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Aim. Aim is to investigate presence of genetically modified (GM) ingredients of plant 
origin in food products and agricultural raw material presented on the domestic market 
of Ukraine. Methods. Detection of genetically engineered constructs was performed 
by using PCR in real time (Real-Time PCR). Results. Due to the fact that genetically 
modified organisms (GMOs) are ambiguously perceived by contemporary society, their 
use in foods is strictly controlled. Six-year results of the tests of food products and raw 
materials for GM of plant origin is presented. Conclusions. It is shown that with increasing 
awareness of consumers and producers of food products, and strengthening of state 
control over the use of GMOs their content in food products is reduced.

Key words: GMO, Real-Time PCR, food products and agricultural raw materials, 
monitoring.

Introduction. Achievements of modern biological science are widely applied in 
many branches of human activity. Practice implementation of innovative 

biotechnological approaches allows purposeful changing of specie’s genetic 
nature, creating of principal new plant forms, to increase yields, quality, adaptive 
potential. Transgenic technologies and GMo creating open new perspectives for 
production, health safety [1–3].

GMos become gradually the realities of our life. They are actively involved into 
solution of many different problems such as quality improving of existing plant 
breed, insects protection, directed synthesis of pharmacological preparations, 
environmental cleaning from chemical pollutants etc [4]. From 1996 and to 
nowadays world areas of biotech crops in agrarian sector have been increased 
from 1,7 million hectares to 170 million hectares and present in 28 world countries 
[5, 6].

Although GM-crops have a range of advantages, the doubts concerning their 
safety exist [7, 8].

The factors of risk can be divided into three main groups. The first group 
includes risks concerning safety of GMo containing food for human health, such 
as toxic and allergenic properties, extention of pesticides accumulation, negative 
influence of the antibiotic resistance genes, other [9–11]. Ecological risks are 
connected with harmful influence of GM-plants to the environment. The examples 
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of this group of risks are harmful influence 
on biodiversity in agrocenosis, appearance 
of resistance to herbicides weeds and 
resistance to insecticides insects et al [12–
15]. one more group of risk concerns social 
and economic consequences. It includes 
destruction of national system of seed 
production and dependence on import of 
seed commercially important crops, loss of 
the image of producer of ecologically clean 
products by country, etc. [16].

But for now we don’t have enough sci-
entific-based data of definite assessment 
about GMo safety. Thus in most world 
countries food products which are pro-
duced with GMo using, should be regis-
tered, post-register controlled and labeled 
[4, 5, 17, 18]. There is also a range of legis-
lative regulation statements of circulation, 
transfers from abroad, treatment and using 
of biotech crops [19].

on the basis of state enterprise 
“UkrMetrTestStandard” scientific-produc-
tion laboratory of molecular-genetic re-
search for GMo analysis in food products 
and raw material was created. Laboratory is 
accredited by National Accreditation Agen-
cy for competence according to äстó ISo / 
Іåс 17025–21 requirements. Almost 10 000 
samples were tested in laboratory from 
2007 to 2013. Analysis of test results is giv-
en in this study.

Materials and methods
We used test-systems of our own 

production for GMo detection performing 
in food products and raw materials [20].

Total DNA was extracted by CTAB-pre-
cipitation method with own modifications 
[21]. Concentration of extracted DNA and 
purity by ratio à260/à280 and à260/à230 
was detected by «BioPhotometer AG 
22331» (Eppendorf, Germany).

Real-Time PCR-amplification was 
performed with iQCycler and CFX96 
(BioRad). Reaction mix (volume–20 mkl) 

contained 100 ng of DNA, 10 ìì of Tris-hCl 
(ph 8,3), 50 ìì of KCl, 2,5 mM of MgCl2, 
0,2 mM of dNTP mix, 5 pM of each primer, 
2,5 pM of probe and 1 unit of Taq-
polymerase (Thermo Scientific, Lithuania). 
We used olygonucleotide probes with FAM, 
JoE and RoX fluorescent dyes and BhQ1 
and BhQ2 quenchers (Sintol, Russia and 
Metabion, Germany). Amplification 
consisted of initial denaturation during 3 
min for 94 єс and following 45 cycles: 
denaturation – 20 sec for 95 єс, primer 
annealing and synthesis – 40 sec for 60 єс. 

Detection of genetic constructs was 
performed for regulator elements (p35S, 
tNoS), target genes sequences (CP4 
epsps, pat, bar) and transformation events 
(GTS40–3–2, MoN810, RT73 et al) [22]. 
Quantitative GMo detection was performed 
by calibration curve with five standard 
points, according to äстó ISo 21570:2008 
requirements [23].

Results and discussion
The range of test-systems was designed 

in UkrMetrTestStandart according to 
legislative requirements during 2007–
2013. Test-systems allow performing plant-
derivative GMo content quantitative and 
qualitative analysis in food products and 
raw material, and identifying transgenic 
plant lines for transformation event. We’ve 
obtained technical conditions for test-
systems in 2012 [20].

Designed test-systems are based on 
Real-Time PCR TagMan technology [24]. 
Reagents from “Sigma”, “Fluka”, “Thermo 
Scientific”, “Metabion” and “Sintol” were 
used. Effectiveness of test-systems was 
assessed by certified reference material 
from IRMM, Belgium and by interlaboratory 
comparative rounds (JRC, European 
Union).

Laboratory performed GMo-content 
analysis of 413 food products and raw 
material samples of internal Ukrainian 
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Table 1. GMo monitoring of food products and raw material 

Year Sample quantity GMO detected
Food products Raw material

< 0.9% > 0.9% < 0.9% > 0.9%
2007 413 90 (21,8%) 28 36 20 6
2008 1177 97 (8,2%) 8 13 54 22
2009 2126 107 (5,0%) 4 13 48 42
2010 2570 204 (7,9%) 62 9 102 31
2011 1866 59 (3,2%) 0 3 29 27
2012 2001 67 (3,3%) 5 3 25 34

market in 2007 (table 1). Agricultural raw 
material contained mainly such crops as 
soybean, maize, rapeseed, wheat, rice and 
products of their processing. In fact, 
quantity of analyzed samples was higher, 
because there is a practice of so called 
“joined samples” in laboratory, when from 
the very beginning of analyzing process 
samples of similar content of the same 
producer are joined into one sample. Data 
about such “joined samples” are registered 
only from 2010, quantity of performed 
analyses was given the same status as 
analyzed samples in this study. Results 
impressed. 21,8 % of analyzed samples 
contained GMo. Moreover, 36 food samples 
and 6 raw material samples contained GMo 
more than 0.9 %. often GMos were 
detected in sausage products and meat 
intermediate products which contained 
soybean or products of soybean 
processing. We found also GM-ingredients 
in confectionery and other food production 
which contained soybean and maize. 
Concerning agricultural raw material, it 
should be noticed that GM-positive samples 
were soybean, maize and rape crops 
samples. Thus the absence of GMo-control 
and circulation legislation has lead to 
unlawful delivery and growing of biotech 
crops, and using them in food production.

In 2008 number of tests and range of 
products were improved. Significant part of 
samples was food ingredients. This fact 
indicates the improvement of the producer’s 

interest to the control of this indicator. These 
changes had reflection on the results of 
tests. only 97 samples (8.2%) were GM-
positive of 1177 samples. It should be 
notified that only 21 samples contained 
GMo, 13 of them contained GMo in 
concentration higher than 0.9 %. The 
situation with row materials was worse. 
GMo was detected in 76 samples and in 22 
from them content was higher than 0.9 %.

In 2009, in connection with reception of 
Regulation of Cabinet Council of Ukraine № 
468 from 13.05.2009 “About approval of the 
order of labeling a food products which 
contain genetically modified organisms or 
produced with their using and introduced” 
quantity of analysis significantly increased. 
General quantity of analyzed samples was 
2126. GMo was detected in 107 samples, 
what amounts 5.0%. It specified by that fact 
for the first place the producers with 
products with-no GMo content took into 
account the necessity of GMo control. Also 
producers began to GMo-control the used 
raw material for their products. GMo was 
detected in 17 samples of food products, 
13 of which contained GMo in quantity 
higher than 0.9 %. At the same time GMo 
was detected in 90 samples of raw materials 
and in 42 content was higher than 0.9 %

Quantity of analyzed samples in 2010 
has been increased and amounted 2570. 
GMo was detected in 204 samples what 
amounts 7.9 %. Improvement was 
conditioned by the fact that the producers 
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of types of products which could contain 
GMo had understood necessity of control. 
Among the food products GMo was 
detected in 71 samples, from which only 9 
contained GMo higher than 0.9 %. The 
situation with food raw materials became 
better too. only in 31 samples of 133 GMo 
content was more than 0.9 %.

In 2011 quantity of analyzed samples 
decreased. It is hard to say what the reasons 
were. Perhaps it was because the net of 
GMo-test-laboratories increased in 
Ukraine. We analyzed 1866 samples, GMo 
was detected in 59 (3.2 %). GM-ingredients 
were detected only in 3 samples in quantity 
more than 0.9 %. Among the raw material, 
56 GM-samples were detected, from which 
27-with more than 0.9 % GM-content. This 
data is similar with data obtained in Russia 
after two years of total control of this 
parameter [25].

2001 food and raw-samples were tested 
during 2012. 67 samples were detected as 
GM-containing (8-food products and 59-
raw material). GM-content higher than 
0.9 % was for 3 food samples and for 34 raw 
material samples. General data for 2011 
and 2012 do have a lot in common. Quantity 
GM-detected amounted 3.3%, 
considerably decreased quantity of GM-
food samples (0.2 and 0.4 %, respectively) 
and decreased the quantity of raw material 
samples with GM-content (3.0 and 2.9 %, 
respectively) (figure 1).

Figure 1. Test results for 2007–2012 and dynamic of 
GMo detection % in food products and raw material

The same tendency can be objected in 
2013. obtained data is under analysis for 
today and will be presented in the next 
publication.

As far as any GMo are prohibited in 
Ukraine, in most cases laboratories perform 
only screening analysis for regulation 
sequences p35S and tNoS and quantitative 
analysis for p35S. Identification of definite 
GM line, presence of target genes (CP4 
epsps, pat, bar) and quantitative analysis 
for transformation event was performed in 
some cases due to consumer’s will. As a 
rule-that consumers were major seed-
traders, who export their production to EU 
countries. Among GM-soybean samples 
most of it was presented by GTS40–3–2 
line, of maize – MoN810, GA21, NK603 
lines, rapeseed – RT73.

We consider obtained data reflects 
situation with GMo which we have in Ukraine 
for the last years.

Conclusions
For today our society has strictly 

determinate opinion concerning necessity 
of governmental regulation of GMo using 
and biotech crops-derivative products 
labeling. Thus there will be performing 
further control for biotech crops circulation 
in many countries. Ukraine, joining to 
Carthachena protocol in 2002, should also 
guarantee appropriate GMo control 
including circulation regulation, transfers 
abroad, treatment and using of biotech 
crops.

Study of food products and agricultural 
raw material which we have performed 
during six years, revealed presence biotech 
crops in Ukraine. This is GM-soybean, 
maize and rapeseed. In what way does GM 
raw material come to Ukrainian market? We 
didn’t find the complete answer for this 
question so far. Partly this is result of non-
controlled delivery GM seed in the past, 
when we didn’t have legislative regulations 
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concerning GM crops rotation. Partly this is 
using of products of biotech crops 
processing from USA and Latin America. 
But in any case the situation is considerably 
changed for the last few years. GM-
ingredients are almost absent in food 
products for today and agricultural raw 
material of plant origin is under strict control 
in more than 30 laboratories of Ukraine. 

References
1. Melnychuk M.D., Novak T.V., Kunakh V.A. Plant 

Biotechnology. – K.: Pol³grafkonsalting 2003. – 
520 p.

2. Ermishin A. Genetically modified organisms. 
Myths and reality. – Technalogiya, 2004. – 118 p.

3. Glazko V. Genetically modified organisms: from 
bacteriums to human. – “KVITZ” publishing, Kiev, 
2002. – 210 p.

4. Sorochinskiy B., Danilchenko O., Kripka G. 
Genetically modified plants. – ê.: Phytocenter. – 
2005. – 204 p.

5. Tutelyan V. Genetically modified food sources: 
safety assessment and control. – ì.: RAMN. – 
2007. – 442 p.

6. The official site of international service of 
commercial use of biotechnological crops 
(ISAAA), http://www.isaaa.org/resources/
publications/briefs/44/executivesummary/
default.asp.

7. Carthachena protocol of biosafety to Convention 
of biodiversity, official web-portal, http://www.
biodiv.org/biosafety/ 

8. Ermishin A. Biotechnology. Biosafety.Bioethics. – 
Minsk: Technalogiya, 2005. – 430 p.

9. Bernstain J.A., Bernstein I.L., Bucchini L. et al. 
Clinical and laboratory investigation of allergy 
to genetically modified foods // Environ. health 
Perspect. – 2003. – Vol. 111. – P. 1114–1121.

10. Pline W.A., Price A.J., Wilcut J.W. et al. Absorption 
and translocation of glyphosate in glyphosate-
resistant cotton as influenced by application 
method and growth stage // Weed Science. – 
2001. – Vol. 49. – P. 460–467.

11. Kuiper H.A., Kleter G.A., Noteborn H.P., Kok E.J. 
Assessment of the food safety issues related to 
genetically modified foods // The Plant Journal. – 
2001. – Vol. 27(6). – P. 503–528.

12. Kuznetsov V., Kulikiv A. Genetically modified 
organisms and derived products: real and 
potential risks // Russ. Chem. J. – 2005. – XLIX. – 
№ 4. – P. 70–83.

13. Orson J. Gene stacking in herbicide tolerant 
oilseed rape: lessons from the North American 
experience // English Nature Research Reports. – 
2002. – № 443. – P. 2–17.

14. Dale. P.J. The impact of hybrids between 
genetically modified crop plants and their related 
species: general considerations // Mol. Ecol. – 
1994. – № 3. – ð. 31–36.

15. Carpenter J. Impact of GM crops on biodiversity 
// Nature Biotechnology. – 2010. – Vol. 16(4). – 
P. 46–51. 

16. Ignatyev I., Trombitskiy I., Lozan A. Genetically 
modified organisms and biosafety ensuring. – 
Benderi: Ekospektr. – 2007. – 60 p.

17. Safety aspects of genetically modified foods 
of plant origin / Report of a Joint FAo/Who 
Expert Consultation on Foods Derived from 
Biotechnology. – 2000. – 37 p.

18. Balasinovich B., Yaroshevska Y. GMo: Today 
challenges and legal regulation experience. 
// Institute of economic research and political 
consultations. – Kiev: “ADEF-Ukraine” publishers, 
2010. – 256 p.

19. Legislation of Ukraine / official web-portal of 
Supreme Rada of Ukraine, http://zakon1.rada.
gov.ua/laws. 

20. «Test-systems for qualitative and quantitative 
identification of plant-derivative GMo`s in 
food products. Technical requirements» / 
тó ó 24.6–02568182–001:2011. – Kiev: SE 
«UkrMetrTestStandard». – 2012. – 52 p.

21. Methods of detection of genetic modified 
organisms and derived food. DNA 
extraction. / DSTU ISo 21571:2008. – Kyiv: 
Derzhspogivstanrard of Ukraine. – 2009. – 31 p.

22. Methods of identification of genetic modified 
organisms and derived food. Quality methods 
on the base of nucleic acid analyzing. / DSTU 
ISo 21569:2008. – Kyiv: Derzhspogivstanrard of 
Ukraine. – 2009. – 48 с.

23. Methods of identification of genetic modified 
organisms and derived food. Quantitative methods 
on the base of nucleic acid analyzing. / DSTU 
ISo 21570:2008. – Kyiv: Dergspogivstandard of 
Ukraine. –2009. – 70 p.

24. Rebrikov D., Samatov G.A., Trofimov D.Yu. 
et.al. Real-Time PCR. – ì.: BINoM. Knowledge 
laboratory. – 2009. – 223 p.

25. Chesnokov Y. GMo and genetic resources of 
plants: ecological and agrotechnological safety 
// Gournal of genetics and selection of Vavilov. – 
2011. – Vol. 15. – № 4. – P. 818–827.

Presented by B.V. Morgun 
Received 28.03.14



ISSN 1810-7834. Вісн. Укр. тов-ва генетиків і селекціонерів. 2014, том 12, № 1 57

Studies of food production and raw materials’ content relatively to genetically modified...

èссëåäîâàÍèå ПèЩåâîЙ Пðîäóêöèè 
è сЫðüЯ Íà сîäåðЖàÍèå гåÍåтè×åсêè 
ìîäèФèöèðîâàÍÍЫÕ èÍгðåäèåÍтîâ
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Цåëü. èсследовать наличие генетически ìоди-
фицированных ингредиентов в пищевых про-
дуктах и сельскохозяйственноì сырье, пред-
ставленноì на внутреннеì рынке óкраины. 
Ìåòоды. îпределение генно-инженерных 
конструктов проводили с использованиеì ìе-
тода полиìеразной цепной реакции в режиìе 
реального вреìени (Real-T³ma PCR). Рåзуëü-
òàòы. â связи с теì, что генетически ìоди-
фицированные организìы (гìî) неоднознач-
но восприниìаются совреìенныì обществоì, 
их использование в продуктах питания строго 
реглаìентируется. Представлены 6-летние ре-
зультаты испытаний продуктов питания и сырья 
на наличие гìî. Выводы. Показано, что с по-
вышениеì уровня осведоìленности потреби-
телей и производителей пищевой продукции, 
а также повышениеì уровня государственного 
контроля использования гìî в продуктах пи-
тания снижается.

кëючåвыå ñëовà: гìî, Пöð в реальноì вре-
ìени, пищевая продукция и сельскохозяй-
ственное сырье, ìониторинг.

äîсëІäЖåÍÍЯ Õàð×îâîЇ ПðîäóêöІЇ  
тà сèðîâèÍè Щîäî âìІстó гåÍåтè×Íî 
ìîäèФІêîâàÍèÕ ІÍгðåäІЄÍтІâ
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Ìåòà. äосл³дити наявн³сть генетично ìоди-
ф³кованих ³нгред³єнт³в у харчових продуктах 
та с³льськогосподарськ³й сировин³ представ-
лен³й на внутр³шньоìу ринку óкраїни. Ìåòо-
дè. âизначення генно-³нженерних конструк-
т³в проводили за використання ìетоду пол³ìе-
разної ланцюгової реакц³ї у режиì³ реального 
часу (Real-Tima PCR). Рåзуëüòàòè. ó зв’язку 
з тиì, що генетично ìодиф³кован³ орган³зìи 
(гìî) неоднозначно сприйìаються сучасниì 
сусп³льствоì, їхнє використання в продуктах 
харчування строго контролюється. Представ-
лено 6-р³чн³ результати випробувань продук-
т³в харчування та сировини на наявн³сть гìî. 
Вèñíовкè. Показано, що з п³двищенняì по³н-
форìованост³ споживач³в та виробник³в харчо-
вої продукц³ї, а також посиленняì державного 
контролю використання гìî в продуктах хар-
чування знижується.

кëючов³ ñëовà: гìî, Пëð у реальноìу час³, 
харчова продукц³я та с³льськогосподарська си-
ровина, ìон³торинг.


