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Abstract
Consumption of grazed pasture compared to concentrates results in higher concentrations, in beef muscle, of fatty acids 
considered to be beneficial to human health. Little information is available on the influence of the type of grazed forage. 
Our objectives were to determine 1) the effect of inclusion of white clover in a grazing sward on the fatty acid profile of 
beef muscle and 2) the potential of the fatty acid profile and stable isotope ratios of C and N to discriminate between beef 
from cattle that grazed grass-only or grass/clover swards before slaughter. A total of 28 spring-born Charolais steers 
grazed from March until slaughter in October, either on a perennial ryegrass (Lolium perenne L.) sward that received 
approximately 220 kg N/ha or a perennial ryegrass–white clover (Trifolium repens L.) sward that received 50 kg N/ha. 
The longissimus muscle from cattle finished on grass/clover had a higher (P < 0.05) proportion of C18:2 and C18:3 but 
a lower (P < 0.05) proportion of conjugated linoleic acid and δ15N value than animals finished on the grass-only sward. 
Discriminant analysis using the fatty acid data showed that, after cross-validation, 80.7% of grass/clover and 86.1% of 
grass-only muscle samples were correctly classified. Discriminant analysis using the stable isotope data showed that, 
after cross-validation, 95.7% of grass/clover and 86.5% of grass-only muscle samples were correctly classified. Inclusion 
of white clover in pasture is likely to have little effect on healthiness of meat for consumers. However, changes in fatty 
acids and stable isotopes can be used to distinguish between grass/clover-fed and grass-only-fed beef.
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Introduction

The majority of systems of beef production practised in 
temperate climates seek to make the best use of locally 
available forage and inexpensive concentrates. Grazed 
pasture is an important component of many production 
systems in Ireland (O’Riordan and O’Kiely, 1996). To maintain 
sustainable, economically competitive and welfare-friendly 
systems of beef production, it is necessary to further increase 
the production and utilisation of grazed pasture. For beef 
production, swards containing a significant proportion of white 
clover (Trifolium repens L.) may afford savings in relation to 
expensive chemical N inputs to grassland and may result 
in lower N

2O emissions (Ledgard et al., 2009). Moreover, 
since the seasonal dry matter (DM) distribution of clover is 
such that more growth occurs in the second half of the year 
at a time when grass growth naturally declines (Gilliland 
et al., 2009), it complements the demand of the grazing 
animal. Consequently, there is currently increasing interest 
in including clover in perennial ryegrass (Lolium perenne L.)-
based swards for grazing cattle, continuing a long-standing 
but somewhat cyclical interest in this topic internationally and 
in Ireland (Blaser et al., 1956; Ryan et al., 1984).
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Consumer interest in the relationship between diet and health 
has focussed attention on the composition of food and in 
particular on its fatty acid composition. While beef is considered 
to be rich in saturated fatty acids (SFAs), it is also a source of 
polyunsaturated fatty acids (PUFAs), particularly omega (n)-3 
PUFA and conjugated linoleic acid (CLA) which are considered 
to be beneficial to human health (Simopoulos, 2002; Yaqoob et 
al., 2006). Plants have the unique ability to synthesise de novo 
a-linolenic acid (18:3n-3), and forages such as grass and clover 
contain a high proportion (50–75%) of total total fatty acids as 
18:3n-3 (Dewhurst et al., 2006). Exploiting herbage as a source 
of n-3 PUFA is an important nutritional strategy for enhancing the 
content of n-3 PUFA in beef since a proportion of dietary PUFA 
escapes biohydrogenation in the rumen and is deposited in tissue 
(Scollan et al., 2014). Thus, when compared to concentrates, 
feeding fresh grass results in higher concentrations of n-3 PUFA 
in muscle lipids, beneficially contributing to not only an increase 
in the PUFA:SFA ratio and a decrease in the n-6:n-3 PUFA ratio 
but also an increase in the deposition of CLA (cis-9, trans-11) 
(Scollan et al., 2014). While there are many comparisons of 
grazed grass with concentrate feeding, little information is 
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sward approximately 24 months before the experiment 
commenced. The total N input to the grass/clover sward 
was 50 kg/ha which was applied in the form of urea in the 
spring. The total N input to the grass swards was 220 kg/ha 
which was applied as urea (100 kg) in spring and as calcium 
ammonium nitrate in summer. The animals rotationally grazed 
21 paddocks of each sward (target pre-grazing herbage mass 
was 1,200 kg DM/ha) to a residual sward plate metre (Jenquip 
Agri Business Centre, Fielding, New Zealand) height of 50 mm. 
At turnout, 11 paddocks were closed. After harvesting grass 
for conservation as silage, these plots were introduced to the 
grazing management. The animals spent, on average, 2 days 
in each paddock. The animals were weighed on 9 October 
and 10 October, when they were removed for slaughter.
Pre-grazing herbage was sampled in duplicate from alternative 
paddocks as described by French et al. (2001). One sample 
was manually separated into grass, clover and weeds, and 
each component dried at 40°C for at least 48 h and weighed 
to calculate the white clover content (DM basis). The other 
sample was frozen until pooled on a monthly basis for the 
analysis of chemical composition.

Post-slaughter carcass measurements and sampling
On the day of slaughter, after weighing, animals were 
transported 150 km to a commercial slaughter facility and 
slaughtered at random within 1 h of arrival. After slaughter, 
cold carcass weight (hot carcass weight ́  0.98) was recorded, 
and the carcasses were classified for fat score (1 = leanest 
and 5 = fattest) using the EU Beef Carcass Classification 
Scheme. At 48-h post-mortem, a Minolta Chromameter 
Cr3000 (Minolta Camera Co., Osaka, Japan) was used 
to measure lightness (L), redness (a) and yellowness (b) 
of subcutaneous fat on the loin and rump of each carcass 
as described by Dunne et al. (2004). The sides were cold 
boned at 48-h post-mortem, and a steak (2.5 cm thick) was 
collected from the Musculus longissimus dorsi (LD) and 
frozen for compositional analysis.

Chemical analysis
Intramuscular fat and moisture contents of thawed minced 
LD samples were determined using an automated, integrated 
microwave moisture and methylene chloride fat extraction 
method (Bostian et al., 1985) on a CEM moisture/solid 
analyser (Model AVC 80; CEM Corp., Matthews, NC, USA). 
Intramuscular fat was extracted from blended LD, and the 
fatty acids were quantified as their fatty acid methyl esters 
using gas chromatography as previously described (French 
et al., 2000). Individual fatty acids were identified with 
reference to fatty acid standards, and the cis-9 and trans-11 
CLA isomer was identified with reference to the CLA standard 
mix generously provided by M. Pariza (The Food Research 
Institute, University of Wisconsin, Madison, WI, USA).

available on the influence of the type of grazed forage on the 
fatty acid profile. Our first objective therefore was to determine 
the effect of inclusion of clover in a grazing sward on the fatty 
acid profile of beef muscle.
Increasingly, consumers are interested in the provenance 
of their food, and pasture-based systems have come to be 
regarded by some consumers as more environmentally 
and animal-welfare-friendly alternatives to intensive/feedlot 
systems of production (Broom et al., 2013; Li et al., 2016). 
Animal products from such systems, for example, those 
labelled as ‘grass-based’, can command a price premium 
but require methods to validate the system of production and 
make it less likely that counterfeit products are fraudulently 
sold under such labels. Several approaches have been 
examined in this regard (Monahan et al., 2013; Moloney et al., 
2014). Beef from cattle finished on pasture or concentrates 
could be distinguished based on their fatty acid composition 
(Alfaia et al., 2009) or stable isotope ratios (Osorio et al., 2011). 
However, no studies have been reported on discriminating 
between beef from cattle finished on different pastures, even 
though grass-only versus grass/clover pasturing will likely 
receive different sustainability and environmental ratings from 
consumers in the future (Broom et al., 2013). Accordingly, our 
second objective was to determine the potential of both the 
fatty acid profile and the C and N stable isotope composition 
to discriminate between beef from cattle that grazed grass-
only or grass/clover swards before slaughter.

Materials and methods

Experimental design and animal management
This study was carried out under license from the Irish 
government’s Department of Health (HRB, 2011), and 
all procedures used complied with national regulations 
concerning experimentation on farm animals. A total of 28 
Charolais-sired male bull calves (mean birth date: 16 March) 
grazing a common pasture with their dams (Limousin/Friesian) 
were selected for this study. The animals were castrated in 
September using a burdizzo plus local anaesthetic, weaned 
on 30 October and housed on 25 November. For the winter, 
the calves were accommodated in a slatted floor shed and 
offered a predominantly perennial ryegrass silage ad libitum 
+1.5 kg proprietary concentrate daily. At the end of the winter, 
the animals were weighed (consecutive days), assigned at 
random to one of the two experimental swards and turned 
out to pasture on 15 March. The experimental swards were a 
conventionally managed perennial ryegrass and a perennial 
ryegrass–white clover (grass/clover) sward. The grass/
clover sward was established by conventionally re-seeding 
a representative portion of an established perennial ryegrass 
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Statistical analysis
All statistical analyses were carried out using GenStat (14th 
edition; VSN International Ltd., Hemel Hempstead, UK). 
Data were subjected to analysis of variance using a model 
that had sward type as the main effect and initial live weight 
as a covariate, where indicated. Discriminant analysis was 
performed to evaluate the possibility of differentiating LD 
muscle according to the diet of the animals. The stable isotope 
ratio data were subjected to discriminant analysis directly. The 
ability of the determined discrimination function to separate 
the data into the dietary classes was tested using a Chi-square 
analysis. Fatty acid data were subjected to forward stepwise 
discriminant analysis. As an initial analysis indicated a strong 
correlation between individual fatty acids and fatty acid 
classes (SFA, monounsaturated fatty acid [MUFA], PUFA) 
or ratios (PUFA:SFA, n-3 PUFA:n-6 PUFA), only individual 
fatty acids were considered in the final analysis. Variable 
selection was based on bootstrapping, and the determined 
discriminant function was tested as described earlier. For 
each discriminant function, its robustness was tested using a 
bootstrapping approach and the success of the discrimination 
was measured as the proportion of cases correctly assigned 
in the cross-validation.

Results

The proportion of clover in the grass/clover pasture increased 
from animal turnout until slaughter in October (Figure 1). There 
was little clover evident in the grass-only sward (Figure 1). 
The chemical composition of the pastures (Table 1) was 
largely similar. The oil content of the pastures was similar, 

Thin slices of LD (5 g) were freeze-dried (Edwards Pirani 501 
freeze dryer; Edwards Ltd, Crawley, UK) for 48 h and pulverised 
using a ball mill (TypeMM2; Glen Creston Ltd, Stanmore, UK). 
The milled muscle samples were then stored in plastic bags 
under vacuum desiccation. Total lipid was extracted from the 
milled samples using hexane/isopropanol (3:2, v/v) according to 
the method by Radin (1981). The defatted muscle was separated 
from the solvent mixture by vacuum filtration and air-dried 
overnight in a container covered with aluminium foil to protect 
samples from light. Lipid-free muscle weighing 0.9–1.1 mg 
was loaded into tin capsules for dual C and N isotope analysis. 
Natural abundance stable isotope ratios of C (13C/12C) and N 
(15N/14N) in lipid-free muscle and feed samples (below) were 
measured by continuous flow isotope ratio mass spectrometry 
as described by Osorio et al. (2011). Stable isotope ratios were 
expressed using conventional δ notation in units of per mil (‰) 
relative to a suitable standard and defined as follows:

( ) sample reference[( )‰ R R –1 1 00] 0×δ = −

where Rsample is the isotope ratio in the sample and Rreference is the 
isotope ratio in the reference material. Results are referred 
to Vienna Pee Dee Belemnite (V-PDB) for carbon and 
atmospheric N2 for nitrogen.
Monthly composite herbage samples were oven dried at 40°C 
for 48 h and milled (1-mm sieve). General feed analyses 
were carried out as previously described by Moloney and 
O’Kiely (1995). For fatty acid analysis, lipid was extracted 
from the forages and methylated as described by Sukhija 
and Palmquist (1988) and methyl esters were quantified as 
described by French et al. (2000). For isotope analysis, 3.5–
4.5 mg of the dried milled feed samples were packed into 
ultra-clean tin capsules.
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Figure 1. Proportion of clover in the grass/clover and grass-only pastures during the growing season.
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Muscle from cattle reared on the grass/clover sward had a 
lower (P < 0.05) δ15N value, but there was no difference in 
δ13C value of muscle from cattle reared on the two swards 
(Table 3).
From the stepwise discriminant analysis of the individual fatty 
acid data, C16:1, C18:3 and C20:5 were selected as giving 
the best discrimination. The Mahalanobis squared distance 
between the grass/clover and grass-only groups using this 
discriminant function was 2.876, and the F-test of the distance 
had P = 0.003. In the original classification, 12 samples in the 
grass/clover group were correctly classified and 13 samples 
in the grass-only group were correctly classified (Figure 2). 
In the cross-validation, 80.7% of grass/clover samples and 
86.1% of grass-only samples were correctly classified (overall 
classification error of 16.6%).
Based on the discriminant analysis using the δ15N and 
δ13C values, the Mahalanobis squared distance between 
the grass/clover and grass-only groups was 7.149 and 
the F-test of the distance had P < 0.001. In the original 
classification, all samples (i.e. 14) in the grass/clover group 
were correctly classified and 12 samples in the grass-only 
group were correctly classified (Figure 3). In the cross-
validation, 95.7% of grass/clover samples and 86.5% 
of grass-only samples were correctly classified (overall 
classification error of 8.9%).

and no fatty acids with <12 carbons were detected. The total 
and dominant SFA (C16:0) proportion tended to be lower 
in the grass/clover pasture. The total and dominant PUFA 
(C18:3n-3) proportion tended to be higher in the grass/clover 
sward. The grass/clover pasture tended to have a lower δ15N 
value than the grass-only pasture, while the δ13C value was 
similar for both pastures.
Production and carcass-related data are summarised in 
Table 2. There was no difference in mean slaughter weight 
or growth rate between steers reared on grass-only or 
grass/clover swards. Mean carcass weight was similar for 
steers reared on grass-only or grass/clover swards, and 
carcasses had similar fat and conformation scores. There 
was little difference in subcutaneous fat colour other than “C” 
or saturation, which, when averaged over the carcass, was 
higher (P < 0.05) for carcasses from steers reared on the 
grass-only sward.
Data for intramuscular fat concentration and its fatty acid 
composition are summarised in Table 3. There was no 
difference in intramuscular fat concentration but muscle from 
cattle reared on grass/clover had a higher proportion (P < 
0.05) of C12:0, C18:2, C18:3, total PUFA (P < 0.1) and n-6 
PUFA (P < 0.1) but a lower proportion (P < 0.05) of C17:1, 
CLA and unidentified fatty acids than cattle reared on the 
grass-only sward.

Table 1. The mean (s.d.) botanical and chemical composition of the forages
Grass/clover Grass only

Grass (g/kg DM) 793 (91.7) 910 (42.2)

Clover (g/kg DM) 145 (80.2) 38 (24.6)

Weeds (g/kg DM) 62 (33.4) 52 (25.5)

DM (g/kg) 186 (21.7) 176 (7.9)

Crude protein (g/kg DM) 195 (32.2) 192 (26.6)

DM digestibility (g/kg) 812 (23.5) 811 (28.7)

Ash (g/kg DM) 112 (12.3) 106 (12.2)

Oil (g/kg DM) 25.6 (4.95) 24.1 (3.06)

Fatty acids (g/kg DM) 31.4 (5.31) 32.0 (6.24)

Fatty acids (g/kg fatty acid methyl esters)

 C14:0 5.3 (2.96) 4.9 (3.58)

 C16:0 198.6 (14.64) 218.3 (25.88)

 C16:1 12.7 (12.51) 10.1 (10.05)

 C18:0 25.4 (11.21) 26.3 (13.83)

 C18:1 21.0 (5.66) 24.5 (4.57)

 C18:2 132.0 (11.38) 127.3 (15.54)

 C18:3 511.5 (42.91) 469.4 (52.98)

 SFA 286.0 (25.96) 314.6 (41.99)

 MUFA 55.9 (26.06) 57.2 (15.16)

 PUFA 658.2 (44.55) 628.3 (50.99)

δ15N(‰) 4.88 (0.97) 5.88 (1.14)

δ13C(‰) –30.24 (0.64) –30.37 (0.56)

DM, dry matter; MUFA, monounsaturated fatty acid; PUFA, polyunsaturated fatty acid; SFA, saturated fatty acid.
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Table 2. Initial and final weight and carcass characteristics of beef cattle that grazed grass/clover clover or grass only swards prior to slaughter
Grass/clover Grass only s.e.d. Significance

Initial weight (kg) 439.4 425.9 15.27

Final weight (kg) 632.2 609.4 18.88

Final weight (kg)a 626.6 615.1 14.48

Growth (g/day) 923 878 68.1

Carcass weight (kg) 342.2 330.0 10.25

Carcass weight (kg)a 339.2 333.1 7.87

Fat scoreb 3.54 3.46 0.227

Conformationc 3.14 3.14 0.173

Fat colourd: rib

 L 70.9 69.1 1.47

 a 4.3 3.4 0.68

 b 12.8 12.5 1.56

 C 71.6 75.4 2.20

 H 13.5 13.0 1.63

Fat colour: round

 L 68.3 69.7 1.21

 a 5.1 4.7 0.64

 b 15.3 17.3 1.08

 C 71.5 74.9 2.05

 H 16.2 18.0 1.11

Fat colour: mean

 L 69.6 69.4 1.02

 a 4.7 4.1 0.48

 b 14.0 14.9 1.16

 C 71.3 74.9 1.76 *

 H 14.8 15.5 1.18

aAdjusted using initial weight as a covariate. bFat score 5+ (highest) to 1- (lowest), (5+ is 15). cConformation score as EUROP where  E+ (high-
est) to P- (lowest) (E+ is 15). dColour coordinates. a, redness; b, yellowness; C, chroma; H, hue angle; L, lightness.
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Figure 2. Plot of individual observation discriminant scores against the discriminant function based on fatty acid composition of muscle lipids.
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Table 3. Composition, fatty acid profile and stable isotope ratios of M. longissimus muscle of beef cattle that grazed grass/clover or grass 
only swards prior to slaughter

Grass/clover Grass only s.e.d. Significance

Composition (g/kg)

 Fat 27.4 29.2 4.53

 Moisture 734.5 735.9 4.17

Fatty acids (g/100 g fatty acid methyl esters)

 C10:0 0.05 0.06 0.004

 C12:0 0.08 0.07 0.004 *

 C14:0 2.60 2.51 0.147

 C14:1 0.55 0.51 0.051

 C15:0 0.49 0.50 0.029

 C16:0 26.49 25.85 0.465

 C16:1 3.40 3.45 0.149

 C17:0 1.10 1.14 0.041

 C17:1 0.94 1.01 0.032 *

 C18:0 15.64 15.66 0.596

 C18:1 36.49 37.67 0.875

 C18:2 3.08 2.51 0.255 *

 C18:3 1.61 1.23 0.138 *

 Cis-9, trans-11 C18:2 0.47 0.58 0.045 *

 C20:0 0.08 0.07 0.006

 C20:1 0.14 0.12 0.169

 C20:2 0.03 0.03 0.008

 C20:3 0.17 0.15 0.026

 C20:4 0.68 0.62 0.082

 C22:1 0.19 0.16 0.021

 C20:5 0.48 0.48 0.072

 C22:5 0.69 0.61 0.083

 C22:6 0.05 0.06 0.006

 Unidentified 4.51 4.96 0.211 *

 SFA 46.53 45.87 0.728

 MUFA 41.69 42.91 0.949

 PUFA 7.26 6.25 0.606 0.10

 n-6 PUFA 3.76 3.15 0.332 0.065

 n-3 PUFA 3.00 2.52 0.287

 PUFA:SFA 0.16 0.14 0.014

 n-6:n-3 PUFA 1.27 1.25 0.027

 C18:2: C18:3 1.93 2.03 0.068

 Desaturase indexa 0.47 0.49 0.009

δ15 N(‰) 8.20 9.12 0.132 ***

δ13C(‰) –27.20 –27.50 0.167 0.08
aDesaturase index = (C14:1 + C16:1 + C18:1)/(C14:1 + C16:1 + C18:1 + C14:0 + C16:0 + C18:0).
M. longissimus, Musculus longissimus; MUFA, monounsaturated fatty acid; PUFA, polyunsaturated fatty acid; SFA, saturated fatty acid.
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sward lipid which increased in the grass/clover sward as the 
proportion of clover increased.
The significantly higher δ15N values of the grass-only sward 
likely reflect a system-wide enrichment of 15N in conventional 
grassland farms, where the use of mineral fertilizers results 
in highly positive N input–output balances (associated with 
larger N losses preferentially of light 14N) and/or the fact 
that legumes are isotopically lighter when actively fixing 
atmospheric N2 that has a defined δ15N value of zero (Schmidt 
et al., 2005; Kriszan et al., 2014).

Cattle growth
While Yarrow and Penning (2001) reported an increase in 
cattle growth as the proportion of clover in the sward increased, 
in general in the literature, there is little difference in growth 
rates between cattle that grazed a fertilised grass sward 
and a grass/clover sward (Bax and Schils, 1993; O’Riordan, 
1995; Tyson et al., 1997) as is the case in the current study. 

Discussion

Herbage
The proximate composition, fatty acid profile and stable 
isotope ratios of C and N of the grass-only sward were 
within the ranges previously observed at this location (Noci 
et al., 2007; Osorio et al., 2011). The pattern of clover growth 
within the grass/clover sward is typical of the seasonal 
distribution curve for white clover in Ireland (Gilliland et 
al., 2009). With respect to the fatty acid proportions, the 
higher PUFA proportion in the grass/clover sward reflects 
the higher PUFA proportions sometimes reported for 
white clover compared to perennial ryegrass (Boufaïed et 
al., 2003; Wyss and Collomb, 2010) and the increasing 
proportion of white clover as the experiment progressed. 
This is illustrated in Figure 5 for the proportion of C18:3 in 
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Figure 3. Plot of individual observation discriminant scores against the discriminant function based on stable isotope composition of muscle.
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Figure 4. δ13C versus δ15N values of muscle from heifers that grazed a grass-only or a clover/grass sward before slaughter.
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9, trans-11) (Scollan et al., 2014). In contrast, little comparable 
information is available on the influence of the type of grazed 
forage and in particular consumption of mixed ryegrass and 
clover pasture.
The fatty acid profile of LD from cattle that grazed the grass-
only sward was largely  similar to that previously reported for 
this location (Noci et al., 2007). Consistent with the current 
study, Scollan et al. (2002a, 2002b) reported that, when 
compared to a grass-only pasture, cattle that grazed a grass/
white clover pasture had a higher proportion of C18:3 n-3 
and C18:2 n-6 in total muscle lipids which contributed to an 
increase in the PUFA:SFA ratio, but the CLA proportion was 
unaffected. The higher proportion of PUFA in muscle lipids 
from cattle that grazed the grass/clover sward compared to 
the grass-only sward may reflect not only higher consumption 
(not measured) but also a decrease in rumen biohydrogenation 
due to the increased passage rate frequently reported for 
white clover (Dewhurst et al., 2009). The lower proportion of 
CLA in muscle lipids from the grass/clover group in the current 
study is consistent with the latter hypothesis.
The increased proportion of C18:3 in muscle lipids of cattle 
that grazed a grass/clover sward rather than a grass-only 
sward may be interpreted as beneficial to the health of the 
consumer. However, the published reference intake values 
for human beings are 2 g and 250 mg/day for C18:3n-3 and 
eicosapentaenoic acid (EPA) +docosahexaenoic acid  (DHA), 
respectively (EFSA, 2009). A 100 g serving of beef from 
the cattle that grazed the grass/clover sward would supply 
44 mg of C18:3 and 15 mg of EPA + DHA compared to 36 
and 16 mg, respectively, for beef from cattle that grazed the 
grass-only sward. These compare with C18:3 values of 25 

With regard to carcass weight, in a 3-year study using similar 
pastures to those used in the current study, O’Riordan (1995, 
1996) reported a higher mean carcass weight for cattle that 
grazed the grass/clover sward prior to slaughter in years 1 
and 2 (19 and 22 kg, respectively, P < 0.05), but the response 
in the third year (7 kg; O’Riordan and Travers, 1997) was 
not significant but similar to the non-significant 6 kg seen in 
the current study. The differences between studies and year 
within a study most likely reflect the proportion of clover in 
the pasture. Nevertheless, that carcass yield was not lower 
for cattle that grazed the grass/clover sward compared to the 
fertilised grass sward highlights the potential cost-reduction 
due to the substitution of inorganic N fertiliser with clover.

Fatty acid composition
As more lipids are deposited in muscle, the MUFA proportion 
of total lipid increases and the PUFA proportion decreases 
(Moreno et al., 2008). Thus, changes in fatness due to 
differences in energy intake per se can confound the effects of 
diet on fatty acid composition of intramuscular fat. In the current 
study, there was no effect of pasture type on intramuscular fat 
concentrations in LD. Consequently, the confounding effect of 
differences in intramuscular fat concentrations on fatty acid 
composition was avoided.
There have been many comparisons of grazed grass with 
concentrate feeding with respect to the fatty acid composition 
of muscle lipid (Scollan et al., 2014). The general findings 
are that, compared to concentrates, feeding fresh grass 
results in higher concentrations of n-3 PUFA in muscle lipids, 
contributing to beneficial changes in the PUFA:SFA and 
n-6:n-3 PUFA ratios and an increased deposition of CLA (cis-
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Figure 5. The proportion of linolenic acid (C18:3) in the lipids of the grass/clover and grass-only pastures during the growing season.
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N to differentiate between beef produced from pasture and 
concentrates and between organic and conventional beef has 
been demonstrated (Schmidt et al., 2005; Osorio et al., 2011), 
this approach was also examined in the current study. Osorio 
et al. (2011) also compared the stable isotope composition of 
muscle from cattle that either grazed grass or were offered 
ensiled grass during the winter and subsequently grazed a 
grass-only pasture for 6 months before slaughter. The δ13C 
values were similar (-27.7 versus -27.6), the δN15 values 
differed by 0.3 (‰) and little discrimination was obtained in 
a plot of muscle δN15 values against muscle δ13C values. 
In contrast, the plot of muscle δ15N values against muscle 
δ13C values from the current study (Figure 4) shows clear 
discrimination, indicating the power of this approach even 
when the difference between mean isotope values is small. 
In the study by Devincenzi et al. (2014), the discriminant 
analysis between muscle samples from lambs that grazed 
100% cocksfoot or cocksfoot with 25% alfalfa included (the 
most relevant comparison to the current study) had an overall 
correct classification of 76.5%. This compares to the 91% 
correct classification in the current study.

Conclusions

Inclusion of white clover in a perennial ryegrass pasture 
can maintain cattle performance, thereby reducing the need 
to purchase artificial fertiliser N. The impact of white clover 
inclusion on the fatty acid composition of muscle from cattle 
that grazed the pasture is likely to have little effect on the 
health of the consumer but can be used to distinguish grass-/
clover-fed beef from grass-only-fed beef. Stable isotope ratio 
measurements of N have additional potential in this regard, 
because they reflect differences between soil-derived N 
in grasses and isotopically lighter, atmospheric N

2 fixed by 
symbiotic legumes.

Acknowledgements

The assistance of Dr Padraig French with the conduct of the 
study and Dr Jim Grant with the statistical analysis is gratefully 
acknowledged.

References

Alfaia, C.P.M., Alves, S.P., Martins, S.I.V., Costa, A.S.H., Fontes, 
C.M.G.A., Lemos, J.P.C., Bessa, R.J.B. and Prates, J.A.M. 2009. 
Effect of the feeding system on intramuscular fatty acids and conju-
gated linoleic acid isomers of beef cattle, with emphasis on their nutri-
tional value and discriminatory ability. Food Chemistry 114: 939–946.

and 36 mg/100 g muscle for beef labelled as conventional 
or organic, respectively, in the UK supermarkets, but both 
assumed by the authors to be from ‘forage-based production 
systems’ (Kamihiro et al., 2015). In the current study, neither 
beef could be labelled as a ‘source’ of omega-3 fatty acids 
according to the EFSA (2009) definition.
The stable isotope composition of muscle reflected that of 
the swards offered. In a comparison of conventional and 
organic-labelled beef purchased from Irish supermarkets, 
there was little difference in δ13C between July and October 
when Irish conventional beef cattle are likely to be at pasture 
(Bahar et al., 2008). In the same period, the δ15N was higher 
for conventional beef than organic-labelled beef (Bahar et 
al., 2008). The higher δ15N in beef from cattle that grazed 
the grass-only sward in the current study is consistent with 
these findings, suggesting a dilution of cattle muscle N with 
isotopically lighter, clover-derived N which, in turn, derives 
from atmospheric N2. Devincenzi et al. (2014) recently 
reported a linear decrease in the δ15N in the muscle of lamb 
that grazed cocksfoot pasture as the proportion of alfalfa (a 
nitrogen-fixing legume) in the pasture grazed increased.

Authentication of pre-slaughter diet
Consumers are increasingly interested in the provenance 
of beef, and the methods that validate the system of 
production are thus required. Beef from cattle finished on 
pasture or concentrates could be distinguished (94–100% 
correct classification after cross-validation) based on their 
relatively large (compared to the current study) differences 
in fatty acid composition (Garcia et al., 2008; Alfaia et 
al., 2009). When the intramuscular fatty acid profile was 
more similar, due to the supplementation of grazing cattle 
with concentrates at 0.7% or 1.0% of live weight, correct 
classification without cross-validation was 78% (Garcia et 
al., 2008). Similarly, Monteiro et al. (2012) reported a correct 
classification, after cross-validation, of 82–87% for veal 
calves reared according to the local protected geographical 
indication and protected designation of origin rules which 
had similar intramuscular fatty acid profiles, while Dias et 
al. (2008) reported a correct classification, without cross-
validation, of 100% for beef produced according to a 
‘traditional’ or organic production system which had similar 
fatty acid profiles. The current study demonstrates that the 
relatively small differences in the fatty acid profile can also 
be used to distinguish beef produced from different sward 
types, with correct classification after cross-validation within 
the range described earlier.
A potential limitation to the use of fatty acid profile as an 
indicator of production system is that non-grass sources of 
fatty acids could give C18:3, C18:2 or CLA contents in meat 
similar to those derived from grass (Scollan et al., 2014). As 
the potential of stable isotope ratio measurements of C and 



93

Moloney et al.: The fatty acid profile and stable isotope ratios of C and N of muscle from cattle

Garcia, P.T., Pensel, N.A., Sancho, A.M., Latimori, N.J., Kloster, A.M., 
Amigone, M.A. and Casal, J.J. 2008. Beef lipids in relation to ani-
mal breed and nutrition in Argentina. Meat Science 79: 500–508.

Gilliland, T.J., McGilloway, D. and Conaghan, P. 2009. Influence 
of testing procedure on evaluation of white clover (Trifolium re-
pens L.). Irish Journal of Agricultural and Food Research 48: 
227–242.

HRB. 2011. Ethics and Research Involving Animals. Health Research 
Board. Available online: http://www.hrb.ie/research-strategy-fund-
ing/policies-guidelines-and-grant-conditions/policies-and-position-
statements/research-ethics/ethics-and-research-involving-ani-
mals/ [Retrieved 10 May 2017].

Kamihiro, S., Stergiadis, S., Leifert, C., Eyre, M.D. and Butler, G. 
2015. Meat quality and health implications of organic and conven-
tional beef production. Meat Science 100: 306–318.

Kriszan, M., Schellberg, J., Ameling, W., Gebbing, T., Potsch, E.M. 
and Kuhbauch, W. 2014. Revealing N management intensity on 
grassland farms based on natural δ15N abundance. Agriculture, 
Ecosystems & Environment 184: 158–167.

Ledgard, S., Schils, R., Eriksen, J. and Luo, J. 2009. Environmental 
impacts of grazed clover/grass pastures. Irish Journal of Agricul-
tural and Food Research 48: 209–226.

Li, X., Jensen, K.L., Clark, C.D. and Lambert, D.M. 2016. Consumer 
willingness to pay for beef grown using climate friendly production 
practices. Food Policy 64: 93–106.

Moloney, A.P. and O’Kiely, P.O. 1995. Growth, digestibility and nitro-
gen retention in finishing steers offered concentrates ad-libitum. 
Irish Journal of Agricultural and Food Research 34: 115–121.

Moloney, A.P., Monahan, F.J. and Schmidt, O. 2014. Quality and au-
thenticity of grassland products. Grassland Science in Europe 19: 
509–520.

Monahan, F.J., Moloney, A.P. and Schmidt, O. 2013. Developing a 
diet authentication system from the composition of meat in rumi-
nants. Proceeding of the 22nd International Grassland Congress 
– Revitalising Grasslands to Sustain our Communities, Sydney, 
Australia, pages 529–535.

Monteiro, A.C.G., Fontes, M.A., Bessa, R.J.B., Prates, J.A.M. and 
Lemos, J.P.C. 2012. Intramuscular lipids of Mertolenga-PDO beef, 
Mertolenga-PDO veal and “Vitela Tradicional do Montado”-PGI 
veal. Food Chemistry 132: 1486–1494.

Moreno, T., Keane, M.G., Noci, F. and Moloney, A.P. 2008. Fatty acid 
composition of M. Longissimus dorsi from Holstein–Friesian steers 
of New Zealand and European/American descent and from Bel-
gian Blue x Holstein–Friesian steers, slaughtered at two weights/
ages. Meat Science 78: 157–169.

Noci, F., French, P., Monahan, F.J. and Moloney, A.P. 2007. Fatty 
acid composition of muscle fat and subcutaneous adipose tissue 
of grazing heifers supplemented with plant oil-enriched concen-
trates. Journal of Animal Science 85: 1062–1073.

O’Riordan, E.G. 1995. Beef production from grazed grass and grass/
clover swards. Proceedings of the Agricultural Research Forum, 
Tullamore, Ireland, pages 155–156.

Bahar, B., Schmidt, O., Moloney, A.P., Scrimgeour, C.M., Begley, I.S. 
and Monahan, F.J. 2008. Seasonal variation in the C, N and S 
stable isotope composition of retail organic and conventional Irish 
beef. Food Chemistry 106: 1299–1305.

Bax, J.A. and Schils, R.L.M. 1993. Animal responses to white clover. 
In: “White clover in Europe: State of the art” REUR Technical Se-
ries 29 (Compiled by J. Frame), Food and Agriculture Organisation 
of the United Nations, Rome, Italy, 10 pages.

Blaser, R.E., Hammes, R.C., Bryant, H.T., Kincaid, C.M., Skrdla, W.H., 
Taylor, T.H., and Griffeth, W.L.  1956. The value of forage species 
and mixtures for fattening steers. Agronomy Journal 48: 508–513.

Bostian, M.L., Fish, D.L., Webb, N.B. and Arey, J.J. 1985. Automated 
methods for determination of fat and moisture in meat and poultry 
products: collaborative study. Journal of the Association of Official 
Analytical Chemists 68: 876–882.

Boufaïed, H., Chouinard, P.Y., Tremblay, G.F., Petit, H.V., Michaud, 
R. and Bélanger, G. 2003. Fatty acids in forages. Factors affecting 
concentrations. Canadian Journal of Animal Science 83: 501–511.

Broom, D.M., Galindo, F.A. and Murgueitio, E. 2013. Sustainable, ef-
ficient livestock production with high biodiversity and good welfare 
for animals. Proceedings of the Royal Society London B – Biologi-
cal Sciences 280: 20132025.

Devincenzi, T., Delfosse, O., Andueza, D., Nabinger, C. and Prache, 
S. 2014. Diet-dependent response of nitrogen stable isotope ratio 
to proportion of legumes in diet to authenticate lamb meat pro-
duced from legume-rich diet. Food Chemistry 152: 456–461.

Dewhurst, R.J., Shingfield, K.J., Lee, M.R.F. and Scollan, N.D. 2006. 
Increasing the concentrations of beneficial polyunsaturated fatty 
acids in milk produced by dairy cows in high-forage systems. Ani-
mal Feed Science and Technology 13: 168–206.

Dewhurst, R.J., Delaby, L., Moloney, A., Boland, T. and Lewis, E. 
2009. Nutritive value of forage legumes used for grazing and si-
lage. Irish Journal of Agricultural and Food Research 48: 167–188.

Dias, L.G., Correia, D.M., Sá-Morais, J., Sousa, F., Pires, J.M. and 
Peres, A.M. 2008. Raw bovine meat fatty acids profile as an origin 
discriminator. Food Chemistry 109: 840–847.

Dunne, P.G., O’Mara, F.P., Monahan, F.J. and Moloney, A.P. 2004. 
Colour of subcutaneous adipose tissue and muscle of Irish beef 
carcases destined for the Italian market. Irish Journal of Agricul-
tural and Food Research 43: 217–226.

European Food Safety Authority (EFSA). 2009. Scientific opinion: 
labelling reference intake values for n-3 and n-6 polyunsaturated 
fatty acids. The EFSA Journal 1176: 1–11.

French, P., Stanton, C., Lawless, F., O’Riordan, E.G., Monahan, F.J., 
Caffrey, P.J., and Moloney, A.P. 2000. Fatty acid composition, in-
cluding conjugated linoleic acid, of intramuscular fat from steers 
offered grazed grass, grass silage or concentrate-based diets. 
Journal of Animal Science 78: 2849–2855.

French, P., O’Riordan, E.G., Moloney, A.P., O’Kiely, P. and Caffrey, 
P.J. 2001. Effects of concentrate level and grazing system on the 
performance of beef cattle grazing autumn herbage. Irish Journal 
of Agricultural and Food Research 40: 33–44.



94

Irish Journal of Agricultural and Food Research

Scollan, N.D., Cooper, A., Evans, P., Enser, M., Richardson, R.I., 
Nute, G.R., Fisher, A.V. and Wood, J.D. 2002b. Effect of forage 
legumes on the fatty acid composition of beef and other aspects 
of meat quality. Proceedings of the 48th International Congress of 
Food Science and Technology, Rome, Italy, pages 356-357.

Simopoulos, A.P. 2002. The importance of the ratio of omega-6/
omega-3 essential fatty acids. Biomedical & Pharmacotherapy 56: 
365–379.

Sukhija, P.S. and Palmquist, D.L. 1988. Rapid method for determina-
tion of total fatty acid content and composition of feedstuffs and 
faeces. Journal of Agricultural and Food Chemistry 36: 1202–
1206.

Tyson, K.C., Scholefield, D., Jarvis, S.C. and Stone, A.C. 1997. A 
comparison of animal output and nitrogen leaching losses re-
corded from drained fertilized grass and grass/clover pasture. The 
Journal of Agricultural Science, Cambridge 129: 315–323.

Wyss, U. and Collomb, M. 2010. Fatty acid composition of different 
grassland species. Proceedings of the 23rd General Meeting of 
the European Grassland Federation, Kiel, Germany, pages 631–
633.

Yaqoob, P., Tricon, S., Burdge, G.C. and Calder, P.C. 2006. Conjugat-
ed linoleic acid (CLAs) and health. In: “Improving the Fat Content 
of Foods” (eds. C. Williams and J. Buttriss), Woodhead Publish-
ing, Cambridge, UK, pages 182–209.

Yarrow, N.H. and Penning, P.D. 2001. The liveweight gain of Limousin 
x Friesian heifers grazing different perennial ryegrass/white clover 
swards of different clover content and the effects of their grazing 
on sward botanical composition. Grass and Forage Science 56: 
238–248.

O’Riordan, E.G. 1996. Beef production from grazed grass and grass/
clover swards. Proceedings of the Agricultural Research Forum, 
Tullamore, Ireland, pages 117–118.

O’Riordan, E.G. and O’Kiely, P. 1996. Potential of beef production 
systems based on grass. Irish Grassland and Animal Production 
Association Journal 30: 185–217.

O’Riordan, E.G. and Travers, G. 1997. Beef production from grazed 
grass and grass/clover swards. Proceedings of the Agricultural 
Research Forum, Tullamore, Ireland, pages 193–194.

Osorio, M.T., Moloney, A.P., Schmidt, O. and Monahan, F.J. 2011. 
Beef authentication and retrospective dietary verification using 
stable isotope ratio analysis of bovine muscle and tail hair. Jour-
nal of Agricultural and Food Chemistry 59: 3295–3305.

Radin, N.S. 1981. Extraction of tissue lipids with a solvent of low 
toxicity. Methods in Enzymology 72: 5–7.

Ryan, M., O’Keeffe, W.F., Connolly, J. and Collins, D.P. 1984. The 
use of fertilizer nitrogen on grassland for beef-production. Irish 
Journal of Agricultural Research 23: 27–40.

Schmidt, O., Quilter, J.M., Bahar, B., Moloney, A.P., Scrimgeour, 
C.M., Begley, I.S. and Monahan, F.J. 2005. Inferring the origin 
and dietary history of beef from C, N and S stable isotope ratio 
analysis. Food Chemistry 91: 545–549.

Scollan, N.D., Dannenberger, D., Nuernberg, K., Richardson, I., 
MacKintosh, S., Hocquette, J.F. and and Moloney, A.P.  2014. En-
hancing the nutritional and health value of beef lipids and their 
relationship with meat quality. Meat Science 97: 384–394.

Scollan, N.D., Enser, M., Richardson, R.I. and Wood, J.D. 2002a. 
Effects of forage legumes on the fatty acid composition of beef. 
Proceedings of the Nutrition Society 61: 99A.


