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Abstract— The current study was carried out to survey if genetically modified organisms (GMOs) are present 

in feeds and foods found in local supermarkets in Namibia. Little is known of the presence and prevalence of 

GMOs in the local supermarkets or information available on the labelling provided on some. The aim was to 

prove the absence or existence of GMOs in the foods and feeds by means of molecular extraction and 

screening procedures. Samples purposefully selected were nine (6 food and 3 chicken feed samples). DNA 

was extracted from them, and they were screened by means of polymerase chain reaction (PCR) for the 

presence of the Cauliflower mosaic virus (CaMV) 35S promoter and the terminator of Agrobacterium 

tumefaciens Ti plasmid nopaline synthase gene (NOS) that are commonly found in transgene constructs. 

Screening results indicated that GMOs were present in the 3 chicken feed samples, absent in 1 food sample, 

present in 3 food samples and the other 2 food samples’ results were inconclusive. These results and survey 

information reveal the extent of GMOs in the food chain in supermarkets in Namibia and highlight the need 

for regulatory bodies in the food and feed industry to protect consumers from being misled by absence of 

properly informative labels on genetic modifications.  

 

Keywords— Genetically modified (GM) organism, GM food, GM feed, CaMV35S promoter, NOS terminator, 
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I. INTRODUCTION 

A genetically modified organism (GMO) is an organism whose genes have been altered by artificial means 

such as recombinant DNA technologies. Genetically modified (GM) plants contain foreign DNA inserted in 

them to alter their traits. Such traits include insect or herbicide resistance, delayed ripening, oil modification, 

adaptivity to different stresses such as drought, extreme temperatures, or soil salinity. This could result in 

increased yield or make them more nutritious [1]. Many people are worried about GMOs due to biosafety 
concerns associated with possible health risks that GMOs could pose such as allergenicity and toxicity. 

Ecologically, GMOs could be risky by disrupting the food web, the emergence of resistance to antibiotics and 

the selection of resistance in evolved weeds and insects against the transgenic crops [2]. GM crops are 

developed using GM technology and GM foods are processed from GM crops.  

GM foods have been in the market for over 20 years [3]. Research into these foods and their adaptation was 

motivated by increasing population sizes and less land available for crop production as a sustainable source of 

food for such large populations. The first Food and Drug Administration (FDA) approved GM crop was the 

Flavr Savr tomato, which had been introduced into the US market in 1994 but was later fully removed in the late 

1990s. These tomatoes had a longer shelf life due to the anti-sense technology developed in them that delays 

their ripening process after they are picked. Currently, the major GM crops include soybean (51%), maize (30%), 

canola (13%) cotton (5%) and others (1%) [1]. These products are available in Namibian supermarkets. 

Lisha et al. [4] stated that most animal feeds are composed of various raw materials such as cereals like maize, 
oats, barley and wheat and protein plant sources such as soybeans, cottonseed, and canola. The same author 
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confirmed that most complete animal feeds contain maize meal as the major component followed by soybean 

meal. 

The labelling approaches taken by countries are different, some countries have mandatory while others have 

voluntary labelling of GM products. In Brazil, Australia, EU (European Union), New Zealand, South Korea and 

Saudi Arabia, labelling of GM products is mandatory. Canada and the USA have voluntary labelling. The 

product-based labelling in Australia and New Zealand exempts labelling in exceedingly processed goods for 

example oils whose final products lack GM DNA. Process based labelling is mandatory for products produced 

using GM technology regardless of whether GM DNA is not detectable, and it is used in Brazil and the EU. 

Thresholds for labelling are either based on weight of the GM ingredient or the quantity of GM DNA and is 

another labelling approach used. EU uses a threshold of 0.9% GM DNA per ingredient; Japan and Thailand 

have 5% limit for weight of GM ingredient; and Saudi Arabia and Brazil 1% GM ingredient. The USA has 
either no thresholds for some products or 3 other threshold options; 5% or 0.9% of GM ingredients; 5% weight 

for ingredients of the total weight [5], [6]. 

According to Bak and Emerson [7] the Cauliflower mosaic virus (CaMV) 35S promoter has been applied in 

more than 80% of GM plant constructs. The same authors used a general screening of P35S Cauliflower mosaic 

virus (CaMV) promoter and the terminator of Agrobacterium tumefaciens Ti plasmid nopaline synthase gene 

(NOS) to detect GMOs in soybean and maize using conventional PCR approaches. Therefore, in this paper 

primers that are specific for these promoter and terminator genes were used to detect the regulatory elements of 

transgenic organisms using the polymerase chain reaction (PCR).  

The Namibian newspaper in January of 2019 reported on the concerns some activists had on permits being 

applied for, to import GM seeds for crops. Namibia had just recently changed their regulations regarding the 

importation, transportation, and processing of GMOs in 2018. Firstly, the new regulations determined a 0.9% 
threshold amount for presence of a GMO in crops imported into Namibia, whilst in South Africa its 5% stating 

that above threshold products need labelling. Seeing as Namibia imports most of its products from South Africa, 

the new labelling regulations with those lower threshold levels from where its imports were coming from 

weren’t harmonious at all. Secondly, the Biosafety Act now stated that to import, process and transport such 

products one had to apply for permits which had not been the case previously because the country had already 

been importing GMO food for years. Moreover, for that permit application process the law stated that it had to 

be advertised publicly and the public were allowed to object or sign petitions on where they stood on such GMO 

permits being allowed or denied. The Biosafety council’s agenda was in fact to collect such public objections on 

GMO permits fist before arriving at the decision on whether to approve or disapprove such permits. The 

NCRST (National Commission on Research Science and Technology) which serves as the secretariat of the 

biosafety council said that the new regulations would affect all future grain exports to the country.  

Namibia is not a net exporter of the staple white maize as the current harvest only supplied about 50% of the 
countries demand and the other 50% from South Africa. Bokomo Namibia and Namibmills which are the 

biggest food producers in the country, sought for permits in December 2018 to import, process, and transport 

GMOs by advertising in local newspapers as the new laws stated all foods and feeds would need such permit 

applications. They argued that Namibia would experience steep rise in staple food prices and food shortages if 

such permits were denied. In January 2019 heated debates followed on various media and social media outlets 

about both the positive and negative impacts of such products in the market and whether consumers are aware of 

them. Those that were against it claimed that DNA damage, neurological disorders, cancers, and congenital 

disabilities that some Namibians faced were linked to consumption of GM foods. Such information drew light 

upon the fact that probably most consumers don’t know that such products have been in our supermarket shelves 

for several years without their knowledge or interest in reading labelling information of food and feed products. 

This study draws their attention to this and that the production, distribution in supermarkets and consumption in 
Namibia and Southern Africa has been legal for quite a number of years. Most white maize which is GMO 

maize is imported from South Africa and products that contain soy and yellow maize (corn). The Namibia 

regulations contain requirements to labelling of final products of food and feed both imported and domestically 

produced to ensure products are labelled in such a way that consumers are aware. This raised the issue of proper 

labelling of products that contain GMOs bearing into consideration that consumers would prefer to make 

informed decisions on such purchases. The aims of this study are to survey some food and feed products in local 

supermarkets and note their label information, to screen for GMOs from selected supermarket food/ feed 

products using DNA analysis and to establish whether there is GMO in some food products that are not labelled 

as such. 
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Some products in Namibian supermarkets and their label information that consumers may not be aware of are 

listed. Jumping Jack Gourmet popcorn (Baker Street), Strips Bacon flavoured snack, Lentil Chips, Willards 

cheese curls, Kelloggs Rice Krispies, KIPS slow baked Crackers, Kelloggs corn flakes crumbs, IMBO samp and 

beans, Knorrox stock cubes and Knorr Tasty mutton and vegetable stew mix labels indicated ―Contains GMO‖. 

Nik naks, Doritos, OTEES Bokomo crème soda flavoured multigrain toasted cereal, Instant maize porridge 

(Spar) and Fritos corn chips labels read as ―Contains GM ingredients‖. Flanagan’s Moreish Irish kettle fried 

chips, De-lish Instant maize Baby’s soft porridge, Topscore Instant maize porridge (namibmills), LION samp 

and beans, IMANA stock cubes and TOPCLASS Spice mix Chilli flavoured seasoning labels indicated ―May 

contain GM ingredients‖. TODAY original puff pastry and TOPCLASS Spice mix Chilli flavoured Seasoning 

labels indicated ―May contain GMO‖. Canola B-well oil and LION super popcorn labels were ―non-GMO‖. 

Whereas the labels for Vital mini rice cakes, Clover soymilk (Good Hope), Robertsons Chip and Potato 
seasoning and A&R Pet supplies Crushed maize feed all indicated ―GMO free‖. 

 

II. METHODS 

A. Sample collection 

Samples were collected from supermarkets found in Wernhil Park and Auas Valley mall in Windhoek, and 

Oshikango in Ohangwena region in Namibia. A total of 9 products were purposefully sampled: maize meal, 

soybeans, 2 Soya mince samples, 2 cornflakes’ samples and 3 chicken feed samples. 

B. DNA Extraction and Purification 

DNA was extracted from 150 mg of finely ground samples using Zymo Research Quick- DNATM Plant/Seed 

Miniprep kit protocol following instructions provided by the manufacturer. The samples extracted using the kit 

were: Soybeans, maize meal and 3 chicken feeds.  
For DNA extraction from 2 soya mince and 2 cornflakes’ samples the preferred method used was 

cetyltrimethylammonium bromide (CTAB) extraction method. CTAB protocol was modified from [8]. The 

genomic DNA (gDNA) obtained from these extractions were analysed by Nanodrop one Thermos scientific 

spectrophotometer to obtain their purity levels and resulting concentration ratios. Agarose gel (1%) containing 

Ethidium bromide was run for one hour at 100V in 1X TAE buffer to analyze the quality of the gDNA. A digital 

image of this was obtained by viewing the agarose gel under UV light. 

C. Oligonucleotide Primers  

Lyophilized forms of the primers were obtained from Inqaba Biotech (South Africa) and were reconstituted 

as instructed by the manufacturer. A working solution (10μM) was prepared for all the primers from a 100μM 
stock solution. They were stored at -20

0
C until use. 

Primers for CaMV35S Promoter; P35S forward 5’ CCACGTCTTCAAAGCAAGTGG 3’ and P35S reverse 

5’ TCCTCTCCAAATGAAATGAACTTCC 3’ with an amplicon length of 123bp [9]. Primers for the NOS 

Terminator; TNOS forward 5’ GGTACCGGATCCAATTCCCGATCGTT 3’ and TNOS reverse 5’ 

CGCGCTATATTTTGTTTTCTATCGCGT 3’ with amplicon length of 224bp [10]. 

D. PCR for Amplification  

1) The Amplification conditions:  After the extraction of DNA from the samples, qualitative PCR was 

performed. A 25μl total reaction consisting of 12.5μl of OneTaq 2X MM with buffer (New England 
Biolabs), 0.5μl of forward primer, 0.5μl of reverse primer, 8.5μl of water and 3μl of template DNA from 

samples was done. A negative control was also included which consisted of all the constituents, but the 

template DNA was replaced with 3μl nuclease free water. This was done for all PCR reactions. Touch-

down PCR was done on an ARKTIK Thermo Cycler from Thermo Scientific. The conditions used for 

the NOS Terminator primers were: Initial denaturation was at 95oC for 3 minutes, for phase 1: 

denaturation was at 95oC for 30 seconds, the annealing temperature was 60oC for 45 seconds and was 

reduced by 1oC in each cycle, extension at 72oC for 45 seconds, phase 1 had a total of 10 cycles. Phase 2: 

denaturation was at 95oC for 30 seconds, annealing at 50oC for 45 seconds, extension at 72oC for 45 

seconds for a total of 25 cycles. The final extension was at 72oC for 10 minutes. The reaction halted at 

4oC and held until removed from the machine. Conditions used for the CaMV35S primers were: Initial 

denaturation was at 94oC for 3 minutes, for phase 1 denaturation was at 94oC for 30 seconds, annealing 
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temperature was 62oC for 35 seconds and was reduced by 1oC in each cycle, extension at 72oC for 40 

seconds, phase 1 had a total of 14 cycles. Phase 2 denaturation was at 94oC for 30 seconds, annealing at 

48oC for 35 seconds, extension at 72oC for 40 seconds for a total of 25 cycles. The final extension was at 

72oC for 10 minutes. The reaction was terminated at 4oC and held until removed from the machine. 

2) Agarose gel electrophoresis:  To analyse the PCR products, 2% gel electrophoresis was performed. This 

agarose gel containing Ethidium bromide was run for one hour at 130V in 1X TAE buffer and a digital 

image of this was obtained by viewing the agarose gel under UV light.  

III.  RESULTS AND DISCUSSION  

A. Quantitation and Qualification of DNA 

The results of DNA concentration and purity from samples are found in Table 1 and quality in Fig.1 below. 

TABLE I 

DNA YIELD AND PURITY 

Sample Nucleic acid 

concentration(ng/µl) 

A260/A280 A260/A230 

Soya mince 1 408.9 1.36 0.56 

Soya mince 2 348.6 1.50 0.74 

Corn Flakes 1 22.6 1.58 0.44 

Corn Flakes 2 23.1 1.65 0.54 

Chicken feed 1 104.3 1.86 1.90 

Chicken feed 2 75.4 1.88 1.87 

Chicken feed 3 72.2 1.85 1.76 

Soybean 105.4 1.84 1.92 

Maize meal 42.7 1.88 1.89 

 

The A260/A280 ratio is noticeably lower than 1.8 in all the highly processed food samples (soya mince and 

cornflakes) that underwent CTAB extraction. The presence of proteins contaminates the DNA and lead to the 
A260/A280 ratio being reduced below 1.7 also residual impurities like ethanol during DNA extraction reduce 

this ratio [11].  

The samples’ A260/A230 ratio readings are below 1.5 which may indicate the presence of organic compound 

contaminants such as carbohydrate contaminants [12]. The genomic DNA integrity is influenced by processing 

nature and quality of starting material whereas, the purity is affected by polysaccharides, lipids, polyphenols and 

chemicals used in the CTAB extraction [13].  

 

 

Fig. 1  Agarose gel of extracted genomic DNA 



 cognizancejournal.com 

Faith F. Kavishe et al, Cognizance Journal of Multidisciplinary Studies, Vol.2, Issue.8, August 2022, pg. 85-92 

(An Open Accessible, Multidisciplinary, Fully Refereed and Peer Reviewed Journal) 

ISSN: 0976-7797 

Impact Factor: 4.843 

 

©2022, Cognizance Journal, cognizancejournal.com, All Rights Reserved                                          89 

Lane M is showing the 1kb DNA ladder. Lanes 1 and 3 are the soya mince samples. Lanes 2 and 9 are the 

cornflakes samples. Lane 4 is soyabean and lane 6 is maize meal. The chicken feeds are on lanes 5, 7 and 8. 

Samples in the lanes 1,2,3 and 9 are from the highly processed food samples that are very faint on the gel 

image. The other samples 4 to 8 show signs of DNA degradation which may have occurred during the extraction 

process and during processing of foods or feeds. Processed food contains inhibitors that could hinder the process 

of extracting high quantities and qualities of DNA [11]. According to Wu et al. [14] the DNA that is extracted 

from GM feed or food is usually very low in quality and is highly degraded. 

 

B. PCR amplifications 

 

Fig. 2 Agarose gel for PCR from NOS terminator primers. 

 

Lane M is 100bp DNA ladder; lane 1 is Corn flakes 1; lane 2 is Corn flakes 2; lane 3 is Chicken feed 3; lane 

4 is Chicken feed 1; lane 5 is Maize meal; lane 6 is Chicken feed 2; lane 7 is Soya Mince 1; lane 8 is Soya 

mince 2; lane 9 is Soybean and lane 10 is the Negative control. 

From Fig. 2, samples in lanes 3, 4, 5, 6, 7 and 8 showed bands between 200bp and 300bp. This is consistent 

with what is in the literature. The NOS terminator primer amplicon size is 224bp [10]. Thus the 3 chicken feeds, 
2 soya mince samples and maize meal samples were positive for the general screen for GM. Lane 9 had no 

bands and neither did the negative control in lane 10. 

 
 

Fig. 3 Agarose gels for PCR from CaMV 35S promoter primers 
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Lane M is 50bp DNA ladder; lane 1is Corn flakes 1; lane 2 is Corn flakes 2; lane 3 is Chicken feed 3; lane 4 

is Chicken feed 1; lane 5 is Maize meal; lane 6 is Chicken feed 2; lane 7 is Soya Mince 1; lane 8 is Soya mince 

2; lane 9 is Soybean and lane 10 is Negative control. 
From the agarose gel in Fig. 3, samples in lanes 3, 4, 5, 6, 7 and 8 showed bands between 100bp and 150bp. 

This is consistent with what is in the literature. This specific primer amplicon size is 123bp [9]. Thus the 3 

chicken feeds samples, 2 soya mince samples and the maize meal were positive for the general screen for GM. 

However, the same positive samples show an extra amplicon size between 350bp and 400bp which could be 

because of non-specific binding of the primers to the template DNA. Lanes 9 showed no bands, meaning that 

soybeans were negative for GM. The negative water control in lane 10 had no bands because it did not have any 

DNA. These results corroborate those seen from the NOS terminator primers used in this study. 

Highly processed foods have been seen to be extremely difficult to obtain DNA of good quality for PCR 

reactions because they contain PCR inhibitors such as proteins, polyphenols and polysaccharides and have a 

very low yield. DNA integrity of food products that have undergone processing steps like enzymatic, chemical, 

mechanical, or thermal treatment is affected. A few examples of such highly processed foods are corn puffs, 

starch derivatives and cornflakes [15]-[17].  
Sajali et al. [12] reported that incredibly low quantity and impure DNA resulted in no amplifications in 

excessively processed foods because their DNA was heavily degraded which led to the failed PCR analysis. 

Moreover, Keskin and Sonmezoglu [15] in their GM study involving processed food products did not have any 

bands from their cornflakes’ samples on the agarose gel following amplification of the NOS terminator gene 

used in their screening study. That explains why this study also did not have any observable bands in the 

cornflakes’ samples. 

The labelling information on the products sampled and summarized in Table 2 are as follows: The maize 

meal that was labelled may contain GMOs showed presence of GM organisms. Two samples of soya mince that 

were labelled as having GM organisms were found to contain GMOs. The experimental results of the 2 samples 

of cornflakes that were labelled as having GM organisms were inconclusive because of the low quality and 

quantity of DNA extracted that was not amplifiable. The soybeans that were labelled organic were found to be 
lacking genetic modifications. The 3 chicken feed samples had no labelling information with regards to genetic 

modifications but were found to contain GMOs.  

The aims of the study were to screen the presence of GMOs in some selected foods sold at local supermarkets 

in Namibia and establish whether or not there are GM organisms in food products that are not labelled. The 3 

chicken feeds that were not labelled showed the presence of GM organisms. Consumers would want to know 

this information. 

 

TABLE III 

SUMMARY OF THE RESULTS FOR GM SCREENING 

Sample Result for GM screen 

Soybeans  Absent 

Soya mince 1  Present 

Soya mince 2 Present 

Maize meal Present 

Chicken feed 1 Present 

Chicken feed 2 Present 

Chicken feed 3 Present 

Corn flakes 1 Inconclusive 

Corn flakes 2 Inconclusive 
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Fig 4 A Pie chart summary of the results 

 
Of all the samples analysed in this study 67% showed the presence of GMOs, 11% showed the absence of 

GMOs and 22% had inconclusive results (Fig. 4). 

IV.  CONCLUSION 

This study showed the results have found that the 3 chicken feeds that did not have any information on their 

labels contain GMOs. It might be implied that other products in Namibian supermarkets may also lack proper 

information on their labels. Regulatory bodies should ensure that food products are properly labelled with 

respect to genetic modification. This will give consumers a more informative choice on the purchases they make.  
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