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A B S T R A C T

The regulation of genetically modified (GM) food products in several jurisdictions considers appropriate labelling 
to be a key requirement for food safety and to ensure the protection of consumer choices. In Nigeria, such 
regulations are enforced by relevant government agencies. There is, however, little information on compliance 
levels with appropriate labeling regimes of GM products in Nigeria. This study was conducted to ascertain 
compliance with existing labeling guidelines and regulations for GM food products sampled from Abuja, Nigeria. 
DNA-based real-time polymerase chain reaction detection procedures were used to evaluate 15 processed and 
semi-processed pre-packaged food products obtained from retail stores in Abuja for the presence of specific 
regulatory sequences specific to GM products. Three regions present in GM food products were targeted, namely, 
the 35S promoter gene from cauliflower mosaic virus and figwort mosaic virus, with the nopaline synthase 
terminator from Agrobacterium tumefaciens. Eleven out of the 15 samples showed positive amplification for at 
least one regulatory sequence signature unique to GMOs, out of which only two were appropriately labeled as 
required by regulation. While the safety of GM products is a prerequisite for commercialization, labelling is 
required to protect consumer preference. The roles of relevant government agencies in developing appropriate 
labeling guidelines and enforcing the same to protect consumers’ choices are discussed.

1. Introduction

Genetic modification is the alteration of the genetic makeup of living 
organisms, which includes the use of recombinant DNA technology to 
confer new beneficial characteristics or traits.1 Living organisms can be 
modified to possess useful traits such as tolerance to biotic stresses (pests 
and pathogens), abiotic stresses (extreme temperatures, salinities), 
herbicides, and improved nutritional profiles.1 With the world’s popu
lation increasing continually at an accelerated rate, ensuring global food 
security is becoming increasingly difficult. To address this challenge, 
approaches such as modern biotechnologies have been adopted along
side conventional agricultural methods. However, there are safety 

concerns regarding the impact of these technologies and their products 
on the health of humans, animals, plants, and the environment. For 
example, in the European Union (EU), concerns have been raised about 
food safety and nutritional issues associated with genetically modified 
(GM) products.2 At the international level, governing structures such as 
the Codex Alimentarius Commission and the Cartagena Protocol on 
Biosafety (CPB) have been at the forefront of efforts to establish 
harmonized guidelines for the safety assessment of GM products, 
considering consumer choices.3

Globally, the acceptability of GM food remains a sensitive issue,4–6

including in Nigeria,7 where public concerns exist regarding the pres
ence and consumption of GM products.8,9 These include concerns 
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regarding health,10 economic11 and environmental12 risks associated 
with the different GM products that are available in markets, mainly 
from legume and cereal sources. The debate surrounding the safety of 
GM food in Nigeria is complex and multifaceted, requiring the exami
nation of scientific proof, regulatory frameworks, and societal con
cerns.13 While there are potential benefits such as increased crop yields 
and enhanced nutritional value,14–16 concerns regarding GM foods and 
their potential health and environmental risks in Nigeria are rife and are 
mostly perceived.7 Generally, scientific evidence and investigations by 
regulatory bodies have shown that genetic modifications in crops pose 
no harm to the health of humans or animals or to biodiversity.17–20

However, issues about their long-term effects persist worldwide.21–23

The public perception of GM foods in Nigeria varies widely.24 While 
some Nigerians are open to GM foods, particularly if they offer nutri
tional and food security benefits,25 others express scepticism and con
cerns.26 This hinges mainly on a perceived lack of need for GM foods 
given the country’s abundance of arable land for cultivation,27 concerns 
about potential health risks,22 and a preference for the taste of natural 
foods.28 Additionally, the level of scientific understanding of biotech
nology influences public opinion, with insufficient public knowledge 
and awareness which sometimes lead to misinformed sentiments.28

Studies have shown that factors such as education level29 and the 
credibility of information sources30 can influence awareness and 
acceptance of GM crops. For example, while trust in research institutes 
and government bodies can increase acceptance, scepticism may arise 
when these organizations are absent.30 This highlights the need for clear 
and transparent regulatory frameworks to ensure consumer safety and 
address public concerns.

To manage and address matters related to the use of biotechnology 
within necessary regulations, the National Biosafety Management 
Agency (NBMA) was established as the national regulator of all biosafety 
issues in Nigeria.31 The NBMA is charged with providing a regulatory 
framework, including institutional and administrative mechanisms for 
safety measures in the application of modern biotechnology in Nigeria to 
prevent any adverse effects on human health, biodiversity, or the 
environment. The act was later amended in 2019 to cover the regulation 
of emerging biotechnologies, including gene editing, gene drives, and 
synthetic biology, and to put in place measures to ensure biosecurity. 
Nigeria, through the NBMA Act 2015 as amended, regulates several 
activities related to genetically modified organisms (GMOs), including 
contained use; confined or multi-locational field trial commercializa
tion; import, export, and transit for food, feed, and processing purposes. 
Socioeconomic and ethical issues including labelling are also duly 
considered.31

The lack of a clear global consensus on labelling regulations for GM 
foods remains a significant challenge.32 Countries with national au
thorities on biosafety have adopted various labeling approaches, 
ranging from mandatory to voluntary. In the EU, the USA, Australia, 
New Zealand, Japan, Korea, Brazil and China, labelling of GM foods is 
mandatory33–36 whereas countries such as Canada, Argentina and the 
Philippines37–39 currently do not universally mandate consumer rights 
to information regarding GMOs. Nigeria has established clear regula
tions for the packaging and labeling of GM products, allowing con
sumers to make informed choices about the foods they consume. Nigeria 
is a signatory to the Convention on Biological Diversity and the CPB, 
ratified in 1994 and 2003, respectively.40,41 These agreements provided 
a foundation for the development of a functional national regulatory 
framework to address the potential adverse impacts of the trans
boundary movement, handling, use, and release of GMOs on human 
health, biodiversity, and the environment.

Despite the scientific consensus that GM foods are safe, labeling is 
crucial42 for guiding public concerns and perceptions, especially in Af
rica.43 Food buyers often desire clear information on whatever they 
consume44 and public trust is broken when GM foods are not clearly 
labelled, thus increasing negative perceptions.43 Despite attempts to 
improve the perception of GM foods,14,45,46 these concerns remain 

valid10,47 and without proper labelling, consumers may be unable to 
make informed choices, leading to further mistrust and opposition to the 
technology. Consumer choice is key to discussions about food labelling, 
particularly in regard to GM foods. Labelling empowers consumers to 
make informed decisions about the food they purchase and consume, 
aligning their choices with their values, dietary needs, and preferences. 
Therefore, it is important that GMO labelling is strengthened to provide 
consumers with this choice, regardless of the scientific consensus on its 
safety. Clear and accessible labelling allows individuals to select or 
avoid GM foods on the basis of their personal beliefs and understanding 
of the technology.

However, owing to Nigeria’s developing regulatory frameworks and 
the varied public perceptions of GM foods, the government is obliged to 
provide consumers with adequate information about GMO foods to allay 
perceived risks, as consumers still retain the right to make informed 
choices. While some consumers may prioritize the potential benefits of 
GM crops, others may have concerns about potential risks and thus, 
prefer traditionally grown foods. Effective labelling enables both groups 
to exercise their right to choose. The implementation of clear labelling 
regulations is crucial for building public trust and addressing concerns 
about GMOs in Nigeria.

In Nigeria, food labelling is not universal,48,49 especially for those 
that may have been genetically modified. There are concerns that GM 
food products may be prevalent but unidentified due to poor labelling 
information.43,50 Part IX of Nigeria’s National Biosafety Regulation 
stipulates procedures for handling, packaging, transporting and label
ling GMOs. The provisions state that “a GMO or derived product shall be 
identified and labelled by the Labelling guidelines prescribed by the 
Agency”. The Regulations set a 4 % GM threshold for labelling. How
ever, the compliance levels for labelling regulations set by the NBMA 
and the National Agency for Food and Drug Administration and Control 
(NAFDAC) are currently unknown. Thus, this study focused on food 
products randomly sampled from markets and retail stores in Abuja, 
Nigeria, to identify the presence of genetic sequences associated with 
GM foods to monitor the degree of compliance with labelling regula
tions. This research did not investigate the safety of these food products.

2. Methods

2.1. Sample collection

Fifteen products of plant origin were collected from markets and 
retail stores in the Federal Capital Territory, Abuja, Nigeria. These 
include grains and processed food products made from maize, soy and 
wheat ingredients (Table 1). The choice of samples was based on the 
most modified crops.51 Other considerations were the country of import 
(to identify the origins of GM products, as a hint to product information 
that may help in the regulation of imports) and the possible uniformity 
of product distribution across metropolitan cities in Nigeria. The shops 
selected for sampling were national retail chains with a large customer 
base that cater to the average Nigerian. The samples were analyzed at 
the GMO Detection and Analysis Laboratory, Abuja, Nigeria, and the 
results were validated by Inqaba Biotec West Africa, Ibadan, Nigeria in 
duplicate experiments via similar protocols.

2.2. DNA extraction

The modified cetyl trimethyl ammonium bromide (CTAB) protocol52

and the Zymo Research (ZR) Quick-DNA Plant/Seed Miniprep Kit (Lot 
No 223949) were used for the extraction of DNA from food samples. 
While the ZR combines ease of use and time saving, the CTAB protocol is 
most suited for overly processed samples.53 The concentration of gDNA 
was measured by UV absorption at 260 nm via a NanoDrop One spec
trophotometer (Thermo Scientific, Wilmington, DE, USA), and the pu
rity was evaluated based on the UV absorption ratio at 260/280 nm. The 
DNA extracts were stored at − 20 ◦C until further use.
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2.3. Pre-screening and genetic modification (GM) detection using qPCR

Quantitative real-time polymerase chain reaction (qPCR) was used to 
detect GM-specific sequences in the extracted gDNA from the samples. 
First, the Bosphore Plant Detection Kit v3 which targets regions within 
the plant actin gene (Anatolia Geneworks, Istanbul, Türkiye), was used 
to screen the gDNA to confirm their plant origin. Samples with ampli
fication for the plant DNA screening assay were subjected to the GMO 
screening test using the Bosphore GMO Screening Kit S35-TNOS-FMV- 
BAR Kit v1 (Anatolia Geneworks, Istanbul, Türkiye) in the second 
phase of amplification. The GMO screening kit detects the 35S promoter 
gene from cauliflower mosaic virus (P35S), the 35S promoter gene from 
figwort mosaic virus (FMV), the NOS terminator gene from Agro
bacterium tumefaciens (tNOS), the phosphinothricin N-acetyltransferase 
gene from the bacterium Streptomyces hygroscopicus (BAR) and an 
exogenous internal control to check for PCR inhibition. These regions 
were targeted because they are commonly used regulatory sequences 
associated with the development of GM crops.54,55

2.4. PCR conditions

For all samples and controls, each reaction tube contained 15 µl of 
PCR master mix (Anatolia Geneworks, Istanbul, Türkiye) and 10 µl of 
DNA (200 ng) in a final reaction volume of 25 µl. Positive, negative and 
no-template controls were used during the PCRs for each set of target 
regions. All the qPCR assays were performed using a CFX96Dx real-time 
PCR machine (Bio-Rad, Hercules, USA). The qPCR conditions comprised 
an initial denaturation at 95 ◦C for 14 min 30 s, denaturation at 95 ◦C for 
35 s, annealing and synthesis at 52 ◦C for 1 min 30 s and final hold at 
32 ◦C for 2 min for a total of 45 cycles.

3. Results

3.1. Genomic DNA yield and purity

The concentration and purity of the DNA evaluated via a NanoDrop 

One spectrophotometer (Thermo Scientific, Wilmington, DE, USA) are 
shown in Table 2. The purity of the extracted DNA was assessed by 
measuring the A260/280 ratio against the optimal ratio of 1.8–2.0.56,57

The purity of the DNA extracted from the samples ranged from 1.48 to 
2.1 A260/A280 ratios. All gDNA obtained from food products had suf
ficient yields above the threshold of 20 μg/ml.58

3.2. QPCR analysis

Eleven of the 15 samples analyzed contained at least one regulatory 
sequence unique to GMOs. Among these samples were maize, wheat and 
soy-based samples, two of which were produced in Nigeria (M5P1, 
M11P1). Amplifications for P35S, NOST and FMV were not detected in 
the gDNA of samples M1P2, M2P2, M2P4 and M10P1. These samples 
were maize and wheat-based, with only one sample (M2P4) produced in 
Nigeria.

3.3. Compliance with Nigerian labelling regulations and guidelines

The compliance levels of the food products evaluated in this study 
with existing labelling guidelines are presented in Table 3. This is stip
ulated in Regulation 13 of the National Guidelines for labelling pre- 
packaged foods, and Part IX of the 2017 National Biosafety Regula
tions for the packaging and labelling of GMOs and their products in 
Nigeria. Nine of the 15 food products evaluated in this study had NAF
DAC registration numbers as required by the NAFDAC guidelines for 
labeling pre-packaged foods. Among these 11 food products, at least one 
regulatory GMO sequence was detected while only two were appropri
ately labelled as containing GM ingredients.

4. Discussion

Worldwide, all commercialized GM crops undergo rigorous food 
safety assessments59,60 and there has been no documented breach of 
safety arising from the use of GM food products that have gone through 
these evaluations.61 The safety of GM crops notwithstanding, perceived 
concerns arising from their use necessitate that regulations go beyond 
safety measures to cover socio-economic and ethical considerations, 
among which is the consumer’s informed choice. In Nigeria, the appli
cation of modern biotechnology and the use of derived products are 
regulated by the NBMA of 2015, as amended. The NBMA Regulations 
2017 (Part IX, 43) stipulate that those foods containing GM ingredients 
be duly labelled to provide consumers with the choice of making 
informed decisions. Furthermore, NAFDAC’s labelling guidelines stipu
late that all pre-packaged products must be duly identified with a unique 
registration number. Our results revealed that 11 (73 %) of the 15 food 
products tested contained GM ingredients on the basis of the 

Table 1 
Food products obtained from markets and retail stores in FCT, Abuja, Nigeria. 
Products were identified with codes that considered manufacturers and specific 
products produced by them.

SN Manufacturer 
code

Product 
code

Product 
type

Plant 
Origin

Origin of 
Manufacturer

1. Manufacturer 1 Product 1 
Product 2

Infant 
cereal 
Infant 
cereal

Maize 
Wheat

Netherlands

2. Manufacturer 2 Product 1 
Product 2 
Product 3 
Product 4

Infant 
cereal 
Infant 
cereal 
Infant 
cereal 
Family 
cereal

Maize 
Wheat 
Wheat 
Maize, 
Soy

Switzerland

3. Manufacturer 3 Product 1 Family 
cereal

Maize USA

4. Manufacturer 4 Product 1 Soymilk 
drink

Soy Thailand

5. Manufacturer 5 Product 1 Children 
snack

Maize, 
Soy

Nigeria

6. Manufacturer 6 Product 1 Biscuit Wheat India
7. Manufacturer 7 Product 1 Cake mix Maize, 

Wheat
United 
Kingdom

8. Manufacturer 8 Product 1 Grains Maize Lebanon
9. Manufacturer 9 Product 1 Pasta Wheat Germany
10. Manufacturer 

10
Product 1 Oats Wheat, 

Barley
Britain

11. Manufacturer 
11

Product 1 Family 
cereal

Maize Nigeria

Table 2 
Concentration (μg/ml) and purity of gDNA extracted from food products.

S/N Product Yield 
(μg/ml)

Purity 
(260/280)

1. M1P1 114.5 1.48
2. M1P2 25.8 1.84
3. M2P1 162.4 1.85
4. M2P2 148.8 1.80
5 M2P3 92.1 2.10
6. M2P4 213.5 1.94
7. M3P1 91.22 1.80
8. M4P1 186.9 1.65
9. M5P1 32.01 1.98
10. M6P1 218.4 1.88
11. M7P1 150.1 1.59
12. M8P1 149.3 1.97
13. M9P1 144.6 1.89
14. M10P1 375 1.92
15. M11P1 98.1 1.90
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amplification of at least one regulatory element commonly used in the 
development of GMOs. Five of these were maize-based products, three 
were soy-based products, and three were wheat-based products. This 
suggests that more GM maize may be present in the Nigerian food value 
chain than agricultural products such as wheat and soy. A possible 
reason is the number of approvals issued by the NBMA for the import of 
GM maize events for food and feed, both for processing and commer
cialization purposes.62 Permit holders with such approvals often prefer 
to import maize products because they are significantly cheaper than 
locally produced maize.62

Furthermore, food and feed manufacturers often rely on imported 
maize to compensate for local production deficits. For example, local 
maize production between 2022 and 2023 experienced a deficit of 14.6 
%, which necessitated increased imports to meet demand in Nigeria.63

Given that countries with the largest cultivation of GM maize globally, 
including Argentina, the USA and Brazil, are also the largest exporters of 
maize to Nigeria,51,64 it is reasonable to infer that imports are currently 
the major routes for the presence of GM maize in Nigeria. While the 
NBMA has issued permits for the import of GM soy and wheat for use as 
food, feed and industrial processing, no approval has been issued thus 
far for their cultivation in Nigeria. Soybean production in Nigeria 
reached 1.25 million tons from 2021 to 2022, almost enough to meet 
Nigeria’s consumption estimates of 1.275 million tonnes.65 Thus, while 
global production of GM soybean continues to increase,51 it will most 
likely experience delayed entry into the Nigerian food chain because of 
sufficient local production compared with that of GM maize. However, it 
is uncertain how long this trend will hold, given Nigeria’s increasing 
demand for soybean. The consumption of wheat in Nigeria is primarily 
from imports from Russia and other Black Sea regions.66 Nigeria also 
imports wheat from Argentina, which commercialized the cultivation of 
GM wheat in 2023.67 Therefore, the entry of GM wheat into Nigeria 
could be linked to imports from countries where it is commercially 
cultivated.

Part IX (43) of the 2017 National Biosafety Management Regulations 
stipulated that products, food or feed, derived from or with genetically 
modified crops, ingredients or materials with a threshold of greater than 
four percent (>4%) should be labelled. Therefore, producers, manu
facturers, and retailers are expected to comply with the regulations 
through labelling, as this will aid in conveying information about the 
content of a product, in this case, GM information, to consumers. 
Nonetheless, the findings from this study suggest that 80 % of the 
products that tested positive for the presence of genetic modification did 
not have the required GM labels (Table 3). This is a clear indication of 

non-compliance by manufacturers regarding existing GMO labelling 
regulations, attributable to ignorance of GMO labelling guidelines, lack 
of sensitization activities to manufacturers, and the ability of vendors to 
repack these products within and outside Nigeria or even distributors 
and retailers. In addition, weak enforcement activities to ensure 
compliance with labelling regulations may also be an important 
contributory factor.

On the other hand, six out of the 15 samples (40 %) were non- 
compliant with the NAFDAC labelling guidelines. While non- 
compliance with the NAFDAC labelling guidelines could be attributed 
to illegal or undocumented importation of food products, weak 
enforcement could play an important role in compliance issues, leading 
to negative impacts along the food chain, namely the manufacturers, 
retailers and consumers. For GMO labelling, consumers are thus 
deprived of the right information to make informed choices about 
consuming products with or without GM ingredients.20,35,41 Conse
quently, this can lead to compromised trust and a loss of confidence from 
consumers toward regulatory agencies, including increased risk of 
negative perceptions of the selected food products.40

Generally, food product labels should include information regarding 
nutritional content, allergic potential and putative genetic origin. A 
transparent and consistent way of presenting such information ensures 
clarity and avoids the possibility of any misleading conclusions. Label
ling enhances consumers’ trust in established regulatory processes, 
eliminating their perception of GMOs.68 Therefore, labelling informa
tion on GM products should be available to food consumers in Nigeria to 
aid their purchase decision, even if it may cause avoidance, as reported 
in the USA69 where some consumers had negative associations with GM 
products and were more likely to purchase unlabeled GM products. The 
presence of GM labeling has been associated with increased avoidance69

and thus may sometimes lead to negative changes in consumers’ atti
tudes towards these products.70,71 Nevertheless, adequate labelling 
regulations should be enforced according to Nigeria’s laws while 
providing more informed choices on GMO products to consumers. This 
will increase consumer confidence and scientific integrity in the overall 
GM food discourse.

5. Conclusion and Recommendations

This study successfully utilized qPCR-based methods, which is an 
incredibly sensitive and well-accepted method for GMO screening, to 
ascertain the prevalence of genetically modified products sold in local 
stores in Abuja, Nigeria. The findings revealed traces of genetic 

Table 3 
Degree of Compliance of Food Products to Labelling Guidelines of the National Agency for Food and Drug Administration and Control and the National Biosafety 
Management Agency. Cycle threshold (CT) values indicate real-time qPCR amplification of the target regulatory sequences S35, tNOS and FMV.

Manufacturer/ 
Product

Regulatory elements 
and status outcome

Compliance with NAFDAC labelling guidelines Compliance with NBMA labelling regulations

P35S CT tNOS CT FMV CT

M1/P1 + 29.45 + 31.6 + 29.37 Yes Yes
M1/P2 ND − ND − ND − Yes N/A
M2/P1 ND − + 38.71 ND − Yes No
M2/P2 ND − ND − ND − Yes N/A
M2/P3 + 37.57 + 36.91 ND − No No
M2/P4 ND − ND − ND − Yes N/A
M3/P1 + 36.28 + 36.64 ND − Yes Yes
M4/P1 ND − + 37.12 ND − Yes No
M5/P1 ND − + 37.77 ND − Yes N/A
M6/P1 + 36.55 ND − ND − No No
M7/P1 ND − + 38.85 ND − No No
M8/P1 + 37.71 + 38.31 ND − No No
M9/P1 + 34.93 + 36.16 + 36.0 No No
M10/P1 ND − ND − ND − No N/A
M11/P1 + 36.59 ND − ND − Yes No
​ 7 

47 %
​ 9 

60 %
​ 2 (13 %) ​ 9 

60 %
2 
20 %

+ indicates amplification of the target sequences, ND indicates that amplification was not detected, and N/A indicates that amplification was not applicable.

J. Amedu et al.                                                                                                                                                                                                                                  Journal of Genetic Engineering and Biotechnology 23 (2025) 100481 

4 



modification in most of the samples analyzed. Some samples were 
properly labeled, whereas others were not. To ensure that consumer 
rights are protected, relevant information for informed decision-making 
must be provided. As such, labelling guidelines for GM-containing 
products must be strictly adhered to by manufacturers. The NBMA 
should conduct more widespread surveillance of GM foods in Nigeria 
using standardized protocols72–74 and must also create room for dia
logue with manufacturers to improve compliance with guidelines for 
GMO content and labelling. The sensitization of manufacturers, espe
cially in the context of the repackaging of products, is necessary to 
provide consumers with information on their food choices. Finally, there 
must be strengthened collaboration among regulatory authorities and 
border agencies to curb the illegal import of unauthorized GM foods.
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