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Abstract

Food fraud, especially milk, has been the main problem in most areas of the world. Techniques have been
developed to avoid such adulteration. One of these techniques is PCR which is considered fast, accurate, and
reliable. In this study, 42 local white cheese samples were collected from different farmers and dairy markets in
Duhok province, north of Iraq. A multiplex PCR assay was applied to examine these cheese samples. Three sets
of primer were used to amplify specific 12s and 16s rRNA of the sheep, goat, and cow DNA through multiplex
PCR reaction. In the results, 95.23% of the collected samples were adulterated. Only 4.67% of the samples were
according to the labeling provided by the farmers and/or dairy markets. The most used milk for cheese production
was goat followed by cow and sheep milk with 51.56%, 37.5%, and 10.93%, respectively. None of the 40 samples
which were declared to be pure sheep cheese were free of adulteration. These data conclude that cheese fraud is
high in this region and needs a possible solution in terms of maintaining such regulations and laws to protect
consumers from adulteration.
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INTRODUCTION

The "Farm to Fork" principle relies on the authenticity and traceability of a product from its
source to the consumer (Santos et al., 2003). The agri-food sectors and government agencies
in charge of assuring the quality and safety of food have increasingly focused on preventing
food fraud (Baptista et al., 2021). Milk and dairy products are currently the most commonly
adulterated food items, mostly because of the nutritional significance of milk, worldwide
consumption, shortened shelf life, and lack of innovative techniques for product authentication
(Stadler et al., 2016). Even though the establishment of strict food standards (such as British
Retail Consortium (BRC) Food and International Organization for Standardization (ISO)
standards) has made it increasingly easier to ensure the security and reliability of food products
in supply chains, food fraud cases have increased due to globalization and the expansion of
these chains (Banati, 2014). The majority of milk food fraud instances include the unintentional
replacement of a high-priced good (such as sheep, buftfalo, or goat's milk) with a cheaper or
lower-quality substitute (such as cow milk, or milk from less valued breeds), or the removal of
a claimed milk species (Baptista et al., 2021). Other reasons for milk substitution are personal
preference (Hurley et al., 2004); religion, or cultural issues (Shatenstein and Ghadirian, 1998).

To identify the species of milk and dairy products, a variety of analytical techniques have been
used. Among these, are immunological (Xue et al., 2010), electrophoretic (Mayer, 2005), and
chromatographic (Enne et al., 2005). Recently, the focus has shifted to DNA-based techniques
for a variety of food authentication applications, including the detection of milk product
adulteration (Woolfe and Primrose, 2004). In terms of time, cost, sample volume, and sample
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processing, DNA-based approaches outperform protein-based methods. For the identification
of species in raw meat, meat products, fish, and dairy products, Polymerase Chain Reaction
(PCR) is one of the most used molecular biology methods (Veloso et al., 2002). Even
processed cheese and milk still contain genomic DNA from somatic cells. Targeting DNA
sequences with sufficient species-species variance, PCR assay of DNA isolated from somatic
cells in milk has been effectively employed to identify adulteration of milk products (Maudet
and Taberlet, 2001; Rea et al., 2001; Bottero et al., 2003). Since the sequences of even closely
related species might vary by several nucleotides, many of these investigations use
mitochondrial-encoded genes, such as the cytochrome b gene (Bottero et al., 2003). None of
these techniques is used locally for species identification. Therefore, this study aims to use a
PCR-based assay for species identification or adulteration measurement in locally-made cheese
and its products.

MATERIALS AND METHODS
Sample collection

For the sample collection, 42 fresh cheese samples were collected from local supermarkets and
directly from farmers in Duhok province, north of Iraq. The samples were unlabelled; however,
the labeling process depended on the owner's trust. Out of these samples, 40 were supposed to
be from sheep species, one sample from cow, and one sample from goat and sheep. The samples
were transported directly in cold conditions to the animal production laboratories, college of
agricultural engineering sciences, University of Duhok.

DNA extraction

Total nucleic acids were extracted from cheese with the AddPrep Genomic DNA Extraction
Kit (add bio, Daejeon, Republic of Korea) with some modifications. 100 mg of cheese was
ground in 500 ml of PBS and the mixture was centrifuged at 10,000 rpm for 10 seconds. 200
pl of the middle phase was taken for DNA extraction. Next, all the steps were performed
according to the guidelines of the manufactured kit. The elution was done with 60 pl of elution
buffer instead Of 100 pl. The quality and quantity of extracted DNA samples were measured
with a NanoDrop spectrophotometer (NanoDrop 2000, Thermo Fisher Scientific Inc, and
USA). They were stored at -20 °C.

Primers and multiplex PCR reaction

For the species detection of cow, sheep, and goat in cheese three pairs of species-specific primer
targeting 12s and 16s of mitochondrial rRNA gene was used (Table 1). These primers were
designed and validated by Buttero et al. (2003). A final volume of 50 pl reaction was made
containing 1X AddStart Taq Master Mix, 15 pmol/ul of each primer, and 50-250 ng/pul of DNA.
The reaction program was set in GeneAmp PCR System 9700 thermal cycler (Applied
Biosystems, Singapore) as follows; after an initial denaturation step at 94 oC for 5 minutes, 35
cycles were performed as follows: denaturation at 94 oC for 30 seconds, annealing at 55 °C for
60 seconds, extension at 72 oC for 60 seconds, one final extension cycle at 72 oC for 5 minutes.
The amplicons were resolved in 2.5% agarose electrophoresis at 100 volts for 30 minutes.
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Table 1: The primer sequences used in multiplex PCR reaction

Primer name Sequence Amplicon size (bp)
Sheep-F 5-ATATCAACCACACGAGAGGAGAC-3 172
Sheep-R 5-TAAACTGGAGAGTGGGAGAT-3
Goat-F 5-CGCCCTCCAAATCAATAAG-3 326
Goat-R 5-AGTGTATCAGCTGCAGTAGGGTT-3
Cow-F 5-GTACTACTAGCAACAGCTTA-3 256
Cow-R 5-GCTTGATTCTCTTGGTGTAGAG-3
RESULTS

The modified protocol of DNA extraction from cheese was somehow efficient in providing
enough DNA for downstream application. The genomic DNA in agarose gel electrophoresis
was highly faint and was not possible to show the data. Although the NanoDrop measurements
for the genomic DNA were poor, especially the 260/230 parameters and concentrations, the
PCR was able to obtain and amplify the targeted amplicons for all three selected species. The
specific amplicons 172 bp, 256 bp, and 326 bp were amplified for sheep, cows, and goats,
respectively (Figure 1). Out of 42 collected cheese samples only two (4.76%) of them were
according to the declared species and the others 40 (95.23%) were fraud and contained
secondary species. Of the fraud samples (40 samples), 3 (7.5%) were a mixture of sheep and
goat sources. 14 (35%) were from goat sources only. 8 (20%) were from cow sources only. 12
(30%) were a mixture of cow and goat sources. 3 (7.5%) were a mixture of three species (cow,
goat, and sheep). The usage of goat milk in cheese manufacturing was highest among the
collected samples at 51.56% followed by cow milk at 37.5% and finally, the lowest milk source
for cheese production was sheep source with 10.93%.

Figure 1: Agarose gel electrophoresis for multiplex PCR reaction amplifying 172 bp, 256
bp, and 326 bp of sheep, cow, and goat species, respectively. Lane 1: S0bp DNA ladder,
Lane 2-19: cheese samples, and Lane 20: Negative control
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DISCUSSION

Food fraud is becoming a major issue on a global scale, mostly due to the food industry's fast
innovation and the shifting preferences of consumers. As a result, it became more important to
develop and implement trustworthy authentication procedures, which led to the replacement of
protein-based dairy product verification techniques with more accurate and repeatable DNA-
based approaches Baptista et al., (2021). Therefore, it's critical to safeguard the interests of the
customer by putting in place proper control mechanisms and equipping food analysts with the
tools they need to identify adulterated milk. There may be regional variations in labeling and
authenticity laws, necessitating the use of analytical testing to enforce such laws (Dennis,
1998). Besides several researches on microbial and physicochemical properties of marketed
milk and cheese products (Ali et al., 2020; Nanakali et al., 2023; Mustafa 2023), there is no
available data on local cheese adulteration check in this region. However, many studies have
been performed in other countries. Khanzadi et al., (2013) found 80% of the tested dairy
samples in Mashhad City, Iran were fraudulent and only 20% were containing pure sheep milk.
Similarly, Tsirigoti et al., (2020) examined several dairy products in Greece and they found that
37.5% of cheese and 45% of yogurt samples were containing undeclared milk. Colak et al.,
(2006) and Zelenakova et al. (2009) found 48% and 40% of sheep cheese was mixed with cow
milk, respectively.

Several methods are developed for this purpose; for example the protein-based techniques.
However, these techniques have many disadvantages such as cheese maturation and heat
treatment may denature the protein (Plath et al., 1997). Additionally, the protein assays for
species identification are laborious and time-consuming (Karoui and Baerdemaeker, 2007).

Recently, full attention has been put on more reliable and fast assays based on DNA for species
identification in food. One of these assays is Polymerase Chain Reaction (PCR) which depends
on nucleic acid in the somatic cells that persist in the cheese even after heat and manufacturing
of the cheese (Diaz et al., 2007). Among the targeted genes, mitochondrial genomic DNA,
especially 12s and 16s rRNA, is the most widely used for this purpose (Bottero et al., 2003).
However, there are some challenges to DNA extraction from cheese. Because the somatic cells
are low in the milk, therefore low DNA concentration may be expected in the cheese. In
addition, the high fat and protein percentage in the cheese causes a problem and may lower the
purity of the extracted DNA (Baptista et al., 2021). In the present study, the DNA extraction
procedure was modified to collect as many somatic cells as possible, while the purity and
concentration of the DNA were below the optimum parameters for the downstream application.
Although the primers were designed by Bottero et al., (2003) for the European breeds, they
were used in this study and were successful in amplifying the specific targets of the DNA in
the PCR for the Iraqi breeds. In the studied region, north of Iraq, labeling of the local white
cheese is not compulsory and consumers depend mostly on the farmer’s trust. Based on this,
samples were collected and most of them were identified to be pure sheep-made cheese.
Compared to similar research on cheese adulteration checks, our results showed the highest
miss-labeling data in which more than 95% of the studied cheese samples were containing
secondary milk sources.
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CONCLUSION

In conclusion, the used assay for species identification is fast, and reliable in terms of sensitivity
and accuracy. The adulteration of the studied cheese samples was over the expected range.
None of the declared pure sheep cheese samples were free of second or third milk sources.
Laws and regulations must be put to protect the consumer’s rights and avoid such fraud in the
markets.
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