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This study investigated the dose-dependent response in lamb meat of stable nitrogen isotope ratio to the
dietary proportion of legumes, and the ability of the nitrogen isotope signature of the meat to authenti-
cate meat produced from legume-rich diets. Four groups of nine male Romane lambs grazing a cocksfoot
pasture were supplemented with different levels of fresh alfalfa forage to obtain four dietary proportions
of alfalfa (0%, 25%, 50% and 75%) for 98 days on average before slaughter (groups L0, L25, L50 and L75).
We measured the stable nitrogen isotope ratio in the forages and in the longissimus thoracis muscle. The
d15N value of the meat decreased linearly with the dietary proportion of alfalfa. The distribution of the
d15N values of the meat discriminated all the L0 lambs from the L75 lambs, and gave a correct classifica-
tion score of 85.3% comparing lambs that ate alfalfa with those that did not.

� 2013 Elsevier Ltd. All rights reserved.
1. Introduction

In recent years, there has been renewed interest in incorporat-
ing forage legumes within livestock systems in order to reduce the
reliance on bought-in concentrate feed, prevent the contamination
of soil and water from excessive amounts of synthetic fertilizers
and meet consumer demands for a healthy product produced in
a natural way. Organic farming systems are particularly concerned
due to the high cost of organic concentrate feed and because the
organic farming list of specifications forbids the use of synthetic
fertilizers. Moreover, there is a growing consumers’ interest in
the environment, animal welfare and the origin and method of
food production and consequently for food products of low-input
and organic production systems. The ability to authenticate food
products from these agro-ecological systems has therefore become
an important challenge for scientists, monitoring bodies, commer-
cial organizations and farmers alike.

The nitrogen (N) isotope signature has recently been proposed
as a valuable tool to authenticate meat produced from pasture-
fed animals (Monahan et al., 2012) and more specifically from or-
ganic beef (Schmidt et al., 2005; Bahar et al., 2008). Schmidt et al.
(2005) observed a lower 15N/14N ratio in the meat of organically
raised beef compared with conventionally raised animals. They
suggested that this difference might be related to differences in
the composition of the diet, with more legumes in the diet of
organically raised animals. The N stable isotope composition of
animal products is directly related to the dietary 15N/14N ratio
which is lower in legume-rich diets due to the capacity of legumi-
nous plants to fix atmospheric nitrogen (DeNiro & Epstein, 1981;
Bahar et al., 2005). However, many of the studies using stable
isotopes have limited their comparisons to the authentication of
geographical locations, and no clear conclusions are drawn con-
cerning the authentication of diet composition (Piasentier, Valusso,
Camin, & Versini, 2003; Camin et al., 2007; Vinci, Preti, Tieri, &
Vieri, 2012; Yanagi et al., 2012).

The aim of this study was to investigate the dose-dependent re-
sponse in lamb meat of stable N isotope ratio to the proportion of
legumes in the lambs’ diet and the ability of the N isotope signa-
ture of the meat to authenticate meat produced from legume-rich
diets.

2. Materials and methods

The experiment took place at the Herbivore Research Unit at the
Institut National de la Recherche Agronomique (INRA) Clermont-
Ferrand/Theix Research Centre, France. The animals were handled
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by specialised staff who ensured their welfare in accordance with
European Union Directive No. 609/1986.

2.1. Experimental design, animals and diets

We compared four proportions of alfalfa (Medicago sativa) and
cocksfoot grass (Dactylis glomerata L.) in the animal’s diet, using
four groups of lambs. Each experimental treatment comprised nine
non-castrated male Romane lambs that were fed, for 98 days on
average before slaughter, a diet containing 0%:100% (L0),
25%:75% (L25), 50%:50% (L50) and 75%:25% (L75) fresh alfalfa for-
age:fresh cocksfoot forage. The lambs received no legumes in their
diet before the experiment began.

Two conterminal monocultures of alfalfa (1.0 ha) and cocksfoot
(1.6 ha) were sown in October 2010. From 30 April 2012 onwards,
both pastures were divided into four plots of similar area. Each
week, one plot was mown to ensure the provision of young forage
throughout the experiment. In March 2012, both pastures received
67 kg phosphorus/ha and 100 kg potassium/ha. In April 2012, the
cocksfoot pasture received 48 kg N/ha.

Lambs were born between 18 March and 26 March 2012. Before
the experimental period, the animals were managed uniformly and
received no legumes in their diet (i.e. from the beginning of the
gestation period for the dams). Between birth and 10 May, the
lambs and their dams were housed in a sheepfold, and the lambs
were offered a commercial concentrate. From 04 May to 10 May,
the lambs were offered freshly cut cocksfoot grass, distributed in-
doors. Lambs and their dams were then turned out to two unmown
plots of the cocksfoot pasture from 11 May to 29 May. To remove
the stemmy material over the whole cocksfoot pasture and ensure
a vegetative regrowth, the cocksfoot pasture was topped on 29
May with a forage harvester, and the trimmings removed.

On 30 May, the 36 lambs were assigned to nine blocks accord-
ing to birth weight and average daily gain (ADG) between birth and
29 May. They were then randomly assigned from within the blocks
to one of the four treatments. Mean lamb birth weight and ADG be-
tween birth and 29 May were 4.2 (standard deviation (SD): 0.71)
kilogram (kg) and 301 (SD 49.6) gram per day (g/d); lambs
weighed 24.9 (SD 3.49) kg on 29 May, i.e. at a mean age of 69
(SD 1.9) days. The lambs were weaned and treated against internal
worms on 29 May, and then individually penned indoors for an
adaptation period until 7 June. During this adaptation period, the
lambs were fed freshly cut cocksfoot ad libitum.

Period 1. From 7 June until 3 July, the lambs were individually
fed indoors. During this period, L0, L25, L50 and L75 lambs were
fed a diet containing 0%:100%, 25%:75%, 50%:50% and 75%:25%
alfalfa:cocksfoot freshly cut forages respectively (on a dry matter
basis). The levels of alfalfa and cocksfoot offered were calculated
every day (except on weekends) to ensure similar levels of Unités
Fourragères Viande (UFV) for all the groups (INRA, 2007), and
based on the estimation of the dry matter (DM) content of each for-
age offered. This last estimation was made in duplicate using a
microwave oven. Both forages were cut daily at 8 ante meridiem
(a.m.) and offered in separate tubs, half in the morning at 9 a.m.,
and half in the afternoon at 4 post meridiem (p.m.) after storage
at 4 �C. Feed tubs were emptied every morning before the distribu-
tion of the freshly cut forages, and refusals were weighed, recorded
and discarded. Final dry matter measurement was made daily in
duplicate for both forages by drying representative samples of
the forages offered and refused in a forced-air oven for 72 h at
60 �C. We initially planned to use this feeding scenario throughout
the fattening period between weaning and slaughter, in order to
control the proportions of cocksfoot grass and alfalfa for each lamb.
However, this plan was thwarted by low levels of forage intake,
which resulted in low levels of ADG. We therefore adapted the
experimental design during the second part of the study (Period 2).
Period 2. From 4 July 2012 until slaughter, each group of lambs
was assigned to one of the four cocksfoot pasture plots and supple-
mented with freshly cut alfalfa using racks. The mean voluntary in-
take level of each lamb group was estimated at 78.125 g DM/
BW0.75, where BW was the average body weight of the group (Has-
soun & Bocquier, 2007). The amount of fresh alfalfa offered to each
group was based on the assigned proportion of alfalfa in the diet
and the estimation of the dry matter content of fresh alfalfa. This
estimation was made in duplicate using a microwave oven. Alfalfa
was cut every morning at 8 a.m. and offered half in the morning at
9 a.m., and half in the afternoon at 4 p.m. after storage at 4 �C. Care
was taken to use sufficiently large racks to avoid competition for
alfalfa. The racks were emptied every morning before the distribu-
tion of the freshly cut alfalfa and the refusals were weighed, re-
corded and discarded. Representative samples of offered and
refused alfalfa were collected daily for final dry matter measure-
ments made in duplicate by drying in a forced-air oven for 72 h
at 60 �C. Water and salt blocks were always available. The salt
blocks contained (g/kg, as-fed) 60 Calcium, 20 Phosphorus, 10
Magnesium, 280 Sodium, 17.5 Zinc, 1.5 Iron, 5.5 Manganese, 0.03
Cobalt, 0.03 Iodine, and 0.01 Selenium.

The cocksfoot pasture was grazed continuously during Period 2,
but the experimental groups of lambs were changed weekly from
one cocksfoot plot to another to avoid confounding effects of sward
characteristics for cocksfoot forage intake level. All lambs received
anthelmintic drenches at weaning and then monthly.

2.2. Slaughter procedures

Groups of lambs balanced for treatments were slaughtered at
the INRA Clermont-Ferrand Centre experimental slaughterhouse,
according to European Union welfare guidelines, on 3 September
2012 (three lambs per group), 6 September (two lambs per group)
and 27 September 2012 (four lambs per group). They were thus
slaughtered at mean age 177 (SD 11.6) days after having been
fed the experimental treatment for 98 days on average (range:
86–112 days). The lambs had access to food and water until
approximately 30 min before slaughter and were transported by
truck to a slaughterhouse located less than 500 m from the exper-
imental pastures. Immediately on arrival, the lambs were electri-
cally stunned and slaughtered by throat cutting.

2.3. Measurements

2.3.1. Animal body weight
Lambs were weighed once weekly before the alfalfa distribution

in the morning.

2.3.2. Pasture availability
Fifty systematic measurements of the cocksfoot sward surface

height per plot were made weekly using a sward stick.

2.3.3. N isotope ratio mass spectrometry
N stable isotope ratio analysis of the forages was performed

weekly on dried samples milled with a 200 lm outlet mill. During
Period 2, for the cocksfoot pasture, snip samples representative of
the plant material consumed by the lambs, i.e. about 50% of the ex-
tended tiller height (Prache & Peyraud, 2001), were taken weekly
in each cocksfoot plot, dried for 72 h at 60 �C, and milled with a
200 lm outlet mill. Bulked samples were then made, grouping
the four plot samples.

A sample of the left longissimus thoracis (LT) muscle was taken
from the last thoracic rib 24 hours (h) post mortem, vacuum packed
and frozen at �20 �C, freeze-dried, and milled in a CYCLOTEC grin-
der with a 0.8 millimeter (mm) outlet grid of 200 lm.
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N stable isotope ratio analysis of meat and forage samples was
carried out as follows. The sample powder was first homogenised,
and an aliquot of about 4 milligram (mg) was then weighed in a tin
capsule. The capsule was analysed using a EURO EA elemental ana-
lyser (Eurovector, Milan, Italy) connected to a delta PLUS advan-
tage isotope ratio mass spectrometer (Thermo-Fischer, Bremen,
Germany). The sample was fully oxidised. Nitrogen was converted
into N2 and carbon into CO2. A Porapack-QS column was used to
separate the two gases, which were then introduced into a mass
spectrometer. After ionisation, electrical field acceleration and
magnetic field deviation steps, the ions were detected using Fara-
day cups, and the 15N/14N isotope ratio was calculated. Hereafter,
15N/14N isotope ratio is expressed using the d15N value, calculated
as follows:

d15N ¼ ð½ð15N=14NsampleÞ � ð15N=14NairÞ�=ð15N=14NairÞÞ � 1000: ð1Þ
2.4. Data analysis

The data for the d15N value of the meat underwent a variance
analysis using the General Linear Model (GLM) procedure of SAS
software package (Inst. Inc., Cary, NC) to examine the effect of
the feeding treatment. We used the Duncan test for pairwise com-
parisons. A regression analysis was carried out using the GLM pro-
cedure of SAS software package to examine whether the response
of mean d15N of the meat had a linear or a curvilinear relation
(quadratic effect) to the mean proportion of alfalfa in the diet.

Linear discriminant analysis (LDA) was performed on d15N val-
ues of the longissimus thoracis muscle to classify the meat samples
according to feeding treatments, using Minitab software v.13
(Minitab Inc., Paris). Linear discriminant analysis is a pattern
recognition method which characterizes two or more classes of ob-
jects. The model was tested using a cross-validation procedure in
which each meat sample was temporarily removed from the initial
data set to be used for validation. The LDA models were developed
based on the other meat samples and used to classify the valida-
tion sample. This procedure was repeated until all data set meat
samples had been used through the validation procedure. This
analysis was performed to evaluate the reliability of the discrimi-
nation between pairwise groups, between lambs consuming no al-
falfa (L0 lambs) and those consuming alfalfa (L25, L50 and L75),
and between all four groups of lambs.
3. Results

3.1. Pasture, animal performance, and intake

During the study, one lamb in group L75 died from bloating
and one lamb in group L0 died from causes unrelated to the
experimental treatments.
Table 1
Mean (standard deviation) daily forage intake and refusals. During Period 1, lambs were in
grazed a cocksfoot pasture and was supplemented with the assigned level of freshly cut a

Feeding treatmenta L0

Period 1
Daily alfafa intake (kg DMb/lamb) �
Daily cocksfoot intake (kg DMb/lamb) 0.643 (0.0682)
Refusals (proportion of the diet offered,% DMb) 21.3 (11.37)

Period 2
Daily alfalfa intake (kg DMb/lamb) �
Mean daily alfalfa refusals (kg DMb) �
Refusals (proportion of the alfalfa offered, % DMb) �

a Refer to the assigned dietary proportion of alfalfa (0%, 25%, 50% and 75% for L0, L25
b Dry matter.
Mean sward surface height over the whole cocksfoot pasture
averaged 14.8 cm, ranging from 23.9 cm on 3 July to 10.0 cm on
23 August.

Mean daily forages intake and refusals are reported in Table 1.
During Period 1, refusals represented 13.3–21.3% of the diet offered
and were highly variable among the animals. During Period 2,
refusals represented 5.3%, 4.3% and 16.2% of the alfalfa offered
for L25, L50 and L75 lambs respectively. Mean dietary proportion
of alfalfa was 27.7%, 52.2% and 74.8% for L25, L50 and L75 lambs
during Period 1, and 25.8%, 48.7% and 62.4% for L25, L50 and L75
lambs during Period 2 (Fig. 1).

The ADG during the experiment was affected by the treatment
(P < 0.001); it was lower for L0 and L25 lambs than for L50 and L75
lambs (P < 0.001). Mean ADG was 136, 147, 191 and 224 g/day for
L0, L25, L50 and L75 lambs respectively.

3.2. d15 N value of forages

Average d15N value was 3.3‰ (ranging from 2.9‰ to 4.2‰) for
cocksfoot and 0.7‰ (ranging from �0.9‰ to 1.6‰) for alfalfa
(Fig. 2).

3.3. d15 N value of longissimus thoracis muscle

The d15N value of the LT muscle averaged 6.06‰ (5.8–6.3‰) for
the L0 lambs, 5.77‰ (5.4–6.1‰) for the L25 lambs, 5.43‰ (5.1–
5.8‰) for the L50 lambs and 5.44‰ (5.2–5.7‰) for the L75 lambs
(Fig. 3). Coefficient of variation of the d15N value of the meat was
3.41%, 4.21%, 5.11% and 3.70% for groups L0, L25, L50 and L75
respectively. The d15N value of the meat was significantly affected
by the experimental treatment (P < 0.001). It was higher for the L0
lambs than for the L25 lambs (P < 0.01) and higher for the L0 lambs
than for the L50 and L75 lambs (P < 0.001 for both comparisons).
The d15N value of the meat was higher for the L25 lambs than for
the L50 and L75 lambs (P < 0.01). It was not different between
the L50 and L75 lambs.

The d15N value of the meat was linearly related to the propor-
tion of alfalfa (PA,%) in the diet (P = 0.024) (Fig. 4), with no signif-
icant quadratic effect (P = 0.599), the regression equation being:

d15N value of the meat ¼ 6:04 ð�0:071Þ
� 0:0107 ð�0:00169Þ PA; ð2Þ

where r2 = 0.95, RSD = 0.080, and n = 4.

3.4. Discriminant analysis

There was no overlap in the distribution of the d15N values of
the LT muscle between the L0 and L75 lambs (Fig. 3). Discriminant
analysis correctly classified 100% of the L0 lambs and 100% of the
L75 lambs. There was some overlap in the distribution of the
d15N values of the LT muscle between the L0 and L50 lambs (two
dividually fed indoors with freshly cut forages; during Period 2, each group of lambs
lfalfa.

L25 L50 L75

0.184 (0.0403) 0.382 (0.0357) 0.563 (0.0535)
0.482 (0.0680) 0.351 (0.0408) 0.189 (0.0136)
20.1 (12.21) 13.3 (10.37) 13.5 (10.59)

0.269 0.545 0.716
0.013 0.023 0.139
3.7 3.7 15.7

, L50 and L75 respectively).
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L0 lambs and two L50 lambs having a d15N value of the LT muscle
of 5.8). The discriminant analysis correctly classified 100% of the L0
lambs and 77.8% of the L50 lambs (seven out of nine lambs), giving
a global correct classification score of 88.2%. The discriminant anal-
ysis between the L0 and L25 lambs correctly classified 75.0% of the
L0 lambs (six out of eight lambs) and 77.8% of the L25 lambs (seven
out of nine lambs), giving a global correct classification score of
76.5%. The discriminant analysis between lambs consuming no
alfalfa (N, i.e. L0 lambs) and those who consumed alfalfa (A, i.e.
L25, L50 and L75 lambs) correctly classified 75.0% of the N lambs
(six out of eight) and 88.5% of the A lambs (23 out of 26), giving a
global correct classification score of 85.3%. The linear discriminant
analysis between the four experimental groups correctly classified
75% of the L0 lambs (six out of eight), 44.4% of the L25 lambs (four
out of nine), 11.1% of the L50 lambs (one out of nine) and 0% of the
L75 lambs, giving a global correct classification score of 32.4% for
the samples.

4. Discussion

This work set out to study the dose-dependent response relat-
ing the proportion of legumes in the diet to the d15N value of lamb
Fig. 1. Mean proportion of alfalfa in the diet of lambs according to the experimental
week. Circles (d), triangles (N) and squares (j) refer respectively to groups of lambs
assigned to consume 25%, 50% and 75% of alfalfa in their diet. During Period 1, the
lambs were individually fed indoors with freshly cut cocksfoot and alfalfa. During
Period 2, they were pasture-fed on a cocksfoot sward and supplemented with
freshly cut alfalfa.

Fig. 2. Changes in d15N values of the forages according to the experimental week.
White (s) and black (d) circles refer to the cocksfoot pasture and to alfalfa
respectively.
meat and to investigate the discriminatory ability of the d15N value
of the meat for the authentication of meat produced from legume-
rich diets.

The experimental design was chosen both to ensure that the
range of alfalfa proportions was sufficiently broad to obtain the
response curve, and to limit the risk of bloating. The highest
proportion of alfalfa also mimicked the preferences of ruminants
on fields consisting of adjacent monocultures of grass and clover
(Rutter, 2006).

It was initially planned to feed freshly cut forages to individu-
ally penned animals indoors (Period 1), in order to achieve an
optimal individual control of cocksfoot and alfalfa intake levels.
However, this experimental scenario was thwarted by low levels
of forage intake, which resulted in low levels of ADG. Accordingly,
we changed the experimental design during the second part of the
study (Period 2) by (i) turning out each group of lambs to one
cocksfoot plot and (ii) supplementing each group twice daily with
freshly cut alfalfa. This change led to a marked improvement in
ADG, but enabled the control of alfalfa intake only at group level.
Fig. 3. Box plot representation of the d15N value of the longissimus thoracis muscle
according to the level of fresh alfalfa supplementation in lambs grazing a cocksfoot
pasture. The level of alfalfa supplementation was adjusted to achieve a proportion
of alfalfa in the diet of 0% (L0), 25% (L25), 50% (L50) and 75% (L75). The box contains
the middle 50% of the data, the upper edge of the box indicates the 75th percentile
of the data set, and the lower edge indicates the 25th percentile. The bold line in the
box indicates the median value of the data. The ends of the vertical lines indicate
the minimum and maximum data values. Box plots not bearing a common letter are
significantly different (P < 0.01).

Fig. 4. Relationship between the mean proportion of alfalfa in the diet and d15N in
lambs’ longissimus thoracis muscle.
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During Period 1, the proportion of alfalfa in the diet was close to
the assigned value for all the groups. During Period 2, the esti-
mated proportion of alfalfa in the diet was close to the assigned va-
lue for L25 and L50 groups, but it was lower for L75 group (62.4%
vs. 75.0%). However, the level of alfalfa refusals demonstrated that
this forage was offered ad libitum to L75 lambs. The area and the
management of the cocksfoot pasture were planned to ensure
ad libitum intake (calculated as equal to 78.125 g DM/BW0.75),
and consequently a satisfactory estimation of the proportion of al-
falfa in the diet. The stocking rate was low (22.5 lambs/hectare)
and the cocksfoot regrowth was in a vegetative stage throughout
the experiment. However, we experienced drought conditions
from mid-August onwards, which resulted in a lower mean sward
surface height on the cocksfoot pasture than initially planned. The
mean ADG for L25 lambs (147 g/d) indicated that voluntary intake
may not always have been reached for this group. It follows that
the proportion of alfalfa in the diet could have been somewhat
over-estimated for L25 lambs. However, values for L50 and L75
lambs ADG (191 and 224 g/d) indicated that voluntary intake
was reached for both groups, and so the proportion of alfalfa in
the diet was satisfactorily estimated. Concerning the L0 lambs,
although their voluntary intake may not always have been
reached, this was irrelevant to the estimation of the diet composi-
tion, as they ate only cocksfoot.

Cocksfoot and alfalfa d15N values lay in the range reported in pre-
vious studies (Rossmann, Kornexl, Versini, Pichlmayer, & Lamprecht,
1998; Schwertl, Auerswald, Schaüfele, & Schnyder, 2005). The
15N level of the nitrogen compounds in plants is lower for leguminous
plants, because they utilize the nitrogen in the air, which is rich in
14N, as a nitrogen source (Virginia & Delwiche, 1982). The temporal
changes in d15N observed during the course of the experiment were
greater for alfalfa than for cocksfoot grass. The lower d15N values
occasionally observed for alfalfa could be explained by the fact that
we sporadically used an older field that was conterminal to the
experimental field, as a result of a shortage of forage on the initially
planned alfalfa pasture due to the onset of drought conditions. Owing
to a more developed root system, older plants may have a greater
ability to fix air nitrogen, increasing 14N in plant nitrogen compounds,
and so decreasing the d15N value (Högberg, 1997).

The d15N values of the LT muscle were somewhat more variable
between individual animals for the L25 and L50 lambs than for the
L75 lambs, probably reflecting the inter-individual variability in
animal preferences (Prache, Roguet, & Petit, 1998; Prache, Bechet,
& Damasceno, 2006) and above all the higher competition for alfal-
fa. The inter-individual variability observed in this study is in line
with that observed in beef meat (Bahar et al., 2005) and cattle hair
(Schwertl et al., 2005).

There was a significant effect of the feeding treatment on the
d15N value of the LT muscle, and one of the main results of the
present study is that there was a negative linear relationship be-
tween the mean proportion of alfalfa in the diet and the mean
d15N value of the lamb muscle. The declining value of muscle
d15N clearly reflected the replacement of the cocksfoot pasture
with alfalfa. In this regard, we note that as the between-animal
variability in diet preferences may be high (Prache et al., 2006),
the d15N value of the LT muscle may give relevant information to
estimate the proportion of alfalfa in the diet for individual animals
fed within groups.

A second main result of this study is that the d15N value of the
LT muscle is a useful tool for discriminating lambs that consume
legumes from those that do not. Although the discriminant analy-
sis did not satisfactorily separate all the treatment groups, the
distribution of the d15N values of the muscle for lambs that ate
legumes (L25, L50 and L75 lambs) from those that did not (L0
lambs) gave a correct classification score of 85.3%. Moreover, the
distribution of the d15N values of the muscle for L0 and L75 lambs
enabled us to discriminate the two groups fully. Hence N isotope
composition in the meat can give relevant information to discrim-
inate meat from lambs fed legume-rich diets, such as lambs
produced in low-input and organic production systems. Actually,
leguminous plants are more widespread in these production
systems, which avoid or limit the use of synthetic fertilizers
(Prache et al., 2011).

However, as d15 N values of the LT muscle depend on d15N val-
ues in the diet, they may be modulated by the level and nature of
the fertilization used on grasslands. In this regard, we note that or-
ganic fertilizers (for example, farmyard manure) increase the 15N
in both soil and plants (Bateman, Kelly, & Woolfe, 2007) and con-
sequently in the meat of grazing animals (Yanagi et al., 2012).

Furthermore, compared with the present feeding scenario, in
which the proportion of alfalfa in the diet remained steady
throughout the fattening period, the proportion of legumes in a
grazing animal’s diet may vary greatly according to management
practices of grasslands. There may be a high variability between
pastures that are successively grazed in the contribution of legume
species to the sward biomass (Bahar et al., 2008). There may also
be a high variability between successive days during the grazing-
down of a pasture, because animals may switch from the preferred
legume species to the less preferred graminae species (Prache
et al., 2006). These issues raise further questions such as the time
of appearance and persistence of d15N values of the LT muscle rel-
ative to changes in diet.

Finally, it is likely that the N isotope signature of the meat can-
not reveal intensive indoor fattening with concentrates containing
legumes (such as soya bean, dehydrated alfalfa, or chickpea for
example) (Bahar et al., 2005; Prache et al., 2009; Biondi et al.,
2013). To yield a robust tool for the authentication of the meat
produced from ruminants pasture-fed legume-rich pastures, the
N isotope signature of the meat may therefore need to be
combined with other methods, particularly those used for pas-
ture-feeding authentication (Prache, 2007; Dian, Andueza, Jestin,
Prado, & Prache, 2008).

5. Conclusion

This study demonstrates that the d15N value of the longissimus
thoracis muscle decreases linearly with the proportion of legume
in the diet and can give relevant information to authenticate meat
from lambs fed legume-rich diets.

These results may be of interest for the authentication of meat
produced in low-input and organic production systems, in which
leguminous plants are more widespread. In this regard, further
work should be directed at combining d15N value of the meat with
other methods to increase the reliability of the discrimination and
avoid the risk of bias.
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