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e A AR AR A Y BB AR
1 #MRIERE
1.1 ARSI

LA Ry X DR R R ORT Sk B R S A R
KA G BT ARDEL B R BC T 2 1 R o 4k
A Z TR BN (mg/kg) « 4EA 2 A 16 000 TU;
4 4 K Dy 8 000 1U; 4 = #£ B, 17.60; 4 4 #
B,48.00; 4E4: K B, 30.00; 4E4: R B, 0.25; AR E
156 44 R C 800; 4k 4 2 K, 14.70; M1 R % 79.00;
ZIRES 73.50 5 MR 6.50; A= % 0.64. &) i iR
R B AR 4 (mg/kg) « 85 (MgSO, -H,0) 52.50; £
(ZnSO,+5H,0) 34.40; #i (CuSO,+5H,0) 2.10; 4f
(MnSO,*7H,0) 6.10; flt (Ca (105) ,) 1.60; £k
(FeSO,+7H,0) 21.10; fili (Na,SeO; ) 0.19; 4
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FUAS A AR KR A B4 9 90 86 1R 5 = (50.78+
1.15) g AR M1 2R 65 420 B8 , REHLELA 21 B ES L
FEET 20 B o i 0 7R B8 T v 4 9% 2 8] LASE I 97 5
Whi, BRaS e, AR BEILER T 3R
B K 08: 00 F1 18: 00 A THE ML, {7 FH e Wi 457 W Mg

BE IR HE G B 2GR, O R 47 (1 SR 5 K AR R
5g, B o AR A 2%0~5 %, BRI SRR
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R H(0.2540.12) mg/L,pH K 7.240.2, B HL K
PEARFFAE 45 em, @ FER I AT 8 JA
1.3 TEmRE
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W AT R AL 3 10 SR R rh R 2R IR BT i A7
TEEC I AR . RSB IS G AL IE R 3 B ARy
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—80 CUKFHPRAE FH T A Be S A Ml 6 1
1.4 MEHERSHERZ

TR0 235 AR5 % R T B 6 SR A 5 i (final weight,
FBW) 3 & K (weight gain rate, WGR) 45 & £ K
& (special growth rate, SGR) |7 £} £ %k (feed con-
version ratio, FCR) f#7% & (survival rate, SR) {4
L (viscerosomatic index, VSI) JIFA E (hepatosomat-
ic index, HSI) | At i# B (condition factor, CF) & &
it (feed intake, F1) S48 A5 S EGH AT E |, &4 br 2
TRBHE T S R 1

P e IR LA R E AE 105 CIE fRRE 4 fa LA
R KA & i A TR AT A S 2 A ahEl IR
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M7, 3R 550 “Crapil KRl MR 43 o HEH— 2
1 AL 200 A T34 A BRER K AR B 129 il 1%
2192 ,4 °CF 3 000 r/min & 0> 10 min, BE .05 FE
T, ¥ — 0 LB R 5 F T 5 229t S Ak 48 br i v
3 HT o IR AR R AR A 4 B A (SOD) 1% M
(A001-3) .13 L & (CAT) 15 #: (A007-1-1) L &
P AL AE 71 (T-AOC) (A015-2-1) \IH % (MDA)
Fri (A003-1) 1% M (ROS) 7K (E004-1) I 72 2R
FH B 50 AR W TR RIS A 9 3500 6, LR Ty
2R & B A
1.5 HIELIE

e FEAH JCHE Am 0 1155028 0T e i 45 () B 26 1 7
15 BB LU ] SPSS Statistics 25 #0447 5[]
27 225001 (One-way ANOVA) , ZH 255 B &L
B Duncan’ s ¥ , 2 7K V- a=0.05, i A £ds £ on
RSP AR
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x1 AMBRAREFRS (RTFRE)
Table | Feed formula and nutrients (air dry basis) %
TiH Item Xt CK D25 D50 D75 D25-+C D50+C D75+C
U BUESY Ingredients
U k5 Fish meal 30.00 22.50 15.00 7.50 22.50 15.00 7.50
251 Soybean meal 18.00 29.40 40.80 52.20 29.40 40.80 52.20
SX S Poultry meal 8.00 8.00 8.00 8.00 8.00 8.00 8.00
Y R Wheat flour 4.05 4.05 4.05 4.05 4.05 4.05 4.05
R LR CMC 17.45 11.65 5.85 0.05 11.60 5.80 0
T3 Soybean oil 4.50 5.00 5.50 6.00 5.00 5.50 6.00
S F KB Corn powder 10.00 11.40 12.80 14.20 11.40 12.80 14.20
SALMIER Choline chloride 0.50 0.50 0.50 0.50 0.50 0.50 0.50
A Z TR Vitamin premix 2.00 2.00 2.00 2.00 2.00 2.00 2.00
WP R Mineral premix 2.00 2.00 2.00 2.00 2.00 2.00 2.00
AL Cr0, 0.50 0.50 0.50 0.50 0.50 0.50 0.50
THMW Clostridium butyricum — — — — 0.05 0.05 0.05
P4k Antioxidant 0.50 0.50 0.50 0.50 0.50 0.50 0.50
ki85 Antiseptic 0.50 0.50 0.50 0.50 0.50 0.50 0.50
A% 0% Betaine 1.00 1.00 1.00 1.00 1.00 1.00 1.00
MFEER N Sodium alginate 1.00 1.00 1.00 1.00 1.00 1.00 1.00
EFRIST Proximate analysis
M Crude protein 45.33 45.23 45.20 45.17 45.31 45.55 45.49
HLIEIDF Crude lipid 13.08 13.12 13.04 13.20 13.31 13.17 13.26
MUK SY Ash 9.85 10.11 9.98 10.78 10.12 9.99 10.29

T HARICARACPE R, R GO D) RLER (3 o 71060 5 SORPRLER (3 10 46,390 5 ° X9 PUBPHLER 19 & 1t 6800 5 * i A MY HELAR 1 & 4ty
17.4% ;" EAREAMHLE H S8 68.5% ., Fra R4S FL4% 0.25 mm 1 M§fi . Note: Under natural storage conditions, 'fish meal (im-
port) with 71% crude protein; “soybean meal with 46.3% crude protein; *poultry meal with 68% crude protein; *wheat flour with 17.4% crude

protein; °corn powder with 68.5% crude protein. All raw materials were sieved with 0.25 mm mesh diameter.
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SRR BNEES 2 RN ISR kAW S
() L T T B B AR K-35 21 5096 B HE B8R 5 2 P AR
. (P<<0.05) , i I T MR M A1 5 A5 2 I ol . B
B KOE 35 2 50% , K 2 6 ) WGR AT SGR i
FVER TR (P<<0.05) , [AIAS FCR HEL 2 & T+
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DOBRAG BT (HAIK T X R

FH 2% 4 AT, SRV ACAS ] LG g f0 8 DL R T
TR AR B R T B A ) BB B (CF) EA EE (VST
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B P A i R A L ) Y T e AR S TR R
PRI T BRAR TR AE — o R R AR Bk (ET)
T X R
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F2 EHEBEREMTNTBRREREAOEHHEKMELE
Table 2 Growth performance of largemouth bass after replacing fish meal with soybean

meal and adding Clostridium butyricum

6475 Index Xt CK D25 D50 D75 D25+C D50+C D75+C
WA B/ g IBW 50.9140.81  50.56%0.39  50.78+1.72  50.8740.31  50.69%2.09  50.89%1.90  50.80%1.90
KIKF /g FBW 119.86=3.18a  117.48=-3.59ab 114.3241.28bc  112.712.67c 118.22==1.84ab 117.967-0.64ab 114.9142.61bc
BT/ Y% WGR 135.4141.29a  130.0343.71ab 124.6142.12bc  122.892.44c  130.4544.73ab 130.0474-3.89ab 124.61+2.63bc

EEMRK R /(%/d)SGR - 1.53740.05a 1.5140.02a 1.45+0.03bc 1.42+0.04c 1.504+0.03a 1.4840.03ab  1.45-0.02bc

Tk RECFCR 1.60=£0.07c 1.6840.02bc 1.73220.02ab 1.82£0.03a 1.66£0.04bc 1.6740.06bc 1.7620.06ab
efrat/(g/ ) F1 109.97£1.58  112.86+1.14  112.594+6.07  112.594+6.07  111.98+3.61 112.13+0.63  112.78+4.81
TG %/ % SR 100.004=0.00 98.331£2.89 98.334+2.89 96.66+5.77 100.004=0.00 98.331+2.89 98.334+2.89

BT R G R AR R R AL A e B 35 25 57 (P<<0.05) . T [A. Note: Different letters after each row of data represent significantly
different (P<C0.05). The same as below. IBW : #] {4 Jii f: Initial weight; FBW : K& i it Final weight; WGR : 3 # % Weight gain rate; SGR:
HpE 4 KR Special growth rate; FCR: 4A R} 24T Feed conversion ratio; F1: # & i Feed intake ; SR : 71 % Survival rate.

R3 EHBEREBFIMTRRERXORE &M HM S

Table 3 Composition of whole fish and muscle of largemouth bass after replacing fish meal

with soybean meal and adding Clostridium butyricum %
Wi H Ttem X CK D25 D50 D75 D25+C D50+C D75+C
JK 43 Moisture 74.97+0.17 74.93+0.20  74.92+0.13 74.97+0.10 75.00+0.08  74.83+0.12 75.06+0.17

Lefh #HEE 1 Crude protein 16.554+0.18  16.45+£0.29  16.194+0.31  16.11+£0.12  16.504+0.12  16.33£0.49  16.35+0.13

Whole fish 4 JH Crude lipid 5.26+0.21 521+0.14  5164+0.21  513+0.15  524+0.03  5.19+0.14  5.144+0.20
HLK Sy Ash 3.03+0.10  3.08+£0.05  3.11+0.06  3.14+0.06  3.044+0.09  3.024+0.04  3.114+0.05
7K 4% Moisture 78.76+£0.41  78.75+0.29  79.124+1.68  79.014+0.82  78.84+0.51  78.82+0.51  78.45-+0.33

LA M Crude protein - 18.49+0.33  18.36+0.12  18.12+1.20  18.01+£0.23  18.40+0.25 18.31+0.18  18.28+0.20
Muscle g Crude lipid 1.25£0.01 1.27£0.01 1.23£0.10 1.260.06 1.27£0.02 1.26£0.03 1.2920.01
MUK Ash 1.2470.04 1.252£0.03 1.262£0.09 1.27£0.07 1.252£0.03 1.26+0.03 1.302£0.03

F4 EMEREHHTNTBRRERKOBHNESFHERST
Table 4 Morphological index analysis of largemouth bass after replacing fish meal

with soybean meal and adding Clostridium butyricum

6 F5 Index X CK D25 D50 D75 D25+C D50+4-C D75+C

fIE$# £ /(g/cm?) Condition factor 1.51+0.06 1.49+0.02 1.47+0.02 1.44+0.04 1.49+0.01 1.48+0.04 1.47+0.06
JEARH/ % Viscerosomatic index — 6.54+0.58 6.05+0.21 5.9140.97 5.890.23 6.090.29 6.0340.26 5.99+0.27
JFA H/ ¥ Hepatosomatic index 1.52+0.01 1.51+0.02 1.55+0.02 1.50+0.04 1.51+0.02 1.4940.03 1.52+0.01

23 ENEREMIHFARINTEEENKOZGE BT RRE T-AOC 5 & F L T X 41 (P<
FF B F 1 575 Bt S BE ST R0 0.05) . 5xf Rt , BRI ARK R 75 %0 B4 K
N5 A AT, GRS AR FL A B 5096 BF, Ok #b IS T R IR 2 B9 HFIE CAT F0 SOD 1if 4 & A4 i %
FTIR TRV M S B BT I T IR E T A8k (P<<0.05) , HoAth b FRAH JC i 3 25 = (P>>0.05) o
DAREAR I P AR S, (H Y O Bk ) 7500, B IR SRR A Ao DL VR I T R 42 AT % K T 2 B i e
INT R AR R AR B SRR AT ME A S . Bl 50% MDA & T8 i 0 (P=>0.05)
() K B AR L ) 2 B3 B AR I IE T-AOC (P<< P 22 6 261, R 171 2 B i 5 3 1 4 A R AR
0.05) , 4N FE TR B J5 T-AOC 5 X B L B . KRB 75% 8 3 LT I TR E G A — &
FH2F(P>0.05) s SR G AR 75 % foky e, B 9 R BRAEAS 5 0 B A A 1B 3 25 7 (P<<0.05) . &
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Table 5 Antioxidant activity of largemouth bass on liver after replacing fish meal with
soybean meal and adding Clostridium butyricumon
5% Index Xt CK D25 D50 D75 D25+C D50-+C D75+C
T4 ROS (of control) 1.00+0.05b  1.04+0.02b  1.15+0.04a  1.20+£0.05a  1.03+0.02b ~ 1.064+0.06b  1.13+0.10a
BPUEALRE )1/ (U/mg) T-AOC  0.5040.02a  0.484+0.0lab  0.46+0.02b  0.424+0.0lc ~ 0.49+0.0la  0.47+0.0lab  0.4340.01c
LA/ (U/mg) CAT 10.954+0.19b  11.28+0.47ab 11.37+0.73ab  12.18+0.86a 11.25+0.32ab 11.31+0.34ab  12.03+0.51a
A ALEG/(U/mg) SOD  35.164+1.14a  34.00+0.22a  32.89+2.10ab 31.134+0.91b  34.24+0.81a 33.35+1.55ab 31.50=41.15b
74 ¥ /(nmol/mg) MDA 2.1340.46 2.2240.15 2.234-0.09 2.294-0.15 2.1840.01 2.214-0.11 2.244-0.12
x6 EHMBKREHFMTERREEADBHENFRNTELEE
Table 6 Antioxidant activity of largemouth bass on serum after replacing fish meal with
soybean meal and adding Clostridium butyricumon
5% Index X CK D25 D50 D75 D25+C D50+C D75+C
T4 ROS (of control) 1.00#0.03c  1.04+0.03bc¢  1.13+0.06bc ~ 1.3240.10a  1.03+0.0lc ~ 1.0840.06bc  1.140.10b
MBUELRE S /(U/mL) T-AOC  0.6540.02a  0.630.0lab  0.6240.01b  0.58+0.02¢c  0.64+0.0lab  0.63+0.0lab  0.59+0.01c
it 50.9540.19b  51.28-4-0.47ab 51.37+0.73ab  52.18+0.86a 51.25+0.32ab 51.31+0.34ab  52.03+0.51a

AALE T /(U/mL) CAT

85.27+1.14a 81.78+3.42ab 77.33:£0.87bc  75.24:£2.00c  82.0143.05ab 80.80-3.82ab  75.49-+2.20c

HB ALY E AL/ (U/mL) SOD

N % /(nmol/mL) MDA 37.134+0.47  37.22£0.15

37.2340.09

37.2840.15 37.18£0.14  37.21+0.10  37.24+0.19

PR35 31 50 %6 B R 1R 64 1LIE T-AOC 5 %] fiAH
Fb f 2 T R (P<<0.05) , i I T MR AR A1 Jis 45 21 B Jnb i
5 HL 5 X A PTG 35 22 57 (P=>0.05) o 75% Y
SRR 2 W U LT CAT HSOD i, B
INT R AR B AT — AR B Y el BT 5 0 REZH AR AE Bk
FH 25 (P<<0.05) . &2 ILIE MDA % #4703 2%
5(P>0.05),
3 i

AMFFEAE R R, TR 2520 M ok i, R H
B 1 A A P i N DR R 38 K B b R e {HL
AR KT IR 3 50 %6 J5 , K 1H R A R 7 B
1. oAb a2 Ay 2 pRaE , TIREM HHos kB
FEAR 20 040 Ha53 I A X 4 A0 B (Epinephelus fus-
coguttatus ) %1 0 1 HE R PR BRI EG £ 18 Wi ik 2 5 ), (H
MBI B R — I, H A K Z 3
K R i R B i HLAE & XUR 19 & M L, PR
X R AT A A 3 1 A A U R e 2, PR e 4%
RIS IO W E A, (H & i) S b K
L 7 R T 1T R 2 (o R 11 B %o A el o o 3 40
AR R R J7 R R o SR, A B9 ke IR R
& 50 %6 faoky P S I T B2 M2 AT , RE A HKHT TR R
SR A KA AR IR RETE — 8 B B 4 e )
(1) ) 1 2% % . Poolsawat 25150 %f %2 4k 41 (Oreochro-

mis niloticus X O. aureus) [P W58 A #1745
TERRR TR P 7 A R G TE R A 2 A AL 2
FME AL R ISR, DT B2 = AL 1 T AL R W P fE
[F) B 7 A ) S S SR A 25 T I 1 25 A R I AR K
B, LA i 38 AR 5 B AR AT, A2 2 3 ) i Y
ST WA TR, (H B AR KA F) 7596 B B
TN T R P , R 11 A A P BB AT 1) e 3%, (B4 I
AR TR RAZH AT S A< 50 vp TR M2 TR A S o
SRR R T R ROk o R 75 K OF
ARk B [ B BRIR 0 S 0 2 5 R R 0] BE A Y
W T R AR TR 45 2 A A A0 A FH KR, 7 Zhang 4
XoF PR XS A A IR A S X8R ( Cyprinus carpio 1.) BIRIFSE
I b, RSN T R R R S R L oK RE 0 4R R B
YA K PERE

Tk 35 % 2H RN SR A AN TR] , 23 X0 95 B 0 1Y
TS 248 b AL E 5 L5738 i — 2 152 . A it
FR , HARYW 8 ( Lateolabrax japonicus)" ™ Flf1
BE 111 ( Epinephelus lanceolatus )™ a6k MK 1 7
SRR g R = T | = S O £
M LA B T R R A 3 T B TR
ANV 10 22 5 TR AL 3 R ), R A 2 R i e £ gt
THFESEAERE &, T T2 05 i B IR s /D, DA T
FEML T AARH S A BT . KA S Xl SR ny g 52
PEEA YRR M 7R A B9 o A0 37 ook
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N AR, SRR 1 PR £ AT R X SRR AR B i
VR . ORI AR A SR AN TR AR TR R X
R T PR (AT 3 8 3 e X AR A R A —
SE BT (A R S B 35 Ak, x5 2 JE R
Xof 4688 S (1%) AT 98 235 SR AL o B v R TR AR TR A
Lo A g A5 S 3 1 LA S SR B4 e A T i 2D
5T
ORTEHCHT BN W BILAA T T A W i g () ) A
AJ R o AR ALA DT A AL R sz s AR K . Bt
AT 7R G0 2 ALK 32 B0 P B S & A SR AR RN
PEAT AR AALE . UL BT S AR R Ge b SOD
FICAT #&EFHEAMEH, SOD A LAt [ i HE 217 1 5
DA A FY P B A 2 AR R 2 L R g R 7 A Y
H,O, A58 i CAT [ 46 HyO RO, 3k 344
PRI H Y. A RS AL A
A AL A AL — PR AR R A, A AR,
SRR AL . MDA &5 it S 4k 9 4 5 1Y
FEEPEY S T-AOC R T HLARTE & /4 B8 it Ak
Yl B I GE Iy o Y SRR A 2 500,
R TS A P SR SR T-AOC %2k B A8k, Y
MR AIK IR B 75 06 B, I T B A I 3
H1 T-AOC .CAT .SOD 45470 S A B 77 S i 1 48 &
HE BT CYETE AR Bon, SRR A K
RAPUNERASS = ALY RN UE /R o il
24 T B Je B AE 8 (Oreochromis niloticus X O. au-
reus) FEJIE SOD 8 B 17 & 5K K F T i B AR
T3 A0 HUATT A A 2 )2 UM B E [R] 19 R 0, Bt
AU A T P AR, DU I il 2 e i Bt AP0 300 7T R i
it 22 A M SR T R 2T T S T o A A G
b 2 A K HO,, HoO, 23 il CAT X H gk A7
S, ATRER TR 35 T i A9 CAT i . X Af
AEJZ AW AT IE 2 1l 5 SOD 5 CAT i M AE A [R]
TRIRACOKE N 2B R SR IR . HURTA L
G SOD \CAT R4+ e H kit S A Wy il S5 4 Ak
it A I S A I S v 1 S 1 ) A A AR P i i
JO7 2T (BTSRRI R AR R X R 1T S 0 £ 3 38
AR TR B IR AMIBFSE . SILFES, CAT (58
PUAEALE 306 T R B ik ek, BRI T 20 i A Ak 45
£ NI/ T MDA [ 7228 Xl fE R BN R &
FAR AR LT A AL 3 MDA 5565 B 4L AR LR B0 2
EXRS . AR, ORI AR KPR R0 A
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IBESE
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Effects of adding Clostridium butyricum to soybean meal replacing fish
meal on growth performance, body composition and antioxidant
capacity of largemouth bass (Micropterus salmoides)

YT Linyuan', GUI Cong', LIU Jingwen', YANG Huijun', MO Aijie', ZHAI Yuxiang', YUAN Yongchao'*

1.College of Fisheries, Huazhong Agricultural University / Key Lab of Freshwater
Animal Breeding, Ministry of Agriculture and Rural Affairs/Key Lab of Agricultural Animal
Genetics, Breeding and Reproduction of Ministry of Education, Wuhan 430070, China;
2.Engineering Research Center of Green Development for Conventional Aquatic Biological
Industry in the Yangtze River Economic Belt, Ministry of Education/ Hubei Province
Aquatic Animal Disease Control Engineering Technology Research Center, Wuhan 430070, China

Abstract In order to develop a high-quality formula feed for largemouth bass (Micropterus salmoi-
des) , this study replaced fish meal with soybean meal and added probiotics to investigate the growth and
antioxidant tolerance of fish. Juvenile largemouth bass with initial body weight (50.78+1.15) g were used
as the research object. The fish meal content of the control group was set to 30% , and on the basis of the
control group, the fish meal content of the treatment group was replaced with 25% , 50% and 75% soy-
bean meal, respectively, which were recorded as D25, D50 and D75 treatment groups. In addition,
0.05% Clostridium butyricum was added to 3 treatment groups D25+C, D50+C and D75+C. After 8
weeks of experiment, the growth performance, feed utilization, body composition and antioxidant perfor-
mance of largemouth bass were analyzed. The results showed that when 25% fish meal was replaced by
soybean meal, there were no significant differences in growth performance, body composition and antioxi-
dant capacity of largemouth bass (P>>0.05). But weight gain rate (WGR) and specific growth rate
(SGR) decreased significantly (P<<0.05) , and feed conversion ratio (FCR) increased significantly when
the replacement level of soybean meal reached 50% (P<C0.05). The oxygen species (ROS), total antioxi-
dant capacity (T-AOC) and superoxide dismutase (SOD) in liver and serum were also significantly
changed (P<<0.05). However, there were no significant differences in WGR, SGR, ROS, T-AOC and
SOD between the group supplemented with C. butyricum on the basis of replacing 50% fish meal and the
control group. When the replacement level reached 75% , the growth performance and antioxidant perfor-
mance of fish were improved by adding C. butyricum, but still significantly lower than that of the control
group. To sum up, the addition of 0.05% C. butyricum could improve the negative effects of 50% substitu-
tion of soybean meal for fish meal on the growth performance and antioxidant capacity of largemouth bass.

Keywords Micropterus salmoides; formula feed; feed additive; Clostridium butyricum; soybean

meal replacement ; growth performance ; oxidation resistance
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