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Abstract
To ﬁll the blank in systematic study on the organoleptic quality of large yellow croaker
Larimichthys crocea, we analyzed the organoleptic quality of the ﬁsh meat of wild, trash-ﬁsh-fed, and
compound-feed-fed large yellow croaker. Six ﬁsh (weight: 500 g) per group were sampled in the same
period, and 89 indices of ﬁsh organoleptic quality were measured and analyzed. Results reveal signiﬁcant
diﬀerences in the body condition factor, skin/muscle color, ﬂesh texture, odor, and taste aspects between wild
and farmed ﬁsh. Compared with the wild ﬁsh, farmed ﬁsh showed fatter body shape, whiter skin or muscle
color, tender muscle, higher level of ﬁshy odor or volatile intensity, but lower delicious taste. In addition,
compared with trash-ﬁsh feeding, compound-feed feeding could improve the body shape, skin color, ﬂesh
texture, and ﬁsh taste of large yellow croaker, but it also increased the ﬁshy odor. In principle component
analysis and cluster analysis, the present study preliminarily established the systematic evaluation with
multiple indices to the quality of large yellow croaker. It shall be helpful for the evaluation or improvement
of the quality of farmed large yellow croaker.
Keyword: large yellow croaker; appearance; texture; odor; taste

1 INTRODUCTION
As the dwindling wild ﬁsh resources, the only way
to meet the increasing demand for ﬁsh as a food is
through aquaculture (Cressey, 2009). Yet the
aquaculture industry faces a challenge in supplying
the ﬁnal product with better quality for consumer.
Fish quality is an overall characteristic involving a set
of factors such as morphology, color, texture, odor,
taste, and so forth. It has been reported that the
signiﬁcant quality diﬀerences between wild ﬁsh and
farmed ﬁsh were shown in morphology (Johnston et
al., 2006; Arechavala-Lopez et al., 2012), color
(Grigorakis et al., 2003; González et al., 2006; Glover
et al., 2009; Fasolato et al., 2010), ﬂesh texture
(González et al., 2006; Johnston et al., 2006; Fuentes
et al., 2010), and ﬂavor (Prost et al., 1998; Grigorakis
et al., 2003; Frank et al., 2009).
Large yellow croaker Larimichthys crocea is

mainly limited to coastal waters of continental East
Asia, is one of three top commercial marine ﬁshes of
China (Chen et al., 2018). In natural condition, the
ﬁsh live in oﬀshore deeper water (60–100 m), and
migrate and spawn in shallow coastal (<30 m) waters
in spring and/or autumn (Liu and De Mitcheson,
2008). Normally, the wild large yellow croaker has
golden-yellow skin, red lips, and yellow ﬁns. In
China, it is one of the most popular ﬁsh species for
human consumption. One of the most important
reasons is that the red-yellow-golden color means
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“fortune” and “happiness” in Chinese traditional
culture. However, the population of the wild large
yellow croaker collapsed in the 1970s due to
overﬁshing. Since the success of artiﬁcial hatchery,
this ﬁsh has been widely cultured in China, and
become a major mariculture ﬁsh species reaching
177 640 tons of yield in 2017 (China Fishery Statistical
Yearbook, 2018). Compared with the wild one, there
are severe quality problems in farmed large yellow
croaker, such as vague yellow body color, degenerated
ﬁsh ﬂavor, and loosed ﬂesh ﬁrmness. These problems
have seriously threatened the sustainable development
of large yellow croaker industry. Recently, some
studies have focused on the quality of large yellow
croaker (Yi et al., 2014; Wei et al., 2016, 2018; Li et
al., 2017; Mu et al., 2017). However, there was no
systematic study on the organoleptic quality of this ﬁsh.
Most of farmed large yellow croakers are still fed
with trash ﬁsh, and less 30% of them with compound
feeds (Chen et al., 2018). However, the percentage of
compound feeds used in large yellow croaker culture
was increasing rapidly in the past few years. The trash
ﬁsh is mainly made up of less valuable ﬁsh species
from wild catch, such as anchovies (Cheng and Hu,
2012). The typical compound feeds for large yellow
croaker contain several feed ingredients with 40%–
50% of protein sources (e.g., ﬁsh meal, soybean
meal), 9%–12% of lipid sources (e.g., ﬁsh oil, plant
oil), carbohydrates, vitamins and minerals (He et al.,
2010; based on data of feed industries). The nutritional
values between trash ﬁsh and compound feeds are
diﬀerent (Chen et al., 2008), and that can result in
diﬀerent quality of farmed large yellow croaker fed
with trash ﬁsh or compound feeds.
The aim of this study was to compare the diﬀerences
in organoleptic quality between wild and farmed large
yellow croaker. By determining the organoleptic
quality indices (e.g., body index, skin color, ﬂesh
texture, and ﬂavor), we preliminarily established a
system with multiple indices to evaluate the quality of
farmed large yellow croaker. It shall be helpful for the
evaluation or improvement of the quality of farmed
large yellow croaker.

2 MATERIAL AND METHOD
2.1 Material
The present study was performed in strict
accordance with the Standard Operation Procedures
(SOPs) of the Guide for the Use of Experimental
Animals of Ocean University of China. All animal
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care and use procedures were approved by the
Institutional Animal Care and Use Committee of
Ocean University of China (Permit Number:
20001001). In this work, three diﬀerent groups of
large yellow croaker (one wild group and two farmed
groups) were studied. Six fresh wild ﬁsh (WF, body
weight: 519.6±10.6 g) were captured from the Ningbo
sea area, Zhejiang, China in November. At the same
time, two groups of farmed large yellow croaker were
obtained from two commercial sea net cages in
Ningbo, China, respectively. Each group also had six
ﬁsh. One of the farmed groups was the trash-ﬁsh-fed
large yellow croaker (TF, body weight: 501.3±10.0 g).
The other farmed group was the feeds-fed large
yellow croaker (FF, body weight: 518.5±21.4 g). A
same batch of ﬁsh with initial body weight of about
3 g were divided into two groups, and then fed with
trash ﬁsh and compound feeds, respectively, for 18
months to the market size. The diﬀerences of nutrient
compositions on wet basis between trash ﬁsh and
feeds were 77.4% vs 8.6% moisture, 15.2% vs 48.6%
crude protein, 2.1% vs 8.3% crude lipid.
All ﬁsh were anaesthetized with eugenol (1:10 000)
(Shanghai Reagent Corp., Shanghai, China) to
minimize suﬀering before sampling. The body weight,
body length and skin color of each ﬁsh were measured
and recorded, and then the scale and viscera were
removed. After that, both right and left ﬁsh muscles
were ﬁlleted and decorticated. Fish ﬁllets were
divided into several segments. Speciﬁc segment was
selected for the analysis of ﬂesh quality (Fig.1).
Texture, water holding capacity (WHC) and pH of
muscle were tested immediately. The other muscle
segments were stored at -80°C.
2.2 Analytical method
2.2.1 Morphology measurement
The body weight (W) and length (L) of each ﬁsh was
measured. Condition factor (CF) was calculated as:
CF=(W/L3)×100.
2.2.2 Skin/muscle color
Skin and muscle color were measured directly
using a Minolta colorimeter (CR-400, Japan) to
determine L* (lightness), a* (redness) and b*
(yellowness) according to the CIE standard (McLaren,
1976). Each ﬁsh was measured at three neighboring
spots for dorsum, lateral line and abdomen skin, as
well as three spots for lateral line muscle.
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Fig.1 Sampling segments for measurements of diﬀerent quality indices in muscle of large yellow croaker
Segment A was used to assay muscle color, texture, hydroxyproline (HYP), pyridinoline crosslink (PYD) and water/salt soluble protein; segment B was used
to assay water holding capacity; segment C was used to assay pH; Segment D was used to assay free amino acid; segment E was used to assay moisture, total
protein; segment F was used to assay nucleotides, trimethylamine oxide (TMAO) and trimethylamine (TMA); segment G was used to assay lipid, fatty acid,
volatile compounds and mineral elements.

2.2.3 pH and water holding capacity
Muscle pH was measured in a muscle/water (1:9,
w/v) homogenate and determined by pH-meter (PB10, Sartorius, Germany) according to the method
described by Fuentes et al. (2010). Water holding
capacity was determined by centrifugation at 4 000×g
for 10 min at room temperature, as described by
Gómez-Guillén et al. (2000).
2.2.4 Texture
Fillet texture was evaluated mechanically using a
texture analyzer (TMS-PRO, FTC, USA) equipped
with a load cell of 25 kg and a cylindrical probe
(8 mm). Double compression was applied to construct
the texture proﬁle analyses (TPA) on three neighboring
spots for each ﬁsh ﬁllet above the lateral line (Fig.1).
The detection rate and the strain were set to 30 mm/min
and 60%, respectively. Five relative indices, including
hardness, adhesiveness, springiness, cohesiveness
and chewiness, were obtained from the TPA according
to the methods described by Ginés et al. (2004). After
texture measurement, the ﬁsh muscles were stored at
-80°C to assay the contents of hydroxyproline (HYP),
pyridinoline crosslink (PYD) and water/salt soluble
protein.
2.2.5 Hydroxyproline and pyridinoline crosslink
The ﬁsh muscle samples used for texture analysis
were ﬁrstly extracted with an alkaline solution to
obtain alkaline-soluble and alkaline-insoluble
fractions, which represented non-matured and

matured collagen, respectively (Li et al., 2005). One
gram of muscle sample was minced by hand before
homogenization in 9 mL cold water (4°C) for 1 min.
Ten millimeters of ice cold 0.2 mol/L NaOH was
added immediately, and the sample was mixed on a
swing table at 4°C for 4 h. The homogenate was
centrifuged at 10 000×g for 30 min at 4°C
(ultracentrifuge, CR21GII, Hitachi, Japan). The
supernatant
containing
alkaline-soluble
hydroxyproline (a-s HYP) was stored at 4°C for HYP
assay, and the pellet containing alkaline-insoluble
hydroxyproline (a-i HYP) was transferred to 5 mL
ampoule before adding 3 mL of 6 mol/L HCL. The
sample was hydrolyzed at 110°C for 20 h, after which
the hydrolysate was diluted into 10 mL volumetric
ﬂasks with ultra-pure water, and 1 mL dilution was
removed for HYP assay. The HYP concentration was
assayed by spectrophotometer method (UV-2401PC,
Shimadzu, Japan) described by Zhang et al. (2013).
Pyridinoline crosslink concentrations of ﬁsh samples
were assayed using a commercial ELISA assay kit
(Yueyan Biotech, Inc., Shanghai, China).
2.2.6 Water/salt soluble protein (WSP/SSP)
Water and salt soluble protein were determined
after extraction with phosphate buﬀer (0.05 mol/L,
pH 7.0) alone or with KCL (0.6 mol/L), respectively,
based on the method of Sigholt et al. (1997). Protein
content in the water and salt soluble fractions was
measured by a commercial assay kit (Nanjing
Jiancheng Bioengineering Institute, China) using
coomassie brilliant blue method (Bradford, 1976).
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2.2.7 Moisture and total protein
The moisture and total protein contents in the ﬁsh
muscle samples (Fig.1) were assay using standard
methods of the Association of Oﬃcial Analytical
Chemists (1995). Samples were dried to a constant
weight at 105°C to determine moisture. Total protein
was determined by measuring nitrogen (N×6.25)
using the Kjeldahl method (2300-Auto-analyzer,
FOSS, Denmark).
2.2.8 Lipid, fatty acid composition
About 5 g muscle was used to analyze the lipid and
fatty acid compositions after lyophilization (ALPHA
1-4 LD lyophilizer, Kleist, Germany). The lipid
content was analyzed according to the method of
Folch et al. (1957). Fatty acid compositions were
analyzed by the gas chromatography (GC-2010,
Shimadzu, Japan). Lyophilized muscle powder with
0.1 g was added into a 15-mL volumetric screwed
glass tube. Then 3 mL of 1 mol/L potassium hydroxide
methanol was added and heated on 72°C water bath
for 20 min. After that, 3 mL of 2 mol/L HCL-methanol
was added and the mixture was heated on 72°C water
bath for another 20 min. Then 2 mL hexane was added
into the mixture above. The mixture was shaken
vigorously for 1 min and then allowed to separate into
two layers. One milliliter upper layer liquid was
removed and centrifuged at 3 500×g for 5 min. At
last, the supernatant was used for GC analyses with
Rxi-1MS capillary column (30 m×0.25 mm, 0.25 μm).
The column temperature programmed from 150°C to
200°C at 15°C/min, then from 200°C to 250°C at
2°C/min. Injector and detector temperatures were
both 250°C. The areas under the peaks were integrated
using methyl heptadecanoate (C17:0) as the internal
standard. Fatty acid was quantiﬁed by internal
standard concentration and peak area ratio. The
concentrations of fatty acid were expressed in
milligram equivalents of internal standard for each
gram of ﬁsh muscle (wet basis).
2.2.9 Volatile compound
Volatile compounds were assayed by the method of
Iglesias and Medina (2008) with some modiﬁcations
using the gas chromatography and mass spectrogram
(GCMS-QP2010, Shimadzu, Japan). Five grams of
minced muscle and 0.25 g NaCl (5% w/w) were put
into a 15-mL headspace vial. All the samples were
analyzed by using a manual injection device (Supelco,
USA). Prior to extraction, each sample vial was
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equilibrated for 20 min at 60°C. The CAR-PDMSDVB ﬁber was exposed to the headspace of a 15-mL
sample vial for 35 min at 60°C. After that, the ﬁber
was immediately desorbed in the GC-MS injector to
250°C during 5 min. In regard to the GC-MS analysis,
Rxi-1MS capillary column (30 m×0.25 mm, 0.25 μm)
was used to separate compounds. The GC oven
temperature program was as follows: 35°C for 3 min,
followed by an increase of 10°C/min to 200°C, then
an increase of 20°C/min to ﬁnal temperature of
260°C, held for 8 min. Carrier gas was helium at
1.5 mL/min. Injector was operated in the splitless
mode and its temperature was set at 250°C. Interface
temperature was maintained at 280°C. The mass
spectrometer was operated in the EI mode (70 eV)
and the source temperature was set at 230°C.
Acquisition was performed in the 30–500 AMU mass
range by scan mode. Identiﬁcation of volatile
compounds was based on mass spectra from library
databases (NIST08.LIB), considering similarity
higher than 80%. Quantitative determination of
volatile alcohols, aldehydes, ketones, acids, hydro
carbons and aromatics was performed by the method
of internal standard using 2,4,6-three methyl pyridine.
2.2.10 Mineral element
Lyophilized muscle powder (0.1 g) was weighted
and put into the K-ﬂask, and then was hydrolyzed by
10 mL HClO4 followed by adding deionized water to
50 mL. The hydrolysates were ﬁltered through
0.22 μm membrane before assay. Minerals (Al, Ca,
Cu, Fe, K, Mg, Mn, Na, and Zn) was analyzed by an
inductively coupled plasma-atomic emission
spectrophotometer (ICP-OES; VISTA-MPX, Varian,
USA).
2.2.11 Nucleotide
Nucleotides content in muscle were assayed using
the procedure described by Ryder (1985) with some
modiﬁcations. Brieﬂy, the extraction procedure for
muscle sample was performed at 4°C. One gram
muscle was homogenized with 5 mL of 0.6 mol/L
HClO4. The homogenate was centrifuged at 3 000×g
for 10 min. After adding 5 mL of 0.6 mol/L HClO4
into the solid residue, repeated homogenization and
centrifugation were performed. The supernatants
were combined in 10 mL volumetric ﬂask and ﬁlled
up to volume with 0.6 mol/L HClO4 and immediately
neutralized to pH 6.5–6.8 with 1 mol/L KOH. After
standing for 30 min, the mixture was ﬁltered to
remove KClO4 and ﬁlled 25 mL the neutralized
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extract with phosphate buﬀer (pH=7). The neutralized
extract was ﬁltered through 0.22 μm membrane before
assay in the reverse-phase high performance liquid
chromatography (HPLC; HP 1100, Agilent, USA).
For the HPLC analysis, 5 μL of ﬁltrate was
separated on a CAPCELL PAK C18AQ S5 column
(4.6 mm×250 mm, Shiseido, Japan) equilibrated at
40°C. The mobile phase was the mixture of 0.04 mol/L
KH2PO4 and 0.06 mol/L K2HPO4 (pH=7) used a ﬂow
rate of 1.0 mL/min. The eluent was monitored by UV
absorption at 260 nm.
Adenosine-5′-triphosphate (ATP), adenosine-5′diphosphate (ADP), adenosine-5′- monophosphate
(AMP), inosine-5′-monophosphate (IMP), inosine
(Ino) and hypoxanthine (Hx) were identiﬁed and
quantiﬁed by retention time and standard curve. The
K value and Ki value were calculated based on the
following equations:
K (%)=100×[(Ino+Hx)/(ATP+ADP+AMP+IMP+
Ino+Hx)],
Ki (%)=100×[(Ino+Hx)/(IMP+Ino+Hx)].
2.2.12 Trimethylamine
trimethylamine (TMA)

oxide

(TMAO)

and

Contents of TMAO and TMA in muscle were
analyzed by the method of Wekell and Barnett (1991)
with some modiﬁcations. One gram of muscle was
homogenized with 4 mL of 7.5% trichloroacetic acid.
The homogenate was centrifuged at 3 000×g for
10 min. Supernatant (200 μL) was diluted with 800 μL
ultra-pure water before TMAO assay. The other 1 mL
supernatant was mixed with 1 mL ultra-pure water
before TAM assay.
For TMAO assay, 1 mL Fe-EDTA reagent was
added to 1 mL diluent. After incubated in a water bath
for 5 min at 50°C, the mixture was used for TAM
assay.
For TAM assay, 1 mL of 10% formaldehyde, 10 mL
of anhydrous toluene and 3 mL of 50% K2CO3
solution were orderly added into 2 mL of the above
mixture. Stoppered tube and shake vigorously by
hand about 60 times. After standing 20 min, the water
layer was pipetted oﬀ, then 0.5 g anhydrous Na2SO4
was added for drying. Five milliliter of toluene layer
was moved into 5 mL picric acid solution and mixed
by swirling. The mixture was monitored by
spectrophotometer
at
410 nm
(UV-2401PC,
Shimadzu, Japan).
For data analysis, TAM content in sample was
quantiﬁed by standard curves (Sigma). TAMO content
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was calculated on the basis of the following equations:
TAMO content=TAM content (TAMO assay)–
TAM content (TAM assay).
2.2.13 Free amino acid composition
One gram of muscle was homogenized with 3 mL
of 10% sulfosalicylic acid. Then 1.5 mL homogenate
was centrifuged at 13 000×g for 15 min at 4°C. The
supernatant was ﬁltered through 0.22 μm membrane
before assay free amino acid composition by an
automatic amino acid analyzer (L-8900, Hitachi,
Japan).
In regard to the automatic amino acid analyzer
analysis, a 4.6-mm (ID)×60 mm ion exchange column
was used. The following analyzer settings were used
for the analysis: buﬀer ﬂow rate of 0.4 mL/min,
reagent ﬂow rate of 0.35 mL/min, reactor heater
temperature of 135°C, column temperature of 75°C,
auto-sampler temperature of 5–8°C, sample injection
volume of 20 μL, and detection wavelength of 570 nm
or 440 nm. An external standard was used to calculate
the concentration of each amino acid.
2.3 Statistical analysis
Data are presented as means±S.E.M. (standard
error of the mean). One-way ANOVA was conducted
using SPSS 17.0 for windows. Duncan’s multiple
range test was used to compare diﬀerences among
treatments, when signiﬁcant diﬀerences (P<0.05)
were observed. The quality indices with signiﬁcant
diﬀerences were used for the principle component
analysis (PCA). The PCA was performed in order to
express the main variables in the data through
principal components (PC1, PC2…). A high positive
or negative loading plot revealed a signiﬁcant quality
variable in the actual PCA model. Score plots from
the PCA explore the main trends for ﬁsh samples, and
their respective loading reveals quality variables with
a signiﬁcant loading. Fish samples with similar
quality attributes were located in the same area in the
score plot (Torstensen et al., 2005; Veiseth-Kent et al.,
2010). Cluster analysis was used to classify the
diﬀerent ﬁsh samples based on their score plots.

3 RESULT
3.1 Fish appearance
There were signiﬁcant diﬀerences in CF value
among the three groups of large yellow croaker (Table
1). WF had signiﬁcantly (P<0.05) lower CF value
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than TF and FF. Moreover, TF had the highest CF
value, which was signiﬁcantly (P<0.05) higher than
FF.
Table 1 shows the skin and muscle color indices of
large yellow croaker. WF showed lower L* value in
lateral line and abdomen skin, higher b* value in
dorsum, lateral line and abdomen skin than TF and FF
(P<0.05). It suggested that WF possessed more
yellowness than TF and FF. In addition, FF showed
higher b* value in abdomen skin than TF (P<0.05),
but no signiﬁcant (P>0.05) diﬀerence in other parts.
The signiﬁcant (P<0.05) diﬀerences for muscle color
were observed in a* value and L* value, indicating
that wild ﬁsh ﬁllet possessed more redness than
farmed ﬁsh ﬁllet.

Table 1 Fish appearance of wild (WF), trash-ﬁsh-fed (TF)
and feeds-fed (FF) large yellow croaker
(mean±SEM)
Item

WF

TF

FF

Condition factor1

1.38±0.01c

1.93±0.11b

1.67±0.03a

Dorsal skin color
2

L*

53.64±0.16

54.17±1.9

55.05±3.35

a*2

-0.65±0.06

-0.51±0.08

-0.81±0.21

b*

7.45±0.24

3.86±0.56

3.47±0.36b

2

a

b

Lateral line skin color
L*

66.89±0.36b

74.9±2.18a

74.35±1.26a

a*

-0.30±0.03

-0.58±0.25

-0.67±0.20

b*

12.67±1.69

6.82±1.18

6.21±1.08b

a

b

Abdomen skin color
L*

78.31±0.85b

82.92±1.39a

82.31±0.36ab

a*

3.69±0.57

1.19±0.39

1.66±0.32

b*

32.75±0.50

a

b

11.55±0.41

a

c

3.2 Fillet texture

b

Data on the ﬁllet texture are shown in Table 2.
Flesh hardness value of WF and FF were signiﬁcantly
(P<0.05) higher than that of TF, while no signiﬁcant
(P>0.05) diﬀerence was found between WF and FF.
Flesh adhesiveness, springiness, cohesiveness, and
chewiness values had no signiﬁcant (P>0.05)
diﬀerences among the three groups.
Flesh collagen content (HYP) and crosslink (PYD)
were showed signiﬁcant (P<0.05) diﬀerences among

13.9±0.74b

Muscle color
L*

50.39±0.82b

57.48±1.69a

53.06±0.26ab

a*

3.07±0.29a

0.03±0.18b

0.14±0.20b

b*

7.09±0.39

6.66±0.29

7.09±0.47
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Values in the same row with diﬀerent superscripts are signiﬁcantly diﬀerent
(P<0.05). 1 Condition factor=100×body weight/(body length); 2 L*, a* and
b* represent lightness, redness and yellowness, respectively.

Table 2 Fillet texture of wild (WF), trash-ﬁsh-fed (TF) and feeds-fed (FF) large yellow croaker (mean±SEM)
Item

WF

TF

FF

854.44±16.43a

729.88±44.26b

867.92±25.91a

Adhesiveness (g×mm)

10.78±1.02

10.50±0.89

11.40±0.44

Cohesiveness

0.27±0.02

0.25±0.00

0.27±0.01

Springiness (mm)

2.55±0.23

2.68±0.12

2.44±0.10

Texture
Hardness (g)

564.79±31.58

469.93±51.93

569.28±14.14

Water holding capacity (%)

Chewiness (g×mm)

75.31±1.13

75.36±2.52

76.63±2.70

Moisture content (%)

78.64±0.37

b

72.60±0.52

73.18±0.65b

Lipid content (% wet basis)

6.25±0.45b

10.62±0.59a

11.37±1.71a

Total protein content (% wet basis)

18.55±0.64b

20.27±0.73a

20.36±0.58a

0.05±0.01a

0.04±0.00b

0.06±0.01a

0.31±0.02a

0.24±0.02b

0.32±0.02a

Total HYP (g/kg muscle)

0.36±0.02

0.26±0.02

0.37±0.01a

PYD (ng/g muscle)2

437.0±54.0a

278.0±18.6b

324.26±13.78b

Water soluble protein content (% wet basis)

3.05±0.24b

4.01±0.31ab

4.55±0.39a

Salt soluble protein content (% wet basis)

5.22±0.25a

3.57±0.37b

4.52±0.19ab

a

Collagen
a-s HYP (g/kg muscle)1
a-i HYP (g/kg muscle)1
1

a

b

Values in the same row with diﬀerent superscripts are signiﬁcantly diﬀerent (P<0.05). 1 a-s HYP, a-i HYP and total HYP represent alkaline-soluble
hydroxyproline, alkaline-insoluble hydroxyproline and total hydroxyproline, respectively; 2 PYD represent pyridinoline crosslink concentration.
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the three groups (Table 2). The a-s HYP, a-i HYP and
total HYP contents in WF and FF were signiﬁcantly
(P<0.05) higher than those in TF, but no signiﬁcant
(P>0.05) diﬀerence was found between WF and FF.
WF showed higher PYD content than TF and FF
(P<0.05). However, there was no diﬀerence between
TF and FF (P>0.05).
There was no signiﬁcant (P>0.05) diﬀerence in
water holding capacity among the three groups (Table
2). However, signiﬁcant (P<0.05) diﬀerences were
observed in muscle moisture, lipid, water soluble or
salt soluble protein content, and total protein content.
WF showed higher moisture content but lower lipid
and total protein contents than TF and FF (P<0.05),
while no signiﬁcant (P>0.05) diﬀerence was found
between TF and FF. FF had higher water-soluble
protein content than WF (P<0.05), but WF had higher
salt-soluble protein content than TF (P<0.05).
3.3 Fillet odor
Volatiles compositions in muscle are shown in
Table 3. WF had signiﬁcantly (P<0.05) lower total
volatiles concentration (TVC, 3.36 μg/g ﬂesh muscle)
than TF and FF (6.02 and 5.01 μg/g ﬂesh muscle,
respectively). Alcohols, aldehydes and ketones
concentrations in WF were lower than those in TF and
FF (P<0.05), but hydro carbons and aromatics had no
signiﬁcant (P>0.05) diﬀerences among three
treatments. Compared with FF, TF had higher alcohols
and acids concentrations, but lower aldehydes and
ketones concentrations.
Data on the fatty acid compositions in muscle are
shown in Table 3. Saturated fatty acids (∑SFA),
mono-unsaturated fatty acids (∑MUFA), n-3 fatty
acids (∑n-3), n-6 fatty acids (∑n-6) and total fatty
acid (TFA) concentrations as well as thrombogenic
index (TI) in WF were signiﬁcantly (P<0.05) lower
than those in TF and FF, while no signiﬁcant (P>0.05)
diﬀerences were found in linolenic acid concentration
as well as polyene index (PI) and atherogenic index
(AI) among three treatments. The ratio of ∑n-3 to
∑n-6 (∑n-3/∑n-6) in WF and TF was signiﬁcantly
(P<0.05) higher than that in FF. No signiﬁcant
(P>0.05) diﬀerence in ∑n-3/∑n-6 was found between
WF and TF. Compared with TF, FF had signiﬁcantly
(P<0.05) higher linoleic acid and ∑n-6 concentrations.
There were signiﬁcant (P<0.05) diﬀerences in
muscle pH, TMA, and TMAO concentration among
the three groups (Table 3). WF had signiﬁcantly
(P<0.05) higher pH value and TMAO concentration
but lower TMA concentration than TF and FF. No

Vol. 38

Table 3 Fillet odor of wild (WF), trash-ﬁsh-fed (TF) and
feeds-fed (FF) large yellow croaker (mean±SEM)
Item

WF

TF

pH

7.00±0.02

a

FF

6.69±0.07

b

6.70±0.05b

Volatile aroma compounds (μg/g ﬂesh muscle)
Alcohols

0.35±0.04c

1.90±0.14a

1.15±0.05b

Aldehydes

0.67±0.14

ab

0.96±0.13

1.25±0.07a

Ketones

0.52±0.14b

0.78±0.02ab

1.11±0.10a

Acids

0.16±0.04b

0.33±0.01a

0.05±0.00c

Hydro carbons

1.20±0.05

1.52±0.24

1.15±0.06

Miscellaneous compounds

0.03±0.01

0.02±0.00

0.03±0.00

Total

3.36±0.40

6.02±0.46

5.01±0.04a

b

b

a

Fatty acid compositions (mg/g ﬂesh muscle)
C14:0

0.41±0.13b

0.87±0.04a

0.88±0.14a

C16:0

2.15±0.38b

3.88±0.15a

3.57±0.14a

C18:0

0.74±0.18b

1.55±0.07a

1.44±0.05a

C20:0

0.04±0.02

a

0.16±0.01

0.16±0.01a

C16:1

2.28±0.51b

4.73±0.22a

4.63±0.31a

C18:1

2.84±0.65b

5.21±0.31a

4.70±0.19a

C18:2n-6

0.26±0.09

0.47±0.03

0.80±0.09a

b

b

b

C18:3n-3

0.12±0.02

0.14±0.01

0.14±0.01

C20:4n-6

0.19±0.06b

0.49±0.03a

0.41±0.05a

C20:5n-3

0.67±0.20b

1.41±0.09a

1.43±0.09a

C22:6n-3

1.81±0.32b

3.33±0.15a

3.27±0.26a

∑SFA1

3.35±0.71b

6.46±0.25a

6.05±0.33a

5.13±1.16

a

9.94±0.52

9.33±0.49a

∑n-31

2.61±0.55b

4.88±0.24a

4.84±0.36a

∑n-61

0.45±0.15c

0.96±0.06b

1.21±0.04a

Total

11.53±2.56b

22.24±1.05a

21.43±1.16a

∑n-3/∑n-6

a

6.31±0.87

a

5.10±0.23

4.01±0.41b

PI2

1.14±0.06

1.22±0.02

1.31±0.05

AI3

0.46±0.02

0.47±0.01

0.46±0.02

TI

0.19±0.02

a

0.25±0.01

0.25±0.01a

TMA (mg/g ﬂesh muscle)5

0.38±0.05c

0.62±0.03b

0.98±0.13a

TMAO (mg/g ﬂesh muscle)5 64.10±1.00a

51.10±1.92b

43.71±0.67c

∑MUFA

1

4

b

b

Values in the same row with diﬀerent superscripts are signiﬁcantly diﬀerent
(P<0.05). 1 SFA: saturated fatty acids. MUFA: mono-unsaturated fatty
acids. n-3: n-3 fatty acids. n-6: n-6 fatty acids; 2 PI: polyene index=(C20:5n3+C22:6n-3)/C16:0; 3 AI: atherogenic index=(4×C14:0+C16:0)/
(∑MUFA+∑n-3+∑n-6); 4 TI: thrombogenic index=(C14:0+C16:0+C18:0)/
[0.5 ×∑MUFA+0.5×∑n-6+3×∑n-3+(∑n-3/∑n-6)]; 5 TMA: trimethylamine;
TMAO: trimethylamine oxide.

diﬀerence was found in muscle pH between TF and
FF (P>0.05). However, FF had signiﬁcantly (P<0.05)
higher TMA concentration but lower TMAO
concentration than TF.
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Table 4 Fillet taste of wild (WF), trash-ﬁsh-fed (TF) and feeds-fed (FF) large yellow croaker (mean±SEM)
Item

WF

TF

FF

Nucleotides (μmol/g ﬂesh muscle)
Adenosine-5′-triphosphate (ATP)

0.45±0.02a

0.24±0.01b

0.26±0.01b

Adenosine-5′-diphosphate (ADP)

0.46±0.02a

0.18±0.01b

0.22±0.02b

Adenosine-5′-monophosphate (AMP)

0.54±0.04

0.27±0.01

0.32±0.03b

Inosine-5′-monophosphate (IMP)

21.82±0.88a

10.83±0.67b

12.66±0.29b

Inosine (Ino)

1.48±0.20

1.36±0.12

1.30±0.13

Hypoxantine (Hx)

0.57±0.08

0.61±0.05

K (%)

1

a

0.51±0.07

8.14±0.80

a

14.74±1.10

11.80±0.83a

8.63±0.84b

15.55±2.90a

12.45±0.89a

b

Ki (%)2

b

Mineral elements (mg/100g ﬂesh muscle)
Al

1.53±0.38

1.41±0.16

1.79±0.24

Ca

844.28±88.90a

501.00±28.50b

485.28±79.37b

Cu

0.24±0.02

0.33±0.03

0.31±0.02

Fe

2.17±0.38

2.91±0.35

2.25±0.22

K

351.73±12.15

336.96±12.26

355.34±21.10

Mg

29.19±0.82ab

28.56±1.03b

31.69±0.70a

Mn

1.39±0.02a

1.03±0.10b

0.95±0.11b

Na

98.84±4.16a

55.08±3.16b

61.94±4.86b

Zn

3.54±0.78

3.77±0.33

4.26±0.62

Free amino acid compositions (mg/100 g ﬂesh muscle)
Aspartic acid (Asp)

2.73±0.43ab

3.27±0.26a

1.50±0.06b

Glutamic acid (Glu)

8.97±0.20

9.30±0.29

8.50±1.00

Serine (Ser)

5.87±0.15

6.87±0.20

15.7±0.46a

Glycine (Gly)

8.47±0.15c

12.20±0.29b

31.17±3.43a

Threonine (Thr)

7.07±0.95

5.27±1.16

4.47±0.50

Histidine (His)

3.40±0.40

9.40±0.81

5.90±0.17b

Alanine (Ala)

11.13±0.19b

15.00±1.31a

16.70±1.07a

Arginine (Arg)

0.47±0.03b

0.87±0.09a

0.77±0.09a

Tyrosine (Tyr)

2.57±0.45

b

1.37±0.03

1.47±0.22b

Valine (Val)

5.57±0.32a

3.10±0.36b

2.47±0.17b

Methionine (Met)

2.33±0.35

1.80±0.46

1.17±0.12

Phenylalanine (Phe)

2.23±0.19

b

1.70±0.06

1.50±0.06b

Isoleucine (Ile)

3.50±0.46a

1.47±0.15b

1.67±0.17b

Leucine (Leu)

7.10±0.06a

3.47±0.37b

3.03±0.19b

Lysine (Lys)

76.77±9.67

23.67±3.61

29.33±10.01b

Proline (Pro)

3.2±0.75b

16.00±1.85a

5.27±1.03b

151.23±9.63a

114.63±7.54b

130.60±10.13ab

31.27±0.65

39.77±2.14

57.87±5.52a

b

c

a

a

a

Total amino acid (TAA)
Delicious amino acid (DAA)

3

b

Values in the same row with diﬀerent superscripts are signiﬁcantly diﬀerent (P<0.05).
(%)=(Ino+Hx)/(IMP+Ino+Hx)100; 3 DAA=Asp+Glu+Gly+Ala.

3.4 Fillet taste
Data on the nucleotides contents in muscle are
shown in Table 4. WF had signiﬁcantly (P<0.05)

1

b

a

b

b

K (%)=(Ino+Hx)/(ATP+ADP+AMP+IMP+Ino+Hx)×100;

2

Ki

higher ATP, ADP, AMP and IMP contents than TF and
FF, while no signiﬁcant (P>0.05) diﬀerences were
found in Ino and Hx contents among the three groups.
the lowest K or Ki value were both found in WF
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Fig.2 Principal component analysis (PCA) of
the results from fish samples showing
the first two principal components (PC1
and PC2)

0.5

a. correlation loading plot of the measured variables
(each diamond represented one quality variable); b.
score plot showing three pooled samples within
each group, each sample consisting of two fish
(circle represented wild large yellow croaker (WF);
square represented farmed large yellow croaker fed
trash fish (TF); triangle represented farmed large
yellow croaker fed compound feeds (FF)).
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compared with those in TF and FF. No signiﬁcant
(P>0.05) diﬀerences were found in ATP, ADP, AMP,
and IMP contents between TF and FF.
Mineral concentrations in muscle are shown in
Table 4. WF had signiﬁcantly (P<0.05) higher
concentrations of Ca, Mn, and Na than TF and FF. No
signiﬁcant (P>0.05) diﬀerences were found in
concentrations of Al, Cu, Fe, K, Mg, and Zn between
wild and farmed ﬁsh. FF had signiﬁcantly (P<0.05)
higher Mg concentration than TF, while no signiﬁcant
(P>0.05) diﬀerences were found in other mineral
concentrations between FF and TF.
Sixteen kinds of free amino acids were found in
muscle (Table 4). WF had the highest content of the
total free amino acid (TAA, 151.23 mg/100 g ﬂesh
muscle). It had signiﬁcantly (P<0.05) higher tyrosine

2

(Tyr), phenylalanine (Phe), isoleucine (Ile), leucine
(Leu), and lysine (Lys) contents, but lower serine
(Ser), glycine (Gly), histidine (His), alanine (Ala) and
arginine (Arg) contents than TF and FF. FF had
signiﬁcantly (P<0.05) higher contents of Ser and Gly,
but lower contents of aspartic acid (Asp), His and
proline (Pro) than TF. Delicious amino acid (DAA)
content was higher in FF than in WF and TF (P<0.05),
while no signiﬁcant (P>0.05) diﬀerence was found
between WF and TF.
3.5 Multivariate analyses
The principal component analysis (PCA) was done
based on 42 muscle quality indices (indicators). The
PCA correlation loading plot and score plot are shown
in Fig.2. Eighty percent of the variation in the PCA
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model is explained by PC1 (66%) and PC2 (14%).
In the PCA correlation loading plot (Fig.2a), each
diamond represented one quality variable. Quality
variables located close to each other had a positive
correlation, while variables with loadings of opposite
signs were negatively correlated. In the PCA score
plot (Fig.2b), the samples were separated into three
clusters related to the diﬀerent treatments based on
cluster analysis. The diﬀerence between wild and
farmed large yellow croaker was shown mainly along
the PC1 axis. The diﬀerence between TF and FF was
shown mainly along the PC2 axis. Variables lying
between the two circles contributed most to the
variation in the data (Fig.2a). Based on the PCA
correlation loading plot and information along PC1
axis in PCA score plot, higher values of skin b*,
muscle a* and pH, as well as higher concentrations of
muscle moisture, PYD, SSP, IMP, TAA, TMAO, Na,
Ca, Mn, and the total HYP contributed most to
distinguish the wild large yellow croaker. However,
higher CF value, skin/muscle L* value, K/Ki value, as
well as concentrations of lipid, total protein, WSP,
TMA, TVC and TFF contributed most to distinguish
the farmed large yellow croaker. Based on the PCA
correlation loading plot and information along PC2
axis in PCA score plot, higher hardness as well as
higher concentrations of the total HYP, a-i HYP,
volatile aldehydes, volatile ketones, TMA, DPP and
Mg contributed most to distinguish the farmed large
yellow croaker fed compound feeds. Meanwhile, CF
value, muscle L* value, ∑n-3/∑n-6 as well as
concentrations of volatile alcohols, volatile acid and
TMAO contributed most to distinguish the farmed
large yellow croaker fed trash ﬁsh.

4 DISCUSSION
Condition index is an important quality indicator
for large yellow croaker. In the present study, farmed
large yellow croaker had higher CF value than wild
ﬁsh. It was also found in other ﬁsh species that wild
ﬁsh had slim body (Johnston et al., 2006; ArechavalaLopez et al., 2012). The PCA correlation loading plot
(Fig.2a) in the present study showed that CF value
had positive correlation with lipid and protein contents
in muscle, but had negative correlation with muscle
moisture content. It was suggested that higher CF
value in farmed large yellow croaker is related to the
higher body lipid and protein content. Ma et al. (2019)
also found that CF value of triploid rainbow trout was
related positively with deposition of nutrients (protein
and lipid) in ﬁsh body. The reason could be that
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farmed ﬁsh got higher energy-content feeds and less
long-distance sports than wild ﬁsh (Haard, 1992).
Skin color is observed daily as a general indicator
not only of homeostasis, health, and welfare, but also
of ﬁsh quality driving customer preference (Leclercq
et al., 2010). In the present study, wild large yellow
croaker had golden skin and vermilion lip. However,
farmed ﬁsh appeared whiter skin (higher L* value)
and vague yellow color (lower b* value). The reason
could be that wild large yellow croaker had easy
access to eat crustacean and algae, which contained
higher pigment concentration. Previous study showed
that supplementation of carotenoid in feeds could
enhance the skin color of large yellow croaker (Yi et
al., 2014). The present study also found that the
yellowness value (b*) of skin in feeds-fed group was
higher than that in trash-ﬁsh-fed group. Hence, skin
color of farmed large yellow croaker could be
improved to close to the wild ﬁsh by nutritional
method. However, further works were needed to
study why large yellow croaker deposited yellow
color in abdomen skin, and deposited red color in lip.
For muscle color, wild large yellow croaker showed
higher redness value (a*) and lower lightness value
(L*). It was similar with the results in yellow perch
(Perca flavescens) (González et al., 2006). Higher
proportion of dark muscle in wild ﬁsh might be related
with continuous swimming motion, low fat content,
plentiful blood vasculature, high deposition of
melanin due to nutritional factors or enzymatic
reactions from tyrosine (González et al., 2006).
Generally, muscle is the ﬁnal product in ﬁsh
farming and consumers show a preference for a ﬁrm
texture (Valente et al., 2013). Previous studies showed
that wild ﬁsh had higher ﬂesh hardness or ﬁrmness
than farmed ﬁsh (González et al., 2006; Johnston et
al., 2006; Fuentes et al., 2010). The similar result
between WF and TF was also found in the present
study. In addition to the life history (ingestion, motion,
and so forth) diﬀerences between WF and TF, muscle
lipid and collagen contents in ﬁsh could be also the
important reasons. Fish ﬂesh texture had negative
correlation with the muscle lipid content (Mørkøre et
al., 2002; Ginés et al., 2004; Johnston et al., 2006).
Same result was also found in the present study
(Fig.2a). Collagen is a major constituent of the
extracellular matrix termed myocomma, perimysium
and endomysium at the diﬀerent levels (Johnsen et
al., 2011). The amount and crosslinks linking (like
PYD) of collagen were positively correlated to ﬁsh
ﬂesh texture (Li et al., 2005; Johnsen et al., 2011).
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The PCA correlation loading plot (Fig.2a) also
showed that muscle hardness was positively correlated
with HYP (collagen) and PYD concentrations in the
present study. The interest result was found that FF
obtained higher ﬂesh hardness than TF. Firstly, it
could be related with muscle collagen. In the present
study, a-s HYP, a-i HYP and total HYP concentrations
followed the same trend with ﬂesh hardness. Secondly,
it could be related with growth speed. Normally, large
yellow croaker fed trash ﬁsh has higher growth rate
than those fed compound feeds. Fast growth could
reduce ﬁsh ﬂesh hardness (Folkestad et al., 2008).
Haard (1992) considered that the lower moisture
content in muscle reﬂected a higher nutrition level.
Lower content of moisture as well as higher contents
of lipid and protein in muscle were found in farmed
ﬁsh in the present study. Similar results were also
obtained in previous studies (González et al., 2006;
Johnston et al., 2006; Grigorakis, 2007; Fuentes et al.,
2010). Protein is an important nutrient content in ﬁsh
muscle. Based on solubility, there were three
categories of proteins in muscle, which were water
soluble proteins (primarily sarcoplasmic protein), salt
soluble proteins (primarily myoﬁbril protein) and
insoluble stroma proteins (primarily collagen) (Haard,
1992). In the present study, wild large yellow croaker
had lower protein content in water than farmed ﬁsh.
Einen et al. (1999) showed that protein content in
water in ﬁsh muscle increased with the increase of
feeds intake. Hence, higher in-water protein content
could relate to the higher feeds intake in farmed large
yellow croaker. However, wild large yellow croaker
had the highest salt solution protein content in this
study. A previous study shows that higher salt solution
protein content could lead to the decreasing of muscle
liquid loss (Mørkøre et al., 2002). It could be another
cause of higher moisture content in WF. However,
there was no diﬀerence in water holding capacity
between wild and farmed ﬁsh in the present study.
Further study is needed.
Odor is an important quality indicator of ﬁsh
related with consumer preference. Fresh ﬁsh odor is
mainly generated by volatile aromas compounds
(Durnford and Shahidi, 1998). Solid-phase
microextraction (SPME) is an eﬃcient extraction
method for these volatiles. It has been widely used in
volatiles assay of fresh ﬁsh muscle (Iglesias et al.,
2009; Giogios et al., 2013). Hence, the present study
used SPME/GC-MS technology to assay the volatiles
compositions. Results showed that wild large yellow
croaker had lower total concentration than farmed
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ﬁsh. Frank et al. (2009) also found in barramundi ﬁsh
(Lates calcarifer) that odor intensities of volatiles
were higher in farmed samples compared with wild
one. The reasons could be related to the following
aspects: 1) Muscle pH. In the present study, wild ﬁsh
had higher muscle pH than farmed ﬁsh. Kawai and
Sakaguchi (1996) pointed out that pH strongly
aﬀected ﬁsh ﬂavor. Lower volatiles were generated
by alkaline muscle than those by acid muscle; 2)
Muscle fatty acid compositions. Previous studies
showed that volatile carbonyl and alcohol compounds
were the result of oxidative reactions with
polyunsaturated fatty acid (Kawai and Sakaguchi,
1996). The result of total fatty acids concentration
was similar with volatiles trend in the present study.
In previous studies, wild ﬁsh had higher EPA, DHA,
and n-3 fatty acids contents, while farmed ﬁsh had
higher n-6 fatty acids contents (González et al., 2006;
Fuentes et al., 2010). However, the lowest absolute
contents of EPA, DHA, n-3 and n-6 fatty acids were
found in WF. The reason could be the lowest lipid
content in wild ﬁsh muscle. Vidal et al. (2012) found
that wild European seabass (Dicentrarchus labrax)
had higher contents (%) of DHA and n-3 fatty acids
but lower absolute contents (mg/100 g) than the
farmed. Similar results were obtained in the present
study. From the PCA correlation loading plot (Fig.2a),
it was shown that the total volatiles concentration had
positive correlation with the absolute contents of lipid
and fatty acids in muscle, but had negative correlation
with the muscle pH. Hence, higher muscle lipid
content could lead to higher muscle fatty acids
absolute contents as well as lower muscle pH, and
then might result in higher volatile contents and odor
intensity. The diﬀerence in volatile composition
between FF and TF could be related with diﬀerent
dietary types and composition. Besides, it has been
known that fatty acid proﬁle of ﬁsh is related with
human health (O’Neill et al., 2015; Šimat et al., 2015).
The health indices of atherogenic index (AI) and
thrombogenicity index (TI) were proposed to evaluate
the predisposition to develop the coronary heart
disease by Ulbricht and Southgate (1991). In the
present study, the AI value were similar between
farmed and wild ﬁsh, while the TI value is higher in
farmed ﬁsh than in wild ﬁsh. The same results were
also found in rainbow trout (Fallah et al., 2011).
A ﬁshy odor seems to have prejudiced some
consumers against eating ﬁsh. The TMA is a major
odorous compound with strongly ﬁshy odor and is
one of the characteristic chemical changes attributed
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to the spoilage process in ﬁsh (Chan et al., 2006).
Frank et al. (2009) showed that farmed ﬁsh were
associated with higher ﬁshy odor, but wild ﬁsh with
higher prawn odor. The present study also found that
farmed large yellow croaker had higher TMA content
than wild ﬁsh. Muscle TMA is mainly produced from
bacterial reduction of TMAO when ﬁsh died (Bystedt
et al., 1959). The TMAO is chemically similar to
methyl donors such as choline, betaine, and
S-adenosyl methionine, which are taste active
compounds. In the present study, farmed large yellow
croaker had lower TMAO content than wild ﬁsh. The
reason could be that TMAO involved in osmotic
regulation of marine teleosts (Raymond, 1994) and
wild large yellow croaker needed higher TMAO
content to adapt diﬀerent water environment by
osmotic regulation. However, higher TMA content
was found in farmed ﬁsh, which could be related with
higher degraded speed of TMAO, because farmed
ﬁsh had higher lipid and its oxidative degradation
products.
Generally, consumers in China think that wild
large yellow croaker is delicious in taste. Based on the
diﬀerence in taste-related indices between wild and
farmed large yellow croaker, in the present study,
delicious taste could be related with IMP, TMAO,
free amino acid and mineral contents. The IMP is the
best known major umami substances acting on a ﬁfth
taste system of human with glutamic acid (McCabe
and Rolls, 2007). Wild large yellow croaker had
higher muscle IMP concentration than farmed ﬁsh.
After ﬁsh death, enzymatic degradation of ATP-ADPAMP-IMP-Ino-Hx was found in ﬁsh muscle. More
than 90% of the nucleotides in ﬁsh muscle are purine
derivatives resulting from catabolism of ATP
(Mørkøre et al., 2010). In the present study, wild ﬁsh
muscle also had higher ATP, ADP and AMP
concentration, but no diﬀerence was found in Ino and
Hx concentrations. The result showed that higher IMP
concentration in wild large yellow croaker was related
with higher IMP precursor concentration. Besides, K
value and Ki value are important indicators to ﬁsh
freshness (Hamada-Sato et al., 2005). Wild large
yellow croaker with lower K value and Ki value had
higher freshness than farmed ﬁsh. Free amino acids
such as glutamic acid (Glu), aspartic acid (Asp),
alanine (Ala) and glycine (Gly) have important ﬂavor
characteristics (Sarma et al., 2013). In the present
study, feed-farmed ﬁsh had the highest delicious
amino acid concentrations (sum of Glu, Asp, Ala and
Gly concentration) in muscle. It was indicated that
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ﬁsh taste could be improved by feeding compound
feeds. The result was similar with previous study for
large yellow croaker (Li et al., 2017). The diﬀerences
in the free amino acid proﬁle between wild and farmed
ﬁsh could be related to type of diet or temperautre
(Fuentes et al., 2010). Minerals are important
constituents of ﬁsh ﬂesh because of their nutritive
value, safety consideration and their contribution to
taste (Haard, 1992). In the present study, wild large
yellow croaker had higher mineral concentrations
(e.g., Ca, Na, and Mn) than the farmed. The variations
of ﬁsh muscle mineral concentrations between wild
and farmed ﬁsh were also found in other studies
(González et al., 2006; Grigorakis, 2007; O’Neill et
al., 2015). The reason could be related with diﬀerences
in environment conditions and diet between farmed
and wild ﬁsh.

5 CONCLUSION
There were signiﬁcant diﬀerences between wild
and farmed large yellow croaker in morphology,
color, texture, odor and taste aspects, etc. Based on
the results of the quality indices and principle
component analysis, it was showed that the farmed
large yellow croaker had fatty body shape, whiter skin
or muscle color, tender muscle, higher ﬁshy odor or
volatile intensity and lower delicious taste. These
descriptive characters could be quantitatively
estimated by the following quality indices: (1)
condition factor in morphology aspect, (2) lightness
(L*) and yellowness (b*) values of skin as well as
lightness (L*) and redness (a*) values of muscle in
color aspect, (3) hardness (TPA), contents of alkalinesoluble/alkaline-insoluble/total
hydroxyproline,
pyridinoline crosslink, water/salt soluble protein,
total protein, lipid and moisture in ﬂesh texture aspect,
(4) muscle pH, volatile aromas compounds and
concentration as well as trimethylamine content in
odor aspect, (5) concentrations of inosine-5′monophosphate, free amino acid, trimethylamine
oxide, minerals as well as K/Ki value in taste aspect.
In addition, compared with feeding trash ﬁsh, feeding
compound feeds could improve the body shape, skin
color, ﬂesh texture and ﬁsh taste of large yellow
croaker. With the principle component analysis and
the cluster analysis, we preliminarily established the
system to evaluate the organoleptic quality of farmed
large yellow croaker. These basic data could contribute
to the distinction of diﬀerent kinds of large yellow
croaker for consumers and the further study of
improving farmed ﬁsh quality.
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The datasets generated and/or analyzed during the
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