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Effects of Bacillus subtilis and Enterococcus faecalis on growth performance,
serum biochemical indices and intestinal microflora of Carassius auratus

HE Qin', WANG Li', DUAN Hui-qin', GOU Xiao-lan’
(1. The Key Laboratory of Animal Science of State Ethnic Affairs Commission, Southwest Minzu University , Chengdu 610041, China; 2. Calysseo
( Chongqing) Co. ,Ltd. , Chongqing 401220, China)

Abstract: In order to study the effects of Bacillus subtilis and Enterococcus faecalis on the growth, immune function
and intestinal flora of Carassius auratus, 900 healthy crucian carps were divided into three experimental groups and fed with
basal feed (S1), mixed feed of Bacillus subtilis and Enterococcus faecalis (S2) and Bacillus subtilis feed (S3) , respective-
ly. Growth performance, immune indices and intestinal microflora diversity of Carassius auratus in the three groups were de-
tected after feeding for 47 days. The results showed that the weight gain rate, specific growth rate and feed conversion ratio
of crucian carps in S2 group were significantly higher than those in other groups ( P<0. 05). The content of malondialdehyde
in serum of crucian carps in S2 group was significantly decreased and lower than that in other groups (P<0.05), and the
activities of superoxide dismutase (SOD) and alkaline phosphatase (AKP) were significantly higher than those in other

groups (P< 0.05). The intestinal dominant floras of

K75 B H :2022-03-07 Carassius auratus in the three groups were mainly
HEETE . 7575 R 2 b de g5 s 2 A BLBT Y 45 & 050 % B 35 1 composed of Firmicutes and Proteobacteria, while the
(2022NYXXS035) common dominant genus was Closiridium. Compared with
TEE B AT 3E(1998-) , 4o, TUJIHEAN, B -HHFs 4k, T ENE the S1 group and S3 group, the intestinal flora of crucian
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mote the growth of Carassius auratus, improve the intestinal flora structure of Carassius auratus and enhance their immune

function.

Key words;

VTAESR | 2 2B TR SN BIFIE AU A R B 2
AR UE 8 2% B 4 2B TR 7E sh W) 97 58 7 T HAT 18 3 i A3
ot B R KEEHE S0 AR mAS
WA T —E W RIE D, 00 2 2E R B A TG PR
PRRVE T, REA RIGYCE i T (R, V-5 T A, 2 =5 3
W )y AE— e R FReACR P AE OB HE A A
PEFEI S 28 BV R4 Sy BAH B Bt A= R AR
B Z AT BN B 5 3l Y L N
Tk, AMEA B 78 R, 6 BE SE A RO e i
SEE . HHET, 5 AR BT 2 B B DR El
BePERb g, B o E K SR A FE A, AT
R BGTAE R I R K A8 B T R a5 By K
N iO) s NN SRR B UR B 2 T W B e |
TE/K AR By v i i AT DAAE — 8 R L A2k 7 3
YA o5 R A BB [T 3 R A A A AR i
IKF= SRR, TS Rk K = s e

Hili B 2 FELRT TR S 0 BR T A v Y ARDRL
o HIEY 2 Ff s AR TR B T S AR K sl B g
FEFE M CRE 7K 7= sl W 0 A= K PR, W] 3k 3148 T
HAGEPLRE M RO . MR 2 RUAT I e — 2z
FELET R B AR T B 4 S o 22 [ BH P 1T, Sy v I
HERY 19 FRRDELES IR 25 A48 b iy — 28, HRTE &
it T2 RN AR 7 R B Ol S 4 2 T
KWEREEAMEEN, B TIIREE &M
PG PR PR AT, R A 7™ 00 o 40 T 3R R
53 ZESF N Y BN VR 206 3 R W A KR B
HSELATHNHIVE R, IR B 25 1 BR A A e 7™ A= A LR 45
ZFP R = IR S s pH, AT A R Y
AT KA R ZE R IR RS B R B 2 R
A W RN X T sh e A 1 AR
TED 35 K S8 ( Neovison wvison ) | 15 JRM' ( Alopex
lagopus ) FIBTHAFT44 " S0 7L3h P 1) A= KRN e 1k
AE_EA DRI TEK P Sh W h A i

e e rp SR 2T OK SR AR, 2 2
WATE MO S tae i &, A — s m
H0 ) bt FE P T R A N e Rz
NS FR AR W P AR 3R A5 AT P f
FRHRR ARG H 2 ™ 8 AT P 4 28 T IUAS Bl i £

Bacillus subtilis; Enterococcus faecalis; probiotics; crucian carp; immune index; intestinal flora

PR RS EE  A B e B E I R
FRR IR B 25 ST R R 2 A BR T S S o i £
CRNas NG =g il 7B ER D G/ EZ =8 cX=0E AR
M 2 i A= T — 2B RS PR B0k

1 ARSIk

1.1 iRIe w4

i R 11 P X (A 5 (100+20) g, M H AR T
KT BHEARRA R, X IRAL (S1) B IERT R R,
At AT 2 (S2) B MU R, RE ZF AT 7 N 2E
BRI BIRARE, B — TR 2 (S3) M IR ARG 55 25 1
FERRTR A AL SERBARRA R T SR K =24 w1 Y
1 AL A RRE 153 5 (2.0~3.0 H) , fid 77 B
Wl FLAH R 32 B IR R UL 1, R £
foff R TR B 77 1 8, a6 0 (R AR IR 7 i 420> 5. 0
mg/L,KIR(27+3) °C,pH 7.5~8. 5, 4% K [# F i [f]
e 3 YR ARDRE, H B R A e £ A T R Y 1% ~
3%, AN ZEAFT T RN 26 B BR DA T T R b VS R R
KPR E R R F S S = B I, 0 TRk
439 R1.5%x108 CFU/mlF12.0x10° CFU/ml
1.2 Zh¥iEss

Fi2 100 R/ AR TR B 4 900 FE il a B HL Ik
A9 R AT A (1.0 mx1. 6 mx2.0 m) , & 3
PG A 1 AR 0 0 ) AR £ B 8] A TR
FAE A GO B B AT R AR ) 5 SE R 47 d
B ROULEE T s i £ 1) 5 2 0% s RS T 00, O &%
BEFR R FET I I A B AE T A
1.3 EKIERNE

FHH 47 d 5, BRI REALER 5 R fh, I i -
o1 iR (Weight gain, WGR) JFE KR (Specif-
ic growth rate, SGR) JHEIRE( FCR) £ % ( Sur-
vival rate, SR), TFEA: (1) BB EEWC(%)=
(W,=Wy)/Wyx100; (2)HELRE(FCR) = $hml S5/
W, (3)FFEEKE SGR(%) = (InW,~InW,)/tx
100; () FFEF SR(%) = N/N,x100, R, Wi
RIS ¢ KA R (g) , W RHIIR AR (g) 1 &
TR EI () , N AR R4S o0 Y R A, IV, i
FEAREH 0 Y RS



144 o9 &b 2 W

2023 4F 45 39 B 1

®1 EMBAREMEEFES (KFEM)

Table 1 Basic diet composition and nutrients ( air-dry basis)

Jtet EH(%) || BIRWG Fht (%)
ik 32.00 bk d SV 31.0
KREWELGEA 25.00 HET 4t 12.0
oK 6.00 AR 5.0
KREH 5.00 HIR S 15.0
INE Wy 7.00 i 0.5
INETE R 3.00 Py 1.0

T Ifi 246 L 53 5.00 R 1.3
a-£THER 3.54 SAfbdh 1.3
R — E4S 11.60 Koy 14.0
IR 2.00
i 5.00
K 4.00
Tk 0.20
TR A 1.10
At 100.00

BOREH N 1 kg TARARAEAEAE R A 2 800 1U, 4EEFK B, 3 mg, 4E/E
% B, 3 mg, 42 By 8 mg, EEZ B, 0.1 mg, i C 250 mg, 2
HEFE D, 500 U, 4eEF K, 0.7 mg, 4/EE E 14 mg, 1HR 2 mg, PUEE
270 mg, iZ B%5 20 mg, MER 50 mg, HiAR W4 90 mg, HiFR4H 30 mg, i
RR4E 55 me, WA 0. 2 mg, EALE 100 mg, BEREEE 100 mg, BiR 4
12 mg, HFRAT N IHMIE ,

1.4 [MFFHEFRUE

Bl fa 2R 24 h, AR BEALIL 5 R fa 3l i AR
JOKEBCIL , 5 25 0 LAAR BRI , 4 °C PRAF, e HE
F2 TEZHEEFMAR TS £ KRN E0

T (MDA ) F i FOl A AL P AR (SOD ) A i
WEEREE (AKP) 76k
1.5 MEESFSHMENE

TR ML S BB fa, 1 75% W 3 () V0 RS T 75
Bt R FEXHIA LI E N A E T 2 ml
EP & -80 CIAAF, b IR EUE AEYE
SBHEA BRA " AT 2387
1.6 HEIE

IRIGLE T L £ bRl 25 (X £SD) R,
SPSS 24.0 HH 7 225087 ( One-Way ANOVA ) 434
J}iﬁﬁ@fﬁ, % Duncan’ s /fﬁﬁ?gﬁthﬁ, Ll P<
0.05 Fndla =5 WE,
2 HREH
21 WHEFATESERIKEX &£ KRR

I TN R 2R FRUFT B 5 28 M Bk A 118 e ko ) £ 1
KAERER M LR 2, U5 47 d J5,S2 21 Y il £ 3
PR MR E R KRR E E ST SL M S3 4 (P<
0.05) , FHRMRCR B KT S1 A1 S3 4 (P<0.05) .
[i) Xk HR AL A L, S2 2R ) £ 388 o B SR AR s AR KR I
FHER (P<0.05) , 434 140.55% F1 107.8% , 1M

TR R B ERET (P<0.05) , F&1K T 58.8%, 4 4
WG R ICWE 25 (P>0.05)

Table 2 Effects of different probiotic combinations on growth performance of Carassius auratus

114 B = AT R ¥ = 522 T % o e 1522
S1 92.75+1.06 117.75+0.71a 26.68+0.69a 2.26+0.40b 94.00+4.24 0.51+0.007a
S2 95.04+0.64 156.05+2.89b 64.18+2.93b 0.93+0.03a 98.00+4.24 1.06+0.04b
S3 93.30£1.41 120.76+1.07a 29.86+0.81a 2.01+0.09b 95.00+5.66 0.56+0.01a

ST gl fal A 3 ok B L, S2 A e 2 SAT B 5 2 BR BRI B W LAl FR 4, S3 DA R ZF MUAT RIS DR B — T AL, [l — 3B s /NS 7 b

AR 25 W3 (P<0.05)
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3) . A A AL ) I MDA 75 A F X6 R
4, SOD W& RN AKP TP = X B4 (P<0.05)
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XF 4 RE i S DNA 9 16S tDNA V4 [X L 45
70 511 £5FRic (Total Tags) F1 5 395 545 Tags (U-

nique Tags ) , FF i £ P8 BT 45 J5L 46 )7 51 A 73 449 ~
79 3574%, JH Usearch 1E 97%f— 31k T 752,
BWRRINF] 97% LA L, UL BN 7 500 A 3, T R
JE OB 55 BIRE S 4 IR Rl AR B B
TREAN AN 2R R AR A S SRR

i T T AR T R R 2R B 1 A N
Ry is), #RAE 73 2E B IT (OTU ) i i d 5 i, i
P A At — B R, OTU $k H 2218
TEIEBE TR, X U B 0 g 1 R o TR
VIR RS E & B, 45 AR S O 0 i T DA 5
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#3 AREZmAEEEEME MDA &5 .50D 1 AKP &R
Table 3 Effects of different probiotics on malondialdehyde ( MDA )
content, superoxide dismutase (SOD) activity and alka-

line phosphatase (AKP) activiy in Carassius auratus serum

4151 WEE S ALY RG M DR R RR B 1
(mmol/mL) (U/mL) (U/mL)
S1 21.50+0.33b 26.71+2.31a 6.50+1.11a
S2 14.03+4.09a 46.59+10.96h 8.54+1.52b
S3 19.19+2.36h 34.66+9.19ab 6.83+0.95ab
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JEREE [T ( Firmicutes ) | 28 B M B 1] ( Gemmatimona-
detes) HFEW ( Planctomycetes ) N ( Chlo-
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S1.82.83 L3 14,

I1(21.45%) M 3, ZEH BT T (1. 94% ) FUPE
IT(1.48%) By & HERAK; S2 HLLERERE ] (19.5%)
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TR 1T (2.98%) & & ¥ A%; S3 20 LA JE BE 3 T
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(Romboutsia ) FIFF R & ( Cetobacterium) , S1 4HLIME T
J& ( Romboutsia) (36.98% ) FIIRAMR G & (14.95% ) N
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1.0r
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o 0.6f LS, A, EXTREE
i S, EEPEEE
N SRS A
= ERETE EREREE
* o04af S, EEPEEE
SRS A
A, EXTREE
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Fig.1 Relative abundance of sequenced sample sequences at the phylum (left) and genus ( right) levels
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IH B OTU A4 0044, 5 5 HEA 960 F1 694 A4~
OTU;S1 F1 S3 34 OTU 3 1084, 1 B4 A
465 F1/~1 5904~ OTU, S2 #4115 S3 £ AIx) iR 4 S1
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