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B = A B H I 3 K P E EF (Salmo salar) & 1<
EHU BT R M REIEIRR

Wt % OB B A x ED HET!
KRR BEMD BE#® I 42

(L. WARRFEHERHGARAT MG 264003; 2. PEPEEEFEFITT H5% 266071)

WE ERBUER R, 3 E 4 (180428) g Hy A T ¥ #(Salmo salar) 420 &, FEHL4 Ak 4 4 (38 41
MINTREERAKFHLIA), BAINEL, BNEL 3B R, dEARRIEMAL, R4
B3R A 1%, 3%F0 5% 3F FAT W A Bt £F 6 2 A 3 4 W I 7 (BSCP) By St 1A B 42d., R K,

KT e R 1%-5%H7 BSCP j5 & K M4 2| A Bk %, W& X I % 7% (P<0.05), 184} R #fn 3t
TF P EEK(P<0.05); HHE AR ENHEMEEAGNEYE, SEFARENEEREENRZ
5#(P<0.05), {8HJig 5 & VLK b % B 3% MK (P<0.05); 5% 40 41 8 Fn BF JIE & & B An fiE J B 78 M 1
EIAZE Wy 8, (B 5%l Tt Ag A B 05 M B 2K (P<0.05); L34 M I %z 48 Ar & I H A F
REWNHE, B D FEEIET TR E A, P E A EH SOD 7t B & &K (P<0.05), £ REH,

BSCP U B FREATHAENEKKER, REHorHBEEMEARNEAE, FE-—ERE
FRHE ATV R AR R, R EE R AR 3%,

ES a0

hESHKE S963  ICEKERIEAE A

K PG (Salmo salar) & —Fh & FE A B 55 = 1 1
S SR, FLR B SE | T N I R A2
o NE, AN KRR AR B TEERES
B, HErig a8 R 2 H8ORVE R A AT 5%
B o T F R G R P A N T A5 B VR R 300 4 1 A3 M i
A GRDREX fa AR B A B R ORI, S B e
TR KRR o At A 785 i 50 o el 3 1 o i ik
A ROVE R . R E T RE SR, ]
DIHE R FRAE S A A P PR RE (SR HE 2, 2005), S 3T 4F ok
Pt 77 4 fa 2 A K R RS ) R A S ol 22—

AR FP IS 35 A4 AL 7 I PLHR TR, 24

WS INIE F RENS I BIAE FH B A el 3455 A9 AR (Oelschlaeger,

2010; M@= 4%, 2010), HAr, W LEAERRLE
DI 2 R PR B AN L L 25 AR TR AR, AR

WAHW; AWEE; £K; BB, ERFFEERIER
TEHS  2095-9869(2017)05-0100-07

A1l 1 FH 35 A )2 19 2 2 TR R 28 o A 6 2R AT
(Bacillus) . FLEREA LA S e bk 1 (TR MG 45, 2012), Moo,
ZE TR T 7L R T 1 B — U VR N R A [
PRI SE G, T G T 2E AT TR FRE BRI 250
Xof 8 AR S A AR AE 58 I A Sy 2 D, o AR S 2t 0 5 sk o
S INAS TRY ) 62 20T B 0 PR BT A2 45 el 90 K P
PREER A KRR . WAL TH LS PR RR R
FERE TR, BT A 24 T 1500 14 42 b s S B
FEARDRF R B 3E FLVR A, Oy HAE A= 7 v i PSR AR Al

1 M5
1.1 Kt R R
M 2014 AE IR R I FERHY R A RA A E
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X245 A g A w06 K PG 6k (Salmo salar) A2 1<« T A HE RIS 5 P S S 8 A 1 52 101

(BT T B R PO et 1B R 420 FEARAS — 3. IR
{5 | PR 2 (180228) g MR VUV, BFEHLA R 4 41,
A3 SRR BTN 3 AU IS R K52 & 2 A TR Y
S, HHIANEE, HAEE B R, HET 124
M7 NTEFR K TR R GE . Ll 42d,

fie: 60§ £ J A5 FRDRHIE TG DO R A BR A A, 5
WlE TR 7K 5) 6.6% HHEE T 44.2% AR T 22.4% .
K43 10.6%,

54 %5 M 1 1 77 (Complex-probiotic-preparation,
BSCP) Mty ¥ 2E kT B CGMCC 10149 ¥k (Bacillus
amyloliquefaciens V4 CGMCC 10149) ik £ ¥ 1) 7
CGMCC 1013 E#k(Rhodotorula mucilaginosa CGMCC
1013) MR & AW, Hr, fRIEk R AT W BEA
PUABES MBI R . PIFhES AR LB
B | a3 U N N B o 7 Ry e 3 e
KW ZE AT B & &k 2.5510° CFU/mI, FERE B &
ok 1010 CFU/MI, TR T & m2000 4.1%,
b E R B S Wt s 4R A . BSCP LA (ml)/
Tl ELEE (9) 53901 1% . 3% 5ol 771 o Mo 75 51 il ek o
Mt R AVRDEME £ T 4°C UK o

12 FEERE

KPGEEfE T/ NS BTG IR K R G TR0, B4
FRE KR 300 L, PIURFRGH % 2 21 kg/m3,
SLE AR SR 14 d, FEAYRE IEH 5 IR IE S,
K 08:00 i1 15:00 1 £ M 2 ¥k, B MK 1.0%-1.4%,
FR B G HETS , IC SRR IE S SRR SETR
UK. B 5 d ME —REAARMWRA . F2FEHKH
PE R A M R A2 TRk, KB RS2 g6 30 1Al K g
S 9-12°C, WfR4AE>T mg/L, & A <0.6 mg/L, WA
<0.3 mg/L,

13 HmRERALIE

SCEHI IR AL R, FRE AR R S A, TE K
SR, BT d WEERAS TR MR, R T e
TR LT AR BRSO S5 o, AR REALER 3 2
K VG PEfE , F 50 mg/L Y MS-222 JFR I i 2 i kAl 1f.
MK E T HFE SR8 2 ml 208, 4000 r/min &5
> 15 min, BB, FH T AERR 5 S 8 s 1 I E
LS AR ], BUE AFE, RBRIGHI 414, T
—80°CUKFHIR-AT o

FLBE 2%« K DR SRR, FREJS A 9 £
PRFRRY 0.9% G AR FIER /K, £HZRA)3%HLLA 11000 r/min 2)
4 2 min, #XJ5 3000 r/min Z.0> 10 min, B EWEW,
PRAET-80°C , FH I T Ak Bl AR RE S M S e FR A o

14 NEERSHZE

FHAL R R 4 mol/L EhBR ALK 43 1 1
1710 %€ (Vandenberg et al, 2008), 418 EH S & .
TH AR T T 12 R R 5 1 B 28 8 s 250 2R FH R et i
Y TR ST BT AR 7 R S RS D
K AR R 0, T 0 Tl 3 000 SR FH AL A L £
B, MBS 0 R R AR A L,V TS
W %E K B B X iR, BR VB R (Acid phosphatase,
ACP) FI 14 1% % Bt (Alkaline phosphatase, AKP) i
D5 R FH B R A% A b B vk, A Tk 1 1k il
(Superoxide dismutase, SOD){ 4 52 2R FH i L 04 4
TRk R M5

Az PR BEE b B W T AL R AH TR A = R

14 8 % (%) =(W—Wo)/Wo <100

i 78 1 K R (SGR, %)=(InW—InWo)/t=<100

HEME R (%) =W/ [(Wo+Wy)/2]/t=100

TRlkE 2 B (FCR)=W4/(W—Wo)

HET- % (%) =(N—No)/No><100

TH 5 2 M ALK (%) =(1-A1/A2) <100

H 1 R 1L 78 (%) =(1-A1 P2/ A2 >P1) <100

Jig 10 2 WL TH A6 38 (%) =(1-A1>F2/A2>F1) <100

Ao, t OMFRAEREL, Wo T Wi 4331 hy S50 40) il
S A BB (9), Wi TR BRI R (9), No A1 N
G390 R SRS A R SE I R AR AE T AL, AR Az 43R
TR AZE A PR IR AN TA MK A B i, Po Rl P2 4N
R RSB (e b g ) e N S B P B S K S e
(CLRYEY iR
1.5 HEBSHITEHH

JIT A s 1 DUV Y (H 5 1 152 (Mean3SE) & i
FH SPSS 13.0 #K {4 #k4T 51K % J7 2 43 7 (One-way
ANOVA), AFAERE 25, WIYEFT Duncan £ HE I
i, P<0.05 2%,

2 #HR

21 EAmERBIFINAEFEERKEENRMN

BSCP I R PUvEEA K MEREM I LR 1. 5XF
MERLAHEL, KVGEEEERMRA N 1%-5% BSCP By 1k}
42 d J5, WEKM SGR WA HITE L 21%
16%(P<0.05), 1k} R ELFIFE T 43 HIFEAL 15% il
47% (P<0.05), 1%ZH H1 3%2H it 15t £ 5t AR £ R A n)
W ZH & 17%7H1 139%(P>0.05), 5% & THi =%, HH
A B 3 2% 5 (P<0.05),
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Tab.1 Effects of the BSCP on the growth performance of Atlantic salmon (n=3, Mean3SE)

sEA )

WiH ltems Xof i 26 1%2H 3% 5%%H

Control group 1% group 3% group 5% group
W& Initial weight (g) 181.80+1.61 182.3942.58 177.1341.23 179.3942.20
K Final weight (g) 303.1945.72Y  328.2446.372 320.6045.2920 325.1743.662
B & Total feed intake (kg) 3.6920.10P 4.3720.17% 4.2930.20% 4.4620.062
B & Feed intake rate (%) 1.1340.03° 1.2740.04% 1.2820.03% 1.3240.02°
4 H R Weight gain rate (%) 66.85+44.50P 80.1245.80? 81.0143.352 81.2740.67°
Tk} 22 %0 Feed coefficient 1.1540.062 0.9620.01° 0.9620.02° 1.0120.10°
g 4 KR Specific growth rate (%/d) 1.2240.06P 1.4040.132 1.4140.042 1.4240.10°
FET-# Mortality rate (%) 9.52+1.902 4.7640.95b 4.7640.95° 5.7140.85°

T AT IR FRAS RN 7 )35 30K 22 5+ .35 (P<0.05)

Note: In the same line, values with different superscripts were significantly different (P<0.05)

22 E6mEREFFANKEFEAMRIEUERY

AL

BSCP X K 74 A fi: 114 ) e} 2 UL 7 Ak 3 19 5% i) I,
2, GXTMAMIL, KPR 5%1 BSCP )5,
B R R AL 2 T 8%(P<0.05) , {H A i i 26 W
T Ak L B 0.4%(P<0.05), 1M 1%ZH F1 3%4H 5 %F
HEZH TC 1 % 25 % (P>0.05) . %M BSCP fifi i {44k} 1
Wy 5 2RI A 23 S BT e 1 i A, A 45 2 TR) T 2
#5(P>0.05),

2.3 E &4 B KA b B E R R0

BSCP S K U vE e I AL Bl s PR 152 i WL 3% 3. K
VEAEEESEE BSCP Ji, MR ZE (B G 34 3 T
(P<0.05), fiz i £ 1 B PR BE VS I 1 T, 3%2H A1l
5% %5} HR ZH 42 155 31%(P<0.05) ., 7 18 1Tk i 1 it
TG T B AN £ ) T S e T R R BRI R e, 3%4d

g 38 R G B 07 0 2 e v L 3 T IR 47%
1 329%(P<0.05), Tfii 5% 4 A A s e 7k 4 40 4k 3
fIE T H A A% 41 (P<0.05) . 52 & i Az P X K PG V6 T A
i T8 H 100 U Ao T 4 G 8 3 R i (P>0..05) .

AuHAREHAXNKAFEEFRERERR

SEA0

BSCP X A P ek A S e FE AR i 52 i WL 4
B A VG Pt BSCP 42 d J5, Iy MUIFAE SOD 1%+
Wi S i 1 T i S SRR IR T A B, 3% Ak,
X HEZH B 2 B IR (P<0.05) . S5%4LFAE ACP & T
X} AR 40 A1 1%4H (P<0.05), 5 3%4H G i # % 5 (P>
0.05). Bli#E & & za BRI A3, I W oA I AN
AKP BTG ETHE RS, H 1% 3%41% H
it 1% Mt 35 T F 1R (P<0.05) . BSCP X K P4 ¥ fik: 1l V5 %%
FlF . ACP Hl AKP (75 M IG5 i (P>0.05) .

2.4

F2 ERFAEHFINAAFEEAMRWELENZ N
Tab.2 Effects of the BSCP on the apparent digestibility coefficient of Atlantic salmon (n=3; Mean=+SE; %)

H Items + ¥yt Dry-matter 5 H i Protein g5 Lipid
X #8 24 Control group 69.33+1.88 87.49+0.98P 98.1040.31°
1%2H 1% group 70.59+1.62 88.2043.252b 97.83+0.2020
3%2H 3% group 71.01+.51 92.2942.703b 97.93+0).212
5% 5%group 72.16+1.20 94.07+2.282 97.67+0.08°

R 3 EAFHEBEFFINKEFEHHLETENZN
Tab.3 Effects of the BSCP on the digestive enzyme activities of Atlantic salmon (n=3; Mean3SE; U/mg prot)

TiH Items Xt B840 Control group 1%21 1% group 3%%H 3% group 5%3%H 5% group
it VB Amylase 0.3140.04 0.2740.06 0.3540.05 0.29+40.08
Intestinal g liifif# Lipase 42.30+2.86° 54.1347.792b 70.21+1.202 43.9349.42b

% H ¥ Protease 101.27+13.37° 107.74412.22b 130.27+12.528 134.5249.252
HF e TR Amylase 0.4240.08 0.4240.08 0.4740.12 0.4540.14
Liver A5 i Lipase 30.9444.13b 35.5643.072 41.0343.842 23.6342.35¢

5 H i Protease 20.2544.26° 32.55+3.508 33.1245.932 36.0745.452
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3 itie

AN TR FP S 25 A 0 T 2L AT I 2R 3URR R TR] AR
RPN A5 1) = ZE0E LA 97 22 5% (Oelschlaeger, 2010),
TR B LA R e MR DU SR | AR TE R R
(Zifp a5, 2008), TEMImIREE T Al LUE KA T, A<
WG, 52 & T TR T Y ) P 2R R PR 7 1) ) e
KWLV, B THEAE, & UM A AN
LI, 7F 18 T 0 & B SR R AR (R /N A
2009), AL EA N ZMIER . BEEEEH T
ISR RER M, B B AR e T, AR 32 IR A
HE ARG IE 5 W] LAG 22 Bl s 35 R T AL (2351 S 4
2008; #E7/R4E, 2006), HAG &AL ENT, &
KA B T BE 8 35 B DRHES IR, ZE AT B RN BB B
AT AR I A TR — B A

3.1 mMAWXKTIHYHIEERIER

B 5 A2 TR AT DA i R A sh ) i AR K Pk e 215
BN TVZARSE o ZF AT T O S 22 W T RE 98 W] &
i 36 £0 (Acipenser baeri) (XI55 %5, 2011; &5 fk &,
2009) . filifa (Carassius auratus)(Xll %5, 2006) . & 5
1 (Pelteobagrus fulvidraco)(Z= i %45, 2013)F1 % E fa
(Oreochromis niloticus)(f+f X 434, 2008)%5: £ fif 1 2%
My A, T PR R R T B T R R O R
(Schizothorax davidi)(fi/f§ %5, 2008). % 4Efh(Abu-Elala
et al, 2013)FlHH L4  (Eriocheir sinensis)([4: B %5,
2005) % I AE KB A BRI R iR . AWFser,
RV VE BRI 2R AT D MR R I 2 & KBRS, B
KRR B R & T , S R R, TR R B,
5 FIRWFIE IS R

*k 4 ERHEFIFNKEFEEIEFRERBIERHOZ
Tab.4 Effects of the BSCP on the nonspecific immune indices of Atlantic salmon (n=3; Mean+SE)

TH ltems Conxifliéﬂmup lfyi(ygrégup 30/3002ré§up Sitﬁrzgup
QIR R Lysozyme 16.5143.46 14.4641.15 15.88+1.66 14.29+.12
(SS;”mr}‘) W VR Acid phosphatase 5.6340.54 6.1740.54 5.7040.33 6.1240.40
i PE R B Alkaline phosphatase 21.3144.10 20.7542.77 22.083.05 20.48+1.64

B A ALY AL B Superoxide dismutase 85.1245.862 78.8436.97%0  71.4245.34b 79.3245.4720

JIE W Lysozyme 14.72+1.82° 20.54+41.182 20.48+3.472 17.47+1.43%

'(‘l'J‘;f;]rg orot) % PE W B2 S Acid phosphatase 140.2848.20°  139.02#15.67° 161.53#13.25% 165.46312.602
T BERR B Alkaline phosphatase 27.8543.55 31.90+42.85 32.4642.40 28.3934.35

HB ALY LS Superoxide dismutase 92.57+14.56*  93.03+8.382 71.9943.95P 82.076.742%

32 EAmAREXIHUEEENZME

o AE AR A KL & 24w, Hh—A
Wy T AR B AR S 4 1 2 FH ARG , IR
R o (A M e At 25 A= TR Y A A] A A T AL T
(531, 38585 TR BT T A i (2 A4, 2013;
RS, 2013), DA R 75 ¥ ik fizp 38 v 2 1 il R A
JU7 T 1 3 B TR G i A R A R S oK ik
F) 3%LL FRYLH o g A T 530 T A A A0 B A
TRk T A SO e, fE I T R A, R
i Y B B RS R o AR T3 R S Y IR A
PLRE AT 3 W M A, D2 I v T A Tl 114 5 1K P
38 I PR T (Stumpf et al, 2014), Hitt, %M BSCP
J DRV Y i U v 9% 2 1 0 1 3 T o K XS
¥ T PR 1 P T A R AT T Jn 784, AR o R AR
BT LT AL R4 &, )Rk R B AR

(HAFE RS, M 5%7KF BSCP itk ot v fik:

JEFHIE Ay it 0% A A AR, T Mg B 1) T Ak o A dd
FEAIG, SXFRELG AT BEE T4 M 25 A4 s A F T gl
LR AT TR A3 58 (X3 55, 2006) . 7EXT IR FL3h P it
5, RIFLRR A BA R R, HAEH
BLER IR ZLIR P e 8 410 ] JB B 7 it 1) 4% % (Matsumura,
2010), X ] e S FHLRE [ R T Ao A T B A S
ARG AF 54 it 1) JE X 26 3% (Qiao et al, 2015) , i &2 0 T
JFHIE g A e %) 3% 2, E LA ) VR RT3 o 7 i0F— 25 F
IEo XFRING R, X A A3 MR ) 2 1Y) 25 AE 7 nT
FE X e 2L A= BRI g 7= A AN F S )

33 ESmAEHFNERFUREERNIN

ZFAUAT B AN B TS A PR R Y R
TN PR G R PE S (VR T, RE A 1 SR LA 1Y
PO R BE ) (X1 53 924, 2005; Selim et al, 2015).
A FE o P MR 45 A TR IS P VR JHT U I TR A ACP
T, 3 3 W R JUE 0 0 1% 3 0 R A I T
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PEIG R

HUAPY SOD iy P72 b 58 A B2+ A B 2K
AT G, JE A TR R T A G 4 S 5 4 R TR AR
R rEA OB FSE, 2004), Kk, 7EIEHEMAGT,
SOD i PEAS Ak 5 4= e 1 3 100 el R B A — 2 (1)
KR ARUFFT, FW 3%A9E A w6 B F G AT
Ak SOD i 74 i R AIL, iX 5 Tovar-Ram Fez 4(2010)
WF5E iR L B fif (Dicentrarchus  labrax) i 4 BB 1
SOD i M H 3Rk ERRARAY 25 R — B, H A MAHLAE
Al BB 25 A T A P A E R AR, SRR
FF TR 1 TR 42 5 T W 3 DN A g T B8 (RO A
2006; fu[fg 4%, 2008), 7 A F 1w 1A KR
PBLoiN, ORI AR & A Ik, SOD i 1
¥ B AR S 1K P B AT T AT o X [] — S 5 1Y)
RSB 5E h A B, R PO VR BE iz 18 b 2 AT T A FL
P T 1) BB, i IR 1) B A TR AIR, 2B T LA
IR REME . SR, BRI 5%KE IR A i A T
FJ5 SOD IHHEA FrFber, Hg A ] ge i s a5 A=
AL T B i A

ENGIERREP O 2+ 0 e ne s o N [P ' E o ta
RS R VG VR 1L 3 R A AR R e M e R 8 AR 44 TG
W1 I 7R Ak, HEI AT g 5 % 00 R BE A A0 1A A SRS
Ko MG RPEFRPRACR B HURTERE — S5 T T b i)
BRORA, HAETORHOIRES T —Bekb T 1IE# 7K, i
e 37 2 3507 5 S T 3 B I s vk AR Ak o A
G, RPUVEEE T AL IR 58 S5 B, R A b
X AT BB SR 3 JCH: IV S e b o W B 22 S AL i
TEJR LR A AN B SE 0 24 h J5, IS 450
e SRR A I LT, 5 RS

4 %8

LR LTI, GRS I ZF T AR R A S
it A TR R R T LR g R G R A 3 T Rl A A
S P ORI, R T T LA S A R DY A A Y
AR, RETREE A BITHAL R, H 5% A nK-F
AN TR PG PR BT AR W B Al . PRIk, EAS
SCEAET 525 A AR B AOE B INKSF o 3%,

& % X W
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Effects of Complex-Probiotic-Preparation on the Growth, Digestive Enzymes
and the Nonspecific Immune Indices of Atlantic Salmon (Salmo salar)

LIU Shulan'”, CHEN Juant, LI Jie!, LIU Hao?, HU Jiaping!, ZHANG Lilit,
HAN Houwei!, SUN Guoxiang?, WANG Chun?

(1. Shandong Oriental Ocean Sci-Tech Co., Ltd, Yantai 264003;
2. Institute of Oceanology, Chinese Academy of Sciences, Qingdao 266071)

Abstract The probiotic has various beneficial effects on fish such as improvements in nutrition,
immunity and balance of intestinal micro-ecology. The combination of multiple probiotics is thought to be
even more beneficial than single probiotic. Lactobacillus, Bacillus and yeast are the most widely used
probiotic species in aquaculture. The effects of lactobacillus combined with bacillus have been
extensively studied, whereas little is known about the combined effects of bacillus and yeast. In this study
we investigated the effects of the compound preparation fermented by bacillus and yeast on the growth
performance, digestive enzyme activities and the nonspecific immune indices of Atlantic salmon (Salmo
salar). Four hundred and twenty Atlantic salmons with an average body weight of (180 +28) g were
randomly designated into 4 groups including one control group and three test groups. In each group there
were 3 replicates of 35 fish. The control group was fed with the basal diet and test groups were fed with
basal diet complemented with 1%, 3% or 5% complex-probiotic-preparation (BSCP) for 42 days.
Compared to the control group, there was a higher weight gain and a lower feed conversion ratio and
mortality (P<0.05) in the test groups. The digestibility of protein rose along with the increase of BSCP. In
the 5% group, there was a difference in protein digestibility (P<0.05) and a reduction in lipid digestibility
(P<0.05). BSCP up-regulated the digestive enzyme activities in varied degrees, except that it
down-regulated the liver lipase activity in the 5% group (P<0.05). The liver immune indices were
improved in test groups, however in the serum, BSCP induced little change except for the decrease of
SOD activity in the 3% and 5% groups (P<0.05). The results indicated that the BSCP could improve the
growth performance of Atlantic salmon, enhance the activities of some digestive enzymes and protein
digestibility, and promote the nonspecific immunity to some extent. The optimal dietary level of BSCP
was determined to be 3%.
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