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			Abstract | Identification of meat and meat mixture has a substantial role either economically, on religious side, or public health concern. This study focused on the application of the PCR-RFLP technique to differentiate between mixtures of different animal species in raw and cooked meat. Animal species meat mixtures used in the present study were beef, donkey, dog, poultry meat, and mechanical deboned meat (MDM). The amplification of the required region of mitochondrial genes, 12S rRNA gene, 16S rRNA gene, and cytochrome b (Cyt-b) gene using pairs of universal primers were done by PCR. Restriction fragment length polymorphism (RFLP) was done by subsequently digesting the amplified PCR product using two restriction endonucleases (AluI and HinfI). All species and mixtures at different ratios could be discriminated using the two restriction enzymes giving rise to distinct banding patterns on an agarose gel. The cooking of different mixtures affects the banding number in the 12S rRNA and cytochrome b (Cyt-b) gene. The 12S rRNA, 16S rRNA genes, and Cyt-b genes of mitochondrial genome using PCR-RFLP method may be used for identification of meat mixtures.
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			INTRODUCTION

			 

			Food authenticity has taken a significant concern and show increasing attention over the past decade because of the increasing complexity of food chains (El Sheikha et al., 2018). Food fraud is defined as an illegal deception that’s mainly economically motivated (Spink et al., 2019b). Economically Motivated Adulteration (EMA) is defined as counterfeit addition of inauthentic substances or elimination or replacement of authentic substances without the buyer’s knowledge for the economic gain of the vendor (Moore, 2011). Recently, EMA considered an issue of economic gain with potential health risk (Spink et al., 2019a). Meat and meat products are one among the food commodities that are most vulnerable to adulteration activity due to their relatively high value, complex supply chains especially concerning halal supply chain, and increase demand within the market (Downey, 2016). Adulteration in meat and meat products usually involves the substitution of high-price meat with less costly meat or non-meat ingredients (Downey, 2016). Besides the ruminant meat, poultry meat products are also frequently substituted with meat ingredients from similar species (Amaral et al., 2016). Poultry meat is one of the foremost extensively consumed meats within the world (Masole et al., 2015), and it covers a large range of species, like chicken, duck, turkey, goose, and pigeon (FAO, 2018). In the meat sector, the substitution of high-cost meats with low-cost alternatives, especially for those designated as Protected Designation of Origin (PDO) or Protected Geographical Indication (PGI), and therefore the mislabeling of meat species are significant issues (Fajardo et al., 2010; Gvozdanović et al., 2020). Mechanically deboned meat (MDM) is that a process of mechanical deboning that involves crushing the bones of beef, poultry, pork and mixing with meat and skin before the bone is separated. Inevitably, crushing of the animal’s bones and tissues results in changes in chemical, physical, sensory and functional properties of the meat, and meat color. MDM production is done in two forms, high pressures; a fine-textured meat paste was the end-product, suitable to be used in cooked sausages. Low pressure produced a coarse tissue texture of superior quality meat that might not be distinguished from traditional minced meat (so-called 3 mm or Baader meat) (Tonder, 2020). Donkey meat products are highly nutritious; it’s considerably costlier than other meats as a result of its low supply (Chen et al., 2015). In Islamic countries, donkey meat consumption is prohibited on religious grounds (Mousavi et al., 2015). Donkey meat could likely be mixed with other meat tissues for economic benefits and there’s a desire to avoid donkey meat entering the food supply chain in Islamic countries (Kim et al., 2020). Enforcement procedures generally to insure that what consumers get on their tables are genuine and safe. In this regard the identification of the animal origin is crucial with relevancy to religious concerns and for public health. Although there are various national and international laws for supervising the standard and safety of meat and meat products, meat adulteration continues to be widespread (Zheng et al., 2019). Several molecular genetic approaches for meat authenticity and traceability based on DNA fingerprinting have been developed and widely used (Sajali et al., 2021; Hrbek et al., 2020; Murugaiah et al., 2015). PCR amplification techniques are the most common used in meat species identification providing more accuracy and reliability (Girish et al., 2005). PCR-RFLP combined with universal primer has advantages of sensitivity and specificity used in many practices of meat discrimination (Tian et al., 2015; Erwanto et al., 2014; Huang et al., 2013). The present study was initiated with the goal to discriminate meat of different animal species under various processing conditions using PCR-RFLP technique with designed universal primers of 16S rRNA, 12S rRNA and cytochrome b.

			 

			MATERIALS AND METHODS

			 

			Sampling and sample preparation

			Pure meat samples of beef, dog, donkey, chicken species and mechanical deboned meat (MDM) were provided by Meat Hygiene department in the faculty of veterinary medicine, Cairo University. All collected samples were kept and stored at−20°C till analysis. Samples prepared in two sets. The first set of pure meat samples. The second set was beef: donkey and beef: dog meat mixed samples prepared in ratio’s 95:05, 90:10, and 85:15, 80:20 (w/w), Poultry: MDM mixed samples in ratio’s 95:05, 90:10, and 85:15, 80:20 (w/w). The second set was replicated with the same mixed ratio’s, kept in thermoplastics bags and undergo cooking at 100 °C for one hour in boiling water. Then DNA extraction was applied after completing the weighing, mincing and cooking processes.

			 

			DNA extraction, primer designs and PCR amplification 

			DNA extracted and purified from the samples by using DNA extraction kit (GeneJet) Genomic DNA Purification Kit- lot 00508807- Thermo Scientific) using the protocol provided with the kit. Three sets of universal primers used in this study were, 12S rRNA gene, 16S rRNA gene and cytochrome b gene with amplicon length shown in Table 1. The primers were purchased from (Invitrogen by Thermo Fisher Scientific). PCR amplification reactions were performed for the extracted DNA. Each extracted DNA amplification reaction was set up in total volume of 25 µl. These reactions were subjected to a cycle conditions of 5 min at 95 °C initial denaturation followed by 35 cycles; each of which consisted of 95 °C for 45s denaturation, for 45 s annealing for each primer as mention in Table 1, and 72 °C for 45s primer extension and final extension step at 72°C for 10 min. The electrophoresis of PCR products were done on 2% agarose gel with ethidium bromide along with 50pb DNA ladder (Intron Biotechnology) and visualized under ultraviolet light in a trans- illuminator.

			 

			Table 1: The sequence of 12S rRNA, 16S rRNA, and Cyt-b primers, product size of amplicons, optimum annealing temperatures.

			 

			
				
					
					
					
					
					
				
				
					
							Target region
							Gene sequence
							
							amplicon 

							bp

						
							Annealing temp.
							REF
					

					
							
							12S rRNA

						
							
							F: 5' - CAA ACT GGG ATT AGA TAC CCC ACT AT-3'

						
							
							440 bp

						
							
							60°C

						
							
							(Chen et al., 2010)

						
					

					
							
							R: 5' - GAG GGT GAC GGG CGG TGT GT 3'

						
					

					
							
							16S rRNA

						
							
							F: 5' - CGC CTG TTT ATC AAA AAC AT - 3' 

						
							
							600 bp

						
							
							56 °C

						
							
							(Saikia.et al., 2016)

						
					

					
							
							R: 5' - CTC CGG TTT GAA CTC AGA TC - 3'

						
					

					
							
							Cyto b

						
							
							F: 5' - CCC CTC AGA ATG ATA TTT GTC CTCA-3'

						
							
							359 bp

						
							
							54°C

						
							
							(Murugaiah et al., 2009)

						
					

					
							
							R: 5' - CCA TCC AAC ATC TCA GCA TGA TGA AA -3'

						
					

				
			

			

			Restriction fragment length polymorphism (RFLP)

			PCR products of 12S rRNA, 16S rRNA and Cyt-b were subjected for digestion by restriction enzymes. Two restriction enzymes: ALuΙ (New England BioLabs) and HinfΙ (Enzynomics) were selected for digestion of amplified fragments. The digested products were analyzed on 2% agarose gel electrophoresis.

			 

			RESULTS AND DISCUSSION

			 

			PCR amplification of mitochondrial (mt) genes

			Universal primers amplify the extracted DNA, resulting in PCR products of 12S rRNA, 16S rRNA genes and Cyt-b mt genes with size about 440bp, 600bp and 358bp, respectively.

			 

			Restriction fragment length polymorphism analysis

			The PCR-RFLP technique is of potential value, in precise identification of animal species. PCR products obtained of mitochondrial genes were subjected to digestion using restriction enzymes ALuΙ and HinfΙ, the fragmented patterns were subjected to agarose gel electrophoresis.

			 

			RFLP patterns in pure animal species

			Each animal species presented a specific RFLP pattern using both ALuΙ and HinfΙ restriction enzymes. As shown in (Figure 1), For 12S rRNA, AluI digestion yielded in beef, dog and donkey two fragments and three fragments in poultry and MDM. While 16S rRNA yielded in all pure meat samples two fragments exceptionally MDM sample showed three fragments pattern. Whereas, in cytochrome b AluI digestion, generated one fragment in beef and dog, two fragments in donkey, poultry and MDM. HinfΙ digestion of 12S rRNA yielded in beef, dog and donkey two fragments and three fragments for poultry and MDM (Figure 2). 16S rRNA yielded two fragments in beef, dog, donkey, and MDM while for poultry showed only one fragment, whereas, cytochrome HinfΙ digestion generated one fragment in beef and dog but in donkey, poultry and MDM generated two fragments.

			 

			RFLP patterns in raw and cooked mixed samples

			PCR –RFLP using ALuΙ and HinfΙ (Figures 3, 4) showed a difference in banding pattern and density between cooked and raw mixed samples, by increasing these patterns in 12S rRNA and 16S rRNA genes while decreasing in cytochrome b gene, these results obtained by using cooking process, whereas raw mixed samples had no difference between different proportions of meat admixes used in 12S rRNA and 16S rRNA, while cyt-b showed difference by decrease in number of bands using ALuΙ in the mix of beef+donkey and poultry+MDM in ratio 95:05. But in case of using the technique with HinfΙ we observed the small percent of mixed beef+donkey and poultry+MDM cannot be detected in mitochondrial 16S rRNA and cyto-b, respectively.
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			Figure 1: RFLP profile of mt. 12S rRNA, 16S rRNA and Cyt-b genes. PCR amplicons of pure samples used in the present study that subjected to ALuΙ restriction digestion.
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			Figure 2: RFLP profile of mt. 12S rRNA, 16S rRNA and Cyt-b genes. PCR amplicons of pure samples used in the present study that subjected to HinfΙ restriction digestion.
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			Figure 3: RFLP pattern of PCR Amplified mt. 12S rRNA, 16S rRNA and Cyt-b genes. Digested with restriction Enzyme ALul of raw and cooked admixed samples producing following restriction products.

			 

			Meat adulteration, mainly for the purpose of economic pursuit, is widespread and leads to serious public health risks and religious violations especially in developing countries (Soman et al., 2020). Beef is generally the most expensive meat in Egypt and thus, the cost of making beef meat balls is higher than for other types of meat. As a result, this has encouraged some sellers to adulterate beef meatballs with inferior or illegal meats to decrease the production cost and maximize profits. Recently, DNA-based methods have proved to be accurate, fast and sensitive method for meat authentication.
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			Figure 4: RFLP pattern of PCR Amplified mt. 12S rRNA, 16S rRNA and cyt-b genes. Digested with restriction Enzyme Hinfl of raw and cooked admixed samples producing following restriction products.

			 

			Mitochondrial DNA genes may provide information about different meat species. The large variability of mt DNA targets as compared with nuclear sequences facilitates the discrimination of closely related animal species even in the case of mixtures of species (Prado et al., 2002). Mitochondrial DNA facilitates PCR amplification even in cases where the availability of DNA template after extraction is insufficient for detection (Murugaiah et al., 2009). Compared to nuclear DNA, mitochondrial DNA is protected by a double layer of mitochondrial membrane and better resists processing injury. Mitochondrial DNA undergoes several mutations within its sequences thus facilitating unique identification of different species (Kumar et al., 2015). The PCR-RFLP procedure appeared to be a simple, can be used with degraded DNA and easy method for routine analysis. It does not require preliminary sequencing of the investigated fragment. PCR-RFLP is a sensitive, accurate, and versatile method for meat authenticity verification (Rashid et al., 2015) simpler and time saving than real-time PCR (Ali et al., 2011). In the present study, PCR-RFLP method with a specific primer has been successfully used to amplify 12S rRNA, 16S rRNA and Cyt-b genes from different meat species at various levels of adulteration. Beef, donkey, dog, poultry, and MDM in various combinations with different percentage up to 5% concentration of admix meat in row and cooked meat mixture could be discriminated using conventional PCR followed by RFLP technique for mitochondrial DNA. The meat balls adulteration was detected to as low as 5% concentration of admix. Rahman et al. (2015) used PCR-RFLP coupled with a lab-on-a-chip detection platform to detect dog meat in burger formulations using Cyt-b gene in chicken and beef burgers. Doosti and Coworkers (2014) used PCR-RFLP coupled with AluI restriction enzyme to successfully identify donkey and horse species in halal food. In addition, cattle-buffalo and sheep-goat (Girish et al., 2005), cattle, yak, and buffalo (Chen et al., 2010), swine and wild boar (Mutalib et al., 2012), and chicken, beef, and sheep meat (Kušec et al., 2017) have also been successfully differentiated by using PCR-RFLP technologies. Furthermore, our present study also confirmed that the PCR- RFLP method was successful in detecting meat adulteration in products that had undergone processing and cooking. Cooking involving high temperatures and addition of several spices and condiments may lead to low DNA concentrations (Sakalar et al., 2012). Cooking of meat admixes in the current study affected RFLP by increasing its banding pattern in 12sr RNA and 16sr RNA while decreased in cytochrome gene using AluI and HinfΙ enzymes. Thus, the results support the conventional PCR-RFLP method to detect meat adulteration on the basis of its sensitivity, efficiency, especially for high scales of production.

			 

			CONCLUSIONS AND RECOMMENDATIONS

			 

			Mitochondrial conserved genes 12S rRNA, 16S rRNA and Cyt-b provide the reliability of PCR-RFLP method for distinguishing different species in meat mixtures.
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			Meat adulteration is widespread and leads to serious public health risks and religious violations. DNA-based methods for meat authentication have proved to be accurate, fast and sensitive method. In the present study, PCR-RFLP technique with universal primers for mitochondrial 12S rRNA, 16S rRNA and Cyt-b genes was performed on DNA from Beef, donkey, dog, poultry, and MDM in various combinations with different percentage up to 5% concentration of admix meat in row and cooked mixture. All species and mixtures at different ratios could be discriminated using AluI and HinfI restriction enzymes giving rise to distinct banding patterns. The physical effect of heat treatment (cooking) exerted during meat processing influenced the banding number, thus mitochondrial 12S rRNA, 16S rRNA, and Cyt-b genes using PCR-RFLP method could be used for identification of meat mixtures.
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INTRODUCTION

Food authenticity has taken a significant concern
and show increasing attention over the past decade
because of the increasing complexity of food chains (EI
Sheikha et al., 2018). Food fraud is defined as an illegal
deception that’s mainly economically motivated (Spink et
al.,2019b). Economically Motivated Adulteration (EMA)
is defined as counterfeit addition of inauthentic substances
or elimination or replacement of authentic substances
without the buyer’s knowledge for the economic gain of
the vendor (Moore, 2011). Recently, EMA considered an
issue of economic gain with potential health risk (Spink
etal., 2019a). Meat and meat products are one among the
food commodities that are most vulnerable to adulteration

activity due to their relatively high value, complex supply
chains especially concerning halal supply chain,and increase
demand within the market (Downey, 2016). Adulteration
in meat and meat products usually involves the substitution
of high-price meat with less costly meat or non-meat
ingredients (Downey, 2016). Besides the ruminant meat,
poultry meat products are also frequently substituted with
meat ingredients from similar species (Amaral et al., 2016).
Poultry meat is one of the foremost extensively consumed
meats within the world (Masole et al.,2015),and it covers a
large range of species, like chicken, duck, turkey, goose, and
pigeon (FAO, 2018). In the meat sector, the substitution
of high-cost meats with low-cost alternatives, especially
for those designated as Protected Designation of Origin
(PDO) or Protected Geographical Indication (PGI), and
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