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ABSTRACT. We evaluated the effect of adding by-products from the processing of oil seeds in the diet of
lambs on the carcass and meat traits. Twenty-four non-castrated weaned male Santa Inés lambs with
approximately 70 days of age and initial average weight of 19.11 = 2.12 kg were distributed into a
completely randomized design. Treatments consisted of diets containing by-products with 70% of
concentrate and 30% of tifton hay (Cynodon spp.) and were termed SM: control with soybean meal; SC:
formulated with soybean cake; SUC: formulated with sunflower cake and PC: formulated with peanut
cake. Diets had no effects on the carcass traits evaluated. There was no significant effect on the mean values
of perirenal, omental and mesenteric fats (0.267, 0.552 and 0.470 kg, respectively) and there was no
influence on the percentages of moisture, ether extract, crude protein or ash in the loin between
experimental diets. Diets containing by-products from the processing of oil seeds did not change fatty acids
found in lamb meat. The use of by-products from oil seeds provided similar carcass and meat traits, thus
their use can be recommended as eventual protein and energy sources for feedlot lambs.

Keywords: peanut cake, protein, soybean cake, sunflower cake, yield.

Caracteristicas da carcaga e da carne de cordeiros alimentados com subprodutos de
oleaginosas

RESUMO. Avaliou-se o efeito da adi¢io de subprodutos oriundos do processamento de oleaginosas na
dieta de cordeiros sobre as caracteristicas da carcaca e da carne. Foram confinados 24 cordeiros machos nio-
castrados, da raga Santa Inés, desmamados com aproximadamente 70 dias de idade, peso médio inicial de
19,11 + 2,12 kg, distribuidos em delineamento inteiramente casualizado. Os tratamentos consistiram de
dietas contendo subprodutos, com 70% de concentrado e 30% de feno de tifton (Cynodon spp.),
denominadas FS: controle com farelo de soja; TS: formulada com torta de soja; TG: formulada com torta
de girassol e TA: formulada com torta de amendoim. Para as caracterfsticas da carcaga nio houve influéncia
das dietas sobre as varidveis analisadas. N2o houve efeito para os valores médios dos depésitos de gorduras
perirrenal, omental e mesentérica, (0,267; 0,552 e 0,470 kg), respectivamente. Nio houve influéncia nas
percentagens de umidade, extrato etéreo, proteina bruta e cinzas do lombo entre as dietas experimentais. As
dietas contendo subprodutos de oleaginosas nao proporcionaram alteragao nos icidos graxos da carne dos
cordeiros. A utilizagio dos subprodutos de oleaginosas proporcionou caracteristicas da carcaga e da carne
semelhantes podendo-se recomendar sua utilizagio como eventuais fontes proteicas e energéticas para
cordeiros em confinamento.

Palavras-chave: torta de amendoim, proteina, torta de soja, torta de girassol, rendimento.

Introduction

Beef is a protein-rich food and is one of the main
nutrient sources for humans, since it consists of edible
muscle, connective tissue and associated fat. The most
important meat quality attributes include tenderness,
taste, juiciness, leanness, nutrient quantities, safety and
convenience (WEBB, 2006). However, there is great
variation in the chemical and physical components of
beef, which can be attributed to factors such as the

breed, sex, and age of the animals, nutrition and
anatomical position of the cut (ROTTA et al., 2009).
The evaluation of the meat quality by consumers
begins with the color of meat and amount of fat
coverage, followed by processing aspects, such as fluid
loss during thawing and cooking, and tenderness,
which is considered the most important qualitative
aspect of beef (KOOHMARAIE et al, 2002).
Currently, there is a concern with human nutrition
and the sanitary quality of food and, more importantly,
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the possible effects (harmful or beneficial) of certain
foods or nutrients on consumer health.

Research institutions, consequently, seek to study
factors related to the changes that occur in the desirable
features of the meat and the possible causes of these
changes (IGARASI et al., 2008).

When introducing a new ingredient to the diet of
the animals, besides the acceptability and quality in
chemical composition, it is important to observe that
this promotes development of animal body as well as
the sensory chemical and nutritional characteristics of
meat produced.

Currently it is known that it is possible, through
nutrition, to modify carcass characteristics and, mainly,
of ruminant meat (SCOLLAN et al., 2006). In this
sense many studies are developed with the aim at
obtaining a final product healthier for human
consumption, or at least that does not bring damage to
nutritional value of meat produced in feedlot systems,
which adopts the inclusion of agroindustrial by-
products in their diets.

The energy level of the diet has great importance
since the deposition of body fat promotes difterences in
the quantity and quality of the carcass. It is worth
emphasizing that the use of lipid sources in the diet of
ruminants has been adopted in order to provide high
energetic density to increase rates of weight gain of the
animals and improve the carcasses (OLIVEIRA et al.,
2007).

Introducing cakes in animal diets has proven to be a
feasible feeding alternative that brings good results
(SANTOS et al, 2009, 2012). They have a high
potential, given their significant concentrations of
protein and ether extract, which make their protein
and/or energy levels capable of meeting the nutritional
requirements of these fractions for animals. Thus, the
objective of this study was to study the inclusion of
alternative protein sources originated from the
processing of oil seeds intended for production of
biodiesel in the carcass and meat traits of feedlot lambs.

Material and methods

The experiment was conducted at the Animal Unit
for Digestive and Metabolic Studies of the Department
of Animal Science of the Faculty of Agricultural and
Veterinary Sciences in UNESP, Campus Jaboticabal,
Sio Paulo State, Brazil.

Four isonitrogenous and isocaloric diets (18% of
CP in DM and 252 ME Macal kg! DM) were
formulated (NRC, 2007) with a forage: concentrate
ratio of 30:70, using ground tifton hay (Cynodon spp.) as
forage (Table 1).

Twenty-four non-castrated weaned male Santa
Inés lambs with approximately 70 days and initial
average weight of 19.11 = 2.12 kg were confined. To

Santos et al.

control development, lambs were weighed every 14
days and then weekly after the first animals were
slaughtered, upon reaching approximately 32 kg. The
feedlot time was approximately 55 days. Animals were
weighed and restricted to a fluid diet for 16 hours.
Animals were stunned by an electric shock of 220 V for
8 seconds and immediately bled, by sectioning the
jugular veins and carotid arteries after stunning.

Just before the slaughter, animals were again
weighed (slaughter weight) and the percentages of
weight loss during fasting were determined. After
slaughtering, the gastrointestinal tract was emptied for
calculation of empty body weight (slaughter weight
minus the weight of the gastrointestinal tract, after
being weighed full and empty), to determine the real
carcass yield (ratio between hot carcass weight and
empty body weight). Deposits of perirenal, omental
and mesenteric fat were weighed.

Table 1. Percentage of ingredients and chemical composition
and energy of experimental diets (% DM).

Diets
Ingredients (%) SM! Nes suc’ pC!
Tifton hay 30.00 30.00 30.00 30.00
Corn grain 45.40 45.40 45.40 45.40
Soybean meal 23.00 14.00 14.00 14.00
Soybean cake - 9.00 - -
Sunflower cake - - 9.00 -
Peanut cake - - - 9.00
Antioxidant 0.10 0.10 0.10 0.10
Limestone 0.50 0.50 0.50 0.50
Mineral mixture* 1.00 1.00 1.00 1.00
Total 100.00 100.00 100.00 100.00
Composition (%DM)
Crude protein 18.72 18.04 18.00 18.26
Ether extract 2.82 3.92 4.01 4.04
Neutral detergent fiber 38.24 39.06 43.97 39.82
ME (Mcal Kg'! DM) ** 2.51 2.53 2.51 2.52

'SM: control with soybean meal; >SC: formulated with soybean cake; *SUC: formulated with
sunflower cake; ‘PC: formulated with peanut cake. Commercial mineral mixture for sheep (P
=60g Ca=100g; Na=195g, Mg =10g; S = 25 mg; Zn = 4.000 mg; Cu = 600 mg; Mn
= 600 mg; Fe = 1.200 mg; Co = 100 mg; I = 180 mg; Se = 12 mg; Fl (maximum) = 600
mg). ** ME = 0.82 DE (Sniffen et al., 1992).

After evisceration, carcasses were weighed (hot
carcass weight) and transferred to a cold chamber at
4°C, for 24 hours. At the end of this period, cold
carcasses were weighed, so the percentages of loss by
cooling and the cold carcass yield (ratio between cold
carcass weight and slaughter weight, expressed in
percentage) could be calculated. To determine the
compactness index, were measured: leg length, internal
carcass length and croup width. The carcass
compactness (cold carcass weight divided by the
internal carcass length) and leg compactness (croup
width divided by leg length) indices were calculated,
according to (SANUDO, 2008)

Subsequently, carcasses were divided lengthwise
into two half-carcasses; the left half was sectioned into
five anatomical regions: shoulder, neck, ribs, loin and
leg, which were weighed separately, to determine the
percentages that they represented in relation to the cold
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half-carcass. A transversal cut was made, exposing the
longissimus  lumborum muscle at the 13" thoracic
vertebrae, for evaluation of the subcutaneous thickness,
with the aid of a caliper for measurements for the
calculation of the loin-eye area. The latter consists of
three measures: A (maximum length of the muscle); B
(maximum depth of the muscle); and C (backfat
thickness of the muscle). The loin-eye area was
calculated by the formula (A/2 X B/2) , according to
(SILVA SOBRINHO et al., 2002).

We collected a sample of the loin, of which all
subcutaneous fat was removed so as to analyze the
cholesterol and long-chain fatty acid contents of the
meat.

Samples of the loins of all left half-carcass were
collected for lyophilization for 72 hours. Samples
were weighed before and after lyophilization for
subsequent determination of the 1* DM. Next, the
contents of ether extract (EE), crude protein (CP)
and ash (ASH) were determined according to the
AOAC (1995).

The amount of cholesterol in the meat was
determined according to the methodology of Bohac
et al. (1988), by which 10 grams of raw meat were
subjected to lipid extraction with chloroform:
methanol (2:1). Then, an aliquot of 5 mL chloroform
extract was evaporated with nitrogen gas and subjected
to saponification with a solution of potassium
hydroxide in ethanol 12%. The unsaponifiable fraction
(cholesterol) was extracted with hexane, purified and
subjected to color reaction with acetic and sulfuric
acids, and ferrous sulfate as catalyst. Then was
proceeded with a spectrophotometer at 490 nm. The
calibration curve was drawn for cholesterol, using
cholesterol pa 0.01 grams diluted in 50 mL de hexane,
from which were withdrawn aliquots corresponding to
40, 80, 120, 160 and 200 mg mL™".

For the transesterification of fatty acids, the
methodology described by Christie (1982) was used
with modifications using a methanolic solution of
sodium methoxide. The fatty acid methyl esters were
separated in a 100 m capillary column with silica (SP-
2560) fused with hydrogen as the carrier gas (1.8 mL
min.'l) and a flame ionization detector (FID). Each
sample was rotated as described by Griinari et al.
(1998), with a temperature gradient of 70 to 240°C for
the identification of fatty acid peaks. After the
identification of the peaks, a standard butter (CRM
164; Commission of the European Communities,
Community Bureau of Reference, Brussels, Belgium)
was used for the certification of the recovery of the
fatty acids according to the peaks and retention times.

The statistical design adopted was completely
randomized, with four diets and six replications.
The results were subjected to analysis of variance.
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The statistical procedure PROC GLM (SAS, 2008)
was used, and means were compared by Tukey’s
test, at 5% of probability.

Results and discussion

Diets had no influence on the carcass traits
analyzed (Table 2); therefore, diets containing
soybean, sunflower and peanut cakes provided
similar carcass traits to those of the control diet. The
ether extract content of diets containing by-products
although numerically greater, were not enough to
affect carcass traits.

Fat contains more energy than carbohydrates,
therefore it is expected to increase the efficiency of
utilization of feed consumed, when the
concentration of the feed energy is increased, since
the dry matter intake is not affected (GIBB et al.,
2005). However, depending on the fat or fat source
used, animal performance may be impaired,
polyunsaturated fatty acids are long chain potentially
toxic to rumen microorganisms, particularly the
cellulolytic bacteria and protozoa (PALMQUIST;
JENKINS, 1980), contributing to reduce microbial
activity and subsequent digestion (GIBB et al,
2005).

However, no effects on yields and carcass
weights were detected in various studies including
the study of Santos et al. (2009) who also used Santa
Inés lambs fed grain, meal and canola cake.

Differences in carcass yield are more commonly
described in experiments conducted with various
genetic types of sheep (ALMEIDA et al., 2009),
which showed different tissue growth curves, and
different slaughter and trim conditions.

Table 2. Mean values of carcass characteristics according to diet.

Diets
Variables SM! SC’> SUC’ PC' CV (%)
Body weight (kg) 3254 3252 3290 3297 201
Slaughter weight (kg) 31.00 31.00 31.60 3158  2.96
Empty body weight (kg) 27.09 2723 27.16 2775 @ 3.67
Fasting weight loss (%) 476 4.66 395 421 4048
Hot carcass weight (kg) 15.28 15.15 15.06 15.60 5.05
Cold carcass weight (kg) 15.02 14.95 14.80 15.37 5.04
Hot carcasss yield (%) 49.27 48.88 47.71 49.44 5.20
Cold carcasss yield (%) 48.44 4823 46.89 48.70 5.41
Real yield (%) 56.42 55.64 55.48 56.20  3.65
Loss by cooling (%) 1.67 133 174 150 31.84
Rib eye area (cm®) 12.77 1218 11.16 1255 15.80
Fat thickness (mm) 088 1.78 0.89 0.89 995
Carcass compactness index (kgem™)  0.26 025 025 025  7.50
Leg compactness index (cm) 0.62 0.65 060 0.62 11.40

CV = Coefficient of variation.

The result observed for hot carcass yield and
cold carcass yield was coherent, since the cooler
shrinkage did not differ between the diets studied.
We can affirm that the efficiency in the transformation
of the feed consumed into body weight and carcass
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weight was similar, because there was no reduction in
carcass yield in relation to body weight.

Hot and cold carcass yields averaged 48.9 and
47.7%, respectively. These results were similar to
Palmieri et al. (2012), who evaluated inclusion levels
of sunflower cake and observed no differences in
carcass yields.

Considering all the diets, averaged real yield was
55.94%. This value can be considered good, and
equivalent to those reported by Urano et al. (2006)
which are appropriate results for Santa Inés lambs
with initial body weight 19.5 kg and 75 days old fed
raw soybean, which varied from 53 to 56%.
Experimentally, the real yield is the most precise
measure, because it does not include the digestive
content (MACEDO et al., 2006).

No difterence was observed in cooler shrinkage.
According to Marques et al. (2007), in sheep, cooler
shrinkage losses are usually around 2.5%, with
possibility of variation between 1 and 7%, according
to the relative humidity of the cold chamber. In this
experiment, the average value of this variable was
considered lower (1.56%) than the value found by
Marques et al. (2007) in lambs slaughtered with
body weight of 32 kg.

Rib eye area is a measurement that reflects the
amount of carcass muscle, which was 12.17 cm? and
was not influenced by the inclusion of by-products.
Palmieri et al. (2012) found 14.8 cm? and 1.5 mm
for rib eye area and fat thickness, respectively, in
Santa Inés lambs fed increasing levels of sunflower
cake, hence higher than those of the present study.
Thus, it is possible to consider the rib eye area as
adequate, given the carcass weight of the animals.
No difference in rib eye area was found in this
study; and according to Pereira Filho et al. (2008),
animals of similar weight imply similar carcass
weight and rib eye area.

The average fat thickness value obtained in this
study was 1.1 mm and considered low; according to
Silva Sobrinho et al. (2002) the average fat thickness
varies from 2 to 5 mm and can be explained by the
genetic group and by the fact that animals were
young, averaging 130 days at slaughter. The fat from
the diet tends to be deposited in the animal carcass,
but this is highly variable, possibly being influenced
by the type of fat, dry matter intake, physiological
state and animal category. In this trial, once animals
were in the growth phase or due to the type of diet
or the short period in feedlot (54 days), this
component was not excessively deposited in the
carcass. Young animals tend to deposit and have less
fat in the carcass. One should also consider that in
the process of withdrawing from leather, it is
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possible that part of this fat had been removed from,
remaining adhered to leather.

Mattos et al. (2006) reported that low carcass
compactness values are not desirable from the
quality perspective; hence the importance of
producing heavier carcasses and from younger
animals. Carcass compactness index and leg
compactness index did not differ among
experimental diets studied. Mean values for carcass
compactness index (kg cm™) and leg compactness
index (cm) were 0.25 and 0.62, respectively. These
values are expressive, indicating a good deposition of
muscle tissue per unit of length compared with
those obtained in other studies using animals of the
same genotype. The values for carcass compactness
index and leg compactness index were higher than
found by Carvalho et al. (2005) 0.20 kg cm™ and
Santos et al. (2009) 0.58, respectively.

Relative growth of tissues follows the law of
anatomical  harmony, obeying the following
chronological order: bone, muscle and fat (pelvic-renal
and subcutaneous), and fat deposition increases with
age and type feeding the lambs (LOUVANDINI et al.
2007). High concentrate diets determine greater
availability of energy and favor the growth of adipose
tissue, reducing the yield of edible portion.

However, with 70% of concentrate herein, there
was no significant effect (p > 0.05) for the mean values
of perirenal, omental and mesenteric fats (0.267, 0.552
and 0.470 kg), respectively (Table 3).

Similar values of perirenal and omental fats of 250
and 512 g were verified by Clementino et al. (2007) in
lambs fed diets containing 75% concentrate.

Table 3. Perirenal, mesenteric and omental fat weight, according
to diets.

Diets
Variables (kg) SM! Nes suc’ PC* CV (%)
Perirenal fat 0.299 0308  0.255  0.204 21.57
Omental fat 0.584 0.548  0.510  0.564 14.50
Mesenteric fat 0424 0502 0502  0.452 13.87

ISM: control with soybean meal; 2SC: formulated with soybean cake; SUC: formulated with
sunflower cake; *PC: formulated with peanut cake. CV = Coefficient of variation.

No influence of diets could be observed on the
yield of carcass cuts. Cuts like shoulder, ribs and legs
were those presenting the highest yields in relation
to the cold carcass weight (Table 4). This can be
explained by the larger amount of muscle tissue that
these cuts have as compared with others. These
results can be because animals were slaughtered at
similar body weights, which corroborate Yamamoto
et al. (2004), who stated that when carcasses present
similar weight and fat content, almost all of the
regions of the body have similar proportions,
regardless of the breed.
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Table 4. Yield of carcass cuts of lambs according to the
experimental diets.
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Table 6. Cholesterol and composition of fatty acids of
Longissimus  lumborum muscle of lambs according to the
experimental diets.

Diets

Variables (%)~ SM' sC? suc’ PC’ CV (%) Diets
Neck 9.94 10.02 927 9.84 9.23 Components (% DM) SM'__sC*_SUC’ PC' _CV(%)
Shoulder 18.88 18.54 19.46 18.41 4.96 Cholesterol (mg 100" g of meat)  37.70 34.45 40.92 39.81 13.29
Rib 2687 2639 25.13 2691 5.47 C10:0 (Capric) 017 015 016 0.14 17.32
Loin 1117 11.64 12.82 11.65 10.56 C12:0 (Lauric) 008 007 010 008 20.13
Leg 3321 3319 33.34 33.15 4.54 C14:0 (Myristic) 248 223 253 215 1574
'SM: control with soybean meal; *SC: formulated with soybean cake; *SUC: formulated with C14:1 C9 (Myristoleic) 013 0.13 012 0.11 4388
sunflower cake; ‘PC: formulated with peanut cake. CV = Coefficient of variation. C15:0 (Pentadecanoic) 048 052 052 044 3698
C16:0 (Palmitic) 2247 2170 2320 2253  8.02
Experimental diets had no influence on the C16:1 C9 (Palmitoleic) 242 226 231 229 1741
. . R C17:0 (Margaric) 153 145 109 119 27.79
proximate composition in the muscle, which indicates C17:1 (Heptadecanoic) 114 112 080 084 3925
that inclusion of by-products of oil seeds to lamb diets C18:0 (Stearic) 1433 1537 1698 1679  16.85
did ff h : . .. C18:1 C9 (Oleic) 4224 4305 4193 4246 530
1d not atfect the muscle proximate composition C18:2 C9 C12 (Linoleic 6) 241 275 361 304 2683
(Table 5). According to Madruga et al. (2006), the C18:2CY T11 (CLA) 0.63 059 055 054 3270
: L. C18:3 n3 (linolenic) 013 013 012 011 2569
proximate composition of sheep meat presents mean Saturated 335 4312 4560 4438 649
values of 75% moisture, 19% protein, 4% ether extract Monounsaturated 47.69 48.18 46.07 46.63  5.87
o, . . e Polyunsaturated 331 361 439 377 2292
and 1.1% mineral matter. The proximate composition ;00 =i/ urated Ratio 119 121 109 114 1170

values found in this study are in accordance with the
aforementioned values, except for crude protein, which
was higher because of the variation of this fraction as a
function of slaughter weight and the muscle used in
the analysis. However, the chemical composition is
similar to values presented in other trials with Santa
Inés lambs (SANTOS et al., 2009), showing that the
by-products from the processing of oil seeds can be
used for replacing energy ingredients with no damage
to the value nutritional of the meat, indicating that it
was produced with good quality.

Table 5. Proximate composition of the carcass loin of feedlot
lambs.

Diets
Components SM! sCc?  suc¢®  pcC! CV (%)
Moisture 7353 7525 76.72 75.21 4.75
Ether Extract 4.89 3.34 3.36 3.12 37.32
Crude Protein 20.51  20.38 18.91 20.62 20.00
Ash 1.07 1.03 1.01 1.04 13.45

'SM: control with soybean meal; *SC: formulated with soybean cake; *SUC: formulated with
sunflower cake; ‘PC: formulated with peanut cake. CV = Coefficient of variation.

Cholesterol values were not affected by the
inclusion of by-products from the processing of oil
seeds, showing values of 3822 mg 100" g of meat
(Table 6). The values obtained for the meat cholesterol
are relatively low (< 90 mg 100" g) (MADRUGA
et al., 2008), which can be important for the health of
consumers .

The diets containing by-products from the
processing of oil seeds did not change the fatty acids
profile found in the meat (Table 6). Ten saturated,
six monounsaturated and three polyunsaturated
acids were identified. Oleic acid (C18:1) was
predominant in all treatments containing by-
products from oil seeds. A high concentration of
oleic acid in the composition of the intramuscular
fat of ruminants has been reported in the literature
(MADRUGA et al., 2006).

Monounsaturated/Saturated Ratio  1.12  1.12  1.01 1.06 11.74
Polyunsaturated/Saturated Ratio 0.08 0.08 0.09 0.08 31.06

ISM: control with soybean meal; 2SC: formulated with soybean cake; 3SUC: formulated with
sunflower cake; “PC: formulated with peanut cake. CV = Coefficient of variation.

The fatty acid content in the meat followed the
same proportional order reported by Grande et al.
(2009). Oleic acid was the main one, followed in
decreasing order by palmitic (C16:0) and stearic
(C18:0) acids.

Two other fatty acids, palmitic (21.70 to 23.20%)
and stearic (14.33 to 16.98%) also stood out. According
to Madruga et al. (2006), these acids are responsible for
approximately 90% of the total fatty acids of ruminant
meat. The myristic acid (C14:0) and palmitic acid
(C16:0) are the fatty acids that deserve the most
attention for being considered as hypercholesterolemic
(WOQOD et al.,, 2004), which makes the reduction in
the content of these fatty acids interesting in beef.
Similar values for fatty acids C14:0 (2.52 %), C16:0
(23.46 %) and C18:0 (16.62 %) were reported by
Madruga et al. (2006).

Although saturated fat in beef may contribute to the
elevation of circulating cholesterol content in humans,
fats rich in stearic acid did not show these
characteristics. C18:0 is considered to be neutral in the
control of plasma cholesterol levels (SCOLLAN et al.,
2006).

Once the plasma concentration of cholesterol is
influenced by the composition of dietary fatty acids and
knowing that oleic fatty acid (C18:1) reduces blood
cholesterol, while palmitic acid (C16:0) increases it and
that stearic acid (C18:0) has no influence on it, it is
important to stress the behavior of these three acids on
lamb meat (RHEE, 1992; FIORENTINI et al., 2012).

The concentration of oleic acid (C18:1 C9) had an
average value of 32.48 %. This value is slightly greater
than found by Madruga et al. (2008) and Enser et al.
(1998), 39.44 % and 32.50 %, respectively. The increase
in the concentration of oleic acid is highly desirable
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because this fatty acid has hypocholesterolemic
properties (MIR et al., 2003).

Linolenic is an essential fatty acid, as it is the precursor
for the synthesis of many PUFA (ODA et al., 2004).
These authors highlighted that although most PUFA
are not essential, they have an important role in the
reduction of blood cholesterol. These results were
confirmed by other authors who described a low
occurrence of heart disease despite the high
consumption of fats in Mediterranean countries where
there is a wide use of olive oil and similar products that
provide substantial absorption of MUFA, mainly oleic
acid.

The inclusion of the by-products had no eftect on
the concentration of C18:2 C9 t11 (conjugated linoleic
acid — CLA). De La Torre et al. (2006) reported that
the deposition rate of CLA does not depend on the
final quality of body fat of animals, but it is favored by
the supply of unsaturated fatty acids in the feeding of
animals, even under conditions of lower fat deposition
rate, usually observed in younger animals like those
used in the present study.

Inclusion of by-products from the processing of oil
seeds had no effects on the concentration of saturated
(SFA), unsaturated (UFA) and monounsaturated
(MUFA) acids or on the unsaturated:saturated
(UFA:SFA), monounsaturated:saturated (MSFA:SFA)
and polyunsaturated:saturated (PUFA:SFA) acid ratios.
These eftects are directly related to the fat present in
beef, which has an elevated concentration of saturated
fatty acids (SFA) and a lower ratio of polyunsaturated
to saturated fats when compared to the fat of
monogastric animals, that difference is mainly due to
the biohydrogenation process that occurs in the rumen
by the action of different microorganisms (FRENCH
et al., 2000).

Trans-fatty acids are unsaturated and, contrary to
cis-UFA, possess double-bonded hydrogen that is
available in a transversal form and are the results of
ruminal biohydrogenation or industrial processes.
Trans-fatty acids are related to harmful effects on
human health. Sanhueza et al. (2002) related the
effects of trans-fatty acids to the blood lipids,
inhibitory action of liver enzymes, modification of
cellular  membrane fluidity and atherogenic
potential. However, long chain PUFA participate in
several beneficial metabolic processes for human
health (VARELA et al., 2004) and meat fat from
ruminants are natural sources of several of these
fatty acids.

The total content of PUFA and the ratio of
PUFA to SFA were greater in animals fed soybeans
than that of animals fed protected fat. An increase in
the PUFA: SFA ratio in the human diet is
considered a priority for reducing plasma cholesterol
(PONNAMPALAM et al., 2001). Silva et al. (2002)

Santos et al.

reported an average ratio of 0.20, which was a value
greater than verified in this study. The PUFA: SFA
ratio was lower than recommended by the
Department of Health of the United Kingdom, which
recommends a value of approximately 0.4,
characterizing a healthier diet. Therefore, Jakobsen
(1999) suggests a reduction in the ingestion of fats rich
in cholesterol and SFA and an increase in the intake of
MUFA and PUFA to reduce the risk of obesity, cancer
and cardiovascular diseases.

Higher values of oleic acid are desirable for
hypocholesterolemic activity, with the advantage of not
reducing high-density lipoprotein (HDL) cholesterol
(good cholesterol), protecting thus against coronary
diseases.

Conclusion

The use of by-products from the processing of
soybean, sunflower and peanut has promoted similar
carcass and meat characteristics, in this way their use
can be recommended as eventual sources of protein
for feedlot lambs without any impairment to the
carcass quality and fatty acids profile.

Diets containing these by-products presented
satisfactory deposition of fatty acids and greater
presence of essential fatty acids are associated with
better composition and meat quality.

Acknowledgements

The authors thank the Research Support
Foundation of Sao Paulo (FAPESP) for funding the
research.

References

ALMEIDA, T. R. V.; PEREZ, J. R. O.; PAULA, O. J;
FRANCA. P. M.; MACEDO JUNIOR, G. L.; ASSIS, R.
M. Efeito do nivel de energia metabolizivel na
composic¢io dos tecidos da carcaga de cordeiros da raga
Santa Inés. Arquivo Brasileiro de Medicina
Veterinaria e Zootecnia, v. 61, n. 6, p. 1364-1372, 20009.

AOAC-Association of Official Analytical Chemistry.
Official methods of analysis of AOAC international.
16th ed. Arlington: AOAC International, 1995.

BOHAC, C. E.; RHEE, K. S.; ONO, K. Assessment of
methodologies for colorimetric cholesterol Assay of meats.
Journal of Food Science, v. 53, n. 6, p. 1642-163, 1988.

CARVALHO, S.; PIVATO, ]J.; VERGUEIRO, A
KIELING, R. TEIXEIRA, R. C. Desempenho e
caracteristicas de carcaca de cordeiros Suffolk, castrados e
nio castrados, terminados em confinamento. Revista
Brasileira de Agrociéncia, v. 11, n. 1, p. 79-84, 2005.

CLEMENTINO, R. H.; SOUSA, W. H.; MEDEIROS, A.
N.; CUNHA, M. G. G.; NETO, S. G.; CARVALHO, F. F.
R.; CAVALCANTE, M. A. B. Influéncia dos niveis de
concentrado sobre os cortes comerciais, os constituintes nio-

Acta Scientiarum. Animal Sciences

Maringa, v. 35, n. 4, p. 387-394, Oct.-Dec., 2013



Carcass and meat traits of lambs

carcaga e os componentes da perna de cordeiros confinados.
Revista Brasileira de Zootecnia, v. 36, n. 3, p. 681-688,
2007.

CHRISTIE, W. W. A simple procedure for rapid
transmethylation of glycerolipids and cholesterol esters.
Journal of Lipid Research, v. 23, n. 7, p. 1072-1075,
1982.

DE LA TORRE, A; GRUFFAT, D.; DURAND, D
MICOL, D. PEYRON, A. SCISLOWSKI, V.
BAUCHART, D. Factors influencing proportion and
composition of CLA in beef. Meat Science, v. 73, n. 2,
p- 258-268, 2006.

ENSER, M.; HALLETT, K. G.; HEWETT, B.; FURSEY,
G. A. J; WOOD, J. D,; HARRINGTON, G. The
polyunsaturated fatty acid composition of beef and lamb
liver. Meat Science, v. 49, n. 3, p. 321-327, 1998.

FIORENTINI, G.; BERCHIELLI, T. T.; SANTANA,
M. C. A;; DIAN, P. H. M; REIS, R. A.; SAMPAIO, A. A.
M.; BIEHL, M. V. Qualitative characteristics of meat from
confined crossbred heifers with lipid sources. Scientia
Agricola, v. 69, n. 5, p. 336-344, 2012.

FRENCH, P; STANTON, C; LAWLESS, F,;
ORIORDAN, E. G.; MONAHAN, F. J.; CAFFREY, P. J.;
MOLONEY, A. P. Fatty acid composition, including
conjugated linoleic acid, of intramuscular fat from steers
offered grazed grass, grass silage or concentrate based diets.
Journal of Animal Science, v. 78, n. 11, p. 2849-2855,
2000.

GIBB, D.J.; SHAH, M. A;; MIR, P. S.; McALLISTER, T.
A. Effect of full-fat hemp seed on performance and tissue

fatty acids of feedlot cattle. Canadian Journal of Animal
Science, v. 85, n. 10, p.223-230, 2005.

GRANDE, P. A;; ALCALDE, C. R; LIMA, L. S;; AYER, I. M,
MACEDO, F. A. F; MATSHUMOTO, M. Caracteristicas
quantitativas da carcaga e qualitativas do masculo Longissimus
dorsi de cabritos % Boer + Y4 Saanen confinados recebendo
ragdes contendo grios de oleaginosas. Revista Brasileira de
Zootecnia, v. 38, n. 6, p. 1104-1113, 2009.

GRIINARI, J. M.; DWYER, D. A.; MCGUIRE, M. A
BAUMAN, D. E.; PALMQUIST, D. L.; NURMELA,
K. V. V. Trans-octadecenoic acids and milk fat
depression in lactating dairy cows. Journal of Dairy
Science, v. 81, n. 5, p. 1251-1261, 1998.

IGARASI, M. S.; ARRIGONI, M. B.; HADLIC], J. C.;
SILVEIRA, A. C.; MARTINS, C. L.; OLIVEIRA, H. N.
Caracteristicas de carcaga ¢ parimetros de qualidade de
carne de bovinos jovens alimentados com grio tmido de
milho ou grios dmido de sorgo. Revista Brasileira de
Zootecnia, v. 37, n. 3, p. 520-528, 2008.

JAKOBSEN, K. Dietary modifications of animal fats: status
and future perspectives. Fett Lipid, v. 101, n. 12, p. 475-483,
1999.

KOOHMARAIE, M.; KENT, P. M.; SHACKELFORD, S.
D.; VEISETH, E.; WHEELER, T. L. Meat tenderness and
muscle growth: is there any relationship? Meat Science,
v. 62, n. 3, p. 345-352, 2002

LOUVANDINI, H.; NUNES, G. A;; GARCIA, J. A. S;
McMANUS, C.; COSTA, D. M,; ARAUJO, S. C.

393

Desempenho, caracteristicas de carcaca ¢ constituintes
corporais de ovinos Santa Inés alimentados com farelo de
girassol em substitui¢io ao farelo de soja na dicta. Revista
Brasileira de Zootecnia, v. 36, n. 3, p. 603-609, 2007.
MACEDQO, F. A. F,; SIQUEIRA, E. R;; MARTINS, E. N,;
YAMAMOTO, S. M.; MACEDO, V. P.; MACEDO, F. G.
Caracteristicas  quantitativas  das carcagas de cordeiros
Corriedale, Bergamicia — Corriedale ¢ Hampshire Down-
Corriedale, terminados em pastagem ou em confinamento.
Acta Scientiarum. Animal Science, v. 28, n. 3, p. 339-344,
2006.

MADRUGA, M. S;; ARAUJO, W. O.; SOUSA, W. H;;
CEZAR, M. F.; GALVAO, M. S.; CUNHA, M. G. G. Efeito
do genétipo e do sexo sobre a composigio quimica ¢ o perfil
de 4cidos graxos da carne de cordeiros. Revista Brasileira de
Zootecnia, v. 35, n. 4, p. 1838-1844, 2006.

MADRUGA, M. S.; VIEIRA, T. R. L.; CUNHA, M.
G. G.; FILHO, J. M. P.;; QUEIROGA, R. C. R. E;
SOUSA, W. H. Efeito de dietas com niveis crescentes
de carogo de algodio integral sobre a composi¢io
quimica e o perfil de 4cidos graxos da carne de
cordeiros Santa Inés. Revista Brasileira de
Zootecnia, v. 37, n. 8, p. 1496-1502, 2008.

MARQUIES, A. V. M. S.; COSTA, R. G.; SILVA, A. M.
A.; FILHO, J. M. P.; MARUGA, M. S.; FILHO, G. E. L.
Rendimento, composi¢io tecidual e¢ musculosidade da
carcaca de cordeiros Santa Inés alimentados com
diferentes niveis de feno de flor-de-seda na dieta. Revista
Brasileira de Zootecnia, v. 36, n. 3, p. 610-617, 2007.

MATTOS, C. W.; CARVALHO, F. F. R; JUNIOR, F. F.
R; VERAS, A S. C; BATISTA, A. M. V; ALVES, K. S;
RIBEIRO, V. L; SILVA, M. J. M. S.;; MEDEIROS, G. R;
VASCONCELOS, R. M. J.; ARAUJO, A. O.; MIRANDA,
S. B. Caracteristicas de carcaga e dos componentes nio-
carcaga de cabritos Moxoté e Canindé submetidos a dois
niveis de alimentagio. Revista Brasileira de Zootecnia,
v. 35, n. 5, p. 2125-2134, 2006.

MIR, P. S.; IVAN, M; HE, M. L; PATERSON, L. J;
WESELAKE, R. J. Dietary manipulation to increase
conjugated linoleic acids and other desirable fatty acids in
beef: a review. Canadian Journal of Animal Sciences,
v. 3, 1. 4, p. 673-685, 2003.

NRC-National Research Council. Committee on Animal
Nutritin. Nutrient requirements of small ruminants.
Sheep, goats, cervids and new world Camelids.
Washington, D.C.: National Academies Press, 2007.

ODA, S. N. L; BRESSAN, M. C.; CARDOSO, M. G.;
FREITAS, R. T. F.; MIGUEL, G. Z.; FARIA, P. B,
VIEIRA, J. O.; PISA, A. C. C.; SAVIAN, T. V. Effect of
two slaughter methods and sex on proximate composition,
cholesterol content and fatty acids profile of capybara meat
(Hydrochaeris Hydrochaeris L. 1766). Ciéncia e Tecnologia
de Alimentos, v. 24, n. 2, p. 236-242, 2004.

OLIVEIRA, M. D. S.; MOTA, D. A;; BARBOSA, J. C;
STEIN, M.; BORGONOVI, F. Composigio
bromatolégica e digestibilidade ruminal in wvitro de
concentrados contendo diferentes niveis de torta de
girassol. Ciéncia Animal Brasileira, v. 8, n. 4, p. 629-638,
2007.

Acta Scientiarum. Animal Sciences

Maringd, v. 35, n. 4, p. 387-394, Oct.-Dec., 2013



394

PALMIERI, A. D.; OLIVEIRA, R. L.; RIBEIRO, C. V.
D. M.; RIBEIRO, M. D.; RIBEIRO, R. D. X.; LEAO,
A. G.; AGY, M. S. F. A; RIBEIRO, O. L. Effects of
substituting soybean meal for sunflower cake in the
diet on the growth and carcass traits of crossbred Boer
goat kids. Asian-Australasian Jounal of Animal
Science, v. 25, n. 1, p. 59-65, 2012.

PALMQUIST, D. L; JENKINS, T. C. Fat in lactation
rations. Journal of Dairy Science, v. 63, n. 1, p.1-14, 1980.

PEREIRA FILHO, ]J. M.; RESENDE, K. T.; TEIXEIRA, L
A. M. A; SILVA SOBRINHO, A. G.; YANEZ, E. A;
FERREIRA, A. C. D. Carcass traits and tissue allometry in
Bor x Saanen kids. Revista Brasileira de Zootecnia, v. 37,
n. 5, p. 905-912, 2008.

PONNAMPALAM, E. N.; SINCLAIR, A. J.; EGAN, A.
R.; BLAKELEY, S. J.; LEURY, B. Effect of diets
containing n-3 fatty acids on muscle long-chain n-3 fatty
acid content in lambs fed low-and medium-quality
roughage diets. Journal of Animal Science, v. 79, n. 1,
p. 698-706, 2001.

RHEE, K. S. Fatty acids in meats and meat products. In:
CHOW, C. K. (Ed.). Fatty acids in foods and their
health implications. New York: Marcel Dekker, 1992.
p. 65-93.

ROTTA, P. P, PRADO, R. M.; PRADO, I N
VALERO, M. V.; VISENTAINER, J. V,; SILVA, R. R.
The effects of genetic groups, nutrition, finishing systems
and gender of Brazilian cattle on carcass characteristics and
beef composition and appearance: a review. Asian-
Australasian Journal of Animal Science, v. 22, n. 12,
p. 1718-1734, 2009.

SANHUEZA, J.; NIETO, S.; VALENZUELA, A.
Conjugated linoleic acid: a trans isomer fatty acid
potentially beneficial. Revista Chilena de Nutricion,
v. 29, n. 2, p. 98-105, 2002.

SANTOS, V. C.; EZEQUIEL, J. M. B.; PINHEIRO,
R. S. B.; BARBOSA, ]J. C.; GALATI, R. L.
Caracteristicas de carcaga de cordeiros alimentados com
grios ¢ subprodutos da canola. Acta Scientiarum.
Animal Sciences, v. 31, n. 4, p. 389-395, 2009.

SANTOS, V. C.; EZEQUIEL, J. M. B.; MORGADO, E.
S.; HOMEM JUNIOR, A. C. H,; FAVARO, V. R;
D AUREA, A. P.; SOUZA, S. F; BARBOSA, J. C.
Influéncia de subprodutos de oleaginosas sobre
pardmetros ruminais ¢ a degradagio da matéria seca e da
proteina bruta. Arquivo Brasileiro de Medicina
Veterinaria e Zootecnia, v. 64, n. 5, p. 1284-1291, 2012.
SANUDO, C. Calidad de la canal y de la carne ovina y
caprina y los gustos de los consumidores. Revista
Brasileira de Zootecnia, v. 37, n. supl. esp., p. 143-160,
2008.

SAS-Statistical Analysis  System. SAS wuser’s: guide
statistic. Cary: SAS, 2008.

Santos et al.

SCOLLAN, N.; HOCQETTE, J. F.; NUERNBERG, K;
DANNENBERGER, D.; RICHARDSON, I.; MOLONEY,
A. Innovations in beef production systems that enhance the
nutritional and health value of beef lipids and their
relationship with meat quality. Meat Science, v. 74, n. 1,
p- 17-33, 2006.

SILVA, R. G.; PRADO, 1. N.; MATSUSHITA, M,
SOUZA, N. E. Dietary effects on muscle fatty acids
composition of finish heifers. Pesquisa Agropecuaria
Brasileira, v. 37, n. 1, p. 95-101, 2002.

SILVA SOBRINHO, A. G.; MACHADO, M. R. F,;
GASTALDI, K. A.; GARCIA, C. A. Efeitos da relagio
volumoso:concentrado e do peso ao abate sobre os
componentes da perna de cordeiros Ile de France x Ideal
confinados. Revista Brasileira de Zootecnia, v. 31, n. 2,
p- 1017-1023, 2002.

SNIFFEN, C. J.; CONNOR, J. D.; VAN SOEST, P. J. A
net carbohydrate and protein system for evaluating cattle
diets: II. Carbohydrate and protein availability. Journal of
Animal Sicence, v. 70, n. 11, p. 3562-3577, 1992.
URANGO, F. S;; PIRES, A. V;; SUSIN, L; MENDES, C. Q.;
RODRIGUES, G. H.; ARAUJO, R. C.; MATTOS, W. R. S.
Desempenho e caracteristicas da carcaga de cordeiros
confinados alimentados com grio de soja. Pesquisa
Agropecuaria Brasileira, v. 41, n. 10, p. 1525-1530, 2006.

VARELA, A.; OLIETE, B.; MORENO, T.; PORTELA,
C.; MONSERRRAT, L.; CARBALLO, J. A.; SANCHEZ,
L. Effect of pasture finishing on the meat characteristics
and intramuscular fatty acid profile of steers of the Rubia
Gallega breed. Meat Science, v. 67, n. 3, p. 515-522,
2004.

WEBB, E. C. Manipulating beef quality through
feeding. South African Journal of Animal Science,
v.7,n. 1, p. 5-15, 2006.

WOOQOD, ]J. D.; RICHARDSON, R. I; NUTE, G. R;
FISHER, A. V.; CAMPO, M. M.; KASAPIDOU, E,;
SHEARD, D. R. Effects of fatty acids on meat quality; a
review. Meat Science, v. 66, n. 1, p. 21-32, 2004.

YAMAMOTO, S. M.; MACEDO, F. A. F.; MEXIA, A. A;
ZUNDT, M.; SAKAGUTI, E. S;; ROCHA, G. B. L;
REGACON, K. C. T.; MACEDO, R. M. G. Rendimentos
dos cortes e nio-componentes das carcagas de cordeiros
terminados com dietas contendo diferentes fontes de 6leo
vegetal. Ciéncia Rural, v. 34, n. 6, p. 1909-1913, 2004.

Received on April 8, 2013.
Accepted on _June 12, 2013.

License information: This is an open-access article distributed under the terms of the
Creative Commons Attribution License, which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work is properly cited.

Acta Scientiarum. Animal Sciences

Maringa, v. 35, n. 4, p. 387-394, Oct.-Dec., 2013



