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Introduction

In aquatic animals, colors not only reflect their sensory qualities but also affect their nutritional components and market price. Noble scallop Chlamys nobilis is an importantly economical bivalve cultured in the south sea of China and renowned for its various shell colors.





Methods

In this study, the nutrient compositions were compared among golden, yellow, and brown shell colour noble scallops originating from the same population for breeding new varieties.





Results

Among three colour scallops, there is no significant difference in the content of moisture, ash, and total protein content (TPC) but significant differences in total carotenoid content (TCC), total lipid content (TLC), and amino acids (AAs) (P < 0.05), with the TCC of the brown scallop being about 2 times lower. The yellow scallop contained the same nutrients as TCC, TLC, ∑PUFAs (including EPA and DHA), and n-3/n-6 as the golden scallop, and both were significantly higher than the brown scallop (P < 0.05), but they had significantly lower ∑SFAs than the latter (P < 0.05). The correlation between the nutrient indices and the shell color of scallops was 67.5%. There is a significantly positive correlation between TCC and ∑PUFAs (P < 0.05), while a significantly negative correlation exists between TCC and ∑SFAs (P < 0.05). More importantly, the yellow scallop had significantly higher EAAs and FAAs than the golden scallop (P < 0.05).





Discussion

This study showed that the yellow noble scallop not only enriched in carotenoids and PUFAs but also enriched in amino acids. Therefore, the yellow scallop is more benefit to human health, which can provide high-quality food for customers.
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1 Introduction

The surface colour of organisms is the most visual feature, and the difference in color often represents important differences in material composition and information (Bolechová et al., 2019). As the most important high-quality protein source for human beings, the quality and nutritional values of aquatic products is significantly linked to the color, based on experience, tradition and customs (Cai and Leung, 2022; He et al., 2023; Wang et al., 2024), and the color of aquatic products significantly affects their purchasing decisions (Steine et al., 2007). Therefore, the body or muscle of most farmed aquatic animals are indirect or direct involving in coloration (Sun et al., 2023; Ding et al., 2024).

The mollusk is the second Phylum in the animal Kingdom, which can not only provide crucial ecological services (Pruden et al., 2021), significant economic benefits and huge amounts of high-quality protein to humans, but also provide great values of viewing and collecting for their pleasantly regular geometric shapes, striking colors and colour patterns (Evo-devo of shell colour in gastropods and bivalves). Therefore, studies on genetics in shell colors have been attended in many species (Williams, 2017), especially in bivalve, such as oysters (Wang et al., 2018; Han et al., 2021), scallops (Zheng et al., 2013; Liu et al., 2015), mussels (Newkirk, 1980; Sun et al., 2021), etc. With increasing attention of high quality of aquatic products, over 20 new varieties marked by colors have been bred in China since 2000. Subsequently, studies on nutrient comparison among different shell colors have also increased (Zheng et al., 2010; Zhu et al., 2018; Tan et al., 2021).

The noble scallop Chlamys nobilis is an important marine bivalve, which is famous for its brilliant colors including orange/golden, yellow, orange-purple, purple, or brown, etc (Tan et al., 2020). More interestingly, muscle colour in adductor and mantle of this scallop has a significantly positive correlation with the total carotenoids content (TCC), resulting in the golden and white muscle (Zheng et al., 2010), as well as the shell and muscle colors can be inherited stably (Zheng et al., 2013). Based on these traits, a new variety named the noble scallop “Nan’ao Golden Scallop” was bred by artificial selection in 2015 (Zheng et al., 2015), and rapidly cultured in the southern sea of China for its unique features (Tan et al., 2020). In recent years, a new strain with yellow shell and the same color of muscles as “Nan’ao Golden Scallop” was bred by three-generations artificial selection, however, the nutritional compositions of noble scallop with different shell colors (such as golden, yellow, and brown) are not yet compared. Therefore, to investigate the difference of nutrient compositions among noble scallops with golden, yellow, and brown shell color, the content of moisture, ash, total protein, total lipid, amino acid, fatty acid, and total carotenoids were compared. The results will provide useful information for customers to obtain high-quality food.




2 Materials and methods



2.1 Experimental sample

The golden, yellow, and brown noble scallops C. nobilis (Figure 1) originated from the same population, which were collected from different stocks established in 2022. These scallops had been cultured in the same environments at the field of the Marine Biology Experimental Station of Nan’ao, Shantou University (N:23°28’38.78”, E:117°06’53.69”), China, and sea water temperature fluctuates in the range of 15-28°C with the season (Sun et al., 2024). Ten adult individuals with twelve months were randomly picked from each stock in Spring 2023, respectively. The muscle tissues from adductor and mantle were sampled, mixed, weighed, and frozen in liquid nitrogen. The studies involving animals were reviewed and approved by Shantou University of ethics committee.




Figure 1 | Shell and soft tissues of golden, yellow, and brown noble scallops C. nobilis. He et al., 2024.






2.2 Determination of moisture and ash

The frozen sample was first dried in a vacuum freeze-dryer (Alpha 1-2 LDplus, Germany). Then, the moisture content is determined by the formula

	

Next, the dried sample was placed into powder to be grinded, taking 0.1 g to place in a muffle furnace, and calcining at 800°C for 8 hours. Finally, ash was weighed and determined by the formula

	




2.3 Determination of total protein content and amino acids content

The 0.5 g dried sample was accurately weighed and placed in a glass tube, and the protein digestive fluid was added to react until the liquid in the tube was green and transparent. After the liquid has cooled and been transferred to a 50-mL measuring flask, adjust the volume to 50 mL by deionized water. According to the National Food Safety Standard of China (GB/T5009.5-2016), the total protein content was determined and calculated using an automatic Kjeldahl nitrogen analyzer (FOSS kjeltec-8400, Denmark).

Determination of amino acids (AAs) was according to Tan et al. (2019). The amino acid content in the sample was analyzed according to the National Food Safety Standard of China (GB/T5009.124-2016) using a high-performance liquid chromatography and mass spectrometry (TSQ-Endura system, Thermo Fisher, USA).




2.4 Determination of total lipid content and fatty acids content

Determination of total lipid content and fatty acids content was according to Zhu et al. (2022) using a high-performance gas chromatography (Shimadzu, Japan) and a GC workstation (Shimadzu CLASS-GC10, Japan).




2.5 Determination of total carotenoid content

Determination of total carotenoid content was according to the method used by Zheng et al. (2010) using a vacuum freeze-drying (Alpha 1-2 LDplus, Germany) and an UV-Vis recording spectrophotometer (UV-2501PC, Shimadzu, Japan).




2.6 Statistical analysis

All data in this study were expressed as the mean ± standard deviation (SD), and the data follows a normal distribution. ANOVA and multiple comparisons were completed, and Pearson correlation and PCA analysis were performed on all nutritional indicators. The PCA was analyzed using the Omicshare data processing platform developed by GENE DENOVO (https://www.omicshare.com), with default parameters. All statistical analyses were performed on the Statistical Package for the Social Sciences (SPSS, vision 26.0) and significance for all analyses was set to P < 0.05 unless noted otherwise.





3 Results



3.1 Proximate compositions

Proximate compositions including moisture, ash, TPC, and TLC of golden, yellow, and brown scallops are listed in Table 1. No significant difference in moisture, ash, and TPC existed among three scallops, but both golden and yellow scallops had significantly higher TLC than brown one (P < 0.05).


Table 1 | Comparison of proximate compositions among golden, yellow, and brown noble scallops C. nobilis.






3.2 Total carotenoid content

The golden and yellow scallops were both had significantly higher TCC than the brown scallop (P < 0.05). But the golden and yellow scallops had no significant differences (Figure 2).




Figure 2 | Comparison of total carotenoid content (TCC) in muscle among golden, yellow, and brown noble scallops C. nobilis. The different letters indicate a significant difference (P < 0.05). He et al., 2024.






3.3 Fatty acids

Compositions and content of FAs are listed in Table 2. Content of 11 FAs including 3 saturated fatty acids (SFAs), 4 monounsaturated fatty acids (MUFAs), and 4 polyunsaturated fatty acids (PUFAs) were determined. There was no significant difference in ∑MUFAs among three colour scallops. However, the golden and yellow scallops had significantly lower ∑SFAs and higher ∑PUFAs than the brown one (P < 0.05). Furthermore, the golden and yellow scallops contained significantly higher EPA and DHA, and n-3/n-6 than the brown one (P < 0.05).


Table 2 | Comparison of fatty acid contents (%) among golden, yellow, and brown noble scallops C. nobilis.






3.4 Amino acids

Totally, 17 amino acids were detected in all scallops, including seven essential amino acids (EAAs) and six flavor amino acids (FAAs) (Table 3). The content of EAAs (Lys, Thr, Met, Ile, Leu, and Phe) and FAAs (Phe, Asp, Glu, Gly, and Tyr) had significant differences among three color scallops (P < 0.05), Among them, the content of AAs in the brown scallops is the highest, followed by the yellow scallops, and the golden scallops are the lowest.


Table 3 | Comparison of amino acid content (mg/g) among golden, yellow, and brown noble scallops C. nobilis.






3.5 Correlation analyses among nutritional indexes

The results of PCA showed that the correlation between nutrient indices and shell color was 67.5% (PCA1 was 47.2%, PCA2 was 20.3%), and the nutrient indices of golden and yellow scallops were similar (Figure 3). Among eight nutritional indexes (Table 4), significant positive correlations were found between TPC and TLC, as well as between AAs and EAAs (P < 0.01). Additionally, there was a significant positive correlation between TCC and PUFAs, TPC and PUFAs, SFAs and AAs (P < 0.05). However, there were significant negative correlations between SFAs and TCC (P < 0.05), SFAs and TLC (P < 0.05), SFAs and PUFAs (P < 0.01).




Figure 3 | PCA analysis among golden, yellow, and brown noble scallops C. nobilis. He et al., 2024.




Table 4 | Correlation coefficients (r) among different nutritional components in noble scallops C. nobilis.







4 Discussion

For aquatic products, colour is the most striking feature and serves as an important reference index for people to evaluate its quality (Zhang et al., 2024). For some important aquatic products, bright colors not only have unique ornamental value (Jiang et al., 2019), but also have higher nutritional value (Li et al., 2020). They often contain special pigments (such as carotenoids) or essential nutrients. In this study, the three different colors of scallops have the same environment and natural food supply, so it is presumed that the differences in their nutritional composition are genetically or inherited determined rather than due to environmental factors.

It is well known that carotenoids are high-potency antioxidants, crucial for human and animal health. In the present study, TCC in the golden scallop was significantly higher than the brown one, which is consistent with our previous report on the species (Zheng et al., 2010). Interestingly, the yellow scallop had significantly higher TCC than the brown scallop as well. Both golden and yellow scallops enriched carotenoids in their muscles, which is the reason for their golden muscles. Moreover, TCC and muscle colors is steadily heritable in the golden and yellow noble scallops (unpublished data). Previously, a new variety of noble scallop “Nan’ao Golden Scallop” was enriched in carotenoids be bred by color (Zheng et al., 2015) and widely farmed on a large scale in China (Tan et al., 2020). Therefore, the yellow noble scallop is expected to breed another high-quality new variety, and worthy of further study.

Nowadays, people are paying more attention to a healthy diet. The composition and proportion of lipids in organisms are often used to assess their health status as food, particularly n-3 polyunsaturated fatty acids (n-3PUFAs), such as EPA and DHA, have received more attention (Nettleton, 1991; Xiao and Ou, 2005; Zhang et al., 2019; Djuricic and Calder, 2021). Moreover, excessive SFAs have been regarded as harmful to human health (Little et al., 2012; Karupaiah and Sundram, 2013). Therefore, new varieties with lower SFAs but higher PUFAs in aquatic animals are bred increasingly (He et al., 2020). In this study, the golden and yellow scallops contained significantly lower ∑SFAs and higher ∑PUFAs (especially EPA and DHA) and n-3/n-6 than the brown scallops, which may be more in line with the nutritional needs of humans.

In the present study, there is a significant positive correlation between TCC and ∑PUFAs, and a significant negative correlation between TCC and ∑SFAs, which is consistent with our previous result in this species (Tan et al., 2021). Studies have shown that carotenoids (such as lutein and lycopene) can regulate the lipid metabolism pathway, improve the efficiency of cell mitochondria, and accelerate fat decomposition, and regulate fat structure (Wang et al., 2019; Tian et al., 2020; Wang et al., 2020; Wu et al., 2020), which may be the reason why the golden and yellow scallops are rich in both carotenoids and PUFAs. Actually, the new variety of noble scallop “Nanao Golden Scallop” has widely farmed in southern China and mainly occupied the market since 2015 due to its enrich in carotenoids and PUFAs. Therefore, the yellow scallops, which are also rich in TCC and PUFAs, may have the same market appeal as the “Nan’ao Golden Scallop”.

More importantly and interestingly, the yellow scallop had significantly higher EAAs and FAAs than the golden scallop. More and more studies have shown that the EAAs rich in aquatic animal food are of great benefit to human health (Tacon and Metian, 2013; Norman et al., 2019), and the same is true for bivalve shellfish food (Idayachandiran et al., 2014; Wright et al., 2018; Thilagavathi and Christy, 2019). Rich in FAAs are also an important characteristics of aquatic animal food (Guo et al., 2019), especially the high content of Glu and Asp will directly improve the fresh and sweet taste (Babarro et al., 2011; Karnjanapratum et al., 2013). In addition, carotenoids can play a role in regulating the taste of food (Francis, 2000; Murillo et al., 2022). Therefore, the yellow scallop is more benefit to human health than the golden scallop.

Exploring marker traits with economic potential has been thought to be an important step in shellfish genetic breeding. In this study, yellow shell color, as an obviously mark in appearance, can be applied in breeding the new variety of the noble scallop. More importantly, the yellow scallop is not only richer in carotenoids and PUFAs than the brown scallop, but also richer in EAAs and FAAs than the golden scallop, which is the first time report in molluscs. We believe that the yellow scallop is more benefit to human health. It is expected that the new strain of the yellow noble scallop “Shanda Golden Scallop” will be able to be bred a new variety and provide high-quality food for customers.





Conclusions

Nutrient compositions were compared among golden, yellow, and brown shell color noble scallops originating from the same population. The correlation between the nutrient indices and the shell color of scallops was 67.5%. The golden and yellow scallops have more TCC, TLC, and PUFAs, and lower SFAs than the brown scallop. Moreover, the yellow scallop contained more AAs (including EAAs and FAAs) than golden one. Therefore, the yellow scallop is more benefit to human health, which is expected to have potential market.
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Values were expressed as mean + SD (n = 5), at the same line, mean with the different letters
indicate a significant difference (P < 0.05). XSFAs, total saturated fatty acids. XSMUFAs, total
monounsaturated fatty acids. XPUFAs, total polyunsaturated fatty acids. Xn-6, total n-6
polyunsaturated fatty acid. ¥n-3, total n-3 polyunsaturated fatty acid.
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TCC, Total carotenoids content; TPC, Total protein content; AAs, Amino acids; EAAs, Essential amino acids; TLC, Total lipids content; SFAs, Saturated fatty acids; MUFAs, Monounsaturated

fatty acids; PUFAs, Polyunsaturated fatty acids; *P < 0.05; **P < 0.01.
*P < 0.05; **P < 0.01.
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Values were expressed as mean + SD (n = 5), at the same line, mean the different letters
indicate a significant difference (P < 0.05); ZEAAs, total essential amino acids content; FAA,
flavor amino acids; YAAs, total amino acids content.
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