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AREFH

HEH R C A E (Vo/ V) 11D B HEs e 45 m
Wk RE S SGE LA A BT, AR RIS Vi
AL BENE B3 K (Larimichthys crocea) A K
PERE . TRDELRIAR, I ELAT S LA 4
REARNLET 4t H AR, 2 3E JULET 48 09 3 58 7 o A6
TEYNIE BB 85 (Trachinotus ovatus) %16 B RE R8N
AFFI Ve, BEAEAN R 2R ko HVL A 1 2%
BBURFNE A, T R BT SR AR MR
e s GRDR R AR Vo/ Vi RERSHE i LA Y 2
HANENT &5, ST WLA BT U] ) LA ORI 2R &
N SV < S T i B 1 ] TN
Vo/Vi VB G I 550 i A K 7= 2 9y il ) b fig 18
A B e ML b B AR, 7 A SRR I Th s
I Ve/ Vg AT AR 3 L PR BT RS R i — 2D B T,
(EREPRUEMEE U 31

R iE— D PR R B AR GOKREY, DL &
V o/ Vg U8 NGB 5 0 JUL PR S5 ) 4 1 B R
JHGVE T 30% TR E/KEWINC AR (FBW) . 30%
A KP4 2 C/B BLA1REH FBWHV /i),
A4 (FB) M fe & DRk, i w L IR o
A LA IR A & i . A K8 R . BHREUT,
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1.1 E&FE

LI BERR AR, Jof . TR . TR
FIEAL 120 FB, SEXIRE N (250425) g FRAESLE
FERVTAK =I5 T ARG SR A S b b 1T, SRAi
ok 2.0 mx2.0 mx1.5 m (7K et . 525603 A] /K i
} 25~30 °C, pH K 7.5~8.0, HtESH KT 5.0
mg/L. SE40 A TE M IE Ik 2 J5 5 E X iR 52
5. BSCEG s X IRA . U, 30% & EK
PEYLHFN 30% i KR +V /vy AL 4 4, &
HiREIANEE, BIMEL 10RB. LHHAA
120 do >R FH & e f o SRR A 7, & H 23
T8: 30 Ml 16: 30 %M, H 457 44 i fa fR

https://www.china-fishery.cn

9 3% I, IF RS UOR B RO AR AL AL A
o SR AR AN B AR R T SRR S WA O
(o855 kNS

1.2 EEKERY ARSI &

A G KRB MR BGE S % Ma 7,
G s )E I TR e, i 60 HIRR, 15314 5H .
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Tab.1 Formulation and chemical composition of the experimental diets

30% A% KR HUA +

R gl 30% & KAEIAAL Yt 2 CRIEAL EGU(FB)

ingredients control FBW FBW+V/Vy, faba bean
R IKEE/%0 (FBW)  faba bean water extract 0 300 300 0
#83/%0  fish meal 30 30 30 3
39K} /%0  chicken meal 30 30 30 3
A /%0 soybean meal 250.0 37.5 37.5 25.0
SENAKY /%0  rapeseed meal 220 220 220 22
AKAEHD /%0 rice bran 30 30 30 3
/INFEHK /%0 wheat flour 360.0 2725 271.9 36.0
/%  soybean oil 30 30 30 3
R & 85/%0 Ca(H,PO,), 20 20 20 2
i 1/%0 bentonite 20 20 20 2
RA RN/ %"  mixed vitamin inorganic 10 10 10 1
44 FKC/%o  vitamin C 0 0 0.4 0
YE KE/%o  vitamin E 0 0 0.2 0
T /%0 faba bean 0 0 0 900
it total 1000 1000 1000 1000
FHEE/%  crude protein 29.31 30.07 30.60 30.47
FLAEW/%  crude lipid 4.92 4.94 4.96 4.77
/%  calcium 0.67 0.69 0.72 0.76
JK453/%  moisture 10.90 10.30 11.20 11.50
HIF4E/(e/kg)  crude fiber 28 31 32 30

W D) BkeglRE4EAERTHMEEE S g H7100 mg. 1.5 g, £ 0.5 g,

EKD; 4 FTEPRIEAI. 4EERE 1.6 gv 44 HKK, 0.05 g 44 2B, 0.2 g.

JHER 0.65 g Z R4S 0.65 g+ ML 0.03 g« WLEE 1 g A& H 8.3 mg.

££20 g, T 15 mg. %5 5mg. fifi Smg. 4EAFRA 18 JTEIFRRLL, 4EE
YeEEB, 025 g YEEEB0.2 g 44 EB, 0.65 mg. 4EERC25¢,

Notes: 1) each kg of mixture contains, 5 g of iron, 100 mg of copper, 1.5 g of zinc, 0.5 g of manganese, 20 g of magnesium, 15 mg of iodine, 5 mg of
cobalt, 5 mg of selenium, and 180 000 IU of V4, V3 40 000 TU, Vi 1.6 g, Vi3 0.05 g, Vg, 0.2 g, Vg, 0.25 g, Vs 0.2 g, V15 0.65 mg, V¢ 2.5 g, niacin
0.65 g, calcium pantothenate 0.65 g, folic acid 0.03 g, inositol 1 g, biotin H 8.3 mg.

AR ) X R ERLA AT 2 B8 70 (TPA),
FEAREREE | M MEMEYE . B FRE
[\ PE4E, B 2.0 cmx2.0 cm x1.0 cm AY B A 35 30
WUAL, SR BS 50 P35 [ I8 A 45 Sk b AT RS
W HGT A 2 mmy/s, PR A 5 mmy/s,
W N 1 mm/s, 2 REARTHIRG N 2s, FR4AH R
25%. D HT A B A 6 AR S, BN ER S
1R DR ARCREEE | SRk . R . 2.
FRNE . IS 1) AOE(E B BAa A0 5 v R 1Y
AR . B SRR A R e R A
(Col) ELISA i #| & (YX-E21992F, iRtk 4
BHEA IR \)) #EATRI

1.5 HE&flAMpmEENTR

ARG ATE BT FE, MO [ 52 56 21 4 0 75 6
S T8 A X B AR WUNLIA (T AR BEER K

R E K7 2: 2 E /) sponsored by China Society of Fisheries

ke, Asifasl, A EEESITEY) 3 mm, B
AT E . B, EE . . DI ALt il
R R RE S o fd ] DP2-BSW2.2 (Build 6212) il 4
I G 1 A TR X 38 P G LT 4k 0 Fnm AL, AR 4
S=rr” (S ML AERE VI A, v o WLEF 2 U
) IR AR, TR BN gEE R,
AFESRGETT 300 Z4T 4k,

8 15 WLIR D1 R AR 8] A 5 et v B 20 2R kA 7
IRAKE- L (HE) Bt v) v, WS i AR 4
Ml (GC). A2 (LP). WEWR VR4 ML (EG) A%k
JERE 4% (MF),

L6 ARSAAETRT RN

% M8 GB 5009.5—2016 (JLIC&E &%), GB
5009.6—2016 (% KA #£7%). GB 5009.3—2016
(BT ). GB 5009.4—2016 (JK 70T 5E ).
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GB 5009.92—2016 (HLJ&HH A 45 B 1A B %)
AN EAT . BB . K5y KRS
PEATRE I . 218 GB 6432—2018 (HL K E A %)
GB 6433—2006 (% [LHi#E15). GB 6436—2018
(75 5 BR B YE ). GB 6435—2014 (H T 1).
GB 6434—2006 (i %) 40 500 % JEE R A L 2
FHRRIG . 585 . K o> FURLER 4 & 004 TR

1.7 E&ALA®H ROS

W LR RR I AGE AR B KSR H
SHAE S IF A FE 43203, 1 000%xg B0 20 min, HY
VEW, CRA A A YR A R R BT
A — 25 e 0 3 Rl K B 95 R RF 3K 7] 85 i) )
ROS (T-ROS). il & b & (H,0,). # & & ¥
(05). HEALY B ALEE (SOD), 73 bk H kit 1k
Yl (GSH). i %A 1k & [ (CAT). 2 A i 5
(‘OH). % H % (OFR). 4iffita 3 C (Cyt-C). £k
RARIEI 58 A4 1T (COX 1), LR fAR e 55 &

AP (COXIM), LRRiAMFREEE SV (COXIV),

W JE R G 1T (NADPH) . % %6 4 -6-15 12 i &L T
(G6PD) ., L 1A 3 385 1 5 #e FL. (MPTP) 1) 75 2 .
1.8 ZRRRERERAL (AY) 423

I BITEMEAL SZ 56 1Y 40, 80 T 120 d BUH & L
RE S, (f 24 ki oy 253057 & (C3606, 2
= REYFEAR AT DML B ERifk, Z a1
FH JC-1 2R AR B A2 0 22 128570 &5 (C2003S, #E =
RAYIFEARLS T JEAT A7 00 R
1.9 HIES

K HE % Y4 18 45 ME 22 (meantSD) £,

{8 Ff SPSS 22 B A4 XF Gt 1148 R ik A7 WK 07 253
B, REAS[EIK P00 S ke F1 ROS B AT 3 1A 1] 2k
MAGI AT, P<0.05 FmER B,

2 4k

2.1 HFRAREAR G ESEKIEREI

MFE G S E AT E) 120 B, XF BR 4L Y
WGR 3 & T Hiflh 3 41 (P<0.05), FB 1Ay WGR
BAL, BEMET FBW. FBW+V/Vg 4 (P<0.05),
44 CF 7E 120 d B A i 22 5 . X HRZH )
VSI 2 3% & T HiAfth 3 4H (P<0.05), FB4H VSIKZ
(£ 2), FB 1Y HSIAE 120 d i) i 3 & T Hifth 3
2 (P<0.05). FB 4 AFI XIHEEKT, BE&
T HAth 3 41 (P<0.05), FB #41f FCR £Hx%,
P T HAD 3 4 (P<0.05),

22 HIRAREARNESEFRKITHFEMN

STHRZH . FBW., FBW+V/Vg 2071 FB ZH A HL
AR, M & 8. Koy, KSR K
PR T R B 2R (P>0.05), 3 PEEEd )
J S 1A e 34 B i T R (P<0.05), TR,
FBW #41F1 FB 40 115 i i 2 5 T FBW+V e/
VedH (P<0.05) (% 3).

2.3 ALAMEXIEFRTHT

FRE B ALK R s ATl R
5 40, 80 F1 120 d 1Y 75 JILIA) 544 48 s 1247 0L
FO T, BN TR) A Ao 18] 55 o5, 52 56 21 X
A TRALA ARE R | e IHIEE . BERMEA
PR AE FH (P<0.05), I H.Bk 40 d 4b, 80 1120 d

®2 120 d FHEIRAERR X E 8 % KRR
Tab.2 Effects of feeding different feeds on growth index of C. idella at 120 d

SgE| xof HR 2 30%F GKIREUA  30%7FE S KRB+ E RCHIEA 7 H 4(FB)

items control FBW FBW+V/Vg faba bean
AR{KEH/g  terminal body weight 641.50+45.00° 535.60+7.50° 537.03+9.87° 462.27+16.41°
WHEK/% WGR 156.60 + 18.20° 114.24 +3.00° 114.81 +3.95° 84.90 + 6.56°
G B /(g/em®)  CF 1.80 £ 0.29° 2.04+0.18" 1.84 £0.16° 2.17+0.18"
MEEITE % VSI 1531 +£0.49" 11.62£0.71° 8.47+0.41° 12.89 +0.94°
FRRAEFE £/ % HSI 1.74£0.01° 1.87+0.01° 1.85+0.06° 2.67 +0.25°
R N i fa %%  AFI 3.79 +£0.84° 3.97 +0.05° 3.09 +£0.29° 5.04 +0.02°
Wkl RE FCR 2.57+0.17° 3.50£0.05° 3.48 £0.06° 473 +0.23"
FRIEZE/% SR 100" 100 100" 100"

e FATHIE AR R BRI AR R Z 57 (P<0.05), Rl

Notes: Values in each row with different superscripts are significantly different (P<0.05), the same below.
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R3 120 d FHRRAE AR E S E RS M
Tab.3 Effects of feeding different feeds on the nutritional components of C. idella at 120 d

TiH Xof A 30% 2 KR I 30% 2 KSR+ 4R RCAEZA % 5 4(FB)
items control FBW FBW+VC/VE faba beam
M /%  crude protein 19.80+0.20° 19.47+0.38" 19.77+0.55" 19.90+0.86"
AW /% crude lipid 2.70£0.17* 2.83+0.21° 2.53+0.06" 2.63+0.31°
JK43/%  moisture 76.73+0.45" 76.73+0.75" 76.87+1.09" 76.67+£0.91°
WK5¥1%  ash 1.10° 1.10° 1.17+0.05° 1.13+0.05*
4%/(mg/kg)  calcium 405.67+49.17° 397.33+86.93" 459.33+49.33" 406.33+30.86"

IR E F/(ug/g)  collagen 8 812.44+54.83°

10 619.14+249.83"

9518.37£191.44° 10 762.72+493.45°

if FBW. FBW+V/Vi il FB 4 ¥ & 2 & T X i
ZH (P<0.05), 7E 80 Fl 120 d i, FBW-+V/Vg Hl
FB AR | Stk . M@ . R EA B
255 (P>0.05), FBW+V/Vg Fl FB 41 1 i B2 Al

NELIEMETE 120 d I 34 355 T FBW (P<0.05), A~
(7] i ) 4 5 7R S 35 2 % £ 55 3 UL A 1) S e A
WEYER (P>0.05), H. 80 #1120 d if FBW, FBW+
V/Vi Fil FB 2134 i 2 55 T X% B4 (P<0.05) (&1 1),

pogiceiEl 30% K HEHUEE - 30% KPERA+ 443 C kAR E A - "EH
control FBW FBW-+vitamin C & vitamin E faba bean
2000
AAA  AAA
1 500 1BBgB B B]
Sg ef
Do A
Mg 1 000 & é
B< W@ 3
500
0
40 80 120 40 80 120 40 80 120
i 1R)/d i 1|]/d i 1H] /d
time time time
(@) (®) (©)
1000 1.0 ¢ 0.8
7 Z
800 | 0.8 BCD apha oo [YPEZ YL 2
S 2 DESDEBC Lo
28 600 #HE 0.6 He
HE 2 it
EE 9 400 ¢ ®e 04 B2
=S g =
200 0.2
0 0
40 80 120 40 80 120 40 80 120
fif E)/d fif E)/d I 1E)/d
time time time
(d ©) (€3]

El1 40, 80 F1 120 d E& AR EZFTEN
RIF) /NG B % AR () S 3 2 0 1R A 2 35 I B0 2 22 57 (P<0.05); ARRLIEF RS 58 (A, B) F5 A [ SEu 4RI AR [ 1) 25 254 B 7 4
., RESHAZALEDENE I HER (P<0.05); FREFKSFE(Z, V) REARRN N SHERhEREELENRIT$2£5

(P<0.05), T~IAl.

Fig. 1 Two-factor analysis of variance on muscle texture of C. idella at 40 , 80 and 120 d

Different lowercase letters indicate that there is a significant statistical difference between the data of different experimental groups (P<0.05); different

positive sequence capital letters (A, B) indicate that different experimental groups and different time nodes have synergistic effects, representing there are

significant statistical differences between groups (P<0.05); different reverse capital letters (Z, Y) indicate significant statistical differences in experi-

mental results at different time points (P<0.05), the same below.
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R IELAFE & LR KL MAG iR X
Ml B fn LN AT 4R35 R (113.6+43.62) AR/mm?,
FBW 21 &y (197.245.70) R /mm’, FBW+V/Vg 4
J9(249.3+£14.11) 2 /mm?; FB 4 Ky (241.1£12.85)
M /mm? (IR T, 3% 4). 3 DSCIRA A LA 4%
2w T AL (P<0.05), A, FBW+V/Vi
F1FB 41 1Y L PR 41 4 % B IO Bl 3 25 = (P>0.05),
{H4 5 2 5 F FBW 4H (P<0.05) (i 1),

MUK ROS A& %46 XF40. 80 F1120d
AR b B2 A LA R ROS 5 s AT XA 3 5 25
SR, R B[] B[] 5 5 RIS [ S5 6 2 0F e £ 15
LA ) Hy0,, Oy, -OH. OFR 1 T-ROS EA
PHFEVER (P<0.05), JfHFER 40d 4, 7E£80 #1120d
f FBW. FBW+V/Vg Fl FB 21 ¥ i 2 & T % #R
20 (P<0.05). 120 d i}, FBW+V/Vg ) O,-, OFR
FI T-ROS 3 5T FBW 4H (P<0.05), JfH FBW+
V/Vg ) OFR F T-ROS /K F5 FB 4 3 JC i 3 2=
5 (P>0.05) (K1 2).

LR F ROS A48 kB4 ZF AL X140, 80
mf mmf
AT / \
100 um
\mmf
mf
LA
100 pm 3

Elhf 1

F1 120 d AN [m] b 2 20 %2 A LA P 9 ROS A= A
TH BRAE DGRBS PE AT WU R I 22500, R IAS ]
I 18] 5 5 RS [ 52 56 4 % 540 35 S0 LA B9 SOD
COX I . COXII, COXIV, G6PD, NADPH, GSH
1 CAT Az BUFIH B AH G ELA B RIVE R (P<0.05),
120 d if, FBW. FBW+V/Vg Fll FB 4 3 A L A
) SOD. G6PD., NADPH. GSH I CAT /K -4
AR T X R4 (P<0.05), 1fif COX 1 . COXII Al
COXIV () F i 1 3 =5 T X HR A (P<0.05), 120 d B,
FBW+V/Vi ) SOD, COX I fil COXIV (¥ & & .
F =T FBW 41 (P<0.05), HAgEIR 2 HA ¥
# 5 (P>0.05), FBW+V/Vg i COX T . COXIN .
COXIV & FB o i % 22 5 (P>0.05) (& 3).
LR F & AR B B T KR 69 T4k Xif
40, 80 1 120 d A /A [7] Ab B 20 (1% 0 £ JUL PR 9 7
K7 AK P #EATAUR 3R T5 22 00 0, S AN [] i [1] 5
JUFIA [7) 52 36 20 %o 540 35 R LA B9 MPTP JF i 2
& . Cyto-C & it FIZ LA B i (57 K - BHAT P3[R 1
FH (P<0.05), 7 80 1 120 d, FBW., FBW+V/Vg

mmf
%t
/mf\
1 100 .urn : 2
mf
-
mmf
22 G\
100 pm 4

120 d E & I PIBE R R ML

LWTRRZH, 2.30% &S KIEBAA, 3.30% i SKEBM+V/VE H, 4. BWEH; mf NL4E, mmf JLEF4E R .

Plate [

Microstructure of C. idella muscle tissue at 120 d

1. control, 2. FBW, 3. FBW+V(/Vy, 4. FB; mf. muscle fiber, mmf. matrix between muscle fibers.

R4 120d FHRIRTEIANES SN AT ENERNER
Tab.4 Diameter and density of back muscle fibers of C. idella fed with different feeds for 120 days

TiH o 2 30%ax FK SR 4L 30% 7% KSR HU+4E AR 3 CFIE 4 A G A (FB)

items control FBW FBW+VC/VE faba beam
HEf%/um diameter 109.30+1.10° 85.90+1.80° 75.60+4.30° 78.10+4.00°
S /(FR/mm?)  density 113.60+3.62° 197.20+5.70° 249.30+14.11° 241.10+12.85"
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SHBAL _ 30% KSR _ 30% KIREU+4EE R CMGEER EM
control FBW FBW-+vitamin C & vitamin E faba bean

150 - 300 6 r
—_ —_ —_ AB A
o = O + o +
€35 £ § 200 EE4|
ey E 2 E£ [Rp22 D
i S =3 =g
Y T L
o Q, 41 50100 HS52
e o T
an o Q
0 0
40 80 120
Ff e /d FioJ e /d Ff fa)/d
time time time
(@) (b) (©)
300 2000 -

) -

3 = E e 1500 }

£ 5 200 | 2 &

E = =~ B

= S I S 1000 |

o 0y

S & 100 Q&

& n 500 |

o B

0 0
40 80 120 40 80 120
) /d i e /d
time time
(d) ©)

El2 40. 8070120 d B AELPEEEFAF ROS FEEN
Fig. 2 Changes in ROS content in C. idella muscle at 40, 80 and 120 d in different treatment groups

F FB 41 &A1 1535 LA A9 MPTP R . Cyto-
C i & m TX R, Zobi A B v (v K7 8 3
{ETFXHBL (P<0.05), 120d i, FBW . FBW+V/Vg
Al FB 40 540 75 3R ALIA A9 MPTP JF 0 R B G 1 3%
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Fig. 4 Changes of apoptosis factors in muscle of C. idella in different treatment groups at 40, 80 and 120 d
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Fig. 5 Changes in ROS content in the intestine of C. idella in different treatment groups at 40, 80 and 120 d
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40, 80 and 120 d in different treatment groups
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Effects of faba bean water extract and vitamin C/E on muscle texture, nutrition
composition and oxidative stress in grass carp (Ctenopharyngodon idella)

ZHENG Xinyu ',  ZHANG Junming *, XIE Jun’>, WANG Guangjun °,
TIAN Jingjing >, LIU Liping', LUO Minyi®’, YU Ermeng >’
(1. National Demonstration Center for Experimental Fisheries Science Education,
Shanghai Ocean University, Shanghai 201306, China,
2. Key Laboratory of Tropical & Subtropical Fishery Resource Application and Cultivation, Ministry of Agriculture and Rural Affairs,
Pearl River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Guangzhou 510380, China;
3. Agricultural Service Center of Xiaolan Town, Zhongshan City, Zhongshan 528415, China)

Abstract: Faba bean water extract could improve the muscle textural quality of grass carp (Ctenopharyngodon
idella), but would cause oxidative stress, intestinal damage and decrease growth performance. In order to study
whether there is a synergistic effect between vitamin C/vitamin E and faba bean water extract to jointly promote
the change of C. idella muscle quality, reducing oxidative stress and improving growth performance, this study
took ordinary compound feed as a control, 30% of faba bean water extract group, 30% of faba bean water extract +
400 mg/kg of vitamin C+ 200 mg/kg of vitamin E group and faba bean group were the experimental groups, fed
(250£20) g C. idella for 120 days. The weight gain rate, condition factor, visceral somatic index, hepatopancreas
somatic index, abdominal fat index, feed conversion ratio and survival rate, muscle and intestinal microstructure of
C. idella at 120 days were detected. The content of reactive oxygen species (hydrogen peroxide, superoxide anion,
hydroxyl radical, oxygen radical, total reactive oxygen species) in the muscles and intestines of C. idella, the activ-
ities of enzymes related to the generation and elimination of reactive oxygen species (SOD, CAT, GSH, G6PD,
NADPH, COX [,COX III, COX V), the changes of mitochondrial membrane permeability transition pore and
the level of mitochondrial membrane potential in muscle cells were detected at 40, 80 and 120 d. The results
showed that the growth performance of C. idella in the faba bean water extract group (FBW) and faba bean water
extract+V/Vg group (FBW+V/Vy) was significantly improved compared with the faba bean group, and the
muscle texture was significantly improved compared with the control group (P<0.05). The activity of enzymes
related to reactive oxygen species (ROS) generation was significantly decreased, and the activities of enzymes
related to ROS elimination increased in the faba bean water extract group and the faba bean water extract+V/Vg
group. In addition, the faba bean water extract+V/Vg group showed better antioxidant capacity. Through the
observation of microstructure, the muscle fiber density of C. idella in faba bean water extract group and faba bean
water extract+V/Vg group was significantly increased, the diameter was significantly decreased, and the degree of
intestinal injury was significantly lower than that in faba bean group. The present study demonstrated that V/Vg
play an important role with being added into faba bean water extract in improving texture quality and growth per-
formance of C. idella, and they would have a high potential for quality improving of aquatic products.

Key words: Ctenopharyngodon idella; faba bean extracts; flesh quality; vitamin C/E; reactive oxygen species
(ROS)
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