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MEER: EhmEHIIERES, RN FHBERES NS ER. e, BIICH RS0
B, FHzEffsARC&e, s FATITF. EmeaFE T MR . HEoe Rt s e fa i
TR R CRAEMZ RIRAD FRUGE IR IE, AT E AR B AT . IS e R TR
WRAES A5 BH TURD S U e 1 ED R B HE WK S e o SR B R 48 1 R R it N B AR &
FREBZEAG) A1 TR BERE ) A KRRE s FARTF ARSI BA GIRTIE . REEEAI e, #5589
B FISCRI S K, AR AR AT R S AR BUT e Rl A 2 LA A5 [ A DR 35 1) i
AR B R, ERE MG —NE S S0 F9 . B SRR PoE TR AL S B bR E AR
R E R M 28 o RN e, FER — &R AT, MHESOLSUEH | 1E# . M BRFIEARAE,
R & T e 47 > B S B L.

HARBN: 400 TP gni i@ 5 ChEYARMT] Cefo) BrRELERARSY, 1 (hE
FARMT] (MERRROY HAERET & LIS 405 T 2 — B P2 R, DA BB B RO 30, 78 B AR
AR BT RIARR SCR SRR E RS . FRCERR . BC g e R . By (i E S AR (R0 2 B 500
FEL T PR SR LT AR R 248 S B B YD (ISSN 2096-4188, CN 11-6037/Z),  FT LAZS L 3T (1 0 4% il _E RA 4% 1
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WRZ5 1 A& TE) . 2019-10-08 09:08:01
WA 251 & HhE : http://kns.cnki.net/kems/detail/11.2864.t5.20190930.0907.002.html

TRl B B B R ) 92 = 7 AR A BT AL
BEHE S K CyHV -2 Py ap WaE fR 97 HE

no BRY WM R ctmt” REF
% #' mzE# AXE FAE
(HRINRAFIEREE S 5 R S5 215123)
(LSS T RHEAT A T AL 100081)

® E h TR e (Yeast culture, YC) R B 5 F &0 23 7 B 4599 & K4 e fo £ 22
1R o, AT H(EXR) AT H (xR e R AL 0% 1% 2% 3% 8 YC HREF
FiB 6y &8, ek S.SC1.SC2.8C3.0,0C1 ,0C2.0C3, A Rl F F Lo ik £ (7.08 +
0.01) g] 65d, FRFARIKL KRG, AFH 4 CyHV -2 Jm & A R4 2k 3t & X I 408 & i /7 50 A K 3
# % % 7:SC1,SC2.SC3 285 S 2a4k4: ,SGR #» FCR £ 2 % £ 7 (P >0.05), 0415 S Z11k4:,SGR T4
6.53% (P <0.05); FCR 4% & 16.27% (P <0.05)., O 40 %4 £ b #.0Cl,. 002, 0C3 41 SGR ¥ £ &
(P<0.05),FCR3) FTH%(P<0.05), B htafpfo n FIMF AL —TREH T, AFRXRBEREE T,
5 S ks ,SC1.SC2.SC3 AR AR =3 A& ; 5 O 413k4,0C1 . 0C2,0C3 28 B it L EI&, KXk
SREYP ) EEBAREHH 120G LT, 1% ~3%YC BRER T &0 LA — R TITHR, 2)
FALZ A FHFFTRBENTG., 3)ESARNL LR AR T, A YC T — 2 RESZ ARG

4) AR FM T AR YC TG 3RS 7 R LI By M Ak /1 LI BAL SR 09 AL A, 4R A R I A 2F CyHV -2

E A ERY AR BT R

KR FAHRE EERAM AKERE
NEHS 1003 -0174(2019)09 - 0000 - 06
¥R £ HH R Bt 1 -
) £ H ARtk -

SEAEE( Carassiusauratusgibelio ) J2: L) JF 7= F B
Je Ty B URK PE Y J5 TE AR BE A (@), VL7
PLE B E LA () RN L IT
2, O AR B R R TR R K
FRHH BRI

55 B AR 6 57 58 3ok R vh T G 2 1 22 ) A, He
H R A S O P B R A o AR £ G S
s 2 B A0 SRR A R T B Y 2 BT AR . IR S 2R
HEME IR, A S Yy S pERe i w5 8
R4 I I 20 2240 Hf 1 B 2 A U4, I HL AT AR R B
VEVEE IR BT B4, DT 4 i AT SRR A
RO, SR TEREAF I AR b, 5 B AN HRL R0 i 107 TR

T H 4« W RERE TR () ZEA P ¥ R 1] (P113410318 )

Wk H 9 :2019 - 04 - 02

TEE R VK, 55,1993 AF A B, K S8 Ik S ikt
AR MOt 0, 1964 4R IR B, b R S 4 4

WA R BALRYG ALk AE

CyHV -2

ZE R NI Y (o R B 32 P C AR )
1k, 72 A Z AR AR, s A A
WE 2K R R R Z RAREY R . XU
WIS I & 5, AR R H AR BAE AL T RE ,
RARBE LW IE AR R E, R E IR SR R K
M 2009 AEVTSRES BH Sy FR 5 H B 8 1
RS AR, ST R SRS, IR
92 11 £99%5 7% ( CprinidHerpesvirus 2, CyHV -2) fif
SRR R e T ) BAA (5 % R R R A 0
SRR 5 J5 30 S | LS | S S A6 3l A HY ol A
iR ) i B PN IR L L, A K, R UL L 21 £
A I S Y 5 A MRV R Oy R B I AN 1k
o e AT, B B

AR5 (1 B ) (Yeast culture, YC) 2—2%
H TR BE TR B e B rh 2 R W L TR 3 Y 7
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AL T TERE TR K A | Bk 1Y B 7 AR 55
oo AARIE R, BERESE T ah nl LAY 95 3 ) R KA
BB, n R B B L G R B P
3P I B Bl B e LA TE AR
AR R IR i A O GRDREECRH R REAE, O HLE
A AR S AR A TG AR
7N B REUR il AERAOK = R v A i 8

ARG L 57 7 B O I R 7 A IR R
ARSI R R, DA RE B SR 4 26 i A A
oy, G I AR B9 SR AR IR B, SR X S AR A A
PERE B GR R R R s R, LU CyHY -2 g5 5
R £ A HEZH R 0 EUR IR T BRI . ZR A
INGE SRS e S /RS AV EER N B 7k iR N i
AR B BT B AR, AR AE CyHV -2
TAREBCRE DRI BIRCR o

1 MR 5T &
L1 RIEHe

G T F BB 15 R (B ) Hh Ak AL, 52
W H 53 R 7K 41 4. 98% HHLER T 57.79% , KL
Jii 1. 40% ,HJK 43 8. 57% .
1.2 RIEER

SRR R Al B A . a8 T o — 2
LA P =R AR (P U R <ol S A S RN 1
KA BRER 2R 30 mg/ L HKBRERHH 15 mg/L 30% 1)
AL A 600 me/L F1 0.3% By K, IR GG, BTE
(80 £2) CHYZKIEHA 1, B 30 min R4S 1 min (fF
W), Ak 14 d, 785 B AR R R R SR A
IEXTHRAE(S) AL Il A AR R (0) o FEEH
1E G A AL Y A AR R A S T 0%
1% 2% 3% (11 BE 535 1 46 i B AR Ak, 3k 8 4>
RIS, 4 B4 4 H S.0,SCI,SC2,SC3,0C1, 0C2
PLJ OC3, 2B W3 1,

TR R R 60 H i, A 4 i RN /N
TR (IR EE 65 °C) il B E AR 1.5 mm, K2 ~
3 mm RRCRFRE, K T2 13% A4, 8T -
20 CUKFELRAT 28 FH ol P i 4 0 22 e PR D) B 4R
iR EE L
1.3 a5 FEEE

FRIR IS VL IR R F AR IR ™ S8l A FR 2
A B YE A R T, ZETE RN 40 m x 60 m [t
WErp i B A 32 N (A& 1.5 m x 1.8 m x
1.8 m) o G50 P00 I 15 5 L Al ML L, el 3

HlaliE 1 A AL,
F 1 A IRBIE I E SRR ORT 256D
20 531

S SClI SC2 sC3 0 0Cl 02 0C3
YIkAE  7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00
Wik kE  8.00 8.00 800 800 800 800 800 8 00
K 8.80 8.80 8.80 8.80 8.8 8.80 8.80 8.80
K 13.99 13.99 13.99 13.99 13.99 13.99 13.99 13.99
FiH1 16.99 16.99 16.99 16.99 16.99 16.99 16.99 16.99
fafy  12.00 11.00 10.00 9.00 12.00 11.00 10.00 9.00
MAF 400 4.00 4.00 4.00 4.00 4.00 4.00 4.00
Wk 17.99 17.99 17.99 17.99 17.99 17.99 17.99 17.99
BEER A4 2.20 2.20 2,20 2,20 2.20 2.20 2.20 2.20
WA 2,00 2,00 2.00 2.00 2.00 2.00 2.00 2.00
|t 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00

GR 4.00 4.00 4.00 4.00

i H

Ak 4.00 4.00 4.00 4.00
fE ) 1 2 ) 1.00 2.00 3.00 1.00 2.00 3.00

WEA' 104 1.04 1.04 1.04 1.04 1.04 1.04 1.04
A3t 100 100 100 100 100 100 100 100
S Ak 2 2H
IKAY/%  12.56 13.52 12.98 12.63 13.13 13.14 12.96 13.72
HIZEE/% 34.58 34.87 35.24 35.19 34.90 35.22 34.17 34.77
HIISH /% 9.85 9.79 9.56 9.46 9.59 9.64 9.58 9.74
KA/ % 12.38 11.37 11.89 12.51 12.63 12.64 12.5 12.46
ERfr  20.92 21.14 21.46 21.27 24.65 25.15 24.63 24.81
AR 2.2 2.4 2.7 2.6 12.8 13.3 12.6 12.8
1 BURE(me/kg R < i 5,8 180, %k 35, FF 120, L 0. 65,
filG 0. 57,44 80, 4 L% A 10, 44: %K Bl 8,48/ K B2 8,44 % B6 20,
AR BI2 0.1, 4428 C 250, 4k 4E 2 D3 4, 442 K3 6,72 R4S 20,
HHER 25, R 5, JLEE 100,

R0 5 A ARt AR B VLR KT AR R K
PR AT BR 2 Ao BRI AR 2 5 10 S R fa A
1440 J&, P (7.08 £0.01) g, BERIHFE)G,
BEALST AR 8 21, R 4 AT, il 32 M AH, B
AMFE 45 Jefa, 1l a0 RE 41 58 Al )R 9 Ak ih
INf, R R A AR 2 U, WIS T R e Ak
MEL I 2 YR (7:00—9.00,16.30—18.30) , H 44
W R MR 3% ~5% 5 15 d A5 1 Rk
MO, PR L, IE R 65 d, AR 11:00 i
KR, BES RIEKT 30 em ZhK T, A
SEEG AR KR 22 ~ 34 C il A MK > 5.0 mg/L,
pH 8.2 ~ 8.6, Z A E <0.2 mg/L, T 7 2 £ vk
Jif <0.01 mg/L, BALHIWE <0.05 mg/L.,

1.4 HFmRE

IEFRFHIR IR 45 R 5, f 5 — A R I 24 h
Jo AT IR R A TAE . FRAESLIRES W, )5 — Ik
PEORAARL 24 h 5, XS A Y AR E, el
Foim R EDRH R M TR RS R R AR K R
T R EL

ML RAE A 1 mL TG 3 5 4 AR R KR 1L, &




F 2 mL Eppenddorf 4 #1 H SR EE[E 4 h, 5.0 (4 C,
3500 r/min) 10 min 5, B FJZ2 0035, 8 W — A4~ 46
HSRAERY ISR 215, 702 (B2 200 L) T 0.5 mL
Eppenddorf 4 (BN RIFE 22 /0 702 12 4 1K) , W)
RAEFRZIGE T - 80 CHARE vKFAIRAF, T2
M3 A BRAE AL FE bR DL B2 = 48 R o

SRR PIFEREHLEIR 2 FEf, ] 2 mL T
PR S a8 RARER KR 1ML, B T 2 mL 47 EDTA 471587
MR AR T, /NG B EEIRORIE ST, A M AE
RE2 A, HRE N U Epe, Phik 1 BT
MR FEAR PRI AE o

HAY) R PIFARENLE IR 2 R, fif
il B NE AT, 23 S BRI 4 x4 mm B FUE A
KN T em ZEG1 I, T KA 0. 75% A K
S BT 10% PR E , T HRIEHS DI .
L5 TEmath

HRURE A R Y R TR AL T 4 2 4
HHOK 7, Z 5 T H B SR AR E ; ML B MR
7R3 R A i S A (R A B 1 D 125
JE

Fitg 27 b o3 B B E A W) AR S ) (U/mL) 5
FALERETE 71 (U/mL) (N ZFE 5 & (mmol/mL) |
P (pg/mL) | ARG (U/L) 2R e at it i AE
7R B D A

A LR AR 3BT 10 40 7328 T80 (I B2 4 5
AR AN AR DRI MY ) SR 1100 28 1L 40 B 0
I 7E

MIEFEFR 73 BT 103 A 0L e BR AR 1 3 & 1M
5 R4 BRI A% Bl AN IR B SR M Tl o
K FHERE C800 42 H gl A=Ak A A (S &

FHLRY) T ] 7 1 2H 2 U O TR A R B3
K GEH] GELS ARSI R U R E S um, R
VI GRS HE 2 K 5 HE Qe o RS AR E I K, —
BN, R I S A, B T2 WU T L
JIF S0 2R 454 ; 31:2% ] Nikon COOL — PIX4500 %A
PLEEATHA IR, Smart — 4500 B4 E4T Bl AL Ak 31,
2 RGBT 2 IR B R B LA BB
1.6 WHRK

FRAIAI S W e, IR AR 3 HEE T
BEPLIENR 12 BT CyHV -2 s EE il . Cy-
HV -2 JiRE R 7E K AR K IR A0 20 vl $ AL 1 6l
EE I R D S P e e SOG4 Rk
B R ZURAE, 4% 1:9 KE 0. 75% HE#ER /K il 1
ALY N, SRR 3 W (fd 0 i e ¢ i o
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77),2 880 x g .0 10 min, G 0. 45 wm (473
JEER) CyHV =2 g RK/ME 110 ~200 nm) JE R
4O ZEL 0 B 5 R, — 80 °C (A7 P .
TRSLH B0 S 7 AR 0 2 BOE ) i 0. 25 mL, I
FEA I o 5 A s R 4T 0. 25mLCyHV -2 i
WG R R 8 d g BB T REOMTE
FPBC T RMBCE R
1.7 HE&HFESFHITSH

1E 75 % (Survival rate, SR, % ) =100 x &K a2
B/ v k6 0 A

TEBl 22 %0 (Feed conversion ratio, FCR) = EB#%
i/ (LR E - E) ;

FiE H K (Specific growth rate, SGR, % /d) =
100 x (In ZER B HE — In Y)UG R E) /185 KEG

SUFHAET R ( Cumulative mortality rate, CMR,% ) =
100 x 7 d i BB T-HCR/ W) Ik B R AL

WER P2 (Attack protection rate, % ) =100 x
(1 - S5 RAFVE T/ X IR RIFIE T

IRIAE LIS+ AR 223878, R SPSS
22,0 HeE X B gE AT AL BN GE 127 o A, 1)
G 3 2% 5, M BEAT Duncan [R 2 H ILHL, B &1
KRy P <0.05,

2 H#XR
2.1 MEREREAEKERENRT

Zeak 65 d W TR IR , #5104 A7 2
R AR ROR UL SR RO 3, FTDMR R DT 45
B D) KM AFAERILES . 2) 5 SH L, SCL,
SC2 .SC3 [y 442 K SGR TR 0.28% ~1.42%
(P>0.05); AL Gyl O L% S 4 F R 6.53%
(P<0.05);5 O #4H %, 0C1 ,0C2,0C3 4 SGR 4y
TR ES 4.24% 3.94% 4.24% (P <0.05) . 3)fikt
FHL,8C1 ., SC2 . SC3 4 iy FCR 5 S HLER L= 7
ANEFE(P>0.05); O 4% S 4 F I 16.27%
(P<0.05);5 0 4] H#%,0C1 ,0C2,0C3 4] FCR 4y
BITRET. T7% 6.74% 8.29% (P <0.05) ,

SR kb S AL S R R S G
B BRI AR KPR RE B TR R R B 3 BT
YC B R R S i 1% ~3% Wt )s , 5 5 A
SGR A TRy, kL R B B a3, (H 22 7
AN R R B TR SR 12% Ry 1 Ol
T H 1% ~3% iRy & i B A m s, 5
BRI A R DRLSCR A BT IR ROR .
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£2 RS RV KRB (n =4)

2H 51
S 215
S scl Sc2 SC3 0 0cCl1 0c2 0C3
VIR E/ g 7.06 £0.08° 7.09 £0.11° 7.09 £0.05* 7.08 +0.01* 7.09 £0.05" 7.08 £0.05° 7.09 £0.04* 7.06 =0.01°
LARWTE/g  70.46 £6.65" 69.90 £1.63° 68.98 £3.05° 68.04 +2.77" 60.64 +2.70" 66.23 =1.00%" 65.91 £3.34™ 66.24 +4. 42"
JRIE R % 100 £0.00* 99.45 =1.11* 98.89 +1.28% 98.34 £1.11* 97.78 +1.81% 98.89 £2.22* 99.45+1.11* 99.45+1.11°
BEEAERKE/ (%/d) 3.53+£0.14° 3.52+0.03* 3.50 +0.07° 3.48 +0.06° 3.30+0.07" 3.44+0.03° 3.43 +0.08" 3.44 +0. 10°
(EEEE%4 1.66 £0.04° 1.68 £0.03% 1.69 +0.04° 1.72 +0.08>% 1.93 +0.04* 1.78 +0.06™ 1.8 +0.06" 1.77 +0. 06"
1 R RATEEE R b A R F 8RR 2 5 3 (P <0.05) , K,
F 3 BERHEEFRN R R YA EALRE I BRI (n =3)
2H 51
S 215
S SCl sc2 SC3 0 0C1 0c2 0C3
v 4y A g
mfﬁ‘“?“§i¢twg 18.5+2.94" 20.78 +4.37% 23.62 +4.41" 18.01 £2.23" 20.56 +2.34 22.42 +2.93% 20. 13 =1.45® 19.49 +1. 85
&P/ U/mL
LIREYSTERN A7) . b b . he . ab N
&%Mﬁﬁﬂymlﬁﬂiiw 42.74 £1.49" 44,6 +2.96" 46.28 +0. 87" 39.84 =1.02" 45.81 £1.25% 44.39 +3.77™ 45.48 +0.37
SEN A A S
%géf;ﬁf}‘ 2.7+0.08" 3.06+0.06° 3.81£0.15° 3.25+0.19 2.48+0.1%8 3.53+0.08° 3.65=0.1" 3.77 £0.13%
VETE —
APE;ﬁﬁg‘*m§ 19.89 £1.48" 18.46 +1.85" 20.29 £1.67" 20.97 +1.39" 23.69 £1.54° 19.8 +1.75" 19.4+2.27" 19.29 =1.2"
& 1/ nmol/mL
F4 BRI R R RRERE I I (n =4)
HA
i il
S scl SC2 SC3 0 0Cl 0c2 0c3
FEStE G
i 4]
@ﬁﬁ%ﬁ? 153.5+17.35>  167.39 £32.61> 167.45 +40.89" 177.07 £8.01" 798.25 +34.38 159.81 +26. 18" 180.26 +34.44" 148.91 +9. 44"
FE
VAR
m«;;;%&;f;ﬁa 11.13£0.92*  10. 65 £0. 99° 10.9£0.96°  11.43+0.64°  11.23 £0.9* 11.55 £0.45*  11.45£0.54*  10.38 £0.29°
o
e[S
LB A d d d d a b c od
SR/ 101 2.98 £0.77 3.22£0.2 3.53£0.71 3.75 +0.49 11.62 +1.49 8.07 +2.31 5.58 +0.79 4.4 £0.55
ﬂ’]l{ﬁﬁ*i b c d de a f ef f
A /10771 1.21 £0.13 0. 84 =0.09 0.64 £0.05 0.59 0. 11 1.96 +0. 11 0.44 +0.05 0.46 +£0.09<7  0.43 £0.04
.‘3;»‘9"3*“
fﬂf“*ﬁli 4.27+0.45%  3.56+0.190  3.72£0.250  3.44 +0.18 4.7 0. 26* 3.92£0.31%  3.72£0.51°"  3.38 £0.04¢
&/ ug/mlL

2.2 MREREMENLENHIZNG

HER 3 Al ) TSPt A LEE ) (T - AOC)
5 SR A, SC1 Fl SC2 41 T - AOC | F}, Hrf
SC2HERF B E(P<0.05),9C3 41 T - AOC F[&
(P>0.05); O 4 FFH(P>0.05) ;5 O 4l %, 0Cl
0T - AOC FTF,0C2 F1 0C3 4l Ff& (P >0.05),
2) BUBEAY B ALEE (T - SOD) , 5 S HE5 R AR,
SC1.SC2 .SC3 fi T=SOD #J ' F+(P <0.05) ;0 4 I
FH(P>0.05) ;5 O gl &5 R g, 0C1,0C2,0C3 41
T-SOD | F}, H ¥, OC1 F1 0C3 % F & =
(P<0.05), 3) Mg A L& (CAT) , 5 S 4HE5 R
4, SC1.SC2 .SC3 1 CAT ¥4 - FH(P <0.05) ;0 41
TFE(P<0.05); 5 0 41458 H#,0C1,0C2,0C3
2 CAT 4 EFFH(P <0.05), 4) M35 N % (MDA) ,
5'S 4145 Rt SCL 41 F g, SC2.SC3 41 | 7t
(P>0.05);0 41 FF-(P<0.05) ;5 O 4455 i,

0C1.0C2 .0C3 41 MDA ¥ F#(P <0.05) .

ZEIR N AR E A Sl 5 AR T A A R
G P 1% ~3% YC A= ke m 1
S A TR LR ) R AL Sl H AR, YC fifi R
BHRMEPT A RGN IEHR
2.3 XMREREIMEEE NN

FE 4 AP 1) Mk L i &, 5 S g5 R
He#5,SC1 SC2 SC3 2H iy I % vk L 240 i & 1 o 25 575
05 S HEEF A FTH420.03% (P <0.05) ;5 0
ZHEEFL L, 0C1 ,0C2 . OC3 2 (1% i 36 Ik T2 40 L 341
(P <0.05);2) I g Hh MR 4a it , SCT . SC2 . SC3
M5 S HARILETC2E 750 45 S HER ILE ETt
T 289.93% (P <0.05); 5 O #4145 %H 1L #, OCl
0C2 ,0C3 I FFE(P <0.05) , 3) IR SAAZ A0l 2
H,SC1,SC2.SC3 45 S HLRWLEYT K
(P<0.05); O 415 S A& R LTt 61.98%

=
=
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(P<0.05);5 O 425 R th#,0C1,0C2,0C3 41y
TRe(P<0.05), 4) Ifi i % &, SC1 .SC2 . SC3 41
5 S UL R TRE(P <0.05) ;0 415 S 4451
W EFH(P >0.05) ;5 0 45 R Hh#, 0C1,0C2
0C3 I TFE(P <0.05) .
SER R AR R BRI T SR AR
P8 R G0 5 Wbk 1 77 W AR 1) RE v 55 Jo 1 #0Ry B X
S TR G 5 2R T 3 A T R ) 5 T BRI SR )T LA
i 5 B AR A DR DR SR Ak S 5 R ML Sy 2R S b
WA BN G2
2.4 N REREITAEE NN
FEISREIF IOl IR- PRS- &~ 331
(AST),SC1.,SC2.SC3 41 AST 5 S 41455 h#5y I-
b, HoH SC2.5C3 41725 W35 (P <0.05); 0 415 S S NN N\
LTI FTH15.21% (P <0.05) ;50 g5t ¢ <O S NN Y

3 A / N\ NN
Z‘Fﬁ‘f s 0C1.,0C2 .0C3 2ﬂ AST j?’)j—FIS% , /ﬁ\: ':F‘ 0C2.0C3 gﬂ E)\ ;\u} NV ‘/::\ \ \,\'j‘ A//!
SRR <0.05). NENNA
IR ) s np N\
W /

kS L I AR ) oF A U o A NN
BTV SUIN YC J5,SC1.SC2 .SC3 415 S EF A :
B2 O AU e HES ] Ty, 240 i 2 AN BH 2, 40 i Y /4
BRI 7 MR BEN T 5 o0d 7
LERLH S RN YC 5 ,0C1 .0C2 .0C3 4 IT40 i HES /
FEFE A SRR B — 7, 4B AZ A T 40 i R R B

“1U

B2 REERRE S S AL S0 i
Vo SR RRA 654 I , HUIFIERRAL S A, 1962 S
S 400 155 (UL 1) . % B S LT A0 IS 46 5 , 40 ML 5 LV 6
o SMMER R T AN B T IR YC R, SCTSC2 B
SC3 4115 S 412 A3 0 ALIFAIIBHES JE R AN 2 R0 7.,
LS 7 AR AR N7 5 0 AR R,
W YC J5,0C1,0C2 DA K OC3 241 40 it HE5 54 55, 20 ifg 55 BR 1 &
o AR A TR R T, YC A 5 T 4
ML A AR AT SRR
SRR B EAL G T RE S DR T 5 F AR A
JENERSE ; YC AR S )G, 55 B Al ng AST
HDVFRRBE ) L TE, Rl RE S B A BLAAR JHF IO o B0 8 7k
RIE AL H AR, YC RS m R Aan G, fl
LB S B T L P 545
2.5 XMREREMB ZRIMEHZZIG
& 3 AT I s i AL BTG 1 (DOA) , 5 S
YL B, SC3 4L R (P > 0.05) ;0 41 [T}
B L RERERESRYIA S A G B (P<0.05) ;5 O 4145 1 #, 0C1 .0C2 ,0C3 41



122

TR&, HiAf 0C2 ,0C3 4227 W# (P <0.05),

B3 FE AR S0t S L 7 e A B

A 2H B R T )2 JE B R A B () ot 1) o Ak Bk
W 4, 855 B a5 R (K 5) : OF T 2R B,
5 S YA, SC2 . SC3 4 I Jt, Hir SC2 422 7 i %
(P<0.05);0 413 S A FF¥E (P >0.05);0C1,0C3
A O B EFH(P >0.05), @SC2,SC3 4 1y 4% 5%
TS S H B TRE(P >0.05) ;0 415 S HE5 R
He# FFHT 100.86% (P <0.05),0C1,0C2 .0C3 41
5 O fHE5 L B FRE(P <0.05)

SEHL N <A AR A S v i S T R A i A
Sz 1% ~3% YC AREFERm ARG, 7F—&
FRBE AT DAk st 5 i AR 0 ) i 1 S5 4 5 7 A AL S
HAR TR 1% ~3% YC RO 55 i 0k o, v] DUB
52 H iR A A S 5 R Y S R i S S
o

AN

\

)

A}

\f

B4 REREEIRYIT 5 7 G o 2L B

AN
\
/

2>
S/ /’
N/ //
<

\
) ‘

%

5 WERERG SRR S A v g 4 2R A B

SRS 65d 5, BUP I A8 i TR MBS,
200 5 (ERR:ID) o 5 S HHFBHLY) FE5R A, O HIHHAE M —",
YRR, REARHE T B 2R 22 B 3 (R A B s Xk
ZES R (ST FoR R R RIS “FI” JoR“BERT") . 5 S A%
LS, TSI YC J5,SC1.SC2 PR SC3 AU E KB S H IR
TR B L T A B ] 22 S R .3, SC2 AHMIImE B IR T 2RI £ 5 10
2.5 0 LR, TN YC )5 ,0C1,0C2 DK 0C3 HHInsE K ik
AR, B B i R R, A0 o R SRR, OC1 A, OC3 A%k
JEFRERER, 25 B2 (P <0.05) ,002 415 0 HZERARE,
£S5 AR R ERMEGE S REBET SRR A

i 41531

S sCl s2 sG3 0 0Cl  0Cc2  0C3

== IE
el g 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
ml/J&
WHERNE 12 12 12 12 12 12 12 12
6 3.67 2.33 3 7.33 533 3.67 267
TR R
¥4 REE

\ 50.00 30.56 19.44 25.00 61.11 44.44 30.56 22.22
2%/ %

YWHRE/% 0 38895 61.11° 50.005 0 11.11°38.899 55.56°
ST O FORRIE R BILL S 4 O 4Rk




2.6 MRERMERIETCEMASRIPENZN

FARE A BT RS R YRGS,
5 S 45 R AL, SCL ., SC2 ,SC3 2H BB T R,
TR 24 5] 7 38.89% .61.11% 50% ;5 O 41
SERL LA, 0C1 002, 0C3 4 HH X 48 T AR, 75
(324 4 11. 11% .38.89% .55.56% , 455 &
N RS SR R EE T 8807 1) CYHV =2 9 15 o s £
PHER

3 it

AR T R R B E A s,
S KRR S A T R, R
TE A 12% 08 1 S 3 AR O el o | P 8% B 8 55
EREER 1% ~3% )y A — & a1 ks
EACIMNE B R TS AR AR KR s 7E AL
L b LA R 1 3R ) B A S5 TR e, S AR
A K MRS B B

Ji7 B £ 24 T T IR SR 3R R )
ST, S A0 00 i 8 T 7 5 ) 14 fke i T DA AE — o R
JE e HAE KPR . DOA 2 B 240 B
H ELA 8 R T 0 00 PN R, 244 17 3 AR L SZ 45 20 B
B0 355 2 A Al P sl 23 R B B L o, B 15
DOA 35575 o ek v it g 4204k %ok 7K 77 3 0y 4 2 K
P A LA T e B e TR 5 5 DR AL S
SR B LS AR . AR B2 B R « B R B
FWIE— TR bk T 55 7 SR 00 I B T 25 25
o TR R AL TR 2 S EOE DR R, R A
T AR BT S A B AR G R AL,
iAW T R REST AL [ by AT 17, 1
) E S R AR S A RS e, S B 2
EALREEA S A E S SR E e, B
BUKT ) 30 % %5 % B2 45 T T, 1 18058 i3 1 T
KU EEALE I B, 1% ~3% YC O % &
RGBT R A B Y S AR
ETE SR . 4 ST RE T 1 BB 559 0
EMEY R HE T 0 E SR Y T, BERE T B SR S
W WSCE SR A BB F AR R A L
TN VEIER KA R TT R M R U S
M LE K A B R AR W, WA LR R IR
ERSRWESE 5, AT LA 167K 7 Sl 0 W ol A A I
SIS 5 BB VR 0 T T T S 0 1, ok
262 i T TS 25 45 400 A D07 B 1) 56 B, T 4 125 7K 7 3l
W PR

123

RN EHESI Y, AR P e
KEFEWGRIERG, T - SOD 5 8% (1) s /K OF %
YK, BB 1L 480 [ i 36060 4 F S R ad S AL A
AR S, S L3985 o I 240 L BT A0 R 0, B LA BT
LB R G i B AR [ o ARG P 45K
540 T - SOD 35 77 5 %F B4l be g3y b, e RERG 7
VIReit s S B T - SOD WS HEF F 5
B — HI WA H 2R S VI AH ¢, Hovh B — i R b AR
g3 i 4 AL SOD &M, 42 S AL Re )y, H 28 bk
A By B — 5 10 S R 1, B A% i) P AA 1 e 2 1
365 SOD 15 1, 37 i H AR R 1t
LZM J&—FhKff N - MM BERR A1 N — 2 ok 7 b e
Wi, TR R N BB AR R e R T
AR IS 25 R AL LZM 55 %) B 45 50 e T %
LZM W] 35 bRt 1 P4 5 o 3% 4 0% 40 181 240 L e
St At 50 73 DR 1 e A R o ) R At £ 92 1R
FAERIHCHI AR B AR, LZM T 7 4 i, H Ao g
REJT IR 557 . MDA 1A 34 % M B
Ay, HE T EmERIA AR Ad 2, "8
H S ELA R A A, 3 IR oAt S Ak, S B
B SRR o AR P &R0 21 MDA 58
AR TR, 45 R RV BERERE 27T LA R 5
HEAN MDA (1) 5 &, I L RE W 2% i th 4Dk AL il g
T ST A MDA 1 Tt

JEHE 2SR E Y BT e AR f h LA &
BUMRR IR T BB IE 25 . AST £7 76 T JH- 40 Jifw £ 14
PSP 7™ B A2 10 AST il 23 1k A I 3 P 2
B I AST A A T A48 473 1 U R A o AR I
BSa5 R IR X B A6 41 AST 4 S 41 7, {H 2
SN B2 4 B AR R I R 0 5 W R A R R o 4 R
R G AT RE S B AST P ARFE BT (H N 55 B AR 6
JFMEAL 2] 7 45 Rk, SC1.SC2.SC3 5 S 4T
WEMEZE S SR PR, RS i Rk b
Tyl LI R s LA I RS 4 T2 % S AR R
SR X TR S B SRR I A G, O 4
5 S LR AST 7, 0 41Y) 7 i 4 i HE 3 G
¥, 4 LR W) S, A0 25 F 2 R, A A R A R
45, RIS T G B AR S5 A . 5 0
LR A, £ O BRI 4 AST R, FFRESS /A
PRV AZ, D) R I 4 R HE 51 3588 55, 4t L S B B 4, 4
FRUAZ A S 240 L v () 52 8, 6 B AR IR 25 R T T
B RE T A LR A LRI, X 5
J B 25 SRR

TERERE SRS 7K 7= S PR 1WA — e 1 B



124

PRI 20 AR 2 SR W B B R R T e
Ui CyHV -2 s Sepe Ry R o IRERE RS SR
i CyHV -2 gl 2 e e iV E w7 J5 R m]
REE I B SR Y B o 1 5 R A P AL BE ) A
BERETT . CyHV -2 s N P A ) 5 7 4R A A2
R H o, CyHV — 2 a5 UL iy 52 5 AR
i S PUEALRE J) 38 MR A, 9 B S B TR AL AE

(9 AR 780, B LA BT Sk 3R e 3 IR ok
CyHV -2 i ap UL Ja , 0 5 7 B SR BE AL A0 B 4
1, G 0 M B30 S ) 0 B e
T IR IR ) S A FE 0 B - R A H &
SEWE, AT LA 4E SR 5 i AR ) BT AR P R G AR &
G2 AT AR R S AR CyHV -2 S5 1Y

4 ik

TR AL S 57 A R B PL IR B i AL R 5
BEZRGEAL T IR T B A g 38 245 ) 2 45 5 et
YC &7 1 5 7 ) e 5 B A RE 7 e A AL 1 1) RE
T LR RIATR YC B T i Bl 5 i 7
VR, X CYHV - 2 5 75 085 ff 3 BAT 545 9 %
o LR LFTIR, 1% ~3% YC BAUAE B Ay HA —
TE AT

S5 3k

(RSO, PMBEIE. S B AR £E 2 e bk B AR TR 1
maFRaET s (1] BIRTIK™,1993(2) :38 -39
XU W B, SUN X B. Biological characteristics of gibel carp
and its prospects for aquaculture in our province [ J]. Hei-
longjiang Fisheries,1993(2) .38 -39

(2 EPEAR, )0t AL xT s pLAm )], s
BRI ,2000,12(3) .1 - 13
REN Z L, HUO Q G. Effects of oxidized oils and fats on ani-
mal organisms [ J ]. Journal of Animal Nutrition, 2000, 12
(3):1-13

(3B, MRALAg, DAY, 5. fkbmAR A Frd a2
KRR [T]. KA E4,2016,40(3) 624 -
633
CHEN Y J, LIN S M, LUO L, et al. Hazard of feed oil oxi-
dation on growth and health of farmed fish [ J].
Hydrobiology, 2016, 40(3) : 624 —633

(41847, d ], BREAR. TRt X R A B AP s i i
Frpasr A S BA I (=) [J]. BhaE3r,2013(7) .
85 -114
MENG S Y, MENG C M, CHEN C F. Epidemiological in-

Journal of

vestigation and control measures of cultured silver carp hem-
orrhage in northern Jiangsu Province (1) [J]. Scientific fish
farming,2013(7) : 85 -114
[5]WU T, DING Z, REN M, et al. The histo — and ultra -
pathological studies on a fatal disease of Prussian carp ( Car-
asstusgibelio ) in mainland China associated with cyprinid
herpesvirus 2 (CyHV - 2) [ J]. Aquaculture,2013,412 —
413(6) .8 -13
6] 4w, mhoct, MMBE, 55 BERERE IR Sk i A 1<
s L], AT, 2009,30(22) <17 -22
LIGF, YEY T, LIN B X, et al. Effect of Yeast Culture on
the Growth of Head lice[ J]. Feed Industry,2009,30(22) :
17 -22
(7 Ifafizids, ARV, AR IHE, 4. BEREERIRPINS PLAA TS R
ARAERE ARFR AL I MGUR I L) ] shE
FH 4R ,2016,28(12) 4063 —4072
HE Y F, YUH H, CHIS Y, et al. Effects of yeast culture
on growth performance, non — specific immunity and disease
resistance of Penaeus vannameil J]. Journal of Animal Nutri-
tion, 2016,28(12) :4063 - 4072
[8HRMR. A2 4 % 42 T -5 I BE B 3R W 08 5 6F ( Paralichihysoli-
vaceus ) HEAS B KU RN [ D] F 15 - A R
,2007
WEN J. Effects of compound probiotics and yeast cultures on
growth, immunity and disease resistance of gingivalis
( Paralichthysolivaceus ) [ D ]. Qingdao; Ocean University of
China, 2007
[9]BURGENTS JE, BURNETT KG, BURNETT LE. Disease re-
sistance of pacific white shrimp, Litopenaeusvannamet, fol-
lowing the dietary administration of a yeast culture food sup-
plement[ J]. Aquaculture,2004,231(1):1 -8
[10]YU HH, HAN F, XUEM, et al. Efficacy and tolerance of
yeast cell wall as an immunostimulant in the diet of Japanese
seabass ( Lateolabraxjaponicus ) [ J]. Aquaculture,2014,
432(1).:217 -224
CLLTRRAEAE, Moot 25657, 5. BERHEIRYIKIE PRT e ik
i 7 R R A A S A SRR e B [T ] 3h
WE FRH4R ,2014,26 (11) .3478 —3484
YAOS B, YEYT, CALCF, etal. Effects of water — solu-
ble yeast cultures on intestinal mucosal cell growth and cell
membrane integrity in isolated grass carp [J]. Journal of
Animal Nutrition,2014,26(11) ;3478 —3484
CI2]209K0G, K&K, FSCEE. WG FRY) (A ) B
KX A KAEREFIGTE I O L) ] AR B s B
BH7,2017,42(6) 40 -43
LIY J, ZHANG H L., ZHOU W H. Effect of Yeast Culture
(Baihuikang) on Fish Growth Performance and Disease Re-

sistance of Grass Carp[J]. Journal of Guangdong Animal



Husbandry and Veterinary Medicine ,2017,42(6) ;40 —43

[13]BOUNOUS G, ., ECHAVE V, ., VOBECKY SJ, et al.
Acute necrosis of the intestinal mucosa with high serum lev-
els of diamine oxidase[ J]. Digestive Diseases & Sciences,
1984,29(9) .872 - 884

C14 1R 0R A, IR, RS, SR ALl R XK ™ 3 9 1) e
[J]. G, 2013 (4) 235 -39
YANG B H, YUAN M F, TANG J. The harm of oxidized
oil to aquatic animals[ J]. Feed Expo, 2013(4) :35 -39

[15]GAO J, KOSHIO S, ISHIKAWA M, et al. Effect of dietary
oxidized fish oil and vitamin C supplementation on growth
performance and reduction of oxidative stress in Red Sea
Bream Pagrus major [ J ]. Aquaculture Nutrition, 2013, 19
(1).:35-44

[16 ]JREHULKA J. Effect of hydrolytically changed and oxidized
fat in dry pellets on the health ofrainbow trout, Oncorhyn-
chusmykiss ( Richardson) [ J]. Aquaculture Research,
2010,21(4) :419 -434

(17)0oet, #3507, R, 5. PR 5 i 5 )l 18
SRR B TR N [T ], KA AR A4, 2016, 40
(4):804 -813
YEYT, CALCF, WU P, et al. Feeding oxidized fish oil
causes damage and permeability of grass carp intestines[ J].
Journal of Hydrobiology, 2016, 40(4) . 804 — 813

[18 ] YANG S P, WU ZH, JIANJC,et al. Effect of marine red
yeast Rhodosporidiumpaludigenum on growth and antioxidant
competence of Litopenaeusvannamei [ J ]. Aquaculture,
2010,309(1) .62 -75

[19] JENSEN GS, PATTERSON KM, YOON I. Yeast culture
has anti — inflammatory effects and specifically activates NK
cells[ J].
tious Diseases,2008,31(6) :487 —500

[20] MOURAO JL, PINHEIOR V, ALVES A, et al. Effect of

mannan oligosaccharides on the performance, intestinal

Comparative Immunology Microbiology & Infec-

morphology and cecal fermentation of fattening rabbits[ ] ].
Animal Feed Science &Technology,2006,126 (1) 107 —
120

[21 ]MUSSATOO SI, MANCIHA IM. Non - digestible oligosac-
charides; A review [ J]. Carbohydrate Polymers, 2007, 63
(3):587 -597

[22]CAMPA - CORDOVA AI, HERNANDEZ - S NY, PHILIP-
PIS R, D, et al. Generation of superoxide anion and SOD
activity in haemocytes and muscle of American white shrimp
(Litopenaeusvannamei) as a response to beta — glucan and
sulphated polysaccharide [ J]. Fish & Shellfish Immunolo-
gy,2002,12(4) ;353 - 366

[23]ELLISE AE. Immunity to bacteria in fish[ J]. Fish Shell-
fish Immunol ,1999,9(4) :291 - 308

125

(24 3RV Mg, SRBL4A, WA JK A WV T G 1 WF 5% 9
(], ERpifEAE R 22741, 2006, 15 (4) :483 - 487
ZHENG Q M, WU R Q, YE X. Research Progress of Lyso-
zyme in Aquatic Animals[ J]. Journal of Shanghai Ocean U-
niversity ,2006,15(4) ;483 —487

[25]SARGIS RM, SUBBAIAH PV. Protection of membrane cho-
lesterol by sphingomyelin against free radical — mediated oxi-
dation[ J ]. Free Radical Biology & Medicine, 2006, 40
(12):2092 -2102

(26 | BEAESE, FRENS. 53 0GRS0 PR Ak £ B o0 R AL T H A
MER L], AH},2009,33(2) 194 -95
TENG Y B, WANG Q X. Analysis of detection results of
some biochemical items in 53 patients with advanced cirrho-
sis[ J]. Orthopaedics,2009,33(2) :94 -95

(27 JXUSEHS, skiE, Beffi, 45, BOAACS RS e BE 1 57
PR AR PERE TP S RER R [T ] iRDUR TR
#4,2014,33(1) :34 -39
LIU L H, ZHANG H, NIE W, et al. Effects of yeast cul-
ture supplemented with grass carp on growth performance
and liver function of grass carp[ J]. Journal of Wuhan Uni-
versity of Light Industry,2014,33(1) ;34 -39

(28 IiRX BEE. AN [) SOHIK T 89 Bk o s o — o 19 B B 3 4
(35 B XP) X R ZEOF A 4 2 2R 2 254 LA % g 3 T8 R 1)
WA D ] 8 R ETEE RS, 2008
ZHAO G P. Effects of a yeast culture ( Yikang XP) on the
growth , histological structure and intestinal flora of turbot in
different soybean meal levels[ D ]. Qingdao; Ocean Universi-
ty of China,2008

[29] 7K Z3E. Hil|Z: ( ApostichopusjaponicusSelenka ) 15 R F 2 S 5
RGeS D . 7 8« R, 2010
ZHANG Q. Screening and application of high — efficiency
immunopotentiator of Apostichopus japonicus Selenka[ D ].
Qingdao ;: Ocean University of China,2010

(3012 %50:, A0, wak, 55 I REEEH R T
BRI i A I AR A BLER R R R [ C D K
POl & 2 AR IT2,2013
YUAN J F, LI L J, HUANG ], et al. Effect of type II her-
pes simplex virus infection on the oxidative stress index in
fish blood[ C ]. Chinese Academy of Fisheries Fish Disease
Professional Committee Symposium, 2013

[31IMFES, Hoot, Rk, & 82N R (CyHV -2)
JRYL X 5 B AR Y ( Carassiusauratusgibelio ) 4 21 28 B 1145
YERILT]. JERIZH7 S50 A 91°7, 2016(3) :587 - 594
LINX X, YEY T,WU P, et al. Injury effect of herpes
simplex virus type 2 (CyHV —2) infection on tissues and
organs of Carassius uralatus Gibelio[ J]. Genomics and Ap-
plied Biology,2016(3) :587 —594

[32]JIANG N, JIN X JIE M, et al. Histopathology and Ultra-



126

structural Pathology of Cyprinid Herpesvirus [[ ( CyHV -2) University Journal of Natural Sciences,2015,20(5) :413 -
Infection in GibelCarp, Carassiusauratusgibelio[ J]. Wuhan 420.

Diet Yeast Culture Improves the Ability to

Anti — Oxidation, Immunity and Protection

Against CyHV -2 Virus of the Gibel Carp

Sun Fei' Li Hao' Yu Nong' Ye Yuantu' Cai Chunfang'

Wu Ping'  Shi Yaoyao' Zhou Wenhao® Li Yongjuan’
(School of Biology & Basic Medical Sciences, Soochow University' , Suzhou 215123)
( Beijing Enhalor Institute of Biotechnology” , Beijing 100081)

Abstract ; In order to study the effect of the growth performance and physiological health on gibelcarp ( Carassiu-
sauratusgibelio) by replacing fish meal with equal quality yeast culture (YC) in feed. In this study, 0% , 1% , 2%
and 3% YC were used to replace fish meal of the same quality in the basic feed containing soybean oil ( positive con-
trol ) or oxidized soybean oil (negative control) , recorded as S, SC1, SC2, SC3, O, OC1, OC2, OC3, respective-
ly. The diets were fed quadruplicate groups of gibel carp [ initial body weight(7.08 £0.01) g] for 65 days in out-
door farming system. After the breeding experiment, each group fish was challenged by injecting visceral tissue fluid
which obtained from the gibel carp with CyHV =2 virus. The results showed that; Compared with group S, the SGR
and FCR of group SCI, SC2, SC3 had no significant difference (P >0.05). Compared with group S, the SGR of
group O fell by 6.53% (P <0.05), the FCR of group O increased by 16.27% (P <0.05). Compared with group
0, the SGR of group OC1, OC2, OC3 both increased( P <0.05) , and the FCR of group OC1, OC2, OC3 both de-
creased (P <0.05). The blood cells and serum indicators of each group changed to some extent. Attack test results
showed that; Compared with group S, the cumulative deaths of group SC1, SC2, SC3 reduced. Compared with group
0, the cumulative deaths of group OC1, OC2, OC3 reduced, too. The results of this test indicated that, (DIn the
case of basal diets containing 12% fishmeal, it was feasible to replace the same quality fishmeal with 1% ~3% YC.
@Oxidized soybean oil caused oxidative damage. (3)In diets containing oxidized soybean oil, adding YC could repair
the damage to a certain extent. (4)Under the conditions of this test, diet YC could enhance the immune defense ability
and anti — oxidative damage ability of gibel carp, which reflected in having a good effect on the protection of CyHV —
2 virus.

Key words gibel carp,yeast culture,growth rate,feed efficiency,oxidative damage , oxidized fat,CyHV -2





