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meat characteristics, and meat sensorial analysis of feedlot Bos indicus bulls
offered a high-concentrate diet
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ABSTRACT: This experiment was designed to
evaluate the effects of lipid source and fatty acid
(FA) profile on intake, performance, carcass char-
acteristics, expression of enzymes, and sensorial
analysis of Bos indicus animals offered a high-con-
centrate diet. On day 0, 96 noncastrated animals
were blocked by initial body weight (400 = 19.3 kg),
randomly allocated to 1 of 24 pens (4 animals/
pen), and pens were randomly assigned to receive:
1) control: basal diet composed of whole cotton-
seed and corn germ as lipid substrates (CONT;
n = 6), 2) calcium salts of fatty acids (CSFA) of
soybean: CSFA of soybean oil as replacement for
whole cottonseed and corn germ (calcium salts of
soybean oil [CSSOJ; n = 6), 3) CSFA-Blend: CSFA
of palm, cottonseed, and soybean oil as replace-
ment for whole cottonseed and corn germ (cal-
cium salts of vegetable oils [CSVO]; n = 6), and
4) Mix: basal diet containing whole cottonseed,
corn germ, and CSVO (MIXT; n = 6). Experiment
lasted 108 d and performance, ultrasound meas-
urements, as well as carcass characteristics were
evaluated. Additionally, meat FA profile, expres-
sion of enzymes involved in lipid metabolism,
and sensorial analysis were evaluated. No treat-
ment effects were observed on performance vari-
ables, ultrasound, and carcass traits (P > 0.22),

whereas animals receiving CONT had a greater
intake of C10:0, C16:0, C16:1 trans-9, CI18:1
cis-9, C18:2, C18:3, total FA, monounsatured
FA (MUFA), and polyunsaturated FA (PUFA)
vs. CSSO and MIXT (P < 0.05). Conversely, in-
take ratios of saturated FA (SFA):MUFA and
SFA:PUFA were all reduced for CONT vs. other
treatments. Meat obtained from CONT animals
had greater colorimetric (L*, a*, and b*) values
vs. MIXT (P < 0.01). On meat FA profile, CONT
increased C18:0 vs. supplementation with calcium
salts (P < 0.02) and supplementation with CSSO
yielded greater meat concentrations of C18:1
trans-10 and C18:2 CLA intermediates (P < 0.01).
Expression of SREBP-1, SCD, and LPL was
downregulated for CSSO (P < 0.05). For sensorial
analysis, regular flavor was greater (P = 0.01) for
CSSO vs. other treatments, but also greater aroma
(P = 0.05) vs. CONT and CSVO. In summary,
addition of different lipid sources with varying
FA profiles into high-concentrate diets did not
affect performance and carcass characteristics of
B. indicus animals, but supplementation with cal-
cium salts of soybean oil inhibited the mRNA ex-
pression of enzymes involved in lipid metabolism,
whereas flavor and aroma were positively affected
by this lipid source.
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INTRODUCTION

Over the last 10 yr, ether extract (EE) con-
tent of feedlot diets has been increasing in
United States and Brazil (Pinto and Millen,
2016; Samuelson et al., 2016), whereas the major
goals of this strategy are to increase dietary en-
ergy density and to improve feed efficiency of the
herd (NASEM, 2016; Hales et al., 2017). More
specifically in Brazil, the primary lipid sources
offered to feedlot cattle are whole cottonseed and
calcium salts of fatty acids (CSFA; Pinto and
Millen, 2016). These sources differ in fatty acid
(FA) profile and biohydrogenation rate, which ul-
timately result in a release of FA in the rumen
and depending on its saturation profile, might af-
fect rumen bacteria at a greater or lower extent
(Jenkins, 1993). Additionally, rumen biohydro-
genation significantly alters the FA profile ab-
sorbed in the small intestine and, consequently,
the FA profile of milk and meat is different from
what was offered to the herd through the diet
(Jenkins et al., 2008).

Previous studies demonstrated that not only
the source, but also the FA profile of the supple-
ment, affects productive responses of ruminants.
In grazing dairy cattle, de Souza et al. (2017) dem-
onstrated that CSFA sources containing greater
amounts of palmitic and oleic FA yielded greater
productive responses vs. a linoleic-based source. In
beef cattle, Fiorentini et al. (2013, 2014) reported
that source and FA profile of the CSFA supplement
affected nutrient intake and digestibility of beef
animals offered a 60% roughage diet. Moreover, it
is well-reported that FA might affect the expression
of genes and enzymes involved in lipid metabolism
in several tissues, such as meat (Choi et al., 2013),
as well as meat acceptability, such as flavor and
taste (Smith et al., 2006). Based on this rationale,
we hypothesized that the FA profile of the supple-
ment and diet would affect intake, performance,
carcass traits, meat FA profile, and sensorial ana-
lysis of Bos indicus animals offered a high-concen-
trate diet. Therefore, our objective was to evaluate
the effects of supplement and diet FA profile on in-
take, performance, carcass traits, meat FA profile,
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and sensorial analysis of B. indicus animals offered
a high-concentrate diet.

MATERIALS AND METHODS

This experiment was conducted at the ex-
perimental feedlot from the Departamento de
Melhoramento e Nutricdo Animal, located in
Botucatu, Sao Paulo, Brazil (22°53°25” S, 48°27°19”
W, and elevation of 828 m) from August to
November 2016. All animals utilized herein were
cared for in accordance with acceptable practices
and experimental protocols reviewed and approved
by the FMVZ/UNESP Institutional Animal Care
and Use Committee (IACUC #117/2015).

Animals, Diets, and Housing

The experimental design used herein was ran-
domized complete block design (RCBD). On day
0 of the experiment, 96 noncastrated Nellore ani-
mals were blocked by initial shrunk body weight
(BW =400 *+ 19.3 kg; initial age = 22 £ 3 mo) and
randomly allocated to 1 of 24 pens (4 animals/pen).
Within blocks (n = 6), pens were randomly assigned
to 1 of 4 treatments: 1) control: basal diet com-
posed of whole cottonseed and corn germ as lipid
substrates (CONT; n = 6), 2) CSFA-Soybean: basal
diet containing CSFA of soybean oil as replace-
ment for whole cottonseed and corn germ (CSSO;
Nutri Gordura, Nutricorp, Araras, SP, Brazil;
n = 6), 3) CSFA-Blend: basal diet containing CSFA
of palm, cottonseed, and soybean oil as replace-
ment for whole cottonseed and corn germ (cal-
cium salts of vegetable oils [CSVO]; Nutri Gordura
Terminacao, Nutricorp, Araras, SP, Brazil; n = 6),
and 4) Mix: basal diet containing whole cottonseed,
corn germ, and CSVO (MIXT; n = 6). A complete
description of the FA profile of the lipid feedstuffs
is reported in Table 1, meanwhile Tables 2 and 3 re-
port the feedstuff composition and nutrient profile
of the diets offered during the adaptation, growing,
and finishing periods, respectively.

Given that, the overall objective of this ex-
periment was to evaluate the effect of the source
and FA profile of the supplements. All diets were
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Table 1. FA profile of the lipid feedstuffs used in the present experiment

Fatty acid, % total FA WwCS CGN CSSO CSVO
Capric acid (C10:0) 0.00 0.00 0.03 0.12
Lauric acid (C12:0) 0.39 0.00 0.33 0.94
Myristic acid (C14:0) 0.60 0.04 0.72 0.92
Pentadecanoic acid (C15:0) 0.06 0.01 0.13 0.09
Palmitic acid (C16:0) 14.54 11.8 18.48 29.65
Palmitoleic acid (C16:1) 0.51 0.13 0.59 0.21
Margaric acid (C17:0) 0.19 0.08 0.30 0.16
Stearic acid (C18:0) 3.39 2.65 6.95 5.45
Elaidic acid (C18:1) 0.00 0.00 4.95 4.08
Oleic acid (C18:1) 42.51 33.08 25.65 31.93
Linoleic acid (C18:2) 31.54 48.20 37.00 23.53
Linolenic acid (C18:3) 3.79 1.00 3.21 1.73
Arachidic acid (C20:0) 0.75 0.59 0.48 0.35
Eicosenoic acid (C20:1) 0.63 0.23 0.20 0.12
Behenic acid (C22:0) 0.57 0.18 0.52 0.37
Lignoceric acid (C24:0) 0.33 0.31 0.26 0.20
Unknown FA 0.20 1.70 0.20 0.15
SFA 20.82 15.66 28.40 38.25
Monounsaturated FA (MUFA) 43.65 33.44 31.39 36.34
PUFA 35.33 49.20 40.21 25.26

WCS = whole cottonseed; CGN = corn germ.

Table 2. Composition of the diets offered during adaptation (ADP), growing (GRO), and finishing (FIN)

phases of the present experiment

ADP GRO FIN

Item, % dry matter CONT CSSO CSVO MIXT CONT CSSO CSVO MIXT CONT CSSO CSVO MIXT
Sugarcane bagasse 23.73 2373 23.73 23.73 2090  20.90 20.90  20.90 11.69 11.88  11.88 11.88
Ground corn 26.55 27.46 2746 2746 22.60  28.59 2859 2542 37.83 60.88  60.88 51.81
Citrus pulp 21.24 25.99 25.99 23.16 20.34 27.12 27.12 24.01 14.92 10.65 10.65 13.05
Peanut meal 15.82 18.08  18.08 16.95 12.99 17.40  17.40 15.25 2.38 8.94 8.94 4.75
Whole cottonseed 4.52 - - 2.26 9.04 - - 4.52 13.31 - - 9.51
Corn germ 4.52 - - 2.26 10.51 - - 5.08 16.16 - - 3.33
Nutri Gordura - 1.13 - - - 2.37 - - - 3.94 - -
Nutri Gordura Terminagao - - 1.13 0.56 - - 2.37 1.19 - - 3.94 1.97
Mineral-vitamin mix“ 3.50 3.50 3.50 3.50 3.50 3.50 3.50 3.50 3.52 3.52 3.52 3.52
Water 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.19 0.19 0.19 0.19

ADP = adaptation diet offered from days 0 to 10 of the experiment; GRO = growing diet offered from days 11 to 35 of the experiment;

FIN = finishing diet offered from days 36 to 108 of the experiment.

“Mineral-vitamin mix contained 15.2% Ca, 2.6% S, 1.5% Mg, 4.2% Na, 2.0% P, 1,350 ppm Zn, 148 ppm Mn, 380 ppm Cu, 10.8 ppm I, 5 ppm Se,

43.2 ppm Co, 32.3% urea, and 720 ppm sodium monensin.

formulated to be isolipidic, isonitrogenous, and
isocaloric (Table 3). The experimental period
lasted 108 d, whereas the adaptation, growing,
and finishing diets were offered from days 0 to 10,
11to 35, and 36 to 108, respectively. All diets were
formulated using the Large Ruminant Nutrition
System (LRNS; Fox et al., 2004) and formulated
to result in an average daily gain (ADG) of ap-
proximately 1.5 kg/d. Diets were offered twice a
day (0800 and 1600 h), in equal amounts, and all
animals had ad libitum access to the diets and
water. Throughout the experimental period, all

animals were maintained in a roofed barn with
concrete-based floors (7.5 m?*/pen and 1.25 m of
linear feedbunk/animal).

Seven days prior to beginning of the experi-
ment, all animals were dewormed (Dectomax;
Zoetis Saude Animal, Sdo Paulo, SP, Brazil)
and vaccinated against clostridium (Covexin-10;
MSD Saude Animal, Sao Paulo, SP, Brazil).
Moreover, from days —7 to —1 of the experi-
mental design, all animals received 6 kg/animal
per day of a diet containing (DM basis) 40%
sugarcane bagasse, 20% ground corn, 20% citrus
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Table 3. Nutrient profile of the diets offered during adaptation (ADP), growing (GRO), and finishing

(FIN) phases of the present experiment

ADP GRO FIN
Nutrient profile CONT CSSO CSVO MIXT CONT CSSO CSVO MIXT CONT CSSO CSVO MIXT
DM 65.0 65.0 65.0 65.0 67.0 66.0 66.0 66.0 68.0 68.0 68.0 68.0
NDF, % DM 349 34.3 34.3 34.5 33.8 32.3 323 33.1 26.5 22.3 22.3 252
peNDE, % DM 21.0 20.0 20.0 21.0 21.0 18.0 18.0 20.0 16.0 11.0 11.0 15.0
CP, % DM 16.4 16.4 16.4 16.4 16.2 16.2 16.2 16.2 13.5 13.5 13.5 13.5
EE, % DM 3.1 3.1 3.1 3.1 4.0 4.0 4.0 4.0 5.5 5.5 5.5 5.5
Starch, % DM 21.6 21.5 21.5 21.9 19.8 22.3 223 20.9 31.2 44.7 44.7 38.8
Ca, % DM 1.13 1.36 1.36 1.24 1.11 1.52 1.52 1.32 0.97 1.36 1.36 1.17
P, % DM 0.35 0.34 0.34 0.35 0.35 0.34 0.34 0.35 0.35 0.35 0.35 0.35
TDN, % DM 72.0 72.0 72.0 72.0 73.0 74.0 74.0 74.0 78.0 81.0 81.0 79.0
DE, Mcal/kg 3.17 3.17 3.17 3.17 3.21 3.26 3.26 3.26 3.43 3.56 3.56 3.48
ME, Mcal/kg 2.60 2.60 2.60 2.60 2.63 2.67 2.67 2.67 2.81 2.92 2.92 2.85
NE,_, Mcal/kg 1.69 1.69 1.69 1.69 1.72 1.75 1.75 1.75 1.87 1.97 1.97 1.91
NE,, Mcal/kg 1.08 1.09 1.09 1.08 1.12 1.15 1.15 1.13 1.24 1.33 1.33 1.27
Fatty acid, % total FA
C16:0 20.21 20.95 21.07 20.58 19.50 20.66 20.92 20.25 17.08 17.00 17.44 17.43
Cl6:1 trans-9 0.51 0.52 0.51 0.51 0.49 0.50 0.49 0.49 0.37 0.34 0.32 0.36
C18:0 9.93 10.34 10.32 10.11 9.13 9.85 9.81 9.49 6.63 7.14 7.08 6.90
C18:1 cis-9 32.87 32.69 32.76 32.83 3291 32.58 32.73 32.82 31.31 31.31 31.55 31.40
C18:2 cis-9, cis-12 25.56 24.38 24.23 24.98 27.26 2540  25.08 26.09 35.15 34.90 34.36 34.51
C18:3 cis-9, cis-12, cis-15 1.38 1.40 1.38 1.37 1.52 1.49 1.46 1.50 1.66 1.23 1.17 1.51
SFA 35.24 36.60 36.71 35.89 33.33 35.58 35.82 34.64 27.02 27.79 28.19 27.86
MUFA 34.01 33.89 33.95 33.99 33.98 33.78 33.90 33.94 32.09 32.28 32.48 32.27
PUFA 26.94 25.78 25.61 26.34 28.78 26.89 26.53 27.58 36.80 36.12 35.53 36.02

ADP = adaptation diet offered from days 0 to 10 of the experiment; GRO = growing diet offered from days 11 to 35 of the experiment;

FIN = finishing diet offered from days 36 to 108 of the experiment.

“DM = dry matter; NDF = neutral detergent fiber; peNDF = physically effective NDF; CP = crude protein; EE = ether extract; Ca = calcium;
P = phosphorus; TDN = total digestible nutrients; DE = digestible energy; ME = metabolizable energy; NE = net energy for maintenance;

NE, = net energy for gain.

pulp, 17% peanut meal, and 3% mineral-vitamin
mix. This management was performed to provide
similar substrates and potentially equalize the
rumen microbiome profile of the animals prior to
treatment administration.

Body Weight, Feed, and Blood Sampling

Individual animal shrunk BW was collected
at the beginning (day 0) and end of the experi-
mental period (day 108) after 16 h of feed and
water withdrawal, in order to calculate BW change
(final minus initial BW) and overall ADG during
the experiment. Additional full BW measurements
were taken every 28 £ 1 d (days 28, 57, and 85), in
order to follow-up herd performance as the experi-
ment progressed. Intermediate full BW, instead of
shrunk BW, was obtained to prevent extreme dry
matter intake (DMI) fluctuations following man-
agement and realimentation that could result in
any potential rumen disorders (Allen et al., 2009)
and to avoid the trigger of an acute-phase response

that feed withdrawal might cause on the animals
and subsequently impair feedlot performance and
health (Marques et al., 2012, 2019).

Throughout the experimental period, total
DMI was evaluated daily from each pen by col-
lecting and weighing refusals. Samples of the
offered and nonconsumed feed were collected daily
from each pen and dried for 96 h at 50 °C in forced-
air ovens for dry matter (DM) determination. Total
DMI of each pen was divided by the number of
animals within each pen and expressed as kilo-
grams per animal per day. In addition, total DMI
was expressed in % of BW by dividing the average
DMI and average BW (initial + final) during the
experiment. Calculation of ration total digestible
nutrients (TDN) concentration was performed
according to equations proposed by Weiss et al.
(1992), and samples were analyzed in duplicates
by wet chemistry procedures for concentrations of
crude protein (CP), EE, and ash (AOAC, 1990).
Neutral detergent fiber (NDF) was evaluated ac-
cording to procedures described by Van Soest et al.
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(1991). Moreover, digestible energy (DE), metabol-
izable energy (ME), as well as calculations of net
energy for maintenance (NE ) and gain (NE ) were
performed according to equations described by
NASEM (2016). Additionally, all feedstuffs used in
the present experiment (Table 2) were analyzed for
FA profile following procedures described in AOCS
(2009) and according to total DMI, individual and
total FA intake was calculated for each treatment
and subsequently reported herein.

Dry matter intake fluctuation was performed
according to the methodology described by Bevans
et al. (2005), in which offered and nonconsumed
feed were collected daily and the fluctuation was
calculated as the DMI difference among 2 consecu-
tive days. Moreover, at the end of the experiment,
gain:feed (FE) ratio was calculated based on total
BW gain and total DMI of the animals.

On days 0 and 108 of the experiment, blood
samples were collected for plasma concentrations
of blood lipoproteins. All blood samples were col-
lected via jugular venipuncture into commercial
blood collection tubes (Vacutainer, 10 mL; Becton
Dickinson, Franklin Lakes, NJ). After collection,
blood samples were centrifuged at 3,000 rpm for
15 min and stored at —20 °C in duplicates for sub-
sequent laboratorial analyses. Commercial enzym-
atic kits (Bioclin; Belo Horizonte, MG, Brazil) were
used for blood lipoprotein determination. The ana-
lyses were performed through Cobas Mira Plus de-
vice (Roche; Sdo Paulo, SP, Brazil) and in addition
to values for total cholesterol, high-density lipo-
protein (HDL), and triacylglycerols (TG), concen-
trations of very low-density lipoproteins (VLDL),
and low-density lipoproteins (LDL) were also de-
termined using the following equations (Friedewald
et al., 1972):

Equation 1. VLDL = TG/5

Equation 2. LDL = total cholesterol — (HDL +

VLDL)

Ultrasound Evaluation

At the beginning and end of the experimental
period (days O and 108, respectively), all ani-
mals enrolled into the experiment were submitted
to ultrasound evaluations (Aloka SSD-500V
with a 17.2 cm/3.50 MHz convex probe; Hitachi
Healthcare Americas, Twinsburg, OH) and evalu-
ations were performed by the same trained techni-
cian (DGT Brasil, Presidente Prudente, SP, Brazil).
Evaluations were conducted according to pro-
cedures described by the Ultrasound Guidelines
Council (UGC, 2014) and measurements of the

ribeye area (REA), marbling, and backfat thickness
(BFT) were collected on the Longissimus thoracis
muscle between the 12th and 13th ribs and from
the Biceps femoris muscle. Additionally, overall
REA, marbling, and BFT gains were calculated as
delta (A; final measurement — initial measurement)
and the A was divided by the number of days in
the experiment to represent the daily gain of these
parameters (cm? for REA, % for marbling, and mm
for BFT of both tissues).

Carcass Measurements

At the end of the experimental period, all ani-
mals were slaughtered following a waiting period
of approximately 16 h, in a federally inspected
commercial packing plant (JBS, Lins, SP, Brazil).
Hot carcasses were separated into two symmet-
rical sections, weighed to obtain hot carcass weight
(HCW), and individually identified. Dressing per-
cent (DP) was calculated by dividing the HCW by
final BW of the animal on day 108 of the experi-
ment. Per standard industry procedures, initial DP
of the animals was estimated in 50% and then it
was calculated the amount of carcass gained by
the animals during the experimental period (days
0 to 108). Carcass ADG was calculated by dividing
the carcass gain and the number of days on feed
(108 d), whereas yield gain (YG) was calculated by
dividing carcass ADG (in kg) and ADG (in kg).
Additionally, biological conversion (BC) was deter-
mined by dividing the total DMI of each pen by
15 kg of carcass produced during the entire experi-
mental period.

Meat Traits Evaluations

Following slaughter, all carcasses were cooled
in a cold chamber for 48 h, whereas samples of
L. thoracis muscle from the left carcasses were col-
lected. For the colorimetric, weight losses due to
cooking, and shear force analysis, three pieces of
2.54 cm each were collected proximally to the 12th
and 13th ribs. All pieces were individually identi-
fied, vaccum-packed, and stored (=20 °C) until fur-
ther laboratorial analysis.

Proximate composition. Moisture, CP, EE, and
ashes were evaluated in samples collected from
L. thoracis muscles. Moisture and CP contents were
determined according to the methodologies previ-
ously described by AOAC (2007; methods 950.46
and 981.10, respectively). Ether extract and ash
contents were also determined according to meth-
ods 920.39 and 920.153 reported on AOAC (2007).
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Colorimetric, pH, weight loss due to cooking, and
shear force. Upon analysis, samples were thawed
in a refrigerator for 24 h and exposed to oxygen
(O,) for 20 min. Following this procedure, meat
pH was determined using a digital device (model
HI-99163; Hanna Instruments Brasil, Barueri, SP,
Brazil). For colorimetric parameters, the determin-
ation of the components L*, a*, and b* was per-
formed according to Abularach et al. (1998). Color
was evaluated on the surface of the samples using
the CIE L*, a*, and b* system with a D65 illumi-
nating and 10° as the standard evaluation point.
A Minolta CM-2500-D device (Konica Minolta,
Osaka, Japan) was used for color determination
and calibrated with a blank standard sample. The
following color parameters were used as follows: L*
is a lightness index (0 = black and 100 = white), a*
is the intensity of red color, an index that ranges
from green (—) to red (+), and b* is the intensity
of yellow color, an index ranging from blue (-) to
yellow (+; Houben et al., 2000).

Following color measurement, L. thoracis sam-
ples were identified, weighed in a high-precision
scale, and cooked at 170 °C until internal tempera-
ture reached 71 °C, as described by the American
Meat Science Association (AMSA, 1995). Then,
samples were cooled at room temperature and
weighed in order to determine the weight loss due
to cooking (final — initial weight; Honikel, 1998).
The same samples were subsequently enveloped in a
plastic film and placed on the refrigerator (4-6 °C)
for 24 h. After 24 h, 6 to 8 cylinders of meat were
collected from each sample (1.27 cm diameter each),
parallel to the fibers. For shear force determination,
the cylinders were sheared in a Warner—Bratzler
Shear Force (WBSF) device with a 20 cm/min vel-
ocity, whereas the shear force of each sample was
determined as the average of the 6 to 8 replicates
and expressed as kg (Wheeler et al., 1997).

Meat FA profile. A subsample (approximately
2.8 g) of the L. thoracis muscle was used by adding it
to a 50-mL Falcon tube (CRAL, Cotia, SP, Brazil).
The extraction procedure followed the method-
ology described by Folch et al. (1957). Briefly, lipids
were extracted by homogeneizing the sample with
a 2:1 chloroform:metanol solution (Ultra Turrax;
Marconi Equipamentos, Piracicaba, SP, Brazil) and
isolated after the addition of a 1.5% NaCl solution.
The isolated lipid was methylated and methyl esters
were assembled according to the methodology de-
scribed by Kramer et al. (1997). Fatty acids were
quantified by gas chromatography (GC-2010 Plus
Capillary GC; Shimadzu Scientific Instruments Inc.,
Columbia, MD) using a SP-2560 capilar column

(100 m X 0.25 mm of diameter and 0.02 mm thick-
ness; Supelco Inc., Bellefonte, PA). Initial column
temperature was 45 °C with a progressive heating
until temperature reached 175 °C, which was kept
for 27 min. Then, temperature was increased at a
rate of 4 °C/min until 215 °C, which was kept for
35 min. Hydrogen gas was used as the carrier with a
40 cm?¥/s flux. Fatty acids were identified using pre-
viously known and validated standards (Nu-Check
Prep. Inc., Elysian, MN), quantified by evaluating
the retetion time of the samples and normalization
of the peak area of methyl esters (GS Solution 2.42
Software), whereas all FA were expressed as % of
total known methyl esters.

Tissue Gene Expression

RNA extraction, quantification, and integ-
rity. Samples (L. thoracis) used for gene expres-
sion were randomly obtained from 1 animal/pen
(6 animals/treatment) following slaughter at the
packing plant, placed on tank containing liquid N,
and stored in a biofreezer until further laboratorial
analysis. Total RNA was extracted by using TRIzol
(Thermo Fisher Scientific Inc., Waltham, MA) and
manufacturer recommendations. Meat samples
were frozen and milled (IKA T-25 Digital Ultra
Tarrax, IKA Industrie, Konigswinter, Germany) in
1 mL of TRIzol/100 mg of tissue. The homogenate
was then transferred to a 1.5-mL tube and incubated
during 5 min at room temperature. Choloroform
was added (0.2 mL), tubes were vigorously shaken,
incubated for 5 min at room temperature, and cen-
trifuged at 12,000 g for 15 min at 4 °C. The aquous
phase was discarded and the RNA was precipitated
through the incubation of 0.5 mL of isopropyl al-
cohol for 10 min at room temperature. Following
this step, the material was centrifuged at 12,000 g
for 15 min at 4 °C and the RNA pellet was washed
with 1 mL of 75% ethanol. The resultant material
was again centrifuged at 12,000 g for 15 min at
4 °C and the supernatant was carefully removed,
dried, and dissolved in a DNAse- and RNAse-free
distilled water (Thermo Fisher Scientific, Inc.).
Quantity and quality of isolated RNA were as-
sessed via UV absorbance (NanoVue Plus, GE
Healthcare, North Richland Hills, TX) at 260 mm
and 260:280 nm ratio, respectively (Fleige and
Pfaffl, 2006) and then stored at —80 °C until further
processing. Furthermore, RNA integrity was evalu-
ated through gel electrophoresis in 1% agarose gel,
which was dissolved in a TBE-1X buffer (89 mM
Tris, 89 mM boric acid, and 2 nM EDTA). An 1-uL
RNA aliquota was added to a 5-pL buffer solution
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containing Orange-G and GelRed dye (Biotium,
Fremont, CA). This mixture was applied into the
gel and assigned to an 120V electrophoretic run for
90 min. The gel was recorded under an UV light
and total RNA integrity was confirmed through the
presence of ribosomal 28S and 18S reference bands.

DNAse treatment and reverse transcrip-
tion. Total RNA was submitted to a DNAse treat-
ment (DNAse-I Amplification Grade, Thermo
Fischer Scientific, Inc.) in order to remove any
DNA residue from the samples, following manu-
facturer recommendations. Reverse transcription
of RNA was performed through the utilization of a
commercial kit (High-Capacity cDNA archive kit,
Thermo Fischer Scientific, Inc.), in which 1 pg of
total RNA treated with DNAse was added to 2 uL
of 10X RT buffer, 0.8 pL of 25X dNTP Mix, 1 pL
of MultiScribe Reverse Transcriptase, 2 pL of 10X
RT Random Primers, and 1 pL of RNase Inhibitor.
The final volume of this reaction was adjusted to
20 pL with the UltraPure Distilled Watrer DNAse,
RNAse Free (Thermo Fischer Scientific, Inc.).
Each sample was incubated at 25 °C for 10 min,
37 °C for 120 min, and 85 °C for 5 min, whereas
the final products of this reaction were stored at
—20 °C and used in the polymerase chain reaction
(PCR) analysis.

Real-time PCR. Primer sets needed for gene
amplification are described in Table 4 and were
synthesized by Invitrogen (Carlsbad, CA), whereas
cDNA samples were amplified using the GoTaq
qPCR Master Mix (Promega, Madison, WI). For

the analysis, 8 nLL of diluted cDNA (1:20), 1.5 puL
Forward Primer, 1.5 pL Reverse Primer, and 4 pL
of the GoTaq were mixed. The reactions were
performed in duplicates, as described: 95 °C for
10 min, followed by 40 cycles of denaturation at
95 °C for 15 s and annealing/extension at 60 °C for
1 min. The dissociation curve of the fragments was
performed at the end of each PCR reaction in one
20-min step in which the temperature of the reac-
tion gradually increases from 60 to 95 °C, allowing
the specific evaluation of each primer by the pres-
ence of a unique fluorescence peak. Results were
normalized to the genes of interest (B-actin and
glyceraldehyde-3-phosphate  dehydrogenase) and
expressed as relative fold change (2724¢T), as de-
scribed by Livak and Schmittgen (2001). Genes of
interest and analyzed herein include peroxisome
proliferator-activated receptor-y (PPAR-y), sterol
regulatory element-binding protein-1 (SREBP-1),
stearoyl-CoA desaturase-1 (SCD), and lipoprotein
lipase (LPL; Table 4).

Meat Sensorial Analysis

In the present experiment, L. thoracis steaks
were used for sensorial analysis, which was con-
ducted by the University of Sao Paulo with 115
nontrained customers from a community located
in Pirassununga, SP, Brazil. Longissimus thoracis
steaks were thawed at room temperature, placed
in an aluminum tray, taken to an industrial
oven (170 °C), heated until internal temperature

Table 4. Target gene, primer sequence (forward and reverse), and accession number for all gene transcripts

analyzed by real-time PCR

Target gene

Primer sequence

Accession no.

Peroxisome proliferator-activated receptor-y

NM_181024.2

Forward GTGAAGTTCAACGCACTGGA
Reverse ATGTCCTCAATGGGCTTCAC
Sterol regulatory element-binding protein-1 NM_001113302.1
Forward ACCGCTCTTCCATCAATGAC
Reverse GCTGAAGGAAGCGGATGTAG

Stearoyl-CoA dessaturase-1

NM_173959.4

Forward GCCAGAGTTGGGTCAAACAT
Reverse CTCTTCTTCAAGCCCCCTCT

Lipoprotein lipase NM_001075120.1
Forward CTCCTGATGATGCGGATTTT
Reverse ACATCCTGGTTGGAAAGTGC

Beta-actin BC142413.1
Forward GATGAGATTGGCATGGCTTT
Reverse GTCACCTTCACCGTTCCAGT

Glyceraldehyde-3-phosphate dehydrogenase NM_001034034.1
Forward TGACCCCTTCATTGACCTTC
Reverse GATCTCGCTCCTGGAAGATG
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reached 40 °C, turned in the tray inside the oven,
and kept in the oven until internal temperature
of the steak reached 71 °C (AMSA, 1995). After
oven removal, steaks were rectangularly sliced
(2.5 x 1.5 X 1.5 cm), individually packed, and
maintained in a stove at 60 °C until the begin-
ning of the sensorial analysis tests. One sample
representing one steak from each treatment was
offered at each time to customers. The sequence
by which samples were offered to customers was
balanced, in order to minimize the effect that se-
quence could have on customers judgement and
proper results assessment. Samples were packed
into an aluminum foil and offered inside previ-
ously identified plastic cups (A-D).

For sensorial analysis data, softness, juiciness,
regular flavor and odors, as well as atypical flavor
and aroma were evaluated according to method-
ologies previously reported by AMSA (1995). For
softness, juiciness, and regular flavor and odor
evaluations, customers filled out a form with the an-
swers in a 9-point scale, where 1 = extremely dissat-
isfied and 9 = extremely satisfied, exception. For the
atypical meat features (atypical flavor and aroma),
a 5-point scale was used, where 1 = extremely pre-
sent and 5 = absent (Meilgaard et al., 1999).

Statistical Analysis

For all analyses performed herein, pen was con-
sidered the experimental unit. All data were ana-
lyzed using the MIXED procedure of SAS (Version
9.4;SAS Inst., Inc.; Cary, NC) and the Satterthwaite
approximation to determine the denominator df
for the test of fixed effects. The model statement
used for all analyses contained the fixed effects of
treatment. Data were analyzed using block, animal

(pen), and pen (treatment) as random variables.
Blood samples and US measurements obtained on
day 0 were analyzed for covariates and final results
obtained on day 108 were covariately adjusted. All
results are reported as least square means and sep-
arated using the PDIFF. Significance was set at P <
0.05 and tendencies were denoted if P > 0.05 and
P <0.10. Throughout the paper, results are reported
according to the main effects.

RESULTS

Intake, Performance, and Blood Profile

As expected, no treatment effects were observed
on initial BW (P = 0.99), indicating that animals
were managed similarly prior to the beginning of
the experiment (Table 5). At the end of the experi-
mental period, BW, ADG, DMI, DMI as % of BW,
DMI fluctuation, and FE did not differ among
treatments (P > 0.30; Table 5). Moreover, analysis
of BW and ADG data obtained from intermediate
time points on days 28, 57, and 85 of the experi-
mental period did not differ among treatments (P >
0.30; data not shown).

Neutral detergent fiber, physically effective
NDF (peNDF), and starch intakes were affected
by treatments offered herein (P < 0.01), given that
CONT and MIXT had a greater intake of NDF and
peNDF when compared with cohorts offered CSSO
and CSVO (P < 0.03; Table 6). On the other hand,
CSSO and CSVO supplementation yielded greater
starch intake vs. CONT and MIXT (P < 0.01),
but MIXT also resulted in greater starch intake vs.
CONT (P < 0.001; Table 6). No further treatment
effects were observed on CP, EE, TDN, and NE,
intakes (P > 0.36; Table 6). For the individual FA

Table 5. Performance of Bos indicus beef animals offered diets containing whole cottonseed and corn germ
(CONT; n = 6), calcium salts of soybean oil (CSSO; n = 6), calcium salts of palm, soybean, and cottonseed
oil (CSVO; n = 6), or a mixture of whole cottonseed, corn germ, and CSVO (MIXT; n = 6) as lipid sources

Treatments

Item CONT CSSO CSVO MIXT SEM P
Initial BW, kg 399.9 400.3 400.0 399.7 0.33 0.60
Final BW, kg 555.5 550.4 545.5 545.3 6.08 0.61
ADG, kg* 1.44 1.39 1.35 1.35 0.056 0.62
DMI

kg/d 10.10 10.03 10.12 10.00 0.224 0.98

% BW 2.10 2.12 2.15 2.12 0.037 0.81

Fluctuation, kg/d? 5.69 5.32 5.73 6.05 0.349 0.61
FE, g/kg 141 142 141 142 32 0.98

Experimental diets were offered for 108 d.

“Calculated by the difference of initial and final BW collected on days 0 and 108, respectively, after 16 h of feed and water withdrawal.

Calculated according to methodology described by Bevans et al. (2005).
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Table 6. Nutrient intake of Bos indicus beef animals offered diets containing whole cottonseed and corn
germ (CONT; n = 6), calcium salts of soybean oil (CSSO; n = 6), calcium salts of palm, soybean, and cot-
tonseed oil (CSVO; n = 6), or a mixture of whole cottonseed, corn germ, and CSVO (MIXT; n = 6) as lipid

sources
Treatments
Item® CONT CSSO CSVO MIXT SEM P
DMI, kg/d 10.02 9.84 10.06 9.92 0.254 0.93
DML, % BW 2.10 2.09 2.13 2.12 0.033 0.83
Nutrient intake, kg/d
CP 1.44 1.42 1.45 1.43 0.036 0.95
NDF 2.89¢ 2.54° 2.60° 2.77¢ 0.068 <0.01
peNDF 1.76 1.33¢ 1.36¢ 1.66° 0.038 < 0.0001
EE 0.50 0.49 0.50 0.49 0.013 0.88
TDN 7.65 7.74 7.89 7.64 0.196 0.78
Starch 2.77¢ 3.66° 3.73¢ 3.28° 0.090 < 0.0001
NEg, Mcal/kg 12.02 12.47 12.72 12.06 0.313 0.36
Fatty acid, g/d
C10:0 0.77¢ 0.66° 0.70° 0.66° 0.019 0.01
C12:0 5.84b¢ 6.11° 6.44® 6.18° 0.135 0.10
Cl14:0 6.71 6.48 6.64 6.20 0.141 0.19
C16:0 190.88¢ 179.79% 186.10%® 172.03¢ 4.161 0.09
Cl6:1 trans-9 4.37¢ 3.86° 3.79° 3.77° 0.085 <0.01
C17:0 1.62 1.60 1.58 1.47 0.037 0.12
C18:0 109.93%® 114.46° 114.26° 102.56° 2.631 0.06
C18:1 cis-9 336.99¢ 313.02% 319.25%® 298.16¢ 7.387 0.05
C18:2 cis-9, cis-12 34448 311.91° 311.37° 295.91° 7.913 0.02
C18:3 cis-9, cis-12, cis-15 17.24¢ 12.88¢ 12.57¢ 13.96° 0.334 <0.0001
C20:0 9.08¢ 8.66 8.73® 8.13° 0.191 0.08
C20:1 4.90 491 4.95 4.53 0.104 0.11
C22:0 9.07° 10.07¢ 10.18¢ 8.77° 0.204 <0.01
C24:0 6.72° 7.27¢ 7.36° 6.38° 0.154 <0.01
Total 1,052.24¢ 984.38% 996.31%® 930.61¢ 23.541 0.06
SFA 340.99# 335.14® 341.98* 312.07° 7.689 0.10
MUFA 346.26* 323.39° 329.34w 307.09° 7.601 0.06
PUFA 361.72¢ 324.80° 323.95° 309.86° 8.239 0.01
SFA:MUPFA ratio 0.984¢ 1.034¢ 1.036° 1.015° 0.0008 < 0.0001
SFA:PUFA ratio 0.967¢ 1.056° 1.081¢ 1.030¢ 0.0015 < 0.0001

Experimental diets were offered for 108 d. Within rows, values with different superscript differ (P < 0.10).

“Dry matter and nutrient intakes were evaluated on a daily basis throughout the experimental period (days 0-108) and calculated based on

amount of ration offered and refusal on the bunk.

intake evaluation, treatment differences were ob-
served on C10:0, C16:1 trans-9, C18:1 cis-9, C18:2,
C18:3, C22:0, C24:0, total PUFA, and ratios (P <
0.05; Table 6), whereas tendencies were observed on
C12:0, C16:0, C18:0, C20:0, total FA, total SFA,
and total MUFA (P < 0.10; Table 6). More specific-
ally, animals receiving CONT had a greater C10:0,
C16:0, C16:1 trans-9, C18:1 cis-9, C18:2, C18:3,
total FA, MUFA, and PUFA vs. CSSO and MIXT
(P <0.05), whereas CSVO had interemediate values
for some of these FA (Table 6). Conversely, intake
ratios of SFA:MUFA and SFA:PUFA were all re-
duced for CONT vs. other treatments (Table 6).
For blood variables, samples collected on day
0 differed among treatments (P < 0.01) for TG and

VLDL and tended to differ for LDL (P = 0.07;
Table 7). Plasma TG and VLDL were reduced for
CONT vs. other treatments (P < 0.02), whereas LDL
concentrations was greater for CSSO vs. CONT and
CSVO (P £0.04), with MIXT being intermediate (P >
0.17; Table 7). Although differences were observed
on day 0 of the experiment, only tendencies were ob-
served for a covariate effect on TG (P = 0.09) and
VLDL (P = 0.07). At the end of the experimental
period, blood concentrations of TG and VLDL were
reduced for CONT-supplemented animals vs. all
other treatments (P < 0.05; Table 7). Additionally,
TG concentrations were also greater for CSSO vs.
MIXT (P = 0.04), whereas no other differences were
detected for TG and VLDL (P = 0.16; Table 7).
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Table 7. Blood profile of Bos indicus beef animals offered diets containing whole cottonseed and corn germ
(CONT; n = 6), calcium salts of soybean oil (CSSO; n = 6), calcium salts of palm, soybean, and cottonseed
oil (CSVO; n = 6), or a mixture of whole cottonseed, corn germ, and CSVO (MIXT; n = 6) as lipid sources

Treatments

Item* CONT CSSO CSVO MIXT SEM P
Cholesterol, mg/dL

Initial 171.0 183.4 177.7 187.9 5.52 0.20

Final 253.7 258.2 254.3 265.6 13.64 0.94
TG, mg/dL

Initial 8.8 12.5° 11.8° 11.4° 0.69 <0.01

Final 15.0¢ 25.4¢ 22.1%® 20.4° 1.70 0.03
HDL, mg/dL

Initial 84.9 85.9 88.0 89.3 2.00 0.44

Final 105.7 104.6 106.0 103.1 2.88 0.89
VLDL, mg/dL

Initial 1.8 2.5° 2.4° 2.3° 0.14 <0.01

Final 3.0° 4.9 4.4 4.1 0.34 0.04
LDL, mg/dL

Initial 83.1° 107.5¢ 86.8° 94 4% 6.39 0.07

Final 144.3 138.0 145.3 162.5 13.45 0.58

Experimental diets were offered for 108 d. Blood samples were collected on days 0 and 108 of the experimental period. Values obtained on day
0 were analyzed as covariates and final results (day 108) were covaritely adjusted. Within rows, values with different superscript differ (P < 0.10).

“TG = triglycerides; HDL = high-density lipoprotein; VLDL = very low-density lipoprotein; LDL = low-density lipoprotein.

Ultrasound Measurements and Carcass
Characteristics

For ultrasound measurements, values obtained on
day 0 were significant covariates for REA (P = 0.03)
and BFT of B. femoris (P = 0.01), but did not differ
among treatments (P > 0.20; Table 8). At the end of
the experimental period, no treatment differences
were observed for any parameter of carcass obtained
through US, such as final measurements of REA,
BFT for L. thoracis and B. femoris, and marbling,
A, and daily gains (P > 0.27; Table 8). Furthermore,
following slaughter, carcasses were evaluated and no
treatment effects were observed for any of the param-
eters evaluated herein (P > 0.22; Table 8).

Meat Traits and FA Profile

No treatment effects were observed for any of
the proximate analysis, meat pH, weight loss due to
cooking, and WBSF (P > 0.13; Table 9). On the other
hand, treatments offered during the experimental
period altered colorimetric parameters in a manner
that meat obtained from CONT animals had greater
L* a*, and b* values vs. cohorts offered MIXT
(P < 0.01), whereas CSSO and CSVO groups had
interemediate values for L* and a*, which did not
differ from the other treatments (P > 0.16; Table 9).

A complete description of the meat FA pro-
file obtained in the present experiment is reported

in Table 10. In agreement with differences afore-
mentioned on FA intake, experimental treatments
offered herein for finishing Bos indicus beef animals
affected meat concentrations of C18:0, C18:1 trans-
9, C18:1 trans-10, C18:1 trans-11, C18:2, C18:2 cis-7,
trans-9 CLA, and C18:2 cis-9, trans-11, and total SFA
(P < 0.02; Table 10). Supplementation with CONT
increased CI18:0 vs. supplementation with calcium
salts as the unique lipid source of the diets (P < 0.02),
whereas no differences were observed among CONT
vs. MIXT and calcium salts of fatty acids vs. MIXT
(P 2 0.11; Table 10). On the other hand, supplemen-
tation with CSSO yielded greater meat concentra-
tions of C18:1 trans-10, C18:2 cis-7, trans-9 CLA,
and C18:2 cis-9, trans-11 CLA vs. other treatments
(P <0.01; Table 10). Additionally, meat from animals
supplemented with MIXT also had greater concen-
trations of C18:2 cis-7, trans-9 CLA vs. CONT and
CSVO (P <0.05; Table 10). No other treatment effects
were observed for the other individual FA, total SFA,
MUFA, PUFA, and the FA ratios (P >0.11; Table 10).

Tissue Gene Expression

From the genes analyzed herein (Table 4), treat-
ment effects were detected on SREBP-1, SCD, and
LPL (P < 0.03; Fig. 1), whereas no statistical differ-
ences were observed on PPAR-y (P = 0.23; Fig. 1).
For all genes that statistically differed among
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Table 8. Ultrasound measurements (L. thoracis and B. femoris) and carcass characteristics of Bos indicus
beef animals offered diets containing whole cottonseed and corn germ (CONT; n = 6), calcium salts of soy-
bean oil (CSSO; n = 6), calcium salts of palm, soybean, and cottonseed oil (CSVO; n = 6), or a mixture of
whole cottonseed, corn germ, and CSVO (MIXT; n = 6) as lipid sources

Treatments
Ttem CONT CSSO CSVO MIXT SEM P
Ultrasound measurements
REA, cm?
Initial 70.7 68.6 67.7 68.1 1.39 0.43
Final 82.7 81.1 80.9 80.6 1.54 0.79
A 13.2 12.2 12.3 11.9 1.53 0.94
Daily gain 0.122 0.113 0.114 0.111 0.0138 0.95
L. thoracis BFT, mm
Initial 2.29 2.44 2.37 2.38 0.053 0.32
Final 5.32 5.30 5.27 5.99 0.339 0.37
A 2.87 2.99 2.90 3.62 0.313 0.32
Daily gain 0.027 0.028 0.027 0.033 0.0029 0.34
Marbling, %
Initial 2.01 2.05 2.04 2.12 0.125 0.94
Final 2.93 2.71 3.00 2.92 0.100 0.61
A 0.82 0.70 0.88 0.77 0.114 0.73
B. femoris BFT, mm
Initial 2.77 3.18 3.04 3.11 0.136 0.20
Final 7.46 7.79 7.60 8.11 0.344 0.59
A 4.23 4.92 4.57 5.13 0.325 0.27
Daily gain 0.039 0.046 0.042 0.047 0.0030 0.27
Carcass traits®
DP, % 55.95 55.23 55.93 55.78 0.35 0.52
HCW, kg 310.8 303.9 303.9 304.2 3.73 0.51
Carcass ADG, kg 1.026 0.960 0.962 0.966 0.0351 0.51
YG, % 71.3 69.0 71.6 71.8 1.44 0.59
BC, DMI/15-kg carcass 147.7 156.4 158.3 155.4 3.59 0.22

Experimental diets were offered for 108 d. Within rows, values with different superscript differ (P <0.10). Ultrasound evaluations were performed

on days 0 (initial) and 108 (final) of the experimental period.

“DP = dressing percent; HCW = hot carcass weight; YG = yield gain; BC = biological conversion.

treatments, a downregulation was observed when
animals were supplemented with CSSO (P < 0.05).
Supplementation with CSVO also reduced SCD ex-
pression vs. CONT (P = 0.05), whereas no differences
were observed between CSVO and MIXT (P = 0.12;
Fig. 1). Nonetheless, no other treatment differences
were observed on SREBP-1 and LPL gene expression
among CONT, CSVO, and MIXT (P > 0.81; Fig. 1).

Meat Sensorial Analysis

Treatment effects were observed on regular
flavor (P = 0.01) in a manner that supplementation
with CSSO yielded greater results compared with
CONT, CSVO, and MIXT (P < 0.05; Table 11).
Additionally, CSSO supplementation resulted in
greater (P = 0.05) aroma results vs. CONT and
CSVO, whereas MIXT values were intermediate
compared with CSSO (P = 0.57), as well as with

CONT and CSVO (P = 0.11 Table 11). No other
treatment effects were observed for softness and

juiciness, as well as atypical flavor and aroma (P >
0.17; Table 11).

DISCUSSION

The primary goal of the present experiment
was to evaluate the effects of lipid feedstuff source
and FA profile offered to Bos indicus finishing
bulls consuming isonitrogenous, isocaloric, and
isolipidic high-concentrate diets. Therefore, lipid
sources used herein included whole cottonseed,
corn germ, as well as calcium salts of fatty acids
based on soybean oil or a mixture of palm, soy-
bean, and cottonseed oils. Based on this rationale,
not only the source, but also the FA profile of the
supplements would be different, as reported in
Table 1 (range of SFA, MUFA, and PUFA contents
were 15.7-38.3%, 31.4-43.7%, and 25.3-45.2%,
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Table 9. Meat characteristics of Bos indicus beef animals offered diets containing whole cottonseed and
corn germ (CONT; n = 6), calcium salts of soybean oil (CSSO; n = 6), calcium salts of palm, soybean, and
cottonseed oil (CSVO; n = 6), or a mixture of whole cottonseed, corn germ, and CSVO (MIXT; n = 6) as

lipid sources

Treatments
Item CONT CSSO CSVO MIXT SEM P
pH 5.52 5.63 5.51 5.57 0.05 0.46
Proximate analysis, %
Moisture 74.4 74.7 74.8 75.1 0.28 0.31
CP 22.7 22.6 22.8 22.6 0.32 0.75
EE 1.3 1.3 1.8 1.2 0.18 0.13
Ash 1.1 1.1 1.1 1.1 0.01 0.32
Colorimetric parameters*
L* 37.7¢ 35.8%® 35.9% 35.1° 0.63 0.04
a* 18.0° 16.8%® 17.4% 16.2° 0.39 <0.01
b* 14.7¢ 13.1° 13.5% 12.7° 0;44 0.01
Cooking loss, % 29.2 28.5 28.7 30.2 1.02 0.66
WBSE, kg* 3.7 4.0 3.6 4.2 0.24 0.38

Experimental diets were offered for 108 d. Within rows, values with different superscript differ (P < 0.10).

“L* = lightness index (0 = black and 100 = white); a* = intensity of red color, an index that ranges from green (—) to red (+); b* = intensity of
yellow color, an index ranging from blue (—) to yellow (+; Houben et al., 2000)

"WBSF = Warner—Bratzler Shear Force.

respectively). It was hypothesized that the different
sources of lipids could differently affect the rumi-
nal environment, given that the availability of the
oils would differ and consequently, the biohydro-
genation process would likely alter the FA profile
reaching the small intestine for subsequent absorp-
tion and tissue incorporation. One might question
the lack of a negative control group in the present
experiment, but this strategy was adopted consid-
ering that the benefits regarding the utilization of
lipids in feedlot diets have already been reported by
several research groups (NASEM, 2016), whereas
possible effects of the source and FA profile of
lipid ingredients for beef cattle are scarce and still
lacking in the literature.

No differences were observed among treatments
on total DMI (as kg/d or % BW), whereas NDF
and peNDF intakes were reduced due to CSSO and
CSVO supplementation. These differences might be
related to the greater content of dietary NDF and
peNDF in CONT vs. CSSO and CSVO, whereas
no differences were observed in nutrients offered in
similar amounts (CP, TDN, and NE ) and demon-
strating the effectiveness of the experimental design
in providing isonitrogenous, isocaloric, and isolipic
diets to the herd. Similarly, treatment differences
reported on starch intake agree with nutrient com-
position of the diets, given that starch is the main
component of corn grains (Huntington, 1997) and,
consequently, diets containing greater amounts of
corn result in greater starch intakes (Cappellozza

et al., 2014). Evaluating lipid supplements with dif-
ferent sources and FA profile to cattle, Fiorentini
et al. (2014) reported a reduction in DM, OM,
CP, and NDF intakes when lipid sources were not
ruminally protected vs. nonlipid or ruminally pro-
tected cohorts. On the other hand, inclusion of a
supplement similar to the CSSO utilized herein did
not affect intake of any of the nutrients aforemen-
tioned when compared with the negative control
group (nonlipid-supplemented). In dairy cattle, de
Souza et al. (2017) reported that supplementation
with calcium salts of palm oil to grazing dairy cows
improved milk production, fat-corrected milk, and
milk production efficiency vs. cohorts supplemented
with calcium salts of soybean oil, suggesting that
FA profile of the supplement plays a major role on
productive parameters of ruminants.

In agreement with our experimental design,
treatment differences were observed on intakes
of several FA, such as C16:0, C18:0, C18:1 cis-
9, C18:2, and C18:3, as well as total FA, MUFA,
PUFA, SFA:MUFA, and SFA:PUFA ratios. The
effects of C18:0 and C18:1 ¢is-9 on metabolism and
productive responses of dairy cattle receiving soy-
bean hulls or whole cottonseed have been reported
by de Souza et al. (2018). Overall, supplementa-
tion of a mixture of C16:0 and C18:0 FA improved
DMI and milk fat and protein content vs. a mixture
of C16:0 and C18:1 FA, whereas opposite results
were observed on nutrient (DM, NDF, FA, Cl16,
and C18 FA) digestibility and BW/BCS changes.
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Table 10. Meat FA profile of Bos indicus beef animals offered diets containing whole cottonseed and corn
germ (CONT; n = 6), calcium salts of soybean oil (CSSO; n = 6), calcium salts of palm, soybean, and cot-
tonseed oil (CSVO; n = 6), or a mixture of whole cottonseed, corn germ, and CSVO (MIXT; n = 6) as lipid

sources
Treatments

Fatty acid, % total FA“ CONT CSSO CSVO MIXT SEM P
C10:0 0.062 0.083 0.043 0.066 0.0152 0.34
C12:0 0.061 0.064 0.055 0.069 0.0056 0.38
C14:0 2.647 2.564 2.599 2.791 0.1336 0.65
Cl4:1 cis-9 0.507 0.587 0.563 0.594 0.0350 0.31
C15:0 0.318 0.324 0.310 0.356 0.0162 0.24
C15:1 cis-10 0.096 0.108 0.137 0.080 0.0175 0.16
Cl16:0 23.249 23.178 23.845 24.011 0.5168 0.59
Cle:1 trans-9 0.311 0.323 0.285 0.323 0.0118 0.11
Cl6:1 cis-10 2.286 2.232 2.478 2.484 0.1435 0.50
C17:0 0.810 0.836 0.801 0.848 0.0329 0.72
C17:1 cis-10 0.561 0.482 0.609 0.440 0.0812 0.47
C18:0 17.079¢ 14.516° 14.719° 16.166% 0.5849 0.02
C18:1 trans-9 0.293 0.482 0.283 0.291 0.0692 0.16
C18:1 cis-9 34.629 34.305 33.455 35.056 1.0544 0.75
C18:1 trans-10 0.507° 1.097¢ 0.625° 0.588° 0.0986 <0.01
C18:1 trans-11 1.423 1.501 1.192 1.455 0.1182 0.28
C18:2 cis-9, cis-12 4.437 5.278 6.291 4.430 0.7647 0.29
C18:2 cis-7, trans-9 CLA 0.052¢ 0.0972 0.059¢ 0.079° 0.0064 <0.001
C18:2 cis-9, trans-11 CLA 0.326° 0.450% 0.299° 0.331° 0.0282 <0.01
C18:3 cis-9, cis-12, cis-15 0.235 0.263 0.285 0.261 0.0275 0.66
C20:4 0.716 0.848 1.084 0.653 0.1878 0.40
C20:5 0.133 0.139 0.206 0.102 0.0365 0.26
C22:5 0.304 0.365 0.461 0.287 0.0738 0.36
SFA 44.245 41.565 42.371 44.306 1.0383 0.19
MUFA 40.612 41.117 39.629 41.312 1.1260 0.72
PUFA 6.201 7.439 8.684 6.144 1.0233 0.28

n-3 0.893 0.891 0.893 0.894 0.0082 0.99

n-6 8.545 8.585 8.552 8.570 0.6481 1.00

n-6:n3 ratio 7.426 6.949 5.352 7.293 0.8668 0.33
Unknown 8.942 9.879 9.316 8.238 0.9874 0.65
SFA:MUPFA ratio 1.089 1.018 1.075 1.076 0.0391 0.59
SFA:PUFA ratio 5.248 5.099 5.302 4.577 0.4545 0.67

“Within rows, values with different superscript differ (P < 0.10).

Nonetheless, these effects of FA profile were more
significant when diets contained soybean hulls vs.
whole cottonseed, likely indicating that quality and
type of fiber might affect these results. In de Souza
et al. (2018), FA intakes ranged from 150 to 180 g/d
for C16 and C18 FA, whereas in our experiment
these values ranged from 12 to 38 g/d. Therefore, it
might be speculated that differences on FA intakes
reported herein were not large enough to provide
similar treatment effects on DMI as reported by de
Souza et al. (2018).

Greater hypophagic effects have been re-
ported when unsaturated vs. saturated C18 FA
were offered in the diets of lactating dairy cows
(Harvartine and Allen, 2006), primarily due to the

faster and greater oxidation rate in bovine hepato-
cytes (Mashek and Grummer, 2003). In the pre-
sent experiment, CONT animals had greater C18:1
cis-9, C18:2, C18:3, and total PUFA intake, which
did not result in a reduction in DMI. Nonetheless,
ruminal biohydrogenation was not evaluated or
estimated herein, and one might speculate that a
greater biohydrogenation, C18:2 CLA formation
and flow to the duodenum, as well as consequent
FA profile alteration occurred in CONT animals,
whereas calcium salts of fatty acids are manufac-
tured and used in beef cattle diets as a manner to
reduce the rate at which ruminal biohydrogena-
tion occurs (Sukhija and Palmquist, 1990) and,
therefore, reduce the potential negative effect of
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Fig. 1. Relative expression meat genes associated with lipid metabolism of Bos indicus beef animals offered diets containing whole cottonseed
and corn germ (CONT; n = 6), calcium salts of soybean oil (CSSO; n = 6), calcium salts of palm, soybean, and cottonseed oil (CSVO; n = 6), or a
mixture of whole cottonseed, corn germ, and CSVO (MIXT; n = 6) as lipid sources. Within genes, values with different letters represent treatment

differences (P < 0.10).

Table 11. Sensorial analysis of meats obtained from Bos indicus beef animals offered diets containing whole
cottonseed and corn germ (CONT; n = 6), calcium salts of soybean oil (CSSO; n = 6), calcium salts of
palm, soybean, and cottonseed oil (CSVO; n = 6), or a mixture of whole cottonseed, corn germ, and CSVO

(MIXT; n = 6) as lipid sources

Treatments

Item CONT CSSO CSVO MIXT SEM P

Softness 7.21 6.95 7.18 7.18 0.170 0.69
Juiciness 6.89 7.00 6.90 7.04 0.156 0.88
Regular flavor 7.000 7.48* 6.81¢ 7.18° 0.149 0.01
Regular aroma 6.66° 7.15% 6.69° 7.03%® 0.151 0.05
Atypical flavor 4.29 4.47 4.36 4.38 0.088 0.53
Atypical aroma 4.31 4.44 4.35 4.43 0.092 0.72

Experimental diets were offered for 108 d. Within rows, values with different superscript differ (P < 0.10).

unsaturated FA in the rumen (Jenkins et al., 2008).
On the other hand, in animals receiving calcium
salts of fatty acids, a greater hypophagic effect
might have occurred, as proposed by Harvartine
and Allen (2006), given that it would be expected
that a greater amount of PUFA would reach the
small intestine. Hence, one might speculate that
ruminal biohydrogenation and hypophagic effect
counteracted and resulted in similar DMI. Based
on this rationale, it is important to mention that
one pitfall of the present experiment is the absence
of the blood FA profile of the animals, given that
this parameter usually reflects the duodenal flow
of FA in ruminants (Archibeque et al., 2005; Hess
et al., 2008). Nonetheless, in a manner to mitigate
this factor, tissue expression of enzymes involved
in lipid metabolism and carcass characteristics that
have been shown to alter FA profile of blood and

meat of ruminants (Scholljegerdes et al., 2007), as
well as meat FA profile were evaluated.

The lack of differences on productive re-
sponses during the feedlot phase is in agreement
with the fact that diets were formulated to be iso-
caloric, isonitrogenous, and isolipidic. Similarly,
no treatment differences were observed on carcass
characteristics and US measurements of animals
slaughtered at the end of the experimental period.
In agreement with our results, Fiorentini et al.
(2014) also observed similar ADG, FE, and carcass
characteristics of beef animals receiving a 60:40
roughage:concentrate diet containing calcium
salts of soybean oil or whole soybeans. Moreover,
Schubach et al. (2019) also reported similar per-
formance and carcass characteristics when different
sources of calcium salts of fatty acids (palm- and
soybean oil-based) were strategically supplied to
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cattle on creep-feeding (60 d) and/or precondition-
ing (40 d). Conversely, Nascimento (2017) reported
greater HCW, BFT, and REA of B. indicus beef
animals offered CSVO vs. CSSO during feedlot for
a period of 140 d. Cooke et al. (2011) also reported
greater marbling in animals supplemented with a
source of calcium salts of soybean oil for 28 d dur-
ing preconditioning prior to transport to feedlot.
Therefore, further research is warranted to deter-
mine the possible effects of specific FA, saturation
degree, dose, and supplementation length on per-
formance responses and carcass characteristics of
B. indicus finishing beef cattle.

In cattle, Noro and Kobayashi (1995) hypothe-
sized that cholesterol is related to the development
of adipose tissue and its content in adipose tissue
is positively correlated to the volume of adipose
tissue. Furthermore, these authors demonstrated
that the levels of marbling in beef cattle might be
inversely correlated to HDL levels and directly re-
lated to LDL. The primary site of endogenous
cholesterol synthesis is the small intestine and adi-
pose tissue, with the liver producing a small pro-
portion of the total endogenous cholesterol (Liepa
et al., 1978). Lipid supplementation has been
shown to stimulate synthesis and accumulation of
cholesterol and lipoproteins in tissues and body
fluids of ruminants (Williams and Stanko, 2000),
whereas the effects of FA profile on concentra-
tions of these compounds are scarce in the litera-
ture. Previous studies reported possible effects of
FA on cholesterol and lipoprotein concentrations
in beef cattle. As an example, supplementation with
lipid sources rich in SFA usually results in an inhib-
ition on mRNA expression of LDL receptors, con-
sequently increasing plasma LDL concentrations
(Mustad et al., 1997; Boekholdt et al., 2006). In
the present experiment, inclusion of calcium salts
of fatty acids in the diets of finishing beef animals
resulted in greater blood concentrations of TG and
VLDL, whereas no effects were observed on chol-
esterol, HDL, and LDL. Hocquette et al. (2010) re-
ported that, in cattle, fat deposition is linked with
genetic patterns of individuals, whereas marbling
is a balance between absorption, synthesis, and
degradation of TG. Although plasma TG concen-
trations were observed on calcium salts of fatty
acids-supplemented animals, no beneficial effects
were observed on marbling. It could be speculated
that although more starch was consumed by ani-
mals receiving CSSO, CSVO, and MIXT diets,
more PUFA also reached the small intestine for ab-
sorption and consequently reduced the activity of
enzymes involved in adipocytes differentiation, but

this is not in complete agreement with the data re-
ported herein for marbling and mRNA expression
of enzymes. Hence, the reason for the observed re-
sults on TG and VLDL, even in an experimental
design of similar EE intakes, is not known and de-
serve further investigation.

Ether extract content is positively correlated
with marbling (Moore et al., 2010) and meat from
Nellore bulls would be classified as having a small
amount of marbling based on EE values. In another
recent trial, Teixeira et al. (2017) reported breed
differences on proximate composition of L. thora-
cis muscles, as Angus had greater EE content vs.
Nellore animals. Additionally, it is important to
mention that values of intramuscular fat of Nellore
cattle in Teixeira et al. (2017) were approximately 3
times greater than those observed herein (4.31 vs.
1.45%). These differences could be related to the in-
clusion of corn in the diets, given that age of the
animals and corn processing might not account for
such differences among studies. Nonetheless, EE
values reported herein are in agreement to previous
data in the literature for B. indicus breeds (Andrade
et al., 2009). Hence, it is yet to be determined the
possible, if any, effects of specific FA on proximate
composition of samples obtained from B. indicus
animals slaughtered under a high-concentrate diet
setting.

The modulation of the nutritional profile of
edible products, such as milk and meat, is directly
affected by the diet offered to the animals. As re-
ported, beef is rich in several nutrients frequently
related to cardiovascular diseases due to the propor-
tion of SFA and cholesterol, but increases on C18:1
cis-9 content would be beneficial to health of meat
consumers (Smith and Johnson, 2016). Moreover,
the amount of FA and its composition in beef
varies among breeds, nutrition, sex, and carcass
finishing level of the beef cattle herd (Rule et al.,
1997). Hence, it was hypothesized that offering
lipid supplements with different FA profiles would
result in significant changes in meat FA profile.
In agreement with previous studies using Nellore
cattle (Correa et al., 2012; Cesar et al., 2014), C18:1
cis-9 and C16:0 were the major FA in L. thoracis
steaks, whereas a high n-6:n-3 FA ratio (> 4:1) was
observed. This latter fact has been shown to have
beneficial effects on health of patients with chronic
diseases, such as a 70% decrease in total mortality
due to cardiovascular disease (Simopoulos, 2002).

It was speculated that the lipid source and FA
profile of the diet would result in different meat FA
profile of C14:0 and C16:0, which are known as
hypercholesterolemic FA (Farfan, 1996). This was
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even more expected due to differences observed on
intake of these FA. Nonetheless, no treatment dif-
ferences were observed on meat % of C14:0 and
C16:0 FA, which can be attributed, at least for
C16:0 FA, to the greater mRNA expression of SCD
in CONT and MIXT and the probable conversion
of this FA to C18:0 and C18:1 cis-9. Additionally,
the greater meat % of C18:2 CLA intermediates on
CSSO-supplemented cohorts indicate a reduction
in rumen pH and a consequent greater degree of
ruminal biohydrogenation of C18:2 FA. In agree-
ment with this rationale, Jenkins et al. (2008) dem-
onstrated that C18:2 cis-9, trans-11 CLA is the
most prevalent isomer found in ruminal contents
of cattle and C18:1 trans-10 is also originated from
C18:2 FA.

Marbling is highly affected by diets offered to
ruminants, so that ingredients that increase pro-
pionate production (i.e., corn) have greater glyco-
genic and insulinogenic capacities, which would
increase intramuscular fat deposition (Gilbert
et al., 2003). However, this was not verified in
this experiment even though significant treat-
ment differences were observed on starch intake.
Nonetheless, it is important to mention that many
of the genes that control adipocyte differentiation
in cattle is regulated by FA circulating in plasma
(Choi et al., 2015). Oleic acid has been recognized
as potent in stimulating lipid synthesis from glu-
cose in intramuscular tissue and lipogenesis from
acetate (Smith and Johnson, 2016). Hence, due to
differences in C16:0, C18:0, C18:1 cis-9, and C18:2
FA intakes observed herein, differences on marb-
ling and expression of enzymes involved in lipid
metabolism were also expected. Peroxisome pro-
liferator-activated receptor-y has been a gene of
interest when looking at lipid metabolism and its
potential effects on meat characteristics, such as
marbling (Lim et al., 2011), whereas it has been
reported that SFA vs. UFA are more potent induc-
ers of PPAR-y (Bionaz et al., 2012). However, this
may not be always true, as Schubach et al. (2019)
reported a greater expression of PPAR-y mRNA
in beef calves offered a PUFA-enriched supple-
ment through creep-feeding from 2 to 4 mo of age.
Additionally, PUFA supplementation to newly
weaned beef calves until the animals are approxi-
mately 8 mo of age has consistently improved car-
cass marbling at slaughter (Cooke et al., 2011;
Mangrum et al., 2016), demonstrating that PUFA
might cause metabolic imprinting effects through
the upregulation of PPAR-y and that the potential
stimulatory effects of PUFA in this gene might de-
pend on the age of the animal.

Conversely to what was reported on PPAR-y
mRNA, CSSO supplementation reduced mRNA
expression of SCD, LPL, and SREBP-1. Moreover,
CSVO supplementation also reduced the mRNA
expression of SCD vs. CONT cohorts. These results
do not agree with Schubach et al. (2019) in which ef-
fects were either positive or similar between CSSO-
and SFA-supplemented cohorts. Additionally,
the reason why the results herein were different is
intriguing, given that in agreement to PPAR-y ef-
fects on lipid metabolism, enhanced SREBP-1 ex-
pression indicates a greater capacity of de novo FA
synthesis and lipid accumulation in muscle tissue
(Zhao et al., 2010). Greater expression of SCD
has been associated with adipocytes hyperthrophy
(Martin et al., 1999) and there has been reported
an association between SREBP-1 and SCD (Waters
et al., 2009). Waters et al. (2009) demonstrated that
fish oil supplementation to beef cattle reduced SCD
and SREBP-1 mRNA expression when compared
with soybean oil. Conversely, in agreement to our
results, a negative correlation was observed be-
tween tissue C18:2 cis-9, trans-11 CLA concentra-
tions and SCD (Keating et al., 2005) and SREBP-1
(Waters et al., 2009) expression. In vitro addition of
C16:0 and C18:0 increased mRNA expression of
SCD, whereas its expression decreased following
C18:1 cis-9 and C18:2 cis-9, cis-12 addition (Smith
and Johnson, 2016). Moreover, these same authors
also reported that supplementation with C16:0 in-
creased marbling, but decreased SCD activity likely
due to C18:1 cis-9 content in the diet. In the present
experiment, as rumen FA biohydrogenation was
not measured, it could be speculated that although
a greater C18:1 cis-9 FA intake was observed in
CONT and CSVO, a greater biohydrogenation was
also observed, equally stimulating SCD expression
in the tissue of ruminants.

Lipoprotein lipase’s main function is to hydro-
lyze TG-rich lipoproteins, especially chylomicrons
and VLDL, thereby generating free FA and gly-
cerol for energy metabolism and storage (Goldberg,
1996). Recently, Teixeira et al. (2017) reported a
close association between SCD and LPL tissue ex-
pression, so it is not surprising the treatment differ-
ences reported herein for mRNA LPL expression.
Although previous studies in the literature reported
greater mRNA expression of genes involved in lipid
metabolism following n-6 FA supplementation, one
might speculate that the greater content of C18:2
cis-9, trans-11 CLA in the meat of B. indicus ani-
mals inhibited the expression of enzymes involved
in lipid metabolism and evaluated herein, such as
LPL, SREBP-I1c, and SCD.
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Meat quality attributes, such as color, tender-
ness, flavor, and juiciness, have major effects on
consumer satisfaction (Dransfield et al., 2003).
Additionally, MUFA concentrations in meat
have been shown to influence beef palatability, as
greater Cl18:1 cis-9 FA contents were associated
with greater overall palatability (Westerling and
Hedrick, 1979). More specifically, meat color is af-
fected by fat deposition and oxidation processes
(Fruet et al., 2016) and higher L* (lightness) values
are positively correlated to b* (yellowness; Luciano
et al., 2009), whereas both are related to total lipids
in muscle. According to our results, MIXT supple-
mentation yielded meats with reduced L* and a*
values, whereas b* indexes were reduced for CSSO
and MIXT vs. CONT. The reason and/or mechan-
isms by which differences were observed on color
parameters are unknown, as treatments did not af-
fect meat pH and colorimetric traits are highly cor-
related to pH. In agreement with our results, Gilbert
et al. (2003) also did not report effects of different
lipid sources and FA profile of supplements on
cooking loss and WBSF. Overall, L* and pH results
observed herein are in agreement to those reported
by Sant’Anna et al. (2019) in meat carcass charac-
teristics of Nellore cattle, whereas WBSF, a*, and
b* indexes differed considerably.

It is reported in the literature that steaks with
WBSF values greater than 4.6 kg/cm? are hard
(Belew et al., 2003) and our results suggest that
animals, regardless of treatment, had lower WBSF
values and, consequently, steaks were softer than
preivously reported in the literature for B. indi-
cus cattle. In agreement with our results, Oliveira
et al. (2012) did not report positive effects of CSFA
supplementation on meat WBSF of Nellore ani-
mals. These authors reported higher WBSF values
(5.97 kg/em?), suggesting that Nellore cattle present
more collagen crosslinks and greater calpastatin,
which in turn will cause a reduction in calpain ac-
tivity. Others have also reported that zebu breeds
tend to present less tender meat when compared
with taurus cohorts (Smith et al., 2009), likely due to
a greater mithocondrial efficiency on ATP produc-
tion that leads to a greater resistance on meat pH
drops (Ramos et al., 2020a; Ramos et al., 2020b).
Other factors, such as cattle temperament and age,
might play a role in consistently and permanently
affecting carcass characteristics of B. indicus cattle,
whereas the specific effects of CSFA, if any, are yet
to be determined.

In the present experiment, supplementation
with CSSO improved flavor and aroma of steaks
when compared with CONT and CSVO, whereas

MIXT also had reduced flavor grades vs. CSSO and
did not differ on aroma evaluations. Conversely,
Gilbert et al. (2003) did not report differences on a
meat sensorial panel of steaks obtained from ani-
mals offered different lipid sources and FA profile.
A general concern of providing PUFA to cattle is
a possible development of off-flavors associated
with n-6 and n-3 FA and their derivatives in meat
or from other components in calcium salts of fatty
acids. Overall, C18:1 cis-9 leads to a greater flavor
acceptance, whereas n-6 has been associated with
decreased juiciness and n-3 with decreased flavor
acceptance (Melton et al., 1982). Nonetheless, meat
obtained from CSSO animals had greater content
of CLA intermediates and C18:1 trans-10, whereas
a reduced CI18:0 concentration compared with
other treatments.

In summary, the addition of different lipid
sources with varying FA profiles into high-con-
centrate diets did not affect performance and car-
cass characteristics of B. indicus beef animals.
Nonetheless, the supplementation with calcium
salts of soybean oil downregulated the mRNA
expression of enzymes involved in lipid metab-
olism, whereas flavor and aroma were positively
affected by this lipid source. Hence, nutritional
alternatives are available that could be employed
into feedlot diets to alter characteristics of the
meat and provide a better acceptance within the
customer chain.
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