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fEEREFREMIALE TR ==, TN 430070; 4. Herp b K 227K 7= 3 5 [ 5% 4 S50 2 2anya Aoty i 430070)

R I a5 B AL 2R U 18 (Bacillus subtilis) %} %4 (Ctenopharyngodon idella) AT IE g AR K préa AL D R

RN, I B X IR ZH(Condl). deromonas hydrophila?l(Ah#). Aeromonas hydrophila+Bacillus subtilis?H.
(Ah+BsZ). Bacillus subtilis+Aeromonas hydrophilaf.(Bs+Ah#), = S A YR T 5 1x10° CFU/fishig 7K
S BB (Aeromonas hydrophila), B 2F FURF AR S B R <107 CFU/g, L5 I #AN56d, 3T 5528 FIth
SORHUFE. 25K, 5ARAAHLL, BMEAL R AE AT W ARG, (DA E 2R R A KA 8 2 1 N (P<0.05);
(2) 28 FFFJIE £ O H € i g T A B I 077 2 8 35 B (P<0.05); (3 ) 4% L g A S A P45 - I I [
B Hh =R e R R IR R R IR R e A s, O R T B el v 1 Y 3
fIR(P<0.05); (4) V75 AR BTART: 28dIT £ Ikl AJR AL Bl ¥ 2 I8 7K1 1 1, g B 1 AR AT 7 H- ity =15 s 077 g 1
LIBIK- i (S)HEsRIF AR BT RE 71 DD IR B AR R AR AR A B . T SE AR B
Hik. SpiEae e m; T om O S E S 2K, 25 b, TEVDRL R 8N 28 28 A B 2 AT B o] DA 5 AL

ENRENRER At
HRER, Jf et F i g R K.

 GRARATLAS DR g 7K R o e e s O T 5473, 1 JE R I S A S 3, 9l I J £ e

RUEIA: H A, MEOKAURIRE; MR R, ARRAES rEThRe

HESIES: S965.1 SCRRARIRED: A

T (Ctenopharyngodon idella) &3 [E 5 1]
ok gy 1 BRI R R, BE
U7 FEAE 77 5 B B R ZRAN T BT, O IR
B b e 1 T T i B T T S U R U T
T3 B AL 52 BT IS IR AT AL, AR
B SR I JCFE I 007 P93 A A R Je b R v i B A
Y. KA AT (Aderomonas hydrophila)) V2 A
TETFRFEK AR, 2 i /K 0 2 IR 2 v ) T 23
T o ASEIR AT TR M, IR YL 7K R B T
R Bt LR A 0, 8 O U g 55k S A T e
AR BRITAR™ . WE TR, 25 28 T AT S A L B
W IET I g 7 I SR, e oh et Mo 2 A
ZEFNT i (Bacillus subtilis)) 2 5 T 7K F= 7758, AT
AR, B8 K B G G AN B AR A
F10 O R B R B SR PR

ks B HA: 2019-04-18; 11T HHER: 2019-11-23

X E4RS: 1000-3207(2020)03-0485-09
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X I REE i A ) 1 P R RT BE ML AR, D9 i 2B B AR
i PRI 7 T A TSR AR A -

1 RS

11 SEIEHK

SO I WE 7K S BB B AN TR RR 20 89 1 40 7 U
AR A% B 28 AT T ChO B Rk 20 B9 1 2 10 iy i
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Tab. 1 Compositions of experimental diets

Po=N == Vi PoS=N
" . & B Content SR % & & Content
J Fingredient (g/kg) Composition (% DM)
fr ]
4} Fish meal 80 d%leﬁtﬁ Tl Basal
T Soybean #1 2 [ Crude
meal 240 protein 29.83
SEHIRapeseed ¥ I8 WiCrude
meal 340 jipid 4.39
=y
;JI\ fjﬁ Wheat 250 K%rMoisture 10.16
(;EHVEE Soybean 6 5y Ash 8.32
TR — A4S 20
Ca(H,PO,),
o 9 Rl B2 AT T
{E%ﬁj) ;:jri’fx 1 1 VAR B. subtilis
P diet
W TR , 3 FE H Crude 2974
Mineral premix protein :
W s
A HNAC] 2 i%?j‘ﬂﬁ Crude 437
SALIEDE .
f}qﬁ?ﬁ&mfhloride 2 K5 Moisture 10.13
pass:
éﬁie 56 K53 Ash 8.39
A Total 1000

Ve i EHUR B (mg/kg): 4EEEA, 6500 1U; i D,
4500 TU; 4E2E#C, 120 mg; 4E2EEKE, 25 mg; 4E2E 2K, 5 mg; 4
4 EKB,, 12.5 mg; 4i2E K B,, 12.5 mg; 4i2EEB,, 15.0 mg; 4iE
EB,, 0.025 mg; MHELHZ, 50 mg; ZFE, 40 mg; ILEE, 75 mg; M
,2.5 mg; AHEME, 0.08 mg; H YR TIRENmg/ke): SN,
1.0; BRAEREE, 15.0; B2 &80, 25.0; A/KGEILE, 0.06; TR
AU, 32.0; BEER AU, 20.0; ATERIRER, 2.5; LIRS, 3.5; L
IKBREREE, 0.353; VU/KBRER R, 0.162; TLKBRERH, 0.031; 7S/KA
SAbAS, 0.001; HLERER, 0.003; £F4E %, 0.39

Note: ' Vitamin premix (mg/kg): vit. A 6500 IU, vit. D3 4500 U,
vit. C 120 mg, vit. E 25 mg, vit. K3 5 mg, vit. B; 12.5 mg, vit. B,
12.5 mg, vit. B4 15.0 mg, vit. B;, 0.025 mg, niacinamide 50 mg,

antothenate 40 mg, inositol 75 mg, folic acid 2.5 mg, biotin 0.08 mg;

Mineral premix (mg/kg): NaCl 1.0; MgSO, 15.0; NAh,PO,-
2H,0 25.0; AICl;-6H,0 0.06; KH,PO, 32.0; Ca(H,PO,), H,O
20.0; C¢HsFeO;-10H,O 2.5; CaC¢H,(CaO4'SH,O 3.5; ZnSOy
7H,0 0.353; MnSO4-4H,0O 0.162; CuSO,'5H,0 0.031; CoCl,
6H,0 0.001; KIO5-6H,0, 0.003; cellulose, 0.39

LR JE 1 60 H 0, 4 S Ak 2 AT B A de e} A
F4 A B F AT B B B R B K, I R RHNR A1)
A) Ja /N R HRIHLIN T 5 B4R 4 2.0 mm 1) 550 1]
Bl RF G B TF-20CKEFRA . KPR
VI DR R B 2E FAT R A & B 20 91x107 CFU/g.
1.3 SKIEIT

U6 F A0 W W A6 48 B X T R 2R K
FERFMAERAR . R4 JE RN IAE . g
— U HL(50.53+0.70) gBEHL BB 12 25 80k
300 LI FRFAGL(—Hea M, B3N EE), A
B 252

LG NN, BAR HAE L AN ER 2B, S
95 T4 B xof R 2H 43 B2 £ I s 93 550.1 mL 0.01mol/

LK #PBS, H 4 & 4H 4 2 I 1573 5410.1 mL 1.0x
10° CFU/mL W& /K< Bl B B W o W8 /K /86 7 £
YR B HLC50/(910%(E BB BE 91x10° CFU/fish).
S FH 1 I TE A Hp O R 2K 7R 2 B 77 A S 6 A
H AT G R OK IR B, BEAS SO0 W A) 7K 2% 12 7K
(25+1)C. pH 7.5+0.3. ¥HM#%(7+0.45) mg/L. %
A E(0.015£0.002) mg/L LK WAl R 25 &0(0.05+
0.008) mg/L, Jt il iR H ARG I . FR5H SR i e 4
56d, BRI BRI 7(8:30116:30), RIZ5EN]
Tl A VA REAE $ME 2 20 TR OB, ks L
TEHEAE TR LL60°C T 12h B 1 5, DURA S & 4 5256
S PR .
1.4 #HmRE

I3 AIAE IR L g 7K S I T 5 1R B 28 A B S6 K,
W B YLi%24h. FIMS-222(10 mg/L)FREE 5, # &
SRR E . R BENLIE 242 H, HF62
I EAMARAK . RE, PIEE S EE,
Je MR K L DA SR A L 5 6 1 T B RNATE
R Pt S8 A B P 0 5 5 6 8 £ FH T IR I B 75 == 11
W72 ; 6 8 0 HUAS 1 FFF U TSN 2 5% g ] i k] o
PLAS J5 UK o
1.5 #&EaoHh

BN ERBIREN T  BHeE
2 B IR S TE 50 C AR T 1824h, 2R )5
FH 28 IR0 0 7 JFE R R REL I 7 5 &2

ML OY A3 Hr: F T L O Sx Euf IFEAE A
2 W EEE E4a8h )5, AT K A, PR (E
FES wm). Gt AR . RS BE AR B B HX
10/ L8, HImage-Pro Plus 6.03XfFiHHE AT 2H
LR AT N AR T AR, SRS ES T &,
CRARRIEE R,

BEEIERNE 137 JH [ B (CHO)
i =BR(TG) /=% BN 8 H H B FE(HDL-C). K
25 B I 2R A 1H [ B2 (LDL-C) &5 5 DA K L& 43 B 5 41

#2 ZWHERI
Tab. 2 The experimental design
sy ERMIEGIRIDIet  BIRVES RS BORETEDiet

during the temporary Intraperitoneal after intraperitoneal

Croup rearing period injection injection
pais . e
Control ~ =HFIR PBS LA

1x10°
Ah FERih A CFU/fish 4. SRR
hydrophila
1x10°
Ah+Bs FERI AL CFU/fishA. B subtilistlk}
hydrophila
1x107
Bs+Ah  B. subtilisTak} CFU/fish 4. AR
hydrophila
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BE(AST). 4 P4 & (ALT) i MR A4 22 i el 4
H A A Al slR & 5 b A bR
BHEB A R A .

FERAEHEXEERREST  AEAE
HIRIRNA, 285 S s NeDNA, PAB-L3)h & H (-
actin)’ NN Z, f# F{Roche Light Cycler 480 real-time
PCRACHEAT SIS 9% % 7€ B PCR, 5149 W2 3(H X
R L EVMBEA R AT E ). RN EE RN
20 pL, f4EcDNA 2 L. _EFIF5I4%0.5 uL. £
& —. Z.li§(Diethylpyrocarbonate, DEPC)7K7 pL-
2xSYBR Green qPCR Mix 10 pL(Aidlab, PC5902).

MEWIERNE  BUSFHH IR S AEK B

%3 RT-PCR3|¥F%I
Tab. 3 Primers used for real-time PCR

gRE . 1BKRE
J3E£[FlGene  GenBank Sl USP,r 1rn3€lr Annealing
accession No. sequence(5'—3') temperature (‘C)
JeNife 4  HMB802556.1 GTCCACAGGGTGT 58
BEFAS CGTTC
GAGGTCTTGGGCT
CTTTATT
ZER4HEE  GU908475 AGTATCGCAGTGG 58
AR CATCA
ACCa TGTCCCCTTTGTTT
TCCT
TR KI816747 TTTACGACGGACG 58
WEIEFE RS GTTGC
fiflola GCTTGTTCTTCCCA
CPTlola CGACT
fefEEANE  FJ436077 AGCCCTGTATGAA 58
5 LPL CGAGA
CACATCCTTGCCCA
CTAG
HeWiH i  HQ845211 TATTGTGGTTTAAT 58
=i 5] CCCTCC
BEATGL CAGTGCCTTGCTCA
GTCT
BEMBUEK  FI843081 CCGACAAGGACAG 58
Ne g HSL GACAGT
ATGACCAGGCAGG
GAGAA
FFRAEH  EU220990.1 GGGAAAACCATCA 58
R&E CTAACTC
HL-FABP TCAGGGTCTCAAC
CATCTC
A% KU821103.1 CTTCCCCACTTCCT 58
AL CTATG
FAT/CD36 TAATCGGTTCCAC
ATCCA
EEEHTE  GU339498 GGATTGAGGTGAG 58
LA CCGACAT
HEH-1Ic TGAGGAAAGCCAT
SREBP-Ic TGACTACATT
HEAY  GQ220296 AATGCACCTTTCGT 58
g A 18 5 TATCC
YT GAGCGTCACTTGG
{iy PPARy TCGTTC
L&Y FI595500 TGTCAATACTGCC 58
[UERUNETE GTTTCC
YT GACTGGTGCTCCTC
{&a PPARo TTTCC
WEhEE Hp- M25013 CCTTCTTGGGTATG T
actin GAGTCTTG
AGAGTATTTACGC
TCAGGTGGG

MR e, Rk A 2, T e B P AL RE (T -
AOC). BEMNYBALEF(SOD). E A (CAT).
W JERIA B H AK(GSH). TH - (MDA). %A bA
(H,0,), LA &8 b 34 2 FR X 77 4 106 B 15 32 4 A6 i,
RAE I H 5 5 R A TR TS AT

FRMEREAERBIETE
(Survival rate, SR, %)=100x (% & /4] E%7)

A 38 B 2K (Weight gain rate, WGR, %)=100x
(R B ] 4k )/ ) (kB

¥ 4 K # (Special growth rate, SGR, %/d)=
100x(LnoR A4 B —Lnfy) {2 5)/47 3% K %

1 & (Feed intake, FI, g/fish)=1a k14 ¥ & (g,
T8 )/ B

1Ak} 2% (Feed conversion rate, FCR)=FFHT %
MDA B AR (R 0 A 1

JIEL3# £ (Condition factor, CF, g/om’)=100x {4 (g)/
[ (cm)]’

R AT 45 2 (Hepatosomatic index, HSI, %)=100x
i (2)/ K HE (g)

W EFE S (Viscera index, VST, %)=100x P4 JIi H(g)/
R (g)
1.6 Zitoth

S HHE S S8 B AR 1 1R (MeantSEM) R,
K HISPSS 22,08 AF1E47 Ab 3, A R BURE R AN A
IR FH LR 27 22 50 M, 22 57 0 Il Duncan’s
K36 7R3k 47 2 B LR, LLP<0.05 8 2 5 5. 35 M A
o LEASEIR]— 2 2L AR AN EOURE B 1) 2 T (1 4
K FMSTREA TR B, LLP<0.05 82 57 & bR

2 %

21 HEFHAFENEGEKMERE. BRERK
SESHINEN

W 4F17R, Ah+Bs4l N Bs+AhZHWGR. SGR
T E5E28d RN 5556 K}, 28 2 = T Ah4L(P<0.05), IF
T2 56K 3 = T 0 B2 (P<0.05), HAh+Bs4l
FCREZ{ET ARZL(P<0.05). 7E AN BURE B a] 55,
CF. HSIFVSI{E & M 2 6] 7 B % % 5 (P>0.05,
% 5).
22 WHEFBETEME&EERSEM70

Syt s, fefR 240, M 2 6. [’ 1h
AT O th 45 S (A-H) S 3 i 21 O G €2 1 g i T o5
AIXT AR GE i 45 (B 1-1) 80K, 28dHf i £L O 4L {4
(1) g 3 T AR 7E Ah 4 52 3 38 N (P<0.05), 1M {E
Bs+AhZ & Ah+BsZH 00 St i1 % 2 7 (P>0.05);
55 56 R 25 20 i T AR G 2 3 22 R(P>0.05) . K 1-
TR P B g 17 5 ) 5 4 SR - 228 KT, AhZH I fig i

R
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F4 HEHEFEFENESSEKEERBERSHNZN
Tab. 4 Effects of B. subtilis on growth performance and food
intake of grass carps

ey Xt B Control Ah Ah+ Bs Bs+ Ah
Index

w 50.77£0.83  50.61+0.60  50.34+0.38  50.42+1.26
28d

SR 98.67+2.31  96.00+4.00 98.67+2.31  97.33+4.62
Fw 68.76£1.62  67.53£2.66  70.97£1.06  70.69+2.73

WGR  35.46£3.49" 33.42+4.16" 40.98+1.28" 40.17+1.89"

SGR  1.08+0.09® 1.03+0.11°  1.23+0.03°  1.21+0.05"
FI  3145£026 30.62+1.57 31.74£1.19 32.31+1.04
FCR  1.7620.14" 1.83+020°  1.54£0.01°  1.60£0.07"
56d

SR 97.31£2.57 95.98+1.09 97.37+0.54  96.71+0.61

Fw 103.77£2.17" 102.71£3.86" 115.36£6.31° 110.87+2.98"
WGR 104.37+0.98" 102.96+7.21° 129.12+11.00°119.91+1.71"
SGR  128+0.01'  126+0.06' 1.48+0.09" 1.41+0.01°
FI 104.70+0.83" 105.14+7.41" 123.34+15.76"121.30+4.92°
FCR  198+0.05° 2.02+0.01° 1.89+0.07°  2.01+0.03"

e RAPBUECP A hs HE R AR AR PR E@=3E L
i)e FHTHUE S EARIA [R5 B 278 22 57 1.3 (P<0.05); T 1A

Note: Values are the meantSEM (n=3). Values within the
same row with different letters are significantly different (P<0.05);
The same applies below

®5 HEMEFATENEGNSESERRNT
Tab. 5 Effects of B. subtilis on morphological parameters of grass
carps

FahrIndex X} Control Ah Ah + Bs Bs + Ah

28d
CF 1.91+0.05
HSI 2.13+0.13
VSI 10.30+1.06
56d
CF 2.00+0.09

1.84+0.07 1.90+0.17 1.86+0.03
2.03+0.09  2.06+0.09  2.15+0.06
10.50+1.64 11.84+1.31 10.23£1.15

1.90+£0.16  1.94+0.06 1.96+0.18
HSI 2.49+0.23 2.39+0.11  2.53+0.17  2.43+0.10
VSI 11.83+1.05 11.15+1.48 10.93+1.19 11.10+1.43

T FE PR CP B AR R 9 REA K P HE (n=6)
Note: Values are the mean + SEM (n=6)
BT E m T X R (P<0.05), Ah+BsHIBs+Ah4
JE 7 & & 5 A ZH AR b 2 35 BRAR(P<0.05) . ZB56°K
I, & HNEAG I & B LR 5 % R (P>0.05).
STHEZH . Bs+AhZH M2 Ah+BsZH 1E 5556 K I i JHF 1 i
5 4 2 v T B 28 I ) T 7 5 B (P<0.05)
23 WHEFHAFEXNESMFE KBRS
Wik 6N, #28 KA, TGFMHDL-CH &AL
Ah+BsHB AW A T+ %5, fEBs+AhZH 23 5
T AhZH(P<0.05); ASTVH 14 7E Ah+BsZH L Ah 2 {2 3%
&K (P<0.05); Ib4h, TG. HDL-C& & K ASTIE

7E Ah+Bs . Bs+AhZ] 5 % 18 20 35 & 3% %= 5 (P>
0.05). H56°KK, CHO. HDL-CHILDL-C& & 7E
Bs+AhZd B AW 235 F 51 (P<0.05), fEAh+Bs4 A
FhE s, I 5 %A TE 3% % 57 (P>0.05).
ASTHIALTYE M7 AhZH B 2 = T 5 R 21 (P<0.05),
1M /£ Ah+Bs M Bs+AhZH U] 5 % f 20 TG B 3% 2 57
(P>0.05).
2.4 WMEFETENESAAREREEXERR
ey :ofA1

WIE 207, 528 K, AhAACCaZK B KT
S B8 2H 2 2% i (P<0.05), LPL. ATGL. SREBP-
Icy PPARyZFRIE /K23 T 1 (P<0.05), {HIX L JE
IR %1% 7K “F-7E Ah+Bs & Bs+AhZH 80 0] B 20 T 55 3 22
F(P>0.05). PPARaZRIEIKF{EAh+BsHIBs+AhZ
B AR B 35 EI(P<0.05) H 50 B4t B
25 (P>0.05). H56 KM, FAS. ACCa. CPTlala-
HSL. SPEBP-l1c. PPARy. PPARalIFik/KT1E
Ah4L 2% N (P<0.05), H7E Ah+BsHIBs+AhZ1 5
AW 2 FIRECE BIRMER . SRR, AT-
GLERIE/KFAEANHA NS (H7E Ah+Bs4l
FIBs+AhZ 3 AR 2 1 1(P<0.05).
25 WHEFEFEXNEGENEIENNENT

WK 3FT, 528 KW CAT. SODVE M X5
56 KRB T-AOC, 7E AhZH 5 xf HE 41 . 35 P& A% (P<
0.05), fE Ah+Bs4 #1Bs+AhZHl % AhZH &5 2 FF
(P<0.05). 528K, GSHF &= 7E Bs+AhZH 5 Ah4d
B2 TH R (P<0.05); HyO, & 5 7 AhZ . 2 T i (P<
0.05), 7/EBs+AhZH {2 2 X T Ah41 (P<0.05). Ah#
MDA & 7E W5 AN BURE I 8] 253 12 38 5 15 B4l
(P<0.05), /£ Ah+Bs#] F1Bs+AhZH 5 %f 18 40 ¢ &5 %
7 5 (P>0.05).
3 iTig
31 HEFAFENESEKMERESESH
ZapA

KA TR, EGrE K S  p 28d ), HE A
WGR. SGRH TP, FCREMMKEHA . JE
WML (Clarias gariepinus){E B4 E K S B 5, H
SGRE % W, FCRE E# ", 5AW I 48 51—
o AT TR 5 AR B AR ) R R I TR A
AR ttfe, BES 56 KA Ah+Bs4L I FCRE /N, W]
FE VA RE A S IR, B 2F AT B ChoRe (2 i B i AR G,
PR R E . 1E RUR A Bt fL(Epinephelus coi-
oides)'™ . WG (Salmo caspius)! 5 A K
AR HRIE . 3X ] B A2 5 2F HUAT B AR 8 4 = T AL T
T 1 DA RE = AL I, D BUE IR R, $E m sh nt
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Fig. 1

The effect of B. subtilis on hepatic lipid content in grass carp

A—H(400x). 735 N5 28 KR(A—DENMES6 R(E—H) X IR . Ah4l. Ah+BsZfIBs+AhZH 40 4 (5 45 55 1. flImage-Pro Plus
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Tab. 6 Effects of B. subtilis on blood biochemical parameters of

grass carps

febrIndex X} & Control Ah Ah+Bs BstAh
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CHO 6.5240.17"  6.05£0.26" 6.29£0.43" 6.79£0.16°
(mmol/L) . N .
TG 5.76£0.38"  5.14£0.31° 5.59+0.47" 5.73+0.42
(mmol/L) . N .
HDL-C 2.25+0.25"  1.89+0.16" 2.22+0.217 2.47+0.20
immol/L)

DL-C 2394040  227+0.13  2.43+0.28 2.29+0.25
(mmol/L)

b

AST (U/L) 52.83£12.69°67.04+9.31° 49.50+7.32" 55.93+14.13"

ALT (UL) 6.59+0.25  6.85£0.33 6.6940.92 6.96+0.15
56d

CHO 6.07£0.49"  5.39+0.49" 5.86+0.54" 6.02+£0.34°
(rmrnol/L)

G 5.56£0.42  6.0240.70 5.79+0.42 5.56:£0.49
(mmol/L)

HDL-C 2.1940.39  1.94+£0.16" 2.06£0.14" 2.30£0.20"
(mmol/L) . N .
LDL-C 2.5440.25°  2.10£0.20° 2.33£0.24" 2.4620.21
(mmol/L)

AST (U/L) 52.52+6.32" 81.48+18.54°50.73+9.13" 58.72+6.08"
ALT (U/L) 6.78+0.39" 7.41£0.45° 6.7140.29" 6.58+0.61"
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Fig. 3 Effects of B. subtilis on activities of antioxidant enzymes and content of MDA and H,0O, in grass carp



3 1

%M ) LA Rl ST TR P s DAt A T A 491

JIE W7 I 22 8 LPLER R /K 2 35 1 I, A8 IR i )
o VAR N2 7 B U S M 3% R LPL A K,
FHUNEE K96 7 BE L 4. (Danio rerio) W ig i BT, AT
JEACC1 ik 7K 55 3 1 FIR™Y, ix sty 5 AHF 5%
Al 56dRf AhZHFAS. ACCa CPTIola. HSL-.
SPEBP-1c. PPARyFIPPARaE 157KV % 18 15t
T, R B ARG IR G R S RRORA 23 R 25k D,
JE AR 5 . FERRCuid B0 R E, HEEifH
ACCafNATGLIR IR /K3 535 8, i A 17 25
B, AT AR, TE RIS B 2 AT
B PR, XSS R R IE S X IR LB 2 5, &
TE SR YL g 7K BRI i $5E MR A R 2 AR B
51 e 0% ek /> DR J G g 7K =5 B 0 £ I o A
iaf-AlR
35 HEFANFENEGFIENEXENNE
V2 ANRR R e i SR W E UL AR, &
B E B EIRE T, TR A BIR
AT RE, BT BUFIE AR FR 22, BRI shae™.
PRI I, S V7 ORI A 3 i P 18 1) o508 70 B G i
AR IR 92 98 B b ke 3 2 e e Y. T-
AOCR M ML AL BE 7 i B 45 F: . SOD.
CAT. GSHjE —FKEEMPUAME, EIRY 4%
AN TP B A B A A0 T T K R
EAEH, WSODREMEILO; H AL AH,0,, CATI G
HH,0,". MDA J IR 5 S04k 15247 i 8 27 4,
AT PR Al IR P AL RS T, st g B
TR A R LR AT I A RS, R Pt RE
B, FERMERIESOD. GSH. CAT. T-
AOCH AR 5 #3R F5; MDA K H,0, & B Ah4
K. A MIWFFR R4 HE R m 2RI PR
T RE ST ¥R Rk B 2E AT R A RE8 B S, TSk
ffi(Megalobrama amblycephala) %) I JESOD+
CAT. GSH-PXPJFE 1t 2 3 Ft =i, MDA R & 2. 3% [%
BN, ZE 4Dk kb 75 48 BT B (Lactobacillus del-
brueckii) ¥ "8 & J5, ¥ #(Cyprinus carpio Huanghe
var) iFESOD. CAT. GPXih1: M T-AOC & ZE Tt
&, MDA S & 2 AL, b, A AT e
P A AT B AL RE D, Dk 4H 2R AL B
R, BRAR R GL I 7K B B R R () 402 55

4 ZHip

CA_E 25 AR, LA} A8 Al B 28 A A 1 T
ol B KR TR R ek B T D RE R AR,
AT UM AR R PR S s R B IE AR T
RE, Y0 i BRAE AFIE T AR R, JF (et s A
L AR RE R 4

SEHL:

(1]

(2]

[3]

(4]

(3]

(e

(7

[8]

9]

[10]

[11]

[12]

[13]

DuZ Y, Clouet P, Zheng W H, et al. Biochemical hepa-
tic alterations and body lipid composition in the herbivo-
rous grass carp (Ctenopharyngodon idella) fed high-fat
diets [J]. British Journal of Nutrition, 2006, 95(5): 905-
915.

Kong W, Huang C, Tang Y, et al. Effect of Bacillus sub-
tilis on Aeromonas hydrophila-induced intestinal muco-
sal barrier function damage and inflammation in grass
carp (Ctenopharyngodon idella) [J]. Scientific Reports,
2017, 7(1): 1588.

Huang L, Cheng Y, Huang K, ef al. Ameliorative effect
of Sedum sarmentosum Bunge extract on tilapia fatty liver
via the PPAR and P53 signaling pathway [J]. Scientific
Reports, 2018, 8(1): 8456.

Du Z Y. Causes of fatty liver in farmed fish: a review and
new perspectives [J]. Journal of Fisheries of China, 2014,
38(9): 1628-1638. [fhjET*. FR5H IG5 H B A A 4
KRIHE [1]. K253, 2014, 38(9): 1628-1638.]

Tang Y, Han L, Chen X, ef al. Dietary supplementation of
probiotic Bacillus subtilis affects antioxidant defenses and
immune response in grass carp under Aeromonas hydro-
phila challenge [J]. Probiotics and Antimicrobial Pro-
teins, 2019, 11(2): 545-558.

Zhao H, Luo Y, Wu Z, et al. Hepatic lipid metabolism
and oxidative stress responses of grass carp (Ctenopha-
ryngodon idella) fed diets of two different lipid levels
against Aeromonas hydrophila infection [J]. Aquaculture,
2019, (509): 149-158.

Al-Muzafar H M, Amin K A. Probiotic mixture improves
fatty liver disease by virtue of its action on lipid profiles,
leptin, and inflammatory biomarkers [J]. BMC Comple-
mentary and Alternative Medicine, 2017, 17(1): 43.

An HM, Park SY, Lee D K, et al. Antiobesity and lipid-
lowering effects of Bifidobacterium spp. in high fat diet-
induced obese rats [J]. Lipids in Health and Disease,
2011, (10): 116.

Li W F, Zhang X P, Song W H, et al. Effects of Bacillus
on the water quality in grass carp culture [J]. Journal of
Aquaculture, 2012, 33(10): 1-5. [Z= 4%, k/NF, R
W, S SF A BN B A FREK S RGN [T]. /K7 IR,
2012, 33(10): 1-5.]

Liu H, Wang S, Cai Y, et al. Dietary administration of
Bacillus subtilis HAINUP40 enhances growth, digestive
enzyme activities, innate immune responses and disease
resistance of tilapia, Oreochromis niloticus [J]. Fish and
Shellfish Immunology, 2017, (60): 326-333.

Wu Z X, Feng X, Xie L L, et al. Effect of probiotic Bacil-
lus subtilis Ch9 for grass carp, Ctenopharyngodon idella
(Valenciennes, 1844), on growth performance, digestive
enzyme activities and intestinal microflora [J]. Journal of
Applied Ichthyology, 2012, 28(5): 721-727.

Zhang X, Peng L, Wang Y, et al. Effect of dietary supple-
mentation of probiotic on performance and intestinal mi-
croflora of Chinese soft-shelled turtle (7rionyx sinensis)
[J]. Aquaculture Nutrition, 2014, 20(6): 667-674.
Sheikhlar A, Alimon A R, Daud H, ef al. White mulberry
(Morus alba) foliage methanolic extract can alleviate
Aeromonas hydrophila infection in African catfish (Cla-


http://dx.doi.org/10.3969/j.issn.1004-2091.2012.10.001
http://dx.doi.org/10.3969/j.issn.1004-2091.2012.10.001

492

KR R

44 %

[14]

[15

—

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23

—

[24

=

[25]

rias gariepinus) [J]. The Scientific World Journal, 2014,
(2014): 592709.

Liu C H, Chiu C H, Wang S W, et al. Dietary administra-
tion of the probiotic, Bacillus subtilis E20, enhances the
growth, innate immune responses, and disease resistance
of the grouper, Epinephelus coioides [J]. Fish and Shell-
fish Immunology, 2012, 33(4): 699-706.

Karimzadeh S, Amirkolaie A K, Miandehy S P. The ef-
fects of different levels of Beta Plus on growth perfor-
mance, microbial flora and blood parameters of caspian
trout, Salmo caspius (Kessler, 1877) [J]. International
Journal of Aquatic Biology, 2014, 2(6): 292-298.

Cheng W, Chiu C S, Guu Y K, et al. Expression of re-
combinant phytase of Bacillus subtilis E20 in Escheri-
chia coli HMS 174 and improving the growth performance
of white shrimp, Litopenaeus vannamei, juveniles by us-
ing phytase-pretreated soybean meal-containing diet [J].
Aquaculture Nutrition, 2013, 19(2): 117-127.

Liu C H, Wu K, Chu T W, et al. Dietary supplementation
of probiotic, Bacillus subtilis E20, enhances the growth
performance and disease resistance against Vibrio al-
ginolyticus in parrot fish (Oplegnathus fasciatus) [J].
Aquaculture International, 2017, 26(1): 63-74.

Lee H'Y, Park J H, Seok S H, et al. Human originated
bacteria, Lactobacillus rhamnosus PL60, produce conjuga-
ted linoleic acid and show anti-obesity effects in diet-in-
duced obese mice [J]. Biochimica et Biophysica Acta,
2006, 1761(7): 736-744.

Ma X, Hua J, Li Z. Probiotics improve high fat diet-in-
duced hepatic steatosis and insulin resistance by increas-
ing hepatic NKT cells [J]. Journal of Hepatology, 2008,
49(5): 821-830.

XuRY,WanY P, Fang Q Y, ef al. Supplementation with
probiotics modifies gut flora and attenuates liver fat accu-
mulation in rat nonalcoholic fatty liver disease model [J].
Journal of Clinical Biochemistry and Nutrition, 2012,
50(1): 72-717.

Banda IGDL, Lobo C, Ledn-Rubio J M, et al. Influence
of two closely related probiotics on juvenile Senegalese
sole (Solea senegalensis, Kaup 1858) performance and
protection against Photobacterium damselae subsp. pisci-
cida [J]. Aquaculture, 2010, 306(1): 281-288.
Tapia-Paniagua S T, Diaz-Rosales P, Garcia de la Banda
I, et al. Modulation of certain liver fatty acids in Solea
senegalensis is influenced by the dietary administration of
probiotic microorganisms [J]. Aquaculture, 2014, (424-
425): 234-238.

Falcinelli S, Picchietti S, Rodiles A, et al. Lactobacillus
rhamnosus lowers zebrafish lipid content by changing gut
microbiota and host transcription of genes involved in lipid
metabolism [J]. Scientific Reports, 2015, (5): 9336.
Falcinelli S, Rodiles A, Hatef A, et al. Dietary lipid con-
tent reorganizes gut microbiota and probiotic L. rham-
nosus attenuates obesity and enhances catabolic hormo-
nal milieu in zebrafish [J]. Scientific Reports, 2017, 7(1):
5512.

Yuan X, Liang X F, Liu L, ef al. Fat deposition pattern
and mechanism in response to dietary lipid levels in grass
carp, Ctenopharyngodon idellus [J]. Fish Physiology and
Biochemistry, 2016, 42(6): 1557-1569.

[26]

[27]

(28]

[29]

[30]

61

[32]

[33]

[34]

[33]

[36]

[37]

[38]

Zhang Y L, Zhang T, Zhou Z F, et al. The clinical value
of serum lipid in patients with acute chronic hepatitis, cir-
rhosis and liver carcinoma [J]. Journal of Clinical Gast-
roenterology, 2008, 20(6): 369-370. [7K % >, 3k5%, M
K, S SR AL B e R I T A £
B [I]. R LI 4 &, 2008, 20(6): 369-370.]
Zhou X B, Huang Y H, Cao J M, et al. Effects of 5 kinds
of lactobacillus on growth performance, body composi-
tion, serum biochemical indices and intestinal microflora
of tilapia (Oreochromis niloticusxO. aureu) [J]. Chinese
Journal of Animal Nutrition, 2014, 26(7): 2009-2017. [
e, BAiete, R, &5, SHIALIR B X B R AR AR K
A RRZY IS AR AR AR Bl TE R R RZ R [T]. 3)
Vg IR 53R, 2014, 26(7): 2009-2017.]
Hassaan M S, Soltan M A, Jarmotowicz S, et al. Com-
bined effects of dietary malic acid and Bacillus subtilis on
growth, gut microbiota and blood parameters of nile
tilapia (Oreochromis niloticus) [J]. Aquaculture Nutrition,
2018, (24): 83-93.
Chen Q L, Luo Z, Pan Y X, et al. Differential induction
of enzymes and genes involved in lipid metabolism in liver
and visceral adipose tissue of juvenile yellow catfish Pel-
teobagrus fulvidraco exposed to copper [J]. Aquatic Toxi-
cology, 2013, (136-137): 72-78.
Song Y F, Luo Z, Zhang L H, et al. Endoplasmic reticu-
lum stress and disturbed calcium homeostasis are in-
volved in copper-induced alteration in hepatic lipid meta-
bolism in yellow catfish Pelteobagrus fulvidraco [J].
Chemosphere, 2016, (144): 2443-2453.
Eberle D, Hegarty B, Bossard P, et al. SREBP transcrip-
tion factors: master regulators of lipid homeostasis [J].
Biochimie, 2004, 86(11): 839-848.
Rosen E D, Sarraf P, Troy A E, et al. PPAR gamma is re-
quired for the differentiation of adipose tissue in vivo and
in vitro [J]. Molecular Cell, 1999, 4(4): 611-617.
Tontonoz P, Hu E, Spiegelman B M. Stimulation of
adipogenesis in fibroblasts by PPAR gamma 2, a lipid-ac-
tivated transcription factor [J]. Cell, 1994, 79(7): 1147-
1156.
Morash A J, Kajimura M, McClelland G B. Intertissue
regulation of carnitine palmitoyltransferase I (CPTI): Mi-
tochondrial membrane properties and gene expression in
rainbow trout (Oncorhynchus mykiss) [J]. Biochimica et
Biophysica Acta (BBA)-Biomembranes, 2008, 1778(6):
1382-1389.
Kerner J, Hoppel C. Fatty acid import into mitochondria
[J]. BBA-Molecular and Cell Biology of Lipids, 2000,
1486(1): 1-17.
Ji H, LiJ, Liu P. Regulation of growth performance and
lipid metabolism by dietary n-3 highly unsaturated fatty
acids in juvenile grass carp, Ctenopharyngodon idellus
[J]. Comparative Biochemistry and Physiology, Part B,
2011, 159(1): 49-56.
Bonen A, Han X X, Habets D D, et al. A null mutation in
skeletal muscle FAT/CD36 reveals its essential role in in-
sulin-and AICAR-stimulated fatty acid metabolism [J].
American Journal of Physiology-Endocrinology and
Metabolism, 2007, 292(6): E1740-E1749.
Coburn C T, Knapp F F, Febbraio M, et al. Defective up-
take and utilization of long chain fatty acids in muscle
and adipose tissues of CD36 knockout mice [J]. The


http://dx.doi.org/10.1016/j.bbamem.2008.02.013
http://dx.doi.org/10.1016/j.bbamem.2008.02.013
http://dx.doi.org/10.1016/j.cbpb.2011.01.009
http://dx.doi.org/10.1016/j.bbamem.2008.02.013
http://dx.doi.org/10.1016/j.bbamem.2008.02.013
http://dx.doi.org/10.1016/j.cbpb.2011.01.009

33 %M ) LA Rl ST TR P s DAt A T A 493

Journal of Biological Chemistry, 2000, 275(42): 32523- HUR R R ER (11, US4, 2014, 33(2):
32529. 254-260.]

[39] Holloway G P, Lally J, Nickerson J G, et al. Fatty acid [44] Wang W N, Zhou J, Peng W, et al. Oxidative stress, DNA
binding protein facilitates sarcolemmal fatty acid trans- damage and antioxidant enzyme gene expression in the
port but not mitochondrial oxidation in rat and human Pacific white shrimp, Litopenaeus vannamei when ex-
skeletal muscle [J]. Journal of Physiology, 2010, 582(1): posed to acute pH stress [J]. Comparative Biochemistry &
393-405. Physiology Part C, 2009, 150(4): 428-435.

[40] Zheng X, Dai W, Chen X, et al. Caffeine reduces hepatic [45] Yang S P, Wu Z H, Jian J C, et al. Effect of marine red
lipid accumulation through regulation of lipogenesis and yeast Rhodosporidium paludigenum on growth and anti-
ER stress in zebrafish larvae [J]. Journal of Biomedical oxidant competence of Litopenaeus vannamei [J].
Science, 2015, 22(1): 105. Aquaculture, 2010, 309(1): 62-65.

[41] Chen Q L. Effects and mechanisms of copper on lipid [46] Sun S M, SuY L, Zhang W X, et al. Effects of dietary
metabolism in yellow catfish Pelteobagrus fulvidraco and Bacillus subtilis on growth performance, liver antioxi-
javelin goby Synechogobius hasta [D]. Wuhan: Huazhong dant ability, intestinal microflora structure and disease
Agricultural University, 2015: 73-86. [ 5. Hi %} 3% 5 resistance of juvenile blunt snout bream (Megalobrama
R R R R e AR A 2 LR AT [D]. i amblycephala) [J]. Chinese Journal of Animal Nutrition,
I el K2, 2015: 73-86.] 2016, 28(2): 507-514. [Fhik A, F5Ha kT, skl i, 5. 1A

[42] Roberto G, Giovanni M, Maurizio C. Redox balance in R IR, B R AT BN L Sk g e AR K vk RE . R
the pathogenesis of nonalcoholic fatty liver disease: PUAACIRbR T8 T RE S5 M D50 52 [J]. 3h4)
mechanisms and therapeutic opportunities [J]. Antioxi- BIRER, 2016, 28(2): 507-514.]
dants and Redox Signaling, 2011, 15(5): 1325-1365. [47] Zhang C N, Zhang J L, Guan W C, et al. Effects of Lacto-

[43] DuZ]J, Xial, Luo M L, et al. Protective effect of Gln on bacillus delbrueckii on immune response, disease resis-
Pelodiscus sinensis against Aeromonas hydrophila infec- tance against Aeromonas hydrophila, antioxidant capabi-
tion [J]. Sichuan Journal of Zoology, 2014, 33(2): 254- lity and growth performance of Cyprinus carpio Huanghe
260. [FL52E, B &, W50, 25 R BT g KA H var [J]. Fish and Shellfish Immunology, 2017, (68): 84-91.

EFFECTS OF BACILLUS SUBTILIS ON THE HEPATIC LIPID METABOLISM
OF CTENOPHARYNGODN IDELLUS

4

LUO Yan-Er"’>, ZHAO Hui"’, GUO Dao-Yuan”’, WANG Huan"*, CHEN Xiao-Xuan”* and WU Zhi-Xin"

(1. College of Fisheries, Huazhong Agricultural University, Wuhan 430070, China; 2. Hubei Engineering Technology Research
Center for Aquatic Animal Diseases Control and Prevention, Wuhan 430070, China; 3. Hubei Provincial Engineering
Laboratory for Pond Aquaculture, Wuhan 430070, China; 4. National Demonstration Center for
Experimental Aquaculture Education, Wuhan 430070, China)

Abstract: To investigate the effects of Bacillus subtilis on the hepatic lipid metabolism and antioxidant function, the
grass carp were randomly divided into 4 groups: control group (Con), Aeromonas hydrophila group (Ah), Aeromonas
hydrophila+Bacillus subtilis (Ah+Bs) group and Bacillus subtilis+Aeromonas hydrophila group (Bs+Ah), and the three
experimental groups were intraperitoneally injected with 1x10° CFU/fish 4. hydrophila, and B. subtilis diet contained
1x10" CFU/ g for a trial of 56 days. The results showed that two groups fed with B. subtilis had higher weight gain rate
and special growth rate compared with the Ah group (P<0.05). B. subtilis significantly decreased liver lipid droplet size
and the hepatic lipid content at day 28 (P<0.05), increased the content of serum cholesterol, triglyceride, high-density
lipoprotein cholesterol, low-density lipoprotein cholesterol and reduced activities of aspartate aminotransferaseand
alanine aminotransferase. B. subtilis downregulated the expression of acetyl-CoA carboxylase alpha and upregulated
the expression of lipoprotein lipase and adipose triglyceride lipase on day 28. B. subtilis enhanced superoxide dis-
mutase, catalase, glutathione and total antioxidant capacity, and diminished malondialdehyde and hydrogen pero-
xide. In conclusion, probiotic B. subtilis supplementation can promote growth, enhance the antioxidant function, re-
duce the liver damage caused by infection of A. hydrophila, regulate the hepatic lipid metabolism, and reduce the hepatic lipid
accumulation in grass carp.

Key words: Grass carp; Aderomonas hydrophila; Bacillus subtilis; Lipid metabolism; Antioxidant function



