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FEEE: SUR I I 50 TN 2 e 3R 0 FLGREE S iR AR K M i B R S R S RS TR . E AR 43 IR N0
0.05%- 0.10%- 0.15%7%10.20% /)55 TEMEZ 40 26, H S H SRS RETR . #5900 R [WIA 5 5 (3.82+0.34) g]fit
FR ) FLAN AT BE L2 S 4L(45 B x4 FAT), FRFEI 1a156d. 25 REHT . fakl b in s B H =4t B 2 5w AL
YRIEERTIR AR, 0.15% 556 2H LR TR I i 14 B 258 R 5 AR KR B £ (P<0.05) . TaDRL R IR TN 5 SR 0 254 26
0.1%- 0.15%FH0.20% R i 35 & 5y ML G X I I 375 5 1 Tl /R 4 Tk G T % T 2 A B P ¥ P (P<<0.05) o TR}
TIN5 SR 2 i 5 T 25 B gy FLGN YR G R T TSI B G 1 RE 77 (P<0.05), 0.15%2H A P-4 38R B i, FoAH
AR R N33.24% 0 5o TN T £h BB 2 5 1 FLANTEE SR Y AR K Mk RE NP0 AE F0, A SEE6 2614 Nl LY

IINEH0.15%.
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PESR I R Fh =, fEE LM FRE I AR Pl 2 T
I 5E K 5 AT R R FRAR T, R FE R ) 2R A T [
fiCe [, FRFE A Al HI B 2908 %, 3 i
JEAA TN 245 0] R, 0, W] R a7 B S o R 25 P
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HEATIRE . TPk ssh S, & —f R IFm
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BT IR AT FH R IE

AT 568 AR N GRERT BR FADRE HAR B AS [ A
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R BV PE 5 PR A ) AR ELOC &R, SR VRS Al
SN (Vibrio Parahaemolyticus) Y715, 4
TH BT AE T R — P e 7 R R i AE iR
G2 177 H HIVE I RCR, J95e SR 2= Ee 5RO AE FLAN
TE TR Hh R N FH AR AR AR AR

1 RS

1.1 SEIS T R SELa fA Y

R IN0. 0.05%. 0.10%. 0.15%F0
0.20% 1) 5% 58 bl 2= 4 26, 1) )5 41 2% & 45 e 1A Rl
(K 1)o FERMERE R b b B R B g N ) #E
W52 AT PR At 1Rk H B i 2 AR A TR
AT JERIA RS 80 H 7, FI4 LKL ChE
%2.5 mm), NTFJ5-20CHEfFE%& M. 2kt n
SANH., #1900 &[] 44 5 £ (3.82+0.34) gk B FLYN i
SHURBE L7 RS 2. (45 x4 F4T), FREERT A1 56d .

1.2 FEERE

A HLAAR T ST R e 8 75 1, ARER
900 FAFBEHLIA 20 M FE(2 mx1.2 mx1.2 m)H1,
BAMFEASRE . LI5S, FEHANF
170 B RILMEBE R (07:008118:00), H 54 & iR A
3% —5%, 15 P9 JE BURE AR B R B 1 =, B R
KT AR AR, FRH A K IR 21—28°C, iR A
5.2—10.12 mg/L, % 0—0.2 mg/L, W4 £
0—0.1 mg/L. FRFHILIFFELS6d.
1.3 HmX&E

TR S5 T, 15 fr24nEUkE, £ R EMRE G,
RFPAT HLS R U I i ok B, FH R A (125 U/
mL)B 1E&ER] o [F]— P47 Mk EL R A N3 A
2 mLE O, B0 (10min, 8 000 r/min, 4°C)7 55
M35 & o BUFBEAEFVLAE F-20CUKFE R AT
G

F1 AREH REFEBRTYRER)

Tab. 1 Ingredients and proximate compositions of experimental diets (DM basis) (% )

i eIngredient Fhdiof EDMSO05 EDMSI10 EDMSI15 EDMS20
0 0.05 0.10 0.15 0.20
1} Fish meal 18.0 18.0 18.0 18.0 18.0
‘B ¥ Meat and bone meal 10.0 10.0 10.0 10.0 10.0
fift 81 B Squid meal 4.0 4.0 4.0 4.0 4.0
HF5EH3 Shrimp shell meal 4.0 4.0 4.0 4.0 4.0
EH1Soybean meal 15.0 15.0 15.0 15.0 15.0
1e 4 H1Peanut meal 22.0 22.0 22.0 22.0 22.0
K8 Soy lecithin 2.0 2.0 2.0 2.0 2.0
/N Ky Wheat flour 225 22.45 22.4 22.35 22.3
W I £ 4 Vitamin mix' 1.5 1.5 1.5 1.5 15
UF FI 2 5 Mineral mix’ 1.0 1.0 1.0 1.0 1.0
o B2 3 Chitosan quaternary ammonium salt 0.0 0.05 0.10 0.15 0.20
740 il Biochemical Composition 100.0 100.0 100.0 100.0 100.0
/K 4rMoisture 8.78 8.71 8.81 8.77 8.72
HEAFRCP 40.45 40.16 40.32 40.09 40.23
HHNETEE 5.79 5.67 5.78 5.82 5.68
HK 5 Ash 13.22 13.30 13.23 13.33 13.31
fRi4HREME (MI/kg)’ 19.4 19.5 19.5 19.5 19.5

7 MR 2 45T 5 o 4EAE ZA 100000 TU, 4542 2D 200000 1U, 44 2 3g, 4R 2K 1 g, 4EE 5B, 0.5 g, 464 B,
1.5 g, MHlR4 g, 24525 g, Hi2EE B, 0.8 g, 4EEHB, 2 mg, AEES mg, WIEE15 g; WFH 2045 T 55 44 Bifg — 245600 g,
FRERHEAT0.55 g, BRERH0.30 g, FTIRIR B 10 g, SALBR30 g, TBRHR3.50 g, — KATERARHN220 g, MLLLAT0.02 ¢, BARINS2 g, WAL
W74 g, WANERHN0.02 g, TRIREES g “FRUHAE 9 THEE0E, HAR SRS . M AE(MY/kg T-¥050)=23.4x K1 5 9 (%)+39.2 KL I 7
(%) +17. 2% BRI B PN(%%); BRAKA AW Yo)=1-[HL R F (%) HHHLIE 1 (%o)+7K 53 (%)]

Note: 'One kilogram of vitamin mix contains: vitamin A 100000 IU, vitamin D 200000 IU, tocopherol acetate 3 g, menadione
1 g, thiamine 0.5 g, riboflavin 1.5 g, nicotinic acid 4 g, Ca-pantothenate 2.5 g, pyridoxine 0.8 g, vitamin B, 2 mg, folic acid 0.25 g,
biotin 8 mg, inositol 15 g. *One kilogram of mineral mix contains: Ca(H,PO,), 600 g, KCr(SOy,), 0.55 g, CuCO; 0.3 g, FeC¢Hs0;
10 g, MgO 30 g, MnS0O, 3.5 g, CcHsK50,-H,0 220 g, KI 0.02 g, K,SO, 52 g, NaCl 74 g, Na,Se05 0.02 g, ZnCO; 3 g. ME was a
calculated value and others were measured values. GE (MJ/kg dry matter)=23.4xCP(%)+39.2xEE(%)+17.2xCARB(%);

CARB(%)=1-[CP(%)+EE(%)+Moisture(%)]
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1.4 NEIRFRFFG A

S HA 48 AR B5 A O, TREORER, It
UGS, WE., R R e KR, HE
ETR

F%i% Z (Survival ratio, %)=100x 56 45 A H 2
X5 T aa s AL,

I E (Weight gain, WG, g)=AR A& E W] 114 H;

Akl 22 %(Feed conversion ratio, FCR)=(##} &
BV ) /(AR M A U P FE A+ SR T AR D),

Fi 2 A KR (SGR, %/d) =100 (In#& K K H—
In) 46 % 28 )/ S50 R A

AL E FR A E . K43 I 5E FH105°C % 5T
W2, RELAK 4300 58 F 550°C B8, KL 2R 11 5 52 A
ok T AR KL i 5 07 - TP s, 44
FEAI3ANER .

ALY B AL B (Superoxide dismutase, SOD,
B WIS AL ), T PE B IR B (ALP) K FH B 1 2 Bk
AW TAERIE TR A (L5, mE ) MR Sl e« 18
A AL EE(SOD)YE 1 B A7 (U) s SRR =TT 1
i SOD i HIE 50% 5 BT 6 M. [{ISOD &« ikt
PR Bl (AKP): 14 BAL(U) E OB =TT LTS AR
37 CHEFAEM1Smin/=E1 mgly. MRS )
2 Ashida R 7oA B 7 A I B 0 2, BASKE
B 2 E N6 B MG 100,00 1 491N Bpr
V).
1.5 KEXW

ARSI G, BAFATECS R, 347
M . MEETES10.05 mLOKEE 491.0x10° cell/
mL) EI ISR AR AT N B, of R 5
LEFNREPBSLE M, TUEE J5 £ 4143 ) 4k S A VA B
(1 S8 PRk ml S Atk R, B B 49 HR R TR, A SR
FET- B MFET IR, 12d J5 45 R e snig . I
FIT FE ) 375 0 9 T ol R K S (B PR ) 52 56

AL, KRR KEE TG, KR AR 3 SR K eI,
SR G PV AR B 5 A ) 2 = 1R e B SR 3 SR 56 i
TR .
1.6 HIEAIE

SEIG B FISPSS 17.0 8 A4 HE4T B 15 2 43
M (one-way ANOVA, LSD), # 17 1F & 3 22 57 | 3t
iTDuncan® # tL3% . BT A GiHE Y DL B E AR UE
% (Mean£SD)FE R, i3 /K152 NP<0.05.

2 £R

2.1 ARHRINERES X ARSI K
M BERI RN

705 WE 2= e 6 R 0 3 R PL G N IR ) AR K
PERE, SZOG AP R 1 B 2 = T IR ZH(P<0.05),
0.15% 5256 41 3% 5 fe K, b BRZH 2 7 17 21.28%.
SO S B AR PR R (SGR) B 2 T IR A
0.15% 325 HSGREAF:P<0.05) . 0.15%F10.20%[1]
FoRME R AR E BRI R RE(FCR)
(P<0.05),H.0.15%i T X B ZH F0 25 S B0 40 5 i n &
N0.05%F10.10% 1 256 28 5% & = B in, (25 %
B2 % B35 22 5(P>0.05),1H0.15%F10.20%2H 5%
& LT R R 4L(P<0.05); 35 M Z=F 20t L
YHYE XTI R RIS 2R (SR) i 2 31 151 (P<0.05), {H7 N
ON0.15%F10.20% [ 5256 2H B i 28 A 7 B 4 2%
75 (P>0.05).

2.2 EARHRMERESRE LRSI IR
e paliof A1)

FHZR 3T A1, 0.05% 1) 570 e th s v i 5
ot HEL 2 i 3 S R I 1) 9 TR R R 22 7 (P>0.05),
{H0.10%-  0.15%F10.20% F 52 56 2H 375 T it 1) 3% 1 S
ZE T AR (P<0.05), 0.15%F10.20% i A S2 I 41
2 6] %5 A I ) 9 PR R 3 1 22 R (P>0.05) .
0.05% P15 58 B 2 i 5 SIZI6 2 550 RE 2 if 375 8 44
AR B P 3 1 VR B 3 2 R (P>0.05), {H0.10%

=2 ARARIMERES AT LRI K1 RERY R

Tab. 2 Effects of adding chitosan quaternary ammonium salt in diets on the growth performance of Litopenaeus vannamei

o EIIESS KE 14 5 Weight FrEAKE Tkl R 5L #fr EFood A7 %
Group Initial weight (g) Final weight (g) gain (g/shrimp) SGR (%) FCR (%) intake (g/shrimp) SR (%)

0 3.82+0.01 9.13+0.06° 5.3140.07° 14.79+0.13° 1.24+0.09" 6.58+0.52" 81.67+1.11°
0.05% 3.80+0.04 9.89+0.15" 6.09+0.17° 16.23£0.2" 1.18+0.06" 7.21+0.54° 86.11+1.11°
0.10% 3.83+0.07 9.90+0.11" 6.07+0.13" 16.10£0.41° 1.15+0.05" 6.98+0.49" 87.78+1.28"
0.15% 3.83+0.11 10.27+0.22° 6.44+0.18" 16.72£0.37°  0.99+0.03" 6.34+0.21° 90.00+1.28"
0.20% 3.81£0.05 9.91+0.04° 6.110.07° 16.23£0.26°  1.03+0.07° 6.3120.50" 89.44+1.11°

Vi AR R IR 2 5 B2 (P>0.05), 7B I 7 2 57 5 2 (P<0.05), a>b>c
Note: The same superscript letters indicate no significant difference (P>0.05), different letters mean significant difference (P<0.05),

a>b>c
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0.15%F10.20% [ S 56 2H 8 S A 4 50 14 T P 37 12 ¥
FE T AR (P<0.05), 0.15%A10.20% P4 > S256 21
Z AN B EEERFEEEER
(P>0.05). 0.05%¥7¢ FWE 2= 3h S i 240 5 0 20
L 75 T e R T P i PR 8 3 22 57 (P>0.05), {5
0.10%- 0.15%7H10.20% ) S 56 2 Bk 4 ok 2 g P10 i 2
TE T AR (P<0.05), 0.15%F10.20% P54 5256
Hz mBERENEEEFEEEER
(P>0.05). 7¢I M 24 55 58 B35 2 =y LG X i if
TE Y A AL 195 TE(P< 0.05), H0.15% % % & T H
il -S54
2.3 ARHRINERES SR LRI NS
ISP AmES=A

1 4nT %0, RGN J5 128 LR TF IR

URFET, (HR3 R TR AR EEER
(P>0.05), NG5 54 RFFUR BT Sk, X HE 2
LT R B E S TN T 52 R p i
Ho XRRAMERYISIE10 RIETHA100%, &
FE TR SLIR A (P<0.05). ASINFERMET 4L H 10 %
SIS AR IR YL S ORI T R A T RuE, 3
FILR, e RN INE N0.10% 0.15%F1
0.20% 134N SLAG 4 FLANVE X R AN FRAE T . SiG &5
LW, FME0.05%. 0.10%- 0.15%F110.20%%Z5 A
IFi) s 2 119 57, SR 2 e b AR T Sl 2 9 vy L e 6o
JER e RV I IR S 9 4735 32 (P<0.05), B % A %
TP R0 N (6.67£6.67) % (11.11£3.84)%.
(33.33+6.67)%AM1(31.11+3.84)%, HHINEIA
0.15% 5 R B2 .

R 3 AR RN R RAE T R LAUR AN 1 R R RE 1B N

Tab. 3 Effects of adding chitosan quaternary ammonium salt in diets on nonspecific immunity of Litopenaeus vannamei

- 7741 Group
febrIndex
0 0.05% 0.10% 0.15% 0.20%
EHBFLSZ (U/mL) 22.93+1.54° 24.66+0.91° 27.58+0.81° 31.82+1.52° 30.83+0.74"
A YE AL EESOD (U/mL) 89.33+1.00° 90.85+0.46™ 94.21+1.70" 107.07+3.41° 104.00+1.40"
M BEREBEALP (& I 5A47/100 mL) 7.2240.10° 7.63+0.23° 8.44+0.32 10.34+0.29" 10.11£0.22°
By AL EEPO (U/mL) 1.78+0.10° 2.10+0.19" 2.60+0.15° 3.43£0.19" 3.04+0.07"

HE: BRI R FROR 2 7 AN 3 (P>0.05), T REAH AR R 2257 2. 3 (P<0.05), a>b>c>d>e

Note: The same superscript letters indicate no significant difference (P>0.05), different letters mean significant difference

(P<0.05), a>b>c>d>e

F4 LRI RIBMMERRENRRATLTE

Tab. 4 Cumulative mortality of L. vannamei challenged with V. parahaemolytics (%)

i [ Time (d %3¢ Group
Nl
ime (d) 0 0.05% 0.10% 0.15% 0.20%
1 6.67+0.00 6.67+0.00 6.67+0.00 4.45+3 85 6.67+0.00
2 17.7843.85 17.78+3.85 15.55+3.85 13.33+0.00 17.78+3.85
3 44.45+3 .85 442043 .85 40.00+0.00 37.78+3.85 37.78+3.85
4 57.77+3.85" 51.11+3.84° 46.67+0.00° 44.45+3 .85° 42.22+3 .85°
5 64.45+3 85" 60.00£0.00" 57.78+3.85" 51.11+3.84° 48.89+3.84°
6 68.89+7.69" 62.22+3.85" 60.00+0.00° 57.7843.85" 60.00+0.00°
7 84.45+3.85° 71.11+3.84° 68.89+3.84™ 62.2243.85° 64.45+3.85™
8 91.11+3.84" 88.89+3.84" 82.22+3.85° 62.2243.85° 64.45+3.85°
9 95.55+3 85" 91.11+3.84" 88.89+3.84" 64.45+3 85" 66.67+6.67"
10 100.00+0.00" 91.11+3.84° 88.8943.84 64.45+3 .85° 66.67+6.67°
11 100.00+0.00° 91.11+3.84° 88.89:£3.84° 66.67+6.67° 68.89+3.84°
12 100.00£0.00 * 93.33£6.67" 88.89:3.84° 66.67+6.67° 68.89+3.84°

W EARFEREMIRIR RS 2 R AN B3 (P>0.05), FREASHI R R R 2 57 12 (P<0.05), a>b>c
Note: The same superscript letters indicate no significant difference (P>0.05), different letters mean significant difference

(P<0.05), a>b>c
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3.1 FEEREFEIN ARSI KRR 0

FC IEMEAE K P R RRA AR, R DA BRI AE
BERE IR m KA A KR . BAARPLH 32
T 0 I SO A A A PR, A 2 B M A OIS,
SR E BRI % . Ouattaras’ ™Ay 75 BB T 0% bt
TR ARG BE F AT AT D B (W IR 2 R B EE SIS
FR), 2 BN IHLAAR R M PN P53, A5 BT 4 B s 453,
1) 200 B A A T 5 e RO L e W B B S N
JYr 38 1) B R S H At A T, R AR AR AR,
DL AR KA gm0 AR S %
S I (RGN AR FR R TR i, P RE S 5T SR AR
R AR, gk i 07 ) R AR AR O . SR R R R
5 IE R 28 A A A AfiL v 0 UL PAT (%) L[] 2 2 A it
JIE TR, N T o2 AT L ] e ) A B2 5 Bl S e T M
JU77 T R[] 45 g SR ) o 5 s A, el T
YA SR KM, BN RE B H R K, AL RSt
W, TRESEAEHE D " AT R R A T T R
fifl( Carassiusauratusgibelio) F 5 8L 2R J5 ifi( Takifugu
obscurus) T H I, FRDRL AR IR IS [F)R BE 1Y) 72
SR AT AR = i v B e A VE R Bl S %, AT
ARk KRR . SRR SR s L
FHAE F02 B, HCd B (%) I 62 B 7R BB 0 R AN [ 1T
B TanE1E 50 KR 2R (Procamgbarusclarkii)
AIFFE ORI, AR S DDA R A FE 1 58 SR LR
AR BT FEARHE S, PL1.0%58 SN
YLa e, TN FLANIE I B R B, 1
BERER N2 g/kg(0.2%) 170 SEBE 5t T I 35 £ 2 X iR
A YERE . 0T A — PR, o B A& ) <
5T R AN F A 2 7. ARISE REY, 572
B EEBENLNANIR N RIERNEN
0.15%, 5NiuZ N2 g/kg(0.2%) A5, iX
FHERREEFREL GGy FEEAN H
ST K, AR TEREAR T 52 BT B, A SIS
SERIE R, M5 R I 0.15%)5, A KM
Re IR gk 2 i, X 2R RN e R E A 52
R WAL 5 1) 2 5271, — 5 21 58 SRR AR
WRSCR i T Ak FE LT o I ) 0, A RO it
SRR SRR 0 2 PR 5 T LA R K Y 2R
BT B T R e 70, 3 B0 75 1R E TR 5T s W
T PR S AL S g 0, AT S A
3.2 FEREFERI LAEITITRIESF 4 S & 88
A

NG XTR & T R 52 sh ), H e /) 24K
FERIR ] SRR e VE S B A0 R 4, AR A

i 8 T AR e e TR 202, S SR Sy B
9% 384 553 1) 7E o R A AR 7 P 4 2 T T R 5 o
VR, o H A P9 75 A 5 AL 32 ZALHE LR B 5
T (1) VAT R AR I e B, S A v S % A
P AETE FAIHURGL J7; (2) WA G R ¥
) 35 R 2 0k i, 30 T 39 5 A o G 2 IR T A, B
2 AR TR A R S S B B 1. Wang Al
Chen 38 15 6 FLMVE TR P VE 54 pg/gfd 5 (11575
SN, &5 R I SO0 21 G4 e 0 RT  vE Jk
TR N B & m TR, EARSZI LT
P 2R NI N0.10% 0.15%F10.20%F, 7] &
P LGN TR S FIR R By A 8
SE A 5 A R R P Tl G G DS o Y R A L
YT UMAR S N 12—, EAMLBESE Lk B
WG £ b 7 52 B 0 AV AL Th B, 1B BERIR R BR IR
1K P9 BS540, AN T SEBRLAAS ) s B Y 7 AT
T, 5 R HE A SR AN I E K T0.10% 0 Al LA
30 2 R v OV S R T, T R A R B A R
W R 2RV 2 . BN 2 7 L gl ot
BN PRDRE A S I 8 SRR B R R 45 SRR I, 0.15%0 F
0.50%o 11578 JEBE B R 25 745 0 2H X 7D 7 B Il A 7y 4
PO B S M1 B BB P . W AL A S R A Y
Z 5008 I NI F BB —, BRI R
AT MBS I 77 A — R AV EWTE R, AR I A0 A
F) 5 e 0, T4 PR e 4R o 2 1% R e
R ) 22 B B 30 T O T A B S 248
TE AW 5T o, T k) v 5 TR0 2 e R 0 R N & AE
0.05%—0.20%, LN XU L7 By S A0 B 1 B
T B DT 4 v, I B 5 BN 2 R B
Ty S AR T T TS R 438, AT LA S 25 R v o A I L
FRO T AL BTG 7o R A A W s A il 30 e 7 R
BT B (O ) FE WL K 484G 5 Bt AL T i o
A A, SR g e G . H T R
22 R 248 s P35 18 5 1) Kk L 4 9 P A of 35 R SR A
TRBETE FT R O T 45 AR R ZE 5. AEARHE
Forh, 0 SR e £ T AR v e U I3 R R A
AR, (EVR N i e A P S 1 R . e
FH i 22 W Bt 31 e (] W bR A b, 68 SR B 375 )
R EACEEE 1 5 s TR . e
TE FLANIEEST SRTADIE A A I K SR BE, 45 3 R B I &
o E ARG, L 7 A A A S R T AT
S REZH, B 55 IR 1 22 S AN S8 35 1T H AR T R
(Penaeusjaponicus) RS DK 22 B, S6f L35 68 %4
P S A S TR I AR 7= A i B s i e

(122 508 T 7R S M R R BE A R 4b, AT RE S
TR e A RCI & & R, BUNgEA RC PR
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A7), T DA B s A e 8 s 1 1 el Y e
T PR T A 20 Bl T G PR T 1) B B 4y, B S S IR
AR ANEL 7%, [F]I SCAEDNA R AR 158 RIS 2405
SRR EEEEAY ., REESDE R R
PR F N T oA 5 B T e ML St I
PR IR 8 0 9 P, (RO 7 T A i N Bk SR 5o 4
PR ARRE S M S K B3 R T . [FIREAE A S
I M TR BE TR BRI A 2)0.10% 0 B Al 2 2%
P 5 UGS Ko 0 L 7 e R I P M . 4
FITIR, ARHE LN X R G 32 A 5% g P AR 40 AT LA
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EFFECTS OF ADDING CHITOSAN QUATERNARY AMMONIUM SALT IN
DIETS ON THE GROWTH PERFORMANCE AND NONSPECIFIC
IMMUNITY OF LITOPENAEUS VANNAMEI

ZHONG Guo-Fang', WU Guo-Zhong’ and ZHANG Ming-Hui’

(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China; 2. Shanghai Institute of Applied
Physics, Chinese Academy of Sciences, Shanghai 201216, China; 3. Shanghai Fisheries Technical Extension Station, Shanghai
200433, China)

Abstract: The current study investigated growth performance, nonspecific immunity of white shrimp (Litopenaeus van-
namei) by supplementation of chitosan quaternary ammonium salt in diets with graded levels of 0 (control group),
0.05%, 0.10%, 0.15% and 0.20% chitosan quaternary ammonium salt. Each diet was randomly fed to four cages of
white shrimp with initial average weight (3.82+0.34) g in 20 cages (2.5 mx1.5 mx1 m) for 8 weeks. The result showed
that the chitosan quaternary ammonium salt addition significantly improved growth performance with the best effect of
weight gain and SGR in 0.15% group. The activity of lysozyme, alkaline phosphatase and phenol oxidase were signifi-
cantly increased in the 0.1%, 0.15% and 0.20% trial groups (P<0.05). Chitosan quaternary ammonium salt effectively
improved the ability of shrimp to resist the Vibrio parahaemolytics’s infection (P<0.05) with the best performance in
0.15% trial group that is 33.24%. These data indicate that chitosan quaternary ammonium salt can significantly im-
prove the growth performance and the ability resisting infection, and the optimum amount under current experimental
condition is 0.15%.

Key words: Litopenaeus vannamei; Chitosan quaternary ammonium salt; Growth performance; Resistance to disease;
Vibrio parahaemolytics



