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The effect of grazing on the fatty acid profile of longissimus
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T. Moreno-, A. Varela, C. Portela, N. Pérez, J. A. Carballo and L. Montserrat
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The objective of this work was to examine the effect of different levels of grazing on muscle nutritional fatty acid (FA) profile,
including the beneficial n-3 polyunsaturated fatty acids (PUFA) and cis-9, trans-11 (cis-9, trans-11) 18:2 conjugated linoleic acid
(CLA). Thirty male Galician Blond (GB) breed calves were randomly assigned to the following three grazing treatments:
(1) continuous pasture grazing for 250 days (P); (2) 197-day grazing followed by a 50-day short period of concentrate-based
finishing (PC) and (3) 57-day grazing followed by a 165-day long period of concentrate-based finishing (C). Calves kept sucking
their mothers up to the time of slaughter. The slaughter weight was similar for all treatments (about 330 kg). Samples of the
longissimus thoracis muscle were used for assessment of chemical composition by near infrared reflectance spectroscopy and
FA profiles by gas chromatography. Muscle from C calves was fatter and had higher content in total FA, monounsaturated FA
(MUFA), cis-9 18:1 than muscle from P calves, whereas PC muscle had generally intermediate values. No significant treatment
difference for total saturated FAs (SFA) was found. Content of potentially beneficial n-3 PUFA (18:3n-3, 20:3n-3, 20:5n-3 and
22:6n-3), cis-9, trans-11 CLA and n-6:n-3 ratio were lower and PUFA : SFA ratio were higher in P than in both C and PC calves.
Calves fed exclusively on pasture synthesised higher amounts of beneficial FA than calves finished on concentrate. A 50-day
period of concentrate-based finishing was sufficient to offset the synthesis of beneficial FA from pasture grazing.
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Introduction

Beef has higher proportions of saturated fatty acids (SFA)
than plant food. Thus, beef is often criticised because the
SFA are associated with an increased risk of obesity,
hypercholesterolaemia and some cancers (Williams and
Buttriss, 2006). However, beef usually contains an array of
fat molecules, which have beneficial effects on human
health (Moloney et al., 1999). Human diets in western
countries have been recommended to be rich in 18:3n-3
polyunsaturated fatty acid (PUFA), to compensate for the
perceived imbalance in the ratios of n-6:n-3 and PUFA : SFA
(Wood et al., 2004).

Moreover, in recent years, it has been demonstrated
that the conjugated linoleic acid (CLA) family has impor-
tant physiological effects including anticarcinogenic, anti-
adipogenic, antiinflamatory and antidiabetic properties, and
also the ability to reduce atherosclerosis (Pariza et al., 2001;
Wahle et al., 2004; Tricon and Yagoob, 2006). Twenty
different CLA isomers have been naturally found in food,

especially in a variety of ruminant meats (French et al.,
2000). The major CLA isomer, rumenic acid cis-9, trans-11
(cis-9, trans-11) 18:2 is produced in the rumen as a result of
incomplete biohydrogenation of dietary 18:2n-6 isomer
through the action of the enzyme linoleic isomerase from
the ruminal bacteria (Harfoot and Hazelwood, 1997) and in
tissues is synthesised from trans-11 18:1 (trans-vaccenic
acid, VA) by D9-desaturase, an enzyme active in the
mammary gland and in adipose tissue (Griinari et al., 2000;
Mosley et al., 2006). Ruminal biohydrogenation of the
predominant fatty acid (FA) in pasture (18:3n-3) also leads
to production of VA and ultimately to CLA in tissue (Harfoot
and Hazelwood, 1997). According to this, diets rich in these
FAs should increase the concentration of CLA in the fat
depot of the animal (Pariza et al., 2001). In addition, it has
been shown that grazing-based diets offered to steers
increased the concentration of CLA and PUFA intramuscular
fat when compared with concentrate-based diets (French
et al., 2000).

Traditional beef production systems in the region of
Galicia, in north-west Spain, have been based on rearing
small herds from the late-maturing breed Galician Blond- Email: teresamoreno@ciam.es
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(GB). This GB breed shows low development of fat depots
when slaughtered at early age (7 to 9 months) (Brea et al.,
1998). Calves are reared and/or finished on concentrate
feed, while they are kept on maternal suckling until the
time of slaughter. However, alternative systems have been
designed to reduce concentrate feed costs and farming
work (Moreno et al., 2006). Grazing-based beef production
allows the herd size to increase and would improve animal
welfare, while developing a more natural management, in
accordance to several EU welfare rules (Decision 97/182/EC,
Directive 97/2/EC).

Several studies have been published on the effect of
different production systems on the muscle organoleptic
parameters of this GB breed (Moreno, 2004; Varela et al.,
2004). Nevertheless, there is a lack of information about the
FA composition of the muscle of this GB breed. Likewise,
there is scarcity of studies on the FA composition in suckled
calves slaughtered at early age for most of the important
cattle breeds, although abundant information on the FA
profile is available for steers slaughtered at later ages. Thus,
it is of interest to study the effect of different levels of
grazing on the FA composition of muscle, including those
that are beneficial for human health, in animals with a low
fatness score.

Material and methods

Animals and management
Thirty male GB-breed calves from the Mabegondo Research
Centre herd were used in this study. The animals were
planned to be born within the interval of 1 month, between
the late autumn and early winter season, and were reared
with their mothers on pasture and kept sucking freely while
they were grazing on a rotational system. Calves born at
similar time were immediately assigned at random to each
one of three different beef-finishing programmes (10 calves
per treatment). Calves of undesired weight or of poor
health were not selected. Treatments included different
combinations of levels of pasture and concentrate feeds: (1)
a continuous pasture-based grazing programme during 250
days and zero concentrate (P), (2) a period of 197 days on
pasture (DP) complemented with concentrate during the

last month of grazing and finished on concentrate indoors
for 50 additional days (PC) and (3) a first grazing period of
57 days followed by concentrate and hay silage ad libitum
diet for calves housed indoors for an additional 165 days
(C). In all treatments calves kept sucking their mothers up
to the time of slaughter. During the indoor period, PC and
C, animals were housed on concrete floors covered with
straw, arranged in groups of five animals per pen and were
suckled by their mothers twice daily. Mothers grazed on
pasture and were brought to the pens for the suckling
times. In treatments P and PC, calves were slaughtered 4
and 3 weeks later than the concentrate treatment C,
respectively, to allow the animals to reach approximately
the same slaughter weight (about 330 kg).

Average DP, indoor feeding period (IFP), amount of
concentrate fed indoors (CFI), hay dry-matter intake (HDMI)
and silage dry-matter intake (SDMI) are shown in Table 1.
Carcass fat score (FS), slaughter age (SA), slaughter weight
(SW) and carcass weight (CW) of the animals used in this
experiment are shown in Table 2. Concentrate and hay
intakes were estimated as the difference between the daily
amounts offered and refused by each animal. The type of
concentrate was the same for all groups and was comprised
of a mixture of barley (82%), soya-bean meal (13%), cal-
cium phosphate (2%), calcium carbonate (1.9%), NaCl
(0.8%) and mineral/vitamin mix (0.3%). This mix was made
with 94% minerals (such as NaCl, Ca2PO4, CaCO3, ZnSO4,
MnSO4, CuSO4, CoSO4; Progando, P.I.Sabón 7A, 15142 A
Coruña, Spain) and 6% vitamins (such as vitamins A, D3, E
and copper (II) sulphate 5-hydrate; Nutreco, Ronda
Poniente, 28167 Madrid, Spain). Concentrate chemical
composition is shown in Table 3.

Pasture
Ten hectares of a sward sown with a mixture of 20 kg/ha of
perennial ryegrass (Lolium perenne) and 6 kg/ha of white
clover (Trifolium repens) were offered to the animals for
grazing. In spring, the animals grazed 50% of the total
area, whereas the remaining 50% was reserved for the
production of silage and hay to provide winter feeding
complementary requirements. The sward was sown in the
autumn and the fertilisation rate was 84, 84 and 44 kg/ha

Table 1 Days on pasture (DP), indoor feeding period (IFP), amount of concentrate fed indoors (CFI), hay dry-matter intake (HDMI) and silage
dry-matter intake (SDMI)

DP (days) IFP (days)
CFI

(kg per animal per day)
HDMI

(kg per animal per day)
SDMI

(kg per (cow1calf) per day)

Treatment-

-

P 250 (9.6)- – – – 11.4
PC 197 (5.2) 50 (3.8) 4.34 1.49 11.4
C 57 (3.1) 165 (6.8) 5.48 1.13 –

- Values in parenthesis indicate s.e. associated with means.
-

-

Abbreviations are: P 5 pasture treatment; PC 5 pasture1concentrate treatment; C 5 concentrate treatment.
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of P2O5, K2O and N, respectively. The maintenance fertili-
sation rate annually was 80, 80 and 152 kg/ha of P2O5, K2O
and N, respectively, for the grazing area; 72, 108 and
144 kg/ha of P2O5, K2O and N, respectively, for the silage
and hay area. The grass silage was a first cut harvested
between 20 April and 10 May with a precision-chop har-
vester. It was ensiled without additive in a roofed bunker
covered with plastic sheets. The hay was a second cut in
July from the reserved sward area with a rotary mower and
using a roll baler to the hay making. The animals were
grazed on a rotational system, moving into a plot when the
grass height was 15 cm. Calves were rotated using an
advanced grazing system, which allowed them to select the
first grass because they reached the plot before their dams.
The calves left the plot when the grass was 8 cm high,
whereas their mothers left it when it was 6 cm high. Grass
height was measured in 40 to 50 random points on each
plot by a swardstick (Barthram, 1986). Pre- and post-
grazing herbage mass were estimated by cutting to ground
level with a portable shearing hand-piece, eight 1-m2

squares (4 cm stubble height) in each ha from the sections
to be grazed and last grazed by the calves. Daily herbage
dry-matter (DM) intake estimated as the difference between
pre- and post-grazing mass was 11.61 kg/day. Animals

received complementary grass silage ad libitum for 77 days
when grass available on pasture was limited, especially in
the winter time.

A stocking rate of three animals per ha was used in the
first rotation of the spring pasture, decreasing progressively
in the following rotations up to one animal per ha in the
late autumn pasture, as grass growth decreased and calf
grazing demand increased. Chemical composition of fresh
grass, grass silage and grass hay consumed by the animals
were analysed once a month and is summarised in Table 3.

Feed chemical composition
Feed chemical compositions of concentrate, fresh grass,
grass silage and grass hay (Table 3) were analysed by the
Official Reference Laboratory of Galicia using gravimetric
methodology for content of dry matter, and according to
the International Organisation for Standardisation (ISO)
methodology for animal feeding stuffs for calcium, CP, fat,
crude fibre and ash (ISO 6869, 5983, 6492, 6865, 5984,
respectively).

Sampling procedures and measurements
Animals were weighed before being transported 4 km to a
commercial abattoir and slaughtered at random within 2 h
after removal from the Research Centre in Mabegondo, A
Coruña (Spain). The carcasses were weighed and classified
for fat score (1 5 leanest and 5 5 fattest) according to the
EU Beef Carcass Classification Scheme. After slaughtering,
carcasses were hung by the Achilles tendon and were
chilled for 24 h before sampling. Samples of the longissimus
thoracis muscle between the 6th and the 10th ribs from the
left side of the carcass were collected. This muscle is the
reference for most of the studies. Samples were split into
two 2.5-cm thick steaks. One steak was used for assess-
ment of chemical composition (fat content) by near infrared
reflectance spectroscopy (NIRS) at 24 h post mortem.
Another steak was used for assessment of nutritional
composition (FA content) by gas chromatography. Samples
were trimmed of residual fat and blended in a commercial
grinder to be individually packed under vacuum (97%)
using a Technotrip model EV-15-1-CD and stored frozen
at 2208C.

Fat content analysis by NIRS
NIRS equipment was calibrated against reference methods
from the Official Reference Laboratory of Galicia for content
of intramuscular fat (ISO 1443). Official Reference Labora-
tory of Galicia determinations were repeated three times
and the means (g/100 g DM) were the reference values
for NIRS analysis. Two spectra per sample were recorded
and the average spectrum was used for development of
calibration equations. Two hundred samples have been
previously used to develop and validate the NIRS equation
(Oliete et al., 2000).

Table 2 Effect of different feeding systems on least square means- of
carcass fat score (FS), slaughter age (SA), slaughter weight (SW) and
carcass weight (CW)

FS SA (days) SW (kg) CW (kg)

Treatment-

-

P 2.9a (0.13) 250a (9.6) 326a (6.4) 180a (4.2)
PC 2.9a (0.14) 247a (4.9) 336a (2.4) 188a (2.0)
C 3.4b (0.09) 222b (5.4) 336a (9.8) 193a (7.1)

aTreatment means in the same column bearing different letters are
significantly different (P , 0.05) under the Duncan test.
-Values in parenthesis indicate standard error.
-

-

Abbreviations are: P 5 pasture treatment; PC 5 pasture 1 concentrate treatment;
C 5 concentrate treatment.

Table 3 Mean chemical composition of experimental feeds

Hay
(%)

Grass silage
(%)

Fresh grass
(%)

Concentrate
(%)

Characteristics-

DM (% fresh
matter)

88.5 17.9 13.8 87.8

CP (% DM) 7.46 12.4 12.6 16.5
OM (% DM) 91.4 88.1 89.3
CF (% DM) 27.2 30.1 22.4 4.55
Ash (% DM) 7.10 10.8 12.0 6.77
Fat (% DM) 2.25
Calcium (% DM) 1.14
FNEU (MJ/kg DM) 5.74 4.30 7.25 6.75

-Abbreviations are: DM 5 dry matter; FNEU 5 fattening net energy units;
OM 5 organic matter; CF 5 crude fibre.
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Raw steaks were trimmed of external fat and blended in
a commercial grinder. Each sample was scanned by reflec-
tance between 1100 and 2500 nm. Spectra of the samples
were recorded on an NIR system 6500 spectrophotometer
(Foss NIRSystem, Silver Spring, Washington, USA) equipped
with WinISI 1.5 software (Infrasoft International, Port
Matilda, PA, USA). Finally, the fat content of each sample
was computed after examining the spectra and entering
them into the calibration equation.

FA content analysis by gas chromatography
Samples were defrosted and homogenised with a Heidolph
Diax 900 processor (Heidolph-Instruments GMBH & COKG,
Schwabach, Germany). Lipids were extracted from longissi-
mus thoracis muscle (50 g) following the Bligh and Dyer
(1959) method by adding 0.05% (wt/vol) butylated hydro-
xytoluene as an antioxidant in the 2% (vol/vol) chloroform/
methanol mixture and being homogenised with Heidolph
Diax 900 homogeniser. The homogenised sample was
centrifuged (2533 3 g) for 20 min. The liquid phase was
filtered through Whatman no. 1 filter paper (Whatman Ltd.,
Maidstone, UK) getting a residue after filtering. The solid
phase was homogenised with 50 ml of chloroform, and then
was centrifuged (2533 3 g) before being filtered through
Whatman no. 1 filter paper, getting another residue after
filtering. Then 50 ml of KCl were added to the filtrates, and
the mixture was centrifuged (2533 3 g) for 20 min. The
supernatant was transferred with a Pasteur pipette to an
Erlenmeyer flask to be dried in a Büchi Rotavapor R-114
(Büchi Labortechnik AG, Postfach, Flawil, Switzerland).
When the solvent was evaporated, the fat fraction was
transferred into glass tubes. The methylation procedure
of the samples were made according to the method of
Morrison and Smith (1964) with slight modification, by
adding 1 ml trifluoroboron : benzene : methanol (25 : 20 : 55
v/v/v) mixture. Tricosanoic acid (23:0) was added (0.14 mg/
ml) as an internal standard.

The fatty acid methyl esters (FAME) were separated
by gas chromatography using a Varian 3900 GC (Varian
Instruments, Walnut Creek, CA, USA) equipped with a
CP-Sil 88 fused silica capillary column (Varian CP7489,
100 m 3 0.25 mm i.d., 0.2-mm film thickness) and a Varian
8410 autosampler. The injector and the flame ionisation
detector were kept at constant temperatures of 2508C and
2608C, respectively. The column oven temperature was held
at 708C for 4 min, increased to 1108C at 88C/min, to 1708C
at 58C/min and held for 10 min, and to 2408C at 48C/min
and held for 14.5 min. The total run time was 63 min, and
the carrier gas used was He. Peaks were routinely identified
based on authentic 37 FAME standard mixtures (Supelco
Inc., Bellefonte, PA, USA) and CLA isomers of c9, t11
configuration not contained in that mix (Matreya Inc.,
Pleasant Gap, PA, USA). Our analysis achieved baseline
resolution of these CLA isomers; however, no GC system
can resolve all known CLA FAME (Kramer et al., 2001). The
trans-7, cis-9 and trans-8, cis-10 co-elute with cis-9, trans-11.

The contribution of trans-7, cis-9 has been estimated to
account for between 9% and 17% of values reported for
cis-9, trans-11 concentrations in beef lipids. Quantification
of FAME was based on the internal standard technique, and
on the conversion of relative peaks areas into weight
percentages, using the corrected response factor of each FA
(ES ISO 5508).

Statistical analysis
Data were analysed by analysis of variance for a completely
randomised design using the general linear model (GLM)
procedure of Statistical Analysis Systems Institute (2000).
It was arranged that calves were born at a similar time and
weight, by discarding those born out of weight and
unhealthy. A completely randomised design was used for
analysis:

Yij ¼ mþWi þ �ij;

where Yij is the observation of the production system i, and
animal j for any of the dependent variables such as intra-
muscular fat content and FA composition; m is the overall
mean; Wi the effect of production system i (i 5 1,2,3); and
eij is the residual random error associated with the obser-
vation ij.

Least-square means were presented in Results section
and treatment differences were considered significant at
P , 0.05.

Results and discussion

Three feeding periods were examined in this study. During
the first period from birth to 57 days of age, calves from all
treatments were maintained on pasture grazing. Thus, this
period did not contribute to variation between treatments.
During the intermediate period, animals from the P and PC
treatment were kept on grazing for 143 and 140 days
respectively, whereas animals from the C treatment were
fed on concentrate for 115 days. During the 50-day finishing
period, animals on the P treatment were maintained on
pasture, while those from the P and C treatments were fed
concentrates. Three main comparisons are considered for
discussion: (1) differences between calves fed continuously
on pasture grazing (P) and grazing followed by concentrate
(PC) tested the effect of grazing v. concentrate during a
short finishing period; (2) differences between P calves and
those fed mostly on concentrate (C) tested the effect of
grazing v. concentrate during a long finishing period; and
(3) differences between PC and C calves tested the finishing
effect of a short v. a long concentrate period.

Chemical composition
Average values for chemical composition of the longissimus
thoracis muscle are shown in Table 4. Treatment differences
for protein, ash and moisture were not significant. However,
slight differences (P , 0.1) among treatments were found
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for intramuscular fat. Calves fed only on grazing tended to
have less fat than those fed on concentrate during both the
short and long finishing period (Table 4). No differences in
fat content were observed between short and extended
periods of concentrate supplementation. These findings
indicate that an even short period of concentrate feeding
during finishing increased the fat depots at slaughter of
young calves.

Other studies reported that different feeding systems
alter the chemical composition of beef, especially in fat
content (Vernon, 1986; Varela, 2002; Moreno, 2003). Small
or relatively minor differences in the chemical composition
of muscle may be explained by the comparable maturity
and carcass weight between treatments in this experiment,
in addition to the relatively early age of all calves (Table 2).
A bigger increase in fat depot occurs in tissues at a later
age, especially in the GB considered a late-maturing beef
breed (Monserrat, 1998). Several studies have shown a
positive correlation between carcass fat score and the
longissimus thoracis intramuscular fat content (Kent et al.,
1991; Moreno, 2003). The data collected in this study seem
to indicate that carcass fat score increased (Table 2) as the
intramuscular fat content increased (Table 4).

FA composition
The effect of grazing systems on the FA composition (mg/
100 g muscle) of intramuscular fat in the GB muscle is
shown in Table 5. A trend (P , 0.1) for increasing total FA
as concentrate intake levels increased was found (Table 5),
in concordance with the results obtained for intramuscular
fat content (Table 4), following other extraction methodol-
ogy. Muscle from calves fed on concentrate during the long
period (C) accumulated higher total FA than calves fed on
pasture grazing (P). Our results are in agreement with other
studies, which reported that an increase in total beef fat
concentration was associated with an increase in MUFA
(Marmer et al., 1984; Webb et al., 1998; Moreno et al.,
2006).

SFA
The SFA group contributed the most to the concentration of
total FA in all treatments (56.8% to 58.3%; Table 5). The
predominant FA in this group were the 16:0 (35% to 37%
of total FAME) and 18:0 (12% to 13%). No significant
differences among treatments were found for total SFA;
however, muscle 17:0 and 18:0 content for treatment C was
marginally higher (P , 0.1) compared with animals on
treatments P and C. Regarding minor SFA, there were not
any difference between treatments. Similar results were
found by other authors in the GB breed raised on pasture
(Varela et al., 2004; Moreno et al., 2006). Other studies
showed that effects of feeding on SFA content depended on
maturity. French et al. (2000) and Moloney et al. (2001)
found higher concentration of SFA in meat from 18-month-
old bulls fed on concentrates than fed on grass, whereas
Enser et al. (1998) found the opposite in 12-month-old
steers.

MUFA
MUFA accounted for between 30.7% and 33.1% of total FA
(Table 5). Muscle from C calves had slightly higher content
in total MUFA than P calves. The cis-9 18:1 (27% to 30% of
total FA) was the predominant FA within this group. This
reflects that the D9-desaturase enzyme has a higher affinity
for 18:0 than 16:0, because the cis-9 18:1 product was
higher than the 18:0 substrate, whereas cis-9 16:1 product
was lower than the 16:0 substrate. Similar results were
obtained by Malau-Aduli et al. (1997) and Moreno et al.
(unpublished results) using early- and late-maturing breed
steers.

Muscle content of cis-9 18:1 was higher in the C than in
the P treatment. As calves consumed more concentrate and
became fatter, the content of the muscle in cis-9 18:1
increased, in agreement with results of Malau-Aduli et al.
(1997) and Moreno et al. (unpublished results). Muscle
content of cis-9 17:1 was higher in P than in C calves, the
opposite of 17:0, which was higher in C than in P calves.
However, the sum of both 17:0 and cis-9 17:1 was similar
for the three treatments.

The VA is considered as precursor of cis-9, trans-11 CLA
and converted into cis-9, trans-11 CLA in tissue by the
action of the D9-desaturase enzyme (Griinari et al., 2000;
Mosley et al., 2006). The VA/c9t11CLA ratio showed an
increasing trend from the P to the C treatment.

PUFA
The PUFA group contributed the least to the total FA (8.3%
to 12.5%), cis-6 18:2 being the predominant PUFA (3.6% to
4.2% of total FA) (Table 5). Similar results were found by
other authors in the GB breed raised on pasture (Varela
et al., 2004; Moreno et al., 2006). Muscle from P calves
had higher content in total PUFA (P , 0.05) than PC calves.
Significant differences for individual FA composition were
also found among the three levels of grazing. Muscle
content in the predominant cis-6 18:2 FA was higher for

Table 4 Chemical composition mean- of the longissimus thoracis
muscle from Galician Blond calves under different feeding systems

Feeding systems-

-

P PC C

Characteristics (%)
Moisture 76.5a (0.18) 76.7a (0.2) 76.6a (0.29)
Ash 1.2a (0.01) 1.2a (0.01) 1.2a (0.01)
Protein 21.6a (0.16) 21.8a (0.15) 21.7a (0.31)
Fat 0.4a (0.08) 0.8b (0.18) 0.9a (0.18)

aTreatment means in the same row bearing different letters are significantly
different (P , 0.05) under the Duncan test.
-Values in parentheses indicate standard error.
-

-

Abbreviations are: P 5 pasture treatment, PC 5 pasture 1 concentrate treatment,
C 5 concentrate treatment.
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C than for both P and PC calves, which reflects a higher
consumption of linoleic acid from concentrates in the C
group. It is also worth noting that 20:4n-6 content of
muscle was higher (P , 0.05) in muscle of calves on C than
P or PC treatments. Furthermore, the concentrations of
20:4n-6 in muscle for the PC group were not intermediate
to that in animals on P and C treatments, which might

reasonably be expected based on the relative periods of
grazing and concentrate feeding. FA content did not follow
an additive linear model related to the level of the grazing
period. It seems that a short concentrate-based finishing
period of 50 days offsets the previous grazing effect on
several FA, which suggests that short-term feeding systems
can alter FA composition in muscle tissues (Griswold et al.,

Table 5 Effect of different feeding systems on least-square means- of main FA (mg/100 g muscle) in the longissimus thoracis muscle

Feeding systems

Pasture (P) Pasture followed by concentrate (PC) Concentrate (C) F-test-

-

FA
6OLE_LINK1:OLE_LINK1 2.28 6 0.40 2.45 6 0.64 2.76 6 0.35 NS
11:0 0.43 6 0.09 0.56 6 0.11 0.55 6 0.07 NS
13:0 1.30 6 0.30 1.35 6 0.33 1.06 6 0.15 NS
14:0 110.70 6 28.03 120.72 6 26.29 188.42 6 58.68 NS
c9 14:1 14.22a 6 2.99 5.54b 6 0.87 13.63a 6 2.62 *
15:0 44.79 6 6.01 49.72 6 10.13 51.49 6 4.51 NS
15:1 9.37 6 0.72 10.93 6 2.24 9.02 6 0.36 NS
16:0 749.38 6 41.75 827.96 6 100.31 921.37 6 50.58 NS
c9 16:1 7.86 6 0.95 10.36 6 1.88 11.31 6 1.33 NS
17:0 10.61 6 0.62 10.53 6 0.99 13.14 6 0.78 NS
c9 17:1 18.31 6 1.54 15.33 6 1.81 13.08 6 1.33 NS
18:0 280.51 6 11.16 278.66 6 21.92 330.95 6 14.36 NS
c9 18:1 576.77 6 40.80 656.42 6 76.41 785.21 6 63.45 NS
t9 18:1 7.66 6 0.57 12.10 6 3.27 9.36 6 0.81 NS
t11 18:1 14.08 6 0.85 12.53 6 1.34 16.35 6 1.63 NS
c6 18:2 81.62 6 7.12 80.32 6 6.57 110.65 6 15.73 NS
t6 18:2 1.71 6 0.22 1.47 6 0.26 1.43 6 0.23 NS
c9t11 CLAy 8.05a 6 0.36 5.50b 6 0.67 5.30b 6 0.39 **
18:3n-6 0.28 6 0.11 0.25 6 0.09 0.42 6 0.15 NS
18:3n-3 60.48a 6 4.67 28.33b 6 3.38 26.99b 6 1.93 ***
20:0 0.74 6 0.28 0.89 6 0.27 1.18 6 0.27 NS
20:1n-9 0.69 6 0.21 0.43 6 0.19 0.91 6 0.27 NS
20:2n-6 1.49 6 0.30 0.77 6 0.23 1.04 6 0.39 NS
20:3n-3 9.99a 6 0.69 7.28b 6 0.69 6.54b 6 0.41 **
20:3n-6 1.18a 6 0.15 0.58b 6 0.15 0.64b 6 0.17 *
20:4n-6 21.65a 6 2.30 13.53b 6 1.65 22.14a 6 3.18 *
20:5n-3 38.92a 6 3.71 19.07b 6 2.83 20.72b 6 1.97 ***
22:0 2.19 6 0.18 2.22 6 0.48 2.74 6 0.44 NS
22:6n-3 41.21a 6 3.12 28.26b 6 3.03 27.61b 6 2.67 **
23:0 0.99 6 0.24 0.69 6 0.32 0.36 6 0.24 NS
24:0 2.59 6 0.37 1.03 6 0.48 1.95 6 0.54 NS
SFA 1206.50 6 57.58 1296.79 6 151.99 1515.98 6 86.87 NS
MUFA 650.80 6 41.29 725.71 6 81.28 860.31 6 66.37 NS
PUFA 266.57a 6 19.68 185.36b 6 16.69 223.48ab 6 24.12 *
n-3 PUFA 150.59a 6 10.51 82.94b 6 9.15 81.85b 6 6.19 ***
n-6 PUFA 107.93 6 9.43 96.92 6 8.24 136.32 6 18.73 NS
PUFA:SFA ratio 0.23a 6 0.03 0.15b 6 0.02 0.15b 6 0.02 *
n-6:n-3 ratio 0.72a 6 0.02 1.23b 6 0.09 1.62c 6 0.12 ***
VA/c9,t11CLA 1.75 6 0.15 2.28 6 0.32 3.08 6 0.65 NS
Total FA 2123 6 82.22 2208 6 242.08 2599 6 133.94 NS

Abbreviations are: CLA5conjugated linoleic acid; MUFA5monounsaturated fatty acids; PUFA5polyunsaturated fatty acids; SFA5saturated fatty acids.
a,b,cTreatment means in the same row bearing different letters are significantly different under the Duncan test.
- Values in parentheses indicate standard error.
-

-

Symbols *, ** and *** refer to significant at P , 0.05, 0.01 and 0.001, respectively; NS means not significant.
y c9,t11CLA also includes t8,c10 and t7,c9 CLA.
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2003). However, the 50-day concentrate finishing period
was not sufficient for showing a significant effect on other
MUFA and SFA relative to continuous grazing, in accor-
dance with Duckett et al. (1993). All n-3 PUFA (i.e. 18:3n-3,
20:3n-3, 20:5n-3 and 22:6n-3) showed higher content in
the P calves than in either the C or PC calves. Consequently,
total n-3 PUFA were highly significant (P , 0.001) in P
compared with PC and C treatments. Calves fed exclusively
on pasture grazing were able to synthesise higher amounts
of n-3 PUFA than calves finished on concentrate, in accor-
dance with the results of French et al. (2000), Varela et al.
(2004) and Nuernberg et al. (2005). It is widely documented
that 18:3 n-3 can serve as a substrate for further desa-
turation and elongation of PUFA (Noci et al., 2005). Even, a
short concentrate period of 50 days cancelled the beneficial
synthesis of the n-3 FA from pasture grazing. It seems
that content of n-3 FA in muscle fat is highly influenced
by the type of diet on which animals were fed during
the finishing period, in accordance with other studies
(Noci et al., 2005).

CLA
Cis-9, trans-11 CLA content in P calves was significantly
higher (P , 0.01) than in those from both the C and PC
treatment, whereas no differences were found between C
and PC (Table 5). This can be explained by the same reasons
we mentioned above. During the continual oxidation and
synthesis of tissue lipids, the FA profile can be expected to

change over time. No apparent linear relationship between
the concentration of cis-9, trans-11 CLA and VA in muscle
adipose tissue was found in this study when comparing the
three feeding periods. However, a positive association of VA
and cis-9, trans-11 CLA seems to exist in our study when
comparing P and PC treatments only. As VA increased from
PC to P (12.53 to 14.08), cis-9, trans-11 CLA also increased
(5.50 to 8.05).

FA ratios
Nutritional guidelines recommend a higher intake of n-3
PUFA to decrease the unbalance n-6:n-3 ratio consumption
in western human diets (Wood et al., 2004). One possible
way to achieve an acceptable balance ratio in beef is to
supplement animal diets with natural sources of n-3 FA,
specially 18:3 n-3, which is the most predominant FA in
grass lipids (Wood and Enser, 1997). Our results clearly
showed that calves raised on pasture (P) presented healthy
lower values (P , 0.001) for n-6:n-3 ratio than calves fin-
ishing on either a long or short concentrate-based period (C
or PC, respectively). In addition, animal production systems
based on pasture grazing are more in line within policies
promoting the production of animal foods based on more
extensive and welfare acceptable systems (Decision 97/182/
EC, Directive 97/2/EC).

The PUFA : SFA ratio of the muscle intramuscular fat was
also higher (P , 0.05) in animals under the P treatment
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Figure 1 Second-order regression models of four beneficial fatty acid indexes (n-3 PUFA, c9t11CLA, and n-6:n-3 and PUFA : SFA ratios) on grazing levels,
based on 30 intramuscular fat observations from GB breed calves. Grazing levels: C refers to 57-days grazing followed by 165-days long concentrate-based
finishing; PC refers to 197-days grazing followed by 50-days short concentrate-based finishing; and P refers to 250-days continuous grazing. The s.e. is in
parentheses after the parameter estimated for each term of the model.
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compared with calves finished on concentrate (C and PC)
(Table 5), in agreement with French et al. (2000), Varela
et al. (2004) and Nuernberg et al. (2005). Thus, a more
favourable PUFA : SFA ratio from a dietetic and health point
of view was present in beef of grass-based calves (P).

Regression models
Individual observations of the nutritional parameters n-3
PUFA, cis-9, trans-11 CLA, and n-6:n-3 and PUFA : SFA
ratios were fitted to regression models on grazing levels
(Figure 1). Since observed values of the parameters were
generally similar for two grazing levels and differed from
the other level, a second-degree polynomial best fitted the
data. These second-degree polynomial regressions based on
individual observations graphically illustrate and corrobo-
rate the above discussions that were based on treatment
means of n-3 PUFA, cis-9, trans-11 CLA and healthy FA
ratios. The regression models analysed were all statistically
significant, which indicate a significant association of the
grazing levels with n-3 PUFA (P , 0.0001), cis-9, trans-11
CLA (P , 0.01), n-6:n-3 (P , 0.0001) and PUFA : SFA
(P , 0.05). The fitting of the quadratic model reflects the
difference between the grazing finishing and both short-
and long-term concentrate finishing for n-3 PUFA, cis-9,
trans-11 CLA and PUFA : SFA.

Conclusions
Grazing enhanced the concentration of healthy FAs in muscle
of young calves compared with intensive concentrate feeding
systems.
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