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TR B Ak PP AT B0 A B, BRI 40 i BE T
FE ) U RN R R T R AT MG 55 1 g 17 A5 3 A —
A RIRGRA TS NG, WG B 4 B RE 3 N O
SEHIRA(57.0%) . H E2IEHE(6.6%) . M F(22.0%)
MILT B, S5 40 Mg BE -+ 5 2985%, HoAt i3 4n
AT, IR . IR 2 5 T 920%", A
WZ FEEEE RN ER S, BREA AR
B RSy, iRk . =R . GRS, B F
AAMEAMAERKRKE T, W EKKEFmEH
B g5z A -2

T 0 i (Pelteobagrus fulvidraco), FJ&G5E
H (Siluriformes). %} (Bagridae). 4 ifA)%
(Pelteobagrus), T EAFR BT R F £ 45
JE K IR E s, FOE N R . B, 3R
FEVE IR . B B R AN PRIERESE L H
FFE . R EI R, ORI B 7R WA
HREWFBEY, T AN TIRM%ELE . KA
BRI e Em AR, M2 A EE R AR, T
WL TP E R 2N . TR R
A Ry — Pl gt €5 {5 1 S e 1S R ), Ok iR X —
) A T — A RAFI S O, R, Bl A K
PR FRBH R A K, KRR AT Al A Y f0 K
B e m®, BEE Ry M ER & E
SR Y, ARy — R R R R, FE
— R L AR Ry 8 {5

A IE , WERERE IR Re 08 42 & B A X
R (Ictalurus punctatus)" " W30 FIHT N BRE 71 o
TEXN S, B AF IR rh R B, ARG SR W RE S 2L
3% B A (Ctenopharyngodon idella)) i i3 = 25 45
t, PEE R AR ERE . Ik R,
BRI I10.30% A B BE 15 57 4 T i 2 4R = FLAA I
X} UF (Litopenaeus vannamei) ¥ A K PERE, W
0.30%~0.50% 14 % £} 15 5 4 1T 0 35 i /2 PLAN I %
ERE AR Sk e 0y o Ak, BERERE SR AE W]
DL &5 A8 5 (Lateolabrax japonicus) "% 1k} it F)
3, RS B AE A 58 DR b s in e B 35 55 4
p B AR K PERE . DRI L I A AR A
i T8 i B B AR R S Ve S R AR AR S e, PR R
B3 57 P X6 v Bt A A S S PR LR, LA
91 T B8 SR Rl B P i 4 R

1 MRS TTE

L1 ARE R SHME
ISR IR S B D NISR 7&K - = D R =

Al . SR K G IR AR A IR DR, R R IR
YR ER 4> 90, 1% M YCL) . 2%
(BEBERE FRPIY C AN %(BE BB FR Y YC2) L 2%(1#
BEEFRYIYC2), e SFh 55 AU 55 N (42% KL (1
8% LA W ) S B AR AL . T [ 25 5k AL 80 H i
JEIRA ), YA 2 w9 o 45 o JEORER H
BRY RILIREG, FMA M, Gk AR S
W DL SR IR A 35T, FRUIBURF 8% 2% AL il B
AL R 1.5 mmAI3.0 mmAgGE kL, 90 °CHEAS 2
££30 min HZR KT, TR B S i A-20 °CUkFE
R AR (R D,

1.2 SIEEIR

WA AN R AN, K
5% K BT T PG T 5 N 975 R 48 (300 LK A i 57
FEAR YR SR 208, B R R R R (T R
A A A T TN . K24 his 1k
BRE, PRIEW) LR R 5T (4.87+0.00) g, FLAK —
O R A TS, SR IR S AL B,
BAMH3IANEHEE, BONEL2SEESGA, T7T
WK 2 0 08 IR 90 S IR /K 57 5 5 b 55 i 2 (1]
HEAT A I8 SR Y SR E 500, B A 300 Lo
R, 4391 M8:00H117:00, HE MR
AR 0B 1 3%~4% , AR Y H & B 0 F B
{50 TR AN 100 ) 3 LR R S FH K O R
S ANRK, ESRA, BRICHKE. i
S S JepH. SE6 Y fE] K R 24~30 °C, SEER )R
AR PR K R 7E21~24 °C, pHAES.0~8.2, Vit
AEFEIE6 mg/LL L,

1.3 H@XERSEE

24 K g8 e 45 R AR r 8 J 37 5 5L 5
SEURE, DUMRALBR24 h, B4 IR FEAR 0 B
e, T &FB 10 000)(E 255K
A 2 30 A B 2 ) JRR IR S X6 A A ) B £
P BORIAR ., TR BE R . WER . RS
A KRRV R R B A KR AR . AT A R AL
W7 AT IIA, RFAFET-20 °CokH, HT
WHLE SR T . S AOAC! ik, Tkl
WU T8 2 iR 105 °CH T TRk 2, K
A iR U 0 A (LecoFB-528) & , HLAE
05 B 0 % FH i i 2 2210 52 A (OPSIS SX-360)I 2 .

Ao A A 3G AT BT R B TE M AR AT B~
EHEPBREES M, RO REE. KE,
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Tab. 1 Ingredients and proximate composition of the experimental diets (dry matter) %
BV 4/% I diets
ingredients C YCI-1 YC1-2 YC2-1 YC2-2

i}y fish meal 20.00 19.24 18.48 19.13 18.26
T soybean meal 30.00 30.00 30.00 30.00 30.00
KEWRAFEA  soy protein concentrate 10.00 10.00 10.00 10.00 10.00
Tk wheat flour 30.10 30.10 30.10 30.10 30.10
FERHER IR YCL! 0.00 1.00 2.00 0.00 0.00
FERHE TR YC2! 0.00 0.00 0.00 1.00 2.00
taji  fish oil 2.36 2.41 2.46 2.41 2.45
KRR soybean lecithin 2.36 2.41 2.46 241 245
Y FHUREL  vitamin premix® 1.00 1.00 1.00 1.00 1.00
SALHERS  choline chloride 0.50 0.50 0.50 0.50 0.50
W FE FERL  mineral premix® 2.00 2.00 2.00 2.00 2.00
BERR 4G  Ca (HyPO,), 1.00 1.00 1.00 1.00 1.00
L4 cellulose 0.68 0.34 0.00 0.45 0.24
il sum 100 100 100 100 100
BFH/KF  nutrient levels®

THH/%  dry matter 86.26 87.00 87.83 87.95 87.39
HHE /%  crude protein 43.39 43.52 43.87 43.07 43.22
Wi /%  crude lipid 7.24 7.12 7.25 7.14 7.27
MK 5r/%  crude ash 8.36 8.35 8.27 8.24 8.29

e LR R AL B R H AR AR A A SR, FER O E AR K. i FR . HRE. HERE. R’ BEEEY
&, HPHEA=55%, MK <8%, TR =90%; 2484 % RELRIA P05 TR kY 2 I Huang SIS0 AC G 3.8 8K P Sl e
Notes: 1. yeast culture from Beijing Enhalor Biotechnology Co., Ltd., main components contain amino acids, small peptides, vitamins, dextran, mannan,
nucleotides, and aldehyde and ketone actives etc., wherein the crude protein = 55%, crude ash < 8%, dry matter =90%; 2. mineral premix and vitamin
premix were prepared according to Huang, et al'™; 3. nutrient levels were measured values

WA TR EFR S A B0, AR, H
TAERE 5k S B B IS R S AT . A 3 A
gith, SRHEFKEUN, BT15mLE0Eh T
4 °CYKFH L E L )5, 4 000 r/min#i.L>10 min,
B LW WE T80 °CokA H T 1 DL K AR FE =
P G 928 Bl % MR 43 AT o BRI A I TP UEVER M (total
protein, TP), H & H (albumin, ALB). H il =g
(triglyceride, TG). & JiH [# % (total cholesterol, TC)
TN R FR %% & i (alanine aminotransferase, ALT) &
& 35 FH Olympus600% ( H A) 4> B 3l AE 4k 23 B A3tk
T o 8 4 ALY L fb i (superoxide dismutase,
SOD), — & L& & W (nitric oxide synthase, NOS),
% W B (lysozyme, LSZ) . 81k %5 FR i (alkaline

http://www.scxuebao.cn

phosphatase, ALP). i & 1k S i (catalase, CAT)Fl
2 B KT Sk ¥ 88 (glutathione peroxidase, GSH-
Px) 1) 37 1 R Pt AR W TR F 5 T 1) 3 7
B 24 P K bR I (Thermo, Multiskan GO 1510)
WA o

iy 3840 R T A IR B4 AT RFR A
5T A B, A 1 v g o e R} 2 bl R RS
S BT, A S BEHL N 451> 5 A2 b Pk
2R AT s, A RREEE, FE72h
Ja, wEmEALY F, AR —BE L (H.E)
e tn, PR E L AR B U (Oly-
mpus, DP72) T W5 18 1 45 5% = 55 AN 1 B2 4
. e JE HImage VA —25 40 A FL 7 ER LA
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VAN ) 20 14 3 2H BUR S B A Y 25 57
14 FEKSBRRERRSLE

SI6 FH WE /K S0 T (deromonas hydrophila)
BRRP R [ 7 i K A R AR WE 58 B oK 7™ B
FHIRE . WA E IR R BRI IR 537 °C
WRMPPEIREFE24 h, ZH20k . SEETEUE
KW B, 4 000 t/minB 060 s, WAETIHE,
FH 2K B A B ER KRG R o 100 52 3 ff i P BB
J&# (LDsg), 1l % ¥ B 7.7x10° CFU/mL Y T 1A &
W, BT4°COKFRMER/RH. FRHLRE ARG,
TS Ab PR SR OAS — B0, @R R B8,
BEBLSY R3S, R R 0I5 s 7 5 50 pLig g7k
PR TR RO o WL IR L B AL A Y SRAE
Jf HAg24 hPFIAET- MK, idsRIET R E. L5
7 () R 2 4% MRS RE R, R R, KRS
T, AR LHFELLT dR T LR MIET
1.5 WHEARSHItHNAEE

34§ % (weight gain rate, WG, %)=(Z KK Jf
IR BT )/ 46 PR B < 100% ;

J 15 R (survival rate, SR, %)=2 K B EU/4] IR
FEEx100%;

758 A K R (specific growth rate, SGR, %/d)=
[In (ZRAR BT 3 )—In (B 46 74 BT 1) /S 30 R B0 100% 5

1) B} 22 B (feed conversion ratio, FCR)= 1% A T
AR} ) /(R A R 5T B ) B R T 6 )

H H JF 350K (protein efficiency rate, PER)=(%
AR 5 i — ) T A B )/ AR PR

JIFIA HE (hepatosomatic indices, HSI, %)=/ i
Jot A 5 i < 100% 5

JE i & (condition factor, CF, g/cm®)=1{4 ii &/
K %100%;

IEAA EE (viscerosomatic index, VSI, %)= Ik
HE /AT X 100%;

ZUBBE T % (cumulative mortality rate, CMR, %)=
FBULT R E/WII6 FEE<100%;

H HULFR K (productive protein value, PPV, %)=
(LR T s < AR 2R % B W) B K o <) iy
ML H & )/ A RRHE HUE < 100%;

S 3G K U8 % B SPSS 19.0%8 34k 14 #E 47 4%
Mr, FPFEI{E 05 #E R (meantSE) & s, X 4CH it
TR E )7 2250 M1 (One-Way ANOVA), F454
Duncan[GiE 1T Z H L, P<0.053 7 &2k 2 A] 22

ATE N
2 4R

2.1 BEBEFYINEFEEKMEEMERF
FA B2

TR A N RE R SR YC2, R TR
FAAIWG, HAPYC2-1HYC2-24b F4H WG I,
F TN BB 4H (P<0.05), YC1-1HIYC1-24bFR4H 5
Xf FRZH 22 ] TG Sk 3 M 25 5 (P>0.05) . YC2-24b 3
ZH 1Y SGR P 15 T YC1-1H1YC1-240 B4 Fn %t fR 40
(P<0.05), YCI1-24b¥E2H A SGR I F KT YC2-1F1
YC2-2-4b B 4H (P<0.05)., YC2-1F1YC2-24b FE4H FCR
T F KT R IR 2 (P<0.05), H YC2-24b B4 () FCR
B FE T YC2- 140 FE 4 (P<0.05), YC1-1H1YCI-
24 B 55 %) IR 4H 2 [0) TG f 3 1 25 % (P>0.05) ]
bG8 I B 1 35 W 5T PER B 5% 1 AS I 35 (P>0.05),
B 5256 4 () PERE i T4 B4, HidhyC2-140 38
HAYPERS H o YC2-1F1YC2-24b BR4H () PPV i 2
i TR RZH (P<0.05), HAR 2 2H 2 W] A i 35 1
22 5(P>0.05), £ AbHIA 2 M SR A W EH 227
(P>0.05), H¥ymFxIEal, Hiyc2-24b 4
() SRiE I8 100% o Ak rbv 78 i 1 B 15 55 ) o 25 3t
R CF, VSIRTHSIH G i 3 PRS2 1 (P>0.05)(#2)

22 EBEEHEFYINEFE NS R

BB 55 F2 W) AKX B LA B T4 . ML
AWy . HLEE F & & 0 B &5 (P>0.05), 4415256
HEWIAME A& B TR, YC- 2403
A LA R AR 3 o B i (R 3)

23 EREFYNEHEMEEWIEFRNEI

KR TR 2 (6] 175 T ALB R 8 G i #H P2 7
(P>0.05), YCI-2AbFRAIWE = T X IR, TG &
Bifi 25 1R Rk T B RE RS FE WS I 0 14 i &2 B Tt
Jo PR #a%, YCI-240F4H fe s, YC2-24b 3
2 FR AR o Rk T N i e R B R X o I T
TP, TCH =T & M W (P>0.05)(44),
24 EBESEFVYNEFEMNFERSKEEMIE
#HEM R EEEER R

TRk R S T P B 1% 3 0 o B A4 1L 3 TR LS Z
T T S A B 35 (P>0.05), {H4DSCIG 41 LSZ Y
WY TR, HodyC2- 140 B f9 3 M
o TEEFREREFEMIVER T, YC1-2. YC2-1H1YC2-2

http://www.scxuebao.cn


http://www.scxuebao.cn

0.05)(#5)

2.5 BEEFUNABERERELENIE
Rt R B R MR

1=PA
37

M)

YC2-1M1YC2-24b ¥ 21 35 &4 i )k rh LSZ1%
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KoE ¥R 3%
%2 BEEHESYINTE @ 4 K MR R R A OB
Tab.2 Effects of dietary yeast culture supplementation on growth performance and
feed utilization of P. fulvidraco (n=3)
i H Tkl diets
o P
ltems C YClI-1 YC1-2 YC2-1 YC2-2
YIEAE i i/g 1BW 4.87+0.01 4.87+0.00 4.88+0.00 4.87+0.01 4.87+0.00 0.690
WER/Y% WG 112.51£1.71° 103.36+5.32° 107.59+7.43° 130.08+2.43° 133.26+4.03° 0.003
MiEZ /% SR 94.6743.53 98.67+1.33 98.67+1.33 97.33+1.33 100+0.00 0.388
HrE K E/(%/d) SGR 1.3240.05" 1.37+0.04° 1.24+0.06" 1.44+0.00™ 1.47+0.03¢ 0.015
R R FCR 2.25+0.06" 2.33+0.06" 2.39+0.15° 2.03+0.05 1.42+0.03¢ 0.001
HHMAE PER 0.86+0.03 0.96+0.01 1.010.09 1.05+0.49 1.02+0.03 0.146
EHVIZE/% PPV 20.70+0.81° 22.03+1.10" 23.04+0.57% 23.98+0.51° 24.55+0.07° 0.020
A LL/% HSI 1.60+0.25 1.75+0.18 1.68+0.51 2.01+0.37 1.82+0.42 0.340
A3 /(g/em’)  CF 1.7440.64 1.62+0.85 1.73+0.39 1.69+0.97 1.69+0.29 0.714
MEAAEL/% VST 7.21£0.22 6.62+0.10 7.08+0.11 7.29+0.26 6.87+0.32 0.271
e FAATEAE EARA NG E RN 2 7 B (P<0.05); FIF
Notes: values in the same line with different superscripts are significantly different (P<0.05); the same below
#3 BEEFZVMEFSIBNAESSENTM
Tab.3 Effects of dietary yeast culture supplementation on proximate composition in muscle of P. fulvidraco (n=3)
Tkl diets
WiH  items P
C YCI-1 YCI-2 YC2-1 YC2-2
THYR/%  dry matter 20.42+0.75 20.24+0.11 20.69+0.21 20.13+0.23 20.97+0.62 0.335
HMMEWi/%  crude lipid 1.15+0.03 1.18+0.10 1.2740.13 1.14+0.10 1.13+0.04 0.804
HEA/%  crude protein 17.20+0.04 17.79+0.08 18.05+0.14 17.68+0.04 18.55+0.48 0.142
F4 BEEFUYMNEFENEEVIERNEE
Tab. 4 Effects of dietary yeast culture supplementation on haematological characteristics of P. fulvidraco
bigE| Tkl diets .
items C YCI-1 YC1-2 YC2-1 YC2-2
BEA/(YL) TP 30.94+0.61 32.33£1.01 32.91+1.37 30.87£0.46 31.24+0.60 0.395
HEH/(g/L) ALB 9.66+0.11 9.97:0.44 10.21+0.47 9.91£0.27 9.40+0.20 0.498
SHEEE/(mmol/L)  TC 4.35+0.08 4.65+0.16 4.66+0.33 4.16+0.06 4.33+0.05 0.249
Hih =E8/(mmol/L) TG 2.75+0.16 2.93+0.20 3.00+0.31 2.98+0.14 2.73+0.21 0.832
Qb B 2 50 40 0T CATI. P 8 35 i Tt R4l (P< PR3 T4 IR 41(P<0.05), YCI-TAYCI1-24b 3

20 5 % B8 21 2 8] G 1 3 P 25 7 (P>0.05), YC1-2
AbPRZANOSTE M fie i, HAR 25 20 22 1) TG Wk 25 M 22
5(P>0.05), £ AL BRA () ALTFIALPAY 36 PE7EAS
[F) P B 55 72 WK 7 R R AR 8 2 22 = (P>0.05)
YC1-2, YC2-1F1YC2-24b # 21 i) SODT 7 . 34 55
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Tab.5 Effects of dietary yeast culture supplementation on lysozyme and catalase in serum of P. fulvidraco

Akl diets

TiH items P
C YCI-1 YCI1-2 YC2-1 YC2-2
‘iﬁ?ﬁﬁ’é/(U/mL) LSZ 178.53+3.93 184.58+4.33 180.65+2.57 200.45+6.00 191.08+9.23 0.116
WEMNERE/(U/mL) CAT 13.46+1.36" 11.21+0.16" 18.03+1.21° 17.43+0.51° 19.19+0.06° 0.001

F X} IR 4 (P<0.05), YCI1-14b¥4H 5 % BE 20 2 [
TG i 3 125 5. (P>0.05) . GSH-Pxi& 4 Fifi %5 17}
P B 15 77 0 O 0t 0 1 i S LSS B TR R R
FaF, YC2-14bFE4H 1Y GSH-Px{E P i i o 1A B
TS N B 15 35 W0 6 CATIE 1 TG i 35 M 5% i (P>

0.05), HERYCI-1kbBEA AP H A3 5286 4 34 7
FxFIRA, HrpYC2-14b PR I CATIG M e i o
4 S 2 v JAn I T Y 8 (MDA) 7 i 1%
TR, HipYCl-24b B Ak, (HAAALBRA
Z [B) T d 3 M 25 5 (P>0.05)(36)

*6 EBEEFYNANETERSMBAMIESSNREEEEHNZE

Tab. 6 Effects of dietary yeast culture supplementation on antioxidant enzymes and non-specific

immune enzymes activity in P. fulvidraco

TR diets

TiH

items C YC1-1 YCI1-2 YC2-1 YC2-2 i
VAT BE/(U/mg prot)  LSZ 64.40+0.85° 71.55+1.01° 69.55+2.17° 85.11+3.50° 82.91£3.13" 0.001
—H MW AE/(U/mg prot)  NOS 0.35+0.03 0.34+0.01 0.39+.0.02 0.35+0.01 0.35+0.04 0.768
BEAYE AL EE/(U/mg prot)  SOD 20.22+2.87" 21.22+6.95® 22.00+2.76° 21.27+1.52% 21.05+3.42™ 0.006
AL A E/(U/mg prot)  CAT 6.94+0.22 6.82+0.47 7.100.05 7.27+0.18 7.03+0.21 0.772
B H R S AR /(U/g prot)  GSH-Px 38.87+1.15 38.55+3.14 40.10£2.79 41.510.68 39.49+2.42 0.890
73 —®/(nmol/mg prot) MDA 0.67+0.04 0.6140.07 0.58+0.03 0.60+0.01 0.62+0.08 0.814
P ERH/(U/g prot)  ALP 124.10£3.17 120.51+2.30 128.78+3 .24 133.40+3.42 122.88+5.56 0.072
BHEEM/(UL) ALT 2296.2+453.0  2186.5£179.4  2040.6+4352  2327.6£176.4  2029.6£432.1  0.955

26 BBAKSEREMNRFETFHRRARTE
apA

Xf BRI - 35 B AL T 2R (CMR) £ 55 56 1iif
IREZE EAa, BAREG TS, WE
H S N B RS IR G A BRA AE T R A L X
AT T2, 6 dJFTFiR& LI TCIET1E B
WL, BTREF, YC2-14b 4 AU CMR g E KT
XF HE2H (P<0.05), YCI-1, YCI1-2H1YC2-24bF ]
5%} B 22 (8] TGt 3 Pk 25 - (P>0.05)(R 7).

27 BEEFYNETE D BEERSHE R

YC1-140 P 2H 1) 45 5% 1w B2 W 3 I T Y C2- 11
Y C2-24b B 25 FIXT BR 24H (P<0.05), YC2-1F1YC2-
240 BT FN X HRAH 22 7] 22 7O B 3 (P>0.05), YC1-
VHTY C2-24h 35 20 1) 4 5% 5 i Wl 35 IR T Y C1-24b 3
2 (P<0.05), YCI-1F1YC2-14bFf2H 5 %} i 2H 2 [H]

£ 5N N2 (P>0.05), YC2-24bFH4H Y | Kz 40 i
o B R AT B A DL R YC IR Y C2-14b B2 (P<
0.05), H AR ALPRA 2 (6] JC i & 1 25 57 (P>0.05)
(#38).

3 iR

3.0 BEHEFYINEFHEE KM@
LA

TR 15 I7 1 2 — Pl RCZE ZS h h, JR
WY FR IR E WA W AR E T2 &M AR
TRMARRSGY, ESEAR. Mk, 24
M. 4R SRR, HALEEAIOT EHRY, H
o KPR TE PR AR AR A R R R
S SN R B IR R R s A R RE A HIL
PEAT T LSS, — BN, BRI SR W i 1) 3
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*7 ESEFYNERFEEKSEREETRREERERRETENZMN
Tab.7  Effects of dietary yeast culture supplementation on average cumulative mortality rates of
P. fulvidraco after being challenged by A. hydrophila %

2115 FFEIFE]/d  exposure time
group 1 2 3 4 5 6 7
C 16.60+9.62 55.55+£14.70° 72.22+14.70° 72.22+14.70 77.78+14.70° 77.78+£14.70° 77.78+14.70°
YCl-1 11.11£5.56 33.3349.62° 50.00+9.62" 55.55£14.70 55.55£14.70" 55.55+£14.70° 55.55+14.70"
YC1-2 0.00+0.00 27.78£11.11° 44.44%5.56® 44.44+5.56 44.44£5 56" 50.00:£0.00™ 50.00:£0.00™
YC2-1 5.56+5.56 22.22+5.55% 33.33+0.00° 38.89+5.56 38.89+5.56° 38.89+5.56° 38.89+5.56°
YC2-2 0.000.00 16.66+9.62° 38.89+5.56° 50.000.00 50.00:£0.00™ 50.00::0.00™ 50.0+0.00™

*8 BUEFYNEFETEBELSHREMm
Tab. 8 Effects of dietary yeast culture supplementation on midgut morphology of P. fulvidraco (n=3)

Tk diets

TiH P
items X control YCl1-1 YC1-2 YC2-1 YC2-2
4B E/mm  fold height 0.45£0.01° 0.35+0.00° 0.29+0.01° 0.43+0.01° 0.440.00° 0.001
4 BESE S /mm  fold width 0.120.00™ 0.100.00% 0.13+0.01° 0.11+0.00" 0.09+0.01° 0.008
b RN /um  epithelial cell height 27.68+0.84" 25.63+£0.01° 29.34+0.12° 28.99+0.29° 22.65£1.61°  0.001

P 1A N B0 AR T R R L IR IR R OGE B
IR, 0 A W R R A, A R T R 4
M, REELRR T, SRE IR AR T,
AFRER R R, R pHE R E M . TR E R
pHIE MRERS MW RE T . FLIRTA . 2P 4B S5 A 45
WA RO, Rl X A 4w A KA
B R e e T BERERE SR A B E
BR . AR AR L ERSERY R, @
i R W WA . BCE IR S 2
BRIV AT RS , SE SRR SR Y B T AL . ]
WORIAIE DT 4 7K s W 0 A A RE NS T
BRI R SE N T IR A s B kb e, A
WEFEHMIE , Bk I 9 m] 42w I 2 3l ) 0 A
T . B ST RO 27 4 558 SR 5 G A
FRWL AL, BEREREFRYIE AT DISGE R SR
KrEge . fERBREEPRIE T, BRN0.2%F &k
B RV L ARG P EE . BHE L AE
BIHREE R WL R YK
RNV EN P 3 AN SN TSI
FE 7K 7= L T TS I R Y I RE S SR W) R A G
8 5 # 8L (Cyprinus carpio var. jian)?" | 7
(Paralichthys olivaceus)® | H 2 55 4L 6]
(Carassius auratus gibelio)™ , FLYH {5 X HFU2145 /K
PR B R E AR R G R I 3 R I R
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AR ARSI PO R ROR , R
BB FR Y YC2M AL FRA , HIGF R | R
R AAERE R K B3 0T X A o e R
SN Y TR B R W BE S O £ Mk B B Y
EHMAR, ALy, BEERRE IR Y B
KRS, B LA A A R R B T
AR S, X — 45 RAE B A FIAE I 0 SR AT 5T
HRFENIESE . AR R, WAL IR REAS
R ARDRE R f Ry O P R, O ELRE RS i i B LA
8 A A RE AN ARDRL A 3

32 EEEHERYIXNEPE MBS BRI

ALT) " ZAFAE TSR, LR FE
A Y B 2R N Al , LR S s Ak
FAEHT,  H A e e B R 40 i A2 4 5 )
8RR FERS DL T ML b IE % ALTH MU,
=W 2 30 458005 2 AR I, T R S ) I T
HHALTZR AR FF eI 5™, Mg h S EH . JHLE
BE . H =W A E A A RS SRR A
KPS AEAR LI ZRAT T, RS A G SR
R EER . HEA . H =8, SEE
T R4S TR A il 12 O 2 =5 P S o, FG IR T
55 S v 2% Ak H 2 22 1) 4R JEURE A IR 2K P 2
A=K PG, TRk I K- A B
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BE5G F5 WA 22 08 5 39t T R 3 i 4, O REAE
i PR AERF AR A R A K F o

33 EBESEFYNEReaMENXMIESRMY
R IZ SR

T B 15 7 ) %8 3l 0 i LA S 8 B A I T Y
SEMR L EDRE TS I L ) Y T B 8 SR Y e
i e HLAA ) AR R S 1 S Ty R U s
IRLSZAE—Fh s Yy ik N IZ AFE G, AT RIK
itk 240 A1 200 B R SR MR TR A B-1 A B, A H AL
OYFRANTE A AN IR A A A SR BLAK A
YETTRAEIY . FEAWRSE Y, IR 3 FR P Ab
PRZH B 0T BLSZIG VX & TS, HiR
INERE S T2 WY C240 3 4H 0 550 #00 i JE 1) LS Z3% 7
BEE T A, X458 STk
HEAFPHE FLANEEXT IR BT T A8 BIIESE , X AT g
S R R R S BIRAE AR . NOZZ
e AE ISP 7, S R G E A i
A HINO S A B B 1 B 1 k(O )l Az it I
MR BH 25 5 (ONOO), a4 A R [ 5 7~ A2 B 4
R R Y e B RV H AR, NORYAEW)
B AR TNOSPEY e RERE 3= W] LLSE o 42 S HL
PRNOS I T 4 0 1 5 A E R S M B 922 07 o oty 4502
TE K EZEWF (Scophtyalmus maximus) %) 0 /) L6 &
PRTERE B 40T LA v 32 B 4 £ I R NOS Y
WP, R ARL A 25 SR A 7 1 4 25 PR B 5 b A
B, EARSER T, YCI-24b FEAINOSTE M & F %t
M2, Hoap 45 LI NOSHE -5 X M4 L& f
5%, SCAVRML, TR 5 A Rk Z (8
BEIRATEA—F, LS AR b A 22 ) 9 B 1
TRV LA [R5

SODEHL A ARG b+ HE R/, %
925 2 I Wk i A St AR 0 Tl R G O 4 g
PR A A TR T R I HERR BUR ) B,
SODRE % i1k & A i1 3% S A i 41k &
RSB, I HLG SR A W A0 B B A e 3 ™ FEAS S
B SR AT, DR b S I e RE B R Y R 6 4R
M IFESODMICATIN M. X 1] AE5 WA 85 IR W)
S A R B SRR H R SRR (MOS) AR DG
TEASERG o, WS EESE IR FT DASR & o 0 10 (1Y)
PUAALRE ST, X 5 ZMCE SN gk R
FAECI IS R IR — B, b, BT R LR
R 5% 37 W) K V) RE % i3 DI MDA 7 19 25 1
1 fi7 T8 R AN A 0 AR OIS, R R A B A AL

REI, TEARTI T, WEEIE SR YN AE — R
REAR T AR MDA S & o

B2, WA KT G, KA AR
TEhR g, TR A o e 1 s k. e
TETE R SRS, WS 5] R R
Yo, wERMCRMABET, 43R5 7 A ok ™
HINATEIR . B K AR M T R B i TR
KR E R 22— R, e B
PIMEARRKAETFE L, TEALRANT, &
Qb 20 VE I g K SN TR IS TS, WS 0 RE
KW 0 20 AL AU T BRI T X B . 7E S
AR s th i IE , BERE R IR YRR A R (RN
PR S5 FLARIEXTHR PR TR . AT REH TAEAR 52
g rh R R Y i T R I LSZIG P, MILSZ
BT 0w . I AN A ek
GIRESCR DAL (A

34 BEEFYNESREFERROZE

fa B AE R S iE A e e i AR, H
fERBE RN IEF ERKR AT NG, HiEm
8 48 T R R e LA T U O Ak R
WCRE 7 Y AR, AT DL A 0 A R g R
B R VPAG i A BE T AR K/ o FEIR A sh Y &
Brho A RE , RS i R B R &
52 ) . 3 W WA 3 (Sus scerofa) ™ A XS (Gallus
gallus)* W A B FEOLAS , e 0548 328 JH: iy 3 ) fgkt
AT . AT ABFRRY, 78R o
RERE IR YRR NS 03 4 ey wE e U IS OK 7 S W i 1E
M = B RN T R L ) S n T RE 8 R
Y He % D03 I 18 R 50 R AT REAE T IR BEAG 5R
YERR ST EAEZER, HRRIZEFR
IS 030 B 8 I 2 B v AR USRI T 4% /0N B (Mus
musculus) 15 95 F 5 FE F 7 BE R . 7E Burrells
FUIR R R B, KU (Salmo salar)iF
BERERIN0.3% 1% HERIR 59, w3 /N i)
i SR v B o A S v fDRL S B B SR ) OF
WA BIARRUA 25 2R, Ak 020 v 3 A0 b iz 19
BESSRAMIL TR ZERES, HRAERE
P — o B R . X AT BB R O R RE RS SR Y
AL R IS KRR, A RERE I 2 I 18 T 75
SR T DRI T AR R IR T AR B R R
) 38 4 A% T T DA T 5 BOAS 52 56 285 R 5 301 i E o
e 2 WEREEE IR Y X A i T8O A B Y
M) i T i — AR R
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Effects of dietary yeast culture supplementation on growth performance,
nonspecific immunity and intestinal health of Pelteobagrus fulvidraco

CHENG Xin', PAN Tingting', JINMin', MA Hongna', LIANG Chao ',
REN Zelin®>, ZHOU Wenhao’>, ZHOU Zhigang®, ZHOU Qicun

(1. Laboratory of Fish Nutrition, School of Marine Sciences, Ningbo University, Ningbo 315211, China;
2. Beijing Enhalor Biotech Co., Ltd., Institute of Biotechnology, Beijing 100081, China,
3. Feed Research Institute, China Academy of Agricultural Sciences, Beijing 100086, China)

Abstract: An 8-week feeding trial was conducted to evaluate the effects of dietary yeast culture supplementation
on growth performance, nonspecific immunity and intestinal health of Pelteobagrus fulvidraco. Yeast culture YCI
(50% crude protein), yeast culture YC2 (55% crude protein) with 0, 1% and 2%, respectively were added to basic
diet, and five practical diets with iso-nitrogenous and iso-lipidic (42% crude protein and 8% crude lipid) were
prepared, named C, YCI1-1, YC1-2, YC2-1 and YC2-2, respectively. A total of 375 P. fulvidraco with an average
initial body weight about (4.874+0.00) g were randomly allocated into five groups with three replicates per group
and 25 fish per replicate. The results indicated that fish fed the diets containing YC2-1 and YC2-2 had higher
weight gain rate (WGR) than that fed the control diet of P. fulvidraco, and the highest specific growth rate (SGR)
was observed at YC2-2 treatment among all treatments. Fish fed the diets containing YC2-1 and YC2-2 had higher
productive protein value (PPV) than that fed the control diet of P. fulvidraco. Protein efficiency rate (PER)
increased at first and then decreased with the increase of yeast culture addition level, and YC2-1 treatment had the
highest PER among all treatments. Fish fed the diets containing YC2-1 and YC2-2 had lower feed coefficient rate
(FCR) than that fed the control diet of P. fulvidraco, and YC2-2 treatment had lower FCR than that the YC2-1
treatment. Fish fed the diets containing YC2-1 and YC2-2 had higher activity of lysozyme (LSZ) and superoxide
dismutase (SOD) than that fed the control diet in the liver of P. fulvidraco. Fish fed the diets containing YC2-1 had
higher height of intestinal folds than that fed the YC1-1 diet of P. fulvidraco, and fish fed the diets containing
YC2-1 had greater width of folds and height of epithelial cells than that the YC2-2 treatment of P. fulvidraco. In
the experiment of Aeromonas hydrophila challenge, fish fed the diets containing yeast culture had lower average
cumulative mortality rates (CMR) than that fed the control diet of P. fulvidraco, and the lowest CMR was observed
at YC2-1 treatment among all treatments. In conclusion, under the experimental conditions, adding yeast culture
YC2 to diet can effectively improve the nonspecific immune function of P. fulvidraco, improve its antioxidant
capacity, maintain intestinal health and improve its ability to resist A. hydrophila infection.

Key words: Pelteobagrus fulvidraco; yeast culture; growth performance; serum biochemical indicators; non-
specific immunity; intestinal health
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