IR AR, 2023, 47(10): 109608

;¢
2l s 2 ¢ nn
JOURNAL OF FISHERIES OF CHINA ‘
DOI: 10.11964/jfc.20230113886 Sclence Prass

e S RARIAER ANHEIR. BBEATIERARNE

Rel', THRHF, #Hak', DRE, XKE,
Xt BOw, & o, BRE, B O#,
(1. PHRE R 2K 24 Bt KA R IR S AR T R B 20 B 0 =2,
KPR ERTTE S, EEE 400715;
2. YN A5 AN FBHE ARG B AR, PU)I B 610000;
3. E R BARME B, TPRTTAESH AR R, TP 400400)

BRE,
g A"

HE: hhRBEAANSERE =8 XHEK. BhLEAEHAH. LEEMEBTFR
VP 5 BT E B, 2R d BT A6 MR E Y (112.33£1.14) g 87 210 2, R AL Ak 2 AL IR,
AR ER A, #H68d. HRET: ORAFANANERALZNHRLES
THz#a, HEE (WGR). T4 5B % F (FE) 47| B % 8 /v 23.14% Fr 30.53%, i i
AR A TR HZRLEC) SHEMULEELZR. QAN AHF TN NATEE
w, MWABEE. BE. daEthREEEET T HZ®4, 3 HpH B KME. FHAHR KR
AR B FE R B 26.67%. 26.65% F124.90%, BAREH _# (MDA) & ELE KT H=
A . QF HA R 48 K W H o = B (TG). X EE B (TC) At (GLU) F 4 EH B F
mTHz#®4, MDA 4 ENRZ, &% EIE & EEE (HDL-C). K% & /8 & & i E
B2 (LDL-C) fn HDL-C/LDL-C £ 5 AL B EF Z 7. QWA HEE E A8, .
Bl EREE A, KEAEREEE, EAMENEEEFAREEEHNLES TH
= 4. O 617 K 49 3 & A 8y Simpson 37 % fn Shannon 35 4t B & & T M = & 41
46.03% 1 125.00%, FHAEEFZHm. AR KA, KLBAHET, ML THRHEZ®,
BEERAFANHEALAK. AR, BEMAL LTSk, WARK. AL EER
MWorEwhEFEmELMNS, EREME T TN ARE AHE. ALE b85S &R E
SR RAERE T E BRI

KEIA: 8%, BAER,; HEE; Mo

hE 5K S: S963.7 CHAFRRRD: A

i (Siniperca chuatsi) FJ&&JE H (Perciforme)
i8R} (Serranidae) 8 J& (Siniperca), &3 IE FEE K
FERpvr s, A7 m7E 40 7 t DL B,
PIBEESE . JCNLIERL . 55 SR 24 T D e a4 i
ZAHRAEER, KRB R, B E% 55
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BRI 2 54T o TEAR DR SED Y
T, R LR E TR SR, IEWEEE . (R
Fo AT R, PR R TR AR AR R
WA E g SR, An Rt 8 L A P AR N R DT R
(SFA). A FIEER (MUFA) F1Z2 AN F s i
% (EPA. DHA) it bl i 2 = TEE TR, %
N Tt ml 3 gk 8 % 1 280 A 17 44 148 B8 S £
MIREIITR . Chen A1 BFSE SR, ARDIHIK 1Y) i 18 7k
PR a-ZFEPETR AR 2 = TR SR, JE T Lk
T, A A BAAE S8 )R 9B AR H 58 ) JEm
b, DIHBESR T — S LR g, mEAEK
P AR = S TRkt 5 A A BAIE 2 1Y
g £ HI T B A0 mDRE A T R 0 1 2R P fE L L
A BT I A A S B B3 S5 R T RE T T Y 2% S
Fee, MR IR R I B AL e S

1 MES A

11 ERaSEEEn

SO R AR TG B (29 130 g), AR
WHTY K S8 E N 2 emx2 emx2 ecm By bk, Bi&
TR A TEVE AL S R, DAtk o 3% PO i
SR IE L], SR A RDRLRDRLL O & i#s T
BRI R A BRI T, DGP40-C Ay il /E . A T
BEEIE [ U1 B A B A OB A BR AR, B L
1, MR S5 ECA DR FOLE SR . A
FRULAEL . MR RRRALS M L 3& 2. 4% 3 Fidk 4,
1.2 AFER

SEUR SR 17 BT R X oK g, AL 4
G, PRiEIRTE (112.33+6.22) g, A 5 fd H: 1 85
210 2, BEMLTRL 241, A 3IANEE, BHHE
235, WFET 400 L i A FRmEL T, AR
FAIK 50%, BRI HRME 1K (12: 00), K
PRUEFT B, R = B I e, 2
AHRAE, TG RIEEE, HETORRRE . IEAUSE
K] 68 d (2021-02-06—2021-04-14), i 523 ]
R HROCIEE, Kl 14~18 °C, Wi =6.0 mg/L,
pH6.5~7.5, FAFH<0.50mg/L, WA FE<
0.05 mg/L . A< S50 i A7 454 7™ A% S 7 52 56 3h ) A
FIE RN ) S 06 22 v A BT, I BROK 7 3l
VS BAS TR A7 22 D1 23 IR R 1R B PRAT

1.3 HEREMGE
BRI S SR A RS LI 24 b, BRELFEHLE

https://www.china-fishery.cn

®1 E&EMES

Tab.1  Formulation of the diet %
TiH =47
items proportion
f4})  fish meal 40.00
XS AK  chicken meal 20.00
KIGRAGE A soy protein concentrate 8.00

BRI (%)  enzymatic hydrolysis of fish pulp (wet) 5.00

AEER  cassava starch 12.00
fih  fish oil 3.00
K& soybean oil 3.00
R R R EL  lysine hydrochloride 0.20
%M methionine 0.30
R — 445  calcium dihydrogen phosphate 2.00
HETRE premix” 6.00
SALMEAE  choline chloride 0.35
kii#77 mould inhibitor 0.05
PUAALA]  antioxidants 0.10
#il total 100.00

W DIURELE 24E. 207, DIRETER AL, 29, 205
WA B2, DhREMEITUCh S-SRI« YT R L B R R 45 o
Notes: 1) premix contains multi-vitamins, complex mineral, functional
additives and carrier, multi-vitamin and complex mineral refer to
carnivorous fishes, functional substances were mulberry leaf extract, bile
acid, hemolytic phosphate ester and so on.

x2 BEARANSENBNTEERES
Tab.2 Main nutrients of compound feed and

forage fish %

415 grou
WA group

items W2 2 IR
Xiangyun crucian carp compound feed
/K4 moisture 72.29 8.00

M crude protein
FHAEWG  crude lipid
HLK4r  crude ash

16.35(59.00) 48.65(52.88)

8.01(28.91) 12.27(13.34)

3.24(11.69) 14.48(15.74)

Ve AT AR
Notes: Dry base content is in parentheses.

5, F MS-222 (100 mg/L) JikE¥, FKEJ5H 1 mL
() — U 1 G P T 5 25 A2 R KA Bl , I AR
WHEERIS ., T 4 500 t/min B0 10 min 45 1M
ARG, —80 °C &M F IR H . ZJEH%
Tk Efgdl, 788, mim. T, FREE
WLARESR, WAEZG, —80°C &M NRAF# M,
PR R IBGT o3 75 WU T B 438 o o3 Ak T B
PMLEHC 1 BRI 8 . sl . Hls . G A
WLHEZ, F 4% ZRH R REREERE, HT
HAY FdlE. s, BNEEREILEIR 1R

T KPR 25 3246 sponsored by China Society of Fisheries
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*3 EAPNSERENSEIREAR
Tab.3 Amino acid composition of forage fish and

experimental diet g/100 g prot

%4 AN SERNS0REIRERN
Tab. 4 Fatty acid composition of forage fish and

experimental diet g/100 g lipid

20 group

45 group

SR - i gz -
amino acid Wz B4 [iRRegap R fatty acids i (AR [iieegp e
Xiangyun crucian carp compound feed Xiangyun crucian carp compound feed
HER  Thr 5.16 439 g C14:0 1.26 437
SR Val 6.34 6.43 iR Cl16:0 16.79 19.43
HAMR  Met 2.99 3.41 IR C18:0 4.11 522
RNEIR  Phe 4.80 523 2.SFA 22.16 29.02
A EIR e 5.77 4.96 BRIUHIR  Cl6:1n-7 3.46 439
SeAR  Leu 9.50 7.83 MR C18:1n-9 34.83 23.44
#iaB  Lys 8.32 8.22 AR C20:1 1.72 1.68
AR His 3.63 3.56 YMUFA 40.00 29.52
AR Arg 6.27 732 W C18:2n-6 26.21 22.50
EAA 52.78 51.35 WHEEE  C18:3n-3 243 2.56
REA®  Asp 11.13 7.41 /LM C20:4n-6 1.17 0.91
BEE  Glu 11.34 14.86 EPA C20:5n-3 0.33 485
H%® Gly 5.57 7.69 DHA C22:6n-3 1.10 4.97
WA  Ala 6.61 6.42 YPUFA 31.24 35.79
R Ser 4.65 3.87 YHUFA 143 9.81
itz /g Pro 3.56 428 EPA+DHA 1.43 9.81
F&E R Tyr 3.39 3.03 2n3 3.86 12.38
IR Cys 1.32 0.96 > n6 27.38 23.41
NEAA 47.57 48.52 >n3/Yn6 0.14 0.53

I: EAALTREILR, NEAAJEDLTEILRE .
Notes: EAA. essential amino acid, NEAA. non-essential amino acid.

BRAE R AR T UL I IE, WA TR, —80 °C
ST ORAE, T il AR I E

1.4 1EFRNE

A K5 HARIEARN T FRAH LI AT
=8 24 h, WEWFREAABAE, St HEaH
BHa s, R R AR RIE RS

W4 B R (weight gain rate, WGR, %)
(W~W)Wyx100%

e RE A2 4 3R (specific gain rate, SGR, %/d)
(InW~InW)/Dx100%

TARISCE (feed efficiency, FE) =(W,~W,) | F

1715 2% (survival rate, SR, %)=N,/N;x100%

B F (feed rate, FR, %/d)=Fx2/[(Wy+W,)x
D]*100%

JUE{A Lt (viscerosomatic index, VSI, %)=W,/Wx
100%

JF K H (hepatosomatic index, HSI, %)=W,/Wx

R E K722 4 /8 sponsored by China Society of Fisheries

W YSFABMAIENIR, YMUFA. S SAMABEN R, YPUFA. R
LA, YHUFA R @B IRIT, TR,

Notes: Y SFA. saturated fatty acid, > MUFA. monounsaturated fatty acid,
Y PUFA. polyunsaturated fatty acid, Y HUFA. highly unsaturated fatty
acid, the same below.

100%

HE 3 B (condition factor, CF, g/cm®) =W/L’x
100

0% (intraperitoneal fat ratio, IPF, %)=W,,/Wx
100%

W K Lt (ratio of gut length to body length,
GLR)=L/L

PERRFEEL (gonad index, G, %) =W/ Wx100%

YRR (dry matter retention rate, DRR, %)=
(WX W= WX Wog) (F* W,)<100%

T M UT ALK (protein retention rate, PRR, %)=
(WX W= WX Wop (X W,)x100%

flie Wi Ut B & (lipid retention rate, LRR,
Y )=(Wx W= W W)/ (FX Wi)*100%

K43 UL AL ZR (ash retention rate, ARR, %)=(¥x
Wia= W< Woo) (X W,)x100%

https://www.china-fishery.cn
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X, Wy FPIIRINTE (9); W, AR (g); D
FFRIE LI REL (d); F R TYREE R (2);
Ny FIHIHRRREL (55); N, WK EBEL (5k); WhE
W aiRE (g); W, MEBANIEAE (g); W, WL
W IR (g); L M AIRK (em); W, 5K
WIS E (g); W, WERAMERE (g); L AT
B fpERKE (cm); Wy Wy Wy MWy, 20500
ZoRMAe T Y, HER . MR AUK & &
(%); Woan Wopn Wy Fll W, 53 51 R #0) b £ 42 £ T
Yot HLEEE . MIBIIRIK T &8 (%) Wi Wi
Wy Wy, B DRHE Y . RLER . LR I A
FK 5T 5 1 (%)

FBAik, RMEMAHAL S, ILAFAE
TN E KA EIIE R A 105 °C fHR
T4 (GB/T 6435—2006), HLEE 1 (CP) & &
E R YL & A (GB/T 6432—1994), ML
(CL) &g R &R [ 1% (GB/T 6433—1994),
R 43 25 5 00 22 R FH 55 3 4 550 °C = iR K be ik
(GB/T 5009.4—2010).

2R AT BEAN. BEA. 5
105 B . VE MG . I A A OB (GLU). H ik =l
(TG). EJH[E B (TC). &5 % B B & 1 A [ s
(HDL-C). Ik % & 5 & (1 )0 [# B (LDL-C). &\ 2K
H (TP). AR5 & W (AST). A INEA[E (ALT).
T PEBE MR B (AKP), WA EE (LZM), SUEE Y
AL (T-SOD). i E (L& (CAT). A et ik
A ALY (GSH-Px). A . (MDA)., & H R
(TBA), Ii% (BA). WLAF (CREA). JRZE 4% (BUN)
FFL R TS bR 45 140k F B o i A ) TR R T 2R
PR S E

WU AR 2 BN LA S LA, 1)
A% 1.0 cmx1.0 emx2.0 cm RS R, R LA BRCFE
TA.XP.plus BV A -, 53k 0 P36/R, K
F TPA BHEF T, FREBE R 2 mm/s, 1K
RN 1 mm/s, [FIFEHE A S mm/s, Pk AsT ][]
B S5's, HE4E R 90%, Xof WL B4 o FA ek 0 4
SE o FEED TPA M TR Ti#fT, B4 Firs ke
i, BTG 4 K.

MLR pH M & pH i & §i 1] pH=4
pH=7 FRUERALIE R E)] 0.01), FEfAESS 2h Y,
AN 2 L WL, FHBY JT8YRE, A 10 mL (%)
0.15 mol/L AL, F s 418U LIS 72
W, PR E AN, SO pHI, 4°C
VKA P AEAE 24 b, FHTRVRE 7 ik 0 H: pH2, pHI-

https://www.china-fishery.cn

pH2 B{E BRI A HILIFE L 7E 24 h INAY pH FEAIRE .

LR BRI E G A KRS B ZENE RE
e EI LA, FRICS g ZE A A #H4E, BT
4°CVKFE, 24 h W TR AKSFRE, THRRK
Wk, RIS g ZEA WL A 3448, B F-20 °C
UKAR, 24 h e R, W RAKTERE, 1HHE
BURB AR,

WU 2 AR BR 28 A, % H H 57 L-8900 4
SR IEIR T A 22 o FREVS TR TR L AR
40~50 mg, MMIA 6 mol/L $hFRE WK 7E 110 °C 51
K 24 ho KIESESS, BU 1 mL KT IR
o, FEEEERR A S AT AT

REFrBRZA AR, RHZLHE( 7820a SAH I
AL E o FREL 0.3~0.5 g B9 4Rkl LA RE & T 10
mL B0, MAFE : &0 (1:2, RS
mL, SEEBARAIK, FE 12 h 58 gt
€, A 4 mLZEM /K, 3000 r/min 25> 5 min,
KWW, TEKIEW4E (40 °C). HEFMA 1 mL
o35 2l 1 O ek AR 7 % . I 1 mL 0.4 mol/L &
E AL - B WS 30 min FEATHERAL, 2R
m2mL A& TFK, 2R REEEER,
SO A I A B, I T AU — Rt R
iR A 4153 5 it o

e 70 WA 4% ZRPEERE, K
WT 70%. 80%. 90%. 95% Hl 100% Z i,
JEETHRPEN, HE S A, fi
JH Leica UC7 RT YJ i AILA) 3D R N 4 pm 1)
YR, TEWHERER A LR, HE @, ik
LiE P

P fk A e ey, RN TAL R EE A
BHE A BRAH]

1.5 #IES

SERBE R A R AT A B, SR
VISEY PR MEZE (meantSD) FR#n, E7 B EFH MR
H N P<0.05. FTA 3 BT8R AT SPSS 22.0 it
1£ Windows #/ER G H 17,

2 4
21 EAEERSIERENFHEEK. EESRER
= b= A !

Pl A TR R ) A KPR RE S B SR R UTEUR I
EE T a8 G5 5). AR, BlA iRk
A5 FBW. WGR f1 FE. SGRY R ZE T

T KPR 25 3246 sponsored by China Society of Fisheries
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B4 (P<0.05). Iz B4 A9 10 3 FE ¥ & 1 (FT)
583t FR & FECA R4 (P<0.05), {H T3 FI
5T FR A& 25 (P>0.05), EFHREVIH
I, BSR4 8% ) DRR, PRR 1 LRR )
B T M =2 (P<0.05), ARR 4255
F(P>0.05), JEARTSbRJT IR, B TR 65 09
K (GLR) B Tl = ii4H (P<0.05), CF. VSI,
HSI. IPF }& GI Tt %25 (P>0.05),

22 EAFEESERaNFesa. SAERAE
B BRI

Tic 45 )Rk 2H 6 1Y 4> f0 CP 5 35 5 T3 = Bl 24
(P<0.05), HATERLBEER (P>0.05) (£ 6).

23 ELAARSIER & X IR P & BRAY RN

FEXT T P2, A fDRk 2 8% 55 LAY LT
Aeepg, HEFE R, WLEH LD (Eh ),
e T 2E R LA B RS L MG L LR RS
P T = 4 (P<0.05), ARGk, Pk . kS
R, BIEHRRSTLREZES (P>0.05), A
Tl 2 %5 LES )5S 24 h A pH AR A . T 2K 3
4. BHEB B EYS MDA Y B KT = M2
(P<0.05), LA M4 REZESR (P>0.05) (& 7).
P20 895 55 AL Y 2 B R 5 1 D7 TR 4H BTG B 35 2
(P>0.05) (% 8, % 9),

2.4 ECETARISIER SRR S IR REI R

Be A fRPRHA SR 1% TG, TC., GLU, GSH-Px,
TP, LZM. ALT. AST. TBA. BA. BUN fl
CREA f545 .3 5 T =14 (P<0.05). =4
I 2% MDA & & W 3 = T BC & 1 B4 (P<0.05),
HDL-C, LDL-C. HDL-C/LDL-C, T-SOD. CAT
5 AKP 8R4 T i 35 25 5 (P>0.05) (3 10),

2.5 ECETARISER XS BT RI R

AL A48 4 5 b & aF 80K AL B E M 6 7R

e & R R Y AR T . AT e A
JIgs 0 e R PR X T s B (<
0.05), 4 7 8l = 6 240 Ft 7= 58.66% . 27.96% .
37.66%. 38.46%. 24.58%. 62.11%. 31.58%.
42.65%. 20.79% F1 29.41% (% 11),

B 44t 5 AT S AT 8 F M 4l R 4 M )
# 0 B A ek A 6 1 S R R R R, R,
BB EE, AT AR A B B I M
=4 (P<0.05). BIAMAE HAE, Al PR
K FMET M =2 (P<0.05) (3% 12), PIAEREY

R E K722 4 /8 sponsored by China Society of Fisheries

*5 EAPANSENaNEEK. KSR
(EESt i a: 0 AL
Tab.5 Effects of forage fish and compound feed on

growth, morphology and feed conversion of S. chuatsi

45 group

U =

: by E4E A pet s 4

ltems Xiangyun crucian Cﬁ;”():iﬁfi q
carp P

KMRE  growth performance

VIR F/g 112.35+1.48 112.30+1.32
initial body weight

25 NEN SN 283.18+14.82  322.57+9.76
final body weight

B K (WGR)/% 152.05+8.72 187.24+8.64"
weight gain rate

1 52 AR KR (SGR)/(%/d) 1.36+0.09 1.55+0.08"

specific growth rate

JEY R (FLL 12 5)/g

feed intake (wet basis)

FRB BT B(FL, T2/
feed intake (dry basis)

AR (FRIEHE)/ %

feed rate (wet basis)

TR (FR, T 5%
feed rate (dry basis)

TAEL O (FE, 12 45)
feed efficiency (wet basis)

T EVSCR(FE, T-2)
feed efficiency (dry basis)

TIER /% 100.00 100.00
survival rate

B/ %
discrete degree

HIREVIAR  nutrient deposition rate

FH IR (DRR)/ %
dry matter retention rate
H AU (PRR)/%
protein retention rate
HEWIUAR A (LRR)/ %
lipid retention rate

IOV (ARR)/ %
ash retention rate

JBAkIEHT  physical indicators

ST 5 (CF)/(g/em’)
condition factor

BEAAEL(VSD/%

viscerosomatic index

JT44 LL(HSTY %

hepatosomatic index

JB2 4 (IPF)/%

intraperitoneal fat ratio

K EL(GLR)Y/%

ratio of gut length to body length
PERRIGEU(GD)/%

gonad index

T AR R FAT B 22 5 135 (P<0.05), Rl
Notes: Data superscript * indicates significant difference in the same line
(P<0.05), the same below.

1054.02+77.96  389.99+26.82°

202.07+13.62  275.45+12.84
5.33+0.54 1.79+0.15"
1.48+0.24 1.27+0.10
0.16+0.72 0.70+0.17"
0.58+0.21 0.76+0.09"

35.15+7.69 36.89+7.21

16.25+1.20 22.90+1.22°

19.22+0.86 31.40+1.49"
10.53+1.17 37.90+2.14"

16.34+1.68 19.98+2.32

2.49+0.25 2.69+0.19

7.30+1.27 6.96+0.62
1.70+0.21 1.86+0.18
3.04+0.55 3.65+0.64
52.39+4.92 65.82+6.37"

7.38+1.45 6.13+1.72

https://www.china-fishery.cn
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*o6 EAPARNSERNENELE. BIEFRARNFZIT
Tab. 6 Effects of forage fish and compound feed on

nutritional composition of whole fish and

back muscle of S. chuatsi %
ZHA
HH 1 group
items A2 B P A5 P Rk 2
Xiangyun crucian carp ~ compound feed

£ff1 whole fish

K4} moisture 73.64+0.64 72.03+1.35
MM crude protein 17.660.21 18.57+0.18"
HLHET  crude lipid 4.36+0.22 4.84+0.32
K4y crude ash 4.13+0.39 4.44+0.50
HHL  back muscle

/K4r  moisture 78.56+1.01 77.88+0.53
HI#EH  crude protein 19.63+0.14 19.890.13
HIRENT  crude lipid 1.78+0.22 1.94+0.10
HLZK4r  crude ash 1.12+0.02 1.03£0.11

B P RBIVZIREE, B, B
W, P R E B, RS ERTGE E
(P>0.05) (IR IT).

2.6 EEEMSERNEXREEERRMm

Bic A TR 5 i 2 B ) B 5 R A AE 99%
DL b WhiB pERE 2 REME T T, O Ak 4 5 i i
1Y Simpson 45445 Shannon 48 2019 . 2 & T
= 804 (P<0.05) (3% 13). W 8 B RE 4l 21 18 7
M, 17KF B, Bea ek (oA B br i
7SI, S2. S3) WIS ] (Proteobacteria) =F &
R = B2 O Fh oA P ARl E1L E2.
E3), 1M % ] (Cyanobacteria) 5 #X B [# ] (Ten-
ericutes) F ¥ W &S T a4 . JEAKFE L, BlE
) kL 4 4B B TR R (Plesiomonas) 5 3L BR H &
(Lactococcus) F £ B Z LT M = 814, % %

1

Ehiy 1
L = S48 L (400%); 2.8 TR 87 TS UL (400%)
Plate |

™y ., ,

Y
.g’!j R

.
ST
%@&;aﬂﬂgg

(Phaseolus acutifolius tepary bean) 5 # #I #T 1 &
(Bacillus) -5 b 3 & T = 820 (] 1),

3 e

31 B AR S IR f A MRS 0 KA F
FALL 5

95 1) T G s 2 A R PR 0 3 4 A IS R
W A A BIFSE R B, IR AICORE ARDRL 1Y) B 4 £
[ WIERIREE (5.92+1.41) g], HARPEREA IR IR
P ) g 4, A HESE (0 I BE L (Epineph-
elinae sp.) JT FVGE RN ] R RIURL 1) 45} 1] W 5% 4
i [ WIGRIRTE (27.3£2.4) g], AMHAKERLA
RIS (Hypophthalmichthys molitrix) 858 iy 21 fif1
(Erythroculter mongolicus) 6 1 B 8 4 fa , FEFE
S0 P L FHRC 5453 AR A A 1 R0 i e e i
B [ WIER IR (113.56+11.82) g], & BUHE K PERE
507 D i 5 R i ) R %) 895 TG W 3 2 S T
ARSI AE R LI, ARG A R AR . G
B AT AR R A K R W] WGR B
W B2 5 23.14%. AT REJE A . QDM i B e ke
HTEVERZ AR, AR BOBORE fRDRL R B AT 38 H
U WHALFIATR G . BORBFE D . QfT
(085 L FHIC & AR BHAR X B iU, Al ] 1 %
FESRIC . MHTERR | W B ER R S 2 A I RE MR TR
s, HECA R EPA. DHA & B E ST
e, XA LR ) . AERR SRR RE ) 5
B IE kT YA BORYGE , AERAA —E et
KAEH . @FT RS IA TS 112 g, FUARER,
B FRTT R B, i P % TE 5 ) R BE % 6
I B BBt 1 A R ) R R K

[, eSS iR R R BCEAR, R
JE D5 A CAR L ST o BT A el i 7 5 4 R
B 2 S ST 5 ) B IR R, R R T

@

R E SECE AR RS AL B ARG R M

Effects of compound feed and forage fish on dorsal muscle structure of S. chuatsi

1. dorsal muscle of Xiangyun crucian carp (400x); 2. dorsal muscle of compound feed group (400x).

https://www.china-fishery.cn
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®7 BREARNSENENESINRBERS
b i pa: AL
Tab.7 Effects of compound feed and forage fish on dorsal

muscle texture and physicochemical indexes of S. chuatsi

xR 8 EATARSIER G I S EBRH A R0
Tab. 8 Effects of compound feed and forage fish on
amino acid composition of dorsal muscle of S. chuatsi
g/100 g T-H )5

M grou
5 H oo

items W B4 Hic A iRkl

Xiangyun crucian carp compound feed

45 group

A= e
Xiangyun crucian carp

amino acids

[N k!

compound feed

JRHTEHR  texture indexes
fifif¥  hardness

JfERE  brittleness

Rtk viscidity

NHMEEYE  chewiness

—10.45+4.30 —13.88+6.59

KM gumminess

FPE  elasticity 0.49+0.05 0.57+0.05
Hi2RPE  cohesiveness 0.53+0.05 0.54%0.12
A4 resilience 0.62£0.11 0.69+0.07
#AVFEIR  physicochemical indexes

pHF#AE  pH reduction 0.30+0.02 0.22+0.06"
WK K/ % drip loss 3.19+0.18 2.34+0.22
ﬁe{g;iﬂfai/% refrigerated 7.7941.07 5.85+0.43"
FL#/(mmoL/mg) LA 1.24+0.15 1.01+0.12
P —/(nmoL/mg) MDA 9.43+0.65 7.83+0.99"

2379.16+858.99 3 874.90£509.98"
2 606.11£599.34 3 749.12+509.98"

677.994206.05 1 151.47+248.89°
1322.86+£170.21 2 031.25+353.28"

AR REA BT ERRAIR, O EA
NG 07 LR AR B, D/ IR FE A K BB . {H
A SHTE 14~18 °C MR/KIR 551 TP, 28U
A FRUTAR AR AR X i

32 EAMARSER & ARG AN &R

AR S5 FE 5 T 9 2 B B SR I A 22
B, (BRI IR SR UL A L RE TR R T PR 4 ATE
F2ES, HR AT RS S0T S IR IR -5 i 10T TR
HA RO ILRE ST o S35k, Tl eH A i
BHIRILN R TCR% 225, X STERARSED
PEFE T AU XM R A BT A R — B, R
Fob By oA RS SR W it UL PA) S8 B R 2 L TIC R M, HfE
MR THASAE, 7 T RAEAR . &R .
H2R =3 B AR 25 SO o i i U 1R G
26 5 SIEAR R AED FTPESE 55 A0 9 S5 RN — 2L,
AT BE DR PR AR b AN ) 22 52 SR A /KR (Y 0
ARSI AL AR AR AR I, Wi AR K
OB 22 HOIMTR T 14t BE s o i 117 R 25 1 I il
VERIFAL s AR AR R, PRIE SRR T 40
BER s . BRI ABFTE R, WLPY A ILET 4
AR, AL AN 2, HAE RO, WA

R E K722 4 /8 sponsored by China Society of Fisheries

IR Thr 3.63£0.13 3.65+0.07
4R Val 4.01+0.06 4.04+0.11
FHEMR Met 2.47+0.06 2.55+0.07
ARNEKE Phe 3.51+0.12 3.61+0.11
e ER e 3.79+0.08 3.83+0.09
HHBR  Leu 6.76+0.17 6.87+0.19
iR Lys 7.62+0.14 7.48+0.36
MM His 1.80+0.03 1.78+0.06
WEIR  Arg 4.69+0.31 4.87+0.22
STEAA 31.77+0.48 32.01=1.00
REGAR  Asp 8.21+0.16 8.26+0.27
BEM  Glu 12.56+0.04 12.53+0.04
H&®R Gly 3.81+0.17 3.89+0.16
HEBR  Ala 4.93+0.09 4.96+0.11
& Pro 2.71+0.08 2.68+0.01
ARNEE Phe 3.51+0.12 3.61+0.11
25K Ser 3.15+0.09 3.18+0.07
MEEER  Cys 1.11+0.19 0.93+0.01
BeER  Tyr 2.60+0.11 2.66+0.06
STNEAA 45.55+0.66 45.70+1.28
STAA 77.32+1.44 77.71£2.28

Wi YTEAA B HEZEIERR, YTNEAA RAEBTERAIER, YTAAR

Notes: ) TEAA. total essential amino acid, > TNEAA. total non-essential
amino acid, > TAA. total amino acid.

JEWBEOR o 53 SMULIA I IR 8 2 A e 2
LA HAT B A UG B, R REAR R, I6C 45 T
HERLR S 2 —2, HALNAYREE . WEE . N
PEAES R, B A,

LR pH., FRKT1 . FLERDU R Kb A AL g
T3SV LPA & BT A L ZER AR ROK R
Il PR 28 B A5 PRSI K 3 O RE 0, RTE ad i 7K
PR S5 URE R MBS, pH 5L
PR K T e R P WL DR 5 A 8 SR R
SRR EE S, HI, SEZALA pH 5 F K
JIB T B R SEA LN B B 075 A o Bl JILET 4k
FERIIG R, WLEFAEHES B 5K, o T S5 JULIA
AIRFRPERE, ARG | Ve oI ARk
WA GZ 5, BCAERH BN E S 24 h
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*9 EAFANSER &S A ERLE RS0
Tab. 9 Effects of compound feed and forage fish on fatty
acid composition of back muscle of S. chuatsi g/100 g fIg/lij

#* 10 EARARSIER &M R E IR
Tab. 10 Effects of compound feed and forage fish on

plasma biochemical indices of S. chuatsi

45 group

i —
fatty acids Wz 2 BC o R

Xiangyun crucian carp compound feed

TR Cl14:0 2.03+0.02 2.06+0.11
AR Cl16:0 15.75+0.21 15.70+0.62
ifEIR C18:0 3.96+0.04 3.96+0.06
S'SFA 21.73+0.23 21.72+0.88
FRIGIE  Cl6:1n-7 4.70+0.11 4.74+0.17
hEz  C18:1n-9 28.30+0.71 28.55+1.06
TR C20:1 1.25+0.01 1.41£0.17
SMUFA 34.25+0.80 34.70+1.40
WHE  C18:2n-6 20.95+0.07 20.800.09
WIHKER C18:3n-3 1.62+0.25 1.63+0.08
1eERR  C20:4n-6 0.14+0.01 0.15£0.01
C20:5n-3 EPA 0.96+0.01 1.01+0.04
C22:6n-3 DHA 4.73+0.04 4.65+0.04
SPUFA 28.32+0.10 28.24+0.26
SHUFA 7.37+0.02 7.44+0.07
EPA+DHA 5.68+0.05 5.66+0.07
>n3 7.30+0.10 7.29+0.09
6 21.02+1.16 20.95+1.32
>n3/yn6 2.71+0.08 2.68+0.01
>n3/yn6 0.35+0.01 0.35+0.01

(9 pH FEARAEL . iR/K0G | W ik A B MDA &
RN T M B4, DS 1R LR UL A
{7 S N RS 0 S I ) | W 1

3.3 EREEMASERSERIFHERELH.
L. RERFBINEELLR

I3 A A Al B 2 S AT AR 3 bR 2 )
BARPE B IR Y R 2 38 T A T A o i S
A 35 M 2B P 118 7L A R A L A TR WAL A L 9
PEIR, PR AL IR, AR, BA 1A
BHOREIT . TEM AT & TR, B RG-S iRk
5 %) K I T AR T M A B R, RO FR TR
HEA LR AE P00 3 32 bR, AT feff T 45 ) ek 2 0t
() IR 55 R 7K S 3 v Tl = A A2
T ARG 12 1 oty B R AR P HE
RO AR T, BCA DR B A o 1 SR
AR T 238 205 JHF U R B > 1 R R A AR T e
ALT 5 AST KitfAfe T4, oA T4t

https://www.china-fishery.cn

45 group
HE —
o bliibay A APl 4
ttems Xiangyun crucian i e bR 2

compound feed
carp group

BifAR{RE  carbohydrate and fat metabolism

H M = B5(TG)/(mmol/L) 4.13+0.07"

triglyceride

S I BE(TC)/(mmol/L)
total cholesterol

1ot S I A 1 I 1
(HDL-C)/(mmol/L)
high density lipoprotein
cholesterol

IR P8 i 2 A L I
(LDL-C)/(mmol/L)
low density lipoprotein cholesterol

HDL-C/LDL-C

3.41+0.04

5.54+0.21 7.43+0.37

2.00+0.05 1.97+0.07

4.74+0.22 4.78+0.27

0.42+0.02 0.41+0.02

17K F-(GLU)/(mmol/L) 3.34+0.15 4.0240.08"

blood glucose

HiEALHE S  antioxidant ability

RGBS S G
(T-SOD)/(U/mL)
total superoxide dismutase

I A AL SUF(CAT)/(U/mL)
catalase

e H o S i
(GSH-Px)/(U/mL)
glutathion peroxidase

A —fi¥(MDA)/(nmol/mL)
malondialdehyde

SBERES  immunity ability
8 4 (TP)/(U/mL)

total protein
WHE(LZM)/(U/mL)
lysozyme

ik B P2 Wi (AKP)/(U/L)
alkaline phosphatase

FFEBE  liver function

88.35+1.79 90.17+3.50

24.73+1.56 25.05+1.18

242.7+14.9 269.6+11.3

6.29+0.70 4.85+0.65

50.34+4.05 62.93+1.56"

72.15£13.03 104.02+12.00

36.98+1.25 38.18+0.39

B EF(ALT)/(U/L) 47.49+5.34°

aspartate aminotransferase

A R R FE(AST)/(U/L)
alanine aminotransferase

B HHTB(TBA)/(umol/L)
total bile acid

34.29+2.09

25.33+1.73 36.15+3.01°

36.85+3.13 48.92+4.53"

1M Z(BA)/(umol/L) 33.30+4.74"

blood ammonia

B Iife  kidney function

23.2543.92

JRZFE A (BUN)/(mmol/L) 91.46+2.28"

urea nitrogen

HLF (CREA)/(umol/L)
creatinine

43.54+1.54

31.76+2.97 77.55+11.06

TOMRE A2 T BN P T TR 5
TBA REH 55 i S W JTTFUE Tk S e, — LR 40

T KPR 25 3246 sponsored by China Society of Fisheries
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xR 11 REANSERNEXHECEEE MR
Tab. 11 Effects of compound feed and forage fish on

digestive enzyme activities of S. chuatsi U/mg prot

A5 group

TiH
items Wi 4 [IARExaib i
Xiangyun crucian carp compound feed
B stomach
HEHM  pepsin 14.15+2.28 22.45£2.18"
Wil foregut
JBE NG trypsin 2732.06+145.23 3496.05+162.54
JRHIHE  lipase 475142.92 65.40+5.91"
VERIEE  amylase 0.13+0.01 0.18+0.01°
Fi  midgut
JREFINE  trypsin 1551.61+116.49 1932.93+91.32°
NI  lipase 53.53+4.49 86.78+5.50"
VENIEE  amylase 0.19+0.01 0.25+0.01"
J6# hindgut
JBE AEG  trypsin 985.40+58.74 1 405.68+121.45"
RIViT  lipase 52.14+2.63 62.98+4.61"
YEFI  amylase 0.17+0.01 0.22+0.01"

WSz EE- FEEASZRH, 2InT5 [ TBA THE™,
BA FZORPET LR N2 LA R SR o3t A
PEA I 2 LA R i O &, R BA TENT
JUEA R Z AL, BA T2 RS 45 £ B

HHFERZ —P, BUN 5 CREA W 32 % 52 5 /)N
BRIYUET DIRE, S B E DR R FEARARY, A
SN ALT. AST, TBA. BA. BUN 5 CREA
18 T e 32 53 3R I IC 5 Ak 2L I O £
FRER AN iR 2 S92, 4 5 08 A TC & i bt i
o 5 v s S A e A v 7 AR S A R e B
Y HESr

M3 TP E2AFEAMERESY, A
HH. BRED . RO, BEMmERSE, nIE
F S WAL B G2 K2, LZM AT DL fife 4 7 1Y)
N MLEE, BTG TR OC AR B Sy g
BRI, 3% T-AOC., CAT. GSH-Px 5 MDA 1§ #x
AR L S BRIV R A B R R AR DT, SR
YIRS 2 KT B UIAR DG . MR 45052 B
B, X K K SF- Y K i fi (Ammodytes person-
atus) K, BERWECA R 2 P B2 B IH A B
(E. lanceolatus) WIPT AL HE T T [ o FH HESED i
FERW, R R EYRE R T IE T-AOC #1 T-
SOD i Mk 88 hin K84 (Andrias davidianus) 518 AL
REJ), WAL, IR EARR R, AR
SRR AR B, RTREWE I T &
FEY) . MBI AFE TN REPEY BT, DTG 1A 2H
BR i TP, LZM F8 45 0 5 48 5, JE%r Sk A e fig
Jisak, [RIEHIM3% GSH-Px JHiE:, MDA FR&, #i

200 pmf

9

B BL&ARSIER & XS AL LR
L Z A5 (40%); 2. A WRHALIR T (40%): 3.3 Z MMALIFRT I (40%): 4.0 A DRHAL AT 1 (40%): S 25 AL 6% b 1 (40%): 6,10 &1
AR i (40x); 7.3 2 SIZL05)5 B (40%); 8.BC A IR IS W (40%); 9.3 2 I 8IS W (100%); 1078 & Wl RHEL 55 B (100%).

Plate II
1. stomach of forage group (40x); 2. stomach of feed group (40x); 3. foregut of forage group (40x); 4. foregut of feed group (40x); 5. midgut of forage

Effects of compound feed and forage fish on gastrointestinal tissue structure of S. chuatsi

group (40x); 6. midgut of feed group (40x%); 7. hindgut of forage group (40x); 8. hindgut of feed group (40%); 9. hindgut of forage group (100x);
10. hindgut of feed group (100x).

1 E K F= 2% 25 127 sponsored by China Society of Fisheries https://www.china-fishery.cn
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*12 ESERSENEXIHEFEHR

e il:obA )

Tab. 12 Effects of compound feed and forage fish on

gastrointestinal tissue structure of S. chuatsi

® 13 E&ARNSERNENFFERENIN
Tab. 13 Effects of compound feed and forage fish on

intestinal microflora of S. chuatsi

B A7) group
Tt H o
items Wz 4L [ieEaib S e |
Xiangyun crucian carp  compound feed

H stomach
B )5 /um 586.74+16.86 1114.62+17.41°
mucosal thickness
B foregut
WU 5 /um 99.41+20.13 108.72+27.64

muscle layer thickness
o £ /um
intestinal tube diameter
5B B /um

villus height
PREHEAR

villus number

I3 SR BH MR
branching villus number
MODR AN o 5 12/
(1100000 pm?)
goblet cell density
L%

cavity rate

% midgut
WUZE S /um

muscle layer thickness
1% BAR/um
intestinal tube diameter
28 /um

villus height
HBHR/R

villus number

I3 TRBHORMR
branching villus number
FERA N
(/100000 pm?)
goblet cell density
/%

cavity rate

J6/% hindgut

JUZ 58 /um

muscle layer thickness
[ EAR/um
intestinal tube diameter
2 E R E/um

villus height
HREHC/ R

villus number

I3 SCRBERMR
branching villus number
PRk
(/100000 pm?)
goblet cell density
%

cavity rate

2 812.79+277.68

742.68+69.55

16.92+2.44

64.62+9.82

74.26+6.38

23.6442.68

116.42+10.38

2417.86+£122.41

592.41+49.62

21.16£5.14

69.84+8.84

61.42+7.51

22.42+3.82

261.42+23.26

3 058.62+99.61

897.62+69.52

25.44+2.17

86.58+11.50

86.96+19.42

18.62+2.96

2 407.62+68.64"

082.74+84.67"

17.24+1.88

59.28+4.47

98.6249.92"

11.41+4.417

111.42+13.68

2 515.28495.23

726.84+47.47

20.41+4.85

62.36+9.14

77.4248.56"

15.82+4.41

248.68+26.32

3074.18+72.66

942.68+103.26

26.82+2.36

79.64+8.42

79.84+17.68

15.02+3.44

He DER=S(HIE. dlTEEEEYSOHE. i TEE); Bid4lR
VIR A5, S8 E 2MER, HoE OB TER BRI DR 23 36
ooy R B

Notes: Cavity rate =S (cavity of intestinal tract and pyloric sac)/S(cavity
of intestinal tract and pyloric sac); according to tissue sections, intestinal
villi of S. chuatsi are dendritic, so the total number of dendritic branches
of intestinal villi is defined as the number of branch villi roots.

https://www.china-fishery.cn

10

415 group

JiH
items it [UTiREib ¥4
Xiangyun crucian carp compound feed

AN ouT 512.67+143.67 634.33+147.75
Ace 600.36+95.05 684.97+118.16
Chaol 622.84491.40 704.19£100.16
Simpson 0.63+0.09 0.92+0.04°
Shannon 2.56+0.89 5.76+1.48°
PD_whole_tree 38.81+7.03 46.89+7.15
B8 i 1% 99.85+0.05 99.91+0.04

sequencing coverage

FALRES R
3.4 EERMNSEREFRIKN S MG
EEag

B a2 N B TR A 2EH L . Wl £
Fire WS HE AL g, iz S 2=
JEJE /DT RCS WAL, w]RE N O R R i
IR KT HR 15 04 W I Bl RE T e
THCE B T I RE 085 o BT AL
T 55 A v 28 o SR o PR AN S A O
— e e S MO, ARSI TR A DR
i) 1B R RS R E S T S, rTRER Y
P AR e B T AR Y 5 15 B 5 fuh ) 2 1 IS P vk
JE 3 i T A

Jo B T AR TG A . B 2 R F R OB
BT . WS IR RE T o AHSCHT
FERY, WERIEEREEISER T, AiEmn s
R, SRETEREEETE, IS Rz
T PE T BT E 35 N 7 2 AR IS 1, iR
U T A A A DU 22 AR AR S, i
SR ERET . P R BE AR IR
TE R W R 2 2 v T A . X TR AR
B SmRES . BT Tk S RE R RS
BHE TG X, 225 BEERY, 1
BB JULJZ J5 B2 B el TE A4 BE D 5 55, UL
J2 B L BNt o TE Wy i, A B T AR
MRS AR . WUTA KT, Boa kA
gy T S S R, BRI E R, U
BC & T m] LLa g (2 e R 98 Bk L AOIR AN
fsgsE e 2, SR, 755 AL
PRI, PR E IR BT LRI RE T . AR SR
K0t S LRI 2y i L R O E T A

T KPR 25 3246 sponsored by China Society of Fisheries
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100 » HAh  others
" WEE(R]]  Spirochaetes
, %0 * 48537 Chloroflexi
e % ® JERLEE ] Verrucomicrobia
,:E( g 60 " FFET]  Acidobacteria
8 " LT Actinobacteria
;P:’?: .g 40 = fFFE# ] Bacteroidetes
= '%' = JKEETH ] Tenericutes
- 20 ® {7 Cyanobacteria
» JZEEE]  Firmicutes
0 » FJEH ] Proteobacteria
E1 E2 E3 S1S2S3
sample
FEALR
(a)
100 ® Al others
» LA uncultured_bacterium_f Muribaculaceae
80 » ¥R R Enterococcus
e g = JLAFH IR Lactobacillus
{;E( —5 60 s BORZFIFTEIR  Clostridium_sensu_stricto_1
H#3 » FHFFEJE  Bacillus
E E 40 » ZJFERIE Mycoplasma
= % » FHAEICEE  Edwardsiella
- 20 " X5 J®  Phaseolus acutifolius tepary bean
» ILBKE R Lactococcus
0 u B JE  Plesiomonas
E1 E2 E3 S1S2 S3
sample
FEALH )
(b)
1 FHEERIFER 2 E

EMizll, SHawE. 1-3. 487 HA.

Fig. 1 Species composition distribution of intestinal flora

E. Xiangyun crucian carp, S. compound feed. 1-3. biological replicate.

e, RBREABREEET RS, Tk,
JahEAL; RIS S, Wi S5EW
W2 WHEEHEER RS, FWRZ, T
AL, [FES & B R M AR R R 2= 5
Ui B 7 18 (A R 5 A DI e AT B K 25 57
BHESI W 1 N B A — 5 2 e Sk
Z ., Tl TR RE R R R X A g ol BRI
THALIR WS F2 Y B D RE R Ul 22 G H Y, AR
(RS A 1 SRR ) 5 AR SR A AR TR
X T i 18 A A W A BAE AR R R e B 1 R
PG IR, SRR U AT DL 1 R
FREMEMZEEE, JFMHAEFENAERK, BCED
ER L . ALWEE R 52 —3, A mEH
% 17 18 T A ) 1) Simpson 45 %5 Shannon $§ %43
WEE T M, R 2R EREFE RS

[ K P2 2% 25 32 Jp sponsored by China Society of Fisheries
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T = EPA, PR R R — K IR A A R Y
AT, A B NI, w0 At
AR A IC 5 GRS 114 895 i 3 2R W b
FREER, FHENEE.

4 Zig

TEARSIG RS, ML TR a6, e
Fo & Rt B e A KR . Bk E . AR5
PEALBERE 755 LAl B T E B3 . (HER B &
P A GRDRLE TP AR SIS, P e 5 Rkl ek
R T A OLAL , DAGEIT ek (e . At
3 e R AR AU R 5

(3 7 B A SUTC 52 B s A2 B Al 25 )
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Effects of compound feed and bait fish on growth, gastrointestinal structure and
function and meat quality of Siniperca chuatsi

CHEN Jianbin', YU Jungi', XU Hangzhong', MA Junkang', LIU Tianji’>, LI Honggqin?,
LIU Cong®’, LUOHao? LIHong®, ZHAI Xuliang’, XUE Yang®, LUOLi"

(1. College of Fisheries, Southwest University, Chongqing Key Laboratory of Fisheries Science,
Key Laboratory of Freshwater Fish Resources and Reproductive Development of Ministry of Education, Chongqing 400715, China;
2. Sichuan New Hope Liuhe Technology Innovation Co., Ltd., Chengdu 610000, China;
3. Chonggqing Ecological Fishery Industry Technology System,
Chonggqing Aquatic Technology Promotion Station, Chongqing 400400, China)

Abstract: In order to compare the effects of formula feed and forage fish (Xiangyun crucian carp) on the growth,
digestive system structure and function, plasma biochemical indices and muscle quality of Siniperca chuatsi, 210
S. chuatsi with the initial body weight of (112.33+1.14) g were selected and randomly divided into 2 treatments,
feeding complex diet and Xiangyun crucian carp respectively for 68 days. The results show that: O The nutrient
deposition rate of the feed group was significantly higher than that of the Xiangyun crucian carp, and the weight
gain rate (WGR) and dry matter feed efficiency (FE) significantly increased by 23.14% and 30.53%, respectively,
while the dry matter intake (FI) of the S. chuatsi in the feed group was not significantly different from that in the
Xiangyun crucian carp. @) The muscle fibers of the back muscle of S. chuatsi in the feed group were finer. The
muscle hardness, brittleness, chewiness and adhesion of S. chuatsi group were significantly better than those of
Triploid crucian carp group, and the pH reduction value, drip loss and freezing exudation rate were decreased by
26.67%, 26.65% and 24.90%, respectively. The content of malonaldehyde (MDA) in vitro was significantly lower
than that of Xiangyun crucian carp group. 3 The content of TG, TC and GLU of S. chuatsi plasma in feed group
were significantly higher than those in Triploid crucian carp, while the MDA content was on the contrary . There
were no significant differences in the contents of HDL-C, LDL-C and HDL-C/LDL-C between the two groups.
@ The activities of pepsin, amylase, lipase and trypsin in anterior, middle and posterior intestine of S. chuatsi in
feed group were significantly higher than those in Xiangyun crucian carp. & Simpson index and Shannon index of
intestinal microflora in the feed group were significantly 46.03% and 125.00% higher than those in the Xiangyun
crucian carp group, and the abundance of Bacillus was increased. In conclusion, under the conditions of this exper-
iment, S. chuatsi fed with compound feed have more advantages in growth rate, muscle quality, non-specific
immune capacity and gastrointestinal development than fish fed with feed. This experiment provides a theoretical

basis for S. chuatsi compound feed to replace traditional diet for fish breeding.
Key words: Siniperca chuatsi; compound feed; bait fish; Xiangyun crucian carp
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