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			ABSTRACT

		

		
			A comparative study of two types of third-generation Chinese soft-shelled turtles (Trionyx sinensis) from the Yangtze River (i.e., Type A with black spots on the carapace and Type B without spots) was conducted to evaluate the effect of selective breeding on their nutritional composition. Our nutrient analysis results indicated that both types were high-quality aquatic products with high protein and low fat contents. The amino acid contents in the muscle of type A were significantly higher than those of type B (P < 0.05), but no significant differences were observed in the calipash. Additionally, the amino acid score (AAS) in the muscle of type A was >1, which was significantly higher than that of type B (P<0.05). The contents of all fatty acids and EPA+DHA were significantly higher in Type A than in type B (P<0.05), whereas there were no significant differences in the fatty acid composition of the calipash of the two types (P > 0.05). The muscle atherogenicity index (AI) and thrombogenicity index (TI) of the two types were 0.42-0.45 and 0.33-0.34, respectively, which were significantly lower than that of the calipash (P<0.05). The hypocholesterolemic/ hypercholesterolemic fatty acid ratio (HH) was 3.91–3.89, which was significantly higher than that of the calipash (P<0.05). Additionally, the collagen content of type A calipash was significantly higher than that of type B (P<0.05). Collectively, our findings indicated that selective breeding could improve the nutritional value of T. sinensis from the Yangtze River.
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			Introduction

			The Chinese soft-shelled turtle (Trionyx sinensis) is a freshwater turtle species belonging to the Trionychidae family, and is widely cultured in China, where its breeding history can be traced back to 460 BC. owing to the substantial economic benefits (Zhang et al., 2017), T. sinensis harvests have steadily increased each year. In 2020, the annual output of T. sinensis was approximately 332,616 metric tons, 1.25 times that of 10 years prior, accounting for 1.03% of the freshwater aquaculture output in China (Bureau of Fisheries et al., 2011, 2021). This increase in production has led to a shift in consumer demographics, from wealthy people and upscale restaurants to the public in general.

			The main reason for this phenomenon is the large market demand for this product. T. sinensis have long been prized for their medicinal properties. a highly appreciated part of many dishes of the East and Southeast Asian cuisine. According to the Compendium of Materia Medica written by 400 years ago, as well as previously published records on Chinese medicinal herbs and their medicinal properties and other studies on Chinese traditional medicine, the carapace, muscle, and eggs of T. sinensis possess unique therapeutic properties (Chu et al., 2007). Early studies have found that consuming soft-shelled turtles can inhibit the growth of solid tumors by activating the immune system (Feng et al., 1996). In recent years, several studies have confirmed that soft-shelled turtles have a high nutritional value, particularly due to their wide variety and content of amino acids and fatty acids. T. sinensis is a high-quality aquatic product with abundant essential amino acids and fatty acids such as eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) (He et al., 2013).

			In China, T. sinensis are farm-bred in vast numbers for the food trade, but the wild populations gradually decline year by year. Therefore, currently all taxa are subsumed under Pelodiscus sinensis, which is listed as vulnerable by the IUCN red list of threatened species (Fritz et al., 2010). For centuries, Pelodiscus turtles have been bred and traded in high numbers, resulting in many populations established outside their native range. The middle and lower reaches of the Yangtze River are inhabited by T. sinensis, an indigenous species of soft-shelled turtles that is often referred to as plum-blossom soft-shelled turtle or Yangtze River soft-shelled turtle by the locals due to their bluish-black plum-shaped spots on their carapace. However, with the development of aquaculture and increased transportation rates, the hybridization between various strains of Chinese soft-shelled turtle is becoming increasingly common. This hybridization process has resulted in Yangtze River soft-shelled turtles without their characteristic spots on the carapace, whose growth performance is not as good as the original Yangtze River soft-shelled turtles (Chen et al., 2006). Therefore, there are currently ongoing efforts to purify and rejuvenate Yangtze soft-shelled turtle lineages through selective breeding.

			In this study, the effects of selective breeding on the nutritional value of Chinese soft-shelled turtles were studied by evaluating the nutrient composition of two third-generation (F3) lineages, Type A with spots and Type B without spots.

			Materials and Methods

			Experimental design

			The selective breeding of T. sinensis were conducted in Ma’anshan City in the Yangtze River Basin in 2010. The carapace of the original T. sinensis parental strain was covered in black spots, and approximately 79% of the third-generation had black spots covered on the carapace (Wang et al., 2021). Two types of T. sinensis (type A: with black spots; type B: without black spots) were cultured separately in the pond with a lotus planting area of 30% and a stocking density of 400 individuals/m2. The turtles were fed twice a day with a commercial formulated diet on sunny days from the end of May to mid- and late-September each year. The commercial feed consisted of 48% crude protein. The feeding amount was adjusted to 4% of the body weight of the turtles. To obtain tissue samples, three type A and B turtles were anesthetized with ether, then decapitated and bled to death. The leg muscle and calipash of each turtle were collected and crushed, after which the muscle and calipash of each sample were placed in a polyethylene sealed bag and frozen at -20°C for subsequent experiments. All analyses of meat and calipash for each sample were performed in triplicate.

			Detection methods

			A total of 30 samples for each of the two types were measured. Crude protein contents were determined following the methods of the association of official analytical chemists (AOAC, 2005). Amino acid and fatty acid analyses were conducted as indicated by the GB 5009.124-2016 and GB/T 5009.168-2016 guidelines, which were issued by the National Health and Family Planning Commission of China and the Chinese Food and Drug Administration (National Health and Family Planning Commission of T.R.C., 2016). The amino acid contents of the processed samples were determined with an automatic amino acid analyzer (Hitachi, L-8900) and the reference standards were purchased from Sykam (Beijing) Scientific Instrument Co. Ltd. For fatty acid determination, the processed samples were analyzed with a Shimadzu GC-2010 Plus gas chromatograph, and the fatty acid methyl ester reference standards were purchased from Sigma Aldrich (Shanghai) Trading Co., Ltd.

			The collagen content was estimated via hydroxyproline analysis. The hydroxyproline content was determined by LC-MS (Shimadzu lc-ms-8050). Before determination, the sample was subjected to acidolysis using 6 M HCl at 110 ± 2 ℃ for 6 h (Wang et al., 2022; Khong et al., 2016).

			Evaluation of amino acids (AA) and fatty acids

			The amino acids score (AAS), atherogenicity index (AI), thrombogenicity index (TI), and hypocholesterolemic/ hypercholesterolemic fatty acid ratio (HH) were calculated using the equations below:
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			*AAS, amino acid scoring standard model recommended by the FAO/WHO (1973).
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			MUFA, monounsaturated fatty acid.
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			Data analysis

			All results were expressed as mean ± standard deviation (mean ± SD) and the evaluations were conducted via one-way analysis of variance (ANOVA) and Duncan multiple comparison analysis using SPSS 22.0. Differences were considered to be statistically significant at a P-value <0.05.

			Results

			General nutrients

			Table I shows the general nutrient compositions of the leg muscle and calipash of the two types of soft-shell turtles. The nutrient compositions of these two parts had no significant differences (P>0.05). The muscle exhibited significantly higher ash and crude fat levels than the calipash (P < 0.05). In contrast, the crude protein of the calipash (approximately 21%) was significantly higher than that of the muscle (about 16%) (P < 0.05). The crude fat content of types A and B were approximately 0.8% and 0.2%, respectively.

			Amino acid analysis and evaluation

			Figure 1 shows the kinds and contents of amino acids in the muscle and calipash of the two types of soft-shell turtles. A total of 17 amino acids were detected, including eight essential amino acids (EAA), four flavor-enhancing amino acids (FEAA), and eight functional amino acids (FAA). The compositions and contents of amino acids in the same part were consistent. Glutamic (Glu) and glycine (Gly) contents in muscle and calipash were the highest, respectively, while cysteine (Cys) was the lowest in both parts.

			Table II shows the classification and contents of amino acids of two types. The content of total amino acids (TAA) in the muscle of type A was significantly higher than that of type B (P<0.05), whereas the content in calipash, was slightly higher than that of type B (P>0.05). Moreover, the content of TAA in muscle was significantly lower than in calipash (P<0.05).

			Eight types of EAA were detected in both muscle and calipash. The EAA content of type A muscle was significantly higher than that of type B (P<0.05), while no significant difference was found in the calipash of two types (P>0.05). The EAA/TAA ratios in muscles of type A and B were 42.91% and 41.08%, respectively, and the EAA/NEAA ratios were 86.64% and 87.43%, respectively. The EAA/TAA ratios in calipash of type A and B were 22.17% and 20.42%, respectively, and the EAA/NEAA ratios were 33.83% & 30.50%, respectively.
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			Fig. 1. Amino acid content in muscle and calipash of type A and B soft-shell turtles (dry weight, g 100 g-1) (*Functional amino acid, and flavor-enhancing amino acids, # Essential amino acid).

			The FEAA contents in type A muscle was 28.58 g 100 g-1, which was significantly higher than the 25.71 g 100 g-1 in type B (P<0.05). However, there was no significant difference in the muscle FEAA/TAA ratio between the

			Table I. Proximate composition of muscle and calipash of the two types of soft-shell turtles (g 100g-1).

			
				
					
					
					
					
					
					
				
				
					
							
							
							Muscles

						
							
							
							Calipash

						
					

					
							
							Type A 

						
							
							Type B

						
							
							Type A

						
							
							Type B

						
					

					
							
							Ash

						
							
							0.95±0.01b

						
							
							0.93±0.02b

						
							
							
							0.62±0.01 a

						
							
							0.61±0.01a

						
					

					
							
							Moisture

						
							
							76.71±0.71a

						
							
							76.38±1.23a

						
							
							
							77.66±0.81a

						
							
							77.55±1.41a

						
					

					
							
							Crude protein

						
							
							16.62±1.03a

						
							
							16.31±1.23a

						
							
							
							21.31±1.81b

						
							
							20.78±2.01b

						
					

					
							
							Crude fat

						
							
							0.82±0.07b

						
							
							0.81±0.04b

						
							
							
							0.24±0.01 a

						
							
							0.23±0.01a

						
					

				
			

			Different superscripts in the same row indicate the significant differences (P<0.05).

			Table II. The variety of amino acids in muscle and calipash of the two types of soft-shell turtles (dry weight, g 100 g-1).

			
				
					
					
					
					
					
					
				
				
					
							
							Amino acids

						
							
							Muscle

						
							
							
							Calipash

						
					

					
							
							Type A

						
							
							Type B

						
							
							Type A

						
							
							Type B

						
					

					
							
							EAA

						
							
							30.94±0.49 c

						
							
							26.77±2.15 b

						
							
							
							19.23±0.65 a

						
							
							18.06±0.44 a

						
					

					
							
							FAA

						
							
							39.24±0.95 b

						
							
							34.62±2.92 a

						
							
							
							42.73±1.28 c

						
							
							41.69±1.23 c

						
					

					
							
							NEAA

						
							
							35.71±2.03 b

						
							
							30.63±2.48 a

						
							
							
							56.85±2.56 c

						
							
							59.31±2.44 c

						
					

					
							
							FEAA

						
							
							28.58±1.07 b

						
							
							25.71±2.20 a

						
							
							
							48.79±1.48 c

						
							
							46.06±1.84 c

						
					

					
							
							TAA

						
							
							72.10±2.17 b

						
							
							65.17±5.07 a

						
							
							
							86.73±2.74 c

						
							
							88.53±2.85 c

						
					

					
							
							EAA/TAA (%)

						
							
							42.91±1.24 b

						
							
							41.08±1.03 b

						
							
							
							22.17±0.41 a

						
							
							20.42±0.80 a

						
					

					
							
							FEAA/TAA (%)

						
							
							39.64±0.93 a

						
							
							39.45±0.49 a

						
							
							
							56.26±0.25 b

						
							
							52.01±0.53 b

						
					

					
							
							FAA/TAA (%)

						
							
							54.42±0.37 b

						
							
							52.10±0.41 b

						
							
							
							49.27±0.04 a

						
							
							47.10±11.20 a

						
					

					
							
							EAA/NEAA (%)

						
							
							86.64±4.65 b

						
							
							87.43±3.23 b

						
							
							
							33.83±0.77 a

						
							
							30.50±1.53 a

						
					

				
			

			EAA, essential amino acids; FAA, functional amino acids; NEAA, non-essential amino acids; FEAA, flavor-enhancing amino acids; TAA, total amino acids. Different superscripts in the same row indicate the significant differences (P<0.05).

			Table III. Amino acid score (AAS) of the two types of soft-shelled turtles.

			
				
					
					
					
					
					
					
					
				
				
					
							
							Amino acids

						
							
							Muscle

						
							
							
							Calipash

						
							
							FAO/WHO

						
					

					
							
							Type A

						
							
							Type B

						
							
							Type A

						
							
							Type B

						
					

					
							
							Thr

						
							
							1.34±0.02 d

						
							
							1.23±0.11 c

						
							
							
							0.97±0.02 b

						
							
							0.86±0.01 a

						
							
							250

						
					

					
							
							Val

						
							
							1.02±0.01 d

						
							
							0.83±0.06 c

						
							
							
							0.60±0.02 b

						
							
							0.54±0.01 a

						
							
							340

						
					

					
							
							Met+Cys

						
							
							1.01±0.06 b

						
							
							0.83±0.11 b

						
							
							
							0.51±0.01 a

						
							
							0.50±0.08 a

						
							
							220

						
					

					
							
							Iso

						
							
							1.53±0.04 d

						
							
							1.33±0.12 c

						
							
							
							0.75±0.03 b

						
							
							0.69±0.03 a

						
							
							250

						
					

					
							
							Leu

						
							
							1.28±0.02 d

						
							
							1.23±0.10 c

						
							
							
							0.75±0.03 b

						
							
							0.67±0.02 a

						
							
							440

						
					

					
							
							Phe+Tyr

						
							
							1.56±0.03 b

						
							
							1.61±0.11 c

						
							
							
							0.93±0.03 a

						
							
							0.90±0.03 a

						
							
							330

						
					

					
							
							Lys

						
							
							1.68±0.04 c

						
							
							1.78±0.14 d

						
							
							
							0.94±0.03 b

						
							
							0.88±0.03 a

						
							
							340

						
					

				
			

			Different superscripts in the same row indicate the significant differences (P<0.05).

			two types (P>0.05). There were no significant differences between the FEAA content in the calipash of the two types, which ranged between 46.06% and 48.79%, and accounted for 52.01%–56.26% of the TAA content. However, these values were significantly higher than those observed in the muscle (P<0.05). Particularly, the contents of glycine (Gly) and alanine (Ala) were approximately five and two times higher than in the muscle, respectively, suggesting that the calipash has a more pleasant flavor than the muscle.

			The FAA content in the muscle was significantly lower than that in the calipash. Moreover, the FAA/TAA ratio in muscle was significantly higher than that in the calipash of both types (P<0.05). There were no significant differences in the FAA content or the FAA/TAA ratio of the calipash of the two types of turtles. However, the FAA content in the muscle of type A was significantly higher than that of type B (P < 0.05).

			Table III summarizes the muscle and calipash amino acid score (AAS) of types A and B according to the FAO standard. The AAS content in the muscle of type B was higher than 1, except for valine (Val) and methionine + cysteine (Met+Cys). The AAS of type A muscle was also higher than 1, indicating that the muscle of the two types can provide a large amount of EAA.

			Fatty acid analysis and evaluation

			As shown in Figure 2, a total of 13 fatty acids were detected in the muscle. The fatty acid composition of each part is shown in Table IV, including four kinds of saturated fatty acids (SFAs), five kinds of polyunsaturated fatty acids (PUFAs), and four kinds of monounsaturated fatty acids (MUFAs). Among these types of fatty acids, the PUFA content was the highest, whereas the MUFA content was the lowest. The SFA, MUFA, and PUFA content in type A were significantly higher than those in type B (P<0.05) but there was no significant difference in the proportion of TFA between the two types (P>0.05). Furthermore, a total of 11 fatty acids were detected in the calipash, among which SFAs (4 kinds) exhibited the highest contents and MUFAs (3 kinds) had the lowest content. There was no significant difference in the proportion and contents of SFA, MUFA, and PUFA between the calipash of type A and B turtles (P>0.05). Except for PUFA/TFA, the fatty acid content, SFA/TFA, and MUFA/TFA in muscle were significantly higher than that of calipash (P<0.05).
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			Fig. 2. Comparison of fatty acid content in the muscle and calipash of the two types of soft-shell turtles (dry weight, mg 100 g-1).

			The SFA content of the muscle of type A turtles were significantly higher than that of type B (P<0.05), but there was no significant difference in the proportion of SFA/TFA (P>0.05). The SFA contents in the muscle of the two types were significantly higher than that of the calipash (P<0.05). In contrast, the SFA/TFA ratios in muscle were significantly lower than those in the calipash (P<0.05), with values of 29% and 41% for the type A and B turtles, respectively.

			UFA accounts for approximately 70% and 59% of TFA in muscle and calipash, respectively. The MUFA contents in the muscle and calipash of the type A and B turtles were between 23.70% and 29.48%. No significant differences in MUFA or MUFA/TFA ratios were observed between the tissues of types A and B turtles (P>0.05). The only exception to the aforementioned result was that the MUFA content of the muscle tissues of type A turtles was significantly higher than that of type B turtles (P<0.05). Moreover, the muscle MUFA content was significantly higher than that of the calipash, and the MUFA/TFA ratio of the muscle was significantly lower than the calipash (P<0.05).

			As summarized in Table IV, the PUFA contents and the proportion of PUFA/TFA in the muscles of the type A and B turtles were significantly higher than in the calipash (P<0.05). Particularly, the PUFA content in the muscles of type A (567.90 mg 100 g-1) was approximately 1.7 times that of type B, and approximately 6.6 times and 8.7 times that of the calipash of type A and B, respectively. Among these PUFAs, C18:2n6 had the highest content in muscles, which was significantly higher than that of calipash (P<0.05). Moreover, the type A muscle had the highest C18:2n6 content, which was significantly higher than that of the type B muscle (P<0.05). Furthermore, C18:3n3 was only detected in the muscle and not in the calipash.

			Table IV. Fatty acid composition of the two types of soft-shell turtles (dry weight, mg 100 g-1).

			
				
					
					
					
					
					
					
				
				
					
							
							Fatty acids

						
							
							Muscle

						
							
							
							Calipash

						
					

					
							
							Type A 

						
							
							Type B

						
							
							Type A 

						
							
							Type B

						
					

					
							
							TFA

						
							
							1238.53±267.21 c

						
							
							694.74±55.07 b

						
							
							
							293.88±58.66 a

						
							
							203.84±12.58 a

						
					

					
							
							SFA

						
							
							368.25±84.15 c

						
							
							202.16±18.52 b

						
							
							
							116.84±21.76 a

						
							
							81.96±10.01 a

						
					

					
							
							UFA

						
							
							870.28±183.08 c

						
							
							492.59±37.11 b

						
							
							
							169.17±44.17 a

						
							
							121.88±3.21 a

						
					

					
							
							MUFA

						
							
							302.38±93.05 c

						
							
							164.34±9.44 b

						
							
							
							87.80±24.64 a

						
							
							56.96±2.32 a

						
					

					
							
							PUFA

						
							
							567.90±91.83 c

						
							
							328.25±28.22 b

						
							
							
							85.94±15.57 a

						
							
							64.91±1.41 a

						
					

					
							
							EPA+DHA

						
							
							261.56±32.26 c

						
							
							133.48±12.79 b

						
							
							
							17.76±4.31 a

						
							
							12.46±1.40 a

						
					

					
							
							n-3 PUFA

						
							
							269.20±34.12 c

						
							
							137.92±13.16 b

						
							
							
							17.76±4.31 a

						
							
							12.46±1.40 a

						
					

					
							
							n-6 PUFA

						
							
							298.70±59.46 c

						
							
							190.32±16.81 b

						
							
							
							65.89±15.33 a

						
							
							52.45±0.51 a

						
					

					
							
							SFA/TFA(%)

						
							
							29.66±0.43 a

						
							
							29.07±0.64 a

						
							
							
							41.20±1.74 b

						
							
							40.08±2.49 b

						
					

					
							
							MUFA/TFA(%)

						
							
							24.01±2.23 a

						
							
							23.70±0.74 a

						
							
							
							29.48±2.27 b

						
							
							28.01±1.45 b

						
					

					
							
							pufa/tfa(%)

						
							
							46.33±2.58 c

						
							
							47.23±0.53 c

						
							
							
							29.32±1.33 a

						
							
							31.91±1.26 b

						
					

					
							
							PUFA/SFA

						
							
							1.54±0.11 b

						
							
							1.62±0.04 b

						
							
							
							0.72±0.04 a

						
							
							0.80±0.08 a

						
					

					
							
							n-3/n-6

						
							
							1:1.10±0.10 a

						
							
							1:1.38±0.09 a

						
							
							
							1:3.81±0.76 b

						
							
							1:4.25±0.51 c

						
					

					
							
							AI

						
							
							0.42±0.01 a

						
							
							0.45±0.01 a

						
							
							
							0.79±0.08 b

						
							
							0.86±0.05 c

						
					

					
							
							TI

						
							
							0.33±0.03 a

						
							
							0.34±0.01 a

						
							
							
							0.91±0.08 b

						
							
							0.88±0.06 b

						
					

					
							
							HH

						
							
							3.91±0.08 b

						
							
							3.89±0.15 b

						
							
							
							2.21±0.10 a

						
							
							2.15±0.16 a

						
					

				
			

			TFA, total fatty acids; SFA, saturated fatty acids; UFA, unsaturated fatty acids; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids; AI, Atherogenicity index; TI, Thrombogenicity index; HH, Hypocholesterolemic/hypercholesterolemic fatty acid ratio. 

			Value with different superscripts in the same row are significantly different(P<0.05).

			For P. sinensis, the PUFA/SFA ratio ranged from 0.72 (calipash of type A) to 1.62 (muscle of type B). The ratio in the muscle was roughly double that of the calipash, but there were no significant differences between the levels in the two tissues of the types A and B turtles (P>0.05). 

			The n-3 and n-6 PUFA contents in the muscle were higher than in the calipash. Particularly, the n-3 and n-6 PUFA contents in the type A muscle were significantly higher than that in the type B muscle (P<0.05). However, there was no significant difference between the n-3 and n-6 PUFA contents in the calipash of type A and B turtles (P>0.05). The n-3/n-6 ratio in muscles (1:1.10–1:1.38) was significantly lower than that in calipash (1:3.81–1:4.25) (P<0.05). However, there was no significant difference between the two evaluated tissues of the type A and B turtles (P>0.05).

			The content of EPA and DHA in type A muscle was 261 mg 100 g-1, approximately two times that of type B muscle, and 15 times that of calipash. 

			There were no significant differences in AI, TI, and HH values in the evaluated tissues of the type A and B turtles (P > 0.05), and the overall trends were consistent. The AI and TI values in the muscle were significantly higher than in the calipash, and the HH value was significantly lower than in the calipash (P<0.05). 

			Collagen content of calipash

			The collagen contents calculated based on the hydroxyproline content of the soft-shelled belongs to type I collagen (Table V). The calipash collagen content of type A is 75.48±4.60%, which was significantly higher than that of type B at 70.34±3.27% (P<0.05).

			Table V.  Collagen content in calipash of the two types of soft-shell turtles (dry weight, %).

			
				
					
					
					
				
				
					
							
							
							Type A

						
							
							Type B

						
					

					
							
							Collagen content (%)

						
							
							75.48±4.60

						
							
							70.34±3.27

						
					

				
			

			Discussion

			General nutrients

			It is worth noting that the crude protein content in the calipash was significantly higher than that in the muscle by over 30%. Moreover, the content of crude protein in the calipash was higher than that of silkworms (approximately 16%) (Longvah et al., 2011), marine fish (12%–20%) (Fernandes et al., 2014; Usydus et al., 2011), and rainbow trout (19.93%–20.09%) (Yao et al., 2020). The crude fat contents of both types were less than the Japanese soft-shelled turtle strain (muscle: 0.96%, calipash: 0.32%) and the Qingxi Hua soft-shelled turtle strain (muscle: 1.05%, calipash: 0.27%) (Chen et al., 2015). Aquatic products with a fat content below 2% are considered lean (Mohanty et al., 2019). The crude fat content of both the type A and B turtles was below the aforementioned threshold, and therefore P. sinensis can be classified as a low-fat aquatic product. The contents of crude protein in the muscles of type A (16.62%) and type B (16.31%) were similar to that of the Japanese strain (16.50%), less than the Qingxi strain (17.83%) and Huaihe strain (18.05), and slightly higher than that of the Yellow River strain (15.86%). The crude protein contents in the calipash of type A (21.31%) and type B (20.78%) were lower than that of the Japanese strain (26.93%), Yellow River strain (27.93%), and Huaihe strain (31.34%), but higher than the Qingxi strain (20.07%) (Chen et al., 2015; Liang et al., 2018). Therefore, similar to other strains, both type A and B soft-shell turtles were confirmed to be high-protein and low-fat food sources, with no significant differences between them (P>0.05).

			Evaluation of amino acid content

			Amino acids are proteins’ basic building blocks and essential life-sustaining nutrients. In addition to largely determining the nutritional value of food, amino acids also influence flavor profiles (Huang et al., 2021). The nutritional value of protein mainly depends on the kind, quantity, and composition of EAA (Zhang et al., 2018). The standard for evaluating high-quality protein proposed by FAO/WHO in 1991 is that the ratio of EAA/TAA should be approximately 40%, whereas the ratio of EAA/NEAA must exceed 60% for protein sources to be labelled as high-quality protein (FAO, 2013). FAAs are involved in and regulate several key metabolic pathways, which can promote the health, growth, and reproduction of organisms. Therefore, FAAs hold great promise in the prevention and treatment of metabolic diseases such as obesity, diabetes, cardiovascular diseases, intestinal and neurological disorders, and viral infections (Mohanty et al., 2019; Wu, 2013).

			In our study, the contents of TAA in muscle and calipash were similar to other Chinese soft-shelled turtle strains (Liang et al., 2018). Besides, the muscles of both two types were high-quality protein, whereas the calipash did not meet the FAO/WHO standard. The AAS content in the muscle of type B was higher than 1, except for valine (Val) and methionine + cysteine (Met+Cys). The AAS of type A muscle was also higher than 1, indicating that the muscle of the two types can provide a large amount of EAA. Our findings thus demonstrated that P. sinensis meat is a high-quality protein source, especially the muscle of type A. However, the AAS contents in the calipash of the two types were lower than 1 and were significantly lower than that of the muscles (P < 0.05). Met+Cys had the lowest AAS in the muscles and calipash of the two types and was therefore the most limiting amino acid in the analyzed turtles (Yangtze River Strain). The amino acid composition and content of food are important indicators of nutritional value (Dong et al., 2018). Particularly, the nutritional value of protein is greatly influenced by the EAA composition. The muscle tissues of the two types of turtles met the FAO standard, and most of the AAS was greater than 1. In contrast, only the AAS in the calipash was less than 1, which is lower than the FAO standard. The FEAA contents in the calipash of the two types were significantly higher than that in the muscles (P < 0.05), suggesting that the calipash has a better flavor than the muscles. The EAA, FAA, and EAA/TAA and FAA/TAA ratios in the muscle were significantly higher than those in the calipash (P<0.05), indicating that the muscle has a higher nutritional value than the calipash. Based on the above-described amino acid analysis, it can be preliminarily concluded that purification and rejuvenation can significantly increase the contents of various amino acids in the muscle of Chinese soft-shelled turtles (Yangtze River strain). However, the proportion of total amino acids did not significantly increase. Moreover, the muscles of both types of turtles were more nutritious than the calipash, despite the fact that the latter presumably has a better flavor.

			Fatty acid analysis and evaluation

			SFA increases low-density lipoprotein cholesterol levels in the blood and increases the risk of heart disease. Therefore, the World Health Organization (WHO) recommends reducing the intake of SFA (Fernandes et al., 2014). The SFA contents in muscle were significantly higher than in calipash, while the SFA/TFA ratio showed a contrasting result.

			The nutritional value of fatty acids is mainly determined by UFA. MUFAs can effectively improve the blood glucose and blood lipid metabolism of diabetic patients. Additionally, MUFAs can also decrease the likelihood of coronary heart disease due to their hypolipidemic effects (Liu et al., 2019; He et al., 2013). The MUFA contents in the muscle and calipash were consistent with the MUFA content of freshwater fish (23%–33%) (Hameed et al., 2017). High PUFA contents can not only significantly improve the flavor of food but also increases the juiciness of the meat. Additionally, PUFAs also possess hypolipidemic effects and can lower blood pressure, in addition to inhibiting platelet aggregation and regulating immune function, which can reduce the incidence of cardiovascular diseases (Shi et al., 2013). C18:2n6 and C18:3n3 cannot be synthesized by the human body and are therefore considered essential PUFAs. Therefore, type A muscle was supposed to be a good source of C18:2n6 and C18:3n3 from the soft-shelled turtle.

			As we described above, excessive SFA intake has been linked to increases in total cholesterol and LDL-cholesterol levels in serum (Rincón-Cervera et al., 2019). Additionally, the PUFA/SFA ratio is another relevant nutritional indicator. Previous studies have indicated that a PUFA/SFA ratio higher than 0.4 promotes cardiovascular health (Ospina-E et al., 2012). Our findings thus confirmed that P. sinensis is an excellent food source with a good balance between PUFA and SFA, especially the muscle.

			The ratio of n-3/n-6 PUFAs is an important indicator of the quality of fatty acids. High n-6 PUFA contents can increase the pathogenesis of many diseases such as various types of cancer, as well as inflammatory and autoimmune diseases, whereas n-3 PUFAs have the opposite effect (Mohanty et al., 2019). Therefore, foods with a high n-3/n-6 ratio can help reduce the incidence of cancer and cardiovascular disease (Murillo et al., 2014). The n-3/n-6 ratio recommended by the Chinese Nutrition Association is 1:4–6. However, the n-3/n-6 ratios in the muscle and calipash of soft-shelled turtles were lower than the recommended level. Nevertheless, the dietary n-3/n-6 ratio of most Chinese people has exceeded 1:10 in the past 10 years (Meng et al., 2017). In consequence, soft-shelled turtles can be supposed to help with a more balanced nutrition intake for Chinese people.

			EPA and DHA are essential fatty acids for the growth of humans and animals, which can effectively prevent the occurrence of cardiovascular diseases and have been found to promote the growth of brain cells (Zhang et al., 2018). According to international recommendations, the daily intake of EPA and DHA for healthy adults is at least 250 mg. Therefore, a weekly intake of 675 g of type A muscle can meet the minimum recommended level of EPA and DHA.

			Ulbricht and Southgate (1991) proposed the concept of AI and TI in 1991 to evaluate the effect of food on the incidence of coronary heart disease. Both AI and TI are indicators of the potential for platelet aggregation. Lower values are indicative of protective effects against coronary artery disease (Fernandes et al, 2014). HH is related to cholesterol metabolism and, from a nutritional point of view, higher HH values translate to more health benefits. Based on our findings, the muscle of Chinese soft-shelled turtles could protect against coronary artery disease and promote cholesterol metabolism. Therefore, the consumption of Chinese turtle muscle and calipash is encouraged.

			Collagen content of calipash

			Hydroxyproline is a characteristic amino acid in collagen and is therefore used as an indicator to evaluate collagen content (Khong, 2016). Type I collagen which was detected in calipash has excellent biological properties, has a good hemostatic effect, and promotes wound healing (Tian et al., 2013; Yang et al., 2016). Currently, collagen is mainly obtained from the skin and bones of pigs and cows. However, Chinese soft-shelled turtles are a promising source of high-quality collagen because the collagen content of P. sinensis is far higher than that of pigs and cows.

			Conclusions

			After purification and rejuvenation, there was no significant difference in the crude protein, crude fat, moisture, and ash content of the two types F3 generation Chinese soft-shelled turtles (Yangtze River water system). Similar to other strains of Chinese soft-shelled turtles, both the A and B types are high-quality aquatic products with high protein levels and low fat contents.

			The EAA/TAA and EAA/NEAA ratios and AAS in the muscle of the two types indicated that muscle is a better source of high-quality protein than calipash. Particularly, the AAS of both the muscle and calipash of type A Chinese soft-shelled turtle with spots on the back was higher than 1. However, the calipash contains an FEAA rate of approximately 52%–56%, which means it tastes better than the muscle.

			There were no significant differences in the SFA/TFA, MUFA/TFA, PUFA/TFA, n-3 /n-6, AI, TI, and HH of the tissues of the two types of turtles. However, the content of EPA+DHA in type A was twice that in type B. Moreover, our findings indicated that the muscles of the two types of Chinese soft-shelled turtles possess more health-promoting properties than the calipash, and therefore regular consumption is encouraged.

			In general, purification and rejuvenation had subtle but positive effects on the F3 generation. Collectively, our findings provide insights into the effects of selective breeding on the nutritional properties of Chinese soft-shelled turtles (Yangtze River strain), as well as which parts of the turtle possess the strongest health-promoting effects.
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ABSTRACT

A comparative study of two types of third-generation Chinese soft-shelled turtles (Ziionyx sinensis) from
the Yangtze River (i.e., Type A with black spots on the carapace and Type B without spots) was conducted
to evaluate the effect of selective breeding on their nutritional composition. Our nutrient analysis results
indicated that both types were high-quality aquatic products with high protein and low fat contents. The
amino acid contents in the muscle of type A were significantly higher than those of type B (P < 0.05),
but no significant differences were observed in the calipash. Additionally, the amino acid score (AAS) in
the muscle of type A was >1, which was significantly higher than that of type B (P<0.05). The contents
of all fatty acids and EPA+DHA were significantly higher in Type A than in type B (P<0.05), whereas
there were no significant differences in the fatty acid composition of the calipash of the two types (P >
0.05). The muscle atherogenicity index (AI) and thrombogenicity index (TT) of the two types were 0.42-
0.45 and 0.33-0.34, respectively, which were significantly lower than that of the calipash (P<0.05). The
hypocholesterolemic/ hypercholesterolemic fatty acid ratio (HH) was 3.91-3.89, which was significantly
higher than that of the calipash (P<0.05). Additionally, the collagen content of type A calipash was
significantly higher than that of type B (P<0.05). Collectively, our findings indicated that selective
breeding could improve the nutritional value of 7. sinensis from the Yangtze River.
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INTRODUCTION

he Chinese soft-shelled turtle (7rionyx sinensis)

is a freshwater turtle species belonging to the
Trionychidae family, and is widely cultured in China,
where its breeding history can be traced back to 460
BC. owing to the substantial economic benefits (Zhang
et al., 2017), T. sinensis harvests have steadily increased
each year. In 2020, the annual output of 7. sinensis was
approximately 332,616 metric tons, 1.25 times that of
10 years prior, accounting for 1.03% of the freshwater
aquaculture output in China (Bureau of Fisheries et al.,
2011, 2021). This increase in production has led to a shift
in consumer demographics, from wealthy people and

upscale restaurants to the public in general.

The main reason for this phenomenon is the large
market demand for this product. 7. sinensis have long been
prized for their medicinal properties. a highly appreciated
part of many dishes of the East and Southeast Asian cuisine.
According to the Compendium of Materia Medica written
by 400 years ago, as well as previously published records
on Chinese medicinal herbs and their medicinal properties
and other studies on Chinese traditional medicine, the
carapace, muscle, and eggs of 7. sinensis possess unique
therapeutic properties (Chu et al.,2007). Early studies have
found that consuming soft-shelled turtles can inhibit the
growth of solid tumors by activating the immune system
(Feng ef al., 1996). In recent years, several studies have
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