55 1 Vol.55, No.1
2024 1 OCEANOLOGIA ET LIMNOLOGIA SINICA Jan., 2024

(Carassius auratus)

*
1 2 1,30 1 1
1 1 3
(1. 316022; 2. 324400; 3.
324400)
(P<0.05)
( ) ( ) (P<0.05),
(P<0.05),
(4.803 8 g/100 g) (1.411 1 g/100 g) GC-IMS
, 57
33 >
, GC-IMS
S965.117 doi: 10.11693/hyhz20230800171
> ( , 2011; , 2020)
( ,2021) (Carassius auratus) ,
b b (
, 2021),
, ( , 20215
( , 2021) , 2021; , 2022) ,
(2019)
* ,2023C02006 , , E-mail: weiyuweiyu07@163.com

: , , E-mail: Z18858398133@163.com
12023-08-23, :2023-11-26



244 55
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w, , 90 °C
, 10 min, ,
, W, () I
= (W, — W) | Wx100%. )
) s W,
) 50 mL ,
4°C 5000xg 15 min, ,
, Wy 2
1 = Wy [ W3x100%. 2)
1.3.4
1.1 (2012)
: , 3g (
(119°178339'E, 29°000213'N) mg) , 20 mL ,
, ( 37 °C 100 r/min 4 h,
), ) , , 1 mL Na,COj; (1 mol/L)
6 ) 105 °C ,
6 s (m)) (€) I
[ (390.32+76.02) g, (29.08+1.91) cm] (%) = (mg — my) / mex100. (3)
[ (282.68+27.55) g, (25.224+0.84) cm] (2012)
; ; 3g (
5 ( ), m;) ; 20 mL ,
; ( ), ; 37 °C 100 r/min 4 h,
R , 1 mL 1 mol/L Na,CO;
1.2 105 °C
SZT-06A, ; , (m3) 4
THZ-98A, ; :
Multifuge X1R, ThermoFisher Scientific (%) = (my — m3) / myx100.  (4)
; L-8900 , 1.3.5
; Agilent6890 , (GB 5009.124-2016);
; FlavourSpec® GC-IMS, GA.S (GB 5009.168-2016)
1.3 1.3.6 GC-IMS : 3
1.3.1 s g s 20 mL , 45 °C
( ) , 20 min , 3
S S GC-IMS FlavourSpec®
4°C MXT-WAX (30 mx
1.3.2 0.53 mmx1 pm), 60 °C, IMS 45 °C,
GB 5009.3-2016 ; 35 min, / =99.999%
GB 5009.6-2016 150 mL/min,
; GB 5009.4-2016 2.0 mL/min 2 min, 10 min
10 mL/min, 35 min 100 mL/min
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Euclidean
1.4
Excel , Origin , SPSS 27
, MetaboAnalyst 5.0
(https://www.metaboanalyst.ca/)
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2.1
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( ,
2021),
(P>0.05),
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F1 EEFERRER
Tab.1 Comparison of morphological indicators
1% 1%
13£1° 3+0.5° 0.016+0.002*
14+1° 5+1° 0.018+0.001°
(P<0.05)
2.2
2
(P<0.05)
(P<0.05), (P<0.05)
) ( )
2021) (Zhang et al, 2021),
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*2 EMEFHSAEBUR

Tab.2 Comparison of basic nutrient contents

1% 1% 1% 1%
76.33£0.21°  0.94+0.01°  6.47x0.11°  13.57+0.52°
77.35£0.17°  0.83+0.02°  9.13+0.08"  11.57+0.74°

(P<0.05)
2.3
>
1 ,
) >
(Vaskoska et al,
2021) s

(Cai et al, 2023),

100

KD

Fig.1 Comparison of cooking loss and water holding capacity

(P>0.05)
2.4
2 ;
73.92% 65.57%,
69.77% 61.85% (P<0.05)
, (Ding et
al, 2022) ,
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Tab.3 Comparison of free amino acid content
b
I(g/kg) /(g/kg)
Asp* 0.11£0.02° 0.032+0.006°
100 - [ EerE Glu* 0.2+0.04° 0.053+0.01°
90 [ RuiEl Thr® 0.16=0.01° 0.079+0.01°
Pro® 0.014+0.002° ND®
Ala® 0.2+0.02° 0.14+0.03"
EN Gly”® 0.26+0.02° 0.55+0.02°
g Ser 0.11+0.03* 0.054+0.01°
A
7= Leu® 0.13+0.02° 0.12+0.03*
Ile* 0.03+0.01* 0.016+0.01°
Val® 0.073+0.01° 0.052+0.01°
Lys® 0.21+0.04° 0.37+0.03°
P P His 2.1+0.3 1.5+0.3°
Arg® 0.17+0.02° 0.096+0.01°
2 A A
: ; 3 ;ND
Fig.2 Comparison of muscle protein digestion characteristics (P<0.05)
: (P<0.05)
- 4 KMEEMAERILR
: Tab.4 Comparison of hydrolyzed amino acid content
2.5.1 3 ,
13 s /(g/100g) /(g/100g)
Asp 1.63+0.05° 1.56+0.06"
Thr® 0.72+0.04* 0.70+0.04
b
Ser” 0.63+0.05* 0.59+0.04
( Glu 2.35+0.42° 2.22+0.30°
2
o a b
. 2022) Gly 0.79+0.02 0.7120.04
( ) Ala 0.94+0.05* 0.92+0.03°
9
( ) Cys"” 0.10+0.04* 0.093+0.03°
Val® 0.78+0.06" 0.77+0.05°
(P<0.05) ¢ ! 7
( ) Met” 0.37+0.04° 0.30+0.06
Ie” 0.68+0.03* 0.68+0.02°
(P>0.05),
Leu” 1.340.04° 1.30+0.03*
(P<0.05),
Tyr® 0.51+0.05* 0.47+0.05°
(P<0.05), R
Phe 0.73+0.03* 0.72+0.02°
’ Lys® 1.17+0.08° 1.44+0.1*
’ His 0.47+0.02° 0.42+0.03°
Arg” 0.88+0.03" 0.81+0.04°
2.5.2 4 ,
Pro 0.48+0.04* 0.42+0.03*
17 ’ 7 SEAA 5.79+0.32° 5.91+0.32°
> 5, S STAA 14.57+1.09* 14.12+0.97*
> SNEAA 8.78+0.77* 8.21+0.65°
(P>0.05) SEAA/ENEAA 0.66 0.72
) SEAA/STAA 0.40 0.42
s . A : o
FAO/WHO (P<0.05)
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Tab.5 Comparison of fatty acid composition and content

, / (SEAA/
ITAA)  40% / (SEAA/
INEAA)  60% (

, 2018), SEAA/STAA
40%  42%, : SEAA/SNEAA
66% 72%, 60% ,
2.6
, 5
17 15
: (6.145 8 g/100 g)

(2.556 6 g/100 g),

(1.342 0 g/100 g)
(4.803 8 g/100 g) 0.488 5 /100 g

1.411 1 g/100 g

C18:0 ,
Cl6 -1 C18:2n6¢ C18 : 1n9¢c
( , 2023)
( , 2021), ( , 2020),
(Fritsche,
2015) s
(Martins et al, 2023) s
(EPA) (DHA)
(Zhang et al, 2019)
EPA DHA ,
, (Zhao et al, 2022)

>

(Aaslyng et al, 2017),

/(g/100g) /(g/100g)
C14:0 0.039 0£0.002°  0.012 8+0.001"
C15:0 0.006 1£0.0001* NDP
C16:0 1.021 0£0.002° 0.3860.004°
Cl16:1 0.185 6£0.000 2*  0.087 5+0.000 3"
C18:0 0.276 1+£0.000 1*  0.089 3+0.000 1°
C18:1n9¢ 2.800 1£0.000 1*  0.748 20.000 2°
C18:2n6¢ 1.3359£0.000 3*  0.350 30.000 2°
C18:3n6 y- 0.037 3£0.000 2*  0.007 1+0.000 1°
C18:3n3 o- 0.110 7+£0.000 3*  0.027 7+0.000 6"
C20:1 0.131 4£0.000 4*  0.050 7+0.000 3"
C20:2 -1, 14- 0.032 2+0.000 2*  0.013 2:£0.000 2°
20306 8, 1, 14- 0.066 80,000 3*  0.029 2£0.000 2°
20303 LA TT- ) 604 740,000 2° ND®
C20:4n6 0.059 2+0.000 8*  0.045 3+0.005
€22:1n9 0.004 7+£0.000 2°  0.006 4+0.000 1°
C20:5n3 -5, 8,11, 14, . .
o opa  0-0042£0.000 1 0.003 6£0.000 1
C22:6n3  -4,7,10, 13,
16, 19- 0.031 0£0.000 3°  0.041 9+0.000 2°
DHA
> UFA 4.803 8 14111
> SFA 13420 0.488 5
> (EPA+DHA) 0.0352 0.045 5
! 3.58 2.88
(SUFA/SSFA)
>FA 6.1458 2.556 6
(P<0.05)
2.7 GC-IMS
; (GC-IMS)
,
(Wang et al, 2020)
Duan  (2021) GC-IMS
,
R GC-IMS
4
GC-IMS
3a 1.0
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STUDY ON THE EFFECTS OF DIFFERENT CULTURE MODES ON THE
NUTRITIONAL QUALITY AND CHARACTERISTIC FLAVOR OF CARASSIUS
AURATUS

WEI Yu', WENG Xu-Dong®, YU Jin"?, GAO Yang', YING Xiao-Guo',
YU Lin', HU Jia-Jie!, ZENG Ni’
(1. School of Food and Pharmacy, Zhejiang Ocean University, Zhoushan 316022, China; 2. Zhejiang Yulaoda Agricultural Technology

Co., Ltd., Quzhou 324400, China; 3. Longyou Aquaculture Development Center, Agricultural and Rural Bureau of Longyou County,
Quzhou 324400, China)

Abstract In order to study the nutritional quality and characteristic flavor of Carassius auratus under the conditions of
internal-circulation pond aquaculture mode and traditional pond aquaculture mode, the indexes of C. auratus morphology,
basic nutrients, cooking loss and water holding capacity, muscle protein digestibility, amino acids, fatty acids and volatile
compounds were analyzed and evaluated. The results showed that the morphometric indexes and basic nutrients of C.
auratus in the raceway group and the pond group were quite different, and the raceway group had the characteristics of
high protein and low fat. Cooking loss and water holding capacity were close to those of C. auratus in both groups of
culture modes. Protein digestibility of C. auratus in the raceway group was significantly higher than those in the pond
group (P<0.05). The results of free amino acids showed that the contents of umami amino acids (Asp, Glu) and sweet
amino acids (Glu, Ala) in the fish of the raceway group were significantly higher than those of the pond group (P<0.05), so
the raceway group may have better flavor. In addition, there was no significant difference in the amino acid composition of
C. auratus muscle between the two culture modes (P<0.05). However, the unsaturated fatty acid content of C. auratus in
the raceway group (4.803 8 g/ 100 g) was higher than that in the pond group (1.411 1 g/ 100 g). Based on the results of
GC-IMS, it can be seen that the volatile compounds of C. auratus under the two culture modes are significantly different.
Through hierarchical clustering analysis, 33 characteristic differential markers were screened from 57 volatile compounds
to distinguish C. auratus under different culture modes. The results showed that the nutrient quality and characteristic
flavor of C. auratus could be improved to a certain extent by internal-circulation pond aquaculture mode, which could be
effectively and quickly identified by GC-IMS technology. At the same time, it could clarify the material basis of flavor
sensory differences, and provide a theoretical basis for the selection of freshwater fish culture mode and product
positioning.

Key words internal-circulation pond aquaculture mode; traditional pond aquaculture mode; raceway aquaculture

mode; Carassius auratus; nutritional quality; flavor



