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Golden pompano (Trachinotus blochii) is an economically important fish
which exhibits sexual size dimorphism and is widely cultivated in the southern
seas of China. To evaluate the nutritional composition of T. blochii of different
mariculture areas, growth stages, and genders, the moisture, ash, amino acids,
and fatty acids in the muscle were measured using national standard biochemical
assay. The analysis found 16 kinds of amino acids in the muscle of T. blochii. The
EAA contents of fish from Guangdong (GD) and Guangxi (GX) were significantly
lower than those of Hainan (HN) and Fujian (FJ) (p <0.05). The unsaturated fatty
acids were higher in T. blochii cultured in HN and FJ (p <0.05). Within the same
sea area, the contents of TAA, EAA, DAA, and PUFA increased with growth in T.
blochii, but the differences were not significant (p>0.05). EAA/TAA and EAA/
NEAA conformed to the ideal FAO/WHO model. The AAS, CS, and EAAI scores
of amino acids within groups gradually increased with growth. The TAA, EAA and
PUFA contents in females were higher than in males (p > 0.05). The slightly higher
amounts of amino acids and fatty acids in female T. blochii indicated females had
higher nutritional value. In conclusion, the HN and FJ groups, the later growth
stages, and the female T. blochii had generally higher nutritional values than their
respective counterparts. These results provide fundamental data supporting all-
female T. blochii breeding and culture, and optimized marketing body size.

Trachinotus blochii, amino acids, fatty acids, aquaculture industry, growth indices, food
supply, mariculture practices

1. Introduction

The rapid development of aquaculture has important implications for human food supply
and security, as well as for economic growth and environmental sustainability (1). Fish are a
great source of proteins, vitamins, essential minerals, and unsaturated fatty acids (2). Trachinotus
blochii is an omnivorous fish (3) which is loved by consumers for its tender meat, delicious taste,
and high nutritional value (4). Naturally, T. blochii is widely distributed in China, Southeast Asia,
Australia, Japan, Eastern Africa, and the Atlantic Ocean (5) and highly valued in Southeast Asian
and North American markets (6). Therefore, T. blochii has high economic value and broad
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marketability. After years of development, T. blochii has become the
second largest maricultured fish in China (7) and, as such, has been
heavily researched by scholars as a hot research topic in recent years.

The nutritional quality of aquatic products like fish mainly depend
on their amino acids and fatty acids, which are influenced by their size
and physiological status and the feed they are supplied. Differences in
the mariculture environment and feed have been shown to have the
greatest influence on nutritional quality (8). Different feeds and
feeding regimes can influence meat quality, taste, and composition of
cultured fish (9). Research on grass carp (Ctenopharyngodon idella)
raised under different cultivation methods showed that the nutritional
quality in the mono-culture group was better than that in mixed-
culture group (10). Huang et al. (11) also analyzed the muscle
nutrients of Aristichthys nobilis reared in different waters and showed
that A. nobilis reared in waters with a large surface area were superior
to waters with a small surface area in terms of nutrient content, meat
content, and taste. Studies on Culter alburnus (12) and Pelteobagrus
fulcidraco (13, 14) observed that the nutritional composition and
quality of fish was affected by culture area, growth stage, and gender.
The existing research on T. blochii has focused on fish seed cultivation,
disease prevention, feed formula, and breeding technology. However,
the nutritional quality of the muscle of T. blochii in different
mariculture areas, growth stages, and genders still unclear. To provide
basic theoretical guidance for T. blochii culture, we investigated how
muscle nutrients and quality vary in T. blochii.

In this study, we investigated T. blochii of different mariculture
areas, growth stages, and genders using biochemical methods to
conduct comparisons of muscle moisture, ash, amino acids, and fatty
acids. This study will provide basic reference data that will help
consumers better understand the nutritional value of T. blochii and
help in the rational development and utilization of T. blochii resources
and optimization of artificial cultivation methods.

2. Materials and methods
2.1. Sample collection and preparation

The fish were released into the sea cage of 4 breeding bases in
Sanya of Hainan, Zhanjiang of Guangdong, Fangchenggang of
Guangxi, and Zhangzhou of Fujian in April and fed identical diets
(Yuehai Feed, Guangdong Yuehai Feed Group). The sources of
seedlings in these four areas are same, they all came from Blue Grain
Technology Co., Ltd. (Sanya, Hainan Province, China). Thirty
T. blochii samples with body weights of 500.74 +20.09 g were collected
from each of the four areas as experimental materials in September
2021. The experiment was divided into four groups, Hainan (HN),
Guangdong (GD), Guangxi (GX), and Fujian (FJ), with 3 replicates of
ten fish for each group. The sampling locations of the different
populations are shown in Figure 1.

From April to November 2021, T. blochii samples were collected
from the Sanya breeding base in Hainan Province as experimental
materials. 30 healthy fish with body weights of 250.05+13.11¢g
(4months of age) and 749.23 +24.57 g (9 months of age) were selected.
These fish were of the same origin as those in Sanya of Hainan
Province described in the previous section, sampled to compliment
the aforementioned 497.91 +20.61 g (6 months of age) experimental
group. In total there were three groups of fish, labeled as
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250.05+13.11 g (early stage, ES), 497.91+20.61 g (middle stage, MS),
and 749.23 +£24.57 g (late stage, LS).

In September 2021, T. blochii samples with body weights of
512.36+30.02g were collected from the Sanya breeding base in
Hainan Province as experimental materials and divided into two
groups according to gender, female and male. Each group of 30 fish
was randomly divided into three replicates for the determination of
major nutrient components.

The weights of all fish are shown in Supplementary Table S1. After
the above samples were collected, they were weighed and immediately
put on ice. They were transported back to the laboratory and their
back muscles were dissected out and ground before storage in a—20°C
freezer and preserved until analysis. All experimental procedures were
conducted in accordance with the Guidelines for the Care and Use of
Laboratory Animals in China. The Animal Experimentation Ethics
Committee of Hainan University this  protocol
(HNUAUCC-2021-00007).

approved

2.2. Detection method

According to GB 5009.124-2016 (15), amino acids were
determined using ion exchange chromatography involving a
ninhydrin column. A standard working solution of mixed amino acids
and the solutions of samples for determination were injected into the
amino acid analyzer in identical volumes and the concentrations of
amino acids in the sample solutions were calculated from the peak
areas using the external standard method. Fatty acids were determined
according to GB 5009.168-2016 (16) by gas chromatography with a
flame hydrogen ion detector (FID). Under chromatographic
conditions, the standard determination liquid and sample
determination liquid were injected into the gas chromatographer and
the chromatographic peak areas were quantified. According to GB
5009.3-2016 (17), moisture content was assayed by oven-drying at an
atmospheric pressure of 105°C. Ash content was assayed by high
temperature incineration according to GB 5009.4-2016 (18).

2.3. Evaluation method

2.3.1. Amino acids

According to the internationally recommended methods from the
Food and Agriculture Organization of the United Nations/World
Health Organization (FAO/WHO), the AAS (amino acid score), CS
(chemical score), and EAAI (essential amino acid index) were
calculated. The calculation formulas are as follows (19):

AAS= @
AA(FAO/WHO)
aa
CS=—7F—
AA(Egg)

«TYS 100

EMszJTvalx Tleu><

Sval Sleu Slys
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FIGURE 1
Sampling sites of the 4 cultured groups of T. blochii.

where, aa is the amino acid content in the sample to be measured
[mg/gN]; AAEaomwnoy is the content of the same amino acid in the
FAO/WHO amino acid scoring model [mg/gN]; AA g is the content
of the same amino acid in the whole egg protein scoring model [mg/
gN]J; n is the number of amino acids; and T and S are EAA of sample
and egg protein, respectively.

In addition, the F values of muscle amino acids, namely the ratio
of branched AA (BCAA, Val+Ile+Leu) to aromatic AA (AAA,
Tyr + Phe), were calculated. The formula is as follows (19):

_ Leu+1Ile+ Val
Phe + Tyr

2.3.2. Fatty acids

The UFA (unsaturated fatty acid) and SFA (saturated fatty acid)
were used to measure the nutritional value of fatty acids. The
atherosclerosis index (AI) and thrombosis index (TT) were calculated
), and the effect of fatty acids
on human cardiovascular disease was inferred. The lower the AT and

according to their respective formulas (
TI were, the higher the inhibition activities of atherosclerosis and

thrombosis. The polyene index (PI) was calculated according to the
formula to reflect the unsaturation of fatty acids:

Al= (C]Q;o +Cig:0 + Clﬁ;O)/(ZMUFA +20-6+2w —3)
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0.5x>MUFA+0.5xY0—6
TI =(Ci4:0 +Cig0 + CIS:O)/|: }

H3xTo-3+(Zo-3/Zo-06)

PI=(C05+C22:)/ Ciso

2.4. Statistical analysis

The experimental data were expressed as means + SD. Excel and
SPSS 26.0 were used for statistical analysis. Independent samples
T-tests were used to test for significant differences between groups,
and p<0.05 was considered statistically significant.

3.1. Muscle compositions of Trachinotus
blochii in different mariculture areas

The nutritional compositions of muscles of T. blochii cultured in
sea cages in HN, GD, GX, and FJ] were analyzed. Amino acid contents
of T. blochii muscle in each sea culture area are shown in

. In total, 16 kinds of amino acids were detected
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in the muscles of all groups. The contents of total amino acids (TAA)
and delicious amino acids (DAA) were higher in the HN and FJ groups.
DAAs include Glu, Asp., Phe, Ala, Gly, and Tyr (20, 21). The contents
of essential amino acids (EAA) in the GX and GD groups were
significantly lower than the HN and FJ groups (p <0.05; Figure 2A).
The mean contents of moisture in T. blochii muscle were 71.4% + 1.10%
(HN), 73.33% % 1.36% (GD), 66.33% + 1.10% (GX) and 69.97% % 1.60%
(FJ), and the GX group was significantly lower than the others
(p<0.05). The contents of ash in T. blochii muscle were 1.33% +0.12%
(HN), 1.20% +0.17% (GD), 1.07% % 0.15% (GX) and 1.20%(EJ). In the
AAS, CS, and EAAI evaluations, the essential amino acids of the GX
group were lower than the other three groups (p <0.05; Table 1).

The monounsaturated fatty acid (MUFA) content was significantly
higher in the FJ group than all other groups (p <0.05), it was lowest in
the HN group, and the GD group was significantly higher than the
HN and GX groups (p <0.05; Supplementary Table S3). The contents
of polyunsaturated fatty acids (PUFA) were 36.68% +0.94% (HN),
30.72% +0.69% (GD), 34.7% +0.28% (GX), and 31.43% +0.25% (EJ).

10.3389/fnut.2023.1148687

The PCA analysis of the SFA, MUFA, and PUFA datasets in the 4
mariculture areas is shown in Figure 3A. The AI was lowest in the FJ
group and TI was lowest in the HN group. The PI was highest in the
HN group, at 0.26 +£0.02, and lowest in the GD group, at 0.17+0.01.

3.2. Muscle compositions of Trachinotus
blochii in different growth stages

The muscle nutritional compositions of cultured T. blochii were
analyzed in three different growth stages, including 250+ 19.37 g (ES),
500+28.36g (MS), and 750%29.97g (LS). According
Supplementary Table 54, a total of 16 amino acids were detected in the
muscle, including 7 EAAs, 1 CEAA, and 8 NEAAs, which was
consistent with the results of the T. blochii raised in different areas.
The content of TAA increased with the growth in T. blochii, but the
difference was not significant (p>0.05). The content of DAA also
increased gradually with the growth of T. blochii. Moisture made up

to

A 25-
20{2a a a 2

15

content
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- MS
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FIGURE 2

10 a

(A) Comparison of TAA, DAA and EAA contents in muscle of T. blochii in different mariculture areas. (B) Comparison of Al, Tl, and Pl in muscle of T.
blochii in different growth stages. (C) Comparison of SFA, MUFA, and PUFA contents in muscle of female and male T. blochii. With the same letter, the
difference between them was not significant (p > 0.05), without the same letter, the difference was significant (p < 0.05).
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TABLE 1 Amino AAS, CS evaluation and EAAI of T. blochii in different mariculture areas (mg/gN).

Amino FAO/ Egg
acids WHO  protein

HN
Met+Cys 220 386 0.57+0.02* = 055+0.07° = 045+005° | 058+0.05 = 032+001° 031+0.04* 025+003°  0.33+0.03"
Val 310 410 0.67+0.02°  0.67+0.03 = 052+004" | 0.67+004  050+001° 051+0.02°  039+003° 051 +0.04°
Tle 250 331 074+0.01*  075+0.03*  058+005° | 075+0.06" 0.56+0.01° 057+0.02"  044+0.04>  0.57 +0.05
Leu 440 534 076 +0.02* = 0.76+0.03 = 058+005° | 075+0.06" 0.62+001° 0.63+0.03  048+0.04>  0.62+0.05
Phe + Tyr 380 565 0.82+0.01°  0.82+0.02  064+003" | 081+0.04  055+001° 055+0.02"  043+0.02°  0.55+0.02"
Thr 250 292 078+0.02*  0.79+0.03* = 061+006° 078+0.06"  0.67+0.02°  0.67+0.03  052+0.05°  0.67+0.05
Lys 340 441 1150020 | 1.17+006" = 088+008°  1.16+0.09"  0.88+0.02° = 090+0.02° 0.68+0.06°  0.89+0.07°
EAAI 56.51 + 1.00" 56.72 + 2.66" 43.88 +3.51" 5691 + 3.93"

**With the same letter, the difference between the group was not significant (p>0.05), without the same letter, the difference was significant (p<0.05).
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the majority of T. blochii muscle tissue, with averages of 70.57% +2.56%
(ES), 71.4% +1.1% (MS), and 71.17% + 1.22% (LS) measured in this
experiment. The ash content increased with growth in T. blochii
(p>0.05). The AAS, CS, and EAAI increased gradually in all groups
during the growth of T. blochii, indicating that the nutritional value of
amino acids in muscle of cultured T. blochii gradually increased with
growth in T. blochii (Table 2).

Fatty acid analysis identified 29 fatty acids in T. blochii muscle,
including 12 SFA, 7 MUFA, and 10 PUFA (Supplementary Table S5).
The PCA analysis of the SFA, MUFA, and PUFA datasets of T. blochii
at different growth stage is shown in Figure 3B. The PUFA content was
highest in the LS group, at 37.006+1.19g /100g, followed by the MS
group, at 36.676+0.94g /100g, and lowest in the ES group, at
35.15+0.73g /100 g, revealing a gradually increasing tendency with
growth of T. blochii. The PI was highest in the MS group, followed by
the LS group, and finally the ES group with the lowest value. The Al
and TI decreased with growth in T. blochii (Figure 2B).

3.3. Muscle compositions of female and
male Trachinotus blochii

According to Supplementary Table 56, the TAA contents of the
two groups were 18.2+0.5g /100g (?) and 18.13+1.25g/100g (3).

10.3389/fnut.2023.1148687

The EAA values were 8.07+0.2g /100g (?) and 7.98+0.49g /100 g
(83), higher in females than males (p >0.05). The mean values of EAA/
TAA were 44.36% and 44.03%, and the mean values of EAA/NEAA
were 79.72% and 78.67% for females and males, respectively, and
while females were slightly higher, the differences were not significant
(p>0.05). According to the FAO/WHO ratio, the muscle protein of
cultured T. blochii was high quality. The branch/aromatic values of
amino acids were 2.299+0.002 (?) and 2.368+0.078 (3), indicating
both male and female T. blochii had liver protecting qualities. The
moisture content was slightly higher in female T. blochii than in males,
but the differences were not significant (p>0.05). The AAS, CS, and
EAAI values showed that the amino acid content of female pompanos
were slightly higher than those of males, but the difference was not
significant (p>0.05; Table 3).

There were 29 fatty acids in the T. blochii muscle of both males
and females, which was consistent with the previous results
(Supplementary Table S7). The SFA contents of males was higher
than females (p>0.05) and the PUFA content was significantly
higher in females than males (p <0.05; Figure 2C). The PCA analysis
of the SFA, MUFA, and PUFA datasets in male and female T. blochii
is shown in Figure 3C. The analysis showed that the Al and TI in
female T. blochii were lower than in males, and the PI of females was
higher than in males, but there was no significant difference
(p>0.05).
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TABLE 2 Amino acids AAS, CS evaluation, and EAAI of T. blochii with different sizes (mg/gN).

Amino FAO/ Egg AAS (&
acids WHO | protein ™ Middle Late Early Middle Late
stage stage(500 g) stage(750 g) stage stage(500g) stage(750q9)
(2509) (250 9)
Met+Cys 220 386 0.56 + 0.04* 0.57 + 0.02° 0.58 +0.02° 0.32+0.01° 0.32+0.02° 0.33 +0.02*
Val 310 410 0.65 +0.04* 0.67 +0.02° 0.69 +0.03* 0.49 +0.01° 0.51+0.02° 0.52 +0.02*
Tle 250 331 0.72 +0.05° 0.74+0.01° 0.76 +0.03* 0.55 +0.01° 0.56 +0.03 0.58 +0.02°
Leu 440 534 0.73 + 0.06* 0.75 + 0.02° 0.76 + 0.03* 0.60 +0.01° 0.62 +0.03* 0.60 +0.03*
Phe+Tyr 380 565 0.79 + 0.06* 0.82 +0.02° 0.84 +0.03* 0.53+0.01° 0.55 +0.03* 0.57 +0.02*
Thr 250 292 0.76 + 0.05* 0.78 + 0.02* 0.79 + 0.03* 0.65 + 0.02* 0.67 +0.03* 0.68 +0.03*
Lys 340 441 1.12 +0.09° 1.14 +0.02* 1.17 +0.05* 0.87 +0.02* 0.88 +0.04° 0.90 +0.04*
EAAI 55.09 + 1.10° 56.51 + 2,19 57.78 +2.19°

**With the same letter, the difference between the group was not significant (p>0.05), without the same letter, the difference was significant (p <0.05).
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TABLE 3 Amino acids AAS, CS evaluation, and EAAI of male and female T. blochii (mg/gN).

Amino acids FAO/WHO Egg protein
Female Female

Met+Cys 220 386 0.62 +0.01° 0.35+0.01° 0.54 + 0.06" 0.31 +0.03°
Val 310 410 0.72 +0.02* 0.54 +0.01° 0.67 +0.10° 0.51 +0.07*
Tle 250 331 0.80 + 0.20° 0.61 +0.02* 0.73 +0.10a 0.55 + 0.08"
Leu 440 534 0.81 +0.20° 0.66 +0.01° 0.71 + 0.80° 0.58 +0.07°
Phe + Tyr 380 565 0.89 +0.20° 0.60 +0.01° 0.78 +0.10° 0.52 +0.05"
Thr 250 292 0.84 +0.02* 0.72 +0.01° 0.73 +0.08° 0.63 +0.07°
Lys 340 441 1.24 +0.02° 0.96 +0.02° 1.10 £0.12° 0.85 +0.09°
EAAIL 61.14 + 1.26" 54.35 + 6.41°

**With the same letter, the difference between the group was not significant (p>0.05), without the same letter, the difference was significant (p <0.05).

4. Discussion

4.1. Amino acid composition analysis and
evaluation

In dietary amino acids, EAAs are generally the most important to
the general public. This study showed that the EAA content in the GX
and GD groups were significantly lower than those in the HN and FJ
groups (p <0.05). Similarly, the amino acid contents were compared
in Megalobrama terminalis among three geographical populations
(22), Larimichthys crocea from 4 kinds of sources (23), and
Larimichthys polyactis from four different localities (24) were
measured, and all found significant differences in amino acid contents.
In combination with our results, the contents of EAAs in muscle of
T. blochii varied greatly among different mariculture areas, even
though the fish were all of the same origin, had the same growth
period, and were fed the same diet. These results indicated that the
nutrient composition of fish is closely related to their aquatic
environment and naturally available biological feed. According to the
AAS and CS scoring criteria, the AAS score of Lys was greater than
1 in fish of all groups except GX, indicating that the Lys in T. blochii
muscle exceeded the FAO/WHO and egg protein standards. Lys is an
essential amino acid in the human body and can boost the
development of the human body (25). Normal human diets are high
in grains and contain relatively low Lys, so increasing the intake of
Lys-rich fish may provide much needed Lys supplement (26).

The contents of TAA, EAA, and DAA increased with the growth
of T. blochii at different growth stages, but the differences were not
significant (p>0.05). This was consistent with the results of a study on
Pangasius sutchi (27). It has been demonstrated that, the more
abundant the essential amino acids, the higher the nutritional value of
the fish (28), which means that T. blochii in the later growth stages are
more nutritious and can better meet the essential amino acid
requirements of humans. The amino acid AAS, CS, and EAAI in each
group gradually increased with the growth of T. blochii. The higher the
EAAI index, the more balanced the amino acid composition, indicating
better protein quality and higher utilization rates (29). This means that
the muscles of larger T. blochii have greater health benefits for humans.

There were no significant differences in TAA, DAA, EAA, NEAA,
and EAA/NEAA between male and female T. blochii (p>0.05). Similar
results were observed in muscle nutrition analyses of male and female
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Hippocampus Erectus (30) and Acrosscheilus wenchowensis (31).
However, our results were different from those observed in T. ovatus
(32). This may have been related to the differences among species and
sizes of fish and because the sexual dimorphism between males and
females becomes more pronounced in the later growth stages, which
will produce further differences in their nutritional compositions.
Nevertheless, The EAAI of female T. blochii was higher than that of
males, indicating that the nutritional value of females was higher than
that of males, which was consistent with the observations made in
Centropristis striata (33) and Trachinotus ovatus (32). This may
be related to differences in growth rates, gonadal development
requirements, and energy consumption patterns in males and females,
as well as diet intake and conversion rates. Similarly, our previous
work has shown that the testes developed faster than ovaries in
T. blochii before the age of 12 months (unpublished), which may mean
that more nutrients are used during male development and energy
expenditure, resulting in decreased muscle quality, but this would
need to be confirmed with further study.

4.2. Fatty acid composition analysis and
evaluation

The nutritional value of fish is also related to the variety,
content, and composition of fatty acids. For the general public, the
most desirable dietary fat composition is as follows: S: M: P (SFA:
MUFA: PUFA) of 1:1:1 (34). The fatty acid composition of T. blochii
basically met this requirement. According to the evaluated AI, TI,
and PI values of fatty acids and in combination with the UFA
values, it was clear that T. blochii cultured in HN and FJ had higher
unsaturated fatty acids and higher inhibition of atherosclerosis and
thrombosis activity. These attributes indicated that daily
consumption could improve cardiovascular function in humans
(35). The differences among the locations may be related to
differences in the species and distributions of macrobenthic
animals which represent an important natural food source for fish
like T. blochii. Indeed, a study of benthic environments in different
aquaculture areas observed clear differences in the distributions of
these naturally occurring benthic organisms (36). Furthermore,
the differences in fatty acid contents of T. blochii raised in different
mariculture areas with differences in food availability might
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be related to the local environmental conditions and their influence
on ecological communities. At different growth stages, SFA content
in the muscle of T. blochii was seen to decrease with growth, while
MUFA content first decreased and then increased with increasing
size and PUFA content increased with increasing size. The fatty
acid trends observed in this study were similar to those of other
species, including Ammodytes personatus (37), Erythroculter
ilishaeformis (38), and Hapalogenys mucronatus (39). PUFA
has obvious lipid-lowering, hypotensive, anti-tumor, and
immunomodulatory effects on human body (40, 41), which means
that late growth stage T. blochii should have high nutritional value
and health benefits. Some studies have indicated that the changes
in fatty acid content may be associated with the development of
gonads, during which fish accumulate PUFA to meet their
reproductive needs (42). Therefore, we speculated that the
accumulation of PUFA in T. blochii may be used for gonad
development. In this study, PUFA in females was significantly
higher than in males (p <0.05), which may have been because,
during development of the testis, lipids were mainly supplied from
the internal fat stored in the muscle. The AI and TI of female
T. blochii were lower than those of males (p>0.05), indicating that
the regular consumption of T. blochii should have health benefits,
and the nutritional value of female T. blochii is slightly higher than
that of male T. blochii.

T. blochii contained an abundance of amino acids and fatty acids.
The TAA content of T. blochii muscle was 17.93%-18.57%. The higher
the amino acid content and diversity, the higher the nutritional value
of the muscle (28). The composition and content of DAA determine
the taste and flavor of the fish. Here, the ratio of DAA/TAA ranged
within 38.56%-39.37%, which was higher than in Pseudobagrus
ussuriensis (25.42%) and Silurus glanis Linnaeus (34.18%) (43),
indicating that T. blochii tasted better. Furthermore, the EAAI of
T. blochii ranged from 54.35 to 61.14, which was significantly higher
than that of Megalobrama amblycephala (46.96%) (44). A higher
EAAI index indicates a more balanced amino acid composition and
higher potential utilization efficiency (45). Therefore, T. blochii muscle
should be readily absorbed by the human body. The fatty acid
composition of muscles is also an important factor affecting quality
and flavor (46). The PUFA content of T. blochii accounted for
30%-37% of the fatty acid content, which was notably higher than
those of Oncorhynchus keta (14.7%) (47) and Oncorhynchus kisutch
(28.78%) (48). This study, which assessed different mariculture areas,
different growth stages, and different genders, found that the HN and
FJ groups, the later growth stages, and the female T. blochii had the
highest nutritional values.

5. Conclusion

This study has revealed that T. blochii is a fish with high nutritional
value. The UFAs and EAAs, which are beneficial to human health,
were highest in the muscle of T. blochii cultured in HN and
FJ. Furthermore, T. blochii in the later growth stages had higher
nutritional and health values. Similarly, the nutritional value of female
T. blochii was slightly higher than that of males. In conclusion,
T. blochii is a high-quality species suitable for large-scale breeding and
human consumption should be encouraged. To maximize
marketability, all-female breeding should be researched as a future
breeding direction.

Frontiers in Nutrition

10.3389/fnut.2023.1148687

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

The animal study was reviewed and approved by the Animal
Experimentation Ethics Committee of Hainan University.

Author contributions

LS: writing - original draft, writing — review, and editing. FS:
conceptualization, methodology, formal analysis, and funding
acquisition. SX: data analysis and writing. WZ: sample collection. YL:
sample collection. KZ: sample collection. JS: visualization. JL:
conceptualization, methodology, supervision, project administration,
sample acquisition, and article revision. All authors contributed to the
article and approved the submitted version.

Funding

This work was supported by the Hainan Provincial Natural
Science Foundation of China (322QN236), the National Natural
Science Foundation of China (32160862), the project of Hainan
Yazhou Bay Seed Laboratory (B21HJ0105), and the Initial Fund from
Hainan University for R&D, KYQD (ZR)-2013.

Acknowledgments

The authors were grateful to all the laboratory members for their
continuous technical advice and helpful discussion.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fnut.2023.1148687/
full#supplementary-material

frontiersin.org


https://doi.org/10.3389/fnut.2023.1148687
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fnut.2023.1148687/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnut.2023.1148687/full#supplementary-material

Shi et al.

References

1. Béné C, Arthur R, Norbury H, Allison E, Beveridge M, Bush S, et al. Contribution
of fisheries and aquaculture to food security and poverty reduction: assessing the current
evidence. World Dev. (2016) 79:177-96. doi: 10.1016/j.worlddev.2015.11.007

2. Mwakalapa EB, Simukoko CK, Mmochi AJ, Mdegela RH, Berg V, Miiller MHB,
et al. Heavy metals in farmed and wild milkfish (Chanos chanos) and wild mullet (Mugil
cephalus) along the coasts of Tanzania and associated health risk for humans and fish.
Chemosphere. (2019) 224:176-86. doi: 10.1016/j.chemosphere.2019.02.063

3. Yang XY, Song J, Zhao Y, Lei BL, Rao JY, Zhang FP, et al. Analysis and evaluation of
flavor components in meat of sea cage-cultured Trachinotus ovatus. Food Sci. (2016)
37:131-5. doi: 10.7506/spkx1002-6630-201608023

4. Sun JL, Song FB, Wang L, Zhang WW, Chen YM, Zhou L, et al. Sexual size
dimorphism in golden pompano (Trachinotus blochii): potential roles of changes in
energy allocation and differences in muscle metabolism. Front Mar Sci. (2022)
9:1009896. doi: 10.3389/fmars.2022.1009896

5. Tan XH, Sun ZZ, Chen S, Chen SL, Huang Z, Zhou CP, et al. Effects of dietary dandelion
extracts on growth performance, body composition, plasma biochemical parameters,
immune responses and disease resistance of juvenile golden pompano Trachinotus ovatus.
Fish Shellfish Immunol. (2017) 66:198-206. doi: 10.1016/j.f51.2017.05.028

6. Zhang M, Chen C, You C, Chen B, Wang S, Li Y. Effects of different dietary ratios
of docosahexaenoic to eicosapentaenoic acid (DHA/EPA) on the growth, non-specific
immune indices, tissue fatty acid compositions and expression of genes related to LC-
PUFA biosynthesis in juvenile golden pompano Trachinotus ovatus. Aquaculture. (2019)
505:488-95. doi: 10.1016/j.aquaculture.2019.01.061

7. Wang D, Wu FX, Song DD, Gao HQ. China fishery statistical yearbook. Beijing:
China Agriculture Press (2021).

8. Zhou PP, Jin M, Wu W], Shen TJK, Li M, Zhou QC. Comparison of nutrient
components of large yellow croaker (Pseudosciaena crocea Richardson) cultured in
different modes, fed different feeds and from different strains. Chin ] Anim Nutr. (2014)
26:969-80. doi: 10.3969/j.issn.1006-267x.2014.04.016

9. Sveinsdottir K, Martinsdottir E, Green-Petersen D, Hyldig G, Schelvis R,
Delahunty C. Sensory characteristics of different cod products related to consumer
preferences and attitudes. Food Qual Prefer. (2009) 20:120-32. doi: 10.1016/j.
foodqual.2008.09.002

10. Yang M, Shi YH, Xu JB, Yuan XC, Xie YD. Comparison of muscle nutritional
components in grass carp (Ctenopharyngodon idellus) under two culture modes. J
Zhejiang Ocean Univ. (2021) 40:3123-1. doi: 10.3969/j.issn.1008-830X.2021.04.005

11. Huang XE Chen K], Xu BH, Yu JB, Lv SL. Study on muscle nutrient composition
of bighead carp (Aristichthys nobilis) under different rearing conditions. Contemporary
Aquatic. (2011) 7:57-61.

12. Wang, K, Cheng, BJ, Liu, B, Chen, XT, Hao, QR, Zhao, RW, et al. Analysis on
nutritive composition of muscle in wild and cultured Culter alburnus populations in
Xingkai Lake at different ages. Zhongguo Shui Chan Ke Xue. (2012) 19:906-12. doi:
10.3724/SP.J.1118.2012.00906

13. Jiang JE, Fu ZR, Zhang W, Li WW, Meng YG, Sun Z]. Comparative analyses of the
main nutritional components in edible tissues of male and female Pelteobagrus fulvidraco
Richardson. J Bijie Univ. (2013) 4:96-103.

14. Gao SH. Quality differences of Pelteobagrus fulcidraco in different sizes. Tianjin:
Tianjin Agricultural University (2017).

15. GB/T 5009124-2016. Determination of amino acids in food. Beijing: Standards
Press of China (2016).

16. GB/T 5009168-2016. Determination of amino acids in food. Beijing: Standards
Press of China (2016).

17. GB/T 50093-2016. Determination of amino acids in food. Beijing: Standards Press
of China (2016).

18. GB/T 50094-2016. Determination of amino acids in food. Beijing: Standards Press
of China (2016).

19.Ji DW, Yan MC, Hu LH, Chen C, Zhang M. Analysis of nutritional components in
muscle of wild metapenaeus ensis in different sizes. Fish Sci. (2022) 21:1003-111.

20. Chen DW, Zhang M. Non-volatile taste active compounds in the meat of Chinese
mitten crab (Eriocheir sinensis). Food Chem. (2007) 104:1200-5. doi: 10.1016/j.
foodchem.2007.01.042

21. Rusanova P, Bono G, Dara M, Falco E, Gancitano V, Brutto SL, et al. Effect of
different packaging methods on the free amino acid profiles of the deep-water rose
shrimp (Parapenaeus longirostris) during frozen storage. Front Nutr. (2022) 9:955216.
doi: 10.3389/fnut.2022.955216

22.Liu YQ, Liu MD, Li XH, Li J. Comparative analysis of nutritional composition and
energy density of muscle in three geographical populations of Megalobrama terminalis.
South China Fish Sci. (2022) 18:163-9.

23.Chen, Yang YY, Huang JH, Mei GM, Zhang XJ, Fang Y. Comparative analysis on
nutritional components of Larimichthys crocea from 4 kinds of sources. ] Food Saf Qual.
(2022) 13:7020-7.

Frontiers in Nutrition

10.3389/fnut.2023.1148687

24. Wang LG, Cornel A, Lou B, Lu Q, Zhan W, Chen RY. Nutritional analysis and
evaluation of muscle in small yellow croaker Larimichthys polyactis from four different
localities. Acta Nutr Sin. (2018) 40:203-5.

25. Tian Y, Peng J, Chen Y. Research progress of human lysine requirement. Mod Prev
Med. (2014) 41:22-7.

26. Han Y, Ma JE, Chen XC, Yan ZY, Zhang XJ. Nutrient components in muscle of four
species of cultured puffer fish. Food Res Dev. (2022) 28:35-43. doi: 10.3136/fstr.
FSTR-D-21-00094

27. Wei L], Ye XC, Mo FL, Teng ZZ, Liu K, Zhang S. Nutritional composition analysis
of pangasius sutchi with different specifications. Anim Breed Feed. (2020) 19:15-20. doi:
10.13300/j.cnki.cn42-1648/5.2020.07.004

28. Zhang ZM, Xu WT, Tang R, Li L, Refaey MM, Li DP. Thermally processed diet
greatly affects profiles of amino acids rather thanfatty acids in the muscle of carnivorous
Silurus meridionalis. Food Chem. (2018) 256:244-51. doi: 10.1016/j.foodchem.2018.02.066

29. Zhou L, Zhang GQ, Zhang YL. Evaluation on nutritional components of culter
alburnus collected from different basins. Fish Sci Technol Info. (2022) 49:278-83.

30. Yan ZZ, Zhang D, Lin TT, Liu X, Xiao DX, Guo QY. Comparative analysis of
functional components and nutritional values of female and male Hippocampus erectus
and H trimaculatus. Food Sci. (2019) 40:206-12. doi: 10.7506/spkx1002-6630-20180920-234

31.Hu YT, Duan GQ, Ling J, Zhou HX, Jiang H, Chen XL. Comparative analysis of
nutrient component of muscles in male and female farmed Acrosscheilus wenchowensis.
Aquaculture. (2020) 3:25-30.

32.Luo H, Zhou MR, Jing TS, Li Z, Wen LT, Zhou KQ, et al. Evaluation of muscle
quality of male and female Trachinotus ovatus. South China Fish Sci. (2020)
16:115-23. doi: 10.12131/20200058

33. Zhao T'T, Chen C, Shao YX. Comparison and evaluation of nutritional components
in the muscle of male and female Centropristis striata. Prog Fish Sci. (2019) 40:151-9.
doi: 10.19663/j.issn2095-9869.20180511002

34. Chinese Nutrition Society. Chinese dietary nutrient reference intakes. Beijing:
Standards Press of China (2014).

35.Zhu Ge RQ, Liu ML. Research progress of m-3 polyunsaturated fatty acids in
prevention and treatment of cardiovascular diseases. Chinese Circ J. (2022) 37:543-7.

36. Ding JK, Xue SY, Li JQ, Zhang WW, Huo EZ, Yu WH, et al. Health assessment of
large-scale aquaculture on benthic habitats in Sanggou Bay. J Fish Sci China. (2020)
271:1393-401.

37. Liu SN, Wang SY, Cao R, Zhao L, Liu Q. Nutritional composition analysis and
quality evaluation of different sizes of ammodytes personatus. Prog Fish Sci. (2022)
43:188-94. doi: 10.19663/j.issn2095-9869.20200825001

38.Xiao YP, Liu SG, Zhang J, Zhong J, Xiao MH, Zhou QB. Analysis of nutritional
components in muscles of Erythroculter ilishaeformis during different growth phases. J
Nutr. (2016) 38:203-5. doi: 10.13325/j.cnki.acta.nutr.sin.2016.02.025

39. Zhang T, Ping HL, Shi HL, Lu B, Yu FP. Analysis and evaluation of nutritional
components in the muscle of different sizes of Hapalogenys mucronatus of Zhoushan. J
Zhejiang Ocean Univ. (2020) 39:502-8.

40. Wang YY, Zhan HX, Li ZY, Liu GL, Yang L. Nutritional components analysis and
nutritive value evaluation of wild Acrossocheilus yunnanensis muscle. ] South Agric.
(2017) 48:507-11. doi: 10.3969/j.issn.2095-1191.2017.03.021

41. Wang SY, Zheng YH, Tang HY, Yin JP, Li ], Zhao SH, et al. Analysis and evaluation
for the nutrition components of Schizothorax griseus muscles. Freshw Fish. (2018)
48:80-6. doi: 10.13721/j.cnki.dsyy.2018.02.012

42.Shi YH, Xu JB, Liu YS, Zhang HM, Deng PP, Lu GH, et al. Changes in fatty acid
composition during early developmental stage of tawny puffer (Takifugu flavidus). ] Fish
China. (2017) 41:1203-12.

43.Xue SQ, Sun ZW, Yin HB. Analysis of nutritional components in muscle of
different strains of rainbow trout. ] Anim Vet Adv. (2012) 11:1607-12. doi: 10.3923/
javaa.2012.1607.1612

44.He L, Jiang M, Dai XL, Li SK. Analysis of nutritional components in muscle
of Megalobrama amblycephala during different growth phases. Food Sci. (2014)
35:221-5.

45. Jessica DB, Karl LL. The effects of dietary protein and amino acids on skeletal
metabolism. Mol Cell Endocrinol. (2015) 410:78-86. doi: 10.1016/j.mce.2015.03.024

46. Yuan JL, Liu M, Ni M, Mi GQ, Zhang C, Gu ZM. Effects of different culture models
on growth performances, morphological traits and nutritional quality inmuscles of
Micropterus salmoides. Acta Agric Univ Jiangxiensis. (2018) 40:1276-85.

47.Wang JL, Liu W, Li PL, Tang FJ. Evaluation of nutritive quality and nutrient
components in the muscles of wild and farmed chum Salmon (Oncorhynchus keta). J
Guangdong Ocean Univ. (2019) 39:126-32.

48. Cen JW, Hao SX, Wei Y, Li LH, Yang XQ, Zhao YQ, et al. Comparison of nutrition
components difference of Salmonidae from different countries. J South Agric. (2020)
51:176-82.

frontiersin.org


https://doi.org/10.3389/fnut.2023.1148687
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1016/j.worlddev.2015.11.007
https://doi.org/10.1016/j.chemosphere.2019.02.063
https://doi.org/10.7506/spkx1002-6630-201608023
https://doi.org/10.3389/fmars.2022.1009896
https://doi.org/10.1016/j.fsi.2017.05.028
https://doi.org/10.1016/j.aquaculture.2019.01.061
https://doi.org/10.3969/j.issn.1006-267x.2014.04.016
https://doi.org/10.1016/j.foodqual.2008.09.002
https://doi.org/10.1016/j.foodqual.2008.09.002
https://doi.org/10.3969/j.issn.1008-830X.2021.04.005
https://doi.org/10.3724/SP.J.1118.2012.00906
https://doi.org/10.1016/j.foodchem.2007.01.042
https://doi.org/10.1016/j.foodchem.2007.01.042
https://doi.org/10.3389/fnut.2022.955216
https://doi.org/10.3136/fstr.FSTR-D-21-00094
https://doi.org/10.3136/fstr.FSTR-D-21-00094
https://doi.org/10.13300/j.cnki.cn42-1648/s.2020.07.004
https://doi.org/10.1016/j.foodchem.2018.02.066
https://doi.org/10.7506/spkx1002-6630-20180920-234
https://doi.org/10.12131/20200058
https://doi.org/10.19663/j.issn2095-9869.20180511002
https://doi.org/10.19663/j.issn2095-9869.20200825001
https://doi.org/10.13325/j.cnki.acta.nutr.sin.2016.02.025
https://doi.org/10.3969/j.issn.2095-1191.2017.03.021
https://doi.org/10.13721/j.cnki.dsyy.2018.02.012
https://doi.org/10.3923/javaa.2012.1607.1612
https://doi.org/10.3923/javaa.2012.1607.1612
https://doi.org/10.1016/j.mce.2015.03.024

	The muscle nutritional components analysis of golden pompano ( Trachinotus blochii) in different mariculture area, growth stages, and genders
	1. Introduction
	2. Materials and methods
	2.1. Sample collection and preparation
	2.2. Detection method
	2.3. Evaluation method
	2.3.1. Amino acids
	2.3.2. Fatty acids
	2.4. Statistical analysis

	3. Results
	3.1. Muscle compositions of Trachinotus blochii in different mariculture areas
	3.2. Muscle compositions of Trachinotus blochii in different growth stages
	3.3. Muscle compositions of female and male Trachinotus blochii 

	4. Discussion
	4.1. Amino acid composition analysis and evaluation
	4.2. Fatty acid composition analysis and evaluation

	5. Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	Supplementary material

	 References

