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The objective of this study was to evaluate the fatty acid profile and qualitative characteristics of meat from feedlot young bulls fed
ground soybean or ground cottonseed, with or without supplementation of vitamin E. A total of 40 Red Norte young bulls, with
an initial average age of 20 months, and an initial average BW of 339 ± 15 kg, were allotted in a completely randomized design
using a 2× 2 factorial arrangement, with two oilseeds, and daily supplementation or not of 2500 IU of vitamin E. The experimental
period was for 84 days, which was preceded by an adaptation period of 28 days. The treatments were ground soybean (SB),
ground soybean plus vitamin E (SBE), ground cottonseed (CS) and ground cottonseed plus vitamin E (CSE). The percentage of
cottonseed and soybean in the diets (dry matter basis) was 24% and 20%, respectively. Diets were isonitrogenous (13% CP) and
presented similar amount of ether extract (6.5%). The animals were slaughtered at average live weight of 464 ± 15 kg, and
samples were taken from the longissimus dorsi muscle for the measurement of fatty acid concentration and the evaluation of lipid
oxidation and color of the beef. Before fatty acid extraction, muscle tissue and subcutaneous fat of the longissimus dorsi were
separated to analyze fatty acid profile in both tissues. Supplementation of vitamin E did not affect fatty acid concentration, lipid
oxidation and color (P> 0.05). Subcutaneous fat from animals fed CS diet had greater C12:0, C16:0 and C18:0 contents (P< 0.03).
In addition, CS diets reduced the C18:1 and C18:2 cis-9, trans-11 contents in subcutaneous fat (P< 0.05). The muscle from animals
fed CS tended to higher C16:0 and C18:0 contents (P< 0.11), and decreased C18:1, C18:2 cis-9, trans-11 and C18:3 contents
(P< 0.05) compared with SB. The Δ9-desaturase index was greater in muscle from animals fed SB (P< 0.01). At 42 days of age,
meat from cattle fed SB had a greater lipid oxidation rate (P< 0.05). Meat from animals fed SB diets had less lightness and
redness indices than meat from animals fed CS diets after 14 days of age. In conclusion, the addition of ground cottonseed in the
finishing diets did increase the saturated fatty acid content of the longissimus dorsi. However, animals fed cottonseed exhibited
greater lightness and redness of beef. In this study, the addition of vitamin E did not affect qualitative characteristics of meat.
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Implications

Changing the fatty acid profile of beef to obtain a lower
proportion of harmful fatty acids is an important way to
produce a healthier beef for the consumer and may serve as a
tool for beef promotion by the beef cattle industry. However,
the best sources for this manipulation are still not well spe-
cified, and their impact on beef quality traits needs to be
studied. This experiment demonstrates that the addition of
cottonseed in the feedlot cattle diets increased the harmful

fatty acid content of the beef, compared with the use of
soybean grain, and that vitamin E supplementation did not
increase beef quality.

Introduction

The addition of lipid sources, rich in polyunsaturated fatty
acids (PUFA), in finishing diets of cattle may improve fatty
acid profile in beef, increasing the concentrations of CLA
and unsaturated fatty acids (UFA) (Oliveira et al., 2011;
Shingfield et al., 2013). In Brazil, cottonseed and soybean† E-mail: mladeira@dzo.ufla.br
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grains are widely available owing to large-scale production
(Bergmann et al., 2013) and can be used as a source of
UFA, such as oleic and linoleic acids. However, sterculic
acid present in cottonseed may decrease the activity of the
Δ9-desaturase enzyme, resulting in less oleic acid and CLA
content in the tissue (Gomez et al., 2003). Furthermore,
greater UFA content in meat can reduce its shelf life by
increasing susceptibility to lipid peroxidation (Calkins and
Hodgen, 2007) and can accelerate myoglobin oxidation
(Zakrys et al., 2008) impairing the beef color.
In recent years, supplemental vitamin E in the diet of

ruminants has been studied for its potential role in preventing
lipid peroxidation and increasing meat shelf life (Bloomberg
et al., 2011). However, no studies have assessed the effect of
supplemental vitamin E in conjunction with ground soybeans
and ground cottonseed in the diet. Moreover, according to
Juarez et al. (2010), vitamin E can influence the routes of PUFA
ruminal biohydrogenation, increasing the concentrations of
n-3 fatty acids. Therefore, the objective of this study was to
evaluate the fatty acid profile and qualitative characteristics
of meat from young bulls fed ground soybean or ground cot-
tonseed, with or without vitamin E supplementation.

Material and methods

The animal care and handling were approved by the Federal
University of Lavras Animal Care and Use Committee before
the research was initiated. The experiment was conducted at
the Department of Animal Science of the Federal University
of Lavras from June to September 2009.

Animals and diet
A total of 40 Red Norte young bulls, with an initial average age
of 20 months, and an initial average BW of 339±15 kg, were
allotted in a completely randomized design using a 2× 2
factorial arrangement, with 10 replicates per treatment. The
animals were housed in group pens with 10 animals, according
to the diets, with 30 m2/animal, and each animal was the
experimental unit. Before the experiment, the animals were
weighed and treated for internal and external parasites
(Ivomec, Paulinia, Brazil). The experiment lasted for 84 days,
preceded by a 28-day period of adaptation to the diets and
facilities. The animals were weighed at the beginning and end
of the experiment, after a 16-h fasting period.
Diets were formulated to be isonitrogenous, according to

the NRC (2000), and were provided to the animals ad libitum
at 0730 and 1530 h. Corn silage was used as roughage, and
two types of concentrates, one containing ground soybean
and the other ground cottonseed, were used as lipid sources
(Table 1). The oilseeds were ground and passed through a
5-mm mesh to increase ruminal availability of the lipids. Half
of the animals that received each concentrate (cottonseed or
soybean) were supplemented with 2500 IU of vitamin E/day
per head (rac-α-tocopheryl acetate, synthetic form of vitamin E,
Microvit-E Promix 50 fromM.Cassab®, São Paulo, Brazil, min
50% conforms v. USP reference standard, according to the
certificate of analysis) during the experimental period. The

vitamin was incorporated to concentrates one day before fed
animals and vitamin E content in the diets was calcu-
lated from literature data of tocopherol content in oilseeds
(Elisia et al., 2013). The mixture of corn silage with the
concentrates occurred a few minutes before feeding the
animals. Therefore, the following treatments were assessed:
SB, diet containing ground soybean without supplemental
vitamin E; SBE, diet containing ground soybean with sup-
plemental vitamin E; CS, diet containing ground cottonseed
without supplemental vitamin E and CSE, diet containing
ground cottonseed with supplemental vitamin E.
Samples of concentrate feedstuffs and corn silage were

collected every 14 days. Analyses of dry matter (DM), CP and
ether extract (EE) were conducted at the Animal Research
Laboratory of the Animal Science Department of UFLA,
according to AOAC (Helrich, 1990). The NDF was analyzed
according to Van Soest et al. (1991). Non-fiber carbohydrates
(NFC) and metabolizable energy were calculated using
equations proposed by NRC (2001).
The animals were slaughtered at an average weight of

456 ± 15.1 kg (P> 0.05) by captive bolt and exsanguination,
followed by hide removal and evisceration, without electrical
stimulus. The carcasses were identified, washed and divided
into halves, which were individually weighed and then
refrigerated at 1°C for 24 h. A portable pH meter (Testo-205;
Testo, Campinas, Brazil) was used to measure the pH from
the longissimus dorsi (LD) of the half-carcasses between
the 11th and 12th ribs, immediately after slaughter and again
24 h later.

Table 1 Composition of the experimental diets: soybean (SB), soybean+
vitamin E (SBE), cottonseed (CS) and cottonseed+ vitamin E (CSE)

Diets

SB SBE CS CSE

Ingredients (DM%)
Corn silage 40.0 40.0 40.0 40.0
Ground corn 38.2 38.2 31.2 31.2
Ground SB 20.0 20.0 – –

Ground CS – – 24.0 24.0
Soybean meal – – 3.00 3.00
Mineral premix1 1.80 1.80 1.80 1.80
Supplemental vitamin E (IU/day) – 2500 – 2500

Nutrients2 (DM%)
DM3 66.1 66.1 66.2 66.2
CP 12.9 12.9 12.7 12.7
Ether extract 6.48 6.48 6.56 6.56
NDF 27.0 27.0 36.0 36.0
Non-fiber carbohydrates 46.0 46.0 40.0 40.0
ME4 (Mcal/kg) 2.96 2.96 2.79 2.79
Vitamin E (IU/feed per head) 573 3073 530 3030

DM = dry matter.
1Guaranteed content per kilogram of product is as follows: Ca, 170 g; Co, 15 mg;
Cu, 396 mg; P, 31 g; I, 29 mg; Mg, 15 g; Mn, 515 mg; Se, 5.4 mg; Na, 155 g; Zn,
2000 mg.
2Nutritional compositions obtained from laboratory analysis.
3As-fed.
4Metabolizable energy: calculated according to the NRC (2001).
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Tissue collection and meat analysis
At 24 h postmortem, six samples of the LD muscle from each
animal, ~200 g, and 2.54 cm thick, were collected from the
left half-carcass from the muscle section at the 13th rib in the
direction of the head, for chemical composition, fatty acid
profile and physical–chemical analysis. Samples for chemical
composition and physical–chemical analysis were stored at
− 20°C, and samples for fatty acid, carotene, lutein, toco-
pherol and retinol analysis were stored at − 80°C. For
determination of the chemical composition, one meat sample
was homogenized in a multiprocessor to obtain a homo-
geneous mass. CP was quantified by the Kjeldahl method, EE
was determined by the Soxhlet method, moisture content
was measured by mass loss in a 105°C oven for 24 h and ash
was quantified after 550°C for 4 h.

Fatty acid extraction and gas chromatography analysis
Lipids were extracted from one meat sample after dissected
muscle and subcutaneous fat from LD following the method
described by Hara and Radin (1978) and were methylated
according to the procedure described by Christie (1982).
The transmethylated samples were analyzed using a gas
chromatograph (model Focus GC-Finnigan; Thermo Finnigan,
San Jose, CA, USA) with a flame-ionization detector and the
following capillary column dimensions: 100 m× 0.25 mm×
0.20 µm (CP-Sil 88; Varian, Palo Alto, CA, USA). Hydrogen
was used as the carrier gas at a flow rate of 1.8 ml/min. The
initial temperature of the oven was 70°C, maintained for
4 min. It was then increased by 13°C/min to 175°C, where it
was maintained for 27 min. The temperature was then
increased by 4°C/min to 215°C, where it was maintained for
9 min, followed by another increase of 7°C/min to 230°C,
where it was maintained for 5 min. The total duration of the
process was 65 min. The temperature of the injector was
250°C, and the temperature of the detector was 300°C.
Main fatty acids were identified by comparison of the

retention times of methyl esters in the samples with stan-
dards of fatty acids from butter. Fatty acids were quantified
by normalizing the areas of methyl esters. Fatty acid results
were expressed as percentage of the area (%) obtained using
Chromquest 4.1 software (Thermo Electron, Milan, Italy).
The Δ9 desaturase and elongase enzymatic activities were
determined as described by Malau-Aduli et al. (1997), using
mathematical indices. The atherogenicity index was calcu-
lated according to Ulbricht and Southgate (1991) as an
indicator for risk of cardiovascular disease. Calculations were
performed as follows:

Δ9�desaturase C16 activity ¼ 100½ðC16 :1 cis-9Þ=
C16 :1 cis-9 + C16 :0Þ�ð

Δ9�desaturase C18 activity ¼
100½ðC18 :1 cis-9Þ=ðC18 :1 cis-9 + C18 :0Þ�

Elongase activity ¼ 100½ðC18 :0 + C18 :1 cis-9Þ=
ðC16 :0 + C16 :1 cis-9 + C18 :0 + C18 :1 cis-9Þ

Atherogenicity index ¼½C12 :0 + 4ðC14 :0Þ
+ C16 :0=ΣUFA

Vitamins analysis
Vitamins were extracted from lyophilized samples of LD
muscle, after trimming the subcutaneous fat. A portion of
the sample used for fatty acid analysis was used. Meat
samples were rehydrated with phosphate buffer (0.05 M;
pH 7.7) and 3 ml aliquots were treated with saturated
ethanolic KOH for a saponification step and then extracted
twice with n-hexane. The organic phase was evaporated
under nitrogen flow, dissolved in absolute ethanol (J.T.
Baker, Xalostoc, Mexico, HPLC grade) and filtered through a
0.45 μm pore nylon membrane before injection. All samples
were analyzed by reverse phase HPLC.
The HPLC system (Thermo Separation Products Inc., San Jose,

CA, USA) was equipped with a quaternary pump (model P4000,
Thermo Fisher Scientific, Waltham, MA, USA) with a membrane
vacuum degasser and an auto sampler (AS4000, Thermo Fisher
Scientific) with a 100 μl loop injector and connected to an All-
tima C18 column (250× 4.6 mm; Alltech, Deerfield, IL, USA),
5 μm particle size. The diode array detector (UV600LP Spec-
trasystem, Thermo Fisher Scientific) was used with two simul-
taneous channels set at 325 and 445 nm for retinol and
carotenoids detection, respectively. The fluorescence detector
was set at 293 to 330 nm for excitation and emission, respec-
tively, and was used for tocopherols determination. The mobile
phase consisted in an isocratic mixture of ethanol in methanol
(60 : 40) at 1 ml/min. Recovery of retinol, carotenoids and
tocopherols was 98%, 97% and 99%, respectively. Calibration
curves were performed with all-trans-retinol, lutein, β-carotene
γ- and α-tocopherol standards (Sigma-Aldrich Corporation,
St. Louis, MO, USA) freshly prepared in absolute ethanol
(adapted from Insani et al., 2008). The chromatographic
system permitted, in meat extracts, the detection and
quantification of α and γ tocopherol by fluorescence, lutein
and β-carotene (as major carotenoid forms in LD samples) at
445 nm and retinol at 325 nm, in a simultaneous run.

Meat color
To determine the meat color using the L*, a* and b* stan-
dard CIE reference system, four non-frozen meat samples
were used from the LD. The color was measured using the
Minolta CR-400 colourimeter (Konica Minolta, Osaka, Japan)
at four aging times (0, 7, 14 and 21 days) at 2ºC, in anaerobic
and darkness conditions. Each sample was sealed using a
Selovac CV8 (São Paulo, Brazil) gas/vacuum packaging
machine with − 700 mm Hg. Altogether, six scans were
performed per slice, and the average of the measurements
was used for statistical analysis. Color components (L*, a*
and b*) were measured after removing the packaging and
exposing the sample to air for 30 min (Abularach et al.,
1998), allowing for myoglobin oxygenation (blooming). The
color was measured on the surface of the steak using the
illuminant D65 (Konica Minolta, Osaka, Japan) and at a
standard observation angle of 10º. Calibration to a standard
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white was used, where L* is an index associated with light-
ness (0 = black, 100 = white), a* is an index that varies
from green (− ) to red (+ ) and b* is an index that varies
from blue (− ) to yellow (+ ) (Houben et al., 2000). Mea-
surements of the chroma index (C*) were conducted
according to MacDougal (1994) by applying the following
formula equation: C* = ((a*)2+ (b*)2)0.5

Thiobarbituric acid-reactive substances (TBARS)
To analyze lipid stability, the content of TBARS was deter-
mined using the acid precipitation technique described by
Tarladgis et al. (1960), with minor modifications. We used
50 g of LD from each of the three aging times: 0, 21 and
42 days at 2ºC (after meat color reading). A 10-g sample was
ground in a multiprocessor and 0.2 ml of antioxidant BHT
(0.03%) was added along with 50 ml of distilled water. After
additional homogenization for 1 min, the samples were
transferred to 250 ml flasks containing pieces of porcelain,
and 50 ml of 4 M HCl was added. Subsequently, the samples
were distilled in a heating mantle apparatus at 100°C, until
50 ml of distillate was collected. The distillate was trans-
ferred to test tubes in 5 ml aliquots and 5 ml of 0.02 mol/l
thiobarbituric acid was added to each tube. The test tubes
remained in a boiling water bath for 35 min and were then
quenched under running water. Finally, a spectrophoto-
meter was used to access the absorbance at 530 nm. The
TBARS value, expressed in mg of malonaldehyde per kg of
meat, was obtained by multiplying the absorbance by 7.8
(Tarladgis et al.,1960).

Statistical analysis
The muscle chemical composition, fatty acid profile and
enzyme activity indices were analyzed using the GLM pro-
cedure of the SAS 9.1 statistical software (SAS Inst. Inc.,
Cary, NC, USA), considering a completely randomized design
using a factorial arrangement of 2×2, with the effects of
oilseeds, vitamin E supplementation and their interaction.
When the overall F-value was significant at 5% probability, a
Tukey’s test was applied to compare the means. Color and
lipid oxidation were analyzed using the MIXED procedure of
SAS 9.1, as suggested by Littell et al. (1998). The model
included lipid source, vitamin E and days, along with their

interaction, as fixed effects. Analysis was conducted using
days as a repeated measure in time.

Results and discussion

Performance and chemical composition of meat
No effect of lipid sources or vitamin E supplementation was
verified (P > 0.05) on final BW and average daily weight gain
of animals (Table 2). This result was expected because the
diets had similar nutritional value. Neither the lipid source
nor vitamin E supplementation, nor the interaction between
them, affected the initial and final pH of the carcass (Table 3).
As the diets used in this experiment exhibited similar NFC
levels and because the daily DM intake was similar between
animals fed different diets, it can be inferred that the muscle
glycogen level was similar at slaughter, which resulted
in appropriate final pH. Like carcass pH, the oilseeds and
vitamin E did not affect the chemical composition of the LD
muscle, which can be explained by the similar weight gain
and slaughter weight. The main factors that influence the
chemical composition are: sex (Arthaud et al., 1977), aging
(Dikeman et al., 2013), breed (De Smet et al., 2004), growth
rate (Chambaz et al., 2003) and energy intake (Arthaud
et al., 1977), and most of them were similar in this study.

Fatty acid profile
For a better understanding of the effect of diet on the
qualitative characteristics of meat, we determined the fatty
acid profile of the roughage and oilseeds utilized (Table 4).
Soybean has greater concentration of oleic and linoleic acids
compared with cottonseed. On the other hand, cottonseed
has greater myristic, palmitic, stearic and total saturated
fatty acids (SFA) contents.
Supplemental vitamin E and its interaction with lipid

sources had no effect (P > 0.11) on fatty acid concentration
in the LD muscle or in subcutaneous fat (Table 5). In contrast,
Juarez et al. (2011), evaluating the effect of flaxseed and
vitamin E on beef steers, found greater α-linolenic acid
contents when the vitamin was supplemented. The authors
suggested that vitamin E acting as an electron acceptor in
the rumen, which could mitigate biohydrogenation of n-3
fatty acids. The mode of action of vitamin E has not been

Table 2 Effects of oilseeds and vitamin E supplementation on initial and final BW and average daily gain of young bulls

Diets P value

SB SBE CS CSE s.e.m. L V L× V

Initial weight (kg) 343 343 327 340 16 0.85 0.73 0.86
Final weight (kg) 457 461 450 455 15 0.96 0.75 0.94
Feed intake1 (kg) 10.6 10.4 10.5 10.3 – – – –

Average daily gain (kg) 1.39 1.42 1.50 1.40 0.07 0.68 0.36 0.88

SB = soybean; SBE = soybean+ vitamin E; CS = cottonseed; CSE = cottonseed+ vitamin E; L = effect of the lipid source; V = effect of vitamin E supplement;
L× V = interaction between lipid source and vitamin E.
1Data were not statistically analyzed because the animals were housed in group, for each treatment.
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clarified yet. Martin and Jenkins (2002) and Pottier et al.
(2006) suggested that vitamin E have inhibitory and
stimulatory effects on the growth and function of bacteria
that produce C18:1 t-10 and t-11, respectively.
Subcutaneous fat from animals fed ground cottonseed had

greater lauric and palmitic acid contents, which can be
explained, for the last one, by the high concentration of pal-
mitic acid in this oilseed. According to Grundy et al. (1988),
there is evidence that the intake of lauric, myristic and palmitic
acid may increase blood cholesterol levels in human beings,
predominantly by increasing low-density lipoprotein (LDL)
concentrations. According to Woollett et al. (1992), these fatty
acids are considered hypercholesterolemic because they inter-
fere with the normal function of hepatic LDL receptors. Nicolosi
(1997) and Dorfman and Lichtenstein (2006) reported that LDL
receptors activity is decreased by a reduction in the mRNA
abundance. Besides, the decrease in hepatic LDL receptor
activity with saturated fat feeding is associated with decreased
hepatic sterol acyltransferase activity and, therefore, a reduced
inert pool of cholesteryl ester (Nicolosi, 1997).

The stearic acid content was greater in the subcutaneous
fat and there was a tendency (P = 0.07) of increase in
muscle from animals fed ground cottonseed, compared with
the muscle of animals fed soybean. However, this SFA does
not pose a risk to human health because stearic acid
consumption is not associated with the increase in blood
cholesterol levels (Mensink et al., 2003). Once consumed, in
human body, stearic acid might be metabolized into oleic
acid by the Δ9-desaturase enzyme. Animals fed ground
cottonseed had reduced oleic acid contents in both muscle
and subcutaneous fat. This effect is undesirable because oleic
acid intake contributes to increase plasma high-density
lipoprotein (HDL) and decrease LDL and triglyceride con-
centrations in human blood (Gilmore et al., 2011). Costa
et al. (2013) observed a similar result for oleic acid con-
centration in meat as a function of different cottonseed levels
in the diet (0%, 14%, 27% and 34%). In addition, greater
NDF content in the cottonseed diets may have contributed to
increase retention time of digesta in the rumen, where UFA
were exposed to ruminal biohydrogenation for a longer time.

Table 3 Effects of oilseeds and vitamin E supplementation on initial and final pH of the carcass and chemical composition of the longissimus dorsi of
young bulls

Diets P value

SB SBE CS CSE s.e.m. L V L× V

pH
Initial 7.11 7.09 7.07 7.05 0.08 0.66 0.70 0.85
Final 5.83 5.88 5.80 5.86 0.15 0.54 0.61 0.64

L. dorsi composition (%)
Moisture 75.1 76.0 76.1 75.2 0.3 0.60 0.72 0.71
Ash 1.13 1.18 1.14 1.13 0.01 0.63 0.70 0.77
Protein 20.1 20.5 20.3 20.7 0.9 0.59 0.77 0.73
Ether extract 2.14 2.09 2.17 2.11 0.25 0.30 0.60 0.64

SB = soybean; SBE = soybean+ vitamin E; CS = cottonseed; CSE = cottonseed+ vitamin E; L = effect of the lipid source; V = effect of vitamin E supplement;
L× V = interaction between lipid source and vitamin E.

Table 4 Dry matter (DM), fat content and concentrations of main fatty acids from silage and lipid sources used in the diets

Diet ingredients

Maize silage Soybean Cottonseed

DM (% as-fed) 33.5 89.9 90.1
Fat content (% DM) 2.5 21.2 20.5
Fatty acids (% of total fatty acids)
Myristic C14:0 1.4 0.2 1.4
Palmitic C16:0 21.8 12.0 30.0
Stearic C18:0 12.9 4.2 4.9
Oleic C18:1 c9 24.3 22.0 15.0
Linoleic C18:2 c9-c12 31.1 49.6 45.0
Linolenic C18:3 n3 4.3 5.1 0.7
ΣSFA 37.5 19.4 37.3
ΣUFA 62.5 80.6 62.7
ΣMUFA 26.1 23.3 16.1
ΣPUFA 36.4 57.3 46.6

SFA = saturated fatty acids; UFA = unsaturated fatty acids; MUFA = monounsaturated fatty acids; PUFA = polyunsaturated fatty acids.
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Table 5 Effects of oilseeds and vitamin E supplementation on percentage of main fatty acids in muscle and subcutaneous fat of longissimus dorsi from young bulls

Diets P value Diets P value

SB SBE CS CSE s.e.m. L V L× V SB SBE CS CSE s.e.m. L V L× V

Muscle Subcutaneous fat

Total fatty acids (% fresh matter) 1.67 1.64 1.73 1.63 0.11 0.40 0.71 0.53 71.2 70.1 73.7 72.9 0.7 0.33 0.81 0.65
Fatty acids (% of total fatty acids)
Lauric C12:0 0.15 0.09 0.11 0.11 0.03 0.63 0.30 0.38 0.07 0.07 0.08 0.08 0.01 0.03 0.75 0.80
Myristic C14:0 2.32 2.21 2.03 2.27 0.15 0.43 0.68 0.25 3.02 2.92 3.13 3.29 0.15 0.12 0.86 0.40
Myristoleic C14:1 c-9 0.51 0.46 0.42 0.38 0.51 0.07 0.33 0.84 0.92 1.15 0.83 0.87 0.08 0.02 0.12 0.27
Pentadecanoic C15:0 0.25 0.26 0.26 0.30 0.02 0.34 0.39 0.57 0.38 0.36 0.43 0.42 0.02 0.06 0.53 0.83
Palmitic C16:0 22.5 22.1 23.1 23.4 0.6 0.11 0.99 0.57 24.5 23.9 26.4 26.4 0.6 0.01 0.59 0.62
Palmitoleic C16:1 c-9 2.45 2.16 1.96 1.81 0.19 0.02 0.22 0.69 3.71 4.12 3.27 3.46 0.26 0.04 0.25 0.66
Margaric C17:0 0.74 0.72 0.71 0.71 0.05 0.64 0.84 0.82 0.81 0.74 0.81 0.79 0.03 0.45 0.13 0.39
Heptadecenoic C17:1 0.53 0.47 0.38 0.31 0.04 0.01 0.13 0.86 0.76 0.78 0.57 0.57 0.03 0.01 0.64 0.73
Stearic C18:0 17.3 17.8 18.5 19.5 0.8 0.07 0.32 0.78 14.9 14.2 18.3 17.2 0.9 0.01 0.29 0.78
Oleic C18:1 c9 34.9 32.0 28.7 27.4 1.4 0.01 0.11 0.58 40.1 41.1 35.3 36.0 1.2 0.01 0.46 0.92
CLA C18:2 c9-t-11 0.43 0.43 0.33 0.36 0.03 0.01 0.66 0.66 0.64 0.68 0.52 0.51 0.04 0.01 0.75 0.57
Linoleic C18:2 c9-c12 9.36 11.8 13.8 13.6 1.4 0.03 0.42 0.33 3.60 3.11 3.06 3.13 0.24 0.30 0.40 0.26
Octadecenoic C18:1 t-10-t-11-t-12 0.59 0.61 0.92 0.90 0.13 0.01 0.97 0.87 0.77 0.81 1.69 1.62 0.26 0.01 0.94 0.81
α-Linolenic C18:3 n3 0.54 0.57 0.31 0.27 0.04 0.01 0.80 0.34 0.40 0.31 0.11 0.12 0.02 0.04 0.93 0.13
Arachidonic C20:4 n6 1.68 2.22 2.36 2.22 0.36 0.32 0.56 0.33 0.08 0.08 0.09 0.08 0.01 0.12 0.78 0.78
EPA C20:5 n3 0.38 0.42 0.40 0.44 0.08 0.40 0.65 0.51 0.005 0.002 0.004 0.005 0.002 0.17 0.31 0.39
DPA C22:5 n6 0.72 0.84 0.88 1.00 0.17 0.13 0.49 0.65 0.011 0.013 0.015 0.017 0.005 0.32 0.42 0.59
DHA C22:6 n3 0.13 0.13 0.16 0.15 0.04 0.24 0.71 0.43 –

1
– – –

ΣSaturated 43.5 43.9 45.0 46.6 1.0 0.03 0.44 0.46 43.8 42.3 49.1 48.1 1.1 0.01 0.27 0.84
ΣUnsaturated 54.9 54.9 53.5 51.8 1.2 0.03 0.35 0.37 54.7 55.5 48.6 49.7 1.2 0.01 0.32 0.92
ΣUFA/ΣSFA 1.27 1.27 1.19 1.11 0.06 0.04 0.45 0.46 1.24 1.33 0.98 1.03 0.06 0.04 0.98 0.31
ΣMonounsaturated 41.7 38.3 35.0 33.6 1.4 0.01 0.12 0.53 49.4 51.3 44.9 45.8 1.2 0.01 0.24 0.69
ΣPolyunsaturated 13.3 16.6 18.8 17.9 2.0 0.12 0.48 0.31 4.81 4.23 3.80 3.92 0.25 0.05 0.32 0.18
Σn-3 1.06 1.12 0.87 0.86 0.14 0.11 0.97 0.34 0.40 0.32 0.11 0.12 0.02 0.01 0.93 0.03
Σn-6 11.7 14.9 17.1 16.7 1.9 0.05 0.45 0.31 3.57 3.14 3.09 3.16 0.25 0.36 0.48 0.32
ω-6/ω-3 11.1 13.3 19.6 19.4 1.1 0.01 0.13 0.54 8.93 11.1 28.3 26.4 2.0 0.01 0.95 0.33

SB = soybean; SBE = soybean+ vitamin E; CS = cottonseed; CSE = cottonseed+ vitamin E; L = effect of the lipid source; V = effect of vitamin E supplement; L× V = interaction between lipid source and vitamin E;
SFA = saturated fatty acids; UFA = unsaturated fatty acids.
n-3 fatty acids: α-linolenic acid, EPA, DHA. n-6 fatty acids: arachidonic acid, DPA, linoleic acid.
1Trace.
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The linolenic acid contents decreased in muscle and sub-
cutaneous fat from animals fed ground cottonseed compared
with soybeans, which is explained by its reduced concentration
in this feed (Table 4). On the other hand, the linoleic acid
content was slightly greater in the muscle of animals fed
ground cottonseed. This was not expected, owing to its greater
content in soybean and the greater fiber content in these diets.
Muscle and subcutaneous fat from animals fed ground cot-
tonseed had greater octadecenoic acid concentrations (C18:1
t-10-11-12). These isomers are largely comprised of vaccenic
acid (C18:1 t-11) (Aldai et al., 2012; He et al., 2012), and this
fatty acid is the main substrate available for synthesis of CLA
(C18:2 c-9, t-11) in adipose tissue and muscle. Despite the
greater vaccenic acid content in the tissues, the CLA con-
centration was lower in animals fed ground cottonseed. The
presence of sterculic acid in cottonseed (Vickery, 1980; Gun-
stone and Harwood, 2007; Yu et al., 2011); and it negative
effect on Δ9-desaturase activity (Ladeira et al., 2012; Ortinau
et al., 2013) can explain this result as well.
Addition of cottonseed increased the SFA content in

muscle and subcutaneous fat (Table 5), which can be
explained by the fact that soybean contains ~20% more UFA
than cottonseed. In addition, as mentioned, the presence of
Δ9-desaturase enzyme inhibitors in cottonseed reduces the
conversion of stearic acid to oleic acid, which also con-
tributes to decreased UFA content in beef. The PUFA con-
centration in muscle was unaffected by the diets; however, it
decreased in subcutaneous fat from animals fed ground
cottonseed.
There was no effect of diet on concentrations of EPA, DPA

and DHA (P > 0.13) in the muscle and subcutaneous fat.
However, the n-3 fatty acid content significantly decreased in
subcutaneous fat from animals fed ground cottonseed owing
to the low α-linolenic acid content in this feed. n-3 fatty
acids have important biological functions in human body

because they positively affect health by altering membrane
protein functions, cell signaling and gene expression profiles
(Surette, 2013), as well as its anti-inflammatory properties
(Ferrucci et al., 2006). Other metabolic effects of α-linolenic
acid were described, such as improved blood pressure
(Djousse et al., 2005) and reduced plasma triglycerides
concentration (Djousse et al., 2003; Vrablik et al., 2009) as
well as reduced LDL cholesterol and apolipoprotein B con-
centrations (Goyens and Mensink, 2005). These changes are
recognized to have health benefits in humans, especially
relating to cardiovascular outcomes. As only 5% of α-linolenic
acids in the human body are converted into n-3 fatty acids,
dietary sources of these fatty acids are of great importance
(Plourde et al., 2008). Moreover, animals fed ground cotton-
seed exhibited greater n-6 fatty acid concentrations in muscle,
and n-6/n-3 ratio in both tissues, compared with those fed
ground soybean. The relationship between these fatty acids is
important because high intake of n-6 fatty acids can inhibit
conversion of α-linolenic to EPA (Liou et al., 2007). Oliveira
et al. (2011) also observed a greater n-6/n-3 ratio in the
muscle and subcutaneous fat from animals fed cottonseed
diets compared with animals fed soybean or linseed diets.
Animals fed ground cottonseed diets exhibited low index

activity of Δ9-desaturase C16 and C18 (Table 6), and this
result is another indication of the sterculic acid action. The
potential of sterculic acid to inhibit Δ9-desaturase activity is
well established in the literature (Smith et al., 1996; Yang et al.,
1999) and, according to Gomez et al. (2003), it directly inhibits
Δ9-desaturase activity, possibly by a turnover-dependent
reaction, without affecting the processes required for adi-
pocyte differentiation, Δ9-desaturase gene expression or
Δ9-desaturase protein translation. Furthermore, the sub-
cutaneous fat from these animals had greater atherogenicity
index. It happened because the muscle and subcutaneous fat
of animals fed ground cottonseed had lower concentration

Table 6 Effects of oilseeds and vitamin E supplementation on atherogenicity index and indices of enzymes involved in fatty acid metabolism in muscle
and subcutaneous fat of longissimus dorsi from young bulls

Diets P value

SB SBE CS CSE s.e.m. L V L× V

Muscle indices
Δ9-desaturase C161 9.70 8.80 7.70 7.10 0.63 0.01 0.19 0.75
Δ9-desaturase C182 66.8 64.0 60.6 58.5 1.8 0.01 0.15 0.83
Elongase3 67.7 67.2 65.3 65.0 0.8 0.01 0.61 0.94
Atherogenicity4 0.58 0.57 0.62 0.64 0.03 0.25 0.56 0.32

Subcutaneous fat indices
Δ9-desaturase C16 13.2 14.7 11.0 11.6 0.1 0.01 0.19 0.57
Δ9-desaturase C18 72.9 74.3 65.5 67.7 1.7 0.01 0.29 0.82
Elongase 66.1 66.3 64.5 64.1 0.1 0.03 0.90 0.72
Atherogenicitya 0.75 0.69 0.81 0.81 0.04 0.01 0.67 0.65

SB = soybean; SBE = soybean+ vitamin E; CS = cottonseed; CSE = cottonseed+ vitamin E; L = effect of the lipid source; V = effect of vitamin E supplement;
L× V = interaction between lipid source and vitamin E.
1Δ9-desaturase C16:100 [(C16:1 cis-9)/(C16:1 cis-9+ C16:0)].
2Δ9-desaturase C18:100 [(C18:1 cis-9)/(C18:1 cis-9+ C18:0)].
3Elongase: 100 [(C18:0+ C18:1 cis-9)/(C16:0+ C16:1 cis-9+ C18:0+ C18:1 cis-9)].
4Atherogenicity: [C12:0+ 4(14:0)+ C16:0]/∑UFA).
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of fatty acids considered important for the health of beef
consumers. Cottonseed is a feed used in large scale in Brazil
feedlots, but our results suggest that its use in diets may
need to be limited. Gilmore et al. (2011) found that the
consumption by men of meat with high monounsaturated
fatty acid (MUFA) content increased HDL-cholesterol in the
blood, compared with the consumption of meat with low
MUFA. In that study, oleic acid content was about 30%
greater in meat with high MUFA. In the present study, meat
of animals fed soybean had about 20% more oleic acid than
meat of animals fed cottonseed.

TBARS, vitamin E and meat color
The TBARS concentration was affected by the days of age
(P< 0.01) and its interaction with lipid source (P< 0.05;
Figure 1). At 42 days of age, greater lipid peroxidation
occurred in meat from animals fed ground soybean, which
could be owing to the greater concentrations of UFA in meat
from those animals. On the other hand, supplementation
with antioxidants, such as vitamin E, can reduce the oxida-
tion in the muscle. However, in this experiment, vitamin E

supplementation had no effect on lipid stability in beef
(P = 0.70). This result can be explained because supple-
mentation of diets with synthetic vitamin E had no significant
effect on the incorporation of tocopherols into the muscle
(Table 7). Besides, it is possible that the amount of vitamin E
in the feed was less than intended because they were cal-
culated and not measured in the ingredients of the diets.
According to Eikelenboom (2000), the absence of an effect of
vitamin E supplementation on the tocopherol concentration
in the meat may be owing to the intake of forage with good
nutritional value during the period prior the feedlot, because
forage can saturate muscles with α-tocopherol. Furthermore,
according to Arnold (1993), α-tocopherol depletion is slow in
the muscle and, therefore, meat from animals slaughtered
after feedlot could have high levels of α-tocopherol and other
antioxidants obtained from pasture. Similarly, Descalzo et al.
(2005) evaluated the effect of the feeding system (pasture or
feedlot) and supplemental vitamin E (500 IU/animal per day
for 140 days) and found that vitamin supplementation had
no effect on TBARS values and only the feeding system
affected TBARS. However, Gatellier et al. (2001), evaluating
the effect of vitamin E (1000 mg/animal per day for 111 days)
on lipid stability in beef, found decreased TBARS values
owing to vitamin E supplementation.
Tocopherol values were greater in meat samples of the

animals fed cottonseed than soybean. Therefore, our results
suggest that different dietary sources of tocopherols can
change its concentration of both, α and γ isomers into LD
tissue. The effect of this incorporation could help to explain
the oxidative stability of cottonseed meat samples. Besides,
it was possible that, in the conditions of the present study,
the basal levels of vitamin E in the diets, without vitamin
supplementation, were sufficient for its incorporation in LD
muscles of the animals. According to Faustman et al. (1989),
muscle tocopherol concentrations >3 µg/g of tissue did not
appear to yield any added benefit for reducing lipid oxidation
rates in ground sirloin from Holstein steers. The total toco-
pherol concentration in the muscle of animals fed soybean
was 3.09 µg/g of tissue in the present study. In another
study with vitamin E, O’Grady et al. (2001) used 300 IU of
α-tocopheryl acetate/kg feed, and found a concentration of
1.35 µg/g of tissue in the muscle of supplemented animals,
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Figure 1 Malonaldehyde concentration (mg/kg) in longissimus dorsi
from young bulls fed soybean and cottonseed, aging under refrigeration
(2°C) in anaerobic conditions. Lowercase letters on the same day of
aging differ statistically at a probability of 5% by the Tukey’s test.

Table 7 Effects of oilseeds and vitamin E supplementation on carotene, lutein, tocopherol and retinol levels (μ/g fresh meat) in longissimus dorsi from
young bulls

Diets P value

SB SBE CS CSE s.e.m. L V L× V

β-carotene 0.034 0.029 0.027 0.024 0.030 0.18 0.55 0.75
Lutein 0.012 0.010 0.014 0.007 0.002 0.71 0.30 0.28
γ-tocopherol 0.832 0.624 1.119 1.713 0.305 0.04 0.45 0.16
α-tocopherol 2.514 2.210 2.925 3.244 0.391 0.09 0.91 0.38
Retinol 0.047 0.039 0.045 0.057 0.013 0.52 0.96 0.51

SB = soybean; SBE = soybean+ vitamin E; CS = cottonseed; CSE = cottonseed+ vitamin E; L = effect of the lipid source; V = effect of vitamin E supplement;
L× V = interaction between lipid source and vitamin E.
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and 0.37 µg/g in non-supplemented animals, values much
lowers than our study. Furthermore, some studies indicate
that pre-intestinal vitamin E losses may be as high as 42% in
sheep (Alderson et al., 1971) and up to 52% in cattle (Shin
and Owens, 1990). There appears to be little evidence
that vitamin E is absorbed across the rumen epithelium
(Alderson et al., 1971; Hidiroglou and Jenkins, 1974) and
rumen microorganisms are implicated as the main cause of
vitamin E loss (Chikunya et al., 2004).
There are eight different analogues (α-β-γ and δ-tocopherols

and tocotrienols) designated as vitamin E, and α- (most
abundant in animal tissues) and γ- (most abundant in plants)
tocopherols has been mostly studied (Van Acker et al., 1993;
Jiang et al., 2001). Although they show similar antioxidant
activity, their incorporation into tissues and even their bio-
logical activity are different. In addition, synthetics forms of
vitamin E (rac α-tocopherol esters) have lower activity (at
least 30%) than the natural form, which help to explain the
lack of effect of vitamin E supplementation on TBARS.
Levels of carotenoids were low, probably owing to the lack

of these compounds in soybean and cottonseed (Table 7).
Indeed, β-carotene and lutein are preferentially associated

with fresh forage feeding (Descalzo et al., 2005; Dunne et al.,
2009). Retinol content in meat was also low and showed no
differences between feeding treatments.
Color data (Figure 2) were analyzed after 30 min of

blooming of the vacuum stored meat. It was considered
the effects of interaction between lipid sources and aging,
because vitamin E supplementation did not affect meat color
(P> 0.10). Lightness index and red intensity of meat
increased as a function of aging, which can be explained by
differences in the oxygen consumption rate (OCR) during the
blooming. Residual mitochondrial respiration in postmortem
muscle is related to the depth of oxygen penetration into
exposed muscle surface (McKenna et al., 2005). As meat,
muscle continues to respire after slaughter, so molecular
oxygen continues to be reduced by NADH at the end of the
mitochondrial electron transport chain. This respiratory sys-
tem competes with myoglobin for the oxygen that diffuses
into the meat from the atmosphere (Lanari and Cassens,
1991). The net result of the oxygen diffusion and consump-
tion is a steeply decreasing gradient of oxygen concentration
from the air to the interior of the meat cut, and oxymyoglobin
is formed at shallow depths (MacDougall and Taylor, 1975).
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Figure 2 Lightness index (L*), redness index (a*) and yellowness index (b*) of the longissimus dorsi at 0, 7, 14 and 21 days of age from young bulls fed
soybean and cottonseed. Lowercase letters on the same day of aging differ statistically at a probability of 5% by the Tukey’s test.
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However, oxygen consumption decreases with time post-
mortem (Lanari and Cassens, 1991; McKenna et al., 2005;
King et al., 2011). Thus, the balance between metabolic
oxygen consumption and oxygen binding by myoglobin
changes with time, and the oxymyoglobin layer therefore
becomes thicker. King et al. (2011) observed that the
increase in OCR measured on beefs on day 6 of display was
associated with less redness (lower a* value and greater hue
angle) and less color intensity (lower chroma values) com-
pared with day 0 of display.
At 14 and 21 days of age, the observed a* values were less

in the meat from animals fed ground soybean diets, which
may be owing to the chemical state of heme pigments. As
the fatty acid profile in the meat from animals fed ground
soybean had greater UFA and lower tocopherols content, it
was more susceptible to lipid oxidation, as indicated by the
TBARS results. Therefore, that lipid oxidation can accelerate
myoglobin oxidation (Zakrys et al., 2008). At 21 days of
age, greater yellow intensity was observed in the meat from
animals fed cottonseed, compared with those fed soybean.
The chroma index (C*) indicates color purity and was similar
to a* values. At 14 days of maturation, meat from animals
fed cottonseed diets had a higher C* value, indicating
greater color intensity in the meat compared with those of
animals fed soybean.

Conclusions

The addition of ground cottonseed in the finishing diets
increased the saturated fatty acid content of the LD, compared
with ground soybean. However, animals fed cottonseed
exhibited greater lightness and redness of beef. In this study,
the addition of vitamin E did not increase the concentration of
tocopherol and affect qualitative characteristics of meat.
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