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T RE A RS
1 MEE A

1.1 SCISTER

Hr, 37 CIRAESEFRATEALEE IR 24 h, WAOTEL,
B 7 2R TE He B, 5000 r/min 250 10 min, JCIE 2E
ERIK A BE R B A8 TR AR M o 2O LR FE R P 48
W, WINE &S Y. &4 44 R BIRE A
0.05% Y,050 #&— 8 W BEHE T R 1R T TR AR I 34 2)

SCHRPT T R R R B R e R R BT, A R 6 Bl T AR R
WA OREE B L TR W AH#2% I E R o FIR). 1x10*, 1x10°, 1x10°,
frEMe A BT . T RRAR I A TR A R 1107, 1x10° cfu/g (% 1),

=1 IWIERERREFRKE
Tab.1 Composition and nutrient levels of experimental diets
BiH TEMREAKF  C. butyricum levels
1tems 0 cfu/g 1x10* cfu/g 1x10° cfu/g 1x10° cfu/g 1x107 cfu/g 1x10° cfu/g
420y beef heart 79.16 79.16 79.16 79.16 79.16 79.16
WFPY shrimp meat 19.79 19.79 19.79 19.79 19.79 19.79
A E R TUREL  vitamin premix® 0.50 0.50 0.50 0.50 0.50 0.50
WA TRIEEL  mineral premix® 0.50 0.50 0.50 0.50 0.50 0.50
I Y50, 0.05 0.05 0.05 0.05 0.05 0.05
&it tatal 100.00 100.00 100.00 100.00 100.00 100.00
EHFR/KF  nutrient levels
/K4y moisture 77.80 77.61 77.53 77.82 71.75 77.62
A crude protein® 85.40 85.50 85.55 85.60 85.40 85.50
KRR crude lipid® 8.40 8.45 8.40 8.42 8.44 8.42
¥4 crude ash® 4.30 4.40 435 438 4.40 442

1) 4B RFURRN mgaIU/KgHRD, 442 3A 750 U, #4E4 KD, 1450 1U, 4iERE 7.7510, 4iE KB, 2.5 mg, 44 %KB,2.5mg, 4%
Bg 2.5 mg, #4E4EKK, 1 mg, MK 7.5 mg, ZMWAS 7.5 mg, M#R0.4 mg. 2) W ¥ FiREN mg/kgiBRD), 14 mg, #:123.5mg, 4H16.5mg, %%

24.5mg, f0.08 mg, M3.25mg, % 0.325 mg.

Notes: 1) vitatim premix (mg or IU/kg diet), VA 750 IU, VD5 1 450 IU, VE 7.75 IU, VB, 2.5 mg, VB, 2.5 mg, VB, 2.5 mg, VK3 1 mg, nicotinic 7.5 mg,
calcium pantothenate 7.5 mg, folic acid 0.4 mg. 2) mineral premix (mg/kg diet), Cu 4 mg, Fe 123.5 mg, Mn 16.5 mg, Zn 24.5 mg, Se 0.08 mg, I 3.25 mg,

Co 0.325 mg.

1.2 SAaNAFEE

T AL 1 p b VT A2 LB 7K R S 3
ﬂﬁho%ﬁl%%%ﬂﬁﬁ[W%WEQmi
0.40) g, & K (3.39+0.26) cm, 1K & (2.90+0.12)
cm] MA&, BEHLSTE 18 NFRFASGL (35 cm x 45 cm x
35cm), R 6 MR, A IANER, M
10 B, SLgd i, GLNOREF 24 h RS, W
4A>5 mg/L, 7K (29.0£0.5) °C, pH 7.8+0.3, &K
FE AR E 4%~5% #E 47 I (8:00. 13:00 Al 18:00),
FEARE AR G LR T IR R, 4% 1 h e IcsE
IR EARAET—20 °C. BRHEK 173, SLE)H
W1 8 Ji o SEER I FR T ERE N D1 AR ST SE IR B
YAE A8 BT .

1.3 HEMRERMESH

TR TER SR 5 2 4,
FERFHA | h JFUWEEZEME, R4 T-20 C. 1A
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FZEAE h Y,0; & i R H 5 B I R 5 65
(ICP) M 5E o ¥ NI HE

T8 I A R (Y%)=(1—1H B Y,0, & & /3%
R Y,0; F)x100%

BEFRYBHR (Yo)=[1-GEE T E =Y &
/R E IR B )< (TR Y,0, B /2R
HY,05 % 11)]x100%

A K Fa AR F8 47 TSR 4 R s, 2
24 h, ] MS-222 (100 mg/L) BEEEFRE 5, 1t

BRAER | RREARKR . MK E REK
ORGSO RETERE . R REL. R %
TANAKTHE

1 R (WGR, %)=(2 K K & —) Iy 1 /4]
IRIRTE x100%

FiE A K # (SGR, %/d)=(In £
A E ) I K K< 100%

K # (LGR, %)=(A R K Ptk ik K )/
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IR x100%

R m A (HGR, Y%)=(Z R &0 ia ik )/
IR =% 100%

PR (L/H) =R /2R R

AEH B (CF, g/lem®)y =R AR /A KKK %100

PHAL R B (FCR)=THRHE IR /(LR AR -1 1R
RE)

B % (SR, %)=4 K i S R/ Ih R
Hx100%

FTAERRSEE BAOEEEYIE R
i, SR AOAC Fnifi Jy x4 i S AL H B8 77
WA IEATINGE o K43 R A 105 °C Tkl g ; #l
A ECR YIS 7AW ; MW & 2R A
ST -H AR BOEI R . HLK A R A S g K
SPRIE . HE N AN

B A BT (PR, %)=(Z R KB AR M
B 0 B 0 bR R B bR 4 f0 B T B )R
F T A < 100%

JIg W5 TR (LR, %)=(A AR EH <LK L faflg
U 5 ) U AR <) U 4 £ g T 1 )/ AR
1 x100%

M8 LE AR M S B E M BT AL
B3 B, 55H0.5 em P GIE, A CARICH
WA 4% ZRPEFRRMELE T, KR TRAE;
FIAHEHLAEAN S mL B0, WA, A7
TF-80 C, HIFHEEGERI

Ay R 4 &5 WK v i i 1 [ S 24
h G R, 43T HE 3L 0 (5 AR -0 41)
1 AB-PAS G (a (B[ i -GDS-F5 i), SRAHEH
¥ (Pannoramic MIDI, 3D HISTECH) # 17 4> 75 /i

EEE T

HACEE B BALAR K BEE AR T T
fif (AMS). BEWiEE (LPS). JBEEE HEE (TRY)., N
i (MDA), 1%L Sl (CAT), #8 S 1k 4 1L i
(SOD) FliA Ji 7Y 2+ Jbt H K (GSH) F5 A 18I 2 >k
MR E Y TR ITAR &

F 1B R 4 42 & RS B BR (short-chain fatty
acids, SCFAs) &2  HWAELFHLI3 B,
BB N EYFA 1.5 mL K08 TIR%IRS,
S A 35 2 (Agilent 7890A/5975C -5 B¢ J1
10 M5E 18, WIR, TR MRS &,

1.4 BUEESHT

S B F - Y (E AR E 25 (meantSD) R,
K H SPSS 22.0 4t it #1447 B R 2 5 2 40 i
(One-Way ANOVA) & Tukey [RZ & L #, P<0.05
h2ES

2 4R

2.1 HEKFAFEIKIERR

SXTRAARLG, T R U N2 L Rl £
WGR. SGR fl FCR % 7 & & % (P>0.05), {H
1x10° cfu/g % Jil 41 WGR F1 SGR #5573 51l 42
11.83%. 8.61%, FCR [#M% 19.65%. #sfiZH LGR.
HGR il L/H [i] 22 58 W3 (P>0.05), FRIAZE R )G
B AT R R 100% (& 2).

22 HFERSEFRFA

S AA L, 1x10° F 13107 cfw/g T BRHR
RN AL A AORLAR (0 B B B R (P<0.05), BR

2 TEEREX-CR IS E KRR
Tab. 2 Effects of C. butyricum on growth and body index of S. haraldi

i g TEMRBKE  C butyricum levels

items 0 1x10* cfu/g 1x10° cfu/g 1x10° cfu/g 1x107 cfu/g 1x10° cfu/g
WER/% WGR 273.37+60.49°  275.69+65.15°  305.72+56.45° = 297.94+62.81°  304.51+64.23"  296.12+70.39"
BrE K /(%/d) SGR 2.09+0.67* 2.13+0.50° 2.27+0.51° 2.23+0.48" 2.24+0.56" 2.19+0.61°
KK 2% LGR 54.39+17.85" 49.37+20.29° 59.16+15.84° 56.42+15.17° 59.17+16.94* 58.03+18.87"

A miK3%/% HGB 36.74+14.95° 32.47+14.16°

K/kE LH 1.34+0.15° 1.33+0.14°
B3 EE /(g/em®)  CF 5.09+0.61° 5.86+1.27°
THE RE FCR 3.46+0.56" 3.14+0.72
IER/% SR 100.00 100.00

39.21+14.13*

36.82+17.26" 40.80+17.51° 38.38+19.07°

1.35+0.14° 1.35+0.16" 1.34+0.17° 1.36+0.19°

5.14+0.61* 5.28+0.51° 5.07+0.58" 5.04+0.50°

2.78+0.33° 3.21+0.40° 2.92+0.44 3.79+0.40°
100.00 100.00 100.00 100.00

e FATHFR T BER 2 R A B (P>0.05), FTARIFERRZE 7 B34 (P<0.05), FFH.

Notes: In the same row, values with same letters mean no significant difference (P>0.05), values with different letters mean significant differences

(P<0.05), the same below.
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1x10° cfu/g #% I 21 36 1 BT AL R B 3% e s (P<
0.05), HAREINALE FRTTBRFH LR 2E A R

= (P>0.05) (3 3).

®3 THRRENEREHLEFEAREFTFRNZME

Tab.3  Effects of C. butyricum on body composition and nutrient utilization of S. haraldi %

WiH TERE KT C. butyricum levels

items 0 cfu/g 1x10* cfu/g 1x10° cfu/g 1x10° cfu/g 1x107 cfu/g 1x10° cfu/g
7K4>  moisture 76.23+0.23" 76.37+0.34" 75.62+0.24" 76.33+0.32° 76.55+0.14° 74.94+0.41°
HMEE  crude protein 14.28+0.05° 14.60+0.20" 15.84+0.05" 14.74+0.17% 15.14+0.56™ 14.43+0.12%
FIRWT  crude lipid 3.12+0.12° 3.14£0.22° 3.12£0.14° 3.13£0.47° 3.14£0.14° 3.13£0.12°
K5 crude ash 3.45+0.13° 3.4440.14° 3.45+0.22° 3.44£0.16" 3.45£0.23" 3.45+0.38"
EHEFUUAE PR 23.71+£1.92° 25.56+1.50" 28.22+0.91° 25.03+2.93" 26.41£1.70 24.11£3.40"
JEWI IR LR 25.19+2.60° 27.31£2.01° 27.1743.66" 25.60+1.41° 26.32+0.97" 25724227
EHEFUHLE  ADC of CP 70.62+1.44° 73.2542.57% 75.53+1.42° 71.31+0.78% 71.63+1.81% 70.30+1.73
WM ALZE  ADC of CL 64.21+0.14° 64.85+1.12° 65.12+0.12° 65.10+£1.20° 64.42+1.32° 64.33+1.45°
THFHZE  ADC of DM 78.12+2.30° 78.30+1.01° 80.31+2.03" 78.14+0.41° 79.7142.10° 78.204+0.92°

H: ADC.ERMIHE: CLAAMGEN: CPAIEH: DM.T#M: PR AR LRARTIIRR.

Notes: ADC. apparent digestibility coefficient; CL. crude lipid; CP. crude protein; DM. dry matter; PR. protein retention; LR. lipid retention.

2.3 BpELHALE

S IAHAA L, 1x10° cfu/g T FRAR I U In2H
LR AP H o EHES ST HIR % (K ). 4%
TS IZH s B8 e R A B 4R (P<0.05),  1x
10° cfw/g I INAL 906 F8 B 8 35 i T HAB A 4 (P<
0.05), s i V)2 B 25 % A i 3 (P>0.05)
(# 4). AB-PAS ez R, 1x10° cfu/g TN
2 Ji 3 PN W 5 0 TR 2 B 43 A b 3 v T R L

=

E1

TEIAIBEDHARYIF (HE RE) YRER

WUk Z A e iE B % (K 2).
24 BREHCEBRITE ILRE

X IRLEAR LG, 1x10° cfu/g T FR AR I s I 2H
£ R A i P 1 TS M S AR (P<0.05),
K416 AMS, LPS {5122 % K B2 (P>0.05), B&
1x10° cfu/g ¥ J 41 i 18 MDA & & W & F# ik
(P<0.05), #41[E] CAT. SOD il GSH /K22
SREE (P>0.05) (% 5).

1~6 2 Bl R R AN 0 FIR). 1x10%, 1x10°, 1x10° 1x107, 1x10°cfu/g TR B G &%k, TR. VHREEE, VW.45

EBRE, MTHZEE. 200%,

Fig. 1 The observation results of midgut tissue sections (H.E staining) in different treatment groups

Histological examination in 1-6 respectively shows the morphological changes of midgut after feeding 0 (control), 1x10*, 1x10°, 1x10° 1x107, 1x10*

cfu/g C. butyricum to S. haraldi, the same below. VH. villus height, VW. villus width, MT. muscular thickness. The magnification is 200 x.
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F4 TEREREMN-EHEHLEBESENEM

Tab. 4 Effects of C. butyricum on intestinal structure of S. haraldi pm
WA TR EKFE  C butyricum levels
items 0 cfu/g 1x10* cfu/g 1x10° cfu/g 1x10° cfu/g 13107 cfw/g 1x10* cfu/g
HEmE VH 228.87+11.49° 283.50+6.18" 366.43+18.93" 298.63+3.10° 282.50+2.00° 282.53+2.08"
BEKE VW 127.77+6.53° 127.97+3.69 144.73+5.36° 132.67+2.41" 126.83+3.59° 125.33+3.94°
WUZEEE MT 24.80+3.08" 29.10+4.18° 28.57+1.60" 27.77+1.25° 23.90+6.10" 26.53+1.86"

BOHRRRF 2, 200%.
Fig. 2 The observation results of midgut tissue sections (AB-PAS staining) in different treatment groups

Black arrows indicate mucopolysaccharides. The magnification is 200 x.

x5 TEHREEXN-tFSWEFEI NN
Tab.5 Effects of C. butyricum on intestinal function of S. haraldi

TBRRE K C butyricum levels

oiH

items 0 cfu/g 1x10° cfu/g 1x10° cfu/g 1x10°cfulg  1x107cfulg  1x10° cfu/g
JEHBE/(U/mg prot)  AMS 0.90+0.03" 0.97+0.22° 1.1240.12° 1.18+0.09° 0.98+0.12° 0.980.22°
fig Wi BiE/(U/g prot)  LPS 33.7542.54°  33.93+431°  36.98+10.68"  33.79+4.82°  3424+251°  33.76+6.07°
2 FIB§/(U/mg prot)  TRY 13.15+0.14° 14.58+1.23° 19.88+0.36" 15.78+2.11° 15.99+1.47° 14.24+1.02°
I H A/ (U/mg prot)  CAT 8.65+2.56° 9.54+0.91° 9.57+0.20° 9.29+4.93" 8.92+1.38" 8.61+0.64°
AN AL EG/(U/mg prot)  SOD 36.57+1.13"  36.78+6.53"  38.61+1.73" 41.13+8.55 34.12+5.07"  35.33+1.83°
IR AL B H K/ (umol/g prot)  GSH 29.61+3.84° 29.81£9.56" 31.39+2.94° 34.37£9.60" 32.03+3.94° 30.76+3.66"
7 —B%/(nmol/mg prot) MDA 3.40+0.71° 3.08+0.95" 3.14£0.35° 1.49+0.34° 2.35+0.24" 2.06+1.13%

25 FAERAYEERETHSRS 3 iie

SXRAME, 110’ cfwg TIRREHBMA 31 TERRES RS E KR IEERS
LRI TN EY T ORI & R B ER B

5 (P<0.05), 1x10" cfu/g, 1x10° cfu/g ¥ Il TR ST R0, T Wb 1 s £ 2 A K (e e AN Y
P R E R (P<0.05) (% 6), HmsA X, B 5N FARNZEREAR L, B
[ K 722 2: 32 /5 sponsored by China Society of Fisheries https://www.china-fishery.cn
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Tab. 6 Effects of C. butyricum on SCFAs in intestinal contents of S. haraldi ug/g
i TR E/KFE  C. butyricum levels
items 0 cfulg 1x10* cfu/g 1x10° cfw/g 1x10° cfw/g 13107 cfu/g 1x10* cfu/g

2R acetic acid 1703.19+18.78™  1974.13+111.24%

iR propionic acid 165.88+47.15°  296.84453.76™

T butyric acid 28.87+3.49° 40.29+19.61°

S8 total SCFAs 2016.86+58.35°  2477.71+62.60™

2141.11+43.82°

395.67+42.10°

48.2743.57"

1698.90+122.33°  1796.23+129.33%  1755.74+112.40™

167.32+76.09" 288.11+17.16" 234.01+88.75°

37.05+5.28" 48.234+4.78" 37.32+10.46"

2818.40.73£161.93*  2037.06+186.14° 2337.61x177.88" 2281.34£174.41"

PR I, SRR IR N 7.35%10° cfu/g TR
W2 TR A 2 3 2 5 UL B8 (Oncorhynchus mykiss) ¢ €
R, FRARERE R B AT BRSET BRI,
WM 3x10" cfu/g B T BR 1R T T A ] 42 1= A
(Scorturm barcoo) ¥ H % . HARIRFE A & B,
W 1x107 cfu/g TRRMA, # (Cyprinus carpio) 3
R REARKRREY TR EL ., R,
AR T RAR BN LR A AR Y AR K TE B 2 R
BN 25 AR K AR AR A gt v o TEARTR A5 2
TEAN LR A 008 5 5t T ) E B AR . TE A
Hr, TR B LR A AR R AR
KRS K SIRmZ IS TR &, 3T
PR B8 TR XL A A T AR SE e A B 2 . T TR MR A
P 0 A AR AR R AL T BB 38 2ok 75 3 £ B 1 i 1
A AEE, (e E T2 BOE ALl > A
SRR LRI R T 25 . R DG T 1 A e R
NEWImR & AT T IRAWIIE .

32 TEREXNtEMLeEARMESRTA

AREFFE KL, 1x10° cfu/g 5 1x107 cfu/g BN
AL i B RS . Duan 20U BFSE )
FEAR I, 1107 cfu/g T RR AR 18 Al 42 i PLAN I58 X0 IR
(Litopenaeus vannamei) Fll H 7% & Xt ¥F (Marsupen-
aeus japonicus) FLEE [ & &, XRU] TR E AT L
BEEHLAE SR T & i . Poolsawat S5 BF5E A BE,
TER AR v 2 3% 1w Je B W 3E A (Oreochromis
niloticus) £ 1 TR Wi I AL %, APFFRB A,
WM E AR E . T IR X H IR
FIH 2 B B 52 e AT e 5 HARI = WA G, O
YE R IE TR AR AE K A RE &, A B T3 08
BRI DIRE, SR AR A, T
T 18 RT3 T LM o 1A o 0 DR R 25, R R
FIHUT s [] Ao e 4% i T 1R 3 i i v 3 A Tl 0 2
JoRAR B S M, 3R A BRSO

https://www.china-fishery.cn

HAEE,
33 TERRENEtE#HLERmELEHINEN

A0

il b B A Ry —Fh R, AR SR WO
A E A VEH . WA KB, TRRREA]
T P E R (Miichthys miiuy) BB 9 E S E M T
Meng %™ & B, T R o 1T 42 5 B A B o B
B, BZEEESHRZESARE, AFRA
AL, S o AR H A o 2 A TR Rl i TR S T
RE AR 38 1o 55 BO UAE W58 4 8 R B sl R A
AT 2 O A P 0 B WESTIERE, TR
W EA RAFIIRER , H 2GR X5 LA 20
PGANE, R i P9 R A AT B ) gk

WEFT W, % A B AT RLVE S WL B 18 2 A7
RE, X EEA T a5 R WS E W R 2
BEC T 18 FRHR 20 16 e 850 6 22 W 43 0 3] i i v
AR Z , KSR 0T LA 3 H 1A 9 o
A MEIRIZ, BRI AR 5 —iE B
4P, AR AR, BRI Z e LA
254 T I RED™, XRPRIMAEPT F5 4, AB-
PAS L6 AB YL {4 F1 PAS Jb 0 A DL - 1 fz e
HE A0 A v B v B 22 W R R M B 2 Y LA A
L. BEAIE AB-PAS Ye(t 8L, T MR 1A Ab BE
2H B I T AR SR R T B 22 0 1 1 5% €8 00 I ) 34
L R RB, 1x10° cfu/g ¥ N4 s i
NHE SR 3 2, RUT MR ] I
MR B S8 AR A0 I o I R R R 2, 3
55 fi 1 R I S E fig

YR A E MG ST B, T R A RE
TR 5 30 W P A R R RN O T O
ARWFFERERE LB, 1x10° cfu/g U5 IN 4L JBR A 1 15
PR AR, TERYEE . MR B A IR ARk
N FEAAE R, DRSS R U E TERR B ] LU
P R A £ i 8 T A BT . X T RE R T

HPE K FE2:2: 3290 sponsored by China Society of Fisheries



R, 55

IK P24, 2024, 48(6): 069614

PR 1 B A A ™ A e g D PR 1 5 B S BRI
i pH fH", TR pH (T e 42 = TH AL BHE PE
AT 5 X35 50 T3 ) T AL W W /g 0 5 mT R A
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Effects of Clostridium butyricum on growth, body index, nutrient utilization,
intestinal structure and function of discus fish (Symphysodon haraldi)

ZHU Jianguo "*’,  WEN Bin "***,  CHENG Guo "*’, GAO Jianzhong "***,  CHEN Zaizhong "***

(1. Key Laboratory of Freshwater Aquatic Genetic Resources, Ministry of Agriculture and Rural Affairs,
Shanghai Ocean University, Shanghai 201306, China,
2. Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources, Ministry of Education,
Shanghai Ocean University, Shanghai 201306, China;
3. Shanghai Engineering Research Center of Aquaculture, Shanghai Ocean University, Shanghai 201306, China;
4. National Demonstration Centre for Experimental Fisheries Science Education,
Shanghai Ocean University, Shanghai 201306, China)

Abstract: To determine the effects of Clostridium butyricum on growth, body index, nutrient utilization, and
intestinal structure and function of discus fish Symphysodon haraldi, C. butyricum was added in basic feed for the
fish at concentrations of 0 (control), 1x10* 1x10°, 1x10°, 1x10” and 1x10* cfu/g, respectively. After 8-week cul-
ture, no significant difference was showed on growth and body index of fish in C. butyricum-added groups.
However, crude protein content and digestibility in 1x10° cfu/g group increased significantly. Compared to control,
height and width of midgut villi in fish fed with C. butyricum was apparently increased and mucopolysaccharide
secretion level of fish in 1x10° cfu/g group significantly improved. For intestinal digestive and antioxidant
enzymes, the trypsin activity of fish in 1x10° cfu/g group was greatly improved. Furthermore, the malondialde-
hyde content in 1x10° cfu/g group fish was significantly decreased. Short chain fatty acids (SCFAs) were meas-
ured in fish intestinal contents, and it was suggested that acetic acid and propionic acid in 1x10° cfu/g group was
significantly higher than that in the control group, and the total acid content reached the maximum in this addition
group, which was significantly higher than other groups. Studies have shown that under the conditions of this
experiment, adding 1x10° cfu/g C. butyricum to the discus fish bait can improve intestinal structure, intestinal
digestion and antioxidant capacity, and increase intestinal SCFAs secretion and nutrition utilization.
Key words: Symphysodon haraldi; Clostridium butyricum; growth; body index; nutrient utilization; intestinal
structure and function
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