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SUMMARY
ApmONAL KEYWORDS The aim of this study was fo defermine the effect of the inclusion of different lipid sources (whole
Beef cattle. cottonseed and protected fat in diets containing sugar cane, corn, citrus pulp, cottonseed meal, and urea)
Characteristics of Carcass. . AP
Profected fat on hind quarter (HQ) and degree of fatness (DF) of the meat of Nellore cattle during finishing in feedlot.
Whole cottonseed. The freatments evaluated were: feed with 2.50% cottonseed (control diet = called T1 treatment); feed with

11.50% cottonseed (high cottonseed = called T2 treatment); and feed with 3.13% cottonseed added
of profected lipid (called T3 freatment), all on a dry matter basis. The forage:concentrate ratio of the diet
was 50:50. Thirty nine infact steers with average initial body weight of 494 kg and 36 months of age
were confined during 63 days. After this period, the animals were slaughtered and HQ and DF of the
carcass were analyzed. The addition of lipid sources tested in this study did not affect the DF. However,
for HQ there were differences (P <0.05) between T2 and T1, with higher HQ value in the carcass of
animals that received 11.50% cottonseed. It was concluded that the addition of lipid in the diet may

affect the carcass characteristics.

Quarto traseiro e gordura de cobertura de bovinos alimentados com fontes de
lipideo na dieta

RESUMO

PALABRAS CHAVE ADICIONAIS O objetivo deste estudo foi determinar o efeito da inclusdo de diferentes fontes lipidicas (caroco

Bovino de corte. de algoddo e Gordura protegida em dietas contendo cana-de-agicar, milho, polpa citrica, farinha
Caracteristicos da carcaga. de algoddo e uréia) no quarto fraseiro (QT) e no grau de gordura de cobertura (GC) da carcaca de

Lipidio protegido; bovinos Nelore durante a terminagdo em confinamento. Os tratamentos avaliados foram: dieta com
Carogo de clgoddo. 2,50% de carogo de algoddo (diefa confrole = tratamento T1); diefa com 11,50% de carogo de

algoddo (carogo de algoddo em maior quantidade = tratamento T2); e dieta com 3,13% de carogo

de algodéo adicionada a lipidio profegido (chamado tratamento T3), sendo os valores com base
INFORMATION na matéria seca da dieta. A relacdo volumoso: concentrado da diefa foi de 50:50. Trinta e nove
Cronologia del arficulo. bovinos inteiros com peso corporal inicial médio de 494 kg e 36 meses de idade foram confinados
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QT houve diferengas (P <0,05) entre T2 e T1, com maior valor de QT na carcaga de animais que
receberam 11,50% de semente de algod@o. Concluiuse que a adicdo de lipidios na dieta pode
afetar tais caracteristicas da carcaca.

INTRODUCTION should be just enough to prevent dehydration and
darkening under refrigeration, and to ensure meat

Feeds cost is an important factor that impacts the  juiciness and taste (Agastin et al. 2014). Adequate car-
successful in feedlot (Maxwell et al. 2015), and cu-  cass yield and fat thickness should be achieved taking
rrently the carcasses should have greater proportion  economic aspects into consideration. The fat thickness
of muscle and minimum amounts of fat. Fat content =~ minimum required by the meat industry (3 mm) (Mez-
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zomo et al. 2015). When animals do not reach this mi-
nimum fat thickness, the meat industry may devalued
the carcass and pay less money to the farmer, a fact that
was observed in this study.

The use of fatty by-products may be an alternative
to decrease the use of starch rich feeds without com-
promising the energy levels of the diet. Cottonseed
(CS) is one of the ingredients that has been widely
used in ruminant feeding to achieve this aim (Costa et
al. 2013; Lima et al. 2015; Lima et al. 2017). The use of
calcium together with fat in the diet (protected lipid -
PL) helps to prevent the negative effects of dietary fiber
on digestion in diets containing more than 40% forage
(Rogério et al. 2003). In this case, the use of protected
lipids is an adequate alternative of feedstuffs for use
in feedlot.

The objective of this study was to investigate if
access to lipid sources, such as CS, or CS added of PL,
may improve hind quarter (HQ) and degree of fatness
(DF) of the meat of Nellore cattle during finishing in
feedlot.

MATERIAL AND METHODS

EXPERIMENTAL SITE

The study was carried out in a beef cattle Farm
located at 22° 04’ 00” south, 47° 09" 03" west, average
altitude of 615 m (BRAZIL). The climate of the region
is classified as Cwa by the K&ppen classification. Cha-
racterized by a hot and humid season from October to
March, followed by a cold and dry season from May
to September.

ANIMAL MANAGEMENT, FEEDING AND TREATMENT

A group of 39 intact male Nellore animals raised
in Brachiaria humidicola (Rendle) Schweickerdt pastures
was used in the study. Mean age of the animals was
36 months, and initial mean live weight was 494 + 10
kg. Animals were identified and dewormed before the
beginning of the trial.

Animals were then randomly assigned to one of
three treatments, on a dry matter basis: feed with
2.50% CS (control diet = called T1 treatment), feed with
11.50% CS (high cottonseed = called T2 treatment),
and feed with 3.13% CS added of 1.77% PL (CS + PL
= called T3 treatment). Animals were confined for 63
days. Diets were formulated according to the CNCPS
software 4.0 (CNCPS 2000) for uncastrated finishing
cattle to provide weight gains of 1.4 kg/animal/day.
(Total diet = Forage:concentrate ratio was 50:50). Sugar
cane was used as forage, and concentrate was urea,
cracked corn kernels, citrus pulp, cotton meal, CS and/
or PL. The PL used in this study was made from com-
mercial soybean oil, which go through saponification
with calcium salts for protection of long-chain fatty
acids. Results of laboratory analysis for nutritional
composition of PL: 95.5% dry matter (DM), 85.2% ether
extract (EE), and 14.8% mineral matter (MM). Animals
were fed manually every day at 8 am and 4 pm, in a
total diet system with about 5% leftovers, which were
weighted in the morning for diet adjustment. Nutritio-
nal composition of the diets is shown in Table 1.
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Samples of the experimental diets, sugar cane, and
concentrate were collected every seven days, placed
in plastic bags and stored in a freezer (-4 oC) to be
analyzed later on. After thawing, composite samples
were obtained for a 21 day period. Samples of feed
and forage were weighted and oven-dried at 60oC for
72 h. Then, samples were processed in a Wiley® knife
mill to pass through 1-mm screen sieves, and stored
in plastic bags. Samples were analyzed for DM, crude
protein (CP) and MM according to the AOAC (1990),
EE (Thiex, Anderson & Gildemeister 2003), neutral
detergent fiber assayed with heat stable amylase and
expressed exclusive of residual ash (aNDFom-NDE),
acid detergent fiber expressed exclusive of residual ash
(ADFom-ADF) (Van Soest, Robertson & Lewis 1991),
and lignin analyzed by the sulfuric acid method (LIG
(sa), AOAC 1990; Gomes et al. 2011) after sequential
neutral-acid detergent extraction (Van Soest, Robert-
son & Lewis 1991). In the aNDFom-NDF analyses,
thermostable a-amylase was used without sodium
sulfite (Mertens 2002), using Ankom® fiber extractor,
according to Valente, Detmann and Sampaio (2015).
Non-fiber carbohydrates (NFC) in the ingredients of
the diets were determined by the following equation:
NFC =100 - (%aNDFom-NDF + %CP + %EE + %MM),
according to Sniffen et al. (1992). Due to the presence
of urea in the diets, NFC was calculated as indicated
by Hall (2000): NFC = 100 — [(%CP - %CP from urea +
Y%urea) + %aNDFom-NDF + %EE + %MM]. Estimated
metabolizable energy (ME) in Mcal/kg of DM was
determined according to the NRC recommendations
(1996), considering that 1 kg of total digestible nu-
trients (TDN) contains 4.409 Mcal of digestible energy
(DE), with the factor 0.82 used in the conversion from
ED to EM. Results of these analysis carried out in the
software CQBAL 3.0. (2012) are shown in Tables 2 and
3.

After 63 days of the study, animals were weighted
for the last time after a 14 h solid food fasting. Mean
final live weight was 577 + 11 kg. Soon after being
weighted, animals were transported to a slaughterhou-
se, in solid food fasting until the moment they were
slaughtered. Animals were slaughtered according to
the regular flow of the industry. After slaughter, car-
casses were identified and divided into two halves that
were kept in a cold chamber for 24 h at 2 °C.

DEGREE OF FATNESS

The carcass were classified according to their degree
of fatness (DF), Followed by 1 to 5, where 1 = carcass
without fat; 2 = carcass with sparse fat; 3 = medium fat
carcass; 4 = carcass with uniform fat; And 5 = carcass
with excessive fat (Luchiari 2000).

HIND QUARTER

Means the posterior portion of the beef side which
is separated from the front quarter by a cut after 6th
rib.

STATISTICAL PROCEDURES AND MODEL EVALUATION

A completely random design with 3 treatments
and 13 repetitions was used, according to the Yij=u +
Ti + eij model, where: Yij is the value observed in the
jth experimental unit (animal) that received the ith
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Table I. Percent composition of the diets on a dry matter basis (Composicién de porcentaje de las dietas).

Ingredients (%) Treatments
T T22 T3®

Sugar cane 50.00 50.00 50.00
Cracked corn 14.64 13.07 13.12
Citrus pulp 21.61 17.81 20.61
Cottonseed 2.50 11.50 3.13
Cottonseed meal 9.30 5.78 9.42
Urea 0.83 0.83 0.83
Protected fat - - 1.77
Mineral mix * 0.83 0.83 0.83
Potassium chloride 0.28 0.17 0.28
lonophores 0.01 0.01 0.01

" Treatment with 2.50% CS.
2 Treatment with 11.50% CS.
3 Treatment with 3.13% CS added of 1.77% PL.

4 Composition /kg: P= 60g; Ca= 180g; Mg= 5g; S= 17g; Na= 135g; Cu= 650mg; Mn= 500mg; Zn= 2400mg; I= 48mg; Co= 38mg; Se= 12mg.

Table II. Mean chemical composition of ingredients used in the experimentais diets as percentage dry matter
of crude protein (CP), ether extract (EE), non-fiber carbohydrates (NFC), neutral detergent fiber (aNDFom-
NDF), acid detergent fiber (ADFom-ADF), lignin (LIG), mineral matter (MM) (Composicién quimica media de los
ingredientes utilizados en las dietas experimentales como porcentaje de materia seca de proteina cruda (PC), extracto etéreo (EE), car-
bohidratos no fibrosos (CNF), fibra detergente neutro (aNDFom-FDN), fibra detergente acido (ADFom-FDA), lignina (LIG), materia mineral

(MM)).
Ingredients DM 7% dry matter

(%) CP EE NFC  aNDFmo-NDF ADFmo-ADF LIG MM
Sugar cane 30.27 2.82 2.93 29.06 62.43 39.56 6.85 2.76
Cracked corn 87.02 8.73 4.46 71.46 14.42 5.32 2.75 0.93
Citrus pulp 87.94 5.87 35 64.78 21.38 16.75 7.52 4.47
Cottonseed 91 19.67 20.83 1.36 54.65 45.44 17.03 3.49
Cottonseed meal 87.24 46.08 1.94 0.12 45.66 28.32 9.91 6.2
Protected lipid 95.47 - 85.21 - - - - 14.79
Urea 99.51 287.84 - - - - - -

Note. NFC according to Sniffen et al. (1992).

treatment; u is the overall mean; Ti is the fixed effect of
the ith treatment; eij is the experimental error related to
the experimental unit. Data were analyzed by means of
the GLM (Generalized Linear Models) of the SAS soft-
ware (2002), and means were compared using Tukey
test at a 5% significance level.

RESULTS AND DISCUSSION

Regarding the HQ analysis, it may be noted that
there were differences (P<0.05) between the treatments,
for mean HQ was 92.33 kg. T2 treatment did not differ
(P>0.05) between T3. The T2 treatment was the highest
value found in the study. This value of HQ supplies the
minimum DF required by the slaughterhouse (Table 4).
It results in a higher remuneration, considering that the
bovine quarter is the most valued portion of the carcass
due to the location of the most preferred cuts by the
final consumer.

In a similar study, Silva (2016) tested an increased
diet of protected lipid (Soybean oil fat acid and Cal-
cium Hydroxide) and found no effect of diet on the
hind quarter of beef cattle (Table 4). Different result
was obtained by Oliveira et al. (2013) in which the
use of whole cottonseed and other sources of oilseeds
in the diet of zebu steers was evaluated, inclusion of
cottonseed did not alter the weight of the rump when
compared to the diet without additional lipid source.
The lower mean hind weight verified in this study (Ta-
ble 4) in relation to the study of Oliveira et al. (2013),
the response may be related with the animals in the
present study started feedlot with a more advanced
age and live weight. The fact that the animals are not
castrated may have affected the development of the
hind quarter of the animals at maturity, is related to
the non-castration of the animals and, with the advan-
cement of the age, the whole animals are expected to
increase the sexual dimorphism (Zhou et al. 2011).
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Table III. Mean chemical composition of experimentais diets, for dry matter (DM), crude protein (CP), ether
extract (EE), non-fiber carbohydrates (NFC), neutral detergent fiber (aNDFom-NDF), mineral matter (MM),
total digestibility nutrient (TDN) and metabolizable energy (ME) used in different treatment (Composicion quimi-
ca media de las dietas experimentales para materia seca (MS), proteina cruda (PC), extracto etéreo (EE), carbohidratos no fibrosos (CNF),
fibra detergente neutro (aNDFom-FDN), materia mineral (MM), nutrientes totales digestibles (NTD) y energia metabolizable (EM) utilizados

en los diferentes tratamientos).

Items Diets
T T2? T3
DM 58.09 58.50 58.26
CP 11.11 10.90 11.11
EE 3.57 5.18 5.11
NFC* 38.61 35.03 36.88
aNDFom-NDF 43.56 45.83 43.52
MM 3.15 3.06 3.38
TDN® 67.55 68.16 68.99
ME® 2.44 2.46 2.49

" Treatment with 2.50% CS.

2 Treatment with 11.50% CS.

3 Treatment with 3.13% CS added of 1.77% PL.
“NFC according to Hall (2000).

®Estimated in the feed composition according to the CQBAL 3.0 (2012) and the NRC (2001).
SME = estimated metabolizable energy, in Mcal/kg of DM, according to the NRC (1996).

Table IV. Means, standard error (SE), and probability (P-value) for the variable of the treatments (Medias, error
estandar (EE) y probabilidad (valor P) para la variable de los tratamientos).

Diets
Items T T22 T3 Mean SE P-value®
HQ, kg 88.31b 96.69a 91.98ab 92.33 2.33 0.0506
DF* 2.46 3.0 2.92 2.79 0.16 0.06

" Treatment with 2.50% CS.
2 Treatment with 11.50% CS.
3 Treatment with 3.13% CS added of 1.77% PL.

“Degree of fatness (DF), Followed by 1 to 5, where 1 = carcass without fat; 2 = carcass with sparse fat; 3 = medium fat carcass; 4 = carcass

with uniform fat; And 5 = carcass with excessive fat.
SAccording to Tukey test (P < 0.05).

No differences (P> 0.05) were found for the three
treatments for DF, shown in Table 4. Mean DF was
2.79. Lima et al. (2016) found no difference between
control diet with whole cottonseed or diet with pro-
tected lipid when evaluating the degree of fatness of
longissimus thoracis of Nellore cattle in the feedlot,
indicating the absence of the effect of oil on this animal
tissue. Similarly, the diets elaborated by Silva (2016)
showed no difference (control diet and energetic diet
with protected lipid) in beef cattle on the thickness of
the longissimus thoracis muscle between the 12th and
13th ribs. There is a positive correlation between the
muscle longissimus thoracis and carcass yield.

Barducci et al. (2016) when studying three
treatments with isoenergetic diets: (1) without addi-
tional lipid source, (2) with lipid source from cotton-
seed co-products and (3) with lipid source protected
from ruminal degradation, reported no difference
between diets in relation to the subcutaneous fat of
Longissimus thoracis for Nellore cattle.

CONCLUSIONS

In the present study, the increase of whole cotton-
seed in the bovine diet resulted in a higher weight of
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the hind quarter compared to the control diet, which
may contribute to a higher remuneration for meat
products, are usually more valued in the market.

The inclusion of protect lipid or whole cottonseed
in the diet does not interfere in the degree of fatness
of the carcass of cattle in feedlot.
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