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Abstract Food authenticity is presently a subject of great
concern to food authorities, as the incorrect labelling of
foodstuVs can represent a commercial fraud. The implica-
tion of misleading labelling can be much more important
concerning the presence of potentially allergenic foods.
The need to support food labelling has provided the devel-
opment of analytical techniques for the analysis of food
ingredients. In the last years, several methods based on
polymerase chain reaction (PCR) have been proposed as
useful means for identifying species of origin in foods, as
well as food allergens and genetically modiWed organisms
(GMO), due to their high speciWcity and sensitivity, as
well as rapid processing time and low cost. This work
intends to provide an updated and extensive overview on
the PCR-based methods for food authentication, including
also methods for allergens and GMO the detection in
foods.
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Introduction

The increased awareness of consumers regarding the com-
position of foods has resulted in the need to verify the label-
ling statements. The incorrect labelling of foods represents
a commercial fraud, considering the consumer acquisition.

It is very important to establish that species of high
commercial value declared are not substitute, partial or
entirely, by other lower value species. The misleading
labelling might also have negative implications concerning
health, especially for sensitive consumers to nondeclared
potential allergens. The food allergies are considered an
emergent public health problem, especially in developed
countries. Recently, the Codex Alimentarius FAO/World
Health Organization (WHO) and the European Commis-
sion proposed a list of allergens based on the prevalence
and severity of allergens, which should be labelled in pre-
packed foods. The list includes 12 groups of ingredients
potentially allergenic from which milk, eggs, Wsh, crusta-
ceous, peanuts, soybean, walnuts, whey and other cereals
with gluten are emphasised [1].

The information given to consumers is also essential for
them choosing certain foods over others. That choice
might be the reXection of lifestyles, such as vegetarianism,
or religious practices, such as Jews and Muslims, where
pork meat should be absent. The recent occurrence of sev-
eral food crises has emphasised food safety and protection
of consumer’s health as main objectives for the food label-
ling legislation [2]. Thus, when considering all the referred
concerns, the need to verify the labelling statements is a
crucial aspect for consumers, food industries and food
authorities.

The analytical methods used for species identiWcation
and authenticity of foods rely mainly on protein and DNA
analysis. The protein-based methods include immunologi-
cal assays [3, 4], electrophoretical and chromatographic
techniques [5–7]. More recently, DNA molecules have
been the target compounds for species identiWcation due to
the high stability compared with the proteins, and also to
their presence in most biological tissues, making them the
molecules of choice for diVerentiation and identiWcation of
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components in foods, and a good alternative to protein
analysis [8, 9]. Most DNA-based methods for species iden-
tiWcation in foods consist on the highly speciWc ampliWca-
tion of one or more DNA fragments by means of
polymerase chain reaction (PCR). This technique presents a
high potential due to its fastness, simplicity, sensibility and
speciWcity [9, 11].

The PCR ampliWcation is based on the hybridisation of
speciWc oligonucleotides (primers) and synthesis, in vitro,
of millions of copies Xanked by those primers [12]. The
speciWc ampliWcation of one fragment followed by agarose
gel electrophoresis for fragment size veriWcation is the sim-
plest PCR strategy to evaluate the presence of a species.
Additional conWrmation methods and/or analysis of frag-
ments can be done by the digestion of fragments with
restriction endonucleases (PCR-RFLP), sequencing tech-
niques of fragments, simultaneous ampliWcation of two or
more fragments with diVerent primer pairs (multiplex
PCR), analysis of single strand conformation polymor-
phisms (PCR-SSCP), which is based on the electrophoreti-
cal mobility of the ampliWed fragments in their single
strand and folded conformation [9]. Other strategies used in
the identiWcation of species in foods include the analysis of
ramdom ampliWed polymorphic DNA (RAPD), which
involves the use of single and short arbitrary primers, and
the analysis of single sequence repeats (SSR), also known
as microsatellites.

A crucial aspect in food analysis, as in the case of
genetically modiWed organisms (GMO) or allergens, is the
quantiWcation, which is imposed by the legislation require-
ments. The lack of quantitative information obtained with
end point PCR, due to an inconstant eYciency along the
ampliWcation cycles, led to the development of two quanti-
tative detection strategies in foods: quantitative competi-
tive PCR (QC-PCR) [13] and real-time PCR [9]. The
possibility of using speciWc probes or labelled primers by
real-time PCR allows the simultaneous detection and con-
Wrmation of fragments, increasing the reliability of the
technique and the number of PCR applications to food
analysis [14, 15].

The need for accurate and reliable methods for spe-
cies identiWcation in foods has increased steadily in the
past few years [16]. The PCR techniques have been
successfully applied in the detection of animal origin in
meat products [17], dairy products [18] and Wsh products
[19]. The number of applications of PCR techniques
in products of plant origin is huge, especially if we
account with those related to the GMO detection [8–11,
15, 20, 21].

The purpose of this review paper is to describe an
updated overview of the applications of PCR technique in
the identiWcation of species of origin in foods for authentic-
ity assessment.

Foods of animal origin

Meat products

A frequent adulteration of meat products is the addition of
pork (Sus scrofa) to beef (Bos taurus) products for eco-
nomic gain. Undeclared pork is an undesirable contaminant
regarding religious practices as well as dietary and health
reasons, such as allergies or the introduction of food-borne
microorganisms. The presence of pork DNA was deter-
mined by species-speciWc PCR primers of porcine growth
hormone gene, enabling the detection of pork in fresh or
heated mixtures of pork in beef at levels below 2% (w/w)
[22]. Detection of pork, beef, buValo, ewe, goat, horse,
chicken and turkey in marinated, processed and fermented
products by ampliWcation of mitochondrial cytochrome b
gene and analysis of restriction fragments (PCR-RFLP)
was described by Meyer et al. [23]. This method enabled
the detection of pork in meat mixtures of pork and beef at
levels below 1% (w/w). SpeciWc detection of pork was also
obtained by ampliWcation of D-loop mitochondrial DNA
from meat and fat in meat mixtures, including those dry-
cured and heated by cooking [24]. The PCR ampliWcation
of pork mitochondrial genes (12S rRNA and cytochrome b)
was successfully applied in the identiWcation of pork deriv-
atives in diVerent types of food products, proving to be a
reliable and suitable technique in routine food analysis for
halal certiWcation [25, 26].

Calvo et al. [27] developed and evaluated a semi-quanti-
tative PCR technique to detect pork in ground beef and pâté
targeting a repetitive DNA element (SINE). The results
allowed the speciWc detection of 0.005% (w/w) of pork in
beef (raw and heated) and the semi-quantiWcation of pork
contamination up to 1%. The application of the referred
technique to commercial pâtés evidenced the fraudulent
additions of pork meat. The quantitative assessment of pork
species in meat mixtures was achieved by QC-PCR [28]
and real-time PCR with TaqMan probes [29].

Game meat and derived products are often targets for
fraudulent labelling due to the high commercial value asso-
ciated to these products. By means of a PCR-RFLP tech-
nique with two endonucleases, Wolf et al. [30] were able to
discriminate 25 game species. Brodmann et al. [31] noted
that the lack of reference materials for game meat could be
solved by sequencing PCR fragments and comparison with
data base sequences for the highest percentage of corre-
spondence. Fajardo et al. [32] developed a PCR-RFLP
method for the identiWcation of meats from red deer
(Cervus elaphus), fallow deer (Dama dama), roe deer
(Capreolus capreolus), cattle (Bos Taurus), sheep (Ovis
aries), and goat (Capra hircus). Another work from the
same authors [33] reported the identiWcation of meats
from chamois (Rupicara rupicara), Pyrenean ibex (Capra
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pyrenaica) and mouXon (Ovis ammon) by species-speciWc
ampliWcation of mitochondrial D-loop sequences, with sat-
isfactory application to pasteurised and sterilised meats.

Fois gras is a traditional luxury food prepared from the
liver of geese or ducks, which has been linked to the French
gastronomy. Fraudulent labelling practices exist because
goose foie gras is most appreciated by consumers and also
the most expensive. A PCR technique was used for the spe-
ciWc identiWcation of goose (Anser anser) and mule duck
(Anas platyhynchos £ Cairina moschata) fois gras [34,
35]. IdentiWcation of chicken (Gallus gallus), turkey
(Meleagris gallopavo) and pork (Sus scrofa) in goose and
mule duck foie gras is also described by species-speciWc
PCR. QuantiWcation of mule duck in goose foie gras in a
range of 1–25% (w/w) was possible to obtain by real-time
PCR with TaqMan probes [38].

A quick and simple method for the identiWcation of six
meat species (cattle, pork, chicken, sheep, goat and horse)
in raw and cooked meats was developed by Matsunaga
et al. [39] by means of multiplex PCR targeting the mito-
chondrial cytochrome b gene. The use of PCR Wngerprint-
ing techniques, such as RAPD, allowed the discrimination
of several common meat species [40, 41]. Rastogi et al.
[41] proved that mitochondrial DNA-based markers are
more suitable to discriminate meat species than the nuclear
markers. Among PCR Wngerprinting approaches, RAPD
was found to be more discriminatory and accurate for meat
species [41]. The PCR-RFLP technique was applied with
success to explore the incidence of incorrect labelling in
food products containing one or more meat species [17].
The undeclared presence of turkey and the absence of
declared species of high commercial value such as beef or
roe-deer were the detected frauds. A strategy for molecular
species detection in meat and meat products by PCR-RFLP
and DNA sequencing using mitochondrial and chromo-
somal genetic sequences was developed by Maede [42].
Species-speciWc real-time PCR assays were successfully
used for detection of beef, pork, lamb, chicken and turkey
with levels of detection below 0.1% (w/w) [43]. The appli-
cation of several real-time PCR systems for identiWcation
and quantiWcation of diVerent species in complex DNA
mixtures enabled levels of detection lower than 0.80 pg of
DNA [44, 45]. An oligonucleotide microarray hybridisation
analysis of PCR products was applied to identify diVerent
animal species in meat and cheese samples [46]. The spe-
cies-speciWc probes identiWed unequivocally cattle, pig,
chicken, turkey, sheep and goat and were able to detect
simultaneous up to four diVerent species in mixtures.

Recent outbreaks of bovine spongiform encephalopathy
(BSE) in cattle and the potential for transferring BSE to
humans in the form of variant Cruetzfeld Jacobs Disease
have increased the call for traceability of meat, meat prod-
ucts and feedstuVs [47]. Thus, to prevent commercial

frauds and for food safety purposes there is the need of
methods to detect beef in food bovine derived materials in
feed. Calvo et al. [48] focused their work on speciWc PCR
ampliWcation of a repetitive DNA element for the identiW-
cation of bovine contamination, obtaining levels of detec-
tion of 0.005% (w/w) of raw beef in pork and 1% of beef in
cooked meat mixtures. A species-speciWc PCR technique
targeting the mitochondrial cytochrome b gene of bovine
DNA was successfully applied to processed meats with a
sensitivity of 0.025% (w/w) [49]. Laube et al. [50] devel-
oped two TaqMan real-time PCR systems able to distin-
guish between beef and pork in a total of eighteen animal
species and with sensitivities lower than 0.1% (w/w) for
both species. The detection of bovine material in gelatine
was developed by Tasara et al. [51] using conventional and
real-time PCR approaches. The inclusion of bovine gelatine
in pork or Wsh gelatine could be detected with a sensitivity
of 0.1% (w/w) by species-speciWc PCR and 0.001% by
real-time PCR.

As alternative to microscopic analysis, currently employed
to identify the contents of animal feed, several PCR-based
assays have been proposed. Species-speciWc PCR primers
have been successfully applied in the detection of animal
material in feedstuVs derived from cow, sheep, pork,
chicken and goat [52–59]. Quantitative detection of animal
species in feeds has also been attemped based on QC-PCR
[60] and real-time PCR [61–63]. A collaborative trial indi-
cated that the real-time PCR could reliably be used for
detection of BSE risk material in meat and meat products
[64].

The application of PCR-based techniques in the authen-
ticity assessment of meat products are resumed in Table 1.

Seafood

The change of consumer’s attitudes towards health and
nutrition has increased the consumption of seafood and
derived products. Some of the world’s Wsh catch is sold
unprocessed, which enables the easy the identiWcation
of species through rigorous inspection, by applying taxo-
nomic classiWcation methods based on morphological
characteristics, such as the skin pigmentation, shape, size
and appearance, Actually, most Wsh species are available
commercially after the removal of some external features as
fresh (eviscerated, beheaded, skinned, Wlleted, etc.) and
processed products (marinated, salted, smoked, caned, fro-
zen, etc.), which makes the identiWcation of species a diY-
cult task. Even when the morphological characteristics are
intact, the similarities between very closely related species
make their identiWcation rather diYcult and only a taxono-
mist can perform it correctly. On the other hand, the EU
labelling regulations [65, 66] specify that the commercial
and scientiWc names should be included on the label of
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seafood products. These facts demand available methodologies
able to detect species in processed seafood. DNA-based
methods have proved to be alternative to protein-based
methods and became the methods of preference for the
analysis of a wide range of seafood products [67]. This
section describes the applications of PCR-based methods in
the identiWcation of seafood, including molluscs, which are
resumed in Table 2.

Fish and Wsh products

PCR-based methods for Wsh species identiWcation include
sequencing ampliWed genomic DNA [68, 69], species-spe-
ciWc PCR primers [70], PCR-RFLP [68, 71–74], PCR-
SSCP [75–77] and RAPD [78]. Most DNA-based methods
for Wsh species identiWcation consist in the ampliWcation of
mitochondrial DNA, as observed in other food matrices.

Table 1 Summary of PCR-based methods applied in the authentication of meat products

NR Not reported
a Values in percentage are expressed on a weight by weight basis

Food product Species Technique Target gene Limit of detectiona References

Bovine meat 
products 
(marinated, 
processed, 
fermented, 
dry-cured, 
halal)

Pork Species-speciWc PCR Growth hormone 2% [22]

PCR-RFLP Cytochrome b <1% [23]

PCR-RFLP Cytochrome b NR [25]

PCR-RFLP D-loop 5% [24]

Species-speciWc PCR 12S rRNA NR [26]

Species-speciWc PCR SINE 0.005% [27]

QC-PCR/PCR-RFLP Growth hormone 0.1%, 100 pg DNA [28]

Real-time PCR 12S rRNA 0.1%, 0.01 ng DNA [29]

Game meat 25 game species PCR-RFLP Cytochrome b NR [30]

Cervidae species PCR-RFLP/sequencing Cytochrome b NR [31]

Red deer, fallow deer, roe deer, 
cattle, sheep, goat

PCR-RFLP 12S rRNA NR [32]

Chamois, Pyrenean ibex, mouXon PCR-RFLP D-loop 0.1% [33]

Fois gras Goose, mule duck Multiplex PCR 5S rDNA NR [34]

Goose, mule duck Species-speciWc PCR �-actin 1% [35]

Chicken, pork Species-speciWc PCR �-actin 0.1% [36]

Goose, mule duck, chicken, turkey, pork Species-speciWc PCR 12S rRNA 1% [37]

Mule duck, goose Real-time PCR 12S rRNA 0.01% [38]

Cooked meat 
products

Cattle, pork, chicken, sheep, goat, horse Multiplex PCR Cytochrome b 0.25 ng DNA [39]

Chicken, beef, pork, turkey, quail, 
duck, follow deer, 
red, deer, roe deer, wild boar

PCR-RFLP Cytochrome b NR [17]

Pork, beef, lamb, chicken, turkey RAPD/Wngerprinting – NR [40]

BuValo, cow, chicken, pork, goat, 
frog, Wsh, snake

PCR sequencing/RAPD/
Wngerprinting

16S rDNA/ND4/actin NR [41]

Cattle, buValo, red deer, sheep, 
pork, horse, chicken, turkey

PCR-RFLP/sequencing Cytochrome b/
growth hormone

0.1–1% [42]

Beef, lamb, pork, chicken, turkey Real-time PCR Cytochrome b 0.1–0.5% [43]

Cow, pork, lamb, chicken, turkey, ostrich Real-time PCR 18S rRNA 0.03–0.80 ng DNA [44]

Cow, pork, horse, wallaroo Multiplex/Real-time PCR Cytochrome b/ND6 < 1%, < 0.4 ng DNA [45]

Cow, pork, chicken, turkey, 
sheep and goat

PCR oligonucleotide 
microarray

Cytochrome b 0.1% [46]

Cow Species-speciWc PCR Microsatellite DNA 0.005–1% [48]

Cow Species-speciWc PCR Cytochrome b 0.025% [49]

Cow, pork Real-time PCR Phosphodiesterase/
ryanodin/myostatin

<0.1% [50]

Ground beef Cow individuals SSR Microsatellite DNA NR [47]

Gelatine Cow Species-speciWc PCR/
real-time PCR

ATPase subunit 8 0.001–0.1% [51]
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The cytochrome b has been most often used for species
identiWcation, although other gene fragments have also
been used [79].

Wolf et al. [74] described a simple method based on
PCR-RFLP technique for the diVerentiation of 23 species
of Wsh, such as salmon, cod, tuna and eel. However, when
considering the diVerentiation of one particular species in a
mixture of species, those authors recommended the use of
species-speciWc PCR primers.

The identiWcation of ten species of white Wshes, such as
the Atlantic cod, the European hake, haddock and whiting
was succeeded by PCR-RFLP and exact conWrmation of
size fragments by lab-on-a-chip capillary electrophoresis
[80]. The method was applied to a range of products and
subjected to an interlaboratory study, whose results consid-
ered it a qualitative test for screening raw, frozen and
lightly processed samples for the presence or absence of
Wsh species, without the need of reference materials.

Russel et al. [81] developed a PCR-RFLP technique for
the identiWcation of salmon species based on the ampliWca-

tion of a region of the cytochrom b mitochondrial gene. The
restriction pattern obtained was resolved by means of poly-
acrylamide gel electrophoresis (PAGE), allowing the dis-
crimination of ten salmon species. The method was
validated in a collaborative study and applied to a wide
range of commercial food product containing salmon [72].
In almost all cases the salmon species declared was con-
Wrmed, although a trout species was detected in one product
declaring only the presence of salmon. The diVerentiation
of ten salmonid Wsh species belonging to the genera Salmo,
Oncorhynchus and Salvelinus was achieved by PCR-SSCP
of mitochondrial and nuclear genes followed by analysis in
PAGE [77]. The method was successfully applied in the
identiWcation of raw or cold smoked salmon, as well as in
salmon roe.

The diVerentiation between close species of XatWsh, such
as the sole (Solea solea) and the Greenland halibut (Rein-
hardtius hippoglossoides), allows the detection of the
fraudulent substitution of the Wrst species by the second,
which has lower commercial value and is less appreciated.

Table 2 Summary of PCR-based methods applied in the authentication of seafood products

Food product Species Technique Target gene References

Raw and processed 
(smoked, heat-treated, 
marinated, canned, pastry)

Salmonids PCR-RFLP Cytochrome b [72, 81]

PCR-SSCP Cytochrome b/parvalbumin/
growth hormone

[77]

Raw and frozen FlatWsh (sole, Greenland halibut, 
megrim, Xounder, turbot)

Species-speciWc PCR 5S rDNA [70]

PCR-RFLP 12S rRNA [82, 83] 

Raw and heat-treated Serranidae 
(Nile perch, grouper, 
wreck Wsh)

PCR-RFLP 12S rRNA [68]

PCR-RFLP �-actin [71]

PCR-SSCP 12S rRNA [75]

RAPD [78]

PCR-ELISA 5S rDNA [84]

Multiplex PCR/real-time PCR 16S rRNA [85]

Raw and hot-smoked, canned Eels PCR-RFLP/PCR-SSCP Cytochrome b [76]

Raw, frozen, salted 
and heat-treated

Gadoids PCR-RFLP Cytochrome b [69]

PCR-RFLP/PCR-SSCP/DGGE Cytochrome b [19]

PCR-RFLP 16S rRNA [86]

PCR-sequencing/RFLP Mitochondrial control region [73]

Real-time PCR Transferrin [87]

Raw, frozen and canned Tuna PCR-RFLP/PCR sequencing Cytochrome b [88, 89]

PCR-SSCP Cytochrome b [90]

Real-time PCR 16S rRNA [91]

Raw and canned Sardines PCR-RFLP/sequencing Cytochrome b [92]

Caviar Sturgeon PCR-RFLP/sequencing Cytochrome b [93]

Raw and frozen Clams PCR-RFLP �-actin [94]

PCR-SSCP �-actin [95]

Raw Mussels RAPD/species-speciWc PCR/
sequencing

ITS [96]

PCR-RFLP/FINS/Multiplex PCR Adhesive protein/
18S rDNA/ITS1

[97]

Raw, rings and canned Cephalopods PCR-RFLP/FINS Cytochrome b [98]
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The distinction of the two species was performed by spe-
cies-speciWc PCR targeting a nuclear gene [53] and by
PCR-RFLP of a mitochondrial gene [82]. The identiWcation
of Wve species of XatWsh of Pleuronectiformes order
(Lepidorhombus whiYagonis, Platichthys Xesus, Reinhard-
tius hippoglossoides, Scophthalmus maximus and Solea
solea) was also achieved by PCR-RFLP of a mitochondrial
gene [83].

Nile perch (Lates niloticus) Wllets are many times
labelled and marketed either as grouper (Epinephelus
guaza) or as wreck Wsh (Polyprion americanus) due to the
higher popularity and quality of the two latter species.
Additionally, grouper and wreck Wsh are closely related
species that may be misidentiWed in market and are com-
monly sold as grouper, which is more in demand by con-
sumers. Thus, several methods have been proposed for the
distinction of these three species. The PCR ampliWcation of
a sequence of �-actin gene followed by fragment digestion
with two restriction enzymes allowed the identiWcation of
wreck Wsh and Nile perch [71]. The diVerentiation of the
three species was achieved by PCR-RFLP [68], PCR-SSCP
and separation by PAGE [75] and RAPD [78]. A semi-
quantitative assay using a combined PCR-ELISA technique
was successfully applied in the detection of Nile perch in
mixtures of Wsh species with a detection level of 1% (w/w)
[84]. Trotta et al. [85] used two simple strategies for the
identiWcation of grouper species (Epinephelus and Mycte-
roperca) and their most common substitutes (Nile perch
and wreck Wsh) by multiplex PCR and real-time PCR.

The eel species Anguilla anguila, A. rostrata, A. japon-
ica and A. australis are the most important commercially
from the genus Anguilla. In Europe, the species A. anguilla
is preferred for production of hot-smoked eel (e.g. in
Germany) as well as canned eel (e.g. in Portugal) and for
consumption as glass eel (e.g. in Spain). For the diVerentia-
tion of the four eel species in fresh, smoked and canned
products, Rehbein et al. [76] developed PCR-based tech-
niques by means of universal primers for a fragment of the
cytochrome b gene, RFLP and SSCP analysis of fragments.

Gadoids is the common name used for a group of bony
Wsh, included in the taxonomic order of Gadiformes, which
comprises several families of great commercial interest.
The family Gadidae includes the Atlantic cod (Gadus mor-
hua), the pollack (Pollachius pollachius) and the haddock
(Melanogrammus aegleWnus). Calo-Mata et al. [69] devel-
oped a PCR-RFLP technique for the diVerentiation of 15
gadoid species, with the exception of Gadus ogac and
G. macrocephalus, which could not be diVerentiated. These
authors proved that the RFLP patterns obtained with three
restriction enzymes can be used in the identiWcation of
commercial samples, namely salted Wsh labelled as cod.
The ampliWcation of a short fragment of cytochrom b gene
and analysis by RFLP, SSCP and denaturant gradient gel

electrophoresis allowed the diVerentiation of eight species
commercialised as cod-Wsh [19]. Di Finizio et al. [86]
developed a PCR-RFLP technique targeting the 16S RNA
gene, which was able to identify seven gadoid species
under study. Using sequencing and PCR-RFLP analysis of
mitochondrial DNA control region sequences, it was possi-
ble to discriminate eleven hake species [73]. The quantiW-
cation of haddock in raw Wsh or lightly cooked products
was achieved by real-time PCR, whose calculated values
obtained for model samples were within 7% of the actual
value [87].

Tuna species include Wsh belonging to the Thunnus
genus as well as to the genera Sarda, Katsuwonus and
Euthynnus, whose species can have diVerent market prices,
depending on the country. When the morphological charac-
teristics are removed by Wlleting or processing, such as can-
ning, the only possibility to authenticate the food product is
by the use of a molecular marker. The heat treatment by
sterilisation, which canned products are subjected, results
in the denaturation of muscle proteins becoming diYcult or
impossible the use of protein-based methods for species
identiWcation [67, 88]. The heat treatment of canned Wsh
degrades DNA molecules to fragments between 100 and
200 bp [88, 89]. The analysis of ampliWed sequences from a
region of the cytochrom b gene by sequencing and RFLP
allowed the diVerentiation of tuna (Thunnus albacares,
T. alabunga and Katsuwonus pelamis), bonito (Euthynnus
aVinis) and frigate mackerel (Auxin thazard) species in
canned products [89]. In another work, the identiWcation of
six canned tuna species was achieved by using the same
techniques [88]. Through a collaborative study, Rehbein
et al. [90] showed that the analysis of a small amplicon
from the cytochrome b gene by SSCP is a reliable tech-
nique for species identiWcation in canned tuna. The novel
TaqMan real-time PCR technique developed by Lopez and
Pardo [91] allowed the quantitative detection of T. alalunga
(albacore) and T. albacares (yellowWn), the two most valu-
able tuna species.

Species identiWcation of sardine and other Wsh species
used in canned sardine or sardine type products is important
for the detection of commercial frauds. Jérôme et al. [92],
through phylogenetic analyses of DNA sequences of
Sardine pilchardus and some related species of genus
Clupeomorpha in region of cytochrome b gene, developed
a PCR-RFLP technique able to diVerentiate S. pilchardus
from the other tested species, in fresh and canned products.

Sturgeon caviar is one of the most exclusive and expen-
sive Wshery products. Since the availability of the three
most important and demanded species—beluga caviar
(Huso huso), sevruga caviar (Acipenser stellatus) and osie-
tra caviar (Acipenser gueldenstaedti)—has decreased over
the last years, mislabelling of other less costly species
became frequent. Therefore, reliable methods for species
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identiWcation are needed for the detection of frauds. The
diVerentiation of ten sturgeon species in caviar of
Acipenser and Huso was achieved by the development of a
PCR-RFLP technique targeting the mitochondrial
cytochrome b gene [93].

Molluscs

The identiWcation of commercialised mollusc species is
also important to ensure the correct labelling of this type of
food products. Ruditapes decussatus (grooved carpet shell),
Venerupis pullastra (pullet carpet shell) and Ruditapes
philippinarum (Japonese carpet shell) are among the most
common clam species found in the market. R. decussatus is
the clam species preferred by the consumers and also the
most expensive, making it prone to fraudulent substitution,
especially if the shell is removed and the clams are sold and
mixed with other ingredients (usually frozen). For the
diVerentiation of the three clam species, Fernández et al.
[94] developed a PCR-RFLP technique targeting the
�-actin gene. In another work developed by the same
authors [95], the development of a PCR-SSCP targeting the
same gene allowed the diVerentiation of grooved carpet
shell and pullet carpet shell species.

Mussels are some of the most harvested and commercia-
lised species of bivalve molluscs. They are widespread
throughout the coasts of mild climate zones of the northern
and southern hemispheres [96]. Mussels are a heteroge-
neous group that includes a high number of genera and each
of them a great number of species. These genera are Mytil-
lus, the most common species in prepared food products,
Perna, Aulacomya, Semimytilus, Perumytilusß Choromyti-
lus and Brachidontes [97]. As these bivalves are mostly
commercialised frozen or canned without shells, the mor-
phological identiWcation becomes impossible, being subject
to fraudulent labelling. A combination of PCR-based tech-
niques, namely, PCR-RFLP, PCR sequencing and multi-
plex PCR was developed for mussel species identiWcation
in food products [96]. The diVerentiation of the above
mentioned genera and the identiWcation of Wve species
(M. californianus, Perna viridis, A. ater, Perumitylus
purpuratus and S. algosus) were achieved by ampliWcation
of nuclear genes 18S rDNA, forensically informative nucle-
otide sequencing (FINS) and RFLP analysis. The identiWca-
tion of four species of Mytilus (M. edulis, M. trossulus,
M. galloprovencialis and M. chilensis) was succeeded by
species-speciWc ampliWcation of adhesive protein gene and
RFLP analysis to discriminate M. galloprovencialis and
M. chilensis species. The identiWcation of the species Perna
canaliculus, P. perna, C. meridionalis and C. chorus, was
achieved by multiplex PCR targeting the ITS1 gene and
RFLP analysis. The developed methodologies were
validated with model products and applied to commercial

samples [97]. RAPD analysis was applied to the identiWca-
tion of mussel species M. edulis, M. chilensis, M. gallopro-
vincialis and P. canaliculus, which allowed designing
species-speciWc primers and the diVerentiation of M. gallo-
provincialis from the other mussel species under study
[97].

Cephalopods are part of the Mollusca phylum, from
which squids are very popular seafood sold mainly eviscer-
ated, skinned and cut into rings. The substitution of the
most expensive species (Loligo sp) by species of the family
Ommastrephidae is impossible to detect visually. Even
within the family Ommastrephidae there are many species
of diVerent quality and price that could be employed for
manufacture of squid rings [98]. Thus, the identiWcation of
commercial species is a relevant issue to assure the correct
labelling of products. The identiWcation of eight cephalo-
pod species of families Loliginidae and Ommastrephidae
was performed by two molecular techniques: FINS and
PCR-RFLP [98]. By the use of FINS, it was possible to
identify all the species in 17 commercial products.

Dairy products

The authenticity assessment of dairy products is an impor-
tant issue regarding the consumer’s interests due not only to
the economic point of view, but also to medical require-
ments, food allergies or religious practices. Common adul-
terations of dairy products are the substitution of higher
value milk by nondeclared cow’s milk or the omission of a
declared milk species. Thus, the detection of milk species is
important in cheese making, especially those made from
one pure species and with protected designation of origin
(PDO), such as pure sheep or pure goat’s cheeses. In addi-
tion, some cheeses are manufactured with deWned amounts
of each type of milk [99–102].

Since Lipkin et al. [103] veriWed that somatic cells can
be used as a source of DNA, several PCR-based methods
have been developed for authenticity assessment of dairy
products, allowing the diVerentiation of milks from
diVerent biological sources (cow, goat, sheep and buValo)
[104–107]. As ampliWable DNA can be obtained from ther-
mally treated milks such as, pasteurised milk, ultra-pasteur-
ised and powder milks, as well as cow’s milk caseinates
[18, 102, 106–108], cheese adulterations by partial or total
substitution of non-declared milk species can be easily
detected by PCR techniques. The resumed applications of
PCR-based methods to dairy products authenticity are
presented in Table 3.

Plath et al. [107] developed PCR-based techniques to
diVerentiate cow, buValo, goat and sheep �-casein genes.
The results evidenced a higher sensitivity of PCR-RFLP
technique than PCR-SSCP, allowing the detection of 0.5%
(w/w) of cow’s milk in ewe’s and goat’s milk cheeses.
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Other attempts have proved to be more successful when tar-
geting sequences of mitochondrial genes. For adulteration
detection of goat’s cheese with cow’s milk, Maudet and
Taberlet [99] developed a species-speciWc PCR technique
targeting a sequence from the control region of mitochon-
drial DNA, which allowed the detection of 0.1% (w/w) of
cow’s milk in model mixture cheeses. Another work devel-
oped by the same authors [109] reported the speciWc PCR
detection of Prim’Holstein’s milk, a cow’s breed not
allowed for cheese making of some French cheeses. The
design of species-speciWc primers targeting the mitochon-
drial gene 12S rRNA enabled the speciWc detection of
cow’s milk in sheep and goat’s milk mixtures [99]. The
multiplex PCR technique developed by Bottero et al. [101]
enabled the simultaneous detection of cow, goat and
sheep’s milk in cheeses inferred by the mitochondrial genes
12S and 16S rRNA. The application of the referred tech-
nique to commercial cheese samples evidenced the absence
of one declared milk species (sheep) in three from 19 sam-
ples, conWrmed by RFLP analysis.

The typical Italian Mozzarella cheese labelled with PDO
should be produced only from pure water buValo milk
(Bubalus bubalis). As the addition of undeclared cow’s
milk to Mozzarella cheese is a common fraud, several
PCR-based methods have been developed for that purpose.
Two duplex PCR techniques targeting the cytochrome b

gene were proposed for the simultaneous detection of cow
and buValo’s milk in Mozzarella cheeses [100, 111]. The
referred technique allowed the detection of 1% (w/w) of
cow’s in buValo milk cheeses [100] and the application in
the detection of commercial frauds with conWrmation by
RFLP analysis [111]. By a species-speciWc PCR targeting
the cytochrome b it was detected the presence of unde-
clared cow’s milk in 22 from 30 Mozzarella cheese samples
with a sensitivity of 1.5% (w/w) [112]. Feligini et al. [113]
and López-Calleja et al. [114] further improved the sensi-
tivity of species-speciWc PCR assays for cow’s milk detec-
tion in water buValo milk cheeses to 0.5 and 0.1% (w/w),
respectively. The validation and application of a real-time
PCR technique for quantitative detection of cow’s milk
showed that most commercial Mozzarella cheese samples
tested were contaminated with bovine milk [115].

The detection of undeclared goat’s milk to avoid the sub-
stitution of ovine milk by lower cost milk such as goat’s,
was also achieved by PCR-based techniques. The species-
speciWc PCR technique targeting the mitochondrial 12S
rRNA gene [116] was successfully applied in the adultera-
tion detection of ovine cheeses with goat’s milk with a sen-
sitivity of 1% (w/w) [117]. By using a real-time PCR
technique, the same authors were able to quantify goat’s
milk in binary milk mixtures of goat/sheep in a range of
0.6–10% (w/w) [118].

Table 3 Summary of PCR-based methods applied in the authentication of dairy products

NR not reported
a Values in percentage are expressed on a weight by weight basis

Food product Species Technique Target gene Limit of 
detection (%)a

References

Milks, mixture and 
pure species cheeses

Cow, sheep, goat, buValo PCR-RFLP �-casein 0.5 [107]

Cow, sheep, goat Multiplex PCR/
PCR-RFLP

12S rRNA/16S rRNA 0.5 [101]

Meat, milks and 
milk derivative

Cow, sheep, goat, buValo PCR-RFLP Cytochrome b NR [121]

Mozzarella cheese Cow, buValo Duplex PCR Cytochrome b 1 [100]

Duplex PCR/PCR-RFLP Cytochrome b 1.5 [111, 112]

Species-speciWc PCR Cytochrome oxidise I 0.5 [113]

Species-speciWc PCR 12S rRNA 0.1 [114]

Real-time PCR Cytochrome b/growth hormone 0.1 [115]

Goat’s and mixture cheeses Cow Species-speciWc PCR D-loop 0.1 [99]

Cow, goat Duplex PCR 12S rRNA 0.1 [119]

Sheep’s and mixture cheeses Cow, sheep Duplex PCR 12S rRNA/16S rRNA 0.1 [108]

Goat, sheep Species-speciWc PCR 12S rRNA 1 [117]

Raw and heat treated milks Cow Species-speciWc PCR 12S rRNA 0.1 [110]

Goat, sheep Species-speciWc PCR 12S rRNA 0.1 [116]

Goat, sheep Real-time PCR 12S rRNA 0.5 [118]

Cow, sheep Real-time PCR 12S rRNA 0.5 [120]

Camember and Feta cheeses Cow Species-speciWc PCR Cytochrome oxidase II/D-loop/
cytochrom b/12S rRNA

0.5 [106]
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The development of duplex PCR techniques for the
quantitative detection of cow’s milk in sheep [108] and
goat’s cheeses [119] allowed the detection of 0.1% (w/w)
of cow’s milk in those cheeses. By relating the Xuorescent
intensity of the target band (cow’s) with a second band
(sheep or goat), it was possible to normalise band intensi-
ties, because both products obtained by duplex PCR were
equally aVected by PCR inhibitors [108, 119]. Thus, refer-
ence normalised curves were obtained by plotting the rel-
ative Xuorescent intensities versus the percentage of
cow’s milk of model cheeses in a range of 1–50% (w/w)
for sheep’s cheeses [108] and 1–60% (w/w) for goat’s
cheeses [119]. The developed techniques detected the
absence of declared sheep and goat’s milk in mixture
cheeses. From nine commercial cheeses labelled with
pure goat’s milk, it was detected the addition of 9–13%
(w/w) of cow’s milk in three samples [108]. López-Call-
eja et al. [120] developed an approach by real-time PCR
using TaqMan probes for the quantitative detection of
cow’s milk in binary milk mixtures of cow/sheep in a
range of 0.5–10% (w/w).

Lanzilao et al. [121] developed a PCR-RFLP method
targeting the cytochrome b gene for the identiWcation of the
four species (cow, sheep, goat and buValo) of main interest
in the dairy industry. The comparative analysis of 92
sequences from the cytochrome b gene allowed designing
primers for a common fragment of the four species
(275 bp). The RFLP patterns obtained with three restriction
enzymes were distinct for each species.

Mayer [106] reported that species-speciWc PCR reveal to
be a very sensitive technique for the detection of cow’s
milk, even in overripe mixed cheeses. Moreover, the PCR
proved to be an adequate technique for the detection of
heated dairy products, such as bovine milk and caseinate
used to adulterate cheeses, conversely to protein based
methods.

Foods of plant origin

The PCR-based methods have important applications in
species identiWcation of foods, such as legumes [122–124],
cereals [125] and allergens, with emphasis to nuts [126].
The applications include also cultivar identiWcation in olive
oil [127–129] and grape variety identiWcation in musts
[130–132]. Other particular applications of PCR-based
methods in food authentication include the additives, such
as the spices [133] and thickeners agents, such as locust
bean gum [134]. The resumed applications of PCR-based
methods to authenticity assessment of foods of plant origin
are presented in Table 4.

Probably, the greatest number of applications in food
analysis concerns GMO detection, mainly in soybean and

maize derived food products, which are also emphasised in
the present work.

Olive oil

The olive oil is an increasingly important product due to its
nutritional and commercial value, which is obtained from
the olive tree drupes (Olea europaea L.) of several mixed
or isolated cultivars. The olive oil typicity is obtained by
the conjunction of climate conditions of a region and culti-
var(s). Thus, some olive oils are protected by EU appella-
tions PDO and protected geographic indication (PGI)
according to the EU legislation [135].

Several works reporting the authenticity assessment of
olive oil have been carried out for a long time, such as the
analyses of sterols and fatty acids for elucidating adultera-
tions of olive oils with seed oils [136, 137]. Analytical
parameters independent from environmental Xuctuations,
such as DNA-based markers, have proved to be useful tools
for the identiWcation of the cultivar(s) used in olive oil pro-
duction. The DNA isolated from processed foodstuVs, such
as olive oil, can be highly degraded or rich in PCR inhibitors
to be eVectively analysed. However, several results evi-
denced acceptable levels of DNA ampliWcation recovered
from olive oil [127, 129, 138]. Busconi et al. [129] demon-
strated that the DNA from olive oil can be used for ampli-
Wed fragment length polymorphism (AFLP) analysis and
that the proWle of DNA puriWed from a monovarietal oil is
equivalent to the proWle from the leaves of the same cultivar.

Breton et al. [127] showed that DNA is present in all
olive oil tested samples and even in reWned oil, but the quan-
tity may depend on the oil processing technology and oil
conservation conditions. The comparison of several DNA
extraction protocols showed that the method with magnetic
beads allowed the highest DNA yields, which was success-
fully ampliWed by microsatellite primers and considered the
best protocol for routine use [127]. The utilisation of SSR
markers was found to distinguish virgin olive oils from
diVerent cultivars [128, 139]. The same technique clariWed
the presence of one cultivar in one PDO olive oil [141].

Doveri et al. [140] veriWed that care should be taken
when interpreting DNA proWles from olive oil. DNA
extracted from maternal tissues (leaves and olive pulp)
showed identical genetic proWles by means of SSR markers.
However, those authors found additional alleles in embryos
(stone), also found in the paste obtained by crushing whole
fruits and from oil pressed from this material. These results
demonstrate that the DNA proWle from olive oil is likely to
represent a composite proWle of the maternal alleles juxta-
posed with alleles contributed by various pollen donors.
Conversely, Muzzalupo et al. [141] demonstrated the
absence of contamination of seed embryo DNA in monova-
riety olive oil.
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Cereals

The cereals such as wheat, rye and barley contain storage
proteins (gluten) able to damage the small-intestinal
mucosa of patients with celiac disease [126, 142]. A gluten-
free diet is essential for these patients, thus adequate label-
ling is very important to avoid the inadvertent ingestion of
gluten containing products. According to the draft revised
standard for gluten-free foods of Codex Alimentarius Com-
mission [143], “gluten-free” foods are foodstuVs consisting
of or made only from ingredients which do not contain any
prolamins from wheat or all Triticum species such as spelt,
kamut or durum wheat, rye, barley, oats not exceeding
0.002% (w/w), or foods consisting of ingredients from
wheat, rye, barley oats, spelt with a gluten level not exceeding

0.02% (w/w) on a dry matter basis. The methods used for
the detection of gluten in foods are mostly based on protein
analysis [126]. As alternative to immunological assays,
Köppel et al. [142] used a species-speciWc PCR technique
able to detect contaminations bellow 0.1% (w/w), whereas
ELISA was about ten times less sensitive. A quantitative
competitive PCR system was applied to 15 commercially
available products labelled as “gluten-free” yielding identi-
cal results comparing to ELISA, in most of the cases [144].
Real-time PCR methods, using melting curve analysis for
product identiWcation, were established for the speciWc dis-
crimination of wheat, rye, barley and oats in food samples,
obtaining a good correlation with protein assays [145].

Italian traditional pasta is manufactured using durum
wheat (Triticum durum or Triticum turgidum subsp. durum)

Table 4 Summary of PCR-based methods applied in the authentication of foods of plant origin

NR not reported
a Values in percentage are expressed on a weight by weight basis

Food product Species Technique Target gene Limit of detectiona References

Olive oil Olea europeae cultivars SSR/Real-time PCR microsatellite DNA NR 127

SSR microsatellite DNA NR 128, 139, 140

AFLP/RAPD – NR 129

RAPD – NR 138

SSR/Sequencing microsatellite DNA NR 141

Gluten in foods Wheat Species-speciWc PCR NR 0.1% 142

Wheat, barley, rye QC-PCR chloroplast trnL intron 0.2% 144

Wheat, barley, rye, oats Real-time PCR �-gliadin (wheat), 
�-secalin (rye), 
hordey (barley), 
avenin (oat)

50 pg DNA/0.01–0.1% 145

Rye, triticale Species-speciWc 
PCR/real-time PCR

�-secalin, 
chloroplast trnL

8.28 pg DNA 150

Bread/pasta Soft wheat, durum wheat Duplex PCR puroindoline b 0.2% 146

Durum wheat cultivares SSR microsatellite DNA NR 147

Soft wheat, durum wheat SSR/species-speciWc 
PCR/real-time PCR

microsatellite DNA 2.5% 148

Triticum Species-speciWc 
PCR/real-time PCR

gliadin, glutenin 1% 149

Cereal foods 
and feeds

Wheat, rye, barley, oat, 
rice, maize (Poaceae)

PCR olinucleotide 
microarray

chloroplast trnL intron 20–40 ng DNA 151

Food allergens Hazelnut Species-speciWc PCR Cor a 1.0401 0.001% 152

PCR-ELISA Cor a 1.0401 · 0.001% 153

PCR/PNA-HPLC Cor a 1.0301 5 pg DNA 154

Real-time PCR hsp1 13 pg DNA/0.01% 155

Peanut Real-time PCR Ara h 2 < 0.001% 156, 157

Hazelnut, peanut Duplex PCR/PNA array Cor a 1.0301, Ara h 2 50 pg DNA 158

Walnut Real-time PCR Jug r2 0.24 ng DNA/0.01% 159

Celery Real-time PCR mannitol dehydrogenase 0.0005–0.001%, 0.01–0.001% 160, 162

Species-speciWc PCR mannitol dehydrogenase · 1.53 ng DNA/0.1% 161

Mustard Real-time PCR 2S albumin 0.005% 162

Sesame Real-time PCR sinA 0.5 pg DNA/0.005% 162
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semolina, excluding the use of soft wheat (T. aestivum) to
prepare this traditional food. Italian legislation permits a
contamination of durum wheat by soft wheat in a maximum
content of 3% (w/w) [146]. However, the use of soft wheat
is frequent in other European countries, which demands
sensitive techniques to protect the traditional pasta. For that
purpose, a duplex PCR technique able to simultaneously
detect both wheat species was successfully applied on high-
temperature dried pasta, with a detection limit of 0.2% (w/w)
of T. aestivum in T. durum [146]. Pasqualone et al. [147],
by the use a set of Wve DNA microsatellites, were able to
diVerentiate 20 cultivars of durum wheat. The application
of SSR analysis enabled the selection of sequences to detect
soft wheat in semolina and breads by species-speciWc PCR
with a detection limit of 3 and 5% (w/w), respectively
[148]. Using real-time PCR analysis the same authors low-
ered the detection limit to 2.5% and were able to quantify
the adulteration of soft wheat in semolina [148]. Other
strategies by means of real-time PCR with SYBR Green I
dye and TaqMan probes allowed the detection and quantiW-
cation of Triticum species [149] and rye [150] in raw and
processed foods.

The diVerentiation of six important cereal species from
the Poaceae family was obtained by ampliWcation of the
chloroplast trnL intron sequence with universal primers fol-
lowed by a cyclic labelling of oligonucleotides probes and
subsequent hybridisation to an oligonucleotide microarray
[151]. The assay allowed the identiWcation of mixed species
in processed foods. The combination of the sensitivity of a
universal PCR with the speciWcity of the labelling reaction
provided a powerful tool for food authentication.

Allergens

The labelling of foodstuVs for the presence of allergens is
the only eVective way to avoid the allergen-containing
foods. However, total avoidance is sometimes diYcult for
the allergic individual, since processed food products con-
tain a large variety of ingredients including allergenic
foods. Thus, reliable detection and quantiWcation methods
for food allergens are necessary to ensure compliance with
the food labelling and to improve consumer protection.
Most of the commercially available and published tech-
niques for allergen detection are based on the determination
of potential allergenic proteins by immunological assays
[126]. Although proteins are the allergenic components,
DNA may be considered a marker for the presence of aller-
gens.

Hazelnut is a potential food allergen often used as a food
ingredient in pastry, confectionary products and ice-cream,
being also processed to oils. Undeclared hazelnut might be
present as cross-contaminant in processed foods. The spe-
cies-speciWc PCR ampliWcation of a fragment of the major

hazelnut allergen Cor a 1.0401 gene allowed the detection
of 0.001% (w/w) of hazelnut in commercial food products
[152]. Holzhauser et al. [153] demonstrated that both
enzyme immunoassays and DNA-based techniques, such as
PCR-ELISA are powerful tools for allergen monitoring,
namely hazelnut in processed foods at levels below 0.001%
(w/w). Furthermore, PCR-ELISA showed a high speciWcity
to hazelnut, with some advantage over protein assays when
detecting hazelnut in some processed foods due to the
higher stability of DNA. Another PCR-based technique for
the speciWc detection of an internal region of the major
hazelnut allergen was coupled with protein nucleic acid
(PNA) probes and combined with high performance liquid
chromatography (HPLC) analysis [154]. The PNA probes
are analogues of oligonucleotides in which the sugar-phos-
phate backbone has been replaced by a pseudopeptide chain
of N-aminoethylglycine monomers. The application of the
PCR-PNA technique in the detection of hazelnut in vegeta-
ble and complex food matrices was found to successfully
detect 5 pg of hazelnut DNA [154]. The use of real-time
PCR technique with TaqMan probes for the detection of
hazelnut in foods has been recently attempted, with a prac-
tical detection limit of 0.01% (w/w) hazelnut in model pas-
try samples [155].

Among all other foods, peanut allergy has earned the
greatest attention in the medical and food production com-
munities because of the high frequency and severity of
adverse reactions in sensitised individuals [126]. The devel-
opment of real-time PCR assays with TaqMan probes
allowed the speciWc detection of traces of peanut in a range
of food matrices [156, 157]. The analysis of a range of
commercialised food products allowed the detection of
undeclared peanut in 13% of the samples from 0.0001 to
0.0074% (w/w) [157]. A duplex PCR for the simultaneous
detection of hazelnut and peanut in raw and processed
foods enabled the speciWc detection of 50 pg of DNA of the
targeted products [158]. For a more reliable detection of the
two target species, the PCR products were hybridised with
speciWc PNA probes in an array device, which enabled their
detection and conWrmation via speciWc sequence recogni-
tion [158].

Walnuts belong to widely consumed nuts used in bakery
production as basic components of Wllings in several cakes,
in a range of confectionary products like Wlled chocolates,
in cereal muesli mixtures and in other food products.
Because walnuts contain allergens, they were recently
introduced in the EU legislation, which requires the label-
ling of walnuts and products thereof [1]. Only one recently
published work reports a PCR-based technique for walnut
detection [159]. A real-time PCR technique targeting the
major allergen gene of walnut allowed the detection of
0.24 ng of DNA and 0.01% (w/w) walnut in model pastry
samples. When applying the referred technique to commercial
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foods two samples with undeclared walnut were found in a
total of 13 tested samples.

Celery is a plant extensively used as an ingredient in the
food industry, mainly in products such as dried seasoning,
dehydrated bouillons, sauces, sausages and ready-made
meals [160]. As celery contains several identiWed allergens
[126], the inadvertent consumption of celery due to
improper labelling constitutes a considerable risk for aller-
gic persons. For the detection of celery, Dovibovibová et al.
[161] proposed a species-speciWc PCR technique targeting
the mannitol dehydrogenase gene. The PCR technique
showed speciWcity to four celery varieties with a detection
limit · 1.53 ng of DNA and 0.1% (w/w) in meat pâtés. A
real-time PCR technique targeting the same gene was vali-
dated and successfully tested in more than 50 samples of
foods, with a detection limit in model sausages of 0.0005–
0.001% (w/w) [160]. Another real-time PCR technique for
the speciWc detection of celery in foods has been recently
proposed by Mustorp et al. [162], together with other appli-
cations to mustard and sesame, also considered as potential
allergens [1]. Those authors present quantitative and sensi-
tive real-time PCR methods using TaqMan probes able to
detect 0.01–0.001% (w/w) for celery and 0.005% (w/w) for
mustard and sesame in foods.

Genetically modiWed organisms

During the past decade, the development of biotechnology
has revolutionised agriculture by the introduction of geneti-
cally modiWed organisms (GMO). Since GMO entered the
food chain, a scientiWc and public debate concerning their
safety and the need for labelling information arose espe-
cially in Europe. For this reason, the EU has dedicated spe-
cial attention to costumer information by requiring the
compulsory labelling for food products containing more
than 0.9% authorised GMO [163, 164]. Thus, the demand-
ing for analytical methods has increased, not only in coun-
tries with labelling requirements, but also in those that want
to export to countries with restrictions.

GMO detection

The main strategies for GMO detection rely on two types of
molecules: the proteins and nucleic acids. The DNA-based
techniques, namely the PCR, are the methods of choice due
to the higher stability of DNA when compared to proteins,
together with the high sensitivity and speciWcity of PCR
techniques [8, 11, 165–168].

The screening and/or detection of GMO by PCR-based
techniques involve Wrstly a species-speciWc PCR as a
reference target [169]. For example, in the case of soybean
the detection of lectin gene is used as an endogenous
control for the detection of roundup ready (RR) soybean

[170–174], while the detection of GM maize lines involves
the detection of invertase [170, 175, 176] and zein [174,
177–179] genes as endogenous control.

A typical gene insert (gene construct) in a GMO is com-
posed of at least three elements: the promoter element func-
tioning as a start signal, the gene of interest and the
terminator element functioning as a stop signal for regula-
tion of gene expression [10, 180]. In addition, several other
elements can be present in a gene construct.

PCR-based GMO tests can be categorised into four lev-
els of speciWcity: the screening methods, the gene speciWc
methods, the construct speciWc methods and the event spe-
ciWc methods [10, 180]. The screening methods are the
least speciWc and relate to target DNA elements, such as
promoters and terminators that are present in many diVerent
GMO. The gene speciWc methods target a part of DNA har-
bouring the active gene with the speciWc genetic modiWca-
tion. These methods can provide information about the
traits of a present GMO, but as the same gene can be used
in several independent transformation events, they can not
be used to determine whether the GMO is authorised or not.
Both screening and gene speciWc methods are based on
detection of more or less naturally occurring DNA
sequences, which signiWcantly increases the risk of obtain-
ing false positive results [10].

The third level of speciWcity is the construct speciWc
methods, which target the junction between two DNA ele-
ments, such as the promoter and the functional gene. The
highest speciWcity is obtained when the target DNA is the
unique junction found at the integration locus between the
insert DNA and the recipient genome [10, 180].

Regardless the ampliWed target for GMO detection, the
identiWcation of the fragments for qualitative analysis
involves usually agarose gel electrophoresis analysis. The
conWrmation of the fragments may be further veriWed by
digestion with restriction enzymes and determination of
size fragments [169, 171, 181, 182].

Multiplex PCR methods based on simultaneous ampliW-
cation of multiple sequences save considerable time and
eVort by decreasing the number of reactions required to
assess the possible presence of GMO in a food sample.
Several approaches based on multiplex PCR have been
developed for the detection of genetic modiWed (GM)
maize lines [170, 173, 174, 176, 183], GM canola lines
[176] and RR soybean [165, 173, 174]. Hernández et al.
[183] described a multiplex PCR technique able to detect
several GM maize lines (Bt11, MON810, T25 e GA21),
which proved to be 100% speciWc to the events Bt11,
MON810 and GA21.

In the recent years, the development of DNA-based new
technologies for GMO detection aim to improve the con-
ventional qualitative PCR techniques, avoiding the time-
consuming subsequent gel electrophoresis step. In order to
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meet the challenge of the steadily increasing number of
GMO, new DNA-based technologies are coupled with mul-
tiplex assays. The combination of multiplex PCR coupled
with ligation detection reaction (LDR) and microarray tech-
nology have been successfully applied in the simultaneous
detection of recombinant DNA sequences (RR soybean and
MON810, Bt176, Bt11 and GA21 maize) and endogenous
plant genes (soybean lectin and maize zein) [184–186].
Other applications using microarray technology have been
developed via PCR and PNA hybridisation targeting single
[187] or multiple GM events [188]. Leimanis et al. [189]
reported a multiplex DNA microarray chip with colorimet-
ric detection for the simultaneous identiWcation of nine
GMO, Wve plant species and three GMO screening ele-
ments. Applications of microarray devices and multiplex
PCR coupled with oligonucleotide Xuorescent probes have
been reported for the simultaneous detection of several GM
events for RR soybean [190, 192, 193] and for maize [191–
193].

Biosensors, for their characteristics of fast response time
and low cost, are very attractive for new application in
diVerent emergent Welds like GMO detection [194]. The
combination of PCR ampliWcation and biosensors when
applied to GMO detection have been based on optical (Sur-
face Plasmon Resonance), electrochemical and piezoelec-
tric devices. The conjugation of oligonucleotides with gold
nanoparticles used as probes constitutes an integral part of a
DNA biosensor for the visual, rapid and sensitive screening
of GMO [195].

García-Cañas et al. [196] explored for the Wrst time the
beneWts of multiplex PCR followed by capillary gel electro-
phoresis with laser-induced Xuorescent (CGE-LIF) for the
simultaneous detection of GM maize events (Bt11, T25,
MON810, GA25 and Bt176). The method proved to be
highly sensitive and reproducible, demonstrating that can
solve the artefacts of gel electrophoresis analysis.

GMO quantiWcation

The Wrst attempts for GMO quantiWcation in foods were
based on the QC-PCR technique. Applications to quantita-
tive detection of RR soybean [197–199], Bt176 maize [197,
198], Bt11 maize [200, 201], 35S promoter and NOS termi-
nator [202] have been developed using QC-PCR.

At present, real-time PCR is the most commonly used
technology for GMO quantiWcation. The advantages of
real-time-PCR, namely the reduction of time and artefacts
by elimination of agarose gel electrophoresis analysis and
the increased speciWcity conferred by the use of probes,
makes it the technique of choice for GMO quantiWcation
[10, 20, 203]. Validation of real-time PCR techniques are
generally accomplished by analysing certiWed reference
materials (IRMM—Institute for Reference Materials and

Measurements, Geel, Belgium), which represent mixture of
Xours containing deWned proportions of GMO derived
material. The quantitative assays are then applied directly
to processed foods. However, DNA degradation occurs as a
result of food processing decreasing the recovery of target
sequences [200]. Engel et al. [21] reported that experiments
demonstrating the inXuence of food composition and pro-
cessing on relative quantiWcation of GMO are still lacking.
The quantitative GMO analysis should be expressed as the
percentage of GM-DNA copy numbers in relation to target
taxon speciWc DNA copy number calculated in terms of
haploid genomes, as recently stated by the European Net-
work of GMO Laboratories (ENGL) [204].

Currently, several techniques based on real-time PCR
have been developed for GMO quantiWcation. The quantiW-
cation of RR soybean [170, 172, 178, 203, 205–207], GM
maize lines such as Bt176 [175, 178, 209], Bt11 [175, 209,
210], MON810 [175, 179, 209, 211–213], GA21 [209,
214], T25 [175, 209], NK603 [179, 209], MON863 [209,
215], TC-1507 [209, 216], CBH351 [209], GM rapeseed
[217, 218] and GM cotton [219] have been reported.
Among the available detection technologies, TaqMan
probes are the most used [170, 172, 175, 178, 179, 205,
207–219]. Other chemistries such as SYBR Green I [208,
213, 214], Scorpion primers [205], FRET [206], Molecular
Beacons [208, 213] and AmpliFluor [213, 214] have also
been reported for GMO quantitative detection.

Conclusion

The technological advances are continuously oVering novel
strategies for analysis and authenticity assessment of foods.
The DNA-based methods, namely the PCR, proved to be
reliable, fast, sensitive and extremely speciWc techniques
for the detection of frauds. The answers to the increasing
demands of consumers concerning the presence of aller-
gens, GMO, bovine meat and adulterations can be certainly
obtained by the PCR technique.

The use of emergent technologies such as microarrays or
chip-based systems coupled with PCR ampliWcation repre-
sents a high potential due to their easy, speed and speciWc-
ity. Furthermore, the miniaturised and automated nature of
microarray technology is suitable for a great number of tar-
gets, although the analysis of data may become a complex
task [167]. Thus, these new technologies are promising
tools for multiple species identiWcation in complex matri-
ces, answering to the constant needs for GMO detection
associated to the increasing number of approvals. However,
quantitative applications of microarray technologies are
still limited.

The increasing demands imposed by EU legislation in
relation to foods labelling require quantitative methods. For
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this purpose, real-time quantitative PCR techniques oVer
reliable, sensitive and speciWc protocols, as alternative to
protein-based methods currently used for species identiWca-
tion. The simultaneous detection and conWrmation of
ampliWed fragments is a major advantage when using spe-
ciWc probes or labelled primers. Another advantage of real-
time PCR is associated with the ampliWcation of small frag-
ments, which is more adequate to highly processed food
products, favouring the kinetics of reaction and reducing
the time of analysis [14]. The availability of a great number
of equipments for real-time PCR, including software for
data analysis has also contributed for the preference of this
technology.

References

1. Directive 2003/89/EC of the European Parliament and of the
Council of 10 November 2003 amending Directive 2000/13/EC
as regards indication of the ingredients present in foodstuVs. OV
J Eur Union L 308:15–18

2. Cheftel JC (2005) Food Chem 93:531–550
3. Anguita G, Martin R, Garci T, Morales P, Haza AI (1996) J Food

Prot 59:436–437
4. Haza AI, Molares P, Martín R, García T, Anguita G, Sanz B,

Hernández PE (1999) J Sci Food Agric 79:1043–1047
5. Ferreira IMPLVO, Caçote H (2003) J Chrom A 1015:111–118
6. Richter W, Krause I, Graf C, Sperrer I, Schwarzer C,

Klostermeyer H (1997) Z Lebensm Unters Forsch A 204:21–26
7. Veloso ACA, Teixeira N, Ferreira IMPLVO, Ferreira MA (2002)

Quím Nova 25:609–615
8. Gachet E, Martin GG, Vigneau F, Meyer R (1999) Trends Food

Sci Technol 9:380–388
9. Lockey AK, Bardsley RG (2000) Trends Food Sci Technol

11:67–77
10. Miraglia M, Berdal K, Brera C, Corbisier P, Holst-Jensen A, Kok

E, Marvin H, Schimmel H, Rentsch J, van Rie J, Zagon J (2004)
Food Chem Toxicol 42:1157–1180

11. Wiseman G (2002) J AOAC Int 85:792–796
12. Saiki RK, Scharf S, Faloona F, Mullis KB, Horn GT, Erlich HA,

Arnheim N (1985) Science 230:1350–1354
13. Zimmerman K, Mannhalter JW (1996) BioTechniques 21:264–

279
14. Levin RE (2004) Food Biotech 18:97–133
15. García-Cañas V, Cifuentes A, González R (2004) Crit Rev Food

Sci Nut 44:425–436
16. Teletchea F, Maudet C, Hanni C (2005) Trends Biotech 23:359–

366
17. Pascoal A, Prado M, Castro J, Cepeda A, Barros-Velásquez J

(2004) Eur Food Res Technol 218:306–312
18. De La Fuente MA, Juárez M (2005) Crit Rev Food Sci Nut

45:563–585
19. Comi G, Iacumin L, Rantsiou K, Cantoni C, Cocolin L (2004)

Food Control 16:37–42
20. Anklam E, Gadani F, Heinze P, Pijnenburg H, Van Den Eede G

(2002) Eur Food Res Technol 214:3–26
21. Engel K-H, Moreano F, Ehlert A, Busch U (2006) Trends Food

Sci Technol 17:490–497
22. Meyer R, Candrian U, Lüthy J (1994) J AOAC Int 77:617–622
23. Meyer R, Höfelein C, Lüthy J, Candrian U (1995) J AOAC Int

78:1542–1551

24. Montiel-Sosa JF, Ruiz-Pesini E, Montoya J, Roncalés P, López-
Pérez MJ, Pérez-Martos A (2000) J Agric Food Chem 48:2829–
2832

25. Aida AA, Man YBC, Raha AR, Son R (2007) J Sci Food Agric
87:569–572

26. Che Man YB, Aida AA, Raha AR, Son R (2007) Food Control
18:885–889

27. Calvo JH, Osta R, Zaragoza P (2002) J Agric Food Chem
50:5265–5267

28. Wolf C, Lüthy J (2001) Meat Sci 57:161–168
29. Rodriguez MA, Garcia T, Gonzalez I, Hernandez PE, Martin R

(2005) Meat Sci 70:113–120
30. Wolf C, Rentsch J (1999) J Agric Food Chem 47:1350–1355
31. Brodmann PD, Nicholas G, Schaltenbrand P, Ilg EC (2001) Eur

Food Res Technol 212:491–496
32. Fajardo V, González I, López-Calleja I, Martín I, Hernández PE,

Garcia T, Martín R (2006) J Agric Food Chem 54:1144–1150
33. Fajardo V, Gonzalez I, Lopez-Calleja I, Martin I, Rojas M, Gar-

cia T, Hernandez PE, Martin R (2007) Meat Sci 76:644–652
34. Rodríguez MA, García T, González I, Asensio L, Fernández A,

Lobo E, Hernández PE, Martín R (2001) J Agric Food Chem
49:2717–2721

35. Rodríguez MA, García T, González I, Asensio L, Mayoral B, Ló-
pez-Calleja I, Hernández PE, Martín R (2003) Meat Sci 65:1257–
1263

36. Rodríguez MA, García T, González I, Asensio L, Hernández PE,
Martín R (2003) J Sci Food Agric 83:1176–1181

37. Rodríguez MA, García T, González I, Asensio L, Mayoral B, Ló-
pez-Calleja I, Hernández PE, Martín R (2003) J Agric Food
Chem 51:1524–1529

38. Rodríguez MA, García T, González I, Asensio L, Hernández PE,
Martín R (2004) J Agric Food Chem 52:1478–1483

39. Matsunaga T, Chikuni K, Tanabe R, Muroya S, Shibata K, Yam-
ada J, Shinmura Y (1999) Meat Sci 51:143–148

40. Saez R, Sanz Y, Toldrá F (2004) Meat Sci 66:659–665
41. Rastogi G, Dharne MS, Walujkar S, Kumar A, Patole MS, Shou-

che YS (2007) Meat Sci 76:666–674
42. Maede D (2006) Eur Food Res Technol 224:209–217
43. Dooley JJ, Paine KE, Garrett SD, Brown HM (2004) Meat Sci

68:431–438
44. Lopez-Andreo M, Lugo L, Garrido-Pertierra A, Prieto MI, Puyet

A (2005) Ana Biochem 339:73–82
45. López-Andreo M, Garrido-Pertierra A, Puyet A (2006) J Agric

Food Chem 54:7973–7978
46. Peter C, Brünen-Nieweler C, Cammann K, Börchers T (2004)

Eur Food Res Technol 219:286–293
47. Shackell GH, Mathias HC, Cave VM, Dodds KG (2005) Meat

Sci 70:337–345
48. Calvo JH, Rodellar C, Zaragoza P, Osta R (2002) J Agric Food

Chem 50:5262–5264
49. Pascoal A, Prado M, Calo P, Cepeda A, Barros-Velázquez J

(2005) Eur Food Res Technol 220:444–450
50. Laube I, Spiegelberg A, Butschke A, Zagon J, Schauzu M, Kroh

L, Broll H (2003) Int J Food Sci Technol 38:111–118
51. Tasara T, Schumacher S, Stephan R (2005) J Food Prot 68:2420–

2426
52. Colgan S, O’Brien L, Maher M, Shilton N, McDonnell K, Ward

S (2001) Food Res Int 34:409–414
53. LahiV S, Glennon M, O’Brien, Lyng J, Smith T, Maher M, Shil-

ton N (2001) Mol Cell Probes 15:27–35
54. Krcmar P, Rencova E (2003) J Agric Food Chem 51:7655–7658
55. Prado M, Casqueiro J, Iglesias Y, Cepeda A, Barros-Velásquez J

(2004) J Sci Food Agric 84:505–512
56. Yancy HF, Mohla A, Farrell DE, Myers MJ (2005) J Food Prot

68:2651–2655
123



Eur Food Res Technol (2008) 227:649–665 663
57. Myers MJ, Yancy HF, Araneta M, Armour J, Derr J, Hoostelaere
LAD, Farmer D, Jackson F, Kiessling WM, Koch H, Lin H, Liu
Y, Mowlds G, Pinero D, Riter KL, Sedwick J, Shen Y, Wethe-
rington J, Younkins R (2006) J Food Prot 69:205–210

58. Martin I, Garcia T, Fajardo V, Lopez-Calleja I, Hernandez PE,
Gonzalez I, Martin R (2007) Meat Sci 75:120–127

59. Bellagamba F, Valfrè F, Panseri S, Moretti VM (2003) J Food
Prot 66:682–685

60. Frezza D, Favaro M, Vaccari G, von-Holst C, Giambra V,
Anklam E, Bove D, Battaglia PA, Agrimi U, Brambilla G,
Ajmone-Marsan P, Tartaglia M (2003) J Food Prot 66:103–109

61. LahiV S, Glennon M, Lyng J, Smith T, Shilton N, Maher M
(2002) J Food Prot 65:1158–1165

62. Brodmann PC, Moor D (2003) Meat Sci 65:599–607
63. Krcmar P, Rencova E (2005) J Food Prot 68:1217–1221
64. Abdulmawjood A, Schönenbrücher H, Bülte M (2006) J AOAC

Int 89:1335–1340
65. Council Regulation (EC) No 104/2000 of 17 December 1999 on

the common organisation of the market and Wshery and aquacul-
ture products. OV J Eur Commun L 17:22–52

66. Commission regulation (EC) No 2065/2001 of 22 October 2001
laying down detailed rules for the application of Council Regula-
tion (EC) No 104/2000 as regards informing consumers about
Wshery and aquaculture products. OV J Eur Commun L 278:6–8

67. Mackie IM, Pryde SE, Gonzales-Sotelo C, Medina I, Perez-Mar-
tin R, Quinteiro J, Rey-Mendez M, Rehbein H (1999) Trends
Food Sci Technol 10:9–14

68. Asensio L, González I, Fernández A, Céspedes A, Hernández PE,
García T, Martín R (2000) J Food Prot 63:1248–1252

69. Calo-Mata P, Sotelo CG, Pérez-Martín RI, Rehbein H, Hold GL,
Russel VJ, Pryde S, Quinteiro J, Rey-Méndez M, Rosa C, Santos
AT (2003) Eur Food Res Technol 217:259–264

70. Céspedes A, García T, Carrera E, González I, Hernández PE,
Martín R (1999) J Agric Food Chem 47:1046–1050

71. Asensio L, González I, Fernández A, Rodríguez MA, Lobo E,
Hernández PE, García T, Martín R (2001) Arch Lebensmittelhyg
52:131–134

72. Hold GL, Russel VJ, Pryde SE, Rehbein H, Quinteiro J, Rey-
Méndez M, Sotelo CG, Pérez-Martín RI, Santos AT, Rosa C
(2001) Eur Food Res Technol 212:385–389

73. Quinteiro J, Vidal R, Izquierdo M, Sotelo CG, Chapela MJ,
Pérez-Martín RI, Rehbein H, Hold GL, Russel J, Pryde S, Rosa
C, Santos AT, Rey-Méndez M (2001) J Agric Food Chem
49:5108–5114

74. Wolf C, Burgener M, Hubner P, Luthy J (2000) Lebensm-Wiss
u-Technol 33:144–150

75. Asensio L, González I, Fernández A, Rodríguez MA, Hernández
PE, García T, Martín R (2001) J Agric Food Chem 49:1720–1723

76. Rehbein H, Sotelo CG, Pérez-Martín RI, Chapela-Garrido MJ,
Hold GL, Russel VJ, Pryde SE, Santos AT, Rosa C, Quinteiro J,
Rey-Méndez M (2002) Eur Food Res Technol 214:171–177

77. Rehbein H (2005) Eur Food Res Technol 220:625–632
78. Asensio L, González I, Fernández A, Rodríguez MA, Lobo E,

Hernández PE, García T, Martín R (2002) J Food Prot 65:432–
435

79. Sotelo C, Pérez-Martín R (2003) In: Lees M (ed) Food authentic-
ity and traceability, chap. 14. Woodhead Publishing Limited,
Cambridge

80. Dooley JJ, Sage HD, Clarke MAL, Brown HM, Garrett SD
(2005) J Agric Food Chem 53:3348–3357

81. Russell VJ, Hold GL, Pryde SE, Rehbein H, Quinteiro J, Rey-
Mendez M, Sotelo CG, Perez-Martin RI, Santos AT, Rosa C
(2000) J Agric Food Chem 48:2184–2188

82. Céspedes A, García T, Carrera E, González I, Fernández A,
Asensio L, Hernández PE, Martín R (2000) J Sci Food Agric
80:29–32

83. Comesaña AS, Abella P, Sanjuan A (2003) J Sci Food Agric
83:752–759

84. Asensio L, González I, Rodríguez MA, Hernández PE, García T,
Martín R (2004) J Agric Food Chem 52:4419–4422

85. Trotta M, Schönhuth S, Pepe T, Cortesi ML, Puyet A, Bautista
JM (2005) J Agric Food Chem 53:2039–2045

86. Di Finizio A, Guerriero G, Russo G, Ciarcia G (2007) Eur Food
Res Technol 227:337–344

87. Hird HJ, Hold GL, Chisholm J, Reece P, Russell V J, Brown J,
Goodier R, MacArthur R (2005) Eur Food Res Technol 220:633–
637

88. Quinteiro J, Sotelo CG, Rehbein H, Pryde SE, Medina I, Pérez-
Martín RI, Rey-Méndez M, Mackie IM (1998) J Agric Food
Chem 46:1662–1669

89. Ram JL, Ram ML, Baidoun FF (1998) J Agric Food Chem
44:2460–2467

90. Rehbein H, Mackie IM, Pryde S, Gonzales-Sotelo C, Medina I,
Perez-Martin R, Quinteiro J, Rey-Mendez M (1999) Food Chem
64:263–268

91. Lopez I, Pardo MA (2005) J Agric Food Chem 53:4554–4560
92. Jérôme M, Lemaire C, Bautista J, Fleurence J, Etienne M (2003)

J Agric Food Chem 51:43–50
93. Wolf C, Hübner P, Lüthy J (1999) Food Res Int 32:699–705
94. Fernández A, García T, Asensio L, Rodríguez MA, González I,

Céspedes A, Hernández PE, Martín R (2000) J Agric Food Chem
48:3336–3341

95. Fernández A, García T, Asensio L, Rodríguez MA, González I,
Lobo E, Hernández PE, Martín R (2002) J Sci Food Agric
82:881–885

96. Rego I, Martínez A, González-Tizón A, Vieites J, Leira F, Mén-
dez J (2002) J Agric Food Chem 50:1780–1784

97. Santaclara FJ, Espineira M, Cabado AG, Aldasoro A, Gonzalez-
Lavin N, Vieites JM (2006) J Agric Food Chem 54:8461–8470

98. Chapela MJ, SoteloCG, Pérez-Martín RI (2003) Eur Food Res
Technol 217:524–529

99. Maudet C, Taberlet P (2001) J Dairy Res 68:229–235
100. Bottero MT, Civera T, Anastasio A, Turi R, Rosati S (2002) J

Food Prot 65:362–366
101. Bottero MT, Civera T, Nucera D, Rosati S, Sacchi P, Turi RM

(2003) Int J Dairy Sci 13: 277–282
102. Ulberth F (2003) In: Lees M (ed) Food authenticity and traceabil-

ity, chap. 16. Woodhead Publishing Limited, Cambridge
103. Lipkin E, Shalom A, Khatib H, Soller M, Friedmann A (1993) J

Dairy Sci 76:2025–2032
104. Bania J, Ugorski M, Polanowski A, Adamczyk E (2001) J Dairy

Res 68:333–336
105. Branciari R, Nijman ME, Plas E, Di António E, Lenstra JA

(2000) J Food Prot 63:408–411
106. Mayer HK (2005) Int Dairy J 15:595–604
107. Plath A, Krause I, Einspanier R (1997) Z Lebensm Unters Forsch

A 205:437–441
108. Mafra I, Ferreira IMPLVO, Faria MA, Oliveira BPP (2004) J Ag-

ric Food Chem 52:4943–4947
109. Maudet C, Taberlet P (2002) J Dairy Res 85:707–715
110. López-Calleja I, González I, Fajardo V, Rodríguez MA, Hernán-

dez PE, García T, Martín R (2004) J Dairy Sci 87:2839–2845
111. Rea S, Chikuni K, Branciari R, Sangamayya RS, Ranucci D,

Avellini P (2001) J Dairy Res 68:689–698
112. Di Pinto A, Conversano NC, Forte VT, Novello L, Tantillo GM

(2004) J Food Qual 27:428–435
113. Feligini M, Bonizzi I, Curik VC, Parma P, Greppi GF, Enne G

(2005) Food Technol Biotech 43:91–95
114. López-Calleja I, Alonso IG, Fajardo V, Rodríguez MA, Hernández

PE, García T, Martín R (2005) Int Dairy J 15:1122–1129
115. Lopparelli RM, Cardazzo B, Balzan S, Giaccone V, Novelli E

(2007) J Agric Food Chem 55:3429–3434
123



664 Eur Food Res Technol (2008) 227:649–665
116. López-Calleja I, González I, Fajardo V, Martín I, Hernández PE,
García T, Martín R (2005) J Dairy Sci 88:3115–3120

117. Días IL-C, Alonso IG, Fajardo V, Martín I, Hernández P, Lacarra
TG, de Santos RM (2007) Eur Food Res Technol 225:345–349

118. López-Calleja I, González I, Fajardo V, Martín I, Hernández PE,
García T, Martín R (2007) Food Control 18:1466–1473

119. Mafra I, Roxo A, Ferreira IMPLVO, Oliveira MBPP (2007) Int
Dairy J 17:1132–1138

120. López-Calleja I, González I, Fajardo V, Martín I, Hernández PE,
García T, Martín R (2007) Int Dairy J 17:729–736

121. Lanzilao I, Burgalassi F, Fancelli S, Settimelli M, Fani R (2005)
J AOAC Int 88:128–135

122. Weder JKP (2002) J Agric Food Chem 50:4456–4463
123. Weder JKP (2002) Lebensm-Wiss u-Technol 35:277–283
124. Weder JKP (2002) Lebensm-Wiss u-Technol 35:233–238
125. Terzi V, Morcia V, Gorrini A, Stanca AM, Shewry PR, Faccioli

P (2005) J Cereal Sci 41:213–220
126. Poms RE, Klein CL, Anklam E (2004) Food Addit Contam 21:1–

31
127. Breton C, Clauz C, Metton I, Skorski G, Bervill A (2004) J Agric

Food Chem 52:531–537
128. Pasqualone A, Montemurro C, Caponio F, Blanco A (2004) J Ag-

ric Food Chem 52:1068–1071
129. Busconi M, Foroni C, Corradi M, Bongiorni C, Cattapan F, Fo-

gher C (2003) Food Chem 83:127–134
130. Faria MA, Magalhães R, Ferreira MA, Meredith CP, Ferreira-

Monteiro F (2000) J Agric Food Chem 48:1096–1100
131. Rodríguez-Plaza P, González R, Moreno-Arribas MV, Polo MC,

Bravo G, Martínez-Zapater J, Martínez M, Cifuentes A (2006)
Eur Food Res Technol 223:625–631

132. Siret R, Gigaud O, Rosec JP, This P (2002) J Agric Food Chem
50:3822–3827

133. Sasikumar B, Syamkumar S, Remya R, Zachariah TJ (2004)
Food Biotech 18:299–306

134. Meyer K, Rosa C, Hischenhuber C, Meyer R (2001) J AOAC Int
84:89–99

135. Council regulation (EC) No 692/2003 of 8 April 2003 amending
Regulation (EEC) No 2081/92 on the protection of geographical
indications and designations of origin for agricultural products
and foodstuVs. OV J Eur Union L 99:1–7

136. Aparicio R, Aparicio-Ruíz R (2000) J Chrom A 881:93–104
137. Christopoulou E, Lazaraki M, Komaitis M, Kaselimis K (2004)

Food Chem 84:463–474
138. Muzzolupo I, Peri E (2002) Eur Food Res Technol 214:528–531
139. Pasqualone A, Montemurro C, Summo C, Sabetta W, Caponio F,

Blanco A (2007) J Agric Food Chem 55:3857–3862
140. Doveri S, O’Sullivan DM, Lee D (2006) J Agric Food Chem

54:9221–9226
141. Muzzolupo I, Pellegrino M, Perri E (2007) Eur Food Res Technol

224:469–475
142. Köppel E, Stadler M, Lüthy J, Hübner P (1998) Z Lebensm Un-

ters Forsch A 206:399–403
143. Codex Alimentarius Commission (2006) Draft revised standard

for gluten-free foods. Report of the 28th Session of the Codex
Committee on Nutrition and Foods for Special Dietary Uses (AL-
INORM 07/30/26). Joint FAO/WHO Food Standards Pro-
gramme, Rome

144. Dahinden I, von Büren M, Lüthy J (2001) Eur Food Res Technol
212:228–233

145. Sandberg M, Lundberg L, Ferm M, Yman I (2003) Eur Food Res
Technol 217:344–349

146. Arlorio M, Coïsson JD, Cereti E, Travaglia F, Capasso M, Mar-
telli A (2003) Eur Food Res Technol 216:253–258

147. Pasqualone A, Lotti C, Blanco A (1999) Eur Food Res Technol
210:144–147

148. Pasqualone A, Montemurro C, Grinn-Gofron A, Sonnante G,
Blanco A (2007) J Agric Food Chem 55:3312–3318

149. Terzi V, Malnati M, Barbanera M, Stanca A, Faccioli P (2003) J
Cereal Sci 38:87–94

150. Terzi V, Infascelli F, Tudisco R, Russo G, Stanca AM, Faccioli
P (2004) Lebensm -Wiss u Technol 37:239–246

151. Rønning SB, Rudi K, Berdal KG, Holst-Jensen A (2005) J Agric
Food Chem 53:8874–8880

152. Holzhauser T, Wangorsch A, Vieths S (2000) Eur Food Res
Technol 211:360–365

153. Holzhauser T, Stephan O, Vieths S (2002) J Agric Food Chem
50:5808–5815

154. Germini A, Scaravelli E, Lesignoli F, Sforza S, Corradini R,
Marchelli R (2005) Eur Food Res Technol 220:619–624

155. Piknová L, Pangallo D, Kuchta T (2007) Eur Food Res Technol
(in press)

156. Hird H, Lloyd J, Goodier R, Brown J, Reece P (2003) Eur Food
Res Technol 217:265–268

157. Stephan O, Vieths S (2004) J Agric Food Chem 52:3754–3760
158. Rossi S, Scaravelli E, Germini A, Corradini R, Fogher C, March-

elli R (2006) Eur Food Res Technol 223:1–6
159. Brezná B, Hudecová L, Kuchta T (2006) Eur Food Res Technol

223:373–377
160. Hupfer C, Waiblinger H-U, Busch U (2007) Eur Food Res Tech-

nol 225:329–335
161. Dovibovibova L, Olexová L, Pangallo D, Siekel P, Kuchta T

(2004) Eur Food Res Technol 218:493–495
162. Mustorp S, Engdahl C, Svensson U, Holck A (2007) Eur Food

Res Technol (in press)
163. Regulation (EC) No 1829/2003 of the European Parliament and

of the Council of 22 September 2003 on genetically modiWed
food and feed. OV J Eur Union L 268:1–23

164. Regulation (EC) No 1830/2003 of the European Parliament and
of the Council of 22 September 2003 concerning the traceability
of food and feed products produced from genetically modiWed
organisms and amending Directive 2001/18/EC. OV J Eur Union
L 268:24–28

165. Permingeat HR, Reggiardo MI, Vallejos RH (2002) J Agric Food
Chem 50:4431–4436

166. Markoulatos P, Siafakas N, Papathoma A, Nerantzis E, Betzios
B, Dourtoglou V, Moncany M (2004) Food Rev Int 20:275–296

167. Deisingh AK, Badrie N (2005) Food Res Int 38:639–649
168. Mafra I, Oliveira MBPP (2005) Alimentação Humana 11:71–89
169. Meyer R (1999) Food Control 10:391–399
170. Berdal KG, Holst-Jensen A (2001) Eur Food Res Technol

213:432–438
171. Vollenhofer S, Burg K, Schmidt J, Kroath H (1999) J Agric Food

Chem 47:5038–5043
172. Hird H, Powell J, Johnson ML, Oehlschlager S (2003) J AOAC

Int 86:66–71
173. Forte VT, Di Pinto A, Martino C, Tantillo GM, Grasso G, Schena

FP (2005) Food Control 16:535–539
174. Germini A, Zanetti A, Salati C, Rossi S, Forré C, Schmid S,

Marchelli R (2004) J Agric Food Chem 52:3275–3280
175. Brodmann P, IIg EC, Berthoud H (2002) J AOAC Int 85:646–

653
176. James D, Schmidt AM, Wall E, Green M, Masri S (2003) J Agric

Food Chem 51:5829–5834
177. Peano C, Samson MC, Palmieri L, Gulli M, Marmiroli N (2004)

J Agric Food Chem 52:6962–6968
178. Vaïtilingom M, Pijnenburg H, Gendre F, Brignon P (1999) J Ag-

ric Food Chem 47:5261–5266
179. Huang HY, Pan TM (2004) J Agric Food Chem 52:3264–3268
180. Holst-Jensen A, Rønning SB, Løvseth A, Berdal KG (2003) Anal

Bioanal Chem 375:985–993
123



Eur Food Res Technol (2008) 227:649–665 665
181. Lipp M, Brodmann P, Pietsch K, Pauwels J, Anklam E (1999) J
AOAC Int 82:923–928

182. ISO 21569 (2005) FoodstuVs—methods of analysis for the detec-
tion of genetically modiWed organisms and derived products—
qualitative nucleic acid based methods, 1st edn, International
Standard ISO 21569. ISO, Geneva

183. Hernández M, Rodríguez-Lazaro D, Zhang D, Esteve T, Pla M,
Prat S (2005) J Agric Food Chem 53:3333–3337

184. Bordoni R, Mezzelani A, Consolandi C, Frosini A, Rizzi E,
Castiglioni B, Salati C, Marmiroli M, Marchelli R, Bernardi LR,
Battaglia C, De Bellis G (2004) J Agric Food Chem 52:1049–
1054

185. Bordoni R, Germini A, Mezzelani A, Marchelli R, De Bellis G
(2005) J Agric Food Chem 53:912–918

186. Peano C, Bordini R, Gulli M, Mezzelani A, Samson MC, De
Bellis G, Marmiroli N (2005) Anal Biochem 346:90–100

187. Germini A, Mezzelani A, Lesignoli F, Corradini R, Marchelli R,
Bordoni R, Consolandi C, De Bellis G (2004) J Agric Food Chem
52:4535–4540

188. Germini A, Rossi S, Zanetti A, Corradini R, Fogher C, Marchelli
R (2005) J Agric Food Chem 53:3958–3962

189. Leimanis S, Hernández M, Fernández S, Boyer F, Burns M,
Bruderer S, Glouden T, Harris N, Kaeppeli O, Philipp P, Pla M,
Puigdomènech P, Vaitilingom M, Bertheau Y, Remacle J (2006)
Plant Mol Biol 61:123–139

190. Burns M, Shanahan D, Valdivia H, Harris N (2003) Eur Food Res
Technol 216:428–433

191. Rudi K, Rud I, Holck A (2003) Nucleic Acids Res 31:e62
192. Xu X, Li Y, Zhao H, Wen S, Wang S, Huang J, Huang K, Luo Y

(2005) J Agric Food Chem 53:3789–3794
193. Xu J, Zhu S, Miao H, Huang W, Qiu M, Huang Y, Fu X, Li Y

(2007) J Agric Food Chem 55:5575–7779
194. Minunni M, Tombelli S, Mariotti E, Mascini M, Mascini M

(2001) Fresenius J Anal Chem 369:589–593
195. Kalogianni DP, Koraki T, Christopoulos TK, Ioannou PC (2006)

Biosens Bioelectron 21:1069–1076
196. García-Cañas V, González R, Cifuentes A (2004) Electrophore-

sis 25:2219–2226
197. Hübner P, Studer E, Lüthy J (1999) Food Control 10:353–358
198. Studer E, Rhyner C, Lüthy J, Hübner P (1998) Z Lebensm Unters

Forsch A 207:207–213
199. Wurz A, Bluth A, Zeltz P, Pfeifer C, Willmund R (1999) Food

Control 10:385–389
200. Hupfer C, Hotzel H, Sachse K, Moreano F, Engel K-H (2000)

Eur Food Res Technol 212:95–99

201. Zimmerman A, Lüthy J, Pauli U (2000) Lebensm-Wiss u-Tech-
nol 33:210–216

202. Hardegger M, Brodmann P, Herrmann A (1999) Eur Food Res
Technol 209:83–87

203. ISO 21570 (2005) FoodstuVs—methods of analysis for the detec-
tion of genetically modiWed organisms and derived products—
quantitative nucleic acid based methods, 1st edn. International
Standard ISO 21570. ISO, Geneva

204. European Network GMO Laboratories (ENGL) (2007) ENGL
Explanatory document on the use of “Percentage of GM-DNA
copy numbers in relation to target taxon speciWc DNA copy
numbers calculated in terms of haploid genomes” as a general
unit to express percentage of GMOs. Released by the Steering
Committee of ENGL on 5 July 2007. Joint Research Centre
(http://engl.jrc.it/docspresentations.htm)

205. Terry CF, Harris N (2001) Eur Food Res Technol 213:425–431
206. Rott ME, Lawrence TS, Wall E, Green MJ (2004) J Agric Food

Chem 52:5233–5239
207. Foti N, Onori R, Donnarumma E, Santis BD, Miraglia M (2006)

Eur Food Res Technol 222:209–216
208. Andersen CB, Holst-Jensen A, Berdal KG, Thorstensen T, Tengs

T (2006) J Agric Food Chem 54:9658–9663
209. Yang L, Guo J, Pan A, Zhang H, Zhang K, Wang Z, Zhang D

(2007) J Agric Food Chem 55:15–24
210. Rønning SB, Vaïtilingom M, Berdal KG, Holst-Jensen A (2003)

Eur Food Res Technol 216:347–354
211. Holck A, Vaïtilingom M, Didierjean L, Rudi K (2002) Eur Food

Res Technol 214:449–453
212. Hernández M, Pla M, Esteve T, Prat S, Puigdomènech P, Ferran-

do A (2003) Transgenic Res 12:179–189
213. La Paz JL, Esteve T, Pla M (2007) J Agric Food Chem 55:4312–

4318
214. Hernández M, Esteve T, Prat S, Pla M (2004) J Cereal Sci 39:99–

107
215. Lee SH, Min DM, Kim JK (2006) J Agric Food Chem 54:1124–

1129
216. La Paz J-L, García-Muniz N, Nadal A, Esteve T, Puigdomènech

P, Pla M (2006) J AOAC Int 89:1347–1352
217. Zeitler R, Pietsch K, Waiblinger HU (2002) Eur Food Res Tech-

nol 214:346–351
218. Hernández M, Río A, Esteve T, Prat S, Pla M (2001) J Agric

Food Chem 49:3622–3627
219. Yang L, Pan A, Zhang K, Guo J, Yin C, Chen J, Huang C, Zhang

D (2005) J Agric Food Chem 53:6222–6229
123

http://engl.jrc.it/docspresentations.htm

	Food authentication by PCR-based methods
	Abstract
	Introduction
	Foods of animal origin
	Meat products
	Seafood
	Fish and Wsh products
	Molluscs
	Dairy products

	Foods of plant origin
	Olive oil
	Cereals
	Allergens
	Genetically modiWed organisms
	GMO detection
	GMO quantiWcation

	Conclusion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


