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Abstract:- The precise authentication of food products is 

an essential step in an informed consumer choice. Mainly 

when it comes to meat and dairy products, special 

consideration to be given for correct labeling as a result of 

several reasons such as health concerns, religious beliefs, 

consumer safety and to promote fair trade. There are 

many methods which are being followed from ages for 

species identification and most of them are based on 

either protein or DNA analysis. Next generation 

sequencing [NGS], a DNA analysis method has been 

recognized as one of the most reliable technique for 

species identification. Due to the untargeted nature of 

NGS, millions of sequences can be produced from 

individual sequences using different templates at a time 

which results in detection of thousands of species in each 

sample. There is no prerequisite knowledge of which 

target to look for as universal primers are used instead of 

taxa-specific primers. Being an emerging technology, new 

NGS platforms are being developed to revolutionize food 

authenticity testing. This study focuses on why NGS is 

recognized as the most powerful technology among other 

DNA based methods for food analysis and provides an 

overview of the current range of NGS platforms used for 

meat and dairy product authentication and the potential 

future development of this technology.  
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I. INTRODUCTION 

 

Consuming genuine meat and dairy products is the root 

for getting proper nutritional and health benefits for most of 

the people [1]. FDA refers food fraud as “Economically 

Motivated Adulteration (EMA),” and it has been recognized 

as a growing problem on a global scale with wide-ranging 

health, social, economic and environmental impacts [2]. 

Nowadays consumers are becoming more aware and 

informed of ongoing food adulteration problems as media is 

increasingly accentuating the influences of food fraud. Meat 
and dairy products, often prone to adulteration practice for 

economic gain [3]. Revealing contaminated meat and dairy 

products is an important practice for many reasons, mostly 

related to health anxieties. Those who hold and act based on 

religious beliefs consume only certain animal species and 

therefore they pay special consideration to accurate labeling 

[4]. As we all are well aware that dairy products are among 

the most vital sources of fat and proteins for humans and also 

significant agriculture commodity in terms of world 

economic value. If there is a substitution or admixture of milk 

or meat products with different species than those labeled 

may result in adverse reactions towards allergens of some 

species [5-7].  
 

Thus, identification of animal species in meat and dairy 

products is very important in ensuring food safety, quality 

and consumer protection [8]. Different methods have been 

employed for identification of meat species, most of them fall 

under protein and DNA analysis. Lipid and proteins are used 

for identification of tissues [9]. When we compare DNA and 

protein analysis for species identification, DNA method is 

often preferred than proteins. The main explanations offered 

as the validation are the thermal stability of DNA because of 

the double helix structure of DNA and the point that DNA 

subsists in the cells of almost all species [10-12]. In case of 
most laboratories who are dealing with authenticity issues, 

they opt for Realtime PCR methods as a first approach to 

target most common species. The technique involves 

amplification of primers of particular DNA regions for 

defined species to be identified. Fluorescence signal is 

generated if the targeted gene exists in the food product. 

However, the limitation of Real-time PCR’s fluorescent 

signal arises if the food product contains multiple 

species/ingredients. In such cases detection of species cross 

reactivity may result in false results. From this we can confer 

that a targeted tactic is not apposite for authenticity concerns 
as it will only convey a result for the targeted species. 

Consequently, if the food product contains any additional 

species in addition to those targeted no information is 

available by PCR analysis. In such cases the use of untargeted 

approach comes into play [13, 14].   

 

Such limitations can be overcome using more recent 

technologies that present themselves as high throughput and 

low cost approaches in comparison to other methods. One 

such technology is Next Generation Sequencing [NGS] from 

which millions of DNA molecules can be sequenced in 

parallel [15]. This paper provides an overview of how and 
why NGS can be used for meat and dairy product 

authentication and which are the platforms available. 
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Figure 1 Cause and consequences of food fraud 

 

II. NGS TECHNOLOGY 

 

As previously mentioned, the most common method 

(Molecular) for verification of species is Real-time PCR and 

it is limited by the number of targets that can be identified 

and differentiated at the same time and also requires previous 
knowledge of the species to be identified. Incorporating Next 

Generation sequencing into the food sector reforms the food 

products authenticity testing as it is recognized as the most 

reliable method for detecting and differentiating species. 

NGS is an untargeted approach that provides precise 

identification of thousands of species in each sample using 

DNA sequencing. There is no need of prerequisite knowledge 

of which species to search for. So now if any sample is 

analyzed the purpose of the study is “Which species are 

present in the sample?” instead of “Are species X, Y or Z 

present in the sample?” [16].  
 

Next generation sequencing is one complicated method 

which involves several steps for identifying species in food 

product. There are many different NGS platforms, each 

follow their own way of sequencing but the outline of the 

overall process follow a similar flow. PCR amplicons 

obtained are sequenced using the NGS approach to 

get thousands of DNA sequences for every different species 

that are included in a very sample. The amplicons used are 

very short (average 100 bp) to maximize success, even in 

highly processed food products, like food product and animal 

feed (170ºC, 3 atm). The DNA sequences obtained are 
compared with internal and/or external DNA databases and 

species identified. As NGS is an untargeted approach the 

ultimate result's a listing of all the species that are included in 

a very sample. As an example, PCR analysis of a meat based 

product (hamburger, lasagne, pizza) will tell you whether 

pork is present – yes, or no. With only one test, the DNA 

Analyzer supported NGS will tell you all the meat species 

that are present. Adding an NGS analysis of plant DNA, the 

meat based-product may also be screened for adulteration 

with material. At < 0.1%, the Limit of Detection (LOD) for 

NGS is analogous or perhaps less than that of real-time PCR. 
Additionally, for DNA quantification, NGS also offers 

advantages over the real-time PCR approach. This is 

often because universal primers are employed in NGS for the 

various species during a nutrient, rather than the taxa-specific 

primers used for PCR which will cause bias during the 

amplification step. Although NGS isn't yet used routinely for 
species DNA quantification, this method also will introduce 

value in terms of its reliability [17]. 

 

Next-generation sequencing (NGS) is altering the food 

industry. There are many misconceptions about NGS 

technology, as it is a relatively new technology. Best example 

is that, NGS is often mistaken for whole-genome sequencing 

(WGS), but in actuality WGS is only one of the applications 

of NGS. Besides authenticity testing, NGS is also used by 

food manufacturers and service labs to do much more like 

pathogen testing, GMO verification, microbiome studies, and 

persistent analysis.  
 

Next generation sequencing (NGS) tools have reformed 

the way during which DNA could also be analyzed. These 

technologies have augmented of several orders of magnitude 

the sequencing throughput. Their benefit within the species 

identification rely on the likelihood to combine during one 

step the generation of species-specific information from the 

produced short sequence reads with limitless multiplexing 

potential. Also the possible relative quantification of the 

detected species by counting reads matching the identical 

target specific sequence. The large potential and flexibility of 
NGS is obtained through bioinformatics analysis of the 

produced sequence data [18, 19]. Among the commercially 

available bench top NGS platforms which can be used for 

species identification, it's possible to mention Illumina, Roche 

454, and Ion Torrent technologies [18, 20, 21]. Ion Torrent 

technology relies on the detection of small pH modifications 

that occur during the sequencing phase which are captured by 

semiconductor chips accommodating variant reaction micro-

wells that produce sequence reads (22). Some reports have 

tested the Ion Torrent Personal Genome Machine (PGM) 

sequencing platform for species identification in food 

products [23-25]. 

 
Figure 2: Overview of workflow of non-targeted approach 

 

Illumina has been the most extensively used NGS 

platform when compared to others for short read sequencing. 

It employs sequencing by synthesis method, in which the four 

nucleotides fluoresce at definite and different wavelengths 

when incorporated by a DNA polymerase. The color signals 

produced will be sensed by on board cameras and inferred as 
the DNA sequence of the molecules [26]. One of the earliest 
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NGS technologies was Roche 454, works on pyrosequencing 

method. The most recent development of NGS is nanopore 
sequencing which is also referred as third generation 

sequencing / fourth generation sequencing. Irrespective of 

what it is called, nanopore sequencing symbolizes a wholly 

different method of sequencing. This sequencing technology 

is quite rapid, handling 450 bases per second and resulting in 

faster turnaround times and lower costs [27]. 

 

III. NGS BASED APPROACHES OR PLATFORMS 

 

Based on variety of different chemistries, many NGS 

platforms are now widely available for high throughput DNA 

sequencing, and more sequencing technologies are being 
developed with bright future [28]. Illumina develops the most 

widely used NGS technologies which use reversible 

fluorescent dideoxy terminators for sequencing amplified 

DNA clusters. Depending on the need of users Illumina offer 

an array of alternatives which produce a range of different 

quantities and lengths of DNA reads. For example Illumina 

iSeq 100, which can develop a maximum of 1.2 billion bases 

of sequence per run whereas HiSeq X Ten is a set of ten 

instruments, each producing up to 1.8 trillion bases. The 

latest releases include NovaSeq 5000 and 6000 which allow 

the user to regulate output to match their expected 
requirements. Ion Torrent technology is an alternative 

platforms that produce short reads. There are currently three 

Ion Torrent devices, the Proton, and the Gene Studio S5, the 

Personal Genome Machine [29,30]. 

 

A few NGS approaches have been lately applied for 

species identification, useful for the authentication of food 

products, validating the powerful potential of these DNA 

sequencing methods. A research team worked on ion torrent 

next generation semiconductor based sequencing technology 

for species identification in complex meat derived products. 

They used targeted mitochondrial DNA (mtDNA) tactic 
(intra-species variability) based on dissimilar fragments 

amplified with three universal primer pairs. Total of 

1,363,351 filtered reads were generated by sequencing six 

libraries. The bioinformatics pipeline relied on the results of 

the aln algorithm which is known for its performance for 

species identification discerning closely related sequences. 

The BLASTN was used for analyses against the GenBank 

vertebrate mtDNA sequence database. In order to add another 

computational method and to validate the aln software result 

they compared the outcome of this algorithm with outputs of 

BLASTN. The study identified both anticipated and 
unanticipated meat species in the food products. Accurate 

meat species ingredient data was obtained successfully for all 

products. Bubalus bubalis DNA was identified in pork and 

pork was identified in the kebab [31, 32].  

 

Similar study was conducted on dairy products, in 

which Ion torrent was used for species identification based on 

three mtDNA regions obtained from DNA mixtures obtained 

from dairy products. Dairy products can be used as simple 

case studies for the application of innovative NGS 

approaches as they are generally not very intricate in terms of 
possible species of origin of the milk; Ion Torrent PGM 

sequencing was executed starting from PCR products. To test 

the method sequencing reads were derived from 3 libraries 

that were obtained from pooled amplicons / artificial DNA 
pools. They tested for two algorithms aln and mem that have 

unlike protocols for mapping reads and for dairy species aln 

performed better than mem. The study was done on one goat 

cheese, one buffalo cheese, one artisanal cheese and two 

mixed goat and cow milk samples. The sequencing results 

generated from these five libraries were able to identify all 

estimated species along with undeclared species. They 

identified different species mitotypes in the derived products 

and the presence of human DNA. This study validated the 

practicality of Next generation sequencing for species 

verification in dairy yields and its potential application for 

authentication [31, 33]. 
 

DNA barcoding is considered as a gold standard system 

for species identification which uses short DNA section from 

specific gene(s). In Recent years, with advance of NGS and 

also availability of accessible databases such as Genbank, 

BOLD (Barcode of Life Data Systems) DNA metabarcoding 

is emerging [34]. A study was done to examine the NGS 

based DNA metabarcoding to identify avian and mammalian 

species in mixed products. Sequencing of short segment 16S 

ribosomal RNA mitochondrial gene was implemented. For 

most of the animal species, the standard region is the 
fragment of the mitochondrial gene coding for cytochrome c 

oxidase subunit I (COI) (approximately 650bp fragment). A 

high-throughput and ultra-deep sequencing method Illumina 

HiSeq sequencing was performed. The results showed the 

existence of mislabeling of meat products [35]. Similarly 

when mini-barcode system combined with NGS, species 

identification in highly processed food possibility is 

increased. Another study demonstrated that 16S rRNA mini-

barcoding system provides a new slant in using DNA meta-

barcoding for authentication of mixed species-derived food 

products [41]. 

 

 
Figure 3: NGS based approaches for food authenticity 

 

When we compare NGS against current ELISA or real-

time PCR approaches for species identification, it has 2 

momentous advantages over them. Firstly, it is a non-targeted 

approach that allows recognition of any species that might be 

present. Furthermore, this methodology is self-validating and 

data’s generated can be easily related with database 
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sequences [36]. One more NGS platform Pyro-sequencing 

was first studied by Ortola Vidal and colleagues for food 
authentication in plant specification [37]. It is one of the rapid 

NGS technologies that results in quantitative sequence data in 

the form of a sequence profile [38, 39]. Leatherhead Food 

Research Company has advanced ASPECT (Adulteration and 

SPECiation Test). It links highly proficient DNA extraction 

with non-targeted pyro-sequencing. The method has been 

used for different assays like meat, fish, dairy, herbs, species 

and poultry etc. Moreover it is also used for highly processed 

food products with detection limit of 1% w/w adulterant 

DNA from the authentic species [40].  

 

IV. CONCLUSIONS 
 

Although there are many techniques for identification of 

species in meat and dairy products, not all of them are easy, 

fast, accurate, reasonable, and applicable routine methods in 

factories, laboratories, control centres. On the other hand the 

rapidly shifting and growing of Next generation sequencing is 

changing the way food authenticity is conducted. Moreover, 

database resources of genetic information are growing faster 

each year databases. The bioinformatics mining of the reads 

generated set up a key part of this NGS approach, to be 

specific when sequences are very identical between species. 
In the upcoming days, as NGS becomes a well-established 

method, both methodologies and analysis pipelines should be 

harmonized among testing laboratories. Technical progresses 

and augmented race will continue to drive the field towards 

higher throughput, lower costs, and more user friendly 

options for analysis. It will also be necessary that the 

competent testing laboratories become appropriately 

attributed. 
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