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Abstract The intramuscular fat composition of ruminant

meats influences the quality of the final product, which

explains the increasing interest in assessing the fatty acid

profile of meat from different production systems. In this

study, it was hypothesized that there are breed- and diet-

induced variations on lipid metabolism in the muscle,

which may be, at least partially, modulated by the stearoyl-

CoA desaturase (SCD) gene expression levels. Forty

purebred young bulls from two phylogenetically distant

autochthonous cattle breeds, Alentejana and Barrosã

(n = 20 for each breed), were assigned to two different

diets (low vs. high silage) and slaughtered at 18 months of

age. Meat fatty acid composition, including the detailed

conjugated linoleic acid (CLA) isomeric profile, was

determined along with the SCD mRNA levels. Meat from

Barrosã bulls fed the low silage diet was richer in mono-

unsaturated fatty acids, CLA and trans fatty acids, when

compared to that from Alentejana bulls. The meat content

in polyunsaturated fatty acids was similar across experi-

mental groups. Moderate positive correlations between the

SCD mRNA levels and the products of this enzyme activity

were found, although they were not reflected on the cal-

culated desaturase indices. Overall, these findings highlight

the importance of taking into account the genetic back-

ground while devising feeding strategies to manipulate

beef fatty acid composition.

Keywords Beef cattle � Breed � Diet � Intramuscular fat �
Fatty acid composition � Gene expression � Stearoyl-CoA

desaturase

Abbreviations

ALA Alpha linolenic acid (18:3n-3)

cDNA Complementary deoxyribonucleic acid

CLA Conjugated linoleic acid

DHA Docosahexaenoic acid (22:6n-3)

DPA Docosapentaenoic acid (22:5n-3)

EPA Eicosapentaenoic acid (20:5n-3)

FAME Fatty acid methyl ester(s)

GC Gas chromatography

HPLC High performance liquid chromatography

LL Longissimus lumborum

mRNA Messenger ribonucleic acid

PPIB Peptidylprolyl isomerase B

PUFA Polyunsaturated fatty acid(s)

RNA Ribonucleic acid

RT-qPCR Real time-quantitative polymerase chain

reaction

SCD Stearoyl-CoA desaturase

SFA Saturated fatty acid(s)

TFA trans Fatty acid(s)

Introduction

Fat content and fatty acid composition of meat-producing

animals has received considerable attention due to its

implications for meat nutritional, organoleptic and tech-

nological traits [1]. Meat from ruminants has been shown

to provide high levels of saturated (SFA) and trans fatty

acids (TFA), but low levels of polyunsaturated fatty acids
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(PUFA) [2]. Modern-day consumers are health conscious

and, therefore, concerned about fat composition, as scien-

tific evidence suggests distinct effects of fatty acids on

human health. In line with this, the current nutritional

recommendations strongly encourage a reduction in the

intake of SFA and TFA, and an increase in the intake of n-3

PUFA, in particular eicosapentaenoic acid (EPA, 20:5n-3)

and docosahexaenoic acid (DHA, 22:6n-3) [3, 4]. In

addition, a multitude of potential health benefits have been

attributed to some conjugated isomers of linoleic acid,

found in meat and milk from ruminant animals, commonly

known as conjugated linoleic acids (CLA) [5]. However,

specific physiological effects have been linked to individ-

ual CLA isomers, thus implying the determination of the

CLA isomeric profile in ruminant-derived fat. The t10,c12

isomer may play an important role in lipid metabolism,

while the c9,t11 and the t10,c12 isomers seem to be equally

effective in anticarcinogenesis [6] in animal models. These

beneficial effects in humans are controversial [7, 8].

In contrast to monogastric animals, ruminants do not

deposit tissue fatty acids in direct proportion to dietary

lipid composition due to ruminal hydrolysis of acylglyce-

rols and extensive hydrogenation (from 86 to 95 %) of the

dietary PUFA [9]. It is well documented that the intra-

muscular fat content and composition in bovines is strongly

influenced by the feeding system, age and slaughter weight

[10]. Works by Harper and Pethick [11] and Scollan et al.

[12] proposed that genetic variation in fatty acid metabo-

lism among breeds impacts on fatty acid composition. In

addition, changes in beef cattle fatty acid composition have

been reported in relation to the type and level of dietary fat

[13], energy level [14] and forage to concentrate ratios in

the finishing diet [15]. However, while feeding strategies to

modify fatty acid composition have been extensively

studied, there is still much to be unveiled regarding the

genetic factors involved [16].

It has been suggested that the lipogenic enzyme stea-

royl-CoA desaturase (SCD), which catalyzes the rate-lim-

iting step of MUFA biosynthesis, plays a key role in fat

deposition [17]. The major CLA isomer, c9,t11, is pro-

duced in the rumen during the microbial biohydrogenation

of dietary 18:2n-6 and endogenously through desaturation

of the 18:1t11 by SCD [18]. Furthermore, the SCD mRNA

in muscle was reported to increase during the late fattening

stages [19] in a breed- and diet-dependent manner [17, 20].

Dietary manipulations in order to decrease the content of

SFA and increase the levels of n-3 PUFA and CLA in

ruminant meats have been widely used. However, a

detailed determination of CLA and TFA isomers is nec-

essary, as dietary manipulations affect distinctly the profile

of these fatty acids and the individual isomers have specific

biological effects. In addition, the response to diet com-

position may depend on the genetic background.

Alentejana, a large-framed bovine breed from the South of

Portugal, and Barrosã, a small-framed bovine breed from

the Northwest of Portugal, are phylogenetically distant

[21], thus possessing distinct genetic backgrounds. There-

fore, these two autochthonous beef cattle breeds (Alentej-

ana and Barrosã) and two different diets (based on 30/70

and 70/30 % of maize silage and concentrate, respectively)

were selected to clarify the breed and diet induced varia-

tions on the fatty acid composition and SCD gene expres-

sion levels. It was, therefore, hypothesized that lipid

metabolism in muscle may be modulated by the genetic

background and diet composition, thus influencing the SCD

gene expression level in muscle and meat fatty acid com-

position. To test this hypothesis, the detailed fatty acid

composition of total lipids and their polar and neutral

fractions of meat from Alentejana and Barrosã bulls was

determined, in parallel to the assessment of muscle SCD

gene mRNA relative expression levels.

Materials and Methods

Animals and Experimental Design

All experimental procedures were performed in accordance

to the guidelines of the European Union and Portuguese

regulations for the use and care of animals in research. This

trial was conducted at the Unidade de Produção Animal,

L-INIA, INRB (Fonte Boa, Vale de Santarém, Portugal).

Forty young bulls from Alentejana and Barrosã breeds

were assigned to high or low silage diets (four experi-

mental groups of 10 animals each). Diets were composed

of 30/70 % (low silage) and 70/30 % (high silage) of maize

silage and concentrate, respectively. The detailed proxi-

mate and fatty acid composition of the experimental diets

has been described in a previous paper [22]. Briefly, crude

fat and starch were higher in the low silage diet (31.7 and

376 g/kg DM, respectively) than in the high silage diet

(28.7 and 285 g/kg DM, respectively). Conversely, the

high silage diet had higher crude fibre and NDF contents

(198 and 403 g/kg DM, respectively) when compared to

the low silage diet (150 and 321 g/kg DM, respectively).

The fatty acid composition of experimental diets is pre-

sented in Table 1.

Animals were housed in eight adjacent pens, two pens

per breed and diet. The initial age was 331 ± 32 days for

Alentejana bulls (average weight of 266 ± 10.5 kg) and

267 ± 10 days for Barrosã bulls (average weight of

213 ± 3.64 kg). The experiment lasted from January to

November 2009 and one Alentejana bull fed with the high

silage diet was removed from the study due to a limp. All

animals were slaughtered at 18 months of age, which is the

commercial slaughter age in Portugal, at the INRB
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experimental abattoir by exsanguination after stunning

with a cartridge-fired captive bolt stunner.

Muscle and Meat Sampling

For gene expression analysis, longissimus lumborum

muscle (LL) samples were collected immediately after

slaughter at the fifth lumbar vertebra level. Samples were

then rinsed with RNase-free sterile water, cut into small

slices (\0.5 cm thick) and submerged in RNAlater stabil-

ization reagent (Qiagen Inc., Valencia, CA, USA). Subse-

quently, samples were stored at -80 �C.

Carcasses were suspended from the Achilles tendon,

chilled at 10 �C for 24 h and aged for 8 days at 2 �C. The

left half carcass was subsequently separated into com-

mercial joints. The LL muscle samples (ca. 200 g) were

collected, trimmed of connective and adipose tissues before

being blended in a food processor, vacuum packed and

stored at -20 �C until lipid analysis.

Lipid Extraction and Methylation

Meat samples were lyophilized (-60 �C and 2.0 hPa) and

maintained exsiccated. Intramuscular lipids were extracted

by the method of Folch et al. [23], using dichloromethane

and methanol (2:1 vol/vol) instead of chloroform and

methanol (2:1 vol/vol), as described by Carlson [24]. The

lipid extract was separated into neutral (NL) and polar (PL)

lipids, using the solid-phase extraction procedure described

by Juaneda and Rocquelin [25] and silica gel cartridges

(LiChrolut_Si, 40–63 lm, 500 mg/ml, Standard, Merck

KGaA, Darmstadt, Germany). The NL fraction was eluted

with dichloromethane and the PL fraction with methanol.

Lipid Analysis

Preparation of FAME and Gas Chromatography Analysis

The total, NL and PL of muscle were transesterified with

sodium methoxide followed by hydrochloric acid in

methanol (1:1 vol/vol), as described by Raes and De Smet

[26]. Fatty acid methyl esters (FAME) were extracted twice

with 3 mL of n-hexane and pooled extracts were evapo-

rated under a stream of nitrogen, at 35 �C, until a final

volume of 2 mL was achieved. The resulting FAME were

then analyzed by gas chromatography (GC) using a fused-

silica capillary column (CP-Sil 88; 100 m 9 0.25 mm i.d.,

0.20 lm film thickness; Chrompack, Varian Inc., Walnut

Creek, CA, USA), equipped with a flame-ionization

detector, as described by Bessa et al. [27]. Quantification of

FAME used nonadecanoic acid (19:0) as internal standard,

which was added to the lipids prior to saponification and

methylation. It should be noted that the peaks of 18:1n-9

and c11-18:1 might include minor amounts of t12, t 13,

t14, t15, c6, c7, c8 and c10 18:1 isomers.

The same FAME solution was used for the analysis of

both the fatty acid composition and the CLA isomeric

profile, enabling the direct comparison of quantitative data

and eliminating differences in sample preparation. The

FAME standard mixtures were purchased from Nu-Chek-

Prep Inc. (Elysian, MN, USA) and Supelco Inc. (Belle-

fonte, PA, USA).

Ag?-HPLC Analysis

In order to obtain a detailed profile of conjugated isomers

of linoleic acid, CLA isomers were individually separated

by triple silver-ion columns in series (ChromSpher 5 Lip-

ids; 250 mm 9 4.6 mm i.d., 5 lm particle size; Chrom-

pack, Bridgewater, NJ, USA), using a high performance

liquid chromatography (HPLC) system (Agilent 1100

Series, Agilent Technologies Inc., Palo Alto, CA, USA)

equipped with an autosampler and a diode array detector

adjusted to 233 nm, according to the procedure reported

previously by our group [28]. The identification of indi-

vidual CLA isomers was performed by comparison of their

retention times with commercial and prepared standards, as

well as with values published in the literature. Commercial

standards of individual CLA isomers (c9,t11, t10,c12,

c9,c11 and t9,t11) as methyl esters were acquired from

Matreya Inc. (Pleasant Gap, PA, USA). Additional stan-

dards of individual (t8,c10, c11,t13) and mixtures (cis,-

trans, trans,cis and trans,trans from 7.9 to 12.14) of CLA

isomers were prepared as methyl esters, as described by

Destaillats and Angers [29].

Fatty acid composition was calculated assuming a direct

relationship between peak area and fatty acid methyl ester

weight. The amounts of CLA isomers were calculated from

their silver ion-HPLC chromatogram areas relative to the

area of the main isomer c9,t11 CLA identified by GC

(which comprises both t7,c9 and t8,c10 CLA isomers). The

cis-9,trans-11 co-eluted with isomers trans-7,cis-9 and

trans-8,cis-10 in the GC analysis. Therefore, HPLC areas

for trans-7,cis-9 ? trans-8,cis-10 ? cis-9,trans-11 were

Table 1 Fatty acid composition (mg/g dry matter) of the high (HS)

and low silage (LS) experimental diets

Fatty acid HS LS

16:0 16.1 16.5

18:0 4.05 6.33

c9-18:1 12.1 11.0

18:2n-6 35.1 28.2

20:0 5.22 2.61

18:3n-3 7.36 4.21

Total fatty acids 80.0 68.9
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added and used for calculation compared with the three

isomer peaks from the GC chromatogram for each sample.

The amounts of the other CLA isomers were calculated

from their Ag?-HPLC areas relative to the area of the main

isomer cis-9,trans-11.

Gene Expression Analysis by Real-Time Reverse

Transcription Quantitative PCR

Total RNA was extracted from LL muscle samples using

Trizol reagent (Invitrogen, Carlsbad, CA, USA) and puri-

fied with the RNeasy Mini Kit (Qiagen Inc., Valencia, CA,

USA), according to the manufacturer’s protocol. An addi-

tional step of DNase digestion was included, using the

RNase-free DNase Set (Qiagen Inc., Valencia, CA, USA).

A NanoDrop Spectrophotometer (ND-2000c, Wilmington,

DE, USA) was used to analyze RNA samples for quantity

(OD260 nm) and purity (OD260 nm/OD280 nm). The

RNA aliquots were stored at -80 �C until further analysis.

All RNA samples were reverse transcribed to cDNA

using the High Capacity cDNA Reverse Transcription Kit

(Applied Biosystems, Foster City, CA, USA), following

the manufacturer’s protocol. Each 20 ll RT reaction con-

tained 600 ng of RNA template, 50 nM random RT Primer,

19 RT buffer, 0.25 mM of each dNTPs, 3.33 U/ll multi-

scribe reverse transcriptase and 0.25 U/ll RNase inhibitor,

at temperatures of 25 �C for 10 min, 37 �C for 120 min,

and 85 �C for 5 s. cDNA aliquots were stored at -20 �C.

The RT-qPCR was performed with the StepOne PlusTM

Real-Time PCR System, using the Power SYBR� Green

master mix (both Applied Biosystems, Foster City, CA,

USA). Gene expression levels were detected for SCD, while

peptidylprolyl isomerase B (PPIB) was selected as an

endogenous control from a set of candidate housekeeping

genes. Expression stability of candidate housekeeping

genes was evaluated using geNorm and NormFinder, fol-

lowing the procedures described by Vandesompele et al.

[30] and Andersen et al. [31], respectively.

Primer sequences for SCD and PPIB were designed to

fall across exon–exon junctions with Primer 3 (version

0.4.0; Rozen and Skaletsky 2000) and Primer Express 3.0

software (Applied Biosystems, Foster City, CA, USA).

Homology alignments for the selected primers against

publicly available databases using BLASTN at the

National Center of Biotechnology Information showed that

these primers matched only the sequence to which they

were designed. Dissociation curve analysis was performed

to rule out amplification of non-specific products. The

primer pairs used for amplification of the target (SCD) and

housekeeping (PPIB) genes were as follows: SCD gene

(GenBank accession number NM_173959) forward 50-CC

ATCAACCCCCGAGAGA-30 and reverse 50-AAGGT

GTGGTGGTAGTTGTGGAA-30; PPIB gene (GenBank

accession number NM_174152) forward 50-TCCGTCTT

CTTCCTGCTGTTG-30 and reverse 50-CCAATTCGCA

GGTCAAAGTAC-30. Each PCR reaction was performed,

in duplicate, in a final volume of 12.5 ll with 1 ll forward

and reverse primers (160 nM), 6.25 ll Power SYBR Green

PCR Master Mix (29) (Applied Biosystems, Foster City,

CA, USA), 1 ll diluted cDNA (1:10) and nuclease-free

water up to volume.

Real-time PCR amplification efficiency was examined

by generating a standard curve from fivefold serial dilu-

tions of pooled cDNA. The relative expression (RE) levels

were calculated as a variation of the Livak method [32],

corrected for variation in amplification efficiency

(E = 10-1/slope), as shown in Eq. 1.

RE ¼ E
CT;endogenousð Þ

endogenous

.
E
ðCT;targetÞ
target ð1Þ

Statistical Analysis

For statistical analysis, the SAS software version 9.2 (SAS

Institute Inc., 2009) was used. All statistical analyses were

performed based on a 2 9 2 factorial arrangement of breed

(Alentejana and Barrosã purebreds), diet (HS and LS diets)

and their interaction. The variances were tested for heter-

oscedasticity and, for most variables, variance was found to

be heterogeneous. Therefore, subsequent data analysis was

performed in order to account for heterogeneous variance.

The general Satterthwaite approximation was computed in

a mixed-effects regression model (PROC MIXED; SAS

Institute Inc., 2009), with breed, diet and their interaction

as fixed effects.

Results were expressed as means ± standard error.

Differences between groups were examined for statistical

significance using the PDIFF option (Fisher’s test). Dif-

ferences were significant at P \ 0.05 and tendencies

discussed at P \ 0.10. Pearson correlation coefficients

were calculated using the CORR procedure of SAS.

Results

Intramuscular Fatty Acids

Total fatty acid concentration in the muscle PL fraction

(Table 2) did not differ among experimental groups

(P [ 0.05). In addition, total fatty acid concentration in the

muscle NL fraction (Table 3) was higher in Barrosã bulls fed

the low silage diet, intermediate in those fed the high silage

diet, and lower in Alentejana bulls fed with any of the diets

(breed 9 diet, P \ 0.001). The concentration of total lipids

(breed 9 diet, P \ 0.001) and total fatty acids (breed 9

diet, P \ 0.001) in meat (Table 4) followed the same pattern

consistently as total fatty acids in the NL fraction.
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Meat Polar Fatty Acids

The main fatty acid percentages (mol%), as well as the

stearoyl-CoA (delta9) desaturation indices, in the PL

fraction of muscle are shown in Table 2. Meats from

Barrosã bulls had higher percentages of t9-18:1 (P \ 0.05),

t11-18:1 (P \ 0.01), co-eluted t16- plus c14-18:1

(P \ 0.01) and 20:4n-6 (P \ 0.05), when compared to

Table 2 Fatty acid concentration (mg/g fresh muscle) and centesimal distribution (mol% of total fatty acids) of fatty acids in polar lipids of the

longissimus lumborum muscle from Alentejana and Barrosã bulls fed high (HS) or low silage (LS) diets

Alentejana Barrosã P value

HS LS HS LS Breed Diet Breed 9 diet

Mean SE Mean SE Mean SE Mean SE

Total fatty acids 3.54 0.24 2.82 0.20 4.10 0.85 3.93 0.26 0.083 0.345 0.569

Fatty acids

14:0 0.55 0.07 0.37 0.04 0.50 0.08 0.46 0.08 0.770 0.119 0.337

14:1n-5 0.21 0.01 0.18 0.01 0.22 0.02 0.18 0.02 0.849 0.012 0.739

16:0 20.2 0.43 20.3 0.53 18.3 0.44 19.0 0.33 0.001 0.381 0.549

16:1n-7 1.41b 0.12 0.90a 0.06 1.19b 0.07 1.42b 0.09 0.105 0.125 \0.001

18:0 7.71 0.25 6.99 0.39 7.84 0.26 7.06 0.15 0.722 0.012 0.912

t6-t8-18:1 0.18 0.02 0.17 0.00 0.11 0.01 0.21 0.02 0.155 0.612 0.208

t9-18:1 0.09 0.01 0.09 0.00 0.09 0.00 0.12 0.01 0.026 0.278 0.083

t10-18:1 0.08a 0.00 0.15b 0.02 0.08a 0.00 0.11b 0.01 0.142 \0.001 0.044

t11-18:1 0.27 0.02 0.26 0.02 0.38 0.02 0.32 0.02 \0.001 0.138 0.256

18:1n-9 21.3b 1.36 16.5a 0.78 18.6ab 0.97 19.8b 0.76 0.809 0.077 0.006

c11-18:1 2.44 0.05 2.89 0.12 2.45 0.06 2.82 0.12 0.745 \0.001 0.705

c12-18:1 0.63 0.04 0.67 0.04 0.54 0.02 0.57 0.03 0.011 0.385 0.798

c13-18:1 0.11 0.01 0.12 0.01 0.11 0.01 0.14 0.01 0.295 0.065 0.354

c14?t16-18:1 0.09 0.00 0.07 0.00 0.11 0.01 0.10 0.01 0.004 0.018 0.782

18:2n-6 18.5a 1.66 24.4b 1.11 20.4a 0.90 19.5a 0.69 0.204 0.042 0.007

18:3n-3 1.29 0.10 0.92 0.03 1.23 0.06 0.78 0.04 0.126 \0.001 0.556

R CLA� 0.14a 0.01 0.15a 0.02 0.24b 0.02 0.16a 0.02 0.008 0.086 0.036

20:2n-6 0.14 0.01 0.18 0.01 0.12 0.01 0.17 0.01 0.167 \0.001 0.797

20:3n-9 0.29b 0.02 0.19a 0.01 0.26b 0.02 0.25b 0.02 0.392 0.003 0.005

20:3n-6 1.08a 0.04 1.33b 0.07 1.15ab 0.06 1.14a 0.05 0.297 0.036 0.026

20:4n-6 6.40 0.18 6.64 0.25 7.18 0.26 7.10 0.33 0.024 0.767 0.558

20:5n-3 0.61 0.02 0.42 0.04 0.69 0.05 0.50 0.04 0.060 \0.001 0.964

22:4n-6 0.52 0.01 0.58 0.04 0.53 0.04 0.62 0.04 0.440 0.054 0.714

22:5n-3 1.23 0.03 1.00 0.07 1.32 0.05 1.05 0.05 0.241 \0.001 0.709

22:6n-3 0.15 0.02 0.09 0.01 0.12 0.03 n.d. – – 0.007 –

Desaturation indices�

D9-index 14 29.1 2.40 35.0 3.76 32.8 4.06 30.9 3.66 0.951 0.568 0.282

D9-index 16 5.72bc 0.39 3.84a 0.30 5.36b 0.29 6.33c 0.29 0.002 0.165 \0.001

D9-index 18 73.0ab 1.61 70.5a 1.28 69.2a 1.38 74.0b 1.00 0.934 0.417 0.010

D9-index t11-18:1 25.0 1.46 22.7 1.33 28.2 2.45 23.4 2.46 0.339 0.087 0.533

Data are means ± standard error (SE) for nine (AL-HS) or ten bulls (remaining groups) per treatment

D9-index 14 = 100 9 [c9-14:1/(14:0 ? c9-14:1)]; D9-index 16 = 100 9 [c9-16:1/(16:0 ? c9-16:1)]; D9-index 18 = 100 9 [c9-18:1/

(18:0 ? c9-18:1)]; D9-index t11-18:1 = 100 9 [c9,t11-18:2/(t11-18:1 ? c9,t11-18:2)]

Means in the same row with different superscripts are significantly different (P \ 0.05)

n.d., not detected
� This sum is described in Table 5
� Desaturation indices were calculated expressing fatty acid contents as nmol normalized to tissue weight

Lipids (2013) 48:369–381 373

123

Author's personal copy



those from Alentejana bulls. In turn, Alentejana bulls had

higher 16:0 (P \ 0.01) and c12-18:1 (P \ 0.05) when

compared to Barrosã bulls.

Feeding the high silage diet promoted the deposition of

14:1n-5, 18:0, co-eluted t16- plus c14-18:1, 18:3n-3, 20:5n-

3, 22:5n-3 and 22:6n-3 in comparison to the low silage diet

(P \ 0.05). Higher percentages of c11-18:1 and 20:2n-6

were found in the bulls fed the low silage diet when

compared to those fed the high silage diet (P \ 0.001). The

low silage diet promoted lower proportions of 16:1n-7,

18:1n-9 and 20:3n-9 than the high silage diet in Alentejana

bulls, whereas a similar response to both diets was found

for Barrosã bulls (breed 9 diet, P \ 0.01). Conversely, the

Alentejana bulls fed the low silage diet had the highest

18:2n-6 and 20:3n-6 percentages (breed 9 diet, P \ 0.05).

The Barrosã bulls had the highest CLA percentages when

fed the high silage diet (breed 9 diet, P \ 0.05). The D9-

index for 16:0 was lowest in Alentejana bulls fed the low

silage diet (breed 9 diet, P \ 0.001). On the other hand

the desaturation index for 18:0 was highest in Barrosã bulls

fed the low silage diet (breed 9 diet, P \ 0.01).

Meat Neutral Fatty Acids

The percentages of the main fatty acids, as well as the

delta9 desaturation indices, in the NL fraction of muscle

Table 3 Fatty acid concentration (mg/g fresh muscle) and centesimal distribution (mol% of total fatty acids) of fatty acids in neutral lipids of the

longissimus lumborum muscle from Alentejana and Barrosã bulls fed high (HS) or low silage (LS) diets

Alentejana Barrosã P value

HS LS HS LS Breed Diet Breed 9 diet

Mean SE Mean SE Mean SE Mean SE

Total fatty acids 6.88a 0.72 8.21a 0.69 11.4b 0.98 21.4c 1.74 \0.001 \0.001 \0.001

Fatty acids

14:0 3.46 0.15 3.52 0.15 3.59 0.12 3.71 0.19 0.303 0.558 0.857

14:1n-5 0.43 0.04 0.51 0.05 0.60 0.04 0.66 0.08 0.007 0.228 0.894

16:0 29.5c 0.57 27.3a 0.50 28.0ba 0.38 28.9bc 0.30 0.811 0.148 0.002

16:1n-7 3.10 0.20 3.18 0.16 3.66 0.15 3.76 0.20 0.004 0.627 0.935

18:0 17.2 0.71 15.3 0.54 14.7 0.42 14.4 0.54 0.005 0.064 0.156

t6-t8-18:1 0.19 0.02 0.20 0.02 0.16 0.01 0.15 0.01 0.008 0.908 0.331

t9-18:1 0.21 0.01 0.22 0.01 0.23 0.01 0.22 0.01 0.355 0.829 0.212

t10-18:1 0.22a 0.01 0.69c 0.11 0.24a 0.01 0.31b 0.03 0.009 0.001 0.005

t11-18:1 1.10 0.07 1.11 0.07 1.56 0.08 1.54 0.09 \0.0001 0.952 0.919

18:1n-9 32.2 0.59 32.3 0.86 33.9 0.54 33.6 0.19 0.020 0.868 0.717

c11-18:1 3.02a 0.11 3.71b 0.11 3.99bc 0.12 4.18c 0.13 \0.0001 0.001 0.039

c12-18:1 0.55 0.03 0.64 0.04 0.70 0.03 0.77 0.04 0.000 0.029 0.695

c13-18:1 0.22a 0.02 0.35b 0.02 0.34b 0.01 0.36b 0.02 0.003 0.001 0.006

c14?t16-18:1 0.21 0.02 0.17 0.01 0.24 0.01 0.22 0.01 0.002 0.034 0.358

c15-18:1 0.11 0.01 0.15 0.02 0.12 0.01 0.13 0.01 0.899 0.109 0.216

18:2n-6 1.74a 0.13 3.93b 0.67 1.86a 0.06 1.86a 0.13 0.019 0.010 0.010

18:3n-3 0.28 0.01 0.24 0.02 0.31 0.01 0.22 0.01 0.928 0.000 0.096

R CLA� 0.29 0.02 0.28 0.02 0.48 0.02 0.50 0.02 \0.001 0.877 0.327

20:4n-6 0.21b 0.04 0.71c 0.21 0.12b 0.01 0.07a 0.01 0.007 0.055 0.026

Desaturation indices�

D9-index 14 10.9 0.81 12.4 0.97 14.3 0.71 15.1 1.52 0.007 0.280 0.749

D9-index 16 9.47 0.51 10.5 0.56 11.5 0.35 11.5 0.52 0.004 0.342 0.299

D9-index 18 65.2 1.11 67.8 1.02 69.8 0.83 70.0 0.81 0.001 0.143 0.227

D9-index t11-18:1 16.5a 0.69 14.7a 0.71 20.0b 0.67 21.3b 0.82 \0.001 0.787 0.404

Data are means ± standard error (SE) for nine (AL-HS) or ten bulls (remaining groups) per treatment

D9-index 14 = 100 9 [c9-14:1/(14:0 ? c9-14:1)]; D9-index 16 = 100 9 [c9-16:1/(16:0 ? c9-16:1)]; D9-index 18 = 100 9 [c9-18:1/

(18:0 ? c9-18:1)]; D9-index t11-18:1 = 100 9 [c9,t11-18:2/(t11-18:1 ? c9,t11-18:2)]

Means in the same row with different superscripts are significantly different (P \ 0.05)
� This sum is described in Table 5
� Desaturation indices were calculated expressing fatty acid contents as nmol normalized to tissue weight
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Table 4 Total lipids (mg/g fresh muscle), fatty acid concentration (mg/g fresh muscle) and centesimal distribution (mol% of total fatty acids) of

fatty acids in total lipids of the longissimus lumborum muscle from Alentejana and Barrosã bulls fed high (HS) or low silage (LS) diets

Alentejana Barrosã P value

HS LS HS LS Breed Diet Breed 9 diet

Mean SE Mean SE Mean SE Mean SE

Total lipids§ 12.1a 0.76 12.5a 0.84 17.6b 1.21 27.6c 1.96 \0.001 \0.001 \0.001

Total fatty acids 11.1a 0.70 11.5a 0.77 16.2b 1.11 25.5c 1.74 \0.001 \0.001 \0.001

Fatty acids

14:0 2.52 0.14 2.76 0.15 2.80 0.09 3.30 0.12 0.003 0.008 0.324

14:1n-5 0.34 0.03 0.45 0.04 0.50 0.03 0.60 0.07 0.004 0.044 0.881

16:0 25.9a 0.56 25.4a 0.45 25.4a 0.30 27.6b 0.31 0.053 0.049 0.005

16:1n-7 2.63 0.2 2.79 0.11 3.21 0.11 3.57 0.2 \0.001 0.058 0.367

18:0 15.0 0.68 13.9 0.47 14.0 0.41 13.8 0.46 0.254 0.214 0.372

t6-t8-18:1 0.11 0.01 0.13 0.01 0.11 0.01 0.12 0.01 0.528 0.097 0.515

t9-18:1 0.16 0.01 0.20 0.03 0.20 0.02 0.20 0.01 0.378 0.266 0.375

t10-18:1 0.15a 0.02 0.49c 0.07 0.30abc 0.11 0.31b 0.03 0.765 0.019 0.025

t11-18:1 0.86 0.06 0.87 0.06 1.22 0.14 1.33 0.07 \0.001 0.541 0.617

18:1n-9 28.3 0.77 28.8 0.74 30.7 0.85 33.0 0.67 \0.001 0.080 0.216

c11-18:1 2.90 0.30 3.34 0.08 3.37 0.25 3.04 0.08 0.701 0.801 0.079

c12-18:1 0.62 0.04 0.53 0.02 0.69 0.18 0.51 0.02 0.775 0.173 0.662

c13-18:1 0.18 0.02 0.25 0.02 0.23 0.01 0.27 0.01 0.034 0.006 0.389

t16?c14-18:1 0.16 0.02 0.12 0.01 0.19 0.01 0.18 0.02 0.001 0.107 0.321

c15-18:1 0.08 0.01 0.08 0.01 0.10 0.01 0.11 0.01 0.049 0.731 0.669

18:2n-6 7.46bc 0.87 8.36c 0.74 6.05b 0.33 4.21a 0.38 \0.001 0.457 0.038

18:3n-3 0.62 0.05 0.42 0.02 0.54 0.03 0.29 0.01 0.006 \0.001 0.415

R CLA� 0.28 0.01 0.28 0.02 0.55 0.03 0.51 0.02 \0.001 0.429 0.402

20:2n-6 0.06 0.01 0.06 0.01 0.05 0.01 0.04 0.01 0.061 0.828 0.375

20:3n-9 0.15 0.02 0.09 0.01 0.07 0.01 0.05 0.01 \0.001 0.006 0.103

20:3n-6 0.40 0.03 0.37 0.02 0.27 0.03 0.16 0.02 \0.001 0.023 0.114

20:4n-6 2.25 0.23 2.05 0.15 1.63 0.12 0.95 0.13 \0.001 0.012 0.156

20:5n-3 0.22 0.03 0.14 0.01 0.14 0.02 0.08 0.01 0.001 \0.001 0.487

22:4n-6 0.21 0.01 0.22 0.01 0.14 0.01 0.10 0.01 \0.001 0.273 0.053

22:5n-3 0.51 0.06 0.44 0.05 0.46 0.10 0.18 0.02 0.026 0.012 0.108

22:6n-3 0.06 0.01 0.04 0.00 0.07 0.01 0.08 0.02 0.370 0.644 0.426

Other� 5.53 0.36 4.83 0.21 4.62 0.19 3.37 0.22 \0.001 \0.001 0.287

Partial sums

R SFA 44.8ab 1.03 43.7a 0.86 43.8a 0.51 46.2b 0.42 0.333 0.372 0.029

R cis MUFA 36.1 0.98 37.3 0.81 39.8 0.63 42.0 0.88 \0.001 0.047 0.550

R TFA 1.44 0.09 1.83 0.14 2.02 0.10 2.14 0.10 \0.001 0.027 0.226

R PUFA 11.9ab 1.22 12.2a 0.96 9.41b 0.55 6.07a 0.56 \0.001 0.088 0.050

Data are means ± standard error (SE) for nine (AL-HS) or ten bulls (remaining groups) per treatment

R SFA = 14:0, 16:0 and 18:0; R MUFA = c9-14:1, c9-16:1, c9-18:1, c11-18:1, c12-18:1, c13-18:1 and 18:1c15; R TFA = t6-t8-18:1, t9-18:1,

t10-18:1, t11-18:1 and t16?c14-18:1; R PUFA = 18:2n-6, 18:3n-6, 18:3n-3, 20:2n-6, 20:3n-6, 20:3n-9, 20:4n-6, 20:5n-3, 22:4n-6, 22:5n-3 and

22:6n-3

Means in the same row with different superscripts are significantly different (P \ 0.05)
§ These data were published in [53]
� This sum is described in Table 5
� The sum of the remaining area (others) includes dimethylacetals, branched chain fatty acids and unidentified peaks
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are shown in Table 3. Barrosã bulls had higher 14:1n-5,

16:1n-7, t11-18:1, 18:1n-9, c12-18:1, co-eluted t16- plus

c14-18:1 and total CLA than Alentejana bulls (P \ 0.05).

In contrast, 18:0 and t6- to t8-18:1were higher in Alent-

ejana than in Barrosã bulls (P \ 0.01). In addition, the

indices for delta9 desaturase activity were consistently

higher in Barrosã than in Alentejana bulls (P \ 0.05). The

high silage diet promoted a higher deposition of co-eluted

t16- plus c14-18:1t6 and 18:3n-3 when compared to the

low silage diet (P \ 0.05).

Alentejana bulls fed the low silage diet had the highest

percentages of 16:0 and c13-18:1(breed 9 diet, P \ 0.01).

In Alentejana bulls, the low silage diet promoted higher

percentages of t10-18:1 than the low silage diet, whereas in

Barrosã bulls the increase in this fatty acid was not as

expressive (breed 9 diet, P \ 0.01). In addition, feeding

the low silage diet to the Alentejana bulls increased the

percentage of 18:2n-6 when compared to the high silage

diet, whereas the same effect was not observed for the

Barrosã bulls (breed 9 diet, P \ 0.05). Barrosã bulls fed

the low silage diet had the highest percentages of c11-18:1

when compared to those fed the high silage diet, whereas in

Alentejana bulls diet had a less pronounced effect on the

deposition of this fatty acid (breed 9 diet, P \ 0.05). The

20:4n-6 contents were increased by the low silage diet in

Alentejana bulls but not in Barrosã bulls (breed 9 diet,

P \ 0.05).

Meat Total Fatty Acids

The contents of the main fatty acids and their partial sums

in the LL muscle are shown in Table 4. The c9-18:1

(28–34 % of total FAME), 16:0 (23–25 %), 18:0

(14–15 %) and 18:2n-6 (4–8 %) fatty acids were the most

abundant in meat. The percentages of 14:0, 14:1n-5, 16:1n-

7, t11-18:1, 18:1n-9, c13-18:1, co-eluted t16- plus c14-

18:1, c15-18:1 and total CLA were higher in Barrosã when

compared to Alentejana bulls (P \ 0.05). The Alentejana

bulls had higher percentages of 18:3n-3, 20:3n-9, 20:3n-6,

20:4n-6, 20:5n-3, 22:4n-6 and 22:5n-3 than the Barrosã

bulls (P \ 0.01). Consequently, the meat from Alentejana

bulls had lower percentages of MUFA and TFA than

Barrosã bulls (P \ 0.001). Bulls fed the low silage had

higher 14:0, 14:1n-5 and c13-18:1 percentage than those

fed the high silage diet (P \ 0.01). The percentages of

18:3n-3, along with most of the long chain PUFA were

consistently higher in the high silage fed bulls when

compared to those fed the low silage diet (P \ 0.05).

The Barrosã bulls had the highest 16:0 percentages and

total SFA when fed the low silage diet, whereas in Alent-

ejana bulls there was no differential response to dietary

silage level (breed 9 diet, P \ 0.05). The 18:2n-6 per-

centages were similar in both Alentejana groups, whereas

in Barrosã bulls the highest values were found in those fed

the high silage diet (breed 9 diet, P \ 0.05).

Meat Conjugated Linoleic Acid Isomeric Profile

Table 5 presents the percentages of individual CLA iso-

mers in polar, neutral and total lipids of LL muscle. The

c9,t11 and t7,c9 CLA isomers were higher in Barrosã than

in Alentejana bulls (P \ 0.05). In Alentejana bulls, the

t6,t8 CLA isomer was the highest when the low silage diet

was provided, whereas in Barrosã bulls the opposite effect

was found (breed 9 diet, P \ 0.001).

The CLA isomeric profile in the NL fraction (Table 5)

was extensively influenced by breed.The main isomers in

the NL fraction (Table 5) were c9,t11, t7,c9, t11,c13 and

t6,t8. The PL from Barrosã bulls had higher t11,t13, t9,t11,

t11,c13, c11,t13, c9,t11 and t7,c9 percentages than that

from Alentejana bulls (P \ 0.05). In contrast, Alentejana

bulls produced meat with higher t7,t9, t6,t8 and c/t12,14

percentages when compared to Barrosã bulls (P \ 0.01).

Feeding the high silage diet promoted higher t11,t13,

t11,c13 and c11,t13 percentages than the low silage diet

(P \ 0.05), whereas the highest t7,c9-CLA percentage was

found in the animals fed the low silage diet (P \ 0.001).

The proportion of the t10,c12 isomer was increased by the

low silage diet in Alentejana bulls, whereas no response to

diet composition was found for Barrosã bulls (breed 9

diet, P \ 0.05).

The percentages of t12,t14, t11,t13, t11,c13, c9,t11 and

c9,c11 were consistently higher in the meat total lipids

from Barrosã bulls when compared to Alentejana meat

(P \ 0.05). The t11,t13 and t11,c13 isomers, were higher

in high silage-fed animals than in those fed the low silage

diet (P \ 0.001). The t9,t11- and t6,t8-CLA isomers were

highest in the meat from Barrosã bulls, particularly in those

fed the high silage diet (breed 9 diet, P \ 0.01). The

highest t7,c9 percentage was found in the meat from

Alentejana bulls fed the low silage diet, with a similar

response to diet composition in Barrosã bulls (breed 9

diet, P \ 0.01).

Muscle SCD Gene Expression and Correlation Analysis

The muscle SCD gene relative expression levels concern-

ing the four experimental groups are presented in Fig. 1.

Neither breed nor diet were a source of variation in the

expression levels of SCD gene (P [ 0.05).

A correlation analysis was performed using the amounts

(mg/g muscle) of fatty acids, instead of their percentages

(g/100 g total fatty acids), and the results are depicted in

Table 6. Moderate positive correlations (0.3 B r B 0.7)

were found between the SCD gene expression levels and

MUFA (r = 0.32), TFA (r = 0.41), t11-18:1 (r = 0.40),
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18:1c9 (r = 0.33) and c9,t11-CLA (r = 0.35) in total

lipids, with similar results in the NL fraction but not in the

PL fraction, where no significant correlations were found

(data not shown). However, no association was found

between the SCD gene expression level and any of the

calculated indices of delta9 desaturase.

Table 5 Centesimal distribution (mmol% of total fatty acids) of conjugated linoleic acid isomers in polar, neutral and total lipids of the

longissimus lumborum muscle from Alentejana and Barrosã bulls fed high (HS) or low silage (LS) diets

Alentejana Barrosã P value

HS LS HS LS Breed Diet Breed 9 diet

Mean SE Mean SE Mean SE Mean SE

Polar lipids

t7,t9 11.1 1.25 11.9 1.22 12.4 1.24 10.6 1.28 0.974 0.660 0.310

t6,t8 33.2a 4.02 47.9b 4.53 39.7ab 4.89 27.2a 3.99 0.117 0.791 0.004

c9,t11 86.3 7.87 89.6 12.5 149 21.3 102 15.1 0.020 0.161 0.107

t8,c10 2.00 0.17 1.39 0.41 5.02 2.97 2.06 0.45 0.262 0.275 0.461

t7,c9 11.4 2.44 7.08 0.87 21.3 4.76 25.8 2.75 \0.001 0.976 0.163

Neutral lipids

t12,t14 3.31 0.70 2.62 0.35 3.66 0.60 2.47 0.18 0.847 0.073 0.623

t11,t13 4.84 0.69 2.82 0.36 5.48 0.48 4.80 0.21 0.011 0.009 0.165

t10,t12 4.56 1.03 3.36 0.30 3.87 0.91 3.87 0.35 0.908 0.419 0.420

t9,t11 5.06 1.12 5.37 0.39 8.30 1.73 8.30 0.46 0.010 0.886 0.887

t8,t10 1.89 0.60 4.46 1.66 2.75 0.69 1.51 0.13 0.292 0.495 0.066

t7,t9 5.61 0.84 5.30 0.87 3.64 0.46 2.53 0.35 0.002 0.304 0.559

t6,t8 9.54 1.52 6.64 0.80 2.59 0.54 2.66 0.19 \0.001 0.139 0.121

c/t12,14� 4.70 0.37 3.81 0.39 2.89 0.16 3.18 0.25 \0.001 0.339 0.067

t11,c13 7.54 0.83 3.07 0.24 9.34 0.89 6.26 0.35 \0.001 \0.001 0.293

c11,t13 1.02 0.09 1.42 0.14 1.58 0.20 2.23 0.26 0.001 0.009 0.510

t10,c12 3.62a 0.36 7.63c 0.86 4.68b 0.35 5.86bc 0.55 0.539 \0.001 0.022

c9,t11 218 16.7 189 13.8 388 22.4 412 19.5 \0.001 0.905 0.156

t8,c10 6.31 0.55 10.1 3.82 10.5 1.13 9.19 0.75 0.440 0.557 0.241

t7,c9 22.8 1.87 38.1 3.79 35.5 1.63 42.9 2.60 0.003 \0.001 0.146

c9,c11 4.26 0.36 4.44 0.45 4.88 0.27 5.18 0.28 0.062 0.495 0.877

Total lipids

t12,t14 1.90 0.17 1.72 0.37 2.92 0.29 2.38 0.27 0.006 0.225 0.532

t11,t13 4.27 0.42 2.87 0.33 7.18 0.34 4.75 0.31 \0.001 \0.001 0.155

t10,t12 3.40 0.83 4.34 0.62 4.29 0.67 3.86 0.49 0.755 0.706 0.311

t9,t11 7.61a 0.67 9.69bc 0.72 13.6c 1.68 9.07b 0.54 0.016 0.234 0.004

t8,t10 4.28 0.51 3.65 0.45 4.68 0.36 3.65 0.37 0.639 0.061 0.640

t7,t9 3.99 0.42 6.23 0.85 7.63 2.57 4.71 0.50 0.462 0.812 0.088

t6,t8 1.59b 0.17 0.83a 0.15 4.03c 0.46 0.92a 0.10 \0.001 \0.001 \0.001

c/t12,14� 1.67 0.14 1.85 0.23 1.91 0.18 1.95 0.19 0.362 0.580 0.699

t11,c13 7.07 0.60 3.58 0.37 11.0 1.19 6.62 0.47 \0.001 \0.001 0.546

c11,t13 1.59 0.28 2.33 0.38 2.50 0.27 2.61 0.28 0.060 0.178 0.306

t10,c12 7.36 1.87 9.56 1.55 6.50 1.10 5.81 0.82 0.111 0.592 0.309

c9,t11§ 210 11.4 200 14.2 447 24.9 446 18.3 \0.001 0.771 0.812

t7,c9 24.4a 2.17 32.8b 3.13 29.1ab 2.32 17.0a 5.18 0.118 0.603 0.007

c9,c11 3.42 0.21 3.58 0.22 5.35 0.40 5.54 0.32 \0.001 0.559 0.956

Data are means ± standard error (SE) for nine (AL-HS) or ten bulls (remaining groups) per treatment. Means in the same row with different

superscripts are significantly different (P \ 0.05)
� These fatty acids co-eluted
§ This CLA isomer co-eluted with minor amounts of the t8,c10 isomer
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Discussion

Fat content of muscle has a great impact on the proportion

of its fatty acids due to the distinct fatty acid composition

between NL and PL. In the present study, lipid classes were

separated to assess breed and diet effects on PL and NL,

following reports of a selective incorporation of fatty acids

between both fractions [33, 34]. As fattening proceeds, the

increase in the amount of PL is negligible, whereas NL

predominate [1]. In line with this, our results showed no

significant variations between experimental groups in the

PL fraction. In contrast, the variation in the NL fraction

reflected the changes found in total lipids.

Breed is one of the main factors influencing beef quality

traits, namely fat content and composition. Higher intra-

muscular fat contents have been reported for Barrosã meat

[35] when compared to Alentejana meat [36]. However,

these two breeds are generally raised in quite distinct

productive systems. As expected, small-framed Barrosã

bulls produced meat with higher total lipids and fatty acid

contents than the large-framed Alentejana bulls. Most

interestingly though, was the fact that meat total lipids and

total fatty acids were similar in Alentejana bulls regardless

of the diet, whereas in Barrosã bulls the low silage diet

promoted higher intramuscular fat deposition than the low

silage one. This interaction between breed and diet sug-

gests that the widely accepted concept that high concen-

trate diets increase beef intramuscular fat [1] is dependent

on maturity/phase of bovine growth.

The increase in triacylglycerols fatty acids in Barrosã

bulls was accompanied by a significant increase in MUFA

proportions, along with the SFA and TFA percentages.

Large, lean breeds have long been associated with leaner

meat and thus lower levels of MUFA in comparison to

small, early maturing breeds [37, 38]. It is likely that the

different rates of de novo fatty acid biosynthesis are due to

different activities of lipogenic enzymes. SCD is the key

enzyme responsible for the endogenous biosynthesis of

cis-9 MUFA (mostly c9-18:1) and c9,t11-CLA [18]. In

addition, several studies have proposed the SCD gene

expression level as an indicator of terminal adipocyte dif-

ferentiation [39] and, consequently, of intramuscular fat

accumulation [17, 40, 41].

In the present study, we determined the SCD gene

expression and calculated the product/substrate fatty acid

ratios (desaturation indices) used as an estimate of SCD

activity. As expected, Barrosã bulls with higher total fatty

acids and MUFA content than Alentejana bulls, also pre-

sented, in the NL fraction, higher SCD desaturation indices.

However, no significant differences in SCD gene expres-

sion were detected. Nevertheless, positive significant cor-

relations between SCD expression and fatty acid content

(mg fatty acids in NL/g muscle) was observed, particularly

for total fatty acids, MUFA, c9-18:1, and TFA, including

t11-18:1, and c9,t11-CLA, indicating an association

between SCD gene expression and increasing fatty acid

deposition in muscle. Taniguchi et al. [17] also found an
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Fig. 1 Relative expression levels of stearoyl-CoA desaturase (SCD)

mRNA of Alentejana (AL) and Barrosã (BA) bulls fed high (HS) or

low (LS) silage diets. No significant effects (P [ 0.05) were found for

breed or diet

Table 6 Pearson correlation coefficients between fatty acid compo-

sition (mol%, desaturation indices and SCD expression levels in

longissimus lumborum muscle of Alentejana and Barrosã bulls fed

high or low silage diets

SCD expression level

Total lipids

Total fatty acids 0.33*

R c9-MUFA 0.32*

R TFA 0.41*

t11-18:1 0.40*

c9-18:1 0.33*

c9,t11-CLA 0.35*

D9-index 14 0.10

D9-index 16 0.03

D9-index 18 0.08

D9-index t11-18:1 -0.02

Neutral lipids

Total fatty acids 0.34*

R c9-MUFA 0.35*

R TFA 0.42**

t11-18:1 0.41**

c9-18:1 0.35*

c9,t11-CLA 0.38*

D9-index 14 0.17

D9-index 16 0.06

D9-index 18 0.15

D9-index t11-18:1 -0.06

MUFA, TFA, D9-index 14, D9-index 16, D9-index 18, D9-index

18:1t11: see Tables 2 and 3 for variables explanation

* P \ 0.05, ** P \ 0.01
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association between SCD mRNA expression and MUFA

content in bovine subcutaneous adipose tissue, which was

confirmed in subsequent works [42, 43]. However, the

same association has not been reported for muscle [42, 44].

Nonetheless, the SCD gene expression in the muscle tissues

is influenced by diet composition, particularly n-3 PUFA

contents, as shown in the works by Archibeque et al. [45]

and Deiuliis et al. [46]. In the present study, the higher n-3

PUFA content in the low silage diet, when compared to the

high silage diet, might have not been enough to influence

the SCD mRNA levels enough to produce statistical sig-

nificant differences between dietary treatments. Still, the

high silage fed bulls showed the lowest levels of SCD gene

expression, concomitant with a tendency for lower 16:1n-7

and 18:1n-9 percentages in comparison to the low silage

fed bulls. No correlations were observed between fatty acid

contents in PL and SCD gene expression (data not shown),

suggesting that SCD does not play a major role on the

regulation of fatty acid composition of membrane phos-

pholipids. In addition, desaturation indices followed the

same trend of intramuscular fatty acids and MUFA dif-

ferences between breeds, which are in line with other

works reporting breed-related differences in the calculated

desaturase indices for beef cattle [47, 48]. However, we did

not obtain any correlation between them and SCD gene

expression. Other studies have also failed to obtain sig-

nificant correlations between the SCD expression and

activity and desaturation indices [45].

Both 18:2n-6 and 18:3n-3 in tissues originate from diet

after escaping the rumen metabolization. The incorporation

of PUFA in the PL is higher than in the NL fraction [1, 49].

Consequently, it is expected that breeds with low intra-

muscular fat contents and, therefore, with high phospho-

lipids proportions, have higher proportions of PUFA than

breeds with high intramuscular fat [1]. Accordingly, under

our experimental conditions, Alentejana meat had higher

percentages of PUFA in total lipids when compared to

Barrosã beef, whereas the latter showed higher proportions

of c9-18:1. The separation of the lipid fractions confirmed

that the breed-dependent variation in PUFA proportions

were in fact due to differences in meat total fatty acids

contents. Furthermore, in the PL fraction, diet composition

was the major factor determining the individual PUFA

contents, in agreement with previous reports [49]. The

effect of diet on PUFA composition of PL followed the

expected trend, with the high silage diet (lipids higher in

18:3n-3) resulting in higher n-3 PUFA in PL. Nevertheless,

a breed 9 diet interaction was observed, whereas Alent-

ejana bulls fed low silage diet replaced part of the c9-18:1

by 18:2n-6 in their membrane PL. It is not clear what

determines this increased 18:2n-6 metabolic availability

and that of t10-18:1 and t10,c12-CLA in Alentejana bulls

fed low silage diets.

The 18:0 and trans octadecenoates (mostly 18:1t11) and

CLA (mostly c9,t11-18:2) are the main products of rumen

biohydrogenation. Increasing dietary concentrate usually

results in either decreased [50] or incomplete biohydroge-

nation, resulting in an accumulation of trans octadeceno-

ates [51]. Moreover, diets low in forage and high in starch

induce changes in the rumen microbial populations which

tend to shift the pattern of major biohydrogenation inter-

mediates towards t10-18:1 production [18]. In these situa-

tions, as t11-18:1 is further metabolized endogenously by

SCD into c9,t11-CLA, in contrast to t10-18:1, the meat

CLA content is often depressed. Nevertheless, as the trans

biohydrogenation intermediates are preferentially depos-

ited in NL [52], the level of meat fatness affects its con-

centration in meat.

Interestingly, the dietary effects on biohydrogenation

intermediates are much less pronounced than the breed

effects. Increasing concentrate proportion in the diet did not

affect the t11-18:1 and c9,t11-CLA of both NL and total

lipids in meat, but resulted in lower proportions of some

octadecadienoic acids in NL, like t11,t13-CLA, the co-

eluted peak of c12,t14- and t12,c14-CLA and the sum non-

conjugated trans isomers of linoleic acid (t,t?c,t-18:2). All

of these fatty acids are derived mostly from 18:3n-3 bio-

hydrogenation [27] and its decrease can be explained by the

lower concentration of 18:3n-3 in low silage than in the high

silage diet. The expected effects of diet on t10-18:1 and

t10,c12-CLA were limited to Alentejana bulls and reinforce

the breed differences observed on rumen biohydrogenation

intermediates deposited in muscle. In fact, our results

showed that, in general, total biohydrogenation intermedi-

ates were higher in Barrosã when compared to the Alent-

ejana breed (data not shown), indicating that this was not

only due to the higher muscle fatty acid content but also due

to a breed effect on rumen biohydrogenation. This is par-

ticularly evident for t11-18:1 and c9,t11-CLA in all lipid

fractions. Most interesting though is the interaction between

breed and diet observed for the t10-18:1. Increasing con-

centrate proportion in the diet promoted an increase of the

t10-18:1 percentages in total lipids for Alentejana but not

for Barrosã breed. The t10-18:1 and t10,c12-CLA propor-

tions in NL fraction reinforce that the response in Barrosã

bulls was lower when compared to Alentejana bulls. To the

authors’ knowledge, the occurrence of such a strong breed

effect on rumen biohydrogenation pattern, even if evaluated

indirectly by meat composition, has not been previously

described. It is not easy to anticipate the mechanism

involved but the saliva production rate, rumination pattern,

feeding behavior, rumen size and kinetics, including the

rumen retention time, might play a role in the process and

should be investigated.

The findings reported herein identified important inter-

actions between bovine genetic background and dietary
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forage:concentrate ratio on intramuscular fat and its com-

position. The differential response to diet composition

between Alentejana and Barrosã bulls suggests distinct

ruminal biohydrogenation patterns, as indicated by the

intramuscular fatty acids contents, as well as the increased

18:2n-6 metabolic availability and of t10-18:1 and t10,c12-

CLA in Alentejana bulls fed the low silage diet. Briefly, the

increased dietary concentrate proportion enhanced the

deposition of intramuscular fatty acids in Barrosã but not in

Alentejana bulls. Therefore, this study suggests that the

manipulation of meat fatty acid composition could be

oriented towards particular fatty acids based on the bovine

genetic background. Beef with increased CLA contents

seems to be easily achieved in small-framed (precocious)

animal breeds, such as Barrosã, given its preferential lipid

deposition in the NL fraction. In contrast, leaner bovine

breeds, like Alentejana, seem to be a more appropriated

choice for the production of meat with increased levels of

long chain PUFA.
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rosã beef breeds. Animal 6:1187–1197

Lipids (2013) 48:369–381 381

123

Author's personal copy


	Genetic Background and Diet Impact Beef Fatty Acid Composition and Stearoyl-CoA Desaturase mRNA Expression
	Abstract
	Introduction
	Materials and Methods
	Animals and Experimental Design
	Muscle and Meat Sampling
	Lipid Extraction and Methylation
	Lipid Analysis
	Preparation of FAME and Gas Chromatography Analysis
	Ag+-HPLC Analysis

	Gene Expression Analysis by Real-Time Reverse Transcription Quantitative PCR
	Statistical Analysis

	Results
	Intramuscular Fatty Acids
	Meat Polar Fatty Acids
	Meat Neutral Fatty Acids
	Meat Total Fatty Acids
	Meat Conjugated Linoleic Acid Isomeric Profile
	Muscle SCD Gene Expression and Correlation Analysis

	Discussion
	Acknowledgments
	References


