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ABSTRACT: An experiment was conducted to compare different oilseeds in replacement
of ground corn in diets of fattening lambs, evaluating performance, apparent diet
digestibility, ingestive behavior, and carcass traits. Twenty-four crossbred lambs, three
months old and with initial body weight 25.97 ± 0.75 kg, were kept in individual pens.
The animals received one of the following diets: ‘control’ (no oilseeds, 3.11% Ether Extract
- EE), ‘cottonseed’ (6.14% EE), ‘sunflower’ (6.33% EE), and ‘soybean’ (6.30% EE). All diets
contained 23.63% of coast cross hay and 76.37% of concentrate. After 84 days in feedlot,
the animals were slaughtered and the carcasses were evaluated. The dry matter intake
(DMI) and daily weight gain (DWG) of animals fed with the control diet was higher
than sunflower (P≤0.05). Final body weight and carcass weight were higher (P≤0.05) in
the control (42.42 kg and 19.27 kg, respectively) than for sunflower diet (34.85 kg and
16.05 kg, respectively). Neutral detergent fiber (NDF) digestibility was reduced (P≤0.05)
when the animals received cottonseed diet (50.34%) in comparison to soybean (71.07%),
sunflower (67.07%) and control (66.50%). NDF digestibility for soybean, sunflower
and control diets did not differ from each other. Lower (P≤0.05) EE digestibility was
observed for the control diet (73.67%). There were no differences (P≥0.05) in the ingestive
behavior, however, the addition of cottonseed or sunflower negatively affected (P≤0.05)
rumination efficiency of NDF. Sunflower should not be included in high concentrate
diets for fattening lambs.
Keywords: Cottonseed, Sheep, Soybean, Sunflower

OLEAGINOSAS EM DIETAS PARA CORDEIROS EM ENGORDA
RESUMO: Um experimento foi conduzido para comparar diferentes oleaginosas em
substituição ao milho moído na dieta de cordeiros em engorda, avaliando o desempenho,
a digestibilidade aparente da dieta, o comportamento ingestivo e as características
de carcaça. Vinte e quatro cordeiros cruzados, com 3 meses de idade e peso corporal
inicial de 25,97 ± 0,75 kg, foram mantidos em baias individuais. Eles receberam uma das
seguintes dietas ou tratamentos: ‘controle’ (sem grãos de oleaginosas, 3,11% de Extrato
Etéreo - EE), ‘caroço de algodão’ (6,14% EE), ‘girassol’ (6,33% EE) e ‘soja’ (6,30% EE).
Todas as dietas continham 23,63% de feno de coast cross e 76,37% de concentrado. Após
84 dias de confinamento, os animais foram abatidos e as carcaças avaliadas. O consumo
de matéria seca e ganho de peso diário dos animais alimentados com a dieta controle
foi maior daqueles alimentados com girassol (P≤0,05). O peso corporal final e o peso da
carcaça foram maiores (P≤0,05) para aqueles alimentados com a dieta controle (42,42
kg e 19,27 kg, respectivamente) que aqueles da dieta com girassol (34,85 kg e 16,05 kg,
respectivamente). A digestibilidade da Fibra em Detergente Neutro (FDN) foi reduzida
(P≤0,05) quando os animais receberam caroço de algodão (50,34%) comparado à soja
(71,07%); para as dietas com girassol (67,07%) e controle (66,50%) não houve diferenças
das demais. Menor (P≤0,05) digestibilidade do extrato etéreo foi observada para a dieta
controle (73,67%). Não houve diferenças (P≥0,05) no comportamento ingestivo, no
entanto, a inclusão de caroço de algodão ou girassol afetou negativamente (P≤0,05) a
eficiência de ruminação da FDN. Grãos de girassol não devem ser incluídos em dietas de
alto concentrado para cordeiros em engorda.
Palavras-chave: Caroço de algodão, Girassol, Ovino, Soja
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INTRODUCTION
Several animal feeds compete in the
human food chain, especially corn. Therefore,
alternative feeds to corn in diets for ruminants
are important to replace traditional feeds and
reduce costs (CORTE et al., 2015; ALMEIDA
et al., 2016). Oilseed grains, lipid sources,
are used in animal diets to replace rapidly
fermentable carbohydrates for fattening and
milked animals in many countries, without
competing with human diets (HENDERSON
et al., 2017).
In intensive animal systems production,
oilseeds can increase the energy density of
diets (PEREIRA et al., 2016; HUMER et al.,
2018). They have enough energy to supply the
highest nutritional requirement of fattening
animals, reduce time to achieve the slaughter
weight, and enhance the nutritional quality of
lamb meat (OLIVEIRA et al., 2017; GALLO et
al., 2019; VAN LE et al., 2019).
The addition of whole grains to the
concentrate composition to ruminants may
reduce the total cost of the diet, as it does not
require grain processing. Particularly, whole
oilseed grains may increase nutrient digestion
efficiency (NUR ATIKAH et al., 2018), decrease
daily CH4 emissions (TOPRAK, 2015; BECK et
al., 2019), and modify rumen fermentation to
improve its microbial efficiency (PEREIRA et
al., 2016).
Rumen metabolism modifies the fatty
acid profile of the diet available for intestinal
absorption (MILTKO et al., 2019), besides
influencing digestibility of EE (PALMQUIST
and JENKINS, 2017) and fibrous fractions of the
diet (PEREIRA et al., 2016). Several oleaginous
grains have been used in concentrate
formulations to enrich ruminant diets, as they
have a favorable cost-energy ratio and good
protein content, reducing diet costs. Besides,
oilseeds have lower caloric increment and
better feed conversion (MEDEIROS et al., 2015)
compared to starch.
Major oilseeds grown worldwide are
soybean, cottonseed, and sunflower (USDA,
2015). Soybeans can be considered a partially
protected oil source, since lipid droplets in
oilseeds are inserted into the protein matrix
of the beans, providing natural protection
(SILVA et al., 2007; GALLO et al., 2019). In
addition, lipid sources, such as cottonseed
and sunflower, supplied to finishing lambs

increased availability for absorption and
deposition of polyunsaturated fatty acids in
the muscles (HOMEM JÚNIOR et al., 2015;
CORTE et al., 2015).
Sheep present dietary limitations inherent to
ruminants due to the presence of unsaturated
fatty acids in the rumen (FERLAY et al., 2017;
FREITAS JR et al., 2019). Oilseed sources are
expected to show a different fatty acid profile,
inducing different impacts on rumen microbes
(JIAN et al., 2016) and animal performance
(VAN LE et al., 2019). When whole grains
are offered to ruminants, rumen microbes are
less affected because fatty acids are released
more slowly and depends of rumination
(PALMQUIST and MATTOS, 2006), compared
to oils.
This study assessed the efficiency of
partial replacement of energy of ground
corn for oilseeds, cottonseed, sunflower, and
soybeans, in diet of fattening lambs, evaluating
performance, diet digestibility, ingestive
behavior, and carcass traits.
MATERIAL AND METHODS
Study site
The study was carried out at São Paulo
Agency for Agribusiness Technology, located
in the municipality of Assis, São Paulo,
Brazil. The procedures were approved by the
Research Ethics Committee; under protocol
No. 361/2010 of University of Campinas,
Brazil.
Data collection
The experiment comprised twenty-four
crossbred lambs with three months old, intact
males, weaned, and with an initial body weight
25.97± 0.75 kg. The animals were kept under
feedlot conditions for 84 days in individual
pens and received diets with 23.63% of coast
cross hay and one of the following concentrates:
1. Control (no additional lipid source), 2.
Cottonseed, 3. Sunflower, and 4. Soybean
(Table 1). The treatments were formulated to
contain about 6% of EE in DM. The soybean
diet the addition of oil to obtain 6% of EE and
reach iso-protein diets, because addition of fat
sources should not exceed 6% of ether extract
(EE) in the dry matter basis (CABIDDU et al.,
2017; NGUYEN et al., 2018).
The adaptation period to increase the
concentrate level up to each treatment lasted
Bol. Ind. Anim., Nova Odessa,v.76, p.1-9, 2019
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Table 1 – Composition (% of dry matter) and chemical composition of experimental diets
Characteristic

Diet
Control

Cottonseed

Sunflower

Soybean

Coast cross hay

23.63

23.63

23.63

23.63

Soybean hull

15.00

15.00

15.00

15.00

Ground corn

50.92

33.59

42.24

40.79

Soybean meal

7.48

7.48

7.48

7.48

Limestone

1.00

1.00

1.00

1.00

Minerals

0.60

0.60

0.60

0.60

Urea

1.37

0.70

1.05

0.50

Cottonseed

--

18.00

--

--

Soybean

--

--

--

9.00

Soybean oil

--

--

--

2.00

Sunflower seed

--

--

9.00

--

Total digestive nutrients1

76.75

77.88

77.21

78.01

Crude protein

14.61

14.65

14.66

14.79

Rumen degradable protein

9.59

9.28

9.48

9.40

Neutral detergent fiber

37.20

38.62

44.63

47.56

Ether extract

3.11

6.14

6.33

6.30

Ingredient

Nutrient (g/100g)

1

Weiss et al. (1992)

14 days and all animals received the control
diet. The quantity offered corresponded to
3% of body weight (DM basis) plus 100 g,
daily, until achieving maximum voluntary
intake. Another 14 d were used to adapt to
the treatments. After that, during 64 d of the
experimental period, the animals received one
of each experimental diet, offered twice a day
and it was allowed 10% of leftovers, weighted
daily.
Diet apparent digestibility was estimated
using the method of total feces collection,
with 10 d to adaptation (day 15 to 24) and 5
d of collection (day 25 to 29 of feedlot), using
collecting bags (PEARSON et al., 2001). The
lambs were weighed at the beginning and end
of the sampling period, after 16 h of water and
feed withdrawal.
Feces were collected at intervals of 24 h,
before meal, and samples of 10% of total daily
by each animal were frozen individually.
The composite samples (5 subsamples) per
animal for diets, orts, and feces were sent
3
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to the bromatological analysis. Dry matter
(DM), minerals, crude protein (CP) and ether
extract (EE) were analyzed according to the
AOAC (1995). Neutral detergent fiber (NDF),
acid detergent fiber (ADF), and lignin were
determined as described by Van Soest et al.
(1991). To estimate total digestible nutrients
in the diet, the percentage of non-fibrous
carbohydrates were as calculated by Weiss et
al. (1992).
Animal performance was evaluated during
55 d, from day 30 to 84 of feedlot, after the
digestibility test. The lambs were weighted
at intervals of 14 d before the morning feed,
without fasting. Sample of diets and orts per
treatment were dried individually, each 14 d,
to obtain the best value of DM feed intake.
At day 64 day of feedlot, the ingestive
behavior of the animals was observed for 24 h.
The ingestive behavior was evaluated by visual
inspection of each animal performed by four
trained examiners divided into pairs, who took
turns at each 3-hour shift. All animals were
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evaluated every 10 min and their behavior
was recorded to determine the time spent on
intake, rumination, and idleness (JOHNSON
and COMBS, 1991). Intake and rumination
efficiency was calculated, as well as the total
chewing time (FONTENELLE et al., 2011).
After 84 d of feedlot, the lambs were
slaughtered at the experimental plant of
USP – Universidade de São Paulo - Campus
Pirassununga, in compliance with the
Humanitarian Slaughter Guidelines, as
required by Brazilian laws. After separating
non-carcass components, the carcass was
weighted before and after 24 h of cooling at
4°C.
Statistical analysis
The experimental design was a completely
randomized block (separated by initial
body weight) with four treatments and
six repetitions. Results of performance,
digestibility, and carcass were analyzed using
the Mixed procedure of the SAS® program (SAS
Institute Inc., Cary, NC). Treatment means
were compared by the Tukey test, adopting a
5% level of significance. The activities of intake,
idleness, and rumination were analyzed as

repeated measures over time and interaction
between time and treatment was tested.
RESULTS
Performance and diet digestibility
Animals fed the control diet had a higher
final body weight (P=0.03) than those under
sunflower diet (Table 2). The final body weight
of lambs fed cottonseed and soybean did
not differ from the control and cottonseed
treatments. The DWG of animals fed the control
diet was higher (P<0.01) than of animals in
the cottonseed, sunflower, and soybean diets,
which in turn did not differ from each other
(Table 2).
The DMI, expressed as absolute value (g/
day), was higher (P=0.02) for animals fed
the control diet in comparison to compared
to those in the sunflower diet (Table 2). The
DMI in treatments cottonseed, sunflower, and
soybean was not different. When the DMI was
expressed as percentage of body weight, the
control and cottonseed diets were higher than
sunflower and soybean diets.
The sunflower diet promoted the best
(P=0.04) feed efficiency than the control

Table 2 – Performance and nutrient digestibility of fattening lambs with and without addition of oilseeds
Diet

Characteristic

Control

Cottonseed

Sunflower

Soybean

Initial

15.68

15.67

15.67

15.70

Final

42.42

37.25

Daily weight gain, kg

0.334

g/day

Probability

SE2

1.00

1.06

0.03

1.75

Body weight, kg
34.85

36.32

0.270

0.240

0.258

<0.01

0.01

1,325a

1,198ab

1,046b

1,094ab

0.02

0.06

% of body weight

4.57

4.54

4.12

b

4.22

0.04

0.12

Feed efficiency

0.290

0.04

0.007

74.85

0.80

1.56

71.07

a

0.01

4.51

a
a

ab
b

b
b

ab
b

Dry matter intake

1

a

a

0.267

b

0.271

b

0.297

74.16

72.83

73.90

a

b
ab

Digestibility, %
Dry matter
Neutral detergent fiber

66.50

ab

50.34

b

67.07

ab

Acid detergent fiber

64.07

64.68

71.39

67.45

0.17

2.48

Crude protein

74.71

71.38

75.94

74.40

0.23

1.68

Ether extract

73.67

93.04

92.41

86.44

<0.01

1.91

b

a

a

a

Average in the same row followed by different superscript letters differ by the Tukey test (P≤0.05).
g daily weight gain/g dry matter intake. 2 SE: Standard error.

a,b
1
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Table 3 – Ingestive behavior, ingestion and rumination efficiency, and total chewing time of fattening lambs with and
without the addition of oilseeds
Diet

Characteristic

Probability

SE4

13.25

0.43

0.76

7.83

7.47

0.49

0.58

3.73

3.14

3.28

0.75

0.43

289

326

349

0.86

57

0.04

11

0.30

25

Control

Cottonseed

Sunflower

Soybean

Idleness, hours per day

13.61

11.92

13.03

Rumination, hours per day

7.17

8.35

Intake of DM1, hours per day

3.22

Intake of DM, g/h

347

Rumination of DM, g/h

157

Intake of NDF , g/h

155

Efficiency2

3

124

a

ab

107

114

137

b

ab

126

166

Rumination of NDF, g/h

69.93

a

46.23

b

43.99

b

65.31

<0.01

4.84

Total chewing time, hours

10.39

12.08

10.97

10.75

0.43

0.76

a

Average in the same row followed by different superscript letters differ by the Tukey test (P≤0.05).
DM: dry matter; 2 Efficiency: nutrient ingestion (g)/time in activity (h) (Mendes et al., 2008); 3 NDF: neutral detergent
fiber; 4 SE: Standard error.
a,b
1

and cottonseed diets. Soybean diet showed
no differences than control, sunflower and
cottonseed.
The apparent DM digestibility (P=0.80), ADF
(P=0.17) or CP (P=0.23) did not differ between
the diets (Table 2). The NDF digestibility
(P=0.01) was higher in the soybean diet when
compared to the cottonseed diet. The EE
digestibility was lower (P<0.01) for the control
diet compared to the diets containing oilseeds.
Ingestive behavior
No differences (P>0.05) in the time spent on
idleness, rumination, and DMI of lambs were
observed between treatments (Table 3).
The inclusion of different oilseeds to diet
did not alter efficiency of DMI (P=0.86) or NDF
(P=0.30), and total chewing time (P=0.43) (Table
3). Animals fed the sunflower diet showed
lower (P=0.04) efficiency of DM rumination
than those in the control diet (Table 3). The NDF
rumination showed higher efficiency (P<0.01)
for the control and soybean diets compared to
the cottonseed and sunflower diets (Table 3).
Carcass traits
Lambs fed the control diet showed higher
weight of hot (P=0.03) and cold (P=0.03) carcass
than those fed the sunflower diet (Table 2). Hot
and cold carcass weight of animals treated
with cottonseed or soybean diets showed
intermediate values for the control and
sunflower diet, without statistical differences.
5
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Different oilseeds in diet did not alter hot
(P=0.56) or cold (P=0.57) carcass yield as well
as carcass dripping losses (P=0.55) (Table 4).
DISCUSSION
Sunflower grains in the diet reduced DMI
(g/d) and consequently animal performance
(Tables 2 and 4), compared to control diet.
Probably, this effect was not only due to increase
of EE in diet, since the diets with soybean and
cottonseed had DMI (g/d) similar to control
diet (Table 2), but EE similar to the sunflower
diet (Table 1). Thus, it seems that sunflower
grain have some incompatibility with sheep
(MAJEWSKA et al., 2016; CABIDDU et al.,
2017) and the ruminal balance (PASHAEI et
al., 2016), especially in high concentrate diets.
The lower DMI in BW percentage of animals
fed soybean or sunflower seeds (Table 2) may
have been due to the higher NDF concentration
in these diets (Table 1), since the DMI is
inversely related to dietary NDF concentration
(ANDUEZA et al., 2012).
According to Nur Atikah et al. (2018), diet
supplementation with oils containing different
fatty acid profiles improved rumen fermentation
by reducing ammonia concentration and
increasing total VFA concentration (BECK
et al., 2019), partially due to decreases of
CH4 emissions (HENDERSON et al., 2017).
However, high concentration of unsaturated
fatty acid is toxic for rumen microorganisms,
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Table 4 – Carcass weight and yield of fattening lambs with and without the addition of oilseeds
Trait

Diet

Probability

SE1

16.30ab

0.03

0.78

46.06

44.89

0.56

0.75

16.34ab

15.83b

16.12ab

0.03

0.78

44.86

44.00

45.42

44.39

0.57

0.74

1.20

1.44

1.40

1.12

0.55

0.18

Control

Cottonseed

Sunflower

Soybean

Weight, kg

19.27a

16.58ab

16.05b

Yield, %

45.41

44.64

Weight, kg

19.03a

Yield, %

Hot carcass

Cold carcass

Cooling loss, %

Averege in the same row followed by different superscript letters differ by the Tukey test (P≤0.05).
SE: Standard error.

a,b
1

because it limits ruminal microorganisms to
lipolysis and bio hydrogenate unsaturated
fatty acid to saturated fatty acid (JIAN et al.,
2016; FEARLAY et al., 2017; MILTKO et al.,
2019).
The DMI (Table 2) was possibly more
influenced by the NDF (Table 1) content than
by the EE amount in the diet. The differences
between energy supply by lipid and
carbohydrate was possibly influenced by fiber
concentration in diet.
Animals fed the cottonseed diets produced
similar results than those fed the control diet
for DMI in percentage of BW, probability due
NDF and ADF digestibility interference (BECK
et al., 2019). The difference for DMI (%BW)
between the cottonseed diet and the sunflower
and soybean diets seems to be related to cotton
linters, resulting in lower NDF digestibility in
the cottonseed diet (PIONA et al., 2012), or to
their effect in rumen metabolism (PEREIRA et
al., 2016; HUMER et al., 2018).
The low EE digestibility for the control diet
is probably because this fraction is more linked
to the waxy portions of foods than to the soluble
fats of the oilseeds used (YAMAMOTO et al.,
2005b), as reported in the literature (ALMEIDA
et al., 2016; NUR ATIKAH et al., 2018; FREITAS
JR. et al., 2019). The differences of feed intake
caused significant changes in feed efficiency of
animals fed different diets. The animals that
had the higher intake and were fed the control
and cottonseed diets showed lower feed
efficiency, but not the same BWG.
The time spent on intake was expected for
diets containing 50% roughage (CARDOSO
et al., 2006b; MENDES et al., 2008); however,

rumination time for all diets was shorter,
consistent with the lower amount of roughage
of all diets. The time spent on idleness was high
for all treatments because the diets are rich in
energy, including the control diet (CARDOSO
et al., 2006).
Similar rumination NDF efficiency was
observed for animals fed the control and
soybean diets and this is related to the greater
digestibility of the NDF fraction of soybeans,
accelerating the passage of feed through the
rumen (MORAIS et al., 2006). Rumination
NDF efficiency was similar for the cottonseed
and sunflower diets, possibly related to the
NDF component in whole grain hull (Table 1).
The control and cottonseed diets had a lower
NDF content (37.2 and 38.6%, respectively)
and different efficiencies. The cottonseed and
sunflower diets contained 38.6 and 44.6% NDF,
respectively, but provided similar rumination
efficiency. According to Cardoso et al. (2006),
NDF content lower than 44% in feedlot diets
of lambs does not influence the time spent on
ingestion, rumination, or idleness. However,
the authors observed a linear decrease in
rumination efficiency, expressed as g of DM/
hour, with increasing concentration of NDF in
the diet. Differently from this study, the NDF
source used by the authors was always the
same, indicating the structural difference of
NDF in the foods studied (ANDUEZA et al.,
2012).
Carcass weight is a yield indicator in
feedlot lambs (SOUZA et al., 2013). The diets
affected carcass weight, indicating inferiority
of diets with additional lipid sources. Urano
et al. (2006) reported similar carcass yields of
Bol. Ind. Anim., Nova Odessa,v.76, p.1-9, 2019
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animals fed diets without an additional fat
source or with inclusion of oilseeds for feedlot
animals fed soybean (FURUSHO-GARCIA et
al., 2010), cottonseed by-products (PAIM et al.,
2014), and sunflower seeds (HOMEM JR et al.,
2010).
In intensive production systems of fattening
lambs, sunflower is not suitable to replace
ground corn in feedlot diets that contain a high
concentrate proportions.
ACKNOWLEDGEMENTS
This work was supported by the Foundation
for Research Support of the State of São
Paulo (FAPESP, Process nº 2010/17024-1),
and by the National Council for Scientific
and Technological Development (Process nº
475478/2009-6).
REFERENCES
ALMEIDA, F.A.; SILVA SOBRINHO, A.G.;
MANZI, G.M.; LIMA, N.L.L.; SALES, R.O.;
ZEOLA, N.M.B.L.; ENDO, V.; BORGHI,
T.H. Performance, nutrient digestibility,
and quantitative carcass traits of lambs fed
sunflower seeds and vitamin E. Semina:
Ciências Agrárias, v.37, p.2133-2144, 2016.
DOI: 10.5433/1679-0359.2016v37n4p2133
ANDUEZA, D.; DELGADO, I.; MUÑOZ, F.
Relationships of digestibility and intake by
sheep of whole-crop cereal hays with different chemical, biological and physical methods. Small Ruminant Research; v.108, p.7376, 2012. https://doi.org/10.1016/j.
smallrumres.2012.07.005
AOAC. Official Methods of Analysis. 16th
ed., Association of Analysis Chemists.
Washington, D.C.: AOAC, 1995.
BECK, M.R.; THOMPSON, L.R.; WILLIAMS,
G.D.; PLACE, S.E.; GUNTER, S.A.; REUTER,
R.R. Fat supplements differing in physical
form improve performance but divergently
influence methane emissions of grazing
beef cattle. Animal Feed Science and
Technology, v.254, p.114, 2019. https://doi.
org/10.1016/j.anifeedsci.2019.114210
CABIDDU, A.; ADDIS, M.; FIORI, M.; SPADA,
S.; DECANDIA, M.; MOLLE, G. Pros and
cons of the supplementation with oilseed
enriched concentrates on milk fatty acid
profile of dairy sheep grazing Mediterranean pastures. Small Ruminant Research,
7

Bol. Ind. Anim., Nova Odessa,v.76, p.1-9, 2019

v.147, p.63–72, 2017.
CARDOSO, A.R.; CARVALHO, S.; GALVANI,
D.B.; PIRES, C.C.; GASPERIN, B.G.; GARCIA, R.P.A. Comportamento ingestivo de
cordeiros alimentados com dietas contendo
diferentes níveis de fibra em detergente neutro. Ciência Rural, Santa Maria, v.36, p.604609, 2006. http://dx.doi.org/10.1590/
S0103-84782006000200038
CORTE, R.R.; AFERRI, G.; PEREIRA, A.S.C.;
SILVA, S.L.; PESCI D.M.C.; LEME, P.R.
Performance, Carcass Traits and Meat
Quality of Crossbred Lambs Fed Whole
Cottonseed Levels. Italian Journal of
Animal Science, v.14, p.3685, 2015. DOI:
10.4081/ijas.2015.3685
FERLAY, A.; BERNARD, L.; MEYNADIER,
A.; MALPUECH-BRUGÈRE, C. Production
of trans and conjugated fatty acids in dairy
ruminants and their putative effects on human health: A review. Biochimie, v.141,
p.107-120, 2017.
FONTENELE, R.M.; PEREIRA, E.S.; CARNEIRO, M.S.S.; PIMENTEL, P.G.; CÂNDIDO,
M.J.D.; REGADAS FILHO, J.G.L. Consumo
de nutrientes e comportamento ingestivo
de cordeiros da raça Santa Inês alimentados
com rações com diferentes níveis de energia
metabolizável. Revista Brasileira de Zootecnia, v.40, p.1280-1286, 2011. http://dx.
doi.org/10.1590/S1516-35982011000600017
FREITAS JR., J.E.; TAKIYA, C.S.; DEL VALLE,
T.A.; BARLETTA, R.V.; VENTURELLI,
B.C.; VENDRAMINI, T.H.A.; MINGOTI,
R.D.; CALOMENI, G.D.; GARDINAL, R.;
GANDRA, J.R.; VBETTERO, P.; JESUS, E.F.;
OLIVEIRA, M.D.S.; RENNÓ, F.P. Ruminal
biohydrogenation and abomasal flow
of fatty acids in lactating cows fed diets
supplemented with soybean oil, whole
soybeans, or calcium salts of fatty acids.
Journal Dairy Science, v.101, p.7881–7891,
2019. https://doi.org/ 10.3168/jds.201713666
FURUSHO-GARCIA, I.F.; ALMEIDA, A.K.;
COSTA, T.I.R.; LEOPOLDINO JÚNIOR, I.;
RIBEIRO, J.S.; SOUZA, F.A. Carcass characteristics and cuts of Santa Inês lambs fed different roughage proportions and fat source.
Revista Brasileira de Zootecnia [online],
v.39, n.6, p.1322-1327, 2010. http://dx.doi.
org/10.1590/S1516-5982011000600017
GALLO, S.B.; BROCHADO, T.; BROCHINE,

OILSEEDS IN DIETS OF FATTENING LAMBS

L.; PASSARELI, D.; COSTA, S.F.; BUENO,
I.C.S.; BALIEIRO, J.C.C.; FRANZOLIN
NETO, R.; TEDESCHI, L.O. Effect of
biosurfactant added in two different oil
source diets on lamb performance and
ruminal and blood parameters. Livestock
Science, v.226, p.66–72, 2019.
HENDERSON, B.; FALCUCCI, A.; MOTTET,
A.; EARLY, L.; WERNER, B.; STEINFELD,
H.; GERBER, P. Marginal costs of abating
greenhouse gases in the global ruminant
livestock sector. Mitigation and Adaptation Strategies for Global Change volume,
v.22, p.199–224, 2017. DOI 10.1007/s11027015-9673-9
HOMEM JUNIOR, A.C.; EZEQUIEL, J.M.B.;
RODRIGUES, D.J.; PINHEIRO, R.S.B. Ácidos graxos e colesterol da carne de cordeiros
confinados recebendo dietas contendo fontes lipídicas e submetidos à restrição e realimentação. Ciência Rural, v.45, p.1674-1680,
2015.
http://dx.doi.org/10.1590/01038478cr20140293
HUMER, E.; PETRI, R.M.; ASCHENBACH,
J.R.; BRADFORD, B.J.; PENNER, G.B.; TAFAJ, M.; SÜDEKUM, K.-H.; ZEBELI, Q. Invited review: Practical feeding management
recommendations to mitigate the risk of
subacute ruminal acidosis in dairy cattle.
Journal Dairy Science, v.101, p.872–888,
2018. https://doi.org/ 10.3168/jds.201713191
JIAN, G.; MENG-ZHI, W.; YU-JIA, J.; XUEZHAO, S.; TIAN-YI, W.; LIANG-FENG,
S. Impacts of the unsaturation degree of
long-chain fatty acids on the volatile fatty
acid profiles of rumen microbial fermentation in goats in vitro. Journal of Integrative
Agriculture, v.15, p.2827–2833, 2016. doi:
10.1016/S2095-3119(16)61418-1
JOHNSON, T.R.; COMBS, D.K. Effects of prepartum diet, inert rumen bulk, and dietary
polyethylene glycol on dry matter intake
of lactating dairy cows. Journal of Dairy
Science, v.74, p.933–944, 1991. https://doi.
org/10.3168/jds.S0022-0302(91)78243-X
MAJEWSKA, M.P.; PAJĄK, J.J.; SKOMIAŁ, J.;
KOWALIK, B. The effect of different forms
of sunflower products in diets for lambs and
storage time on meat quality. Animal Feed
Science and Technology, v.222, p.227–235,
2016. http://dx.doi.org/10.1016/j.anifeed
sci.2016.10.007

MILTKO, R.; MAJEWSKA, M.P.; BEŁŻECKI,
G.; KULA, K.; KOWALIK, B. Growth
performance, carcass and meat quality of
lambs supplemented different vegetable
oils. Asian-Australasian Journal Animal
Science, v.32, p.767-775, 2019. https: //doi.
org/10.5713/ajas. 18.0482
MEDEIROS, S.R.; ALBERTINI, T.Z.; MARINO,
C.T. Lipídios na nutrição de ruminantes. In:
Nutrição de bovinos de corte Fundamentos e aplicações. EMBRAPA, 1° ed. 176p.,
2015. Brasília, DF.
MENDES, C.Q.; SUSIN, I. PIRES, A.V.; NUSSIO, L.G.; ARAUJO, R.C.; RIBEIRO, M.F.
Desempenho, parâmetros da carcaça e comportamento ingestivo de cordeiros alimentados com cana-de-açúcar ensilada ou in natura. Arquivo Brasileiro de Medicina Veterinária e Zootecnia [online], v.60, p.733-740,
2008.
http://dx.doi.org/10.1590/S010209352008000300031
MORAIS, J.B.; SUSIN, I.; PIRES, A.V.; MENDES, C.Q.; OLIVEIRA JUNIOR, R.C.; PACKER, I.U. Comportamento ingestivo de
ovinos e digestibilidade aparente dos nutrientes de dietas contendo casca de soja.
Pesquisa Agropecuária Brasileira, Brasília, v.41, p.1157-1164, 2006. http://dx.doi.
org/10.1590/S0100-204X2006000700012.
NGUYEN, D.V.; MALAU-ADULI, B.S.;
CAVALIERI, J.; NICHOLS, P.D.; MALAUADULI, A.E.O. Supplementation with plantderived oils rich in omega-3 polyunsaturated
fatty acids for lamb production. Veterinary
and Animal Science, v.6, p.29–40, 2018.
https:// doi.org/10.1016/j.vas.2018.08.00
NUR ATIKAH, I.; ALIMON, A.R.; YAAKUB,
H.; ABDULLAH, N.; JAHROMI, M.F.;
IVAN, M.; SAMSUDIN, A.A. Profiling of
rumen fermentation, microbial population
and digestibility in goats fed with dietary
oils containing different fatty acids. BMC
Veterinary Research, v.14, p.344, 2018.
https://doi.org/10.1186/s12917-018-1672-0
OLIVEIRA, M.A.; ALVES, S.P.; SANTOSSILVA, J.; BESSA R.J.B. Effect of dietary
starch level and its rumen degradability
on lamb meat fatty acid composition. Meat
Science, v.123, p.166–172, 2017. http://
dx.doi.org/10.1016/j.meatsci.2016.10.001
PAIM, T.D.; VIANA, P.; BRANDÃO, E.; AMADOR, S.; BARBOSA, T.; CARDOSO, C.;
DANTAS, Â.M.M.; SOUZA, J.R.; MCMABol. Ind. Anim., Nova Odessa,v.76, p.1-9, 2019

8

Aferri, G. et al.

NUS, C.; ABDALLA, A.L.; LOUVANDINI, H. Carcass traits and fatty acid profile
of meat from lambs fed different cottonseed by-products. Small Ruminant Research, v.116, p.71–77, 2014. http://dx.doi.
org/10.1016/j.smallrumres.2013.11.004
PALMQUIST, D.L. and JENKINS, T.C. A 100Year Review: Fat feeding of dairy cows.
Journal Dairy Science, v.100, p.10061–
10077, 2017. https://doi.org/ 10.3168/
jds.2017-12924
PALMQUIST, D.L.; MATTOS, W.R.S. Metabolismo de lipídios. In: BERCHIELLI, T.T.; PIRES, A.V.; OLIVEIRA, S.G. (Ed.). Nutrição
de ruminantes. Jaboticabal: Funep, p.287309, 2006.
PASHAEI, S.; GHOORCH, T.; YAMCHI, A.
Evaluation of biohydrogenation rate of
canola vs. soya bean seeds as unsaturated
fatty acids sources for ruminants in situ.
Journal of Animal Physiology and Animal
Nutrition, v.100, p.211–216, 2016. DOI:
10.1111/jpn.12347
PEARSON, R.A.; ARCHIBALD, R.F.; MUIRHEAD, R.H. The effect of forage quality and
level of feeding on digestibility and gastrointestinal transit time of oat straw and alfalfa given to ponies and donkeys. British
Journal of Nutrition, v.85, p.599-606, 2001.
https://doi.org/10.1079/BJN2001321
PEREIRA, E.S.; PEREIRA, M.W.F.; ARRUDA,
P.C.L.; CABRAL, L.S.; OLIVEIRA, R.L.;
MIZUBUTI, I.Y.; PINTO, A.P.; CAMPOS,
A.C.N.; GADELHA, C.R.F.; CARNEIRO,
M.S.S. Effects of different lipid sources on
intake, digestibility and purine derivatives
in hair lambs. Journal of Animal Physiology
and Animal Nutrition, v.100, p.723–730,
2016. DOI: 10.1111/jpn.12438
PIONA, M.N.M.; CABRAL, L.S.; ZERVOUDAKIS, J.T.; ABREU, J.G.; GALATI, R.L.;
CAETANO, G.G.G.P.; SILVA, A.R. Níveis
de caroço de algodão na dieta de cordeiros
confinados. Revista Brasileira de Saúde e
Produção Animal [online], v.13, p.110-122,
2012.
http://dx.doi.org/10.1590/S151999402012000100010
SOUZA, D.A.; SELAIVE-VILLARROEL, A.B.;
PEREIRA, E.S.; OSÓRIO, J.C.S.; TEIXEIRA,
A. Growth performance, feed efficiency and
carcass characteristics of lambs produced
from Dorper sheep crossed with Santa Inês
or Brazilian Somali sheep. Small Ruminant
9

Bol. Ind. Anim., Nova Odessa,v.76, p.1-9, 2019

Research, v.114, p.51-55, 2013. https://doi.
org/10.1016/j.smallrumres.
2013.06.006
TOPRAK, N.N. Do fats reduce methane
emission by ruminants? - A review. Animal
Science Papers and Reports, v.33, p.305321, 2015.
URANO, F.S.; PIRES, A.V.; SUSIN, I.; MENDES, C.Q.; RODRIGUES, G.H.; ARAUJO,
R.C.; MATTOS, W.R.S. Desempenho e características da carcaça de cordeiros confinados
alimentados com grãos de soja. Pesquisa
Agropecuária Brasileira, v.41, p.1525-1530,
2006.
http://dx.doi.org/10.1590/S0100204X2006001000010
USDA. Oilseeds: World Markets and Trade.
2015. http://apps.fas.usda.gov/psdonline
/circulars/oilseeds.
VAN LE, H.; NGUYEN, D.V.; NGUYEN,
Q.V.; MALAU-ADULI, B.S.; NICHOLS,
P.D.; MALAU-ADULI, A.E.O. Fatty acid
profiles of muscle, liver, heart and kidney
of Australian prime lambs fed different
polyunsaturated fatty acids enriched pellets
in a feedlot system. Scientific Reports, v.9,
p.1238, 2019. https://doi.org/10.1038/
s41598-018-37956-y
VAN SOEST, P.J.; ROBERTSON, J.B.; LEWIS,
B.A. Methods for dietary fiber, neutral detergent fiber, and nonstarch polysaccharides in relation to animal nutrition. Journal
of Dairy Science, v.74, p.3583-3597, 1991.
WEISS, W.P.; CONRAD, H.R.; ST. PIERRE, N.R.
A theoretically-based model for predicting
total digestible nutrient values of forages
and concentrates. Animal Feed Science and
Technology, v.39, p.95-110, 1992. https://
doi.org/10.1016/0377-8401(92)90034-4
YAMAMOTO, S.M.; MACEDO, F.A.F.;
ZUNDT, M.; MEXIA, A.A.; SAKAGUTI,
E.S.; ROCHA, G.B.L.; REGAÇONI, K.C.T.;
MACEDO, R.M.G. Fontes de óleo vegetal
na dieta de cordeiros em confinamento.
Revista Brasileira de Zootecnia, v.34, p.703710, 2005. http://dx.doi.org/10.1590/
S1516-35982005000200040.

