologies are relatively single, hence, more works should
spend on the development of hybrid technologies. This contributes to enhanc-
ing the whole system performance and obtaining better production for the
poultry farming.

* More concentration should be paid on the innovative solutions to break
through the obstacles thus accelerate the practical application of these
advanced technologies, instead of the fundamental theoretical researches those
have been by far well done. Furthermore, the future of technical development
forcefully relies on the latest study progress with regard to solar energy, wind
energy, geothermal energy, PCM technologies as well as their dual roles for
heating and cooling services.

* The accurate numerical models should be developed via the computer software
in view of the influences of air temperature variation, wind speed, relative
humidity, heating and cooling loads, building U-value, and ventilation rate. The
aim is to provide a valuable instrument for researchers and engineers that make
use of it to evaluate design alternatives and retrofit measures for various sizes
and categories of chicken sheds under different environmental conditions.

* Similar technologies should be demonstrated and utilized to fattening sheep,
fattening cows and fattening pigs for different national and regional fields.
This is conducive to boosting usage of energy, reducing GHG emission as well
as saving operating expense for livestock farming.

4, Conclusions

In this chapter, the state-of-the-art of the renewable and sustainable energy
technologies are retrospected to replace for the traditional heating, ventilation,

40



Cost Effectiveness of Poultry Production by Sustainable and Renewable Energy Source
DOI: http://dx.doi.org/10.5772/intechopen.97543

and air conditioning system within the poultry house. This can help to decline
energy demands, operating expense, GHG emission and enhance farmers’ profits.
Consequently, some crucial outcomes are exemplified as follows:

* Solar energy technology could achieve electrical cost saving ranging from 30 to
85% for the poultry rearing. Moreover, the service lifetime of the solar energy
technologies is able to maintain approximately 25 years with low maintenance
cost for the poultry house.

* Ventilation and wind turbine technology could produce about 2000 kWh/
year electrical and fulfill the energy demand of the whole poultry shed, which
results in about 3.0 tons/year GHG emission reduction.

* Energy cost and average chicks weight of the GSHP poultry shed could be
saved about 92% and raised by around 6.8% in comparison to the normal
poultry shed, and the payback period is less 5-year. By contrast, the initial
investment of the WSHP system is less than that of the GSHP because it does
not need amount of ground works, and the payback time is around 6-year.
Additionally, the ASHP is comparatively easy to be mounted, and needs low
maintenance cost but often regarded as noisy.

* TES with PCM is a new usage in chicken shed to maintain indoor environmen-
tal quality during night time or cloudy day. This technology could store amount
of heat with merely slight temperature variation, improve the effectiveness of
TES and sustain the thermal storage for a long-term period.

* To sum up, these renewable and sustainable energy technologies can help save
up to 85% energy consumption compared to the conventional chicken shed,
and have a payback time of 3-8 years.
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Chapter 3

Poultry Meat Production in the
South American Andes

Manuel E. Paredes Avana

Abstract

This chapter will explain some of the research carried out in the production
of poultry meat in natural hypobaric areas, where the development of industrial
poultry farming is not traditional. Relevant aspect of the production of chickens,
hens and turkeys for meat purposes will be clarified, as well as their benefits,
and characteristics and why it must still be carried out in the Peruvian Andes.
Physiological aspects of birds, use of unconventional food; as well as the productive
evaluation of poultry species not used intensively, are approached with the purpose
of generating and stimulating the obtaining of meat as an economic source for the
rural sector and small companies.

Keywords: turkey meat, indigenous chicken, ecological poultry, lupine, hypobaric
conditions

1. Introduction

In South America and Peru, poultry production is developed industrially in
the coastal region with geographical heights that guarantee conditions of oxygen
concentrations necessary for the growth of improved birds. However, it is neces-
sary to take advantage of very important resources such as land, water and human
resources in Andean areas, under hypobaric conditions; being necessary to dem-
onstrate that the raising of birds and the production of meat is possible in such
conditions.

For this reason, a series of works have been developed that guarantee and cor-
roborate these statements. In Lavras, MG, Brazil, located at 919 m altitude, sele-
nomethionine improved the weight gain and feed conversion in broilers of 1 to 42
d [1]. Broilers are raised to cool conditions at high altitudes in Shahrekord, Iran, at
2,100 m above sea level, with good cardiac parameters due use flavonoids bioactive
compounds [2] and with dietary arginine supplementation to boost performance
[3]. In Cajamarca, Peru at 2,700 m above sea level, the commercial turkey is raised
up to fourteen weeks old with body weights 8 and 12 kg in females and males [4].
This review shows some works carried out in the Peruvian Andes region, with
emphasis on the production of chicken and turkey.

2. World and regional poultry production

The first producer of chicken meat in the world has been the United States
(17.6%), followed by Brazil (12.5%), then China (12.4%), Russia (4.1%), India

47 IntechOpen



Meat and Nutrition

(3.2%) and Mexico (2.9%) mainly. In this ranking, Peru is ranked number 18. Brazil
is indisputably the largest chicken producer in Latin America with 6,468.6 million
chickens slaughtered in 2019. Brazilians represent 51.6% of all chicken production
at the regional level, out of a total of more than 12,500 million birds. The 10 largest
chicken production companies in the region are located in Brazil, Mexico, Peru,
Colombia, Argentina and Central America. In 2019, Peru was the fourth largest
producer of chickens in Latin America and the fifth largest producer of eggs in

the region.

Peru, during the years 2017, 2018 and 2019, occupies the first position of per
capita consumption of chicken in Latin America, with a consumption of 51.1 kilos
of chicken per person in 2019. Behind is Argentina (46.6 kilos), Bolivia (43 kilos),
Brazil (42.6 kilos) and Panama (41.28 kilos). The average consumption of the region
was 31.42 kilos.

In 2019, at least 28.24 million turkeys were produced in Latin America, with
Brazil being the largest producer of this animal protein with 13 million turkeys
or 46% of the total poultry produced in the region. In terms of the countries that
produce the most turkeys, behind Brazil is Peru (5.43 million turkeys), Chile (6.05
million), Ecuador (1.33 million), Mexico (1.18 million) and Bolivia and Colombia
(each with 400,000 turkeys). produced in 2019).

3. Dietary inclusion of alfalfa meal in organic type broiler chicken

In Peru, 31 tons of meat from laying hens that have finished their productive
cycle and about 46 tons of meat from backyard poultry and commercial hybrid
breeding hens are consumed annually [5]. These birds are of advanced age and
the laying hens at the end of the laying cycle end up with bone and liver problems
[6], have low muscle mass and low carcass performance; Although it has been
determined that meat from commercial laying hens, under the same diet, due to its
composition in fatty acids, is more favorable for human health than meat from local
breeds [7]; however, its mature and cross-linked thickened muscle fibers make it
lose tenderness [8].

On the other hand, hedonism, health and the economy are factors that strongly
influence the consumer [9] and drive the intake of organic foods [10]; Therefore,
production systems with principles based on animal welfare and organic produc-
tion with good sensorial quality of meat are increasing [11-13]. Also, according to
the European Commission, 2008, organic meat can be obtained from fast-growing
broiler chicken, fed diets that include green, dried or preserved forage, slaughtered
after 81 days of age, without specifying the amount of pasture that the birds would
have to eat. Several rearing systems have been evaluated [14], including the dura-
tion of the free rearing period, reporting that the sources of dietary fiber affect the
oxidative stability of the meat, the blood parameters, and the content of proteins,
cholesterol, fatty acids and triglycerides [15], as well as an increase in the weight of
the gizzard and alterations in growth [16]. The antioxidant bioactive compounds
of alfalfa, Phleum sp., Dactylis glomerata, Italian ryegrass (Lolium multiflorum) and
balansa clover (Trifolium michelianum), among other forages, have been shown to
improve the content of polyunsaturated fatty acids (PUFAs) n-3 and the propor-
tion between PUFA n-6 and n-3 [17]. It has been determined that the saponins of
dehydrated alfalfa have a hypocholesterolemic effect in chicken meat [18] and that
the natural extract of alfalfa reduces the deposition of abdominal fat and improves
the antibody titter against Newcastle disease, without an adverse effect on bird
performance [19]. Additionally, alfalfa xanthophyll esters are known to produce
better skin pigmentation in broilers [20].
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As alfalfa is a widely available forage in Cajamarca, it was included in dehydrated
form in the diet of the fast-growing chicken aimed at achieving the classifica-
tion of organic chicken, with the hypothesis that alfalfa has beneficial effects on
growth, carcass weight, weight digestive organs and lymphoid organ weight as it is
an immunomodulatory food [21, 22]. For this reason, the effects of three levels of
alfalfa meal (AM) included in the diet of female chicken, Hubbard line, supplied
from 35 to 84 days of age [23].

The data suggest that the variables feed consumption and feed efficiency were
not affected by the inclusion of dehydrated forage in the diet. Birds that consumed
diets with 10% AM had lower carcass weight; however, no such differences are
observed in carcass performance, indicating that the difference in carcass weight is
due to the size of the live bird. On the other hand, the absolute and relative abdomi-
nal fat weights were higher with the HA-containing diets. The greater accumulation
of abdominal fat in chickens agrees with some researchers [24] who by increasing
the crude fiber of the diet from 3.19 to 3.52% in guinea fowl increased abdominal
fat, without finding different carcass yields. Carcass performance is associated
with the FC content of the diet; where lower feed intake and pasture consumption
can have a negative effect on the carcass performance of birds compared to birds
without access to pastures. On the other hand, the greater accumulation of abdomi-
nal fat in birds that consumed AM may be due to the fact that alfalfa strengthens the
immune system, and this regulates lipid metabolism, hence, as there were no health
challenges, lipolysis did not occur, but increased of abdominal fat deposition.

Not observed effects of AM on the absolute and relative weights of the diges-
tive organs on the absolute value of the weight of the organs of the gastrointestinal
tract, except for the intestines. In relative terms, the differences observed in the
total weight of the GIT and higher gizzard development were also reflected in favor
of the birds with 10% AM. According to the fiber content in the diets of the present
study, from 3.56% (0% AM) to 4.54% (5% AM) produced an increase of 5.3 and 3%
in the relative weight of intestines and gizzard, respectively. Likewise, the relative
weight of intestines and gizzard increased to 19% with 5.56% fiber (10% AM),
which could be due to the fact that dietary fiber intake causes an increase in the
gastrointestinal tract of the birds, as a result of the increase in size. of the blind [25].
Similar results have been reported [26] with an 8.7% increase in gizzard weight of
35-day-old birds with the inclusion of 4% straw in the diet, and also when includ-
ing 3% sunflower husk in the diet of the bird. Broilers from 0 to 21 days of age,
resulting in an increase in gizzard weight [27]. Although it can be concluded that
the inclusion of 10% AM in the diet in the present study produces a greater develop-
ment of intestines and gizzards; It should be considered that the size of the gizzard
can not only be increased by the inclusion of fibrous food in the diet, but also when
the food particle is large [28].

4. Growth and carcass characteristics of six genotypes in chickens
reared in Andean region of northern Peruvian

The per capita consumption of chicken meat in Peru exceeds 51 kg, with imports
exceeding 34 and 13 million tons of frozen chicken and hen meat, respectively [29],
showing there is still demand to be satisfied. In this regard, statistics indicate that
poultry meat is the main driver of the meat sector in the world, due to the need for
animal protein and because it is cheaper than red meat, with poultry meat being
preferred by producers and consumers in developing countries [30].

The poultry meat supply comes mainly from fast-growing broiler genetic lines
with high carcass yields; although, its flavor characteristics and meat qualities are
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not highly appreciated by some consumers [31]. There is also the sector of native or
creole poultry meat, eaten locally due to the consumer’ perception that highlights
its good taste and organic characteristics, without negative impact on human health
as it is raised free of antibiotics [32], whose meat is low in fat and cholesterol [33],
and its production is complemented with eggs rich in protein and iron [34].

Faced with such a situation, there is a supply of different genotypes of birds
with colored plumage, by incubator companies registered in the Peruvian poultry
system; reporting an approximate placement of 15 million crossed BB chickens
nationwide, which is why the growth of this sector has been accentuating uncon-
ventional production with the use of the intensive rearing system at the level of
small farms, without even having more technical information about the productive
performance of these birds and especially in the Andes region.

Researchers from several countries are studying the native chicken, having
determined in five Egyptian chicken breeds a genetic difference between pure
native and improved native [35]. In high mountain areas of Thailand, they charac-
terized different phenotypes of indigenous chicken reared in various production
systems [36]. In Saudi Arabia they used microsatellite markers to assess the genetic
diversity of their native chicken populations [37]. In Indonesia they did similar
studies with single nucleotide polymorphism markers [38]. In northern Thailand
they compared the meat of indigenous chickens and crossbred chickens of imported
origin, in southern Thailand they determined the heritability and genetic correla-
tions between growth indicators and meat quality of a line of improved indigenous
chicken [39]. Chee chicken from Thailand was crossed with specialized lines of
meat and other native breeds in order to improve meat quality and carcass perfor-
mance [40]; while in India they conducted studies to conserve and characterize the
germplasm of the Aseel chicken, which is considered in danger of extinction [41];
having been compared to the Kadaknath breed in terms of growth, egg production,
semen quality and health indicators. In South Africa, indigenous chicken was fed
canola meal instead of soybean without negative impact on carcass, organ size and
meat quality [42]. Determined the proximal composition and amino acid content
of the meat of the 180-day-old Italian chicken Poverara [43]; also, in Italy evaluated
the growth of the local races Berlanda and Padovana [44] and work on the conser-
vation of germplasm of other races such as: Ermellinata di Rovigo, Pépoi, Robusta
Lionata and Robusta Maculata [45]. The Spaniards evaluated the crossing of the
indigenous Galician rooster Mos with the line chicken Sasso T-44 [46]. In Ghana
they carried out hematobiochemical studies in indigenous chickens to determine
better performance and adaptability of the various genotypes [47]. Therefore, in
Peru, among a variety of studies to be carried out on Creole chickens, it is necessary
to evaluate the productive performance of the available birds of local origin and
recently introduced, determining their biological capacity to thrive in high areas of
the Andes.

With this objective, six chicken genotypes were comparatively evaluated: Native
French, Hubbard red, Improved Peruvian Creole, Pure Peruvian Creole, Babcock
Brown male chickens that are of the laying genetic line, contrasted with the
Hubbard white, specialized in meat production; in order to determine its growth
parameters, carcass characteristics, weight of internal organs and proximal compo-
sition of meat in conditions of the Cajamarca valley at 2684 meters above sea level.

The performance of the growing chickens evaluated up to 13 weeks of age indi-
cated que both varieties of Hubbard chicken showed higher growth speed, followed
by French Native and Improved Creole, as opposed to improved Peruvian Creole
and Babcock Brown chickens that showed the lowest rates of increase in body mass.
Proximal composition of the six types of chicken breast meat differ markedly in
fat. Breast meat from the Creole, Native French and Babcock line breeds has the
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lowest content fat, while the breast meat from Hubbard broilers has the highest
amount. There is a trend for higher protein in the meat of native French and Creoles
compared to Hubbard chickens, possibly due to the fact that lipidosis involves the
replacement of muscle fibers by adipose tissue [48].

5. Lupine seed meal (Lupinus mutabilis) in Turkey feed

The interest in the food sector to identify, produce and use new protein sources
for the nutrition of humans and animals is a task that has no end [49]. The national
and global poultry sector is looking for alternatives in this field in order to include
ingredients that efficiently replace or exceed soybean cake (TS), the most widely
used protein ingredient in poultry feed, as many countries, such as Peru, they do
not have an industrial production of this oil seed, depending on its permanent
importation. However, in the Peruvian highlands there are various protein crops of
the legume family, grown locally, such as chocho, commonly known as lupine, tarwi
or lupine. Studies with yellow lupine (Lupinus luteos) seeds indicate that it could be
included in the diet of broilers up to a proportion of 20 g/kg [50].

The main limiting factor for the use of lupine seeds yellow in the diet of poultry
is the high concentration of non-starch polysaccharides (NAP), which reduce the
nutritional value of the seeds [51], where raffinose can hinder the transport of
nutrients through the intestinal wall [52]. The protein value of the Lupinus mutabilis
(LM) seed harvested in the Peruvian highlands is similar to that of soybean, but
its use has been limited by another additional factor, such as the presence of large
amounts of quinolizidine alkaloid structures, with certain degree of toxicity and
strongly bitter taste [53].

Other species and varieties of lupines such as yellow lupine, white lupine
(Lupinus albus) or blue lupine (Lupinus angustifolius) have been included in the
finisher diets of 18-week-old turkeys at levels of up to 180 g / kg, without affect
gastrointestinal function and without adverse effects on the growth or quality of
the meat [54], even though it can cause an increase in the weight of the gizzard, a
decrease in the pH of the contents of the gizzard and problems in viscosity of the
small intestine digest [55]. On the other hand, Samulikowska et al. [56] indicated
that starter diets with 100 g/kg of yellow lupine seeds reduced body weight in
broilers due to a lower feed intake, in addition to changes in the gastro-tract intes-
tinal caused by increased concentrations of PNA and raffinose. However, inclusion
of LM in feeding turkeys in their first weeks of life is not documented. Likewise,
LM contains more than 20 types of alkaloids or toxic substances that could cause
hemolysis and anemia [57], as happens with other plant alkaloids whose toxic effect
can be combined with the ferric ion in the blood, affecting the transport capacity of
erythrocyte oxygen; as has been demonstrated in young fish and ducks [58].

The effect of four dietary levels of lupine seed meal (Lupinus mutabilis, HCH)
on growth performance, intestinal tract development and hematological values
were evaluated in male turkeys of the one-day BUT line [59]. The turkeys were
distributed in four groups with different diets for 56 days: LO (control) diet with-
out HCH, and L30, L60 and L90 diets containing 30, 60 and 90 g/kg of HCH,
respectively. Increased levels of HCH inclusion in the diet, added at the expense of
soybean meal contributed to an increase in fiber concentrations in the experimental
diets. Daily feed intake decreased in HCH treatments and feed conversion and
bodyweight gain of birds were affected in treatments of 60 and 90 g/kg of HCH
inclusion. High dietary levels of HCH led to an increase of the digesta in the ileum
and in the cecum, an increase in the relative tissue mass, as well as a decrease in pH
values of the digesta. The increase in HCH in the diet did not alter the hematological

51



Meat and Nutrition

values. It is concluded that HCH can be considered as a safe and effective alternative
for dietary inclusion at levels of 30 g/kg in starting diets for young turkeys.

6. Vitamin C and the productive performance of Turkey reared in a
natural hypobaric environment

The Andean zone of Peru (natural hypobaric environment) has more than eight
million of inhabitants [60] grouped in more than a million families; A lot of they
consume turkey meat at Christmas parties, maintaining the custom of consuming
it from birds raised in the same area and from native species; However, in the last
few years the supply of turkeys from lines commercial genetics has increased and
the inhabitants of the Andean cities have reversed their preferences for this type of
turkey due to its lower cost and higher meat yield, but it relates the breeding turkey
in the same area with the good taste, which would have a biochemical basis because
the transport of the turkey during several hours from the farm to downtown pro-
cessing produces high levels of corticosterone [61], in addition to bruising that the
bird suffers during transfer; so the consumer prefers to buy live birds, which they
slaughter after a previous inspection of its appearance bodily.

There are three important factors that hinder optimal rearing of the turkey for
fattening: genetics, cold weather and lower oxygenation; in this regard, the intense
selection of broilers for rapid growth and high meat yield is a great achievement,
but it has led to an increase in the incidence of metabolic syndromes caused by the
hypoxemic condition resulting from an imbalance between the requirement and
the oxygen supply [62]. These birds in conditions of temperatures low and high
geographical areas have problems of pulmonary hypertension and ascites [63].
Birds raised to high altitude achieve higher body weights lower than their level zone
counterparts from the sea [64, 65], where there is a minimal incidence of ascites
and right ventricular hypertrophy, lower red blood cell counts and low hemoglobin
values [66]. Also, fast-growing broilers present dilated cardiomyopathies without
presenting ascites, these cases being differentiated by elasticity and density of the
arterial vascular structure, and the thickness of the fibers in the vena cava. These
cases of cardiomyopathies with or without the associated presence of ascites occur
very often in turkeys fattening raised in the Peruvian highlands. The low ambient
temperature induces appearance of ascitic syndrome due to increased metabolic
rate and oxygen requirement. In these conditions of environmental stress are
produce at the mitochondrial level species of reactive oxygen such as oxygen ions,
free radicals and peroxides that cause changes in the shape, structure and function
of this key organelle in metabolism, causing oxidative stress [67]. Vitamin C (VC) is
known to be an antioxidant capable of eliminating reactive oxygen species induced
by low ambient temperatures, reducing stress [68-70], which in turkeys reflected
by the increase in the heterophile/lymphocyte ratio [71]. VC prevents pulmonary
vascular remodeling that causes ascites syndrome in broilers [72]. VC supplementa-
tion restores xanthine oxidase activity that meets the function of buffering the
effects of superoxide in broilers raised under hypobaric hypoxia [73]. Likewise, CV
is a powerful activator of the immune system, enhancing the antioxidant activity of
other dietary compounds and improving the productive performance of growing
species by reducing stress in environments exposed to ammonia production.

Also, it should be noted that for the formulation and production of animal feed
turkey for fattening is not recommended to include VC because it is synthesized
from glucose, via glucuronic acid and lactone from gulonic acid in the presence of
the enzyme L gulonolactone oxidase; unlike fat soluble vitamins and B complex
vitamins that must be included in specific amounts in the diet of the turkey using
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vitamin premixes; therefore, the supplementation of VC in the diet could generate
in the turkey for fattening subject to permanent selection and raised under environ-
mental conditions hypoxia, better productive results in terms of growth, reduction
of stress and immune response against the main diseases that occur in this species.

With the objective of determining the best level of dietary supplementation of
vitamin C in the fattening turkey raised in a natural hypoxic environment of the
Cajamarca valley an experiment was carried out. Vitamin C decreased heterophile/
lymphocyte levels. Compared to the control group, vitamin C at a level greater than or
equal to 1000 mg/kg decreased bird mortality, reduced the stress indicator, increased
the antibody titer, but did not improve growth parameters. Consequently, dietary
supplementation with vitamin C could regulate productive performance, by reduc-
ing the level of mortality, promoting immune function, and improving the state of
stress in commercial turkeys, reared in a natural hypoxic environment. These results
encourage commercial turkey meat production in hypoxic areas.

7. Opportunities and challenges to produce poultry in South America

World meat production in 2016 increased only 1%. Among the various sectors,
poultry and beef production increased. The increase in world exports of meat prod-
ucts was led by Brazil and the European Union, followed by the United States, and
sales also increased in South American countries such as Argentina and Paraguay.

Global meat production is projected to be 13% higher in 2026 than in the
2014-2016 base period. Developing countries are estimated to account for the vast
majority of the total increase, given the more intensive use of food in the produc-
tion process and the lower cost of human resources. Poultry meat is the main driver
of growth in total meat production, due to the greater world demand for this animal
protein, which is cheaper than red meat. Low production costs and lower product
prices contribute to poultry meat being the preferred meat for both producers and
consumers in South American countries.

8. Conclusion

The physiology of birds for meat purposes is adaptable to hypobaric challenges,
with convenients feeding strategies and programs, to generate in birds an efficient
use of feed nutrients, which synthesized as poultry body nutrients will be very
necessary to human nutrition in of highlands.

The production of fast-growing poultry meat in territories with natural hypo-
baric conditions is technically feasible. You can use food produced in the same
region. Organic chickens, indigenous chickens, turkeys and muscovy ducks can be
raised on a small scale and industrially.
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Chapter 4

Vitamins and Minerals in Raw and
Cooked Donkey Meat

Paolo Polidori, Paola Di Givolami and Silvia Vincenzetti

Abstract

Human health is deeply affected by nutrition. The most important nutritional
property of a good diet, able to provide an adequate amount of nutrients, to fulfill
growth and development requirements, permitting also health maintenance, is
variety of foods. Meat can be included in several diets, particularly when they are
based on a restricted choice of plant foods. The inclusion of meat and meat prod-
ucts, even in small amounts, can significantly improve many diets; in fact, meat and
derived products are good sources of proteins, vitamins and mineral salts. Thermal
processes used for cooking meats represent an important factor which affects the
minerals and vitamins meat content. Loss of minerals and water-soluble vitamins in
cooked meat may occur, depending on the cooking method used. Previous studies
investigated on donkey meat nutritional properties, described interesting charac-
teristics of this alternative red meat, rich in protein and in iron, and with low-fat
content. This chapter describes the donkey meat chemical composition, showing
a comparison with other traditional red meats. The effects of cooking methods on
donkey meat vitamins and minerals content will be also evaluated.

Keywords: donkey, meat quality, vitamins, minerals, cooking methods

1. Introduction

Donkey’s domestication started about 10,000 years ago [1]; this animal has
been particularly important for humans, because it shows a great tolerance for
hard work, a strong resistance to disease and a little maintenance requirement.
Donkey is an animal strictly correlated to human history; it is possible to find texts
mentioning donkey in literature, in religious books and in ancient poems. Because
he is stoic, slow, and sometimes stubborn, donkey has not been considered a smart
animal. Throughout human history, donkey has been sometimes revered, some-
times reviled or ridiculed. Donkey has been a constant presence since the earliest
human societies formed. Their greatest use to humans has been as beasts of burden,
from Ancient Egypt to present day in many countries both in Africa and/or in Asia,
transporting several kinds of goods on their backs or pulling small carts.

The process of donkey’s domestication is still not completely known; surely
donkeys were first domesticated by ancient cattle herders because of the climatic
changes, with lands becoming more arid and rainfall more unpredictable. Probably
they have been domesticated several times by different groups of herders, while
interbreeding among wild and domestic asses is continued throughout the entire
domestication process [2]. Donkeys were bred mainly as working animals; livestock
production, such as both meat and milk, were basically considered by-products.
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Donkey domestication represents a crucial step in human history, creating a new
phase in human populations, moving from a sedentary lifestyle to a new society
with an economy based on trade.

2. Donkey breeding today

Actually, the total amount of donkeys all-over the world is about 44 million
(Table 1), mostly in developing countries [3]. There are over 189 donkey breeds,
showing body weights ranging from 80 to 480 kg, and heights at withers ranging
between 64.2 cm of the smallest breed (Mediterranean Miniature Donkey) and
170 cm of the tallest breed (American Mammoth Jackstock).

In Europe 60 donkey breeds are actually classified, the most represented are
listed in Table 2; however, this total amount cannot be considered fully accurate.
In fact, among the 60 breeds listed, two of them must be unfortunately considered
extinct, while five other breeds are basically synonymous. For six other breeds,
only old data about their consistency are shown, while for other five breeds, the
actual consistency is reported, but the description of phenotype or photos are
not provided. For 14 breeds any values have been reported. Basically, only for 28
breeds morphologic description is really shown and the updated consistency is also
reported [5].

2.1 Donkey meat production

Donkeys are normally not considered as meat producing animals. Bovines,
buffaloes, and camels are usually bred as working animals, as well as for milk and
meat production. On the other hand, among equids horse meat is considered a
good alternative red meat, with specific dietary characteristics; its consumption
registered in some countries, such as Spain, France, Poland, a significant increase
in recent years [6]. Horse meat chemical composition is in fact characterized by low
total fat and cholesterol content, a healthy ratio between saturated and unsaturated
fatty acids and a good minerals content, especially iron and zinc [7]. Consumers,
being more health conscious, actually look for foods with high standard quality,
requiring leaner meat, with basically the minimal fat content necessary to maintain
adequate sensorial properties, taking also into consideration meat tenderness,
juiciness and flavor. The success of any food is directly correlated with consumer’s
acceptance. Meat quality as perceived by the consumers is strictly associated to its
physical and chemical composition, even if quality requirements for meat accept-
ability by the consumers are not the same all-over the world.

Continent Donkeys
Asia 15,000,000
Africa 9,700,000
Middle East 9,220,000
South America, Caribbean 8,164,000
Europe 1,500,000
North America 52,000
TOTAL 43,636.000
Table 1.

World donkeys distribution [4].
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Country Breed Consistency
Croatia Littoral dinaric 2,150
France Ane de Provence 271
Ane Normand 221
Italy Ragusano 2,481
Martina Franca 1,086
Portugal Buro de Miranda 1,400
Spain Catalana 957
Zamorano-Leonés 1,338
Table 2.

Main donkey breeds in Europe [5].

Today China is the top producer of donkey meat in the world, followed by Niger
(Table 3). Considering the well-known good reputation associated to horse meat,
the aim of this chapter is to show the recent findings about donkey meat quality,
describing its nutritional properties compared to other red meats, evaluating the
effects of cooking methods on losses of minerals and vitamins compared to the
original amount of these micronutrients in raw donkey meat.

2.2 Donkey meat quality

Donkeys can be considered an important meat producing animal in arid and
semi-arid areas, but donkey breeding for meat production does not represent
an important activity for farmers, because donkey meat has a bad reputation.
In fact, in the countries in which donkeys are still used as working animals in
agriculture, they are normally slaughtered at an advanced age, producing a meat
unacceptably tough [9]. However, not all male donkeys can be used as stallion for
reproduction, while breeding young males for meat production is an easy way to
produce a cheap food, helping local farmers in increasing their own income. In
fact, donkey is an animal with a great ability in surviving in extreme weather and
environmental conditions, such as high temperatures, low rainfall and poor feed
availability. So, donkey can be bred as a meat producing animal in regions where
the weather conditions and the feed availability negatively affect other animal’s
production efficiency.

The term ‘meat’ is normally associated only to meat flesh, basically skeletal
muscle plus the possible attached connective tissue or fat; the term offal describes

Country Number of donkeys Meat production (tons/year)
China 2,249,807 183,755

Niger 124,319 9,946

Burkina Faso 72,372 4,342

Senegal 52,581 3,155

Mali 50,598 3,036

Mauritania 22,920 2,521

WORLD 2,569,520 207,172

Table 3.

Donkey meat production in the world [8].
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Beef [11] Lamb [11] Pork [11] Horse [11] Donkey [12]
Water 716 70.2 66.0 75.2 73.7
Protein 20.3 19.8 20.8 211 22.8
Fat 8.1 9.9 13.2 3.7 35

Table 4.
Chemical composition (g/100 g) of muscle Longissimus thoracis taken from domestic mammals.

meat products different than meat flesh, such as brain, heart, kidney, liver, pan-
creas, spleen, thymus, tongue and tripe [10]. The term ‘red meat’ is traditionally
associated to meat from beef, lamb and goat, even if equid meat can also be con-
sidered another kind of red meat [8]. In Table 4 is shown the chemical composi-
tion determined in meat samples taken from beef, lamb, pork, horse and donkey;
protein content is very similar in all the meats, while fat content is significantly
lower in horse and donkey meat.

3. Meat as a source of vitamins

Meat shows an interesting content of all the B-complex vitamins, such as thia-
mine (vitamin B,), riboflavin (vitamin B,), niacin (vitamin B;), biotin (vitamin Bg),
pyridoxine (vitamin Bg), cobalamin (vitamin By,), pantothenic acid (vitamin Bs)
and folic acid (vitamin By). The last two show higher contents particularly in liver,
which is rich in vitamin A and provides interesting amounts of the other fat-soluble
vitamins D, E and K.

Red meat provides about 25% of the recommended dietary intakes for ribofla-
vin, niacin, vitamin Bg, pantothenic acid and almost 70% of the daily requirement
of vitamin By, in 100 g of serving [10]. Lack of vitamin By,, together with iron
deficiency, is the main cause of anemia in human population.

Vitamins are chemically reactive molecules. Cooking methods affects the stabil-
ity of several vitamins, causing significant losses in cooked meat. Other foods show
significant decrease in vitamins content caused by thermal treatments. In veg-
etables, vitamin C and thiamine are the most susceptible to cooking degradation,
while in fresh milk pasteurization caused a 25% loss of Vitamin C, which increased
up to 60% after UHT treatment [13].

Vitamins B-complex is well represented in equid meat, too (Table 5). Horse
and donkey meat have been recently investigated, showing nutritional proper-
ties remarkably similar to the most common red meats, such as beef, lamb and

buffalo [14].

Vitamin Horse meat Donkey meat

Thiamine (mg/100 g) 0.04 0.02

Riboflavin (mg/100 g) 0.18 0.11

Niacin (mg/100 g) 5.54 4.03

Vitamin Bg (mg/100 g) 0.64 0.48

Vitamin By, (ug/100 g) 2.08 1.90
Table 5.

B-vitamins in equid meat [8].
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4, Meat as a source of minerals

Living organisms need minerals to maintain a healthy condition. In fact, lack
or deficiency of trace elements can produce diseases that are reversed once incor-
porated [15]. Several of the essential trace elements are metals: copper (Cu), zinc
(Zn), iron (Fe), and manganese (Mn), all of them involved in different metabolic
reactions. Iron is also involved in the metabolism of the oxygen carrier hemopro-
teins, namely hemoglobin and myoglobin [16]. Humans obtain the recommended
micronutrients intakes through diet [17].

Meat is the richest source of zinc in the diet and supplies one third to one half
of the total zinc recommended daily intake. A zinc dietary deficiency has been
detected in teenagers in the Middle East eating a poor diet mainly based on unleav-
ened bread. Red meats such as beef and lamb are the richest sources of the minerals
iron and zinc; a serving size of 100 g of red meat provides about 25% of daily adult
requirements [10]. The iron in meat is mostly heme iron, which is well absorbed.
Also zinc absorption is higher in animal source foods compared to plant foods; zinc
requirements may be 50% higher for vegetarians. Red meats are also good sources
of selenium, providing more than 20% of daily intake requirement. Lean meat is
low in sodium, with a ratio potassium/sodium >5. The copper content in raw lean
meat is in the range 0.055-0.190 mg/100 g in beef and veal, 0.090-0.140 mg/100 g
inlamb, and 0.190-0.240 mg/100 g in mutton [10].

Minerals content has also been determined in both horse and donkey meat
(Table 6); values obtained confirm the interesting nutritional properties of equid
meat [19] compared to other traditional red meats.

5. Cooking meat

Cooking meat can guarantee food safety to the consumer. Meat can be cooked at
high temperatures for long time, but this cooking method can affect meat nutri-
tional and sensorial quality, with loss of water-soluble vitamins and thermolabile
minerals [20].

Minerals Horse [8] Donkey [18] Beef [10] Lamb [10] Veal [10]
Macroelements
Potassium 191-203 312-438 363 344 362
Phosphorus 186-198 185-335 215 194 260
Sodium 52.6-68.1 36.8-83.6 51 69 51
Magnesium 18.5-33.6 38.7-43.3 25 28 26
Calcium 4.11-4.51 6.12-11.5 4.5 7.2 6.5
Microelements
Iron 2.56-4.04 2.86-4.77 1.8 2.0 11
Zinc 2.07-2.66 2.99-4.71 4.6 4.5 4.2
Copper 0.13-0.21 N.D. 0.12 0.12 0.08
Manganese 0.01-0.002 N.D. N.D. N.D. N.D.
Table 6.

Mineral content (mg/100 g) in different meats.
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Meat proteins are differently affected by cooking temperatures. In the case of
boiling or microwave cooking, temperature gets over 100 °C, causing proteins dena-
turation due to an enzymatic inactivation of lipases, proteases, etc. When cooking
temperature ranges between 100 and 140 °C, that is the situation related to pressure
cooking and baking, meat digestibility is reduced because of the formation of intra-
molecular and intermolecular covalent bonds [21]. In fried and roasted meat, when
cooking temperatures are above 140 °C, amino acid destruction occurs, particularly
cysteine or tryptophan, followed by an isomerization to D-configuration and a
consequent reduction of the nutritional value [22].

Meat fat can undergo toward a fusion process after heat treatment, but it is hard
to determine the exact melting point, because of the different triglyceride mixtures;
depending on the type of fat, in fact, triglycerides decompose at a different tem-
perature [23]. High cooking temperatures can sometimes form toxic cyclic mono-
mers, dimers and polymers; this is the typical situation that occurs when acrolein is
formed after high thermal treatments [24].

Purchased meat may include bone, external fat, gristle and tendons which are often
removed before cooking, so that the meat composition “on the plate” can be quite dif-
ferent. Meat and meat products are considered cooked when the internal temperature
is maintained at 65-70 °C for 10 minutes, with a consequent coagulation of the proteins
and a meat tenderizing effect due to the partial hydrolysis of the collagen [25]. Most
of meat bacteria will be destroyed during cooking, only thermoresistant spores can
survive above 100 °C [26]. The end of the cooking process can be normally detected
by a change of color from red to brown with an associated flavors development [27]. In
fact, cooked flavor can be considered the result of several reactions affecting changes in
fat and proteins, with heat breakdown of peptides and amino acids [28].

Meat obtained from animals slaughtered at older ages, as normally occurs in
donkey breeding, is richer in connective tissue, therefore longer cooking times at
50-60 °C are necessary, because at this temperature collagen can be hydrolyzed
[29]. If heated for long times at temperature above 80 °C, unpleasant flavors can be
produced because amino acids begin to decompose; hydrolysis of collagen, in fact,
is fast when high temperatures are used for only a short time [30]. Finally, water is
lost during cooking, too. The loss of water is strictly correlated with cooking time,
cooking temperature, cooling method, serving size, heat penetration and original
meat chemical composition. Loss of water causes an increase in fat and protein
concentration in cooked meat [27].

6. Effects of cooking methods on meat vitamins content

Meat cooking techniques show significant effects on vitamins content, especially
considering the important losses of B vitamins complex [31]. Vitamin B, and
thiamine are the most affected B vitamins, while riboflavin and niacin show lower
decreases [32]. B vitamins are water soluble and thermally instable, therefore some
cooking methods, such as boiling, may provoke high vitamin losses, while shorter
cooking time may reduce these losses [33].

In the juices exuded from meat during cooking are contained small amount of all
the water-soluble constituents, minerals, proteins and vitamins. Losses of thiamine
are normally in the range 15-40% in boiled meat, 40-50% in fried meat, 30-60% in
roasted meat and 50-70% in canned meat. Average cooking losses of riboflavin are
close to 10%. Riboflavin is relatively stable to most cooking methods, excluding the
high temperature necessary for roasted meat. Canning and dehydration do not sig-
nificantly affect riboflavin content, either. Niacin is quite stable to several thermal
treatments: losses normally average about 10% in cooked meat [33].
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There are not many data available about other B vitamins: according to a
recent report, about 30% of the vitamin B¢ and pantothenate are lost in cooked
meat [34].

7. Effects of cooking methods on meat minerals content

Minerals loss during meat cooking occurs, too; the amounts of these nutrients
ingested with cooked meat could show great variations compared with their content
in raw meat. For example, heme iron is converted after different thermal treatments
in non-heme iron, the less available form of this mineral [35].

The most common methods normally used in order to determine trace elements
content in foods are based on microwave-assisted digestion with mineral acids
followed by a measurement using atomic spectrometry techniques [15].

Cooking process reduces the meat content of the trace elements like zinc,
magnesium, iron, phosphorous; some of these nutrients can be completely lost after
thermal treatments [36]. A study performed by Kimura & Itokawa [37] determined
in home cooked hamburger an average loss of 56% of total minerals content, with
the following values for each macro and micronutrients:

¢ Sodium (Na): - 54%

¢ Potassium (K): - 67%

* Phosphorus (P): - 66%

e Calcium (Ca): - 47%

* Magnesium (Mg): - 59%

e Iron (Fe): - 46%

e Zinc (Zn): - 71%

* Copper (Cu): - 41%

In the same study [37] cooking loss of minerals in pork was largest in zinc,
followed by sodium, potassium, calcium, iron, magnesium and phosphorus. In
these samples, cooking loss was correlated with the different cooking method, not
on the type of mineral. A recent study [15] was performed with the aim of deter-
mining minerals content in beef cooked using two levels of doneness, respectively

medium and well done. The results obtained for medium cooking level showed
this range of minerals content (ug/100 g serving size):

Cu (84.9-1174);

Fe (2288-2689);

Mn (11.6-20.7);

Ni (12.4-19.8);

Zn (4100-7471);
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For well-done cooking level the results obtained were in the following ranges:

e Cu (76.3-97.0);

Fe (1886-2689);

Mn (9.7-15.4);

Ni (12.7-26.8);

Zn (3187-6204).

No significant minerals loss was detected in meat when medium cooking level
was applied and total amount of exuded juices caused a weight loss of 16%, but
when the weight loss was 28-35%, following the well-done cooking level, minerals
content significantly decreased in cooked meat.

8. Effects of cooking methods on donkey meat

A study has been performed at the University of Camerino, Italy, in order to
detect minerals and vitamins B complex content in raw meat obtained slaughtering
donkey males 20 months old. The influence of donkey meat cooking process on the
retention of these micronutrients was also evaluated.

Twelve male entire crossbred (Romagnolo x Amiata) donkeys born and reared
in the same farm in extensive conditions based on pasture were slaughtered at
20 months of age, with an average final body weight of 246 + 20 kg. After slaughter-
ing, all the carcasses were transferred to a cold room at a temperature of 4 °C; after
24 h, four samples of 600 g were taken from the muscle Longissimus thoracis (LT)
at the height of the 12-14th thoracic vertebra.

From each carcass, two samples (300 g) of muscle LT were used for raw meat
chemical analysis, the other two LT samples (300 g) were cooked in an oven at
170 °C for 45 min, following a common type of home cooking. Both raw and cooked
meats were freeze-dried and then ground in a food blender to ensure homogeneity
and representative samples for analysis [38]. B complex vitamins were quantified by
HPLC after acidic and enzymatic hydrolysis of the samples [39].

To assess the minerals content in raw and cooked donkey meat was used a
published guide [40] for calculating the mineral retention percentages in foods
prepared using different cooking methods, normalizing a serving size portion of
100 g to the weight loss during cooking [31]. Macro (Ca, K, Mg, Na, P) and micro-
elements (Cu, Mn, Fe, Zn) were mineralized using the Mileston Ethos 900 micro-
wave; samples were analyzed by means of atomic absorption spectroscopy (AAS)
equipped with a low-flow Gem Cone ultrasonic nebulizer for the detection of very
low concentrations [41].

8.1 Vitamins and minerals losses in cooked donkey meat

Vitamins content in raw and cooked donkey meat is shown in Table 7. Niacin
content was the most abundant vitamin determined in raw meat, followed by pan-
tothenic acid, vitamin Bs, then pyridoxine, vitamin Be. Thiamine content was higher
compared to the same vitamin level determined in beef (0.04 mg/100 g), but lower
compared to the content (0.12 mg/100 g) detected in lamb [10]. Higher contents
of niacin (7.3 mg/100 g) and thiamine (0.16 mg/100 g) were found in horse fillet,
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Raw Donkey Meat Cooked Donkey Meat

Thiamine - Vitamin B; (mg/100 g) 0.09 + 0.01 Trace

Riboflavin - Vitamin B, (mg/100 g) 0.22 +0.07 0.18 + 0.05

Niacin -Vitamin B; (mg/100 g) 6.09 + 0.27 5,22 +0.16

Pantothenic acid - Vitamin Bs (mg/100 g) 113£0.23 0.99 + 0.06

Piridoxine — Vitamin B¢ (mg/100 g) 0.61+0.12 0.49 + 0.08

Cobalamine — Vitamin By, (ug/100 g) 1.80 + 0.15 1.10 + 0.04
Table 7.

Vitamin B complex content in raw and cooked donkey meat.

while riboflavin content was lower (0.20 mg/100 g) in this kind of meat, confirm-
ing the great variability in meat vitamins content among species [31]. Vitamin

By, level in raw donkey meat is close to the contents of this vitamin determined in
different beef cuts [42].

Cooking procedure decreased B vitamins complex content, mainly thiamine,
that resulted significantly reduced by thermal degradation, becoming hard to detect
in the cooked meat analyzed. Niacin content showed a significant decrease after
cooking, too: its retention was about 35%. Riboflavin resulted more stable to heat,
showing a retention value close to 70%; these results confirmed the findings of
Lombardi-Boccia et al. [31], who found in roast beef a complete riboflavin reten-
tion, a severe loss in niacin, while thiamine was basically undetectable. Vitamin
B, showed a significant decrease in cooked donkey meat, confirming the results
obtained in cooked beef [43] and in grilled fish [44]; the Authors in both the cited
studies attributed the loss of vitamin By, to the destruction of this vitamin caused by
the heating.

The effect of cooking procedure on minerals content in donkey meat is pointed
out in Table 8. Cooked donkey meat did not show significant decrease in the iron
content compared to raw meat; in a study performed on horse fillet [38], a sig-
nificant loss in total iron content after cooking the horse meat 180 °C for 50 min
was reported, confirming the effect of cooking time and temperature on minerals
content. Previous studies [38, 45] demonstrated that in cooked meat total iron

Raw Donkey Meat Cooked Donkey Meat

Macroelements

Calcium (Ca) 346 + 0.64 3.15+ 0.53
Potassium (K) 285.60 +26.8 228.17 + 13.8
Magnesium (Mg) 24.36 £ 1.12 2212+1.23
Sodium (Na) 6725+ 3.31 72.84 + 342
Phosphorus (P) 21335+ 114 20443 + 10.6
Microelements

Copper (Cu) 0.21 + 0.03 0,19 + 0.05
Manganese (Mn) 0.03 + 0.005 0.01+0.004
Iron (Fe) 2.81+0.38 239+ 041
Zinc (Zn) 4.35+0.13 390 +0.12

Table 8.

Mineral content (mg/100 g) determined in raw and cooked donkey meat.
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content did not decrease compared to raw meat, but the heme/non-heme iron ratio
was modified; the heme iron content decreased according to the different heat
treatment utilized. Zinc content in donkey meat was not significantly affected

by the cooking method (Table 8); this insoluble mineral is linked to proteins and
tend to remain in the meat during cooking [27]. Among the other minerals, copper
remained quite stable after cooking process, and the other minerals did not show
significant differences, confirming the results obtained in a previous study [46].

9. Conclusions

Vitamins and minerals have been recognized to be particularly important
in human nutrition. Meat provides significant amounts of nutrients, including
thiamine, vitamin By,, available iron and zinc. Physical and chemical changes in
meat can be caused by different cooking methods. Meat tissue structure is affected
by physical changes, regarding in particular meat sensorial characteristics such as
color, texture, aroma, and taste.

The remarkable nutritional value of donkey meat is summarized in its low
fat content, an interesting protein concentration together with a valid heme iron
content showing that their consumption may be favorable for human health. The
nutritional characteristics of donkey meat show interesting aspects in comparison
to the usual red meat; when related to the human health parameters, this kind of
meat can be favourably accepted by the consumers.

Production of donkey meat shows a very important potential to be considered in
the economic development of many countries; there is a big challenge for the farm-
ers to use donkeys as meat animals. Donkey, especially young males, can be used
as cheap meat animals, and donkey meat can easily have a market in the western
countries, considering the high quality level shown by this kind of red meat.

The loss of vitamins and minerals in cooked meat are due to the molecular
interactions that occur when thermal treatment is applied. Cooking methods
strongly affect trace elements and B vitamins content in meat, causing losses
during cooking processes. The amount of these nutrients ingested with cooked
meat could be hugely different compared to raw food, according to the different
cooking methods. Cooked donkey meat showed lower values of thiamine and
niacin compared to raw muscle, while riboflavin content was not significantly
affected by cooking. Minerals retention in cooked donkey meat showed that zinc,
copper and iron contents did not significantly decrease after thermal treatments.
Donkey meat, rediscovering the local culinary tradition, can represent a valuable
niche quality food in human diet.

Donkey meat production could help in taking care of many marginal lands of
the world, where soil stability and animal biodiversity preservation represent hard
worries. Donkeys possess a peculiar digestive physiology, being hindgut fermenter
herbivores: for this reason, they can advantageously compete with big and/or small
ruminants for pastures utilization. In order to fulfill this target, use of indigenous
donkey breeds can help in preserving local animal biodiversity. Further studies
must be performed to investigate on the effects of feeding on donkey meat qual-
ity. Moreover, no data are actually available about the presence in donkey meat of
specific nutraceutical molecules, such as carnosine, carnitine and taurine.

Conflict of interest

“The authors declare no conflict of interest.”

72



Vitamins and Minerals in Raw and Cooked Donkey Meat
DOI: http://dx.doi.org/10.5772/intechopen.96666

Author details
Paolo Polidori™, Paola Di Girolami® and Silvia Vincenzetti’
1 School of Pharmacy, University of Camerino, Camerino, MC, Italy

2 School of Biosciences and Veterinary Medicine, University of Camerino,
Matelica, MC, Italy

*Address all correspondence to: paolo.polidori@unicam.it

IntechOpen

© 2021 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.

73



Meat and Nutrition

References

(1] Bough J. Human and donkey
relationships since domestication. In:
Navas Gonzdlez FJ, editor. Current
Donkey Production & Functionality:
Relationship with humans. Cordoba:
UCOPress; 2017. p. 40-72.

[2] Kimura B, Marshall F, Beja-

Pereira A, Mulligan C. Domestic
donkeys. African Archaelogical Review.
2013;30:83-95.

[3] Polidori P, Ariani A, Micozzi D,
Vincenzetti S. The effects of low voltage
electrical stimulation on donkey meat.
Meat Science. 2016;19:160-164.

[4] Polidori P, Vincenzetti S. The
Therapeutical, Nutritional and
Cosmetic Properties of Donkey Milk.
Cambridge: Cambridge Scholars
Publishing; 2019. 154 p.

[5] Camillo F, Rota A, Biagini L, Tesi M,
Fanelli D, Panzani D. The Current
Situation and Trend of Donkey Industry

in Europe. Journal of Equine Veterinary
Science. 2018;65:44-49.

[6] Lorenzo JM, Sarriés MV, Tateo A,
Polidori P, Franco D, Lanza M. Carcass
characteristics, meat quality and
nutritional value of horsemeat:

A review. Meat Science.

2014;96:1478-1488.

[7] Belaunzaran X, Bessa RJB,

Lavin P, Mantecén AR, Kramer JKG,
Aldai N. Horse-meat for human
consumption—Current research and
future opportunities. Meat Science.
2015;108:74-81.

[8] Lorenzo JM, Maggiolino A,

Sarriés MV, Polidori P, Franco D,
Lanza M, De Palo P. Horsemeat:
Increasing Quality and Nutritional
Value. In: Lorenzo JM, Munekata PES,
Barba FJ, Toldra F, editors. More

than Beef, Pork and Chicken — The
Production, Processing, and Quality

74

Traits of other Sources of Meat for
Human Diet. Switzerland: Springer
Nature; 2019. p. 31-67.

[9] Marino R, Albenzio M, della

Malva A, Muscio A, Sevi A. Nutritional
properties and consumer evaluation of
donkey bresaola and salami: comparison
with conventional products. Meat
Science. 2015;101:19-24.

[10] Williams P. Nutritional composition
of red meat. Nutrition & Dietetics.
2007;64 (Suppl. 4):5113-S119.

[11] Levine MA. Eating horses:
the evolutionary significance of
hippophagy. Antiquity. 1998;72:90-100.

[12] Polidori P, Vincenzetti S, Cavallucci,
C, Beghelli D. Quality of donkey meat
and carcass characteristics. Meat
Science. 2008;80:1222-1224.

[13] Dhakal SP, He J. Microencapsulation
of vitamins in food applications to
prevent losses in processing and storage:
A review. Food Research International,
2020;137:109326.

[14] Belaunzaran X, Lavin P,

Mantec6n A.R., Kramer J.K.G., Aldai N.
Effect of slaughter age and feeding
system on the neutral and polar lipid
composition of horse meat. Animal.
2018;12:417-425.

[15] Piston M, Suarez A, Biihl V, Tissot F,
Silva J, Panizzolo L (2020) Influence

of cooking processes on Cu, Fe, Mn,

Ni, and Zn levels in beef cuts. Journal
of Food Composition and Analysis.
2020;94:103624.

[16] Jiang Z, You Q, Zhang X. Medicinal
chemistry of metal chelating fragments
in metalloenzyme active sites: a
perspective. European Journal of
Medical Chemistry. 2019;165:172-197.

[17] Whittaker JW. Metal uptake by
manganese superoxide dismutase.



Vitamins and Minerals in Raw and Cooked Donkey Meat

DOI: http://dx.doi.org/10.5772/intechopen.96666

Biochimica et Biophysica Acta
(BBA) - Proteins and Proteomics.
2010;1804:298-307.

[18] Polidori P, Cavallucci C, Beghelli D,
Vincenzetti S. Physical and chemical
characteristics of donkey meat from
Martina Franca breed. Meat Science.
2009;82: 469-471.

[19] Sarriés MV, Beriain MJ. Carcass
characteristics and meat quality of
male and female foals. Meat Science.
2005;70:141-152.

[20] Gémez I, Janardhanan R, Ibafiez FC,
Beriain MJ. The Effects of Processing
and Preservation Technologies on

Meat Quality: Sensory and Nutritional
Aspects. Foods. 2020;9:1416.

[21] Pingen S, Sudhaus N, Becker A,
Krischek C, Klein G. High pressure
as an alternative processing step
for ham production. Meat Science.
2016;118:22-27.

[22] Sun S, Sullivan G, Stratton J,
Bower C, Cavender G. Effect of HPP
treatment on the safety and quality
of beef steak intended for sous vide
cooking. LWT Food Science and
Technology. 2017;86:185-192.

[23] Ma Q, Hamid N, Oey I, Kantono K,
Farouk M. The impact of high-pressure
processing on physicochemical
properties and sensory characteristics
of three different lamb meat cuts.
Molecules. 2020;25:2665.

[24] Diéguez PM, Beriain MJ, Insausti K,
Arrizubieta MJ. Thermal analysis of
meat emulsion cooking process by
computer simulation and experimental
measurement. International Journal of
Food Engineering. 2010;6:1-21.

[25] Chen X, Tume RK, Xiong Y, Xu X,
Zhou G, Chen C, Nishiumi T. Structural
modification of myofibrillar proteins
by high-pressure processing for
functionally improved, value-added,

75

and healthy muscle gelled foods. Critical
Review of Food Science and Nutrition.
2018;58:2981-3003.

[26] Dominguez-Hernandez E,
Salaseviciene A, Ertbjerg P. Low-
temperature long-time cooking of
meat: Eating quality and underlying
mechanisms. Meat Science.
2018;143:104-113.

[27] Nikmaram P, Yarmand MS,
Emamjomeh Z. Effect of cooking
methods on chemical composition,
quality and cook loss of camel muscle
(Longissimus dorsi) in comparison with
veal. African Journal of Biotechnology.
2011;10:10478-10483.

[28] Sanchez del Pulgar J, Roldan M,
Ruiz-Carrascal J. Volatile compounds
profile of sous-vide cooked
porkcheeks as affected by cooking
conditions (vacuum packaging,

temperature and time). Molecules.
2013;18:12538-12547.

[29] Botinestean C, Keenan DF,

Kerry JP, Hamill RM. The effect of
thermal treatments including sous-vide,
blast freezing and their combinations on
beef tenderness of M. semitendinosus
steaks targeted at elderly consumers.
LWT Food Science and Technology.
2016;74:154-159.

[30] Park CH, Lee B, Oh E, Kim YS,
Choi YM. Combined effects of sous-
vide cooking conditions on meat and
sensory quality characteristics of

chicken breast meat. Poultry Science.
2020;99:3286-3291.

[31] Lombardi-Boccia G, Lanzi S,
Aguzzi A. Aspects of meat quality:
trace elements and B vitamins in
raw and cooked meats. Journal of
Food Composition and Analysis.
2005;18:39-46.

[32] Riccio F, Mennella C, Fogliano V.
Effect of cooking on the concentration
of Vitamins B in fortified meat



Meat and Nutrition

products. Journal of Pharmaceutical and
Biomedical Analysis 2006;41:1592-1595.

[33] Yang ], Science N. Sensory qualities
and nutrient retention of beef strips
prepared by different household
cooking techniques. Journal of the
American Dietetic Association.
1994;94:2-5.

[34] Suleman R, Wang Z, Aadil R,
Hui T. Hopkins DL, Zhang D. Effect
of cooking on the nutritive quality,
sensory properties and safety of
lamb meat: Current challenges and

future prospects. Meat Science.
2020;167:108172.

[35] Carpenter CE, Clark E. Evaluation
of methods used in meat iron analysis
and iron content of raw and cooked
meats. Journal of Agricultural and Food
Chemistry. 1995;43:1824-1827.

[36] Czerwonka M, Szterk A. The effect
of meat cuts and thermal processing
on selected mineral concentration in
beef from Holstein-Friesian bulls. Meat
Science. 2015;105:75-80.

[37] Kimura M, Itokawa Y. Cooking
Losses of Minerals in Foods and Its
Nutritional Significance. Journal of
Nutritional Science and Vitaminology.
1990;36:525-S33.

[38] Lombardi-Boccia G, Martinez-
Dominguez B, Aguzzi A. Total heme
and non-heme iron in raw and cooked
meats. Journal of Food Science.
2002;67:1738-1741.

[39] Barna E, Dworschak E.
Determination of thiamine (vitamin
B1) and riboflavin (vitamin B2) in
meat and liver by high-performance
liquid chromatography. Journal of
Chromatography. 1994;668:359-363.

[40] Bognar A, Piekarski J. Guidelines

for recipe information and
calculation of nutrient composition

76

of prepared food dishes. Journal of
Food Composition and Analysis.
2000;13:391-410.

[41] Kadim IT, Mahgoub O,
Al-Marzooqi W, Al-Zadjali S,
Annamalai K, Mansour MH. Effects
of age on composition and quality
of muscle Longissimus thoracis of
the Omani Arabian camel (Camelus
dromedaries). Meat Science.
2006;73:619-625.

[42] de Castro Cardoso Pereira PM,
dos Reis Baltazar Vicente AF. Meat
nutritional composition and nutritive
role in the human diet. Meat Science.
2013;93:586-592.

[43] Watanabe F, Abe K, Fujita T,

Goto M, Hiemori M, Nakano Y. Effects
of microwave heating on the loss

of vitamin B12 in foods. Journal of
Agricultural and Food Chemistry.
1998;46:206-210.

[44] Nishioka M, Kanosue F, Yabuta VY,
Watanabe F. Loss in vitamin B12 in
fish (Round Herrings) meats during
various cooking treatments. Journal of

Nutritional Science and Vitaminology.
2011;57:432-436.

[45] Al-Khalifa AS, Dawood AA. Effects
of cooking methods on thiamin and
riboflavin contents of chicken meat.
Food Chemistry. 1993;48:69-74.

[46] Severi S, Bedogni G, Manzieri AM,
Poli M, Battistini N. Effects of

cooking and storage methods on

the micronutrient content of foods.
European Journal of Cancer Prevention.

19976 (suppl 1):521-524.



Chapter 5

Nutritional Composition of Game
Meat from Wild Species Harvested
in Europe

Almudena Soriano and Carlos Sanchez-Garcia

Abstract

A discussion about the nutritional composition of game meat, with specific
focus on wild species harvested in Central and Mediterranean European countries
has been conducted. Given the wide range of species, and the climate and vegeta-
tion differences among the harvesting areas, game meat shows heterogeneous
characteristics and chemical composition, the latter being also affected by sex, age,
body condition, physiological and sexual status, and hunting period. However,
there are similarities which make it clearly distinguishable from livestock meat.
When considering the most consumed species (red and fallow deer, wild boar, hare
and wild rabbit), their meat has low fat content (<3 g/100 g for large and <4 g/100 g
for small wild game species), high protein content (20-26 g/100 g) and low energy
content (90-113 kcal/100 g). Wild game meat has a healthier fatty-acids profile
compared to other meats, showing a higher proportion of PUFA, especially #-3, and
consequently more favorable PUFA/SAF ratio. Wild ruminants’ meat shows a favor-
able n-6/n-3 ratio (lower or close to 4). It has a high content of K, followed by P and
micro-minerals such as Zn and Fe, together with B-group vitamins and vitamin E.
Game meat from wild species harvested in Europe can diversify the market being
an alternative to others red meats owing to its nutritional quality and organoleptic
characteristics.

Keywords: game meat, chemical composition, fatty acid profile, cholesterol,
vitamins, minerals, health, nutrition

1. Introduction

During the last decades game meat demand has increased in Europe, mainly
because consumers perceive this meat as “natural and sustainable”. Animals are
free range, fed mainly with natural food (i.e. pasture) and their meat is free from
hormones, antibiotics and other products. Meat from wild game species, meets
animal welfare ethical standards, and the rearing of the animals in the wild has a
lower or null impact on the ecosystems when compared to farmed species [1-3].
Therefore, consumers perceive this meat differently from traditional meat derived
from domestic species, being a seasonal product that is available in fresh during the
colder seasons [1], but also consumed in other seasons after being frozen or as cured
meat, including specialities such as cecina, salchichdn, chorizo, and conserves and
pates. European consumers consider game meat as innovative food and are willing

77 IntechOpen



Meat and Nutrition

to pay a higher price [2], and they are likely to increase its consumption provided
that it will have a higher quality and greater commercial availability [3].

However, game meat consumption is still very low in Europe, as only 2-4% of
the population consumes this type of meat regularly [4]. This can be explained by
its high price, seasonal availability, the lack of habit of using recipes with game
meat among consumers not related with hunting, and even safety concerns [5]. As
pointed by a recent study [6], the lack of knowledge on hunting may hamper game
meat consumption, as hunters and their relatives show higher rates of consumption
compared to people not familiarized with this activity [5]. Thus, when aiming to
increase the intake of game meat and its derived products, information should be
provided to sellers and consumers about the role of hunting on wildlife conserva-
tion and rural economy, but also on the nutritional quality of game meat and its
possible inclusion in a balanced and healthy diet. In this way, the European Union
(EU) is promoting the consumption of game meat in some countries through the
program “European wild meat, nature at its purest” [7]. In France, about half of the
game meat producers promote the “French game meat brand”, with a strong promo-
tion campaign targeting mainly chefs and consumers, highlighting the meat quality
and its gastronomic potential [8]. In Spain, the National Association of Game Meat
Producers (ASICCAZA) is conducting a programme to increase the game meat
profile among consumers [9].

Meat from game species can be produced from farmed or wild animals. In some
countries such as New Zealand, Australia, China and Canada, meat from farmed
game is considered as an important meat subsector, and the rearing of farmed game
is also growing in European countries. However, hunting of wild game remains as
an important activity in Europe, including ungulates, lagomorphs and birds, being
this the case of Spain, where approximately 20,000 tons are produced each year,
with an estimated value of 45 million € [10].

Regulation (EC) No 853/2004 considered wild game meat as meat obtained
from wild birds, ungulates and lagomorphs, as well as other land mammals that
are hunted for human consumption, including animals living in enclosed terri-
tory under conditions of freedom similar to those of wild game. Among the most
hunted species in Europe are wild ungulates, including red deer (Cervus elaphus),

Figure 1.
Main wild game species harvested in Central and Mediterranean European countries.
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fallow deer (Dama dama), roe deer (Capreolus capreolus) and wild boar (Sus scrofa),
together with birds such as ring-necked pheasants (Phasianus colchicus), partridges
(Alectoris spp., and Perdix spp.), waterfowl and wader species but also mammals
such as wild rabbit (Oryctolagus cuniculus) and hares (Lepus spp.) (Figure1). Meat
from the majority of hunted species can be legally sold in the European marked,

as long it has passed a proper official post-mortem inspection at game-handling
establishments as cutting plants, as specified with the European regulation (EC) No
853/2004.

2. Factors affecting chemical composition and characteristics of wild
game meat

As game meat is produced from different groups of species (birds and mam-
mals), and from different species within the same taxonomic category, there are
considerable differences on quality attributes, including physicochemical and
sensorial characteristics, together with microbiology, making game meat a het-
erogeneous product. In addition, quality attributes can be difficult to standardize
and control since game meat from species hunted in the wild is affected by several
ante-mortem and post-mortem factors.

2.1 Ante-mortem factors

Several ante-mortem factors affect chemical meat composition, including specie,
sex, age, body condition, muscle type, hormone levels, site, climate, harvesting
period and type of hunting [11, 12].

In Europe, hunting is practised all over the continent; hence a same species can
be harvested in different environmental conditions, which implies different climate
and habitat resulting in differences on types of food and its availability. However,
for the majority of game species, hunting periods are extended from late summer
to early spring (the coldest period of the year), and in all cases out of the breeding
season. Hunting targets adults and juveniles (the latter in small game species), both
males and females, which may have eaten natural or supplemented food depending
on the location, as in many parts of Europe (especially the Mediterranean basin),
there are extended periods of drought.

The different types of hunting may affect to meat quality. For example, driven
hunting using dogs induce high levels of stress compared to stalking, in which the
animals are often shot while being motionless. Other factors, such as hunting at day
or night, with a rifle or a bow, may affect meat quality through different stress levels
[13]. High stress levels before the animal being shot/captured, cause a higher con-
sumption of muscle glycogen before the death of the animal, resulting in less post-
mortem lactic acid generation from depleted glycogen reservoir [14], and affecting
the pH meat value. An appropriate decrease on pH, and a final value ranging 5.5-5.7
[15], allows the meat to reach the desired color, tenderness, water retention capacity
and other technological characteristics for transformation into meat products.

2.2 Post-mortem factors

After the death of the animal, the process to obtain meat in the field and the
characteristics of the cutting plant varies depending on the location, as not all
European countries have standard operating procedures. In fact, there are signifi-
cant differences among countries in dressing the meat, the period of time from
death to meat refrigeration, refrigeration temperatures, the type of vehicles used
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to transport the meat to the cutting plant/slaughterhouse, the maturation process
which allows reaching the desired texture and flavor, and also the packing and
storing system. All these factors affect the physicochemical, microbiological and
sensory quality of game meat.

With regard to small game, after being shot, animals are usually kept unskinned
and uneviscerated, and are hung in a cool, dry place until transportation to a game
dealer or cutting plant. However, the majority of small game is generally kept by the
hunters for personal consumption, and only a small proportion is sold.

In large game species, the evisceration is carried out by the hunter or the staff of
the hunting ground. The interval from death to evisceration varies and little atten-
tion is paid to the environmental conditions in which hunting takes place, which
may seriously undermine meat quality. The interval and the prevailing conditions
between hunting and transport of the eviscerated carcass (previously approved by a
veterinary inspection), to the cutting plant in refrigerated trucks also varies consid-
erably. Finally, cutting plant managers often overlook the optimum conditions for
carcass aging for a given species, which currently takes place over a wide range of
temperatures and times, using different carcass ripening methods (mainly skinned
vs. unskinned) [16].

The implementation of standardized procedures in the field and cutting plant,
are needed to ensure safety, quality and traceability of game meat.

3. Nutritional composition of wild game meat

The macronutrients, micronutrients, cholesterol content and fatty acid profile
for the meat from the most important hunted species in Central and Mediterranean
European countries are described below. Existing literature from areas where hunt-
ing is very popular has been reviewed. Those areas are located at the countries: Italy,
Spain, Portugal, Greek, Poland, Hungary, Romania, Croatia, Germany, Slovenia,
Czech Republic, Slovak Republic and Republic of Lithuania. Only studies dealing
with wild game (no farmed) have been cited, including animals harvested from late
summer to spring, adults and juveniles, males and females.

3.1 Proximate composition

In Table 1, the proximate composition and energy content of meat from large
wild game species is shown: wild red deer (Cervus elaphus), fallow deer (Dama
dama), wild boar (Sus scrofa), and small game: brown hare (Lepus europacus)
and wild rabbit (Oryctolagus cuniculus), which have subject to a higher number of
studies in Europe. The energy content has been calculated using the protein and fat
content, following Regulation (EU) No 1169/2011. Table 1 shows range of mean
values or mean value when only one study available, found for the most studied
parts of the carcass, loin and legs.

3.1.1 Large wild game

The most studied part of the carcass of red deer and fallow deer is the loin, both
the whole longissimus thoracis et lumborum muscle (sometimes referred as longis-
simus dovsi) or its two parts (longissimus thovacis and longissimus lumborum muscles),
with research also studying the legs (semimembranosus, semitendinosus and triceps
brachii muscles). Generally speaking, the composition of both parts is similar, hence
deer meat (red and fallow deer) has a high protein content ranging 20.5-22.8%,
which confirms that is a relatively rich source of proteins and aminoacids [11]; and
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Moisture Protein Fat Ash Energy
(8 (8 (8 () (kcal)
Red deer Loin 75227711  2141-2220  010-096  110-134 90-98
[17-21] Legs 7790 20502150  1.00-1.72 0.98 91-101
Fallow deer Loin 74307540  2180-2280  030-089  1.07-110 91-96
[22-24] Legs 74707550 21902260  041-0.81 1.01 94.95
Wild boar Loin 70507472 21242587  069-280  1.03-126 101117
[12,25-32] Legs 71287674  1971-2373  130-280  0.88-1.05 95111
Hare Loin  7248-7515 21532530 123273 098127  100-112
[33-36] Legs 74357543 20282158  179-323  097-127  102-110
Wild rabbit Loin 7535 22.05 155 1.00 102
371 Legs  75.08-7555 20282143 226348  1.02-109  106-113
Table 1.

Range of mean values (or mean value when only one study available) of proximate composition and energy
content (per 100 g) of game meat from wild species hunted in Europe.

alow fat content between 0.1-1.7%. The loin is the part with less fat content (<1%).
It is well documented that fat content of game meat as a high variability as it may be
affected by several factors, including climate [22, 38], sex and age [20-22], feeding
regime and season [22, 23, 39], physiological and sexual status [40], and hunting
period [41].

In the wild, fat content is mostly influenced by seasonal variations, nutritional
and sexual status, and available vegetation. Deer species, especially those living in
the wild, are known to have seasonal body condition changes, which allows specula-
tion about seasonal variation of meat composition. Usually, body condition is at
its highest at the beginning of winter and at its lowest at the beginning of spring
[28], and consequently the fat content is higher in winter compared to autumn and
summer [22, 41]. But this variation is influenced by the species, winter severity and
population density [28, 29]. In addition, in several deer species a decrease in body
weight has been recorded for adult males during the rutting season [29], while for
adult females the recovery of body condition during summer may be limited by the
cost of lactation [29]. The meat energetic value (calculated per 100 g) ranges from
90 to 101 kcal in red deer, and 91.5-96 kcal in fallow deer. These values are lower
than beef, pork, lamb or poultry meat, whose energetic value range from 114 to
231 kcal/100 g of muscle tissue [30] owing to the higher fat content of these meats.
Ash content is very similar for both deer species and in all muscles (range of mean
values from 1 to 1.3%).

When comparing meat from wild and farmed deer, there are contradictory
results; higher fat content has been found in wild fallow deer compared to farmed,
and similar or slightly higher values have been found in farmed red deer compared
to wild ones [11].

The wild boar is a generalist omnivore, which is able to eat a wide range of
food items, hence its diet varies according to resources available. It has a broad
geographic distribution that include arid zones (semi deserts), wetlands, high
mountain environments, forest and farmland ecosystems [25], which ultimately
affect to the meat chemical composition. The proximate composition of loin (longis-
simus thoracis et lumborum and longissimus thovacis) and legs (semimembranosus and
teves major) from European wild boar shows a high protein content (21.2-25.9%)
and a low fat content (0.7-2.8%). The influence of some factors on wild boar meat
has been studied, and the most significant are: (i) the available food in the hunting
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grounds which finally determines meat composition, outstanding fat and protein
content. In this way, a higher fat content has been found in wild boar meat from
fenced hunting grounds, in areas where cereals are supplemented and in cultivated
forest compared to areas/hunting grounds where only natural food is available

[25, 31, 32, 42-44]; (ii) age, as when compared to juveniles, meat from adults has
higher content of fat and protein, and lower water content [33, 43, 44]; (iii) the
carcass weight, as there is a positive correlation between the protein content and the
carcass weight [34]; (iv) the hunting period, because it has been demonstrated that
the highest content of intramuscular fat is reached in wild boar harvested in winter
compared to spring and summer, probably owing to the higher amount of avail-
able food from cultivated crops [35]. Interestingly enough, sex has no significant
effect on meat proximate composition [31], though a study [44] found that younger
females generally showed a higher content of protein than males, and another one
observed a higher content of protein in meat from males [12]. Among the different
components studied, the ash content is the less influenced and more constant [44]
with mean values ranging 0.9-1.3%.

When comparing the macronutrients content of wild boar meat to pork, the
main difference is the lower fat and higher protein content of wild boar meat [25].
Thus, the mean values in pork loin are 4.6% for intramuscular fat and 21.4% for
protein content [12, 25, 26, 34, 42, 43]. One study has reported that the mean fat
content of wild boar meat was 5.3%, being similar to pork [23].

3.1.2 Small game

Wild rabbit and hares are herbivorous consuming a great variety of plants,
including herbs, grains, and fruits. The type and abundance of these plants vary
depending on the season and from one area to another, which may cause large varia-
tion in the composition of their meat [36]. There are very few data available regard-
ing the nutritional composition of wild hare and rabbit in Europe; in fact, only one
study has been found investigating wild rabbit meat harvested in Spain [37]. The
proximate composition has been evaluated in different pieces such as loin (longis-
simus thoracis et lumborum) and legs (semimembranosus and triceps brachii). For both
rabbits and hares, legs have a slightly higher fat content and lower protein content
compared to loin, showing an overall a high protein content (20.3-25.3%) and low
fat content (1.2-3.5%), resulting on an mean energetic value of 100-113 kcal/100 g.
Although the meat composition of both lagomorphs harvested in Europe is similar,
more research is needed to confirm this point.

Considering the variability for each of the parameters mentioned above, it is
clear that the available food where animals are harvested has a significant influence
on meat composition. On the other hand, some studies have found that several
factors influence protein and fat content, and consequently energetic value, the
most important being: (i) sex, as meat from females has a higher fat content and
lower protein content [45, 46]; (ii) the hunting period, with higher fat and protein
content in winter compared to spring [47]; (iii) muscle type, with a higher fat
content in the legs compared to the loin [37, 46].

Several studies have compared meat from hares and domestic rabbit [45, 48],
showing that domestic rabbit have a higher fat content (2.6-3.0%) and a lower
protein value (21.5-22.2%). When the same diet is provided to farmed brown hares
and domestic rabbits, a higher protein content is found in hare meat [48].

The comparison of the proximate composition of meat from wild and farmed
brown hares, has found similar or slightly higher fat and mineral content in farmed
hares [48-50].
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Although meat from wild rabbit and hare provides a balanced content of mac-
ronutrient, these meats are not as popular as the consumption of other domestic
meats, because of their dark red color, characteristic strong flavor, compact texture
and dryness [51].

No complete studies have been found on the chemical composition of game
birds, so more research is needed for these species.

In summary, the main characteristics of proximate composition of game
meat from wild species are: low fat content and caloric value, together with high
protein content, which may contribute to a healthy diet and a good “marketing
strategy” [52].

3.2 Fatty acids composition

It is widely accepted that both the amount and the structure of fatty acids (FA)
play a major role in human health. Moreover, the FA composition is more relevant
than fat content for human nutrition. There are four inter-related factors that have
important health implications: (i) the total fat content; (ii) the distribution of
specific FA; (iii) the ratio of polyunsaturated fatty acids and saturated fatty acids
(PUFA/SFA); (iv) the n-6/n-3 FA ratio [53]. Each of these factors has been shown to
influence the development of coronary diseases.

According to the health authorities it is recommended to decrease the intake
of fat, SFA, trans-FA and the n-6/n-3 ratio, and to increase the intake of MUFA
(monounsaturated fatty acids) and PUFA [54]. SFA are regarded as the main cause
of cardiovascular diseases as they increase blood pressure and the concentration of
the “bad” LDL (low-density lipoproteins) serum cholesterol concentrations, while
MUFA and PUFA decrease the concentration of the “bad” LDL cholesterol and
increase the concentration of the “good” HDL (high-density lipoproteins) choles-
terol which results in reducing the risk of heart diseases and atherosclerosis [55].
The n-3 PUFA decreases serum triacylglycerols, while lowering thrombic tendencies
and reducing the incidence of ventricular arrhythmias [56]. Today, the #-6/n-3
ratio in human diets is often over 10 (the recommendation is <4.0), indicating the
deficiency of beneficial #-3 FA in our diets [52]. On the other hand, the PUFA/SFA
ratio recommended by the British Department of Health [57] is a minimum of 0.40
to contribute to a reduction in the risk in coronary diseases in humans.

As said before, game meat is lean, with a low content of intramuscular lipids,
which are primarily composed of triglycerides (neutral lipids) and phospholipids
(polar lipids) with polar lipids being the less saturated. The intramuscular fat com-
position is related to the fat amount, because a higher fat content results on changes
in FA, with a higher content of neutral lipids which tend to be more saturated [58].

In Table 2 a review of the range of mean values found in the available literature
for the total content of SFA, MFA, PUFA, #-6 and n-3 FA, are shown, and also the
PUFA/SFA and the 7-6/n-3 ratios for the intramuscular fat of different muscles of
loin (longissimus thoracis et lumborum, longissimus thovacis and longissimus lumbo-
rum) and legs (semimembranosus, semitendinosus, psoas major and triceps brachii).

3.2.1 Large wild game

The range of mean values for the total amount of FA and their ratios found in
wild game meat harvested in Europe are quite wide. In general, in wild red deer meat
the most important are SFA, closely followed by PUFA, whereas fallow deer shows
a higher amount of SFA followed by MUFA. However, only one study is available
for fallow deer [58] harvested in Poland hence there is lack of studies. Considering
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Red deer Fallow Wild boar Hare Wild
[17,19,59] deer [26, 42, 43, 60-64] [46, 48] rabbit
[24] [36]
Loin Legs Loin Loin Legs Legs Loin
SFA 30.4-38.2 35.6-43.3 55.4-63.1 31.6-44.7 28.5-40.1 33.7-35.1 28.8
MUFA 153-227 22.1-372 25.7-294 30.2-46.8 27.8-50.4 175-21.8 136
PUFA 376-50.1 25.5-374 11.2-14.9 173-30.5 14.7-255 41.5-455 39.7
PUFA/ 044-1.09  0.18-0.27 0.38-0.84 0.52-0.62 1.20-1.89 1.38
SFA
n-6 30.2-38.2 18.7-29.3 15.7-28.0 17.8-24.0 39.3-41.1 288
n-3 72-11.7 46-81 0.9-57 14-6.2 2.0-44 9.2
n-6/n-3 3.5-4.3 26-4.8 31-223 3.0-176 14.2-251 3.8
Table 2.

Range of mean values (or mean value when only one study available) of fatty acids profile (g/100 g total fatty
acids) of intramuscular fat from game meat from wild species hunted in Europe. SFA: Saturated fatty acids;
MUFA: Monounsaturated fatty acids; PUFA: Polyunsaturated fatty acids.

all studies conducted on wild red deer, the n-6/n-3 ratio has shown values lower or
close to the recommended maximum value of 4.0 [17, 19, 59] and PUFA/SFA values
slightly higher than 0.40, from 0.44-0.49 [59] or slightly higher, from 0.63-1.09
[17], which is healthier. For fallow deer, this ratio was lower owing to the higher

SFA content and lower PUFA content. Wild boar shows a higher amount of MUFA
compared to ruminants, as shown in the majority of studies [42, 43, 59-63], and a
higher 7-6/n-3 ratio, between 6.9 and 17.0 which is 2 to 4 times above the maximum
nutritional recommended ratio of 4.0, hence less favorable. Only a study carried out
in Poland, shows lower values in wild boar loin and legs, ranging between 3.0-4.7
[26]. The majority of studies on wild boars harvested in Europe show PUFA/SFA
ratios above the minimum ratio of 0.40 recommended to reduce the risk in coronary
diseases in humans [60, 65].

Regarding to the FA in large game, all studies show that the most abundant are
palmitic (C16:0), stearic (C18:0) and oleic (C18:1), as shown for domestic animals
[66]. In general, game species contain high amounts of the long chained (C > 20)
unsaturated fatty acids [67], which are healthful [68]. It is important to highlight
the high amounts of arachidonic acid (C20:4 #-6), which can be explained by the
phospholipidic origin of this fatty acid and the fact that wild animals meat is leaner
than that of domestic animals [69].

In wild red and fallow deer, the FA composition is mainly influenced by the food
composition despite the biohydrogenation of PUFA in the rumen. The intake of
pasture produces a more favorable #-6/x-3 ratio compared to feed [68-70], which is
attributed to the higher a-linolenic acid (ALA, C18:3 #-3) content in the grass, while
the linoleic acid (C18:2 #-6) can be found in feed, and both are present primarily in
the phospholipid fraction of deer intramuscular fat [17, 70]. Thus, it can be said that
feed provided to farmed deer increases the total fat and SFA content, and decreases
PUFA content, especially #-3 PUFA [53, 71-73]. Wild deer meat is generally speak-
ing, a relatively good source of #-3 PUFA due to the presence of ALA in pasture. The
high values of ALA found in red deer and fallow deer meat may be the consequence
of the very low content of intramuscular fat, as well as the fact that both species are
grazers.

Together with food, other factors may affect the FA profile as age, sex, area of
harvesting, among others [74]. For example, meat from stags show a higher PUFA
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concentration than hinds in both red deer and fallow deer [58, 59, 75], and conse-
quently the PUFA/SFA ratio is higher in the stags’ meat. Regarding to the effect of
age, younger animals show a higher PUFA content than older ones [19], probably
due to higher intramuscular fat amounts in older animals and different relative
contents of triacylglycerol and phospholipid fractions in muscle lipids. Meat from
older animals shows higher n-6/n-3 ratio (> 4.0) [19], hence less healthy.

The comparison of meat from wild deer with other red meats from domestic
animals, reveals a high content of PUFA, being deer meat particularly rich in C18:2
n-6, C18:3 n-3 and C20:4 n-6. In this way, the content of C18:3 #-3 (ALA) in venison
is markedly higher than in cattle breeds [70, 76-78]. On the one hand, red deer meat
has a more favorable fat composition compared to grain-fed beef, showing a lower
amount of SFA (2-3 times lower), a higher content in long-chain z#-3 PUFA and
healthier PUFA/SAF and n-6/n-3 ratios [53]. The practice of adding C18:2 #-6 to
grain provided to cattle reduces the concentrations of #-3 PUFA, while simultane-
ously increases the concentrations of #-6 PUFA [53]. On the other hand, in deer
meat conjugated linoleic acid, CLA (C18:2 cis—9 trans—11 isomer), has been found,
an element which has been shown to be a cancer inhibitor that provides significant
protection according to several models of carcinogenesis, especially in diets with a
high intake of dairy products and beef, the highest known food sources. CLA may
also reduce the progression of atherosclerosis via its strong antioxidant property
[79], though deer meat has a lower CLA amount compared to meat from domestic
ruminants [59].

In contrast to ruminants, double bonds of FA are not hydrogenated during
digestion in wild boar. Similarly to other monogastric animals, the FA composition
of wild boar’s meat is strongly related to diet [25], as the FA profile varies depend-
ing on whether the animals eat only natural resources or are supplemented, the
latter a quite widespread practice conducted by managers during harsh winter
periods. In the wild, wild boars eat a great variety of indigenous plants, including
grain, seeds, roots, fruits, insects, earthworms, slugs and also small mammals and
carrion, though the bulk of food consumed consists of plant material [80]. Higher
amounts of SFA have been found in wild boars supplemented with feed compared
to those not supplemented [31], in which a higher content of #-3 was found [81].
In addition, the habitat influences the intramuscular FA, so wild boar meat from
forest dominated habitats has a higher PUFA #-3 content and lower 7-6/n-3 ratio
compared to meat from wild boars occurring in farmland habitats [43]. It has been
confirmed that the FA more affected by wild boar diet are C18:1 and C18:2 #-6,
though SFA as C16:0 and C18:0, do not show significant variations [25]. The higher
proportions of CLA in wild boar meat compared to pork [82] could be explained by
the intestinal bacterial flora biosynthesis. As expected, the hunting area also influ-
ences the FA profile owing to the diversity of food items [42].

Together with the diet, it has been suggested that the hunting period has a
strong influence on the FA profile. In autumn (October-November), research
has found higher proportions of PUFA, lower of MUFA, more favorable values
of PUFA/SFA ratio and less favorable 7-6/n-3 ratio, when compared to winter
(December—January) [62]. Also, in meat from wild boar hunted during winter,
lower proportions of SFA and higher of PUFA, and PUFA/SFA and n-6/n-3 PUFA
ratios have been found compared to summer [64].

With regard to the effect of age, conflicting results have been found, which
could be attributed to the differences on age classes used among studies [62, 65].
Only small differences were detected for sex [62, 64], referring a higher total
proportion of SFA in males compared to females [65]. A further influence has been
found in the carcass weight, hence SFA increased with weight and PUFA proportion
increased with decreased carcass weight [26].
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If we look at the intramuscular FA profile in wild boars and pigs, in general
higher amounts of PUFA have been found in wild boar but also a less favorable
n-6/n-3 ratio [63, 83].

3.2.2 Small game

The FA profile of hares and rabbits is slightly different than the one shown
by wild deer and wild boars, owing to the higher amount of C20:4 -6, that
increases the proportion of PUFA and decreases the proportion of MUFA when
compared to large game species. The predominant FA in hare and wild rabbit are
C18:2 -6, 16:0, 18:1, 20:4 -6 and 18:0 [36, 48], but hares have a higher n-6/1-3
ratio compared to rabbits. In any case, the fatty acids profile in hares and rabbits
have been poorly studied, as only three studies have been conducted in Europe
[36, 46, 48].

The FA composition is influenced by seasonal and territorial variations on veg-
etation. So, an optimal FA profile has been shown particularly during early spring,
when fresh spontaneous vegetation is available, which increases the amount of
PUFA, particularly #-3, and lower SFA and MUFA concentration, as demonstrated
in wild rabbits hunted in Greece [36]. Additionally, there are differences on some
FA depending on sex [46].

Higher amounts of C18:2, C18:3 #-3 and C20:4 n-4 have been found in hares and
wild rabbits compared to livestock meats. In farmed hares and reared rabbits eating
the same food, higher proportions of PUFA have been found in hares, particularly
n-3, and lower proportions of MUFA and SFA [48].

3.2.3 Fatty acid profile and organoleptic chavacteristics

The FA profile not only has implications for human health, but also on meat
quality, such as texture, shelf life, flavor and odor, which all affect sensory
properties of deer meat [13]. Due to the different melting points, individual FA
have important but diverse effects on the firmness or softness of the fat and meat.
The effect of FA on meat flavor is due to the production of volatile lipid oxidation
products during heat treatment or while the production of cured meat, especially
unsaturated FA [70]. Natural grazing is a source of PUFA and it is considered as
an important contributor for the development of “wild*, “gamey “and “grassy”
flavor in meat [72, 84, 85]. However, a high content of PUFA may negatively
affect the oxidation stability and other technological parameters of meat and its
products [52].

3.3 Cholesterol

Cholesterol is an essential element for body function, as it is part of the cell
membrane structure and it is necessary for the sexual and adrenal hormone produc-
tion. Around two thirds of cholesterol are synthesized in the liver and the remain-
ing proportion is taken from the diet, and the cholesterol level is self-controlled.
Higher serum cholesterol levels increase the risk of cardiovascular disease, though
the intake reduction of food rich in cholesterol as a way to reduce this problem, has
been questioned [86].

Available literature about wile game meat, shows cholesterol content only in
wild red deer and wild boar, specifically in longissimus thovacis et lumborum, semi-
membranosus, psoas major, semitendinosus and triceps brachii muscles
(Table 3). In those studies, the range of mean values are quite wide, which could
explain by the differences in the method used for cholesterol determination, not
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Red deer Wild boar

(17,19, 59] [60,87]

Loin Legs Loin Legs

45.3-52.8 55.2-94.6 344 20.9-56.9
Table 3.

Range of mean values (or mean value when only one study available) of cholesterol content (mg/100 g) of game
meat from wild species hunted in Europe.

excluding the effects of diet, age and the muscle studied [17, 88]. The age influence
is not clear yet [17], as lower cholesterol values in meat from younger red deer were
found [59] and the opposite result was found in a different study [19]. As found for
the total fat content, the amount of cholesterol is also influenced by the muscle, asa
lower amount is found in the loin compared to the legs (Table 3).

The cholesterol amount in red deer meat has been compared to beef using the
same technique at the same laboratory, finding that the amount found in deer is
at the same level of the one found in beef loin and legs [89]. Depending on the
muscle, the values found in wild boar meat (20.9-56.9 mg/100 g) are lower or simi-
lar to the ones found in pork, which are close to 45.3-80.0 mg/100 g [60]. Generally
speaking, the amount of cholesterol in game meat are similar to the ones found in
lamb, chicken, pork or beef meat [11]. Contradictory results have been found when
comparing the cholesterol amount between wild and farmed deer, with wild red
deer showing lower values and wild fallow deer showing higher values compared to
farmed deer [11].

3.4 Minerals

Macro- and micro-minerals serve many functions in the human organism.

They are the building material of bones, teeth, skin and hair and are fundamental
components for metabolic processes, maintenance of acid-base equilibrium and
regulation of water and electrolyte metabolism [90]. In addition, minerals con-
tained in meat, in comparison with those present in plants, are more easily absorbed
and, therefore, more beneficial to the human organism [91].

Table 4 shows the concentrations of macro and micro-elements, found in loin
(longissimus thoracis et lumborum, longissimus thoracis and longissimus lumborum) and
legs (semimembranosus) in wild red deer, fallow deer and wild boar. In despite of dif-
ferences among species, the most abundant macro-minerals in the meat of all species
are K, followed by P and Na. On the other hand, the most abundant micro-minerals are
Fe and Zn, followed by Cu. The individual values for each species show wide ranges,
as the studies have been conducted in different countries and areas, which results
on different mineral availability. The mineral content of game meat, especially the
micro-minerals, is closely linked to the availability in the environment, as soil micro-
elements influence the vegetation content which is eaten by wild game [11, 12, 20, 23].
Additionally, other factors may affect mineral concentration in muscles for a given
species, such as different physical activity, muscle fiber type composition, date of
hunting, age, sex and other environmental factors [12, 19, 20, 74]. To date, it is known
that age does not influence significantly the mineral profile, and only differences in Na
have been found in red deer [19] and differences in Fe for wild boar, in which higher
amounts are found in older animals [12]. Neither sex has a significant influence in wild
board [92], though in red deer higher amounts of Na y Zn were found in stags [20]
and in wild boar higher amounts of Cu were found in females [93]. Further research is
needed to fully understand the factors influencing the mineral profile.
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Red deer Fallow deer Wild boar
[19-21,23] [23] [12,23,25,92]
Loin Legs Loin Legs Loin Legs
Macro-minerals
Ca (mg) 6.0-251 9.1 21.0 9.0 14.8-20.8 10.1-11.8
P (mg) 166.1-289 1879 226.9 216.8 202.3 214.3-223.2
Mg (mg) 175-38 18.6 214 213 20.1-55.7 19.6-26.9
K (mg) 217-326.9 2829 302.0 303.3 299.7-1123.9 324.3-328.7
Na (mg) 45.7-121 83.5 63.5 76.2 69.4-157.2 60.9-68.1
Micro-minerals
Cu (mg) 0.17-0.93 0.17 0.18 0.21 0.15-0.58 0.13-0.18
Zn (mg) 1.36-7.05 4.86 2.90 341 2.3-11.7 4.1-4.5
Fe (mg) 4.17-5.36 4.02 1.66 352 1.9-8.2 29-33
Mn (pg) 17-27 21.8 491 48.2 36.8-19.1 32.2-64.0
Se (pg) 3.7 13

Table 4.
Range of mean values (or mean value when only one study available) of minerals content (per 100 g) of game
meat from wild species hunted in Europe.

In general, game meat has higher amounts of micro-minerals than beef and
pork, and such differences may be due to genetic background and environmental
factors [23]. Muscles of wild ruminants have shown higher content of P, but less K
and Na than corresponding bovine muscles [23]. In wild boar meat, higher content
of Ca, P, Cu, Fe and Zn has been found than in pork, but lower content of Na and
Mg, with conflicting results with regard to K [23, 92]. A 2-fold higher content of Fe
have been found in wild boar [12].

3.5 Vitamins

Vitamins are essential elements for human nutrition as they control meta-
bolic pathways of macronutrients, act in enzymatic reactions and take part in
many physiological functions, with some vitamins having antioxidant
properties [94].

Not many studies have dealt with the vitamin content of game meat, and
available research focuses on vitamin E (tocopherols y tocotrienols) owing to the
antioxidant properties which are key on the preservation of meat quality through
the retardation of lipid oxidation and color loss. In Table 5 it is shown the concen-
trations of B-group vitamins and some fat-soluble vitamins: retinol and vitamin
E homologs which are at high levels, a- and y-tocopherols, in red deer and wild
boar meat.

In red deer, only one study has been conducted in B-group vitamins from loin
(longissimus thoracis) [20], and when compared to lean meat from pork, poultry,
lamb and beef [95], deer loin shows higher contents of thiamine (2-fold higher than
poultry and lamb, and 3-fold higher than beef), riboflavin (being approximately
3-fold higher), and especially vitamin B12 which is between 3 and 5 times higher
than all meats mentioned. One study in red deer evaluated the levels of tocopherols

and tocotrienols in psoas major muscle, finding higher values of a-tocopherols in
hinds [59].
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Red deer Wild boar
[20,59] [12, 43, 60]
Loin Legs Loin Legs
B-group (per 100 g)
B1 (thiamine, mg) 0.18
B2 (riboflavin, mg) 0.40
B3 (niacin, mg) 5.53
B6 (pyridoxine, mg) 0.14
B9 (folic acid, pg) 317
B12 (cyanocobalamine, pg) 5.87
Retinol (ug /g) 0.01-1.11
Tocopherols (ug /g)
a 5.24-6.46 0.52-2.6 15.5-19.2
Y 1.42-2.06 0.03-0.30 1.14-1.75
Table 5.

Range of mean values (or mean value when only one study available) of vitamins content of game meat from
wild species hunted in Europe.

In wild boar meat concentrations of retinol and vitamin E homologs have been
studied in longissimus and psoas major muscles. The location of the animals has a
strong influence on the amount of vitamins [12, 43, 60], finding significant differ-
ences for retinol, a- and y-tocopherol in studies conducted in Italy and Germany.

A study conducted in wild boar harvested at farmland and forest areas [43],

found higher amount of a-tocopherol in farmland areas, and higher amount of
y-tocopherol in forest areas owing to the differences on crops, pasture and acorns
among habitats. Supplementation of vitamin E in pigs is a widespread practice, as it
reduces oxidation, increasing meat shelf life. Pigs supplemented up to 700 mg/kg of
feed, resulted in a-tocopherol content in psoas major muscle up to 15.1-16.3 pg/g of
meat, values that are similar to the mean values found in wild boars [60].

4, Nutrition and health claims in wild red deer meat

A recent study conducted by Soriano et al. [20] has shown the nutrition and
health claims from wild red deer meat according to the Regulation (EC) No
1924/2006 and the amended Commission Regulation (EU) No 1047/2012. These
claims can be used legally in labeling, presentation and advertising of this meat in
the market. In that study the nutritional quality of loin (longissimus thoracis) from
71 wild Iberian red deer (Cervus elaphus hispanicus) was analyzed, using both stags
and hinds hunted in autumn and winter.

Regarding to the nutrition claims, in all samples the contribution of proteins to
the total energetic value was at least 73%, the fat content was lower than 2 g/100 g
and Na content was lower than 0.12 g/100 g, so the claims “high protein”, “low fat”
and “low sodium/salt” can be assumed. When looking at the minerals and vitamins
contents, significant amounts of P, Fe, Cu, Zn, and vitamins B2 (riboflavin), B3
(niacin) and B12 (cyanocobalamin) were found, indicating that 100 g of deer loin
provide at least 15% of the reference daily intake for adults of these micronutrients,
so this meat can be labeled as a “source of P, Fe, Cu, riboflavin and niacin” For Zn
and vitamin B12 deer loin contains at least twice the value of source, so could be
labeled as “high in Zn and vitamin B12”.
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Together with the mentioned nutrition claims, permitted health claims listed
in the Annex of the Commission Regulation (EU) No 432/2012, could be used
for wild deer meat in relation to those minerals and vitamins found in significant
amounts. Similarly, claims related with children’s development could also be made
(Regulation (EC) No 1924/2006; Commission Regulation (EU) No 432/2012); these
claims are based on the bioactivity and presence of certain components that must
be found in significant amounts, such as Fe and protein, since deer loin complies as
being a source of Fe and protein.

5. European wild game meat production and its challenges

Production of wild game meat as alternative to others red meats, offer both eco-
nomic opportunities and nutritional benefits but is still a niche market to develop
due to both low demand and supply limitations.

In Europe, hunting contributes only a small part to the overall meat supply,
but represents a sustainable source of meat. Hunting is a legal activity and when
managed properly, may contribute to wildlife conservation and rural economy [10].
Most hunting practices fulfill animal welfare requirements, though guidelines for
sustainable hunting should be promoted to minimize ethical concerns.

The way in which game meat is produced differs from that of farmed animals,
and prompts taking specific measures along the food chain [96]. Despite differences
in game species, ante-mortem conditions, hunting procedures and post-mortem
handling, there are common requirements regarding to meat safety and quality. To
strengthening the wild game meat sector, it is essential to ensure that the meat is
safe for the consumer through official inspections. To date, European legislation is
limited to a series of general regulations on the hygiene of foodstuffs (Regulations
(EC) Nos. 852/2004, 853/2004, 854/2004, 882/2004 and 2075/2005) as adapted into
the legislation of state members. This means that the good practices recommended
in Europe must be observed across the whole production sector: hunting grounds’
owners, hunters and cutting plants. These good practices are crucial, as training
is needed by those involved in this matter (including hunters, trained staff and
official veterinarians), serving as reference when game carcasses or food companies
trading meat from wild game are inspected. However, there are still specific unre-
solved questions and challenges [96].

On the other hand, the use of lead (Pb) ammunition is still widespread in
many hunting modalities and it is well known that fragments of Pb can be found
after impacting on the body of the animal, both in the place of impact and other
nearby parts. A common practice is to eliminate the place of impact during carcass
dressing. In addition, trading companies have metal detectors, which prevent the
distribution of game meat with the presence of ammunition remains. However,
wild animals inadvertently ingest Pb residues present at the soil and surface water in
some areas, causing the Pb to be also present in their viscera. Consequently, there is
a certain risk of exposure to lead in the population, mainly hunters and their fami-
lies [97]. In this sense, EFSA has studied the lead dietary exposure in the European
population from meat and meat products [98], finding particularly high results for
wild boar meat. However, food consumed in larger quantities, as grains and grain
products, milk and dairy products, non-alcoholic beverages and vegetables and veg-
etable products, have the greatest impact on lead dietary exposure, not being this
the case for wild game meat [98]. No adverse effects from a single high intake of Pb
have been reported, though chronic toxicity from repeated intakes has a toxic effect
on the body, mainly on the central nervous system (particularly on the developing
brain of young children and fetuses). On the other hand, inorganic Pb compounds
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have been classified by the International Agency for Research on Cancer (IARC) as
probably carcinogenic to humans [99].

It is then clear that meat from wild game has several challenges that should be
tackled to reduce detrimental effect on consumers, mainly those related to the type
of ammunition used and some aspects related to handling post-mortem in the field.

6. Conclusions

Generally speaking wild game meat from Central and Mediterranean European
countries, compared to livestock meat shows: (i) a lower fat content (< 3 g/100 g
for large and < 4 g/100 g for small wild game species), and therefore a lower energy
content; (ii) a higher or similar protein content; (iii) a positive fatty-acids profile,
showing a higher proportion of PUFA, especially #-3, and consequently more
favorable PUFA/SFA ratio, and in the specific case of wild boar, a relative adequate
content of conjugated linoleic acid (CLA), and in the case of wild ruminants (red
and fallow deer), an optimal 7-6/n-3 ratio; (iv) a higher minerals content, mainly
micro-minerals as Zn and the bioavailable form of heam Fe. Wild game meat has
also optimal amounts of B-group vitamins, as riboflavin, niacin and B12, and
vitamin E, with antioxidant properties. Overall, wild game meat meets current
demands from consumers owing to its sustainable production which guarantees
animal welfare standards, and its nutritional quality that may contribute to a
balance and healthy diet. Hence wild game meat is a good alternative to others red
meats and it can diversify the European meat market.
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Chapter 6

Role of Biogenic Amines in
Protein Foods Sensing: Myths and
Evidence

Raffaela Biesuz and Lisa Rita Magnaghi

Abstract

Myriads of sensors have been proposed to signal the spoilage of a piece of meat.
It is assumed and taken for granted that biogenic amines, BAs, harmful by-product
indicating the last phase of degradation, must be present in the volatilome devel-
oped over the decaying meat. This chapter aims to clearly explain BAs’ role in
protein food spoilage: undoubtedly produced inside the meat, never present in
the headspace, where sensors are displayed. The BAs presence in the headspace
represents a sort of myth. It is plenty of evidence that BAs cannot be present in the
volatilome over the meat. The BAs’ volatility is pH-dependent. As shown by their
protonation constants, the strongly buffered pH of proteinaceous food prevents
their vapour phase transition. The chemical analyses made at the same degradation
time, on the meat and the headspace above the meat, corroborate the real composi-
tion of the volatilome, demonstrating the BAs absence. The sensors here described,
designed on volatilome evidence, succeed to follow the entire process, from the
SAFE condition to the WARNING and the HAZARD. The final prototype works
reliably on real protein foods (i.e. chicken, beef pork and fish), not enriched and
stored at the home condition.

Keywords: smart labels, entire meat spoilage detection, naked-eye devices,
BAs volatility, pH indicators, intelligent packaging

1. Introduction

In recent decades, the interest in systems able to detect food degradation, giving
a quick response, simple to be read, and suitable for implementation in control
systems and smart labels has increased continuously. [1-6] This interest is more
valid in foods such as meat and fish. Despite the spread of vegan and vegetarian
diets, their consumption has been steadily increasing worldwide for decades, also
caused by the dramatic economic development of Eastern Country of the last forty
years. The impressive trend is visibly depicted in the two graphs of Figures 1 and 2.
[7] Unfortunately, the common feature of meat food is its intrinsically high perish-
ability. All protein foods require proper processing, highly controlled environ-
ments, and storage in chilled conditions (cold rooms, refrigerators, and freezers),
being very sensitive to interruptions in the cold chain. Furthermore, consumers
pay increasing attention to their food quality and claim to have direct control over
freshness.
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Figure 1.
Worldwide meat production from 1961 to 2018, as reported in reference [7].
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Figure 2.
Worldwide capita meat consumption from 1961 to 2013, as reported in reference [7].

Establish the quality of protein-based foods is anything but trivial. The first
concern that makes the freshness assessment paramount is to reduce the risk of food
poisoning, which is classified according to the responsible microorganism (bacteria,
viruses, or parasites). The foodborne diseases could be the consequence of the
consumption that has exceeded the expiration date. Significant contributions also
come from lousy storage, adverse events along the supply chain, or the consumer’s
improper manipulation. Food poisoning remains a public health issue and still
affects 23 million people a year only in Europe. [8] Secondly, but no less critical,
freshness assessment is mandatory to reduce unjustified food waste. The expira-
tion date is established conservatively, as a consequence of what assessed above.
The ambiguity of food labels (use by date, best before date, expiry date, sell by date),
is sometimes misleading. Consequently, too many people throw away food only
because it has passed the expiration date, often sacrificing food that is still perfectly
safe. According to FAO, the social cost of food waste is around $ 882 billion. Food
waste is worth € 15.5 billion per year in Italy, about 1% of Italian GDP; € 3 billion
comes from waste during the food chain, between production and distribution.

[9] In this scenario, the foods’ quality control systems include specific analytical
measures that provide reliable and irrefutable data but are limited for control agen-
cies, requiring long-time analyses, equipped laboratories, and trained personnel.
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Instead, the possibility of knowing the quality of the single piece of meat/fish that
was purchased in the local supermarket and forgotten in the bottom of the fridge
must be based on simple systems of low cost and easy to understand. Consequently,
there has been a great effort in developing devices to this purpose. [2] The largest
category of prototypes, also in an advanced commercial step, is focused on collat-
eral properties, indirectly related to the food freshness. Devices aimed to control the
cold chain’s maintenance, [3, 10] or the modified atmosphere’ integrity for the food
packed under CO, [11] are clear examples. Sophisticated control of the meat’s colour
and the atmosphere required apps or trained people, and are far to give instrument-
less and straightforward responses. It is also true for all electronic noses or tongues.
[12-14], or devices that require a sophisticated algorithm. [15] Undoubtedly, the
colourimetric sensors are the best candidates to develop a device to assess the fresh-
ness. These sensors, placed in the tray over the meat, revel the volatilome change
from safe to hazard conditions through a simple colour change. These devices are
based on a colour code, developed as an on/off strategy or a change of colour; they
intrinsically offer an easy interface to the consumer or untrained people, as super-
market staff. The literature is plenty of proposals exploited on this principle, mainly
based on pH indicators. [16-25].

In principle, for each degradation step, the volatile by-products exhibit different
acid-base behaviour, resulting in changes in the headspace’s acidity over meat sam-
ples. For instance, in beef meat, the early post-mortem (within one hour of slaugh-
ter) pH is between 6.7-7.1 [26] which does not differ from that of other dead animals.
Indeed, when any muscle is converted into meat, the glycogen is hydrolysed by
anaerobic glycolysis into lactic acid, manifested by a pH decrease to values between
5-6. Immediately after, bacteria start decomposition of the most straightforward
consumable substances. At this step, despite the wide variety of microorganisms and
substrates, the spoilage process of all proteinaceous foods is similar, being mainly
related to the classes of precursors commonly present in these matrices. Firstly, the
degradation of sugars and fats by bacteria produces molecules able to migrate from
the meat to the headspace. In this phase, the volatile organic compounds, VOCs, are
dominated by EtOH, 3-methyl-1-butanol and free fatty acids, mainly acetic acid.
Consequently, the acidity in the headspace remains at a level around 5. Until this
phase lasts, protein foods are safe products. A proper sensing device would exhibit
the ability to recognise this stage, and, oddly, no attention was deserved to signal it.
Only when glucose and its direct metabolites are depleted, the catabolism of proteins
starts, producing an assortment of amines, known as the biogenic amines, BAs,
sulphur compounds and thiols. As the spoilage proceeds, the discolouration and the
production of off-odours make this stage manifested. By now, the by-products are
toxic, and meat consumption at this stage could be a severe hazard. A sensing system
must be able to recognise this step visibly.

The overwhelming majority of papers on this topic have stubbornly focused on
sensing BAs in the headspace. Undoubtedly, BAs are present within the meat. They
can be quantified by instrumental methods [27, 28] and titrated indirectly through
methods that define the total volatile basic nitrogen, TVBN. The standard method
is based on the digestion of meat in perchloric acid or trichloroacetic acid to extract
the basic substances, transforming them into ammonium salt. A distillation in
strong basic medium allows quantifying all the basic nitrogen as ammonia. [29].

Nevertheless, their existence in the solid does not imply finding them into
the headspace, and BAs’ fate is less dynamic than expected. This assumption has
been proven when the volatile composition is determined. [30-32] If BAs were
present in the volatile mixture, the pH would increase at definitively basic values.
However, it is not the case. The golden point is: BAs are weak bases, many of them
involved in one or more protonation equilibria. During degradation, only neutral
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molecules can pass into the headspace. In the case of meat and other biological
matrices, the pH is buffered at a value around seven. It is evident that, at these pH
values, all the amines present a positively charged protonated form and cannot
pass into the vapour phase. Also in advanced degradation, the acidity of meat
slightly decreases, never exceeding neutrality, preventing amines occurrence in the
headspace. When receptors’ choice is based on synthetic or enriched samples tests,
indicators with colour change at basic pH are often selected [15, 24]- However,

this strategy fails when applied to real sample at home conditions (meat kept

for a limited number of days in the refrigerator). It must be underlined that the
fish represents the only exception: some amines are present also in the headspace
due to different nitrogen excretion mechanism. Possibly for this reason, in the
literature, many papers have focused on sensing the fish spoilage, [14, 18, 19, 33].
Nevertheless, also for fish, neither the pH reaches basic values, nor BAs different
from trimethylamine can be detected in the headspace. The following will explain
why the assumption of BAs sensing in volatilome has developed throughout the
last twenty years of literature. This myth also persists when the devised solution
would refuse the assumption.

2. The creation of a myth

The idea of the possible control of food quality based on sensors started to be
discussed in the literature from the late nineties. Yano and coworkers presented in
1996 a biosensor based on electrochemical detection of putrescine and xanthine.
[34] Another enzyme sensor array was proposed for the determination of BAs inside
the meat. [35] The possibility to apply molecular recognition also for volatile amines
detection was explored by [36]. These papers intended to underline the signal’s
versatility based on a development, or a change, of a colour. As long as real samples
analysis is concerned, BAs’ detection was mainly dedicated, as already underlined,
to fish meat. [18, 19, 33] For instance, Pacquit and collaborators [33] developed a
colourimetric sensor based on bromocresol green as a receptor. The sensor is respon-
sive to the headspace composition and changes its colour from yellow to green, as
the spoilage proceeds. The authors assessed that BAs’ production causes pH change
shown by the sensor, but they did not explain why they selected an indicator with
logK, less than five. They correlated the colour change with the bacterial growth pat-
terns in cod and whiting fish samples, which is indirectly true, but they did not care
to attest the presence of amines in the headspace. Electronic tongues for freshness
analyses appeared in those years and the contribution of Gills and coworkers, who
presented an array of sensors [14] for fish freshness assessment, is an example. This
paper allows to point out another issue often encountered in the attempt to propose
practical applications. The research is well organised, the array made of sixteen
electrodes is well presented, the validation analyses performed. Nevertheless, it does
not make sense to have a device able to assess spoilage to start from the 6th- 8th days
of sea bream fillet chilled stored. After one-week chilled storage, there is no need for
sixteen sensors, not even one, to assess the fish freshness. The point deserves a com-
ment; there is much room between a successful experiment and a possible workable
application based on that device, that could operate under real-life conditions. It is
also the case where a chameleon probe to assess the biogenic ammines was presented.
[37] The successful recognition was not performed in the vapour phase, but in
solution with synthetic samples spiked with known BAs amounts. Also, Soga in 2013
[38] proposed an inkjet-printed paper-based colourimetric array to discriminate
volatile ammines, but it was tested on vapours of seven primary amines. Solinas and
collaborators [16] presented a colourimetric sensors array to check the meat freshness
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from the real samples’ VOCs analyses. However, the final two sensors array could dis-
criminate chicken spoilage after 0-3 days from that after 5-7 and 10-12 days, stored in
chilled conditions and modified atmosphere containers (30%CO, and 70%N;,). They
applied the same device also to pork sausages. [39] The authors demonstrated that
the change of colour is correlated with the microbial analysis. They clearly stated that
one sensor specifically reacts with biogenic amines and aminated compounds present
in the headspace. In [40] the researchers set up a portable optoelectronic nose applied
to beef, chicken, pork, fish and shrimps samples, calibrated with H,S, (CHs),S,
trimethylamine and cadaverine, but not proving all these analytes being present in
the headspace of the investigated samples. The optical sensor design to detect amines
during food spoilage, based on the colourimetric recognition of ammonia and bio-
genic amines, [41] works with all the most common BAs coming from a pH 8.4 buffer
solution turning from green to red. The authors claim that the colour change on real
meat samples is not equally good because the receptor’s logK, is 6.1, not enough to
detect BAs. As will be argued, the reason is that in the headspace there are not BAs at
all. They declare to look for a receptor with a lower logK,. That device will work, not
because of interaction with BAs, but because acid development ends, as highlighted
below. A sensor designed explicitly for colourimetric detection of thiols and biogenic
amines was developed by some of the same authors but tested only in solution on
spiked samples. [42] The misleading idea is to deal with biogenic amines that can
turn an indicator in its acid form into the basic one. In the paper of Kuswandi, two
sensors based on methyl red, logK, around 4.8, and bromocresol purple logK, around
6.3, both placed in their acid form [20] are indeed able to sense the spoilage. They
proved that the meat’s pH, neither after 14 days of storage in a fridge, exceeds 7.30. If
this receptor work, it is because it is not sensing amines, as authors claim. The sensor
reveals that acid substances are no longer produced. Indeed, even if basic substances
were now released, they are immediately neutralised by the buffer systems, pre-
venting further pH increase and BAs volatility. The beef of the example is declared
eatable after seven days of storage in the fridge. One week storage seems definitive
too long, even if the meat, according to their description, does not come from a
maturation process. Such a process is mandatory to reach the desired tenderness,
especially with beef meat. Asa comment, it is difficult comparing the performance
of devices designed to respect different domestic regulatory regimes. As it happens
in many fields, the acceptance of common regulation will improve the comparability
and the reciprocal improvement in the research.

More recently in many colourimetric sensors, the conviction of sensing volatile
amines persists, even if Chen, for instance, developed a device based on a selec-
tion of dyes that can assess the change of the pH, in the pork meat. The change the
authors claim is correlated to BAs inside the meat since they estimated the TVNB.
To be underlined that the pH ranged from 5.8 to 6.7 at the 8th degradation day. After
one week in the fridge, it is hard to imagine the meat as eatable [17].

In a more recent paper, the authors synthesised pH indicators specifically for
sensing ammonia vapours. They claim that the sensors react to ammonia produced
over crabs, and one of them changes its colour between 7 and 12. How it could turn
its colour over shrimps remains unclear. [24] A chlorophenol red-based sensor
is also successfully employed to sense the spoilage but once more not because of
amines in the headspace, as claimed [25].

3. Acid-base equilibria of BAs

A reliable picture of what develops over a piece of meat is acquired when the
BAs’ acid-base properties are carefully analysed. It suddenly becomes clear why
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BAs cannot be found in the headspace over the piece of meat, if not at a miserable
amount, at least under the average storage period, as it could happen to meat/fish in
a domestic fridge. In Figure 3, the acid-base speciation schemes of the most com-
mon BAs are shown. They were calculated based on equilibrium constants reported
in the literature.

Specifically see, for spermidine and putrescine, [43] cadaverine, [44] hista-
mine, [45] spermine, [46] tyramine, [47] 2 ph-ethyl amine, [48] tryptamine, [49]
trimethyl-amine. [50] In Figure 3, the vertical dotted lines are drawn in correspon-
dence of the pH values where the fraction of L is equal to 0.1. It is worth to note that
for spermidine, cadaverine, spermine, tyramine, the volatile L form reaches 10%
only at pH higher than 10, putrescine at pH = 9.80, 2 ph-ethylamine and tryptamine
at pH = 9.20. So, even if the catabolism of protein produces BAs into the meat, they
cannot be part of VOCs if not in an insignificant amount. Trimethyl-amine, which
is typically a by-product of the fish meat, is the only one that has a fraction of L
equal to 10% at pH = 8.80, but this fraction represents 1% of the total at pH = 7.4.

As underlined elsewhere, the fish metabolism differs from that land vertebrates,
having the extraction system mainly through gills and skin. That is why the fresh
fish has a fishy odour, and it explains why BA was found in the fresh cod fillets
headspace. It is the only case where a headspace device could sense a BA.

The conclusions driven by these calculations, clearly highlighted by the graphs
of Figure 3, are nothing but corroboration of the experimental evidence reported in
papers dealing with real meat samples analyses, both in the solid and in the head-
space previously discussed [27, 28, 30-32, 51, 52]. They are presented to make more
explicit the real role of BAs in meat spoilage detection, performed by headspace
Sensors.

Nevertheless, insisting on the idea of looking for BAs in the headspace of spoiled
meat can lead to devices that are not correctly centred on the target analytes. The
comparison between the by-products dominating the two separated bodies, i.e. the
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Acid-base speciation scheme of some BAs calculated from logK, values found in the literature. [43—50] the
vertical line corresponds with the pH values at which the fraction of the fully deprotonated form (L) is 10%.
The shadow area represents the L domain, where L fraction is above o.1.
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meat and the VOCs over it, analysed at the same degradation step, offers the best
strategy to design a sensor and understand that misleading unambiguously. Here
the analysis of the two samples of protein food, such as chicken and cod fillet, at
different degradation steps is shown. These were the results of a validation proce-
dure for assessing an array of colourimetric sensors’ correct behaviour. The array’s
performances were explored to develop an intelligent label to signal chicken, beef,
pork, and fish spoilage. See reference [4-6]. The device will be described below,
and two patents have been deposited to protect the idea. [53, 54] The meat samples
were analysed by HPLC-ESI/MS analysis, while the headspace HSSPME/GC-MS
analysis. Details of the experimental procedures and the analytical methods can be
found in reference [5, 6]. There are many papers where the composition of volatile
substances [29-32] and the by-products developed inside the meat [27, 28] are
presented. The findings of the experiments reported here are in agreement with
this literature. The aim was not to fully characterise the substances produced during
the spoilage but to underline the different main classes of substances developed in a
meat sample and the atmosphere over it, at the same degradation level.

The results of the analyses are shown in Table 1 for the chicken meat samples,
in Table 2 for the cod fillets. In the chicken meat case, the qualitative identification
of BAs present in the solid was clear enough to distinguish the samples belonging
to different degradation steps. In an early stage (analysis done within the first day
after purchase), samples were classified as SAFE, and no amines were detected. For
samples at the third-day chilled storage, where a slight discolouration and off-
odour are perceived, classified asa WARNING zone, 4 out of 7 amines were found.
All the BAs under investigation were detected in samples analysed after 4-5 days
of storage, classified as HAZARD, when a strong off-odour was also perceived.
Opposite, in the case of cod fillets, almost all the BAs can be detected, even in the
samples analysed just after purchase. It is well known that fish samples contain
amines, even when fresh since the fishy odour is due to volatile amines, in particu-
lar trimethylamine.

It must be considered that, due to the high perishability of this food, the
production of BAs is very fast and significant even in the time required for the
analysis, being the manipulation performed at room temperature and lasting some
hours. This drawback originated with the continuous changes in meat composition
during analysis was also underlined by Marta Miks-Krajnik [31].

Nevertheless, a substantial difference can be observed between the samples
analysed immediately (SAFE samples) and the ones after three-day storage
(HAZARD samples) in the amount of BAs detected. Except for 2-phenylethylamine

BA Ion(P) S Area S w AreaW H AreaH
Spermidine 146 — — v 573723 v 558 980
Cadaverine 103 — — — — v 199 409
Putrescine 89 — — — — v 13577
Histamine 112 — — v 38082 v 37320
Spermine 203 — — v 55 085 v 45372
Tyramine 138 — — — — v 25 4478
2-ph-ethylamine 122 — — v 32923 v 30311

Adapted with permission from reference [5].

Table 1.
The BAs detected in chicken meat, performed through HPLC-ESI/MS analysis, in correspondence with the
three degradation steps, S (safe), W (warning) and H (hazard).

107



Meat and Nutrition

and tryptamine, the pick areas of amines almost double from SAFE samples to the
HAZARD ones.

At the same time, the headspace was analysed, too. The results are reported
below, in Tables 3 and 4 for both foods.

In the case of chicken meat, the interpretation is straightforward. Initially,
in the samples analysed within the first-day storage (SAFE), very few classes of
compounds were detected, mainly acid compounds. For the samples analysed in at
the intermediate spoilage, ketones and esters were found, released after the bacte-
rial catabolism of sugars and their derivatives. However, no amines were detected,
even if, at this stage, they were present in the meat, see Table 1. Nevertheless, more
surprisingly, neither in the meat classified as HAZARD, when all the BAs were
detected in large amount in the solid, see Table 1, amines were found in the head-
space, confirming our previous assumption on this topic. [5, 6] Deserve note the
presence of indole, in the last samples belonging to the HAZARD stage, originated
by bacteria degradation of tryptophan.

In the case of cod fillets, the composition of the headspace in the two samples
was very similar, and trimethylamine was present in both samples, nevertheless

BA Ion(P) S Area S H AreaH
Spermidine 146 v 13 079 v 28 800
Cadaverine 103 v 31739 v 62863
Putrescine 89 — — — —

Histamine 112 v 8993 v 40 463
Spermine 203 v 12111 v 34185
Tyramine 138 — — v 19399
2-ph-ethylamine 122 v 53750 v 68 334
Tryptamine 161 v 52519 v 63562

Adapted with permission from reference [5].

Table 2.
The BAs detected in cod fillets through HPLC-ESI/MS analysis, at two degradation steps, S (safe) and H
(hazard).

S w H
Alcohols v v v
Aldehydes 4 v v
Ethanol v v v
Acids 4 v v
Ketones — v v
Esters — v v
Thiols _ v v
Biogenic amines — — —
Indole _ _ v

Adapted with permission from reference [5].

Table 3.
The class of substances detected in the headspace of chicken meat, performed through HSSPME/GC-MS
analysis, in corvespondence with the three degradation steps S (safe), W (warning) and H (hazard).
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S H
Alcohols v v
Aldehydes v v
Ethanol v v
Acids 4 v
Ketones v v
Esters v v
Thiols 4 v
Trimethylamine v v
Light volatile amines — v
Biogenic amines — —
Indole — v

Adapted with permission from veference [5].

Table 4.
Class of substances detected in the headspace of cod fillets, performed through HSSPME/GC-MS analysis, at
two degradation steps, S (safe) and H (hazard).

crucial details were observed. Volatile amines (here defined as ammonia, mono
and dimethyl amines) were present in the HAZARD step, but again BAs were
not detected; secondly, indole was revealed in the second part of the degradation
process, similarly to what observed in chicken meat samples.

The instrumental analysis performed simultaneously, confirmed that BAs
were produced, even in large quantity, in the solid when food is no longer eatable.
Conversely, BAs are not detected in the headspace at any step. This distribution is
caused by the buffers present in the food that leave BAs in their protonated form,
preventing their possibility to pass into the vapour phase. As a result, the pH in the
headspace shows only a very slight increase and consequently only the receptor
with a very low log K, turned out to be informative to detect the beginning of the
final spoilage stage value, showing a complete and glaring conversion to the basic
form. Only for fish samples, some small volatile amines are present but at such a low
concentration as not to require a different sensing approach from that one proven to
be suitable for chicken meat.

4. Monitoring spoilage from a new perspective

Based on the evidence that BAs cannot be present in the headspace, and the
protein catabolism is associated with a small increase of the pH, the idea of control-
ling the entire spoilage can be faced differently. The two separate steps of spoilage
can be identified through indicators that change their colour to sense slight pH
modification, placing them into the array in the most convenient form.

A clear signal must help to identify the persistence of the safety zone when protein
catabolism is still far away. Depending on the type of food, the beginning of the
release of dangerous metabolites could arise in a short time, as it happens for fish,
or long enough to allow to detect a transition in between. These behaviours reflect a
common situation in cooking: the fish turns quickly from being judged eatable, to an
undesirable aspect, a discolouration and a strong unpleasant smell. Opposite we all
experienced how other meats take longer time to evolve to a final state and, conse-
quently, to widen our indecision about their fate. At least another sensor, or two, must
detect this further step or the transition to the final one, well different from the first.
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On this knowledge, a first array was tested. It was a sort of “proof of concept” to
assess the feasibility to employ the sensor for naked-eye detection of the spoilage.
The indicators were here fixed by ion exchange on a cellulose-based sheet. Details
can be found in ref. [5, 6, 53, 54].

A fundamental aspect of the strategy deserves a particular focus. The devices
were tested on the same plastic trays usually employed in the supermarket to sell
meat, keeping food in the domestic refrigerator for a time lasting just a couple of
days after the expiration day, never more than 5-6 days, even less in case of fish.
This type of meat as prepared in the supermarket, not in modified atmosphere,
is supposed to be consumed within three days after purchase, thus much longer
monitoring time lengths sounds useless. As already commented, very commonly, in
the literature, the observation times are extended to weeks.

To detect the different stages of meat degradation, the receptors must be
selected carefully. In Table 5, the most common pH indicators are reported.
Receptors from one to four, with higher logK,;, can signal the phase characterised
by the acid development. If placed in their basic form over the meat, they change in
colour of their protonated form, because of the reaction with the acidic substance
typical of the first degradation step. It is worth to note that none of them come back
to the basic colour when the proteins catabolism starts, neither bromothymol blue.
It is another proof that the pH of the headspace is below seven, as already argued.
Conversely, the following dangerous transition can be signalled by an indicator with
lower logK,,, put in its acid form. The sensor selected was that containing chloro-
phenol red indicator. It remains unchanged during the first step, but it turns into its
basic colour as soon as acids are not produced anymore.

This strategy is presented in the array of sensors reported in [4-6].

The five indicators of Table 5, plus another one able to sense sulphur and thiols,
based on Ellman’s reagent, was all tested, to select a reasoned final triplet.

An example of the pilot experiment is reported in Figure 4. More details can
be found in the original papers. It was chosen to operate in conditions like that
encountered in real life, to obtain a tailored product, that works under condition
that a consumer experienced. Most of the meat and fish are sold in supermarkets
prepared by the central slaughterhouse into plastic trays (PP) and covered with low
permeability polyethene plastic film. The ratio between the amount of meat and the
volume of the headspace, the optimum amount of dye able to combine sensitivity
and naked-eye detection and the most reliable and efficient sensors preparation
procedure were all taken into account.

A naked eyes evaluation of the evolution of the colours identifies the most
informative sensors. The development of a glaring colour among different degrada-
tion steps is mandatory for a practical application, and some sensors resulted in
practice better than others. Nevertheless, the photos of the sensors colour’ changes

logK, logK.»
m-Cresol purple 832 1.57
o-Cresol red 8.20 111
Thymol blue 8.9 15
Bromothymol blue 71
Chlorophenol red 6.0

Table 5.
The selection of golden pH indicators for spoilage meat sensing based on their protonation constants, as found in

reference [55, 56].
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Figure 4.

An example of the array placed over the tray containing the poultry meat, with sensors from one to six based
on m-cresol purple (1), o-cresol ved (2), bromothymol blue (3), thymol blue (4), chlorophenol red (5), and the
Ellman’s reagent (6).

were acquired, transformed into RGB triplets, for each sensor at any registered
time. The PCA, Principal Component Analysis, well known chemometric tool, was
selected to represent the data. Indeed, PCA allows summarising in a few graphs all
the information contained in a wide dataset. It is the case of the RGB triplets data
collected during the entire degradation. After performing PCA, the most important
variables, i.e. the most significant sensors that describe the spoilage, are identified
in the so-called loadings plot. In the scores plot, samples with similar properties
result close to each other, i.e. the samples at the same degradation step are grouped.
Details about PCA could be found elsewhere, but the PCA applied to the present
dataset, confirms the qualitative findings. In the case of chicken breast, beef and
pork meat, a stage between the safe step and the hazard one can be detected, not for
fish. [6] In Figure 5, as an example, the PCA models on the first two components
for chilled stored chicken samples are shown. Only the three most significative sensors
are included. In the loadings plot, the different contribution of the three sensors
arises. In the scores plot, the sensors’ evolution, from colours describing safe
samples placed on the left, toward hazard condition to the right emerges clearly.
The model was validated; it is not an artefact. Indeed, external samples are correctly
projected into the model, see the blue samples in Figure 5. Chemical analyses of
samples assigned to the three steps effectively belong to different spoilage stage.

The results confirm that the sensors’ change of colours follows the real evolution
of volatilome. The array allows a naked eye evaluation, feasible also for a consumer.
It means that it is possible to assign a precise colour to each step: these reference
colours can be printed on a label. The array inserted into the package containing the
meat samples will change its colour according to the spoilage evolution. Comparing
the colour of the array with the reference, anyone can decide at home the fate of the
meat in the fridge, without any doubt.

As a further evolution of the array, the solid support was changed. [57] In the
first cellulose-based array, the dyes were fixed by ion exchange. This easy and cheap
construction was chosen for its versatility, low cost, and the possibility to obtain a
large number of testing materials was a necessary proof of concept.

The derivatisation on EVOH copolymer, intensely employed by the food packag-
ing industry as an oxygen barrier film, was the choice to covalently bind the recep-
tor on the support. [53, 54] These derivatives are stable, still very cheap and prevent
any leaching of the indicator. The final product, obtained in grains, was filmed by a
mechanic press under controlled temperature and pressure. From the foils, sensors
of 0.5 cm of diameter were obtained using an office puncher. [57] An example of
the materials is presented in Figure 6. The reference [58] reports the synthesis and
the characterisation of the material.

111



Meat and Nutrition

Scores plot (88.01% of the total variance)

@SAFE

QWARNING
Loadings plot (88.01% of the total variance)

@HAZARD
& TEST-SET
1
. — H o
% e B e
. ? ﬁ E— 3 200
¢ B " 6 B o B
Bramathymal Chioraphenal Ellman’s
Blue (3) Reed (5) Reagent (6]

Bromathymel Chioropheno Eliman's
Blue (3] Red (5) Reagent (6)

PC1 (75.55%)

Figures.

PCA model on the data set of the RGB data of three indicators, based on the first two components that explain
88.1% of the total variance. On the left, the loadings plot, in foreground values on the PCA1, in the background
those on PCA2. On the right, the scores plot. The blue bubbles identified the projection of external samples. The
green, yellow, and red shadow areas collect most of the samples defined as safe, warning, and hazard. Adapted
with permission from reference [5].

-
z!“ CENY

4 * Tk < _:6
Figure 6.

Grains and miniaturised sensovs obtained after functionalisation of EVOH with different sulphonftaleins,
from left to right m-cresol purple (1), o-cresol red (2), bromothymol blue (3), thymol blue (1), chlorophenol
red (5) and bromophenol blue (6).

These sensors exhibit glaring, highly reproducible colours. As seen in Figure 6, the
materials are suitable to be tested as meat spoilage sensors. The receptors’ encapsula-
tion into the polymeric mainframe, makes indicators fixed into the mainframe weaker
acid and their protonation constants moved to higher values, at least one order of
magnitude. [57, 58]. This evidence was taken into account and the array modified. The
acids developed over the tray can still be revealed by any receptor with logK; higher
than seven, see Table 5. The first four indicators, placed in their basic form, are still,
or even more, suitable candidates. Indeed, they very quickly react with the acidic
volatilome, typical of the first save degradation step. The chlorophenol red-base sen-
sor, previously employed to detect the transition toward spoiled meat does not work
anymore. In the EVOH derivative, it changes the colour at too high pH. Solution tests
demonstrated it very clearly, as shown in Figure 7 At pH equal to seven, the dye in
solution is definitely in its basic colour, while when inserted in the solid, equilibrated
at the same pH, it is only in the transition from its acidic to its basic colour.

The solution that accounts for the sensors’ acid-base properties changes is to
develop a dual-sensor device.

The acid-base equilibria of 0-cresol and the colours associated with the three
different species are reported in the upper part of Figure 8. The advantage is that in
the EVOH derivative, being the protonation constant higher, the fully protonated
form is obtained in less extreme pH values and once obtained is stable at the air.
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The idea of the dual-sensor based on EVOH derivatised with o-cresol is concep-
tualised in the lower part of Figure 8.

Suppose the o-cresol red-base sensor is placed in its fully protonated and depro-
tonated forms, as reported in the last picture on the right of Figure 8. Once the
sensor is filmed, the spot at the two extreme acidic and basic forms exhibits almost
the same violet colour. On the contrary, the yellow colour of the mono-protonated
form almost disappears. The double 0-cresol based sensor works as an on/off device.
The first transition is signalled by the basic form of the indicator, which turns off. It
means that the fully deprotonated form reacts with acid becoming the pale yellow
of the monoprotonated form. As long as acids developed in the headspace, during
the first phase, the other spot placed in fully protonated form, remains violet; in the
on/off terms, switched on. The final stage is signalled by the last spot shutdown,
due to the slight increase of the pH environment.

The first tests on real chicken samples seem very promising. This device’s
advantages will be evident when moving to the lab product to a market validation
prototype. There is not any need to carefully print the reference colours and for the
consumer to compare three different colours. The intelligent label can be read as
binary on/off signal. Other protein foods must be tested, and further experiments
have been already untaken. Presently, some features, such as low cost, easy imple-
mentation, absence of leaching, have been achieved.

a)

Figure 7.

UV-vis spectra (a) and corresponding photographs (b) of chlorophenol red-solution 11 uM (dashed lines)
and the corvesponding colour of the chlorophenol red-EVOH@ (solid lines) after equilibration at pH 1 (up),
7 (Centre) and 12 (down).
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Figure 8.
In the upper part, the diffevent acid—base forms of the o-cresol red and their colours. In the lower part, the new
prototype of the intelligent label inserted in the tray with its magnification.
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The device illustrated here is at an advanced level of development compared to
most of the ideas proposed in the last twenty years’ literature, aimed at develop-
ing smart labels to be inserted in food packaging. In the case studies presented,
the authors expect the idea to develop into a concrete product. The mission is to
answer two main issues behind the continuous development and increase of the
proteinaceous foods market. Food poisoning is still a public health concern: such
labels could substantially reduce the consumption of failed food, especially when
it origins at home, after purchase. A not less critical point, clear indication of the
spoilage level could limit food waste and allow food consumption beyond the
expiry date. Indeed, when the food is stored in optimal conditions, the expiry date
induces to dismiss food still edible since the date is established conservatively. In
our economy, the waste of still eatable food represents a substantial not admissible
social cost.

5. Conclusion

The misleading idea to find BAs in the headspace was born and persist in the
literature that deals with the colourimetric sensors designed to follow the protein
food spoilage. Often the researchers assess to detect biogenic amines. However, they
selected receptors with logK, values low enough to sense the slight increase in pH,
not caused by the presence of BAs in the volatilome. Indeed, even in an advanced
decomposition state, the meat pH values never exceed neutrality, preventing BAs
from being present in their volatile form.

There is a great demand to have optodes for degradation monitoring. The funda-
mental issues in the design of these sensors are summarised below.

First start point should be an accurate description of the problem, which, on the
contrary, has often been rough. In this field, maybe better results in less time would
have reached. Nowadays, many optodes, present in the literature, are close to the
objective, but often unknowingly, as underlined above.

The second point that deserves attention is that candidates for intelligent labels
must be developed under conditions close to that a consumer faced real life. The
research must go on with proof of concept, but dealing with applied science, greater
attention to boundary conditions is desirable.

The device here presented fulfils all the issues and is an advanced development
phase, even if preindustrial. For instance, EFSA authorisation to declare the labels
suitable for food packaging is pending; the pilot production in high quantity will
start only within this year to deeply evaluate the industrial scalability. The research
is presently focused on compostable or eatable materials, to be used as solid support.
The aim is to offer a green alternative to plastic based EVOH derivatives. The envi-
ronmental impact must become a pressing concern when new products move from
the lab into the market, being the footprint into the world always as light as possible.

There is common awareness about the social and economic impact of the intel-
ligent systems in the market. The authors hope to see reliable smart devices into the
market that give food quality granted and have made a contribution in this sense.
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Chapter7

Cis/Trans-Fatty Acid Content of

Red Meats and the Related Effects
on Meat Quality and Human
Health

Edward C. Webb

Abstract

Red meats are often criticized as unhealthy based on their perceived high-fat
content and saturated fatty acid composition. Uncertainties about the fatty acid
composition and trans-fatty acid contents may discourage consumers to eat red
meat, especially those living with non-communicable diseases such as cardiovas-
cular diseases, hypertension and obesity (e.g. the metabolic syndrome). Previous
studies have investigated the factors that influence the fat content and fatty acid
composition of red meats, including the effects of species, age, nutrition, sex,
production systems and growth promotants in animals, but the trans-fatty acid
content of red meat has not been well studied to date. The purpose of this chapter
is to review the fat content and fatty acid composition of red meats, with specific
reference to its cis/trans-fatty acid content. Representative samples of beef sirloin
steaks (n = 60) and lamb loin chops (n = 80) (the lumbar part of the longissimus
dorsi muscle) were collected from carcasses from several randomly selected abat-
toirs in the Gauteng region of South Africa for proximate and fatty acid analyses.
Results from this study confirm that the intramuscular fat content of red meats is
low compared to most fat-containing processed foods. The lean component of beef
and lamb contain a trivial proportion of TFA’, consisting of vaccenic acid, rumenic
acid and conjugated linoleic acid (CLA) isomers. The CLA’s in red meat are benefi-
cial due to their antioxidant and anti-carcinogenic properties, so they should not
strictly be considered in the TFA definition. This means that the TFA’s in red meats
are negligible and pose no harm to human health. Labelling of red meats should be
improved to convey this information to consumers.

Keywords: Red meat, animal fat, saturated fatty acids, unsaturated fatty acids
monounsaturated fatty acids, polyunsaturated fatty acids, cis-, trans-fatty acids,
conjugated linoleic acid, CLA

1. Introduction
Red meats are tarnished as unhealthy due to their perceived high-fat content
and saturated fatty acid composition [1]. Uncertainties about the trans-fatty acid

content of red meats may deter consumers to eat red meat, especially those living
with non-communicable diseases such as obesity, hypertension and cardiovascular
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diseases. Much of the criticism against fats in red meats is unfounded and usually
poorly understood. Some of these paradoxical issues and perceptions about animal
fats and their related effects on meat quality, human health and consumer percep-
tions have been reviewed in detail previously [1]. However, there is little scientific
information about the trans-fatty acids in beef and lamb or the factors that affect its
content.

Trans-fatty acids (TFA) are the sum of all unsaturated fatty acids that contain
one or more isolated, non-conjugated double bond in the trans geometric configu-
ration [2], (excluding CLA’, which are conjugated). According to the European
Food Safety Authority (EFSA), TFA’s do not serve any vital functions in the human
body because they are neither synthesized nor required by the human body [3].
Health professionals recommend a reduction in overall consumption of saturated
fatty acids (SFA), TFA and cholesterol, while increasing intake of n-3 polyunsatu-
rated fatty acids (PUFAs) [4, 5].

The harmful health effects related to TFA intake are specifically those associ-
ated with Coronary Heart Disease (CHD), Cardiovascular Disease (CVD) and
related diseases [3, 6, 7]. Intake of TFA that exceeds 5 grams per portion (100 g) is
associated with an increased risk of CHD [8]. The TFA’ in the human diet generally
originate from either the partial hydrogenation of vegetable oils and to some extent
fish oils, such as deep-fat frying cooking techniques and other heat treatments used
in the fast-food industry, or from a small number of natural types of TFA's which
are synthesized from polyunsaturated fatty acids (PUFA) by anaerobic bacteria in
the rumen of cloven-hoofed animals [9-11].

The TFA content of some industrial foods is reportedly as high as 60% of total
fatty acid content and sometimes even higher [11]. In comparison, the ruminant
derived TFA’s found in ruminant fat, seldom exceed 6%, e.g. the TFA content of
milk fat range from 4-6% [11]. In ruminant fat, up to 20% of the TFA content
may consist of the C16:1 trans-isomer range, which is not found in industrial TFA
profiles [12]. The most common TFA-isomers are elaidic acid (C18:1), vaccenic acid
(C18:1 t-11) and rumenic acid (C18:2) [11, 13].

Vaccenic acid and rumenic acid are the trans isomers that are specific to rumi-
nant derived fats [2]. Research indicates that ruminant derived trans vaccenic
acid is not associated with an increased risk of CHD or CVD, because it is readily
converted to CLA isomers which have numerous health benefits [14, 15]. Trans
unsaturated fatty acids when consumed in excessively large amounts cause elevated
plasma LDL cholesterol and a reduced HDL cholesterol state, which is associated
with CVD, CHD and Type II diabetes mellitus [16, 17].

Little information is available about the trans-fatty acid content of red meats.
The purpose of this chapter is to provide an overview of the composition of fats in
red meats (beef, lamb, goat (chevon)) in Section 2, and to present new results about
the trans-fatty acid composition of red meats in Section 3 in this chapter.

2. Review of the lipid composition of animal fats

The fats in animal tissues are a subgroup of lipids, which consist mostly of
triacylglycerols. Animal fats are stored in different adipose tissue (fat) depots, at
different physiological stages of animal growth and development. The predomi-
nant adipose tissue depots in animals include the subcutaneous fat (underneath
the skin), intramuscular fat and a variety of internal fat depots such as perirenal,
cardiac, omental and pelvic fat depots.

The growth of animals is characterized by an allometric accumulation of bone,
muscle and fat, in that order, with fat accumulating and maturing slower and later
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than the other tissues. Different adipose depots mature at different rates, with the
intramuscular and subcutaneous fat depots maturing slower and later compared to
the internal tissues depots.

Red meat has erroneously being labelled as high in fat, especially saturated fatty
acids (SFA) which can be associated with many non-communicable human diseases
like the metabolic syndrome, but frankly, lean meat only contains 2-3% intramus-
cular fat in lean beef [18-20], 5-7% in conventional beef [21-23] and as high as
15% in marbled beef. The intramuscular fat content of lamb varies between 8 to
14% [24, 25]. The predominant saturated fatty acids (SFA) in red meats are C14:0
(myristic acid), C16:0 (palmitic acid) and C18:0 (stearic acid). The intramuscular
fat contents of red meats are respectively 80% and 40% lower in conventional and
marbled beef, compared to the average fat content of processed foods [26] in the
USA. The importance of animal fats is highly underestimated, especially in terms
of its source of essential fatty acids, serving as a carrier of fat-soluble vitamins A,
D, E and K, synthesis of steroidal hormones, role as metabolic energy source, and
contribution to sensory properties such as flavor, aroma and texture in meat [1, 18].

2.1 The nutritional value of fat in meat

The lean component of red meat is a highly digestible and high biological value
protein source in the human diet, e.g. the digestibility value of red meat is apprecia-
bly higher (94%), compared to whole wheat (86%) or beans (78%) [27]. Red meat
has a relatively low fat and sodium content, but with high contents of antioxidants
and several other nutritionally important bioactive substances such as taurine,
carnitine, carnosine, ubiquinone, glutathione and creatine [27], which are physi-
ologically important because of their antioxidant and anti-inflammatory effects,
and immunological, neurological, muscular and retinal functions [28]. Taurine,
carnitine, carnosine and creatine are abundant in beef, but do not occur in plant-
sourced foods [28].

The nutritional value of fats in meat depends essentially on the ratio between sat-
urated (SFA), monounsaturated (MUFA) and polyunsaturated fatty acids (PUFA),
as well as the balance between the n-6 and n-3 fatty acids [29]. Conventional wisdom
suggests that the fat composition of red meats is all saturated. Several research
groups in Australia [30], Europe [18-20], the United Kingdom [21, 31], and in South
Africa [1, 23-25] have studied animal fats extensively. All concur that animals fats
in red meat species are certainly not all saturated. This represents perhaps one of the
most incorrect perceptions about red meats.

A summary of the composition of SFA, MUFA and PUFA previously reported
for meat from cattle, sheep and goats are presented in Table 1. These results dem-
onstrate that neither beef, lamb nor goat meat are all saturated. Normal saturation
levels of these red meats generally vary between about 45 to 54%, with significant
proportions of the mono-unsaturated fatty acid oleic acid, ranging from ca. 38 to
44%. Overall the SFA content of beef is less than 3 g per 100 gram edible portion of
raw red meat.

Previous recommendations by medical professionals were to reduce the total
fat intake to decrease obesity and lower the risk of coronary heart disease (CHD).
However, the recommendations have shifted to the fatty acid composition instead
of quantity [1]. For example, it is stressed that the MUFAs and PUFAs are more
important than total fat ingestion to reduce the risk of cardiovascular heart disease
in middle-aged men [34].

Much of the internal carcass fat is removed during the slaughter process,
but subcutaneous and intramuscular fat depots remain part of the meat sold to
consumers. The removal of carcass fat is regarded as a wasteful process, but its
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Meat species Fatty acid fraction (w/w%) Reference
SFA MUFA PUFA

Beef

Feedlot steers” 496 + 4.4 385+34 87+15 [23]

Belgian white blue* 46542 384+41 15.0 +39 [19]

Sheep

Dorper sheep 528+19 439+13 33+05 [32]

Damara sheep 51.8+18 443+13 39+0.2 [32]

Dorper sheep 50.8+29 427+37 47+09 [24,25]

Merino sheep 522+39 40.0 £ 3.2 521+11 [24, 25]

Dorper (Karoo grass) 529+ 45 431+36 36+09 [33]

Dorper (Karoo browse) 547+29 413+19 37+15 [33]

Goats

Boer goats 54.7+2.2 419+ 09 34+04 [32]

Indigenous goats 536+28 425+11 39+04 [32]

SFA-Saturated fatty acids; MUFA-Monounsaturated fatty acids; PUFA-Polyunsaturated fatty acids.
fConventionally raised beef cattle.
High lean beef breed.

Table 1.
Summary of saturated and unsaturated fatty acids previously reported for meat from cattle, sheep and goats.

accumulation in the carcass is an inevitable consequence of finishing livestock
to the required body condition (grade) to yield the most acceptable and flavor-
some meat.

Several methods and biotechnologies have been employed to optimize the fat-
tening of livestock, whilst minimizing the accumulation of excess internal carcass
fat [1, 23, 29, 35, 36] and improving production efficiency. The methods include the
manipulation of age, sex and production systems, and the use of biotechnologies
such as improved animal feeding, ration formulation, steroidal hormone implants
and feed additives such as probiotics, prebiotics and repartitioning agents (beta-
adrenergic agonists). The latter molecules repartition energy away from fat accre-
tion to protein (muscle) accretion, by stimulating muscle anabolism and decreasing
its catabolism [23, 35]. These molecules are gaining popularity because of the
effective repartitioning of energy towards lean gain (muscle growth) and consider-
able reductions in carcass fat content. Moreover, these molecules improve the use
of natural resources through large improvements in animal growth and efficiency,
which reduces the environmental impact of animal production systems.

2.2 Fatty acid composition of red meats

Neutral lipids also known as triacylglycerol’s which are the major lipid class in
animal fats, while phospholipids occur mostly in cell membranes and muscle tissue
[20]. Triacylglycerol’s serve as a concentrated energy source for the body [36].
Phospholipids contain much higher levels of PUFA and lower SFA content for the
subsequent function as a constituent of cellular membranes [20, 31]. Oleic acid
(C18:1c-9) is formed from stearic acid (C18:0) by stearoyl CoA desaturase and is
a major component of neutral lipids [31]. In ruminant animals, lipids accumulate
mainly as triacylglycerol’s in adipocytes (fat cells) which are located in subcutane-
ous, intermuscular and intramuscular adipose tissue depots, as well as abdominal
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fat depots such as omental and perirenal adipose tissue [36]. Dietary n-6 and n-3
PUFA are incorporated into adipose and muscle tissues despite rumen biohydro-
genation. Ruminant animals preferentially incorporate essential fatty acids into
muscle tissues rather than into adipose tissue [31].

In ruminant animals, the diet has a small but significant effect on the fatty acids
in triacylglycerol’s due to rumen biohydrogenation. By contrast, higher proportions
of PUFAs are located in the phospholipids than triacylglycerol’s, and they are less
affected by diet [1]. The PUFAs in phospholipids consist of essential fatty acids such
as C18:2n-6 and C18:3n-3 as well as their long-chain derivatives namely ecosapen-
taenoic acid (C20:5n-3; EPA) and decosahexaenoic acid (C22:6n-3; DHA) [37]. The
fatty acid composition determines the firmness and oiliness of adipose tissue as well
as the oxidative stability of muscle tissues, which influences the flavor and color of
the meat product [24, 25, 31].

The ratio of PUFA/SFA and the n-6/n-3 ratio influence the nutritional value
of lipids in red meats. Fats containing a lower SFA content and higher PUFA and
CLA content are regarded as ideal [29, 37]. The PUFA/SFA (also referred to as
P:S) as well as the n-6/n-3 fatty acid ratios are primary values used to measure
the nutritional quality of foods for human nutrition [29]. The recommended
benchmark value for the PUFA:SFA (or P:S) ratio is >0.7, and for the n-6/n-3
ratio < 5 [38].

Lean red meat is an excellent source of long-chain omega-3 PUFAs [39]. The
PUFA in beef range from 14 to 24%, and C18:1 trans-fatty acid content about 3% of
the total fatty acid profile [27, 40]. Conjugated linoleic acid (CLA) occurs naturally
in meat and dairy products and is credited for beneficial effects on type II diabetes,
weight loss and muscle accretion. CLA’s are omega 6-fatty acids which occur in
either the cis or trans configuration, with a total of about 28 isomers. CLA’ are
conjugated fatty acids which means that the two “conjugated” double bonds are not
separated by a methylene group, so they are excluded from the TFA’.

2.3 Overview of trans-fatty acids in food

Trans-fatty acids (TFA’) are the sum of all unsaturated fatty acids that contain
one or more isolated, non-conjugated double bond in the trans geometric configu-
ration [2]. According to the European Food Safety Authority [3], TFA’s are not vital
in the human body because they are neither synthesized nor required by the human
body. Health professionals worldwide recommend a reduction in the overall con-
sumption of SFA’s, TFAs and cholesterol, while increasing the intake of n-3 polyun-
saturated fatty acids (PUFAs) [4, 5]. Unfortunately no “Population Reference Intake
(PRI)”, “Average Requirement (AR)” or “Adequate Intake (AI) value” have been
established for TFA’ yet [3].

The adverse health effects associated with the consumption of TFA’ to date
relate specifically to non-communicable diseases such as cardiovascular diseases
(CHD and CVD) [3, 6, 7]. It was estimated that CHD is the number one cause of
death globally and the consumption of TFA that exceeds five grams per portion
is associated with increased risk of CHD [8, 41]. A positive association was con-
firmed between industrial TFA intake and increased CHD risk [42]. Industrial TFA
are produced during partial hydrogenation of vegetable fats and fish oils and are
common to products such as margarines, spreads and shortenings, baked goods and
deep-fried foods such as those in fast food outlets [11, 43].

There is relatively little information about TFA’s in livestock as well as the
specific factors that influence TFA concentrations in red meat. The purpose of this
section is to present new data about the cis/trans-fatty acid composition of typical
beef and lamb meat.
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2.4 Effects of production systems on fat and fatty acid composition of red meats

Cattle are frequently fattened on either rangelands or concentrate diets.
Different combinations of pasture-based systems together with intensive systems
are used to raise livestock and the degree to which these are used rely on resources
available as well as climatological conditions [44]. Pasture feeding has gained popu-
larity because of the favorable effects on the fatty acid profile of meat, although the
effects are small and at the expense of increased production efficiency [1].

The essential fatty acid alpha-linolenic acid (C18:3n-3) is a prominent fatty
acid found in grasses, and therefore a consistent concentration occurs in muscle
tissue, despite rumen biohydrogenation [31, 45]. Concentrate fed cattle accumu-
late slightly less C18:3n-3, which may decrease the n-6/n-3 ratio marginally [18].
A lower n-6/n-3 ratio is obtained when grass and pasture feeding is employed
[31]. Grass-fed animals produce meat products that exhibit better oxidative
stability due to higher concentrations of natural antioxidants such as vitamin E,
which stabilizes the PUFAs [34, 46]. Linoleic acid (C18:2n-6) is a major fatty acid
in concentrate feeds (grains and oilseeds). It is degraded into MUFAs and SFAs
in the rumen, and incorporated into adipose and muscle tissue in relatively high
concentrations [31].

The main benefit of concentrate feeding of livestock is the higher growth rates
and feed efficiency achieved, which yield carcasses of high value at a younger age
than those from extensive (pasture-based) production systems [44]. This depends
typically on better use of feed resources due to meticulous feed formulation and
mixing. Concentrate fed cattle generally have better carcass characteristicsi.e. a
heavier carcass weight, better dressing percentage and conformation scores, and
carcass grading or classification compared to steers finished on pasture [45, 47, 48].
Pasture finished cattle yield darker meat with fat which has a more yellow color
[45]. The differences in fatty acid content of concentrate fed cattle compared to
those raised on pastures are small due to rumen biohydrogenation.

Similar results were reported for lamb and mutton on pasture versus concentrate
feeding in France [49, 50] and South Africa [1, 24, 25, 51]. Concentrate fed lambs
produced heavier carcasses with better muscular conformation scores and they
were fatter than those from grass-fed lambs. The meat from concentrate fed lambs
are superior in juiciness as well as in tenderness relative to those from grazing natu-
ral pastures. The subcutaneous fat from pasture-fed lambs is yellower and harder,
while the meat is darker compared to grain-fed lamb [1, 51]. Meat from grass-fed
lambs contain marginally lower triacylglycerol’s and a higher phospholipids content
[50]. The triglyceride fraction contain marginally higher proportions of C18:0,
C18:3n-3, CLA and lower proportions of C16:0, MUFAs, C18:2n-6 and other n-6
PUFAs. The phospholipids contain lower MUFAs, C18:2n-6 and other n-6 PUFAs
and higher levels of C18:3n-3. Backgrounding feeding before the onset of concen-
trate feeding is a relatively new practice. Research indicate that backgrounding
strategies have beneficial residual effects on lipid profiles and CLA content of meat
from Angus heifers [52].

2.5 Effects of exogenous growth-regulating molecules on fat and fatty acid
content of red meats

Red meat producers have been using growth-promoting agents for over 50 years
to improve muscle leanness, increase average daily weight gain, stimulate feed
intake, and enhance the feed efficiency of animals [35]. Hormonal growth implants
and feed additives such as anabolic steroids and beta-adrenergic agonists are used in
the beef industry (excluding the European Union) to obtain improved growth rates
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and feed efficiency during the fattening phase, and subsequently superior carcass
composition and quality [44]. The use of these exogenous growth modifiers has
improved the effectiveness of red meat production by producing meat that complies
more closely with consumer demands in terms of optimizing carcass fat accumula-
tion and thus producing a leaner product [44]. This has resulted in significant
improvements in the efficiency of animal production with major benefits to beef
producers, retailers and consumers in terms of the relative price competitiveness of
beef relative to other dietary protein sources [35, 44].

Beta-adrenergic agonists are compounds similar to naturally occurring endog-
enous catecholamines (norepinephrine and epinephrine) which are used as feed
additives to improve feed efficiency at the end of the fattening phase by placing
focus on more protein synthesis rather than fat accretion [23, 35]. These synthetic
products such as ractopamine hydrochloric acid and zilpaterol hydrochloric acid
provide comparable production benefits as steroid implants but differ in the appli-
cation as well as mode of action [36]. The results of such treatments during the final
20-25 to 30-42 days of the fattening period are leaner carcasses with improved con-
formation [23, 35, 53]. The use of beta-adrenergic agonists (L-644,969) improved
the proportion and distribution of lean meat [54]. Zilpaterol hydrochloride was
shown to decrease carcass fat content and had beneficial effects on fatty acid
composition of beef [23, 51]. Higher proportions of oleic acid (C18:1) and lower
proportions of C14:0 and C16:0 were deposited in tissues of steers supplemented
with zilpaterol hydrochloride, and hence decreasing the saturated fatty acid content
of meat [23, 51].

3. Analysis of cis/trans-fatty acid composition of red meats
3.1 Cis/trans fatty acid content of beef and lamb

The purpose of this research was to determine the fat and fatty acid content of
beef and mutton, with specific reference to the cis/trans-fatty acid composition.
The cis/trans-fatty acid content of South African beef and lamb from range and
conventional production systems were analyzed. Representative samples of beef
sirloin steaks (n = 60) and lamb loin chops (n = 80) (the lumbar part of the longis-
simus dorsi muscle) were collected from carcasses from several randomly selected
abattoirs in the Gauteng region in South Africa for proximate and fatty acid analyses.
The samples were reasonably representative of beef and lamb available from meat
retailers in South Africa, with the beef originating from feedlot systems and the
lamb from extensively reared lamb production systems.

3.2 Materials and methods

Proximate analysis of beef sirloins and lamb loin chops, as well as medium- and
long-chain fatty acid analyses were conducted as previously explained [23, 25].
The fatty acid methyl esters from beef and lamb samples were analyses using gas
chromatography. All visible fat was removed from meat samples using a scalpel,
followed by mincing and blending of each sample separately into a homogenous
mixture using a BUCHI Mixer B-400.

The intramuscular fat content within the muscle tissue was analyzed to deter-
mine its nutritional contribution to the human diet. The equipment used to dissect
the meat samples (i.e. glass cutting board, scalpel and mixer beaker and blades)
were thoroughly cleaned with warm soapy water. All blended meat samples were
stored overnight in air-tight containers in the fridge for subsequent proximate
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analyses and lipid extraction [55]. The remainder of the samples were freeze-dried
and then milled for approximately 10 seconds into a fine powder form using a
Hamilton Beach Commercial blender. The milled samples were placed into large
plastic containers with screw caps and labelled.

Determination of fat content by ether extract was performed using the Soxtec
method with the Tecator Soxtec System 1040 Extraction unit, at a temperature
setting of 80°C [55]. Ether extraction was done in duplicate by using sub-samples of
the freeze-dried, minced meat samples (ca. 2 g). Fatty acid analyses were performed
by extracting the lipids from the freeze-dried meat samples using the chloroform:
methanol (2:1, v/v) method [56], with modifications as described previously [24].
Saponification and methylation of the fatty acids were done using 14% BF3/CH30H,
followed by analysis with a Varian 3300 FID gas chromatograph fitted with a 100-
meter WCOT fused silica capillary column (CP-Sil 88, 100 m x 0.25 mm DF 0.2 pm).

Fatty acids were identified based on the retention times of known fatty acid
methyl ester standards obtained from Nu Chek Prep.Inc., Elysim, Minesota (USA).
Helium was used as the carrier gas at a flow rate of 50 ml/min, and the gas chromato-
graph program used was the same as that previously described [24]. Fatty acids were
expressed both in terms of the proportion of total medium- and long-chain fatty
acids (w/w, %) and in gravimetric concentrations (mg/g of tissue sample) [24, 25].

The raw data was recorded in an excel spreadsheet and all statistical procedures
were carried out with the IBM SPSS Statistics Windows software package, ver-
sion 26 (SPSS Inc., Chicago, IL, USA). Quantitative analysis of the beef and lamb
samples were conducted and the means and standard deviations of each lipid frac-
tion, as well as molar proportions (w/w%) and gravimetric content (mg/g meat) of
identified fatty acids were determined.

3.3 Composition of cis/trans-fatty acids in beef and lamb

The results of cis/trans-fatty acid analysis of beef and lamb in South Africa
are presented in Tables 2-5 respectively. The results presented in Table 2 indicate
that the fatty acid composition of conventional beef contains about 70% less TFA’s
(e.g. 1.4 g/100 g beef; Table 2) than the recommended threshold of 5 g per 100 g
portion, which is the threshold for increased risk of CHD. It should be emphasized
that these TFA values were obtained in beef from cattle in conventional production
systems in South Africa, i.e. weaner production on extensive grazing, followed by
concentrate feeding for about 120 days to the desired carcass composition to meet
market requirements, namely carcasses containing about 15-18% carcass fat and
5-7% intramuscular fat (measured in the longissimus dorsi (loin) muscle).

Lipid fraction Content (%)
IMF 6.5%
SFA 49.61%
MUFA 46.96%
PUFA 3.41%
TFA 419%
TFA/100 g meat l4g

MUFA, monounsaturated fatty acids (C18:1t-11 + C18:1c-9); PUFA, polyunsaturated fatty acids (sum of C18:2
isomers + sum of C18:3 isomers); SFA, saturated fatty acids (C14:0 + C16:0 + C18:0); TFA, trans-fatty acids.

Table 2.
The lipid composition of beef sirloin (Longissimus dorsi samples) from conventional production systems in
South Africa (n = 60).
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Fatty acid Molar % Gravimetric content
(w/w%;n =60) (mg /g meat; n = 60)
C14:0 3.2+ 0.569 6.36 +2.69
C16:0 2597 +3.205 51.67 +21.900
C18:0 20.44 £ 5.589 40.01 £ 17.285
C18:1(n-9)t 4.82+1930 9.32+4.8
C18:1(n-9)c 40.71+ 8793 83.06 + 44.641
C18:2 (n-6) 3.02 + 0.955 5.98 + 3.057
C18:2 (t-9,t-12) 0.14 + 0.134 0.29 + 0.206
C18:2 (c-9,t-12) 0.12 £ 0.097 0.27+0.270
C18:2 (t-9,c-12) 0.01+0.029 0.03 + 0.109
C18:2 (c-9,c-12) 3.75+0.923 735+2.724
C18:3 (n-3) 0.39+0.183 0.86 + 0.594
C18:3 (t-9,t-12,t-15) 0.09 £ 0.098 0.20 + 0.159
C18:3 (c-9,t-12,c-15) 0.07 + 0.059 0.17 + 0.179
C18:3 (t-9,¢-12,c-15) 0.12+ 0.094 0.27+0.241
C18:3 (c-9,c-12,¢c-15) 0.09 + 0.064 0.22+0.153
CLA (n-6) 143 +0.234 0.90 + 0.738

CLA, conjugated linoleic acid (C18:2c-9,t-11); MUFA, monounsaturated fatty acids (C18:1t-11 + C18:1c-9);
PUFA, polyunsaturated fatty acids (sum of C18:2 isomers + sum of C18:3 isomers); SFA, saturated fatty acids
(C14:0 + C16:0 + C18:0); TFA, trans-fatty acids.

Table 3.
The molar (w/w%) and gravimetric (mg/g) content of cis-and trans-fatty acids in beef sirloin (Longissimus
dorsi samples) from conventional production systems in South Africa (w/w%) (n = 60).

Lipid fraction Content (%)
Intramuscular fat% 13.95 + 4.18%
SFA 5213 +1.22%
MUFA 38.98 + 2.65%
PUFA 3.24 £ 0.857%
CLA 0.70 + 0.148%
TFAs 4.65 + 1.284%
TFA5/100 g lamb 022¢g

CLA, conjugated linoleic acid; MUFA, monounsaturated fatty acids (C18:1t-11 + C18:1c-9); PUFA,
polyunsaturated fatty acids (sum of C18:2 isomers + sum of C18:3 isomers); SFA, saturated fatty acids
(C14:0 + C16:0 + C18:0); Trans FAs, trans-fatty acids.

Table 4.
The lipid composition of lamb loin chops (Longissimus dorsi samples) from conventional production systems in
South Africa (n = 80).

The regression of TFA accumulation with increasing carcass fat content in beef
carcasses is presented in Figure 1 (12 = 0.64, P < 0.05). This illustrates that TFA
concentrations accumulate slowly with increasing carcass fat content, but reach
a turning point at about ca. 25% carcass fat content. Although the proportions of
fatty acids generally remain relatively unchanged in ruminant fats due to rumen
biohydrogenation, it seems that the concentration of TFA’s reach a turning point
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Fatty acid composition Molar % Gravimitric content
(w/w%) (mg/g meat)
C12:0 0.146 + 0.057 0.081 £ 0.040
C14:0 3.368 + 0.673 1.742 + 0.710
C14:1 0.084 £ 0.024 0.050 + 0.024
C16:0 2423 +1.788 16.612 + 4.562
C16:1 1.023 £ 0.192 0.908 + 0.279
C17:0 1.774 + 0.525 0.545+ 0.152
C18:0 2230 +3.321 10.740 + 2.373
C18:1 (n-11t) 3910 + 1.256 1735+ 0.584
C18:1 (n-9c) 33.27 + 2.809 24.348 + 5668
C18:1(n-11c) 0.631+ 0.114 0.608 + 0.124
C18:22 (n-61t) 0.046 + 0.014 0.019 + 0.007
C18:2(n-6¢) 2.029 + 0.772 1.918 + 0.385
C18:2 (n-10 t, n-12c) 0.592 + 0.133 0.314 + 0.147
C18:2 (n-10c,n-12c) 0.006 + 0.001 0.003 + 0.001
C18:2 (n-9c,n-11t) 0.013 + 0.008 0.008 + 0.006
C18:3(n-6) 0.026 + 0.005 0.022 + 0.004
C18:3(n-3) 0.331 + 0.069 0.176 + 0.056
C20:0 0.131+ 0.026 0.052 + 0.011
C20:1(n-9) 0.060 + 0.016 0.034 + 0.006
C20:2 0.029 + 0.007 0.030 + 0.006
C22:0 0.011 + 0.004 0.018 £ 0.004
C20:4(n-6) 0.081 + 0.020 0.520 + 0.147

CLA, conjugated linoleic acid (C18:2c-9,t-11); MUFA, monounsaturated fatty acids (C18:1t-11 + C18:1c-9);
PUFA, polyunsaturated fatty acids (sum of C18:2 isomers + sum of C18:3 isomers); SFA, saturated fatty acids
(C14:0 + C16:0 + C18:0); Trans FAs, trans-fatty acids.

Table 5.
The molar (w/w%) and gravimetric (mg/g) content of cis-and trans-fatty acids in lamb shops (Longissimus
dorsi samples) from conventional production systems in South Africa (w/w%) (n = 80).

TFA (mglg)

® Obsenvec
== Cubic

FAT%
Figure 1.

Regression of trans-fatty acid content of beef loin samples (mg/g) with increasing carcass fat content in
conventionally fed cattle.
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MUFA (mglg)

® Observed
== Quadratic

700

] 200 400 60.0

FAT%
(a)

CLAs (mgig)
® Observed
= Exponentia

Figure 2.

Regression equations of (a) mono-unsaturated fatty acid content (MUFA, w/w%) of beef loin muscle with
increasing carcass fat content, and (b) conjugated linoleic acid content (CLA, w/w%) of beef loin muscle with
increasing carcass fat content.

perhaps due to the preferential incorporation other dominant fatty acids such as
MUFA and CLA metabolism and absorption in ruminants (see Figure 2a and b).

The molar composition of fatty acids of beef produced in conventional produc-
tion systems contain less than 50% saturated fatty acids, while the balance of the
fatty acids consist of heart-healthy MUFAs and PUFAs. The trans-fatty acid compo-
nent of beef is ca. 4.19%, of which a large portion comprise the essential conjugated
linoleic acid isomers.

Assessment of the specific medium and long-chain fatty acids in beef (Table 3)
indicate that the SFAs consist of a small proportion of myristic acid (<3.5% C14:0),
about 25% of palmitic acid (C16:0) and 20% of stearic acid (C18:0). It follows that
the medium-chain fatty acids (MCFA; C14:0 and C16:0) comprise less than a third
of the fatty acid content of beef, which is beneficial from a heart health perspective,
as MCFA’ have been associated with a slight elevation in low-density lipoprotein
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TFA's (mglg)
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Figure 3.
Trans-fatty acid content (TFA, mg/g) of lamb loin muscle with increasing live weight.

(LDL) cholesterol values [57]. Stearic acid is known as a cholesterol neutral fatty
acid and therefore beneficial in terms of essential fat ingestion. Recent research
indicate that stearic acid decreases both cardiac and cancer risk in humans [58].
This beneficial fatty acid is also credited with signaling the mitochondria in cells
and stimulate fatty acid beta-oxidation. The MUFAs in beef consist predominantly
(40%) of the LDL cholesterol lowering oleic acid (C18:1) which therefore has no
adverse effects on CHD or CVD. A large portion of the PUFAs also consist of CLA
isomers, which are known to occur predominantly in milk and meat from ruminant
livestock such as cattle and sheep.

Oleic acid (C18:1) has a well-known reputation of lowering the risk of cardio-
vascular disease [59]. In this review, it is emphasized that the replacement of 5% of
SFA’s with oleic acid, may reduce the risk of coronary heart disease by 20-40%. The
C18:1-component of beef is almost 45%, and it is important to know that concen-
trate feeding and dietary supplementation of cattle diets with zilpaterol hydrochlo-
ride increases the oleic acid content of beef by ca. 2% [23].

Figure 2(a) indicates the highly significant correlation between the accumula-
tion of MUFA’s in beef loin muscle with increasing carcass fat percentage (1* = 0.94,
P < 0.001). Similarly, the CLA content of beef loin muscle (mg/g of loin muscle)
correlates significantly (r* = 0.709, P < 0.001) with increasing carcass fat content in
beef carcasses, as illustrated in Figure 2(b).

This implies that the accumulation of both MUFA’s and CLA’ in beef muscle is
significantly influenced by the increasing maturity and fat accumulation in cattle, in
addition to the known dietary effects on beef CLA’. Beef carcasses are generally fed
to about 18-25% carcass fat in European countries, Australia and South Africa and to
about 25 to 35% carcass fat in the USA. Backgrounding on pastures combined with
intensive concentrate feeding have beneficial effects on the CLA content of beef.

Lamb meat contains more intramuscular fat (ca. 14%; Table 4) compared to
beef. However, the fat is not all saturated as commonly believed, with SFA’s seldom
exceeding 53%, and about 40% MUFAS, 3,2% PUFA’s and low trans-fatty content
(Tables 4 and 5). The data from typical mutton sheep breeds raised mainly on
extensive pasture systems in South Africa indicate a low TFA content of 0.22 g/100 g
meat, which is much lower than the threshold value of 5 g / 100 g portion.

It has been postulated that ruminant derived trans vaccenic acid may not be
associated with an increased risk of CHD or CVD, because it is converted to CLA
isomers, which hold several health benefits [14, 15]. Vaccenic acid in adipose tissues
is converted to CLA by the stearoyl-CoA desaturase enzyme [31]. This enzyme is
also responsible for converting oleic acid (C18:1c-9) to stearic acid (C18:0).
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Figure 3 confirms that the TFA content of lamb loin muscle remains consistently
low during the normal popular target weights at slaughter namely between 40 to
55 kg live weight.

4, Discussion

It is accepted that the consumption of excess red meat and alcohol, may
adversely affect the life expectancy of humans [60]. Nonetheless, almost all lipid-
containing foods in Western diets contribute to n-6 PUFA and alpha-linolenic acid
intake, while only meat, eggs and seafood contribute to beneficial n-3 PUFA intake
in the human diet [61]. Results of published epidemiological studies are conflict-
ing concerning the effects of TFA’s on blood cholesterol homeostasis [53, 62-66].
Unfortunately, most dietary trials on TFA’s are based on industrial TFA’s with the
assumption that those trans isomers have the same metabolic effects as TFA’s from
natural sources such as those from red meat. The latter assumption is incorrect
because trans vaccenic acid (C18:1 t-11) is unique of TFA’ in ruminant adipose
tissue, while elaidic acid (C18:1 t-9) occurs specifically in industrial TFA’s [68].

The most important trans isomers in human biology are the mono-unsaturated
and di-unsaturated fatty acids which contain sixteen and eighteen carbon atoms,
namely C16:1 trans, C18:1 trans and C18:2 trans-fatty acids [67]. C18:1 trans isomers
encompass 80-90% of total TFA content in foods. The importance of different
tertiary structures relay to the different crystalline packing which ultimately result
in differing melting points of these fatty acids [67]. The melting points of the trans
isomeric fatty acids are generally much higher compared to their corresponding
cis-isomers, i.e. oleic acid (C18:1 cis) has a melting point of 10-11°C, while its trans-
isomer, elaidic acid (C18:1 trans) has a melting point of 44.5-45.5°C [67].

Based on the data from the present study, the TFA content of beef and lamb is low,
and tend to peak early in the growth curve, after which the relative concentration
starts to decrease slowly. This is associated with a slow but consistent increase in CLA%s
in ruminant muscle tissues. The current data also indicate that the growth curve and
carcass fat content affect the accumulation of TFAs and CLA’ in addition to the known
effects of nutrition on their accumulation. Conjugated linoleic acid (CLA) is not
included in the definition of TFA as it has conjugated double bonds [3], which means
that the two double bonds are “conjugated” or continuous or not separated by a methy-
lene group. CLA is a collective term used for all conjugated geometric and positional
isomers of C18:2 (linoleic acid) [68, 69]. It is less well known that meat and milk from
ruminant livestock are excellent sources of CLA’, which are synthesized in the rumen
by the microbial isomerisation and biohydrogenation of mostly linoleic and alpha-lin-
olenic acids (e.g. 18 carbon PUFAs), and the desaturation of trans-fatty acids in their
adipose tissue and mammary glands. Rumenic acid (C18:2 c9,t11) comprises about
90% of the total CLA isomer range [70]. More recently the CLA-isomer (C18:2 t7,c9)
has been detected in milk, cheese, beef, human milk as well as human adipose tissue.

CLAs are nutritionally beneficial due to their antioxidant and anti-carcinogenic
properties [70, 71]. CLA’s also have beneficial effects on non-communicable
diseases such as cancer, cardiovascular diseases, diabetes, and positive effects on the
immune system and bone health [70].

5. Conclusions

Red meats constitute an important source of high-quality protein and fatty
acids in the human diet. Accordingly, red meat forms a critical part of a balanced
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diet, along with moderate food intake and healthy habits such as physical activity
and not smoking. The intramuscular fat content of red meats range between 3 and
14%, which is low compared to most fat-containing processed foods (25%). More
importantly, the fats in red meats are not all saturated, with a SFA content of 45 to
53%, consisting predominantly of stearic acid which has proven health benefits.
Animal fats contain several other beneficial fatty acids (including MUFA’s, PUFAS,
and CLA%) that have either no, or an LDL-cholesterol lowering effect, which may
reduce the risk of coronary heart diseases.

TFA’ are neither synthesized nor required by the human body. Although health
professionals recommend a reduction in the consumption of SFA and TFA, ani-
mal fats contribute a very small portion of the overall TFA intake, most of which
originate from other sources such as the partial hydrogenation of vegetable and fish
oils. The lean component of beef and lamb contains a trivial proportion of TFA’,
consisting of vaccenic acid, rumenic acid and CLA-isomers. CLA’s in red meat are
beneficial due to their antioxidant and anti-carcinogenic properties, so they should
not strictly be considered in the TFA definition. This means that the TFA’s in red
meats are negligible and pose no harm to human health. Better labelling of red
meats is recommended, to ensure that consumers understand the nutritional value
of red meats, as part of a balanced diet.
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Abstract

Fish and seafoods are a highly perishable product due to the biochemical
composition and the high microbial load on the skin and gills of fish. The natural
microflora that is more adopted to low temperatures results in lower thermal
bacterial shock at the storage temperature. The development of new fish process-
ing techniques is required because the demand for fish or seafood with minimum
changes in sensory Biochemical and nutritional quality. This has led to the advent
of hurdle technology in the field of seafood technology. Hurdle technology is the
combined use of several preservation methods to make a product shelf-stable, to
improve quality and to provide additional safety. This technology is used in many
countries of the world, including India. The factors used for food preservation is
called as hurdles. A combination of hurdle such as high temperature, refrigera-
tion, irradiation, drying and smoking etc. are applied to eliminate the growth
of microorganism. The application of several hurdle may reduce the rate of fish
spoilage caused by spoilage microbe. The objective of this book chapters is focus on
the preservative effect of hurdles technology on the quality and shelf-life fish and
fishery products with recent, combined updated information.

Keywords: hurdle technology, seafood, quality, spoilage and microorganism

1. Introduction

Since the time immemorial, human society has been dependent on foods for their
existence. We derive a variety of foods from plants and animals such as sea-foods,
eggs, fishes etc. All these are consumed by man to satisfy their nutritional require-
ments, proper body growth and development, health and to increase their appetite
value. But the food items of animal origin are perishable in nature as a result they get
spoiled due to microbial activity. Hence to reduce this toxicity of food ‘hurdle tech-
nology’ was developed several years ago for the production of safe, stable, nutritious,
tasty and economical foods. The hurdle technology, also called combined methods or
combined processes, is an integrated approach of basic food preservation methods
for making the food more safe, stable and nutritious [1]. It can also be defined asa
method of achieving control or elimination of pathogens present in the foods for
creating safe and shelf - stable food. The concept of hurdle technology is quite old
but has been used by many countries across the globe including India for effective
preservation of foods. It advocates the wise use of a combination of different pres-
ervation factors or techniques termed as hurdles in order to achieve multi-target,
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mild but reliable preservation effects in foods. Hurdle technology developed with the
concept to address the consumer demand to provide more natural and fresh food.
According to Leistner [2] hurdle technology is the process of an intelligent combina-
tion of hurdles which safeguards the microbial safety and storage stability along with
retains the sensory, nutritional quality and economic viability of food materials. It
has come in response to several number of developments viz.,

i. To fulfill consumers’ demand for improved foods that retain their unique
nutritional properties with freshness.

ii. This technology shift food products ready-to-eat and makes it convenience
foods with lesser processing requirements by consumers.

iii. Basically, consumers prefer more ‘natural food products’ which requires less
processing effort with use of minimum chemical preservatives.

It offers a framework for merging a number of milder preservation tech-
niques to attain an improved level of product safety with longer stability
(dimorianreview.com).

The hurdles technology can be applied in several fish and fishery products such
as the salted fish, smoked, marinated products, pickles, canned fish products (high
or low temperature), traditional Asian sauces (fermentative microorganisms) and
more recently, in vacuum-packed products (redox potential). These preservative
factors have been studied for several years ago. Hurdles technology have some prose
(by inhibiting microorganisms) along with some cons (on other parameters such as
nutritional properties or sensory quality), depending on their intensity. For example,
salt content in food must be in such a limit to inhibit pathogens and spoilage microor-
ganisms, but not too high to impair taste and act as pro-oxidants [3].

2. Significance of hurdle technology
1. Improves foodstuffs quality and ensures microbial activity.
2.Food remains safe and stable for a longer duration of time.
3.1t is high in sensory and nutritive value due to hurdle effects.
4.1t is applicable in both small- and large-scale industries.

5.Does not change the composition or integrity of food items.

6. It fulfills the current demands of the consumers for fresh, natural and
minimally processed foodstuffs.

7.1t is economically suitable for the nation as it saves money, time, energy and
other resources.
3. History of hurdle technology

Food preservation techniques are an inseparable part of production of food-
stuffs in order to overcome or counter the pathogen activities. Thus, the food
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scientist applied combined use of several preservation methods including physi-
cal or chemical which is an age-old practice. This is generally used by the food
industry to ensure food safety and stability. Seafood in terms of fresh fish which
is a highly perishable product due to its chemical composition and high accumula-
tion of microorganisms on its body surface. In 1976, Leistner introduced the term
“Hurdle effect”. Leistner and co-workers acknowledged that the hurdle concept
illustrates the well - known fact that the complex interactions of temperature,

water activity, pH, redox potential, etc. are significant for the microbial stability of
foods [4].

4. Principle of hurdle technology

Hurdle is defined as a factor, a condition, or a processing step that limits, or
prevents the microbial growth and reduce microbial load. There are many pres-
ervation methods used for making foods stable and safe e.g., heating, chilling,
freezing, freeze drying, drying, curing, salting, sugar addition, acidification,
fermentation, smoking and oxygen removal. Currently, more than 50 hurdles are
used in food processing industries throughout the world. Some of the principle
hurdles used for seafood products are given in Table 1. The hurdle effect is the most
fundamental importance for the preservation of foods, since the hurdles in a stable
product, control the microbial spoilage, food poisoning and desired fermentation
processes [5]. If the intensity of a particular hurdle in a food is too small, it should
be strengthened, and in case, it is detrimental to the food quality.

4.1 The principle behind this hurdle technology can be summarized in the
following ways

1. The preservative factors or hurdles disturbs the homeostatis of
microorganisms.

2. Pathogens should not be allowed to cross or jump over all the hurdle effects
present in the food items.

3. Preservative factors should not allow the microorganisms to proliferate and
remain in an inactive stage or even kill them.

4.The hurdle effect shows that the complexity of interactions of temperature,
water, pH, humidity are important factors to microbial stability.

Parameter Symbol Application
High temperature F Heating
Low temperature T Chilling, freezing
Reduced water activity ay Drying, curing, conserving
Increased acidity pH Acid addition or formation
Reduced redox potential Eh Removal of oxygen or addition of ascorbate
Bio preservatives — Competitive flora such as microbial fermentation
Other preservatives — Sorbates, sulphites, nitrites
Table 1.

Principle hurdles used for food preservation.

145



Meat and Nutrition

5. Basic aspects of hurdle technology

The hurdle technology affects the physiology and growth of microorganisms in
food. There are mainly 4 major mechanisms by which hurdle technology affects the
growth of microorganisms in foods, these are -Homeostasis, Metabolic exhaustion,
stress reaction and Multi target preservation (Figure 1).

5.1 Homeostasis

The literal meaning of “homeostasis” is “same state” and it refers to the process
of keeping the internal body environment in a steady state, when the external
environment is changed. In case of food preservation techniques, if somehow the
homeostasis of the pathogens are disturbed, then they will not be able to prolifer-
ate themselves. They will remain in the lag phase or even die until their internal
body temperature is maintained or recovered [7]. But microorganisms can acquire
myriad routes to reach their homeostatic state. Thus, the most effective way to
prevent their growth on food items is to go through combined methods of hurdle
effect. Disturbing the homeostasis of the microorganisms by various hurdles
eventually results in the death of the spoilage causing microbes thereby protecting
the food product from microbial spoilage.

5.2 Metabolic exhaustion

Auto-sterilization of food products can be achieved by metabolic exhaustion,
which leads to the death of the germinated spores and thus ensuring the success

Homeostasis

Metabolic
Exhaustion

Stress Reaction

Multitarget
Preservation

Figure 1.
Basic aspects of hurdle technology [6].
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of hurdle technology. There are a number of different types of bacteria, mold and
yeast which overcome and sustain the high temperature. Many bacterial spores
which survive the thermal treatment are able to germinate in similar food products
under unfavorable conditions than those under which vegetative bacteria are able to
multiply [8]. Therefore, the microorganisms in the food products try every possible
way to repair mechanisms for their homeostasis. By doing this, they completely use
up their energy and die. This leads to auto-sterilization of foods. When multiple
hurdles are applied in the food items, the rate of metabolic exhaustion is acceler-
ated. In this due course, high energy is required by the microorganisms to maintain
their homeostasis which is not achieved by them. Thus, it leads to microbial cell
damage and inhibits their further growth [9].

5.3 Stress reactions

Due to generation of shock proteins, some bacteria become more and more
virulent under stress conditions. The stress shock proteins are a family of pro-
teins that are produced by the cells in response to exposure to stressful condi-
tions, induced by heat, pH, a,, ethanol, oxidative compounds, cold, UV light
and starvation. Then, the simultaneous exposure to different stresses of bacteria
will require high energy demand or at least much more protective stress shock
proteins, which ultimately causes the death of the microorganisms [10]. Exposure
to the multiple stresses simultaneously induces energy utilizing and synthesis of
several stress shock proteins, in turn making the microbes metabolically weak.
Hence, multitarget preservation of foods could be an efficient approach for
minimizing the production of stress shock proteins and in food preservation for
long term [2].

6. Multi target preservation of food

Leistner [11] has been developed the concept of “Multi-target preservation
of food” which is a most significant aspect for efficient and effective preserva-
tion of targeted food products. Hurdles which are applied in the targeted food
products might not just have effects on microbial stability but also it act syn-
ergistically [11]. The synergistic effect could be attained in the targeted food
products, if the combined effects of different hurdles viz., pH, a,, Eh, enzyme
systems targets simultaneously within the microbial cell and thus disturb the
homeostasis of the microbes. This phenomenon interpreting and difficult for
the microbes to synthesize a number several stress shock proteins and to main-
tain their homeostasis [4]. Hence the application of multiple hurdles technique
simultaneously would lead to an optimal microbial stability and effective food
preservation.

7. Objectives hurdle technology

The main objective of this technology is food preservation, storage of food
products and enhancement of their shelf life thereby giving us good quality
products. There are several reasons for preserving the foods which are as follow
(i) To ensure the safety of food from microbes (ii) To prevent the spoilage of food
(iii) To enhance the keeping quality of food (iv) To control food borne infections
and intoxications (v) To extend the shelf life of food (vi) To reduce economic
losses [12].
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8. Examples of the hurdle effect

Every stable and safe food and food products are having several sets of intrinsic
hurdles which differs in quality and intensity based on a particular product, how-
ever, in any case the hurdles must keep the ‘normal’ population of microorganisms
in this food under control. The microorganisms present at the begging stage of food
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Figure 2.

Hllustration of the hurdle effect, using eight examples. Symbols have the following meaning: F, heating; t,
chilling; a,, water activity; pH, acidification; eh, redox potential; pres., preservatives; K-F, competitive flova;
V, vitamins; N, nutrients [7, 11].
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products, are incapable to jump over the next hurdles present in the food systems.
Few examples of the hurdle effects depicted in Figure 2.

8.1 Fish and fishery products preserved by hurdle technology

While applying hurdle technology for particular food product the selected pro-
cessing method (preservation and packaging) will affect the spoilage mechanism
and leads to the major quality deterioration fish and fishery product. For example,
the fish preserved by cold smoking process the combination of hurdles includes salt
addition, mild thermal treatment and storage at low temperatures, in this case the
quality deterioration is mainly attributed to microbial spoilage, resulting in sensory
modifications and thus organoleptic rejection. However, when same food products
stored at subzero temperatures then the quality deterioration is correlated with
physical and chemical reactions, viz., dehydration and lipid oxidation. These are
major factors that defining duration of shelf life of the final products [13].

8.2 Fermented fish products

The Southeast Asian countries are well-known for fermented fish products and
preservation, similarly in India the northeast region is famous for same [14]. These
areas are in rich natural resources and a cauldron of different people and cultures lie
deep in the lap of easternmost Himalayan hills [15]. A number of hurdles are used
for preparation of the fermented fish products, these hurdles makes the food prod-
ucts more stable, with enhanced sensory quality and are safe at room temperature.
According to Erkmen & Bozoglu (2016) [16], the storage stability of fermented fish
products could be attained by applying a combination of hurdles at several stages of
the manufacturing process.

8.3 Refrigerated fish products

The fish and fishery products preserved by freezing and stored under frozen
condition, it can provide a storage life of more than one year, if appropriately car-
ried out. It has enabled fishing vessels to remain at sea for long periods, and allowed
the storing of fish during periods of good fishing and high catching rates, as well as
extended the market for fish products of high quality (http://www.fao.org/3/v3630e/
v3630e03.htm) [17]. However, it has been reported that the temperature conditions
in the actual cold chain often deviate from the recommended range. For this reason,
the preservation of refrigerated fish products is alone is not sufficient. During the past
years, the fish mainly gutted fish and fillets are stored under modified atmospheres or
in vacuum. According to Tsironi & Taoukis (2010), it has been found that the com-
bined application of modified atmospheres with the low a,, by applying osmotic dehy-
dration along with addition of nisin in the osmotic solution may significantly extend
the shelf life of refrigerated gilt-head seabream fillets during storage at 0-15°C.

8.4 Thermally preserved fish products

Preservation by heat is a major method for extending the shelf life of packaged
fish because of the advantages of a high safety level, convenience and a healthy
product. In thermal processing, food is preserved in hermetically sealed contain-
ers in cooked form for storage at ambient temperature, without compromising
on the quality. It’s mainly depends on hurdle technology and the final products
exhibit usually very long storage stability. According to Choulitoudi et al. (2017)
[18] the combined application of hot smoking and edible coating based active
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packaging enhanced by the incorporation of rosemary essential oil and/or extract
at refrigerated storage under vacuum on eel fillets.

9. Public health significance

The quality of fish and fishery products is of major concern to the seafood
processors, consumers and public health authorities. The quality of fish degrades,
due to a complex process mainly by physical, chemical and microbiological forms
of deterioration are implicated. However, some sea foods are processed in a modern
fish industry which is technologically advanced and complicated industry in line
with any other sea foods industry and with the same risk of products being contam-
inated with pathogenic microorganisms [19]. However, the greatest risk to human
health is due to the consumption of spoiled fish, improper processed, improper
preserved fish and fish products. There are several methods of fish preservation
and processing one of the among hurdle technology is applied in seafood processing
which ensure seafood safety. This technology ultimately improves the public health
from food posing, seafood borne pathogen, food borne illness.

10. Advantages of hurdle technology over other methods of preservation

* The main advantage of this technique is affinity to overcome the ability of
microorganisms in developing resistance to conventional preservation methods
since this technique using combination of different preservation technique
which acts synergistically by hitting different targets within the cell of the
spoilage microorganism.

* Basically, in this technique, hurdles are use at lower concentrations this prevent
the undesirable sensory changes and also provide the lower production cost
and save energy.

* Another advantage of this technique is using natural preservatives in combina-
tion with synthetic preservatives, this also lower the risk associated with using
synthetic preservatives at high concentration.

* Possibility of increasing shelf-stable foods; because food preserved by com-

bined methods (hurdles) remains stable and safe even without refrigeration,
and is high in sensory and nutritive value due to the gentle process applied.

11. Limitations of hurdle technology
Hurdles used in seafood preservation can provide various degree of microbial
stress reactions, these stress reactions or cross-tolerance may not work when
multiple hurdles are used. Mainly three type of possible results while applying
hurdles technology for seafood preservation [20].
i. Addition or additive effect,
ii. Synergism or synergistic effect,

iii. Antagonism or antagonistic effect.
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Here the term additive effect imply that effects of the individual substances are
simply added together. Generally, the combination of hurdles has a higher inhibi-
tory effect than any single one. Synergistic effect means that the inhibitory action
of the combination of hurdles at intensity lower than that of the constituent hurdles
separately. In an antagonistic effect, the needed hurdle level is stronger than that
of the single constituents. Sometimes combination treatments are not much effec-
tive in lowering microorganisms than single treatments. These effects of combined
hurdles are antagonistic. In some cases, application of the hurdle technology for
seafood preservation may inhibit outgrowth but induced tolerance capability of
microorganism and hence extended their survivability [20].

12. Conclusion

This hurdle technology is an effective and simple method in food preservation
fields but it requires strategic processes. It is an important approach that can be used
to improve quality parameters during processing and storage of food. Hurdle tech-
nology Smart application of hurdles improve sensory characteristics, chemical and
microbiological qualities of food. Hurdles in the food preservatives require varying
results on the basis of microbial stress. Undoubtedly, it will help in fulfilling the
demand for fresh and natural food products. It will actually slow the emergence of
new routes of microorganisms in the food items and thus keeps the foods safe and
healthy to eat.

Acknowledgements
All Authors are thankful to Dean College of Fisheries Science Gumla Birsa

Agricultural University Kanke Ranchi Jharkhand for encouragement and guidance
during writing of this book chapter.

Author details

Jag Pal*, Om Pravesh Kumar Ravi, Sangeeta Kumari and Akhilesh Kumar Singh
College of Fisheries Science Gumla, Birsa Agricultural University,
Ranchi, Jharkhand, India

*Address all correspondence to: jagpalfpt@gmail.com

IntechOpen

© 2021 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.

151



Meat and Nutrition

References

(1] Robinson, R. K. (2014). Encyclopedia
of food microbiology. Academic press.

[2] Leistner, L. (2000). Basic aspects of
food preservation by hurdle technology.
International Journal of Food
Microbiology, 55, 181-186. D0i.10.1016/
s0168-1605(00)00161-6.

[3] Leistner, L. (1985). Hurdle
technology applied to meat products
of the shelf stable product and
intermediate moisture food types."
Properties of water in foods. Springer,
Dordrecht. 309-329.

[4] Leistner, L. (1995). Principles and
applications of hurdle technology. In
New methods of food preservation
(pp- 1-21). Springer, Boston, MA.

(5] Aditya Pundhir and Nida Murtaza.
(2015) Hurdle Technology-An Approach
towards Food Preservation. Int. J. Curr.
Microbiol. App. Sci 4(7):802-809

[6] Leistner, L. (2000). Basic aspects
of food preservation by hurdle
technology. International Journal of
Food Microbiology, 55, 181-186. doi.
org/10.1016/50168-1605(00) 00161-6

[7] Leistner, L. (1992). Food
preservation by combined
methods. Food Research
International, 25, 151-158. doi.
0rg/10.1016/0963-9969(92)90158-2

(8] Erkmen, O., & Bozoglu, T. F. (2016).
Food microbiology: Principles into
practice. Chapter 9: Food preservation
by combination of techniques (hurdle
technology) (1sted.). John Wiley &
Sons, Ltd.

[9] Tsironi, Theofania, Dimitra

Houhoula, and Petros Taoukis.

(2020). “Hurdle technology for
fish preservation.” Aquaculture
and Fisheries doi.org/10.1016/j.
aaf.2020.02.001

152

[10] Leistner, Lothar, and Leon GM
Gorris. (1995) “Food preservation by
hurdle technology.” Trends in Food
Science & Technology 6.2: 41-46. doi.
org/10.1016/50924-2244(00) 88941-4

[11] Leistner, L. (1978) In Food
Quality and Nutrition, ed

Downey, W.K. Applied Science
Publishers, London, p. 553. doi.
0rg/10.1016/0963-9969(92)90158-2

[12] Tsironi, T., Houhoula, D.,
&Taoukis, P. (2020). Hurdle technology
for fish preservation. Aquaculture

and Fisheries. doi.org/10.1016/j.
aaf.2020.02.001

[13] Majumdar, R. K., Roy, D., Bejjanki,
S., & Bhaskar, N. (2016). An overview
of some ethnic fermented fish products
of the Eastern Himalayan region

of India. Journal of Ethnic Foods,

3(4), 276-283. doi.org/10.1016/j.
jef2016.12.003

[14] Erkmen, O., &Bozoglu, T. F.
(2016). Food microbiology: Principles
into practice. Chapter 9: Food
preservation by combination of
techniques (hurdle technology) (1st
ed.). John Wiley & Sons, Ltd. doi.
org/10.1002/9781119237860.ch35

[15] Tsironi, T., Houhoula, D.,
&Taoukis, P. (2020). Hurdle technology
for fish preservation. Aquaculture

and Fisheries. doi.org/10.1016/j.
aaf.2020.02.001

[16] http://www.dimorianreview.
com/2016/11/hurdle-technology
combined-method-for.
html#ixzz6Rw5mRGXk

[17] Choulitoudi, E., Ganiari, S., Tsironi,
T., Ntzimani, A., Tsimogiannis, D.,
Taoukis, P., &Oreopoulou, V. (2017).
Edible coating enriched with rosemary
extracts to enhance oxidative and
microbial stability of smoked eel fillets.



Preservation of Seafoods by Hurdle Technology
DOI: http://dx.doi.org/10.5772/intechopen.95900

Food packaging and shelf life, 12, 107-
113. doi.org/10.1016/j.fps1.2017.04.009

[18] Food and Agricultural Organization
Technical Manual (2006). Handling and
Preservation of Fruits and Vegetables
by Combined Methods for Rural Areas.
FOA Agricultural Service Bulletin 149.
Pp 1,46

[19] Adedeji, O. B., Okerentugba, P.

0., Innocent-Adiele, H. C., Okonko,

I. O., Ojeniyi, S. O., Adejoro, S. A., &
Mohamed, S. A. (2012). Benefits, public
health hazards and risks associated with
fish consumption. New York Science

Journal, 5(9), 33-61.

[20] Erkmen, O., & Bozoglu, T.

F. (2016). Food Microbiology,

2 Volume Set: Principles into
Practice. John Wiley & Sons. doi.
org/10.1002/9781119237860.ch35

153






Chapter 9

Dementia and Nutrition

Krishna Prasad Pathak and Emanuela Mattos

Abstract

Global aging population worldwide increasing. As growing age, the aging related
issues like dementia came to be seen not as an inevitable condition at the old age
phase, but as a condition that results from the competition between multiple risk
factors and protective factors acquired throughout life. There is currently no cure
for dementia. Thus, strategies to prevent or delay onset of dementia by changes
in lifestyle factors, such as diet, are important as non-pharmacological therapy. A
healthy nutrition contributes in delaying the cognitive decline for the elderly people
and dementia patients. Cognitive decline is a normal part of the aging process and
it is a main clinical identification in between elderly and dementia. The group of B
Vitamins (B1, B2, B6, B12) are significantly associated with healthy neuropsycho-
logical function. The lack of B12 can show impairment of cognition and neurologic
deficit and impacts on educational achievement. The cognitive impairment is
a main clinical symptom of dementia which can raise the prevalence rates of
cognitive impairment that can be dementia accordingly at the end of life.

Keywords: dementia, cognitive impairment, diet

1. Introduction

The aging of the population worldwide has accentuated the emergence of
chronic degenerative diseases, including dementia. This is already recognized as a
public health priority, given the social and economic impacts at local and regional
levels. The absence of effective pharmacological treatments for the reversal of the
conditions, caused many researches to be developed in search of preventive strate-
gies. In the past few decades, researchers have focused on identifying potentially
modifiable risk factors. This led to a paradigm shift. Dementia came to be seen
not as an inevitable condition at the old age phase, but as a condition that results
from the competition between multiple risk factors and protective factors acquired
throughout life. Scholars have already pointed out evidence linking dementia to
vascular risk factors (e.g., hypertension, diabetes, obesity), psychosocial factors
(e.g., depression), lifestyle behaviors (e.g., low intellectual level and physical
activity, smoking). Meanwhile, high level of education and work complexity,
social networks, involvement in mental stimulating activities and regular physical
exercise have shown protective properties against dementia [1-3]. Based on this,
interventions focused on lifestyle modification have been conducted to assess the
impact and association of eating habits and cognitive performance/dementia [1].

Data from the Alzheimer’s International Disease (ADI) points out that the
number of elderly citizens in the world comprises almost 900 million people. Most
live in low-income countries. Longer life expectancy is one of the main risk factors
for the development of chronic diseases, with dementia being the most prevalent in
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this population [4]. The figure bellow shows the high difference between the num-
ber of people with dementia in low and middle income compared to high income
countries (Figure1).

Number of people with dementia (millions) in low and middle
income countries compared to high income countries

150
100 10794
9222
7742
64.28
5288
50 4343
3589
2983
41 41.06 4430
200 2278 277 2017 3316 -5
1}
2015 2020 2025 2030 2035 2040 2045 2050
High income countries Low and middle income countries
Figure 1.

Alzheimer’s Disease International (2015) [5].

Aspects related to industrial and economic development and urbanization make
traditional societies adapt to rapid changes. These ‘social’ aspects have been little
discussed but their impacts as well as those caused by the demographic and epide-
miological transition will make a profound difference in the great number of cases
of dementia largely concentrated in middle and low-income countries. In 2015, the
country with the highest percentage of elderly citizens was Japan (33.2%), and the
lowest was Uganda (3.7%). Analysing the table below, it is possible to predict
the distribution of the world’s elderly population according to the country’s income
range in the coming years [4] (Figure 2).

The world's population of older paople (age 60 and over, millians), and their distribution according to country income lavel (World
Bank Classification 2000 and 2015)

Current and projected numbers of oldar paople (% of fotal population) % increase over time

Yoar 2010 2015 2030 2030 2015-2030 | 2015-2050
World Bank income 2008 2000 2015 2015 2015 2015 015

classificafion

HIC 232.3(30.4%) (2587 (20.0%) | 300.4 (34.6%) | 4039(20.4%) | 4B25(230%) | 2% 56%

LIMIC 116.4 (15.2%) | 135.3 (15.10%) | 310.8(357%) | 531.5307%) | 7R08(377%) | 6G6% 138%

L-MIC 356.2 (46.6%) | 4317 (48.2%) | 2331 (26.0%) | 3BE.0(28.1%) | 665.3(329%) | 66% 185%

LIC S08(78% | 6O5(7A%) | 320(37%) | S35(39% | 1H4(55W 63% 230%

World 71647 (100%) 895.2 (100%) 1347.8(100%) | 20200(100%) | 51% 126%

Figure 2.

Alzheimer’s Disease International (2015) [4].

The biggest concern is that the poorest countries, of course, have less savings
and professional human resources for the needs of health care and social assistance
for populations that age rapidly and consequently for those who develop chronic

156



Dementia and Nutrition
DOI: http://dx.doi.org/10.5772/intechopen.96233

diseases such as dementia [4]. Mayeda et al. (2016) pointed out the results of their
study on inequalities in the incidence of dementia with six racial and ethnic groups
over 14 years. The results showed that the dementia incidence was highest for
African-Americans (26.6/1,000 person-years) and American Indian/Alaska Native
(AIANS) (22.2/1,000 person-years); intermediate for Latinos (19.6/1,000 person
years), Pacific Islanders (19.6/1,000 person-years), and Whites (19.3/1,000 person-
years) and lowest among Asian-Americans (15.2/1,000 person-years). Risk was
65% greater for African Americans versus Asian-Americans. These inequalities in
dementia incidence were observed among women and men and across all ages and
estimated cumulative incidence of dementia over 25 years was high for all groups [6].
Worldwide, a significant portion of the elderly population has nutritional
problems such as malnutrition (for example, micronutrient deficiencies, like B
vitamins, vitamin C, E, D, Se, Zn, Ca and Fe) and over-nutrition (ie, obesity);
often existing together [7]. A growing body of evidence has been focused on the
association between dietary habits and cognitive performance/dementia. Numerous
studies have pointed out that various dietary patterns and nutritional components
such as (Mediterranean diet, unsaturated fatty acids, antioxidants (such as vitamin
E, vitamin C and flavonoids, vitamin B) are associated with a significantly reduced
risk of dementia [8]. In addition, low concentrations of vitamin D were related
to an increased risk of cognitive decline [8]. The understanding that nutritional
components can play a protective role and favorably influence the cognitive trajec-
tory from the adoption of specific nutritional habits has been widely investigated.
Although substantial progress has been made in identifying predictors of healthy
aging the impact of certain interventions have proven to be increasingly challeng-
ing. This is due, in partly due to the cost and difficulty of studying the long latency
disability and illness, and the subjective nature of some predictors of healthy aging.
Marsman et al. appointed: “Identify inequalities and identify social, economic
and other policies that can reduce unjust processes within and between countries are
essential to improving the lives of all chances of optimizing healthy aging. However,
measuring healthy aging and the impact of interventions on life style remains an area
of research focus. Metabolomics and transcriptomics led to the emergence of bio-
markers that can be used to assess the impact of various interventions in the healthy
aging process. Clearly, the role of diet and nutrition is central to maintaining life” [7].

2. Diet

There is currently no cure for dementia. Thus, strategies to prevent or delay
onset of dementia by changes in lifestyle factors, such as diet, are important as
non-pharmacological therapy. In, 2014, The World Alzheimer Report pointed the
evidence from cross-sectional studies has shown that, compared to adults with
dementia, healthy elderly people tend to have a healthier life diet, richer in fruits
and vegetables, instead of meat, processed carbohydrates and fats [9]. It is not yet
known why eating habits can contribute to the development of dementia, but stud-
ies that have been carried out so far have given rise to hypotheses fats [9].

A healthy nutrition contributes in delaying the cognitive decline for the elderly
people and dementia patients [10]. Cognitive decline is a normal part of the aging
process [11] and it is a main clinical identification in between elderly and dementia.
The group of B Vitamins (B1, B2, B6, B12) are significantly associated with healthy
neuropsychological function [12]. The lack of B12 can show impairment of cognition
and neurologic deficit and impacts on educational achievements [13]. The cognitive
impairment is a main clinical symptom of dementia which can raise the prevalence
rates of cognitive impairment that can be dementia accordingly at the end of life.
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ADI reinforces that dementia is a multifactorial chronic condition with a long
latency period between the beginning of the complex pathophysiological and
clinical mechanisms and the surgeries of the first symptoms, difficulty and limita-
tion to the performance of definitive trials that test the effect of the diet on it [9].
Prospective cohort studies with long follow-up intervals can obtain associations in
their results biologically plausible with epidemiological evidence that guide dietary
recommendations to reduce the risk of dementia in populations [9]. Researchers rec-
ognize B vitamins as essential after cellular metabolism and that needs supplemen-
tary dietary intake because our bodies cannot synthesize necessary quantities. There
are eight different chemically distinct types of vitamin B, with B6, B9 and B12 all
being linked to protective roles in cognition [9], as well as exogenous antioxidants,
including vitamins A (eg, b-carotene), C and E (tocopherols), and minerals, such as
manganese, copper, selenium and zinc [14]. In 2004, Garcia and Zanibbi researched
the mechanisms of action of homocysteine and speculated that the effects of
elevated homocysteine on the brain may be irreversible, in cases where neuropatho-
logical changes were already observed [9, 15]. Studies identified that when folate or
vitamin B12 are deficient, homocysteine levels rise, which may contribute to amy-
loid and tau protein accumulation and neuronal death. Homocysteine stimulates
apoptosis and neurotoxicity (leading to nerve cell death), and platelet activation
(contributing to white matter lesions, vascular injury and ischaemic strokes [9, 15].
The association between B vitamins and cognition has been the subject of several
recent systematic reviews [9, 15]. Antioxidants has been the subject of investigation.
Studies try to understand how they can inhibit the production of toxic substances
and reduce the damage caused by free radicals and, consequently, neurodegenera-
tion [9]. PUFA (polyunsaturated fatty acids) Omega-3 which are not synthesized
by the human body, is an essential food constituent in view of its importance for
the brain [9, 15]. Research suggests that Omega-3 may be involved in the vascular
and inflammatory system and the amyloid pathways of dementia, and be therefore,
potentially important in vascular dementia, Alzheimer’s disease and mixed forms
[9]. Evidence on the beneficial effects of fish consumption for preventing the inci-
dence of dementia are inconsistent. However, healthy lifestyles and circumstances of
life (including socioeconomic and educational level) that are associated with higher
fish consumption and lower risk of dementia can explain the positive results found
by some studies [9, 16]. The Mediterranean diet, which consists of a high intake of
cereals, fruits, fish, legumes and vegetables, was associated with reduced risk for
a number results, including cardiovascular disease, type 2 diabetes, some forms of
cancer and in general mortality studies [9, 17]. The main biological mechanisms are
related to the impact on the vascular system, oxidative stress and attenuation of the
inflammatory pathway, proposals to support these associations can reduce the risk
of cardiovascular disease, which in itself is a risk factor for dementia [9, 18-20].

The Mediterranean foods including olive Oil, consumption of fish (it is rich in
omega-3), are important to maintain the proper brain functions [21] and regulate
the oxidative stress [15, 22]. In Indian and Nepali food culture people use the daily
cumin, Curcumin (Turmeric) in their kitchen which has been used since long century
and is believed to heal various medical conditions like; gastric, ulcer, arthritis, liver
disease including and traumatic brain injury and treatments for dementia [23, 24].
The another herbal called Gingo biloba prescribed to preserve the memory as medica-
tion for the dementia patients as the primary prevention [25]. It is also, suggest by
vitro study that Gingo biloba helps as anti-amyloid aggregation effect and beneficial
in dementia prevention [26]. A study finds that a higher intake of red meat in midlife
was associated to increase the cognitive impairment at the end of life. However, the
poultry/Sell-fish food reduced the risk in the population of Chinese people [27].
Likewise, lacking of iron is associated to be cognition impairment [10]. Animal study
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showed capacity of brain can be strong if the dietary of Iron is in balance. Similarly, a
human model study documented that iron treatment helped positively to concentrate
[11]. Iron deficiency in child age also risk to have poorer cognitive impairment in four
countries study, India, Mexico, Zanzibar and Chile [12]. Besides this protein defi-
ciency is also most important cause of poor attention, motivation, motor control and
perception of the children that leads to the ends of life [13]. Thus, overall lacking of
nutrients (B12, iron, protein, Zink, energy) can irreversible effects to the developing
children and impacts cognitive functions and quality of life [28].

Inadequate childhood nutrition is associated with poor short-term academic and
cognitive outcomes inadequate childhood nutrition is associated with poor short-
term academic and cognitive impairment in later life, while substitution of red meat
intake with poultry or fresh fish/shellfish was associated with reduced risk. While
substitution of red meat intake with poultry or fresh fish/shellfish was associated
with reduced risk [29].

3. Conclusion

Despite the association evidenced by the studies described so far between the pro-
tective role of nutrition and cognitive decline, no observational or randomized con-
trolled study has been conclusive regarding the effectiveness of a type of nutritional
intervention. As dementia is a multifactorial chronic condition, health professionals
before the proportion of consumption of a given nutritional diet, should consider
the nutritional resources accessible to the elderly according to social, economic,
cultural, educational and regional aspects. While observational studies use self-
report questionnaires that assess the individual at a single point in time and may have
several variations in nutritional consumption that are not reported or that may have
interference from experiences prior to evaluation, longitudinal studies (RCT) can
adjust some variables such as the level of education of the subjects in their analysis,
but indicators such as social and economic level are less frequently considered.
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Chapter 10
Meat Borne Diseases
Dhary Alewy Almashhadany

Abstract

Red and white meat is a perfect, high-quality protein that comprises all of the nine
essential amino acids (EAAs) that cannot be synthesized endogenously. Meat is the
normal source of this vitamin, as well as other types of vitamins. Meat affords a range
of significant vitamins and minerals that the human body needs, many of which are
more bioavailable and easily absorbed than the nutrients found in plant sources. The
nutrients in meat support the immune system, participate in the formation of muscle
tissue, red blood cells (RBCs), and hormones, and warranty accurate functioning
of the nervous system. These nutrients also affect the human senses of smell and
taste, benefit our thyroids, and support antioxidant production. The main sources
of pathogens in meat and meat products are; the animal itself; human handlers;
equipment’ in contact, environmental sources, and water used in the preparation.
Meat Borne Diseases, since ancient times, played a central role in public health. This
chapter is divided into nine parts, part one to part eight deals with the most impor-
tant pathogens that have been associated with meat borne diseases (MBDs), these
include, Meat Borne Prionic Diseases; Viral Diseases; Bacterial Diseases; Protozoal
Diseases; Parasitic Diseases; Fungal Diseases; Mycotoxins; Rickettsial Diseases; while
the nine-part deal with the methods of meat preservation and storage.

Keywords: meat, diseases, preservation

1. Introduction

Meat is the flesh of certain animal species that are used as food by humans. The
main tissue is the skeletal muscle and its associated tissues, also the edible offal
which includes organs and non-skeletal muscle tissues are considered meat. It is
derived from avian, mammalian, reptilian, amphibian, and aquatic species
commonly harvested for human consumption [1, 2].

Meat can be generally categorized as red or white depending on the concentra-
tion of myoglobin in muscle fiber. Meat is mainly composed of water, protein,
and fats, followed by minerals, vitamins, carbohydrates, and other bioactive
components [3]. From the nutritional point of view, meat’s significance is derived
from its high-quality protein, containing all essential amino acids, and its highly
bioavailable minerals and vitamins. Meat is affluent in Vitamin B12 and iron which
are not easily available in botanical foods [4]. Meat has played a vital role in human
development and is a vital constituent of a well-balanced diet. It ranks among
one of the most important, nourishing, and preferred food items available to the
masses, which aids in fulfilling most of their body necessities. Meat fat and its
fatty acid profile is a point to worry, concerning its consumption, but its moderate
custom is always advised by physicians and nutritionists, to lead a healthy life. The
fat content of animal carcasses ranges between 8 and 20%. The average proportion
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of meat protein is about 23% that fluctuates from a lower to a higher value accord-
ing to the type of meat source [5]. Generally Meat is a perfect, high-quality protein
comprise all of the nine essential amino acids (EAAs) that cannot be synthesized
endogenously (lysine, isoleucine, methionine, leucine, valine, tryptophan, threo-
nine, phenylalanine, and histidine) cannot be synthesized endogenously, the
human body needs to consume to build and rebuild every cell in the body, as well
as for optimal health [6]. Meats Vitamin B12 plays a key role in normal metabolism,
preserving brain and nervous system function, and high energy levels. Meat is the
normal source of this vitamin, as well as other types of vitamins.. Meat affords a
range of significant vitamins and minerals that the human body needs, many of
which are more bioavailable and easily absorbed than the nutrients found in plant
sources. The nutrients in meat support the immune system, participate in the
formation of muscle tissue, red blood cells (RBCs), and hormones, and warranty
accurate functioning of the nervous system. These nutrients also affect the human
senses of smell and taste, benefit our thyroids, and support antioxidant produc-
tion [7, 8]. Muscular tissue in live healthy animals is virtually free any contaminant
microorganisms. However, following animal slaughtering and carcass preparation,
muscular tissue is being subjected to various microorganisms [9, 10].

Depending on different sanitary conditions prevailed upon meat preparation
meat might be subjected to different pathogens which might be transmitted to
humans (Meat Borne Diseases) [11]. These include disease causative agent like;
Prion, Viral, Bacterial, Mycotic, and Parasitic Diseases [12]. The main sources
of pathogens in meat and meat products are; the animal itself; human handlers;
equipment’s in contact, environmental sources or water used in preparation [13].
Therefore, strict hygienic precautions must me prevailed during meat handling
and preparations. Meat and its products have been engaged in many diseases
or outbreaks in human consumers which necessity awareness and educational
knowledge about causative agents and control hygienic measures. This chapter will
cover the most important pathogens that have been associated with meat borne
diseases (MBDs).

2. Meat borne prionic diseases

These are a group of diseases caused by Prion, which are very significant in the
field of public health, whether human public health or veterinary public health,
that is commonly known as group of diseases Spongiform Encephalopathy [14]. The
most important prionic disease transmitted from cattle to human through cattle
meat is the Bovine Spongiform Encephalopathy (BSE) (Mad - Cow Disease) [15].
The diseases that was discovered for the first time in Britain in November of 1986,
and it had infected cows, sheep, cats, and monkeys [16].

2.1 The causative agent

The incubation period is usually very long, ranging between (2-8) years [17].
Prion in infected cattle were found in brain tissues, and in the spinal cord, bone
marrow, spleen, lymph nodes, tonsils, in addition to the intestine. Prion is infectious
proteins that were previously called slow viruses (Slow Viruses), but they are similar
to a virus in that they contain a protein and live and multiply inside the cell, taking
into account that prions differ from viruses in that they do not have DNA in their
composition or it may exist, but in small quantities. Prion, which causes mad cow
disease, is characterized by It’s a superior ability to resist heat, disinfectants, and UV
rays and high ability to resist freezing, drying, and cooking temperatures [18].
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2.1.1 Occurrence of diseases

It occurs as a result of cows eating diets containing animal protein remains,
including meat and bone meal, which carry the pathogens. The occurrence of the
disease started since 1970, where expansion began in Britain by using the carcasses
of sick and dead animals to produce feed additives such as meat and bone meal.

The preventive measures that have to be taken to facing the transmission of the
disease to humans is to excluding and burning all animals that are proven to have
the disease beside forbidding the use of mammalian meat and bones in feeding
farm animals. At the same time all necessary health measures should be taken in red
meat slaughterhouses, and emphasize the removal of animal waste and other wastes
immediately after completion of the slaughtering and processing [19].

3. Meat borne viral diseases

Several viruses can cause foodborne illness, including meat and meat products.
The most significant viruses transmitted to humans via foods comprise noroviruses,
rotaviruses, adenoviruses, sap viruses, and astroviruses [20].

3.1 Hepatitis

Hepatitis A is caused by an infection with the hepatitis A virus (HAV). This type
is most commonly transmitted by consuming water or food including meat and
meat products contaminated by feces from a person infected with hepatitis A [21].

Hepatitis B caused by an infection with the hepatitis B virus (HBV). This type
is transmitted through contact with infectious body fluids, such as blood, semen,
and vaginal secretions, containing the (HBV). Injection drug use, having sex with
an infected partner or sharing razors with an infected person increase the risk of
getting hepatitis B [22].

Hepatitis C is caused by an infection with the hepatitis C virus (HCV). This type
is transmitted through direct contact with infected body fluids, typically through
injection drug use and sexual contact [23]. HCV is among the most common blood-
borne viral infections in some countries, like USA.

Hepatitis D (delta hepatitis) It is an infection with the hepatitis D virus (HDV).
HDV is contracted through direct contact with infected blood [24]. The hepatitis
D virus cannot multiply without the presence of hepatitis B. It is a rare form of
hepatitis that only occurs in conjunction with hepatitis B infection.

Hepatitis E caused by infection through the hepatitis E virus (HEV). Hepatitis
E is mainly found in areas with poor sanitation and typically results from ingesting
fecal matter that contaminates the water supply [25]. Cases of hepatitis E have been
indicated in the Middle East, Asia, Africa, and Central America.

3.1.1 Noroviruses

The infection occurs through oral ingestion from contaminated food including
meat and meat products, as well as water. The transmission also occurs through
aerosols creating during vomiting and fomites. However, the primary route of
transmission is person-to-person transmission through the fecal—oral and vomit-
oral routes, and indirectly through food (ready to eat including leafy vegetables and
herbs, berries, and foods handled after cooking), water, and the environment.

The European Union summary report on trends and sources of zoonoses, zoo-
notic agents, and food-borne outbreaks in 2016, mentioned that food is implicated
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in up to 24% of global outbreaks. Crustaceans, shellfish, mollusks, and their prod-
ucts beside vegetables and juices are the foods most often implicated in European
norovirus outbreaks in 2016 [26].

3.1.2 Rotaviruses

The virus affects mainly infants and young children. Rotaviruses cause enteric
disease with symptoms characterized by fever, vomiting, diarrhea, and abdominal
discomfort [27].

3.1.3 Group a rotaviruses

Group A rotaviruses are the most important agents of severe diarrhea in infants
and young children and are prevalent worldwide. It is the major pathogens in
humans and animals. Ten serotypes of human group A rotaviruses are defined by
neutralization of one (VP7) of the two outer capsid proteins [28].

3.1.4 The non-group a virus

The non-group A viruses are divided into groups B, C, D, E, F, and G based on
distinct group antigens. Of the non-group A rotavirus, only groups B and C have
been detected in humans; they are not an important cause of disease in infants and

young children [29].

4, Meat borne bacterial diseases

Because of the great health risks Red meats and white meat come from warm-
blooded animals and, as such, their microbial flora is heterogeneous, consisting of
mesophilic and psychrotrophic bacteria. These bacteria include pathogenic species
from the animal and birds themselves, as well as from the environment, together
with bacterial species introduced during slaughter and processing of raw products
[9]. Most of these diseases are zoonotic diseases, which are transmitted to human
beings, either directly or indirectly, and hence the meat and its products play an
important role in transmitting these pathogens. Meat borne diseases are classified
into meat borne infection and meat borne intoxication [30].

4.1 Meat borne infections

Meat borne infections are caused by the entrance of pathogenic bacteria contam-
inating meat and meat products into the body, and the reaction of the body tissues
to their presence [12]. Meat borne infections tend to have long incubation periods
and are usually characterized by fever. Bacterial meat borne infections include the
following important pathogens.

4.1.1 Campylobacteriosis

The incubation period ranges between 2 and 11 days with an average of
3-5days. C. jejuni and C. coli causes illness characterized by fever; abdominal
pain (abdominal pain is associated with backache and possible mortality);
foul-smelling and watery diarrhea, which runs for 3-4 days, (diarrhea may
sometimes contain blood and mucus in feces); vomiting; nausea; and abdominal
complaints [31].
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4.1.2 Escherichia coli foodborne infection

E. coli is a common member of the normal flora of the large intestine [32]. Six
pathotypes of E. coli are now recognized.

4.1.2.1 Enterohemorrhagic E coli (EHEC)

Enterohemorrhagic E coli (EHEC) causes haemorrhagic colitis or haemolytic-
uremic syndrome (HUS) [33].

4.1.2.2 Enteroinvasive E coli (EIEC) causes a Shigella-like dysentery

EIEC strains cause illness that is characterized by watery diarrhea in most
patients. Besides, there is a fever, nausea, and abdominal cramps [34].

4.1.2.3 Enteropathogenic E coli (EPEC)

Enteropathogenic E coli (EPEC) is a cause of childhood diarrhea [35]. The World
Health Organization (WHO) estimated that every year 600 million (almost 1 in
10 people) fall in sick and nearly 420,000 deaths occurs worldwide as a result of
contaminated food consumption [36].

4.1.2.4 Enterotoxigenic E coli (ETEC)

Enterotoxigenic E coli (ETEC) is a cause of traveler’s diarrhea. ETEC are a
pathogenic variant or pathovar of E. coli defined by production of diarrheagenic
heat-labile (LT) and heat-stable (ST) enterotoxins [37].

4.1.2.5 Enteroaggregative E coli (EAgg EC)

Enteroaggregative E coli (EAgg EC) is primarily associated with persistent
diarrhea in children in developing countries. Polluted food appears to be the main
source of EAEC infection and has been associated in numerous foodborne out-
breaks of diarrhea [38].

4.1.2.6 Enteroadherent E coli (EAEC)

Enteroadherent E coli (EAEC) is a cause of childhood diarrhea and traveler’s
diarrhea in Mexico and North Africa.

4.1.3 Listeria monocytogenes

Listeria monocytogenes is the only known species in the Listeria genus that
concern for human health. It is G+ ive bacteria, that is pathogenic to both humans
and animals [39, 40].

4.1.4 Salmonella species

Some of the important salmonella species involved in food poisoning include;
S. typhimurium, S. infantis, S. dublin, S. enteritidis, S. softenburg, S. montevideo, S.
virchow, and S. Newport [41]. Factors associated with Salmonella meat poisoning
outbreaks include; consumption of inadequately cooked or thawed meat or poul-
try, cross-contamination of meat and meat products from infected food handlers
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besides the possible presence of rats, cockroaches, flies, in the food environment
that acts as vectors of the disease [42, 43].

4.1.5 Shigellosis (bacillary dysentery)

All strains of shigella possess potent exotoxins which are carbohydrate-lipid
protein complexes [44]. Any type of food including meat and meat products can
transmit the shigella pathogens to cause disease in humans. Flies can spread Shigella
germs when they get into contact with infected stool and then contaminate differ-
ent types of food and drinking water. The illness begins 1 to 4 days after ingestion of
bacteria and may last 4 to 7 days [45].

4.1.6 Vibriosis
4.1.6.1 Vibrio parahemolyticus

V. pavahemolyticus is a pathogenic bacterium, whose natural habitat is the sea.
Human infections occur solely from seafood creatures such as oysters, shrimps,
crabs, lobsters, clams, and related shellfish.

4.1.6.2 Vibrio vulnificus

V. vulnificus causes severe foodborne infection. V. vulnificus infections can cause
fever, nausea, myalgia, and abdominal cramps, 24-48 hours after eating contami-
nated food.

4.1.6.3 Vibrio cholera

Cholera is an infection of crowded poor class communities and it tends to persist
in such areas. Human is the only natural host of the cholera [46]. The spread of
infection is from person-to-person, through contaminated water or foods. Shrimps
and vegetables are the most frequent carriers. Cholera is typically categorized by
the sudden onset of uncomplicated vomiting, which is seen frequently, but very
rapid dehydration and hypovolemic shock, as well as copious watery diarrhea. The
frequent watery stools may be accompanied by small parts of the mucosa being
liberated from the intestines [47].

4.1.7 Yersinia enterocolitica

Y. enterocolitica has been isolated from different types of food, such as beef,
lamb, seafood, pork, milk, vegetables, and vacuum-packed meat [48]. Symptoms
develop some days following ingestion of contaminated foods. It includes headache,
fever, abdominal pain, diarrhea, and pharyngitis. Children appear to be more
susceptible than adults [49].

4.1.8 Brucellosis

Brucellosis is a foodborne and professional zoonotic disease, caused by the
bacterial genus Brucella. This infection has an extremely emerging and significant
reemerging potentials in several countries [50].

Brucellosis is a cosmopolitan bacterial zoonotic disease (caused by Brucella
spp.) that affects humans and various species of the wild and domestic animals,

168



Meat Borne Diseases
DOI: http://dx.doi.org/10.5772/intechopen.97391

principally food-producing animals, including cattle, buffaloes, camels, sheep,
goats, pigs, and reindeer [51, 52].

Human brucellosis is a severely debilitating and disabling life-threatening
disease. It is recognized by the clinical problems such as, the contribution of the
interior organs, peripheral arthritis, bronchopneumonia, epididymitis, orchitis,
hepatic abscesses, sacroiliitis, osteomyelitis, spondylitis, meningitis, encephalitis,
cardiovascular complications, and prostatitis [53].

The transmission occurs through ingestion of polluted milk or meat and from
mothers to breastfed babies. The transmission of Brucella also happens through
mucous membranes or skin wounds, following direct contact with urine, vaginal
discharges, blood, tissues, placenta, aborted fetuses, and through inhalation of
airborne agents in an atmosphere [54].

4.2 Meat borne intoxications

These are diseases caused by the consumption of meat, meat products, and other
types of foods containing the following toxicants.

4.2.1 Bio toxicants

Poisonous animals and Plants, which are found in tissues of certain animals and

plants [55].
4.2.1.1 Toxic fishes

Types of intoxications associated with fish include ciguatera poisoning, tetra-
odon poisoning, and scombroid toxicity [56]. They include puffers, triggerfish, and
parrotfish.

4.2.1.2 Mollusca

Mollusca involved are oysters, mussels, and clams, which feed on dinoflagellates
and planktons containing alkaloids making them toxic.

4.2.1.3 Poisonous mammals

Mammals are not commonly inherently poisonous, but secondary toxicity may
affect many of them. The toxin may be of various types e.g. heavy metals, pesti-
cides, toxic plants, therapeutics, fungal or bacterial toxins. Most human poisoning
involves secondarily transfected toxins [57].

4.2.2 Metabolic products (toxins)

Metabolic products (toxins), which formed and excreted by microbes (Bacteria,
Fungi, and Algae), while they multiply in the gastrointestinal tract (GIT) of human
or in food [58].

4.2.3 Poisonous substances
Poisonous substances, which may be purposely or accidentally added to food

during processing, production, transportation, or storage [59]. In general, the
foodborne intoxications have short incubation Periods, from minutes to hours, and
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are characterized by a lack of fever. Food-borne intoxications can be classified into
the following categories; Bacterial, Fungal and Chemical intoxications.

This is a type of meat-borne intoxication arising from ingestion of meat, meat
products, and other types of food containing poisonous chemicals, such as heavy
metals; Pesticides; insecticides; Herbicides; Fungicides. Chemicals also include
Preservatives (Nitrites; antibiotics - penicillin, tetracycline, and chloramphenicol
or Radionuclides (cesium, strontium, radium, barium, lanthanum) [60-62].

4.3 Bacterial meat borne intoxications
4.3.1 Bacillus cereus meat borne intoxication

Food poisoning caused by B. cereus is an acute intoxication that occurs when this
bacterium produces toxins [63]. B. cereus is considered a comparatively common
cause of gastroenteritis globally. There are two types of gastrointestinal disorders
caused by this bacterium [64].

4.3.1.1 Emetic toxin (ETE)

The emetic syndrome, due to ETE, is an intoxication that is caused by a single
highly heat-, proteolysis-, acid- and alkali-resistant toxin, that is pre-formed when
ingested, leading to a rapid onset of the syndrome [65].

4.3.1.2 Hemolysin BL (Hbl)

Bacillus cereus produces emetic toxin and several enterotoxins including non-
hemolytic enterotoxin (Nhe), hemolysin BL (Hbl), cytolysin K (CytK), hemolysin
IT (HlyII), enterotoxin FM (EntFM), and enterotoxin T (bc-D-ENT) .

4.3.1.3 Non-haemolytic enterotoxin (Nhe)

Is a pore forming toxin consisting of two lytic elements NheA and NheB, and a
protein NheC with unknown function encoded by nheA, nheB, and nheC,
respectively [66].

4.3.1.4 Cytotoxin K (CytK)
4.3.1.4.1 Emetic disorder

Characterized by vomiting, abdominal cramps, nausea, and occasionally diarrhea
that occur 1-6 hrs after consumption of contaminated meat or other types of food.

4.3.1.4.2 Diarrhea disorder

Characterized by abdominal cramps, watery stool (copious diarrhea), tenesmus
rarely vomiting. These symptoms beginning 8 to 16 hrs after ingestion of contami-
nated food.

4.3.2 Clostridium perfringens meat borne intoxication

Clostridium meat borne intoxication is caused by the ingestion of food contain-
ing large numbers of vegetative cells of enterotoxigenic C. perfringens type A and
some type C and D strains. C. perfringens multiply in the intestine and sporulate
releasing C. perfringens enterotoxin (CPE).
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4.3.3 Clostridium botulinum meat borne intoxication

The danger of botulism has been the deciding factor in the formulation of food
processing techniques, especially canned meat [67].

4.3.4 Staphylococcus aureus meat borne intoxication

Caused by the consumption of food including meat and meat products pol-
luted with staphylococcal enterotoxins produced by confident strains of Staph.
aureus while growing in different types of food [68]. These enterotoxins are pH
stable (insensitive to pH changes); as well as resistant to most proteolysis enzymes
(pepsin, renin, trypsin, and chymotrypsin) [69].

5. Meat borne protozoal diseases
5.1 Toxoplasma gondii

Human toxoplasmosis occurs from eating inadequately cooked meat, par-
ticularly mutton (lamb meat), pork, and venison (deer meat), or from drinking
unpasteurized milk contaminated with Toxoplasma gondii. However, cooking meat
(internal temperature about 70°C or 160°F) or freezing to around (—18°C or 0°F)
should be able to destroy the protozoa [70]. Eating food that was contaminated by
knives, utensils, cutting boards, or other foods that had contact with raw, contami-
nated meat or shellfish is other possible way too [71].

5.2 Sarcocystosis

Humans become infected when they eat undercooked meat comprising these
Sarcocystis. Bradyzoites are released from ruptured cysts in the small intestine and
enter the lamina propria of the intestinal epithelium. There, they distinguish into
macro- and microgametocytes. The Union of male and female gametes results in
the creation of oocysts. Oocysts sporulate in the intestinal epithelium and are shed
from the host in feces [72].

5.3 Cryptosporidiosis

This protozoal diarrheal disease caused by Cryptosporidium. Both the protozoa
and the disease are generally known as “Crypto.” [73].

The probable hazards from meat borne cryptosporidiosis come from ingesting
raw and uncooked foods, particularly meat and meat products. The foodborne
transmission has been stated following the consumption of certain foods, such as
uncooked meat products, raw sausage, offal, chicken salad, and milk. as well as the
significance of disease confirmed by some researchers [74-76].

6. Meat borne parasitic diseases
6.1 Taeniasis
Eating raw or undercooked contaminated beef or pork is the primary risk factor

for acquiring taeniasis. So, one way to prevent taeniasis is to cook meat at safe
temperatures [77].
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6.2 Trichinellosis/trichinosis

It occurs when a human eating raw or undercooked meat from animals infected
with the protozoa Trichinella. Meat that comprises infective Trichinella larvae; the
acid in the stomach dissolves the hard covering of the cyst around the larvae and
releases the worms [78].

6.3 Diphyllobothriasis

Humans got infections by eating raw or undercooked fish. Examples of fish
include salmon, trout, perch, walleyed pike, and other species of freshwater
fish. Some fish such as salmon live in both fresh and saltwater and can harbor
Diphyllobothrium larvae. Lightly salted, smoked, or pickled fish also may contain
infectious organisms [79]. However, Cooking fish sufficiently, to an internal tem-
perature of at least 145° F [~63° C]; or freezing at —4°F (-20°C) or below for 7 days
(total time); or at —31°F (—35°C) or below until solid, and storing at —31°F (-35°C)
or below for 15 hours; or at —31°F (-35°C) or below until solid and storing at —4°F
(=20°C) or below for 24 hours [13].

6.4 Anisakiasis

Anisakiasis, or herring worm disease, is a parasitic disease caused by nematodes
(worms) that attach to the wall of the esophagus, stomach, or intestine. Humans are
accidentally infected when hosts are consumed either as raw or inadequately cooked
or treated fish/shellfish meals. Therefore, the infection has been directly linked to
eating habits [80].

6.5 Capillariasis

When humans ingest raw or undercooked infected fish, larvae may migrate to
the intestine and mature into adult worms [13, 81].

6.6 Opisthorchiasis

Liver flukes infect the liver, gallbladder, and bile duct in humans. While most
infected persons do not show any symptoms, infections that last a long time
can result in acute symptoms and critical disease. Chronic infection may lead to
cholangiocarcinoma, a cancer of the bile ducts [13, 82].

6.7 Heterophyiasis

Heterophyiasis is caused by trematode parasites happening in regions
where brackish water fish is ingested raw or under inadequately cooked
circumstances [83].

6.8 Clinostomiasis (yellow grub disease)

This parasite has a complex life cycle, usually taking mollusks and fishes as
intermediate (middle) hosts and birds as final (definitive) hosts. Humans may
become the definitive host by ingesting raw or undercooked fish meat infected with
the metacercarial stage of this type of parasite [84, 85].
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7. Meat borne fungal diseases

Fungi are very common in food because it being ubiquitous. It can spoil large
amounts of food and produce hazardous toxins that threaten human health.
However, yeasts and mold can grow in a large diversity of food including meat and
meat products, which provide a favorable place for their growth [86]. The most
significant pathogenic fungi have been isolated from a wide range of foods include
the following.

7.1 Aspergilli

Aspergillus contains some species with strains that are the most dangeHP, with
Aspergillus fumigatus causing the most serious diseases [87].

7.2 Fusarium

Well-known Fusarium mycotoxins are fumonisins, deoxynivalenol, zearale-
none, and trichothecenes [88].

7.3 Mucor

Mucor contaminated food constitutes a limited potential health hazard concern-
ing healthy consumers. No specific mycotoxin has been isolated and characterized
in Mucor. The results of bioassays did indicate that toxins are present in extracts
from certain Mucor species [89].

8. Mycotoxins
8.1 Aflatoxins (AFs)

The name AFs has been subsequent from the combination of “A” for the
Aspergillus genus and “f” for the species flavus. AFs are greatly toxic, teratogenic,
mutagenic, and carcinogenic compounds, produced as secondary metabolites by
fungi belonging to numerous Aspergillus species, chiefly A. flavus and A. parasiticus.

Presently, 20 diverse categories of AFs have been recognized, wherein the main
ones comprise AFB1, B2, G1, G2, and M1. Fungal species belonging to A. flavus
naturally produce AFB1 and AFB2, while A. parasiticus can produce AFG1 and
AFG2 in addition to AFB1 and AFB2 [90].

8.2 Fumonisins

It is the secondary metabolites of the Fusarium fungi mostly from Fusarium
verticillioides and Fusarium proliferatum on pollute maize and milled maize portions
or other processed products [88].

8.3 Ochratoxina (OTA)

It is produced by Penicillium verrucosum in moderate environments and
Aspergillus ochraceus and the rare Aspergillus carbonarius in warm and tropical
countries that can pollute crops previous to yield and or more normally through
storing [91].
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8.4 Patulin (PAT)

Created by fungal species of the genera, Aspergillus, Penicillium, and
Byssochlamys, and the most significant Patulin (PAT) producer is Penicillium [92].

8.5 Zearalenone (ZEA)

Non-steroidal estrogenic mycotoxin formed by a diversity of Fusarium fungi in
comfortable and warm countries. ZEA presents a similar structure to estrogen and
therefore competes with 17-estradiol in binding to the estrogen receptor. So, it can
cause important differences in generative structures and fertility loss in humans
and animals [93].

9. Meat borne rickettsial diseases
9.1 Query fever (Q-fever)

Persons get sick by inhalation dust that has been polluted by infected animal
milk, urine, feces, and birth products that contain Coxiella burnetii. Individuals
may get ill with Q fever by consuming contaminated, unpasteurized milk, and dairy
products. Infrequently, Q fever has been spread through blood transfusion, from a
pregnant woman to her foetus, or through sex [43, 94].

10. Meat preservation and storage

Meat preservation helps to control spoilage by hindering the growth of
microbes, it delays spoilage; also reducing enzymatic activity, and avoiding the
oxidation of fatty acids that stimulate rancidity, resulting in extends the life of
the product; improves product quality. Several factors are affecting the period of
meat storage. The physical state of meat acting a role in the number of microbes
that can grow on meat, for example, grinding meat increases the surface capacity,
releases moisture and nutrients from the muscle fibers, and distributes exterior
germs throughout the meat. Chemical properties of meat, such as pH and moisture
content, affect the capability of microbes to grow on meat. Usual protecting tissues,
such as skin or fat, can prevent microbial pollution, dryness, or other disadvanta-
geous fluctuations. Wrapping meats with paper or protecting plastic films avoids
unnecessary moisture loss and microbial pollution. There are several methods for
meat preservations [95].

10.1 Chilling/refrigeration

Temperature is the most significant factor in manipulating bacterial growth.
Pathogenic bacteria do not grow well in temperatures under 3°C (38°F). So, meat
should be stored at temperatures that are as cold as possible. Chilled packing is the
most public method of meat preservation. The typical chilled packing life for fresh
meats is 5 to 7 days.

10.2 Freezing

Freezer storage is an excellent technique of meat preservation. It is significant to
covering frozen meats carefully in wrapping that limits air contact with the meat to
avoid moisture loss during packing.
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10.3 Meat curing

The commonly used technique of preserving meat before the days of chilling.
It is done for communicating specific color and flavor development, as well as
the preservative outcome. The main constituents comprise common salt (sodium
chloride), sodium nitrate, sodium nitrite, and sugar.

10.4 Meat smoking

Smoking and curing of meat are consistent. Smoke generation is accompanied
by the creation of several organic compounds (aldehydes, ketones, organic acids,
phenols, etc.) and their concentration products. Phenols act as bacteriostatic;
formaldehyde as a bactericidal compound, also informing typical smoky flavor.

10.5 Canning

Canning includes sealing meat in a container and then heating it to destroy
all microbes capable of meat and meat products spoilage. Under normal circum-
stances, canned products can safely be stored at room temperature for an unspeci-

fied period.
10.6 Drying

Oldest known technique of meat preservation. Drying removes moisture from
meat products, lowers the water activity (aw) significantly so that microbes cannot
grow. Freeze-dried meats, dry sausages, and jerky products are all examples of dried
meats capable of being stored at room temperature without fast spoilage.

10.7 Irradiation

Irradiation, or radiation, is a pasteurization technique achieved by exposing the
meat to amounts of radiation. Irradiated fresh meat products still need cooling and
wrapper to prevent spoilage, but the chilled storage life of these products is highly
lengthy.

10.8 Fermentation

One early form of food preservation used in meat production is fermentation.
Fermentation comprises the addition of confirmed safe bacteria to meat. These
fermenting bacteria produce acid as they grow, lowering the pH of the meat and
preventing the growth of several pathogenic microbes.

10.9 Vacuum packaging

Oxygen is essential for various bacteria to grow. For this purpose, most meats
are vacuum-packaged, which extends the storage life undercooled circumstances to
about 100 days. Besides, vacuum packaging reduces the oxidation of unsaturated
fatty acids and slows the development of rancid meat.

11. Conclusion

In summary, the main sources of pathogens in meat and meat products are; the
animal itself; human handlers; equipment’s in contact, environmental sources or
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water used in preparation. Meat and its products have been engaged in many dis-
eases or outbreaks in human consumers which necessity awareness and educational
knowledge about causative agents and control hygienic measures. Therefore, strict
hygienic precautions must me prevailed during meat handling and preparations.
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Effects of Pre-Slaughter Stress
on Meat Characteristics and
Consumer Experience

Bruno 1. Cappellozza and Rodrigo S. Marques

Abstract

The current concern regarding how animals are raised, which kind of feedstuffs
were fed, and the management activities employed in the livestock segment system
is increasing, primarily due to the public and/or customer opinion. Therefore, a
positive pressure is being placed in the industry/production to be more effective
in communicating these processes and to explain what indeed occurs during the
animal’s productive life, from birth to slaughter. Hence, it is imperative to explain
what type of situations animals face during their productive lives and how these
might impact productive, health, and the quality of the final product sold at the
supermarket. Additionally, it is important to understand that technologies have
been developed that could mitigate some of these stress-related losses (health and
productive), as well as to improve meat quality traits and overall customer eating
experience.

Keywords: cattle, customer experience, DFD, nutrition, pre-slaughter stress

1. Introduction

During daily management activities, beef and dairy animals are exposed to
several situations that may trigger a stress-induced inflammatory response. This
response, in turn, might greatly impact health, performance, and well-being of the
herd, which affects the overall profitability of livestock operations. Therefore, it
is paramount to understand the mechanisms underlying the occurrence of stress
and how we can use technologies to alleviate the negative effects of this response
for the herd. Hence, the objective of this review is to provide an overview on stress
physiology, immune system, and the interaction among these, as well as its effects
on meat characteristics of beef animals and consumer acceptability implications on
edible products.

2. Stress definition and physiology
The term stress is classically defined as the reaction of an animal to factors that
potentially influence its homeostasis, whereas animals that are unable to cope with

these factors are classified as stressed [1]. As aforementioned, ruminants are inevitably
exposed to several management situations that expose them to the occurrence of stress,
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such as vaccination, weaning, transport among farms, transport to the stockyard,
feedlot, and slaughter, novel environments, management, restriction of water and
feed, among others [2]. These situations, also known as stressors, can be categorized as:

Psychological stressors: Include weaning, arrival at a novel environment,
commingling.

Physical stressors: Include castration, bruises resulting from fights within a
feedlot pen and/or other animals mounting, vaccination abscesses, dehorning.

Physiological stressors: Include endocrine and metabolic alterations resulting
from psychological and physical stressors.

Typically, animals are exposed to various stressors throughout the production
cycle that elicit a stress response, which may not involve a viral/bacterial/fungi/
protozoa pathogen. Nonetheless, it is important to note that the stress may increase
the susceptibility of the animal to an individual or group of pathogen(s). Therefore,
it is worth mentioning that these pathogens, in turn, might be already living in the
organism of the animal, but after the beginning of a stress-induced inflammatory
response, the pathogen(s) is(are) able to act and trigger its effects. Although indis-
pensable and needed for the resumption of homeostasis, stress-induced response,
and its upcoming inflammatory cascade may be unnecessary and have negative
effects on performance and health of the herd.

From a physiological standpoint, when an animal perceives a stressor, the
immediate response is the activation of the hypothalamic-pituitary-adrenal (HPA)
axis [3], characterized by the synthesis and release of corticotropin-releasing
hormone (CRH) and vasopressin (VP) by their respective neurons located in the
hypothalamus into the paraventricular nucleus [2]. In cattle, CRH has more potent
stimulatory actions than VP [4] in a manner that upon its binding to membrane
receptors in the pituitary gland, protein kinase-A is activated and 3,5’ cyclic AMP
(cAMP) is produced, leading to a calcium influx that will activate the release of
adrenocorticotropic hormone (ACTH) by the pituitary gland [5]. Within the ante-
rior pituitary gland, corticotrophs are responsible for the production of ACTH and
its main function is to promote cholesterol uptake, as well as synthesis and release
of steroids by the adrenal gland [2].

The adrenal gland is divided into the cortex and medulla, whereas the cortex is
responsible for the synthesis and release of 3 hormone types: mineralocorticoids,
androgens, and glucocorticoids. In humans and most mammalian species, cortisol
is the primary glucocorticoid [2] and generally classified as the “stress hormone” In
the metabolism, cortisol elicits several important functions, such as (i) breakdown
of glycogen, muscle, and adipose tissues as a mechanism to provide energy to the
host during an immunological challenge, (ii) hepatic production of acute-phase
proteins (APP), (iii) regulation of stress response, (iv) greater synthesis and release
of catecholamines, and (v) suppression of the inflammatory and immune systems to
prevent autoimmune disorders. Hence, in situations where chronic diseases or stress
are observed, cortisol remains elevated for a prolonged period of time and promotes
an anti-inflammatory and immunosuppressive response by decreasing the synthesis
and release of pro-inflammatory cytokines [6, 7]. Conversely, acute increases in cor-
tisol concentrations have been reported to trigger a transient and temporary inflam-
matory response. In ruminants, greater cortisol concentrations have been associated
with reduced growth rates and reproductive performance in beef females [8-10].

3. How does the immune system react to the stress?

Before entering into the specifics of the link between immunity and stress, it
is worth mentioning how the immune system is structured and its main features.
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The immune system is divided into innate and acquired immunity. The acquired
immunity is responsible for adapting and building an immune response for each
antigen the body encounters, characterized by the production of antibodies and
the development of immunological memory [11]. Therefore, it does not come as a
surprise that specificity is one of the main features of this branch of the immune
system. On the other hand, the innate immunity is characterized by a lack of
specificity, given that a similar response is observed when caused by a bacteria,
protozoa, fungi, virus, or stress [2]. The barriers created by the body include

(i) physical: skin, tears, and mucosal secretions, (ii) chemical: antimicrobial
peptides, superoxide anion, and nitric oxide, and (iii) complement system [11].
The primary goal of the innate immune system is to provide enough time for the
acquired immunity to develop a strong and effective response against any specific
pathogen. The group of cells that comprise the innate immune system includes
phagocytic cells (neutrophils, monocytes, macrophages, and dendritic cells),
natural killer cells, and cells that release inflammatory mediators, such as mast
cells, basophils, and eosinophils.

The innate immunity recognizes certain structures present in different micro-
organisms, known as pathogen-associated molecular patterns (PAMPs). This is
the reason that lipopolysaccharide, a component of the cell wall of gram-negative
bacteria, causes an immune reaction in several species, leading to an increase in
cortisol concentrations and an acute-phase reaction in cattle [12]. When PAMPs
interact with toll-like receptors (TLR) inside or on the surface of phagocytic cells, a
cytokine response is initiated in neutrophils and macrophages by the activation of
a transcription factor called nuclear factor kappa beta (NFxB), which induces the
expression of genes part of the innate immunity, such as cytokines, chemokines,
and co-stimulatory molecules [11].

Cytokines are chemical messengers released by phagocytic cells during an
immune response and act as mediators of intermediary metabolism in immune-
challenged animals [13]. The major pro-inflammatory cytokines released by cells
and recognized as important players in an immune response include interleukin-6
(IL-6), IL-1 and tumor necrosis factor-a (TNF-a) [14], which their plasmatic con-
centrations increase following an acute bacterial challenge (LPS) [12]. Following
the injury caused by a pathogenic challenge, the body builds a specific and complex
set of reactions aiming to destroy the infectious pathogen, to prevent further tissue
damage, and to restore homeostasis. These early and immediate set of responses
are called ‘inflammatory responses’ and are part of the acute-phase response (APR)
[15]. Tissue macrophages and blood monocytes are the major cell components
involved in the APR and after activation, these cells release IL-1 and TNF-« in the
circulation [16]. During an APR, several metabolic changes are observed, but the
main physiological responses are increased body temperature (febrile response)
and alterations in liver metabolism. These responses are primarily regulated by the
aforementioned pro-inflammatory cytokines (IL-1, IL-6, and TNF-a).

Febrile response: a defense mechanism developed to control replication, growth,
and kill different pathogens by preventing the formation of bacterial coats. It is
mainly induced when the eicosanoid prostaglandin-E2 (PGE2) is produced from
20 carbon omega-6-derived fatty acids. Hence, it is imperative to mention that this
response may be modulated by the fatty acid profile in the diets of the animals. In
other words, diets containing a greater concentration of omega-6 fatty acids (i.e.,
linoleic and its derivatives) will lead to a greater pro-inflammatory state, whereas
diets containing greater amounts of omega-3 fatty acids (i.e., linolenic and its
derivatives) will promote an anti-inflammatory response [17, 18]. Although impera-
tive for controlling an infectious challenge, the increase in body temperature does
not come without a significant effect on nutrient requirements of the animals. More
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specifically, for every 1 °C increase in body temperature associated with an immune
response, it is estimated that energy requirements are increased by 10-13% [19].
Hepatic metabolism: under homeostasis, hepatocytes produce several acute-
phase proteins (APP) at a relatively steady state, but this manufacturing state dra-
matically changes when the animal is immunologically challenged. Noteworthy is
the fact that not only the amount of APP is significantly changed during an immune
response, but also the APP profile is changed, given that some increase and other
decrease following an immune challenge [20]. The increase in liver metabolism also
leads to dramatic increases in metabolizable protein (MP) requirements in rumi-
nants. Moriel et al. (2015) demonstrated that increasing MP supply from 85 to 115%
of daily requirements to newly-weaned beef calves improved performance during
a 42-day preconditioning period, without effects on messenger RNA expression of
hepatic genes involved in the production of two of the major APP, haptoglobin and
ceruloplasmin [21]. Moreover, some APP peak between 1-4 days post-challenge,
reducing dry matter intake (DMI) and animal performance, as well as increasing
the incidence of morbidity and antimicrobial treatment [22-24]. In ruminants,
haptoglobin, ceruloplasmin, serum amyloid-A, and fibrinogen have been the most
studied APP [25], with significant attention given to haptoglobin and its effects
when evaluating an APR. Haptoglobin has been the most reliable and consistent
APP because it is almost undetectable in healthy animals, whereas a significant
increase is observed after a disease, injury, or stress response [23, 26, 27].
Nonetheless, PAMP recognition may not apply in stress situations as no
pathogen is directly involved at the beginning of the stress-induced inflammatory
response and the cortisol is responsible for triggering such response and tissue
mobilization [27, 28]. Additionally, in a stressful situation, damage-associated
molecular patterns (DAMPs) are host biomolecules that can initiate and perpetuate
a non-infectious inflammatory response [29]. Several DAMPs are nuclear or cyto-
solic proteins with a defined intracellular function that, when released outside the
cell after injury and/or mobilization, move from a reducing to an oxidizing milieu
resulting in their functional denaturation [30]. Examples of these molecules include
DNA, RNA, mono- and polysaccharides, purine metabolites (ATP, ADP, and uric
acid), as well as S-100 proteins [31-33]. In a research effort to evaluate the mecha-
nisms underlying the effects of stress on inflammation, Cooke and Bohnert (2011)
developed a neuroendocrine stress model using CRH as a non-pathogenic stressor
[27]. These authors reported that cortisol peaked 1 h after CRH infusion at a dose of
0.1 pg/kg body weight (BW) followed by increases in plasma concentrations of IL-6
and haptoglobin, demonstrating stress also activates the innate immune response in
animals without the presence of a specific pathogen.

4. Effects of stress on health and performance

In beef cattle, weaning is considered one of the most stressful events in the
entire life of the animals. In order to evaluate this response, Arthington and col-
leagues (2005) evaluated the effects of early vs. traditional weaning on stress
markers and growth performance of beef animals [34]. These authors reported
that at the time traditional weaning occurred (approximately 300 days of age),
early-weaned were lighter than traditionally-weaned cohorts (48 kg), whereas ADG
(days 0-28 post-weaning = 0.87 vs. 0.40 kg/day; days 29-112 post-weaning = 1.38
vs. 1.18 kg/day) and feed efficiency (days 0-28 post-weaning = 157 vs. 81 g/kg;
days 29-112 post-weaning = 159 vs. 136 g/kg) were greater for early-weaned calves.
From traditional weaning until slaughter, early-weaned animals gained roughly
30 kg more BW and had greater feed efficiency than traditionally-weaned calves.
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These results can be explained by the relative steady concentrations of haptoglobin
and ceruloplasmin in early-weaned calves at the moment traditional weaning
occurred and a lessened APR observed in early-weaned steers receiving a patho-
genic challenge, suggesting that the animal might be less susceptible to developing
any kind of disease following a period in which its immune system might be sup-
pressed upon facing a stressful situation.

Another set of stressful events is transport and feedlot entry, which may occur
together or in a short period of time. During transport, animals remain without
feed and water for a significant period of time, as no rest stops are adopted in
traditional beef-producing countries. In an effort to evaluate the metabolic effects
that feed and water restriction cause in the ruminant, Marques and colleagues
(2012) reported a similar loss in performance, as well as similar concentrations of
non-esterified fatty acids (NEFA) and APR of nutrient-restricted vs. transported
animals, demonstrating that feed and water deprivation are major contributors to
tissue mobilization, APR, and reduced receiving feedlot performance in animals
enrolled to long-distance transport [35]. In a subsequent study, the same research
group [36] demonstrated that 24-hours feed restriction was considered the major
factor causing a neuroendocrine response, explained by the greater cortisol, NEFA,
and ceruloplasmin concentrations compared to animals water- and feed + water-
restricted [36].

Based on these results, one could speculate that providing water and feed to
cattle during the transport to the feedyard would alleviate the stress-induced
inflammatory response of the herd. Cooke and colleagues (2013) designed a study
to evaluate whether 2-hours rest stops every 8 hours of transport with full access to
feed and water would benefit health and, consequently, improve performance of
beef animals during feedlot receiving [37]. In partial agreement with the hypoth-
esis, rest stops for feed and water consumption did reduce plasma cortisol, NEFA
and haptoglobin concentrations, but did not improve feed intake and performance
when compared to animals continuously transported for 24 hours. These results
might be explained by the fact that (i) 2 hours rest stops were not enough to
improve performance and (ii) unloading and loading the animals during rest stops
also cause a stress response, similarly impairing performance of the herd.

Overall, these stressful events are faced by most, if not all, ruminants during
their productive lives. Depending on production system and management, these
events are faced more than once in their lifetime and which might negatively impact
the overall productivity in beef cattle system.

5. Pre-slaughter stress

The stress animals face prior to slaughter has been under public scrutiny for a
long period of time in the U.S. and other parts of the world. Public opinion has been
forcing the industry to adopt good management and transport practices, demand-
ing information on the origin of the food and how the animals were raised through-
out their productive lives, with a special focus on animal welfare [38]. Therefore, it
is imperative to understand the factor(s) that may cause a stress-induced response
in finishing animals and how these situations impact the quality of the edible
product (i.e., meat) and customer acceptability.

Several stressful situations are faced by an animal from the feedlot until
slaughter, including management in the working chute, truck loading at the feedlot
[37], transport itself plus feed and water deprivation [35, 36], truck unloading at
the slaughter plant, weather conditions, novel environment and management, as
well as feed deprivation until slaughter [39]. These situations, which may occur
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together or in a short period of time, also trigger a stress-induced inflammatory
response that, ultimately, can impact carcass characteristics and, consequently,
visual and qualitative aspects of the meat being offered in the market [40]. More
specifically, animals exposed to a greater number and/or magnitude of physical
and psychological stressors prior to slaughter are more prone to produce the dark,
firm, and dry (DFD) carcass and this process will be covered herein.

All pre-slaughter stressors can, inevitably, alter meat quality and customer
acceptance, particularly due to an increase in meat pH and changes in meat tender-
ness and color [41]. Meat pH is a result of the amount of pre-slaughter glycogen lev-
els present in the muscles, which, in turn, depends greatly on the factors responsible
for physical and psychological stress [42]. Exposure to stressors before slaughter
results in muscle energy reduction, depletion of glycogen and changes in important
meat physical and chemical attributes, such as pH, softness, and color [43]. Meat
pH values greater than 6.0 at 12 to 48 h post-mortem results in DFD cuts that are
more susceptible to microbial contamination and a shorter shelf-life. Other authors
have also considered 5.80 as the threshold for the determination of DFD [44, 45].
High meat pH will lead to a product not appreciated and accepted by customers, as
DFD cuts are dark-red to brown-black and have a dry, firm, and sticky consistency
[46]. Meat traits that have greater influence on consumer satisfaction are tender-
ness, juiciness, and flavor of the cooked meat, all of which are severely impacted in
DFD meat cuts [47].

Evaluating pre-slaughter stress and its effects on carcass characteristics,
Carrasco-Garcia and colleagues (2020) reported that 80% of the carcasses ana-
lyzed had a pH greater than 5.80 [45]. The measurement of pH is one of the most
important quality traits as it is related to depletion of muscle glycogen reserves
[45]. After animal death by exsanguination, the muscle tissue becomes anoxic,
triggering the anaerobic glycolysis cascade. High levels of stress hormones before or
during slaughter decrease muscular glycogen reserves, as glycogen is hydrolyzed to
lactic acid. In fact, higher pre-slaughter lactate concentrations are associated with
areduced consumer eating quality score [48]. Therefore, it is paramount that meat
pH decreases from approximately 7.0 to 5.5 in order to avoid bacterial growth in
the edible product [49]. As cortisol is one of the key players controlling the stress
response and meat acidification, it would be reasonable to evaluate its concentration
prior to slaughter. In the same study, Carrasco-Garcia et al. (2020) demonstrated
that 67% of sampled animals had blood cortisol level greater than 45 ng/mL, which
is indicative of excessive stressful conditions prior to slaughter, but no association
has been observed among pH and blood cortisol [45].

Alterations in meat color are one of the most pronounced effects of high meat
pH and, consequently, DFD occurrence. Carcasses with pH greater than 6.0 are
usually classified as darker, less red, and less yellow [50]. During DFD episodes, a
muscle absorbs light and meat becomes darker, which can be attributed to a lower
amount of free water at its surface and lower oxygenation of myoglobin [51].
Conversely to blood cortisol levels and meat pH, Carrasco-Garcia and colleagues
(2020) reported a positive association among meat pH and colorimetric parameters
of crossbred beef animals [45]. Color is the most important sensory attribute that
influences customer purchasing decisions, as they associate a bright cherry red color
with freshness and quality, whereas any deviation from this parameter is perceived
as poorer quality. Hence, a darker meat would be less acceptable by the customers
and, consequently, cause substantial economical losses to the meat industry world-
wide. In the early 2000s, it was estimated that the Australian beef industry lost
roughly 38.5 million dollars due to DFD, resulting in an average loss of $ 90/carcass.
Nonetheless, these numbers might be even greater in other regions, depending on
cattle breeds and production settings in which animals are reared for fattening.
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In agreement with the carcass-reduced quality cascade, meat tenderness is often
observed in carcasses with greater pH and reduced lightness [52]. The mechanisms
underlying a greater shear force in DFD cuts might be related to a reduced sarco-
mere length [53], which is recognized as an important cause of increased toughness
in meat and its length increases as pH decreases below 6.2 [54]. The sarcoplasmic
reticulum is a membranous cellular organelle responsible for regulating the amount
of calcium ions in the sarcoplasm of the muscle fiber [55]. After slaughter, calcium
concentration in the sarcoplasm increases due to loss of the calcium-accumulating
ability of the sarcoplasm reticulum [56] accompanied by a gradual leakage of
calcium ions into the sarcoplasm. Calcium is paramount in meat tenderization and
the calpain system requires the presence of calcium to be activated [57]. Hence,
relevant changes in sarcomere length begin to occur early postmortem when
sarcomeres contract as the muscle goes into rigor. If calcium is released when ATP
is still available, muscle contraction occurs, resulting in shorter sarcomeres and
detrimental effects on meat tenderness [55]. Hence, it is possible that the amount
of stress during pre-slaughter might affect calcium release and sarcomere length,
resulting in a tougher meat.

Stress itself is not the only factor predisposing DFD occurrence in ruminants,
in a manner that sex, breed (Bos taurus vs. Bos indicus), nutrition, animal category
(bull vs. steer), temperament, and age are other important factors. In Mexico,
Loredo-Osti and colleagues (2018) reported that 13.5% of the Bos indicus-crossbred
carcasses processed by a slaughter plant were classified as DFD [58], whereas this
value approached 2% in a recent survey conducted in the U.S. [59], but no data
have been reported for Brazil, where zebu breeds prevail. Although no data have
been reported, Bos indicus breeds are well-known as more temperamental than
Bos taurus breeds [60, 61]. Hence, these animals have a heightened stress and APR
response, which leads us to speculate that DFD occurrence would be greater in B.
indicus vs. B. taurus herds. Besides variation among breeds, within breeds variation
on temperament might also impact the stress response and carcass traits. Francisco
and colleagues (2015) demonstrated that more temperamental Bos indicus animals
had a greater carcass bruise count, reduced color index, fat content, and marbling
score [62].

In summary, DFD cuts can be recognized by the customers as:

Colorimetric aspects: dark-red to brown-black

Consistency: dry, firm, and sticky

Greater tenderness and reduced juiciness

Reduced visual acceptability, desire to purchase, and customer eating experience

Hence, it is imperative to develop strategies that reduce the magnitude of a stress
response and, consequently, improve carcass quality and customer sensory eating
quality score. Loudon and colleagues (2019) suggested that 2-weeks resting periods
following social/group mixing as an alternative to improve customer eating quality
[48]. Recently, Cappellozza and colleagues (2020) reported that the administra-
tion of bovine appeasing substance (BAS; 5 mL/head) immediately at loading to
slaughter reduced mean carcass pH (5.82 vs. 5.75) and the proportion of carcass
classified as having post-mortem pH greater than 5.80 (42.2. vs. 26.2%) [63]. The
use of appeasing pheromones has been initially discovered in swine and shown to
reduce the agonistic behavior of piglets [64, 65]. Pheromones are species-specific
semiochemicals compounds released from one specific individual to induce both a
behavioral and physiological response in a conspecific [66]. In cattle, BAS is based
on a mixture of fatty acids, reproducing the composition of the natural substance
produced by the dam during the parturition [67]. Therefore, BAS is expected to
have calming effects that, in turn, will improve health and performance of the
herd. As an example, Cooke et al. (2020) demonstrated that BAS administration
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at weaning reduce mean plasma haptoglobin concentration 15 days post-weaning
and improved 45-day post-weaning performance (+ 70 grams/day) [68]. Moreover,
Cappellozza and colleagues (2020) reported a similar improvement in performance
of pure Bos indicus newly-weaned grazing beef animals during a 45-day post-
weaning period [63]. The benefits of BAS administration seem to rely on transient
temperamental changes [69], stress-induced inflammatory response [68, 69],
reduced disease susceptibility due to an increased vaccine efficacy [69], recovery
from a pathogen challenge [70], and a subsequent improvement in feed efficiency
[71] and BW change and gain [72].

6. DFD cuts and human health

As aforementioned, DFD cuts are undesirable because they are esthetically
unpleasant and are more susceptible to microbial growth [73], but the eating qual-
ity of these cuts were less defined in beef cuts. As an example, until 1997, the United
States Standards for Grades of Carcass Beef stated that “there is little or no evidence
which indicates that the dark-cutting condition has any adverse effect on palatabil-
ity..” [74], contradicting what has been reported for pig cuts and similar conditions
of carcass issues [75, 76]. In order to address this matter, Wulf and colleagues evalu-
ated the effects of DFD cuts on carcass traits and beef palatability [77].

These authors demonstrated that several carcass quality attributes were signifi-
cantly affected in DFD cuts, such as backfat thickness (31% less), USDA quality
grade (9.5% less), intramuscular fat (29% less), pH (11% greater), and lower colo-
rimetric readings [77]. Moreover, cooked beef palatability was substantially lower
for DFD vs. normal carcasses, whereas tenderness variation and shear force were
greater [77]. In the sensory panel, DFD carcasses produced a greater percentage of
“tough” Longissimus steaks and a reduced percentage of “very tender” steaks vs.
normal carcasses [77]. Additionally, off-flavors classifications were more frequent
observed in panelists analyzing DFD vs. normal cuts.

To the best of our knowledge, no other study evaluated chemical composition of
DFD vs. normal cuts. It is noteworthy mention that visual parameters are the major
driver of a customer’s desire to buy a piece of meat and, therefore, these cuts are
well desired in the shelf of a store. Nonetheless, it can also be assumed that no harm
is observed after a consumption of DFD cuts, given that human sensorial analysis
have been reported [77].

7. Conclusions

Stressful situations are often faced by ruminants during their entire produc-
tive lives, from birth until slaughter. These situations predispose animals to
health and performance losses which, ultimately might impact carcass quality
and customer eating experience. Therefore, additional strategies and/or tech-
nologies must be developed to reduce the losses caused by stress and improve
carcass traits, which will result in greater acceptability of edible products by the
food chain and likely reduce the scrutiny of the public opinion regarding animal
production.
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Abstract

Brazil is one of the world’s leading beef producers. The goal of this chapter is
to give an overview of how Brazilian beef production is important to Brazil and
worldwide. We also give an overview of some aspects of red meat consumption
in this country and the main tendencies regarding sustainability production. The
economic importance of beef production is Brazil is based on secondary data and
the main content about beef consumption is based on researchs conducted by the
authors that interviews Brazilian consumers. The chapter focus in some concepts,
concerns and factors that affects consumption as symbolic aspects, ethical, health
and environmental concerns, brand, herd tracking, guarantees of origin, legal
employment, safety and hygiene, animal wellbeing, sustainability and the Carbon
Neutral Beef initiative (CNB). Marketing, certification, treaceability and brand
strategies conducted by some industries, the red meat premium boutiques in the
retailing sector, and the role of brazilian government in meat safety, monitoring
and regulation are also covered.

Keywords: Meat, Beef Production, Brazil, Consumer Behavior, Food Consumption

1. Introduction

Brazil is one of the world’s leading beef producers not only as a consequence
of the favorable environment to production and land available, but also as a
result of decades of investment in technology that have increased not only
productivity, but also the quality of the Brazilian product, making it competi-
tive and allowing it to reach markets in more than 150 countries. Comparing
with other meats, the volume of chicken meat exported in 2019 was 4.12 million
tonnes, followed by 1.85 million tonnes of beef and 0.73 million tonnes of pork.
However, sales with beef exports reached 7.57 billion dollars, followed by chicken
with 6.90 billion and 1.58 billion in pork. The total for Brazilian meat exports
accounted for 19.45% of the value of Brazilian agribusiness exports, with beef
responsible 8.91% of that volume, which illustrates this sector’s relevance to the
Brazilian export agenda [1].

Forty years ago, the prevailing scenario of the Brazilian beef market was quite
different. The herd was barely half the size of what it is now (213 million head),
the focus was much more on supplying the domestic market, severe sanitation
conditions blocked exports, degraded pastures predominated on the landscape and
productivity was low. Over the last four decades cattle ranching has undergone a
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revolutionary modernisation process supported by technological advances in pro-
duction systems and in organizing the supply chain that today are clearly reflected
in the quality of Brazilian beef. The herd has more than doubled, while the pasture
area has advanced little or has even diminished in some regions — a clear indica-
tion of increases in productivity. There has also been an increase in animal weight
and reduction in mortality, increase in birth-rates and reduction of the time until
slaughter. These gains have been possible thanks to the growing use of technolo-
gies by rural producers, especially along the lines of feeding, genetics and animal
management and health.

In 2019 the Brazilian GDP was BRL 7.3 trillion, a nominal growth of 6.8% over
the previous year. Part of that growth was due to the Ranching GDP, which regis-
tered a slight growth for the same period, illustrating the strength of the ranching
sector in the Brazilian economy [1]. With a herd of approximately 215 million
head, the Brazilian ranching sector in 2019 recorded 43.3 million head of cattle
slaughtered. For that same period Brazil saw a 12.2% increase in beef exports that
reached 2.49 million CWE. Of the total volume of meat produced, 76.3% or 8.01
million CWE went to the domestic market, while 23.6% were slated for export, the
equivalent of 2.49 million CWE. Of the total exported, there was a 15.9% increase in
the volume of fresh beef. That increase was due not only to the number of countries
receiving exports, which went from 101 to 154, but also the increase in the volume
of meat directed towards already consolidated markets such as China, where the
volume of exports rose 54% from 2018 to 2019. During that same period the area
of pastures utilized remained practically stable at 162.5 million hectares, with an
average productivity that was also stable at 4.3 @/ha/year.

In 2019, Brazil ranks as the second largest beef producer worldwide, 10.49 mil-
lion CWE, behind only the USA with 12.26, but ahead of Argentina 3.01. India with
2.91, and Australia 2.26. However, Brazil leads global exports with 2.49 million in
CWE, followed by Australia with 1.56 and USA with 1,31 [1]. Among the importing
countries, China stands out with a volume of 1.28; followed by the USA 1.30 and
Hong Kong 0.388. It is worth pointing out that China received 50.4% of the volume
of Brazilian exports in 2019. The European Union imported 3.05 million CWE, but
only 180 thousand CWE from Brazil (5,9%). In terms of consumption, the USA
stands out as the world’s largest beef consumer 12.22 ml te ¢ (37,1 kg/inhab. /year),
followed by China 10.01 (718 kg/in hab./year); Brazil 8.06 (38.4 kg/in hab./year)
and Argentina 2.29 (50.91 kg/inhab. year). One should note here the great potential
for growth that China has, given that its consumption per inhabitant is only 18% of
the Brazilian per capita consumption [1].

The goal of this chapter is to give an overview of how Brazilian beef production
is important to Brazil and worldwide. We also give an overview of some aspects of
beef consumption, marketing and retailing in this country. We finish presenting the
main tendencies, most regarding sustainability production.

2. Consumption of red meat in Brazil

The symbolic aspect of food represents one of the factors that most influences
the consumption of individuals. Proof of this symbolic weight can be observed in
any empirical research, asking a consumer what food means to them. Da Matta [2]
explained that the same food can have numerous meanings and such variation is
dependent on the ways in which people think and judge such food. Through social
interaction, the rules related to food and eating vary in time and space, being
learned from an early age. Therefore, beliefs, values and emotions related to any
food can say a lot about individuals’ eating patterns and consumption behaviors.
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The more a food, through its symbols, represents values considered important
to consumers, the greater the chance of being chosen for consumption. Taking
red meat as an example, in Western societies, its consumption is valued, for many
consumer groups, for being associated with a status symbol, the strength for work
and the guarantee of satiety [3-6].

On the other hand, in the context of contemporary food, there are also move-
ments against the excessive intake of red meat consumption and, even, the justified
suppression of animal protein, among others, for ethical, health and environmental
reasons. Disregarding the proportionality between consumers and non-consumers of
red meat but considering that the appreciation of the animal’s intake, the reduction of
consumption and the practice of abstaining from this act represent strategies of meat
consumption. A better understanding of the determinants of such strategies can be
clues to explain, for example, the transitions in current food models. For research on
consumption behavior, it is important to access the ways in which consumers classify
proteins (healthy x harmful, lean x fat, ordinary x festive, heavy x light) and decide to
consume them (fresh x processed, chilled x frozen, meat in slab x cut, fresh x canned).

Red meat is a factor that simultaneously provides benefits and detrimental to
health. Ranabhat Park and Kim [7] have conducted a study about the influence
of alcohol and red meat Consumption on Life Expectancy in 164 Countries from
1992 to 2013 providing evidence on red meat consumption and life expectancy
(LE) based on ecological analyses. Results suggest that high consumption of red
meat has a negative impacto n LE in higher income countries (HIC and UMIC)".
Consumption of red meat over the acceptable level is positively associated with
cancer. On the contrary, red meat consumption appears to have no influence on LE
in lower income countries (LIC or LMIC). Animal source foods (ASF) such as red
meat is still very important for developing countries from a nutritional point of
view. Refraining from red meat consumption in these countries is not warranted.
Under IGW categorization, Brazil fits into de UMIC (upper middle). In this case
authors suggests that high- and middle- income countries are likely to revisit their
policy regarding red meat in terms of production, sales, and consumption.

Other research on consumption intention also recognizes that individuals’ ways
of acting are determined by their value systems, their beliefs, their social rules and by
taboos [8, 9]. Judgments guide the acceptance of a food, and its choice is conditioned
by how it best represents a lifestyle, an activist stance, or conduct. In studies conducted
in Belgium, Verbeke [8] proved that the greatest motivations for the purchase and con-
sumption of food products were justified by their adaptations to an individuals’ morals.

According to Vialles [10], the way individuals choose and prepare animals to be
consumed is related to symbols, which determine a double strategy of meat prepa-
ration and consumption, zoophagy and sarcophagy. The first, without any change
in shape, values the animal’s presentation as it is, and can even be presented whole
(for example, a fish or a piglet). The second proposes to mischaracterize the animal,
valuing the consumption of its parts without being recognized (steaks, cuts of meat
with culinary dishes such as stroganoff and sausages). Denying the death of the
animal intended for human consumption and the difficulty in recognizing parts of
an animal or the animal itself in one’s food are sarcophagic characteristics.

With the purpose of measuring the sensitivity of consumers from different
countries in Europe in relation to the consumption of red meat, Gautier [11] vali-
dated a scale of zoophagy (acceptance of the individual to recognize an animal as

! Using definitions from the World Bank International Gateway (IGW) as of January 2016, countries
were categorized into the following 4 groups: Low-income countries (LIC), lower-middle-income coun-
tries (LMIC), upper-middle-income countries (UMIC), and high-income countries (HIC). Available
online: http://dataworldbank.org/country
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food) and sarcophagy (difficulty and malaise) the individual’s ability to recognize
an animal as food) by means of attitudinal and ideological determinants. On this
scale, the individual expressed his value system, which was measured by personal-
ity indicators and other affective, symbolic and imaginary indicators of the attitude
towards meat. Gautier’s [11] zoophagy and sarcophagy scale was also tested by
Cazes-Valette [3] in France. The results were interesting because consumption was
not explained only by socioeconomic and demographic variables. The attitude and
behavior towards meat explained, for example, the different points of view about
the relationship between man and nature, about the ways of thinking and accepting
the slaughter of animals for consumption, about the frequency of consumption, the
ingested volume, and cutting and cooking preferences.

A study that examined animal wellbeing (AWB) was performed by Souza,
Casotti and Lemme [12] seeking to understand reactions of consumers related to ill-
treatment practiced against animals in industrial meat-producing processes which
cause pain, suffering and stress. Their research shows that consumers generally are
not aware of management standards in meat production and that 87% of respon-
dents have difficulties connecting the food they consume with living animals. Even
though meat is considered a commodity, some countries employ labelling schemes.
The main criteria certified by those labels include herd tracking, guarantees of
origin, management employed, safety and hygiene, animal wellbeing and so on.

The proposition of the beef acceptance index was useful to think about the
attitudes of individuals classified in household surveys as strong consumers of animal
protein in Brazil as it was shown on study carried by Lucchese-Cheung, T., Spers, E.
E., Pereira, M. W. G. & Dias, P. C. S. P. [13]. An incredibly detailed analytical model
was proposed, not only so that it could be replicated in other Brazilian states, but for
determining other indexes that answer questions from applied research in other pro-
ductive sectors. It was verified how the variables relate within the factors and among
them, as well as to understand what they represent and, later, the determination of the
independent variables on the attitudes of zoophagy and sarcophagy was measured.

The results are interesting when they point out statements of strong beef con-
sumers that indicate a desire to reduce their consumption or replace it with white
meat, or leaner cuts, for health reasons. In addition, food safety and certifications
appear as signs of quality, which can be a tip for sector’s agents to seek innovation in
proposing quality seals and brands for the sector. On the other hand, more sarcoph-
agic attitudes are described by feelings of pity, concern about the environmental
problems that arise in the meat chain, as well as distrust in relation to the quality of
the protein sold in retail.

Such attitudes were determined by feelings of emotion and the belief that man
should protect nature. In general, ordinary beef consumers have many doubts about
the production system of animals intended for human consumption, and it may
be an opportunity for agents in the sector to invest in communication campaigns.
The way food is perceived depends on the food culture of individuals that, in turn,
guides their attitudes and behaviors. An index of zoophagy and sarcophagy was
proposed in in this work, intending to measure the intensity of these attitudes
among a group of consumers in the Brazilian region that declare itself as the largest
consumer of fat meat in the country.

In light of theories that indicate that beliefs, social rules, emotions and personali-
ties are as determinant of consumption as economic variables, this work found that
the most zoophagic attitudes were determined by personality traits that reveal pat-
terns of behavior that, in turn, indicate dissatisfaction and a need for always wanting
more, in addition to extroversion and the desire to always be in a group and party.

The taste, the fat of the meat, the high frequency of consumption, the prefer-
ence to see the meat hanging, and the fact that they think of animals as a food

204



Beef Consumption Pattern in Brazil
DOI: http://dx.doi.org/10.5772/intechopen.97764

source for humans characterize zoophagic attitudes. The most emotional individu-
als, the smallest part of the interviewed group, sarcophagics, revealed negative
emotions when talking about beef. They are consumers concerned with their
choices because it has an impact for themselves and for others.

These reflections are original for marketing and consumer behavior studies,
proving that the culture and symbolism of food play an important role in the way
of acting and thinking of individuals. Thus, the agents of public and private power
are interested in knowing that the taste for beef represents a strong cultural signifi-
cance and that changes in consumption patterns represent fighting against feelings,
emotions and their personal history.

Purchasing intentions motivated by ethical, health and environmental con-
cerns have been identified as new drivers of consumption by a specific group of
the population [14]. But, in general, what do Brazilian consumers think about the
consumption of beef and the safety of the food they consume? What is the percep-
tion of these consumers in relation to the commercialized meat and the Brazilian
production models? To what extent are your choices determined by human, animal
and environmental health concerns?

The greater the perceived risk, the more consumers will seek alternatives to
minimize it [15]. When it comes to the consumption of beef, the perception of risk
can have an even greater impact on consumption decisions, since there is not always
information that guarantees safety at the time of purchase and quality assessment is
done during consumption [16, 17].

Investment in brand and certification attributes are examples of ways to guar-
antee access to relevant information in the attempt to provide greater security and
generate trust with consumers [18]; Verbeke and Ward [19]. Thus, the certification
of protein can be an attribute of choice of beef and a generating factor of greater
confidence and perception of quality [20, 21]. Furthermore, on these attributes,
Henchioni, McCarthy and Resconi [22] mention investments in guarantees of ori-
gin, in animal welfare, in pasture production systems with certificates of care with
animal nutrition, guarantees of concerns with environmental issues, of traceability,
genetic improvement and technologies that involve its processing.

Some research has been conducted on the consumption behavior and prefer-
ences of the beef consumer and the willingness to pay more for products with
labels that attribute information on traceability and different types of meat quality
guarantees [23-29]. In general, traceability can contribute to increasing consumer
confidence in the entire food system as a means of attesting quality assurance [30].
Knowing about the animal’s origin has been proven by studies as important infor-
mation for European consumers [31, 32]. Certain countries are better regarded than
others for their seriousness/credibility in food production. Origin is an important
quality attribute that generates greater confidence. Consumer belief, on the other
hand, is that quality/safety comes at a high price.

In a qualitative phase of the study conducted by Burnier [33] a clear distinc-
tion was identified in the involvement in a purchase depending on the type of
event. According to one of the interviewed experts, there is a functional choice
(day to day) and ‘recreational’ shopping for specific events (barbecue, dinner with
friends). In the recreational choice there is a greater involvement with the product,
a greater concern with the productive characteristics as well as quality of the meat.
On the other hand, functional purchases are generally made by women and do not
require specific information on the quality of the meat being purchased.

The study also indicates that involvement with the product appears as an
important element in the discussion of sustainability in the meat sector. Another
interviewed espert stated that the creation of the “meat academy” website exempli-
fies attention to meeting a real demand. Consumers have shown a greater interest in
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obtaining information on various attributes (besides softness) before or even after
purchasing the product. The recent movement of ‘gourmetization’ in this market,
evidenced in TV shows and movements by innovative chefs, increase consumer
interest and consequently their greater involvement with the product.

The purchase occasion also influences the consumer in the definition of attributes
that a product must have at the time of purchase and in the WTP for a higher quality
and safer product. The day-to-day shopper has less concerns when compared to look-
ing for a product for a special occasion (eg dinner with friends or a barbecue).

As aresult of the focus groups, it was found that the group with a high level of
involvement with the product showed concern with the meat production process,
especially the AWE (animal wellfare). This interest was manifested lately in the par-
ticipants since, at first, they did not consider aspects related to the animal, nor were
they sensitive to socio-environmental attributes at the time of purchase. However,
when presenting the different product choice options, AWE was a decisive factor for
most of the group. This behavior was observed in both groups, being more evident
in Group 1 (meat boutique), since they are more involved with the product.

3. Food safety and the red meat in Brazil

The guarantee of food quality is a growing focus of governments, companies and
standardization agents. Efforts are addressed to control the attributes of a food prod-
uct, with a peculiar care with the nutrition and safety characteristics. Guaranteeing
quality is gaining notoriety as food consumption is being better appraised for the
rulers, consumers and companies. This better evaluation suggests more voluntary
quality assurances for companies and more regulation for government ([34], p. 409).

Food safety is consumer’s warranty to acquire a food with quality and health
attributes [35]. Institutions changes like new industrialization processes, new
consumer demands, industrialization and urbanization, increase of competitive-
ness, development of scientific research, decrease of income expenses on food and
globalization demands increasing the consumer, government and private organiza-
tions interest for safety and quality.

Meat is a source of protein and important vitamins and minerals. However,
if produced and marketed in an incorrect way by private companies, can cause
alimentary intoxication and, consequently, loss of value and reputation to final con-
sumer. In the case of Brazilian beef the healthy profile are emphasized as a “green”
cattle (that grows in the fields), different to those intensive processes that led to the
mad cow disease that opens discussions about the State effectiveness in guarantee-
ing consumer’s safety [36].

Understanding how consumer perception behaves over government enforce-
ment policies and private branding strategies could help in an appropriate introduc-
tion of effectiveness communication over food safety aspects. Analyzing the process
of meat purchase, Barcellos and Callegaro [37], interviewed 400 consumers in a
Brazilian city and, through factor analysis, they reduced the variables on informa-
tion quality indicators. Keeping constant the information about the animal, the
product and choosing a specific type of meat, the consumer preference structure
could be defined by the monitoring attributes (or public mechanism) and brand
(private mechanism). We use these results as an assumption to the proposed model.

Scholars have discussed the level of knowledge that consumers have of the food
production process within the boundaries of different constructs. Hanf and Kuhl
[38] argued that quality, in consumer understanding, is a construct with multiple
attributes, and they considered orientation throughout the process as one of the
main dimensions of the quality control system. That is, the production system must
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be explicit: “from farm to fork”. The authors noted that “providing traceability
information and having a transparent production chain becomes a competitive
necessity” ([38], p. 179).

The results found in a study conducted by Burnier et al. [39], involving 725
Brazilian consumers, suggest that concern with the production process is related
to attitude and the intention to buy sustainable meat. The findings of this article
confirm the importance of the “animal wellbeing” (AWB) and “traceability”
attributes in the process of choosing meat. The results suggest that the meat indus-
try and retail sector need to better explore the opportunity for differentiation at the
moment of purchase. They can do this by increasing knowledge about carbon emis-
sions and by disseminating the concept of animal wellbeing in formulating their
communications strategies and in positioning products/brands that have socioenvi-
ronmental attributes offered to the final consumer. Traceability is another relevant
attribute. The willingness to pay (WTP) for traceable meat is greater than that for
paying for meat lacking traceability. The results of that study confirm the need
for traceability in order to verify belief attributes. And food safety is an attribute
very much in demand among consumers. The results make it clear that both types
of traceability (back to the packing plant and back to the farm) are valued when
compared to a non-traceable product. Participants in the study mentioned the pres-
ence of the Federal Inspection Service (SIF) seal as one of the items they observed
at the moment of purchase. This confirms the importance of that seal because of
its association with assurances of the meat’s origin. In interviews with special-
ists, industry representatives indicated “farm to table” traceability as relevant to
company operations as a means for validating food safety and fulfilling agreements
reached with NGOs and the MPF.

4. The red meat industry in Brazil

The subject of branding has gained relevance in recent years in the field of agri-
cultural commodities, particularly when the consumer is faced with making choices
between similar products. By identifying reliable products, through known brands,
with which they themselves identify, the consumer is able to make what they see as
an advantageous purchase [38].

The joint actions of strong brands, at different levels of the production chain,
can add value to the final product in terms of the consumer’s perception of intan-
gible attributes (such as food safety, traceability, and other attributes of trust)
linked to the brand.

The production and industrialization sector of the food industry has gone
through successive credibility crises due to product contamination, and so the
notion of Food Safety has gained strength. Food safety has been the object of inter-
est of several economic agents and some NGOs, who emerge as agents of pressure
on the institutional environment, with the fear of a risk to their health down to the
consumption of adulterated or contaminated foods.

Some surveys indicate that the food choices of consumers have been more influ-
enced by concerns about the impact of food systems on human health - Food Safety.
The perception of a food as safe appears to be a strong requirement in the choice of
a product. Traceability during the different stages of the meat production chain is
seen as a way of making the “quality” of the product more tangible [40].

As an example of response to this sort of pressure, in early 2013 a strong adver-
tising campaign by the JBS company for its Friboi brand was launched as a means of
making consumers aware of the importance of knowing the origin of the beef con-
sumed in Brazil. This campaign was aired shortly after reports that highlighted the
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lack of controls at countless meatpacking plants in Brazil, casting doubt on guaran-
tees of “quality ”’/soundness of the meat sold at retail points and butcher shops. Veja
magazine published forceful articles on the issue, showing threats and diseases that
Brazilians are subject to by consuming that type of meat coming from “clandestine”
suppliers. These issues brought up an opportunity, nor only for sales, but of gaining
a market share. “But for that to happen we had to deal with something very interest-
ing and curious, which is people changing their habits. What we wanted, therefore,
was for people to start asking by brand name for the meat they buy every day [...]%,
commented Marcio Oliveira, president of Lew’ Lara\TBWA, the agency that came
up with the Friboi campaign.

Grunert et al. [18] also emphasizes the importance of the brand as a way of
minimizing consumer uncertainty at the time of purchase. The company can signal
a product of superior quality, reduce the uncertainty of the consumer and encour-
age them to pay a premium price for superior quality [18].

The presence of the Federal Inspection Service (FIS) meat stamp was associated
with the safety of the product by those interviewed in the Barcellos study (2007),
while the certification stamps are associated with higher meat quality. The FIS
stamp is usually present on the packaging and on the meat itself, meaning that it
comes from animals that have been slaughtered in FIS-enabled slaughterhouses.

The brand appears as a relevant variable at the moment of buying meat.
Respondents in the study by Burnier et al. [41] indicated a greater WTP for meat
from a well-known and sustainable brand, which is in line with the findings of
Tonsor and Shupp [42] and Grunert et al. [18]. However, unlike what was expected,
the sustainable brand presented lower values than those of a well-known one. That
indicates that consumers must have confidence in the brand they know because
of intrinsic safety attributes instead of sustainability attributes. When it comes to
extrinsic attributes, especially socioenvironmental characteristics, the brand will
serve to identify the particularities of the productive process (breed, traceability,
animal wellbeing, origin, etc.) that must be considered by more frequent con-
sumers, especially those who make purchases day to day. In the qualitative study,
interviewees indicated that, besides the tenderness attribute, they are concerned
with knowing the animal’s origin (traceability) and with the food’s safety. The beef
brand helps the consumer to have greater security in purchasing a product with the
desired quality including a safer product obtained from controlled ranches.

The “safety” variable was included in the brand value construct and validated
in this work that endorses that relation. The relevance of food security to the meat
consumer appears in the work of Oliveira and Spers [40] and Hanf and Kuhl [38],
where these researchers confirm the importance of production methods that have
a format oriented towards guaranteeing traceability, so that they are capable of
transmitting to consumers attributes of trust related to food security.

5. The red meat retailing sector in Brazil

The high-quality beef market in Brazil has changed greatly over the last 5 years
and is becoming increasingly sophisticated. We can no longer call it a niche, since
a short time ago meat packers were selling boxes to the major retail chains and
now, they are selling truckloads. Premium and Gourmet beef have rigid produc-
tion rules, including demands for animals with at least 50% European genetics.
Meatpacking plants also prefer British breeds such as Aberdeen Angus and
Hereford. Males must be young, less than 24 months old, castrated and with at most
two permanent teeth, which characterizes a young animal. Females can have up
to 4 teeth. The carcass must have a fat finish according to specifications from the
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meatpacking plants. The now, breeding cow will always be a Zebu, basically from
the Nelore breed. The more it has been genetically improved, the better the cross
will be, since the cow contributes 50% of the calf’s quality. There are dozens of
high-quality beef brands in Brazil. All are top of the line products from the major
meatpackers and distributors. A large share is sold to steakhouses, restaurants
and churrascarias, which look for grill cuts that meet high standards. Retail sales
through supermarkets and butcher shops have been increasing constantly.

The Premium beef segment, unlike the one for wines and coffees, is not yet
totally consolidated. Consumers do not yet have a clear perception of levels of
quality such as differences in flavor, tenderness, texture and presentation of differ-
ent and new cuts. A sizable number of consumers have reached a level where when
they schedule a barbecue for friends, they no longer want to take risks in buying
the meat. They prefer to pay a little more in order to be certain they are offering a
quality barbecue [43].

Another tendency is the gourmet butcher shop. These establishments invest in
different cuts for day-to-day recipes. The old-style butcher shops with tile flooring
and hooks hanging from the ceilings have been a rarity in large urban centres for
some time. A few survive, mainly in lower-income neighborhoods, but the place to
buy beef now is officially at the supermarket. But supermarkets do not offer more
sophisticated or newer cuts, or move away from the commonplace. And the growth
in gastronomy means that consumer demands and the search for specialty meats
have also increased. This is where the gourmet butcher shops come in, seeking to
change the relationship between the client and the ingredient.

One of the pioneers in the business was Marcos Bassi; this chef was a butcher
back in the 1960s. In his business he has always offered special cuts. His boutique
store appeared in 1985 as an extension of a barbecue restaurant. It offers almost all
of the cuts for a barbecue, as well as Argentine meats, game, craft beers and wines.
This type of establishment is now in fashion, and the clientele continues to be
faithful to the products, since it is possible to exchange a piece of meat that has not
pleased them.

Another trend is for using the Angus line (a breed with superior quality meat) sold
in packaged half-kilogram portions (always vacuum packed). That makes life easier
for couples without children or even singles. For the visit to be complete, the store
must also provide different types of salt, sauces and everything needed to comple-
ment the barbecue, in other words, an emporium completely focused on meat.

A common practice in this type of butcher’s is for the owner to help the client
to choose the cuts, provide feedback about appropriate quality and encourage the
consumption of different products. Instead of the familiar picanha (rump steak) a
cut traditionally favored by Brazilian barbecuers, some owners advise that it may
be much more interesting to use other pieces such as shoulder (more marbled),
bananinha (strips of meat from between the ribs, with a buttery taste) or, for those
who prefer fillet mignon, the round cut (as tender as the fillet, but tastier). Besides
these cuts being flavourful and appropriate for barbecue, they are also cheaper.

Additionally, it is important to discover the world that is behind the counter with
its vacuum-packed red packages. The “world of beef” involves other factors, such
as breeding the animals, the diet fed to the cattle, the time for slaughter... Each of
these items will determine the type of product. Some of these entrepreneurs believe
that the meat found in supermarkets is of doubtful quality. Consumers have less
information about the procedence of what they are buying, when compared with
the precedence good meat boutiques.

Another tendency is to promote an environment that people will enjoy visiting.
Some entrepreneurs seek to closely control all stages of beef production and relate
directly to the final consumer. Having classes and providing recipes at the sales
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point leads the customer to understand that “there is no second-rate meet, but
instead poor preparation.” It is thus possible to suggest less “noble” cuts (ground
beef made from chuck, ragu made from knuckle or tender chuck) and stop the
obssession Brazilians have of thinking that good meat is fillet mignon meat [44].

The butcher shop is being transformed in order to provide a more pleasant envi-
ronment for the client, who is increasingly demanding, with a diversity of products
and personalized service. That strategy seeks to strengthen smaller companies so
that they can face competition from the supermarkets.

Butcher shops have seen that in order to survive they must offer differenti-
ated services that add value to the product, says Manuel Henrique Faria Ramos,
president of the Fresh Meat Retail Association in the State of Sdo Paulo. That is no
abstract tendency, but a reality, and those who do not follow it run the risk of hav-
ing to close their doors, he states. According to Ramos, modernisation is necessary
for butcher ships set up in more well-to-do neighborhoods, but is also important for
establishments operating in less prosperous regions. According to the association,
there are around 17 thousand butcher shops in the State of Sdo Paulo. Of those,
around 80% have incomes of up to BRL 240 thousand per annum, and only 2% go
beyond BRL 2 million.

But to be a success, it is not enough to have a pretty shop; one must have the best
products and the best services. Shop owners who do not modernize will become
stuck in place. Consumers are more demanding. Besides direct sales to consumers,
some stores organize courses that teach people how to barbecue. Specialists indicate
that the movement towards modernizing butcher shop facilities is natural and simi-
lar to what happened earlier with bakeries: a movement to provide more comfort
and wellbeing to the consumer. The butcher shop environment must be clean, but
need not be uninviting, all in white [45].

6. Sustainable beef in Brazil

Sustainable consumption may be the result of a decision-making process that
considers not only the individual needs of consumers (related to taste, price and
convenience), but also perceptions and attitudes related to social responsibility
(environment and fair trade), labelling (brand and seal) and sustainable food
production (traceability, CO2 emissions and animal wellbeing). Sustainable prod-
ucts tend to be perceived by buyers and having better quality and greater social,
environmental and economic value. The beef sector must recognize this consumer
behavior in order to improve sustainability and to develop actions for meeting
legislation related to that demand.

Food safety has become a point of interest to various economic agents, and
the result is pressure coming from the institutional environment, because of the
perception that there are probable risks to health due to consumption of adulterated
or contaminated foods. The perception that a certain food is safe is now a strong
requirement for differentiating its price. The origin of a product and the assurance
of soundness during its production and sale processes have come to be valued by
consumers. Traceability throughout the different stages of the chain can be a form
of validating a products “quality”

A study by Imaflora “Comportamento e consumo verde dos brasileiros - o
caminho para uma atuacgdo social e ambientalmente responsavel (Green behaviour
and consumption among Brazilians — the path to socially and environmentally
responsible action” [46] indicates that 51% of the interviewees are considered to
have an “interested” profile. They are concerned with illegal deforestation, the
destruction of native forests and the depletion of natural resources. They also have
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concerns that are reflected in their the day-to-day and consumption habits. Persons
with this profile are beginning to inform themselves about sustainable practices,
value local production and choose products that can be recycled. Water pollution,
illegal deforestation and destruction of native forests are among the socioenvi-
ronmental issues that most concern Brazilian consumers. In the food sector the
main factor in choosing foods is price, followed by Origin and Procedence (48%).
The results of this study reinforce the importance of using seals and certificates to
demonstrate socioenvironmental commitments, and help to direct communications
activities that can promote and differentiate products and brands.

The beef sector is working to continuously improve its sustainability in order to
achieve more desirable results in environmental, social and economic terms, which
are increasingly more important for consumers. There are clearly observable efforts
underway in the retail networks that encourage conscious consumption and that
seek to help their clients think about how sustainability can become a part of the
consumers daily lives, by presenting them with initiatives they can participate in.
In this case, with conscious consumption, consumers reflect on their purchasing
habits and on the factors that determine their choices. They are provided conditions
for analyzing the impact they can have on the ecosystem.

In this context, retail networks are demonstrating interest in selling products
with socioenvironmental attributes; however, they emphasize that the lack of
knowledge among final consumers makes it difficult to execute a policy of premium
prices for “green” products. Since 2015, the three main retail networks in Brazil have
been developing sustainable ranching platforms, demonstrating a strong commit-
ment to monitoring the origin of the beef sold in their stores. Origin of the beef
refers here to socioenvironmental practices by the ranches that produce the animals
that will be slaughtered and offered for sale at the national retail level.

Sustainability in the beef sector is directly related to several socioenvironmen-
tal dimensions. Cattle ranching is considered to be one of the sectors that most
contributes towards deforestation in Brazil. Conversion of forests into pasture is
the best-known and documented impact coming from the beef production chain.
Additionally, issues related to animal wellbeing, slave labour and emission of gases
(CO2 and methane) appear as directly related to the expression “sustainable beef”.
In practice, the industry (meatpacking plants) and retailers also consider these top-
ics as the basis for defining their sustainable ranching platforms. For these reasons,
beef cattle ranching along with Brazilian soy are key commodities in international
agreements in international agreements on climate changes [47].

In addition to the pressure exerted by demand, other actors have shown concern
about the origin of the product and compliance with socioenvironmental attributes
throughout the Beef supply chainbThe lack of an efficient traceability system in
the Brazilian beef chain creates unnecessary risks that arise regarding the origin
of cattle in the various links of the chain - e.g., meat processing industry, retailers,
investors. Recently, international investors have questioned the major Brazilian
meat producers, worldwide leaders in Beef production, about the origin of the
animals that they slaughter in their plants in order to avoid running the risk of
financing deforestation in Brazilian territory. Similar pressure is also being put on
the beef production industry by retailers so as to avoid the risk of selling products
obtained from areas with socioenvironmental problems (deforestation). Since 2009,
the Federal Public Prosecution Service (MPF) has been promoting agreements with
retailers and meatpacking companies covering all the links in the ranching chain
that can guarantee that cattle are coming from areas without deforestation. Civil
society has published studies that demonstrate the importance of monitoring and
controlling cattle origin in order to assure that deforestation is suppressed through-
out the beef production chain.
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In response to these pressures the major Brazilian meat companies announced
new platforms in late 2020 seeking to achieve efficient traceability and meet
domestic and international demands so as to mitigate risks and promote transpar-
ency and environmental conservation. In August 2020, Marfrig, the second larg-
est Brazilian meat exporter communicated its Marfrig Verde+ Plan that set out a
programme for achieving a chain free of deforestation by 2030. In September it was
the turn for another Brazilian producer, JBS, to communicate that it will monitor
its entire supply chain to cut deforestation by 2025. That announcement was made
weeks after the Norwegian asset management fund Nordea announced that it would
withdraw its participation of some 40 million euros (around BRL 260 million)
from JBS because of the company’s lack of engagement in environmental issues. In
2019, after forest fires raged through the Amazon Rainforest, a group of 251 inves-
tors demanded a reduction in deforestation, identifying environmental impacts as
“systemic risks” to their portfolios. Biodiversity and climate changes are important
topics to agricultural markets that are exposed to extreme weather conditions, and
to environmentally aware consumers, says Matt McLuckie, research director for
Planet Tracker, a not-for-profit organization in the United Kingdom that seeks to
redirect capital into sustainable development. “The trends have not been positive
for agricultural producers, especially in the beef sector” [48].

7. Concluding remarks

The worldwide scenario for the beef chain favors an increase in Brazilian beef
exports. Additionally, new markets are being opened, such as Russia, the Middle
East and Asia. Therefore, the search for quality products and the satisfaction of
needs and tastes among the different consumer markets is crucial for Brazil to
remain an exporter of meats worldwide. Thus, Brazilian entrepreneurs from the
ranching sector began to work with new concepts such as Traceability, Certification
and Certifiers, beginning with institution of the Brazilian System for Registering
Bovines and Bubalines (SISBOV), on 01/10/2002 [49].

The study of Burnier et al. [39] enables a better understanding of sustainable
practices in the beef supply chain through identification and measurement of
activities developed throughout the production process, which can help managers
with formulating communication strategies and product/brand positioning in
response to consumer concerns over the production process. These communication
strategies should be a means of creating opportunities for more efficient modes of
production, because they facilitate consumer understanding regarding responsible
actions undertaken in the stages of the production process. Aware of consumer will-
ingness to consume products with socio-environmental production attributes, the
world’s second-largest beef producing company launched the Carbon Neutral Beef
initiative (CNB) in 2020, which responds to a call for productive efficiency, reduc-
tion of environmental impact and attention to animal welfare [50]. With this new
CNB concept, several of the elements present in the scale proposed in this study are
clearly communicated (animal welfare, traceability, environmental responsibility).

In Brazil, responding to the need to update traditional and inefficient production
models, one can cite initiatives that advocate processes that are safer and valued for
socio-environmental aspects such as the use of Integrated Crop-Livestock-Forest
Systems (ILPF) for the production of meat, grains and wood. According to Alves,
Almeida & Laura [51], among the advantages of these processes are sustainable
intensification of land use, diversification of production, soil conservation, better
use of natural resources and inputs, reduction of pressure by opening up new areas
(earth-saving effect), animal welfare, carbon sequestration and the mitigation of gas
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emissions. Thus, the production of beef cattle, through systems in crop-livestock-
forest integration (ILPF), makes Brazil an important player in the sector by offering
sustainable meat produced in the tropics. On the adaptations that occurred in the
production system, Embrapa Gado de Corte created a concept brand for beef, Carne
Carbono Neutro (CCN). Alves, Almeida & Laura [51] explain that, among others,
the objectives of the CCN concept brand are to offer quality guarantees for a certified
product, derived from an innovative business model, concerned with carbon emis-
sions, with the environment, with animal welfare, with the adoption of good agricul-
tural practices and with the compliance with current Brazilian socio-environmental
laws. A symbol of greater productive efficiency, reduction of environmental impact
and concern for animal welfare, CCN represents a differentiated product that reflects
adaptations in animal production systems to meet a new consumption trend.

A study by two Higher Education Institutions, UFMS and ESALQ/USP, in
partnership with researchers from Embrapa Gado de Corte aimed to learn about
the perception of Brazilians about the consumption of beef and about a Brazilian
concept brand developed by Embrapa (Carne Carbono Neutro, or Neutral Carbon
Meat). Attention should be paid to an important result obtained by the study. There
is a representative consumption behavior in Brazil, attentive to good production
practices, in addition to positive attitudes related to the initiatives for presenting
innovative products to the market that respond to consumer concerns related
to animal welfare and the association of attentive food production. Legal bases
and sustainability issues. On the other hand, at least a quarter of the interviewed
population is represented by attitudes of indifference in relation to production
issues and, also, of denial and disbelief in relation to the CCN concept brand. The
variables that best contributed to explain this type of behavior are related to the
lack of information or knowledge and the notion of risk. The lack of information
or the erroneous information that reaches the final consumer about the problems
related to food safety and the risk of consumption represent barriers to the com-
mercialization of conventional protein and, mainly, to the CCN concept brand since
it is an innovative product in the market. This study found that innovation was a
generating factor of distrust on the part of final consumers. Thus, considering the
future challenges for food supply, the research carried out in the national territory
and analysis of the proposed typology allows us to state that there is an agenda
of opportunities for productive systems that value socio-environmental aspects
and responsible production. However, these initiatives will only make sense to the
consumer population with a lot of investment in communication campaigns. Being
assertive, the availability of most consumers to consume and pay for the differenti-
ated product will be verified.

Another tendency now appearing in Brazil are meat boutiques with premium,
gourmet and in some cases sustainable products. Beef Passion is a brand of beef
produced in house, that is certified and sustainable and offers 72 exclusive cuts. The
company prioritizes animal wellbeing through management that conditions the
animals to being docile based on trust between different species, including humans,
until the mature age for slaughter. On a daily basis, they use methods for condition-
ing the animals, such as ambient sound in the SPA and the sound of a cow horn
during handling, as well as interaction with balls and people so that they can adapt
to different situations in which they will pass through the next stages of their lives.
Along with that the team is trained in methods for leading the animals, always with
great calm and respect. The Beef Passion team believes that cattle are sacred animals
that must be treated throughout their entire life cycles. All the production is tracked,
raising is done in under an extensive system in central western Brazil, fattening
occurs in a system with intensive supplments and pastures and finishing is done at
the bovine SPA in the state of Sdo Paulo. Genetic selection seeks to optimize the fat
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and fibers in the carcass. The company crosses the Angus and Wagyu breeds origi-
nally fron Australia and Japan, producing cuts under the “Australian Passion” and
“Grand Passion” seals. After stunning and slaughter, the carcasses rest for 48 hours
before being portioned and vacuum-packed. Boneless cuts are chilled, while those
with bones are frozen according to the federal inspection norms (SIF) for Brazil.

As aresult, the company has a standardized product of high quality and low lev-
els of saturated fat, with 70% of the fat in the meat being unsaturated. Futhermore,
the meat is certified as 100% sustainable by Rainforest Alliance, which attests to
socioenvironmental excellence throughtout the production system [52].
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