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1.0h &, Y384 41 PO. TNOS 7 # % % & T Y0S4 41 ; # & B % PO. TNOS ¥ ¥ 7 4
B2 %, (£ 1.0h 8, S28 4 PO. TNOS & 4 5 2 & T S4; 47 £ & 75 tm 3% B2 £
KM T FERE T LG5I AT IR A b 4 B b BE (SOD) & M5 2k 5 2t B8 14 5% B Bl
(ACP) EMF 4 TR E® W, S2Z8AACPEH L E® T S4. HARKYH, AR TR EH
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A PR, D R B AR AR I AR R RSN o
WoE R, HARIBYF (Macrobrachium nipponense)
LR e A O B IR, G H (IR . TN &R RN
AR AE — 22 £5 B Y5 1B N W6 A5 £R B 0 T v i
B, R RN T 2.58% H AR BE WS B E iR
1o PLAA S XoF W S8 38 R B 58 R I Y A7 3 R0, R
FeWy ARy — PR AL R B RO, AR
ANRR L SERE L TE RS AR IR M E R B IR R
& Z T Re Y TR SR A, AT DL R
W A1 BE AL (Epinephelus coioides) . KZZ6F (Scopht-
halmus maximus)™” . 75 X EF (Penaeus monodon)™
AR PERE IR . DAEWFSE R, TRk iR
TR BE K A 0 e 0% B8 55 L 4 T X R 1 IR AR S
RPBET), WEMIE RN 2D, R
T 1 S R BE 2R AR 2R By e 1t

WESE R, #h 70 B0 Bk BB 8 203 h AL 4%
FEHE (Eriocheir sinensis) TENV SR ER 0 5 1F F Y
P NGB K b SR RE K R e 8 £ v
FLANIE T URAE 28 R0 250 T B AE 6 2R, HE i
P B 2 Wy JoT AE 7K A 3l 0 6 B 5 B 3 1) A g I Y
J I k¥R AR . (A AEARER B W aa A
T, EERE AKX DL AN T IR A R S g
Myt fbae 12 G AR YTIERM AR, 8
R O B B KA R KB, KRR B
SUR AR A, XK B ) i N, I AR Y
Kt H B AT R 2B sE -1, LA X I A
SRXT 1~50 (1 58 B2 A 3R A T 52 0%, H R 2R
JEAZ AL ] B8 230 HAG BRECIR D0 1 it 1 AR SR
B AER VTR ER B2 038 25 14T, DRk rh s n
B 7K A )R L4 T R R R A S 1 A e T AR A
RE I 52

1 M5 TR

1.1 SEIGEN

Pherfaty . KT, EREAR. 4
Wi EEEARIR, fyh, S, KSR
SRS U, BRI 2 2H 2 A S Y SL 8 e R
GETE YO, Y3), Hodvxt I8 40 (Yo) fa by H & A
25%, ANUSINEEREKEY) ;s S92 (Y3) fky H it
H20%, WS IN 3% WEREOK SR Y (R BUEERE A A
FRAF, MM 49%. MW 0.5%). 1Rk F K
LRy ia 60 B, B FRE, BFYUILKIR
5], FXURFFBFENL (F-75, fEm T k2%
AR S L) I TR AR 1.5 mm f4) R R A R
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7E 60 °C HEF )5 24k 30 min, BT 5 F—20 °C
VKRG TR AR A P S TR R IR 1 KO
%1,

F1 SRANAREERKTE (FUREM)

Tab. 1 Composition and nutrient levels of
experimental diets (dry matter basis) %
Tk
TiH diets
items Yo Y3
JEHL  ingredient
ZIfa¥;  brown fish meal 25 20
KB EHM peeled soybean meal 21.55 21.80
FAREEHR  corn gluten meal 5 6
1E7E4 peanut meal 6 7
WFSFy  shrimp head meal 3 3
FEBEKf#Y)  yeast hydrolysate 0 3
¥ wheat flour 26 26
KEIUEENE  soybean lecithin 2 2
Hil  soybean oil 2 2
fa i fish oil 2.00 2.25
AR Rl vitamin premix’ 0.5 0.5
WY iR mineral premix’ 2 2
Y/ HC  vitamin C 0.03 0.03
TR — A Ca(H,POy), 2.8 2.9
WARLT4ER  cellulose 1.99 1.36
HAMR DL-methionine 0.05 0.08
SALBEBL  choline chloride 0.03 0.03
UL antioxidant 0.05 0.05
#it total 100 100
EHFE/AKFE  nutrition level®
HE A crude protein 40.42 39.8
FRI  crude fat 9.03 10.00

e L 4EAR SR ORI P TOR RS BT S D R A R A R
AR 2.8 IRKF A

Notes: 1. Vitamin premix and mineral premix were provided by
Qingdao Master Bio-Tech. Co.,Ltd., China; 2. nutrition levels are
measured values

1.2 LY FEETE

F7h 3R FLAH 5 KT UR RV I [ ) AR
VLB K P2 Rl A BR A 7, A8 K Y8 W bR L &
FH . SCIS UG TTAR A 24 h, Bl HL Pk 5 8 BE oF [ 4
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I K B (15.8240.08) g] SF- 340 2 241, X HR4H
YO A BB K S ) 1 SRt AR, SEBR A Y3
LRI 3% WEEEAK MR SL B ARk, SR 15 d.
SR ) AR U R A AR 5 T R e = R
YRS R PEAT . A AE 7: 00, 11: 00, 17: 00 Al
21: 00 T B4 ME, I AR XTI f) A B 15 50 RN R
155 0 ELAR B R i, SC 50 )UK IR 29~31 °C,
pH {H 8.0~8.2, hJF 28,

15 3k i 18 15d R SEI LR G, 258
240, ¥ YO FY3 5l B AERBE R 4(S4) Fi 28(S28)
K, AR 3IAEL, BNEL 30 R
Ir, 3360 . MRIEWE (YO, Y3) FIERBE (S4.
S28) IANRIZH A, YO R X Al im R, Y32
FEWES N 3% BEREK M ARt 2541 ; S4 ly 4k
JE 4 1 Hha 25, S28 SHERE 28 (Whia &1,
4 H A4 Y0S4. Y0S28., Y3S4 1 Y3S28,

1.3 H@REXESSH

EARERHE L 0, 0.5, 1.0, 3.0, 6.0 il
9.0 h, Jt6NHfH] SR, AR AR 4 BSCE
I, CRES U E T 1.5 mL B.0%F, 4°C
HEE®E, 4°C. 8000 r/min &[> 10 min,
HUE W5 T VKA —80 °C R A7, £ I iy 37 it % 7%
KV PR E R, BT HRAAE T, WAL,
FH T FH S Bl 10 o 1LY M AL I (PO) 1 1
e A bk, B—E A LA A L (TNOS) i
P ) ] B TR e v 5 T R R Ak 0 Ak
(SOD) Jifi P I i fiff FH bb (3, 3 A fL AUl (CAT)
TG PRI E AT WG, PRVEBE R W (ACP) A6
PEBETR I (AKP) T P00 b s, DL L i
P G o8 ) i T S A ) TR I 5T T A 7 A
Flge, HAEJrES it 45,

1.4 BRGSO H

K I SPSS 19.0 Gt i 514 X 5% 56 A5 4l 1447 30
E 7 BT (Two-Way ANOVA), 7 B4 [H &
YR % (P<0.05), WX AN K2R A9 7 BI{E 47
Duncan [RZHE [HH; ALHHREIEH R (P<0.05),
D) X6f 454> 4 B ) SF- 41 {32647 Duncan [R 25 L

2 HEH

2.1 ERE AR 0 BR B UK R 3T L0 X ER IR
BEMEFG T HRERNTMW

K FLa % 5873 0 e B 2 2R 2 4 1 28 19K

o E K P2 % 2 32 /) sponsored by China Society of Fisheries

0.5, 1.0, 3.0 6.0h )5, FAHAHRHNIET:;
9.0 h i}, Y3S441 i EIET:, HALHMAEIERT
3 2 5 (P>0.05)( 1)

[ 1Yo0s4 [ Y3S4

Y0S28 Y3528
100 STvesas MM S

50 H

TEIE R %
survival rate

0 05 10 30 60 9.0
fif [)/h
time
1 ke R 0 B B K AR A X FL AR X AR
REE B EFERNFI
Fig. 1 Effect of yeast hydrolysate on survival rate of

L. vannamei under low salinity stress

22 EEEKBYI LAEIIEIES SN
F R ERIE MR R T

YO A1 Y3 20 Gl %k 6 R I 7 PO 3 % A
A S (P>0.05), fIKERHRE 0.5 hiF, AH L
T 928 41, S4 4 LN TR I PO 1G M R
K (P<0.05). 1.0 h B, falh FnER B2 R A2 BAE
BFEFm POWEE, Hrb, S284] PO THM: %
5T S4(P<0.05), Y3 4 PO IEMEREE T Y0 41 (P<
0.05), 3.0 M1 9.0 h i}, S28 ZH PO W& .35 & T S4
(P<0.05)(3 2)

2 20 ) e X o R AL 3 TNOS 376 M B 52 1) T i
F 25 (P>0.05), fKERMriE 0.5, 1.0 A1 3.0 h B,
S4 ZH TNOS ¥ ¥ it 2 T F% (P<0.05), i falf}H &
X} TNOS Jf M A 1.2 (P>0.05). 6.0 F19.0h B,
T RE AR B K 2% H % TNOS 1 1 JC B 35 5% ) (P>
0.05)(% 3).

2.3 BEERKIRYIN LR X AR BT BR BRI & 1L
IR R REXEIEEOR M

T YO 4, Y3488 T X R
I SOD Pk (P<0.05). fEEEMH3E 0.5 h i, YO 41
SOD %P g & & T Y3 41 (P<0.05), 3.0 A}, 1A
kA 2 FER BE X 6 SOD 16 4 77 A 1 3 5 i
(P<0.05), {HFEZZHAEH], Y3 Fl S28 () SOD i 1
4333 . 2 T8 T YO 1S4 (P<0.05), 9.0 hirf, ikt
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2 EEEKERYIRT FLYNE X AT I 55 B S L BE R 1 RS20

Tab. 2 Effect of yeast hydrolysate on PO activity in serum of L. vannamei U/mL
Wi H It & /h
items time

Tkl diet #hFE  salinity 0 0.5 1.0 3.0 6.0 9.0

AN FE{E  individual treatment means

YO0 S4 11.91£2.22 5.33+0.75 3.20£1.51° 7.20+2.64  13.87+2.32  12.00£2.64
S28 13.87£0.53  10.67+1.07 14.67£0.38"  14.58+0.81 14.22£1.34  13.51£2.68
Y3 S4 13.69£2.16 6.76+1.11 9.60+0.751°  8.80+1.13  12.2742.32  11.56£2.16
S28 12.27£0.53  12.00+0.38 12.80£1.60"  13.51+1.63  14.04£0.62  16.53+1.41

HARFHIFEE  means of single factor

Y0 12.89£1.64  8.00+2.72 8.93+5.78°  10.89:3.84  14.04£1.56  12.76£2.20

Y3 1298+1.46  9.38+2.67  11.20£1.90"  11.16£2.58  13.1621.65  14.04+2.90
sS4 1280199  6.04:1.04*  6.40+331°  8.00:1.65° 13.0742.06  11.78+1.82"
S28 13.074091  11.3320.95Y 1373137  14.04£1.18"  14.13£0.86  15.02£2.31

P Pvalue BARLKE  diet factor 0.925 0.066 0.047 0.802 0418 0376
HERE  salinity factor 0.779 0 0 0.001 0335 0.049
TARHA xR dietxsalinity 0.104 0.945 0.005 0.238 0.514 0.244

W BT ARE TR EZER B FHP<0.05); A, BREFRRFE, x. yRELERE, TH
Notes: Means in the same column with same superscript indicates nonsignificant(P<0.05), diet factor is represented by A and B, salinity factor is
represented by x and y, the same below

*=3 BEKBYN YRR E R — SR A REE RN

Tab. 3 Effect of yeast hydrolysate on TNOS activity in serum of L. vannamei U/mL
HiH IR li)/h
items time
Tkl diet HEE  salinity 0 0.5 1.0 3.0 6.0 9.0

ANREFRFPH4)ME  individual treatment means

YO0 S4 11.19+1.55  9.11£1.62  6.12+0.91°  8.48+1.82 12.93+1.94 13.13+1.54
S28 12.47£0.18 11.36+0.70 12.36+2.15" 13.13£0.47 13.45+0.77 12.45+1.91
Y3 S4 12.99£1.49  8.56+1.04  9.98+0.79° 10.82+2.36 12.62+1.33 12.70+1.69
S28 12.19£0.13  12.05+1.54 12.76£1.30* 12.50+0.60 12.73+0.25 13.93+0.67

AR THFH4{E  means of single factor

Y0 11.83£1.11 10.23+1.52  9.24+337  10.81+2.44 13.19+1.23 12.79+1.45
Y3 12.59£0.95 10.3142.04 11.37+1.63  11.66+1.64 12.68+0.78 13.32+1.21
S4 12.09£1.54 8.83+1.14%  8.05+2.02°  9.65+2.05° 12.78+1.36 12.92+1.34
S28 12.33£0.19 11.70£1.03* 12.56£1.47° 12.82+0.54 13.09+0.59 13.19+1.38
PfH P value TRHAZE  diet factor 0.260 0.925 0.075 0.380 0.494 0.565
#HENZE  salinity factor 0.708 0.005 0.004 0.010 0.673 0.766
TR R < Eh BERI 3R dietxsalinity 0.134 0.430 0.131 0.149 0.788 0.309
R ()22 HAE X SOD 1S PERY I i3, Y0S28 YO F1 Y3 2L Ak X X R AR CAT 35
YT M 0 T AR A 4L (P<0.05)(3 4), BeA ek W R (P>0.05), 1.0 hitf, S28 41

https://www.china-fishery.cn R E K P72 22 3240 sponsored by China Society of Fisheries
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* 4 BEERKERYX FLAUEXTURAT R AR B E L LR SE M RS20
Tab. 4 Effect of yeast hydrolysate on SOD activity in hepatopancreas of L. vannamei U/mg prot
BH I &) /h
items time
Tk diet #hBE  salinity 0 0.5 1.0 3.0 6.0 9.0
FFANLBER M individual treatment means
YO S4 5.66£0.49 9.89+0.07"  6.89+1.53 3.99+0.55 8.67+2.07 9.75+1.68"
S28 4.08+2.14  7.82+0.75" 11.85+2.77  7.52+1.89  9.47+0.90 12.60+1.32°
Y3 S4 9.81+1.58  3.30£1.20°  8.16£0.92  7.40+1.58 10.38+1.89  7.67+0.70
S28 10.92+0.67 5.2041.22°  9.85+2.55 10.82+1.02 10.00£0.98  6.28+0.77°
HAEFHIFE  means of single factor
YO 4.87+1.35"% 8.85+1.10° 937+3.07 5.76+2.02° 9.07+1.42 11.18+1.85"
Y3 10.36+1.14% 4.25+1.33%  901+1.86 9.11£1.93" 10.19£1.29  6.97+0.92°
S4 7.73£2.28  6.59+£3.35 7.52£1.10  5.70£1.90° 9.53£1.83  8.71+1.48
S28 7.50+3.51  6.51£1.54 10.85+2.39  9.17+£1.93° 9.74+0.72  9.44+3.19
P{E P value FRHAZE  diet factor 0.001 0.001 0.815 0.012 0.345 0.001
thEE[R 2 salinity factor 0.797 0.907 0.065 0.011 0.855 0.342
TRHE R R R dietxsalinity 0.169 0.032 0.311 0.952 0.611 0.021
CAT i 1k . % 5 T S4 (P<0.05). 9.0 h i}, ik} 6.0 h if, fRDELFIER B2 R %) CAT 16 PEJC B %

PR 2R R B R 28 1 28 B AR X CAT 3 4 77 A i
FHNH (P<0.05), Y3S4 #H CAT itk & H T Y0S4
2. Y3S28 41 (P<0.05). fIK£k/Mril 0.5h. 3.0 h,

S (P>0.05)(3 5).
FELT YO 4, Y3 20 %0 J1F B i AKP 3 4
B HREAK (P<0.05); FHELT S4 41, S28 41 AKP i

®5 BEKEYIT PRI ARATRRE S SEEERZIT

Tab.5  Effect of yeast hydrolysate on CAT activity in hepatopancreas of L. vannamei U/mg prot
BRE| I [)/h
items time
Akl diet % salinity 0 0.5 1.0 3.0 6.0 9.0
FANBERF M individual treatment means
YO S4 0.14£0.01 ~ 0.14£0.01 ~ 0.19+0.00  0.22+0.02 0.26£0.19  0.13+0.06"
S28 0.19£0.03  0.21+0.01  0.24+0.03  0.25+0.14 0.10+0.08  0.20+0.08®
Y3 S4 0.15£0.02  0.17£0.11  0.19£0.03  0.17£0.03  0.29£0.04  0.26+0.02*
S28 0.13£0.02  0.20£0.01  0.33%0.07  0.17+0.04 0.19£0.09 0.18+0.08"
HAFF I FH5{E  means of single factor
Y0 0.17+0.03  0.18£0.03  0.21£0.03  0.23£0.07 0.18£0.14  0.20+0.07
Y3 0.14+0.02  0.19£0.07 0.26£0.08  0.17£0.03  0.24+£0.07 0.14+0.10
S4 0.15£0.01  0.15+0.07  0.19+0.02°  0.19+0.03  0.28+0.12  0.17+0.08
S28 0.16£0.03  0.21+0.08 0.28+0.07" 0.21x0.08 0.15£0.08 0.170.08
P{H P value TAEIF 2 diet factor 0.175 0.811 0.198 0.302 0.472 0.885
hIEN &  salinity factor 0.485 0.252 0.026 0.779 0.160 0.165
TARHR R ERE R 2 dietxsalinity 0.070 0.760 0.222 0.870 0.755 0.010

o E K P2 % 2 32 /) sponsored by China Society of Fisheries
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Ko AR

45 %

P I 2 (P<0.05). KERMMNE 0.5 F16.0h A, Y3
2 AKP %1 5 E KT YO (P<0.05), 0.5, 1.0, 3.0,

6.0 F11 9.0 h i, Fh 5 K Z #46F AKP 36 0 B 3

2 (P>0.05)(F 6).

R 6 EREIOKRRYIXT L LR X AR R AR A6 1 WS BRBR VR 1 A0 R4 0

Tab. 6  Effect of yeast hydrolysate on AKP activity in hepatopancreas of L. vannamei Ulg prot
BiH I [fl/h
items time
B diet #hE salinity 0 05 1.0 3.0 6.0 9.0
FAKCHEIME  individual treatment means
YO S4 106.21£6.50 134.784£32.46  104.15¢17.13  78.15¢0.31  120.65+1.04 94.7148.52
S28 121.3244.97 127.19+£3.36 12536+£6.32  114.28436.48 145.95+5.50 85.01£2.95
Y3 S4 90.27+12.45 69.31£24.86  125.23+6.86 89.60+22.44  91.24+11.31  73.55+10.43
S28 103.07+10.58 83.67+0.66 123.43£14.00  86.87£10.35 104.21+19.34  84.23+10.09
AAE T THIE  means of single factor
YO 113.7748.75*  130.99£16.75" 114.76£1527  96.22+29.08 133.30+12.95" 89.86+7.11
Y3 96.67+11.40°  76.49+14.36° 124.33+7.84 88.23+14.33  97.72+14.47°  78.89+9.93
S4 98.24£11.37° 102.05£38.59  114.69+15.28  83.87+15.26 105.95£16.09  84.13+13.12
S28 112.19+11.39°  105.43+21.82  124.40£7.74  100.58+25.83 125.08+23.96  84.62+6.08
Pl Pvalue TRHAE  diet factor 0.023 0.020 0333 0.597 0.006 0.057
#HEZMZE  salinity factor 0.049 0.827 0.327 0.285 0.065 0.923
TRHE R ERER K dietxsalinity 0.850 0.491 0.254 0.220 0.495 0.073

2 2 ) Ak o o R R R ACP 3 1 e A T R
M, Y3 2H ACP 34 & 2 fIL T YO 41 (P<0.05), ik
A 1.0h i, S28 4H ACP i1 B E 1 T S4 4.
(P<0.05). 3.0 h i, Akt A 2 A Eh B K &R P A
()38 HAE X ACP 35 P72 4= T 5200, YO Al S28
() ACP W 1 B 25 T Y3 Fil S4(P<0.05), Y0S28 4
ACP i M & 35 & T H AR 45 41 (P<0.05). 6.0 h B,
YO 24 ACP it i =T Y3 4 (P<0.05), 9.0h i,
Tk R 2R AR B R 2 1 28 BAE X ACP i M
AT WERI, YO0S4 4 ACP 51 B T Y384
4 (P<0.05)(F 7).

3 iR

EHR RSP, PO FI TNOS £ — &2 I
T LA Y G B B AECIR A, A XU B R
PR RE P A7 AR B B A" B A A R
ARG RS YIRNEZEN SR RS,
AR S Z R GG 5, PO RlK LB
WEAVMAEYEENRE R, D —h R
R AR BN, TNOS 2 b — A b & (NO) A A 11
SCHERE, NO BERS R KA PR JFAA, Hsh 75 4
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A", JF B ARE PR A &L b AR FE G 4 [N
W& (Vibrio harveyi), J& FLEAEXTUF X 4T 04 4 [ HR
PRI Rk e 1) S0 R B A 4 . Zheng 45 PY A
Moullac %% & B, 7618 i 2 PR L o sl i 4
b A AR v, LRI X IR 7 T PO kR 3 A B
Mk 2L PO V1 & #2855 Jiang S LB, 7R
A S ALY 38 A B, FL G T R AR
NO — H Z4E+F7E w7k F-, [Al i SOD Fl CAT i %
WE LM, XU, 7EEEARAER, Y
TR RE 2 A7 B EE MR 5 3 B A 3% K F LGS N PR
A, FEARLEH, M PEmaE, L
VR OGF MR ) IV PO I P il 2 B 8] 2 R AR T
5 PO ML, 7 1.0 h i, Y3S4 21 TNOS i 1
F T Y0S4 4, X P RESE R TR S IR AR M aa
f, XFUF PO Al TNOS 7% PE Sk i, Bl 5
B B R P SE A, ATEOR TR B R R G B B R
YU RIEL . BBk /KA W) 0 U8 NG B T PO AN
TNOSIE PR b 5, i WL 2+ — 2 19 G 2 By
TR TT o BERE AR b & A R Y B SR A
HESENE, WFITRW, B-H R RE AL 4R S FLANIE XS
IRAEARER 38 R A A5 R0, H ER S Re e 4 =
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Tab.7  Effect of yeast hydrolysate on ACP activity in hepatopancreas of L. vannamei Ulg prot
TiH i} E/h
items time
B diet P salinity 0 0.5 1.0 3.0 6.0 9.0
BB individual treatment means
YO S4 86.99+7.98  92.31+5.05 84.90+8.81 85.57+5.65"  103.10:11.55  84.36+3.85°
S28 103.29+12.18  87.48+21.29 129.74+17.64  135.02+11.55" 118.47+8.82 72.92+7.93"
Y3 S4 77.36+10.05  60.40+3.64 99.51+4.73 74.95+13.56"  91.83+1431  66.74+7.15°
S28 84.03+13.64 81.62+9.95  114.72+23.69 84.16£10.10°  98.29+13.59  81.08+8.93"
FAEFHITHIME  means of single factor
YO 95.14£11.71* 89.90£11.20 107.32+25.14  110.29£25.55"  110.79£10.70" 78.64+7.72
Y3 80.69+9.40°  71.01+11.86 107.11%13.30 79.56+9.89° 95.06=11.84°  73.91+9.75
S4 82.17+8.84  76.36+16.25  92.21£9.31" 80.26+9.06" 97.47+11.79  75.55+9.90
S28 03.66+13.63  84.55+£12.11 122.23£17.05 109.59+26.23"  108.38+13.76  77.00+8.01
Pl Pvalue TRIAE  diet factor 0.065 0.093 0.981 0.008 0.076 0342
HIERZE  salinity factor 0.125 0.394 0.010 0.009 0.192 0.765
PPRHAF xR R dietxsalinity 0.490 0.204 0.129 0.037 0.574 0.027

2115 (Pagrus major) FI4-E 4 (Rachycentron cana-
dum)%J] 1 1) R PR WERE K S ) v B SR
L7250 R i T A5 G s SR T 3 st i s o
MRPE T, RERENIRERA, mEm TFAER,

EDOR P78 A0 STEN N R [ N2
A AR N . I1E ) ROS RE A5 14 5 LK G 8,
B B HLARACHT R 3 (A i Y ROS & 5 4E ¥4y
+F DNA FEE [ 5T A& A Jony, 2k i0E 24> % 4
J N e 2 BCEAR I Y R, 2R E K
0908 1 Jiir 38 7 2R 0 B FR 2 ) i Bl W AR A R 4
ey =B, S EIET-PY, SOD 1R —F i
JH, BT bR ROS FER ¥ Wi AE s #5040 1
HA, fEARL T, iR EE, YO R
Y3 41 SOD G PE& 1 T AN R B 22 ka3, Yo 41
JeTHERE, Y3 WRSERERTE, 2 HE6.0h ) 9.0h
AR BN AR 8 KF 5 B 3R X SOD i 14 7
AT R E S, EREK ) B 4 X R SOD
TGP ETHE, o T X R AR AR R W 8 B 4T
FALRE ) o IR R, DR IS I 0.5% oK i %
BERE 08 00 X ERFE AN T TG R, W
1 w5 FLYA I 0 R I B IR SOD 1 ACP i P12 1]
BRI 1.5% B I RE K A ) e 0 4R = 7 A
(Mylopharyngodon piceus) i it SOD {14, ek
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K W fiE 6 $2 7 SOD T M ] fig 5 H 5 A H % 5
AN R 5 oA G o H 8 W A TR i
% BB 1) S 0 2%, B 5R SOD TR, 25
gy AR F S v e B AR RR BT, W
0.4~0.8 g/kg M TTIRIE & W5k 4 g/kg T 58 SEMHfiE
% 3 53] S 2 B v XTIl b Ak R 1P AT SOD
5 PO JHPED, MM B3 X U Y o 2 i

CAT REWS A %5 75 5% SOD i fk ROS 43 fift
A it AL A, TE 4R RE B AR S R G
S ¥ 25 T BRI R U R
% i 25 B2 5 L AN X R CT RN 8 (Cyprinus car-
pio var. Jian) CAT i& M, fEASZR Y, XTEF CAT
T P I 2 N R T A S R S T R, U W R
KAE R PR T — 2 B ER, RS
WP E AL PERE . Wang 2B BFGY 45 R R W,
SRR E A A A e E RS, FLANE
TR CAT B G VETE 48 h N Jc e 2 RIFEMR, KRG
A BT, BARRWE B E AT K F, {0 CAT
FH G HE K e iR T AR G F5 — 2 K, X T fig 2
T CAT JEH AR S J5 T RIRR . Liu 551
FIRIESE BT, PL A T X R AR B 30 ZK A%
R B E B R 5 (K AE, X R F R CAT 76
FEAG . fEARSZE o, XTUFAT IR CAT i PE7E 9 h
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PN e TS R, U B G R A A AR R R b 38 R
CAT I 1 $2 2 A FI T 3 B AL A Jo B 1] 9 B R 1Y
A, AP A LR SOD F1 CAT X T3
PIHRPUARER M 38 A B VE . 5 % BRI AH I,
S0 21 Hh T RE K i 4 N 0 T RE RS I B s
7=t CAT, MIMZERE & CAT G, &3
[LNIDET =R oY N O

T T 2 O V) O G ORI, 7 A4 RO i A
srfb it B R PESCHEVE R, AT IR AEY R
SIS ETEM FRICH), PEAG R ER G Be RS,
AKP Fl ACP H #:Z 585 3 A i fifk . QI
P AN {0 W e e o I RV A (S R 1
1 ACP Fll AKP FOTEPEAE 0.5 h i Thi, () T I
Pt A A il 1) AR Al AR AL, 15 B R 20 T
REJE XTI BU AR R M 28 i B8 r . MBI
PORTE, YO L AKP I 14 i of [1] 25 £ 52 30 00 e A
16, Y3HWZERERE T, 78 1.0 h i3k B g .
X5 ACP iG MESE R AL, il S I IR B, A
SR BE K il By %F ACP FI AKP 376 P 5% i AS K B A
R I LS P 5 (RS I b, EEREK MR 4
Bk, W8 St 4 = AKP Fil ACP i 14 21| 1F
WK, HBISLRAEHR, RN, 1%
1.0 1 3.0 h B, 1EH kBN XFHF ACP 7 o & 3%
o FARER B, UL AR SR M 3 25 BE AN MR Y ACP
W1 o X5 Shen 28 X MLAN i X HF 11 F 5% 45 2R
FEARL, ¥ K TP VT 22 8 - 2 W TR G T 4 A7) s i
AR, 3 X ol e AR Ak 1 S L AT R O R R A
b T BOUK AR S 1 B AR Ak 5 SO R T 1) 0 M T B

4 25w

gi Lk, FETRRE SN 3% EEREK 4
iof B2 = L8 i %R SOD. PO, TNOS i P, 42
o X MR AR R W 300 PR 85 1 4 Ak il T R G e
RE 1, MUTT B2 8 LA 6 X SR A IS B AR R a0 %)
BETI.
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Effect of yeast hydrolysate on non-specific immunity and antioxidant ability of
Litopenaeus vannamei under low salinity stress

CHEN Yongkang ', CHEN Zeen', LIANG Wuhui', LI Guoyong', HU Junpeng’,
YANG Zhilong?>, NIE Qin?*, ~ CHI Shuyan "
(1. Laboratory of Aquatic Economic Animal Nutrition and Feed, College of Fisheries,

Guangdong Ocean University, Zhanjiang 524088, China;
2. Angel Yeast Co., Ltd., Yichang 443003, China)

Abstract: Frequent typhoons bring large amounts of precipitation, causing drastic changes in water salinity and
stress to aquatic animals. The large number of free radicals generated by stress may lead to aquatic animal mortal-
ity, which causes huge economic losses. Although Pacific white shrimp, Litopenaeus vannamei is tolerant to salin-
ities of 1 to 50, drastic salinity changes may be detrimental to their health status. As a new type of protein, yeast-
like substances contain a variety of functional substances and nutrients such as nucleic acids, small peptides, oli-
gosaccharides, free amino acids, and rich B vitamins, which can improve the growth performance and health of
animals, for example Epinephelus coioides, Scophthalmus maximus, Penaeus monodon. Previous studies have
shown that the addition of yeast hydrolysate to feed can improve the non-specific immunity, the diversity of intest-
inal flora, the digestive enzyme activity, and the ability to utilize sugars and lipids in L. vannamei. It is interesting
that yeast-like substances seem to play an active role in the immunoregulation response of aquatic animals to envir-
onmental stresses. This study aimed to investigate the effect of yeast hydrolysate addition to feed on the non-spe-
cific immune and antioxidant capacity of L. vannamei under salinity stress conditions.Shrimps [initial weight
(15.82 £ 0.08) g] were randomly divided into 2 groups. The control group was fed with basic feed (Y0), and the
experimental group was fed with experimental feed (Y3) supplemented with 3% yeast hydrolysate. After 15 days
of culture, they were transferred to the water of salinity 4 (S4) and salinity 28 (S28) for low salinity stress with 3
replicates tanks of each group and 30 individuals in each tank. Groups were named Y0S4, Y0S28, Y3S4, Y3S28
according to different combinations of feed and salinity conditions. The results showed that there was no signific-
ant difference in the survival rate of the groups after transferring the shrimp to water with salinities of 4 and 28.
The addition of yeast hydrolysate to the feed had no significant effect on serum phenoloxidase (PO) and total nitric
oxide synthase (TNOS) activities in L. vannamei. At 1.0 h of low salinity stress, PO and TNOS activities
were significantly higher in the Y3S4 group than in the YO0S4 group. The salinity factor had a signific-
ant effect on PO and TNOS activities, PO, TNOS activities were significantly higher in the S28 group
than in the S4 group at 1.0 h. What’s more, the addition of 3% yeast hydrolysate to the feed signific-
antly increased the hepatopancreas superoxide dismutase (SOD) activity of the shrimps. The studies
have shown that the addition of yeast hydrolysate to the feed can increase the hepatopancreas SOD activ-
ity of L. vannamei and improve the antioxidant capacity of the shrimp. In the event of low salinity stress, the
shrimp can quickly restore the PO and TNOS activities to normal levels, thus improving the resistance of L. van-
namei to adverse environments.

Key words: Litopenaeus vannamei; yeast hydrolysate; low salinity stress; non-specific immunity; antioxidant
capacity
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