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3. RHEHAABE K= 22 b R K PE A 25 Bl s S0 %8, e 3003845 4. il SHESEHEERAR L) &
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o OE. AWFEER PRI T BRI (Clostridium butyricum ) XF 5 471 ( Ctenopharyngodon idella ) 4 ¥ M BE I M7
T | D T RE AR B8 1 OS2 0, 198 A0 4R VA Ht R (23, 780. 68) ¢ F{EFRE 5 11 600 2 , BEAIL SN Jy 4 41, 4
HINEL, GNELS0R, XA (To4]) R MR ILAL R, ST (T1. T2 T3 41) 43 LR A 13107, 1x
10°, 1x10° cfu/g T FRHR B A9 1 RL, SE00 el 300K 56 do 25583 I 5 TO 4 AH L, T T2 1 T3 21 £ (i 1% o
(WGR) FI4FE £ K2 (SGR) i 3N, 715 R (SR) Tl & 22 5% . 5 TOUAH L, T1 . T2 F1 T3 41 5540 Y 1L 35 48
AL AL (SOD) (i AL EUBE (CAT) 5 B (LZM) 3% P S 25 08 v, #MA €3 & it B 25 0 v (R4S TN e il
(ALT) 4 B G (AST) 16 M B R . 5 TOZHAH F L T1 T2 F T3 21 £ 19 28 A DG BE (X 1 4 if - R -8
(IL-8) A4S Z- 1B (IL-1B) ABEBREE (1 M (IgM) AR SR BT A T - o (TNF-a) [ mRNA MIX R ik B 3% F
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HESHES: S963 XHERPRARED: A
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R TIREZ —, & — PR 22 R
FHPEFT B, B 7= AR s R 4 A & B AR D
2 PR S ) AERHE AR TIREY . B O
Iz HWEZK ™ sh AR & a9 iRk s insn), 1A
7 W 8 ARAE , P BE v 1 1 T AR TG P AN e
I, 0 B AR YRR A . A T R R
PRI AT LA™ A Z2 R RD S SR 5T, ST LA A
EW A Y PR TR R
T R E S L 5 (Miichthys miiwy ) FIEG 3 4 X R
(Litopenaeus vannamai ) 3% 5 It b B2 I 7105 %
WA RN T IRR AR S T RE
FREPA BT T o T R AR A AR S T B B R
PR EA AR T B RIS PRI, A8 S8 i o A
Tl ek A 23 AR N 1107 1x10° F1 1x10° cfu/g T 12
PR, B 50 LX) B A A KPR RE S e D fig S s
PERYSZ 0, PPAL T R AR TR A DR o A 3 S
K-, BTN T R AR R AE £ 1 BE 5 FDRE
FHAR AR G A B AR

1 MRS TE

1.1 ZEHR

TR R T 2R FEAEWRL (&) I
A BRA ] o i B 5.0%107 efu/g. FE7K
P TR A A S 0 R R R o S Aok [
M A SEA TR RS
1.2 LA

FLAh T ek A R B R KT LR 1, AR SRR
FHE T R T A R MR B A, X HR2H TO 5 PR KL
BlVERDRE, SCE6G2H T1 . T2 F1T3 43 M 7 1x107
Ix10°F1 1x10° cfu/g (9 T PR AR R A 1k, B8 7
2 MK FE R REFURE 2 0 B E LR R 3 60 H
i, RS A N4 1x107 1} 108 A1 1x10° cfu/g B9 T
i A2 P Tk 4 HE Pl 20 30 22 1 Ee 481 3 28 FR TR B AL
TR EIAG SRIG I INZE IR IK 200 g/ke IRA
A7 J5 N TR B A% 2.0 mm 2645 B URL Rkt T,
20 CIAfFER H

AR R ST 25 F R IR 2 JE O 45 0 3 Al AR
B PRGN FRTH RS0 44 600 0] i 7 X 14 o
9(23.78+0.68) g AR (AL L 4 2H , 1540 3
ANEE BAREE SR, TR . AR 7:00.
19: 00 5 M FL sk 35 1 BH (b AR5 R CA 1k, $E 0 56 d.
SERG LR, KR A pH AR FRFAE (25£2) “CH17.0 ~
7.5, B A S AR EAE 7T mg/L DL b, 2 K(<0.2 mg/
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L, W AE 2 £5<0.005 mg/L, 5 K =43 2 — 4554 B
A

1 ERANERRERAT

Tab.1 Composition and nutrient

levels of the basal diet %
T H Ttems F ig Contents
JER R FERL) Ingredients (DM basis)
1 Soybean meal 25.0
i} Fish meal 20.5
M1 Rapeseed meal 20.0
FKEHH Corn gluten meal 6.0
/NFE K Wheat flour 21.0
TR Kl Premix 2.0
T2 Soybean oil 2.5
WA A4 Ca(H,PO,), 2.0
SALHETL Choline chloride 1.0
A Total 100
EF2/KF Nutritional levels
ML H T Crude protein 29.24
HLUIET Crude lipid 3.83
W5y Ash 13.71
K43 Moisture 9.56

- WU A & T o AR 4 v, 1500 TU, V300 TU,
V. 750 mg, V35 mg, Fe 2.5 g, Cu0.075¢g, Zn 0. 75 g, Mn
0.5¢g, Mg5g, 122.5mg, Se3.5mg, Co7.5 mg,

Notes: The premix provids the following per kg of diets V, 1 500
IU, V,, 300 1U, V750 mg, V, 35 mg, Fe2.5¢g, Cu0.075 g, Zn
0.75¢g, Mn0.5¢g, Mg5 g, 122.5mg, Se3.5mg, Co7.5 mg.

1.3 HmXE&E

PR SR S5, T A A B 24 b AR JE AE
il ER A MS-222 BRI . 71 5% 14,28 (42 F11
56 d i, RS A BEAILET 3 e, FHJC TR U
S As R KR I, BEJS BN 4 “COKAR , B E 12 h,
4 CE4F 3 500 t/min 5540 10 min, B 2 17545
B, H T80 CERIE VKA PRAF T INET , f0 B
H70% T % , S B TC T 99 T HT I AR, i
A MGEAE i TE WA R TR L AR R PR U B
~80 “CUKAE P ORAT, MEHES T 5 22 RNA I
1.4 $EHRE
141 KPR

TE 7 B S 96 235 o 0 S 38 #4144 7 1 (Bodly
mass, BM) , 3 X £ 21 6 E 47 7 H 50, 1B A7 15 R
(Survival rate, SR) . 3 & & (Weight gain rate,
WGR) %ﬂi#ﬁfifi%(Speciﬁc erowth rate, SGR) ,
AR

Ry=(m,—my)/mx100% (1)
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Ry=(Inm,—Inm,)/dx100% (2)
Re=n/n,x100% (3)
Ry TR % m NWARRT R, g3 m, A
TR, g5 R MFFEE KR %5 d WFRFEREL, d;
RONAETEHE, Yosn WER RN, 8 sn WU FEEL 8 -
1.4.2  BEEPE 2
AP AL (SOD) i A AL B (CAT) |
A B T (ALT) (4% B 5% 20 Wi (AST) %5 1 Tl
(LZM) AMA C3 {5PE Y R B Rt e A ) T RE AT
S8R &I E .
1.5 HRBEHEXEERRIEKFERNE
H Trizol i 7 (Invitrogen) $& B &L RNA, #8 4
Promega M-MLV RT3 4530044 5 il cDNA, HI T35
A EE i PCRAMIT. PCR A5 1175132 F Primer
Premier 5.0 FH(3£2). MMEHE RIS, FIH]
SYBR Green(TOYOBO)i#17 qPCR I, 9 3G«
95 ‘CHIAEM: 4 min, SR 5451 95 °C 10 s,1E k56 °C
20 s, ZEfH172 °C 30 s, He40MEIR . SLHERH B-actin
YERNSIER 2 A G A B,
1.6 Rstid
TSRS A, AT 14 d g K AR
MUY LG . B2 30 BB fn, R4 3
17, A 4 A P4 R I T 5 0.2 mL VR 2R 1X107 efu/
mL FE /KRN PR TR . B R AR R DL S S A e
K BURE e B H WSS A0 Y AR AL T O o

#2 RT-PCR5|#¥F5I
Tab.2 RT-PCR primer sequences

[ 5IYIFA(5'—3") JF 505
Gene Primer sequences(5'—3") Number
IL-1B-F GGAGAATGTGATCGAAGAGCGT
EU047716
IL-1B-R GCTGATAAACCATCCGGGA
IL-8-F ATCCACGCTGTCGCTCA
EU047717
IL-8-R TCTTTACAGTGAGGGCTA
TNF-a-F ACGCTCAACAAGTCTCAG
EU047718
TNF-a-R CTGGCTGTAGACGAAGTAA
B-actin-F GATGATGAAATTGCCGCACTG
M25013
B-actin-R ACCGACCATGACGCCCTGATGT
IgM-F TACCTCCAACTCCACCACCC
DQ417927.1
IgM-R TCCATTTGAAAGTAAGCGAGTC

1.7 HiRAES S

S 25 IR DL Y {E 45 ME 22 (Mean+SD ) 3%
71N, K JH SPSS 22.0 GEiH AR T A7 a4 T 5L A
E %5 M1 (One-way ANOVE ), i f5 & A Duncan
AT Z H LA, MK SR P<0.05 .

2 45

2.1 fARNRMTERREXNESE KRNI

M2 3T AHL, 5 TO AR EL , 45 5L B0 4 Y B £
R R IR A A OR 3 T (P<0.05) , 4% S5 5%
4 2z B A 3 E R AR E A KR T 2R
(P>0.05) . X4 5 5050 4 AE A7 05 % 1 o i 3%
Z5(P>0.05).

F3 ARRINTBREES6 KR EE £ KN

Tab.3 Effect of feed on growth performance after 56 days n=3
i H Ttems TO T2 T3
WHAPRF & Initial body mass/g 23.78+0.68" 24.12+0.83" 24.00+0.46" 23.98+0.86"
ZANRF & Final body mass/g 34.97+0.53" 37.17+0.70 37.32+0.27 37.08+0.52"
1 % WGR/% 47.08+1.73" 54.15+1.49" 55.52+2.07" 54.69+2.36"
PR A K% SGR/% 0.68+0.02° 0.77+0.02" 0.78+0.02" 0.77+0.02"
TEHE R SR/% 97.55+1.13" 98.66+0.54" 98.44+0.31° 98.66+0.54"

TE R R PR AN R R 28 5 .25 (P<0.05) .

Notes: Values with different letters within the same row indicate significant difference (P<0.05).

2.2 ARGRNT B AR E X & A 5 B R TR AR
=]

Hy 1T, 56 4] TO AH e, T1, T2 A1 T3
ZH A I P SOD A TE A B 3 42 R (P<0.05) , I
Wi 7 5 o ] 0 K S B0 S 4 o i PRI 3 FE 5 14
FIRFNEM (K 1a) . XTI TOAH L, T1. T2 Al
T3 20 %A I3 CAT A9 96 7 1 3% 42 %1 (P<0.05)
H A LI 4 (A0 CAT I PERE % T BR AR B 48 fin

SEIG I AR R ARSI A 1}10° efu/g B 3K 3] 5
K(E1b) . SR TOM H, 7658 0 KA 14 K,
T1.T2 A1 T3 ZH B0 ALT 3G M A 3% 22 7
(P>0.05) , T 7E 55 28 .42 .56 FK I, FIf A5 52 56 241 1fiL.
T ALT 35 PE B K T T04H (P<0.05) , WA 1c. 5
X HEZH TO A E , 7E 55 0 KR AT 14 K, 5256 20 %5 1,
T AST 1% PR3 AT 2 22 5 (P>0.05) , 1M 7E 56 28,
42 156 K, fr A SEgG A4 I 7E AST 16 M B &K T
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Fig. 1 Effects of C. butyrate on serum enzyme activities of Grass Carp
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Fig. 4 Effect of C. butyrate supplementation on grass
carp disease resistance

3 e

3.1 fAREMTBRENEEE KRN

TR WAE N —Fh s A B C Iz W Tk
FEFRRE Y AEZ AT S T, C A RE T
ZRT TR WK S Y B RS
TE ¥ Fi4h1 (Pelteobagrus fulvidraco ) AR5 H , fa) ek
FRR N 4.8x10° CFU/kg 1Y T TR AR B ] 1 25 4 vy G
A K RE R RE I S TR R £ B E B 6%
(Trachinotus ovatus) F) BN i 2x107 CFU/g 1Y
TRRAR 4 & 1 BRI R 62 1 AR K B A A
FHERDS AR R RN 1.7%10%~3.1%10° CFU/kg 11
TR A LR R & P AR (Oreochromis
nilotica ) 1) A 1 1 BB RAR) LI 310 76 B 1 X
¥R (Penaeus monodon) ¥ M 1x10° CFU/g T R ¥
WAL E S T AR TEARE ST T,
B AT PR AR TR UL RE 8 2 i s A 1 1 o
AR E AR, R T IR AT B TR ey B
A K PERE . T R TR X AR K RE I AR AR T
AR5 38 TPz s A A A 0 R AR DR
IR RN T TRAT 5 o JELEE N D5 R RE A o 1
200 A 05 i 4L A e ke R, 2 v A O A T 1 3
P, WA 5 Sl 6 Ak rh o 5 0 o ) i i M
(L7157 3RS N
3.2 AR T RS B X E A AR RN

I ARG bR 5 PR BRIk 0 L K
P O FR B, BRI , I3 48 b 18 H AR O A e £
PARTE FRAR DL A AR 10 0O B 58 3 1 AR50 174 O
TREC

ALY E ARG (SOD) & —Fh HA fig b Th g
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A, A AR, ol i B B
TR BB A B B F A 3%, dERR R Wik B iR 3
ot 1 sh A, B R 9P B8R T i A i
FBH 15 2 AE R . 2o A S (CAT) 24
A4 A st AL S0 il B — e 77 1 LA 4R
b AR HUR S 2 B AR i EE Y AR,
] La iR , BEE U IR 235 22 SOD Fl CAT Hi 3
B B SRR AR I 1.0x10° cfu/g T TR IR B
B, ML SOD 7E 565 14 K ik 206 (E H 42 R %) 1.5
i, MG CAT £ 55 56 KB 38 S 05 (H H $2 5 %) 1.4
o 2BV N 2% A B B, R DL iR 0l h
SOD Fl CAT (i 1 , 45 R 5 B i ARER TR 6
(5 FNBE T X AR AR I 45 SR — o2 S Al
ARG HGGE |, AR s At 25 A B (M A
AT TR FRG R 2 AT ) , BT AR SOD T5
B AR I T R AR T B A R R R
MIHT AL RE T, T RESE T T B M B BB S T [k 5y
YR 9 5 PR R E H 3 BRI BT Sk
i HH A ™ W T 12t A 38 5 38 im0 e AL S
P AR D T S W S T T AR AR 1 2
. EHABMATTE P A U S5 5, 3 T 4%
AR CAT V& MES R, AR R B I T TRAR A
AL A AT B, At Sk i 3

MR SR 5 T A 2 B AR o EE L R TR ) g
T FEROR AR s PR PR E A W5 2 F ) it
WS R BB S RE IV AR A TE B A S I
PRETEBRS 21 W 1 TR, 2F 28 .42 .56 K455
B2 AMA C3 /K- 35 5 TR IR . X 5 A e
(Epinephelus drummondhayi) \# ( Cyprinus carpio)
1423k 8 (Sparus aurata) (55 45 AL, 25 4
PR FT DA 8 A0 20 ) AR AMATR R 2420 T RRAR A
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Effect of dietary Clostridium butyricum supplementation on grass carp
growth performance, immunity, and resistance against Aeromonas
hydrophila

HOU Tinglong'*, LIU Huiru’, TU Yanfang®, ZHANG Jiaying®, LI Chuntao', CHI Qingsheng', WU Jiale®

(1. School of Biology and Agricultural Science and Technology, Zunyi Normal University , Zunyi 563000, Guizhou, China;
2. Institute of Hydrobiology, Jinan University, Guangzhou 510632, Guangdong, China; 3. Tianjin Key Laboratory of Fisheries
Ecology and Breeding, School of Fisheries, Tianjin Agricultural University, Tianjin 300384, China; 4. Foshan Qingzhou
Ecological Technology Co. , LTD. , Foshan 528000, Guangdong, China)

Abstract: This experiment was used to study the effects of dietary Clostridium butyricum addition on growth
performance, serum biochemical indices, immune function and disease resistance of grass carp
(Ctenopharyngodon idellus) , in order to provide theoretical reference for application of C. butyricum in
aquaculture. A total of 600 healthy grass carp with similar body mass of (23.78+0. 68) g were randomly
divided into 4 groups with 3 repeats for each group and 50 fish per repeat. Grass carp in the control group (TO
group) were fed a basal diet, while others in experimental groups (T1, T2, T3 groups) were fed basal diets
added 1x107, 1x10%, 1x10°cfu/g C. butyricum, respectively. The experimental period lasted for 56 d. The
results showed as follows: Dietary adding C. butyricum had significant effects on the weight gain rate (WGR)
and specific growth rate (SGR) of grass carp, while had no important effect on survival rate (SR).
Conversely with the control group, the activities of superoxide dismutase (SOD) and lysozyme(LZM) , as well
as the content of complement C3 were significantly higher in the experimental groups, while the activity of
aspartate aminotransferase (AST) was significantly decreased. The expression of 4 immune-related genes (IL-
8, IL-1B, IgM and TNF-a genes) in the experimental groups were significantly higher than that in the
control group. After feeding probiotics for 56 days, the grass carp were challenged with Aeromonas
hydrophila. The results indicated that the cumulative mortality rate of grass carp in the experimental groups
were lower than the control group. Based on the results of this experiment, feeding basal diets added C.
butyricum has a good impact on growth, immunity and disease resistance improvement for grass carp.

Key words: Clostridium butyricum; Ctenopharyngodon idella; growth performance; serum antioxidant

capacity ; immune function; Aeromonas hydrophila
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