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				ABSTRACT: Violations of temperature and humidity storage conditions and the intensive development of lactic acid putrefactive microorganisms (micrococcus, yeast, and mold fungi) lead to destructive changes in muscle tissue. The studies established the effect of single and repeated defrosting of turkey meat on the increase in the number of microorganisms that cause spoilage of products and being criteria for meat hygiene and biological safety. As a result of the study, there were no detecting bacteria of the genus Salmonella in a sample of 25g of chilled, defrosted, and re-defrosted turkey meat. Also, there was no detecting growth of Listeria monocytogenes and bacteria of the Escherichia coli group in a sample of 1g of the product. On the other hand, significant changes were in the dynamics of microbial contamination in terms of the number of mesophilic aerobic and facultative anaerobic microorganisms. Thus, in cooled samples, the total microbial contamination was 3.2×102±0.2 colonies of forming units per 1g of product. In samples of defrosted turkey meat, this indicator increased 1.8 times and amounted to 5.6×102±0.4. However, the obtained value did not exceed the maximum permissible, regulated in the normative and technical documentation. Samples of re-defrosted turkey meat in terms of quantity of Mesophilic Aerobic and Facultative Anaerobic Microorganisms corresponded to 4.7×103±0.2, which is 14.5 times higher than in chilled meat samples and 8.4 times higher than in defrosted meat. In addition, the established value of the indicator of microbial contamination in re-defrosting meat exceeded the maximum permissible value established by regulatory enactments. Thus, there is a direct effect of repeated freezing of raw meat on its good quality and safety. Therefore, the solution to such a practical problem as identifying the thermal state of turkey meat acquires a significant role.
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	INTRODUCTION

	 

	The most important strategic task of the state is to ensure the food safety of products on the market. For its high nutritional and biological value, Turkey meat is gaining popularity among consumers, but, at the same time, the role and need to control the bio-safety criteria of the raw materials produced increases (Ismail and Joo, 2017; Lauritsen et al., 2019). The slaughter products received and put into circulation from sick poultry, produced with non-observance of veterinary and sanitary requirements, can threaten human health concerning pathogenic and opportunistic microorganisms (Carrasco et al., 2012; Tsigarida et al., 2019). When controlling the products sold, it is necessary to consider the complexity of methods and veterinary and sanitary requirements, regulated by regulatory documents, to the good quality and safety of food products, its identification characteristics at each stage of circulation (Salinas et al. 2014; Orlova and Drozd, 2020).

	Demand increase for this product type leads to production intensification and appearance of an effect on the shelves in a wide variety and quantity (Colmenero, 2000). That does not exclude the occurrence of cases of counterfeit turkey meat products or a decrease in its quality (Galarz et al., 2010). However, turkey meat can easily undergo spoilage during storage during trading because of non-compliance with the conditions of its production, temperature violation, storage humidity conditions, or transportation (Bolder, 2007; Voidarou et al., 2011; Chakchouk-Mtibaa et al., 2017). Under improperly storage conditions, turkey meat develops autolytic processes and these processes lead to structural changes in muscle tissue under intensive development of lactic acid, putrefactive microorganisms, micrococci, yeast, molds, etc (Díaz  et al., 2008; Luong et al., 2020). As a result, the meat's biochemical composition changes, and protein breakdown products accumulate (Rouger et al., 2017; Saewan et al., 2021). There are a lot of methods and ways for extending poultry meat shelf life that significantly reduce the microflora growth, thereby ensuring the products bio-safety (Patterson and Gibbs, 1973; Mahmoud et al., 2021). Such methods are high pressure freezing, specialized packaging, modified media, etc (Yuste et al., 2002).

	In this connection, veterinarians in large companies representing the state and industrial veterinary service in food markets, processing, and refrigeration enterprises, should pay special attention to quality control of raw meat, including the indicators of good quality and biological safety (Chousalkar et al., 2019; Williams et al., 2020).

	The requirements of regulatory and technical documents established the conditions, storage periods, and quality parameters of turkey meat (Yang et al., 2021). 

	However, to make a profit, unscrupulous manufacturers can use expired turkey meat to manufacture culinary products intended for direct consumption, which, in turn, can cause poisoning in humans and the development of harmful infections (Carroll and Alvarado, 2008; Zhang et al., 2016).

	In cases of non-observance veterinary and sanitary rules for raw meat production and circulation and within the framework of state monitoring, it is required to analyze microbiological safety according to the indicators provided by the Customs Union Technical Regulations 034/2013 "On the safety of meat and meat products" (CUTR 034/2013). These indicators are quantity mesophilic aerobic and facultatively anaerobic microorganisms, bacteria of the Escherichia coli group, Staphylococcus aureus, Proteus bacilli, Salmonella, Listeria monocytogenes yeast, and mold, sulfite-reducing clostridia (Cai et al., 2019).

	According to the regulatory documents (Prylipko, 2019; Moiseeva and Motovilov, 2020), the shelf life of chilled and frozen turkey meat is advisory and set by the manufacturer. Therefore, to prevent the sale of meat in the trading network that does not meet biological safety requirements, it is necessary to assess it in the conditions of actual product circulation.

	The study aimed to establish the effect of a single and repeated defrosting of turkey meat on the increase in the number of microorganisms that cause spoilage of products, as well as being criteria for biological safety.

	 

	MATERIALS AND METHODS

	 

	Turkey meat samples for experiments were bought in retail stores in St. Petersburg, Russia. The studies established the effect of single and repeated defrosting of turkey meat on the increase in the number of microorganisms that cause spoilage of products and being criteria for biological safety. A total of 128 samples of turkey meat were studied, including thigh = 26 pieces, wing = 31 pieces, drumstick = 18 pieces, breast = 53 pieces (Figure 1).
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	Figure 1 - The research objects

	 

	For identifying bacteria of the genus Salmonella, 25g of ground turkey meat was inoculated on a selective enrichment medium - tetrathionate broth (Müller-Kaufmann) in a ratio of 1:10. Then they were incubated at a temperature of 37±1°С for 24 hours. After that, they were sub-cultured on two differential diagnostic media, on XLD-agar and bismuth-sulfite agar. Then they were incubated into a thermostat (37±1°С). The cultures were counted after 24 hours, and the final one - after 48 hours (ISO 6579-1:2017).

	On XLD-agar, bacteria of the genus Salmonella formed characteristic colonies with a black center and pink colonies with a dark pink center, or yellow colonies with or without blackening. On bismuth-sulfite salmonella agar, black colonies with a metallic sheen were formed. The medium under the colonies was colored, either in the form of greenish colonies with a dark green rim, or colorless colonies without color of the medium.

	For identifying Listeria monocytogenes, 25g of ground turkey meat was inoculated into Fraser's broth for selective enrichment in a ratio of 1:9. Then it was incubated at a temperature of 37±1°С for 48 h. After that, they were sub-cultured onto differential diagnostic media: ALOA (Listeria Chromogenic Agar Base Acc. to Ottaviani and Agosti), and listeria nutrient agar, incubated in a thermostat (37±1°С), the inoculations were counted after 24 hours, and the final one - after 48 hours.

	On ALOA, listeria grew in blue-green colonies with an opaque rim. On listeria nutrient agar, listeria formed small grayish-yellow colonies with a black halo (GOST 32031-2012).

	Determination of bacteria of the Escherichia coli group was by sowing a crushed sample of 1g of turkey meat on Kessler's medium. Crops were incubated at 37±1°C for 24 hours. To consider the growth, a change in the color of the medium and the presence of gas bubbles were noted (GOST 31747-2012).

	The quantity of Mesophilic Aerobic and Facultative Anaerobic Microorganisms was determined by inoculation in agar nutrient media. First, a 1g weighed portion of the test meat was minced, and a series of successive dilutions were prepared. For inoculation, dilutions of 1:1000, 1:10000, 1:100000 were taken. The inoculation was done in parallel on two Petri dishes from each dilution. For doing this, 1mL of material, without touching, was pipetted onto the bottom of the dish. Then the material was distributed over the plate with light rotary movements. After this, 15 minutes later, 20 mL of defrosted and cooled meat were added peptone agar with a temperature of (45±1)°C. The medium was allowed to solidify and incubated upside down at 30°C for 72 hours. After that, the crops were recorded, and the colonies were counted. The resulting number of colonies was multiplied by the dilution, and then the arithmetic mean was obtained, which was taken as the value of QMAFAnM in CFU/g (GOST 10444.15-94).

	The data obtained from observation checklists were analyzed using SPSS version 21.0 and then exported to Microsoft Excel to calculate the various scores. Descriptive analyses used mean, standard deviation, maxima, and minima for each category. Scores were assessed according to food safety. The two-sample t-test was used to compare microbiological safety Indicators and microbial meat contamination data sets. Comparisons were conducted by fixed-effects analysis of variance. Data were first tested using quantile-quantile plots or the Kolmogorov–Smirnov test, and variance equality was checked using the modified Levene test. Next, Non-normally distributed data sets and those with a sample size less than ten were analyzed using the non-parametric Wilcoxon rank-sum test for two category cases, i.e., sex (male or female), food safety training status (trained or untrained), etc., and the Kruskal-Wallis rank-sum test was used when there were more than two categories. Statistically significant differences were based on 95% confidence limits, i.e., α = 0.05 or p < 0.05.

	 

	RESULTS AND DISCUSSION

	 

	When conducting microbiological studies on the biological safety indicators of turkey meat of various parts of chilled, defrosted, and re-defrosted carcasses, bacteria of the genus Salmonella were not detected in 25g of products. Also, in all 25g samples, there was no growth of Listeria monocytogenes. In addition, Escherichia coli bacteria had not been detected when inoculating in 1g of the product in all studied samples of turkey (Table 1).

	Significant changes were in the dynamics of microbial contamination in terms of the number of mesophilic aerobic and facultative anaerobic microorganisms. Thus, in cooled samples, the total microbial contamination was 3.2×102±0.2 colonies of forming units per 1g of product. In samples of defrosted turkey meat, this indicator increased 1.8 times and amounted to 5.6×102±0.4. However, the obtained value did not exceed the maximum permissible, regulated in the normative and technical documentation. Samples of re-defrosted turkey meat in terms of QMAFAnM corresponded to 4.7×103±0.2, which is 14.5 times higher than in chilled meat samples and 8.4 times higher than in defrosted meat. In addition, the established value of the indicator of microbial contamination in re-defrosting meat exceeded the maximum permissible value established by regulatory enactments.

	Considering the general microbial contamination of parts of turkey carcasses separately, it should be noted that the maximum value of the microbial number was observed in the wing, the minimum - in the breast (Table 2). The higher microbial contamination of wing meat can be explained by the larger surface of this part of the carcasses relative to the volume of muscle tissue than the breast and other parts of the carcasses, which contributes to the more active growth of microflora.

	Thus, in chilled wing meat, the value of QMAFAnM was 3.6×102±0.3, in defrosted meat - 6.3×102±0.3, which is 1.8 times higher than the value of microbial contamination of cooled samples. At the same time, in the repeatedly defrosted turkey wing meat, the microbial number was 5.8×103±0.1, which exceeds this indicator in chilled meat by 16.1 times, in defrosted meat, by 9.2 times. On the other hand, the smallest value of the index of microbial contamination was established in chilled breast meat - 2.5×102±0.4, which significantly increased in defrosted samples by 1.9 times and amounted to 4.9×102±0.2, in re-defrosted samples - in 14.8 times relative to chilled meat and 7.6 times relative to defrosted meat and amounted to 3.7×103±0.2 (p<0.05).

	 

	
		
				Table 1 – Turkey meat microbiological safety Indicators

		

		
				Indicator

				Chilled Turkey Meat

				Defrosting turkey meat

				Re-defrosted turkey meat

		

		
				Salmonella bacteria

				Not detected in 25g

				Not detected in 25g

				Not detected in 25g

		

		
				Listeria monocytogenes

				Not detected in 25g

				Not detected in 25g

				Not detected in 25g

		

		
				Escherichia coli bacteria

				Not detected in 1g

				Not detected in 1g

				Not detected in 1g

		

		
				QMAFAnM, CFU/g (average value)

				3.2×102±0.2

				5.6×102±0.4

				4.7×103±0.2

		

		
				М±m, n=128;  р<0,05

		

	

	 

	
		
				Table 2 - Turkey meat microbial contamination (QMAFAnM), CFU/g

		

		
				Part of the carcass

				Chilled Turkey Meat

				Defrosting turkey meat

				Re-defrosted turkey meat

		

		
				Thigh1

				3.4×102±0.3

				5.8×102±0.4

				3.8×103±0.3

		

		
				Drumstick2

				3.3×102±0.2

				5.4×102±0.1

				5.5×103±0.4

		

		
				Breast3

				2.5×102±0.4

				4.9×102±0.2

				3.7×103±0.2

		

		
				Wing4

				3.6×102±0.3

				6.3×102±0.3

				5.8×103±0.1

		

		
				M±m, n1=26, n2=18, n3=53, n4=31; р<0,05

		

	

	As a result of studying the microbial contamination of chilled, defrosted, and re-defrosted turkey meat, it was found that single freezing and thawing of meat affects the microbial contamination of products. Still, the obtained values do not exceed the maximum permissible values and consistent with the works of Doulgeraki et al. (2012) and Yu et al. (2021), which describe the positive effect of freezing on extending the shelf life of poultry meat by reducing the activity of microorganisms. However, repeated low-temperature processing of turkey meat and its longer storage contribute to a sharp increase in microbial contamination, including in violation of the requirements for the indicator of the number of mesophilic aerobic and facultative anaerobic microorganisms, which is consistent with the works of Saewan et al. (2021) and Mahmoud et al. (2021). It should be noted that single and double defrosting of turkey meat does not lead to the growth of pathogenic microorganisms that constitute the criteria for biological safety - bacteria of the genus Salmonella, L. monocytogenes, and bacteria of the Escherichia coli group, which is also reflected in the works of Yu et al. (2021) and Mahmoud et al. (2021).

	According to Gram, the microbiological study results were also confirmed by microscopy of smears-prints prepared from meat thickness and stained. Looking at least 25 fields of view in smears-prints made from chilled and defrosted meat samples, microorganisms were not detected, or single cocci and/or sticks were recorded, there were no signs of muscle tissue decay. However, in smears-prints from samples of repeatedly defrosted meat in the microscope's field of view, 22±2 microbial cells and traces of muscle tissue decay in the form of destructively altered muscle fibers were established.

	The presence of an increased number of microorganisms detected in smear-prints from re-defrosted meat, as well as the excess in the corresponding samples of the permissible value of QMAFanM, is explained by high proportion of destroyed muscle fibers, disruption of the integrity of the sarcolemma, and going beyond the muscle cells of the sarcoplasm, which together contributes to the development of microflora (Figure 2). The structure of the muscle tissue of defrosted meat is moderately disturbed, single ruptures of muscle fibers are observed, which does not lead to the intensive development of microorganisms (Figure 3). While in chilled meat, while maintaining the integrity of muscle fibers and the absence of destructive changes (Figure 4), the index of microbial contamination meets safety requirements.
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				Figure 2 - Micro-picture of the native preparation of repeatedly defrosted turkey meat, magnification 10×4

				 
 

				Figure 3 - Micro picture of a native preparation of defrosted turkey meat, magnification 10×4
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				Figure 4 - Micro-picture of a native preparation of chilled turkey meat, magnification 10×4

		

	

	 

	CONCLUSION 

	 

	From the foregoing, it follows that there is a direct effect of repeated freezing of raw meat on its good quality and safety. Therefore, the solution to such a practical problem as identifying the thermal state of turkey meat acquires a significant role. Carrying out microbiological studies, the significant dynamics of the total microbial contamination by mesophilic aerobic and facultative anaerobic microorganisms should be noted. With repeated freezing and defrosting of meat, there was a sharp increase in microbial cells compared to the original chilled material by 14.5 times. This value exceeds the permissible value established in the regulatory and technical documents by 4.7 times. This phenomenon is provoked by a significant breakdown of muscle tissue elements, thereby creating a more favorable environment for the development of microorganisms and, as a result, the appearance of initial signs of meat spoilage in violation of safety requirements.
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