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ABSTRACT

Introduction: Ensuring the safety and authenticity of milk and technological products of its processing
is the primary task of the dairy sector of the industry. Modern molecular genetic technologies make
it possible to ensure effective detection of adulterated dairy products, namely to assess the presence
of substitution of one type of milk for another. However, there is a significant lack of studies focused
on the molecular identification of dairy products that have undergone various thermal processing
regimes. In this regard, the influence of milk heating processes on the degradation of nucleic acids
and their subsequent analysis using PCR technologies to determine the species composition in
the food industry is becoming an actual direction.

Purpose: To conduct a comparative analysis of the effectiveness of simplex and duplex polymerase
chain reaction (PCR) methods for determining the origin of milk and milk products subjected to
different thermal treatments.

Materials and Methods: The work was carried out in the laboratory of applied microbiology and
genomics of microorganisms of the All-Russian Research Institute of Dairy Industry. The objects
of the study were raw, pasteurized, sterilized milk, fermented milk products on yogurt starter
and binary milk mixtures of cattle and small ruminants obtained on their basis. This study aims
to apply PCR technologies to solve the problem of determining the species composition of milk
obtained from cow (Bos taurus) and goat (Capra hircus) and products based on them. Total DNA
was extracted from food samples for subsequent analysis by simplex and duplex PCR using a set
of species-specific oligonucleotide primers.

Results: The sensitivity of simplex and duplex PCR assays for milk-based products was compared
and it was found that the relative detection limit for bovine DNA using duplex PCR was lower than
simplex PCR and was 50 % for raw milk, 10% for pasteurized milk and yoghurt starter sour milk. The
sensitivity of detection of goat DNA by duplex and simplex PCR was at the level of 1% except for
sterilized milk mixtures: when duplex PCR was used, the detection limit for goat DNA was lower
and amounted to 5 %.

Condlusion: Molecular genetic methods using mitochondrial targets make it possible to determine
the origin of milk in dairy products. The possibilities of PCR application in the analysis of heat-treated
dairy products are limited by the size of the amplicons obtained. PCR-based test systems provide
a wide range of opportunities for composition and adulteration detection in the dairy industry.
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AHHOTALIMA

BBepeHue: ObecneyeHvie 6€30MacHOCTY 1 MOMIMHHOCTY MOSIOKA Vi MPOLYKTOB €ro nepepatboTkn —
nepBOCTENEHHas 3aAaya MOSIOYHOMO CEKTOPa MPOMbILLIEHHOCTH. COBPEMEHHbIE MOSEKYNAPHO-
reHeTUyecKyie TeXHOMOMM MO3BONAIOT 0becneynTb SGHeKTUBHOE BbiBIEHNE GanbCUPULIMPOBAHHOM
MOOYHOM NPOAYKLMN, @ UMEHHO OLIEHWUTb HaMyme NoaMeHbI OIHOTO BiAa MOMOKa ApyrM. OfHaKo
MCCNEA0BaHNI, NOCBALLEHHbIX MONEKYISPHOM MAEHTUGUKALIMW MOSTOYHBIX MPOYKTOB, MPOLLEALLIMX
pa3nnyHbIE TeMMEePaTYPHbIE PEXMMbBI TEPMUYECKO 00paboTKK, KpaiiHe Mano. B cBs3mn ¢ 3Tum,
aKTyaNbHbIM HanpaBAeHVeM CTAHOBUTCS 13yUYeHMe BIUAHYVSA NPOLECCOB HarpeBaHus MosioKa
Ha ferpajaumio HyKNenMHOBBIX KACIOT ¥ NOCIeayoLmniA UX aHanm3a ¢ nomoulbto MNLIP-TexHonoruit
ANA onpeAeneHns BMAoBOro COCTaBa B MULLEBOW MPOMbILLAEHHOCTL.

Lienb: MposecT cpaBHUTENbHbIN aHan3 3GGEKTUBHOCTY METOLOB CUMMIEKCHOW W [y MAeKCHOM
nonvmepasHom LenHon peakumu (MLP) ana onpeneneHya NPonCXoxaeHna MOoKa 1 MPOAyKTOB
€ero nepepaboTKy, MOABEPTHYTHIX PA3NUYHOM TEPMIMUECKON 0bpaboTKe.

Martepuanbl 1 MeToAbI: /lcCrieoBaHye BbINMONHEHO B 1ab0PaTOPUM NPUKIAAHON MUKPOOWOMOT N
1 FEHOMVIKV MUKPOOPIaH3MOB BCepOCCMIACKOrO HayUHO-MCCNEA0BATENBCKOrO UHCTUTYTa MOMOYHOM
npombllneHHocT. O6beKTamMn UCCNeA0BaHSA BbICTYMNanM MOIOKO CbipOe, MacTepr30BaHHOE,
CTEPUNM30BaHHOE, KNCIIOMONIOYHbIE MPOAYKTbl Ha OMyPTOBOW 3aKBaCKe 1 MoMyYeHHbIe Ha KX
OCHOBe OMHapPHble MOSTIOYHbIE CMECH KPYTHOTO 1 MENKOro POraToro ckoTa. laHHoe nccnefosaHme
HanpasneHo Ha npumeHeHwe MNLIP-TexHonorui ans peleHna Npobnemsl onpeaeneHrs BMaoBOro
COCTaBa MOJIOKa, MOMYYEeHHOro OT KOpPOoBbI (Bos taurus) v Ko3bl (Capra hircus) v npogyKToB
Ha 1X OCcHoBe. /13 06pa3L0oB NMLLEBBIX MPOAYKTOB BblAeNanmn cymmapHyto AHK ana nocnenytouero
aHanm3sa MeToloM CUMMIEKCHON 1 fynnekcHol MLP ¢ nomoulbio Habopa Buaocneunduyeckmx
ONTMIOHYKNEOTUAHbIX MPaiMEPOB.

PesynbTatbl: bbislo NpoBefeHo CpaBHeHMe YyBCTBUTENBHOCTU CUMMNIEKCHOTO W AYMIEKCHOTO
MLP-aHanm3a NpoayKToB Ha OCHOBE MOJIOK3, B XOfe KOTOPOrO Obl/1I0 YCTaHOBNEHO, YTO OTHOCUTESbHbIN
npenen obHapyxervs koposbel AHK npr ncnonb3osanumn gynnekcHoro MNLP-aHanv3a Hke, yem
CUMMNEKCHOro, 1 coctasmn 50% ana colporo monoka, 10% — ana nacteprsoBaHHOIO MOJIOKa
1 KMCIIOMOJIOYHOTO MPOLYKTa Ha MOrypTOBOW 3aKBacke. YyBCTBUTENbHOCTb OOHAPYXEeHNA KO3belt
OHK npu gynnekcHon n cumnnekcHow MNUP okasanachk Ha ypoBHe 19% 3a UCKITIoUeHnem cmecen
CTEPUN30BAHHOIO MOJIOKA: B C/ly4ae MCNoMb30oBaHWsA gynnekcHow MNLP npenen obHapyxeHns
Ko3ber [JHK 6bi1 Huxe 1 cocTasmn 5%.

BbiBoAbI: MonekynsapHO-reHeTnuecKme MeToAbl C MCMONb30BaHNEM MUTOXOHAPVIANbHBIX MULLIEHEN
NO3BONAIOT ONPefenAaTb NPONCXOKLEHNE MOTIOKa B MOIOYHOW NPOAYKUMM. BO3MOXHOCTH
npumeHerna MUP npu aHanmn3e MoMoUHbIX MPOAYKTOB, NMPOLEAWNX TEPMUYECKYI0 0BpaboTKy,
OrpaHnyeHbl pasMepom NonyyYaeMblX aMiIMKOHOB. TeCT-cnucTemsl Ha ocHose [LP npenocTasnaoT
WNPOKME BO3MOXKHOCTM ANA ONpeAeneHna cocTaBa v BbliABeH A danbcudukaumy NpoayKLmm
B MOJSIOYHOMN MPOMBILLNEHHOCTY.

KnioueBbie cnoBa: [LIP; BraoBas uaeHTVdMKaLma; danbcudrKkaLma Monoka; Tennosas obpaboTtka
MOJIOKa

Ona yntnpoBaHua: XaH, AB., Kosanb, 1.1, Nasapesa, E.I,, & ®omeHko, O.10. (2024). CpaBHUTENbHBIN aHanm3 CUMMAeKCHoO 1 gynnekcHol MNLUP ana BbiasneHnsa dans-
AN C/\hViKaLVM KO3bEro MOSTOKa 1 MPOAYKTOB ero Tepmuyeckoit 06pabotkn. FOOD METAENGINEERING, 2(3), 12-24. https://doi.org/10.37442/fme.2024.3.63
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INTRODUCTION

Milk is a highly nutritional product that plays a key role
in human nutrition. It provides the body with essential
proteins, lipids, minerals, fatty acids, vitamins,and other vital
components (Zobkova et al., 2018, Kourkouli et al,, 2024).
According to the UN Food and Agriculture Organization,
milk is one of the animal products that can contribute to
the Sustainable Development Goals established by the
UN General Assembly'. When consumed properly, milk
can help combat undernutrition in children under the
age of five, low birth weight and stunted growth, anemia
in women of reproductive age, as well as obesity and
infectious diseases’. The recommended daily intake of milk
and dairy products is 325 kg per capita per year (Agarkov
etal, 2023). Analytical studies predict an annual growth of
7.32% in the dairy market from 2024 to 2028°.

Cow and goat milks are among the most popular types
of milk in the world (Hazra et al, 2017). In 2023, Russia
produced 33.5 million tons of cow milk, an increase of 1.2
million tons from 2021 (Zimnyakov et al,, 2023). The annual
productionofgoat milkvariesfrom 236,000t0 255,000 tons*.
The composition and properties of milk largely depend on
its source (Shuvarikov et al., 2018; Bartowska, et al,, 2012).
Cow milk is the most accessible and affordable type of
milk. A cow gives much more milk than other dairy cattle
(~15 L/day). Compared to goat milk, cow milk contains
more iron, sulfur, zinc, molybdenum, ribonuclease, lipase,
alkaline phosphatase, and xanthine oxidase. However,
goat milk is higher in calcium, potassium, magnesium,
phosphorus, chlorine, and manganese. It is also lower
in lactose, which makes it more suitable for people with
a lactase deficiency (Merkusheva et al,, 2005; Golinelli et
al, 2014).

The modern dairy industry is facing a growing trend
towards products made from a mixture of cow and
goat milk. Such products not only combine the unique
nutritional properties of both milks, but also are fairly
affordable for the consumer. Goat milk is also used as
a fortifying component to create functional products
(Meldenberg et al., 2020; Lad et al., 2017).

However, since raw milk has a short shelf life, milk
products are often exposed to mechanical (separation,
homogenization, etc) or thermal (pasteurization,
sterilization, etc.) treatments (Shegidevich, 2021; Charykov
et al, 2017). Moreover, it may be difficult to identify the
exact composition of dairy products that have undergone
various processes and to establish milk substitution in the
products from goat and other types of milk (Lopez-Calleja
etal, 2004).

The fight against adulteration of dairy products is a high
priority for the global community, since such products are
consumed by vulnerable social groups: children, pregnant
women, the elderly, and sick people. Adulterated dairy
products pose a serious threat to their health and lives
due to possible allergic reactions and other negative
effects (Gilmanov et al,, 2020; Handford, et al., 2016). Infant
formulas deserve a special attention since substituting
one type of milk for another is totally unacceptable in this
product. Many consumers prefer formulas based on goat
milk since it has been proven to be better tolerated by the
baby’s organism (Zakharova et al,, 2021). However, despite
the growing popularity of these products, there are still
no standards to govern the testing of milk for its species
specificity.

Molecular genetic methods are widely used to determine
the species specificity of dairy products (Gilmanov et al,,
2020; Pokorska, et al, 2016). One of them is a simplex
polymerase chain reaction (PCR) carried out with one pair
of primers (Wang et al, 2020; Lopez-Calleja et al., 2004;
Hazra etal, 2017). Simplex PCR can identify the DNA of one
or several animal species. Yet, to identify several species,
it needs universal primers that can yield PCR products
of different lengths after amplification. However, it is not
always possible to create universal primers that would
produce unambiguous results on the electrophoregram.
In other words, it may be difficult to create such primers
that would clearly distinguish between different species
based on the length of the resulting PCR products.
Therefore, an alternative multiplex PCR (M-PCR) is often
performed, which requires a simultaneous use of several
sets of primers in one reaction.

Assembly, G. (2017). Resolution adopted by the General Assembly on 6 July 2017. In Technical Report A/RES/71/313.

Overview on the State of Knowledge and Gaps.

wide
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Modern multiplex PCR systems can identify donkey,
camel, horse, goat, and cow milks or dairy products from
them (Deng et al, 2020). Previous studies have mainly
focused on the detection of species adulteration in raw
milk (Kourkouli et al., 2024; Rodrigues et al, 2012) and/
or cheese (Golinelli et al, 2014). Very few studies have
explored potential problems with identifying dairy
products exposed to different heat treatments. Since the
range of dairy products is quite diverse, the dairy industry
should intensively expand the application of universal
methods to detect adulteration in foods regardless of their
production methods.

We aimed to compare the effectiveness of simplex and
duplex PCR methods in determining the origin of raw milk
and its heat-treated products.

MATERIALS AND METHODS
Study Objects

Raw goat and cow milks were purchased at a local market.
In a laboratory, they were used to prepare pasteurized
and sterilized milk samples, fermented milk products with
yoghurt starter, and binary mixtures of milk matrices with
different volumes of the milks.

Samples Preparation

Pasteurized and Sterilized Milk

Raw milk samples were pasteurized at 90 + 2°C for 5
minutes in a water bath. Raw milk samples were sterilized

by autoclaving at 121 + 2°C and 0.15 MPa for 3 minutes in
an NB-1100 steam sterilizer (N-Biotek, South Korea).

Fermented Milk Products with Yoghurt Starter

Fermented milk products were produced with liquid
starters made from sterilized goat and cow milks. To

Table 1
Characteristics of Oligonucleotide Primers

prepare the starters, each milk sample was inoculated with
the cultures Str. thermophilus (strain 6kb) and Lactobacillus
delbrueckii subsp. bulgaricus (strain L37/7) from the
collection of the All-Russian Research Institute of Dairy
Industry (VNIMI). Then, the milk samples were cooled to
the fermentation temperature and incubated at 40 + 2°C
in a thermostat overnight.

To produce fermented milk products, 5% liquid yogurt
starter was added to the pre-pasteurized and cooled milk
samples. The mixtures were incubated again at 40 + 2 °C for
4 hours. Then, the fermented milk products were cooled
to 25-30°C, thoroughly mixed, and kept in a refrigeration
chamber at 4 + 2 °C overnight.

Binary Mixtures

Milk mixtures with different ratios of goat and cow milks
were prepared from the obtained heat-treated products,
with goat milk proportions of 100, 99, 98, 95, 90, 85, 80, 75,
70, 60, 50, 40, 30, 25, 20, 10, 5, 2, 1 and 0 %.

DNA Extraction

Milk product samplesof T ml(liquid) or 0.5 ml(yoghurt) were
centrifuged at 10,000 g for 5 minutes. The supernatant was
removed and the resulting sediment was used to extract
nucleic acids with a DNA-Sorb-S-M kits (Central Research
Institute of Epidemiology, Russian Federal Service for the
Oversight of Consumer Protection and Welfare) following
the manufacturer’s instructions.

Oligonucleotide Primers

Oligonucleotide primer sequences were adopted from
Deng et al,, 2020 (Table 1).

Gene Primer Sequence Size of Product  Localization
BT-F 5'-ACCCTCTCGACTAAACAACCAAGATAG-3'

16S rRNA 583 bp NC_006853.1
BT-R 5'- TGGGGCTAGGAGTTAATCATTTGTTG -3’
CH-F 5'- ACTCCACAAGCTTACAGACATGCCA -3

D-loop 184 bp NC_005044.2
CH-R 5'- GAAGGCTGTATGTCCGCGTTATATG -3'

15 | FOOD METAENGINEERING | TOM 2, Ne 3 (2024)
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Simplex and Duplex PCR Amplification

A specific region of the 16S rRNA gene of Bos taurus
was amplified by PCR using the species-specific primers
BT-F and BT-R at an annealing temperature of 57°C. PCR
screening was performed in 25 pl of the reaction mixture
consisting of 5 pl of 5xScreen Mix (Evrogen, Russia), 1 ul of
10 MM BT-F primer, 1 ul of 10 mM BT-R primer, 1 ul of a DNA
sample, and 17 pl of deionized water (Evrogen, Russia).

A specific region of the D-loop gene of Capra hircus
was amplified by PCR using the species-specific primers
CH-F and CH-R. PCR screening was performed in 25 pul of
the reaction mixture consisting of 5 ul of 5xScreen Mix
(Evrogen, Russia), 1 pl of 10 mM CH-F primer, 1 ul of 10 mM
CH-R primer, 1 ul of a DNA sample, and 17 ul of deionized
water (Evrogen, Russia).

The reaction mixture for a simultaneous duplex PCR
amplification of specific fragments of the mitochondrial
genomes of cows and goats consisted of 5 ul of 5xScreen
Mix (Evrogen, Russia), 1 ul of 10 mM BT-F primer, 1 pl of 10
mM BT-R primer, 1 pl of 10 mM CH-F primer, 1 ul of 10 mM
CH-R primer, 1 ul of a DNA sample, and 15 pl of deionized
water (Evrogen, Russia).

The amplification was performed on a MiniAmp thermal
cycler (ThermoFisher Scientific, USA) in the following
stages: 1) primary denaturation at 95°C for 5 minutes; 2)
35 cycles of denaturation at 95°C for 15 seconds, primer
annealing at 57°C for 15 seconds, chain elongation at
72°C for 30 seconds, and final chain elongation at 72°C
for 10 minutes. The theoretically expected lengths of the
amplicons for Bos taurus and Capra hircus were 583 bp and
184 bp, respectively.

The controls for PCR analyses included a negative control
with water added to the reaction mixture instead of DNA,
a control with a cow’s pure genomic DNA, and a control
with a goat’s genomic DNA, both isolated from the ear
notches of the animals.

Analytical Electrophoresis

The PCR results were analyzed by separating the amplicons
ina?2 % agarose | gel (VWR International, USA) stained with
an ethidium bromide solution at an electric field voltage
of 7 V/cm of the gel. The 100+ bp DNA Ladder (Evrogen,
Russia) was used as a DNA fragment length marker. The
gel electrophoresis results were visualized using a Vilber
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E-Box-CX5.TS gel documentation system (Vilber, France)
on a Vilber Super-Bright transilluminator (Vilber, France) at
312 nm.

RESULTS

Analysis of Binary Milk Matrices
by Simplex PCR

First, we tested the BT-F and BT-R primers for their ability
to detect the target sequence of ribosomal 165 RNA of
the Bos taurus (cow) genome by simplex PCR in the model
mixtures of goat and cow milks simulating different levels
of milk adulteration. Similarly, we detected the presence of
the goat DNA in the above-described binary milk mixtures
using the CH-F and CH-R primers complementary to
the sequences of the Capra hircus (goat) mitochondrial
genome. The milk matrices contained 1-99 % of cow milk
admixture (v/v). According to the electrophoregrams,
the BT-F and BT-R primers could effectively detect cow
milk admixtures (from 1%) in both raw (Figure 1) and

Figure 1

Electrophoregram of Amplification Products of 16S rRNA
Gene Fragments in Cattle (Top Row) and D-Loop in Goats
(Bottom Row) During Simplex PCR (Raw Milk)

M1 23 456 7 8 910111213 14K-K+
500 bp

<«

583 bp
il

M1 23 45 6 7 8 91011121314K- K+
500 bp
Sl

Note. 1-14 — DNA samples extracted from raw goat and cow milk mixtures
in the following ratios: 100, 99, 98, 95, 90, 85, 80, 75, 50, 25,5,2, 1,and 0 %
(goat milk); “K-" — negative control; “K+" — goat DNA; M — DNA length
marker “100 + bp DNA Ladder”
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Figure 2

Electrophoregram of Amplification Products of 165 rRNA
Gene Fragments in Cattle (Top Row) and D-Loop in Goats
(Bottom Row) During Simplex PCR (Pasteurized Milk)

M123 4567 8 910111213K- 14K1+

583 bp
P -—" 4

M12 34 56 78 91011121314K-K2+

500 bp
Sop

184 bp
-

Note. 1-14 — DNA samples extracted from mixtures of pasteurized goat and
cow milk in the following ratios: 100, 99, 98, 95, 90, 85, 80, 75, 50, 25, 5, 2, 1,
and 0 % (goat milk); “K-"— negative control; "K1+"— cow DNA; "K2+"— goat
DNA; M — DNA length marker “100 + bp DNA Ladder”

Figure 4

Figure 3

Electrophoregram of PCR Amplification Products of 165 rRNA
Gene Fragments in Cattle (Top Row) and D-Loop in Goats
(Bottom Row) (Fermented Milk Products)

M123 456 7 8 91011121314K-Ki+

500 bp
s

—

T 583 bp

M12 34 56 78 910111213 14K-K2+

500 bp
il

T184 bp

Note. 1-14 — DNA samples extracted from fermented milk products made
with yogurt starter cultures from mixtures of pasteurized goat and cow milk
in the following ratios: 100, 99, 98, 95, 90, 85, 80, 75, 50, 25, 5,2, 1,and 0 %
(goat milk); "K-" — negative control; "K+" — goat DNA; M — DNA length
marker“100 + bp DNA Ladder!

Electrophoregram of Amplification Products of 16S rRNA
Gene Fragments in Cattle (Top Row) and D-Loop in Goats
(Bottom Row) During Simplex PCR (Sterilized Milk)

M12 3 456 7 8 910111213 14K-K1+

500 bp
i

583 b
583 bp

M1 2345 67 8 91011121314K- K2+

500 bp
Shd;

184 bp
- e

Note. 1-14 — DNA samples extracted from mixtures of sterilized goat and
cow milk in the following ratios: 100, 99, 98, 95, 90, 85, 80, 75, 50, 25, 5, 2, 1,
and 0 % (goat milk); “K-"— negative control; "K1+"— cow DNA; "K2+"— goat
DNA; M — DNA length marker “100 + bp DNA Ladder!
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pasteurized (Figure 2) goat milk. Notably, all the samples
with the cow DNA showed an amplicon with a theoretically
expected size of 583 bp.

In addition, the simplex PCR assay with the CH-F and
CH-R primers was highly sensitive to the goat DNA and
was able to detect the presence of goat milk (=1%) in
various binary milk mixtures (Figures 1-4), since all the
samples containing the goat DNA had a species-specific
amplification product of 184 bp.

Similar results were shown by simplex PCR to detect
cow milk in the fermented milk products prepared with
yoghurt starter. The detection limit for the cow DNA was
1% (Figure 3).

However, no reaction products were observed when we
attempted to amplify a 583 bp fragment of the bovine 165
rRNA gene on a total DNA matrix isolated from sterilized
milk (Figure 4). This might be due to severe damage
caused to DNA molecules by the sterilization of raw milk,
resulting in fragments whose length was insufficient
for the synthesis of amplicons of the required length.
Nevertheless, we detected amplified fragments of the goat
DNA genes, which confirms the possibility of identifying
PCR products of shorter length.

Analysis of Binary Milk Matrices
by Duplex PCR

Duplex PCR was performed with two pairs of primers in one
tube to determine the relative sensitivity of the assay. The
mixtures with a minimal content of cow milk showed no
products of 583 bp, but there were bands corresponding
to the target product from the goat genome. However,
the number of amplified products from the cow genome
increased in the samples with higher contents of the
target Bos taurus DNA template. This resulted in fragments
of the theoretically expected length, starting with sample
9 corresponding to a 50 % cow milk admixture (Figure 5).

Duplex PCR analysis of the pasteurized milk mixtures had
a relative detection limit of 10% for cow milk, which was
lower than that of simplex PCR (Figure 6). In contrast,
the amplicons obtained from the goat mitochondrial
DNA were visually distinguishable in samples 1-10 in the
electrophoregrams of all binary matrices (Figures 5-8). This
indicated high sensitivity of duplex PCR in amplifying the
goat DNA, whose lowest limit was 5% for sterilized milk
and 1% for the other products (Figures 5-7).
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Figure 5

Electrophoregram of Amplification Products of 165 rRNA
Gene Fragments in Cattle and D-Loop During Duplex PCR
(Raw Milk)

M 1 2 3 45 6 7 8 9 10 11 12 13 14 K1+ K2+ K-

583 bp

500 bp i St
Pl

T184 bp

Note. 1-14 — DNA samples extracted from mixtures of raw goat and cow
milk in the following ratios: 100, 99, 98, 95, 90, 85, 80, 75, 50, 25, 5, 2, 1, and
0 % (goat milk); "K-" — negative control; "K1+" — goat DNA; "K2+" — cow
DNA; M — DNA length marker“100 + bp DNA Ladder”

Figure 6
Electrophoregram of Amplification Products of 165 rRNA

Gene Fragments in Cattle and D-Loop During Duplex PCR
(Pasteurized Milk)

M1 2 3 45 6 7 8 91011 12 13 14 K1+ K2+ K-

500 bp
Putl!

Note. 1-14 — DNA samples extracted from mixtures of pasteurized goat and
cow milk in the following ratios: 100, 99, 98, 95, 90, 85, 80, 75, 50, 25, 5, 2, 1,
and 0 9% (goat milk); “K-"— negative control; "K1+"— goat DNA; "K2+"— cow
DNA; M — DNA length marker“100 + bp DNA Ladder”
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Figure 7
Electrophoregram of Amplification Products of 16S rRNA

Gene Fragments in Cattle and D-Loop During Duplex PCR
(Fermented Milk Products)

M 1 2 3 45 6 7 8 9 10 11 12 13 14 K1+ K2+ K-

583 bp
i

500 b
500 bp
- w Ul U WD S W e - . - -

T184 bp

Note. 1-14 — DNA samples extracted from fermented milk products made
with yogurt starter cultures from mixtures of goat and cow milk in the
following ratios: 100, 99, 98, 95, 90, 85, 80, 75, 50, 25, 5, 2, 1, and 0 % (goat
milk); “K-" — negative control; “K1+" — goat DNA; "K2+" — cow DNA; M —
DNA length marker “100 + bp DNA Ladder!”

Figure 8
Electrophoregram of Amplification Products of 165 rRNA

Gene Fragments in Cattle and D-Loop During Duplex PCR
(Sterilized Milk)

M1 2 3 45 6 7 8 91011 12 13 14 K1+ K2+K-

500 b
500 bp

Note. 1-14 — DNA samples extracted from mixtures of sterilized goat and
cow milk in the following ratios: 100, 99, 98, 95, 90, 85, 80, 75, 50, 25, 5, 2, 1,
and 0 % (goat milk); "K-"— negative control;"K1+"— goat DNA; “"K2+"— cow
DNA; M — DNA length marker “100 + bp DNA Ladder”
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Compared to PCR with one pair of primers, PCR with
two pairs of primers demonstrated lower sensitivity on
fermented milk products made with yoghurt starter from
mixtures of goat and cow milk. The detection limit was
10% for a cow milk admixture.

Duplex PCR also showed the specific amplification of only
the C. hircus D-loop fragment (Figure 8).

When conducting duplex PCR on the DNA mixtures of
sterilized goat and cow milk, we expected the sensitivity of
the goat DNA detection to remain 1%, as in simplex PCR.
However, it turned out to be lower, amounting to 5 %. This
decrease may be due to the presence of four primers in the
PCR reaction, which had a negative effect on its efficiency.
The amplification results of the bovine DNA were similar to
those for the PCR with one pair of primers.

DISCUSSION

In this study, we aimed to compare the efficiency of
modern molecular genetic methods (simplex and
multiplex PCR) for the species identification of milk and
milk-based products exposed to different heat treatments.
We performed simplex and multiplex PCR analyses of
the milk matrix samples using primers for C. hircus and B.
taurus. Thermal cycling conditions were identical for all
PCRs. The amplicons were then separated in gel to identify
the most optimal PCR method. Our results showed higher
efficiency of simplex PCR in identifying dairy products
compared to duplex PCR. We found that the use of one
or two pairs of oligonucleotide primers had a significant
effect on the sensitivity of the molecular biology methods.
Simplex PCR proved reliable due to its ability to detect
even trace amounts of milk adulteration, which is critical
when testing dairy products. This is probably because
competing processes occur with oligonucleotides in the
reaction mixture, decreasing the accumulation of target
amplification products during multiplex PCR (Kalle, et al,,
2014). There is a risk of non-specific binding of single-
stranded DNAs, which can lead to amplification of primer
dimers and a decrease in sensitivity. For example, Hird et al.
(2006) assessed the relationship between the amplification
rate and the size of amplicons obtained from food matrices.
The authors found that the small size of amplicons
increased the probability of amplification and, at the same
time, made non-specific reaction products more likely to
appear. Their results confirmed our assumption that the
molecular genetic methods are optimal for detecting
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specific genetic loci in milk products. Of particular interest
was the PCR analysis of sterilized milk, where only short
DNA fragments were amplified. The influence of milk
heating processes on the degradation of nucleic acids
needs to be studied further.

Several studies have focused on modern molecular analysis
methods for testing the authenticity of consumer goods
(Lopez-Calleja et al.,, 2004; Golinelli et al., 2014; Galal-Khallaf
et al, 2021). The most widely used of such methods are
those based on the polymerase chain reaction with one
or more pairs of oligonucleotide primers (simplex, duplex,
and multiplex PCR), which allow scientists to amplify
target genetic markers (De et al, 2011; Guo et al, 2018;
Lopez-Calleja et al, 2004; Galal-Khallaf et al, 2021). The
dairy and meat industries commonly use ribosomal genes,
such as 125 and 16S rRNA, which play a key role in cellular
transcription processes (Tuncay et al., 2022). The use of the
16S rRNA gene is particularly common in phylogenetic
studies due to its presence in all cellular forms, high
conservation of its functions, alternation of conserved
and variable regions within the gene, and the absence
of its horizontal transfer from organism to organism
(Stackebrandt, 2009). Mitochondrial DNA, including the
cytB and D-loop genes, is also frequently used in the
studies on milk authenticity. The D-loop is of particular
value for these studies due to its high variability (Putri et al,,
2019). For example, Deng et al. (2020) used mitochondrial
targets such as 165 rRNA and D-loop to study adulteration
of different types of raw milk and its heat-treated products.
Their experiments involved pasteurization at 62-65°C
for 30 minutes and sterilization at 135-150°C for 2-6
seconds. The temperature conditions in our study were
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different, namely pasteurization at 90 + 2 °C for 5 minutes
and sterilization at 121 + 2°C for 3 minutes. In addition,
we analyzed the fermented milk products exposed to the
above heat treatments.

Our results showed that when designing oligonucleotide
primers to amplify fragments of species-specific molecular
markers, we should pay attention to the size of amplicons
in the test systems for identifying the composition of heat-
treated dairy products. Our data also emphasized the
importance of combined processing of raw milk in case of
process disruption, since high-temperature treatment can
have a negative effect on nucleic acids. To make duplex
PCR more sensitive and as efficient as simplex PCR, a primer
panel needs to be developed to amplify 100 bp sections
of mitochondrial genomes of ruminants. Furthermore,
special consideration should be given to various heat
treatment parameters for dairy raw materials, including
the temperature range, exposure and cooling time, etc.

One of the key limitations in our study was a narrow range
of temperature and time parameters for the production
of dairy products. Moreover, the pairs of primers we used
for molecular testing were capable of amplifying only
184 bp or 583 bp PCR products. This did not allow us to
assess potential risks of false-negative or false-positive
PCR results when fragments of greater or lesser length
were synthesized. Therefore, raw milk needs to be tested
with those oligonucleotide primers which can synthesize
fragments of other lengths. Despite these limitations, our
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results demonstrate the main problems of analyzing heat-
treated milk products and ways to overcome them.

CONCLUSION

Our study confirmed the efficiency of using molecular
genetic methods (particularly, simplex and duplex PCR) for
thespeciesidentificationof milkproductsexposedtovarious
heat treatments. Due to its higher sensitivity, simplex PCR
was better at detecting small amounts of milk admixtures.
Noteworthily, sterilized milk samples require more robust
analysis methods since sterilization significantly destroys
the milk's DNA and complicates the amplification of larger
gene fragments. This notwithstanding, the proposed
molecular genetic methods can effectively detect
adulteration in dairy products, which is an important
step in protecting consumer rights and ensuring product
authenticity. These methods can be used to control the
production of dairy products or develop new standards
for species identification in the dairy industry.

The above methods can be made more accurate and
reliable by developing more sensitive test systems with
primer panels capable of amplifying short DNA fragments.
Further research should also focus on the influence of
various process parameters on DNA fragmentation.
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This will improve the existing methods for monitoring
the authenticity of dairy products and expand their
applications in the industry.

AUTHOR CONTRIBUTIONS

Alexey V. Khan: overall supervision and study design;
manuscript preparation and development; conducting
experimental research; data collection and analysis.

Daria D. Koval: manuscript preparation and development;
conducting experimental research; data collection and
analysis.

Ekaterina G. Lazareva: visualization; formulation of
research objectives and tasks; data collection and analysis.

Oleg Yu. Fomenko: overall supervision and study design;
data curation; editing, and approval of the final version of
the article.



COMPARATIVE ANALYSIS OF SIMPLEX AND DUPLEX PCR
FOR DETECTING ADULTERATION IN GOAT MILK AND ITS HEAT-TREATED PRODUCTS

Alexey V. Khan, Daria D. Koval, Ekaterina G. Lazareva, Oleg Yu. Fomenko

REFERENCES

Agarov, K.V, & Pryanichnikova, N. S. (2023). Relevance of developing new types of dry milk-based mixtures. Food
innovations and biotechnology: Proceedings of the 11th All-Russian (National) Scientific Conference of Students,
Postgraduates, and Young Scientists (pp. 94-96). Kemerovo: Kemerovo State University. (In Russ.)

Gilmanov, Kh.Kh, Vafin, R.R, Bliadze, V. G, & Mikhailova, I. Yu. (2020). The problem of falsification of milk species. Aktualnye
voprosy molochnoj promyshlennosti, mezhotraslevye tekhnologii i sistemy upravieniya kachestvom, 1(1), 125-129.
(In Russ.) https://doi.org/10.37442/978-5-6043854-1-8-2020-1-125-129

Zakharova, I.N., & Sugyan, N.G. (2021). The use of goat's milk in the nutrition of
young children (clinical examples). Medical Council, (17), 175-181. (In Russ.)
https://doi.org/10.21518/2079-701X-2021-17-175-18]1

Zimnyakov, V. M., llyina, G. V., llyin, D. Yu., & Zimnyakov, A. M. (2023). State, problems and prospects
of milk production in Russia. Machinery and technologies in livestock, 1(49), 4-10. (In Russ.)
https://doi.org/10.22314/27132064-2023-1-4

Zobkova, Z. S, Fursova, T. P, & Zenina, D. V. (2018). Selection of protein ingredients that enrich and modify
the structure of fermented milk drinks. Aktual’nye voprosy industrii napitkov, (2), 64-69. (In Russ.)
https://doi.org/10.21323/978-5-6041190-3-7-2018-2-64-69.

Meldenberg, D. N.,, Polyakova, O. S., Semyonova, E. S, & Yurova, E. A. (2020). Development of a comprehensive
assessment of the protein composition of raw milk from various farm animals for the development of functional
products. Storage and Processing of Farm Products, (3), 118-133. (In Russ.) https://doi.org/10.36107/spfp.2020.352

Merkusheva, I. N, Petrichenko, S. P, & Kozhukhova, M. A. (2005). Nutritional and biological value of goat milk.
lzvestiya vuzov. Food technology, (2-3), 44-46. (In Russ.)

Charykov, V. I, Zlydnev, A. N. (2017). Analysis of electrophysical methods of milk pasteurisation. Prioritetnye
napravleniya razvitiya energetiki v APK, 1(1), 34-38. (In Russ.)

Shegidevich, E. D. (2021). Changes in protein composition of dairy raw materials during mechanical and thermal
processing. Molodezh'v nauke-2021, 1(1),131-133. (In Russ.)

Shuvarikov, A. S, Kanina, K. A, Robkova, T. O, & Yurova, E. A. (2018). On the issue of assessing the composition of sheep,
goat and cow milk. Sheep, goats, wool business, 1(1), 20-22. (In Russ.)

Yurova, E. A, Zhizhin, N. A., & Filchakova, S. A. (2020). Application of the PCR analysis method to
determine the species composition of dairy raw materials. Vestnik of MSTU, 23(3), 214-223. (In Russ.)
https://doi.org/10.26897/0021-342X-2020-6-16-25

Bartowska, J., Wolanciuk, A, Litwinczuk, Z., & Krél, J. (2012). Milk proteins’ polymorphism in various species of
animals associated with milk production utility. Milk protein (pp. 235-264). InTech.

Caldwell, J. M., Pérez-Diaz, I. M., Sandeep, K. P, Simunovic, J., Harris, K, Osborne, J. A, & Hassan, H. M. (2015).
Mitochondrial DNA fragmentation as a molecular tool to monitor thermal processing of plant-derived, low-acid
foods, and biomaterials. Journal of Food Science, 80(8), 1804-1814. https://doi.org/10.1111/1750-3841.12937

De, S., Brahma, B, Polley, S., Mukherjee, A, Banerjee, D., Gohaina, M., Singha K., Singh R, Datta, T., Goswami, S. L.
(2011). Simplex and duplex PCR assays for species specific identification of cattle and buffalo milk and cheese.
Food Control, 22(5), 690-696. https://doi.org/10.1016/jfoodcont.2010.09.026

22 | FOOD METAENGINEERING | TOM 2, Ne 3 (2024)



COMPARATIVE ANALYSIS OF SIMPLEX AND DUPLEX PCR
FOR DETECTING ADULTERATION IN GOAT MILK AND ITS HEAT-TREATED PRODUCTS

Alexey V. Khan, Daria D. Koval, Ekaterina G. Lazareva, Oleg Yu. Fomenko

Deng, L, Li, A, Gao, Y., Shen, T, Yue, H., Miao, J,, Li, R, Yang, J. (2020). Detection of the bovine milk
adulterated in camel, horse, and goat milk using duplex PCR. Food Analytical Methods, 13, 560-567.
https://doi.org/10.1007/s12161-019-01678-2

Galal-Khallaf, A, Hussein, D., & El-Sayed Hassab EI-Nabi, S. (2021). Single nucleotide polymorphism-based
methodology for authentication of bovine, caprine, ovine, camel, and donkey meat cuts. Journal of Food
Science, 86(10), 4444-4456. https://doi.org/10.1111/1750-3841.15885

Golinelli, L. P, Carvalho, A. C,, Casaes, R. S, Lopes, C. S. C, Deliza, R, Paschoalin, V. M. F, &Silva, J. T. (2014). Sensory
analysis and species-specific PCR detect bovine milk adulteration of frescal (fresh) goat cheese. Journal of
Dairy Science, 97(11), 6693-6699. https://doi.org/10.3168/jds.2014-7990

Guo, L, Qian, J. P, Guo, Y. S, Hai, X,, Liu, G. Q, Luo, J. X, & Ya, M. (2018). Simultaneous identification of bovine and
equine DNA in milks and dairy products inferred from triplex TagMan real-time PCR technique. Journal of
Dairy Science, 101(8), 6776-6786. https://doi.org/10.3168/jds.2018-14408

Handford, C. £, Campbell, K, & Elliott, C. T. (2016). Impacts of milk fraud on food safety and nutrition with special
emphasis on developing countries. Comprehensive Reviews in Food Science and Food Safety, 15(1), 130-142.
https://doi.org/10.1111/1541-4337.12181

Hazra, T, Sharma, V., Sharma, R, & Arora, S. (2016). Simplex PCR assay for detection of cow milk presence in goat
milk. Indian Journal of Dairy Science, 69(5), 621-625.

Hird, H., Chisholm, J., Sdnchez, A., Hernandez, M., Goodier, R., Schneede, K., Boltz, C., Popping, B. (2006).
Effect of heat and pressure processing on DNA fragmentation and implications for the detection of
meat using a real-time polymerase chain reaction. Food Additives and Contaminants, 23(7), 645-650.
https://doi.org/10.1080/02652030600603041

Kalle, E., Kubista, M., & Rensing, C. (2014). Multi-template polymerase chain reaction. Biomolecular Detection and
Quantification, 2, 11-29. https://doi.org/10.1016/j.bdq.2014.11.002

Kourkouli, A, Thomaidis, N., Dasenaki, M., & Markou, A. (2024). Novel and sensitive touchdown polymerase chain
reaction assays for the detection of goat and sheep milk adulteration with cow milk. Molecules, 29(8), 1820.
https://doi.org/10.3390/molecules29081820

Lad, S. S., Aparnathi, K. D., Mehta, B., & Velpula, S. (2017). Goat milk in human nutrition and health —
A review. International Journal of Current Microbiology and Applied Sciences, 6(5), 1781-1792.
https://doi.org/10.20546/ijcmas.2017.605.194

Lopez-Calleja, |, Gonzélez, I|., Fajardo, V., Rodriguez, M. A., Herndndez, P. E., Garcia, T, &
Martin, R. (2004). Rapid detection of cows' milk in sheeps' and goats’ milk by a species-
specific polymerase chain reaction technique. Journal of Dairy Science, 87(9), 2839-2845.
https://doi.org/10.3168/jds.50022-0302(04)73412-8

Pokorska, J., Kutaj, D, Dusza, M., Zychlinska-Buczek, J, & Makulska, J. (2016). New rapid method of DNA isolation
from milk somatic cells. Animal Biotechnology, 27(2), 113-117. https://doi.org/10.1080/10495398.2015.1116446

Putri, A. E, Farajallah, A, & Perwitasari, D. (2019). The origin of pesisir cattle based on D-loop mitochondrial DNA.
Biodiversitas Journal of Biological Diversity, 20(9). https://doi.org/10.13057/biodiv/d200919

23 | FOOD METAENGINEERING | TOM 2, Ne 3 (2024)



COMPARATIVE ANALYSIS OF SIMPLEX AND DUPLEX PCR
FOR DETECTING ADULTERATION IN GOAT MILK AND ITS HEAT-TREATED PRODUCTS

Alexey V. Khan, Daria D. Koval, Ekaterina G. Lazareva, Oleg Yu. Fomenko

Rodrigues, N. P. A, Givisiez, P. E. N, Queiroga, R. C. R. E,, Azevedo, P. S, Gebreyes, W. A, & Oliveira, C. J. B. (2012). Milk
adulteration: Detection of bovine milk in bulk goat milk produced by smallholders in northeastern Brazil by a
duplex PCR assay. Journal of Dairy Science, 95(5), 2749-2752. https://doi.org/10.3168/jds.2011-5235

Stackebrandt, E. (2009). Phylogeny based on 16S rRNA/DNA. Encyclopedia of Life Sciences (ELS). John Wiley & Sons.

Tuncay, R. M, & Sancak, Y. C. (2022). Comparison of PCR methods for determination of different types of milk added
to goat milk. Balikesir Saglik Bilimleri Dergisi, 11(3), 509-514. https://doi.org/10.53424/balikesirsbd.1139179

Wang, Z., Li, T, Yu, W, Qiao, L, Liuy, R, Li, S, Zhao, Y, Yang, S., & Chen, A. (2020). Determination of content
of camel milk in adulterated milk samples by normalized real-time polymerase chain reaction system
based on single-copy nuclear genes. Journal of the Science of Food and Agriculture, 100(8), 3465-3470.
https://doi.org/10.1002/jsfa.10382

24 | FOOD METAENGINEERING | TOM 2, Ne 3 (2024)



