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The use of by-products from the processing of oil seeds does not the quantitative carcass characteristics and qualitative meat characteristics of lambs1
ABSTRACT - We evaluated the effect of adding by-products from the processing of oil seeds in the diet of lambs in substitution of soybean meal on the quantitative carcass characteristics and qualitative meat characteristics. Twenty-four weaned non-castrated male Santa Inês lambs at approximately 70 days of age and with an initial average weight of 19 ± 2 kg were distributed in a completely randomized design. By-products were peanut, sunflower and soybean cakes in diets equal in nitrogen with 70% of concentrate and 30% of roughage (Cynodon spp.). Diets had no effects (P>0.05) on the quantitative carcass characteristics assessed. There was no significant effect (P>0.05) on the mean values of perirenal, omental and mesenteric fats (0.267, 0.552 and 0.470 kg, respectively). There was also no influence (P>0.05) 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 significantly change (P>0.05) the fatty acids found in the meat of lambs. The use of by-products from oil seeds provided similar quantitative carcass characteristics and qualitative meat characteristics.
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O uso de subprodutos de oleaginosas não altera as características quantitavivas da carcaça e qualitativas da carne de cordeiros1

RESUMO: Avaliou-se o efeito da adição de subprodutos de oleaginosas na dieta de cordeiros em substituição ao farelo de soja sobre as características quantitativas da carcaça e qualitativas da carne. Foram confinados 24 cordeiros machos não-castrados, da raça Santa Inês, desmamados com aproximadamente 70 dias de idade, peso médio inicial de 19 + 2 kg, distribuídos em delineamento inteiramente casualizado. Os subprodutos foram as tortas de amendoim, girassol e soja, em dietas isonitrogenadas, com 70% de concentrado e 30% de volumoso (feno de tifton). Para as características quantitativas de carcaça não houve influência (P>0,05) das dietas sobre as variáveis analisadas. Não houve efeito significativo (P>0,05) para os valores médios das gorduras perirrenal, omental e mesentérica, (0,267; 0,552 e 0,470 kg), respectivamente. Não houve influência (P>0,05) nas porcentagens de umidade, extrato etéreo, proteína bruta e cinzas do lombo entre as dietas experimentais. As dietas contendo subprodutos de oleaginosas não proporcionaram alteração significativa (P>0,05) nos ácidos graxos encontrados na carne dos cordeiros. A utilização dos subprodutos de oleaginosas proporcionou características quantitativas da carcaça e qualitativas da carne semelhantes.
Palavras chave: proteína, rendimento, torta de amendoim, torta de soja, torta de girassol
INTRODUCTION
The meat from ruminants constitutes one of the greatest sources of animal protein consumed by the world population. Scientific research is aimed at technological innovations through practical tools, intensifying animal production and improving the production-cost factor, mitigating the environmental impact, which is the target of constant criticism (OLIVEIRA et al., 2008).
The noblest source of nitrogen for ruminants is soybean meal; however, in Brazil, a large amount of by-products from the agriculture and agro-industry have potential for use in animal feeding, like the products originated from the biodiesel production chain (cakes and meals), which can be used as source of nutrients for animals.

Research on nutrition of ruminants involving the evaluation of agro-industrial by-products should not be restricted only to results of animal performance associated with the production cost; they should be associated also with the impact that these by-products would have on the quality of sheep carcass and meat, given that the requirements imposed by the consuming markets have only increased.
Two processes are classically employed for the extraction of oil: the method that utilizes hexane as a solvent industrially used and is characterized by its elevated efficiency, resulting in the meal, which is a product with 1.5% of oil in dry matter. This product is the main element resulting from the industrialization of oil seeds and the most available in the market. The mechanical process of oil extraction is less efficient; cakes are the products resulting from this extraction, having about 10% for peanut cake (MARCONDES et al., 2009), 22% for sunflower cake of ether extract (OLIVEIRA et al., 2007), which characterizes it as an ingredient for use in animal feeding.
The yield in the extraction of the cake varies according to the variety of the seeds utilized, since the amounts of oil contained in the grains are also variable. It is worth stressing that, in spite of being less efficient in removing the lipid fraction, extraction by pressing is the most viable system in small-scale systems because it does not depend on the facility settings and security requirements inherent to the processing with the use of solvents. The extraction of oil by mechanical pressing for production of biofuels is an economic option for smallholdings, generating an ingredient ready to be used directly on the property (SANTOS et al., 2009, 2012).
Introducing cakes in the animal diet has shown 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 them protein and/or energy feeds capable of meeting the nutritional requirements of these fractions by 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 feeding of sheep, as well as the effects on their quantitative carcass characteristics and qualitative meat characteristics.
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, located in São Paulo, Brazil. 
Four diets with the same amount of nitrogen (18% of CP in DM) were formulated (NRC, 2006) with a roughage:concentrate ratio of 30:70, utilizing ground (Cynodon spp.) hay as roughage (Table 1).
Table 1. Percentage of ingredients and chemical composition and energy of experimental diets (% DM)

	
	Diets

	Ingredients (%)
	SM1
	SC2
	SUC3
	PC4

	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

	Mistura mixture*
	1.00
	1.00
	1.00
	1.00

	Total
	100.00
	100.00
	100.00
	100.00

	Composition
	
	
	

	Crude protein (% DM)
	18.72
	18.04
	18.00
	18.26

	Ether extract (% DM)
	2.82
	3.92
	4.01
	4.04

	Neutral detergent fiber (% DM)
	38.24
	39.06
	43.97
	39.82

	ME ( Mcal/Kg DM) **
	2.51
	2.53
	2.51
	2.52


1SM: control with soybean meal; 2SC: formulated with soybean cake; 3SUC: formulated with sunflower cake; 4PC: formulated with peanut cake.

Mixing comercial mineral for sheep (P=60g; Ca=100g; Na=195g; Mg=10g; S=25mg; Zn=4.000mg; Cu=600mg; Mn=600mg; Fe=1.200mg; Co=100mg; I=180mg; Se=12mg; Fl (maximum)=600mg)

** ME = 0,82 DE (Sniffen et al., 1992)
Twenty-four weaned non-castrated male Santa Inês lambs aging approximately 70 days, with an initial average weight of 19 ± 2 kg were confined. When they reached approximately 32 kg of body weight, lambs were slaughter after 16 hours receiving only water. 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.
Moments before the slaughter animals were once again weighed (slaughter weight) and the percentages of weight loss during fasting were determined. After slaughter, the gastrointestinal tract was emptied for calculation of empty body weight (slaughter weight minus the weight of the gastrointestinal tract), to determine the carcass yield (ratio between hot carcass weight and empty body weight). Deposits of perirenal, omental and mesenteric fat were quantified.
After evisceration, carcasses were weighed (hot carcass weight) and transferred to a cold chamber at 4 ºC, where they remained for 24 hours. At the end of this period, cold carcasses were weighed, so the percentages of loss by cooling and the cold carcass yields (ratio between cold carcass weight and slaughter weight, expressed in percentage) could be calculated. To determine the compactness index, the following were measured (SAÑUDO & SIERRA, 1986): 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.
Subsequently, carcasses were divided lengthwise in 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 half-carcass. A transversal cut was made, exposing the longissimus lumborum muscle at the 13th thoracic vertebrae, for evaluation of the subcutaneous thickness, with the aid of a caliper rule, and measurements for the calculation of the loin-eye area, according to SILVA SOBRINHO (1999). 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 × B/2) π.
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 1st 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), adapted by BRAGAGNOLO & RODRIGUEZ-AMAYA (1992).

The fatty acid profile was determined by high-resolution gas chromatography on a gas chromatograph (HP-5890) equipped with a capillary column (SP-2560) of 100 m in length and diameter of 0.25 mm coupled to a flame ionization detector (FID).
The statistical design adopted was completely randomized, with four diets and six replications. The results were subjected to variance analysis. Statistical procedure PROC GLM (SAS, 2001) was used, and means were compared by the Tukey test, at 5% of probability.
RESULTS AND DISCUSSION
Diets had no influence (P>0.05) on the quantitative carcass characteristics analyzed (Table 2); therefore, diets containing soybean, sunflower and peanut cakes provided similar carcass characteristics to those of the control diet, probably because they all had the same amount of nitrogen (Table 1).

Table 2. Means values of body weight (BW) slaughter weight (SW), empty body weight (EBW), weight loss fasting (WLF), hot carcass weight (HCW) and cold (CCW), hot carcass yield (HCY) and cold (CCY), real yield (RY), loss by cooling (LBC), rib eye area (REA), fat thickness (FT), carcass compactness index (CCI) and leg compactness index (LCI) according to diet.
	
	Diets
	

	Variable
	SM1
	SC2
	SUC3
	PC4
	CV (%)

2.01

	BW (kg)
	32.54
	32.52
	32.90
	32.97
	

	SW (kg)
	31.00
	31.00
	31.60
	31.58
	2.96

	EBW (kg)
	27.09
	27.23
	27.16
	27.75
	3.67

	WLF (%)
	4.76
	4.66
	3.95
	4.21
	40.48

	HCW (kg)
	15.28
	15.15
	15.06
	15.60
	5.05

	CCW (kg)
	15.02
	14.95
	14.80
	15.37
	5.04

	HCY (%)
	49.27
	48.88
	47.71
	49.44
	5.20

	CCY (%)
	48.44
	48.23
	46.89
	48.70
	5.41

	RY (%)
	56.42
	55.64
	55.48
	56.20
	3.65

	LBC (%)
	1.67
	1.33
	1.74
	1.50
	31.84

	REA (cm2)
	12.77
	12.18
	11.16
	12.55
	15.80

	FT (mm)
	0.88
	1.78
	0.89
	0.89
	9.95

	CCI (Kg/cm)
	0.26
	0.25
	0.25
	0.25
	7.50

	LCI (cm)
	0.62
	0.65
	0.60
	0.62
	11.40


1SM: control with soybean meal; 2SC: formulated with soybean cake; 3SUC: formulated with sunflower cake; 4PC: formulated with peanut cake.

Medium lines do not differ by Tukey test (p>0.05)

CV = Coefficient of variation

The result observed for hot carcass yield and cold carcass yield is 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 weight was the same, because there was no reduction in carcass yield in relation to body weight.
Hot and cold carcass yields averaged 48.90 and 47.70%, respectively, which are appropriate results for Santa Inês lambs (URANO et al. 2006). These values were superior to those cited by PALMIERI et al. (2012), who evaluated inclusion levels of sunflower cake in diets for Boer goat kids and did not observe differences in carcass yields.
Considering all the diets, CY averaged 55.94%. This value can be considered good, and equivalent to those reported by ZUNDT et al. (2006), which varied from 53 to 56%. Experimentally, the CY is the most precise measure, because it does not include the digestive content (MACEDO et al., 2006).

Because of the elevated coefficient of variation, no difference was observed (P>0.05) in cooler shrinkage. According to MARTINS et al. (2000), in sheep, cooler shrinkage losses are usually at around 2.5%, with possibility of variation between 1 and 7%, according to the relative humidity of the cold chamber. The cooler shrinkage losses observed in this study were lower than the values (4.91, 3.04, 4.30 and 3.34%) found by SIQUEIRA et al. (2011) in lambs slaughtered with body weights of 28, 32, 36 and 40 kg, respectively.
Loin-eye area (LEA) is a measurement that reflects the meat composition of the carcass; it averaged 12.17 cm2 and was not influenced by inclusion of by-products. URANO et al. (2006) found 14.8 cm2 and 1.5 mm for LEA and FT, respectively, in Santa Inês lambs fed increasing levels of soy beans, hence higher than those of the present study. Thus, it is possible to consider the LEA as adequate, given the carcass weight of the animals. Because the addition of cakes made of oil seeds did not result in differences in body weight between the diets, the loin-eye area variables followed the same pattern, since, according to PEREIRA FILHO et al. (2008), animals of similar weight imply similar carcass weight and loin-eye area.
The average FT value obtained in this study was 1.1 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, consumption, physiological state and animal category. In this trial, due to the fact that animals were in the growth phase or because of the type of diet or the short period in feedlot, this component was not excessively deposited in the carcass.
Carcass compactness index (CCI) and leg compactness index (LCI) did not differ (P>0.05) in relation to the experimental diets studied. The mean values for CCI (kg/cm) and ICP (cm) were 0.25 and 0.62, respectively. The CCI and ICP found herein are expressive, indicating a good deposition of the muscle tissue per unit of length compared with those obtained in other studies using animals of the same genotype. 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.
In this study, 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). The level of 70 of concentrate in the present study provided more deposited fat. This result corroborates those of KOZLOSKI (2002), who claimed that increase in concentrate elevates the concentration of propionic acid and decreases the acetate:propionate ratio in the rumen, resulting in greater availability of energy (circulating glucose), which favors the secretion of insulin and induces lipogenesis, increasing the deposition of fat.
Table 3. Perirenal fat weight, mesenteric and omental according diets.

	
	Diets
	

	Variable (kg)
	SM1
	SC2
	SUC3
	PC4
	CV (%)

21.57

	Perirenal fat 
	0.299
	0.308
	0.255
	0.204
	

	Omental fat
	0.584
	0.548
	0.510
	0.564
	14.50

	Mesenteric fat
	0.424
	0.502
	0.502
	0.452
	13.87


1SM: control with soybean meal; 2SC: formulated with soybean cake; 3SUC: formulated with sunflower cake; 4PC: formulated with peanut cake.

Medium lines do not differ by Tukey test (p>0.05)

CV = Coefficient of variation

Organs and viscera have different growth speeds and their weight may be related to the chemical composition and energy content of diets (LOUVANDINI et al. 2007).

No influence of diets could be observed (P>0.05) on the yields of carcass cuts. Cuts like shoulder, ribs and legs were those to present 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 the others. These results can be attributed to the fact that animals were slaughtered at similar body weights, which corroborates the inferences of OSÓRIO (2002), who says that when carcasses present similar weights and fat contents, almost all of the regions of the body have similar proportions, regardless of the breed.

Table 4. Yield carcass cuts of lambs according to the experimental diets

	
	Diets
	

	Variable
	SM1
	SC2
	SUC3
	PC4
	CV (%)

9.23

	Neck (%)
	9.94
	10.02
	9.27
	9.84
	

	Shoulder (%)
	18.88
	18.54
	19.46
	18.41
	4.96

	Rib (%)
	26.87
	26.39
	25.13
	26.91
	5.47

	Loin (%)
	11.17
	11.64
	12.82
	11.65
	10.56

	Leg (%)
	33.21
	33.19
	33.34
	33.15
	4.54


1SM: control with soybean meal; 2SC: formulated with soybean cake; 3SUC: formulated with sunflower cake; 4PC: formulated with peanut cake.

Medium lines do not differ by Tukey test (p>0.05)

CV = Coefficient of variation

Experimental diets had no influence (P>0.05) on the percentages of moisture, ether extract, crude protein and ash in the loin, which indicates that inclusion of by-products of oil seeds in the lamb diets did not affect the muscle composition (Table 5). According to MADRUGA et al. (2006), the centesimal composition of sheep meat presents mean values of 75% of moisture, 19% of protein, 4% of ether extract and 1.1% of mineral matter. The centesimal composition 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 utilized in the analysis.

Table 5. Centesimal composition of the carcass loin lamb feedlot

	
	Diets

	Components
	SM1
	SC2
	SUC3
	PC4
	CV (%)

4.75

	Moisture
	73.53
	75.25
	76.72
	75.21
	

	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


1SM: control with soybean meal; 2SC: formulated with soybean cake; 3SUC: formulated with sunflower cake; 4PC: formulated with peanut cake.

Medium lines do not differ by Tukey test (p>0.05)

CV = Coefficient of variation

Regarding cholesterol values, they were not affected by inclusion of by-products from the processing of oil seeds (P>0.05), averaging 38.22 mg/100 g of meat (Table 6). 
Table 6. Cholesterol and composition of fatty acids (%) of Longissimus lumborum muscle of lambs according to the experimental diets
	
	Diets

	Components
	SM1
	SC2
	SUC3
	PC4
	CV(%)

13.29

	Cholesterol (mg/100g of meat)
	37.70
	34.45
	40.92
	39.81
	

	C10:0 (Capric)
	0.17
	0.15
	0.16
	0.14
	17.32

	C12:0 (Lauric)
	0.08
	0.07
	0.10
	0.08
	20.13

	C14:0 (Myristic)
	2.48
	2.23
	2.53
	2.15
	15.74

	C14:1 C9 (Myristoleic)
	0.13
	0.13
	0.12
	0.11
	43.88

	C15:0 (Pentadecanoic)
	0.48
	0.52
	0.52
	0.44
	36.98

	C16:0 (Palmitic)
	22.47
	21.70
	23.20
	22.53
	8.02

	C16:1 C9 (Palmitoleic)
	2.42
	2.26
	2.31
	2.29
	17.41

	C17:0 (Margaric)
	1.53
	1.45
	1.09
	1.19
	27.79

	C17:1 (Heptadecanoic)
	1.14
	1.12
	0.80
	0.84
	39.25

	C18:0 (Stearic)
	14.33
	15.37
	16.98
	16.79
	16.85

	C18:1 C9 (Oleic)
	42.24
	43.05
	41.93
	42.46
	5.30

	C18:2 C9 C12 (Linoleic ω 6)
	2.41
	2.75
	3.61
	3.04
	26.83

	C18:2 C9 T11 (CLA)
	0.63
	0.59
	0.55
	0.54
	32.70

	C18:3 n3 (α linolenic)
	0.13
	0.13
	0.12
	0.11
	25.69

	Saturated
	43.35
	43.12
	45.66
	44.38
	6.49

	Monounsaturated
	47.69
	48.18
	46.07
	46.63
	5.87

	Polyunsaturated
	3.31
	3.61
	4.39
	3.77
	22.92

	Ratio Insaturados/Saturated
	1.19
	1.21
	1.09
	1.14
	11.70

	Ratio Monounsaturated/Saturated
	1.12
	1.12
	1.01
	1.06
	11.74

	Ratio Polyunsaturated/Saturated
	0.08
	0.08
	0.09
	0.08
	31.06


1SM: control with soybean meal; 2SC: formulated with soybean cake; 3SUC: formulated with sunflower cake; 4PC: formulated with peanut cake.

Medium lines do not differ by Tukey test (p>0.05)

CV = Coefficient of variation

ZAPATA et al. (2001) conducted a study in which they evaluated the lipid composition of the leg of non-castrated male lambs and observed mean values for cholesterol at 57.72 mg /100 g of meat. The variation in the concentration of cholesterol can be related to the methodology employed, types of muscles analyzed, as well as age at slaughter, age and feeding.
The diets containing by-products from the processing of oil seeds did not significantly change (P>0.05) the fatty acids found in the meat from lambs (Table 6). Ten saturated, six monounsaturated and three polyunsaturated acids were found. 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).

The fatty acid content in the meat followed the same proportional order reported by MADRUGA et al. (2006) and 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. Differences in the composition of fatty acids in the meat of animals of the same species were reviewed by WOOD et al. (2004), and they were attributed to the influence of several factors such as feeding, sex, anatomical location, age and weight at slaughter.
Given that the plasma concentration of cholesterol is influenced by the composition of dietary fatty acids (RHEE, 1992) 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 sheep meat.

MIR et al. (2003) reported that manipulating the diet by increasing the concentration of forage and including oil seeds has shown significant effects on the composition of polyunsaturated fatty acids, increasing especially the concentration of C18:2 and C18:3. The same behavior was observed in the present study for the by-products of oil seeds.
The inclusion of the by-products did not influence (P>0.05) the concentration of de 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 supply of unsaturated fatty acids in the feeding of animals, even in conditions of lower fat deposition rate, normally observed in younger animals like those utilized 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.
CONCLUSIONS
The use of by-products from the processing of oil seeds provided similar carcass qualitative characteristics and meat quantitative characteristics, so their use can be recommended as eventual protein sources for feedlot lambs without any damage to the carcass quality.
REFERENCES

AOAC – ASSOCIATION OF OFFICIAL ANALYTICAL CHEMISTRY. Official methods of analysis. 16 ed. Arlington: Patrícia Cunniff, 1995. 1025p.

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

BRAGAGNOLO, N.; RODRIGUES-AMAYA, D. B. Teores de colesterol em carne de frango. Revista de Farmácia e Bioquímica da Universidade de São Paulo, v.28, n.2, p.122, 1992.

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

GRANDE, P. A.; ALCALDE, C. R.; LIMA, L. S.; et al. Características quantitativas da carcaça e qualitativas do músculo Longissimus dorsi de cabritos ¾ Bôer + ¼ Saanen confinados recebendo rações contendo grãos de oleaginosas. Revista Brasileira de Zootecnia, v.38, n.6, p.1104-1113, 2009.

KOZLOSKI, G. V. Bioquímica dos ruminantes. Santa Maria: Universidade Federal de Santa Maria, 2002. 140p.
LANA, R. P. Sistema Viçosa de Formulação de Rações:UFV, 2000. 60p.

LOUVANDINI, H.; NUNES, G. A.; GARCIA, J. A. S.; et al. Desempenho, características de carcaça e constituintes corporais de ovinos Santa Inês alimentados com farelo de girassol em substituição ao farelo de soja na dieta. Revista Brasileira de Zootecnia, v. 36, n.3, p. 603-609, 2007.
MACEDO, F. A. F.; SIQUEIRA, E. R.; MARTINS, E. N.; et al. Características quantitativas das carcaças de cordeiros Corriedale, Bergamácia – Corriedale e Hampshire Down-Corriedale, terminados em pastagem ou em confinamento. Acta Scientiarum Animal Science, v.28, n.3, p. 339-344, 2006.

MADRUGA, M. S.; ARAÚJO, W. O.; SOUSA, W. H.; et al. Efeito do genótipo e do sexo sobre a composição química e o perfil de ácidos graxos da carne de cordeiros. Revista Brasileira de Zootecnia, v. 35, n.4, p.1838-1844, 2006 (Supl.)

MARCONDES, M. J.; VALADARES FILHO, S. C.; DETMANN, E.; et al. Degradação ruminal e digestibilidade intestinal da proteína bruta de alimentos para bovinos. Revista Brasileira de Zootecnia, v.38, n.11, p.2247-2257, 2009.

MARTINS, R. C.; OLIVEIRA, N.; OSORIO, J. C. S. Peso vivo ao abate como indicador do peso e das características quantitativas e qualitativas das carcaças em ovinos jovens da raça Ideal. Bagé: Embrapa Pecuária do Sul, 2000. 29p. (Boletim de Pesquisa, 21).

MATTOS, C. W.; CARVALHO, F. F. R.; JUNIOR, F. F. R.; et al. Características de carcaça e dos componentes não-carcaça de cabritos Moxotó e Canindé submetidos a dois níveis de alimentação. Revista Brasileira de Zootecnia, v. 35, n.5, p.2125-2134, 2006.

MIR, P. S.; IVAN, M.; HE, M. L.; et al. Dietary manipulation to increase conjugated linoleic acids and other desirable fatty acids in beef: A review. Canadian Journal of Animal Science, v.3, n.4, p.673-685, 2003.

NATIONAL RESEARCH COUNCIL – NRC. Nutrient requirements of small ruminants. Washington: The National Academies Press. 2006. 325 p.

OLIVEIRA, A.N.; SELAIVE-VILLARROEL, A.B.; MONTE, A.L.S.; et al. Evaluation of carcass characteristics of crossbred Anglo-Nubian, Boer and undefined breed goats. Ciência Rural, v.38, p.1073-1077, 2008.

OLIVEIRA, M. D. S.; MOTA, D. A.; BARBOSA, J. C.; et al. Composição bromatológica e digestibilidade ruminal in vitro de concentrados contendo diferentes níveis de torta de girassol. Ciência Animal Brasileira, v.8, n.4, p.629-638, 2007.

OSÓRIO, J. C. S.; OLIVEIRA, N. M.; OSÓRIO, M. T. M.; et al. Produção de carne em cordeiros cruza Border Leicester com ovelhas Corriedale e Ideal. Revista Brasileira de Zootecnia, v.31, n.3, p.1469-1480, 2002 (Suplemento).
PALMIERI, A.D.; OLIVEIRA, R.L.; RIBEIRO, C.V.D.M.; et al. 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.
PEREIRA FILHO, J.M.; RESENDE, K.T.; TEIXEIRA, I.A.M.A.; et al. Carcass traits and tissue allometry in Bôer x Saanem kids. Revista Brasileira de Zootecnia, v.37, p.905-912, 2008.
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.

SANTOS, V. C.; EZEQUIEL, J. M. B.; PINHEIRO, R. S. B.; et al. Características de carcaça de cordeiros alimentados com grãos e subprodutos da canola. Acta Scientiarum Animal Science, v.31, n.4, p.389-395, 2009.

SANTOS, V.C.; EZEQUIEL, J.M.B.; MORGADO, E.S.; et al. Influência de subprodutos de oleaginosas sobre parâmetros ruminais e a degradação da matéria seca e da proteína bruta. Arquivo Brasileiro de Medicina Veterinária e Zootecnia, v.64, n.5, p.1284-1291, 2012.

SAÑUDO, C.; SIERRA, I. Calidad de La canal em La espécie ovina. Ovino, n.1, p.127-153, 1986.

SAS Institute inc. Technical Report: SAS/STAT. Release 8.2. Cary, 2001.

SILVA SOBRINHO, A. G. Body composition and characteristics of carcass from lambs of different genotypes and ages at slaughter. 1999. 54 f. Thesis (Post Doctorate in Sheep Meat Production) – Massey University, Palmerston North, 1999.

SIQUEIRA, E. R.; SIMÕES, C. D.; FERNANDES, S. Efeito do Sexo e do Peso ao Abate sobre a Produção de Carne de Cordeiro. I. Velocidade de Crescimento, Caracteres Quantitativos da Carcaça, pH da Carne e Resultado Econômico. Revista Brasileira de Zootecnia, v.30, n.3, p. 844-848, 2001.

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.

URANO, F. S.; PIRES, A. V.; SUSIN, I.; et al. Desempenho e características da carcaça de cordeiros confinados alimentados com grão de soja. Pesquisa Agropecuária Brasileira, v. 41, n.10, p.1525-1530, 2006.

WOOD, J. D.; RICHARDSON, R I.; NUTE, G. R.; et al. Effects of fatty acids on meat quality; a review. Meat Science, v.66, n. 1, p.21-32, 2004.
ZAPATA, J. F. F.; NOGUEIRA, C. M.; SABRA, L. M. A. J. Composição centesimal e lipídica da carne de ovinos do Nordeste brasileiro. Ciência Rural, v.31, n.4, p.691-695, 2001.

ZUNDT, M.; MACEDO, F. A. F.; ASTOLPHI, J. L. L.; et al. Desempenho e características de carcaça de cordeiros Santa Inês confinados, filhos de ovelhas submetidas à suplementação alimentar durante a gestação. Revista Brasileira de Zootecnia, v. 35, n.3, p. 928-935, 2006.
