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Abstract

The use of oil supplies in feed increases the energy density of the diet and has the potential to enhance both
animal performance and meat quality. Whole cottonseed is an oilseed that has a high concentration of oil and
is especially rich in unsaturated fatty acids such as linoleic acid. Whole cottonseed is considered as an
excellent alternative addition to ruminant feed. Protected lipids are composed of industry-based fatty acids. In
the feedlot, protected lipids are used in conjunction with calcium and, in certain cases, their addition has been
seen to augment meat quality in terms of essential fatty acid concentrations. This review discusses and debates
the use of the whole cottonseed as well as protected lipids (calcium salts of fatty acids) as dietary additives to
ruminant feed and diet, and also its impact on meat quality. The whole cottonseed and or protected lipids are viable
feedlot alternatives for use in feedlot when it is desired to reduce the amount of starch in animal diet without
compromising the performance. The addition of the whole cottonseed or protected lipid in diet is not affect pH
values in meat. The whole cottonseed does not contribute to the improvement of tenderness of the meat. The
proportion mean of Desirable fatty acids in meat in the comparative study were: as pentadecanoic acid (C15:1 =
0.29%), palmitoleic acid (C16:1 = 4.26%), heptadecanoic acid (C17:1 = 0.07%), oleic acid (C18:1n9¢c = 37.32%),
y-linolenic acid (0.94%) and a-linolenic acid (1.04%), elaidic acid (C18:1n9t = 0.50%), eicosatrienoic acid
(C20:3n3 = 0.03%), eicosapentaenoic acid (C20:5n3 = 0.04%), erucic acid (C22:1n9 = 0.89%), docosadienoic
acid (C22:2 = 0.04%) and stearic acid (C18:0 = 21.53%). The addition the cottonseed or protected lipid in diet
does not affect fatty acids profiles the desirable fatty acids in meat.

Keywords: beef quality, biohydrogenation, fatty acid profile
1. Introduction

In an attempt to reduce the costs incurred for in the process of animal meat production, farmers are increasingly
seeking alternative feed additives, which, along with being cheaper to source and use, feedstuffs to reduce costs
in animal production. In addition, these feeds must are also required to have qualities that are desired by the
farmer for a satisfactory animal performance. An alternative that is attracting a great deal of interest is the use of
oilseeds as feed additives (Juaréz et al., 2011, 2012). Oil seeds are known to have a high percentage (75% on
average) of unsaturated fats (examples: oleic, linoleic, and linolenic acids) that are liquids at ambient temperature.
They also have the added advantage of exerting an inhibitory effect on the growth of gram-positive bacteria
(Malik et al., 2015; Valente et al., 2016, 2017). Excessive amounts of dietary lipids are known to have a negative
effect on fiber digestion in the rumen, which may influence the quality of meat (Lima et al., 2015a). To minimize
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the negative effect of dietary lipids on the fiber-digesting microorganisms, in the rumen, would be to supply the
lipid additive in a form that is protected from ruminal degradation (Jenkins et al., 2008; Messana et al., 2013).
Unfortunately, very limited number of studies in the literature discusses the use of such protected lipids and their
impact on animal performance and meat quality characteristics.

2. Lipid in Diet

Fats are considered as an important component of the meat production system largely because production
efficiency, precocity, carcass fat cover, yield cuts, tenderness, and succulence of the meat are related to the
quantity and to the site of fat deposition (Andrae et al., 2001; Veracini et al., 2013). The quality of the fat deposit
is evaluated based on factors such as fat color, cooking yield, shear force, sensorial traits and chemical and fatty
acid composition (Andrade et al., 2014; Domingues et al., 2015). Fat deposits can contain composed of two types
of fatty acids: (a) UFAs, or unsaturated fatty acids that possess one or more double bonds in their chemical
structure, and (b) saturated fatty acids that contain are composed of only single bonds in the molecule (Lehninger
et al., 2000; Berg et al., 2006; Nelson et al., 2008). The state of saturation or unsaturation is an important
characteristic chemical and the nutritional (Jenkins, 1993; Van Soest, 1994). While formulating diets for
ruminants, it is essential that they are more energetic (Mir et al., 2003). Lipid supplements are frequently included
in ruminant diets in an attempt to increase the energy density of the feed while simultaneously increasing the
nutrient utilization, and the meat production, allowing for the easy management of the fatty acid composition of in
the diet (Palmquist et al., 1994; Mangrum et al., 2016). In non-ruminant animals, the digestion and absorption of
dietary lipids occurs in the small intestine. In the case of ruminants, however, this process is undertaken by the
microorganisms residing in the ambient rumen-reticule. Thus, in the specific case of ruminants, the metabolism of
lipids, including processes such as hydrolysis and hydrogenation of lipids contained in the feed or the de novo
synthesis of cellular lipids required by the microorganisms, occurs in the rumen (Van Soest, 1994). The relatively
low percentage of UFA in the fat content of ruminants is known to be associated with ruminal metabolism,
endogenous fatty acid and triacylglycerol biosynthesis. UFAs such as linoleic and linolenic acids must be
extracted from the dietary source. When these fatty acids are ingested by the ruminant, the rumen microorganisms
hydrolyze lipids and convert UFAs into saturated forms by a process called hydrogenation (Or-Rashid et al., 2011).
Thus, unlike monogastric animals, supplying ruminants with a fat diet containing predominantly UFAs does not
significantly increase the content of these unsaturated fatty acids in the adipose tissues. From this, concluded that
lipids contained in the tissues of ruminants are more saturated than those contained in the non-ruminant animals.

3. Lipid Level in the Diet

A high concentration of dietary fat can cause problems in the absorption of nutrients largely because fatty acids
reduce ruminal pH and ocurrs a change in microorganism (Valente et al., 2016). Fat also reduces the digestibility
of forage; long chain fatty acids are known to exert a toxic effect on cellulolytic bacteria (Nagaraja et al., 1997,
Suen et al., 2011). The presence of a higher fat content in the diet causes a decrease in fiber digestibility
(Palmquist, 1994; Allen, 2000; Russell & Strobel, 2005). The impact of this phenomenon manifests itself in
largely two ways: (a) a decrease in total tract digestibility causes a downstream decrease in the total energy value
of the fiber; and, (b) the greater retention of fiber in the rumen limits dry matter intake (DMI) resulting in a
decrease of the total energy intake by the animal. Earlier previously published studies have established that a
greater than 7% fat content in the dry matter (DM) of the diet limits the degradation of dietary fiber by the animals
(Medeiros, 2002; Valente et al., 2015). Additionally, it is also known that diets that contain more than 5% lipid in
DM affect the acceptability of the concentrate. The use of calcium (calcium soap) helps to reduce the negative
effects of dietary fats on fiber digestion in diets that contain more than 40% forage (forage: concentrate ratio).
Calcium exerts its action by remaining relatively inert in the normal pH conditions prevalent in the rumen but
dissociating completely in the acidic conditions of the abomasum (Jenkins & Palmquist, 1984). The incorporation
of these products suggests that the lipids that escape ruminal fermentation increase the energy density of the diet
without affecting the use of forage. Thus, it can be deduced that adjusting microbial biohydrogenation by
regulating the absorption of certain fatty acids may aid in improving the performance while reducing meat fat
saturation (Jenkins, 1993; Smith et al., 2009).

4. Use of Protected Lipids in Cattle Feed

The major problems encountered while feeding cattle in feedlots is the occurrence of metabolic disorders caused
when large amounts of carbohydrates during the high ruminal fermentation process are present in the form of
starch (Harmon et al., 2004; Enemark, 2008; Calsamiglia et al., 2008). An increase in the supply of lipids has the
potential to serve as an alternative so as to reduce the inclusion of starch while maintaining the same level of
energy in the diet (Russell, 2002; Krause et al., 2014). However, excessive dietary lipids have a negative effect on
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fiber digestion in the rumen which in turn may influence the quality of meat. The negative effect of lipid on the
microbiota responsible for digesting fiber in the rumen can be circumvented over come by the dietary inclusion of
lipid protected from ruminal biohydrogenation (Aferri et al., 2005). It is known that the inclusion of lipids at
concentrations up to 4.6% of the diet does not affect the animal performance or carcass characteristics (Bartle et
al., 1994). For this reason, currently at present, the inclusion of lipids in ruminant diets is limited to a maximum of
5% of the total DM with the understanding that beyond this concentration, the microorganisms residing in the
rumen can not efficiently execute physiological mechanisms required for the digestion of carbohydrates or
proteins. The inclusion of energy feeds in the diet of feedlot cattle is the best possible way for achieving higher
weight gains and for allowing adequate carcass dressing. There are a number of possible fat sources that can be
used in ruminant diets. These include fats such as soybean oil (French et al., 2000; Vargas et al., 2002),
commercially protected lipid (Warren et al., 2008), and grain oil (Valinote et al., 2005). However, there is no
common underlying factor that can predict the effect of the presence of these energy sources in the diet of feedlot
cattle. The use of whole cottonseed or protected fat was not observed to cause any deleterious effect on the
proportion of short-chain fatty acids present in the rumen of steers fed with on an 80% concentrate diet containing
9.6% of ether extract. However, that there was a reduction observed in the for NDF degradability (Valinote et al.,
2006). The uses of calcium salts are known to have no impact on the chemical biohydrogenation process of in the
rumen (Duckett, 2017). An alternative is to supplement the diet with oil seeds because as a result of the physical
protection, the biohydrogenation in the rumen also decreases. Klusmeyer and Clark (1991) have suggested that in
the specific case of biohydrogenation of UFA C18:0, the partial protection conferred by the presence of calcium
salts can be quantified at approximately 33%. From this, it can be inferred that the inclusion of fats in the diet of
ruminants exerts a beneficial effect. Lower saturated fatty acids (SFA) percentages were observed in the lipids of
steers whose diets had been were supplemented with 5% rapeseed or sunflower oil. This reduction in the saturated
fat content can be accounted ascribed to for by the decreased palmitic acid content of both diets and the increased
eicosenoic and erucic acid deposition in the steers fed on rapeseed oil supplement. Eicosenoic and erucic acids are
found in high levels in rapeseed oil and the presence of these lipids in the tissue is indicative of the fact that they
can escape the process of rumen biohydrogenation (Lima et al., 2015a).

5. Meat Characteristics

Beef have a high biological value beyond provides several other nutrients such as essential amino acids, B
vitamins, iron, zinc, etc. It is an indispensable and essential part of a healthy diet. Factors that restrict meat
consumption by the general population are its high cost and the association of its intake with cardiovascular
problems and obesity (Barendse, 2014). Meat that has a low lipid content, lower levels of SFA and calories, and a
higher content of monounsaturated fatty acids (MUFA) and polyunsaturated fatty acids (PUFA) will be perceived
by the consumer as a food that promotes a standard healthy life while simultaneously preventing the development
of cardiovascular disease (Stipanuk, 2000; Teixeira, 2003). Amongst the lipids found in animal-tissue based lipids,
cholesterol is the component that gets maximal emphasis as a major causative agent of both atherosclerosis as well
as heart disease.

Three crucial factors can impact affect the quality and composition of the meat produced. These are: (a) the
feedstufts used for feeding the animal; (b) race or genetic cross of the animal; and, (c) the age at which the animal
is slaughtered. The quality of the meat is a major factor used for marketing the product (De La Torre et al., 2006).
Beef that does not meet with a high standard of quality competes with similar animal-based products from other
species such as swine and poultry. Lipids, based upon their composition, can be employed in feeding beef cattle
for the generation of animal products having good and desirable nutritional characteristics (Schmid et al., 2006).

6. Animal Performance

The ingredients used in animal diets, are strongly associated with animal performance. Thus, it can be said that the
ideal feed should be economically viable and should promote desirable weight gain while simultaneously reducing
the cost of animal production. The use of whole cottonseed (15% of dietary DM) no influence on the daily weight
gain of Holstein steers in feedlot when compared to steers whose diet did not contain this source of fat (Jorge et al.,
2009). Second Costa et al. (2013) evaluated different concentrations of cottonseed (0, 14, 27, and 34% of DM)
and concluded that animal performance decreases as the proportion of cottonseed in diet increases. This negative
impact on animal performance can be attributed to the reduction in the digestibility factor of NDF, which occurs
when the fat content of the diet is high (Jenkins, 1993). Interestingly, Aferri et al. (2005) observed no difference in
the performance of feedlot steers when a cottonseed diet (21% DM) was compared with a diet containing calcium
salts of fatty acids (SCFA) (5% DM). The addition of SCFA to the diet of cattle did not present with a significant
change in the average daily weight gain of the animals. The SCFA can be used as an alternative to increase the
energy density of diet for feedlot animals (Silva et al., 2009).
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7. Carcass Characteristics

Feed has the potential to exert a significant influence on the percentage of fat in the carcass and muscle
(Al-Jammas et al., 2016). Carcass yield of bovine animals is influenced by intrinsic (breed, sex, body condition,
and weight at slaughter) extrinsic factors (feed management and finishing system). In order to obtains a good and
productive results, there should exist a strong correlation between cold carcass weight and live weight before
slaughter. This is an important indicator of consumer meat availability (Lima et al., 2015b).

The measurement of the eye-loin area in M. longissimus thoracis is directly related to the total muscle present in
the carcass while the thickness of the subcutaneous fat layer is directly related to the total carcass fat and indirectly
related to the total amount of muscle. Thus, a greater accumulation of fat results in a lower proportion of muscle
and reduced number of lean cuts from the off the carcass (Toldr, 2010). A minimal amount of subcutaneous fat in
the carcass is needed to ensure optimum quality of meat (Tatum et al., 2000). Donicht (2011) have hypothesized
that subcutaneous fat acts as a thermal insulator and protects the carcass from cold shortening (a process that
occurs during cooling of carcasses in slaughterhouses). A study conducted by Muller et al. (2005) on finished
heifers fed with on diets containing flaxseed, protected fat with calcium and other non-added fat source reported
that the diets failed to significantly impact affect carcass yield. A significant proportion of fats undergo
esterification with glycerol in order to form triglycerides. Hence, the oils and fats that are commonly used are a
relatively complex mixtures of triacylglycerols. Fatty acids represent about 95% of the molecular weight of
triacylglycerols. It is to be noted that fatty acids that are derived in part from animal fats differ from other types of
fats on the basis of the size of the carbon chain as well as the type of bond that bind them (Barendse, 2014).

Isomerism around the double bond determines the cis (on the same plane radicals) or trans (on opposite planes
radicals) nature of the bond. Most naturally occurring fatty acids in mammals are in the cis configuration, but in
ruminants, biohydrogenation can convert some of the acids into the trans form. Unsaturated fatty acids are known
to be chemically unstable with a relatively lower melting point. As a result of this, they are unable to pass through
bacterial membranes. Hence, to enable the degradation of lipids in the rumen, unsaturated fatty acids are
hydrogenated by the hydrogenase enzymes in a process known as biohydrogenation (Berg et al., 2006; Nelson et
al., 2008). This process also explains why the fatty acid profile of beef meat is more saturated even when cattle are
fed on the feeds that are rich in unsaturated fats (Barletta et al., 2016). However, that oil contained in seeds such as
the whole cottonseed is protected from ruminal degradation. Another way by which lipids can be protected,
despite the hydrogenation of unsaturated fatty acids by rumen microorganisms, is by supplying it to the cattle in
the insoluble form, i.e., as salts of calcium bound fatty acids (Ca soap). Ruminants and monogastric animals
require essential fatty acids (EFAs) that they are incapable of synthesizing themselves (Barendse, 2014). Such the
essential fatty acids, examples of which include linoleic and linolenic acids, are usually derived by the animal
from the dietary sources. Linoleic acid is especially significant because it is the source for the synthesis of
arachidonic acid. On the other hand, linoleic acid is the precursor molecule for the synthesis of several
polyunsaturated fatty acids of special nutritional value (Jenkins, 1993). Among the EFAs that are commonly
present in animal fat, linoleic (C18:3) and arachidonic (C20:4) acids are regarded as essential for human health
and nutrition. The essential fatty acids are important components as constituents of the cell membrane and play
crucial roles in, the absorption of fatty acids and in reproductive functions (Mattos, 2000).

Intramuscular beef fat is composed of about 44% saturated fatty acids, 5% odd-chain, 45% monounsaturated, and
5% polyunsaturated fatty acids. Although beef is popularly associated with a high cholesterol content, it is well
established that polyunsaturated and monounsaturated fatty acids play a crucial role in reducing blood cholesterol.
Stearic acid, another type of fatty acid, is also known to contribute towards reducing serum cholesterol in humans.
It works primarily by decreasing cholesterol absorption while increasing the excretion of endogenous cholesterol
(Duckett, 2017).

In recent years, conjugated linoleic acids (CLA) have been the focus of much speculation and research in the
animal production area largely because of the discovery that they are anticarcinogenic in nature (Schneider et al.,
2000). A variety of other beneficial health effects associated with CLA and omega-3 class fatty acids have been
reported by M. A. McGuire and M. K. McGuire (2010). These factors have stimulated the research to into
enabling modification of the fatty acid profile of animal meat improving the nutritional value of food.

8. Biohydrogenation

Polyunsaturated fatty acids such as C18:2 have a diene double bond configuration present at the cis-9-9 and
cis-1-12 positions. The first step in the biohydrogenation process is an isomerization reaction that converts the
cis-12 double bond of unsaturated fatty acids into a trans-11 isomer. This isomerase is not functional unless the
fatty acid substrate has a free carboxyl group. The requirement for a free carboxyl group establishes that lipolysis
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is a prerequisite for the biohydrogenation process (Figure 1). Once the isomerase forms the trans-11 bond, another
enzyme, a microbial reductase, hydrogenates the cis-9 bond. The last step of the biohydrogenation process is the
reduction of vaccenic acid to stearic acid (C18:0) (Harfoot & Hazlewood, 1988; Nelson et al., 2008). The extent to
which trans-11 C18:1 is hydrogenated hydrogenated to C18:0 depends on the conditions that are prevalent in the
rumen. Complete hydrogenation to stearic acid is promoted by the presence of ruminal fluid and feed particles and
is inhibited irreversibly by the presence of large amounts of linoleic acid (Jenkins, 1993; Berg et al., 2006).

trans-10cis-12
(CLA)

cis-9 trans-11

(CLA)

cis-9 cis-12
(Linoleic acid)

Figure 1. Structural representation of isomers of CLA and its precursor

Source: Conjugated Linoleic Acid For Weight Loss, 2017.

Hydrogenation of C18:1 trans-11 appears to be the rate-limiting step of the biohydrogenation process. As a result
of this, the penultimate intermediate accumulates in the rumen and becomes available for absorption (Bauman et
al., 1999). This process is important for another endogenous form of CLA synthesis that involves the delta-9
desaturase enzyme, which uses trans-11 C18:1 as a substrate. This enzyme acts by introducing unsaturation at the
C9 position of vaccenic acid to form cis-9, trans-11 CLA (Griinari et al., 2000; Mosley et al., 2006).

CLA present in the fat of ruminant-based meat from two sources: (a) the partial biohydrogenation of linoleic acid
in the rumen, and (b) endogenous synthesis in the adipose tissue (Figure 2). Between these two processes,
endogenous synthesis is more significant than the ruminal secretion of CLA (Castagnino et al., 2015). The
increased vaccenic acid content is important for both cattle (Griinari et al., 2000) and humans (Adlof et al., 2000)
as both have the capacity to synthesize CLA. Nutritional manipulation of the rumen is a strategy that aims to
change the content and composition of lipids in ruminant-based meat (Demeyer & Doreau, 1999).

Andrae et al. (2001) compared diets supplemented with corn oil and the conclusion that it leads to an
improvement in the deposition of intramuscular lipids and increases the concentration of unsaturated fatty acids in
case of M. longissimus thoracis beef cattle finishing. A study conducted by Pires et al. (2008) aimed to determine
the effects of diet on the PUFA content of animal meat. To this effect the authors supplemented the diet of Nellore
cattle in feedlot with calcium salts of soybean fatty acids. The results of the study led the authors to conclude
indicated that the animals fed on with protected fat (5.24%) had a greater PUFA content in meat as compared to
meat from animals fed on the feed without protected fat (4.21%). Andrade et al. (2014) found different results for
PUFA content in meat with the diets with and without protected lipids in the feedlot. Contrarily, Costa et al. (2013)
reported that diets with different concentrations of the whole cottonseed did not affect the concentration of
conjugated linoleic acid, SFA or total UFA in meat.
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Rumen Tissue
| cis-9, cis-12 C18:2 {Linoleic Acid) | | cis-9, cis-12 C18:2 {Linoleic Acid)
[ cis-9, cis-11 C18:2 (CLA) | [ cis-9, cis-11 C18:2 (CLA)
1 T \ A-9-Desaturase
| trans-11 C18:1(Vaccenic Acid) | | trans-11 C18:1(Vaccenic Acid)
C18:0 (Stearic Acid) | C18;| =————p cjs-9 C18:1

Figure 2. Formation of CLA in the rumen and tissues

Several factors are known to affect the extent of biohydrogenation. These include ruminal pH, the amount, and
source of fat in the diet, the type and proportion of forage in the diet, the presence of ionophores and shape
protection of dietary lipids (Chilliard et al., 2000, 2001; Shingfield et al., 2005).

9. Centesimal Composition of Meat

A study conducted by Lima et al. (2015b) where in the authors analyzed the centesimal composition of the carcass
and, found that the dietary inclusion of CS or PL did not have a significant impact on the average moisture content
of the M. longissimus thoracis (73.48%). Similar results were observed by Costa et al. (2013) and Andrade et al.
(2014) determined that the average moisture content as 75.14% and 76.10%, respectively. These authors also did
not detect any significant differences between the treatments for meat protein or ash. However, Costa et al. (2013)
noted that the addition of LP in the diet increased the percentage of intramuscular fat (P < 0.05). Interestingly,
ether extract percentage of muscle was seen to decrease linearly with the increase in the amount of CS in the diet
of cattle in the feedlot. These results are strongly indicative of the fact that LP is more efficient in passing through
the rumen so as to be absorbed in the small intestine and subsequently incorporated into the muscle (Putrino, 2006;
Lima et al., 2016).

10. Characteristics Aging Times of Meat and Subcutaneous Fat Color

Different factors can influence the shear force. The texture of the meat can be influenced by age, weight for
slaughtering animals. Second studies of Shackelford et al. (1994) for cattle Bos taurus indicus usually have
higher value of the shear force. However Aferri et al. (2005) and Andrade et al. (2014), the difference in shear
force when cattle were fed cottonseed or PL not been observed.

For Watanabe et al. (2015) compounds losses include free amino acids, peptides, reducing sugars, vitamins and
lipids when meat cooking. Several authors concluded that cooking yield of cattle fed lipid sources showed the
differences to the loss by cooking to feed cattle with whole cottonseed or protected lipid (Costa et al., 2013;
Andrade et al., 2014).

In studies were observed with brightness the meat to improve beef color. For brightness L*, intensity the red a*,
intensity of yellow b* the muscle initial red color intensity increased whereas both mitochondrial oxygen
consumption and color stability decreased (Suman et al., 2014). The decrease in mitochondrial oxygen
consumption associated with longer aging times will increase initial color intensity (Mancini & Ramanathan,
2014).
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11. pH Value

Compare the cattle fed diets with whole cottonseed or protected fat (Lima et al., 2015a), no differences were
found after 24 h analysis of pH post-mortem of the mean value for this variable was 5.59. Final pH values was in
the normal range (5.4 to 5.8) for beef cattle (Mach et al., 2006). In the same way as, findings similar to those of
the present study were reported by Aferri et al. (2005), Pesce, 2008, Costa et al. (2013) and Oliveira et al. (2011),
no found any differences between the diets containing or not the lipid source, remain pH in the normal range.
Second Bee et al. (2006) unlikely to occur changes in pH with the addition of lipid in the diet.

Several stress factors have been reported as responsible for glycogen depletion: duration of transport and handling
from farm to slaughterhouse, temperament, buffering capacity of muscle, climatic factors, live weight, gender, and
others (King et al., 2006).

12. Taste, Flavor, Juiciness and Tenderness

Factors that affect meat flavor can be divided into two categories: (a) the water-soluble compounds (thiamine,
glycogen, nucleotides, sugars, amino acids, amines), and (b) the lipid fraction (Fadel et al., 2015). The main
chemical reactions that occur during the process of cooking of meat are the Maillard reaction (between sugars and
amino acids) and the thiamine and lipid degradation reactions. Both of these reactions produce volatile
compounds as end products. According to Gustone (2006), there are three major types of interactions occur
between fat and flavor. Firstly, fat absorbs hydrophobic flavor compounds generated both while the animal is
living as well as those formed when the meat are cooking. Secondly, fats are the precursor molecule for the
synthesis of a large number of compounds responsible for augmenting flavor (aldehyde, ketones, volatile fatty
acids, secondary alcohols) as well as smells, both desirable and well as undesirable (flavor, rancidity, and burned
flesh). And thirdly, it has been reported that the phospholipids, as represented by structural components that have a
high concentration of polyunsaturated fatty acids containing at least three or more double bonds, are the main
compounds responsible for the obvious changes as far as meat quality is concerned in the quality of the meat.
Upon heating, Are represented by structural components having in its composition, the high concentration of
polyunsaturated fatty acids, particularly with three or more double bonds, such as these phospholipids, such as
arachidonic acid (C20:4); these, release chemical products by heating that participate in the Maillard reaction (Hui,
2012). Although arachidonic acid participating contributes significantly to in the desirable taste of boiled beef, it
arachidonic acid is extremely more susceptible to oxidation during the heating process and can give rise to a the
associated disagreeable taste (Mottram, 1998). It is observed that increasing the lipid level in the cattle diet can
lead to a corresponding increase in the UFAs content of meat. This may result in potential problems with respect
to flavor (taste + smell) as PUFA predisposes the meat to rancidity (Nurnberg et al., 2005). As a result of its
susceptibility to oxidation, PUFA correlates negatively with flavor notes in sensory panels. Linolenic acid (C18:3)
is known to be twice as susceptible to oxidation as compared to linoleic acid (C18:2) (Lima et al., 2015b).

Along with taste and smell, juiciness and tenderness are also important attributes used to describe meat. Consumer
preference is biased towards meat that is tenderer. During the chewing process, fat is released, which stimulates
salivation and increases the perception of both juiciness and tenderness. Hence, as a result of the lubricating effect
of fat, meat with an increased content of fat is perceived as juicier and tenderer (Gustone, 2006). Every change in
cattle feed has the potential to cause downstream changes in the composition and sensory characteristics of the
meat. This is why it is very important to conduct a sensory analysis of the final product so as to gauge consumer
acceptance. The inclusion of PL (calcium salt of fatty acids) in the diet was not observed to alter the sensory
properties of meat derived from Angus x Nellore bulls in the feedlot (Andrade et al., 2014). However, Costa et al.
(2013) conducted a study where in they used cottonseed as a source of fat and observed that both flavor and taste
of meat were adversely altered when cottonseed concentrations exceeded 14.35% and 27.51% of the diet,
respectively. Shibuya (2004) evaluated taste and juiciness of meat derived from crossbred steers (Simmental X
Brangus) who were fed on either CS (21% in DM) or PL (5% in DM) and concluded that there are no significant.
Despite, several studies have reported that an inclusion of LP in the diet of feedlot cattle leads to changes in the
aroma intensity and induces the presence of strange aroma or taste and also affects the juiciness (Patil et al., 1993;
Hopkins et al., 2006; Ibrahim et al., 2008).

13. Effect of Whole Cottonseed or PL on the Fatty Acid Profile of Meat

Diet that contains high concentrations of fat, either partially or completely protected from microbial action in the
rumen, can cause changes in the fatty acid profile and may lead to an increase in the intramuscular fat deposition
(Souza et al., 2007; Fiorentini et al., 2012; Andrade et al., 2014). The higher concentrations of C18:0 that were

observed in the meat of the animals fed with on 11.50% CS were very close to those that were had been
previously reported by Costa et al. (2013) used 14.35% CS. According to Silva et al. (2009), the addition of
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SCAG to the diet of cattle leads to an increase in the percentage of C18:0 present in meat. When consumed by
humans, stearic acid is transformed into oleic acid (monounsaturated), a fatty acid that does not carry any
cardiovascular risks (Barendse, 2014).

Andrade et al. (2014) have reported that differences in treatments do not translate into differences in the meat FA
profile. Contrarily Fiorentini (2009) and Souza et al. (2007) have found that the use of different sources of fat in
the diet does cause a certain degree of modification to the FA profile of meat. Regardless of whether the diet
contained whole cottonseed or PL, it was found that fat deposits had a higher proportion of oleic acid (C18:1 cis-9)
followed by palmitic (C16:0) and stearic acids (C18:0).

According to Bee et al. (2006) analyzed fatty acids in cases where in PL was used as a feed ingredient, oleic acid
was the dominant fatty acid in intramuscular fat depositions. Second Lima et al. (2015a) the proportion of other
fatty acids were as follows: SFA (53.53%), MUFA (42.59%) and PUFA (2.96%), no differences were found when
compared fatty acid profile in the meat, for CS or PL (Table 1).

Table 1. Proportion of the fatty acid profile in the meat for the different treatments

. Diets
Fatty acid profile
2,50% CS 11,50% CS PL
C8:0 - (Caprylic) 0,03 0,03 0,00
C11:0 - (Undecanoic) 0,29 0,46 0,25
C12:0 - (Lauric) 0,11 0,14 0,07
C14:0 - (Myristic) 5,09 5,24 491
C15:0 - (Pentadecanoic) 0,46 0,49 0,45
C15:1 - (Pentadecenoic) 0,32 0,25 0,31
C16:0 - (Palmitic) 28,40 29,47 28,81
C16:1 - (Palmitoleic) 4,65 3,33 4,80
C17:0 - (Margaric) 1,51 1,21 1,48
C17:1 - (Heptadecenoic) 0,09 0,00 0,12
C18:0 - (Stearic) 22,73 20,70 21,17
C18:1n9c - (Oleic) 35,87 37,76 38,33
C18:1n9t - (Elaidic) 0,57 0,49 0,43
C20:0 - (Araquidic) 0,48 0,36 0,23
C20:2 - (Eicosadienoic) 0,35 0,42 0,36
C20:3n3 - (Eicosatrienoic) 0,05 0,02 0,01
C20:5n3- (Eicosapentaenoic) 0,07 0,04 0,00
C22:1n9 - (Erucic) 0.92 0,80 0.95
C22:2 - (Docosadienoic) 0,08 0,03 0,02
‘Non-identifiable 213 201 253

Note. t - trans; ¢ - cis; n = position of the double bonds; CS = cottonseed; PL = protected lipid (Lima et al., 2015a).

A study by Costa et al. (2013), determined the following proportion of fatty acids: SFA (27.83%), MUFA (16.02%)
and PUFA (55.9%), oleic acid (15.45%), and linolenic acid (55.72%). Silva et al. (2009) concluded that the fatty
acid composition of meat exhibits little or no effect upon the inclusion of CSFA (4% of DM) in the diets of the
animals. Unsaturated fatty acids such as palmitoleic acid (C16:1), eicosapentaenoic C20:5(n-3) and omega-3
eicosatrienoic C20:3(n-3) acids are important components of the human diet as they help in preventing the
development of cardiovascular diseases. All SFAs are known to be hypercholesterolemic in nature with the most
undesirable SFAs being myristic acid (C14:0) and palmitic acid (C16:0). Stearic acid (C18:0), which makes up
approximately 1/3 of the SFA content, is considered to have beneficial properties. Bertrand et al. (2005) noted no
change in the content of C14:0 upon the addition of PL to diet vegetable oils that are produced as a result
hydrogenation are known to contain high concentrations of elaidic acid (C18:1 trans-9) which is also implicated in
hypercholesterolemia (Wills et al., 1998; Sander, 2000).

Feijo et al. (2016) compared Nellore and Brangus bulls with respect to the fatty acid composition of their
intramuscular lipid deposits and arrived at the conclusion that the fat from Brangus bulls has a higher content of
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palmitic acid (C16:0; 17.7% vs. 15.3% P < 0.05), stearic acid (C18:0; 11.9% vs. 8.9% P < 0.05), oleic acid
(C18:1cis-9; 28.1% and 23.3% P < 0.05) as well as elaidic acid (C18:1 trans-9; 0.15% and 0.12%, P < 0.05). The
bulls y also had were also found to contain 20% and 18% greater amounts of both SFA and MUFA (P < 0.05).
When fed with on a high fat diet (6.4% ether extract), increased the amount of stearic acid present increased
(C18:0; 11.5% vs. 9.3% P < 0.05). The content of rumenic acid (C18:2 cis-9 trans-11, mean 0.19%), on the other
hand, remained unaffected by both genetic group as well as and diet (Fiorentini, 2009). The differences observed
in the fatty acid content of Brangus and Nellore bulls are in accordance with the higher marbling effect that is seen
in the former. The fatty acid profile of cattle fed with on cottonseed may have been subject to extensive
biohydrogenation as is suggested by the higher levels of stearic acid found in the samples taken from animals fed
on a high fat diet. The dietary inclusion of PLs derived from soybean oil (rumen-protected fat) is not
recommended as a method to for improving the lipid profile of subcutaneous fat meat and meat subcutaneous fat
of derived from Nellore cattle (Putrino, 2006; Carvalho et al., 2016).

14. Conclusion

Livestock is fundamental evaluation of this review evaluated the viability of various oil sources as possible feed
additives ingredients in feed for cattle and analyzed their efficacy with respect to increasing the quality of, aiming
at a quality meat.

The factors that are essential for predicting animal performance and meat quality are as follows: the fatty acid
profile of the oil source that is to be used as cattle feed additive adopted, the form of ruminal protection that is
available, and the ether extract content of the proposed supplemented diet are essential to predict animal
performance and meat quality.

The whole cottonseed and or protected lipids are viable feedlot alternatives for use in feedlot when it is desired to
reduce the amount of starch in animal diet without compromising the performance.

Most of the published studies have been inconclusive in proving whether the use of protected lipid increases the
content of essential fatty acids in animal meat.

Most of the sensory characteristics of meat are not affected by the use of diets supplemented with protected lipid
or cottonseed.
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