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JILCOOTT BT ot £ 4 H P 2 m® BESSRTC , BARCAE TR K T 48 h BEBCEUR S AR AR IE L G R . (2)
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76 A PN 28 &

A AR S B 52 8 N Z E D o AR BRGE LA LR
X} KR ( Litopenaeus vannamei ) N SE8 %4, % A H
FTE S A 3k 2 A AR D 30 ) i AR 30 ) s8R TR Y
LCOO 11 BSR4 & S IR AR , 3L oK
TR ( CuSO, - SH,O0) fE XS b, 53 a8 F 4
HR L WIESEFRE 8 Jal A AN [] S5 6 s 4G A [] 5 e
2 LA AN (] 5 0 e %ok 2 A AN [] 8 4 932 A1
KBRS TERIRZM , B 2E G AR T4 5 4
(LCO911 TUM AR ) 1 0 S U, AR T+ ML AN 35 %) A
FPE BRI AT AT , XA I A 2 7 A ST 4 A1 2
HRE

U bR ik

1.1 KIgH#Y

SEEGAE r [ K R AR 5 BE AR T K Y
JIT ARSI FE ol N TEAT o FLAR T X MR I 1 A A
T g R ISR, 44 (9.0 0. 9) em, 145 5t
(11.5+2.3) g, LW /KZE HRULTE IDIE . E
F 30 B 28 4 B3 U ol T, A L 1140 98 7K 28 A )
FHIERALT 1 x 107" mg/L, B & & (3.1 x
107° £1.21 x10™°) mg/L, b/ 26.0 +0. 8,

S PV ARDRE A 1E R oo R AR, H b
fy HEE =42% KNG =4% M4 <5% .
MR <16% FER=2. 1% K/ <12% , K
EE ) Rt R R R v K R T,
EDTA 4b B, 2 HAH B8 5 451 1 07 1, 4 ikt 2
EDTA % W07= 10 4k PG S it 145 . 5256
LCO6911 RV ph [ B b b 24 40 , AR 4 5 56t
RN B E 0.1 em [ AR 3 A 50 em x 60
em f/NEEAE 25 o B R B A CuSO, - 5H,0,
Sy Mral (it E 255 AL AR A BRA R o
1.2 X%t
1.2.1  LCO911 4l & 4 e K 4 Bl it

FEA2 m 1 m PN B 9 A, T4
A2 m® b P AT K , S2ER 1 0.3 m? AR SE
IR 0.6 m® HALEE41 548 (4L, Bk A
FAHIR 0,15 m?* HiH/m® F10.3 m? HiH/m’,
PR RN AR S, T, LRI 3 4717,
JKIEL(27 £1.0) C, 451 26.0 + 0. 8, A i) i 78
SRR, A HIAE 0.1.2.4.8.,12.,24 36,48,
60 .72 196 h B4 V15K #E, H Cu®* 85 Fit (&
i PXSJ—216F BB F31) Ml 2 /K & Cu®* & & LU
FoRPR S S R S R E B s
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(T B KRR 2 25 °C, TR R TN & Tk 4
pH 5.2 J5 H HE 7 Co® ¥ EE,25 C Ksp
[Cu (OH),] =2.2x107%,
1.2.2 FRAESEsmizit

HRAEERS 1.2, 1 AL 2SR 78 2 m® (7K
H, A5 0.3 m® S 48 h P B R A oy (3.
700 £0.245) x 10 * mg/L, S A RALFE
AV AT Sz 14 T K K R v A XA e 2 ot
H [E X BF ( Penaeus chinensis ) 37 58 55 1 o0 ¥ K s
I R R B 5 SR, Hidh gy
kXt L R A Al S 36 4 AT S 4 i CusO, -
5H,0 ) Cu® 41, A 41 2 (X8, B 41 0. 15
m® FiH/m’ KR, C 414 0.3 m® it/ m® sk ik,
D %1 40.25 mg Cu** /L /KIK,E 414 0. 50 mg
Cu®* /LK, i 3 ANEE., LBRAERSTE
1.2, U Bk AH [A], B 552 43 0 00 40 e iF, 52
IR IR 1 JAo B 7% 0 S0 00 0 [a) A B 2% 1
PRk (28.0 £1.1) °C, L 26.0 £0. 8, KA
Wi 755, 505 48 h Kk 10% |, kK E EE
AR F A, 10 DB 2 o 7 R 4 K g R AR
FEY) CuSO, « SH,0, ik ikl b i 4 17 T 7K
HT R SE S, S T IR R 42 EDTA b3S 11
SIS AL o PEVET R R R O Ak 4 fi
FEASNCTR IR AR , B 0H 1 h J5 7 BRAFRHE i) 5k
T IT W 3 AR RS ) 2605 50k i 2 O IR K o i
) 6% .
1.3 REHZE

TR A, 7£ 0.2 4 .8.,16 .32 .56 d B, &
A SR M A R A T, BE S
mL (3SR ET B ORI B S0 kAl RO ik B -
B S A S R e i 2 3 0, BRI il 0
BN, -80 CHRURRAERFI .
1.4 ®REFEEEQREEINNE

S5 0 H 92 AH G B8 R T O T A i
HH(CP) I W (LZM) |38 Ji 25 Wy 44 1k il
(POX) A K4 @i 1 (MT) , i CP R AT
a3 (LZM SRR by  MT D K POX i g
Gaieid: (Elisa) R, S 56 iy 0 Ko B 928 HH G it M
B 2SR bn Al R a2 AR R A R A R Y
A G AT, BAR T 2 WUl 5 .
1.5 #EaE

o 0S4 1) AR 1 | HC At S 56 8 Ak B 34 3
TGt 03 3 rfdi ] SPSS statistics 19 1 {4,



14 R FE ARG R AR X FLA IR B A SR S5 D RE A5 TR 77

B 2 ANOVA Xif 4 [|) gk 47 2% 5 W & 14y
M7 ; Ducan FCiE#EAT 7 22 FF IR K. P <0.05
FoRnER A BEE,

2 4k

2.1 EFEEWEMHET LCOI {1 & & TEFK
RRERMLER

TETCTRH A W) 4548 7,0, 15 m® A/ m’® il
0.3 m® Hit/m’ MK Co® FEBMT 1 x
10 ~° mg/L, A LAZBEANTT . 24 h PYHRIAR ALK i

AR BV BRI B T 2 IE (36 1) , 3524 h 2296
h,0.15 m® #iti/m’® F10.3 m* HiH/m® B4R
HOMREEE1.75x107" ~2.18 x 10" (mg/L)
F13.27x107" ~6.47 x10 ' (mg/L) WK, 52
50 S P AR 0 R 2 1 N ) R (A
SELE(3.18 x107° £6.88 x1077) mg/L,
2.2 JkfErh TGRSR X L8R X ER A KR
FREI R0

SIEIG AT, A5 52 36 20 OGS RE 2 v i) ML v ko
IRA KRS AL AN 2 3 Pl o 4% ZHAE ] — I ] N AR

£1 0.15m*/m’ #10.30 m’/m’ {EIRER AN AEHNRESE
Tab.1 Total Cu release of 0.15 m” copper plate/m* and 0.30 m’ copper plate/m’

s [ 0.15 m? HiltR/m® Bk w7 0.3 m? FiltR/m® BEk s
Time/h Total Cu release of 0. 15 m?copper plate/m>/(mg/1) Total Cu release of 0.3 m?copper plate/m®/( mg/L)
0 3.18 x107° +6.88 x 107 3.28 x107° +£3.64 x10°°
1 2.24 x107* £1.36 x10 73 6.40 x10™* £8.92 x10 ¢
2 1.23 x107* £2.59 x10 7 1.57x107% £9.80 x 10 ¢
4 8.18x107% +3.28 x 10> 9.98x107% +1.53 x10°*
8 9.05x1073 +1.74 x10* 6.20x1072 £2.15x107*
12 1.72 x107% £9.78 x 10 ~* 9.57 x10 7% +6.68 x 10 ~*
24 2.18 x107" £3.34 x10 73 3.27x107" £2.13 x10°*
36 2.16 x1071 £9.78 x10 73 5.42x107" £9.33 x10 7
48 2.45x107" £3.70 x10~* 4.72x107" £2.51 x10~*
60 1.75x107" £1.09 x10 3 6.74 %1071 £1.11 x10~*
72 2.06x10°" £9.78 x10~* 5.10x107" £6.40 x10 3
96 1.99 x10 ' £3.52 x10 3 4.96 x10"' £2.25 x10 ~*
K2 RSB EET NYEST i< B R 8] 21k
Tab.2 Effects of different treatment on body length growth of Litopenaeus vannamei
ina1] &K Body length/cm
Time/d A B C D E
0 12.3 £0.3¢ 12.1+£0.5° 11.9 £0.5¢ 12.2 £0.1¢ 12.2 £0.3°
2 12.7 0.5 12.5 0.2 13.3+0.7™ 12.8 £0.4< 12.5 £0.3°
4 12.9 £0.3" 12.9 +0.5° 12.9 £0.4° 13.4 £0.6" 13.4 £0.4"
8 13.9 +0.2%° 14.5 +0.4° 14.0 £0.9% 13.6 £0.2" 13.6 £0.5"
16 14.3 £0.5% 14.5 +0.6° 14.4 +0.4° 13.9 +0.7° 14.0 £0.5°
32 14.3 £0. 35 14.3 £0.35 14.6 £0.25 15.1 £0.3% 14.9 £0. 648
56 14.5 +0.2° 14.8 +0.2° 14.8 +0.6" 15.0 +0. 8" 15.1£0.2°

TE s AR/ NG TR Al — AN [ 8] 14 S 85 22 57t 5 R 5 B3 [ — B ) AR [ 4 1) £ S8 25 1R 2 5 (P < 0. 05)
Notes: The lowercase letters on the data represent significant differences in different time periods of the same group; Capital letters represent
significant differences between groups at the same time (P < 0.05)

R3 AREEEMT YR HRE R E R E L

Tab.3 Effects of different treatment on body mass growth of Litopenaeus vannamei

s} Jit) IR JFi Body weight/g

Time/d A B C D E
0 14.1 +0. 8¢ 14.4 +0.3¢ 14.3 0. 3¢ 13.9 £0.7¢ 13.7 £0. 3¢
2 14.9 +0.5% 14.8 +0.9 15.2 +0.34 14.0 £0.6° 14.1+1.1¢
4 15.6 £0. 6" 14.0 =1.0¢ 14.9 £1.0¢ 14.9 +1.2% 15.1 0.7
8 15.9 +0.4" 16.1+£0.6° 15.8 +0.3 16.0 £0.9" 15.4 0.4
16 16.8 +1.08 18.1 £0. 6B 18.3 £0.9* 16.2 £0.8% 16.8 0. 358
32 17.2 0. 78 19.0 £0. 778 20.6 £1.7% 16.9 +1.6" 18.1 +1.68
56 19.7 +1.6% 21.6 +1.6™ 22.3 +3.5% 19.2+1.7% 21.0 +1.6™

TE Jdh AR/ NG TR Al — AN [ 8] 14 2 85 22 S 5 R 5 B3 [ — B ) AR [ 4L 1) ) S 25 PR 2 5 (P < 0. 05)
Notes: The lowercase letters on the data represent significant differences in different time periods of the same group; Capital letters represent
significant differences between groups at the same time (P < 0.05)
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28 &

KR EME2E (P >0.05) , WFA 5T & Bl 52 56 1
KA Ll & ,0 d 556 d ML 22 7 B (P <
0.05) . SEHHAMRIBR RALSN, 25 SC 50 4 X BEZH P
YT UFAETE % 100% , TAET- 4 .
2.3 k(KR A R AR X LN R X B 0tk B
PIAEEASEMNFIT

UG U I 96k B v i i 2 11 ( CP) 76 SE 3
JEL T PN A28 A B UL T 1o SR S IR %) X B 2
CP 7ESL Kt R AR AS .25 (P > 0. 05) , il g 5K
KA 4 d I BRGNS R4 5 B
PE2Z5F (P <0.05) , i A [A] s I i 22 0] 25 5 i
FH(P>0.05);Cu’" 4l [FFELE 4 d B 5% HRA 5
B EPEZE R (P <0.05)  {HFESE 50 0 7] (1 L CP
T N, B RS A ERARE (P>
0.05) . Cu®* s 4 -5 i A 52 6 4 7 52 06 485
FET L B 2= (P <0.05) .

600

—afA -+-B -aC -xD —e-E

500

400

level/ (U/L)

Mk EHAEEA SR
Haemolymph CP content

0 2 4 8 16 32 56
SEIHHK Time/d
E1 FELGEZETAME
MR s EH CP ZETH
Fig.1 Changes of CP content level in
Litopenaeus vannamei haemolymph

under different treatment

2.4 KRR A RS X LIRS ER AR F A
AR EMER(MT) SEMFT

FESZ 06 30T N A S 56 4 I 9k B P ) 4
B (MT) AR E LT, 4 d 5% R4l
HREZEF(P<0.05);MiEkE Co® HIEH 2
Rt 25, (HPESC IR FE K MT & B AW
TR, ELARES I A A5 4 TR A5 HORE B 1] g7 3
XAz E2ZEFARE, WK 2,

TESFIRIIE 2 o 8 0 4 A [k 5 ) 52 36 4
PR TSR 3) , SRS At 2 g
B MT &34 2 @ TR 4L (P <0.05), H 2
PR INIE SR SL R 2 )t 22 7 8 % (P <
0.05) , KI M HI RS2 iy MT & 58 TR R
A4, Cu® " 20 i X IR
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2.5 KR TS R AR X LR X R A [E A
L rh G 18 K EEE MR BT

WA 1y B AL i (POX) 37 P 7 I ik B v 28
AR R (B 4) % BR 21 7 52 30 0 R Hp 45 BUR:
MZZERAREE(P>0.05);Cu’ 4 E/RE -
FHta#h, HTE 16 d B4 55000 REZH 2 0 35 1k 22
(P <0.05) : 4 fle SE 55 40 POX 3 14 2 ik 3l A8 4k
SNFE2 d 32 d XA R EMEER(P<
0.05) , 56 d W dlg S 4 v i) POX {5 PERE A%

MmHELEEREATE
level/ (U/L)

Haemolymph MT content

0 2 4 8 16 32 56
SERIK Time/d
B2 AEEZGT LAESTER
m#HEH MT §ETL
Fig.2 Changes of MT content level in Litopenaeus
vannamei haemolymph under different treatment

level/ (U/L)

Haemolymph MT content

g i e (= e

0 2 4 8 16 32 56
SEECIE Time/d

B3 AEEEGT LRI R
RFERRER MT 2% 1L
Fig.3 Changes of MT content level in Litopenaeus
vannamei liver tissue under different treatment
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Fig.4 Changes of POX content level in Litopenaeus

MHEBE S &
Haemolymph POX

content level/(U/L)

vannamei haemolymph under different treatment
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T Cu* 41, SxFRYUA B E MR,

BRI AE Hh POXC ¥ M AE S 30 20 Hh B2 iR B
THASS P00 32 d I IR R 50 L 2 0] i 5 e 2
2(P<0.05),

01 —ap --e-B -2-C -x-D ~e-F

[=2)
[=)

o
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By A B S &
Hepatopancreas POX
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S
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Fig.5 Changes of POX content level in

0 2

Litopenaeus vannamei liver tissue

under different treatment

A JFF R HE X HEE 201 ) XL 355 7 R I 5 5 A B
IR TR] 15 2 A2 A2 A T 2 b AS [ 8 Ak 285 i 1) S 3 2
H S LR 9 T S A g B I 1) T ke A R A
55 16 RIT I S BRAI A e A 2 2e 57 (P <
0.05) o 2 FfrAs [m] v figk 25 1 =2 1) L K A [R] K- 2
AR BA A g E 2= 5 (18 6) .

300 —a-A B -+ C-%x-D —E

MR EE SR
Haemolymph LZM

content level/(U/L)

0 2 4 8 16 32 56
SERRK Time/d
E 6 AEALESEMHT LYNEXTHR
m#HE LZM &L
Fig. 6 Changes of LZM content level in
Litopenaeus vannamei haemolymph

under different treatment

TESRH R PSR eh 8 RILH L X B2 2
I3 TE P2 (P >0.05) 5 Cu®" 4iiE
BRI 1 B & R R (P <0..05) , AR B i
ZIAI IG5 5 T AR S5 3 L o I P 0o R
ZIAVAE AN [R) JBORE IS i) i 22 ) 4 28 2 5 A I 25
LT,

150
2 130
BSS 4l
W= T
*&ﬁ& 70
B2
BT 50
[4-)

30

0 2 4 8 16 32 56
SEESEFE Time/d
7T AEREZFGT FLAERTER
LM 8%
Fig.7 Changes of LZM content level in
Litopenaeus vannamei gill

under different treatment
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3.1 fEIEEHAEST

MK BRI B 5 2 22748 4 3 AN e
I B RO T HIE , B AR Kt B e 4
A OH™ | S*" /NS T8 (1 26 77 AR 45 A W sl Ui 7
RIE AU, BT AR b 2 4L R i o % A=
Py /E RIHLE S A AR PR, Cu® 4 S2 B R
FRVAR P54 w7, B DAL 245 5 25 i 52 96 41 RR il
HE i o F & CuSO, - SH,O % fin &, A it &
CuSO, - SH, O gk (A rp g 4 i & &, i T
IR Cu®* (A8 2 A UTR, ok 39l 4R 48 58
fE#h 78 CuSO, - SH,0 REHE I /> 77 5H 5L 5 /K A4
Cu " sk o 1% 071 B/ ] B 42 i) 52 06 A0 2 1l o
iff, R O S 5 1 1) 52 1) 2% 65 25 A S 36 A Rk 7 32
SN, B Cu®t A EEH TN Cu L K
T 7E ] 4 i 2% T B2 Ml A oA 829, K LAt L
G @ X IR 4 A A 4 K B R ) 7 AR 2R R
VEF AR i 7 AR By e o el
IR A6 4 A 18 K B 7= A I T TR e A5 A
R R T e DR K A R B G T
HEAG @R . ASLREEFEY, LI LCe91]
RIS & AT K TR B SRR 1), 7K A v s
B, HBEHCE R & R I T 0.5 mg/L 4 LLEK 5 4
WA . R, 27 AR 52 28 A i T
SN , 30T LA SR Cu® Xk Az A 4 i e
AR AR, N REEE b —Fh & BRI K
PR T e R SL I TR DA T IR AR ) A AR
B RS2 A PRR K A (e R ) A i AR DL R
KB B, (o S 56 Hh oK A ] 45 A [ 9 A1 R B
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80 Eow o

PN 28 £

IRARHE B P A A 1 G T g
AR
3.2 AEABISIEXTFLYAESTERAE K #0

TR, R R R I 15 mg/kg Cu®™ 45 7]
TRAR LAV X AT I MR R B R A R
WA DA R P A i A= 0 R 5 o A AL
Wl > g > BTt F4EmETY s,
Col* AN 9.5 /L AN Gl He 0 2 g/
L B}, H ZJB ¥R ( Macrobrachium nipponense ) 35k &
i, A5 85.9% o AT 5 HOL I AL 7 SR A
FHLG, A 18, B T 328 AR B AR 1 5 52
By 2B Ko
3.3 AEAEBEEXeEEED RN

RSP AN 75745 A0 O 40 R
B, HAA 5T 45 G 480 L 57 8k (Fe ) |, 7853 HY
FEHE UL AR Sy 1A N BT 45 S R D I R
(CP) , T ML 45 28 11 5 B 405 S oo JR 2 4
NI RS e o Re SR o & N L 1 - = P
7RI =, MLEE H (CP) AMUEA fr A e,
R REFE I e R M 2R AL BB RS
B o ORI R P LA 1 2 K e
(R SEAE A T T R — D Ry S8 . CP REG L
AALEE(PO) ARPEMEE . A KBISEIEs Rk
W, KA 98 d KIS Cu®* 0.3 me/L 5 T4
YRRt B, PLAA T o) B 4 AL BTG ) AT [ {EL
ZRIFABE(P<0.05)™ , ARLILERE,
KA SR AT R S DL, B A S 21
4 d PYRTfEE LA R EF R I CP & B RE S R
HIE . 16 d DUS, B 0.5 mg/L &5 4 23l
JLARTEXTIR CP 5 2 3 W B AR e T X% R, 1
2R A S 0 2H SR YRR T4 R 1) O i T LA
NUANEER R A CP & SRR 12 48 T, i
WCHEDN , W] 25 S A [l 4k 22 T 25 10 4 241 e 4 T JLAw
0PI L b L CP 5 . B 280 T A AL
AR YK R Cu® " BRI F 3 F 0.5 mg/
L I AH T LA XS EF CP & . 285 4 7 A=
65 2 A R T FLANIEXTIE CP & B, 7R AR
ERSAE T KRB S ET 0.5 mg/L A
2 HERER]

FURT N k2R & B 7 28 Ho 4 Al 4 S Ao iz
PJoe, Ho UL S g8 I 28 TR SR R (LZMD) |
ARG (PO) 4 & B8R 11 (MT) 2512020 4
TR (MT) 51750 2 40 Mo D BB AH ¢, G045 56 K &
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B AU T B AN AL R T AR Y e
AR R bR AR RS bR 0 MT 0 A5 B ]
RE: —FPE A G R &R /eI R, YLk
KHIAE TR 8 & K AR I i S e i 1 8
WEPERI ST, e UA S R S w2
SR EAE S TR SRR B PR R R
g A TH MT 36 1, 3R D A 2 PR )
ASIIZAT 5 e JEE 12 Wi PR 3 LR 2473 5 1 &
9 MT 3% 3 T e 2225 BT R, K )58
T L PL AN 35 XoF MR AE A 26 0K 25 4 R LA CuSO, -
SH,O JgHd JEHR G 0. 8 mg/L Al K 45 4 T s
At CuSO, + SH, O, EFR K 454 T FLAA X IF
MT 35 J3 TR AR T # K . - Hrh A IRER K 4%
PR SRR, KA Cu™ 2 AL L2 45 4
O R A R IE S . ARWETER], FLAEXT
SRS BRI AT LB E A T 355 7 AR A A [ i i
SHEVIM S LKA G HMET 0.5 mg/L i,
DAL G AT AE RO 2% MIT 3 77 FE AR E 3
BERE AR s DL Cu® A7 7E (¥ 45 BRI Y % MIT 3
A FTARTHE A 2™ A ST R
A2 TN T B ST L e
FERIRT 5 42 5000 J7 4T Y J e 9 30 S 285 1 4
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Effects of two Kinds of dissolved copper on growth and immune function of
Litopenaeus vannamei

SONG Tai'*, HUANG Ting’ , ZHANG Chenjie', PENG Shiming' , GAO Quanxin', SHI Zhaohong'
(1. Key Laboratory of East China Sea & Oceanic Fishery Resources Exploitation and Utilization, Minisiry of Agriculture, East
China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Shanghai 200090, China; 2. College of Fisheries

and Life Science, Shanghai Ocean University, Shanghai 201306, China; 3. International Copper Association, Shanghai
200000, China)

Abstract; Litopenaeus vannamei was used as main experiment object. Chronic enrichment was used to
determine the effect of copper in different concentrations or dissolved forms during 56 days on immune active
substances in Litopenaeus vannamei. The experiments were divided into five groups;one control group without
Cu addition, two groups of different dosage of complexing Cu group and Cu addition group with which matched
the complex Cu group released Cu. The LC6911 type corrosion-resistant alloy Cu was used as a complex Cu
source, using 0. 15 m* copper plate/m’ and 0.3 m® copper plate/m’ respectively, and the other two groups
added matched amount CuSO, + SH,0 as Cu’" source. The following conclusions were drawn: (1) In the
water of non-cultured, the experiments used LC6911 type corrosion-resistant alloy Cu tiled with 2 m’ aquarium
barrel bottom. The total Cu released by copper plate was directly proportional to those area. (2) Immune
proteins CP, POX,MT activities improved under two concentration gradients in experimental group, which was
significantly higher than control group (P <0.05). (3) The enzyme activity of LZM in shrimp hemolymph
was found in the experimental group of two different dissolved states. The results showed significant
differences among control group and others at the end of the experiment ( P <0.05). There was no significant
difference between the two types of dissolved Cu and the different additive levels. And there was no significant
difference in the LZM activity between the experimental group and the control group in gill tissue either (P >
0.05). But the activity of LZM in Cu’* group decreased significantly (P <0.05). (4)The long-term growth
data showed that the growth effect of the experimental groups was not significantly better than that of control
group , and the growth effect of the 0. 15 m’Cu-plate/M3 group was the best. The enhancement of the immune
activity and growth of Litopenaeus vannamei by complexing Cu in water is more prominent than Cu’"
meanwhile, using 0. 3 m’copper plate/m’ in seawater has lower long-term toxicity effects on Litopenaeus
vannamel’ s immune system.

Key words: copper(Cu) ; Litopenaeus vannamei; immunity function; growth
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