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Chapter 1

Introductory Chapter: Meat Science and Human
Nutrition

Aftab Ahmed, Muhammad Sajid Arshad,
Ali Imran and Shinawar Waseem Ali

Additional information is available at the end of the chapter
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1. Introduction

Meat holds a pivotal position among most of the communities. Meat is viewed as a sustenance
of high nutritive incentive as its protein has 70% of biological availability in the body, and
therefore it is frequently seen as the main food while planning meals. It is comparatively a
good source of metabolically active iron and furthermore enhances its absorption from other
food sources, its amino acid composition supplements the nutrition of many plant foods, and it
is a concerted supply of vitamin B complex, including vitamin B, ,, which is not present in plant
foods. Therefore, meat and meat products are preferred to fulfill protein requirements [1].

2. Meat as a source of protein

Human prerequisites for protein have been altogether researched throughout the years and
are assessed to be 55 g for each day for a grown-up male and 45 g for female. There is a
higher need in different malady states and states of strain. These quantities allude to protein
of what is named “good quality” and exceedingly palatable; generally, the sum ingested
must be expanded proportionately to recompense for poor quality and lower palatability [2].
Generally, the muscle comprises of around 75% water, 20% protein, and 3% fat. Proteins are
the real segment of the dry matter of lean meat. Nine of the amino acids in proteins are basic
(or semi-fundamental) in light of the fact that the human body is unable to produce them and
thus should be taken up in diet [1]. Consequently, the prerequisite for dietary protein com-
prises of two segments: (a) necessity for the nutritiously basic amino acids and (b) the need
to meet the prerequisite for non-particular nitrogen keeping in mind the end goal to supply
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the nitrogen fundamental for the supply of the healthy nonessential amino acids and other
physiologically essential nitrogen-containing chemical compounds (nucleic acids, creatine,
and porphyrins). Proteins are separated into their constituent amino acids in a process called
digestion, which are then consumed and utilized for the biosynthesis of endogenous proteins
[2]. These are fundamental for the human body in different capacities with respect to the
development and repairing of the tissues, for the correct elements of the antibodies and for
the control of catalysts and hormones [3]. There exists a tremendous variation in amino acid
profile among different food sources, and it depends upon the unique mechanism of protein
synthesis. The nutrition-delivering attribute of a protein depends upon the capacity of satis-
fying the human body needs [4]. Low-quality dietary proteins demonstrate an imbalanced
proportion of fundamental amino acids; the most missing is known as the limiting amino
acid [5]. The amino acid arrangement of meat protein is generally consistent paying little
heed to the cut or organ from which the meat is procured. An outstanding exemption is for
meats containing a lot of connective tissue, due to the unique amino acid profile of collagen
and elastin. Meat contains mostly elevated amounts of the key essential amino acids, lysine,
threonine, and tryptophan, and sulfur-containing amino acids (methionine, cysteine, homo-
cysteine, and taurine) [6]. Protein quality is typically characterized by the amino acid profile
of egg protein, which is viewed as a standard. It isn’t amazing that animal proteins, for
example, meat, milk, and cheese, have a tendency to be of a higher protein quality than plant
proteins. Animal proteins have a superior palatability (95%) contrasted with plant proteins
(80-90%) [7]. The lower digestibility of plant proteins is due to the fact that plant proteins
are always present enclosed in a polysaccharide network that resists the proteolytic enzymes
to interact with the food protein. A solid nourishment requires an adjusted blend of various
sustenance proteins. By consolidating plant and animal sustenance, the dietary nature of the
protein can be expanded on account of the supplementing impact [8].

3. Fat

Fat is the wealthiest dietary wellspring of vitality and supplies basic nutrients, for example,
basic unsaturated fats, and in addition precursors of other nutrients that control various
physiological processes (e.g., prostaglandins) and retain fat-based vitamins (A, D, E, and K)
[9]. Additionally, fat has a conclusive significance as the most dense energy source for the
body, as obsession and also a security of the organs and as wellspring of unsaturated fats
which again go about as auxiliary component of cell films [10]. Fat additionally gives accept-
ability and flavor to nourishment. In the correct extents, it is subsequently a basic segment of
any adjusted eating regimen, and consequently the level of fat decrease must not just consider
tactile or mechanical factors yet it should likewise be, for example, to keep away from loss of
wholesome advantages [11]. Meat is taken a gander at basically in light of its fat substance
being for the most part included under the heading of fatty nourishments [12]. The fat in
animals is principally found in their fatty tissue and is recognized as terminal fat (to a great
extent, subcutaneous fatty tissue), intermuscular and intramuscular fat [13]. The remainder
of these is called marbling. The measure of intermuscular and terminal fat present in a meat
cut shifts, contingent upon the fat discharge of the animal and how the cut has been trimmed.
As opposed to the far-reaching conviction that animal fat is for the most part made out of



Introductory Chapter: Meat Science and Human Nutrition
http://dx.doi.org/10.5772/intechopen.81001

saturated fatty acids (SFA), generally 50% of the fatty acids in meat are unsaturated. Meat
lipids more often than not contain under 50% SFA and up to 70% (hamburger 50-52%, pork
55-57%, sheep 50-52%, and chicken 70%) unsaturated fats. Meat unsaturated fat synthesis
is impacted by hereditary elements, in spite of the fact that to a lower degree than dietary
components [14]. The level of heftiness likewise affects the meat unsaturated fat synthesis.
The substance of saturated and monounsaturated unsaturated fatty acids (MUFA) increments
speedier with expanding largeness than does the substance of polyunsaturated unsaturated
fatty acids (PUFA), bringing about a decline in the relative extent of PUFA and therefore in
the polyunsaturated/saturated fatty acid (P/S) proportion [15]. The impact of largeness on
the P/S proportion can be disclosed to a substantial degree by contrasts in the fatty acids
arrangement of the real lipid portions and the relative commitment of these parts to add up
to lipids [16]. Muscle lipids are made out of polar lipids, basically phospholipids situated in
the phone layers, and impartial lipids comprising essentially of triacylglycerols in the adipo-
cytes that are situated along the muscle filaments and in the interfascicular zone [17]. A little
measure of triacylglycerols is additionally present as cytosolic beads in the muscle strands.
The substance of phospholipids in the muscle is moderately autonomous of the aggregate
fat substance and differs in the vicinity of 0.2 and 1% of muscle weight. Be that as it may, the
substance of muscle triacylglycerols is emphatically identified with the aggregate fat sub-
stance and differs from 0.2 to more than 5% [18]. Phospholipids are especially rich in PUFA,
though triacylglycerols contain bring-down measures of PUFA [8]. Since phospholipids are
layer parts, their extent of SFA to unsaturated fats is entirely controlled so as to keep up film
properties. Despite the fact that the PUFA substance of triacylglyerols can be impacted by
dietary elements, especially in monogastrics, it is weakened once more by fatty acid union
comprising of SFA and MUFA, accordingly, causing a decrease in the P/S proportion with
expanding fat testimony [19]. The most omnipresent fatty acids in meat are oleic (C18:1),
palmitic (C16:0), and stearic (C18:0) acid. Linoleic acid (C18:2n-6) is the transcendent PUFA
(0.5-7%), trailed by alpha-linolenic acid (C18:3n-3). Trans-fatty acids involve beneath 0.5%
of aggregate fatty acids over a wide range of meat from monogastric animals; in ruminant
meats they speak to around 2-4% [20]. The biggest piece of soaked, monounsaturated, and
polyunsaturated fatty acids are provided by the eating routine and however can likewise be
incorporated in the body with exemption of the n-3 and n-6 fatty acids [21]. Thusly, these two
gatherings of PUFAs are essential and must be provided by the sustenance. Meat can add to
the supply with physiologically essential long-chain polyunsaturated n-3 fatty acids (LC n-3
PUFA), i.e., eicosapentaenoic acid (EPA), docosapentaenoic acid (DPA), and docosahexaenoic
acid (DHA), which appeared to apply different valuable well-being impacts, in light of the fact
that meat is much more regularly devoured than fish [22]. Because of the extremely restricted
in vivo combination of EPA and DHA from dietary alpha-linolenic acid in grown-up people,
animals can be viewed as a transformer of alpha-linolenic acid to EPA and DHA through their
amalgamation and following stockpiling in their muscles [23]. EPA and DHA are principally
consolidated into muscle tissue phospholipids. In this way, lean meat should be considered
when dietary LC n-3 PUFA admissions are resolved [24]. Fatty fish and fish are known to be
a rich wellspring of the LC n-3 PUFA, bringing about general well-being proposals for consis-
tent utilization of fatty fish [25]. Be that as it may, fatty fish has its negative perspectives too.
Harmful mixes, for example, fat-dissolvable methyl mercury, dioxins, and polychlorinated
biphenyls, are found in fatty fish. Moreover, the world’s seas are intensively fished, abandon-
ing a few species in peril of termination [26]. Hence elective nourishment sources are being
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produced, empowered by the presentation of nutritious and well-being claims for utilitarian
sustenance rich in LC n-3 PUFA [27]. These comprise of processed foods enriched with LC
n-3 PUFA from microalgal and different sources and meat, milk and eggs from domesticated
animals bolstered n-3-rich weight control plans. Advance improvement of meat with the LC
n-3 PUFA might be a functional other option to expand the utilization of fish as a method for
expanding populace admissions of LC n-3 PUFA [28].

4. Meat vitamins

Vitamins are a mind-boggling gathering of natural intensifiers that are by and large present
in little amounts in foodstuffs [29]. Vitamins are critical as cofactors in enzymatic procedures
and furthermore have hormonal role. Generally, vitamins have been characterized based on
their dissolvability in either lipid or fluid solvents, and they are along these lines comprehen-
sively isolated into fat- and water-dissolvable vitamin classifications [30]. Fat-solvent vita-
mins have a tendency for the most part to be reserved in the liver and fat tissues of animals,
in relationship with reserved fat, and they are not promptly discharged [31]. Water-solvent
vitamins, then again, have a tendency to be deposited to a far lesser degree in the body. The
vitamins contained in animal and human eating methodologies are prevalently gotten from
either plant or microbial source. Animal cells keep up the capacity for a new combination of
a few vitamins, for example, vitamin D and, contingent upon the species included, niacin
and ascorbate and additionally the capacity to change over forerunners (provitamins) to their
dynamic frame. Moreover, commensal microorganisms in both the ruminant and nonrumi-
nant stomach-related tract can fill in as wellspring of vitamins, for example, vitamin K and
the water-dissolvable B-complex vitamins [32]. Meat has for some time been perceived as a
decent wellspring of B vitamins for human nourishment. Vitamin B6 exists in six structures:
pyridoxal (PL), pyridoxine (PN), pyridoxamine (PM), and their phosphate subordinates: pyri-
doxal 5'-phosphate (PLP), pyridoxine 5'-phosphate (PNP), and pyridoxamine 5'-phosphate
(PMP) [33]. PLP is the dynamic coenzyme shape and is the most essential frame in human
digestion. It assumes a key part in the capacity of roughly 100 compounds that catalyze basic
synthetic responses in the human body [34]. For instance, PLP works as a coenzyme for glyco-
gen phosphorylase, a chemical that catalyzes the arrival of glucose put away in the muscle as
glycogen [8]. A significant part of the PLP in the human body is found in the muscle bound to
glycogen phosphorylase [35]. PLP is additionally a coenzyme for responses used to create glu-
cose from amino acids, a procedure known as gluconeogenesis. Vitamin B1, otherwise called
thiamine, is basic for ordinary cell capacities, development, and advancement. Thiamine in its
coenzyme frame, thiamine diphosphate, assumes an urgent part in typical starch digestion, in
which it takes part in the decarboxylation of pyruvic and a-ketoglutaric acids and in the usage
of pentose in the hexose monophosphate pathway [36]. People and different well-evolved
animals can’t make thiamine and along these lines must acquire the vitamin from exogenous
sources by means of intestinal retention [12]. Meat has been perceived as a decent wellspring
of thiamine. Vitamin B2, generally named riboflavin, is an antecedent of flavin mononucleo-
tide (FMN) and flavin adenine dinucleotide (FAD). FMN and FAD are coenzymes for various
oxidases and dehydrogenases in eukaryotic cells. Vitamin B12 is the biggest and most com-
plex of the considerable number of vitamins [37]. The structure of B12 depends on a corrin
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ring, which is like the porphyrin ring found in heme, chlorophyll, and cytochrome. The focal
metal particle is cobalt (Co*). Hence, cobalamin is the term used to allude to mixes having B12
action [38]. Methylcobalamin and 5-deoxyadenosyl cobalamin are the types of vitamin B12
utilized as a part of the human digestion. Vitamin B12 is particularly synthesized by microor-
ganisms or by consolidation of some microbial constituents into nourishments. In ruminants,
vitamin B12 is synthesized inside the rumen and consumed through the stomach-related tract
preceding being transported by means of blood to body tissues. Ruminant items (meat and
milk) constitute the significant normal wellspring of vitamin B12 for people [13]. Niacin is
an essential component of coenzymes NAD and NADP, which act as a hydrogen donor or
electron acceptor and required by approximately 200 enzymes primarily dehydrogenases.
Pantothenic acid functions in the body as a component of CoA and 4'-phosphopantetheine
[39]. Biotin functions in cells by covalently binding with enzymes and thus is considered as
coenzyme. In addition, biotin functions in non-coenzyme roles including possible roles in
cell proliferation and gene expression. Folate is involved in the metabolism of several amino
acids, including histidine, serine, glycine, and methionine [11].

5. Minerals and trace elements

Meat also contains minerals and vitamins in addition to other nutrients like protein and fat.
They are considered an essential part of diet as the body is unable to synthesize them, and
they are involved in important life-sustaining metabolic pathways [1]. The most abundantly
found minerals in meat are discussed below.

5.1. Iron

The quantity of iron consumed from the daily food intake relies upon an array of factors
including its compound structure, the concurrent presence of other food components that can
upregulate or downregulate its absorption, and different physiological variables of the indi-
vidual including iron status. In general, while setting recommended daily intake of nutrients,
the extent of iron ingested from a blended daily intake is normally taken as 10%. Half of the
iron in meat is available as heme iron (in hemoglobin) [40]. Both heme iron and non-heme
iron (inorganic iron) are abundantly found in meat; moreover, iron absorption-reducing factors
(phytate, tannins, oxalate, and fibers) are also found missing in meat. The bioavailability of iron
in the body is approximately 1-10% from non-heme, while heme iron contributes 20-25% in
iron absorption. The iron absorbed from meat source does not only have increased absorption
in the human body but also helps in the proper absorption of iron from other sources; therefore,
the intake of meat is recommended along other sources to prevent the occurrence of anemia [7].

Besides, the admission of meat tissue is known to improve the retention of non-heme and
heme iron, the supposed “meat factor.” The meat factor has not yet been distinguished
but rather in a few examinations has been credited to cysteine or cysteine-containing pep-
tides [41]. The possibility of cysteine and cysteine-containing peptides as the meat factor
was additionally researched by others with the real discoveries that salt-dissolvable meat
protein extricates containing for the most part myofibrillar proteins showed upgraded
in vitro iron dialyzability [42]. Proposed, in the light of scientific explorations, it has been
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observed that iron-binding peptides are created by pepsin processing and tie iron in a dis-
solvable frame in the stomach, anticipating connection with assimilation inhibitors, for
example, phytic acid and polyphenols [14]. An eating regimen which is principally made
out of vegetables, rice, beans, and corn is related with a poor iron bioavailability which
in any event clarifies the high occurrence of weakness in under developed nations. Meat
iron functions in the body as part of several proteins, including serving as a cofactor for
dozens of enzymes. In many body proteins, iron is present as part of heme [43]. In other
proteins, iron is found in a cluster with sulfur (2Fe-2S, 4Fe-4S, or 3Fe-45), by itself as a
single atom or as part of a bridge with oxygen. Heme proteins represent the largest group
and include hemoglobin, myoglobin, and cytochromes involved in electron transport and
enzymes such as monooxygenases, dioxygenases, and oxidases [44]. Iron-sulfur proteins
also include several enzymes involved in electron transport, as well as a few non-redox
enzymes such as aconitase and ferrochelatase. Proteins that contain single iron atoms are
mostly mono- and dioxygenase enzymes, and the one iron-oxygen bridge protein also is an
enzyme, ribonucleotide reductase [15].

5.2. Copper

The essentiality of copper is due, in part, to its participation as an enzyme cofactor and as an
allosteric component of enzymes. Superoxide dismutase (SOD) is copper- and zinc-dependent
and is found in the cytosol of most cells of the body [45]. The phospholipid components of
cells are extensively damaged by superoxide radicals. In other words, without SOD, superox-
ide radicals can form more destructive hydroxyl radicals that can damage unsaturated double
bonds in cell membranes, fatty acids, and other molecules in cells. SOD therefore assumes a
very important protective function. Cytochrome c oxidase contains three copper atoms per
molecule [46]. One subunit of the enzyme contains two copper atoms and functions in elec-
tron transfer. Amine oxidases are also copper dependent. The oxidation of biogenic amines
like tyramine, histamine, and dopamine into aldehydes and ammonium ions is catalyzed by
amine oxidases, found both in the blood and in body tissues [47].

5.3. Zinc

Meat is the wealthiest wellspring of zinc in the eating routine and supplies 33% to one portion
of the aggregate zinc admission of meat-eaters. It is notable that ingestion of dietary zinc from
animal protein-based suppers is higher contrasted with whole grain-based dinners [48]. The
fundamental reason is, as depicted for iron, the nonattendance of zinc ingestion hindering
elements like phytate and filaments. It has been demonstrated that meat protein upgrades
zinc retention from phytate-containing suppers because of its liking for zinc contrasted with
phytate [49].

Zinc is present in all tissues of the body and is a component of more than 50 enzymes.
Carbonic anhydrase, found primarily in the erythrocytes and in the renal tubule, is essential
for respiration. Alkaline phosphatase contains four zinc atoms per enzyme molecule [50]. The
enzyme, found mainly in the bone and in the liver (with small amounts in the plasma). Alcohol
dehydrogenase also contains four zinc ions per enzyme molecule, with two of the four required
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for catalytic activity and two required for structural purposes (protein conformation). This
enzyme is important in the conversion of alcohols to aldehydes (e.g., retinol to retinal, which
is needed for the visual cycle and night vision) [51]. Carboxypeptidase A, an exopeptidase
secreted by the pancreas into the duodenum, is necessary to digest proteins. Aminopeptidase is
also involved in protein digestion. Aminopeptidases contain one zinc atom, needed for cata-
lytic activity. The enzyme cleaves amino acids from the amino terminal end of the protein or
polypeptide that is being digested in the intestinal tract. Superoxide dismutase (SOD) found
in the cell cytoplasm requires two atoms each of zinc and copper for function; zinc appears to
have a structural role in the enzyme [52].

5.4. Manganese

Meat is a rich source of metabolically active manganese. At the molecular level, manganese,
like other trace elements, can function both as an enzyme activator and as a constituent of
metalloenzymes. Many transferases require manganese [53]. Two examples are xylosyl trans-
ferases and glycosyl (or called galactosyl) transferases. Glycosyl transferases catalyze the
transfer of a sugar moiety such as galactose from uridine diphosphate (UDP) to an acceptor
molecule. Manganese also activates prolidase, a dipeptidase with specificity for dipeptides
[14]. The final step of collagen degradation is catalyzed by prolidase found in dermal fibro-
blasts. Arginase, which requires four manganese atoms per molecule, is a cytosolic enzyme
responsible for urea formation and found in high concentrations in the liver [54]. The Mn*
may allosterically activate arginase through a pH-mediated role. Low-manganese diets in
animals have been shown to decrease arginase activity. Phosphoenolpyruvate carboxykinase
(PEPCK), also activated by manganese, converts oxaloacetate to phosphoenolpyruvate and
carbon dioxide. This reaction is important in gluconeogenesis [55]. The activity of phospho-
enolpyruvate carboxykinase decreases in animals with manganese deficiency. Pyruvate car-
boxylase, which contains four manganese atoms, converts pyruvate to oxaloacetate, a TCA
cycle intermediate [56].

5.5. Selenium

The trace component selenium (Se) is a significant supplement for human well-being. It is
a part of various imperative selenoproteins including compounds required for such capaci-
ties as antioxidative guard, lessening of aggravation, thyroid hormone creation, DNA pro-
duction, and proliferation [57]. It can likewise be changed over in the body to Se metabolites
that are thought to decrease the blood supply to tumors and destroy malignancy cells [58].
The animals raised utilizing low-Se feedstuff store generally low centralizations of the min-
eral in their tissues and consumable items (e.g., milk, eggs), while animals nourished with
a moderately high-Se eating routine yield sustenance items with substantially higher Se
fixations. On account of the requirements of domesticated animals for Se to avoid crippling
inadequacy disorders, Se (typically as Na,SeO,) is regularly utilized as a sustain supplement
in animal nourishment in numerous parts of the world. This strategy has momentously
decreased the incidents of selenium deficiencies in North America and Europe during the
last 25 years [59].
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Abstract

The consumer’s profile has changed, and in recent years, there has been a greater concern
for the nutritional quality of meat, especially in relation to fat that compose it. The meat
fat composition can contribute to the onset of cardiovascular disease. On the other hand,
fat is an essential component in the human diet, as well as providing energy; it contains
essential fatty acids (FAs) that must be present in food. The meat nutritional properties
are largely related to its fat content and fatty acid composition. In addition, fat gives
flavor to food, helps in the absorption of vitamins, and plays an important role in the
immune response, for humans, and animals. The fat nutritional and sensory quality in
meat that is determined by the fatty acid composition can affect the degree of fat satura-
tion, the storage stability, and flavor. There are several factors that can influence the fatty
acid composition, such as animals’ species, breed, sex, and diet, causing various changes
in carcass, as well as in tissues and chemical meat composition.

Keywords: animal production, animal fat, lipid composition, flavor, polyunsaturated
fatty acids, human nutrition
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1. Introduction

Meat provides important nutrients for the human diet, including vitamin B, minerals such
as iron, and the essential fatty acids [1, 2]. The fat deposition in muscles and the meat fatty
acid (FA) composition are factors that affect the meat quality and primarily influence flavor,
juiciness, and tenderness [3-5]; therefore, they are important in meat industry. The fat also
assists in the transport and absorption of fat-soluble vitamins A, D, E, and K by the intestine
and plays an important role in the immune response, both in humans and in animals [6].
Furthermore, fat is related to the quality; protects the carcass from the cold; is considered
a visual attractive, striking the meat acceptability by the consumer; and is associated with
human health issues [7, 8].

For consumers, flavor and nutritional value are important attributes for meat quality and can
influence the purchasing power [9]. However, currently, there is a growing concern not only
about the fat excessive consumption but also its composition and impact on health, particu-
larly those of animal origin [10]. The fatty acid profile of intramuscular fat is important for
human health, since the intramuscular fat cannot be extracted or removed before consump-
tion of meat [11]. The high consumption of saturated fatty acids (SFAs) is associated with
elevation of serum cholesterol and low-density lipoproteins (LDL) which are risk factors for
the occurrence of cardiovascular diseases [12]. For these reasons, the animal products are
criticized, as they have a high SFA content and labeled as harmful to health [6, 13].

These concerns are based on recommendations in health authorities and nutritionists that
support the notion that saturated fat from meat has negative impacts on health. However,
in most cases, this information is widespread in digital media and disseminated without
scientific support to “crucify” especially red meat, making it the villain to health. Therefore,
further clarification of the actual impact of the meat and fat consumption to human health,
considering other indirect factors related to its consumption, which can harm human
health, such as physical inactivity, obesity, and intake of alcoholic beverages, among others,
become necessary.

2. Literature review

2.1. Fat deposition

The development of adipose tissue also begins at the pre-birth, around the third month of
pregnancy, when embryonic cells derived from the mesenchyme, like fibroblasts, differenti-
ate to give rise to adipoblasts or primitive cells from adipose tissue. After differentiation, there
is no way a cell return to the initial state. Once formed, the adipoblasts undergo an exponen-
tial multiplication phase forming preadipocytes [14]. Lipoprotein lipase (LPL) is the enzyme
responsible for breaking down the triglycerides, caused by fatty acids, and glycerol circula-
tion, endothelial and synthesized by the adipocyte level, also acts as a cell flag, since, when
expressed, it stimulates a new wave hyperplastic adipose tissue [14]. After the occurrence of
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this new wave of proliferation, new adipocyte proliferation inhibitor cell signalers, such as
glycerol-3-phosphate dehydrogenase (GPDH) and fatty acid synthase (FAD), are detected.
The cells then receive the signal to initiate the accumulation of lipids, when they become
termed themselves adipocytes [14].

During differentiation, preadipocytes undergo morphological changes as well as the selective
expression of certain genes. The sequential expression of certain transcription factors, such as
the CCAAT/enhancer-binding protein factor, SREBP/sterol regulatory element-binding pro-
tein, and the family of transcription factors PPAR/proliferator-activated receptor peroxisome,
have a key role in the conversion stages of adipocytes [15].

The deposition of intramuscular fat is apparently regulated by different factors when com-
pared with those regulating fat depositions in fatty tissues, such as subcutaneous, metabolic
differences existing between them. Intramuscular adipocytes have higher activity of the
enzymes hexokinase and phosphofructokinase. The subcutaneous adipose tissue exhibits
higher levels of lipogenic enzymes such as NADP-malate dehydrogenase, fosfogluconate-
6-dehydrogenase, and glucose-6-phosphate dehydrogenase, showing unique roles in lipid
metabolism [16, 17].

The adipose tissue mass, therefore, is controlled by the balance between cell proliferation
(hyperplasia) and increased cell size (hypertrophy). The uptake of free fatty acids in the
cytosol full of lipid droplets in triacylglycerol contributes to adipocyte hypertrophy [14]. In
ruminants, adipocytes play an important role as energy reserve, and occasioning changes in
animal fat deposition in accordance with their physiological state, such as during pregnancy
or termination phase. In addition, adipocytes act as true endocrine cells, secreting several
hormones and endocrine signals which are directly related to animal production. Among
these substances, leptin, IGF-1, interleukins, and resistin, among others, stand out [18].

The deposition of fat in cattle, as well as other animal species, is reflected by nutrition and sex
and used for the genetic group [19]. Thus, there is a wide interest in manipulating the chemi-
cal composition of meat, through the regulation of its biosynthesis. For better understanding
of the effects of nutrition on lipid metabolism and consequently on the quality of meat, recent
research has made association between gene expression and nutrition area known as nutrig-
enomics [20-23].

Gene expression is the process whereby information contained in the DNA structure is trans-
mitted to the mRNA and protein products [24]. The binding of specific transcription factors to
specific DNA sequences controls this process. The key transcriptional factors involved in lipid
metabolism regulatory elements are proteins related to sterol (SREBP-1c) [25], the activated
receptor peroxisome proliferator-y (PPAR), and proliferator-activated receptor peroxisome-a
(PPARa). These genes were associated with the synthesis and oxidation of fatty acids in the
different organs and tissues of the animal body [26, 27].

The interactions between the nutrients that compose the diet and the synthesis and activity of
lipogenic enzymes can illustrate the numerous possibilities regarding lipid deposition in adi-
pose tissue. This is possible because the biological activity displayed by certain dietary fatty
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acids can stimulate or inhibit specific lipogenic genes encoding enzymes [22]. For example,
sources of polyunsaturated fatty acids (PUFAs) can increase transcription of genes that encode
the lipoprotein lipase enzyme (LPL); the connector transporter to fatty acid 4 (FABP4), PPAR«a
[28], and PPAR [26]; and decrease expression of the gene encoding stearoyl-CoA desaturase
(SCD1) [21] and SREBP-1c [29].

The oleic acid concentration presents in the meat bovine fat if dependent of the expression
of stearoyl-CoA desaturase (SCD) and its activity. SCD has been identified and reported as
one of the genes associated with fatty acid composition of beef. This is a limitation of SFA
responsible for the conversion of monounsaturated fatty acids (MUFAs) in mammalian adi-
pocytes. The composition of the fatty acids stored in fat deposits reflects the previous action
SCD substrates such as stearic acid and palmitic acid [30]. Accordingly, higher levels of con-
centrate feed in the finishing period of the animals confined result in a higher concentration
of oleic acid and MUFA in the intramuscular fat [31]. Although the adipogenic mechanism is
extremely complex, several genes were identified and confirmed as being responsible for fatty
acid composition in beef [20, 32-41].

2.2. Fatty acid composition and its relationship with human health

Besides its importance for the sensory characteristics of the meat, the fat content and their FA
composition are relevant to the quality, especially for issues related to human health [42, 43].
The composition of the FA of animal origin can be influenced by diet (forage and grain), by
the digestive system, and by the biosynthetic processes of the animal [44]. In ruminants, the
FA’s profile is not a direct reflection of FA composition from the feed due to the complex reac-
tions of biohydrogenation caused by rumen microorganisms [8, 16, 42].

Furthermore, the FA composition may also be different depending on the breed, species
(Table 1) [13, 45], and sexual condition [46, unpublished data]. Wood et al. [13] showed that
the meat has an average 50% of SFA, 40% of MUFA, and 10% of PUFA acids. The meat FAs are
mainly medium to long chain, from 12 to 22 carbon atoms, with the basic structure CH,- (CH,)
n-COOH. Low concentrations of FA short-chain C8-C10 are observed in mutton fat [13].

In general, the meat fat of the ruminant has a higher concentration of SFA and lower
polyunsaturated:saturated relationship compared tothenonruminantmeat. Thisfactisduetothe
FA of biohydrogenation process unsaturated on rumen by the action of microorganisms [46-48].
However, not all SFAs are considered hypercholesterolemic (which increase the levels of bad
cholesterol (LDL)). The most undesirable FA, according to French et al. [49], would be myristic
acid (C14:0), which represents only 3% of total FA in meat [50]. Howsoever, the main SFAs
present in beef intramuscular fat are the palmitic (C16:0) and stearic (C18:0) acids, which
make up more than 50% of the total lipid composition [51-53]. The presence of SFA in beef is
the main cause of concern and associations of human health with cardiovascular disease and
obesity, by influencing cholesterol blood levels [54].

However, palmitic FA has lower hypercholesterolemic effect and stearic FA (43% of total SFA
in meat [50], has no effect because it becomes oleic acid (C18: 1 n-9) in the body [55], and
thus does not influence blood cholesterol levels. The intramuscular fat beef also has a higher
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overall concentration of MUFA, mainly oleic acid and polyunsaturated fatty acids (PUFAs).
Oleic acid may decrease the circulating concentration of LDL cholesterol in humans and is
considered a “healthy” fat [56-61]. Higher oleic acid values are desirable for having hypocho-
lesterolemic action, with the advantage of not lower HDL cholesterol (good cholesterol), and
act to protect against coronary heart disease [50].

The relation between n6 and n3 is particularly beneficial (balanced) in meat from ruminants.
These FAs have several effects on the immune and inflammatory response. The n-3 FA has
suppressive effects such as inhibition of lymphocyte proliferation, antibody production, and
cytokine expression of adhesion molecules and activation of natural killer cells (NK). The
n-6 FA has both effects: inhibitory and stimulating the immune response [60]. The balance
of daily intake of foods that are sources of FA n-6 and n-3 is important in human health, and
recommendations vary according to some authors and countries. The trend of convergence of
the n-6:n-3 ratio of FA is in the range from 4:1 to 5:1 [61-63]. The essential FAs include the n-3
and n-6 families, which are not biologically synthesized by humans, but they are necessary for
biological processes and therefore should be eaten in the human diet.

After n-3 ingestion, the FA biosynthesis of eicosapentaenoic acid —C20:5 (EPA) and docosa-
hexaenoic acid —C22:6 (DHA) occurs in the body. The first FA is involved in cardiovascular
protection in adults [64], and the second is essential for brain development and visual system,
associated with maternal and child health [65].

The arachidonic acid (C20:4 n-6) and EPA give rise to eicosanoids, thromboxanes, prosta-
glandins, and leukotrienes. Their presence in the bloodstream can provide vasoconstrictor
responses or vasodilator, stimulation or inhibition of platelet aggregation, and pro effects or
anti-inflammatory drugs [66, 67].

The conjugated linoleic acid (CLA) is a representative of micro-components in animal prod-
ucts, with a mixture of FA, which occurs as intermediate biohydrogenation of PUFAs [68].
This substance is interesting to act as a powerful natural anticarcinogenic and reduce athero-
sclerosis and diabetes [69].

The red meat consumption and cardiovascular disease, obesity, and colon cancer are mainly
due to the saturated fat content [70, 71]. On the other hand, more recent studies indicate
that processed meats, not the red fresh beef, increase the risk of cardiovascular disease and
obesity [72]. However, other researchers have shown the benefits of lean meat as part of a
healthy diet [73-75]. Furthermore, the meat with higher fat content produces lower levels of
mutagenic heterocyclic aromatic amines, especially pasture-fed animals [76], indicating that
the consumption of beef presents additional benefit.

According to Oostindjer et al. [77], data on associations between red meat intake and colorectal
cancer are inconsistent, and the underlying mechanisms are unclear. Therefore, it is unlikely
that moderate consumption of red meat as part of a balanced diet increases the chances of
cardiovascular disease or colon cancer [78].

2.3. The influence of diet on the meat fatty acid composition

The animal’s diethas been demonstrated as one of the factors determining the different changes
in carcass composition and tissue as well chemistry of meat cuts [79]. The concentrated and
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bulky proportions and their respective sources are some of the factors which determine the
quantity and quality of lipids present in animal products [80, 81].

The biohydrogenation process of unsaturated FA that happens in the rumen, and the com-
position of FAs in the ruminant’s meat, can be affected by breed, diet composition, and
management [8, 13, 42, 45, 82]. Still, the factors that influence the chemical and physical com-
ponents present in the meat can mention the age, sex, and anatomical location of cutting and
the muscle [83]. Comparisons between eight different meat cuts showed that composition of
breast fatty acids presented lower concentrations of stearic and palmitic acids, lower myristic
concentrations, and higher MUFA concentrations represented by oleic acid [84].

The age specifically affects the MUFA content by means of SCD gene expression and enzyme
activity [85]. Typically, the MUFA:SFA relationship increases with age, in muscle neutral lipids,
and total fat of cattle [13, 85]. The inclusion of sources of MUFA in animal diet improves milk,
meat, and eggs FA profile by increasing the proportion of MUFA:SFA, reducing the proportion
of n6:n3 FA and increasing CLA levels in ruminant products [44]. However, one should take
precautions as the addition of these sources of FA in animal diets may result in some adverse
effects. For example, large quantities of MUFAs in the diet can affect ruminal activity, reducing
milk production, and the concentrations of fat and protein, while the increase in PUFA levels
in meat could result in lower maintenance and worse taste in meat products [44].

French et al. [46] observed that the longissimus dorsi muscle in ruminants fed with grasses
showed a higher CLA production, two to three times as compared with the meat of ruminants
fed with feedlot diets with high grain content. Accordingly, several subsequent studies have
shown that the use of forage in the diet significantly increases the percentage of CLA, espe-
cially cis-9 and trans-11, up to twice the total fatty acids found in meat from animals which
received greater proportion of grain in the diet [86-89].

The use of grain in cattle feed feedlot during the termination period is directly responsible
for difference between FA compositions. Cattle fed with grain increases the absolute mono-
unsaturated and saturated fat content of the meat while simultaneously decreasing absolute
content of n-3 [89, 90].

Accordingly, Ferrinho et al. [91] observed differences in FA composition as a function of the
cottonseed inclusion level in the diet. The total SFAs were not affected by diet, but differences
were observed for branched chain fatty acids (BCFA), cis- and trans-monounsaturated fatty
acid (MUFAcis/trans), unconjugated (nc) dienes, and in some individual PUFA. The BCFA
and MUFAcis levels were higher in meat from cattle fed with the control diet compared with
those receiving cottonseed.

Similarly, Diaz [92] reported that FA composition observed in longissimus dorsi and quadriceps
femoris of lambs resulted in low percentage of stearic acid and high palmitic and linoleic acid val-
ues when compared to animals maintained on pasture. This difference is due to the FA composi-
tion in the diet, since fodder contains higher levels of linolenic FA and precursor n-3 series fans.
In contrast, the concentrate has a high content of linoleic acid, the precursor of the n-6 series [93].

Likewise, Pelegrini et al. [94] evaluated the FA profile of sheep meat terminated at pasture or
confinement observing a higher content of PUFAs in animals kept on pasture. This variation
of the fat composition is responsible for the characteristic flavor of the meat of animals whose
diet was based on pasture or concentrated [92].
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In monogastric domestic animals, it is possible to change the composition of the FA of meat
in the diet, since the FA in the diet is absorbed by the intestine unchanged and embedded
tissues. Linoleic acid, for example, is not synthesized, and the concentrations present in the
tissues respond rapidly to changes in diet. In contrast, MUFAs and SFAs are synthesized and
are less influenced by the diet [95].

Morel et al. [96] studied the effect of fat sources in the diet on the FA profile in the pigs’ meat
and reported that diets rich in PUFAs increase the levels of linoleic acid (18,2) and linolenic
acid (C18:3) in muscle longissimus dorsi and subcutaneous fat. The composition of the poul-
try carcasses can also be altered by the type and amount of FA diet. Supplementation with
unsaturated FA enables the deposition of these tissues in poultry [97]. Broilers require high
energy concentrations in the feed, making it necessary to use oils, which eventually will influ-
ence the meat FA composition [98]. Increasing the proportion of n-3 series in the diet may
have a beneficial effect regarding the nutritional quality of poultry meat and then decrease the
levels of total lipids and cholesterol [97].

In a study using oil in chicken diet with the aim to evaluate the effect of different dietary lipid
sources, the author reported that the chickens fed with the offal fat diet showed a higher percent-
age of MUFAs in the carcass and significant values of the palmitoleic acid. Besides, the linoleic
acid was found to have high concentration in soybean oil [99], which confirms that the FA profile
in the substrate is influenced by dietary fat sources used [100]. Subsequently, the effects of CLA
supplementation in poultry diet during growth, diets containing different percentages of CLA
ranging from 0% to 1.5%, were evaluated. It was observed that as increased levels of CLA in the
diet, CLA is increased accumulation-in meat and decreased abdominal fat of poultry [101].

2.4. Genetic factor that influence the fatty acid composition

There is a growing market demand for healthier fat sources, and several strategies have been
used to improve the meat FA profile, such as dietary manipulation and animal breeding.
However, the high cost to obtain the phenotypic information and the fact that this trait can
be only obtained after slaughter limits the genetic improvement through traditional selection.
Although FA profile is not considered selection criteria, genomic selection is an important tool
to improve the genetic progress of this trait, since the animal can be availed early in life, even
at birth, reducing the generation interval and low cost [32]. In this sense, Cesar et al. [37] and
Aboujaoude et al. [35] reported that selection for beef FA profile in Zebu cattle is very feasible,
since there is additive genetic variation for most beef fatty acids in Zebu cattle.

Therefore, information on the genetic differences between breeds and genetic parameters
to develop breeding programs are essential. Thus, estimates of heritability and genetic and
phenotypic correlations are key attributes. Differences in the fatty acid composition between
purebred and crossbred cattle has been extensively evaluated on different production sys-
tems. In contrast, genetic studies reporting parameters (heritability and genetic correlations)
for fatty acid profile are plentiful for monogastric animals, particularly pigs but, however, are
still scarce in cattle, or the number of data used is limited [102].

However, estimates of parameters of genetic or genetic variability within breeds for fatty
acid composition have been widely studied. Currently, the availability of genomic data for
selection of traits associated with meat quality and lipid profile in cattle has increased [103],
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since there is a collection of information by research institutions, especially in Nellore herds
[32, 35, 37, 104].

Heritability estimates for the meat fatty acid profile have been different in magnitude and,
as a result, probably different in populations and used data structure, applied estimation
methods, sampled tissue, etc. Furthermore, when comparing the estimates obtained in differ-
ent breeds, differences in the activity of enzymes related to fatty acid desaturation can influ-
ence the estimated genetic variability [105]. Heritabilities and genetic correlations to fatty acid
proportion were estimated to correspond to some studies and observations of the phenotypic
level compared to the level of intramuscular fat [11].

Methods such as SNP-BLUP (single nucleotide polymorphism-best linear unbiased predictor)
have been proposed to predict the genomic breeding values. This method allows to obtain less
biased and applicable genomic evaluations, which is the most viable method when consider-
ing the computational cost [32].

Various fatty acids were identified positively and negatively in different biological processes
in the skeletal muscle and other tissues. Knowing the biological processes associated with
fatty acid content in the skeletal muscle and identifying differentially expressed genes (DEG)
and functional pathways related to the regulation of gene expression associated with the fatty
acid profile contribute to the understanding of how some FAs modulate metabolism and may
have a protective function for health [36] as well as its potential for use in animal selection.

2.5. Effects of fatty acids on meat quality

The proportions of intramuscular fat present in the meat as well as its composition are associ-
ated with the juiciness, flavor, tenderness, and overall acceptability [106]. Besides these traits,
the meat shelf life (pigment and lipid oxidation) is influenced by the composition thereof.

The FAs are involved in various technological aspects of meat quality because they have dif-
ferent fusion points. Groups of fat cells containing fat solidified with a high fusion point are
whiter than when it contains liquid fat with a lower fusion point. This fat has another color,
and appearance quality is affected by the FA [8]. The adipose tissue of ruminants is naturally
firmer than that of pigs because the FA profile is more saturated. In bovine finishing period,
the concentration of SFA in relation to the unsaturated increases, but beyond a certain level of
fat in the animal, this ratio decreases. In fatty cattle the fat is soft, mainly due to an increase in
relation to the oleic stearic and palmitic acids [107].

However, 90% of the volatile compounds in the meat, subjected to a cooking method, arise
from the oxidation of unsaturated FA [108]. These volatile compounds contribute to the flavor
and odor of meat, and unsaturated FAs are particularly important in the development of fla-
vor [109], since the FA degradation of the n-9 family can produce hexanal, heptenol, decanal,
octanal, heptanal, and nonanal. The oxidation of n-3 fatty acids gives rise to 1-penten-3-ol
and propanal, and degradation of n-6 fatty acids will form hexanal, pentanal pentylfuran,
pentanol, hexanol, 1-octenol, and 2-octenol [110].

Correspondingly, the group of aldehydes (pentanal, hexanal, hexenal, heptanal, nonanal, octe-
nal, octanal) is the most frequently identified in meat samples submitted to cooking; among
them it is possible to highlight hexanal, which represents about 90% of total aldehydes, and it
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can be produced from the oxidation of oleic, linoleic, and arachidonic fatty acids and degrada-
tion from other aldehydes, such as 2,4-decadienal [111].

The color change is due to the oxidation of oxymyoglobin (red) to metmyoglobin (brown), and
this reaction usually occurs along the rancidity. Li and Liu [112] have shown that lipid oxida-
tion products can promote the oxidation of the pigment and vice versa, although the strength
of the relationship between these two aspects of shelf life is sometimes low. Antioxidants,
in particular a-tocopherol (vitamin E), have been used to retard lipid oxidation and color in
addition to prolong the life of meat products [113, 114].

Warren et al. [115] compared the grazing pasture-fed and grain-fed cattle and found that
bright red color associated with oxymyoglobin was retained longer, simulating retail condi-
tion in cattle fed on pasture. Although the total concentration of unsaturated FA was similar
in both groups, the animals were grazing beef with high concentrations of n-3 and the feed
grain increased levels of n-6. It was found that antioxidants naturally present in the pasture
probably caused higher levels of vitamin E in the tissue of these animals, with benefits to
lower lipid oxidation and better color retention.

In studies with sheep, Kasapidou et al. [116] reported that low concentrations of vitamin E in
the fabric are associated with lesser amounts of both n-6 and n-3 FAs in tissues. This suggests
that the loss of in vivo PUFAs occurs when the antioxidant status is low. It is well known that
marbling plays an important role in meat quality and sensory palatability of beef [53]. It has
also been shown that in some countries growing score marbling corresponds to more accept-
able taste, greater juiciness, bigger texture, and therefore greater palatability and acceptability
[51, 117-120].

These results implied that high concentrate grain-fed beef could increase intramuscular fat
(IMF) content and the proportion of oleic acid, thus increasing the sensory palatability of
Hanwoo beef [53]. Lee et al. [121] reported differences between gene expression of FABP4,
SCD, PPARYy, titin, and nebulin in longissimus muscle from high- and low-marbled Hanwoo
steers. PPARy and SCD gene were highly expressed in the low-marbled group, the SCD being
related to the FA profile of the meat and the conversion of stearic acid to oleic acid. The SCD
gene was associated with fatty acid composition and converts stearic acid into oleic acid.
However, the FABP4 gene had a higher gene expression pattern in the high-marbled group
relative to the low-marbled group.

3. Final consideration

It is already known that the fat contains essential fatty acids that must be present in the feed,
to providing more energy than carbohydrates and proteins. Fat also provides flavor to food,
assisting in the transport and absorption of fat-soluble vitamins A, D, E, and K by the intes-
tine and plays a major role in the immune response, both in humans and animals. Thus, fat
consumption that contains good fatty acid quality is essential while assisting in reducing the
consumption of foods rich in simple carbohydrates, once the excessive intake of these com-
pounds is detrimental to health.
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The fatty acid composition of both adipose tissue and domestic animal muscle tissue depends
on numerous factors, including intrinsic factors such as species, breed, genetics and age, and
extrinsic factors such as food. These factors have direct effects on the meat quality. It is note-
worthy also that the digestion of lipids present in the diet depends on the animal species.

Today, the search for healthy foods that meet the requirements of consumers in its qualitative
aspect as nutrition, increasing concentrations of CLA, respecting the reasons of PUFA:SFA,
n6: n3, stipulated by public health authorities is crucial, in order to prevent the development
of cardiovascular disease and a possible incidence of some types of tumors and diabetes,
among others.

Given the above, it is noted that the fat deposition and fatty acid profiles have great influence
on meat quality evaluations, and its association with human health should be undertaken
with caution and greater scientific support. However, additional studies are necessary to elu-
cidate the real impact of fat consumption on human healthy.
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Abstract

Few studies of using locally legume grains in lamb nutrition have been studied that their
use had no negative impact on meat quality such as fatty acid composition. One of the
strategies of increasing functional food availability is to increase polyunsaturated fatty
acids, especially the w-3 series, conjugated linoleic acid (CLA) level and reduce saturated
fatty acids in animal products. The CLA isomers appear to be concentrated in intramus-
cular and subcutaneous fat of meat ruminants and the concentration of ¢9, t11-CLA being
greater than the concentration of t10, and c12-CLA in all tissues. To increase the CLA
yield in lamb meat, it is essential to provide lamb an appropriate substrate for the forma-
tion of CLA. The provision of source of dietary linoleic acid appears to increase the CLA
concentration to the greatest extent. Regarding the recommended daily intake for the
appreciation of health benefits in humans (3500 mg/d), this amount of CLA supplied to
meat lamb will partially provide the CLA requirement for everyone under certain condi-
tions; deposition of CLA in the tissues using the provision of modest amounts of locally
legume grains is more conducive to CLA synthesis rather than high levels of grain.

Keywords: conjugated linoleic acid, local legume grains, meat quality, ruminants,
nutrition manipulation, ruminal biohydrogenation

1. Introduction

The protein sources form the largest and most cost-effective part of animal feed, and large
quantities of these resources are exported annually for use in animal feed production. Not
only does this impose a heavy currency burden on the country, it also causes a lot of prob-
lems, in which case the quality of the purchased materials, the distances, transportation prob-
lems and the probability of their pollution can be pointed out [1]. Therefore, recognizing
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locally feedstuffs and replacing them with imported food sources have a significant contri-
bution to economic self-sufficiency. The leguminous family is widely distributed globally,
so that various species of chickling vetch are present in the Canary Islands, Germany, East
Asia, Nepal, China, the Middle East, North Africa, southern Europe, North America and the
Mediterranean, with moderate climates and moderate rainfall as a source of plant protein for
animal nutrition [2].

In recent years, the limitations in the use of animal by-products, such as meat meal due to gov-
ernment regulations, and consumer demand have led to an increase in the use of plant protein
sources. Soybean meal is the main plant protein source used in animal feeding and it is largely
imported from Brazil, which has recently been questioned. In addition, in the livestock feeds
industry, all efforts are made to reduce feed and feed costs; therefore, an important objective
of world farmers has been to increase the use of plant protein sources preferably from local
feedstuffs. Few studies of using locally legume grains in lamb nutrition have been studied.
Several reports seemed to suggest that their use had no negative impact on meat quality such
as fatty acid composition [3, 4]. Locally produced legumes as alternative protein sources in the
diets of ruminants are commonly used worldwide like peas, field beans, types of vetch and
rapeseed. Types of vetch, such as bitter vetch (Vicia ervilia L.), common vetch (Vicia sativa L.)
and chickling vetch (Lathyrus sativus L.) grains, are the legume seeds available in the
Mediterranean and Western Asia areas and especially in the west-north area of Iran and are
comparatively cheap despite its relatively high nutritional value. One of the strategies of
increasing functional food availability is to increase polyunsaturated fatty acids, especially
the w-3 series, conjugated linoleic acid (c9,t11-CLA) level and reduce saturated fatty acids in
animal products [4, 5]. Although there is a vast amount of literature available about the CLA
content of milk, a few research trials focusing on the CLA content of meat are limited. The
CLA isomers appear to be concentrated in the intramuscular and subcutaneous fat of meat
ruminants and the concentration of ¢9, t11-CLA being greater than the concentration of t10,
c12-CLA in all tissues, but the proportion of the latter CLA isomer is greater in subcutane-
ous fat [6]. Of the many isomers identified, the cis-9, trans-11 CLA isomer (rumenic acid)
accounts for up to 80-90% of the total CLA in ruminant products [7]. However, the amount
of the CLAs found in milk and meat are small, relative to the recommended daily intake for
the appreciation of health benefits in humans, which is 3500 mg/d [6]. There is little data
available on the effects of feeding types of vetch grains on lamb intramuscular fatty acid
composition. The objective of the present chapter is to evaluate the effect of totally replacing
dietary soybean meal and nutrition manipulation of the diet of the livestock to produce
high-quality and healthy meat.

2. Nutrition manipulation for the production of high-quality and
healthy meat

New nutritional strategies for feeding livestock and poultry focus on the increase of unsat-
urated fatty acids (especially n-3) and conjugated linoleic fatty acids and the reduction of
saturated fatty acids in animal food products [5, 8]. To increase the CLA in animal meat, it is
essential to provide a suitable base for its formation. Therefore, the inclusion of the source of
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linoleic acid in the ruminant animal diet will be most effective in increasing the concentration
of CLA in meat products. Forage foods such as grasses or legumes (alfalfa) are suitable for
facilitating the accumulation of CLA and increasing the precipitate and forming it in the tissue
of the animals. Therefore, the use of plant sources such as plants in the marine ecosystem and
dry areas is one of the first and most important sources of unsaturated fatty acids. Aquatic
plants have a special ability to produce fatty acids (18: 3 n-3), which are the building blocks for
the production, refinement and nonsaturation of a series of fatty acids, which ultimately pro-
duce docosahexaenoic acid and eicosapentaenoic acid. These two fatty acids are consumed by
fish from aquatic plants and can be used to produce a wide variety of fatty acids, especially in
fish oil, in fish tissues [5]. Plant sources and dry forages such as clover have a high proportion
of unsaturated fatty acids (75-50%), such as alpha linoleic acid, which can be considered as
a suitable substitute for the supply of fatty acid in some regions. However, the transfer of
this type of fatty acids in ruminant meat depends on two important processes for increasing
the level of these fatty acids in fodder (resulting in the animal) and reducing the amount of
ruminal bovine fermentation [5]. However, providing a moderate amount of granular mate-
rial in the diet concentrate instead of high levels leads to more CLA synthesis. Specific breeds
of cattle tend to have more fat storage in the muscle and more CLA in the adipose tissue that
is suitable for offering to the consumer. CLA levels of muscle can be increased by increasing
the consumption of food items such as fresh fodder, silage, rangeland nutrition and the use of
vegetable oils and fish oils, all of which have high levels of linoleic acid [9]. The production of
CLA in the ruminant tissue is such that in the pathway of unsaturated fatty acid biosynthesis,
the increase in the activity of the delta-9-dosacharase enzyme occurs and ultimately leads to
the production of trans-vaccenic acid (Figure 1), which is the acid of the domestic production
source; CLA is in the tissue, so that a linear relationship is obtained between the concentration
of CLA and trans-vaccenic acid [9]. According to researchers (Table 1), CLA levels in beef
ranged from 2.1 to 5.12 mg/g of fat [10].

(c-6, -9, c-12) (-9, c-12) (c-9, c-12, c15)

gama Linoleic acid Linoleic acid alfa Linoleic acid
(c-6, c-9, t-11) l (c-9, t-11) l (c-9, 1-11, ¢-15)
conj-octadecatriencic acid conj-octadecadienoic acid conj-octadecatriencic acid
(c-6, i-11) (#-11, c15)
octadecadienaic acid octadecadiennic acid
(t-11)

vaccenic acid

}

cl8:0
Stearic acid

Figure 1. The major route of 18-carbon unsaturated fatty acid biohydrogenation [11].
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These researchers have identified the variation in the concentration of CLA in beef, depend-
ing on the system used and the diet. In these reports, the factors affecting the content of
CLA in beef have been compared with pasture forage and that the diet contains oil or whole
grains, and even the composition of the fatty acid content of the grains and the ratio of the
concentrate to the forage are also evaluated. Lanza et al. [3] in their research showed that the
replacement of a variety of legumes with soybean meal and corn grain significantly increases
the CLA in lamb meat. Scerra et al. [4] in their research examined the effects of some legume
seeds on the composition of fatty acids and intramuscular CLA and showed that feeding
some legumes over soybean meal saved omega 3, omega 6 and CLA fatty acids in muscle
tissue. Abdollah et al. [12] in their study showed that the replacement of beet seed at different
levels of 0, 5, 10 and 15% with soybean meal did not affect the characteristics, carcass traits
and performance of lambs and it has been replaced without negative effects and has reduced
the cost of the diet. At the 10% level, daily gain was higher than other levels and control group.
The amount of crude protein, NDF, ADF and crude fat was estimated to be 23.1, 21.3, 6.9 and
1.6%, respectively, and researchers have proposed a 10% level for replacing soybean meal.
In the study by Gtil et al. [13] the authors used different levels of vetch (0, 15 and 25%) in the
diet of avocado lambs and found that in 60 days of the feeding period, the daily gain and
feed conversion ratio was 1.716, 0.26 and 6.06 kg for the level of 0 and 1.756, 0.28 and 6.27 kg
for the level of 15% and 1.806, 0.29 and 6.23 kg for the level of 25% ration lambs. The growth
traits, carcass quality and meat quality were approximately the same among treatments, and
supplementation of up to 25% of levels of vetch did not have a significant effect on fattening
performance and consumable carcass parts. However numerical improvement was observed
in the food conversion ratio.

Diets Country breeding system CLA levels
Barley grain (800 g/kg diet) Canada 1.7-1.8
Grass silage and concentrate England 3.2-8.0
Corn grain (820 g/kg of diet) America 3.9-4.9
Grain materials America 5.1
Concentrate Japan 3.4
Grass hey America 7.4
Grass hey Australia 2.3-12.5
Grass hey Ireland 3.7-10.8
Corn and extruded soybean seeds America 6.6-7.8
Pasture forage America 3.5-5.6
Fattening diet America 2.9-32
Fattening diet and soybeans seeds America 3.2-3.6
As Ref. [10].

Table 1. CLA levels in cattle meat based on various breeding and feeding systems (mg/g fat).
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2.1. Chemical composition and fatty acid composition of meat

The results of the chemical composition of the meat samples are reported in findings by
Seifdavati and Taghizadeh [14]. The chemical composition of lamb samples fed with different
diets showed a significant difference in crude fat and crude protein (P < 0.01). Unlike crude
fats, the raw protein content of lamb meat was higher in soybean meal diet and slightly higher
than in other groups. Although the crude protein content of common vetch was higher than
the rest of the seeds, the lower carcase protein could be due to its low digestibility of undi-
gested protein in the rumen, which is based on the results of digestion intestinal experiments
from the methods of Gargallo et al. [15] and McNiven et al. [16], (for more details, refer to
the references [17, 18]. However, there was no increase in the digestible protein content of
the total gastrointestinal tract between the tested samples either in their raw state or auto-
claved, except for common vetch grain. Even with the autoclave of the common vetch grain,
its protein was too protected and was not digested. According to the findings of Seifdavati
and Taghizadeh [14], the composition of their experimental diets containing bitter vetch seed
and soybean meal, had higher C16: and C18:0 fatty acids compared to the diets of common
vetch group and chickling vetch group. The diets of common vetch and chickling vetch group
were rich in linoleic (C18:2) and linolenic (C18:3) as essential fatty acids, compared to bitter
vetch diets and soybean meal diets. However, the total of these two fatty acids was in all their
experimental diets ranging from 56.6 to 57.05 grams per gram of methylated fatty acids. The
results according to Seifdavati and Taghizadeh [14] among the saturated fatty acids showed a
significant difference in the C16:0 content of the meat samples of the groups and soybean meal
group was higher in lamb meat group (P < 0.05). Also, among the soybean meal groups, the
level of palmitic acid C16:0 in lamb meat was higher than soybean meal (P < 0.01). The most
abundant fatty acid in meat was oleic acid among legumes and its amount was significantly
different between treatments (P < 0.01). Linolenic acid was higher in common vetch group
lamb meat than in dietary containing bitter vetch seed, chickling vetch seed and soybean
meal (P <0.05). Similar results for this fatty acid were observed by Lanza et al. [3], Wood et al.
[8] and Scerra et al. [4] for other legumes used in the dietary concentrate section. Generally,
linolenic acid in common vetch group lamb meat was higher than in dietary containing bitter
vetch seed, chickling vetch seed and soybean meal group (P <0.01). Lamb meat in dietary con-
taining chickling vetch showed higher levels of linolenic acid than lamb meat in soybean meal
group (P <0.01). The fatty acid composition of the muscle of the lambs moderately reflects the
composition of the fatty acid in the diet. Ruminants, unlike nonruminants, do not store fat in
tissues as much as they receive in the diet. This is because ruminal microorganisms hydro-
lyze glycerides and subsequently cause hydrogen to combine with unsaturated fatty acids
derived from dietary feeds [19, 20]. Therefore, ruminants have more ratios of saturated to
unsaturated fatty acids compared to nonruminants. The reduction of palmitic acid and stearic
acid in lamb meat with diets containing chickling vetch and common vetch, respectively,
compared with other diets, showed the potential of these two diets to reduce harmful effects
on health (P < 0.01). These two acids can be responsible for increasing total cholesterol and
low-density lipoprotein in the plasma and increasing the risk of human health [5, 20]. In sheep
and lamb meats, the ratio of these two fatty acids is more similar. There is a small variation
in the ratio of fatty acids present in different body parts of the lamb. An alternative strategy
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to improve health indicators of humans in relation to consumption of lamb meat is reducing
the level of stearic acid in the tissue by increasing the activity of the enzyme, stearoyl-CoA
desaturase-A9, although the response of the animal to this manipulation is often relatively
small [21]. In terms of fatty acid content, sheep meat is rich in saturated and poor fatty acids
from unsaturated fatty acids, which is thought to be harmful for humans [21]. Despite the ini-
tial hypothesis [22], the effects of dietary lipids on human health, there were some issues and
ambiguities in the concepts of saturated fatty acids that led to an increase in blood cholesterol
and coronary artery disease. In a meta-analysis of Hunter et al. [23] on available scientific
documentation from 2000 onwards, it resulted in a systematic review of all previous findings
on the concepts of saturated fatty acids. The researchers, in a review with contributions from
scientists, focused on the topic that the effect of stearic acid as saturated fatty acid on the risk of
vascular disease in the heart depends on the fact that this fatty acid is to be replaced with other
saturated fatty acids, trans-fatty acids, fatty acids with a double bond and fatty acids with
multiple bonds or with sugary substances. One of the goals and main concern of advanced
livestock nutrition research is the study of the possible nutritional manipulation of fatty acid
composition of the lamb meat to reduce the concentration of saturated fatty acids and increase
the concentration of fatty acids (C18:1, C18:2, C18:3), as cholesterol-lowering serum [20, 21].
However, in the study by Seifdavati and Taghizadeh [14], the concentration of palmitic satu-
rated fatty acid in soybean and bitter vetch group meat was higher than other experimental
groups (P < 0.01). The higher levels of these two fatty acids (palmitic and stearic acid) in the
soybean and bitter vetch group meat can be attributed to the higher levels of these two fatty
acids in their diets than those of diets containing chickling vetch and common vetch. The level
of oleic fatty acid was lower in raw chickling vetch group than in other experimental groups.
The amount of oleic fatty acid in the intramuscular fat was higher than that of the ration levels
in the meat of all groups. Fortunately, farm animal cells are capable of synthesizing oleic
acid and its derivatives from stearic acid. Oleic acid is obtained by unsaturation or loss of
hydrogen in stearic acid. In farm animals especially ruminants, secretion of the A9-desaturase
enzyme make stearic acid easily into oleic acid [24]. But linoleic acid in lamb fat was much less
than its dietary fat [14]. This indicates that biohydrogenation is a major part of the rumen [25].
Larger amounts of linoleic acid in the fat of lamb in the chickling vetch group are likely to
correlate with the high level of this acid in the chickling vetch group compared to the rest of
the group. Among the remaining groups, the amount of linoleic acid in the fat of lamb meat
was higher than soybean meal group. The internal biosynthesis of linolenic acid is shown in
the studies of Zhou and Nilsson [26]. This acid is a precursor to omega-3 fatty acids that have
a wide range of biological activities with beneficial effects on human health [27-29]. Linolenic
acid level, similar to linoleic acid in lamb fat, was less than its dietary fat, indicating a major
part of its transformation and hydrogenation in the rumen [25].

2.2. CLA of lamb’s muscle

The CLA values in the muscles of the lambs in different groups are shown in findings of
Seifdavati et al. [17]. According to these findings in the lamb meat samples of the diet group
consisting of common vetch seed, chickling vetch seed, bitter vetch seed and soybean meal,
the amount of CLA was 2.23, 1.41, 1.94 and 1.15 g per methylated fatty acid, respectively, and
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so CLA in the diet group containing common vetch seed was significantly more than lamb
meat of others dietary groups (P < 0.01). However, except for the soybean meal group, CLA
levels of meat were not significantly different between lambs fed with diets containing raw
legumes and processed with autoclave moist heat (P < 0.01). It is likely that the difference
between the dietary groups of the contents of the tested legumes and the soybean meal com-
position group (control) is related to the specific effect of common vetch, chickling vetch, bit-
ter vetch seeds in expressing the gene and increasing the activity of the A9-desaturase enzyme
for the production of CLA precursors. Priolo et al. [30] showed that farm animals, especially
ruminants, by secreting this enzyme easily convert stearic acid into oleic acid. Priolo et al. [24]
found that, by replacing some kind of legumes, the CLA increased in the meat of lambs than
soybean meal in lamb diet. The findings of Seifdavati et al. [17] are consistent with the results
of Priolo et al. [24]. French et al. [31] reported that CLA levels of calf meat fed with different
levels of concentrate and basic forage were different. In this study, the amount of CLA in meat
were in the diet of the group (4 kg of concentrate + free forage), 0.47 g per 100 g of muscle fatty
acid, diet group (8 kg of concentrate +1 kg of hey), 0.37 g per 100 g of muscle fatty acid, diet
group (6 kg of grass fodder +5 kg of concentrate), 0.54 g per 100 g of muscle fatty acid), diet
group (12 kg of grass fodder +2.5 kg of concentrate), 0.66 g per 100 g of muscle fatty acid and
finally diet group (Only 22 kg of grass fodder), 1.08 g per 100 g of muscle fatty acid. Franch
et al. [31] concluded that by increasing the level of concentrate, the level of CLA in meat was
reduced. De La Torre et al. [32] in a report showed that the base ration and supplementation
with oily grains were one of the effective ways to increase the amount of CLA in meat and the
use of flaxseed (22 to 36%) in the ration was increased the amount of CLA meat. The research-
ers explained that the basic forage with concentrates, especially whole grains in the ration of
livestock, reduced the severity of the unsaturated fatty acid dehydrogenation in the rumen,
and this resulted in the production of optimal trans-vaccenic acid for the synthesis of CLA
and its accumulation in meat. McNiven et al. [20] showed that the use of toasted soybean seed
instead of its crude soybean seed in feeding calves with base ration did not have an effect on
the amount of CLA in meat, and its rate in this report was 0.32-0.35 g per 100 g of fatty acid
muscle. Despite the negative effects of rumen metabolism on the intramuscular fat structure
of the livestock, the process of biohydrogenation is often carried out incompletely and pro-
duces several intermediates that affect human health. One of these compounds is the rumenic
acid known as CLA (one of the linoleic acid isomers). Increasing interest in this compound
has been attributed to anticancer, coronary heart disease and anti-hyperglycemia and pre-
vents lipid accumulation in the body [20, 33, 34]. In animal experiments, CLA has been shown
to inhibit cancer, diabetes and atherosclerosis [35-38]. In addition, McGuire and his colleagues
[39] reviewed some of the potential effects of CLA on human health. These researchers have
recommended that the increase in the accumulation of CLA in human consumption is real-
ized by manipulation of the dietary intake of ruminants, especially sheep, for the purpose of
enriching meat, in order to show the beneficial effects of this compound on health. In the
study of Seifdavati et al. [17], CLA levels in meat from lamb fed with the diet group contain-
ing common vetch seed were higher than soybean meal group (P < 0.01) and numerically
higher than chickling vetch and bitter vetch seed groups. This can be attributed to a high level
of linoleic acid in the content of common vetch seed diet. This fact is shown in the report by
Scerra et al. [4], which investigated the effects of some legume seeds on intramuscular CLA,
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in their study. So these researchers found that the higher intracellular CLA in peas seed with
0.45 g per 100 g of methylated fatty acid compared with soybean meal (0.20 g per 100 g of
methylated fatty acid) was associated with high levels of linoleic acid in the pea seed diet. As
mentioned earlier, in nonruminants, the fatty acid structure of their meat is similar to the
structure of fatty acid in the diet, both in terms of accumulation and in terms of its secretion
and biosynthetics [40]. However, this is a beneficial and similar effect in ruminants by manip-
ulating and benefiting from the biohydrogenation incomplete process of ruminal metabolism
on the dietary fat content [41]. However, several studies have shown the difference in the
structure of dietary fatty acids with ruminant body tissues (milk or meat) [42-44]. In the study
of Seifdavati et al. [17], CLA levels in lamb meat were two to three times higher than those of
other researchers, as reviewed by Khanal and Olson [45] and McNiven et al. [20]. The results
of Seifdavati et al. [17], also coincided with the findings of Tilak et al. [46], Valvo et al. [47] and
Lanza et al. [3]. In the study of Lanza et al. [3] reported that the use of pea grain and horse
beans grain instead of soybean meal in the diet of lamb fattening did not change the amount
of CLA in meat of lambs and its values for all treatments ranged from 0.78 to 0.93 g per 100 g
of methylated fatty acids. Not only differences in CLA content of products in an animal but
also among species have been reported and received. In general, CLA levels are higher in
ruminants compared to nonruminants [6]. Differences in the total amount of CLA in lamb
meat in the experiment of Seifdavati et al. [17], with other reports, can be due to several factors
such as nutrition from pasture forage as compared to intensive feeding of the high grain
content of rations, the nature of nutrient content of dietary concentrate (having intact and
complete oily seeds), the composition of fatty acid supplementation, the proportion of con-
centrate and silage versus hay, seasonal differences, genetics and animal breed, the type and
nature of the seed and the breeding system [6, 46]. In the study of Seifdavati et al. [17], wet-
heating autoclave treatments of legume grains replacing soybean meal in lamb’s diet had no
effect on the results of CLA levels of lamb meat. This can be due to the inherent nature of the
seeds and the difference in the processing method. The findings of McNiven et al. [20] regard-
ing the effect of soybean heat treatment on CLA in meat contradicted Seifdavati et al. [17]
conclusion. In contrast to McNeven et al. [20] findings and in accordance with the results of
Seifdavati et al. [17] experiment, Mohammed et al. [48] study showed that the content of
trans-fatty acid (C18:1) and CLA isomer of cow milk has a strong effect from the type and
nature of the source of grain compared to the processing method, and these researchers have
shown that intrinsic factors in the type of grain such as anti-nutritional factors like tannin are
responsible for the difference and may not be affected by the processing method. Researchers
have shown that tannin content of legume or legume seeds (such as common vetch, chickling
vetch and bitter vetch seeds) causes the accumulation of trans-vaccenic acid in rumen in both
cases, using the live animal and the laboratory methods [49, 50]. Because tannins have the
ability to inhibit trans-vaccenic acid in rumen converting bacteria to stearic acid or, in other
words, to reduce the action of biodehydrogenation by inhibiting the activity of mentioned
bacteria [49, 50], as a result, this process of CLA production increases as an intermediate
product of this route [49, 50]. Despite this, Vasta et al. [51] showed that the CLA of tannin
(certainly in low-to-moderate concentrations) is less effective than vaccenic acid, which sug-
gests the fact that CLA is also produced and synthesized in the muscle as endogenous. In the
experiment of Vasta et al. [51], CLA levels in the control diet muscle (dried alfalfa with con-
centrate) were 0.73 g per 100 g of methylated fatty acids, and the diet containing tannin-rich
carob pulp treated with and without polyethylene glycol was 0.63 and 0.48 g per 100 g of
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methylated fatty acid. Findings of Di La Torre et al. [32], Franch et al. [31] and Priolo et al. [24]
and in results of Seifdavati et al. [17], lambs fed with whole legumes grains and with alfalfa
hay as total mixed ration (TMR) and full oily seeds (more fatty common vetch seed compared
to the rest of the seeds) mixed with alfalfa (especially the inclusion of common vetch seed
instead of soybean meal) showed that it caused and led to an increase in CLA meat from 1.15
g per 100 g of methylated fatty acid (soybean meal ration) to 2.23 g per 100 g of methylated
fatty acid (diet of common vetch seed). Based on the per capita consumption of sheep meat at
7.6 kg per year in Iran, 37 g a day is consumed [52]. According to these figures, based on the
daily requirement of humans (3500 mg of CLA) and the amount CLA of sheep meat intake per
day, it will range from 1.8 to 7 mg and depending on the marble fat inside the muscle and
supplementation of diets of lambs with whole oily grains in fattening. The average value of
CLA in the muscle fat of sheep in quantitative aspects are not justifiable and can not be inter-
preted, unless with for enrichment the lamb meat with CLA, it is used appropriate feed in the
diet to form CLA. Preferably, these materials should be rich in linoleic acid. The forage in diet
with the consolidation and proliferation of CLA productive and storage microorganisms and
forage supplementation with medium amounts of full-fat high-grade whole-grain material in
comparison with high levels of grains material for lambs leads to more CLA for accumulation
in muscle tissue. Taking into consideration that the daily requirement per person (3500 mg)
with regard to the CLA for the beneficial effects on health, part of these needs can be achieved
by daily consumption of lamb meat and its inclusion in the food pyramid or food basket
provided in each household.

2.3. The use of breeds with an increased capacity to deposit CLA in lambs muscle

Public health policies recommend population-wide decreases in the consumption of fat,
saturated and trans-fatty acids (TFA), and higher intakes of polyunsaturated fatty acids
such as increasing in the consumption of the long-chain n-3 polyunsaturated fatty acids
(PUFAs), eicosapentaenoic acid (20:5n-3, EPA), and docosahexaenoic acid (22:6n-3, DHA)
[54]. Another potential pathway to increase PUFAs in ruminant tissues is to utilize breeds
with an increased ability to deposit these fatty acids or deposit n-3 PUFAs in preference to
those of the n-6 fatty acid series [55]. According to findings of Wachira et al. [56] Suffolk
and Soay lambs contained more a-linolenic acid (ALA) than the Friesland lambs, and
Soay lambs had higher intramuscular levels for all the major n-6 PUFAs and CLA than
Suffolk or Friesland lambs. The LA and ALA were higher in the Suffolk x Lleyn lambs than
Scottish Blackface, as considered in the polar lipids of the semimembranosus muscle [54].
Lambs from Merino dams had about 2 mg/100 g higher levels of EPA + DHA than lambs from
cross-bred dams, when the sire breed was Poll Dorset [57].

2.4. Protected fat as sources of n-3 fatty acids

Ferreira et al. [58] showed that stearic acid concentration decreased linearly when fish oil
replaced soybean oil. Also, vaccenic acid concentration was higher for lamb-fed fat diets ver-
sus control diet with a 10:90 of forage to concentrate ratio. In addition, vaccenic acid increased
linearly with fish oil inclusion. The conjugated linoleic acid (CLA) C18:2 cis-9, trans-11
showed a higher concentration in the meat of animal-fed diets containing fish oil compared to
controlled diet, but it was not affected by soybean oil inclusion. However, if the fat used in the
diet is somehow protected from rumen degradation, the result will be doubled, as shown in
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the research that the CLA content of lamb longissimus muscle improved 16.7% when 86.6 g of
Megalac (as fat protected) per kg of diet DM was fed for 10 weeks [59]. It is the general opin-
ion that inclusion of protected fat in diet increases the concentration of n-3 and n-6 fatty acids
in muscle in some but not all researches [60, 61]. In these studies (as shown in Table 2), there
was a higher amount of corn in the controlled diet as a replacement of protected fat diet and
thus more LA [53]. It should also be noted that it is not obvious if the 18:3 shown is n-3, n-6 or
the sum of both, in the study of Castro et al. [60]. In contradiction with the comment, Gdmez-
Cortés et al. [62] find the fatty acid composition of lamb muscle with a significant difference
among diets containing calcium soap fatty acid (CSFA) compared with extruded linseed for
18:3n-3 (a-linolenic acid, ALA) but with no effect on 18:3n-6 (y-linolenic acid, GLA). A sig-
nificant difference among diets for the muscle level of ALA and no effect on GLA was found
in research [63]. A recent research showed the ALA, EPA, DPA, DHA and the sum of PUFA
levels, in IMF, were higher in lambs fed with extruded linseed than CSFA of palm oil [62]. This
could be because of the higher level of ALA in extruded linseed than in calcium soap of palm
oil (as shown in Table 2), which is the precursor of the n-3 long-chain PUFA.

Unit Oleic Linoleic Linolenic
Concentrate
Soybean % 233 522 5.6
Soybean % 23.1 54.5 8
Corn % 37 47.2 1.3
Sunflower % 454 46 0.1
Sunflower % 61.8 279 0.1
Mustard % 38.2 25.3 11.3
Rapeseed % 46.8 19.5 8.7
Canola % 61.8 18.7 10.4
Linseed % 18.5 17.3 53.2
Extruded linseed % 15.1 18.2 54.3
Protected linseed g/100 g 56.1 25 7.7
Palm % 419 11 -
Palm % 18 4 -
Palm olein % 49.5 11.7 0.5
Red palm olein % 44.6 10.4 0.3
Coconut % 7.2 1.7 -
Coconut % 5.8 1.3 -
Cotton seed % 17 53.3 -
Oats g/100 g 38.8 383 1.2

Barley g/100 g 14.2 57.8 5.4
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Unit Oleic Linoleic Linolenic
Lupins g/100 g 313 42.1 52
Flax seeds % 22 183 48.2
Roughage
Green maize fodder g/100 4.7 17.1 389
Wheat straw g/100 g 14.9 - -
Perennial ryegrass mg/g DW 0.4 2.73 15
Fresh grass perennial ryegrass % 17 10.6 68.4
Fresh ryegrass g/100 g 15 12.6 55.3
Silage perennial ryegrass % 12 118 64.7
Silage ryegrass g/100 g 1.6 11.2 51.3
Fresh corn (whole plant) g/100 g 16.4 47.5 12
Silage corn g/100 g 14.4 414 10.6
Lucerne hay % 8 244 232
Corn silage % 18.8 48.5 11.1
Supplementation
Algae U. lactuca (flour) % 27.4 8.3 44
Algae D. antarctica (leaves) % 25.4 10.8 3.9
Algae D. antarctica (stem) % 25.8 15.7 1.1
DHA Gold algae % 0 0.01 0.1
Protected fat g/100 g 26.4 327 2
Megalac % 34.4 - -
Calcium soap of palm oil % 9.7 - -
Fish oil % 25.8 3.6 13
Fish oil % 9.2 1.1 15

As reference [53].

Table 2. Sources of oleic, linoleic, and linolenic fatty acids in animal feeds.

3. Conclusion

Higher CLA values in the muscle tissue of intensively finished lambs are not easily explained.
To increase the CLA yield in lamb meat it is essential to provide lamb an appropriate substrate
for the formation of CLA. The provision of source of dietary linoleic acid appears to increase the
CLA concentration to the greatest extent. Dietary forage such as grass or legume hay appears
to facilitate the establishment of the micro-flora that enhances the formation and deposition
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of CLA in the tissues; also, the provision of modest amounts of grain is more conducive to
CLA synthesis rather than high levels of grain. Regarding the recommended daily intake for
appreciation of health benefits in humans (3500 mg/d), this amount of CLA supplied to meat
lamb will partially provide the CLA requirement for everyone under conditions of this study.
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Abstract

Meat ranks among one of the most significant, nutritious and favored food item available
to masses, which aids in fulfilling most of their body requirements. It has played a vital
role in human evolution and is an imperative constituent of a well-balanced diet. It is a
good source of proteins, zinc, iron, selenium, and phosphorus followed by vitamin A and
B-complex vitamins. Average value of meat protein is about 23% that varies from higher
to lower value according to the type of meat source. Meat fat and its fatty acid profile is
point to worry, with respect to its consumption, but its moderate usage is always advised
by doctors and nutritionists, in order to lead a healthy life. Fat content of animal carcasses
ranges between 8 and 20%. Quality traits of meat along with its nutritional composition
become dependent upon animal breed type, feeding source (grains, pasture and grass),
genetics of animal and post mortem techniques. This chapter will mainly focus on the
variant aspects of nutritional constituents of meat including proteins and essential amino
acids, fats and fatty acid profile, carbohydrates, vitamins and minerals along with their
health benefits to human health.

Keywords: meat, nutritional value, proteins, saturated fats, minerals, vitamins

1. Introduction

Ingestion of fresh, healthy and wholesome food materials play a crucial role in maintaining
the health status of human beings. The term balanced diet has gained immense popularity
globally owing to the increasing awareness regarding the maintenance of health status among
the masses. Balanced diet ensures the intake of all the essential nutrients, which are required
by the human body to perform the daily life functions [1]. In this scenario, awareness of nutri-
tional composition of the food stuffs has become quite significant in having a balanced meal,

© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
InteChOpen 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. [{(cc) ExgIEN


http://creativecommons.org/licenses/by/3.0
http://dx.doi.org/10.5772/intechopen.77045

62

Meat Science and Nutrition

which in-turn ensures the health status of individuals. Nutritional composition refers to the
comprehensive frame of information regarding vital nutritional components of food items
and offers energy values. The nutrients are the elements that provide nourishment essen-
tial for the maintenance of life and for growth, which includes both the macro- and micro-
nutrient. Macro-nutrients are those that are required by the human body in large amounts
and these include proteins, fats and carbohydrates. Micro-nutrients are those elements which
are required by the body in small amount and comprising of vitamins, minerals and fiber [2].
All of these are being supplied by number of food stuffs including meat, cereal grains, milk,
fruits and vegetables. Among them meat holds a key spot which fulfills most of the protein
requirements of the humans. Different types of meats are present including the beef, mutton,
lamb, chicken and fish etc. Each and every type of meat is significant in its own value with
little differences in its composition [3]. The detailed information regarding its nutritional com-
position is as follows;

2. Nutritional composition of meat

Meat ranks among one of the most significant, nutritious and energy-rich natural food product,
utilized by the humans to fulfill their regular body requirements. It is considered quite impor-
tant in maintaining a healthy and balanced diet, which is essential in accomplishing optimum
human growth and development. Although, few epidemiological studies have also pointed a
possible relationship between its consumption and the elevated risks of having cardiovascular
diseases, various forms of cancers and metabolic disorders but still its role in the human spe-
cies evolution, specifically in its brain and intellectual development cannot be ignored [4].

In accordance with European legislation, meat is defined as the edible portions, obtained
from domestic animals including caprine, bovine, ovine and porcine, including the poul-
try meat, farmed and wild animals. It is a rich source of high value proteins, variety of fats
including omega-3 polyunsaturated fatty acids, zinc, iron, selenium, potassium, magnesium,
sodium, vitamin A, B-complex vitamins and folic acid. Its composition varies with reference
to its breed, type of feed being ingested, climatic conditions and also on the meat cut, which
imparts a considerable difference on its nutritional and sensorial properties [4].

From the nutritional point of view, meat is considered as a rich essential amino acids source
whereas, mineral contents to a lesser extent. Apart from it, essential fatty acids and vitamins
also make a part of it. Organ meat like liver is quite an enriched source of Vitamin A, Vitamin
B, and nicotinic acid. The research is still in progress for the better understanding of the prob-
able differences among the nutritional value of different meat cuts, variant animal species and
breeds. It is quite evident from the previous research that the meat having lesser connective
tissues is likely to have low scores of digestion and absorption [5]. Moreover, the meat having
more connective tissues are supposed to have less contents of essential amino acids, which
make them less nutritious as compared to the meat piece having lesser connective tissues and
results in more digestibility and nutritional value [3]. Following Table 1 shows the nutritional
composition of different sort of meat products.
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Meat cut Protein Sat. fat Fat(g) Energy Vit. B, Na Zn P Fe (mg)
(g) (g) (kcal) (mcg) (mg) (mg) (mg
Chicken breast, raw 24.2 0.2 8.5 178 0.39 71 0.9 199 1.2
Beef, steak cuts, raw 21 19 4.5 123 19 59 1.7 167 1.3
Chicken, raw 22.8 0.6 1.9 113 0.70 78 1.4 202 0.7
Beef, calf, loin, raw 20 34 7.3 146 1.1 22 3 193 0.10
Beef, loin, raw 20.9 1.5 32 115 2 59 37 142 1.6
Pork, chop, raw 18.1 10.8 31.7 353 1 60 1.8 190 1.4
Pork, loin, raw 21.9 1.7 49 134 1.1 55 1.9 220 0.7
Pork, leg, raw 20.8 2.8 7.8 155 1.2 84 2.6 164 0.8
Turkey, skinless, raw ~ 19.9 1.8 7.1 136 19 42 15 209 2.1
Duck meat, skinless, 194 1.8 6.6 130 2.8 920 1.8 201 25
raw
Turkey, breast, 23.6 0.5 1.6 106 1 62 0.5 208 0.6
skinless, raw
Chicken breast, 23.8 0.4 1.28 109 0.40 59 0.7 218 0.4
skinless, raw
Mutton, chop or meat, 20 24 4.8 122 2 63 3.6 221 1.9
raw

Table 1. Nutritional composition of meat [4, 6].

2.1. Water

Water is one of the important constituents of all food materials. In general, there are three
types of food products depending upon their moisture contents, firstly perishable commodi-
ties (having more than 70% moisture content in them), non-perishable commodities (having
around 50-60% moisture contents) and stable food materials (with less than 15% moisture).
The more the water content of any food material the lesser are the chances of its longer shelf
life as micro-organisms have greater chance to grow on them that in turn, limit their lives.

Meat ranks among the perishable food material, as it contain around more than 70% of mois-
ture in it. Apart from reduction in shelf life, its presence imparts a strong impact on the color,
texture and flavor of muscle tissues of meat. Adipose tissues (tissues on the abdominal part of
the animal) contain less moisture content, which leads to the fact that if the animal is fatter it
will be having lower water content in its carcass and vice versa. Younger and leaner animals
exhibited around 72% of moisture content [7].

Major portion of water contents in meat tissues exist in free- state within muscle fibers and
smaller amount of it is present in the connective tissues. During the processing conditions,
such as curing and heat treatment followed by the storage, small percentage of the water
remains within the muscle fiber which is termed as the “bound water”. The three dimensional

63


http://dx.doi.org/10.5772/intechopen.77045

64 Meat Science and Nutrition

structure of muscle fiber fortified with the pressure and temperature helps the water to retain
in the muscles during the processing conditions, while most of the water “lost” during these
circumstances known as “free water”. The water holding ability of meat could be altered by
the disruptions of its muscle fibers, which resultantly aid in the enhancement of the shelf life
of meat products. There are numerous methods involved in this regard containing chopping,
grinding, salting, freezing, thawing, breakdown of connective tissues by enzymatic or chemi-
cal means, heating application and use of chemicals or organic additives altering the acidity
(pH) of meat are the processes that can affect the final water contents of meaty products [8].

2.2. Carbohydrates

The main source of the carbohydrate in the animal body is its liver, which contains about
Y5 of the total carbohydrates present in the body. They are stored in the form of “glycogen”
mainly in the liver and muscles but also in glands and organs to lesser extent. Its substantial
quantities are present in blood in the form of glucose. The glycogen has an indirect impact on
the meat color, texture, tenderness and water holding capacity of it. The conversion of stored
glycogen to glucose; and from glucose to lactic acid is quite a complex process and all these
modifications are governed by the action of hormones and enzymes [9].

During the early stage of aging, the lactic acid content of muscles increases, thus lowering the
pH. The pH has a very strong influence on the muscle texture, tenderness, color and also on
water-holding capacity. The normal pH of the muscle considers being around 5.6. If an animal
suffers from severe stress or exercise just before the slaughter and have no chance to regain
its normal glycogen levels, then a minute amount of glycogen will be there to convert into
lactic acid causing an elevated pH (i.e. 6.5) and as a result, meat muscles get dark, firm and
dry (DFD). This type of meat results from exhaustion and then causes depletion of glycogen
before slaughter. This occurs not so often in beef (2%), but also affected the other ones that are
called as “Dark Cutters”. The main reason for the dark colored meat with high pH is owing
to the higher water holding capacity. This causes the muscles to absorb more water, which
makes them to absorb the incident light rather than to reflect it from the meat surface, thus
causing the darker appearance of the meat. This DFD defect is quite disliked by the retail-
ers and customers, affecting heavily on its sensorial and nutritional properties, so stress and
rough handling of animals should be avoided just prior to slaughtering [10].

A quite speedy postmortem causes a drop in the muscle pH (i.e. 5.0) is recognized by pale, soft
and exudative condition (PSE), which is quite common in pork meat. PSE affected muscle por-
tion is recognized by low water-holding capacity, soft texture and pale yellow color. The softer
muscle structure of PSE meat causes its lower water-holding capacity, which is then account-
able for more reflectance of incident light, thus making the color of meat as pale yellow [11].

All the above mentioned conditions of DFD and PSE relates to the carbohydrate contents of
the meat, which has considerable effect on nutritional value of meat.

2.3. Proteins and its amino acids

Meat ranks among one of the protein-rich foods, providing high biological value to the masses.
Proteins are naturally occurring complex nitrogenous compounds having very high molecular
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weight consisting of carbon, hydrogen, oxygen and most importantly nitrogen. Few of the pro-
teins also have phosphorous and sulfur in their structures. All these components chemically
linked together to form different types of individual proteins, exhibiting different properties.
These vary from one tissue to the other within a same living organism and also in corresponding
tissues of different species. The proteins are more complex than the carbohydrates and fats from
their size and constituents. The percentage of meat protein component varies extensively in dif-
ferent types of meats [12]. In general, the average value of the meat protein is about 22%, but it
could range from high protein value of 34.5% in chicken breast to as low as 12.3% protein in duck
meat. The protein digestibility-corrected amino acid scores (PDCAAS) which depict the protein
digestibility reveals that meat has high score of 0.92 as compared to other protein sources includ-
ing lentils, pinto beans, peas and chickpeas scoring 0.57-0.71 [13]. Protein quality is mainly con-
cerned with the availability of amino acids present in it.

Amino acids serve as the building blocks of the proteins. The nutritional value of meat can be
varied to great deal by the presence or absence of numerous amino acids. One hundred and
ninety two are known among which only 20 are used to prepare the proteins. From these 20
amino acids, 08 are considered as the essential amino acids, as these could not be prepared
by the human body, so must be taken by the diet. Other 12 are the non-essential amino acids
that could be manufactured by the human body but only if their particular dietary sources
are being ingested, otherwise, it could result in the protein malnutrition. The Table 2 shows
all non-essential and essential amino acids present in meat.

The beef meat appears to have higher contents of valine, lysine and leucine as compared to
lamb and pork. Studies have revealed that main reason of the difference in essential amino
acid proportion lies with the breed, animal age and muscle location. Previous research stud-
ies reported that contents of valine, isoleucine, phenylalanine, arginine and methionine in the
animal meat increase with its age [16]. The essential amino acid contents also differ with the
different parts of the carcass. Their composition could also be affected by the application of
processing techniques including heat and ionization radiations, but only when the severe pro-
longed mode of these conditions are being applied [17]. In some cases, these amino acids are
not being available for the human use. In a study, some researchers found out that only 50% of
lysine was available at 160°C, while 90% of it was there at 70°C. Sometimes the interaction of
the other constituents with the proteins has put an effect on the availability of essential amino
acids. Smoking and salting of the meat has also played its role in this regard. Apart from the
effect of the processing conditions, the storage has also imparted its effect on amino acids, in
case of canned meat [18].

2.4. Fat and fatty acids

Fats rank among one of the three major macro-nutrients, including carbohydrates and proteins.
Fat contents are known as triglycerides that are esters of three fatty acid chains and the alcohol
glycerol. Meat contains fatty tissues (fat cells filled with lipids) that have varying amount of fat.
In meat, fat content functions as energy deposits, protective padding in the skin and around
organs especially heart and kidney as well as provides insulation against body temperature
losses [19]. Fat content in animal carcass varies from 8 to 20% (latter is only in pork). The fatty
acid and fat composition of fatty tissue differs significantly in different locations among poultry
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Essential amino acids

Amino acids Category Beef Lamb Pork
Lysine Essential 8.2 7.5 7.9
Leucine Essential 8.5 7.2 7.6
Isoleucine Essential 5.0 4.7 4.8
Cystine Essential 15 15 12
Threonine Essential 4.2 4.8 52
Methionine Essential 2.2 2.4 2.6
Tryptophan Essential 1.3 1.2 1.5
Phenylalanine Essential 41 3.8 4.3
Arginine Essential 6.4 6.8 6.6
Histidine Essential 2.8 29 3.1
Valine Essential 5.6 5.1 52

Non-essential amino acids

Amino acid Category Beef Lamb Pork
Proline Non-essential 52 4.7 4.4
Glutamic acid Non-essential 14.3 14.5 14.6
Aspartic acid Non-essential 8.9 8.6 8.8
Glycine Non-essential 7.2 6.8 6.0
Tyrosine Non-essential 3.3 3.3 3.1
Serine Non-essential 3.9 3.8 41
Alanine Non-essential 6.3 6.2 6.4

Table 2. Amino acid composition in fresh meat [6, 14, 15].

and other meat products such as offal, sausages and ham etc. External body fat is softer than the
internal fat that surrounds the organs owing to the higher content of unsaturated fat in external
animal parts. Skin is the main fat source in poultry meat. In the main retail cuts, fat content in
chicken and turkey ranges between 1 and 15% and meat cuts with skin have higher percentage.
Cooking can have a significant effect on fatty acid composition and meat fat content. Scientific
evidence reported the considerable losses of fat in numerous meat cuts which were referred to
broiling, grilling and pan-frying without added fat [20].

Among the fatty acid composition, meat contains unsaturated fatty acids; oleic (C-18:1),
linoleic (C-18:2), linolenic (C-18:3) and arachidonic (C-20:4) acid appear to be essential.
They are necessary constituents of mitochondria, cell wall and other active metabolic sites.
Linoleic acid (C-18:2) is abundantly present in vegetable oils such as soya and corn oils with
its concentration 20 times in meat and linolenic acid (C-18:3) occurs abundantly in leafy parts
of plants. Eicosapentaenoic acid (C-20:5) and docosahexaenoic acid (C-22:6) are normally
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present at low concentration in meat tissues, but these are present in high concentrations
in fish and fish oils [21]. Polyunsaturated fatty acids concentrations as well as cholesterol in
muscular and offal tissues of common meat species are shown in Table 3.

It is obvious that the linoleic acid concentration is more in lean meat of pig than in ox or sheep
meat. These variations in concentration of fatty acids composition among different species are
also revealed in kidney and liver fatty acid profile. The liver tissue in all the mentioned animal
species is suggested as a rich source of polyunsaturated fatty acids. On the other hand, brain
has distinctively high concentration of C-22 polyunsaturated fatty acids. It is tabulated that
the concentration of cholesterol in offal tissues, particularly brain is more than the concentra-
tion in muscle tissues [26].

From the number of polyunsaturated fatty acids, omega 3 fatty acids justify their special atten-
tion as they play a protective role in general human health particularly cardiovascular diseases.
Seafood is the main source of omega 3 fatty acids. Though, meat can contribute up to 20% of
long chain omega 3 polyunsaturated fatty acids intake. This polyunsaturated omega 3 content
in meat depends on the feeding source and it is higher in forage-based and grass diet. It is also
suggested that polyunsaturated fatty acids of animal fat are indispensable for the development
of brain, particularly in the fetus. When linoleic and linolenic acids are ingested, they can be
digested by animal liver and produce polyunsaturated fatty acids. Furthermore, the chain elon-
gation of linoleic acid gives rise to the prostaglandins which are very important for the regula-
tion of blood pressure. Prostaglandins are mostly found in organs and tissues and synthesized
in the cell from essential fatty acids. They are produced by all nucleated cells and known as
autocrine and paracrine lipid mediators that act on endothelium, uterine and platelet cells [27].

To avoid the possible harmful effects on health from the consumption of the meat of rumi-
nant animals, there must be introduced a greater potential of unsaturation into their fats and
fatty tissues. Generally, feeding of vegetable fats to sheep and cattle would be nullified because
of the reduction or condensation by rumen bacteria. But, when they are firstly treated with

Meat source Cholesterol (mg/100 g) C-18:2 C-18:3 C-20:3 C-204 C-22:5 C-22:6
Mutton 81 2.4 2.4 Nil Nil Trace Nil
Beef 62 2.1 14 Trace 1.1 Trace Nil
Pork 71 7.5 1.0 Nil Trace Trace 1.1
Brain 2200 0.5 Nil 1.6 4.1 35 0.4
Pig’s Kidney 415 11.6 04 0.5 6.72 Trace Nil
Sheep’s Kidney 399 8.2 41 0.6 7.2 Trace Nil
Ox’s kidney 401 4.9 0.6 Trace 2.7 Nil Nil
Sheep’s Liver 429 5.1 3.9 0.7 5.2 3.1 2.3
Pig's Liver 262 14.8 0.4 12 14.4 2.4 3.9
Ox’s Liver 271 7.5 24 4.5 6.5 5.4 13

Table 3. Polyunsaturated fatty acids and cholesterol in lean meat and offal [22-25] (as % total fatty acids).
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formaldehyde, there would be the resistance in reduction and then results in increased poten-
tial of unsaturation in fat stores of ruminants. Because of the important role of meat in human
diet, increasing its consumption rate through the years and considerable role in human health,
numerous research studies were concentrated on different ways of fatty acid composition
improvement in meat. Meat fatty acid composition can be changed through animal diet (feed-
ing), certainly in single-stomach poultry and pigs where the alpha-linolenic, linoleic and long-
chain polyunsaturated fatty acid contents respond suddenly to elevated dietary applications.
Significant difference was found between grain and pasture-fed animal’s fatty acid composition
that gives higher polyunsaturated fatty acid concentration in pasture-fed animal groups [28].

Digestive characteristics of animals may affect composition of meat fatty acids. Microbial
enzymes encourage the hydrolysis of unsaturated fatty acids that leads to an increased stearic
acid concentration that reaches in small intestine and gets absorbed there. Trans-fatty acids
are formed in beef as a result of the bio hydrogenation by rumen bacteria. The most common
and well known in meat from ruminant animals is conjugated linoleic acid (CLA), which has
been proved to prevent cardiovascular diseases, obesity and diabetes [29].

2.5. Minerals

Minerals are the nutrients present in food materials that do not contain the element carbon
in them and required for the proper growth, development as well as maintenance of human
body. They are divided into two categories i.e. macro- and micro-minerals, on the basis of
their requirement by the human body. Macro-minerals are those ones, which are required by
the body in larger amount. These include sodium, calcium, phosphorus, magnesium, chlo-
ride potassium and sulfur, while micro-minerals refers to those who are required in smaller
amounts including iron, zinc, iodine, copper, cobalt, manganese, selenium and fluoride [30].
The following Table 4 represents the micro- and macro-minerals of meat and meat products.

It is quite evident that potassium is quantitatively quite dominant mineral as compared to
others i.e. followed by phosphorus, sodium and magnesium. Meat is also a very good source

Meat source K Cu Fe P Zn Mg Na Ca
Chopped Mutton, (raw) 244 0.15 0.99 174 42 188 74 12.5
Chopped Mutton, (grilled) 303 0.25 2.5 205 42 227 101 17.9
Beef, Steak (raw) 335 0.1 2.4 275 42 244 68 5.5
Beef, Steak (grilled) 369 0.22 3.8 302 58 251 66 901
Bacon (raw) 267 02 1.0 95 24 122 976 13.6
Bacon, (fried) 516 0.2 2.7 228 37 258 2792 11.6
Pork (raw) 399 0.1 1.5 224 25 262 44 42
Chopped Pork, (grilled) 259 0.1 25 179 36 148 60 8.2

Table 4. Mineral contents (mg/100 g) of meat and meat products [31, 32].
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of iron, zinc and selenium. All these minerals perform variant functions for the growth, devel-
opment and maintenance of human body that are described as follows.

2.5.1. Potassium

Potassium helps in metabolism, nerve impulses transmission, growth, muscle building and
maintaining of acid—base balance in the human body.

2.5.2. Phosphorus

Phosphorus is an important mineral element that gives energy, forms phospholipids along
with Ca, which involves the formation of bones and teeth.

2.5.3. Sodium

Regulates water content of the body, aids in transport of CO, and maintains osmotic pressure
of body fluids.

2.5.4. Magnesium

Magnesium repairs and improves the growth of human body, maintains blood pressure, pre-
vents tooth decay and helps to keep bones healthy.

2.5.5. Zinc

Zinc is the part of many enzymes, required for the body immune system, having role in cell
division, growth and wound healing.

2.5.6. Selenium

Prevent cancer, poisonous effect of heavy metals and helps the body after vaccination.

2.5.7. Iron

Iron is one of the key mineral present in meat, which plays a vital role in human health
and its deficiency causes several hindrances in the normal functioning of human body,
particularly disturbs child growth and development [33]. The mode of metabolism of iron
is quite different from the other mineral contents in the sense, that it is excreted and more
than 90% of it is utilized internally in the body. Obligatory sources of iron and red blood
cells disruption or losses are intestines, urinary tract, skin and also during menstrual
bleeding among females. Its deficiency could be overcome primarily by the diet [34]. Iron
is available in a number of food stuffs and occurs in two forms like heme and non-heme
iron. The former one comes from the hemoglobin and myoglobin, so it is present in animal
foods only and has a high degree of bioavailability that could easily be absorbed in the
intestinal lumen [35].
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2.5.7.1. Organ meat as a mineral source

It is quite evident that the offal organs are quite rich in the mineral contents like iron, zinc, and
copper as compared to the minerals that are present in muscular tissues. The children on the
fully vegetarian diet could lead them to retarded cognitive activity owing to zinc deficiency,
so the ingestion of meat stuff has been emphasized [7]. Mineral contents of offal organs are
depicted in Table 5.

2.6. Vitamins

Vitamins are a group of organic substances that function in a variety of dimensions in human
body. These constituents although required in minute amounts and are very important for
the proper growth, development and maintenance of the human body. They are especially
required at the early age of life by the children. They partake in various metabolic processes
involving series of chemical and biochemical reactions. One of their distinguishing features is
that they generally cannot be prepared by the mammalian cells, so must be supplied through
the diet [37]. They are generally classified into two groups on the basis of their solubility in
water and fat i.e. water soluble vitamins and fat soluble vitamins. Water soluble vitamins
include the B-complex vitamins (thiamin, riboflavin, nicotinic acid, pyridoxine, choline, bio-
tin, folic acid, cyanocobalamin, inositol, vitamin-B, and vitamin-B,,) and vitamin C. Fat sol-
uble vitamins of meat including vitamin A, vitamin D and vitamin K also participate in the
nutritional importance of meat [38].

Meat is a good source of five of the B-complex vitamins including thiamin, riboflavin, nico-
tinic acid, vitamin B, and vitamin B, ,. It also contains pantothenic acid and biotin, but a poor
source of folacin [39]. Vitamin content of various raw meats is illustrated in Table 6.

Meat source Fe P Na Ca Cu Mg Zn K
Ox 5.6 231 182 9 0.5 16 1.8 232
(Kidney)

Ox 7.1 362 80 6.1 2.4 19.2 4.1 321
(Liver)

Sheep (Kidney) 7.5 242 221 10.2 0.5 17.1 2.5 272
Sheep 9.5 371 75 7.1 8.8 19.1 4.0 291
(Liver)

Pig 5.1 272 191 8.1 0.7 19.1 2.7 291
(Kidney)

Pig 21.2 372 88 6.2 2.8 21.3 7.0 319
(Liver)

Brain 1.5 341 142 12.2 0.4 15.1 1.3 269

Table 5. Mineral content of offal tissues [22, 36].
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2.6.1. Water soluble vitamins
2.6.1.1. Thiamin

It works along with other B-complex vitamins to carry out numerous chemical reactions
required for the growth and maintenance of the human body. They are involved in the meta-
bolic processes necessary for energy production to perform various body functions. Deficiency
of thiamine could cause loss of appetite, fatigue, constipation, irritability and depression.
Meat in general is a good source of thiamine with especial reference to fish which provides
larger quantities of it as compared to other meat sources except pork.

2.6.1.2. Riboflavin

It is essential to release energy from the major food constituents like proteins, fats and
carbohydrates. It helps in retaining good eye sight and healthy skin. It also aids in the
absorption and utilization of iron. Moreover, it is required in the conversion process from
tryptophan to niacin. Poultry meat, lamb and beef are considered among the good sources
of riboflavin.

2.6.1.3. Niacin

Together with other B-vitamins, niacin functions in a variety of intracellular enzyme systems,
including those involved in energy production. Its sources are meat, fish and poultry etc. Its
deficiency causes the disease called as “pellagra” which is characterized by the rough or raw
skin. Other problems include memory loss, vomiting and diarrhea.

Vitamin units/100 g Beef Bacon Mutton Veal Pork
raw meat

A (Inter. Unit.) Trace Trace Trace Trace Trace
D (Inter. Unit.) Trace Trace Trace Trace Trace
B, (mg) 0.06 0.39 0.14 0.11 12
B, (mg) 0.21 0.16 0.24 0.26 0.21
Nicotinic acid (mg) 5.1 1.6 4.99 7.1 52
Pantothenic acid (mg) 0.5 0.4 0.6 0.5 0.5
Biotin (ug) 2 8 4 6 5
Folic acid (ug) 9 Nil 2 6 2

B, (mg) 0.2 0.3 0.3 0.4 0.4
B,, (ug) 2 Nil 2 Nil 2

C (mg) Nil Nil Nil Nil Nil

Table 6. Vitamin content of various raw meats [31, 36].
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2.6.1.4. Vitamin B,

Vitamin B, plays a vital role in the functioning of approximately 100 enzymes that catalyze the
essential chemical reactions in the human body. It helps in the synthesis of the neurotransmit-
ters and important in the synthesis of heme iron i.e. a component of hemoglobin. Additionally,
it also helps in the synthesis of niacin from tryptophan. Important meaty sources of vitamin-
B, are fish, poultry and meat.

2.6.1.5. Vitamin B,

This vitamin is important for the synthesis of deoxyribonucleic acid (DNA), which is a gene-
containing component of cell’s nucleus, vital for proper growth and development of the
human body. Vitamin-B,, is found only in foods of animal origin; therefore, vegans (vegetar-
ians who consume no animal products) might have been needed to supplement their diet
with this vitamin. Individuals who have pernicious anemia (inability to absorb vitamin-B ,
from food) and do not consume vitamin-B , can be treated successfully with injections of
vitamin-B ,. Liver, beef, lamb and pork are rich sources of this vitamin. Some other sources
are oysters, fish, egg yolk and cheese.

2.6.2. Loss of B complex vitamins during meat processing

Vitamins present in the meat get lost during its processing by both methods of conventional
heating and microwave heating especially in case of vitamin B, [40]. The retention of both the
vitamins B, and B, from different kinds of the meat by conventional cooking is shown in the
table. The loss of vitamin B, was mainly observed by leaching. These losses are about 15-40%
by boiling, 40-50% by frying, 30-60% through roasting, and 50-70% on canning [40]. Other vita-
mins of B complex family including B, B,, and pantothenic acid also exhibit same issues like B,.
Contrary to it, vitamin A has the ability to retain even at the temperature of 80°C. Loss or reten-
tion of B complex vitamins during conventional and microwave cooking is illustrated in Table 7.

Meat Cooking method Cooking losses water Vitamin B, retention Internal temperature
samples involved and fat (% initial weight in meat and dripping (°C)
(%initial)

Beef Conventional 19-20 82-87 62.5
Beef Microwave 28-38 70-80 70.5
Beef loaves Conventional 24.2 76.5 85.5
Beef loaves Microwave 273 79 84.5
Pork Conventional 34.1 80.3 85
Pork Microwave 36.7 90.8 86
Ham loaves Conventional 18.4 914 85
Ham loaves Microwave 27.8 87.2 84

Table 7. Comparison of cooking losses and vitamin B, retention in conventional and microwave cooking [31].
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Meat source B, B, B, B, B, B, Vit. C Vit. D Vit. A
(mg) (mg) (mg) (ug (ug) (ug) (mg) (ug) (LU.)
Brain 0.06 0.02 2.99 0.10 6.0 8.9 23.0 Trace Trace
Sheep’s kidney 0.5 19 84 0.32 31.0 54.9 6.9 Nil 99
Ox ’s kidney 0.38 2.2 6.1 0.33 772 31.2 10.1 Nil 150
Pig ’s kidney 0.33 2.0 74 0.24 4.1 14.2 14.3 Nil 110
Sheep’s liver 0.28 34 14.1 0.43 220 83 9.9 0.49 20,000
Ox s liver 0.22 3.2 13.5 0.84 330 109.7 23.0 1.14 17,000
Pig ’s liver 0.32 3.1 14.7 0.69 110 24.8 13.2 1.14 10,000
Sheep’s lung 0.13 0.5 48 Nil Nil 438 31.2 Nil Nil
Ox ’s lung 0.10 0.4 4.1 Nil Nil 3.2 38.7 Nil Nil
Pig ’s lung 0.10 0.3 33 Nil Nil Nil 13.1 Nil Nil

Table 8. Vitamin contents (units/100 g raw tissue) of various offal tissues [22, 36].

2.6.3. Fat soluble vitamins

Vitamin A is a fat-soluble vitamin necessary for the maintenance of healthy tissues and for
maintaining the normal vision and eyesight. Green and yellow vegetables provide most of
the vitamin A and it occurs in the form of carotene (a precursor which the body converts
to vitamin A). Milk and margarine are often fortified with vitamin A. Liver is suggested as
the greatest single food source of vitamin A. It is also a good source of the other fat-soluble
vitamins such as vitamin D and vitamin K [41]. Vitamin contents (water and fat soluble) of
various offal organs are shown in Table 8.

3. Conclusion

This chapter concludes that meat and meat products have significant role in fulfillment and mainte-
nance of human health. Studies indicated that strong nutritional composition (fats, proteins and
carbohydrates) with minerals, vitamins and other functional compounds have a preventive role
against major and minor nutrients deficiency diseases. This food material must be included as
important proportion in balanced diet to meet the required health benefits. Proteins and amino
acids are beneficial for growth and building of muscles in humans. Owing to the fats and fatty
acid profile composition of meat, there is a point to be concerned about the consumption of meat
because of the presence of saturated fats that cause coronary heart diseases and elevated choles-
terol level if taken in higher than normal amount. Thus, intake of meat in balanced proportion
must be according to the prescription of nutritionist and health practitioners. Additionally, miner-
als and vitamins including zinc, iron, selenium, sodium, copper, magnesium, calcium, potassium,
phosphorus and vitamin A along with ample amount of B complex vitamins are considered as
important constituents of meat, respectively, that are beneficial for overall human health stratum.
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Edited by Muhammad Sajid Arshad

Meat holds an important position in human nutrition. Although protein from this
source has lower biological value than egg albumin, it is an exclusive source of heme
iron and vitamins and minerals. Fat content and fatty acid profile from this source are
a constant matter of concern. Though currently meat utilization is linked with an array
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