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a  b  s  t  r  a  c  t

The  objective  of this  study  was to evaluate  the  effects  of  partial replacement  of  soybean  oil
by fish  oil  on  dry  matter  intake  (DMI),  growth,  carcass  characteristics,  and  meat  fatty  acid
profile of feedlot  lambs.  Fifty  Santa  Ines  male  lambs  with  17.1  ± 2.8  of initial  body  weight
(BW)  were  individually  penned  and  used  in  a randomized  complete  block  design  with  10
blocks  and  5 treatments.  Dietary  treatments,  dry  matter  (DM)  basis,  consisted  of: (1)  control
diet (CONT)  with  a 10:90  of forage  to concentrate  ratio,  (2)  control  diet  supplemented
with  40  g/kg  of  soybean  oil (0FO),  (3)  control  diet supplemented  with  2.5  g/kg of  fish  oil
blend  +  37.5  g/kg  of  soybean  oil (25FO),  (4) control  diet  supplemented  with  5 g/kg  of  fish  oil
blend  +  35 g/kg  of  soybean  oil (50FO),  and  (5)  control  diet  supplemented  with  7.5  g/kg  of  fish
oil  blend  +  32.5  g/kg  of  soybean  oil (75FO).  Diets  were  mixed  once  daily  and  fed  ad libitum.  At
the end  of the  84-day  feeding  trial, all animals  were  slaughtered  for carcass  characteristics
evaluations  and  meat  fat acid  profile  determination.  Animals  fed  soybean  oil had  reduced
DMI compared  to control;  however,  the  average  daily  gain  (ADG),  feed  efficiency  (FE)  and
final BW  were  not  affected.  The  animals  fed  fish  oil had  similar  DMI,  ADG,  FE  and  final  BW  to
those  receiving  the  control  treatment.  The  DMI,  ADG,  FE  and  final  BW  were  not  affected  by
the increasing  substitution  of  soybean  oil  for fish  oil.  Most  carcass  characteristics  were  not
affected  by  treatments.  The  shrink  after  chilling  was  lower  for  the  50FO  diet.  Short,  medium,
and long-chain  fatty  acids  were  similar  for  all diets.  Stearic  acid concentration  was  higher
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for  lambs  fed  the  fat diets  vs.  control.  However,  stearic  acid concentration  decreased  linearly
when fish  oil  replaced  soybean  oil.  Vaccenic  acid  concentration  was  higher  for lambs  fed
fat diets  vs.  control.  In addition,  vaccenic  acid increased  linearly  with  fish  oil  inclusion.
The  conjugated  linoleic  acid  (CLA)  C18:2  cis-9,  trans-11  showed  higher  concentration  in

Abbreviations: 0FO, control diet supplemented with 40 g/kg DM of soybean oil; 25FO, control diet supplemented with 2.5 g/kg DM of fish oil
lend + 37.5 g/kg DM of soybean oil; 50FO, control diet supplemented with 5 g/kg DM of fish oil blend + 35 g/kg DM of soybean oil; 75FO, control diet
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meat  of animals  fed diets  containing  fish  oil compared  to control,  but  it  was  not  affected
by  soybean  oil  inclusion.  Feeding  small  amounts  of  fish oil  blend  plus  soybean  oil  does
not  exert  an  additional  effect  on the  concentration  of CLA  C18:2  cis-9,  trans-11  in relation
to  the  exclusive  use  of soybean  oil. However,  the mixture  of  7.5  g/kg  DM  of  fish oil  blend
with  32.5  g/kg  DM  of soybean  oil is recommended,  because  it improves  the lipid  profile
of  the  meat  by  increasing  the  concentration  of vaccenic  acid,  eicosapentaenoic  acid  (EPA)
and docosahexaenoic  acid  (DHA).  Additionally,  supplementing  7.5  g/kg DM  of  fish  oil  blend
mixed  with  32.5  g/kg DM  of  soybean  had  no negative  effect  on  the  feed  intake,  ADG, FE  and
carcass  characteristics  of  the  lambs  fed  high  concentrate  diet.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

The intake of omega-3 (n-3) fatty acids and conjugated linoleic acid (CLA) is beneficial to human health (Park, 2009). Fish
oil is a rich source of n-3 fatty acids, eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA). When supplemented in
ruminant feed, fish oil favors the accumulation of vaccenic acid in the rumen (Toral et al., 2010), which can then be used for
endogenous CLA synthesis in various tissues (Piperova et al., 2002). Significant increases in the concentration of vaccenic
acid and CLA in ruminant products have been obtained with the supply of fish oil as the sole source of supplemental fat
(Donovan et al., 2000; Toral et al., 2010). However, Whitlock et al. (2002) demonstrated a synergistic effect of fish oil mixed
with soybean oil with regard to the increase in the concentrations of these fatty acids in milk.

The use of fish oil (Donovan et al., 2000; Shingfield et al., 2003) or soybean oil separately (Bouattour et al., 2008) and the
mixture of these sources in different ratios has been thoroughly evaluated for lactating dairy cows (Ramaswamy et al., 2001;
Whitlock et al., 2002, 2006). A consistently observed response to the supplementation of fish oil in dairy cows is its effect on
reducing dry matter (DM) intake, particularly when included in the diet at amounts above 10 g/kg DM (Donovan et al., 2000;
AbuGhazaleh et al., 2002; Whitlock et al., 2002). Nevertheless, little information exists with respect to the performance of
growing animals and the chemical composition and meat fatty acid profile from sheep fed both fat sources. This study aimed
to evaluate the effects of providing increasing dietary levels of fish oil blend (<10 g/kg DM)  mixed with soybean oil on the
dry matter intake (DMI), average daily weight gain (ADG), carcass characteristics and meat fatty acid profile from sheep.

2. Material and methods

2.1. Location, animals and experimental facilities

The experiment was conducted at the sheep confinement facility of the Sheep and Goat Intensive Production System,
Animal Science Department, “Luiz de Queiroz” College of Agriculture, São Paulo University, located in Piracicaba-SP
(22◦42′24′′ S and 47◦37′53′′ W),  Brazil.

A total of 50 male non-castrated Santa Inês lambs, with an initial average body weight (BW) of 17.1 ± 2.8 kg and at
66.0 ± 9.0 days old, were used in the study. The animals were housed in covered pens (one animal/pen) with concrete floor
and dimensions of 1.3 m × 3.5 m.  All animals were dewormed with 10 g/kg moxidectin (Cydectin, Fort Dodge Animal Health,
Campinas, SP, Brazil) at a dose of 1 ml/50 kg of body weight and were given vitamin supplement (vitamins A, D and E) before
the start of the experiment.

2.2. Experimental design, treatments and dietary management

The experimental design consisted of a randomized complete block, with 5 treatments and 10 blocks per treatment. The
blocks were defined according to the weight and age of the animals at the beginning of the experiment. The experiment
lasted 84 days.

The treatments were defined by the addition of increasing levels of fish oil blend (59 g/kg of DHA plus EPA and 4.2 n-
6/n-3 ratio; Azevedo Indústria e Comércio de Óleos LTDA, São Paulo, SP, Brazil; Table 1) as a replacement for soybean oil
(Campestre Indústria e Comércio de Óleos Vegetais LTDA, São Paulo, SP, Brazil; Table 1) in the diet, maintaining the content
of supplemental fatty acid at 40 g/kg DM (Tables 2 and 3). The oils were added to a basal diet that contained 900 g/kg DM
of concentrate and 100 g/kg DM of forage (fresh sugarcane bagasse). The treatments were as follows: (1) basal diet without
added oil (CONT); (2) 40 g/kg DM of soybean oil (0FO); (3) 2.5 g/kg DM of fish oil blend + 37.5 g/kg DM of soybean oil (25FO);
(4) 5 g/kg DM of fish oil blend + 35 g/kg DM of soybean oil (50FO); and (5) 7.5 g/kg DM of fish oil blend + 32.5 g/kg DM of
soybean oil (75FO). The experimental diets were formulated according to National Research Council (NRC, 2007). The fatty
acid composition of oils is shown in Table 1. The ingredient composition of the diets is shown in Table 2 and, the chemical

composition and fatty acid profiles are shown in Table 3.

Corn and soybean hulls were coarsely ground using a grinder (Nogueira® DPM – 4, Itapira, Brazil) and mixed with soybean
meal, urea, limestone, mineral premix and monensin sodium (Elanco do Brasil, São Paulo, SP, Brazil) using a horizontal mixer
with a 500-kg capacity (Lucato®, Limeira, Brazil). The monensin sodium was added at a dosage of 25 mg/kg (natural matter
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Table 1
Fatty acid composition of oils.

Fatty acid (g/100 g FAME)d Soybean oil Fish oila SEMb P-Valuec

C12:0 n.d.i 0.10 0.03 <0.01
C14:0 0.08 1.30 0.35 <0.01
C16:0 11.60 12.40 0.29 0.20
C16:1 n.d. 1.28 0.37 <0.01
C18:0 4.14 3.54 0.18 0.03
C18:1 n-9 23.24 21.50 0.54 0.07
C18:2 n-6 54.55 46.79 2.26 0.01
C18:3 n-3 4.98 5.09 0.06 0.51
C20:5 n-3 (EPA)e n.d. 2.83 0.82 <0.01
C22:6 n-3 (DHA)f n.d. 3.05 0.88 <0.01
Saturated total 16.0 18.03 0.63 0.08
PUFAg 60.76 58.89 0.55 0.02
MUFAh 23.24 23.09 0.14 0.69
PUFA n-6 55.82 47.54 2.39 <0.01
PUFA n-3 4.94 11.35 1.85 <0.01

a A fish oil blend containing 59 g/kg of EPA plus DHA, with 4.2 n-6/n-3 ratio.
b SEM = standard error of the mean (n = 3 samples for each oil).
c Probability value for comparing the oils sources by Tukey test.
d FAME = fatty acid methyl esters.
e EPA = eicosapentaenoic acid.
f DHA = docosahexaenoic acid.
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g PUFA = polyunsaturated fatty acids.
h MUFA = monounsaturated fatty acids.
i n.d. = non detected.

asis). The oil was added to the concentrate in the diet immediately before feeding. The concentrate and fresh sugarcane
agasse were separately weighed using an electronic scale (Marte®, LC 100, São Paulo, SP, Brazil), mixed and offered daily
s complete diets. All animals had ad libitum access to feed and fresh water. Feed offered and refused were recorded daily to
djust feed offered for 0.10 refusal. Both were sampled weekly and frozen at −20 ◦C for later analysis. Animals were weighed
fter a 14 h fast on days 0, 28, 56 and 84 of the experimental period to determine the average daily gain (ADG) and feed
fficiency (FE; g of BW gain/kg of feed).

.3. Animal slaughtering and carcass characteristics

At the end of the confinement period, all animals were slaughtered and hot carcass weight (HCW) obtained; after 24 h of
ooling at 4 ◦C, the carcasses were weighed again to determine the chilled carcass weight (CCW). The hot carcass yield (HCY),
hilled carcass yield (CCY) and shrink after chilling (SC) were calculated by the following formulae: HCY = (HCW/BWS) × 100;

CY = (CCW/BWS) × 100 and SC = ([HCW − CCW]/HCW) × 100, where BWS  = the body weight of animals immediately before
laughter.

The subcutaneous fat thickness (SFT) was measured on the Longissimus dorsi (LM) muscle, between the 12th and 13th rib.
fter 24 h of cooling, the LM muscle was transversely cut, and the SFT was measured from both sides of the carcass using an

able 2
ngredient composition.

Item Dietsa

CONT 0FO 25FO 50FO 75FO

Ingredients (g/kg DM)b

Fresh sugarcane bagasse 100 100 100 100 100
Ground corn 563 514 514 514 514
Soybean meal 100 109 109 109 109
Soybean hulls 200 200 200 200 200
Urea  5 5 5 5 5
Ammonium chloride 5 5 5 5 5
Limestone 14 14 14 14 14
Mineral premixc 13 13 13 13 13
Fish  oild – – 2.5 5.0 7.5
Soybean oil – 40 37.5 35.0 32.5

a CONT = diet without added oil; 0FO = 40 g/kg DM of soybean oil; 25FO = 2.5 g/kg DM of fish oil blend + 37.5 g/kg DM of soybean oil; 50FO = 5 g/kg DM of
sh  oil + 35 g/kg DM of soybean oil; 75FO = 7.5 g/kg DM of fish oil + 32.5 g/kg DM of soybean oil (DM basis).
b DM = dry matter (3 samples for each diet).
c Concentrations in the diets: 0.98 g/kg P, 1.74 g/kg Ca, 0.13 g/kg Mg, 0.91 g/kg S, 1.88 g/kg Na, 6.5 mg/kg Fe, 3.9 mg/kg Cu, 59.8 mg/kg Zn, and 0.2 mg/kg

e  (DM basis).
d A fish oil blend containing 59 g/kg of EPA plus DHA, with 4.2 n-6/n-3 ratio.
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Table  3
Chemical composition of experimental diets.

Item Dietsa P-Valuec

CONT 0FO 25FO 50FO 75FO SEMb CONT*0FO CONT* fish oil L Q

Chemical composition (g/kg DM)d

DM, as-fed basis 835 836 837 833 838 0.70 0.80 0.64 0.73 0.31
CP  148 151 148 151 152 1.89 0.60 0.62 0.77 0.68
NFC  469 424 428 429 422 5.31 <0.01 <0.01 0.93 0.45
aNDF  301 313 314 310 314 1.66 0.02 <0.01 0.92 0.59
ADF  183 187 188 189 188 1.02 0.20 0.07 0.73 0.85
Ash  49 52 51 50 51 0.52 0.08 0.31 0.25 0.40
ME,  MJ/kg DMe 12.2 12.8 12.6 12.9 13.0 0.08 0.02 0.01 0.25 0.18
Fatty  acid composition (g/kg DM)
C12:0 0.01 0.004 0.02 0.02 0.02 0.002 0.08 <0.01 <0.01 0.02
C14:0  0.04 0.07 0.10 0.14 0.16 0.01 <0.01 <0.001 <0.001 0.61
C16:0  4.55 8.68 8.45 8.86 8.59 0.34 <0.001 <0.001 0.83 0.88
C16:1  0.05 0.08 0.10 0.13 0.15 0.01 <0.01 <0.001 <0.001 0.86
C18:0  1.06 2.20 2.20 2.31 2.19 0.10 <0.001 <0.001 0.85 0.62
C18:1  n-9 9.33 16.48 15.50 16.20 15.50 0.56 <0.001 <0.001 0.38 0.81
C18:2  n-6 13.00 29.27 29.70 30.26 29.17 1.30 <0.001 <0.001 0.90 0.13
C18:3  n-3 0.60 1.85 1.94 2.02 1.98 0.12 <0.001 <0.001 0.35 0.59
C20:5  n-3 (EPA)f 0 0 0.06 0.12 0.17 0.01 1.00 <0.001 <0.001 0.64
C22:6  n-3 (DHA)g 0 0 0.06 0.11 0.17 0.01 1.00 <0.001 <0.001 0.59
Saturated total 5.80 11.30 10.92 11.49 11.11 0.45 <0.001 <0.001 0.99 0.98
PUFAh 13.78 31.35 31.99 32.76 31.72 1.50 <0.001 <0.001 0.49 0.18
MUFAi 0.33 0.87 0.59 0.55 0.67 0.07 0.01 0.10 0.35 0.20
PUFA  n-6 13.18 29.49 29.93 30.50 29.40 1.37 <0.001 <0.001 0.89 0.14
PUFA  n-3 0.60 1.85 2.06 2.25 2.32 0.14 <0.001 <0.001 0.01 0.54
Total  fatty acids 29 60 59 61 59 3.48 <0.01 <0.01 0.98 0.96

a CONT = diet without added oil; 0FO = 40 g/kg DM of soybean oil; 25FO = 2.5 g/kg DM of fish oil blend + 37.5 g/kg DM of soybean oil; 50FO = 5 g/kg DM of
fish  oil + 35 g/kg DM of soybean oil; 75FO = 7.5 g/kg DM of fish oil + 32.5 g/kg DM of soybean oil (DM basis).

b SEM = standard error of the mean (n = 3 for each diet).
c CONT*0FO = control diet vs. diet containing 40 g/kg DM of soybean oil; CONT*fish oil = control diet vs. diets containing fish oil (CONT vs. 25FO, 50FO,

and  75FO); L = linear effect; Q = quadratic effect.
d DM = dry matter; CP = crude protein; NFC = non-fiber carbohydrates; NDF = neutral detergent fiber; ADF = acid detergent fiber; ME = metabolizable

energy.
e NRC (2007).
f EPA = eicosapentaenoic acid.
g DHA = docosahexaenoic acid.

h PUFA = polyunsaturated fatty acids.
i MUFA = monounsaturated fatty acids.

outside digital caliper. The exposed side of the LM muscle was  drawn on tracing paper, and its area was  then measured with
a planimeter, to the nearest cm2, to obtain the LM area. The values obtained from the right and left sides of the carcass were
used to calculate the arithmetic mean of the SFT and LM area per carcass. The perirenal fat was  separated from the pelvic fat
and removed, together with the kidneys, from the carcass. Then, perirenal fat was separated from the kidneys and weighed
using an electronic scale (Marte®, LC 100, São Paulo, SP, Brazil). Approximately 15 cm sample of the LM muscle was  removed
from the right half of the carcass of each animal. This sample was  divided into two  sub-samples: one for the determination
of the total fat and the other for determining the fatty acid profile. The samples were kept at −20 ◦C until analysis.

2.4. Chemical analysis and calculations

After the end of the trial, samples of diets and orts were thawed and pooled by diets and experimental sub-period. Then,
three samples of each diet and orts were ground through a 1-mm Wiley Mill screen (Marconi, Piracicaba, Brazil). The DM
content of feed offered and orts was determined after oven-drying the samples at 105 ◦C for 24 h according to the method
of the Association of Official Analytical Chemists (AOAC, 1990; #934.01). Ash was  determined by incinerating the samples
in a muffle furnace at 550 ◦C for 4 h (AOAC, 1990; #942.05). Total nitrogen (N) concentration was determined using a LECO®

FP-528 Total Nitrogen Analyzer (LECO® Corporation, St. Joseph, MI,  USA; AOAC, 1990; #968.06). Crude protein (CP) was
obtained by multiplying the total N content by 6.25. Neutral detergent fiber (aNDF) was  determined according to Van Soest
et al. (1991), using heat-stable alpha-amylase and sodium sulfite, and acid detergent fiber (ADF) according to AOAC (1990;
#954.01) with an Ankom 2000 Fiber Analyzer (Ankom Tech. Corp., Fairport, NY, USA). The ether extract (EE) was determined
using a LECO® TFE-2000 Fat Analyzer (LECO ® Corporation, St. Joseph, MI,  USA).
Non-fibrous carbohydrates (NFC) were estimated according to the equation: NFC = 100 − (NDF + CP + EE + Ash).
The total digestible nutrients (TDN) were calculated according to Weiss et al. (1992):
TDN = CPdigested + (EEdigested × 2.25) + NDFdigested + NFCdigested. The metabolizable energy (ME) values for each diet were
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ased on the assumption that 1 kg of TDN is equal to 4.409 Mcal of digestible energy (DE) and 1 Mcal of DE is equal to
.82 Mcal of ME  (NRC, 2007). The data used to calculate dietary ME  were obtained from Ferreira (2011).

The total fatty acid concentration of the diets was obtained from 2 g composited samples (3 samples per diet), which were
ubjected to fatty acids extractions according to Folch et al. (1957). The total fat of the meat was  determined using the LECO®

FE-2000 Fat Analyzer (LECO® Corporation, St. Joseph, MI,  USA). Approximately 2 g of diets, orts or LM muscle were subjected
o FA extraction by the protocol of Folch et al. (1957). The samples were homogenized in 20 ml  chloroform:methanol (2:1).
he homogenate was then centrifuged for 20 min  at 2400 × g, and the supernatant transferred to a 50-ml Falcon tube using

 glass syringe. An aliquot of 4.4 ml  NaCl solution (15 ml/l) was  added to the supernatant, and centrifuged again for 20 min  at
400 × g. The lower phase, which contained the lipid components diluted in chloroform, was collected using a glass syringe
nd transferred to another tube. To complete the extraction process, the contents of the tube were evaporated with gaseous
itrogen to completely remove the solvent.

Lipid extracted from the diets, orts, LM muscle, soybean oil and fish oil (3 samples per oil) were methylated by a two
teps methylation procedure, using 2 ml  of 0.5 M sodium methoxide (10 min  at 50 ◦C) followed by the addition of methanoic
Cl (10 min  at 80 ◦C), according to Kramer et al. (1997), and stored at −20 ◦C in 1.5 ml  amber vials containing nitrogen gas.
he quantification and determination of fatty acids was  performed using Agilent 7890A gas chromatograph equipped with
ame ionization detector (7683B) and a fused-silica capillary column (J & W 112-88A7, Agilent Technologies, Santa Clara,
A, USA), 100 m in length and 250 �m internal diameter, containing 0.20 �m cyanopropyl polysiloxane. The data acquisition
as performed using the ChemStation software (Agilent Technologies, Santa Clara, CA, USA). The total chromatographic run

ime was 87.5 min, divided into four heating cycles, as follows: 70 ◦C (1 min); 100 ◦C (5 ◦C/min for 2 min); 175 ◦C (10 ◦C/min
or 40 min); 225 ◦C (5 ◦C/min); and 245 ◦C (20 ◦C/min for 20 min). Hydrogen was  used as the carrier gas at a flow rate of
.0 ml/min, and the temperature of the injector and the detector was  260 ◦C. Nitrogen gas was  used as the make-up gas at a
ate of 30 ml/min. The split option at a ratio of 50:1 was  used. The sample fatty acid identification was  based on the retention
ime of the methyl esters of the fatty acid standards; a 37-component standard was  used (Supelco mix  C4-C24/n 18919).
n addition, individual standards (Nu-Chek Prep, Elysian, MN,  USA) were used to identify C18:0, C18:2 cis-9, trans-11, and
18:2 trans-10, cis-12 fatty acid.

.5. Statistical analysis

A completely randomized design was used to analyze the chemical composition and fatty acid profile of the diet. The
nalyses were performed using data from four samples taken over the entire trial. The PROC MIXED procedure of Statistical
nalysis System (SAS Institute, 1999) was used. The means were obtained using the LSMEANS command.

The dry matter intake (DMI), ADG and FE were analyzed as repeated measures using the PROC MIXED procedure of SAS
nstitute (1999), according to the following statistical model: Y = � + Bi + Dj + Sij + Tk + (DT)jk + Eijk, where � = the overall mean;
i = the random effect of block (i = 1–10); Dj = the fixed effect of diet (j = 1–5); Sij = the residual error associated with the
nimal effect (block × diet); Tk = the fixed effect of time (days 28, 56 and 84 of the experimental period; k = 1–3); (DT)jk = the
nteraction of the diet × time; and Eijk = the residual error. The covariance matrix that best fit the data set was  “autoregressive”
AR 1). The treatment means were obtained using the LSMEANS command. There were two  previously defined contrasts: (1)
he control diet (CONT) vs. the diet containing 40 g/kg DM of soybean oil (0FO); and (2) CONT vs. the diets containing fish oil
25FO, 50FO and 75FO). The effects of the fish oil content (0FO, 25FO, 50FO or 75FO) included in the diets as the replacement
or soybean oil were evaluated using linear and quadratic orthogonal contrasts. The effects of the time and the diet × time
nteraction were defined by an F test analysis of variance.

The carcass parameters and the meat fatty acid profile were analyzed using the PROC MIXED procedure of SAS Institute
1999), according to the model: Y = � + Bi + Dj + Eij, where � = the overall mean; Bi = the random effect of block (i = 1–10);
j = the fixed effect of diet (j = 1–5); and Eij = the residual error. The means were obtained using the LSMEANS command. The
reviously described contrasts (control diet vs. diet containing 40 g/kg DM of soybean oil and control vs. diets containing
sh oil) were performed. The effects of the fish oil contents included in the diets as the replacement for soybean oil were
valuated using linear and quadratic orthogonal contrasts. Significance was declared at P<0.05.

. Results

.1. Diets and animal performance

Dietary DM,  CP and ADF content were similar among treatments. By contrast, NFC was  lower (P<0.01) in diets with oils
ompared to the control, and the oil diets showed a similar chemical composition (Table 3). Total fatty acids were similar
approximately 60 g/kg DM)  among oil diets. For all fatty acids evaluated (Table 3), except C12:0, diets with supplemental
il had a higher (P<0.05) concentration than the control diet. As intended, the replacement of the soybean oil with fish oil
esulted in a linear increase (P<0.001) in dietary EPA (C20:5 n-3) and DHA (C22:6 n-3) concentration (Table 3). The diets

ith oils had also a similar concentration of linoleic (C18:2 n-6) and linolenic (C18:3 n-3) acids.

Animals fed soybean oil had reduced (P=0.02) DMI  (kg/day, g/kg of BW0.75 and kg/100 kg BW)  compared to the control
iet. However, the ADG and final BW were not affected. Because the 14% reduction (P=0.02) in the DMI  was accompanied
y an 11.3% decrease in the ADG (no significant effect, P=0.14), there was  no difference in the FE between 0FO and CONT.
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Table  4
Age, BW,  and growth of feedlot lambs fed diets with soybean oil or soybean oil blended with fish oil (experimental period = 84 days).

Item Dietsa SEMb P-Valuec

CONT 0FO 25FO 50FO 75FO CONT*0FO CONT*fish oil L Q

Initial age (days) 69 64 66 67 63 – – – – –
Initial  BW (kg) 17.2 17.1 17.1 17.0 17.1 0.34 – – – –
Final  BW (kg) 37.3 35.0 34.8 38.5 36.7 0.82 0.19 0.69 0.17 0.55
DMId

kg/d 0.99 0.85 0.87 0.99 0.92 0.02 0.02 0.19 0.15 0.34
g/kg  BW0.75 84.2 74.1 76.9 83.4 79.9 1.14 <0.01 0.18 0.08 0.29
kg/100 kg BW 3.7 3.3 3.5 3.7 3.6 0.04 <0.01 0.20 0.07 0.32

ADGe (g) 239 212 210 254 234 7.50 0.14 0.73 0.09 0.51
FEf (g/kg) 247 244 245 268 254 7.20 0.86 0.52 0.37 0.55

a CONT = diet without added oil; 0FO = 40 g/kg DM of soybean oil; 25FO = 2.5 g/kg DM of fish oil blend + 37.5 g/kg DM of soybean oil; 50FO = 5 g/kg DM of
fish  oil + 35 g/kg DM of soybean oil; 75FO = 7.5 g/kg DM of fish oil + 32.5 g/kg DM of soybean oil (DM basis).

b SEM = standard error of the mean (n = 10 lambs for each diet).
c CONT*0FO = control diet vs. diet containing 40 g/kg DM of soybean oil; CONT*fish oil = control diet vs. diets containing fish oil (CONT vs. 25FO, 50FO,

and  75FO); L = linear effect; Q = quadratic effect.

d DMI  = dry matter intake.
e ADG = average daily gain.
f FE = feed efficiency (g of BW gain/kg of feed).

The animals fed diets containing fish oil had similar DMI, ADG, FE and final BW to those receiving the control treatment
(Table 4). The DMI, ADG, FE and final BW were not affected by the increasing substitution of soybean oil for fish oil (Table 4).
There was a time effect (P<0.05) on final BW,  DMI, ADG and FE; however, a diet × time interaction was not observed (data
not shown).

3.2. Carcass

HCW, CCW, HCY and CCY values did not differ among the experimental diets (Table 5). The SC was similar between the
control diet and diets with supplemental fatty acids. However, the SC had a quadratic relationship (P<0.01) as soybean oil
was replaced by fish oil, with lower values observed for 50FO (Table 5).

There was no effect of fatty acid supplementation on the LM area, LM fat thickness, perirenal fat weight and LM fat
concentration (Table 5).

3.3. Meat fatty acid composition

There was no effect of oil source on the total concentrations of short, medium and long-chain fatty acids of meat

(Table 6). Also, meat unsaturated fatty acids concentration was  not affected by the experimental diets (Table 6). However,
the concentration of polyunsaturated fatty acids in the meat increased (P<0.01) in the diets containing fish oil.

On the other hand, the monounsaturated fatty acids were lower (P<0.001) in the meat of animals fed oil diets. The
monounsaturated fatty acids identified were myristoleic acid (C14:1), palmitoleic acid (C16:1), oleic acid (18:1 cis-9) and

Table 5
Carcass characteristics of feedlot lambs fed diets with soybean oil or soybean oil blended with fish oil.

Item Dietsa SEMb P-Valuec

CONT 0FO 25FO 50FO 75FO CONT*0FO CONT*fish oil L Q

Slaughter weight (kg) 39.2 37.2 37.2 41.0 39.0 0.90 0.29 0.97 0.16 0.49
HCWd (kg) 19.8 18.7 18.6 20.3 19.6 0.46 0.29 0.75 0.23 0.70
Chilled carcass weight (kg) 19.3 18.4 18.3 20.0 19.1 0.46 0.30 0.82 0.25 0.58
Hot  carcass yield (kg/100 kg) 50.5 50.2 50.1 49.4 50.2 0.21 0.50 0.13 0.68 0.32
Chilled carcass yield (kg/100 kg) 49.5 49.1 49.2 48.8 48.9 0.20 0.54 0.29 0.63 0.94
Shrink  after chilling (kg/100 kg) 2.1 2.1 1.7 1.4 2.4 0.12 0.99 0.30 0.53 <0.01
LMe area (cm2) 12.3 12.8 13.0 14.5 12.8 0.24 0.48 0.75 0.42 0.08
Fat  thickness (mm)  1.5 1.4 1.5 1.6 1.7 0.05 0.85 0.40 0.10 0.80
Perirenal fat (kg) 0.6 0.6 0.5 0.7 0.7 0.04 0.49 0.29 0.32 0.78
Fat  (g/kg LM)  23 21 21 25 21 0.90 0.47 0.92 0.51 0.29

a CONT = diet without added oil; 0FO = 40 g/kg DM of soybean oil; 25FO = 2.5 g/kg DM of fish oil blend + 37.5 g/kg DM of soybean oil; 50FO = 5 g/kg DM of
fish  oil + 35 g/kg DM of soybean oil; 75FO = 7.5 g/kg DM of fish oil + 32.5 g/kg DM of soybean oil (DM basis).

b SEM = standard error of the mean (n = 10 lamb carcasses for each diet).
c CONT*0FO = control diet vs. diet containing 40 g/kg DM of soybean oil; CONT*fish oil = control diet vs. diets containing fish oil (CONT vs. 25FO, 50FO,

and  75FO); L = linear effect; Q = quadratic effect.
d HCW = hot carcass weight.
e LM = Longissimus dorsi muscle.
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Table 6
Fatty acid composition of Longissimus dorsi muscle from lambs fed diets with soybean oil or soybean oil blended with fish oil.

Fatty acid (g/100 g FAME)d Dietsa SEMb P-Valuec

CONT 0FO 25FO 50FO 75FO CONT*0FO CONT*fish oil L Q

C10:0 0.15 0.13 0.14 0.14 0.13 0.00 0.22 0.42 0.89 0.25
C12:0  0.08 0.11 0.09 0.10 0.09 0.01 0.17 0.51 0.31 0.98
C14:0  2.04 2.33 2.10 2.30 2.20 0.05 0.06 0.23 0.66 0.44
C14:1  0.05 0.08 0.06 0.10 0.06 0.01 0.29 0.38 0.70 0.62
C15:0  0.29 0.31 0.31 0.34 0.33 0.01 0.22 0.03 0.18 0.95
C16:0  24.10 23.71 23.36 24.18 24.24 0.18 0.44 0.67 0.16 0.58
C16:1  0.56 0.53 0.54 0.58 0.53 0.01 0.31 0.73 0.78 0.10
C18:0  13.57 14.75 15.12 14.53 13.68 0.21 0.03 0.05 0.04 0.14
C18:1  n-9 44.47 36.03 36.61 36.35 35.85 0.64 <0.001 <0.001 0.80 0.45
C18:1  trans-11 1.68 4.72 5.23 6.93 5.95 0.32 <0.001 <0.001 0.02 0.15
C18:2  cis-9, trans-11 0.78 1.11 1.07 1.22 1.13 0.07 0.11 0.04 0.75 0.90
C18:2  trans-10, cis-12 0.09 0.07 0.08 0.09 0.10 0.01 0.37 0.91 0.28 0.84
18:2  n-6 c9, c12 6.45 10.00 9.64 8.51 10.02 0.37 <0.001 <0.001 0.74 0.20
C18:3  n-6 0.10 0.17 0.20 0.15 0.16 0.01 0.04 0.02 0.45 0.82
C18:3  n-3 0.15 0.32 0.32 0.29 0.34 0.02 <0.001 <0.001 0.80 0.28
C20:5  n-3 (EPA) n.d.g n.d. 0.12 0.12 0.19 0.01 0.16 <0.001 <0.01 0.18
C22:6  n-3 (DHA) n.d. n.d. 0.12 0.14 0.23 0.01 0.95 <0.001 <0.001 0.20
Other  5.46 5.61 4.90 3.92 4.78 0.17 0.78 0.04 0.05 0.04
Short-chain (C4:0–C12:0) 0.22 0.24 0.23 0.25 0.21 0.01 0.53 0.82 0.47 0.65
Medium-chain (C14:0–C16:1) 27.12 27.00 26.40 27.46 27.36 0.22 0.80 0.91 0.28 0.60
Long-chain (C17:0–C22:6) 72.66 72.79 73.39 72.29 72.43 0.23 0.83 0.92 0.31 0.63
Saturated total 41.44 42.45 42.24 42.71 41.88 0.21 0.14 0.13 0.57 0.52
Unsaturated total 58.56 57.55 57.76 57.29 57.86 0.21 0.13 0.09 0.83 0.71
MUFAe 47.75 42.04 43.10 44.56 42.96 0.50 <0.001 <0.001 0.19 0.07
PUFAf 10.81 15.51 14.65 12.73 15.16 0.50 <0.001 <0.01 0.48 0.09
Total  n-3 3.19 3.84 3.41 2.56 3.46 0.16 0.11 0.89 0.17 0.03

a CONT = diet without added oil; 0FO = 40 g/kg DM of soybean oil; 25FO = 2.5 g/kg DM of fish oil blend + 37.5 g/kg DM of soybean oil; 50FO = 5 g/kg DM of
fish  oil + 35 g/kg DM of soybean oil; 75FO = 7.5 g/kg DM of fish oil + 32.5 g/kg DM of soybean oil (DM basis).

b SEM = standard error of the mean (n = 10 samples for each diet).
c CONT*0FO = control diet vs. diet containing 40 g/kg DM of soybean oil; CONT*fish oil = control diet vs. diets containing fish oil (CONT vs. 25FO, 50FO,

and  75FO); L = linear effect; Q = quadratic effect.
d FAME = fatty acid methyl esters.
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e MUFA = monounsaturated fatty acids.
f PUFA = polyunsaturated fatty acids.
g n.d. = non detected.

accenic acid (18:1 trans-11), whereas no treatment effect was found for the myristoleic and palmitoleic acids, the concen-
ration of vaccenic acid was higher (P<0.001) in the meat of animals fed diets containing fish oil compared to the control.
leic acid had 18.4% lower concentration (P<0.001) in the meat from the lambs fed fish oil diets compared to the control.
eeding soybean oil (40 g/kg DM)  also reduced (19%) the concentration (P<0.001) of oleic acid. Compared to the control
iet, the concentration of vaccenic acid was 181.0% (P<0.001) and 259.3% (P<0.001) higher in the meat from the lambs fed
oybean and fish oil diets, respectively (Table 6). Furthermore, the replacement of the soybean with fish oil resulted in a
inear increase (P=0.02) in the concentration of vaccenic acid.

Stearic acid concentration was higher in meat from lambs in 0FO (P=0.03) and fish oil (P=0.05) treatments compared to the
ontrol. Further, the replacement of up to 7.5 g/kg soybean oil with fish oil linearly decreased (P=0.04) the concentration of
tearic acid in meat. There was no treatments effect on the percentage of C18:2 trans-10, cis-12 CLA isomer in meat, whereas
he concentration of the C18:2 cis-9, trans-11 isomer was  42.3% higher (no significant effect, P=0.11) for 0FO when compared
o CONT (Table 6). When the three diets containing fish oil were analyzed together, there was  a 51.3% increase (P=0.04) in
he concentration of CLA C18:2 cis-9, trans-11 in meat compared to the control; however, its concentration was  not affected
y the substitution of soybean oil for fish oil. The supply of oil-containing diets did not affect the concentration of n-3 fatty
cids in meat. However, there was a quadratic effect (P=0.03) in response to the substitution levels of soybean by fish oil,
ith the lowest value observed in meat from animals fed the 50FO diet. This result was  modulated by numerical reductions

n the concentrations of C18:3 n-3 and C18:3 n-6 fatty acids, which, although not significant, promoted this response when
ombined. The concentration of EPA (C20:5 n-3) and DHA (C22:6 n-3) in meat increased linearly (P<0.01) with the increasing
evels of fish oil.

. Discussion
.1. Performance

The DMI  decrease is not a predictable response associated with the supply of soybean oil for ruminants (AbuGhazaleh
t al., 2002; Whitlock et al., 2002; Loor and Herbein, 2003; Maia et al., 2006; Gómez-Cortés et al., 2009; Freitas et al., 2010).
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The supply of 45 g/kg DM of soybean oil or sunflower oil to goats did not affect the DMI, which can be attributed to the
similar content of ME  of the diets (Roy et al., 2013). However, the lower DMI  observed for the 0FO treatment was  a reflection
of its higher energy density compared to the control (Table 3). The absence of effect of increasing substitution of soybean oil
with fish oil on DMI  and ADG explains the similar FE observed in response the fish oil supply (Table 4). The similar DMI  by
the animals fed diets containing fish oil compared to those receiving the CONT treatment agrees with other reports in the
literature, in which the supply of fish oil, when compared to diets without oil (Shingfield et al., 2003; Whitlock et al., 2006)
did not affect DMI. However, in most cases, the use of fish oil as the sole source of supplemental fat (Donovan et al., 2000;
AbuGhazaleh et al., 2002; Whitlock et al., 2002; Toral et al., 2010) or mixed with other fat sources (AbuGhazaleh et al., 2002;
Whitlock et al., 2002; Toral et al., 2010) caused a decrease in intake.

4.2. Carcass

The absence of treatment effects on HCW, CCW and CCY (Table 5) could be attributed to similar final BW of the lambs
among treatments (Table 4). The carcass yield data are within the range commonly observed for Santa Inês lambs. For
example, Ferreira et al. (2011) reported values of 50.6 kg/100 kg and 49.2 kg/100 kg for the HCY and CCY, respectively.

Our data indicated that LM fat thickness is not a good modulator of SC, since LM fat thickness was similar among treatments
and the SC was lower in treatment 50FO (Table 5). A possible explanation for this finding is that the SFT measured only on
the LM muscle may  not have been representative of the overall carcass fat cover (Osório et al., 2002). Cooper et al. (2004)
also did not verify effect of feeding fish oil on the carcass fat levels of the lambs.

4.3. Meat fatty acid composition

The long-chain fatty acids concentration was higher in diets with fish oil blend as compared to the control diet (Table 3).
However, total concentrations of short, medium and long-chain fatty acids in the meat were similar among treatments
(Table 6), suggesting that the efficiency of absorption and/or transfer of long-chain fatty acids from the diets to muscle
was reduced. In addition, the supplementation of long-chain fatty acids did not affect the de novo synthesis of fatty acids
in fat tissue. To support this idea, the supply of long-chain fatty acids to lactating animals usually results in increased
concentrations of these fatty acids in milk of dairy cows, with a consequent reduction in the synthesis of short-chain fatty
acids in the mammary glands (Grummer, 1991; Whitlock et al., 2006). Also, growing animals may  be less responsive to
changes in tissue fatty acid profile because supplemental fat may  be used as energy source instead of being stored.

The lack of effect of oils supply on meat unsaturated fatty acids concentration was a result of the lower concentration
of monounsaturated fatty acids found in the meat of the animals fed diets with oils, because the concentration of polyun-
saturated fatty acids increased (P<0.001) in response to soybean oil and fish oil supplementations. The decrease in the oleic
acid concentration was responsible for the reduction in the concentration of the monounsaturated fatty acids in the meat
(Table 6). Indeed, a decreased concentration of oleic acid (C18:1 cis-9) in the meat of sheep supplemented with linoleic
acid-rich oils has often been reported (Mir  et al., 2000; Bas et al., 2007; Lee et al., 2007). The intake of oleic acid was higher in
animals fed the diets with added oil (9.4, 14.0, 13.4, 16.0 and 14.3 g/day for CONT, 0FO, 25FO, 50FO, and 75FO, respectively).
Therefore, the lower level of oleic acid observed for the treatments with supplemental fatty acids could be attributed to the
lower transfer of this fatty acid from blood to muscle and/or a decrease in its synthesis from stearic acid by the stearoyl-CoA
desaturase. In addition, Sessler et al. (1996) demonstrated that linoleic and linolenic acids exert an inhibitory effect on the
expression of this enzyme. In the present experiment, the supply of linoleic and linolenic acids was  largely increased for all
treatments with supplemental fatty acids (Table 3).

The observed increase in the concentration of vaccenic acid and C18:2 cis-9, trans-11 CLA in the meat of the lambs supple-
mented with fatty acids (Table 6) probably resulted from the higher synthesis of this fatty acid in the rumen. Vaccenic acid
and C18:2 cis-9, trans-11 CLA are synthesized in the rumen as a transient intermediate in the process of biohydrogenation
of linoleic acid (Bauman et al., 1999). The DHA decreases the biohydrogenation of vaccenic acid and consequently increases
their concentration in the rumen (AbuGhazaleh and Jenkins, 2004), which may  have caused the linear increase in the con-
centration of vaccenic acid as fish oil increased in the diets (Table 6). Because C18:2 cis-9, trans-11 CLA can be synthesized
from vaccenic acid through the stearoyl-CoA desaturase activity (Adlof et al., 2000; Griinari et al., 2000), endogenous syn-
thesis may  also have contributed to the increase in the concentration of C18:2 cis-9, trans-11 CLA in the meat of the lambs
supplemented with fatty acids. The linear decrease in the stearic acid concentration in meat according to fish supply demon-
strates that small amounts of EPA and DHA present in diets with fish oil blend (Table 3) were effective in reducing ruminal
biohydrogenation of vaccenic acid to stearic acid. Other authors have demonstrated the efficiency with which fish oil favors
the accumulation of vaccenic acid in ruminant products (Ramaswamy et al., 2001; AbuGhazaleh et al., 2002; Whitlock et al.,
2002; Bharathan et al., 2008; Toral et al., 2010); however, these authors evaluated inclusions of fish oil in amounts equal to
or greater than 10 g/kg DM,  a value that may  compromise animal performance (Donovan et al., 2000; Kitessa et al., 2001;

Annett et al., 2009). The benefits of using small amounts of fish oil blend on lipid composition of meat, without compro-
mising animal performance, create a new possibility for the use of this technology. Because the concentration of vaccenic
acid increased linearly with the addition of fish oil, a similar increase was  expected in the concentration of CLA C18:2 cis-9,
trans-11. This result reinforces the idea that the activity of the stearoyl-CoA desaturase enzyme was negatively affected by
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he supplemental fatty acids (Sessler et al., 1996), but also allows an exploration of the hypothesis that the flow of vaccenic
cid exceeded the desaturation capacity of stearoyl-CoA desaturase in muscle tissue (Chilliard et al., 2001).

The EPA and DHA have high rates of ruminal biohydrogenation (Scollan et al., 2001; Duckett and Gillis, 2010), which
xplains their low concentration in the meat (Table 6). The observed increase in the meat fat concentrations of EPA and DHA
ccording to fish oil supply is desirable due to beneficial effects of these fatty acids on human health (Ruxton et al., 2007).
ccording Dohme et al. (2003), lipolysis and biohydrogenation rates decrease with increasing dietary concentrations of fish
il, increasing, therefore, the availability of EPA and DHA for absorption. This observation explains the linear increase in the
oncentrations of EPA and DHA in the meat fat with the increasing levels of fish.

. Conclusions

Feeding small amounts of fish oil blend in combination with soybean oil does not exert an additional effect on the
oncentration of CLA C18:2 cis-9, trans-11 in relation to the exclusive use of soybean oil. However, the mixture of 7.5 g/kg
M of fish oil blend with 32.5 g/kg DM of soybean oil is recommended, because it improves the lipid profile of the meat by

ncreasing the concentration of vaccenic acid, EPA and DHA. Additionally, supplementing 7.5 g/kg DM of fish oil blend mixed
ith 32.5 g/kg DM of soybean oil had no negative effect on the feed intake, ADG, feed efficiency and carcass characteristics

f the lambs fed high concentrate diet.
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