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Because of the demand for controlling livestock diets, two methods that characterize the DNA of

plants present in feces were developed. After DNA extraction from fecal samples, a short fragment

of the chloroplastic trnL intron was amplified by PCR using a universal primer pair for plants. The

first method generates a signature that is the electrophoretic migration pattern of the PCR product.

The second method consists of sequencing several hundred DNA fragments from the PCR product

through pyrosequencing. These methods were validated with a blind analysis of feces from

concentrate- and pasture-fed lambs. The signature method allowed differentiation of the two diets

and confirmed the presence of concentrate in one of them. The pyrosequencing method allowed the

identification of up to 25 taxa in a diet. These methods are complementary to the chemical methods

already used. They could be applied to the control of diets and the study of food preferences.

KEYWORDS: Sheep; DNA barcoding; diet analysis; grazing livestock; feces; trnL intron; pyrosequen-
cing; capillary electrophoresis

INTRODUCTION

Several factors such as recent food scares (e.g., bovine spongi-
form encephalopathy or avian flu), the use of geneticallymodified
organisms (GMO) for feeding livestock, or religious reasons have
reinforced public awareness regarding the origin of food pro-
ducts (1, 2). This results in increased consumer demand for strict
specifications on animal breeding that can be guaranteed by
quality labels. Certifying husbandry conditions assumes that
analytical tools exist and can authenticate the processes used,
especially the animal diet.

Several methods have been developed that aim to specify the
diet of livestock species. They are based on the fact that the diet
influences the composition of the animal’s end products, such as
meat ormilk. Therefore, specific compounds for which the nature
or proportion is specific to a diet are used as diet markers. These
compounds are either directly transferred from the plant eaten or
produced by the animal’s metabolism or ruminal microorgan-
isms. They are mainly carotenoids (3), polyphenols (4), fatty
acids (5), volatile compounds (6), and the ratios of stable iso-
topes (7). Moreover, a signature characterizing the global com-
position ofmeat ormilk can also be used. For example, the global
analysis of volatile compounds (8) and the spectral characteriza-
tion of samples through near-infrared reflectance spectroscopy
(NIRS; (9)) have already been used for diet authentication.

Using these methods, the diet can be controlled from the early
steps of husbandry (e.g., by analyzing feces) until the sale (e.g., by
analyzing end products). However, these methods allow discri-
mination between different diets such as grass versus hay or
ensilage (e.g., see refs (10-12)) but cannot give precise informa-
tion about diet composition. Thus, complementary methods are
necessary to provide a reliable and accurate identification of
plants species that are eaten. These methods involve the analysis
of gut contents or feces. The analysis of feces is attractive because
it is a noninvasive method that can be realized through different
techniques. The microscopic examination of plant cuticle frag-
ments (e.g., ref (13)) is one of the most commonly used methods,
but it requires extensive training, and a variable number of plant
fragments remain unidentifiable. The chemical analysis of natural
alkanes of plant cuticular wax (14) or the spectrum obtained by
NIRS is also used for feces analysis, but sometimes the identifica-
tion of plant species from complex mixtures is difficult.

Amore accurate method for characterizing diet composition is
the identification of the DNA fragments from the plant residues
remaining in the feces. Recent techniques allow species identifica-
tion based on the amplification and analysis of DNA even from
degraded organic substrates (see ref (15) for a review). They are
applied in forensics (16, 17), to the analysis of fossils (18), to
ecology (19), and in the food industry (20). Species identification
can be set up using sets of specific primer pairs, each pair
amplifying a single species or group of closely related species.
The presence/absence of each species or group is then detected by
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the success of the corresponding PCR amplification (e.g.,
ref (21)). Universal primer pairs have also been used, allowing
the amplification of a given DNA fragment for a large set of
species in a single PCR (21, 22). Species identification is then
possible by analyzing the variability of the fragment amplified.
Taberlet et al. (23) recently designed a pair of primers targeting
the P6 loop of the chloroplast trnL (UAA) intron. This fragment
is adequate for the identification of DNA remaining in feces
because the primers are universal in plants (i.e., highly conserved
for angiosperms and gymnosperms), and the short size of the
target fragment (10-143 base pairs without priming sites) allows
the study of degraded DNA. Furthermore, the identification of
plants is efficient because the amplified region is one of the most
variable systems in size and sequence known to date. This system
has already been shown to be relevant for analyzing the diet of
wild herbivorous species including mammals, birds, molluscs,
and insects (24).

In this paper, we describe two universal methods based on the
analysis of the chloroplast trnL intron (trnL approach) from feces
for characterizing the diet of livestock species. By analyzing the
DNA present in lamb feces that were fed two different diets, we
show how the trnL approach can be used either to quickly
produce a specific signature of the diet or to identify the plant
species eaten.

MATERIALS AND METHODS

Blind Analysis.All collected feces were given an anonymous reference
to be blindly analyzed. After DNA extraction and PCR amplification of
the trnL region, the variability of the PCR product was revealed by two
methods. Its pattern of migration was produced by capillary electrophor-
esis [i.e., fragment length analysis (25)], and the amplicons were sequenced
by massive parallel pyrosequencing. The samples were blindly managed
during all of these steps, and the anonymitywas raised after the production
of the migration pattern or after the identification of plant taxa corres-
ponding to the amplicons sequenced.

Lamb Diet and Sampling. A herd of 14 male lambs born during a
2 week periodwere divided into two groups of 7 after weaning at the target
age of 45 days. Each group was then fed the same diet for the following
165 days. The first group (“pasture” diet, P) was exclusively pasture fed
(pasture mainly composed of dactyl) with no additional feed, whereas the
second group (“sheepfold” diet, S) was kept indoors and fed a pelleted
mixed concentrate with 30% hay. The pelleted mixed concentrate (Agno
Finition INRA) was composed of 33% wheat (Triticum aestivum), 32%
beet (Beta vulgaris) pulp andmolasses, 15%barley (Hordeum vulgare), 5%
rapeseed (Brassica napus), 5% corn (Zea mays), and 3% soy (Glycine
max). For each lamb, fresh fecal samples were collected and conserved in
96% ethanol until DNA extraction. Moreover, five samples of pelleted
mixed concentrate (“concentrate”, C) were collected.

Samples of all of the plant species composing the concentrate have been
collected to obtain their migration pattern under capillary electrophoresis
(trnL signature).

DNAExtraction.All extractions were performed in a roomdedicated
to nucleic acids extraction. Total DNAwas extracted from about 20mg of
ground sheep feces with the DNeasy Tissue Kit (Qiagen GmbH, Hilden,
Germany) following the manufacturer’s protocol. For plants and con-
centrate, the same quantity of sample was processed with the DNeasy
Plant Mini Kit (Qiagen) following the manufacturer’s protocol.

trnL Signature of the Diet. The amplification of the P6 loop of the
trnL intronwith the primers g (50-GGGCAATCCTGAGCCAA-30) and h
(50-CCATTGAGTCTCTGCACCTATC-30) (23) generated a “+A” arti-
fact (26, 27), which would affect the migration pattern in capillary
electrophoresis by producing two types of fragments from a single
template (i.e., amplicons identical to the template or with a supplementary
A). To avoid this artifact, a TCCpigtail (26) has been added to the 50 end of
the g primer (i.e., g* primer, 50-TCCGGGCAATCCTGAGCCAA-30), the
PCR was performed with no extension step (27), and the PCR products
were immediately stored at-20 �C.The g* andh primerswere labeledwith
hexachloro-6-carboxyfluorescein (HEX) and carboxyfluorescein (6FAM),

respectively, to allow simultaneous fluorescent detection during capillary
electrophoresis. The amplification reactions were made in a final volume
of 25 μL containing 2.5 μL of 10�x PCR buffer II (Applied Biosystems,
Foster City, CA), 2 mM MgCl2, 0.1 mM of each dNTP, 0.3 μM of
each primer, 20 mg/mL of bovine serum albumin (BSA, Roche, Basel,
Switzerland), 0.6 U of AmpliTaq Gold Polymerase (Applied Biosystems),
and 2.5 μL of 500� diluted DNA extract (i.e., 0.1 ng of template DNA).
The dilution of the DNA extract avoided high rates of PCR inhibitors.
The mix was realized with UHQ water exposed to UV rays (5 J/cm2) to
eliminate DNA contaminants. The amplification reaction consisted of
10 min at 95 �C followed by 45 cycles of 30 s at 95 �C and 30 s at 55 �C.

The polymorphism of the migration pattern of the PCR products,
which depends on the size and sequence of each DNA fragment, was
checked for each strand of the amplicon under denaturing conditions. For
each sample, 1 μL of 5� diluted PCR products was added to 10 μL of
formamide and 0.2 μL ofROX350 (size standard) and electrophoresed for
35 min on an ABI PRISM3130 Genetic Analyzer (Applied Biosystems)
using 36 cm capillaries and POP-7 polymer. Fluorograms were analyzed
using Genemapper3.7 software package (Applied Biosystems).

Identification of the Species. To evaluate the efficiency of new
sequencing methods with regard to the classical methods (i.e., cloning
and sequencing), six previously studied samples (two fecal samples for
each diet and two concentrates) were analyzed following both strategies.

Cloning and Sequencing.One sample representative of each type of
migration pattern was chosen to perform a new PCR with nonfluorescent
g and h primers. The PCR product has been cloned into PCR 2.1-TOPO
vector, TOPO TA Cloning kit (Invitrogen, Burlington, ON, Canada)
following the manufacturer’s protocol, except that the ligation was stored
at 4 �C for 2 days before heat shocking competent Escherichia coli for 45 s
at 42 �C.After 24 h of culture onLBmediumplates at 37 �C, 192 clones per
PCR product were picked up with a pipet tip and put in 30 μL of sterile
water. We amplified 2.5 μL of this solution by PCR using the M13(-20)-
forward and M13-reverse primers. PCR products were purified with the
Qiaquick PCR Purification Kit (Qiagen) according to the manufacturer’s
protocol. Before the clones were sequenced, a prescreening was done by
amplifying the trnL region with the g*/h primer pair and revealing the
migration pattern of the purified PCR product under capillary electro-
phoresis. Then, we sequenced two of the clones exhibiting the same
migration pattern for a given category of sample. Both DNA strands
were sequenced using the Big Dye Terminator v1.1 Cycle Sequencing Kit
(Applied Biosystems) in 20 μL containing 30 ng of purified DNA and
4 pmol of M13 amplification primers according to the manufacturer’s
specifications. Sequencing reactions underwent 25 cycles of 30 s at 96 �C,
30 s at 50 �C, and 4 min at 60 �C. Excess dye terminators were removed by
Sephacryl/Sephadex column purification. Sequencing reactions were elec-
trophoresed for 45 min on an ABI PRISM 3100 Genetic Analyzer
(Applied Biosystems) using 36 cm capillaries and POP-7 polymer.
Sequences were analyzed using BioEdit [version 7.0.5.2 (28)].

Massive Pyrosequencing. A new PCR was carried out for each of
the six samples analyzed. Because PCR products from all samples had to
be mixed before massive sequencing, we had to tag them to find the origin
of the sequences obtained after pyrosequencing. Thus, for each sample the
PCRwas carried out with the g and h primers to which a different (sample-
specific) six-nucleotide sequence has been added at the 50 end (24). These
tags allowed assigning each sequence obtained to its sample. PCR
conditions were identical to those previously described with the primers
g* and h. The PCR products were purified using the MinElute PCR
purification kit (Qiagen), andDNAwas quantifiedwith aNanoDropND-
1000 UV-vis spectrophotometer (NanoDrop Technologies, Wilmington,
DE). Then the PCR products from the different samples were mixed in
equimolar proportions and sequenced by large-scale pyrosequencing on a
454 Genome Sequencer FLX (Roche, Basel, Switzerland) at the Geno-
scope (Centre National de S�equenc-age, Evry, France), following the
manufacturer’s instructions.

Setting up Reference Databases. The sequences produced were
identified by comparison to those present in a reference database. This
database (Gbpln database) was established as a subset of the plant division
of GenBank, by extracting the g-h region of the trnL P6 loop from
GenBank sequences using the ecoPCR software (freely available at http://
www.grenoble.prabi.fr/trac/ecoPCR). This consisted of a virtual PCR
with the g and h primers, allowing up to three mismatches between each
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primer and the sequence amplified and keeping only the sequences having
a length of between 20 and 500 base pairs (fragment length without
primers).

Data Analysis.All of the sequences produced by themassive parallel
pyrosequencing were sorted out from the outfile using the sample-specific
tag. For each sample, we selected for further analyses the sequences that
were repeated at least three times to avoid the influence of sequence
errors (30). We also removed sequences with an error within the tag
sequence because this prevented the assignment of the sequence to a
sample without ambiguity. Whatever the sequencing method, we com-
pared each sample sequence to those of the reference database using the
ecoTag software (freely available at https://www.grenoble.prabi.fr/svn/
OBISofts/OBITools/tags/OBITools-1.0.0/src/). This program, which was
developed in our laboratory, worked in two steps. The first one used the
FASTA algorithm (31) to align each sequence from the sample (i.e., query
sequence) to the sequences of the database and calculated their similarity.
For each query sequence the program selected the sequences of the
database with at least 98% of identity on the whole length (100%) of
the query sequence. Each sequence of the Gbpln database was assigned to
a taxon labeled by its taxon identifier (taxid) following the NCBI taxo-
nomy (32, 33). Then, the program assigned to each query sequences all of
the taxids of similar sequences found in the database. The second step
consisted of assigning a unique taxon to the query sequence. This unique
taxon corresponded to the last common ancestor (in the NCBI taxonomic
tree) of all the taxids previously retained. For example, if a query sequence
corresponded to one or several sequences with the same taxid in the
database (e.g., Pisum sativum), it was identified as a sequence of the
corresponding species (P. sativum). Conversely, if a query sequence
corresponded to several sequences with different taxids corresponding to
several species (e.g., Brassica napus, Eruca sativa, etc.), the taxon assigned
to the query sequence was the lower rank taxon common to all of these
species (family Brassicaceae in this example).

RESULTS

trnLSignature of the Diet.For each type of sample (i.e., pasture
diet, sheepfold diet, and concentrate), all replicates (i.e., 7, 7, and
5, respectively) exhibited the same migration patterns (Figure S1
of the Supporting Information). Figure 1 gives one migration
pattern for each kind of sample. The patterns obtained for
different types of samples were clearly different, showing that a
specific signature could characterize each category. Moreover,
combinations of peaks specific of the concentrate’s signature were
found in the signatures of the sheepfold samples, with different
relative intensities. This showed the presence of concentrate in the
sheepfold diet (Figure 1). The analysis of the migration pattern of
the PCR products obtained from pure plant extracts (data not
shown) showed that these peaks corresponded to rapeseed,
barley, and wheat or soy. However, the fact that several species
such as maize and soy showed closely matched PCR products
(same fragment size and close DNA sequence) and could not be
identified by their migration pattern prevented an unambiguous
identification of the species eaten. Thus, although this technique
gave a specific signature of each diet, a peak in the signature did
not always correspond to a single species.

Identification of the Species Eaten. Cloning and Sequencing.
For each of the 6 PCR products (2 replicates per category of
sample) the prescreening of the 96 clones revealed 8, 5, and
3 different sizes of insert for the pasture diet, sheepfold diet, and
concentrate extracts, respectively. Two clones with the same size
of insert have been sequenced per sample. In all cases inserts of the
same size had the sameDNA sequence. This strategy allowed the
identification of up to 8 taxa per diet (Table 1).

Massive Pyrosequencing. The sequencing of the 2 replicates
per category of sample gave 27380 sequences that corresponded
to a mean ( SD of 2282(1152 of amplicons sequenced per
sample. Once the sequences with errors have been removed (see
Materials andMethods), ameannumber of 1867( 880 sequences

per sample remained. For a given sample, the most represented
sequence occurred between 1012 and 227 times. TheDNAof beet
and corn was not or hardly detectable in the concentrate. The
other concentrate compounds (i.e., wheat, barley, rapeseed, and
soy) were detectable in concentrate extracts as well as in feces of
lambs with the sheepfold diet (Table 1). Many sequences of
Triticeae were found in all sample categories because wheat
(Triticum aestivum) shared the same trnL intron sequence with
several other Poaceae. Twenty-five, 22, and 13 taxa were identi-
fied as composing the pasture diet, the sheepfold diet, and the
concentrate extracts, respectively (Table 2). They corresponded to
46 different taxa that were identified at the species level (24.4%),
the genus level (51.1%), or the family level (91.1%). Most of
the taxa composing the diets were from the families Poaceae,
Fabaceae, and Polygonaceae.

DISCUSSION

The power of the two DNA-based methods developed for
assessing the diet of grazing livestock mainly resides in the
characteristics of the fragment analyzed. With the massive
sequencing approach, its short size and the high variability
between conserved priming sites allow the characterization of
the DNA of all plant species that are present in degraded
substrates. The two methods have complementary applications.
The trnL signature that is based on capillary electrophoreses is
quick, accessible, and robust. The migration pattern obtained
allows detecting a combination of peaks characteristic of a
complex component (here the concentrate) within a diversified
diet (Figure 1). However, this method is not efficient for identify-
ing the whole diet composition (Table 2) because several species
can account for the same peak. The second method uses massive
pyrosequencing and requires a new generation genome sequen-
cer. Nevertheless, it is an accessible technique because the proto-
col is simple enough to be implemented in a laboratory used to

Figure 1. trnL signature of two feces of lambs with different diets and of a
food sample. Each signature is themultipeak profile obtained after capillary
electrophoresis in denaturing conditions of the fluorescent PCR products
obtained using the g and h primers. Each signature is representative of all
samples from the same category: feces from sheep with the pasture diet
(A), feces from sheep with the sheepfold diet (B), and concentrate INRA
Agno Finition (C). Migration patterns are figured for both DNA strands
(forward and reverse). Each peak represents at least one plant species.
Peaks: /, rapeseed; //, barley; ///, wheat and soy.
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Table 1. Identification of Plant Taxa Present in a Food Concentrate Extract and in Feces of Lambs Submitted to Two Different Dietsa

no. of replicates (over 2) in which the taxon was present (pyrosequencing-cloning approaches)

family taxon identified taxon level pasture diet sheepfold diet concentrate

Magnoliophyta no rank 1-0

Malpighiales order 2-0

Amaranthaceae Atripex patula species 1-0

Asteraceae Asteraceae group 1 family 1-1 2-0

Asteraceae group 2 family 1-0 1-0

Cymbonotus lawsonianus species 2-0

Chenopodiaceaeae Beta vulgaris (beet) species 1-0

Clusiaceae Hypericum kamtschaticum species 2-0

Convolvulaceae Convolvulaceae family 1-1 1-0

Brassicaceae Brassicaceae family 2-1 2-0

Fabaceae Papillionoideae group1 subfamily 2-0

Papillionoideae group 2 subfamily 2-0

Medicago sativa species 1-1 1-0

Lotus sp. genus 2-1

Lathyrus pratensis species 1-0

Trifolium sp. genus 1-0

Vicia faba species 2-0

Lupinus sp. genus 1-0

Pisum sativum species 2-0

Glycine max (soy) species 2-0 2-2

Geraniaceae Geraniaceae family 1-1

Juglandaceae Juglandaceae family 2-1

Lamiaceae Ajuga multiflora species 1-0

Poaceae Pooideae group1 subfamily 2-0

Pooideae group 2 subfamily 1-0

Pooideae group 3 subfamily 2-0 1-0

Pooideae group 4 subfamily 2-0

Pooideae group 5 subfamily 1-0

Agrostis sp. genus 2-0

Poaceae group 1 family 0-1 1-0

Poaceae group 2 (including corn) family 1-0

Bromus sp. genus 1-0

Poeae tribe 1-0

Avena sativa species 1-0 1-0

Festuca scariosa species 1-0

Triticeae (including wheat) tribe 2-1 2-1 2-1

Hordeum sp. (barley) genus 2-1 2-1 2-2

Polygonaceae Polygonaceae group 1 family 1-0

Polygonaceae group 2 family 1-0

Polygonaceae group 3 family 1-0

Polygonum sp. genus 2-0 1-0

Rumex sp. genus 2-0 1-0

Fallopia sp. genus 2-0

Rosaceae Potentilla sp. genus 2-1

Rosoideae subfamily 1-0

Rubus sp. genus 1-0

Verbenaceae Verbena sp. genus 2-0

a For each taxon, the table gives the number of sample replicates (over two) in which the taxon was detected according to the pyrosequencing and cloning
approaches, respectively. Plant taxa were identified by comparison to the “Gbpln database” built from the GenBank plant section. Different groups mentioned for
the same taxon (for example, Pooidae groups) refer to different sets of sequences identified at the same taxonomic level. Taxa in bold correspond to the component of the
concentrate.

Table 2. Comparison of the DNA-Based Methods Used for Diet Identification

trnL signature cloning/sequencing massive pyrosequencing

ability to identify concentrate in the diet yes yes yes

no. of taxa identified pasture diet 1 8 25

sheepfold diet 3 5 22

concentrate 3 3 13

no. of exptl steps/sample 1 PCR, 1 CEa 1 PCR, 1 cloning,

96 CE, e16 sequences

1 PCR,

1/400 pyrosequencing run

universality of reference database no, depending on the CE device yes, established from public sequence databases

approximate cost for consumable 10 euros/sample 650 euros/sample 30 euros/sampleb

aCE, capillary electrophoresis. b Estimations given for a 454 Genome Sequencer FLX with titanium reagents.
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work with degraded DNA, and several organizations offer the
massive pyrosequencing of PCR products. Over the past year, the
cost of this service has been divided by three, and it is now really
competitive (Table 2). Moreover, this cost is expected to decrease
again in the near future with the current development of sequencing
technologies. Themassive pyrosequencing is an efficient alternative
of the cloning approach that was the only way to characterize the
diversity of sequences composing a PCR product until now. It is
cheaper and far less time-consuming for a much more comprehen-
sive description of the diet (Table 2). With this approach, we
identified up to 25 taxa in a diet, which was much more than the
cloning approach and similar to the number of species identified in
the sheep diet using samples collected from ruminal canulas (34).
The straightforwardness of the protocol results from the use of
universal primers that require a unique PCR amplification.

The classical techniques used for diet traceability such as
terpenes or alkanes analyses and NIRS can discriminate among
diets (35). For example, they allow the authentication of diets on
the basis of the alternation of pasture and concentrate (36). Some
techniques can also provide context-specific information, such as
the terpene analysis that gives a signature of a pasture depending
on the place and time of year (5). The main advantage of the
massive sequencing approach with regard to the chemical ana-
lyses is its efficiency for identifying themajor components of diets.
The sequence identification relies on a universal (i.e., not place or
time dependent) reference database containing the sequence of
the studied fragment for all potentially eaten plants. For the trnL
intron used for this study>1500 species are already referenced in
our laboratory and>23000 sequences are available in GenBank.
A limit of the trnL method is its low ability in discriminating
species in some taxonomic groups. Typically,most of the Poaceae
are only identified at the family level using trnL sequences. It is
possible to overcome this drawback by combining loci that are
complementary for species identification (37). Several loci already
used in plant identification (e.g., refs (38) and (39)) could be used
together with the trnL by multiplexing PCR products before
massive pyrosequencing.

Contrary to DNA-based methods, chemical analyses can give
insights into the characterization of the tissue eaten (e.g., root or
leaf) or its state (e.g., grass or hay). For example, the amount of
different fatty acids in lambs’ muscles differs for diets based on
grass or concentrate and hay (10). Thus, a complementary use of
chemical and DNA-based methods can be anticipated (24). For
instance, once the species eaten have been determined by analyz-
ing DNA traces, the NIRS method has the potential to provide
information about the tissue eaten (9) and the analysis of stable
isotopes about the geographic origin (40). The DNA-based
methods and chemical analyses are also complementary because
the former identify the recent diet (a few days), whereas the latter
give long-term information.

The sensitivity of the massive pyrosequencing approach can be
evaluated by comparing the composition analysis of concentrate to
that of feces of lambs partly fed with concentrate (sheepfold diet).
Themethod is reliable because plant taxa that have been identified
in all concentrate samples (5 over 6) have also been reliably
identified in the feces. This was the case for soy, which composed
only 3% of the concentrate, showing that the method has a low
detection threshold. This has been confirmed by quantitative
PCRs showing that a component can be identified in a complex
substrate when its DNA represented at least 2% of the target
DNA. Dilution did not affect this threshold because there were
>20 initial target-DNA copies (unpublished results). This low
detection threshold would explain why we detected eight taxa that
were not thought to be present in the concentrate composition
according to the ingredients mixed. They may result from a

contamination of ingredients used for making the concentrate.
Because hay and concentrate were stored on the same site before
being used for feeding lambs, plants from hay could have also
contaminated the concentrate. This shows the high sensitivity of
the method but also the risk of amplifying contaminants. This risk
can be strongly reduced by limiting the number of PCR cycles (24).
The detection threshold that may be generally low may also
depend on the DNA contents of the food product. Rapeseed,
which represents 5% of the concentrate compounds, was detected
in both concentrate and feces, whereas corn and beet that represent
5 and 32% of the concentrate composition, respectively, were not
detected in all of the concentrate extracts. This could be due to the
very low concentration of DNA in some plant byproducts such as
molasses. Due to this variation of DNA contents according to the
tissue and/or its byproduct that is eaten, the proportion of
sequences obtained by the pyrosequencing approach does not
reflect the proportion of species in the diet. The digestibility of the
plant eaten may also affect the quality and quantity of the target
DNA present in the feces. However, the pasture diet is composed
of leaves that may have similar digestibility and may contain
similar amounts of chloroplasticDNAwhatever the species. In this
case the number of sequences obtained in a PCR product could
reflect the relative frequency of its occurrence in the diet. This
would be possible because the primer pair targets highly conserved
regions across taxa (23) and thus limits the preferential amplifica-
tion of a species (24). From a quantitative point of view, DNA-
based analyses could be complementary to the alkane approach
that can estimate the absolute quantity of plant eaten (14). How-
ever, the ability of DNA-based methods to reflect the relative
quantities of species in the diet remains to be checked through
suitable protocols with a strict control of ingested quantities.

We have shown that DNA-based analyses of feces can be used
for a reliable and accurate assessment of the diet of grazing
species. Such methods could be applied for the control and
authentication of livestock diets. They can be used on samples
collected at the farm, where the visual inspection of the food is not
always informative. For instance, flocks with different certifica-
tion levels (and thus different feeding requirements) may coexist
in the same farm, and unexpected controls of feces composition
could be informative. Together with the use of primers allowing
plant detection described here, the use of animal-specific primers
could allow the identification of the presence of animal bypro-
ducts in the diet. Such diet assessments could be performed
concomitantly with the DNA characterization of the individual
or breed that is possible from the same fecal sample (41). Among
the DNA-based methods, the signature approach is convenient
for the detection of a special diet component. This is also the case
of PCR approaches using specific primers for certifying the
presence/absence of target components such as GMO (e.g.,
ref (42)). The massive sequencing techniques using universal
primers are best adapted to the global assessment of the diet
and thus to the detection of even unexpected species. This last
approach would be useful both for certification and research
purposes on both livestock and wildlife. For example, it could
advantageously replace behavioral studies or analyses of stomach
contents for inferring food preferences.
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