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PCR vs Ab based detection of food components

PCR

• DNA is present in every cell

• DNA is thermo stabile

• Amplification of DNA enables detection
of low quantities of contaminants

• qPCR allows quantification of
contaminants

• PCR assays can be easily adapted for
new targets

Ab detection

• Proteins can be tissue specific

• Proteins are less thermo stabile than
DNA

• Sensitivity of Ab based detection is 
limited

• Quantification of antigen is based on 
dillution series

• Abs are antigen specific, for the new
antigen new Abs have to be produced
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PCR background
• PCR enables targeted

amplification of DNA fragments
from different biological
sources.

• The sensitivity of the method
allows detection of trace
contaminations.

• Multiplexing of the reaction is a 
powerfull tool for one step 
applications detecting different
contaminants. 
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PCR variants

• Single locus PCR

• Multiplex PCR

• PCR-RFLP

• Allele specific PCR

• qPCR

Prim1

Prim2

A

C

Prim3

Prim4

internal standard (349bp)

Allele A specific fragment (237bp)

Allele B specific fragment (156bp)
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PCR based applications - general

• Amplification and characterisation of DNA 
targets
• RFLP

• VNTR

• Specific amplification of DNA targets from
different sources

• Detection of contaminations with biological
materials

• Quantification of contaminants
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Quantitative PCR

• Principles of real-time fluorescence detection and QPCR target concentration measurements 
using threshold cycle (Ct). The Ct is inversely proportional to the initial copy number. 

• When the DNA concentration has reached the fluorescence detection threshold can the 
concentration be reliably inferred from the fluorescence intensity. A higher initial copy number 
will correlate to a lower threshold cycle.
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Different qPCR formats

• SYBR Green detection of
PCR products

• TaqMan assay
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PCR applications in food product analysis

• Detection of contaminations

• Detection of frauds and
adulterations

• Instrument for quality assurance

• Verification of declared composition
of complex food products

• Traceability of ingradients is only a 
limited task
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Limits and drawbacks
• Presence of PCR inhibitors can limit the power of analysis

• Discrimination of biological material between very similar sources could be 
difficult

• High specificity of the PCR assay is required

• In some cases is it difficult to ballance specificity and sensitivty of the assay

• Contamination of the reagents with PCR products can be a problem in 
diagnostic laboratories

A   B  C    D A  B  C   D           A  B   C   D
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What do we think we eat? 
Greek example: tracing method across foodstuff of animal origin found on Greek market

Stamatis et al.,

In a field study 348 food products were
analysed using 16S rDNA as a marker. The
goal of the study was to test whether the
content of the product listed on the label
corresponded with the composition of the
product. All products were purchased from
the local market and from national and
international super-market chains.

Tested products included: 
• dairy products 
• industrially processed packaged food

including food for pets

A definition of food fraud is the “deliberate
substitution, addition, tampering, or
misrepresentation of food, food
ingredients, or food packaging, or false or
misleading statements made about a
product for economic gain”

Moore, Spink, & Lipp, 2012 10



• 348 products from the local market and from national and 
international super-market chains in Central Greece were
analysed (2010-2013).

• Total DNA from each sample was extracted in triplicate using
genomic DNA extraction kit. 

• The set of universal primers used for PCR amplifications of 16S 
rDNA marker (Sarri et al., 2014).

• After PCR amplification of the 16S rDNA marker the SSCP 
method was capable of fully discriminate up to four species 
within an admixture regardless of the quantity of the species' 
meat.

• In the cases where the SSCP profiles did not correspond to the 
basic profiles of the species under study, PCR products were 
sequenced and nucleotide sequences were blasted against 
known available sequences retrieved from GenBank.

What do we think we eat? 
Greek example: tracing method across foodstuff of animal origin found in Greek market

Stamatis et al.,
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• The nutritional „replacement“ scandals alerted the 
control mechanisms to take emergency measures. 

• Some new products with the same commercial
names as products previously existing on market
are confusing, they could have different nutritional 
values and/or could be potential allergens.

• The substitution of cheaper ingredients for 
expensive materials is a fequent problem.

• The improvement of molecular traceability systems 
allows tracing of ingredients, even in heavily 
processed products. 

• The possibility of detecting very low levels of 
“contaminating” tissues in food products can be 
interesting from a theoretical point of view but not 
very helpful in practice.

Stamatis et al.,

What do we think we eat? 
Greek example: tracing method across foodstuff of animal origin found in Greek market
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A DNA macro-array based identification of 32 
meat species in food samples

• As a reference approach, 
the application of PCR for
meat speciation is often
limited to few species, 
however, there is a need 
to broaden the number of 
identified meat species. 

• PCR was combined with a 
commercial DNA macro-
array spotted with meat-
specific capture probes, 
allowing the simultaneous 
identification of 32 meat 
species.

Cottenet et al., Food Control 67 (2016) 135e143
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Specificity and sensitivity of the method
• In the past many technologies have been 

used for meat authentication (2-
dimensional electrophoresis, isoelectric 
focussing, protein capillary electrophoresis, 
ELISA). These methods are susceptible to 
protein denaturation due to physical or 
chemical industrial treatments. Similarly, 
the profile of lipid-based biomarkers can be 
modified through cooking steps and the 
feeding diet.

• To overcome these limitations, the use of 
DNA-based methods is preferred for both,
raw ingredients and processed food, in 
addition, DNA is present in all types of 
tissue, and short DNA fragments are known 
to be very stable.

Cottenet et al., Food Control 67 (2016) 135e143
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Advantages of DNA markers

• The method was tested on 
pure meat samples, spiked 
samples, proficiency test 
samples, and processed 
samples. 

• The method showed high 
specificity on the targeted 
species and allowed a 
sensitivity down to 1% (w/w). 

• Easy-to-use, fast and cost-
efficient method based on 
Meat LCD Array,can be used 
as a tool to detect meat 
substitutions or adulteration 
in meat testing laboratories.Cottenet et al., Food Control 67 (2016) 135e143

Each sample is present in duplicate, the signals in three corners are 
hybridisation controls. 
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The structure of test material 
(processing and origin) 

The Meat LCD Array allows simultaneous identification of 32 meat species. It enables the detection of the usual meat 
species like beef, pork, and chicken, as well as also more exotic meat species like springbok, kangaroo, cat, and dog. Some of
them were reported to be subject of economically motivated adulteration and fraud cases. The Meat LCD Array enables
detection of admixtures down to 1% (w/w) in raw meat, meat powder and cooked meat, which is in line with the recent EU 
recommendations.
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• A tetraplex PCR assay was developed for a 
rapid and reliable simultaneous identification 
of horse, soybean, poultry, and pork species 
in sausages. 

• Good quality DNA was isolated from
reference sausage to optimize the assay. 

• Tetraplex analysis of the reference sausage 
samples showed that the detection limit of 
the assay was 0.01% for each species.

Safdar et al., Meat Science 98 (2014) 296–300

A highly sensitive and specific tetraplex PCR assay for soybean, 
poultry, horse and pork species identification in sausages
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Background and methodology
• Chicken, pork and horse meat are being used as a substitute ingredient for red meat,

whereas, vegetable proteins (soybean) are used as an alternative of muscle proteins, 
due to their low cost of production. Soy allergy may trigger allergic reactions in children
and adults. Muslim and Jewish populations avoid consumption of pork and horse meat.

• The DNA was isolated using DNeasy® Tissue Kit. The tetraplex PCR merged the use of 
horse, soybean, poultry, and pork specific primers that amplify small fragments (horse; 
85 bp, soybean; 100 bp, poultry; 183 bp and pork; 212 bp) of the mitochondrial cyt b, 
lectin, 12S rRNA and ATPase subunit 6 genes, respectively.

Safdar et al., Meat Science 98 (2014) 296–300

• The PCR product was run on agarose
gel in order to check the specificity
and sensitivity.
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Results

• The primer specificity results revealed no cross-reactivity between respective species 
DNA (horse, poultry, pork and soybean) and other species DNA (sheep, goat, cow, 
donkey, fish, cat, dog, pig, buffalo, deer, mouse, rabbit, rat, wheat, maize and human).

• Reference sausage sample sensitivity results showed that the sensitivity threshold 
was 0.01% for each species.

Safdar et al., Meat Science 98 (2014) 296–300

• The results revealed some interesting findings: the
samples claiming to have 100% beef content were found
to be adulterated with poultry and soybean.

• Sausage samples declared to have only beef and poultry
contents were found to be mixed with soybean.

• Inclusion of these contaminations may be intentional or
unintentional during the processing of sausages. The
intentional inclusion of components of other origin is
done to reduce the cost of the production of sausages.
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Development of a real-time PCR approach for the 
relative quantitation of horse DNA

Nixon et al., Analytical methods, 2015

A real-time PCR method was developed for the quantitation of horse DNA relative to the total amount of 
mammalian DNA present in raw meat samples. Single copy nuclear DNA targets were chosen and assay
targeted an equine growth hormone receptor and a mammalian/poultry myostatin gene. 

• The method was challenged against a range of 
gravimetrically prepared raw horse meat in raw 
beef ad-mixtures.

• The limit of detection was estimated at less than 
five horse genome equivalents, and the limit of 
quantitation to be ≤0.1% w/w gravimetric 
preparation of raw horse meat in a raw beef 
meat background. 

• The method was validated for DNA extracted 
from samples that consisted of raw horse meat in 
a raw beef meat background.
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Detection of GMO in food products

• PCR is most frequently method for detection

of GMO in food products.

• qPCR allows reliable quantification of

contaminating GMO

• Endogenous reference genes are used for

quantification of contaminants

• The level of contamination is different in 

different countries
Zhang and Guo, Journal of Integrative 
Plant Biology 2011, 53 (7): 539–551
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Labeling of food products containing GMO

Zhang and Guo, Journal of Integrative 
Plant Biology 2011, 53 (7): 539–551
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Detection of GMO in food products

Zhang and Guo, Journal of Integrative 
Plant Biology 2011, 53 (7): 539–551
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Authorized GM crops in China

Zhang and Guo, Journal of Integrative 
Plant Biology 2011, 53 (7): 539–551
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Future perspectives in GMO detection

• GMOs have been approved for commercial production, however, some unauthorized or 
unknown GMOs are possibly present in the market owing to unintentional release of 
seed lots with unauthorized GMOs.

• Demands for testing GMO foods and development of reliable GMO analytical methods 
are increasing. For this reason, many countries especially those in EU have issued 
restricted safety rules for import of GM foods. 

• The development of faster, cheaper analytical methods allowing for high-throughput, 
miniaturization, automation, and quantization will be the future trend.

• The standardization, exchange of information, and international cooperation on GMO 
analytical methods will be extremely important.
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