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2 1 R KRR AMAHATA, - K 5k 519000)

WE: [HR IR TERRE Clostridium butyricum (CB) ZEHINS FLANEXTHFZhUF A KR8 & AE L $RFR.
T RFALRL S 5 M EERE TR & B A . (73 150 5004 5t & 23 BN 0CxT ). 0.050%. 0.075% F1 0.100% T
PR AR TRl 2 it 7005 i 21 Aty v sk o (PRDRL R 3 BRI 4R 3 0l R 0. 2.50%10°, 3.75%10°, 5.00%10° CFU/g), TIMEHI 46
PR E Y (1.42+0.02) g I LANEERTERZIER 30 d, S8 5 R AR KPR AR L 5 A=A FaAn 738 T8 7 20 A DA % 4 IR
RS o (45 A ) S50t REZHAH L, 4RMR 30 d J5 XS UR 44 BT S AE 0.050% F1 0.075% CB 4% 4 & (P<0.05), J5i &
BN NLE 0.050% CB 4 &2 35 (P<0.05); 0.075% CB £H XM ) Ifi 375 6 2 8 0.100% CB 20 f ifiL 375 JR 3= &0k
5 22 PR (P<0.05), 0.050% CB 4 MG B ik & 8.2 EF+ (P<0.05). SXFRRHAHE, 0.050% CB 4% 5 1]
Planctomycetes FI#zH 1% [ ] Patescibacteria 3= & 2 $#& 5 (P<0.05); 0.050% A1 0.075% CB ANk J& Vibrio H1=F
BB AR (P<0.05). ZREEE MR, 0.050% F1 0.075% CB 41 78 B B 20 A AL B8 v, LW B A [R] 5%
HEZHA1 0.100% CB 2H. 8 WA 5 P eI iR IK & B B8 T AR B Vs i &t m it g i (4598 1okt
VNN CB 2 il 77 W Rl 368 1ok 490 o] g A oAy 5 8 Ji B = B 4% e i A B M T R 1) & i, OB E SR A A, A
T2 i P UR  AE K R o AR FE T CB 25 78 il 7175 A ) o FRE EL VS I 2.50%10° 7 3.75%10° CFU/go
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Abstract: [Objective] To investigate the effects of feeding Clostridium butyricum (CB) spores on the growth
performance, biochemical parameters in serum, intestinal flora composition and contents of five short-chain fatty acids
of Paneaus vannamei juvenile. [Method] Basic diets were supplemented with CB spore product of 0, 0.050%,
0.075% and 0.100% mass fraction (The viable counts of bacteria in the diets were 0, 2.50x10°, 3.75x10° and 5.00x10°
CFU/g respectively). The P. vannamei juveniles with (1.42 = 0.02) g initial body weight of each were fed for 30
days, and growth performance, serum biochemical indicators, intestinal flora composition and short chain fatty acid
contents were detected. [Result] Compared to the control group, the final body weights of the shrimps after 30 days
feeding trial in the 0.050% and 0.075% CB groups significantly increased (P<0.05), and the weight gain rate
significantly increased in the 0.050% CB group (P<0.05). The glucose concentration in serum of the 0.075% CB group
and urea nitrogen concentration in serum of the 0.100% CB group significantly reduced (P<0.05), while the
phosphorus concentration in serum of the 0.050% CB group significantly increased (P<0.05). Compared to the control
group, the relative abundance of Planctomycetes and Patescibacteria significantly increased in the 0.050% CB group
(P<0.05), while the relative abundance of Vibrio significantly reduced in the 0.050% and 0.075% CB groups (P<0.05).
The diversity analysis indicated that the intestinal flora compositions were similar between the 0.050% and 0.075% CB
groups, which were quite different from those of the control and 0.100% CB group. The intestinal contents of five
short-chain fatty acids increased with dietary CB addition. [ Conclusion] The supplementation of CB spore in diets
helps to inhibit the proliferation of intestinal pathogens and increase the contents of intestinal short chain fatty acids,
thus may enhance the nutrients utilization and growth performance of P. vannamei juvenile. In this study, the

appropriate amount of Clostridium butyricum spore in diet is 2.50x10° or 3.75x10° CFU/g.

Key words: Penaeus vannamei; Clostridium butyricum spore; Growth performance; Intestinal flora; Short-chain

fatty acid
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IR g T 45 A T R, EH HG S5 SORE IR Y A6 Wl
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FEHE R AR N DRI, TR R SR 1 R0 X i i i
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F 1 EMAREC S REFREAR (KT E4t)
Table 1 Feed formulation and nutrient composition of the
basal diet (air-dry basis)

TiH D%

Item Ingredient wi%
R 14 Fish meal 36.0
Ingredient /NZZE KT Wheat flour 25.5

2 [ 541 Soybean meal 15.0
1E4E 4 Peanut meal 8.0
3ZFHA Rapeseed meal 10.0
13 Fish oil 1.0
KE YNNG Soybean lecithin 1.0
TR — &4 Ca(H,PO,), 1.5
TR Premix 2.0
it Total 100.0
SEE TR & E Crude protein 41.5
Measured FAE W Crude lipid 6.5
nutrient FK 4y Crude ash 9.5
7K 43 Mositure 10.0

D)#F £ FRA4A: VA 4 000 000 IU, VD5 1 500 000 IU,
VE 100 000 1U, #ile % 10 g, #3% %30 g, B 30 g, 282 60 g,
JRER 80 g,B, 0.04 g, A4 % 0.2 g, "t B 6 g, ILEF120 g,
VC 150 g, MgS0O,4-7H,0 102.45 g,KI 0.08 g,ZnS0O,-7H,0
4.05 g,MnSO,-5H,0 2.19 g, CoCl,-6H,0 0.5 g, FeSO,-7H,0
16.55 g, Na,SeO,4 0. 004 g, Ca(H,PO,4), 251.67 g

1)The premix per kilogram provides the following: VA 4 000
000 IU, VD5 1 500 000 IU, VE 100 000 IU, thiamine 10 g,
riboflavin 30 g, B4 30 g, pantothenic acid 60 g, nicotinic acid
80 g, By, 0.04 g, biotin 0.2 g, folic acid 6 g, inositol 120 g,
VC 150 g, MgS0O,-7H,0 102.45 g, KI 0.08 g, ZnSO,4-7H,0
4.05 g, MnSO,-5H,0 2.19 g, CoCl, -6H,0 0.5 g, FeSO,-7H,0
16.55 g, Na,SeO, 0. 004 g, Ca(H,PO,), 251.67 g

B2 1 B R (DZNCB-1-105) 43 25 F 1458, H 28 50 il 5
BT AR KEEAR ED R A BR A m AL, Bk, iE 1
N 5%10° CFU/g. 4 7% 51 & 50 FCh 0O R
0.050%- 0.075% K1 0.100% (1) ] BRI 1 75 0 21 e Ak
TERL A, B EEDRE A S B A2 S 04 2.50%10°,
3.75x10° f1 5.00x10° CFU/g, %% AbFE R FR Jy X HE 20
(CK). 0.050% CB #1. 0.075% CB 411 0.100%
CB 4. FOFLARIARL AL 78 /0 R & 38 51 Ja , FH RUIE
FEE6ENLHI AR B4R N 1.5 mm (1 4 R meL, T
=20 C M FIRAES
1.2 REFMSAFER

UG W I T T 2R 48 VL T 6 R SR 5
T E]JE N T AR AE AR ] 8637 Jth & P iRE /K it
IKFEFE R G B 37 2 J, 87 B IR A 45 L i )

B4 . BRI, Phik 480 B R/NYA). i
FERIAIIT, WA &N (1.42£0.02) g, B LUFEEAL
R4, R 4 NES, BAEE 30 B, B
TR /K FRIE RS 350 L PVC /KRAF . 70 5%
M 4 IS kL, A H AR 4 7K (07:004 11:305 16:00
A120:30), H#HAF 4%~6%, & 3 d RIGEFFE
RN RS O R PN g £ S 2N 0 S e M 2 B
FARUEK, KR (28+1) °C, ERJEF (22+2)%0. BT AE
WHREK S HEG KA, IREFEECON (8.0+0.2) mg/L,
A (0.04£0.003) mg/L. F#FIRLEHFFEE30 do
1.3 #HmRESHH
13,1 AKHRE  FRFERI L AR, A KR
WA TR SRR, TS AL EE A XS
R FRIAE TS 2 B N 2R AR R HL
AR = WOk B AL TR R X 100%,
JR I N = CGRJF - W15 &)/ W1 & X 100%,

TRL R = $RRE CRIFUR - VI BT
1.3.2 &3 A kb re & ks BRBENLE
6 FRUF, fEN I MEE, REET-20 C &M FHT
For A= WA 853 o 43 AR 105 °C TE IR T8 FL
E R R IRHIIRE M 550 °C Rykeikill g 4= uF &
SEREERL K 2 R AR 1 KRR D ROR K 3 25 i
1.3.3 i Aqdsdr  BRAAREALE 9 RRIF, ff
1 mL 55 2%, AL B mtke, 4 CFE2h
J& » 13 1 B 0L (Eppendorf, 5425R)10 000
r/min &0 10 min, B_FJE MG . & 3 BRI ILIE R
GRS, B L ANEE, IRIFT-80 C %4
TR, AR 12 ANEE . MEAIERH AR
A HT A (HITACHI, 7170 #9) #2454 R 57
VLB AT R o
1.3.4 fhiE @ AR TEAIREHLE 6 FRUF, EKAE
G AIE N, RE R E THRAE, BN 1A
FEE, BERAAF T80 C &4 FAFM, 542
4 NEKE . H DNA Kit(Omega Biotek) 1557 & H2 HX
[ 1B 20 b HE R 40 DNA. BUA S FEAS DNA §73 16S
rDNA 741 V4 TR X . § 38598 S15F(5'-
GTGC-CAGCMGCCGCGG-3") 1 806R(5'-
GGACTACH-VGGGTWTCTAAT-3"). ¥ PCR /=4
HEAT B BRI, 2 S5 R AR i R P B R
HBEAT AH L BB (0 VR A KA I R RE SO . H
[1lumina MiSeq Wl /71K ] MiSeq Reagent
Kitv2(500-cycle) 58 M ¥ . K H Qiime 1~ & #
RDP classifier 2.2 #AFXT 97% AHALKF 1 OTU X
RIFHNHAT 0 K504, BEEBER 0.8, FFES
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AN G ROK P Ge vk B A RE SRR TR A . A
Mothur AR FE T FE 10 o 2 FE1E, 45 R Sob.
Chao. Ace. Shannon PA & Simpson Z ¥ 8 HUCRE
7N I QIIME v1.80 B AFGE i+ Mkt fhits p 2 AEdE
40, R 44553 B (Principal coordinates
analysis, PCoA) KRBT 8B St 1t 7347, FH PCoA
AR R IR A [ A B 2 10 1) Al A 0 O 0 o 2B
2SR,

1.3.5 i Aaulshinse SHMBIE 6 E
R, EUKAE FECH ARG NS, IRETEE T 1.5
mL T 2O, /BN 1 ANER, BT-80 C KA
RS, BAEE 4 NES . 0.1 g R T 2.0
mL ] Ep &, A 400 puL AT 5H0N 50% 1) Z
& W 200 pL ) 200 mmol/L 3-NPH /% 200
uL [ 120 mmol/L EDC & (SR F 2 H0N 6% )
ML) WA HE 1 min Y82, 40 C [ 1 h, #AA14EERE 5
min ¥ 1 K Y 5ER)E 12 000 r/min. 4 'C &0
15 min, ] EE W EHLEEAT LC-MS/MS (3£ H
WATERS A i Waters Acquity UPLC « £ [H
SCIEX it AB SCIEX 5500 QQQ-MS ). fiit /)y
B2k KRR 40 °C, WK 0.30 mL/min; sl 4L
Ho: A NIK (59 N 0.1% RHER), B NI (&

0 N 0.1% FIFFER). 1547 8 min, HEFERE 6 uL. i
Gy T S4BT R R (BST B TR, B YRR
[ 450 C, BT IHAMR 35 arb. &£ B T
(SIM) AT B B AT o 8l i S i 2% A adk
FE, FIH MultiQuant FAF AT AR 43, FI FH Ax v h 2%
AT R FE T 5
1.4 HEGIT

M giit %t SPSS 23.0 #HAT 8 0 M 4i it
PRI P B br i R R . S5 R e AT R
T )5 Z 43 H1 (One-way ANOVA), Fifiid Duncan’s
% R AT B 2 R A 2 e R

2 ERGTH

2.1 TERREXS LAUEXTENE K1 BERYS2 00

WK 2 Fros, & AR AR IS 2N 96.66%~
100.00%. FH:H, 0.100% CB 204775 %X 3 100.00%.
5B A M, 0.050% F10.075% CB 41 %} i i) K
J i 2 R (P<0.05); HH 0.050% CB 41 /i &
BN Zeh WA . TR REE T BRAR B SN N H.
H RS, EAXRAM LA R EER
(P>0.05).

F2 ARRRMTERIRE (CB) X LAUESTIRE KM AERI MY

Table 2 Effects of dietary Clostridium butyricum (CB) on growth performance of Paneaus vannamei

WCBYY% B Y /g . | KIFi/g . ﬁiﬁ%&/% Jit éi bu%?s/% ’ﬂﬂ%’ﬁz
Initial body weight Final body weight Survival rate Weight gain rate Feed conversion rate

0(CK) 1.42+0.00a 7.03+0.14a 96.66+3.85a 394.5349.51a 1.50+0.04a

0.050 1.41+0.00a 7.37+0.08b 97.50+1.67a 421.00+5.31b 1.444+0.04a

0.075 1.44+0.03a 7.37+0.03b 99.17+1.67a 410.43+8.65ab 1.45+0.08a

0.100 1.42+0.01a 7.31£0.07ab 100.00+0.00a 412.99+5.84ab 1.43+0.03a

1) R 3| &% 6 69 R Bl 5 FHF &+ £ 57 23 (P<0.05, Duncan’s %)

1) Different lowercase letters of the same column indicate significant differences (P<0.05, Duncan’s method)

2.2 TERIREX FLAEXTENE 77 40 R O 5210
W2 3 fras, WIN T BR AR 1R 25 4H FL AR X I 1)
KA HLEE A KBRS LK oy & s Aot B LA L,
BIRAREER.
2.3 TERIREXT FLANE X ER I & (L FEFRAY R2 M0
W 4 frox, AR FAEE, 0.075% CB 2%
O I 7 P8R 7 B A B N R B A I R H
MR AR T A S A, HERH S E
o BEAE T ERAR B IS N 0, T PR R AR
FE SRR, 0.100% CB 4158 F %1% I 4, 1
WINTRBERS 7 IEBRKE, £ 0.050%
CB ik 3 & F MK T . B AWK & 42 ]

TREER.
2.4  TERRE X NLAUEXTEN A IE A S 4 B 2H R

pp=Al

LKS5RRTHHFEEHATE 10 M HH . A
XPHCH ML, T R E & W A E W
Planctomycetes 13 & & 3% F+ &, HAE 0.075%
CBHIEEI K H: 0.050% CB 4% & K[
Patescibacteria [ 5 2 3 & T 0 AH . R %
PR FE BRI 22 A T2

1E J& 7K, AR ARG, 0.050% #10.075%
CB N & Vibrio £ BE T, RSB BHE
J& Pseudoalteromonas E£FEH P& HGEE
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R 3 ARPRINTEARE (CB) M LR EVE R4 AR B S
Table 3 Effects of dietary Clostridium butyricum (CB) on nutrient compositions of Paneaus vannamei W%
B IKIY HEA g 7 RISy
w(CB)% Mositure Crude protein Crude lipid Crude ash

0(CK) 272.93+14.82a 70.57+0.80a 7.33+0.20a 12.87+0.99a
0.050 261.06+7.97a 70.63+0.12a 7.28+0.11a 12.7340.23a
0.075 280.64+2.11a 70.24+0.37a 7.12+0.36a 13.10+0.60a
0.100 285.98+12.38a 70.56+0.18a 6.36+0.90a 13.60+0.67a

)R 5] 435 )5 69 R B B F8 & & £ 7 B % (P<0.05, Duncan’s %)

1) Different lowercase letters of the same column indicate significant differences (P<0.05, Duncan’s method)

x4 EARPRMTERRE (CB) X LYUEIER M A (L istraI#20T"

Table 4 Effects of dietary Clostridium butyricum (CB) on biochemical parameters in serum of Paneaus vannamei

c/(mmol-L™) MEEA/

w(CB)/% I JIEL [ Hh =g RER % (UL
Glucose Cholesterol Triglyceride Urea nitrogen Phosphorus Total protein
0(CK) 1.69+0.15b 2.21£0.23a 2.05+0.15a 1.23+£0.17b 1.44+0.32a 64.38+3.13a
0.050 1.62+0.29ab 2.28+0.18a 2.09+0.16a 1.04+0.06ab 1.93+0.31b 66.43+2.94a
0.075 1.39+0.13a 1.83+0.18a 1.97+0.21a 1.11£0.14ab 1.79+0.24ab 66.53+3.83a
0.100 1.55+0.10ab 2.05+0.23a 2.03+0.19a 0.95+0.06a 1.80+0.26ab 65.47+3.72a

1) B3 848 6 09 R Bl B F 4 & w £ 57 2.3 (P<0.05, Duncan’s %)

1) Different lowercase letters of the same column indicate significant differences (P<0.05, Duncan’s method)

x5 EARPRMTERRE (CB) X NYEXNITAEREEFHERM (717KF) BIFm"

Table 5 Effects of dietary Clostridium butyricum (CB) on intestinal flora composition (phylum level) of Paneaus vannamei

WCBY% ﬂﬁﬂ%l‘]. MH‘[’] ‘ﬁEiﬂﬁll’] . PR J?E%I‘]
Proteobacteria Bacteroidetes Verrucomicrobia Planctomycetes Firmicutes

0(CK) 43.943.9a 41.9+3.2a 6.8+1.3a 2.8+0.4a 1.540.8a
0.050 36.0£2.0a 46.3£1.7a 6.7+0.7a 5.7+0.6b 0.5+0.2a
0.075 36.5+1.5a 43.043.5a 8.1+1.8a 7.1+0.5b 0.4+0.1a
0.100 43.244.3a 42.4+3.5a 5.7+1.2a 4.6+0.8b 0.7+0.3a
WCBYY% ﬁﬁl’éi%% ‘ Z?JZEWJS ‘%E%l‘]' is’%%@ﬁ%ﬂl‘] ?’%Hﬁl‘]
Actinobacteria Chlamydiae Patescibacteria Epsilonbacteraeota Tenericutes

0(CK) 1.1£0.1a 0.8+0.4a 0.4+0.0a 0.2+0.1a 0.2+0.0a
0.050 1.9+0.7a 1.3£0.2a 1.1£0.3b 0.0+0.0a 0.0+0.0a
0.075 2.1£1.1a 1.7+0.7a 0.5+0.1a 0.0+0.0a 0.1+0.0a
0.100 0.8+0.1a 1.1£0.6a 0.3+0.0a 0.0+0.0a 0.2+0.1a

DR 71 3% )5 69 R B A B T4 & T £ 5+ 23 (P<0.05, Duncan’s %)

1) Different lowercase letters of the same column indicate significant differences (P<0.05, Duncan’s method)

]

AN

0.100% CB HFF /i £t mi#adh. HeREEH st 54, 0.050% 1 0.075% CB 4% i

] ZFARE (K 6).

LL97% FFUARALRE N BIfE A2 5 OTU Ji=, it 5
ANFEFES ) 5 A o ZFEVETREL, A AT I, A
SATFER P o 2R (B 1). 451K, Sob,
Chao. Ace 1 Shannon £ FE 8 E B LA —

T PR 4 DR EUS s ik — B I N R
R HCN 0.100% B, 4 THEECEE Y %, (H%
Hz a7 AR . Simpson 2 £ M 48 EUIR7E 4H (7]
ERANEE. B 2R RE, [F— b B A &I
AN, H 0.050% i1 0.075% CB 4L\FEA
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6 ARPRMTERRE (CB) X NAEIITAEEEFHEM (BKT) BIFM"

Table 6 Effects of dietary Clostridium butyricum (CB) on intestinal flora composition (genus level) of Paneaus vannamei

%
w(CB)/% %iE Motilimonas Haloferula A}%ﬁi}%‘ Tamlana
Vibrio Tenacibaculum
0(CK) 7.8+3.6b 6.4+1.9a 6.3+1.3a 5.9+0.8a 5.3£0.7a
0.050 1.2+0.3a 6.8+3.0a 6.2+0.8a 4.3+0.3a 7.6£0.7a
0.075 1.1+0.2a 8.5+1.6a 7.7+1.8a 5.1+0.4a 6.1+ 0.8a
0.100 3.8+2.5ab 6.4+1.0a 5.0£1.2a 4.1+0.7a 6.7+0.5a
AR AT B T GRS SR R &
o . .
w(CB)% Pseudoalteromonas Ruegeria Hoppeia Kangiella Halocynthiibacter
0(CK) 2.6+0.5ab 2.6+0.3a 2.5+0.8a 2.2+1.5a 1.6+0.5a
0.050 1.5+0.3a 3.4+0.5a 4.1+0.4a 2.0+0.5a 1.1+0.3a
0.075 2.3+0.4a 4.1£0.9a 3.9+0.8a 0.8+0.2a 1.6+0.3a
0.100 3.7+0.6b 2.5+0.5a 4.7+2.1a 1.3+0.6a 1.4+0.1a
)R 31 435 )5 69 R B B F4 & = £ 7 % % (P<0.05, Duncan’s %)
1) Different lowercase letters of the same column indicate significant differences (P<0.05, Duncan’s method)
A B 600 C
500 ’ 550 ] . 550 o
e . %o Cam = % ° 00 | > ¢ ) o
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=7 EARHRMTERRE (CB) X NAEXETAEA R RN S 2R mY

Table 7 Effects of dietary Clostridium butyricum (CB) on intestinal short-chain fatty acid contents of Paneaus vannamei

w/(mg-g™)
Vaivi PR TR R [SXizd
w(CB)/% L . L L L
Acetic acid Propanoic acid Butyric acid Pentanoic acid Hexanoic acid
0(CK) 5.32+0.31a 0.30+0.04a 0.20+0.00a 1.13£0.02a 0.35+0.00a
0.050 6.99+0.24b 0.32+0.03a 0.18+0.01a 1.24+0.07a 0.37+0.01a
0.075 10.54+0.61c 0.42+0.03a 0.33+0.00b 2.2140.14b 0.59+0.01b
0.100 15.03+0.31d 1.10+0.08b 0.32+0.01b 2.7240.11¢c 0.76+0.01b

)R 5] 435 )5 69 R B B F8 & R £ 7 R (P<0.05, Duncan’s %)

1) Different lowercase letters of the same column indicate significant differences (P<0.05, Duncan’s method)
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