qre Reseg > 5

O

O

& )
$
s u
©

C N
% &
% ~

Journal of Aquaculture
Research & Development

2
2
5
s

k-2

ISSN: 2155-9546

Guo et al., J Aquac Res Development 2018, 9:9
DOI: 10.4172/2155-9546.1000547

Research Article Open Access

Quality Differences of Large Yellow Croaker (Pseudosciaena crocea) Cultured
in Deep-Water Sea Cages of Two China Regions

Quanyou Guo'T, Thanhhoa Truonghuynh?1, Chaojun Jiang', Luming Wang'*, Baoguo Li?, Xiaoliang Xing'

'East China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Shanghai, P.R. China
2School of Medical Instrument and Food Engineering, University of Shanghai for Science and Technology, Shanghai, P.R. China

Equally Contributed

Abstract

Environmental factors, i.e. geographic sites and regions, can affect the nutritional values and organoleptic
properties of fish products. Therefore, this paper aims to study the quality (e.g. biometric and physicochemical
parameters) of large yellow croaker (Pseudosciaena crocea) cultured in two regions (Zhoushan and Taizhou) during
grow-out phase in deep-water sea cages. The cultured fish would be compared to its wild counterpart as well.
Generally, wild fish was characterized by significantly higher values of protein content and shear force in texture
assessment, but lower total polyunsaturated fatty acids (PUFAs), compared to the cultured fish. Between the two
cultured regions, the significantly higher values of length/height ratio, condition factor and protein content were
observed in fish from Taizhou, whilst higher values of total weight, lipid content were observed in fish from Zhoushan.
In addition, fish from Zhoushan was characterized by higher value of yellowness in skin colour, whilst fish from
Taizhou was characterized by higher value of lightness. Texture profile showed higher values of gumminess and
chewiness in fish from Zhoushan. Moreover, significantly higher values of total amino acids, total non-essential
amino acids, and total semi-essential amino acids were observed in fish from Zhoushan. By contrast, the significantly
higher total PUFAs, EPA (eicosapentaenoic acid), and DHA (docosahexaenoic acid) values were found in fish from
Taizhou culture. In conclusion, our study emphasizes the quality differences between aquaculture regions of large

yellow croaker.

Keywords: Large yellow croaker; Deep-water sea cages; Fish quality;
Regional effect

Introduction

Nutritional values and organoleptic properties are two important sets
of characteristics of fish quality [1], which can influence the perception and
consumption of consumers [2]. Both characteristics are affected by intrinsic
and extrinsic factors, such as species [3] age [4] sex [5] environmental
conditions [6] feeding diets [7] geographic sites [8] etc.

Large yellow croaker (Pseudosciaena crocea) is a type of marine fish
that mainly inhabits in the coastal waters of continental East Asia [9]. Large
yellow croaker has three main putative geographic stocks initially identified
in coastal waters of China, i.e. the Daiquyang, MinYuedong and Naozhou
stocks. The suitable rearing temperature of large yellow croaker is between
20~28°C [10]. If the water temperature is lower than 13°C or higher than
30°C, the feed intake will be significantly reduced [10].

In keeping with the high quality and quantity requirements of
consumers, large yellow croaker has been cultured for more than three
decades in China [11]. The sea-cage farming mode is the mostly used
culturing mode for large yellow croaker [12]. Recently, segmented-phase
cultivation is applied as an effective culture method for large yellow
croaker [10]. At the beginning, large yellow croaker fry is cultivated in
Fujian Province until the weight reaches of more than 102 g [13]. In the
grow-out phase fish can be transferred to deep-water sea cages or seine
culture by July [14] to other cooler regions, such as Zhejiang, Jiangsu
[15]. The reason is based on the migratory requirements and ecological
habitats of large yellow croaker, wherein the fish usually migrate to
cooler waters in the summer [10]. Moreover, this artificial migration
can promote the fish growth, reduce the outbreak of diseases and fish
mortality [10].

To date, there are reports about the biochemical composition
[4,16,17] and flesh quality [18] of large yellow croaker. In addition,
the nutrition of fatty acid and amino acid analysis of different stocks

had been studied [19]. However, there is little literature reported on
the quality of one stock of large yellow croaker grown-out in different
seacoast regions.

The aim of this study is to compare the quality of MinYuedong stock
grown-out in deep-water sea cages of two different regions in Zhejiang
province, Zhoushan and Taizhou. The cultured large yellow croaker
would be compared to its wild counterpart as well. The biometric
measurement, proximate composition, mineral contents, physico-
chemical parameters, color, texture, fatty acid profiles, amino acid
profiles and would be analyzed.

Materials and Methods

Study design

In April 2015, juvenile fish (3-5 cm size, initial weight 1.5-2.1 g) were
purchased in Fujian (southeast coast of mainland China) and stocked
in cages (0.8 x 0.8 x 1.0 m; 0.8 cm mesh). After acclimating for 15 days,
the fish were moved to intermediate cages (3.3 x 3.3 x 4.0 m size, 1.0 cm
mesh). After 15 days, the fish were transferred and reared in small sea
cages (3.3 x 3.3 x 6.0 m size, 1.5~1.8 cm mesh). After one month, the
fish were transferred and reared in large sea cages (3.3 x 3.3 X 9.0 m size,
2.0~2.5 cm mesh). When the fish weight reached approximately 200 g in
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July 2016, they were divided into two regions, Zhoushan and Taizhou,
and reared in deep-water sea cages (50 m perimeter, 8 m depth).
Fish were fed to apparent satiation (50 g fishmeal: 700 g fish body
weight) twice a day (at 5:00 and 17:00 respectively) with a trashed-fish
fishmeal and commercial powder combination. The commercial feed
used contained 42% protein, 11% fat, 15% ash, 4% fiber, 2% available
phosphate, 11% moisture, which satisfied the nutrient requirements
of large yellow croaker [11]. The experiment trial was harvested in
October 2016 when the fish weights were approximately 300~350 g.

Wild large yellow croaker was captured off the coast of Ningde City
(Fujian Province) in August 2016. All other factors during capture were
not controlled or assessed.

All fish samples (Zhoushan (n=29), Taizhou (n=29), and wild fish
(n=19)) were packed in separate insulated polystyrene boxes with
slurry ice and delivered to the laboratory within 24 h of harvesting or
catching. In the lab, fish were surrounded by flake ice and assessed for
biometric measurements, pH, water holding capacity, TVBN, color,
texture and proximate composition immediately. Then, fish were frozen
and stored at -18°C for later use in determination of minerals, fatty
acids and amino acids contents.

All chemicals were purchased from Sino pharm chemical reagent
company (Shanghai, China). Fatty acid and amino acid standards were
supplied by Sigma- Aldrich Company Ltd. (St. Louis, MO, USA).

Aquatic environments

The geography sites of Zhoushan and Taizhou (Figure 1) and
physico-chemical characteristics of rearing conditions are described as
below.

Zhoushan (29.99°N, 122.2°FE) is a prefecture-level city in the
northeastern Zhejiang Province in eastern China. The physico-
chemical characteristics of the Zhoushan rearing conditions are pH
7.8~8.0, salinity 25.6~26.2%, the highest temperature between July
to October was 23~31°C, and the lowest temperature between July to
October was 17~24°C.

Taizhou (28.65°N, 121.42°E) is a city on the eastern coast of the
Zhejiang province in eastern China, facing the East China Sea. The
physico-chemical characteristics of the Taizhou rearing conditions are
pH 7.7~8.0, salinity 24.5~32.0%o, the highest temperature between July
to October was 25~33°C, and the lowest temperature between July to
October was 18~26°C.

Biometric measurements

Upon arrival to the lab, the fish of all groups were immediately
measured for total weight, body length and height, and condition
factor. Total weight (g) is the fish weight with internal organs. The total
body length (cm) was measured from the tip of fish mouth to the upper
lobe of the caudal fin end. The body height (cm) was measured as the
largest vertical line between the first dorsal fin and pelvic fin. Length/
height ratio (LHR) was calculated as:

LHR=total body length/ body height. Condition factor (CF) (g/100
cm’) was calculated as: CF=(body weight/body length?®) x 100

Here, the body weight is the weight after removing the internal
organs [20].

Proximate composition and mineral content

Lipid and protein contents of the fish flesh samples.

Amino acids (AAs)

Amino acid analysis was undertaken by HPLC with pre-column
derivatization using phenylisothiocyanate (PITC), according to
Chinese standard GB 5009.124-2016. All analyses described above were
performed in triplicate.

PUFAs damage and nutritional quality

The measurement of PUFAs damage was expressed using the
polyene index (PI) [21].

PI:C20:5+C22:6
Cl16:0

The nutritional quality of large yellow croaker was calculated by
the atherogenic index (AI) and thrombogenic index (T1), according to
Ulbricht and Southgate [22]:

A[_C12:0+4><C14:0+C16:0
> MUFA+ Y PUFAs

1= C14:0+C16:0+18:0 1
0.5x 2 MUFA+0.5x2n—6 PUFAs+3x2n—-3PUFAs+(1n—-3/n-6

Statistical analysis

Statistical analysis in this study was conducted using the SPSS
Statistics software version 20.0 (IBM Analytics, USA). Significant
differences between the fish samples were computed by one-way
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Figure 1: The geography sites of sampling large yellow croaker. Each site is
coded with number: 1. Zhoushan (29.99°N, 122.21°E), the first cultivation
region; 2. Taizhou (28.65°N, 121.42°E), the second cultivation region; 3. Ningde
(26.66°N, 119.54°E), the wild-caught region.
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analysis of variance (ANOVA)-LSD (least significant difference) with a
significance level of a=0.05 (p<0.05).

Results

Biometric measurements

The biometric measurements of cultured and wild large yellow
croaker are shown in Table 1. There was no significant difference in
the body length between fish groups. However, the total weight of
cultured fish were significant higher than that of the wild counterpart
(p<0.05), due to the overfishing and lacking of the wild fish in the
natural environment now-a-days. Among the fish groups, wild fish
significantly had a higher value of length/height ratio and lower value
of condition factor. Among the cultured fish groups, fish from Taizhou
culture slightly had lower values of total weight and condition factor,
and higher values of body length and length/height ratio than that of
fish from Zhoushan culture (not statistical significance, except for CF
value).

Proximate composition and mineral content

The proximate compositions of large yellow croaker are shown in
Table 1. The moisture contents of large yellow croaker in this study is
represented between 64.90 to 66.21 g/100 g, wet basic; and there were
no significant differences in moisture contents in the three fish groups.
The highest lipid value was found in fish from Zhoushan (15.54 g/100
g), compared to fish from Taizhou culture (14.13 g/100 g) and the wild
fish (9.76 g/100 g). Additionally, the protein content of wild fish (20.80
g/100 g) was significantly (p<0.05) higher than fish from Zhoushan
and Taizhou cultures (15.97 and 16.40 g/100 g, respectively). There was
no significant difference in the protein contents between the two fish
cultures, but fish from Taizhou culture slightly had a higher protein
content than fish from Zhoushan culture (not significantly). The ash
content of fish from Taizhou culture was significantly higher than that
of fish from Zhoushan culture and wild fish (p<0.05); meanwhile, there
was no significant difference in the ash content of fish from Zhoushan
and wild fish (p>0.05).

The mineral contents (macro minerals and micro minerals) and
heavy metals of large yellow croaker are shown in Table 1. There
were significant differences in the macro mineral contents (Na, Mg,
Ca, and K) between fish groups (p<0.05). The highest contents of Na
and Mg were observed in the fish from Taizhou, compared to other
fish groups. The highest content of K was observed in the fish from
Zhoushan (335.00 mg/100 g), compared to fish from Taizhou (315.00
mg/100 g) and wild fish (301.00 mg/100 g). The highest content of Ca
was significantly found in the wild fish (649.00 mg/100 g), compared
to fish from Zhoushan and Taizhou (304.00 and 376.00 mg/100 g,
respectively). Micro mineral contents (Fe, Cu) of the two fish cultures
were not significantly different (p>0.05); and cultured fish were found
to be significantly lower in Fe content and higher in Cu content
compared to wild fish (p<0.05). There was no significant difference in
the Zn content among the three fish groups (p>0.05). Additionally, the
heavy metals contents (Hg, As, Pb and Cd) of the three fish groups were
not significantly different (p>0.05) and were lower than the Chinese
legislative limits (GB 2762- 2017).

Physico-chemical parameters of large yellow croaker

The physico-chemical values of large yellow croaker are shown
in Table 2. There were no significant differences in the pH and water
activity values between the two studied cultures (p>0.05). However,
cultured fish were found to have significantly lower pH and higher water

activity values than those of the wild fish. In addition, the highest value
of WHC was found in fish from Taizhou culture (p<0.05), and there was
no significant difference in the WHC values of fish from Zhoushan and
the wild fish (p>0.05). Moreover, no significant differences in TVB-N
values were found in the cultured and wild large yellow croaker.

In term of the muscle color, there was no significant difference in L',
a"and b’ values in these three groups of large yellow croaker (p>0.05).
However, there were significant differences in the skin color between
the wild and cultured large yellow croaker. The skin color of wild large
yellow croaker was significantly higher in L" and b values, and lower
in a" value compared to the cultured fish groups (p<0.05). Among the
studied fish cultures, the higher L™ and a” values were observed in the
fish from Taizhou, the highest value of b" was observed in fish from
Zhoushan.

In the compression test of texture assessment, the highest values of
cohesiveness and springiness were found in the wild fish, followed by the
values of fish from Taizhou (p<0.05). The highest values of gumminess
and chewiness were found in the fish from Zhoushan, and there was no
significant difference in the gumminess and chewiness values between
the fish from Taizhou and wild fish. Additionally, the maximum shear
force value of wild fish (14.01 + 0.35 N) was significantly higher than
that of the fish cultured in Zhoushan and Taizhou (8.00 + 1.21 and 7.75
+ 1.51 N, respectively).

Fatty acid profile

The fatty acid profiles of the large yellow croaker from Zhoushan,
Taizhou and wild counterpart are shown in Table 3. In this study, there
were nine saturated fatty acids (SFAs), five monounsaturated fatty acids
(MUFAs) and seven polyunsaturated fatty acids (PUFAs) found in
large yellow croaker. Moreover, the amounts of SFAs and MUFAs were
significantly higher than the amounts of PUFAs in all fish groups.

The total SFAs amount of wild large yellow croaker was significantly
higher than that of the cultured fish, which was similar to other research
in cultured sea bass [20]. Palmitic acid 16:00 (highest in wild fish) was
the most predominant SFA in all fish groups, followed by stearic acid
18:0 (highest in fish from Zhoushan) and myristic acid 14:0 (highest
in fish from Taizhou). Palmitic acid and stearic acid were also the
predominant SFAs of large yellow croaker [4] and different types of fish
such as sea bass [20].

In the MUFAs profile, there was no significant difference in the
total MUFAs amount between the fish from Zhoushan and wild fish
(37.87 and 37.88 g/100 g fatty acid, respectively), and the values were
significantly higher than that of fish from Taizhou (29.70 g/100 g fatty
acid). In our study, the major MUFAs in all fish groups were oleic acid
(18:1 n-9) and palmitoleic acid (16:1 n-7), both fatty acids amounts
were significantly highest in the fish from Zhoushan (p<0.05). In
addition, the amounts of erucic acid (22:1 n-9) and nervonic acid (24:1
n-9) were significantly higher in cultured fish than that of the wild fish,
and the values were slightly higher in fish from Taizhou compared to
Zhoushan culture (not significantly).

In the PUFAs profile, the total PUFAs amounts were found to be
significantly higher in cultured fish than that of wild fish (p<0.05). The
significantly higher value of total PUFAs was observed in fish from
Taizhou than that of fish from Zhoushan culture (29.65 and 23.73 g/100
g, respectively).

The total n-6 fatty acids of the cultured fish were significantly higher
than in the wild fish; this trend was consistent with other different
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Variables Zhoushan Taizhou Wild a
Biometric measurement
Total weight (g) 325.27 + 10.212 306.25 + 92.65% 149.18 + 22.37° *
Body length (cm) 27.22 +2.04° 28.79 + 1.40° 26.00 + 1.10° ns
Length/ height ratio 3.54 £0.192 3.67 £ 0.142 3.94 + 0.14° *
Condition factor 1.60 + 0.20° 1.29+0.10° 1.16 £ 0.20° *
Proximate composition (g/100 g, wet basic)
Moisture 66.21 + 0.34 64.90 + 0.03 65.24 + 0.58 ns
Lipid 15.54 + 0.022 14.13 £0.01° 9.76 £ 0.01° *
Protein 15.97 £ 0.212 16.40 £ 0.122 20.80 + 0.11° *
Ash 1.26 + 0.07° 1.96 + 0.09° 1.24 £ 0.032 *
Mineral composition
Macro minerals (mg/100 g)
Na 61.50 + 7.962 88.80 + 8.64° 75.70 + 7.56° *
Mg 29.40 + 0.69° 32.20 £ 0.82° 31.10+0.77° *
Ca 304.00 + 0.93° 376.00 + 0.79° 649.00 + 0.98° *
K 335.00 + 10.05° 315.00 + 8.45° 301.00 +9.03° *
Micro minerals (mg/100 g)
Fe 0.50 + 0.072 0.76 + 0.082 0.90 + 0.07° *
Cu 0.36 £ 0.012 0.37 £ 0.012 0.14 £ 0.01° *
Zn 0.68 + 0.08 0.74 £ 0.06 0.74 £ 0.07 ns
Heavy metals (mg/Kg)
Hg 0.02 + 0.00 0.02 +£0.00 0.00 + 0.00 ns
As 0.00 + 0.00 0.00 +0.00 0.00 +0.00 ns
Pb 0.01+0.00 0.02 +£0.00 0.02 £ 0.00 ns
Cd 0.04 + 0.00 0.00 + 0.00 0.00 + 0.00 ns
Mean * standard deviation (n=9). Different letters in the same row denote statistically significant difference between fish groups (p<0.05). Level of significance (a), *p<0.05;
ns: non-significant.

Table 1: Biometric measurement, proximate composition, and mineral concentration of large yellow croaker from Zhoushan, Taizhou and wild counterpart.

Variables Zhoushan Taizhou Wwild o
pH 6.27 £ 0.022 6.24 + 0.01° 6.98 £ 0.01° *
a, 0.98 £ 0.012 0.98 £0.012 0.95 +0.01° *
WHC (%) 80.10 + 0.05° 83.96 + 0.02° 80.51 + 1.227 *
TVB-N (mg N/100g) 10.78 £ 0.59 9.10 +£1.38 8.18£0.78 ns
Muscle color
L* 51.02 £ 1.85 52.48 + 2.86 50.28 £ 0.55 ns
a* -1.50 + 0.49 -1.39+0.39 -0.85+0.06 ns
b* 3.08+1.2 2.16+1.18 4.95+1.36 ns
Skin color
L* 7218 £0.772 79.66 + 0.75° 80.40 +1.21° *
a* 0.78 + 2.09% 2.89+0.31° -0.14 + 0.86° *
b* 26.87 + 1.842 23.96 + 1.43° 31.73 £ 1.96° *
Texture
Compression test
Cohesiveness 0.24 £ 0.032 0.28 £ 0.032 0.38 + 0.06° *
Springiness (mm) 1.38+0.172 1.42£0.21°2 6.72 £ 0.22° *
Gumminess (N) 7.04 £+ 0.567 5.12+£0.83° 4.64 +0.28° *
Chewiness (mJ) 9.87 +1.227 7.22+0.71° 7.71+1.15° *
Shear force test
Fo(N) 8.00 £ 1.21° 7.75+ 1.510 \ 14.01 £ 0.35° \ *
Mean * standard deviation (n=9). Different letters in the same row denote statistically significant difference between fish groups (p<0.05). Level of significance (a), *p<0.05;
ns: Non-Significant.

Table 2: Physico-chemical, color, and textural parameters of large yellow croaker from Zhoushan, Taizhou and wild counterpart.

types of cultured fish [20]. Moreover, the significantly higher value of
total n-6 fatty acids was found in fish from Zhoushan than that of fish
from Taizhou (9.68 and 6.68 g/100 g fatty acid, respectively). The same
pattern was observed in linoleic acid value (18:2 n-6) since linoleic acid
is one primary dietary fatty acid in n-6 PUFAs of large yellow croaker

in this study. Differently, the amount of arachidonic acid (20:4 n-6) was
found to be significantly highest in wild fish (1.38 g/100 g fatty acid),
followed by fish from Taizhou (0.74 g/100 g fatty acid).

In term of n-3 fatty acids, the highest level of total n-3 fatty acids
was observed in fish from Taizhou (22.97 g/100 g fatty acid), and there
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was no significant difference in total n-3 fatty acids levels between the
fish from Zhoushan and the wild fish (p>0.05). The amounts of EPA
and DHA were observed to be highest in fish from Taizhou, followed
by the wild fish, and lowest in fish from Zhoushan (p<0.05). The ratio
of n-3/n-6 fatty acids was higher in wild fish (6.61) than those of two-
cultured large yellow croaker from Zhoushan and Taizhou (1.45 and
3.44, respectively).

The damage of PUFAs, as measured by PI, was found to be highest
in fish from Taizhou (0.77), and there was no significant difference in
the PI values of fish from Zhoushan and the wild fish (0.42 and 0.41,
respectively). In this study, PI values of large yellow croaker was found to
be lower than sardines (0.88~0.93) [21] and farmed bogue (0.79~0.99)
[23]. The nutritional quality of large yellow croaker, through AT and TI
indices, was significantly higher in wild fish than that of the cultured
fish. This result is consistent to health lipid indices of bogue [23].
Furthermore, there were variations between the two fish cultures in the
AT and TI values, where Al value was higher in fish from Taizhou, and
TI value was higher in fish from Zhoushan. The AI and TI indices of
cultured large yellow croaker in this study were found to be higher than
bogue [23], brown crab [24] and shrimp [25].

Amino acid (AA) analysis

The amino acids (AAs) profiles of the three fish groups of large

Fatty acid Zhoushan
4:0 ND
14:0 2.05 £+ 0.082
15:0 0.32 £0.072
16:0 24.40 £1.272
17:0 0.92 £ 0.03°
18:0 7.01+£0.292
20:0 0.42 £0.01
21:0 0.52 +£0.02
24:0 ND
>SFAs 35.64 + 0.35°
16:1 n-7 8.38 £ 0.347
17:1 n-7 0.62 + 0.022
18:1n-9 27.30 +0.39°
22:1n-9 1.06 + 0.022
24:1 n=9 0.51£0.012
~MUFAs 37.87 £ 0.167
18:2 n-6 8.96 + 0.357
18:3n-3 2.91+0.17°
20:2 n-6 0.27 £ 0.03
20:3 n=3 0.94 £0.012
20:4 n-6 0.45 + 0.05°
20:5 n-3 (EPA) 2.98 £ 0432
22:6 n-3 (DHA) 7.22 £0.95°
>PUFAs 23.73 £ 0.297
*n-3 14.05 + 0.392
n-6 9.68 £ 0.167
n-3/n-6 1.45+0.27°
EPA/DHA 0.41 £ 0.09%
PI 0.42 £0.012
Al 0.53 £ 0.012
Tl 0.49 £ 0.007

yellow croaker are listed in Table 4. Unfortunately, there was no regional
variation observed in the total amount of essential amino acids (EAAs)
between the two fish cultures, and both values were significantly lower
than that of the wild fish. The same pattern was generally found in the
amounts of three major EAAs, lysine, leucine and valine; and other
minor EAAs, isoleucine, threonine, and methionine. However, the total
non-essential amino acids (NEAAs) differed significantly depending
on the cultivation places. The highest amount of NEAAs was observed
in fish from Zhoushan, and there was no significant difference in the
fish from Taizhou and the wild fish (p>0.05). The same pattern was
observed in other abundant NEAAs components were glycine, alanine
and proline. However, the amounts of two major NEAAs, glutamic
acid and aspartic acid, were significantly highest in the wild fish. On
the other hand, there were no significant differences in glutamic acid
and aspartic acid amounts from two fish cultures. Additionally, fish
from Zhoushan confirmed the regional variation existed in the semi-
essential amino acids (SEAAs) profile, when the amount of total SEAAs
(arginine and histidine) were significantly obtained the highest value
among the three fish groups (p<0.05).

There was no significant difference in the total AAs of fish from
Zhoushan and the wild fish, which values were significantly higher than
that of fish from Taizhou. Among the fish groups, the percentage of

Taizhou Wwild a
ND 0.17 £ 0.00
3.17 £0.11° 1.89 £ 0.022 *
0.63 £ 0.02° 0.26 £ 0.01° *
23.60 + 0.682 31.70 £ 1.20° *
1.69 + 0.05° 0.90 £ 0.03° *
5.16 £ 0.15° 6.67 £ 0.21%® *
0.53 +0.02 ND -
0.06 + 0.00 ND -
ND 0.32+0.01 -
34.25+0.292 41.91 + 1.26° *
7.47 £0.232 11.20 £ 0.53° *
1.00 + 0.03° 0.60 + 0.022 *
18.70 + 0.56° 25.30 £ 0.762 *
1.30 £ 0.04° 0.28 £+ 0.01° *
1.23 £ 0.04° 0.50 + 0.022 *
29.70 £ 0.89° 37.88 £ 1.142 *
5.61+0.17° 0.59 + 0.02° *
3.22+0.102 1.11 £ 0.03° *
0.33+0.07 0.18 £ 0.01 *
1.53 £ 0.05° 0.27 £ 0.01° *
0.74 £ 0.022 1.38 £ 0.04° *
492 +0.15° 4.04 £0.12° *
13.30 + 0.40° 8.80 + 0.26° *
29.65 + 0.89° 16.37 £ 0.49° *
22.97 + 0.69° 14.22 + 0432 *
6.68 + 0.20° 2.15 + 0.06° *
3.44 £ 0.22° 6.61 £ 0.20° *
0.37 £ 0.07° 0.46 £ 0.05° *
0.77 £ 0.01° 0.41 £ 0.00° *
0.61 £ 0.02° 0.72 £+ 0.02° *
0.35+0.01° 0.58 + 0.02° *

Mean + standard deviation (n=9). Different letters in the same row denote statistically significant difference between fish groups (p<0.05). Level of significance (a), *p<0.05;

ns: non-significant. ND: Not Detected.

>SFAs: Sum of saturated fatty acids; ZMUFAs: Sum of monounsaturated fatty acids; ZPUFAs: Sum of polyunsaturated fatty acids; Pl: Polyene Index; Al: Atherogenic

Index; TI: Thrombogenic Index.

Table 3: Fatty acids concentrations of large yellow croaker from Zhoushan, Taizhou and wild counterpart (g/ 100 g fatty acid).
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Amino acid Zhoushan Taizhou wild a
Lysine 1.20 £ 0.012 1.23 £ 0.00? 1.36 £ 0.01° *
Leucine 1.05 £ 0.022 1.10 £ 0.052 1.20 £ 0.02° *
Valine 0.73£0.01° 0.72 £ 0.022 0.81 +0.02° *
Isoleucine 0.61 £ 0.222 0.66 + 0.02° 0.72 £ 0.02° *
Threonine 0.70 + 0.02% 0.68 + 0.02° 0.72 £ 0.02° *
Phenylalanine 0.61 +£0.02 0.60 £ 0.02 0.62 £ 0.02 ns
Methionine 0.44 £ 0.022 0.45+0.01° 0.50 + 0.02° *
Total EAA 5.34 £ 0.142 5.44 +0.16° 5.93+0.18° *
Glutamic acid 2.12 £ 0.09% 2.09 + 0.06° 2.24 £ 0.07° *
Aspartic acid 1.42 £ 0.012 1.42 £ 0.042 1.47 £ 0.04° *
Glycine 1.03 £ 0.022 0.82 £ 0.02° 0.79 £ 0.02° *
Alanine 0.98 £ 0.04° 0.88 £ 0.03° 0.90 + 0.03° *
Serine 0.66 +0.15 0.63 £ 0.02 0.64 £ 0.02 ns
Tyrosine 0.53 £ 0.022 0.54 + 0.02%® 0.57 £+ 0.02° *
Cysteine 0.11 £0.012 0.08 + 0.00° 0.09 + 0.00%® *
Proline 0.93 £ 0.08° 0.65 + 0.02° 0.70 £ 0.02° *
Total NEAA 7.78 £ 0.07° 7.11+£0.21° 7.40 +0.22° *
Arginine 1.10 £ 0.082 0.97 £ 0.03° 0.96 + 0.03° *
Histidine 0.41 £ 0.09° 0.35+0.01° 0.35+0.01° *
Total SEAA 1.51£0.072 1.32 + 0.04° 1.31 £ 0.04° *
TAA 14.63 £ 0.372 13.87 £ 0.28° 14.64 + 0.442 *
EAA/TAAx100% 36.50 + 1.192 39.23 +£1.18° 40.51 +1.22° *
NEAA/ TAAx100% 53.18 + 1.502 51.26 + 1.54% 50.55 + 1.52° *

Mean + standard deviation (n=9). Different letters in the same row denote statistically significant difference between fish groups (p<0.05). Level of significance (a), *p<0.05;

ns: non-significant.

Table 4: Amino acid concentrations of large yellow croaker from Zhoushan, Taizhou and wild counterpart (g/100 g, wet basis).

NEAAs were significantly higher than EAAs. The percentage of EAAs
of fish from Taizhou was similar to that of wild fish (p<0.05), which
values were significantly higher than that of fish form Zhoushan. No
significant difference was observed in the NEAAs percentage from two
fish cultures, which values were significantly higher than that of wild
fish (p<0.05).

Discussion

The differences in origin (cultured vs wild) and regions with
variations in environmental conditions, such as water temperature, the
water current capacity, etc., can be considered as the factors influenced
the fish sensory, physical, and chemical characteristics. We observed
the quality variations depending on the fish origin (cultured or wild)
and cultivation regions (Zhoushan or Taizhou).

Fish origin (cultured or wild) differed significantly in some
biometrics parameters and proximate compositions. Although there
was no significant difference in the body length of the three fish groups,
the body weight values of cultured fish were significantly higher than
the wild counterpart, the same pattern happened to commercial and
wild fish of different species [26]. In this study, wild fish significantly
had higher protein and lower lipid contents than cultured fish; this
trend is consistent with other species reported before [20,27,28]. The
reason may mainly due to the high dietary fat level in the fishmeal and
the reduced level of activity of cultured fish in sea cages compared to
when they are in nature. In previous research, the moisture content of
cultured fish was lower than wild fish [28], this pattern is not the same
in our study, when there were no significant differences among three
fish groups.

In this study, the regional variations existed between the two
cultivation regions in the biometric parameters and proximate
compositions. Firstly, fish from Taizhou slightly had lower values of

body weight, lipid and condition factor; and higher values of protein,
body length and length/height ratio than those of the fish from
Zhoushan (not significantly, except for CF and lipid content). Secondly,
these biometric parameters (LHR, CF) and proximate composition
(lipid, protein) values of fish from Taizhou were more likely similar to
the wild counterpart. From the reasons above, it was revealed that fish
from Taizhou during the deep-water sea-cage cultivation process had
dramatically adapted to the environment and transformed its biological
and nutritional status similarly to the wild counterpart.

In general, mineral contents are affected by the environmental
conditions and daily diets [29]. Levels of Na, Mg, and K in large yellow
croaker in our study were not as high as other species of fish (yellowtail,
yellow perch) [28,30]. However, level of Ca in large yellow croaker of our
study was higher than other fish (yellow perch, sea bass) [30,31]. The
regional variations were reflected through the mineral concentrations
between the fish from Zhoushan and Taizhou cultures. Fish from
Taizhou had significantly higher contents of macro and micro minerals
(Na, Mg, Ca, Fe, Cu) than those of fish from Zhoushan. Meanwhile,
the highest content of K was observed in fish from Zhoushan, and
there were no significant differences in Zn and heavy metals contents
between the fish cultures.

In term of physical parameters, cultured fish in our study were
found to have lower pH value than that of wild fish, which is consistent
to different fish species [20,32]. Moreover, the pH values of large yellow
croaker growing in deep-water sea-cage in our study were lower than
that of large yellow croaker growing in enclose culture and sea-cage
culture modes in other studies [18]. The highest value of WHC in our
study was found in fish Taizhou, which does not agree to the study
about sea bass, where the WHC of wild fish was observed to be higher
than in the cultured fish [20].

Color is one key indicator of fishing products quality [33]. Large
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yellow croaker has a typical golden yellow in the dorsal area, which is
very important for the quality evaluation and product consumption of
consumers. Color parameters showed significantly higher L' value in
the wild fish, this observation is in the agreement to other species of
fish [20,34]. Moreover, color measurements showed higher values of
b’ than a’ in both wild and cultured fish. The absolute value of b'/a"
ratio of wild fish (226.64) was significantly higher than cultured fish
from Zhoushan and Taizhou (34.45 and 8.29, respectively). In addition,
the b" values (located between the ventral fin and anal fin, ranged from
23.96 to 31.73) of large yellow croaker in our study were higher than
those of large yellow croaker (on the ventral skin behind the ventral fin,
ranged from 11.35 to 17.64) in previous study [18]. In the two studied
regions, the higher L"and a" values were observed in fish from Taizhou,
the higher b'value was observed in fish from Zhoushan. Hence, the
regional differences or cultivation conditions can affect the skin color
of large yellow croaker.

There were variations on the texture parameters between the three
fish groups in our study. The wild fish was characterized by significantly
higher value of shear force value that those of cultured fish. This pattern
is in agreement to the study on wild and cultured blackspot seabream
[34]. The significantly higher values of gumminess and chewiness were
observed in fish from Zhoushan compared to fish from Taizhou and
even to the wild counterpart. This result contributed to the limited
literature about the effects of regions on the texture of fish muscle.

The fatty acids profiles of large yellow croaker in this study differed
depending on the cultivation regions, particularly in the MUFAs and
PUFAs profile. The significantly higher value of total MUFAs was found
in fish from Zhoushan, while the significantly higher value of total
PUFAs was found in fish from Taizhou. In general, the significantly
higher values of fatty acids were mostly observed in fish from Taizhou,
such as 17:1 n-7, 22:1 n-9, 24:1 n=9, 18:3 n-3, 20:4 n-6, 20:5 n-3 (EPA),
and 22:6 n-3 (DHA). Those variations may due to the differences in
the aquatic environments of the two regions. The average temperature
of Taizhou region is slightly higher than that of Zhoushan, which
results in a higher water temperature in sea- cages. The salinity range
of Taizhou region (24.5~32.0%o) is larger than that of Zhoushan region
(25.6~26.2%0). In our study, the significantly higher values of total
n-3 fatty acids (mostly EPA and DHA) were found in Taizhou, slightly
higher average temperature region than Zhoushan. This observation
was not consistent to the results found in carp [35] and whitefish [8],
which reported that the lower temperature resulted in higher total
n-3 fatty acids. However, it is notable that the average temperature in
Taizhou is not far higher than Zhoushan; therefore, the observation
needs to be considered more in the next study.

In all fish groups, the most predominant amino acid was glutamic
acid (ranged from 2.09 to 2.24 g/100 g), then followed by aspartic
acid, lysine, leucine and glycine. This observation was consistent with
previous report on large yellow croaker [16]. These AAs (mentioned
above) are reported to be abundant in aquatic organisms [20] and create
the characteristics of fish flavor [36]. Among them, lysine is the amino
acid which is limited in cereal-based diets [37]. Leucine is considered
to be important in muscle growth [38]. Our results showed that large
yellow croaker is rich in amino acids, which provides the special flavor
of fish and benefits to human health.

The amino acids profile differed highly significantly depending on
the cultivation regions of large yellow croaker. Fish from Zhoushan
was characterized by the higher values of TAAs, total NEAAs, and
total SEAAs. As a result, the significantly higher levels of abundant
amino acids were observed in fish from Zhoushan than those of fish

from Taizhou, such as glycine, alanine, cysteine, proline, arginine, and
histidine. Therefore, the higher quality of fish flavor is highly expected
in from Zhoushan, which needs more work to prove in further study.

Conclusion

There were regional variations existed between large yellow
croaker (Pseudosciaena crocea) from Zhoushan and Taizhou cultures
in biometrics, proximate compositions, physico-chemical parameters,
color, texture, fatty acids and amino acids profiles. During the
experimental time, fish from Zhoushan culture had significantly higher
values of weight and yellowness (b"), and better amino acids profile;
we revealed that fish from Zhoushan culture is suitable for commercial
market, and Zhoushan region is a felicitous cultivation region. Although
fish from Taizhou culture had a lower value of weight, other parameters
(except for amino acids profile) were high qualitied compared to fish
from Zhoushan. For example, LHR, CEF lipid and protein values of
fish from Taizhou were similar to the wild counterpart. Moreover, the
significantly higher values of mineral contents (Na, Mg, and Ca), EPA,
and DHA were observed in fish from Taizhou. From the results, we
have some suggestions for the future studies: firstly, flavor variations
of the fish from different regions; secondly, fatty acids diversification
depending on the rearing temperature; lastly, how to gain fish weight
but maintain good LHR, CF values and flavor.

Acknowledgements

This work was supported by the Central Public-interest Scientific Institution
Basal Research Fund CAFS (2016HY-ZD0803), and the National Natural Science
Foundation of China (Grant No. 3187187).

References

1. Grigorakis K (2007) Compositional and organoleptic quality of farmed and wild
gilthead sea bream (Sparus aurata) and sea bass (Dicentrarchus labrax) and
factors affecting it: A review. Aquaculture 272: 55-75.

2. Claret A, Guerrero L, Gartzia I, Garcia-Quiroga M, Ginés R (2016) Does
information affect consumer liking of farmed and wild fish? Aquaculture 454:
157-162.

3. Pyz-tukasik R, Paszkiewicz W (2018) Species variations in the proximate
composition, amino acid profile, and protein quality of the muscle tissue of
grass carp, Bighead Carp, Siberian Sturgeon, and Wels Catfish. J Food Qual
2018: 8.

4. Tang HG, Chen LH, Xiao CG, Wu TX (2009) Fatty acid profiles of muscle from
large yellow croaker (Pseudosciaena crocea R.) of different age. J Zhejiang
Univ Sci B 10: 154-158.

5. Domagala J, Kazlauskiené N, Virbickas T, Leliina E (2005) Characteristics of
sexual maturation of wild and hatchery-reared baltic salmon (Salmo Salar L.)
Parr Acta Zoologica Lituanica 15: 349-354.

6. Wang F, Ma X, Wang W, Liu J (2012) Comparison of proximate composition,
amino acid and fatty acid profiles in wild, pond-and cage-cultured longsnout
catfish (Leiocassis longirostris). Int J Food Sci Technol 47: 1772-1776.

7. YuH,AiQ, Mai K, Ma H, Cahu CL, et al. (2012) Effects of dietary protein levels
on the growth, survival, amylase and trypsin activities in large yellow croaker,
Pseudosciaena crocea R., larvae. Aquacult Res 43: 178-186.

8. Orban E, Masci M, Nevigato T, Di Lena G, Casini I, et al. (2006) Nutritional
quality and safety of whitefish (Coregonus lavaretus) from Italian lakes. J Food
Compos Anal 19: 737-746.

9. Liu M, Mitcheson D, Sadovy Y (2008) Profile of a fishery collapse: why mariculture
failed to save the large yellow croaker. Fish and Fisheries 9: 219-242.

10. Li M, Miao L, Chen J, Chen Qj, Yu C (2017) Establishment and discussion on
the new model of simulated ecological and grading aquaculture for large yellow
croaker. J Ningbo Univ 30: 1-5.

11. Duan Q, Mai K, Zhong H, Si L, Wang X (2001) Studies on the nutrition of the
large yellow croaker, Pseudosciaena crocea R. |: growth response to graded
levels of dietary protein and lipid. Aquacult Res 32: 46-52.

J Aquac Res Development, an open access journal
ISSN: 2155-9546

Volume 9 « Issue 9 » 1000547


https://doi.org/10.1016/j.aquaculture.2007.04.062
https://doi.org/10.1016/j.aquaculture.2007.04.062
https://doi.org/10.1016/j.aquaculture.2007.04.062
https://doi.org/10.1016/j.aquaculture.2015.12.024
https://doi.org/10.1016/j.aquaculture.2015.12.024
https://doi.org/10.1016/j.aquaculture.2015.12.024
https://doi.org/10.1155/2018/2625401
https://doi.org/10.1155/2018/2625401
https://doi.org/10.1155/2018/2625401
https://doi.org/10.1155/2018/2625401
https://doi.org/10.1631/jzus.b0820176
https://doi.org/10.1631/jzus.b0820176
https://doi.org/10.1631/jzus.b0820176
https://doi.org/10.1080/13921657.2005.10512700
https://doi.org/10.1080/13921657.2005.10512700
https://doi.org/10.1080/13921657.2005.10512700
https://doi.org/10.1111/j.1365-2621.2012.03033.x
https://doi.org/10.1111/j.1365-2621.2012.03033.x
https://doi.org/10.1111/j.1365-2621.2012.03033.x
https://doi.org/10.1111/j.1365-2109.2011.02814.x
https://doi.org/10.1111/j.1365-2109.2011.02814.x
https://doi.org/10.1111/j.1365-2109.2011.02814.x
https://doi.org/10.1016/j.jfca.2005.12.014
https://doi.org/10.1016/j.jfca.2005.12.014
https://doi.org/10.1016/j.jfca.2005.12.014
https://doi.org/10.1111/j.1467-2979.2008.00278.x
https://doi.org/10.1111/j.1467-2979.2008.00278.x
https://doi.org/10.1046/j.1355-557x.2001.00048.x
https://doi.org/10.1046/j.1355-557x.2001.00048.x
https://doi.org/10.1046/j.1355-557x.2001.00048.x

Citation: Guo Q, Truonghuynh T, Jiang C, Wang L, Baoguo Li, et al. (2018) Quality Differences of Large Yellow Croaker (Pseudosciaena crocea) Cultured in Deep-Water
Sea Cages of Two China Regions. J Aquac Res Development 9: 547. doi: 10.4172/2155-9546.1000547

Page 8 of 8

12. Gui JF, Tang Q, Li Z, Liu J, De Silva SS (2018) Aquaculture in China: Success
Stories and Modern Trends, John Wiley & Sons.

13. Zheng Y, Zhou K, Li J (2001) Cage culture and overwintering techniques of
Pseudosciaena crocea. J Shanghai Fishery Univ 10: 5.

14. L4 H, Xu J, Vander Haegen G (2008) Supplementing marine capture fisheries
in the East China Sea: Sea ranching of prawn Penaeus orientalis, restocking
of large yellow croaker Pseudosciaena crocea, and cage culture. Rev Fish Sci
16: 366-376.

15.Chen S, Su Y, Hong W (2018) Aquaculture of the large yellow croaker.
Aquaculture in China: Success stories and modern trends: 297-308.

16. Tang H, Wu T, Zhao Z, Pan X (2008) Biochemical composition of large yellow
croaker (Pseudosciaena crocea) cultured in China. J Food Qual 31: 382-393.

17. Liang P, Cheng X, Xu Y, Cheng W, Chen L (2017) Determination of fatty acid
composition and phospholipid molecular species of large yellow croaker
(Pseudosciaena crocea) Roe from China. J Aquat Food Prod T 26: 1259-1265.

18.Li X, Li B, Chen N, Huang X, Hua X, et al. (2017) A comparison study on
flesh quality of large yellow croaker (Larimichthys croceus) cultured with three
different modes. J Ocean U China 16: 1187-1194.

19. LiM, Zheng Y, Guan D, ShiY, Chen J, et al. (2009) The nutrition of fatty acid and
amino acid analysis of four genealogies Pseudosciaena crocea (Richardson).
J Fish China 33: 632-638.

20. Fuentes A, Fernandez-Segovia |, Serra JA, Barat JM (2010) Comparison of
wild and cultured sea bass (Dicentrarchus labrax) quality. Food Chem 119:
1514-1518.

21. Lubis Z, Buckle KA (1990) Rancidity and lipid oxidation of dried-salted sardines.
International Journal of Food Science & Technology 25: 295-303.

22. Ulbricht TLV, Southgate DAT (1991) Coronary heart disease: Seven dietary
factors. The Lancet 338: 985-992.

23. Simat V, Bogdanovi¢ T, Poljak V, Petrievié S (2015) Changes in fatty acid
composition, atherogenic and thrombogenic health lipid indices and lipid
stability of bogue (Boops boops Linnaeus, 1758) during storage on ice: Effect
of fish farming activities. § Food Compos Anal 40: 120-125.

24.Barrento S, Marques A, Teixeira B, Mendes R, Bandarra N, et al. (2010)
Chemical composition, cholesterol, fatty acid and amino acid in two populations
of brown crab Cancer pagurus Ecological and human health implications. J
Food Compos Anal 23: 716-725.

25. Rosa R, Nunes ML (2004) Nutritional quality of red shrimp, Aristeus antennatus

26.

2

<

28.

2

[(e]

30.

3

=

32.

33.

34.

35.

36.

37.

38.

(Risso), pink shrimp, Parapenaeus longirostris (Lucas), and Norway lobster,
Nephrops norvegicus (Linnaeus). J Sci Food Agric 84: 89-94.

Wolters WR, Barrows FT, Burr GS, Hardy RW (2009) Growth parameters of
wild and selected strains of Atlantic salmon, Salmo salar, on two experimental
diets. Aquaculture 297: 136-140.

.Jensen |J, Larsen R, Rustad T, Eilertsen KE (2013) Nutritional content and

bioactive properties of wild and farmed cod (Gadus morhua L.) subjected to
food preparation. J Food Compos Anal 31: 212-216.

O'Neill B, Le Roux A, Hoffman LC (2015) Comparative study of the nutritional
composition of wild versus farmed yellowtail (Seriola lalandi). Aquaculture 448:
169-175.

. Lall SP, Milley JE (2008) Trace mineral requirements of fish and crustaceans.

Trace elements in animal production systems: 203-214.

Gonzélez S, Flick GJ, O’keefe SF, Duncan SE, McLean E, et al. (2006)
Composition of farmed and wild yellow perch (Perca flavescens). J Food
Compos Anal 19: 720-726.

. Alasalvar C, Taylor KDA, Zubcov E, Shahidi F, Alexis M (2002) Differentiation

of culture and wild sea bass (Dicentrarchus labrax): total lipid content, fatty acid
and trace mineral composition. Food Chem 79: 145-150.

Orban E, Lena GD, Nevigato T, Casini I, Santaroni G, et al. (2002) Quality
characteristics of sea bass intensively reared and from lagoon as affected by
growth conditions and the aquatic environment. J Food Sci 67: 542-546.

Ocafio-Higuera VM, Marquez-Rios E, Canizales-Davila M, Castillo-Yanez FJ,
Pacheco-Aguilar R, et al. 2009 Postmortem changes in cazon fish muscle
stored on ice. Food Chem 116: 933-938.

Rincoén L, Castro PL, Alvarez B, Hernandez MD, Alvarez A, et al. (2016)
Differences in proximal and fatty acid profiles, sensory characteristics, texture,
colour and muscle cellularity between wild and farmed blackspot seabream
(Pagellus bogaraveo). Aquaculture 451: 195-204.

Tkaczewska J, Migdat W, Kulawik P (2014) The quality of carp (Cyprinus carpio
L.) cultured in various Polish regions. J Sci Food Agric 94: 3061-3067.

Konosu S (1982) The flavor components in fish and shellfish. Chemistry and
Biochemistry of Marine Food Products 9: 367-404.

Zhao W, Zhai F, Zhang D, An Y, Liu Y, et al. (2004) Lysine-fortified wheat flour
improves the nutritional and immunological status of wheat-eating families in
northern China. Food Nutr Bull 25: 123-129.

Kreider RB (1999) Dietary supplements and the promotion of muscle growth
with resistance exercise. Sports Med 27: 97-110.

J Aquac Res Development, an open access journal
ISSN: 2155-9546

Volume 9 « Issue 9 » 1000547


https://doi.org/10.1080/10641260701678207
https://doi.org/10.1080/10641260701678207
https://doi.org/10.1080/10641260701678207
https://doi.org/10.1080/10641260701678207
https://doi.org/10.1002/9781119120759.ch3_10
https://doi.org/10.1002/9781119120759.ch3_10
https://doi.org/10.1111/j.1745-4557.2008.00206.x
https://doi.org/10.1111/j.1745-4557.2008.00206.x
https://doi.org/10.1080/10498850.2016.1210269
https://doi.org/10.1080/10498850.2016.1210269
https://doi.org/10.1080/10498850.2016.1210269
https://doi.org/10.1007/s11802-017-3338-0
https://doi.org/10.1007/s11802-017-3338-0
https://doi.org/10.1007/s11802-017-3338-0
https://doi.org/10.1016/j.foodchem.2009.09.036
https://doi.org/10.1016/j.foodchem.2009.09.036
https://doi.org/10.1016/j.foodchem.2009.09.036
https://doi.org/10.1111/j.1365-2621.1990.tb01085.x
https://doi.org/10.1111/j.1365-2621.1990.tb01085.x
https://doi.org/10.1016/0140-6736(91)91846-m
https://doi.org/10.1016/0140-6736(91)91846-m
https://doi.org/10.1016/j.jfca.2014.12.026
https://doi.org/10.1016/j.jfca.2014.12.026
https://doi.org/10.1016/j.jfca.2014.12.026
https://doi.org/10.1016/j.jfca.2014.12.026
https://doi.org/10.1002/jsfa.1619
https://doi.org/10.1002/jsfa.1619
https://doi.org/10.1002/jsfa.1619
https://doi.org/10.1016/j.aquaculture.2009.09.021
https://doi.org/10.1016/j.aquaculture.2009.09.021
https://doi.org/10.1016/j.aquaculture.2009.09.021
https://doi.org/10.1016/j.jfca.2013.05.013
https://doi.org/10.1016/j.jfca.2013.05.013
https://doi.org/10.1016/j.jfca.2013.05.013
https://doi.org/10.1016/j.aquaculture.2015.05.034
https://doi.org/10.1016/j.aquaculture.2015.05.034
https://doi.org/10.1016/j.aquaculture.2015.05.034
https://doi.org/10.1007/978-1-4684-0793-8_8
https://doi.org/10.1007/978-1-4684-0793-8_8
https://doi.org/10.1016/j.jfca.2006.01.007
https://doi.org/10.1016/j.jfca.2006.01.007
https://doi.org/10.1016/j.jfca.2006.01.007
https://doi.org/10.1016/s0308-8146(02)00122-x
https://doi.org/10.1016/s0308-8146(02)00122-x
https://doi.org/10.1016/s0308-8146(02)00122-x
https://doi.org/10.1111/j.1365-2621.2002.tb10635.x
https://doi.org/10.1111/j.1365-2621.2002.tb10635.x
https://doi.org/10.1111/j.1365-2621.2002.tb10635.x
https://doi.org/10.1016/j.foodchem.2009.03.049
https://doi.org/10.1016/j.foodchem.2009.03.049
https://doi.org/10.1016/j.foodchem.2009.03.049
https://doi.org/10.1016/j.aquaculture.2015.09.016
https://doi.org/10.1016/j.aquaculture.2015.09.016
https://doi.org/10.1016/j.aquaculture.2015.09.016
https://doi.org/10.1016/j.aquaculture.2015.09.016
https://doi.org/10.1002/jsfa.6661
https://doi.org/10.1002/jsfa.6661
https://books.google.co.in/books?id=AgrzoqWts9MC&pg=PT121&lpg=PT121&dq=36.%09Konosu+S+(1982)+The+flavor+components+in+fish+and+shellfish.+Chemistry+and+biochemistry+of+marine+food+products+9:+367-404.&source=bl&ots=bScor2nRr_&sig=cGlGBRgz0-EqYDgFfzaqMAcwh_I&hl=en&sa=X&ved=2ahUKEwjX6vyko6bdAhVQWH0KHZH9ByMQ6AEwAnoECAgQAQ#v=onepage&q=36.%09Konosu S (1982) The flavor components in fish and shellfish. Chemistry and biochemistry of marine food products 9%3A 367-404.&f=false
https://books.google.co.in/books?id=AgrzoqWts9MC&pg=PT121&lpg=PT121&dq=36.%09Konosu+S+(1982)+The+flavor+components+in+fish+and+shellfish.+Chemistry+and+biochemistry+of+marine+food+products+9:+367-404.&source=bl&ots=bScor2nRr_&sig=cGlGBRgz0-EqYDgFfzaqMAcwh_I&hl=en&sa=X&ved=2ahUKEwjX6vyko6bdAhVQWH0KHZH9ByMQ6AEwAnoECAgQAQ#v=onepage&q=36.%09Konosu S (1982) The flavor components in fish and shellfish. Chemistry and biochemistry of marine food products 9%3A 367-404.&f=false
https://doi.org/10.1177/156482650402500203
https://doi.org/10.1177/156482650402500203
https://doi.org/10.1177/156482650402500203
https://doi.org/10.2165/00007256-199927020-00003
https://doi.org/10.2165/00007256-199927020-00003

	Corresponding Author
	Abstract
	Keywords
	Introduction 
	Materials and Methods 
	Study design 
	Aquatic environments
	Biometric measurements
	Proximate composition and mineral content
	Amino acids (AAs)  
	PUFAs damage and nutritional quality
	 Statistical analysis

	Results
	Biometric measurements
	Proximate composition and mineral content
	Physico-chemical parameters of large yellow croaker
	Fatty acid profile
	Amino acid (AA) analysis

	Discussion
	Conclusion
	 Acknowledgements 
	Figure 1
	Table 1
	Table 2
	Table 3
	Table 4
	References 

