

[image: Changes in amino acid and fatty acid composition during early development in cobia (Rachycentron canadum)]
Changes in amino acid and fatty acid composition during early development in cobia (Rachycentron canadum)





ORIGINAL RESEARCH

published: 16 September 2022

doi: 10.3389/fmars.2022.995616

[image: image2]


Changes in amino acid and fatty acid composition during early development in cobia (Rachycentron canadum)


Jian-sheng Huang 1,2,3, Rong-xin Li 1, Rui-tao Xie 4, You-ming Chen 5, Jian-dong Zhang 1, Eric Amenyogbe 1* and Gang Chen 1,2,3*


1 Fishery College, Guangdong Ocean University, Zhanjiang, China, 2 Southern Marine Science and Engineering Guangdong Laboratory (Zhanjiang), Zhanjiang, China, 3 Guangdong Provincial Key Laboratory of Pathogenic Biology and Epidemiology for Aquatic Economic Animals, Zhanjiang, China, 4 Guangdong Evergreen Feed Industry Co. Ltd, Zhanjiang, China, 5 Hainan Blue Grain Technology Co., Ltd., Sanya, China




Edited by: 

Alaa El-Din Hamid Sayed, Assiut University, Egypt

Reviewed by: 

Dian-Chang Zhang, South China Sea Fisheries Research Institute (CAFS), China

D. K. Meena, Central Inland Fisheries Research Institute (ICAR), India

*Correspondence: 

Eric Amenyogbe
 amenyogbeeric@yahoo.com 

Gang Chen
 cheng@gdou.edu.cn

Specialty section: 
 This article was submitted to Aquatic Physiology, a section of the journal Frontiers in Marine Science


Received: 16 July 2022

Accepted: 30 August 2022

Published: 16 September 2022

Citation:
Huang J-s, Li R-x, Xie R-t, Chen Y-m, Zhang J-d, Amenyogbe E and Chen G (2022) Changes in amino acid and fatty acid composition during early development in cobia (Rachycentron canadum). Front. Mar. Sci. 9:995616. doi: 10.3389/fmars.2022.995616



An estimation of the utilization of endogenous nutrients from the yolk sac that occurs during embryonic and early larval development can be a valuable approach to studying the nutritional requirements of fish larvae. In this study, fertilized eggs, embryos (before the membrane, 24 hours after fertilization), newly-hatched larvae (0-d-old), and open-mouthed larvae (3-day-old, unfed rotifers) samples of cobia (Rachycentron canadum) were collected to determine the amino acid and fatty acid profiles. Crude protein composition varies significantly for cobia during the different stages of development. The total amino acids, except for lysine(Lys), histidine (His), methionine(Met), serine(Ser), and glycine(Gly), had no significant change in the early development stage (P > 0.05); the content of other six essential amino acids (EAA) and six non-essential amino acids (NEAA) was consistent with the changing trend of total essential amino acid. From hatching newly hatched larvae to open-mouthed larvae, except for Leu, Phe and Ser, decreased significantly (P<0.05). From the utilization rate of FAA, the utilization rate of Lys and Leu was the highest (60.26%) and (52.21%) in the embryonic and endogenous nutritional stages, respectively. The water content of the open-mouthed larvae of cobia was significantly higher than that of the fertilized eggs, embryos, and newly hatched larvae (P < 0.05). Three kinds of saturated fatty acids (SFA), five kinds of monounsaturated fatty acids (MUFA), and eight kinds of polyunsaturated fatty acids (PUFA) were detected in the dry samples of each developmental stage. Based on these results, juvenile cobia can thrive with a wide range of crude protein concentrations. Further refinement of commercial cobia production feeds would have beneficial consequences for economic and environmental concerns due to the positive impacts of optimizing the protein component as well as the ability to maintain the rapid growth rates. The results show that the larval development of cobia needs to consume large amounts of n3PUFA (especially DHA and EPA) to improve the larvae’s survival rate. Research methods will always have limitations when evaluating the relationship between early life nutrition interventions and well-being outcomes later in life. This study provides essential information regarding cobia larvae’s fatty acid requirements.
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Introduction

The nutritional physiology of fish embryos and larvae is one of the frontier fields of fish nutrition research. The nutrition required for the development stage of fish embryos and early larvae mainly comes from the endogenous substances stored in the yolk. Its main components (protein and amino acids, fats and fatty acids, carbohydrates, etc.) and proportion are the material basis for the development of fish embryos and early larvae, which played an important role in the development and survival rate of larvae and juveniles in the subsequent mixed nutrition stage and exogenous nutrition stage (Hastey et al., 2010; Tong et al., 2017). Studies have shown that the consumption sequence of endogenous nutritional components was helpful in determining the nutritional demand of open larvae, which directly affected the metabolic capacity of larvae development (Lubzens et al., 2010; Tong et al., 2017). After the yolk of larvae was exhausted, they entered the exogenous nutrition stage, and the demand for amino acids and fatty acids during the development of larvae and juveniles was also different (Mansour et al., 2011; Jia et al., 2014).

As the main nutrients during the embryonic and post-embryonic development of fish (especially during endogenous nutrition), lipids were not only involved in regulating physiological activities and constructing tissues and organs but also the main sources of energy (Xu et al., 2013). Therefore, the composition and content of lipids and fatty acids play a crucial role in the growth and survival of fish in the early stage of development (Jia et al., 2014), especially the n-3 series of highly unsaturated fatty acids were essential fatty acids for post-embryonic development of marine fish, such as docosahexaenoic acid (DHA) and eicosapentaenoic acid (EPA) (Wang et al., 2006). At the same time, the composition and content of fatty acids varied with fish species (Shi et al., 2010; Huang et al., 2013). Rainuzzo et al. (1997) believed that for larvae starting exogenous nutrition, the ideal fatty acid composition in the diet should be similar to that of fertilized eggs or yolk-sac larvae. Evaluating the utilization of endogenous yolk-sac nutrients during embryonic and early larval development was an effective method of studying the nutritional requirements of larvae (Lanes et al., 2012; Huang et al., 2020). Therefore, the study on the changes in lipid and fatty acid characteristics during the embryonic stage of marine fish and the development of yolk-sac larvae is helpful in understanding the requirements characteristics of dietary fatty acids in the early larvae of marine fish.

Cobia (Rachycentron canadum) is a great potential species for aquaculture. It plays an important role in China’s southern coastal marine cage culture industry (Huang et al., 2020; Amenyogbe et al., 2021; Huang et al., 2021; Zhang et al., 2021; Amenyogbe et al., 2022; Huang et al., 2022). Although the artificial breeding technology of cobia has continued to improve, in the actual process of cobia fry cultivation, the survival rate of cobia larvae was lower during the open-mouth larvae stage due to the short transition time from endogenous nutrition to exogenous nutrition. In spite of great commercial interest, there is limited information about the biology, nutritional requirements, or techniques for intensive rearing of larvae of this species. Cobia’s nutritional requirements and metabolic characteristics during early development had not been reported. Also, limited information is currently available about the amino acid (AA) and fatty acid (FA) composition of eggs and larvae of cobia. A comprehensive understanding of the metabolic changes of AA and FA during the initial development of this species, as well as its nutritional needs, would be a priceless resource. Therefore, this study adopted biochemical methods to detect and analyze the composition and content of amino acids and fatty acids in the early developmental stages of cobia and compared the actual utilization of amino acids and fatty acids in the embryonic and endogenous nutritional stages of larvae. The purpose is to comprehensively grasp the demand characteristics of amino acids and fatty acids in the early stage of cobia, reveal the causes of high mortality in the open-mouth larvae stage of cobia, and provide a scientific basis for the breeding technology of cobia fry.



Materials and methods


Experimental materials

The fertilized eggs, embryos, and larvae of experimental cobia were taken from the Sanya breeding base of Hainan Blue Grain Technology Co., Ltd. in April 2019 in China. Embryos and larvae were obtained by artificial breeding. On March 1, 2019, self-raised 3-year-old adult cobia fish were selected from seawater cages(4m×4m×8m) as parent fishes (6 males, weighing 9kg-12kg; 6 females, weighing 10-14kg). The parental cultivation and breeding management were carried out in the same size cages. Refer to the literature for specific methods (Huang et al., 2019; Kuang et al., 2021). The chilled squid was used for the breeding of breeding parents and for intensive breeding. At 6 pm on April 11, the broodstock was anesthetized with MS-222 (100mg/L) and then were induced to spawn by injecting LRH-A3 and HCG oxytocin. The female fish was injected with LRH-A (8 μg/kg) and HCG (1 200 IU/kg), and the male fish was injected with 1/2 of the female fish. The oxytocin effect time was 12 h. At 6:00 am on April 12, the fertilized eggs were obtained by pulling the net in the cage with an 80-mesh sieve. Then, it was transferred to a circular incubator tank (100 L), and after removing the unfertilized eggs, high-quality fertilized eggs were obtained (the fertilization rate reached 98%). Then, took about 100,000 fertilized eggs and transferred them to two circular incubator tanks (100 L) for hatching, with a density of about 500 ind/L. Placed a heating rod in the incubator tank to keep the water temperature as stable as the possible and controlled temperature at (28 ± 1) °C. Each incubation tank was aerated continuously, the water was changed twice a day, and 1/2 of the water in the incubation tank was changed daily. Sampling: the samples were collected according to different developmental stages, including fertilized eggs, embryonic stage (before membrane emergence, 24 h after fertilization), newly-hatched larvae (0-day-old), and open-mouthed larvae (3-day-old, without fed rotifers). The developmental stages of sampling are shown in Figure 1. Four samples at the early development stage were sampled randomly. Each group of samples was divided into three parallels. Each parallel sample was sampled with a fresh weight of 8 g. The obtained samples were spread on an 80-mesh sieve, and the surface moisture was absorbed by qualitative filter paper and then stored in a 5 ml sealed centrifuge tube. The prepared samples were frozen in the refrigerator at -20°C for 24 h, then transferred and stored at -80°C (Faulk and Holt, 2008). During the measurement, the samples were vacuum freeze-dried to constant weight, milled, and mixed to be tested.




Figure 1 | Different developmental stages of cobia sampled in this experiment (Kuang et al., 2021) (A) fertilized eggs, (B) embryonic stage, (C) newly-hatched larvae stage, (D) open-mouthed larvae stage. Fertilized eggs: The fertilized egg was round, colorless, and translucent, with one oil ball, small periegg space, egg diameter of 1.2 mm, and oil ball diameter of 0.3mm. The fertilized egg floated on the water surface. It presented the state that the animal pole faced down and the plant pole faced up due to a large oil ball at the plant pole. Embryonic stage: 24 hours after fertilization, the embryo body coiled in the egg membrane and circled around the yolk, and the caudal fin differentiation was apparent. The heart beats continuously, with a frequency of about 185 times/min, and blood flow can be observed. The tail twisted violently, causing the embryo body to rotate frequently in the egg membrane. At 25 h and 30 min after fertilization, the egg membrane near the head gradually bulged with the strengthening of the swing of the tail of the embryo. Newly-hatched larvae stage: The total length was 2.0 mm, about 26 hours after fertilization; under the violent swing of the tail, the larvae were basically separated from the egg membrane, and the process of membrane emergence lasted for about 30 minutes. Open-mouthed larvae stage: The total length was 4.4mm, the length diameter of the yolk-sac was 0.3mm, and the diameter of the oil ball was 0.2mm. The intestinal peristalsis was intensified, the mouth cleft was frequently opened and closed, the eye sac was black, the pectoral fin was enlarged, which can be freely condensed and opened, and the back of the anal fin membrane had a brown pigment plexus.





Experimental method

The moisture in the samples was determined by the freeze-drying method, and total lipids were extracted by the chloroform-methanol method.

About 30 mg of the ground sample was weighed and placed in a hydrolysis tube, 6 mol/L hydrochloric acids were added, and the tube was sealed and hydrolyzed at 110°C for 24h. After cooling, the hydrolyzate was transferred to a 25 mL volumetric flask and filtered after constant volume. Draw 1mL of the filtrate, place it in a vacuum desiccator to dry, dissolve the residue in 2mL of deionized water and evaporated to dryness, repeated 1-2 times, and finally add pH 2.2 buffer to dissolve. Measured with Hitachi 835-50 automatic analyzer. The specific determination referred to the standard GB/T 18654.11-2008. Tryptophan was not detected because it was destroyed during acid hydrolysis in the determination process.

Free amino acid analysis was carried out by DABS-Cl Pre-column Derivatization-high performance liquid chromatography. The specific operation steps were as follows: weighed 10.0-20.0mg protein equivalent sample into a 25mL colorimetric tube, added water to the volume, and then extracted by ultrasonic. Aspirated 3.0mL of constant volume solution and added 3.0mL of 60g/L sulfosalicylic acid, centrifuged for 15min, aspirated 2.0mL of supernatant, added 1.0mol/L sodium hydroxide solution to adjust the pH to neutral and added water to constant volume to 5.0mL. Then, 30μL of 0.1mol/L sodium bicarbonate solution and 60μL of Sigma DABS-Cl derivatization solution were added in sequence, and the mixture was thoroughly mixed in an EOFO-944621 vortex mixer and then derivatized in a 70°C water bath, and then filtered through a 0.45μm filter membrane. Waters E2695 high-performance liquid chromatograph with UV detector was used for detection. Chromatographic conditions: the liquid chromatography column was MGC18, the mobile phase was 12mol/L citric acid solution and 30%A+70% acetonitrile (containing 4% N, N-dimethylformamide), and the flow rate was 1.4mL/min, the column temperature was 35°C, and the wavelength was 436 nm.

The samples for fatty acid determination were extracted by the chloroform-methanol method in fatty acid analysis (Folch et al., 1957), and the fatty acids were analyzed by gas chromatography (Zhao et al., 2017; Li et al., 2018). The operation steps were as follows: weighed 0.1g of the sample into a 50mL digestion tube, added 2mL of chromatographically pure n-hexane, 3mL of formyl chloride, in turn, methylate in water bathed at 70°C for 2h, and then added 5mL of 6% K2CO3 and 2mL of n-hexane. Then, it was thoroughly shaken and centrifuged, and the supernatant was taken for gas chromatography analysis. The flame ionization detector (FID) of Shimadzu GC-2010 high-performance gas chromatograph was used for detection. Chromatographic conditions: the capillary column was Supelco SP-2560, the size was 100m×0.25mm× 0.20μm, the temperature of the injection port and the detector was 260°C, the carrier gas was high-purity N2, the column flow rate was 1.8mL/min, and the pre-column pressure 357.4 kPa, the column temperature heating program was the initial temperature of 140°C and constant temperature for 5min, increased to 240°C at 4°C/min and constant temperature for 10 min, and the split injection was 1.0 μL, and the split ratio was 90:1. Fatty acids were identified through the mixed standard comparison of 37 fatty acid methyl esters in Supelco, and the normalization of chromatographic peak area counted the relative percentage of fatty acids.



Data processing and analysis

Data were presented as mean ± standard deviation (x ± SD). The experimental data were analyzed by one-way ANOVA with SPSS 19.0 software. If the statistical data were significantly different, Duncan’s method was used for multiple comparison tests, and the significance level was set at 0.05. Homogeneity of variance tests was performed before data analysis.

Amino acid utilization in the embryonic stage (%):

	

Amino acid utilization in the endogenous nutritional stage of larvae (%):

	

In the formula, Wu、We、Wn, and Wb were the amino acid content of fertilized eggs, the embryonic stage, newly-hatched larvae stage, and open-mouthed larvae, respectively (mg/g DW)

The actual content of each fatty acid in unit dry matter (mg/g DW):

	

Fatty acid utilization in the embryonic stage (mg/g DW):

	

Fatty acid utilization in the embryonic stage (%):

	

Fatty acid utilization in the endogenous nutritional stage of larvae (mg/g DW):

	

Fatty acid utilization in the endogenous nutritional stage of larvae (%):

	

Where Tl was the content of total fat in unit dry matter (mg/g DW), and Cl was the percentage content (%) of each fatty acid, DW was dry weight. Mu、Me、, Mn and Mb were the actual content of fatty acids (mg/g DW) in fertilized eggs, embryos, newly- hatched larvae, and open-mouthed larvae, respectively.




Result


Amino acid composition and changes

The amino acid contents of fertilized eggs, the embryonic stage, the newly-hatched larvae, and open-mouthed larvae were measured in Table 1, including 9 essential amino acids (EAA) and 8 kinds of non-essential amino acids (NEAA). Among the EAA, except for Lys, His, and Met, which had no significant changes in the early developmental stage (P>0.05), the content change trend of the other six EAA was consistent with the changing trend of total essential amino acids, which the content decreased significantly from fertilized eggs to the open-mouthed larvae stage (P < 0.05). The content of Leu and Lys in essential amino acids was the highest at each developmental stage. Among the NEAA, except for Ser and Gly, which had no significant changes in the early developmental stage (P>0.05), the contents of other NEAA also decreased significantly (P<0.05) from fertilized eggs to the open-mouthed larvae stage. The contents of EAA and NEAA in fertilized eggs were 248.72mg/g dry weight and 232.91mg/g dry weight, respectively. The contents of EAA and NEAA in the open-mouthed larvae stage were 195.33mg/g dry weight and 193.44mg/g dry weight, respectively. In terms of utilization of EAA, the utilization rate of Ile was the highest (18.12%) in the embryonic stage, followed by Phe (13.52%) and Leu (9.85%). In the endogenous nutritional stage of larvae, the utilization rate of Phe was the highest (25.45%), followed by Thr (15.31%) and Arg (13.59%) (Figure 2A).


Table 1 | Changes in the total content of amino acid for cobia in early development stages (mg/g dry weight).






Figure 2 | Utilization of essential amino acids in embryos and endogenous vegetative stages of cobia (A) in total amino acids; (B) in free amino acids.



The contents of free amino acids (FAA) at each stage, from fertilized egg development to open-mouthed larvae, were listed in Table 2. It can be seen that the change in FAA content in each developmental stage was much greater than that of total amino acid content. From fertilized eggs to open-mouthed larvae, the content of free essential amino acids (FEAA) decreased more than free non-essential amino acids (FNEAA), from 91.45 mg/g to 10.18 mg/g and 54.73 mg/g to 7.27 mg/g, respectively. The content of each FAA was lower in the embryonic, newly-hatched larvae stage and before feeding larvae than in fertilized eggs, and there was a significant difference between them (P<0.05). After hatching (newly-hatched larvae stage to open-mouthed larvae stage), except for Leu, Phe and Ser decreased significantly (P<0.05), and the content of other FAA decreased, but there was no significant difference (P > 0.05). From the utilization rate of FAA, the utilization rate of Lys was the highest (60.26%) in the embryonic stage, followed by Leu (59.30%) and Arg (50.00%). In the endogenous nutritional stage of larvae, the utilization rate of Leu was the highest (52.21%), followed by Phe (40.41%) and Val (39.63%) (Figure 2B).


Table 2 | Changes in the total content of free amino acid for cobia in early development stages (mg/g dry weight).





Moisture and total lipid content

The water content of open-mouthed larvae of cobia was significantly higher than that of fertilized eggs, embryos, and newly-hatched larvae (P<0.05), but there was no significant difference between the fertilized eggs, embryos, and newly-hatched larvae (P>0.05). Moisture content increased with individual development (Table 3). The total lipid content of fertilized eggs was 224.16mg/g (dry weight), which was significantly higher than that of the embryos stage (200.59 mg/g) (P<0.05), but both were significantly lower than those of newly-hatched larvae (301.36mg/g) (P<0.05). After hatching, with individual development, the total lipid content of fry decreased significantly from 301.36mg/g in newly-hatched larvae to 55.87mg/g in open-mouthed larvae (P<0.05) (Table 3).


Table 3 | The moisture and total lipid content of cobia in different developmental stages (n=3).





Fatty acid composition and changes

A total of 16 kinds of fatty acids with a carbon chain length of C14 ~ C22 were detected in the dry samples in the early development stages of cobia, including 3 kinds of saturated fatty acids (SFA), 5 kinds of monounsaturated fatty acids (MUFA) and 8 kinds of polyunsaturated fatty acids (PUFA) (Table 4).


Table 4 | Fatty acid composition and content of cobia in different development stages n=3, %.



The percentage content of C18:1n9c in the total fatty acids in the early developmental stages of cobia was the highest (21.97%-23.91%), and the content was stable without significant difference (P>0.05) (Table 4). The percentage of C16:0 was abundant in each developmental stage and showed a significant downward trend with individual development (P<0.05), and its value decreased from 21.78% to 15.82%. The percentage of C18:0 had no significant difference among different developmental stages (P>0.05), and its value ranged from 7.94% to 9.25%. The percentage of C16:1 showed a slight downward trend with individual development (P>0.05), and its value decreased from 6.61% in fertilized eggs to 6.02% in the open-mouthed larvae stage.

During the early development of cobia, the percentage of C22:6n3 (DHA) increased significantly with individual development (P<0.05), and the value increased from 17.92% to 24.64% (Table 4). The percentage of C20:5n3 (EPA) in newly-hatched larvae and open-mouthed larvae was significantly higher than that in fertilized egg stage (P<0.05). With individual development, the change of DHA+EPA was similar to that of DHA. The percentage of DHA+EPA increased significantly from fertilized eggs and embryos to newly-hatched larvae (P<0.05), and the value increased from 21.39% to 29.27%; There was no significant difference in DHA+EPA content with newly-hatched larvae (P>0.05) (Table 4).

From fertilized eggs to open-mouthed larvae, the proportion of SFA in fatty acid composition showed a significant downward trend with individual development (P<0.05), and its value decreased from 32.71% to 24.66%. There was no significant difference in the proportion of MUFA among different developmental stages (P>0.05), and its value ranged from 29.54% to 32.24%. On the contrary, the proportion of PUFA increased significantly with individual development (P<0.05), and its value increased from 35.06% to 45.80% (Table 4).



Changes in the actual content of major fatty acids

Among the main fatty acids in fertilized eggs and embryos of cobia, the actual contents of the top three were C16:0, C18:1n9c, and C18:0. From fertilized eggs to newly-hatched larvae, the actual content of C18:3n3 decreased slightly (P>0.05), and the actual content of other single fatty acids decreased significantly (P<0.05). From newly-hatched larvae to open-mouthed larvae, the actual contents of C16:0, C22:5n3 (DPA), and C22:6n3(DHA) decreased significantly with individual development (P<0.05), and the actual contents of other individual amino acids decreased slightly (P>0.05), which also led to a significant decrease in the actual content of SFA and PUFA with larvae development (P<0.05) (Table 5).


Table 5 | The actual content of the main fatty acid of cobia in different development stages n=3, mg/g dry weight.





Utilization of main fatty acids in the embryo and endogenous nutritional stage

The highest actual utilization of single fatty acid in embryos stage was C16:0 (11.60 mg/g), followed by C18:1n9c (6.97 mg/g) and C18:0 (3.72 mg/g) (Figure 3A). In terms of utilization rate, C14:0 was the highest (34.45%), followed by C16:0 (24.56%), C18:3n3 (22.28%) and C18:0 (17.98%). The actual utilization of C20:4n-6 (ARA) and C22:6n-3 (DHA) in embryos was very low, and the data monitoring results showed negative values (Figure 1). In terms of SFA, MUFA, and PUFA, the highest utilization rate in embryos was SFA (16.62 mg/g), and the highest utilization rate was also SFA (23.19%).




Figure 3 | Utilization degree of the main fatty acids of cobia. (A: in embryos stage; B: in endogenous vegetative larvae stage). 1.C14:0, 2.C16:0, 3.C18:0, 4. ∑SFA 5.C16:1, 6.C18:1n9c, 7.C20:1n9, 8.∑MUPA, 9.C18:2n6, 10.C18:3n3, 11.C20:4n6, 12.C20:3n3, 13.C20:5n-6(EPA), 14.C22:5n3 (DPA), 15.C22:6n3(DHA), 16.∑PUFA,17. ∑n-3PUFA, 18. ∑n-6PUFA.



In the endogenous nutrition larvae stage, the highest actual utilization of single fatty acid was C22:6n3 (DHA) (18.46mg/g), followed by C16:0 (6.14mg/g) and DPA (4.77mg/g) (Figure 3B). In terms of utilization rate, DHA was the highest (26.03%), followed by C22:5n-3(DPA) (22.78%) and C20:5n-6(EPA) (19.26%). In terms of SFA, MUFA, and PUFA, PUFA had the highest utilization and utilization rate, which were 29.08 mg/g and 23.01%, respectively (Figure 3B).




Discussion


Composition and variation of total amino acids and free amino acids in early developmental stages of cobia

The yolk is the source of all the nutrients required for cell differentiation, organ development, and growth during embryogenesis (Tocher, 2010; Costa et al., 2018). Therefore, fish eggs should contain all the essential nutrients required for embryonic development and larval growth (Anggo et al., 2015; Costa et al., 2018). Amino acids play an important role in the normal life metabolism of fish in the early developmental stages. This study measured the composition and variation of total amino acids and free amino acids in fertilized eggs, embryonic stage, newly-hatched larvae stage, and open-mouthed larvae stage. The contents of total amino acids, EAA, and NEAA decreased from fertilized eggs to the open-mouthed larvae stage. Similar results had been reported in Marine Crab, Charybdis japonica(Crustacea: Decapoda) (Xu et al., 2013), Maccullochella macquariensis (Gunasekera et al., 2001), Cynoglossus semilaevis (Chang et al., 2007) and Sebastes schlegelii (Han et al., 2019). The contents of Leu and Lys in the EAA remained the highest from fertilized eggs to open-mouthed larvae stage in the early development, which may be that they can be decomposed into acetyl-CoA and acetoacetate in the biological metabolism, and they were both intermediate products of lipid and carbohydrate metabolism, and then entered the tricarboxylic acid cycle to release energy. This played an important role in the formation of embryonic tissues, organs formation, and metabolism (Tong et al., 2017). Among the NEAA, Glu had the highest content, which may play an important role in the metabolism and conversion of sugar-lipid-protein. Glutamate was catalyzed by enzymes to generate α-ketoglutarate, which entered the tricarboxylic acid cycle and then formed oxaloacetate under the action of aspartate aminotransferase, and formed glucose through gluconeogenesis, which stored energy to promote embryonic development (Han et al., 2019).

In this experiment, the amino acids of embryos and larvae in cobia were derived from the hydrolysis of nutrients in the yolk sac, and the total amino acids of open-mouthed larvae were significantly lower than those of embryonic and newly-hatched larvae. Studies have shown that the lack or deficiency of any EAA can lead to slow growth of fish or reduced feed conversion rate (Han et al., 2019). In this study, Phe, Ile, Thr, and Arg decreased rapidly, and the utilization of EAA was much higher than that of NEAA. Previous studies have shown that the addition of EAA to the open-mouth larvae diet can promote survival rates and growth rates, such as C. japonica (Xu et al., 2013) and red sea bream (Pagrus major) (Pez-Alvarado and Kanazawa, 1995). The content of FAA in the fertilized eggs of cobia was very high, which was 30.33% of the total amino acid content. This was consistent with the determination results of FAA contents in other marine fish floating eggs, which was 20%-50% of the total amino acid content (Yu et al., 2014; Rayner et al., 2017).

On the contrary, the content of FAA in the sinking eggs of marine fish was only 2%-3% of the total amino acid content, which was less than 5% in freshwater fish eggs (Gunasekera et al., 1999). Hence, the difference in FAA profile can be attributed to the different food environments (Rayner et al., 2017). It is therefore encouraged to design a diet that optimizes the FAA profile in the live feed. The content of Val, Leu, Ile, Ser, and Ala in the fertilized eggs of cobia was very rich, which was entirely consistent with the main FAA in the floating eggs of some marine fish. The commonality was the result of hydrolysis of yolk protein during oocyte development.

In this experiment, the total amount of FAA decreased significantly from fertilized eggs to open-mouthed larvae. In other studies of marine larvae, there were found that the total amount of FAA pools continued to decline during the development of fertilized eggs to open-mouth larvae, and there would be differences among different species. The reduction of content occurred in each FAA, and there was no selectivity for the remaining essential free amino acids (FEAA). This was similar to the results of Pelates sexlineatus (Brown et al., 2005) and Cynoglossus semilaevis (Chang et al., 2007).

In the early stage of larval ontogeny, FAA had two main functions: that is participating in the synthesis of fish protein and being decomposed and utilized as energy. The consumption of FEAA in fertilized eggs of cobia may be related to the synthesis of new proteins. Studies have shown that one of the functions of FAA in the development of marine fish was as a matrix for energy metabolism (Li et al., 2009; Finn and Fyhn, 2010; Tocher, 2010). Furthermore, the pattern of oxidative catabolic substrates varies according to whether the fertilized eggs of the fish had oil globules. The importance of the FAA pool of species with oil globules in the development of marine fish was lower than that of species without oil globules (Buentello et al., 2011). 70% of the energy of fish eggs without oil balls came from the catabolism of amino acids, and 30% of the energy came from the catabolism of triglycerides. For fertilized eggs with oil globules, 50% of the energy came from the catabolism of amino acids (mainly FAA); 50% of the energy came from the catabolism of neutral lipids, such as wax esters and triglycerides (Rønnestad et al., 1999; Baras et al., 2018). The fertilized eggs of cobia had oil globules, and its energy metabolism mode belonged to the latter.

After the larvae hatch from the embryo, the yolk sac was completely consumed and enters the exogenous nutrition stage. The time when larvae began to take in exogenous nutrients was the most critical period. It must start to actively look for and ingest food and rely on its intestinal digestion and absorption to accumulate exogenous nutrients for its own growth and energy consumption. The main sources of exogenous nutrients were protein, small peptides, and FAA, but their relative utilization may be related to species, developmental stage of larvae, feeding rate, and the proportion of these components in food (Infante and Cahu, 2001; Rannestad et al., 2003). Larvae can absorb proteins through pinocytosis and intracellular digestion of mucosal cells. However, the digestive system of larvae still has limited ability to digest proteins (Rannestad et al., 2003). Small peptides may originate from the autolysis of live bait, and its absorption efficiency in the intestine was higher than that of proteins. Zambonino Infante et al. (1997) found that replacing 20% of protein with dipeptide and tripeptide in micro-pellet feed could improve the development and survival rate of Dicentrarchus labrax larvae. The absorption efficiency of FAA was higher than that of proteins and peptides. After marine larvae and juveniles ingested biological diets (rotifers, Artemia larvae, etc.), FAA can be rapidly released and absorbed by larvae and juveniles, as reported in Senegalese sole (Rannestad et al., 2003). Rønnestad et al. (1999) suggested that there should be a considerable proportion of amino acids in early larval diets. As a measure of the nutritional quality of larvae after hatching (Oberg and Fuiman, 2015; Costa et al., 2018) and to estimate the requirements for early stages of development (Saavedra et al., 2015), amino acid profiles of eggs and larvae after hatching can be used. Identifying potential AA deficiency in diets is possible by analyzing AA profiles from sampled eggs and larvae and correcting the AA profiles towards a diet that is more balanced in AA (Saavedra et al., 2015). Studying amino acid requirements in fish larvae has been successfully conducted using this approach (Oberg and Fuiman, 2015; Saavedra et al., 2015; Costa et al., 2018). On the basis of data from this study, further research can be conducted to analyze the composition of different sources of live food offered to cobia larvae to meet their nutritional requirements.



Fatty acid composition and its changes in the early developmental stage of cobia

Fatty was considered to be an important metabolic energy source during embryonic development. It can be seen that the utilization of SFA (31.48%) in cobia during embryonic development was greater than that of MUFA (22.12%) and PUFA (12.76%). From fertilized egg development to the open-mouthed larvae stage, C16:0 and C18:1n9c were mainly consumed as energy sources. There was no significant difference in the contents of C18:2n6 and C18:3n3 among between fertilized eggs, newly-hatched larvae, and open-mouthed larvae, but there was a particular downward trend. This may indicate that they were not utilized for energy or carbon chain elongation or desaturation to synthesize long-chain, highly unsaturated fatty acids (HUFA). For C20 polyunsaturated fatty acids, there seem to be two models for the developmental process: one was the n-3 series of fatty acids, such as C20:5n3, whose content was significantly reduced, may be used as an energy source or as a precursor of C22:5n3, and then further desaturated to synthesize DHA, which was very important in fish development. This was because marine fish do not have the ability to convert C:18 PUFAs to C:20 and C:22 long-chain HUFAs. Second, the content of C20:4n6 (ARA) remained unchanged during development. This was also reported by Cejas et al. (2004) in the study of the fertilized eggs and larvae of Diplodus sargus. Although n-3 polyunsaturated fatty acids account for a considerable proportion of lipids in the cell membranes of marine fish, the synthesis of prostaglandins in marine fish mainly comes from ARA rather than EPA (Chang et al., 2007; Siriwardhana et al., 2012).

As a way to assess the quality of spawn and larvae, fatty acid profiles of eggs and larvae are commonly used (Tocher, 2010). Additionally, it serves as a measure of nutritional needs, particularly for marine organisms, including marine fish (Garrido et al., 2012). In this study, the sustained accumulation of ARA in the early development stage may indicate that cobia had a specific need for ARA during open-mouthed feeding. This seems to be consistent with the findings that ARA and DHA were preferentially retained in the phospholipid fraction of Gadus morhua, Coryphaena hippurus, Florida pompano (Trachinotus carolinus), and Common snook (Centropomus undecimalis) larvae during starvation, and that the content of these fatty acids was essential for their survival (Hauville et al., 2016). DHA was necessary for the development of the brain and optic nerve of marine fish (Mourente et al., 1991; Garg et al., 2017). Due to the lack of DHA, vision and nerves may be damaged, resulting in abnormal organism behavior (Forsyth et al., 2017; Garg et al., 2017). There was no significant difference in DHA content from fertilized eggs to newly-hatched larvae, but it decreased significantly when developed to open-mouthed larvae, which was also reflected in EPA. This indicated that there was little biotransformation or synthesis of DHA at the stage of yolk-sac absorption and that these two PUFAs may be selected for metabolism. Therefore, supplementation of DHA at the open-mouthed cobia larvae was necessary to obtain their good growth performance due to the apparent consumption of EPA and DHA during the development of larvae in cobia.

After the cobia larvae were hatched, lipids from the oil globules of fertilized eggs were the main energy substances from newly-hatched larvae and open-mouthed larvae. The endogenous nutrients in the yolk sac were gradually consumed, so the lipids content of the larvae decreased. When the fish body consumes the original amount stored in the body and fails to absorb nutrients from the outside in time, the larvae can only use their energy storage substances to provide energy to maintain life, so the fish body fatty was further reduced rapidly. In this study, among the three types of fatty acids in the open-mouthed larvae of cobia, the content of PUFA was higher than that of SFA and MUFA, which was consistent with the research results of most marine fish such as Melanogrammus aeglefinus (Plante et al., 2007). The actual content of the main fatty acids in the fertilized eggs of cobia ranked in the top four as C18:1n9c, C16:0, C22:6n3 (DHA), and C18:0, which was similar to the composition of the main fatty acids in the fertilized eggs of many marine fish (Ohkubo and Matsubara, 2002), indicating that these fatty acids were particularly important for the early development of cobia.



Characteristics of fatty acid digestion in cobia embryos and endogenous nutrition stages of larvae

In the early embryonic development stage of fish, SFA and MUFA were often used first as important energy sources, while n3PUFA will be properly preserved. The sequence of fatty acid utilization was SFA, MUFA, n6PUFA, and n3PUFA, which had been confirmed in many fish species, such as Oplegnathus fasciatus (Xu et al., 2013), Larimichthy crocea (Wang et al., 2006), Solea senegalensis (Mourente and Vazquez, 1996), Maccullochella macquarensis (Gunasekera et al., 2001). In this study, the utilization of fatty acids in the embryonic stage of cobia completely conformed to this order. However, the order of fatty acids utilization in the endogenous nutrition stage of larvae was exactly reversed. The actual utilization rate of fatty acids in the embryonic stage was SFA (23.19%), MUFA (12.98%), n6PUFA (1.28%), and n3PUFA (-0.50%), and the actual utilization of single fatty acid was higher for C14:0 (34.45%), C16:0 (24.56%), C20:3n3 (17.98%) and C18:0 (17.98%). It can be seen that the actual utilization of n3PUFA in cobia embryos was very low; n3PUFA was preferentially preserved, especially DHA, which measured data showed a negative value. This means that DHA was completely preserved during the embryonic stage of cobia, which was very similar to Solea senegalensis (Mourente and Vazquez, 1996) and Takifugu flavidus (Shi et al., 2010). After hatching, in the endogenous nutrient stage, the actual utilization of n3PUFA by larvae increased rapidly. The order of actual utilization of fatty acids in the open-mouthed larvae stage was just opposite to that in the embryonic stage, which was n3PUFA (25.06%), n6PUFA (15.20%), SFA (11.27%), and MUFA (11.06%). The higher utilization of single fatty acid were C22:6n-3(DHA)(26.03%), C22:5n3(DPA)(22.78%) and C20:5n3(EPA) (19.26%).In addition, the actual utilization of C22:6n3(DHA) by larvae was the highest (18.46mg/g). A large amount of n3PUFA (especially DHA) was utilized and consumed in open-mouthed larvae, which also illustrated the importance of n3PUFA (such as DHA) for developing open-mouthed larvae in cobia. This phenomenon that n3PUFAs was consumed in large amount in the open-mouthed larvae stage was similar to the research of Inimicus japonicus (Huang et al., 2013) and Oplegnathus fasciatus (Xu et al., 2013). However, the study on Pelteobagrus fulvidraco found that its 7-day-old larvae preferentially retained a large amount of DHA under starvation conditions, and the percentage of DHA was still higher than in the previous period (Lu et al., 2008). This may be due to the fact that marine fish require more DHA in the early development stage than that of freshwater fish.



The Causes of low survival rate in the early stage of cobia

Studies have confirmed that highly unsaturated fatty acids (DHA, EPA, and ARA) were essential fatty acids for the growth and development of marine fish larvae (Han et al., 2019). It was found that the ability to synthesize essential fatty acids in marine fish was much lower than that of freshwater fish (Gregory et al., 2010). In the endogenous nutritional stage of larvae in cobia, there was neither exogenous nutrition nor the ability to grow DHA and EPA from short-chain fatty acids (e.g., C18:2n6 and C18:3n3) under the dehydrogenation of fatty acid desaturase and the elongation of fatty acid elongase (Zheng et al., 2009). DHA and EPA are also essential fatty acids for human and animal growth and development (Izquierdo, 1996; Gunasekera et al., 2001). The larval stage was a period of rapid development of brain nerves and optic nerves, which required a large amount of DHA and other vital nutrients to meet the needed of brain nerve and optic nerve development (Lu et al., 2008). At the open-mouthed larvae stage of cobia, n3 PUFA was selectively utilized in a large amount, and a large amount of n3 PUFA needed to be supplemented from exogenous food. The content of n3 PUFA in biological bait directly affected the growth and survival of marine fish larvae (Izquierdo, 1996). However, if the open-mouthed larvae were fed with a diet containing little n3PUFA, such as Artemia larvae without n3PUFA strengthened, which will lead to a further lack of n3PUFA in the cobia larvae. In addition, too low DHA will cause a decrease in stress ability and even death of marine fish larvae (Liu and Chen, 2002), which may be one of the reasons for the low survival rate in the open-mouthed larvae stage of cobia fry cultivation. Therefore, baits rich in EPA and DHA should be fed in time at open-mouthed larvae of cobia, such as rotifers and Artemia larvae strengthened with chlorella. Studies have found that adding appropriate ARA to the pellet feed of large yellow croaker (Pseudosciaena crocea) juveniles can significantly improve the ability of juveniles to resist external stress (Xie, 2011). Therefore, the domestication of the pelleted diet should be completed as soon as possible from the post-larval stage to the juvenile stage of cobia, and nutrients rich in ARA should be supplemented in the pelleted feed in time so as to reduce the occurrence of death peaks caused by nutritional deficiencies in the juvenile stage.




Conclusion

Research methods will always have limitations when evaluating the relationship between early life nutrition interventions and well-being outcomes later in life. During hatching eggs, the embryonic stage, newly hatched larvae, and larvae with open mouths, changes in amino acids and fats were examined in cobia, a marinated fish. It was found that protein composition varies significantly during ontogeny for cobia during the different stages of development. Also, some AAs experienced substantial changes. In addition, the lipid content of cobia decreased during the development phase, suggesting that they were used as a primary energy source. As a result of the findings, n3PUFA (especially DHA and EPA) are critical for cobia larval growth. Enhancement of bait enriched with DHA and EPA was suggested for cobia larvae breeding to improve survival rates. Although cobia culture is not as popular as other species, it may still serve as a foundation for developing a well-balanced diet for early-stage larval fishes. These studies provide fundamental information regarding cobia larvae’s fatty acid requirements. The results of the current research provide vital information on the Changes in amino acid and fatty acid composition during early development in cobia (Rachycentron canadum) that will enable scientists and to lager extend farmers to meritoriously evaluate the nutrient requirement of fish in order to improve the survival rate of larvae of cultured species in aquaculture.
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