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ABSTRACT

Genetic modification (GM) techniques have been an important research area of food
and feed industry since the 19th century. There is a strong consumer concern over
genetically modified organisms (GMOs) because of their potential risks on health and
environment. For this purpose, various countries including Turkey have released
labelling regulations for products derived from GMOs. These legal enforcements brought
the necessity for reliable detection methods. The aim of our study was to evaluate the
effect of processing factors on the detection possibility of GMOs by using a commercial
Enzyme Linked Immunosorbent (ELISA) assay. For this, flour mixtures containing 0.5%,
1%, 5%, 10%, 100% were prepared by mixing the appropriate amount of RUR-GM and
non GM standard soy flour and main processing techniques most used in the food
industry (baking, autoclaving and freezing) were applied. According to our results, the
detection of GMOs was possible at all concentrations of autoclaved and frozen samples.
In dry heated samples, GMOs could not be detected containing below 5% GMOs. ELISA
method cannot be recommended as a reference method for evaluation of the
compliance with the regulations, but it can serve as a practical alternative to be used as
an online monitoring tool in production lines for raw and mildly processed foods.
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Introduction
Genetic modification (GM) techniques have been an
important research area of food and feed industry
since the 19th century. The most significant product of
this field is Genetically Modified Organisms (GMOs).
“GMOs are organisms that genetic materials (DNA)
have been altered in a way that does not happen in
normal ways” as defined by World Health Organization
(WHO). In this context, it is intended to get edible
vaccines or medicines, functional foods, enhanced
shelf life and nutritional composition, also growing
adaptable and strong plants such as herbicide tolerant
or insect resistant in various environmental conditions
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via using GM technology. Improving the quality of
certain crops is believed to be the most significant
advantage of GMOs (Arun Ozgen et al., 2015).
Since they were first approved, GMOs have
received a worldwide demand and GM crops have
been planted on a very large scale. The plantation area
of GM crops have increased 110-fold from 1996 to
2016 and finally reached 2.1 billion hectares (ISAAA,
2016). Soybean, maize, cotton and canola are the most
cultivated GM crops in 26 countries which grows GM
crops. Most of these crops have been approved to be
used in food/feed in several countries and thus enters
the food chain (Anonymous, 2018).
Despite this huge market share, there is a strong
Journal homepage: www.jivs.net
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consumer concern over GMOs because of their
potential risks on health and environment. For this
purpose, various countries including Turkey have
released labelling regulations for products derived
from genetically modified organisms (GMOs). The
main policy of such regulations are to leave the
decision making to the consumer (Anonymous, 2003;
Anonymous, 2009; Anonymous, 2010). These
regulations lay emphasise on that; GM food or feed
must not have any adverse effect on the environment
or human/animal health. Also, labelling must not
misguide the consumer (Varzakas et al., 2007).
These legal enforcements brought the necessity
for reliable detection methods. For this purpose,
numerous analytical methods, supporting the
regulations have been carried out to monitor and
verify the presence of GMOs in food or feed samples
(Anklam et al., 2002). These methods mainly based on
detection of novel DNA or protein present in the
product. DNA-based methods widely used both
qualitatively and quantitatively for the detection of
GMOs product in transgenic raw or unprocessed soy
products (Meyer et al., 1996; Lipp et al., 2000; Lipp et
al., 2001; Taverniers et al., 2001). Qualitative testing is
used to identify GM or non GM material or to
distinguish certified or noncertified material.
Quantitative testing, on the other hand is used for
confirming the official thresholds (Quist and Chapela,
2001; Windels et al., 2001 and 2003; Chowdhury et
al., 2003a and 2003b ; Hernandez et al., 2004;
Collonnier et al., 2005; Nielsen et al., 2005; OrtizGarcia et al., 2005; Saji et al., 2005; Taverniers et al.,
2005; Aono et al., 2006; Messean et al., 2007). DNA
based methods are proved to be the most reliable
methods for detection of GMOs in food and feed.
However, PCR methods need an expensive laboratory
infrastructure and experienced staff. In such cases,
protein based methods may be used as an alternative
cheap and easy testing especially for quality control
laboratories performing routine process monitoring.
ELISA is the most widely used protein based method
for detection of the proteins expressed by GMOs
especially in raw food (Vollenhofer et al., 1999;
Ahmed, 2002; Arun Ozgen and Garrett, 2009; Suchitra
and Ali, 2013). The method can be used for qualitative
and quantitative purposes.
Food processing causes serious degradation of
proteins in food. In many studies, it was reported that
heat processing such as cooking, baking, drying,
sterilizing or freezing causes a severe denaturation on
food proteins (Asensio et al., 2008).

Taking these into consideration the aim of our study
was to evaluate the effect of processing on the
detection possibility of GMOs by using a commercial
ELISA assay.

Materials and methods
Raw Material Preparation : Flour mixtures containing
0.5%, 1%, 5%, 10%, 100% were prepared by mixing
the appropriate amount of Roundup Ready® (RUR)
GM and non GM standard soy flour (SDI diagnostics,
USA) and main processing techniques most used in
the food industry were applied to the mixtures.
Utmost care was taken to avoid contamination
between samples and different steps.
Dry Heat Treatment (Baking): For baking 0.5 g of
each flour mixture containing RUR GM soy were
mixed with 1000 µl milli Q water and cooked at 100°C
for 20 min in a sterilizer (Murray, 2007).
Wet Heat Treatment (Autoclaving): For autoclaving
process; 0.5 g of each flour samples were mixed with
3750 µl milli Q water and autoclaved at 121°C, 15 Ibs
pressure for 20 min (Hirayama, HV-50L, Japan)
(Murray, 2007).
Freezing: For freezing; 1 g of each flour mixture were
mixed with 1000 µl milli Q water and stored at –18°C
for three days (Murray, 2007).
All of these preparations were performed in
duplicate and analysed with ELISA method.
GMO detection with ELISA method: For detection
and quantification of GMOs in the treated and raw
samples were performed with Romer Labs Agraquant
Toasted Meal Plate Kit (No: 7099999). The ELISA kit is
designed to detect the CP4 EPSPS protein in RUR
soybeans in toasted meals. According to the
manufacture© instructions 100 mg of each standard
(0%, 0.3%, 1.25%, and 2.5% RUR soy flour) and
samples were mixed with 16 and 13 ml extraction
buffer, respectively and vortexed for 1 min. The wells
of the plate were filled with 100 µl of these extracts in
duplicate and processed incompliance with the
manufacturer’s instructions. The absorbance of the
developed colour was read at 450 nm using a plate
reader (ELISA Plate Reader ELX 800, Biotek-Inst, ABD).

Results and Discussion
The main objective of this study was to evaluate the
detection and quantification capability of a
commercial ELISA based GMO detection assay on heat
treated samples. For this; five different concentrations
of RUR soya (0.5, 1, 5, 10 and 100%) flour samples
were heated in two different conditions (baking,
autoclaving) and also they were frozen to simulate the
common processes in the industry. Detection and
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quantification of GMOs in these samples were was incompliance with our study on novel protein.
performed with Romer Labs Agraquant Toasted Meal
Plate ELISA assay. The results of this study are Conclusion
summarised in Table 1 and 2.
Despite the detection and quantification is effected
from dry heating and detection limit of the method is
significantly higher compared to PCR based methods,
Table1. Detection results of ELISA assay
it can still produce reliable results on wet heated
100 °C Dry
121 °C Wet
Samples
-18 °C Freezing
Heat Treatment Heat Treatment
(autoclaved) and frozen samples. ELISA method for
sure cannot be recommended as a reference method
0.5% GMO Not detected
Detected
Detected
for evaluation of the compliance with the regulations.
1% GMO
Not detected
Detected
Detected
However, it should be taken into consideration that,
5% GMO
Detected
Detected
Detected
ELISA does not require a sophisticated laboratory
10% GMO
Detected
Detected
Detected
infrastructure and expertise and thus it can serve as a
practical alternative to be used as an online
100% GMO
Detected
Detected
Detected
monitoring tool in production lines for raw and mildly
GMO = Genetically modiﬁed organism
processed foods.
According to these results, the detection of GMOs
was possible at all concentrations of autoclaved and
frozen samples. In dry heated samples, GMOs could References
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foods. Trends in Biotechnology, 20(5), 215-223.
5%.
Anklam, E., Gadani, F., Heinze, P., Pijnenburg, H. & Eede, G. V. D.
The quantification results of frozen samples were
(2002). Analytical methods for detection and determination of
significantly closer to the true values while the results
genetically modified organisms in agricultural crops and plantderived food products. European Food Research and
of autoclaved samples were still close although
Technology, 214, 3-26.
slightly deviated compare to frozen samples.
Anonymous (2003). Regulation (EC) No 1830/2003 of the European
However, there was a significant bias between true
Parliament and of the Council of 22 September 2003 concerning
values and results of dry heated samples as in
the traceability and labelling of genetically modified organisms
detection.
and the traceability of food and feed products produced from
Table 2. Quantification results of ELISA assay
Samples

100 °C Dry
121 °C Wet
-18 °C Freezing
Heat Treatment Heat Treatment

0.5% GMO

<0.00%

0.44%

0.49%

1% GMO
5% GMO
10% GMO
100% GMO

<0.00%
0.26%
0.70%
>2.50%

0.74%
>2.50%
>2.50%
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GMO = Genetically modiﬁed organism

Our previous studies performed with PCR also
showed that baking (dry heating) process has a
significant effect on detection of GM DNA in food
samples (Arun Ozgen et al., 2016). Similarly, several
other researchers indicated the degradation/
denaturation effect of heat on DNA and proteins
(Asensio et al., 2008, Arun Ozgen and Garrett, 2009).
Although autoclaving is performed at 121°C detection
and quantification was more successful at these
samples. Several other studies also proved that the
degradation effect of dry heat is stronger than wet
heat (Corbisier et al., 2005; Vijayakumar et al., 2009;
Bergerová et al., 2010; Ballari and Martin, 2013). This

genetically modified organisms and amending Directive
2001/18/EC. Ofﬁcial Journal L, 268, 0024-0028.
Anonymous (2009). Regulation of the Turkish Republic, Ministry of
Agriculture and Rural Affairs on; import, export, processing,
control and monitoring of genetically modified organisms and
their products used as food and feed. Ofﬁcial Journal, 27388/
Issue date: 26.10.2009.
Anonymous (2010). Turkish Republic Biosafety Low: Low number
5977. Ofﬁcial Journal, 27533/Issue date: 26.03.2010.
Anonymous (2018). GM Approval Database. http://www.isaaa.org
Issue date: 30.04.2018.
Aono, M., Akiyama, S., Nagatsu, M., Nakajima, N., Tamaoki, M.,
Kubo, A. & Saji, H. (2006). Detection of feral transgenic oilseed
rape with multiple herbicide resistance in Japan. Environmental
Biosafety Research, 5, 77-87.
Arun Ozgen, O. & Garrett, S. (2009). GMO Detection in commercial
heat processed food products. In abstract, 3rd National
Veterinary Food Hygiene Congress, p: 20, Bursa, Turkey.
Arun Özgen, Ö., Muratoğlu, K. & Yılmaz Eker, F. (2015). General
view of genetically modified organisms. Journal of the Faculty
of Veterinary Medicine Istanbul University, 41 (1), 113-123.
Arun Ozgen, O., Muratoğlu, K. & Yılmaz Eker, F. (2016). The effect
of heat processing on pcr detection of genetically modified soy
in bakery products. Journal of Food and Health Science, 2(3),
130-139.
Asensio, L., González, I., García, T. & Martín, R. (2008).
Determination of food authenticity by enzyme-linked
immunosorbent assay (ELISA). Food Control, 19(1), 1-8.

59

Ozgen Arun, O. et al. 2018 / Journal of Istanbul Veterinary Sciences. Volume 2, Issue 2, pp: 57-60
Ballari, R. V. & Martin, A. (2013). Assessment of DNA degradation
induced by thermal and UV radiation processing: Implications
for quantification of genetically modified organisms. Food
Chemistry, 141, 2130-2136.
Bergerová, E., Hrnčírová, Z., Stankovská, M, Lopašovská, M. &
Siekel, P. (2010). Effect of thermal treatment on the
amplification and quantification of transgenic and Nontransgenic soybean and maize DNA. Food analytical Methods, 3,
211-218.
Chowdhury, E. H., Kuribara, H., Hino, A., Sultana, P., Mikami, O.,
Shimada, N., Guruge, K .S., Saito, M. & Nakajima, Y. (2003).
Detection of corn intrinsic and recombinant DNA fragments and
Cry1Ab protein in the gastrointestinal contents of pigs fed
genetically modified corn Bt11. Journal of Animal Science, 81
(10), 2546-2551.
Chowdhury, E.H., Shimada, N., Murata, H., Mikami, O., Sultana, P.,
Miyazaki, S., Yoshioka, M., Yamanaka, N., Hirai, N. & Nakajima,
Y. (2003). Detection of Cry1Ab protein in gastrointestinal
contents but not visceral organs of genetically modified Bt11fed calves. Veterinary and Human Toxicology, 45(2), 72-77.
Collonnier, C., Schattner, A., Berthier, G., Boyer, F., Coue-Philippe,
G., Diolez, A., Duplan, M. N., Fernandez, S., Kebdani, N.,
Kobilinsky, A., Romaniuk, M., de Beuckeleer, M., de Loose, M.,
Windels, P. & Bertheau, Y. (2005). Characterization and event
specific-detection by quantitative real-time PCR of T25 maize
insert. Journal of AOAC International, 88(2), 536-546.
Corbisier, P., Trapmann, S., Gancberg, D, Hannes, L., Van Iwaarden,
P., Berben, G., Schimmel, H. & Emons, H. (2005). Quantitative
determination of Roundup Ready soybean (Glycine max)
extracted from highly processed flour. Analytical and
Bioanalytical Chemistry, 383, 282-290.
Hernandez, M., Esteve, T., Prat, S. & Pla, M. (2004). Development of
real-time PCR systems based on SYBR ®Green I, Ampli fluor™
and TaqMan ®technologies for specific quantitative detection of
transgenic maize event GA21. Journal of Cereal Science, 39(1),
99 -107.
ISAAA (The International Service for the Acquisition of Agri-biotech
Applications), (2016). Global Status of Commercialized Biotech/
GM Crops: 2016. (Brief No: 52).
Lipp, M., Anklam, E. & Stave, J. (2000). Validation of an
immunoassay for detection and quantification of a genetically
modified soybean in food and food fractions using reference
materials: Interlaboratory study. Journal of AOAC International,
83, 919-927.
Lipp, M., Bluth, A., Eyquem, F., Kruse, L., Schimmel, H., Van den
Eed, G. & Anklam, E. (2001). Validation of a method based on
polymerase chain reaction for the detection of genetically
modified organisms in various processed foodstuffs. European
Food Research and Technology, 212 (4), 497–504.
Messean, A., Sausse, C., Gasques, J. & Darmency, H. (2007).
Occurrence of genetically modified oilseed rapeseeds in the
harvest of subsequent conventional oilseed rape over time.
European Journal of Agronomy, 21, 115-122.
Meyer, R., Chardonnens, F., Hübner, P. & Lüthy, J. (1996).
Polymerase chain reaction (PCR) in the quality and safety

assurance of food: Detection of soya in processed meat
products. Zeitschrift Fur Lebensmittel-Untersuchung Und –
Forschung A, 203(4), 339-344.
Murray, S., Butler, R. C., Hardacre, A. K. & Timmerman-Vaughan,
G.M. (2007). Use of Quantitative Real-Time PCR to Estimate
Maize Endogenous DNA Degradation after Cooking and
Extrusion or in Food Products. Journal of Agricultural and Food
Chemistry, 55, 2231-2239.
Nielsen, C., Berdal, K., Bakke McKellep, A. & Holst-Jensen, A.
(2005). Dietary DNA in blood and liver of Atlantic salmon (Salmo
salar L.). European Food Research and Technology, 221, 1- 8.
Ortiz-Garcia, S., Ezcurra, E., Schoel, B., Acevedo, F., Sobernon, J.,
Snow, A. (2005). Absence of detectable transgenes in local
landraces of maize in Oaxaca, Mexico (2003 -2004). Proceedings
of the National Academy of Sciences of the United States of
America, 102(35), 12338-12343.
Quist, D.& Chapela, I. (2001). Transgenic DNA introgressed into
traditional maize landraces in Oaxaca, Mexico. Nature, 414
(6863), 541-543.
Saji, H., Nakajima, N., Aono, M., Tamoki, M., Kubo, A., Wakiyama,
S., Hatase, Y. & Nagatsu, M. (2005). Monitoring the escape of
transgenic oilseed rape around Japanese ports and roadsides.
Environmental Biosafety Research, 4, 217-222.
Suchitra, K. & Ali, S. (2013). Genetically Modified Crops: Detection
strategies and biosafety issues. Gene, 522, 123-132.
Taverniers, I., Windels, P., Vaitilingom, M., Milcamps, A., Van
Bockstaele, E., Van den Eede G. & De Loose, M. (2005). Eventspecific plasmid standards and real-time PCR methods for
transgenic Bt11, Bt176, and GA21 maize and transgenic GT73
canola. Journal of Agricultural and Food Chemistry, 53(8), 30413052.
Taverniers, I., Windels, P., Van Bockstaele, E. & De Loose, M.
(2001). Use of cloned DNA fragments for event-specific
quantification of genetically modified organisms in pure and
mixed food products. European Food Research and Technology,
213, 417–424.
Varzakas, T. H., Arvanitoyannis, I. S. & Baltas, H. (2007). The Politics
and Science behind GMO Acceptance. Critical Reviews in Food
Science and Nutrition, 47, 335-361.
Vijayakumar, K. R., Martin, A., Gowda, L. R. & Prakash, V. (2009).
Detection of genetically modified soya and maize: Impact of
heat processing. Food Chemistry, 117, 514-521.
Vollenhofer, S., Burg, K., Schmidt, J. & Kroath, H. (1999). Genetically
Modified Organisms in Foods Screening and Specific Detection
by Polymerase Chain Reaction. Journal of Agricultural and Food
Chemistry, 47, 5038-5043.
Windels, P., Bertrand, S., Depicker, A., Moens, W., Van Bockstaele,
E. & De Loose, M. (2003). Qualitative and event-specific PCR
real-time detection methods for StarLink maize. European Food
Research and Technology, 216(3), 259-263.
Windels, P., Taverniers, I., Depicker, A., Van Bockstaele, E. & De
Loose, M. (2001). Characterisation of the Roundup Ready
soybean inserts. European Food Research and Technology, 213,
107-112.

60

