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Table 1 Effects of different aquaculture models on nutrient component and morphological parameters of grass carp

H I Nutrient component

FEARFE Bk Morphological parameters

FrRAamia
Aquaculture mode KoV WEBE/Y ORISE/% RA/% BRI/ (glem®)  WEKEHUY asdR/U
Moisture Crude protein ~ Crude lipid Ash Condition factor Organ index Shell rate
WeiE IR AH - -
. . 78.034+0.10b  16.09£0.11b  4.6540.05a 1.1940.04b 1.2640.07a 11.86+£2.66a 51.07£1.94a
Ordinary pond farming
TR - -
77.164+0.32a  17.93£0.09a  3.52£0.03b 1.3140.38a 1.2340.08a 10.80+0.41a 51.734+4.20a

Planting grasss farming

1 R RI A LR R — 8 AR e PR ALRE fh A7 25 57 1 3% (P<<0.05), F[Al. Note: Different letters indicate that the same index has signifi-

cant difference between the two groups of samples(P<C0.05) , the same as below.

TEM 22 5 . il IR m c JILPA A R B2 WL IRd 14 A [m]
STV 3 e T IR AR A A8 (P<<0.05) . TP FRH
£ JIL PR ) 2 A A R AR I T R A (P<<0.05),
FMF T SRR LR g, DAL SO Sl
®2 FREFEEXATEENAERE.
B fERERREANER
Table 2 Differences of muscle color, texture
characteristics and cooking loss of grass carp under

different aquaculture modes

gE| #7254 Ordinary  F 5 #55H Planting
Ttems pond farming grass farming
LA 3% Muscle color
L 59.8043.71b 65.344-1.40a
a 7.25+2.30a 4.2820.40b
b 8.49+£1.53b 10.33£1.01a
w 58.1843.53b 63.554-1.18a

k4 Texture characteristics

i /g Hardness 1176.114333.00b 2 089.21+366.01a

Pt Springiness 0.524-0.04a 0.51+0.04a

N B Cohesiveness 0.33-£0.04a 0.35£0.05a

NI /g Chewing 202.30465.03b 374.13£62.25a

[543 1% Resilience 0.140.01b 0.1740.02a
HEMRR/ Y B
22.02+1.03a 15.96+1.89b

Cooking loss rate
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Table 3 The composition and content of total amino acids and free amino acids of

grass carp under different aquaculture modes

IR A/ (mg/g) 1 9 AR 5/ (mg/ 100 )
SR Total amino acid content Free amino acids content
Amino acids EnER T LEC LEUERT TR
Ordinary pond farming Planting grass farming Ordinary pond farming Planting grass farming

KABE Asp” 18.8140.30b 20.72+0.23a 3.23+0.03b 6.47+0.06a
HEM Glu* 26.83-20.43b 30.70-£0.33a 9.5440.08b 25.41£0.22a
225 Ser” 6.880.11b 7.57+0.09a 0.73+0.01b 1.5440.11a
HAEm Gly* 7.69-0.14b 8.27+0.11a 57.314+0.57b 74.64-0.98a
4R His™ 5.1040.08b 5.5540.06a 149.1741.53b 162.28+1.47a
WRM Arg™ 9.12-+0.15b 10.23+0.11a 1.10+0.02b 3.14+0.02a
AR Thre 6.39-£0.09b 7.17:£0.08a 8.50-£0.44a 8.89--0.06a
WA Ala® 7.7440.12b 8.5340.09a 37.15+0.36b 51.82-0.47a
% Pro* 5.37+0.09b 5.99+0.08a 25.37-+0.26b 36.69-0.25a
i =i Tyr 5.33+0.08b 6.07+0.06a 7.59740.09b 18.180.79a
SRERR Val* 7.1140.12b 8.024-0.08a 7.96+0.11b 14.7240.14a
AR Met* 3.670.06b 4.114-0.04a 5.46+0.04b 10.47+0.08a

SRR Tlex 6.77-0.10b 7.69740.07a 3.792£0.10b 8.1820.06a
TR Leu* 12.64-0.20b 14.4340.15a 9.8940.07b 18.9040.00a
KN Phex 6.9340.12b 7.7040.09a 10.664-0.08b 14.26+0.06a
AR Lys* 15.6240.31b 17.3940.20a 10.58+0.28b 16.79+0.43a

R T IENR NEAA
PTFEHLR HEAA
AT IR EAA
AR R TAA

78.654-1.26b
14.21+0.23b
59.1320.99b
151.99+2.48b

87.864-0.99a
15.784-0.17a
66.5220.70a
170.15+£1.87a

347.98+3.73b

472.314+4.20a

TE 3 AR BUAERR ; 3% AT

PRAETR NRLT

FRIER ; —  AKE

AR TR R — PR LR A R R 225 T

[A]. Note: #: non-essential amino acids of human body; 3 : Semi-essential amino acid of human body; *: Essential amino acids of human body.

— :Not detected. Different letters indicate that the same index has significant difference between the samples of two groups ,the same as below.
®4 ARAFERATEEAAPRNKREERSE

Table 4 Flavor amino acids in muscles of grass carp under different aquaculture modes

FRIHAR fif R IR/ (mg/100 g)  BRZEFERR/ (mg/100 g)  FIREIERR/(mg/100g) FRMAEIERR/(mg/100 g) EUC/
Aquaculture mode UMAA SWAA BIAA SOAA (g MSG/100 g)
" B . 12.7740.12b 139.62+1.92b 195.5941.70b 161.9441.65b 0.48
Ordinary pond farming
ey
AT 31.87+0.28a 190.34+1.42a 250.10+2.50a 194.15+1.75a 2.02

Planting grass farming

‘J?:ﬁf\élﬁiﬁ%@ﬁﬁﬁﬂiﬂ’iﬁﬁ%ﬂ”?@- TR 2 EE R LT H 28R N R 22 TR TR 2R TR M PR 5 o MR S R L 47 R 2 PR

RN AR T E R AR FRS 2R ; TR LR KRR A AR A ZE R . Note: Umami amino acids are

Asp and Glu. Sweetness amino acids are Gly, Ala, Ser, Thr, Lys and Pro. Bitterness amino acids are Met, Val, Leu, Ile, Phe, Tyr, His and Arg.

Sourness amino acids are Asp, Glu and His.

25 REFM
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R IR RN B b A7 1 B 35 25 57 (P<C0.05) s 7E (A
D5 JC B3 225 (P=>0.05) , ks A, Wrim A — &
JEPE . BEAh, Bl % g w3 R OR TG A R
LA S, DT 7 3 7 A ) R

L, JG I H R HLR A, A
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KRB DS AT R (IMP) o F 7 5 5 5 0 P op L
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Table 5 Composition and content of total fatty acids and free fatty acids of grass carp under
different aquaculture modes mg/100 g
SRR o e R AR & i
N TR Total fatty acid content Free fatty acid content
Fatty acid SLeCE HFRIH W im IR A i R 5H
Ordinary pond farming Planting grass farming Ordinary pond farming Planting grass farming
C14:0 15.80+0.00b 24.60+0.00a 14.20+0.42b 16.80+0.57a
C15:0 — 6.07+0.06a — 4.00+0.14a
C16:0 398.27+1.59b 577.17+0.59a 298.20+29.56a 399.35+55.79a
C18:0 59.53+0.40b 88.83+0.61a 41.2040.57a 46.15+1.91a
C16:1 67.00+0.52b 105.23+0.93a 64.20+0.57b 83.10+2.97a
C18:1n9¢ 709.30+2.95b 1011.17+14.98a 620.30+4.81b 761.65422.56a
C20:1 20.60+0.26a 20.60+0.35a 15.6540.78a 11.15+0.07b
C22:1n9 15.73+0.38a 14.43+0.21b 14.35+0.21a 11.25+0.21b
C18:2n6¢ 256.13+1.44b 353.67+0.84a 241.45+0.64b 315.904+12.16a
C18:3n3 24.37+0.15b 61.77+0.67a 21.10£0.14b 62.70+0.42a
C20:2 10.93+0.21b 13.3040.44a 9.40+0.28a 9.104+0.28a
C20:3n6 16.4040.20b 20.30+0.30a 15.9540.07a 17.0540.78a
C20:3n3 — 4.70+0.10a — 3.60+0.00a
C20:4n6 39.4340.21b 52.3040.56a 37.154+0.78a 36.55+6.58a
C20:5n3 — 5.1040.10a — —
C22:6n3 13.8740.40b 24.8040.40a 12.40+0.00b 15.60+0.57a
>.SFA 473.60+1.23b 696.67+0.90a 353.60+30.55a 466.30+53.17a
>MUFA 812.63+3.11b 1151.43+13.85a 714.50£5.94b 867.15+25.81a
> PUFA 361.134+0.90b 535.93+3.07a 337.45+1.77b 460.50+6.79a
>n-3 PUFA 41.2340.40b 96.37+1.10a — —
>n-6 PUFA 308.97+1.45b 426.27+1.55a — —
TFA 1647.374+1.00b 2 384.03411.62a 1405.55-+38.25b 1793.95+20.58a
10r ;jﬁgﬁ@mmwmmmmw *6 AEAFEEXTEENZERAKNSESE
MR R Planting fgrass farming Table 6 Nucleotide composition and content of grass carp
8r i A7 1 I i under different aquaculture modes
7 b s 04 1/100
b b {mo g
s ("_{, + + BetF Wi Fe R
Z'; Nucleotide Ordinary pond farming  Planting grass farming
& 4 CMP 0.25+0.01a 0.2140.00b
UMP 10.0340.17a 8.0940.15b
2 GMP 0.08+0.00b 0.09+0.00a
IMP 0.99+0.02b 1.6540.02a
0 ATP 0.07-0.00b 0.09+0.00a
S HZUS RERES JF Mgy
Odour Taste Colour  Texture ev;z:ﬁon ‘F gﬁ E/‘J ?E;F—'Zvi /-IF/—‘ ]])—K% ﬁpﬂé ﬂ] %L’f—f U”U

Bl FAREFEEXATEEHBREITNER

Fig. 1 Sensory evaluation results of grass carp under

BCE 8RR Sensory index

different aquaculture modes
0.05), JLHAE IMP, B8 il Fr A4 i 1 1.64%
2.7 FEEXWNE&FFHESKY R0
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38 F55H (P<<0.05) , Horp SRS RIBR 9 1- B T A
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Table 7 Characteristic volatile flavor components of grass carp under different aquaculture modes ug/kg
R B HEE FEEARY SIS Hr3E SR LR
Retention index Characteristic odorous substance Odour Ordinary pond farming Planting grass farming

780 E.#¥ Hexanal T Grassy 2731.66+4.94b 2 837.8847.85a
900 B Heptanal IHBEYR Fatty 171.0743.53a 143.7442.12b
1007 S Octanal M Citrussy 149.35+6.35a 131.2142.84b
1040 (E)-2-FH% (E)-2-Octenal Mgk Fatty 93.42+2.18a 74.884-4.93b
1094 T Nonanal M Citrussy 330.25+2.85a 311.5344.23b
1210 (E,E)-T-— M (E.E)-Nonadienal F IR green 159.64+2.84a 127.314=5.66b
1411 + Z# Dodecanal TR Oily 33.9744.24a 38.4742.86a
855 (2)-3-CHfi-1- (Z)-3-Hexen-1-ol Jl#k Intense 31.17+2.12b 33.28+38.16a
858 1-2 ¥ 1-Hexanol k2725 ik Chemical 503.372.83a 316.77-4.25h
978 125 -3 1-Octen-3-ol HELEAR Mushroom 650.34+0.87a 629.58+1.42b
3 it i PR SRR TR B F A A T 7
L ke LR S U L
' T R RR T GMP RILIMP F e R, T e
SRR R A K AT BRI A TR

Rt B PP I A WF ST A R I FRAE AR K S 5
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JILPY BRI A T SR A AT LA AR £ L
P RO B SR DS W) i) 5 i, AT
o 0 ORI AR S I B, 488 R L T i

gR LRIk MR T IR A, Bl IR B AT A
S AL 4 JILIAT i JBT S TT DG N £ b R SRR R
Hn-3.n-6 A AR TR 5 0, JETH 5 M s 37
it 5T 3 FLUC, AT AR R £ T S bR B i 4 v SRR
0 R T R iR R A Y TR ) 5, A A A T KU
fi, AR T H R HT AR B A, AR 1 SR A, o
T IR P 7 Ok BT — i I AR T, X
BTG YN AT T AR R 2k (IR R

53 37 ik References

[1] gl AT ol B H1UR) . 2020 rh Ear S 4R % (M. db
ot P E O s At , 2021 : 30. Fishery Administration of Minis-
try of Agriculture and Rural Affairs[ M ].China fishery statistics
yearbook[ J]. Beijing: China Agriculture Press, 2021 : 30 (in Chi-
nese).

PR, MR, 2R, 45 . Fh 7 I3 AT 9 R A L PR 3 5%
S5 L S5 P [T K 7R R 2016, 40 (7) : 1050-1059.
CHENG H H,XIE C X,LID P, et al. The study of muscular nu-

2]

tritional components and fish quality of grass carp ( Ctenopharyn-



250

LS N AN S o ¢

941 %

[3]

[4]

[5]

[6]

7]

(8]

(9]

[10]

godon idella) in ecological model of cultivating grass carp with
grass [J].Journal of fisheries of China, 2016, 40(7) : 1050-1059
(in Chinese with English abstract).

BT, 2, s, 45 . AN )AL LA TR 100 ILET 4
EAE LA R 5 QAT 26 2 N B 2 IR [T ] okl , 2017, 47
(2):107-112.CHEN J, LI D P,ZHANG Z M, et al. Nutritional
compositions, muscular {iber properties, and the expression of lip~
id metabolic related genes in different parts of muscle in Cteno-
pharyngodon idella|J].Freshwater fisheries, 2017,47(2) : 107~
112(in Chinese with English abstract).

BRRAS, ak 53, 2 BLOE , 5 AN [R] FR GRS 50 B A SR A
LA i R B9 52 R [T ). K77 2241, 2017, 41(8) - 1256-1263.
SHAO JJ,ZHANG S Y,ZHU Y X, et al.Comparative study on
growth performance and meat quality characteristics of channel
catfish (Iczalurus punctatus) cultured under different aquaculture
modes[J].Journal of fisheries of China, 2017,41(8) : 1256-1263
(in Chinese with English abstract).

T WA, LGRS SR MR R SR ) B4 K
BT 1], &l 5 & BTl , 2019, 45(20) : 242-249. ZHANG
X J,GUO QY,WANG L M, et al. Composition and evaluation
of flavor substances in the cultured large yellow croaker (Larimi-
chthys crocea) [J]. Food and fermentation industries, 2019, 45
(20):242-249(in Chinese with English abstract).

BLSCHT, B VR AE I PR Ry xUR R A Y R 28
St [30. K77 2 4, 2020, 44 (12) : 2028-2036. KUANG W M,
TANG R J, XUE Y, et al. Preliminary evaluation of nutritional
differences of grass carp (Ctenopharyngodon idella) under two
pond culture models [J]. Journal of fisheries of China, 2020, 44
(12):2028-2036(in Chinese with English abstract).

XA H L EF0T, sk, A A M R A 0 SR
e o H B LT ] i Al k2274l 2022, 27 (1) £ 193-202.
LIUY Y,FU Z X, ZHANG H J, et al. Quality comparison of
grass carp cultured in containers and ponds [J].Journal of China
Agricultural University, 2022, 27 (1) : 193-202 (in Chinese with
English abstract).

WRART . At R BELA 3R LI i R v ) B S AR 5 (D .
I AR AL K2, 2015.CHEN D Q. Study on the processing
technology of prepared grasscarp fillets and changes of quality
during storage [ D ]. Wuhan: Huazhong Agricultural University,
2015(in Chinese with English abstract).

GHESHLAGHI R, SCHARER J M, MOO-YOUNG M, et al.
Application of statistical design for the optimization of amino acid
separation by reverse-phase HPLC [J]. Analytical biochemistry,
2008,383(1):93-102.

SUBHRE . 6 £ JRUBR SRR IE K R ol % 6 £ KUBR (9 SR [ D ] T
el K2, 2009. 11U J K.Flavor character of silver carp and
the influence of heating history on the silver carp flavor[D]. Wu-
han: Huazhong Agricultural University, 2009 (in Chinese with

[11]

[12]

[13]

[14]

[15]

[16]

[171]

[18]

English abstract).

B AT B AT, BS54 I A OR K A B S A AR AL
PR SO A2 [0 ], A b ol R 22241z, 2020, 39(4) £ 128-136.
CAIL B,REN Z R,LU H,et al. Effects of short-term micro-
flowing water treatment on flesh quality of crucian carp
(Carassius auratus gibelio)[J]. Journal of Huazhong Agricul-
tural University, 2020, 39 (4) : 128-136 (in Chinese with Eng-
lish abstract).

BV T R E R, 45 RC TG A0 70 A FH R % 95 58 b 1 AR
KAMERERLPY B L [T). K™ 22 238, 2022, 35(1) - 75-81.
LU M,GAN H,CHEN T C,et al. Comparison of growth perfor-
mance and muscle quality of yellow catfish( Pseudobagrus vachel-
[i) cultured in rice fields and ponds[J].Chinese journal of fisher-
ies, 2022,35(1) :75-81(in Chinese with English abstract).

RRER , SRANSE , BRIA)AR . AN [R) 37 BB ST 7 98 74 00 1A) 6 B
ArHT[T]. ffRRE, 2016,37(3) :17-21.XIONG M, WU Z L,
LIN X D.Meat quality charateristics of spotted knifejaw (Opleg-
nathus punctatus) cultured under different aquaculture modes[J].
Food science, 2016, 37(3) : 17-21 (in Chinese with English ab-
stract).

JEJE AR, XA, 752, 45 R R FRFEAE 0 O A R A KM RE B
PR B 0L PR % 0 43 5 W AF 5 L0 ] T Rl R 24 2 4
2018,40(6) :1276-1285.YUAN J L., LIU M, NI M, et al.Effects
of different culture models on growth performances, morphologi-
cal traits and nutritional quality in muscles of Micropterus salmoi-
des [J]. Acta Agriculturae Universitatis Jiangxiensis, 2018, 40
(6):1276-1285(in Chinese with English abstract).

ZENG X F, XIA W S, YANG F, et al. Changes of biogenic
amines in Chinese low-salt fermented fish pieces (Suan yu) inoc-
ulated with mixed starter cultures [J]. International journal of
food science &- technology, 2013,48(4 ) :685-692.

TibR i SCIE, A E B, 45 URES T R AN R A R £ SR ) S5
s L) ] B R, 2018, 39(12) : 199-204. FANG L, SHI W
Z,DIAO Y D, et al.Effect of freezing methods on the taste com-
ponents in different parts of grass carp meat [J]. Food science,
2018,39(12):199-204(in Chinese with English abstract).
AXE, K, R, S5 By PO R A R R
I 0 46 Al P 9 52 0 [T ] £ A B4 2016, 37 (18) : 64-70
DIAO Y D, ZHANG J J, SHI S S, et al. Effect of different
slaughter methods on volatile compounds and lipoxygenase activi-
ty of grass carp meat[J].Food science, 2016, 37 (18) : 64-70 (in
Chinese with English abstract).

HEJZ,FENG PF,LU CF et al. Effect of a fish-rice co-culture sys-
tem on the growth performance and muscle quality of tilapia (Oreo-
chromis niloticus) [J/OL]. Aquaculture reports, 2020, 17: 100367
[2022-02-25].https://doi.org/10.1016/j.aqrep.2020.100367.



%3 TRF A5 A [ IR B AR O £ 08 5 5 B A 5 ) 251

Effects of different aquaculture mode on nutritional quality and
eating quality of grass carp

WEN Li', TTAN Mingli*, AN Yueqi"*, LT Wenrong', LI Dapeng’, LIU Ru'*, XIONG Shanbai"*

1. College of Food Science and Technology , Huazhong Agricultural University/
National R&D Branch Center for Conventional Freshwater Fish Processing ( Wuhan) ,
Wuhan 430070, China;

2. Hunan Xiweijia Biotechnology Co.,Ltd., Yueyang 414000, China;

3. Engineering Research Center of Green Development for Conventional Aquatic Biological
Industry in the Yangtze River Economic Belt, Ministry of Education, Wuhan 430070, China

Abstract  Grass carp (Ctenopharyngodon idellus ) in two farming modes were selected as materials ,
the differences between the muscle quality (color, texture , and cooking loss ) , nutritional components (com-
position of amino acids and fatty acids) , and flavor properties (free amino acids, free fatty acids , nucleotide
and its degradation products , and volatile aroma compounds) were analyzed to explore the influence of aqua-
culture mode on the nutritional quality and eating quality of grass carp. Compared with ordinary pond farm-
ing , planting grass farming improved the color, textural properties, water holding capacity and mouthfeel of
grass carp muscle. The muscle from grass carp cultured by planting grass contained higher essential amino
acids and n-3 PUFA and n-6 PUFA, enhancing the nutritional quality of grass carp. Additionally, the con-
tents of odorous compounds such as 1-hexanol, nonanal, 1-octen-3-ol and octanal were significantly lower
in grass carp cultured by planting grass than those in the grass carp cultured in ordinary pond. Moreover,
the contents of amino acids with umami and sweet tastes were higher in grass carp cultured by planting
grass , improving the edible quality of grass carp. In conclusion, grass carp cultured by planting grass owned
better nutritional and edible qualities than that by ordinary pond farming.

Keywords  Crenopharyngodon idellus; planting grass farming; ordinary pond farming; nutritional

quality ; flavor; edible quality
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