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Abstract. The paper presents the results of research on soybeans and their processed products
for the content of genetically modified organisms (GMOs) of plant origin using the real-time polymerase
chain reaction (Real-time PCR) method for 2022-2025. The aim of the work was to analyze the results
of research on soybean meal, soybean grain and soybean oil for the presence of GMO DNA using the
Real-time PCR method. The research was conducted in the Research Department of Biochemical and
Molecular Research of Food, Feed and Water of the State Scientific and Research Institute for
Laboratory Diagnostics and Veterinary and Sanitary (SSRILDVSE) Examination in accordance with
DSTU ISO 21569:2008, DSTU ISO 24276:2008, DSTU ISO 21570:2008, DSTU ISO 21571:2008,
DSTU 5021.1:2008. The Real-time PCR was performed on an Applied Biosystems Quant Studio 5
amplifier using diagnostic kits (R-Biopharm, Germany): for screening — Sure Food GMO Screen
35S/NOS/FMV+IAC, Sure Food Screen 4 Plex BAR/NPTII/PAT/CTP2:CP4 EPSPS; for identification of
GM soybean lines — Sure Food GMO ID Soya | (MON 87708 Soya, MON 87701, DP 305423, MON
87769), Sure Food GMO ID Soya Il (A 5547-127, A 2704-12, MON 40-3-2, MON 89788), for quantitative
determination of GM soybean lines GTS (MON) 40-3-2 and MON 89788 — Sure Food GMO Quant
Roundup Ready Soya, Sure Food GMO Quant 35S Soya, Sure Food GMO Quant RR2Y Soya. Certified
reference materials were used as positive controls: BF410cp, BF410dp, BF410ep (ERM, Belgium).

During 2022-2025, 1832 soybean and soybean product specimens were tested using the real-
time PCR method for the presence of GMO DNA-markers of plant origin, of which 1050 positive results
were obtained, which in percentage terms is 57.3% for the studied period. The number of positive
results in soybean meal samples varied from 55.2% to 62.1%, in soybean grains this indicator was from
56.7% to 60.0%, and in soybean oil from 33.3% to 75.0%.

Analysis of the results of studies conducted on soybeans and soybean processed products using
the Real-time PCR method for the presence of GMO DNA indicates the circulation of GM soybean lines
in Ukraine, among which the most common are GTS (MON) 40-3-2 and MON 8978. Further research
will allow for constant monitoring of the situation regarding GMOs in Ukraine, the prevalence and
circulation of GM lines of plant origin, and control over compliance with legislative requirements
regarding labeling "with GMOs" if the content exceeds 0.9%.

Keywords: genetically modified organisms, Real-time PCR, soybean meal, soybean grain, soybean
oil, GM soybean lines

Agricultural production technologies are being improved, adapted to the latest requirements and
international standards, and the appearance of such products on the consumer market causes interest
and concern at the same time (Martyniuk, 2017, Buhera, 2011). The production of genetically modified
products is a natural consequence of the development of modern agriculture using the achievements
of scientific and technological progress, which changes the structure of global production, consumption
and trade in food products (Kozytska, 2010). According to Article 3 of the Law of Ukraine “On the State
System of Biosafety in the Creation, Testing, Transportation and Use of Genetically Modified
Organisms”, the main principles of state policy in the field of genetic engineering activities and handling
of GMOs are: priority of preserving human health and environmental protection in comparison with
obtaining economic benefits from the use of GMOs, control over import into the customs territory of
Ukraine, state support of genetic engineering research and scientific and practical developments in the
field of biological and genetic safety (Zakon Ukrainy No. 1103-V, 2007).

The issue of circulation and regulation of the use of GMOs is the labeling of goods containing
them. The Law of Ukraine “On Information for Consumers on Food Products” states that if the presence
of genetically modified organisms in a food product exceeds 0.9%, the labeling must include the mark
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‘with GMO” (Shevtsova, 2014, Zakon Ukrainy No. 2639-VIIl, 2018). The use of GMOs in agricultural
production and the production of agricultural products based on this technology requires an extremely
balanced approach, given the existing potential risks to the environment and human health (Shevtsova,
2014, Yu, 2012, Zhao, 2025). The careful and strict regulation of the circulation of GMO products in the
EU is due to the lack of research on the long-term impact of GMOs on human health, environmental
protection and biodiversity conservation. Like any modern technology, GMOs have both their
supporters and opponents. Therefore, in some countries the use of GMOs is prohibited, while in others
it is permitted or partially permitted. The cultivation of GMOs is prohibited or severely restricted in more
than 30 countries around the world, mainly in Europe, as well as in some countries in Asia, Africa and
America (ISAAA, 2014). Most EU countries have banned the cultivation of GMOs on their territory
(although imports are permitted in many). These include: Italy, Germany, France, Austria, Greece,
Hungary, the Netherlands, Latvia, Lithuania, Poland, Luxembourg, Serbia. The widespread introduction
of genetically modified organisms into the agricultural sector necessitates the creation of a reliable
system for the control and identification of transgenic inserts. The real-time PCR method is the “gold
standard” for the detection of GMOs due to its high specificity and the ability to quantitatively determine
the content of modified DNA in a sample. An important advantage of real-time PCR is its high sensitivity,
which allows the detection of even minimal amounts (less than 0.01%) of GM lines in complex multi-
component food products, ensuring compliance with product labeling requirements (Smith, 2025,
Gomes, 2025).

The aim of the study. To analyze the results of real-time PCR studies of soybean meal, soybean
grain, soybean oil, regarding the presence of GMO DNA, for 2022-2025.

Materials and methods. The studies were conducted in the Research Department of
Biochemical and Molecular Studies of Food Products, Feed and Water of the State Scientific and
Research Institute for Laboratory Diagnostics and Veterinary and Sanitary Expertise, in accordance
with: DSTU ISO 21569:2008. Food products. Methods for detecting genetically modified organisms and
products containing them; DSTU ISO 24276:2008 Food products. Methods for detecting genetically
modified organisms and products containing them. Basic requirements, terms and definitions of
concepts; DSTU ISO 21570:2008 Methods for detecting genetically modified organisms and products
containing them. Quantitative methods based on nucleic acid analysis; DSTU ISO 21571:2008 Food
products. Methods for detecting genetically modified organisms and products containing them.
Extraction of nucleic acid; DSTU 5021.1:2008 Soybean. Identification of genetically modified
organisms. Part 1. Sampling method and rules for sample preparation. The real-time PCR method is
sensitive, specific and universal, which allows detecting DNA even at very low concentrations by
qualitative and quantitative analysis methods. The qualitative method (screening) consists in detecting
GMO DNA determined by regulatory sequences (35S promoter, NOS-terminator, 35S promoter FMV)
and genes (PAT, BAR, NPTII, CTP2:CP4 EPSPS). Quantitative determination by PCR-RF method
consists in determining the ratio of the amount of DNA of a certain GM line to the total amount of DNA
of a given species (object of study). Real-time PCR was performed on an Applied Biosystems Quant
Studio 5 amplifier using diagnostic kits (R-Biopharm, Germany): for screening — Sure Food GMO
Screen 35S/NOS/FMV+IAC, Sure Food Screen 4 Plex BAR/NPTII/PAT/CTP2:CP4 EPSPS; for
identification of GM soybean lines — Sure Food GMO ID Soya | (MON 87708 Soya, DP305423 Soya,
MON 87701 Soya, MON 87769 Soya), Sure Food GMO ID Soya Il (RR Soya, RR2Y Soya, A2704-12
Soya, A5547-127 Soya); for quantitative determination of GM soybean lines GTS (MON) 40-3-2 and
MON 89788 - Sure Food GMO Quant Roundup Ready Soya, Sure Food GMO Quant 35S Soya, Sure
Food GMO Quant RR2Y Soya (Haydey, 2021). Certified reference material of GM soybean lines:
BF410cp, BF410dp, BF410ep (ERM, Belgium) of various concentrations was used as a positive control
(Shevtsova, 2014, Haydey, 2021, JRC, 2024). The main stages of the research included: sample
preparation of the studied samples, DNA extraction, preparation of PCR mixtures, amplification,
interpretation and analysis of the research results.

Results. In 2022-2025, 254 samples of soybeans and soybean processed products were studied
by real-time PCR in the Research Department of Biochemical and Molecular Research of Food, Feed
and Water of the SSRILDVSE. The research was conducted by qualitative analysis (detection of
common transgenic inserts and genes), identification of GM soybean lines (MON 87708, MON 87701,
DP 305423, MON 87769, A 5547-127, A 2704-12, MON 40-3-2, MON 89788) and quantitative
determination of GM soybean lines GTS (MON) 40-3-2, MON 89788.

The results of research on soybeans and soybean processed products are presented in Table 1.
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Table 1
Information on the number of studies on soy and soy products
Research conducted
< Identification of GM soybean lines Quantitative
o ¢ o determination
Research P SE | 9 | = o Y| g o @
object 8 Bt R | 8| |82 2| 8
S S8 5|5 3| 5| l2l2|8] ¢ 3
8 16% 8|8/ E8|¢5 |8 |8|8|3|38 8
= =S |s|o| s | < | <) s |3 = =
2022
Soybean meal 396 84 16 | 16 16 16 42 42 | 42 | 42 40 40
Soybean grain 10 4 - - - - - - 2 2 2 -
2023
Soybean meal 290 52 21 21 21 21 26 26 26 26 25 25
Soybean grain 127 79 - - - - - - 9 15 9 15
2024
Soybean meal 508 94 33 | 33 | 33 33 47 47 | 47 | 47 47 47
Soybean ail 3 3 - - - - - - - - - -
2025
Soybean meal 494 98 31 31 31 31 46 46 | 46 | 46 45 43
Soybean ail 4 4 - - - - - - - - - -
Number of positive results
¢ 5 Glﬁnegggf/fea:r?ﬂr?: s Quantitative determination
Research T | BE ~ & 8 | GTS(MON) 40-3-2 (RR) MON 89788 (RR2Y)
object 5 | £ 3 <Olr 5 Soya Soya
= § 5 o zN 2 5 Of these: 5 Of these:
2 2|9 E|<09%|=210% |8 <09%]|210%
2022
Soybean meal | 246 84 2 40 | 40 | 40 1 39 40 0 17
Soybean grain 6 2 - 2 0 2 1 1 - - -
2023
Soybean meal | 160 52 4 26 | 26 | 26 4 22 26 6 20
Soybean grain 72 24 - 9 15 9 9 0 15 15 0
2024
Soybean meal | 284 94 2 47 | 47 | 47 6 32 47 9 14
Soybean ail 1 1 - - - - - - - - -
2025
Soybean meal | 278 98 0 46 | 46 | 45 11 31 43 15 15
Soybean ail 3 3 - - - - - - - - -

In 2022, 42 samples of soybean meal and 4 - soybean grains were tested. A total of 406 studies
were conducted using the real-time polymerase chain reaction method to detect GMO DNA of plant
origin: 88 studies using the qualitative method, 238 - identification of GM soybean lines, 80 - quantitative
determination of GM soybean lines GTS (MON) 40-3-2 and MON 89788. During the studies, 252
positive results were obtained, of which 86 were for qualitative detection of GMO DNA, 84 - identification
of GM soybean lines and 82 - quantitative determination. When determining the quantitative content of
DNA of GM soybean lines: GTS (MON) 40-3-2 (Roundup Ready), 39 results were obtained with a
content of more than 10% and one - less than 0.9%; MON 89788 - 17 results more than 10% and 23 -
less than 10%. 2 positive results were obtained from 16 studies of DNA identification of GM soybean
line A 2704-12. When detecting GM soybean lines: MON 87708, MON 87701, DP 305423, MON 87769
and A 5547-127, no positive results were obtained. In 2022, 406 studies of soybean meal (396) and
soybean grain (10) were conducted. As shown in Fig. 1, 62.1% GMOs were detected in soybean meal,
and 60.0% in soybean grain.
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Fig. 1. Number of positive results in percentage obtained in 2022 when testing soybean
meal and soybean grain

During 2023, 417 studies were conducted to detect GMO DNA of plant origin: 131 studies by
qualitative method, 212 - identification of GM soybean lines, 74 - quantitative determination of GM
soybean lines GTS (MON) 40-3-2 and MON 89788. 26 samples of soybean meal and 79 samples of
soybean grain were examined. 232 positive results were obtained for qualitative detection of GMOs, of
which: 76 by qualitative analysis, 80 - identification of GM soybean lines and 76 - determination of
quantitative content. During studies to determine the quantitative content of DNA of GM soybean lines:
GTS (MON) 40-3-2 (Roundup Ready 40-3-2), 22 results were obtained above 10% and 4 - below 0.9%;
MON 89788 - 20 more than 10% and 21 - less than 0.9%. GM soybean line A 2704-12 was detected in
4 samples out of 21 tested. As a result of identification, no DNA of GM soybean lines was detected:
MON 87708, MON 87701, DP 305423, MON 87769, A 5547-127 and MON 87701. In 2023, 160 positive
results were obtained from 290 conducted studies of soybean meal, which was 55.2% and 72 (56.7%)
- from 127 studies of soybean grain (Fig. 2).
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0.0% l\'\
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Fig. 2. Number of positive results in percentage obtained in 2023 when testing soybean
meal and soybean grain
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50 samples (47 soybean meal and 3 soybean oil) were received for testing in 2024. 511 tests
were conducted: 97 - qualitative analysis, 320 - identification of DNA of GM soybean lines, and 94 -
quantitative determination. During the research, 285 positive results were obtained: qualitative
detection - 95, identification of GM lines - 96 and quantitative detection - 94. With a quantitative content
of more than 10% of the GM line GTS (MON) 40-3-2 (Roundup Ready 40-3-2), 32 results were obtained
and less than 0.9% - 6, MON 89788 with a content of more than 10% - 14, and less than 0.9% - 9.
During the identification of the GM line of soybean A 2704-12, 2 positive results out of 33 were obtained.
During the research, no GM lines MON 87708, MON 87701, DP 305423, MON 87769 and A 5547-127
were detected. In 2024, 508 studies of soybean meal were conducted, with 284 (55.9%) positive results
and soybean oil - 1 (33.3%) out of 3 (Fig. 3).
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Fig. 3. Number of positive results in percentage obtained in 2024 when testing soybean
meal and soybean oil

In 2025, we conducted 498 (qualitative detection of GMO DNA — 102, identification of GM
soybean lines — 308 and quantitative determination — 88) studies of 49 samples of soybean meal and
4 samples of soybean oil. 281 positive results were obtained, of which 101 were during qualitative
detection, 92 - identification of GM soybean lines and 88 - quantitative detection. 31 results were
obtained for the detection of the GM soybean line GTS (MON) 40-3-2 (Roundup Ready) in an amount
of more than 10%, 11 - less than 0.9%. MON 89788 more than 10% - 15 results and less than 0.9% -
11. No positive results were obtained during the identification of GM soybean lines: MON 87708, MON
87701, DP 305423, MON 87769, A 5547-127 and A 2704-12. In 2025, 494 studies of soybean meal
were conducted with 278 (56.3%) positive results and soybean oil with 4 - 3 (75.0%), as indicated in

Fig. 4.
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Fig. 4. Number of positive results in percentage obtained in 2025 when testing soybean
meal and soybean oil

In total, during 2022-2025, 1832 studies of soybeans and products of its processing were
conducted using real-time PCR (2022 - 406, 2023 - 417, 2024 - 511, 2025 - 498) for the presence of
GMO DNA of plant origin, of which 1050 positive results were obtained (2022 - 252, 2023 - 232, 2024
- 285, 2025 - 281), which is 57.3% in percentage terms for the period under study.

Discussion. The growing threat of a global food crisis due to the increase in the world population
has prompted the artificial breeding of genetically modified organisms by growing less capricious plants
with higher yields, shorter growing season, drought resistance and disease resistance (Labzhynska,
Volodchenkova, 2017).

According to the literature, real-time PCR remains important in the study of deep-processed
soybean products, such as meal, oil and lecithin, due to the difficulty of extracting DNA from them. This
method allows you to minimize the influence of inhibitors and DNA degradation, which is typical for
thermally processed raw materials (Zhao, 2024).

Smith (2025) confirmed that real-time PCR (gPCR) remains the main, cost-effective tool for
routine detection and quantification of the soybean genome, especially for regulatory compliance
(Smith, 2025).

The detected lines GTS (MON) 40-3-2 and MON 89788 indicate the dominance of glyphosate-
resistant soybean, which requires increased labeling control.

Conclusions. Analysis of the results indicates the circulation of GM soybean lines: GTS (MON)
40-3-2, MON 8978 and A 2704-12 in Ukraine. During 2022-2025, 1832 studies of soybean and its
processed products for the presence of GMO DNA of plant origin were conducted, of which 1050
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positive results (57.3%) were obtained. Summarizing the results of the research, we note that out of the
total number of soybean and soybean processed products tested, 62.1% of positive results were
obtained in 2022, 55.6% in 2023, 55.8% in 2024, and 57.3% in 2025.

The prospect of further research. Is to monitor the situation regarding GMOs in Ukraine, in
particular the prevalence and circulation of GM lines of plant origin and control over compliance with
the requirements of the legislation on labeling "with GMOs" in the presence of more than 0.9%.
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OOCNIIXEHHA COI TA MPOAYKTIB NEPEPOBKU COI HA BMICT TMO METOAOM MJIP-PY 3A
2022-2025 PP.

OnekcieHko |. (ORCID: 0000-0003-0125-5593), Anapiswyk B. (ORCID: 0000-0002-0983-9297),
NiwaHcbknn O. (ORCID:0009-0002-0111-4977), Kypsita H. (ORCID: 0000-0002-6958-1064)
Hdep>xaBHMA HayKOBO-AOCHIAHUM iHCTUTYT 3 nabopaTopHOi AiarHOCTUKM Ta BeTepUHapPHO-
caHiTapHoi ekcnepTusun, M. Knie (YkpaiHa), e-mail ira.oleksiienko@gmail.com

Pe3rome. B cmammi HasedeHo pesyribmamu 0ocnidxeHb coi ma rnpodykmis ii nepepobku uo0do
emicmy eeHemu4yHo-MoouikogaHux opeaHismie (FMQO) pocnuHHO20 MNOXO0OXKeHHsT MemoOoM
rioniMepasHo-1aHU2080i peakuii 8 pexumi peanbHoeo dacy (MJIP-PY) 3a 2022-2025 pp. Memoto
pobomu 6yrno nposecmu aHarni3 pe3yrnbmamie 0ocnidxeHb Wpomy Coego20, 3epHa coi ma oJlii coegoi
wodo npucymHocmi [JHK MO memodom MNJIP-PY. [JocnidxeHHs rnpoeodunucsk 8 Haykogo-00cnidHOMYy
8i00ini GioXiMIYHUX | MOSIEKYnSapHUX OOCHIOXeHb Xxap4yosux rnpodykmis, Kopmie ma eodu [epxasHoz20
Hayko80-00C/id0HO020 HCmumymy 3 JjlabopamopHoi diagzHOCMUKU ma eemepuHapHO-caHimapHoi
ekcnepmusu (QHAOITOBCE) 32i0Ho ACTY ISO 21569:2008, OACTY ISO 24276:2008, ACTY ISO
21570:2008, ACTY ISO 21571:2008, ACTY 5021.1:2008. NocmaHosky [1/IP-PY 3dilicHioeanu Ha
amnnicikamopi Applied Biosystems Quant Studio 5 3 sukopucmaHHsiM diaezHocmu4Hux Habopie (R-
Biopharm, Himeuy4uHa): Onsi ckpuHiHay — Sure Food GMO Screen 35S/NOS/FMV+IAC, Sure Food
Screen 4 Plex BAR/NPTII/PAT/CTP2:CP4 EPSPS; dns ideHmudbikauyii ' M-ninit coi — Sure Food GMO
ID Soya |l (MON 87708 Soya, MON 87701, DP 305423, MON 87769), Sure Food GMO ID Soya Il
(A 5547-127, A 2704-12, MON 40-3-2, MON 89788); 0Ons KinbkicHo20 6u3Ha4dyeHHs ['M-niHit coi
GTS (MON) 40-3-2 ma MON 89788 — Sure Food GMO Quant Roundup Ready Soya, Sure Food GMO
Quant 35S Soya, Sure Food GMO Quant RR2Y Soya. B sakocmi no3umugHO20 KOHMPOIIO
sukKopucmosysarnu cepmucikogaHi peghepeHmHi mamepianu: BF410cp, BF410dp, BF410ep (ERM,
Genbeis).

Bripodoex 2022 — 2025 pp nposedeHo 1832 docnidxeHHs1 coi ma rpodykmie rnepepobku cor
memodowm lNJIP-PY wodo npucymHocmi JHK TMO pocrnuHHO20 rnoxodxeHHs, 3 Hux ompumaHo 1050
1o3umueHUX pesyrbmamis, Wo y 8idcomkogomy criiegiOHoweHHi ckrnadae 57,3 % 3a docnidxysaHul
nepiod. Kinbkicmb nO3umugHUX pe3yrbmamie y 3paskax wpomy coego2o sapirogana 8id 55,2 % do
62,1 %, y 3epHi coi uel rnokasHuk cmaHosus 8i0 56,7 % do 60,0 %, a e onii coesili 8i0 33,3 % 0o
75,0 %.

AHani3 pesynbmamie riposedeHux docidxeHb coi ma npodykmie nepepobku coi memodom [1/1P-
P4, wodo npucymHocmi HK MO, ceiddume npo yupkynsauito Ha mepumopii YkpaiHu M-niHii col,
ceped skux, Haubinbw nowupeHi GTS (MON) 40-3-2 ma MON 8978. [lIposedeHHs U Hadari
docnidxeHb dacmb 3Moay rnocmiliHo2o gidcmexxysaHHs1 cumyauii wodo MO Ha mepumopii Ykpairu,
nowupeHocmi i yupkynauii F'M-niHit pocriuHHO20 MOX0OXKEeHHSI ma KOHmMpOosib 3@ Q0MpUMaHHSIM 8UMO2
3aKkoHodascmea w,000 mapKysaHHs "3 TMQO" 3a HasseHocmi noHad 0,9%.
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