
   Research & Development in Material Science

140

Res Dev Material Sci

Introduction

DNA is a genetic material of any living organism surviving on 
earth [1]. The pages about the nucleic acid in the history start with 
the Charles Darwin’s first edition of “On the Origin of Species” and 
continued by several research people. Late to Mendel’s theory on 
genetics, the world has turned its greatest interest towards the 
research about gene sciences. The period between 1950 and 2010 
can be considered as golden period for the discovery and inventions 
in gene sciences starting from demonstration of double helix DNA 
topography to complete sequencing of human genome. Food and 
Drug Administration (FDA) has approved first genetically modified 
(GM) food “FLAVRSAVR Tomato” in 1994. Scientist employed the 
application of genetic technology in developing a hybrid variety of 
foods. To defeat the crisis of overpopulation rate and food demand, 
GMO’s acted as a solution. Belatedly, the debate on potential risk 
due to consumption GM food has been raised upon the people and 
scientists [2]. In consideration with the benefits of GM, various 
countries have accepted to produce GM products in their markets, 
whereas some of them have accepted with some restrictions [3]. 

The application of DNA in food is not limited only with GMO 
production, but also helps in various food safety measures. Since, 
DNA is unique for every organism in this world; it can be applied as  

 
an effective tool in the detection of food adulteration and presence 
of harmful microbes. As mentioned previously, some countries 
around the world has accepted the GMO products with various 
limitations like proper labeling. In order to ensure the validity 
of the available products in the markets, various governmental 
organizations conduct the screening measures at regular intervals 
[4-9] SYBR green-based real time PCR method was used to detect 
the GMO food products in markets of Kuwait shown positive results, 
indicating the need of stringent rules and regulations in order to 
protect the consumer right’s [5-7]. LightCycler-GMO screening kit 
based method was utilized to identify the positive GMO products 
sold in Saudi Arabia markets which indicates nearly 10% of them 
are GMO products. The major part was occupied by corn and corn 
based foodstuffs accounting for about 60% of total GMO products 
[4].Recent studies in Cameroon upon the identification of GMO 
products using PCR based recognition reveals that the 32 products 
were found to contain genetically modified ingredients [8]. Similar 
studies in Serbia on imported food products from European Union 
countries shows none of the products resulted positive in GM testing. 
This clearly shows, EU made strict regulations upon the GM crops 
and GM crop based food products [9]. PCR based detection method 
for the identification of GM in food and feed samples collected from 
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Abstract

Apart from general applications of DNA, it can also be used as tool to assure the food safety, which is the main aspect of this review. Increasing 
GMO productions also increased the concern regarding the adulteration of GMO food products in our daily life. Countries around the world, raising the 
regulations regarding the GMO products to the consumer’s table. Subsequently, the mode of adulteration in food products with GMO products feels 
difficult to identify. The food products also adulterer with low cost products which can also be detected by the isolation and identification of DNA from 
that product. The main focus on this review is to discuss the utilization of DNA as an effective tool to detect the adulteration and GMO content in various 
food products like oil, honey, beverages, baked products, animal feed, fried products, adulteration of milk and milk products. In the field of food safety, 
microbial contamination is also a major problem. Isolation of DNA from food can also reveals the presence of microbial contamination in the earlier 
stage. Also, the review emphases the way of utilizing DNA in differentiating organic foods from non-organic foods. 
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Jordan market ensued 5.2% of positive from 200 food and 80 feed 
samples [6]. In total 447 food samples containing only soybean 
products collected during the period of 2006 and 2007 from Serbia 
markets where analyzed. Even though the investigation exposed 
the presence of GM products (11%) and most of them are labeled 
as per regulations, yet mislabeling was found in 10 products which 
contains the material above the 0.9% [10].

A food should be free from microbial contamination until it 
reaches the consumers table. All kind of safety measures must be 
ensured by industries to make it possible. But still microbes are 
found in food products by any source, leading to the spoilage of 
food product and causing food borne infections to the consumers. 
Home cooked food samples collected from the villages in Malawi 
has shown to be contaminated upto 35% of pathogenic microbes 
and by further investigation, it was found that contamination of 
food samples by poor handling and unhygienic conditions [11]. 
Microbial contamination is a crucial problem in various food 
industries causing major economic losses. Various industries like 
dairy, poultry industries follow various cutting-edge technologies 
to reduce the microbial contamination in end product [12,13]. 
Microbial contamination can be explored by various physical 
methods including microscopic and culture depend approaches. 
But these techniques have various limitations in the confirmation 
of microbial presence. In present decades, PCR based methods are 
highly adopted due to its high accuracy and reliability [14]. 

In the present review, we discuss the utilization of DNA as an 
effective tool in ensuring the quality and safety in various foods and 
processed food products (Figure 1).

Figure 1: DNA-An Effective Tool on Food Safety.

Discussion

Different DNA isolation methods from food products

In general, DNA can be isolated using various standard protocols 
like Wizard method [15], CTAB protocol [16], also commercial kits 
are available in the market for the extraction of DNA. These kit’s 

can be utilized to extract DNA from different food samples like, 
milk and milk products [17], fermented products [18], oils [19], 
beverages [20]. Apart from the standard protocols and commercial 
kits, various modified protocols are also adopted by researchers in 
order to enhance the efficiency of quality and quantity of extracted 
DNA [21].

DNA based detection of adulteration and GMO in food 
products

Milk and milk products: Milk stands as a source of high 
protein based food for vegetarians around the world. Commercial 
milk is available in the form of cow’s milk, buffalo milk, goat milk 
and sheep milk. The chemical composition of different milk species 
is almost similar which makes the evaluation of adulterant a high 
risky process. Since, cow’s milk is cheaper than other milk species; 
there is a high chance for the addition of cow’s milk to other 
milk species. Similarly, cheese prepared from respective milk has 
specific characteristics and these adulterations can affect their 
features, leading to disappointment of the costumer. Therefore, the 
need of biotechnological approach to recognize the adulteration in 
every stage of milk processing is important. Aside the adulteration, 
DNA could be used as an effectual tool in identification of microbial 
contamination.

A comparative DNA extraction study on ovine milk samples 
indicates the modified protocols have the greater efficiency 
over standard protocols and commercial DNA isolation kits 
[22]. Genomic DNA of 15 cows and 15 goat’s milk samples were 
successfully isolated and using a PCR based technique based on the 
use of chelex resin. This method can be applied in the identification 
of specific traits [23]. A similar investigation on adulteration of 
goat’s milk with cow’s milk in Taiwan, targeting the specific bovine 
mitochondrial DNA shown a 25% of adulteration in goat’s milk 
and 50% of debasement in goat’s milk powder [24]. A study with 
17 goat cheese and 7 sheep cheese in Czeck Republic markets by 
targeting the cytochrome b coding sequence in mitochondrial gene 
pictured 3 goat cheeses and 1 sheep cheese contained undeclared 
presence of cow’s milk [25]. An evaluation of PCR assay aiming 
the mitochondrial 12SrRNA gene for the detection of cow’s milk in 
buffalo’s milk in Egyptian markets, resulted 14% of them are purely 
cow’s milk and 38% of them are adulterated with cow’s milk [26].
The DNA diagnostic method targeting mitochondrial 12SrRNA gene 
was modified and reported as novel method in 2016. The method 
was investigated with the laboratory adulteration models of milk 
powders [27]. 

Wine: One of the most common beverages consumed around 
the world is wine. In major countries, wine and beer occupy a 
major portion in their diets. Also, various bioactive compounds 
present in the wine have been reported for their health benefits like 
cardiovascular disease prevention, anti-carcinogenic property [28]. 
Primarily, the quality of wine falls on its vinification process and the 
grape species. Compounds which are considered as signature, like 
specific aromatic compounds, monoterpenes, trace compounds are 
utilized to test the grape varieties [29]. The quality of wine marks 
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its price in a market. Identification of signature compounds from 
the processed wines cannot provide the exact grape variety utilized 
as a source. Therefore, it is highly necessary to develop a standard 
protocol in identification of grape monovariety.

As an attempt, VVMD5, VVMD27, VVMD32, VVMD36 
microsatellite loci are used for the identification of monovariety 
wine species from various cultivators in France. The process of 
extraction was done on both solid and aqueous fractions. But 
the results demonstrate that, extraction is more efficient in solid 
fraction then aqueous part. This may be due to the presence of DNA 
inhibitors in the aqueous fraction [29]. Late, same microsatellite 
loci and similar method was used as an attempt to analyze a grape 
variety Vitis vinifera in commercial must mixtures and also in 
experimental mixtures. The present study has proved that, DNA can 
be analyzed from the experimental wines until the last day of the 
fermentation process [30]. Vitis vinifera nine cis epoxycarotenoid 
dioxygenase2 (VvNCED2) was used as reference gene in 
authentication of grape variety in a wine samples. Real time PCR 
methodology was developed and reported for the DNA presence in 
aged wines. In addition, the study has quantified Saccharomyces 
cerevisiae DNA in residual wine samples [21]. Comparable to the 
previous studies, pure DNA were extracted using an enhanced 
protocol and quantified using VrZAG79 primer with optimized 
PCR conditions which can be applicable for both monovarietal and 
commercial wine samples [31].

Oil: Oil and oil based products like margarine, other edible 
products act as an active ingredient in day to day life of the people 
around the world. Every oil species has a respective fatty acid 
profiles, TAG composition, and phytosterol profiling. To bring down 
the price of the pure oils and for other reasons, various governments 
agreed to blend it with other oils at appropriate percentage. But still 
molecular level authentication is essential to satisfy the consumer.

Initially the researchers tried to extract the soybean DNA from 
the crude oil and several fractions during processing using Wizard 
extraction method. The experiment showed a positive result in 
crude oil samples whereas the method failed to extract the DNA 
from refined fractions [32]. It shows that, refining process is very 
well efficient in removal of DNA molecules, from the samples. 
A subsequent study on extraction of DNA at different stages of 
refining process showed that, degumming step plays a vital role in 
removal of DNA [33]. DNA was successfully extracted using CTAB 
protocol with some modifications in olive oil samples. Further the 
DNA was taken for AFLP analysis to match the outcomes with the 
cultivar AFLP results [34]. The major barrier in extraction of genetic 
material from the oil is its less bioavailability [35]. Late, a sensitive 
assay using 5s DNA spacers to identify the crop specific food 
products were developed and utilized to detect the crop specificity 
in sunflower and maize oil samples obtained commercially [36]. 
The need for DNA based validation of the oil products got concern 
to a greater extend and demand towards the optimized which led 
to various studies towards the derivation of standard methods. A 
study comparing all the four commercial kit protocols for the DNA 
extraction from the food sample using different oils such as blended 

oils, refined oils and oils labeled as GM has shown wizard magnetic 
method has the higher efficiency of DNA extraction from different 
oil samples [19].

Honey: Honey, a natural product which is acquired when 
nectars are collected and stored in honeycombs by bees. For several 
centuries, honey was utilized as a good source for nutrition and also 
in medicinal purpose. The properties of honey depend upon their 
origin. Therefore, it is most important to affiliate the honey with the 
plant origin. Molecular level detection of plant origin of honey has 
various advantages then other available methods. 

For the first time, DNA in honey samples are isolated to trace, 
the honey collected from genetically modified Bt (Cry 1 Ac gene) 
cotton plants which is planted in about 3.7 million hectares during 
the period of 2004. The extraction and amplification protocols are 
successful in DNA isolation and identification. A list of six specific 
primers Sad 1-F, Sad 1-R, 35S1, 35S2, 35 F-S, Bt-R are used in the 
study to authenticate the Bt gene in the honey samples [37]. As 
an effort, for validation of protocol for the extraction of DNA from 
pollen in honey was executed. With a collaboration of 14 labs in and 
around Germany has accompanied for the establishment of method. 
Finally, the in-house and interlaboratory validation evidenced the 
DNA extraction from five different samples (Honeydew Honey with 
multifloral honey, Wild flower honey “flowers of the mountain”, 
Wild flower honey, Rape honey, Acacia-with multifloral honey) [38]. 
With the comparison of previous studies, an improved method for 
the efficient DNA extraction from honey samples were performed 
using commercial DNA isolation kits, finally stating that Wizard 
method with pretreatment has the maximum yield in the aspect of 
both purity and quantity [39]. 

Baked products: Baked food stuffs consisting of biscuits, 
cake, waffle, etc., are mostly consumed by the school children. Soy 
based ingredients are the widely used for the production of these 
products. In order to ensure the safety regarding the addition of 
GM Soy products in food process, standard protocols must be 
developed in detection of GM adulteration.

Variations in buffer volumes and sample sizes provided a good 
amplification results using PCR technique targeting soy lectin gene 
in analysis of GMO adulteration of soy based products such as 
chocolate and biscuits. In comparison of 5 different DNA isolation 
techniques, CTAB and Nucleon PhytoPure Kit yielded good results 
for chocolate products, whereas in case of biscuits CTAB and 
Genespin DNA Isolation Kit gave best results [40]. 

Meat Products: Meat production and consumption has 
tripled in last 3 to 4 decades. Pork, poultry, beef and mutton are 
mostly consumed around the globe. Yet, the fraudulent in the meat 
products could not recognized by naked eye. A distinct technique is 
continuously required to guarantee the costumer safety. 

At first, differences in the 18s rRNA gene was used to 
differentiate between the meat products [41]. Later researchers 
have found the advantages on single primer over multi primer in 
detection of target gene in the meat product authentication. Act in 
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gene associated PCR test provided an effective outcome on chicken 
and turkey identification in meat admixtures [42]. Differentiation of 
chicken in turkey meat and vice versa could be achieved by the study 
on variability in intron actin gene locus [43]. A PCR based protocol 
was estimated in order to detect the presence of pork in heated 
and nonheated ground beef and pate products. Contamination was 
found upto 1% in the meat products while carrying out 20 PCR 
cycles results satisfied quantity of amplified products than25 and 
30 PCR cycles [44]. However, 30 cycles species specific real time 
(TaqMan) PCR technique targeting the mitochondrial cytochrome 
b (cytb) gene to detect beef, pork, lamb, chicken and turkey species 
even at the 0.5% admixture [45]. 

Organic foods

Consumers believe that organic foods are safer and healthier 
than conventional foods. Generally, organic foods are sold at 
premium price in the markets [46]. Nitrogen isotope signature 
method has been reported as an effective technique in differentiating 
the organic foods from non-organic foods [47].

Here we review the application of DNA to differentiate the 
organic foods from non-organic food. Pesticides applied on the 
plant are mostly a known carcinogenic agent. These carcinogenic 
compounds can bound to the segment of plant DNA and may 
generate DNA adducts. A study on radio chromatograms using 32P 
post labeling in the plants such as grapes, bush beans, soybeans, 
pumpkins, and cucumbers treated with pesticides has shown 
high level of DNA adducts despite of untreated plants. The study 
also indicates that treated plants have undergone severe oxidative 
stress and lipid per oxidation [48]. Thus, DNA adducts could be 
used as biomarker in differentiation of organic foods from non-
organic foods. 

Microbes

Food and processed food products should be monitored at 
regular intervals to control the unwanted microbial load in the final 
product. Standard microbial count estimation techniques are time 
consuming process. Rapid techniques are needed to overcome the 
standard techniques with added accuracy in specificity.

PCR-DGGE (Denaturing gradient gel electrophoresis) was one 
of the recent methods used to detect the microbial community from 
various food products such as water, beverage, dairy and fermented 
products. PCR-DGGE technique involves simple steps like extraction 
of microbial genetic material followed by PCR amplification of 
variable regions of ribosomal DNA and finally DGGE analysis for 
species identification [14]. 

Conclusion

Our review on using DNA as an effective tool on food safety on 
various aspects such as detection of adulteration, GMO content, 
microbial load and also differentiation of organic foods from non-
organic foods supports the supposition to use this technique for 
food safety. Since, countless embodiments of fraud in food product 
continue to evolve; advanced method on detection may provide 

great accuracy over previous methodologies. However, regulatory 
bodies around the globe should provide severe regulations on food 
adulteration in-order to afford consumer safety.
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