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FHSERy, LIS RJEREAE S, NE IR Mk B BE(ACP), BB BE(AKP) ., & A £ b4k
1.5 (T-SOD) /& /1 fn i — BE(MDA) & &, H /41 8 58 K £ [ X HIMD), i % 3a 2 F
(Penaiedin 3a) ., % T B#(LZM)fr Crustin 48X %% ZLF 0y Rk &, TR FAM & & g3 LN E
IR R W R ) A B, SR TN, AR AR R i E H AT TR
7% G H D B E AHIT BT IR T-SOD . AKP #1 ACP H7E #7, 1% MDA W4 &; E 1.5%1K 2 F
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etal, 2015; A LH%E, 2016), Nazeer 55(2012)tHF 5L
M T ZF 411 (Otolithes ruber) AL A 2 B5CRN il &5 1Y 7K fir
R A TER AN A B s ok .

AR, FR T TR 198/ RN K 7 S Y
P kg, TR AN BB, TR SR E AR
ARG ITE, (EA5 IR0 A B B3, 2 iR kA 7=
A FNFRFEME AT T B R RSPk, i, e

* AR AR £ PEAT Ml L T3 H (201303053 ) Rl A 4 Hh AR EUM T RHITITH (JA15284) 3L [7] B B [This work was
supported by Special Fund for Agro-Scientific Research in the Public Interest (201303053), and Young and Middle-Aged

Teachers Education Scientific Research Project of Fujian Province (JA15284)]. ZEWEMN,

E-mail: 1529194059@qq.com

O WBHIEH . KERE, FZIZ, E-mail: cxzhang@jmu.edu.cn

ks HIY: 2016-06-02, Wedg ok H#1: 2016-08-03



86 ook B

2 )R 38 %

A AR 1 RO BEOR T 2 A IR R Y
AR BR AL R e, &2 s e . B HATAIiTFoE
T, ARk A B s A R O 2 BUK T S R
K218 . R #2E . %% )1 T B4 (Francis et al,
2001; Opstvedt et al, 2003). HJFH, —J5 H ety &
HEPUERHET | ez JE /NP, s T Ak
{# B (Rahman et al, 2010; Bulbul et al, 2015; Chiu et al,
2016), 53— Al RERYEZE N Z Y E A E b
T RIS 43 7 KA R R L ) 5 £ B AN [
(Aksnes et al, 2006), 520 T 4% 8 5 I A%
IS A o GRAARDRE R AR AN [R] 2K S 8 /N4 K fige 2R
1, ARS8 X FLAA T X MR AU Ak LA A DG foie 5L R Ay
ma, ARG G AR A IR R R S |

1 MRIERE
1.1 RHoFhkBEEAGH S

$ 8 8 /9 7P T fh(Sardina melanostictus) i ¥E T
G, GBS IEHL(Retsch GM200) S IR BEH . 1 BES
Fi2 10 4 PIHIMANZE K, A 1.2 mol/L i NaOH
P pH A 7.5, SRIGHEEEN Y 0.4%0 AN
FBF(80 1 U/g) R (4000 U/g)(IT.75 e 7 HE i 4= 1)
TARAFRAEN(HEI N 3 1 1), 7EMEIRRE SR S5
HS5°COKME 8 ho RINASHE, 95CKIE 15 min, X
MV 5000 r/min B0 40 min, FEAFIRZ 200, 1000 Da
VI I M Y (TSR EE-00 L A)HEAT M DE , 1R L/ NIk
o VEWAE ES R R TN P R A R T & il &
A 43 F 7K A £0 81 7 R R RO A 3 Y
(HPLC)I 75 7K fift 8185 1 2H 53 CRB BT BT 4, 2011) (% 1)

1.2 SEIgER

DL M GORA E R H IR, Al SRR
R AR IR, /NAZ TR R =2 WEIR, JTAb e ToplEh
12 A 2R S R RRE, LA 30% 00 4R R Ry = ok
XTHRA, DIAR Y& AR s o T kL 50% 19 ks
P EC AP F A SE A ARk, i) AER fE0R S At re e v A Sl s
o, 0.5%. 1.0%. 1.5%F12.0%{%5F/KFaEH,
FLFELH K 6 FhSL IR REER 2).

AL RHECRH R R, 1 80 HHIN, HHd
LAk 5 B IR G5, SRIE IMAGE K EES), &
MUZATHI R HL(CDAX1TS £ I REAE AL ) ATE AL N T

A 1.5 mmx2 mm BOPCRCIRAEDRE, FEAE 60°CHET 214
BK &84 12%, T-20CKARAES .

1.3 SRR RIAFEE

S0 T LA Y XoF BRI A 4 1 N T I K A
HE MY, FR0 LI TR 3 K 2FK = L g b b it A7 .
IEFCSEEOTT, FLANEXTERE ST 2 4~ 1000 L 7K %
Farh, DISCHG I faoky S ah DRI 2 J), A HGE N 5K
BB G, 25 24 h, RIGEBEAEE . (KEN
(0.44+0.02) g FILIUF, FEALEA 24 SEE0HH (20 120 L
K, BEARGE 30 BAF ., IER LKA, AR
B 4 S FEFEAR, H A RSB 3 ¥K(08:00,14:00
F1 18:00), SLHGHFEE 48 d, SCH Al AR IEERIR
FIFEME, TSR i A AR R IR O . 5256 K i 42
Wug e MK ARIEK , SRR 20-23, FR5E LA AT
R, K IEKIE A 25-28°C, pH N 7.9-8.2, &
fif 5829 6 mg/L. B RHETE 1R, BRRBIK A Bk 5
25 10%.

SCERAE AT, MG SCIER AR 24 h, LT &AL
10000)R M. 435 N EERRBEHLIE 10 RBIZRUF, 2
JPR B S BB F A I 3 TR R, A —-80°C VKA
oy

14 #HmAaMENETZE

141 FHRY> M SR FEIL IR A0 D 5 Al ek
FLER A& it SRR IR, DL STk R 4 590 I
TEPELRELRR D7 25 at s R DBERE i AR LA L (105°C) 6 h
Je A RE K 43 5 1
1.4.2  AE4F 57 %k A AAL G AR T W
(MDA) &, Rl E LY B AL (T-SOD) . Hi M i iR
il (AKCP) I 1 B 22 T (A CP) P Tt 0% 0 440 R FH e it 2t
B W) TREAIE G BT B350 8 I o
1.43 RNA #RAf=%Ea %% E PCR  HEHD)
WEEE{SCR: 50-100 mg il 44U 20 Kb, F
Trizol(Invitrogen, 3&E)RELE RNA, AL,
SABEIUE RNA, T 75%1 CBEGES 2 K, &)a A
TCH K f# RNA. ] NanoDrop 2000 4366 REE 46
RNA ZEEEFIREE . 1.5%A B IR ER I i ik 46 1 H:
SE¥M: . L)L Thermo Scientific Revert Aid First-Strand
Synthesis System (Invitrogen, 3 )X &4 A cDNA,
SERF DG E i PCR SR 20 Wl K& . LIS

1 ROTFKBEEBNDSTFENH

Tab.l1 Molecular weight of low-molecular-weight fish hydrolysate
/F1& Molecular weight (Da) <200 200-500 500-1000 1000-1500 1500-2000 >2000
& 1t Content (%) 24.10 68.71 4.02 2.92 0.25 0.00
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Tab.2 Formulation and the proximate chemical composition of the experimental diets (Dry-matter basis %)
J5UR} Ingredients HFM LFMO LFMO.5 LFM]1.0 LFMI1.5 LFM2.0

2y Fish meal 30.00 15.00 15.00 15.00 15.00 15.00
T H1 Soybean meal 25.00 47.00 47.00 47.00 47.00 47.00
fift £ B Squid visceral paste 2.00 2.00 2.00 2.00 2.00 2.00
¥R Shrimp meal 5.00 5.00 5.00 5.00 5.00 5.00

5 i
fi)vj-i(?l(eﬁigr:ﬁivight fish hydrolysate 0.00 0.00 0-50 1.00 150 2.00
/NAF5y Wheat flour 31.00 22.30 21.80 21.30 20.80 20.30
a3 Fish oil 1.00 2.20 2.20 2.20 2.20 2.20
K2l Soybean oil 1.00 1.00 1.00 1.00 1.00 1.00
K G WiE Soybean lecithin 1.00 1.00 1.00 1.00 1.00 1.00
SABMEH Choline chloride 0.50 0.50 0.50 0.50 0.50 0.50
R — 245 Monocalcium phosphate 1.50 1.50 1.50 1.50 1.50 1.50
¥ ¥ IR A& %) Mineral premix® 0.05 0.50 0.50 0.50 0.50 0.50
Y4 ZIR 4% Vitamin premix 0.20 0.20 0.20 0.20 0.20 0.20
Ytk 2 C #iBRME L-ascorbate-2-phosphate 0.10 0.10 0.10 0.10 0.10 0.10
785 7 Mold inhibitor 0.15 0.15 0.15 0.15 0.15 0.15
T FEER £l Sodium alginate 1.00 1.00 1.00 1.00 1.00 1.00
FIFRIR A Amino acid mixture” 0.00 0.50 0.50 0.50 0.50 0.50
A MWk Ethoxyquin 0.05 0.05 0.05 0.05 0.05 0.05
FE % A4 Proximate composition

/K53 Moisture 12.97 13.46 11.78 11.35 11.26 12.27

# 2 F Crude protein 44.44 44.49 43.68 45.74 45.37 45.56

HMLUIEM Crude lipid 7.59 7.56 7.55 7.55 7.54 7.54

W a: DLEETIEmBIE b, &4 Mg233.3 mg. Zn92.8 mg. Se40mg, 120 mg. Mn 220.1 mg fil Cu 128 mg;
be DA SRR Y 2 AR, BUER 5 50% . SRR 30% . REIR 20%. P E LR N R IR LR

Notes: a: Provided per kg of feed, Magnesium 233.3 mg, Zinc 92.8 mg, Selenium 40 mg, lodine 20 mg, Manganese 220.1
mg, and Copper 128 mg; b: Provided as percentage of total amino acids, Lysine 50%, Methionine 30%, Threonine 20%. All

amino acids were crystal amino acids

%1 ul, WEER cDNA BIHIARE 9 ul, AceQ® qPCR
SYBR" Master {8454 10 pl, 25K 95°C 10 min Fil
Pk, 95C 155, 60°C 155, 60°C 60s, 3 40 ME
R LN R ASE R AN Rk e, DL 274¢
AT . LS IR S pe L N | NS A B-actin
ST 55 2% 5K % 55 5 (2015) (3 3).

144 %tk K SPSS 17.0 X} A4 504 ik 47
T EMT, IR EFEEKF P<0.05, WBEfT
Duncan [CZ & L4,

2 #R

2.1 ARRMES FokiEEE B X AR TR
BRAFFF R R E MM AL BRI

TRDRE R ISR 231 7K fifp £ 2 5 60 PLAATEE RS MR IR
BRARAE P S BE RIS PR AL R L3R 40 a4 n]

AL, JLANEEXTER T-SOD Y 3% 7 76 4K 4 F BRI i 41
(LFMO0.5, LFMI1.0, LFMI1.5 1 LFM2.0) 2 &= T
10 LAl ZH (LEMO)(P<0.05) , i £E AR 23 17K fift 1145 14
windi, LEML.0 0976 i s, w3 s THAbY,
A5 & 00k 20 (HFM) 22 5048 i 3 (P>0.05) . 440+
IKfRATE AR T 1.0%0, T-SOD #Yi% /1 i
FEREAL(P<0.05). XTHFFEME MDA &% #7E LFMO 41
&, {A5 HEM #l LEMO.5 2025 5K 18 3 (P>0.05),
MR T KBTI TE 1.0%2.0%Z 8]}, MDA &
T L T HAB4(P<0.05) . XFEFATIHE AR AKP 3% J17E
LFM1.0 4, B3 & T HFM. LFMO fil LFM2.0
ZH(P<0.05), H:f HFM., LFMI1.5 il LFM2.0 4Hi% 5
ERAREE ., STURHFBAR ACP 3§ 176 LFMI1.0 ZHix
i, 5 LFMO0.5 2R AR E(P>0.05), HEEHST
HFM F1 LEMO £ (P<0.05), 447> /K fift (3 B s
TS T 1.0%0F, ACP 1% 7 3B 1A
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xR 3 AMEXMIESFEERERS|HERETESE, 2015)

Tab.3 Primers for genes of nonspecific immunity of L.vannamei(Zhang et al, 2015)

Em 519 LR 1B R B
A Gene i _ . .
Forward primer(5'-3") Reverse primer(5'-3") Annealing temperature (‘C)
IMD ATACATCCTGCCGTTGCCGA CCGAGATGGGTTCCCTTGTT 60
Penaiedin 3a CACCCTTCGTGAGACCTTTG AATATCCCTTTCCCACGTGAC 60
LZM TGTTCCGATCTGATGTCC GCTGTTGTAAGCCACCC 60
Crustin GAGGGTCAAGCCTACTGCTG ACTTATCGAGGCCAGCACAC 60
B-actin GAGCAACACGGAGTTCGTTGT CATCACCAACTGGGACGACATGGA 60
x4 ARKRNES FRBaEAX LHEMTHRERIESREEMRENERNZN
Tab.4 Effects of dietary low-molecular-weight fish hydrolysate on nonspecific immunity and
antioxidant indices of L.vannamei hepatopancreas
FE4% Indices HFM LFMO0 LFMO0.5 LFM1.0 LFM1.5 LFM2.0
2
SR AL 5.47+0.35"  3.19+0.09 4.51£0.00° 5.93+0.13° 5.120.15° 4.47+0.31°
T-SOD (U/mg prot)
N % MDA (nmol/mg) 1.93+0.07" 2.09+0.05° 2.04+0.10° 1.67+0.08% 1.70£0.06* 1.8240.03%
L R il 234.16=1.13%  265.26+14.75° 323.92£8.91°  344.08+4.31°  333.52+23.81° 245.05+21.12°
AKP (U/g prot)

TR IR ACP (U/g prot) 348.24+30.72% 406.19+3.58°¢  532.65+12.63™ 578.35+24.23% 461.94+21.16* 349.05+41.60¢

e ARFEFERER R 25 57 3 (P<0.05)

Note: Different letters denoted significant differences (P<0.05)

2.2 JLYEITEREZIE IMD. Penaiedin 3a. LZM #0
Crustin mRNA HIfEXI RIS

FLYATEXTHF I8 IMD mRNA (F)AH X 3k 5 78
LFML.5 dfim, W& m T LEM2.0 410Kk (P<
0.05), HiAlh 41 /7 3R 35 5 25 55 A8 I 2 (P>0.05)( 1),
XHUF7IE Penaiedin 3a mRNA [AHX} ik 7E LFM1.0
Higrm, W&EST LFM2.0 2 (P<0.05), HAt142H |
Z R AR EEP>0.05)(F 1), XFTEF7IE LZM mRNA )
AF X 2 3 1 7R A AR Al 40 (LEMO) AR 407 K 48
R 4 (LFM2.0)fAIK, {HA-4 1] 22 55 A8 35 (P>0.05)
(K 1). LEM1.0 Fil LEM1.5 4%t iF38 Custin mRNA
RN 855 B 8 T LEMO 4H(P<0.05), HAfth#4H
] 22 5K 32 (P>0.05)(& 1),

3 it

3.1 ARHBRMES FREEEBNLAEIENE
BHEREENNREUENNZN

AR BAPUEA L . BRI . IR e A
DL R 3o S e 5 2 A AR W) oF e, 3 S AR T T
T AT R (CE B 2 4E, 2012; Bui et al, 2014), i
I IR L 00 L MG B | SR 1 AR R 03 0 M P 3 R
PRI B G BRI A DR E S OK fi £ B B e
PE R AN BT A9 1E F (Fitzgerald et al, 2006; Hartmann

L. JHFM
- [ ]LFMO
C_JLFMO.5
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Fig.1 Relative expression of IMD, Penaiedin 3a, LZM and
Crustin mRNA in the intestine of L.vannamei

AN FBEFR R 22 7 W 3 (P<0.05)
Different letters denoted significant differences (P<0.05)

et al, 2007). FELRALH IR TINK i 8 L RE RS i S
SOD WU A ALEE TG F1 LA SV TR T . PRI M 4 . I
THAMA . S EER R 14 bR AR YRR 0% 71 (Liang
et al, 2006; Tang et al, 2008; Khosravi et al, 2015), A&
WFFE R IR, FE DR S IR 437K fff £ 8 1 nT g 3 4R
5 JLANEE T AR AR o T-SOD 1936 71, JF H LFM1.0
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215 HFM 41 T-SOD Wi )] 2 5 A i 3 . T-SOD J&—
FhyT AL/, TE3E0R H R DAL % S by 1k
Y5y F 45040 % Oy e H A WOk EE AR (o BH 4
2004), Nazeer 45(2012) il #5343 #7 T 204 fa LA i /K
iRt H, KRNI BT E L YE S Z LR 5
Lys-Thr-Phe-Cys-Gly-Arg-His (861.6 Da)fg X, B £ 1§
FEQOT)INR, FK A f0 2R 1 53 fife A i) R e it g 2 Ok
R AT HE 2 SOD MUfiEfLEE, 7T {H SOD B s M F i, ¥
BRXFUR AN 20 A i, PR, RSl
thFAE YA HLARE o B RS SAERE R G A A
B, EHERIGE A 2 AR, 51 &5
Fid EACAE R, JF B R B IR B A A, an g
(MDA)., Fii3t | FRILFPRILSE, X L= Res 40 i
i, HEMT. HmMAZ MDA B8 &% 5 nl it
HLAAR N G Bt AU Ak A R R, T sz e s 40 g 45 1%
R, ARRZER BN, 850 F KBRS 78
1.0%-2.0%M}, fig @ FEACKTERAF IR B MDA 19
Ho LR TR, ZEGEEN IR K A B R TS
BRxFE A AR 2 0 H 3, e PrAIbEE

AKP Fll ACP J& E g 4 M 75 B 0 b i il , 72X
MR B 2 A R v 2 Al S IR G 9 AL BB RN {8 HEIR O 1) T
BLERAR, X PN RE fE T R B K A, R R P RN
PESAE T K BRI AR — 40, RO AR, 7EAR N B
2 SRR I A e B A IR 75 45, 1999) (I
BHARE 1.0% 7K #4035 N 2H (LEM1.0) - o) B T i
AKP Fl ACP i J i 35 5 T = fa AR 4L (HFM) . IR faAs
FEAZH (LFMO)F 2.0% 7K fif (0 285 AN INAL(LFM2.0),, {H
5 LFMO0.5. LFM1.5 5 A E, xR, ek
TS A H2 AR A7 /K ff 0 8 B4R = AKP Fll ACP
(A3 7, T e 7K i ) 25 B AR AKP T ACP 193 15
J¥ 1 45 (2011) 78 X 1[5 B Xt IR (Penaeus chinensis)
FIBFSE L R B, BN 10%7K fif 0 55 2 F#IE ACP
M AKP (935 1, 3 U6 BA F Ak ok vy 14 7K A 2R 1 RT e
243 ACP Fil AKP 1935 11,

32 ARHBRMES FRBEEEBNLAEXTIRE
& EE R

A= WAL R S 2R GoRARBUG R AR I A2 S 5t
R B 98 2 TG AT B 0 Bl 18 B0 R 1 i Bl 4R
(Iwanaga et al, 2005), — RIIFREEH T, WXFIFER 3a
53 F (Penaiedin 3a). ¥R il (LZM)F1H 72 % (Crustin)
SELER e T R R T EAE T, 5 LA AR T R g
RE IR 55 B UM 56 . FETCEMESI b, Wi e R
FEFAFEH IMD gt —Fh e Bl 84 1 IMD, 24411
32 B9 I AR, IMD E FUEH S E S AR BIE

5 F A B AT ) A PR A O A L AR — R S
BRI, B B e 8 50 R F (AT B RK (L et al,
2013), ARWFFRFE, 76X ERRDRL R TR 2 K i
11 3% 4252 IMD | Penaiedin 3a il Crustin 2[R (193
IR, (0 LZM JE [N 3R 35 i AR 45 SO0 4 ) 25 S5 N o
FEAR AR DR IR A3 oK i 0 B TR I 1.5%
i, fiE 2 3 HE S X IR 73 IMD mRNA f A 35 1,
{EA AR 2.0%0F, IMD mRNA A AH X252 4
R  XERWT, R AUB RDR R S E AT AR
Oy T K A 2R L RE RN IMD mRNA (93635, i
i B B2 i 3k o XFUR R 4> HAFAE T XTI rh
RIFHUHIBE(L et al, 2010), ABF5Eh, Mk ER A0
1.0%A9 153+ /K fift £ 85 H 2H A9 Penaiedin 3a mRNA #H
X F AR, MR 2.0%M1E 2> T 7K i 025 1 41
] Penaiedin 3a mRNA AHX} A Ik, X156 B
(AR 43— 7K fife F 2 10 8 0t v it g LA i X W £ 928
AT =% S ) | RS ol R ke

VTR Z 0 A0 T XTI N, e IR 55 22 [CBH P
TR 4 LR e ) IR SR 2, DA (S ATLAAS 8 6% H A5 S 1k
YR AR (R TRESE, 2014), TKBEEZE(2015) LRI
13K (Vibrio parahaemolyticus) X ML 475 %t iR 14 7,
S B R 45 AR B S N ZH %R LZM mRNA (R AI %) 363k
i S TR NG, FEAVIR T, £ LZM
mRNA FJFIXT R AR BE 25, SR SRk 5%
T (LFMOYMI HE , = k2 LZM mRNA A1 55
W, H YK T K R AR BT 8 AE
0.5%—1.5%FHF, XTUFHAIE LZM mRNA RYAHXT A E
WA TR UBH = SRR AR AR T BE 23 3k o B
0 T i R S 7 AT, T A NG et IR 43 K i £ 2
I ] R 7E — R B b2 5 WA 3B 5 P 0% 77 . Crustin
YRR e sh WP B T, S R Ry Ak, B
QSN RIS R S < L I i N AR |
1.0%—1.5%MK 5> F /K i fa B 1, BE R 35 35 Crustin
mRNA WX FiEE, I HEEF&S TRakhda
(LFMO). X B, 78w imDek b s i B K7 19
K43 /K fift #0281 0T R 23 412 v FLAA T X I i 3 1 e
WS . LSRR, AN EE B T,
JLAH U X W 7 38 45 S 8 Jk IR 3 38 1 28 AL A AT 16 35
KES, & G 5 RHIL o /K i 2 15 i DO AE
ANTEL I S, AR 3 7K ik 2 1 6T PL A T X W £ 928 )
(R 5% ) ] RE A AE ZFP IR AR

25 BRTR, FERRER IR 1.0%—1.5% K53 F 7K
fif £ 2R (1 BB =y FLAN I XTI P LR Ty, 3o R
e RIERE T
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Effects of Dietary L ow-Molecular-Weight Fish Hydrolysate (LWFH) on
Nonspecific Immunity and Antioxidant Capacity of Pacific White
Shrimp (Litopenaeus vannameli)

LI Xiaoli, WANG Ling, SONG Kai, LU Kangle, ZHANG Chunxiao(D, YUAN Xiangli

(The Key Laboratory of Healthy Mariculture for the East China Sea, Ministry of Agriculture, Xiamen Key Laboratory for
Feed Quality Testing and Safety Evaluation, Jimei University, Xiamen 361021)

Abstract In this study we investigated effects of low-molecular-weight fish hydrosate (LWFH) on
nonspecific immune and antioxidant capacity in the hepatopancreas and the expression of some
immunity-related genes in the digestive tract of Pacific white shrimp (Litopenaeus vannamei). A diet
containing 30% of fishmeal was regarded as a high fishmeal diet (HFM), and a diet containing soybean
meal that substitutes 50% of the fishmeal in HFM was considered as a low fishmeal basal diet (LFM).
Five LFM diets were formulated by adding LWFH at incremental levels (0, 0.5%, 1.0%, 1.5% and 2.0%)
to LFM, which were designated as LFMO0, LFMO0.5, LFM1.0, LFM1.5, and LFM2.0, respectively. The
experimental diets were fed to L. vannamei of (0.44+0.02) g in a water recirculation system for 48 days.
The nonspecific immunity and antioxidant indices, and the activities of acid phosphatase (ACP), alkaline
phosphatase (AKP), total superoxide dismutase (T-SOD) and the content of malonaldehyde (MDA) in the
hepatopancreas were measured to determine the effects of dietary LWFH. We studied the expression of
immunity-related genes including IMD, Penaiedin 3a, LZM and Crustin using qRT-PCR. The results
suggested that a certain amount of LWFH could significantly improve the activities of ACP, AKP and
T-SOD while reducing the content of MDA in the hepatopancreas. Moreover, the relative expression of
IMD, Penaiedin 3a, LZM and Crustin were up-regulated in the LFM1.5 group. Therefore, the plant
proteins may not be an ideal substitute because they may reduce the nonspecific immunity and antioxidant
capacity of L. vannamei. Our results also suggested that 1.0%—1.5% LWFH added in LFM might increase
the expression of the disease resistance related genes and enhance nonspecific immunity and antioxidant
capacity.

Key words Litopenaeus vannamei; Replacement of fishmeal; Fish hydrolysate; Nonspecific
immunity; Resistance gene
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