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BE: WE2REWEFEB A NAELT Y TR AMBENRGIG, BRETEN
(0.3+0.02) gty A 4 1% xt F #5 47 52 B, 50 36 41 47 ¥E 42000 pg/kg AFB, By 45 KL, 2t F8 4148 "8
TAFB/A R, B HRINFAT, ERB4E, BRARIAT LRI, A2 IR A
e #RE T, W EBRNGKREAFB E, F8REHAKANSODE F KT Xt B4,
HEHAAR2E ENRANSODEME F TH, ThABMEERLERTHRA; B
CATHEMHER MM HEH EIATHRNES, I MNNBZEZREE, 20d5 BF L7
HE, EEEHELE EERK, F8RZE, LTRACATEMEH KT B A, ££8. 165
AR B E M B ER T AT 4. GSH-PxiE MR FxIBa, AN RBERY T
Mo [B Bt A MDA 4 EA16dE AL F 8 m, oLk 4AMDAS ER T F
BTXEA, HaZ ZRN maa . o5 KA EIKREAFB X LA E LA ML Z
v E EE R R T SR, IR EEXEAT IR M AT SR e, 4 W E S TR IR W T E AT .
REWE: LAt dr; mHEHEB; A E

hE DS S48

FLYH XS B (Litopenaeus vannamei)fE L R
IR SRAE AL R, T19884F 5] AFRIE, PHE %
SRAK . A AP AE AR S O 7E R I i b X
77 KRB N T FRG8 . R B A il 29 57 58 4=
77 Ta) A H T S, b A B LAY R AR Y
KA BRI PR VR B84 41 T (NHPB) Fll— 28 37 Ji
R4 2 UL A8, IS Dk 8 TR AN 1
A 0 G ) v o T R R AR AR S 7 A
KR, XFEREC & ek, A 8 A AU
mESYEAC AN BT, REmTR. &
AR B E e U e Y SR T i e B 5 | R Bt
W (Aspergillus flavus) 1% 4= 1 % 1 (4. parasiticus)
WA, PAEhERER, AhEHERE X
BN, BAEUEMBRENEN,
M F AL 2 454 43 aFh: By, By GFIG,.
AFB, (& & # £B,, aflatoxin)/& & W&

I FS BHA: 2016-06-07 &R BHI: 2016-09-12

ERFRERRD: A

hEE M RCR R R, HEEAOHE Y TR Y
1018, =S L = e0fd . I E K™ i i kA2
AFB 5 QR BTz, X R IR X K 7™ 3h ) 52 5
T R R o B 1Y SR FE K 7 B R

TR AFB 3R B, X6 2 19 A 2L T AR
fe B 77 A= Wi A f6 5 . El-SayedZ:UPVE BL, AFB,
PL180 pg/kghy ik i # W& & 14 5 (Dicentrarchus
labrax)6 8 J5 , H ALK A AFB  # B Al ik 2] 5
ug/kg, 4G AFB X S5 B R M (Carassius
auratus gibelio) i (1% B¢ EAE TN & B8, #CME &
500 pg/kgf AFB, 1Kl 56 dJi, AFB 2 7E HATFAE N
ME, HSHRAEZEMX, [FEHER Ml
PRI AR A BR 3R 001) ik 310.46 812,29 pg/kg. T
SRS TR 2 6B AFB Y B = i AH S B E
H 2L B0 R 2 s it UL 2 114 R AP K S AFB
DR B i AFB, Y R D 0~12 pg/kg, TR 1]
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P4 B i A o B SE AF B 17 B 3 B R 5~20 pg/kg,
3% 26 R (R E R K B K (Zea mays) . 164+
(Arachis hypogaea). %28 H A &, HAEK
77 b T AF B Y R R I S 5k ) A 5E N L 1Y
SRS A .

H Hi 72K 7= 30 b % AFB, BT 97 3 8 4 vh
S, R [R 25X AFB, 1Y BURFR BE AR, %
JK A 2T LR KO £ 285 AFB B U, o v i
BT 2 B U 2 T 55 (Oncorhynchus mykiss)™
TN i) ) SRR R A7 A 0 A Ak o R v ok U
AN TR] 35 PR A e %) P T R G A B 5 sh i A
W02, FLANIE XS R 52 AFB 35 P 52 M 28/
JFRE R E I B B RN E, IR, AFB,
HE MU 5 2 38 m A 16 P S (ROS) I BT,
I] s P T A= 9 B 0 B 1 22 3R R A R B D R
%22 FIROS A 3y Moy, 7= 4 g ik 480 Ak S
N, T EAIR B AR TR, RS
g it A ALY —BE(MDA), I A iy LA
21 it 5 495 1) 7™ R R B AT LA 1 MDA & 10 & 1
REL . X R g B S Ak s I E) 0 Ak i AR
fii(SOD) . 4 bt H K (GSH)Z5 it S AL ¥ o w7 A=
PR J5 2 1k o ML A A i 2 ALK 4T A HR
B E—iE Bk, EZASOD, A H K
Ak A B (GSH-Px) Fllid % fb S i (CAT)%, SOD
CIRGRON S T A RT=] k=N i e = S rp L TE £ 2
e T HUATEBRAE A BRI RE AT, iR EH0,)
A LAFE CATFIGSH-Px Y 4 [ 7 T 4% 4k S K il
ST, BRAKE T AN A B . ARSE
557 Tip U 0EgY, SR i (1) AFB,
(M B£2000 pg/ke) i BHEA TS5, BIFFE =0 R il
B B O IR BT A A &R G a5 sh A
B, NEMESER PRI RS

1 MRS A

1.1 LR

LA X5 MR IR F Sl b 76 M o I 22 v AR )
FARN AL, FE L KA “bRfL, SR IF
F R B AL A R ik 2k K A B G HL A TR R
AONRE , SEXARK 1.5 em, K5 4(0.3£0.02) g,
A TK G N AT A i RV A AR 5510 dJs F
T8,

1.2 LWHE

LA 8 AT B O R R, fl L R
IR O i 0 U5, T T A DR (e 1) o JRAE

LR A INAFB,, HRIE 42000 pg/kg. W75
Tk AFB, 92 R ok B 471922.8 pg/kg. SCH
AFB B3 /i i W 3 T Sigma, 4%l J50RE 28 350 B 5
11 80 H i J5 #e L R & (T i B A R BUZE ™K
FIRA S, AN K5 T,
BFEDINA30%K , FIURFF &AL [ (e
T R2EWH, F-26(10) 1 Pl 1.5 mmE 421

x1 EMANOERREFER

Tab.1 Formulation and composition of

experimental diets %

TiH o

items content
Bl ingredient
FSEE casein 44.00
W gelatin 10.00
F4E%  cellulose 12.90
T KIEH  corn starch 20.00
il fish oil 3.50
F Kl corn oil 3.50
BEREAR  lecithin 0.50
e FTUREL  vitamin mixture” 2.00
W PEARL  mineral mixture? 0.50
FALMEGE  choline 0.50
VCHREE  ascorbic phosphate ester 0.50
E B attractant 0.10
RIFILLFYEZEM  sodium carboxymethylcellulose 2.00
#il total 100.00
RS ERE  proximate analysis
M crude protein 45.63
HMUIEWT  crude lipid 6.33
K4y ash 321

T 1) RpkgdE Ak ZTRENS A W ALIRGRS5.5 ¢, WIEE 22.2 g, ZIRE
83¢g, VCI1l.1g, VB;22g, VB,56¢g, VB;0.6¢g, VKO0.6g,
M2 02g, VB,0.12g, LWFE0.06g, WR-o-LEW4I4g, T4
#8887 ¢

2) ikl MR TR B & 47 Ca (HyPOy4), 2H,0 122.9 g, FLIRAT 474.2
g, NaH,PO,-2H,0 42.0 g, NaCl 32.2 g, K,SO, 163.8 g, KCl 65.8
g, FeSO4 7H,0 10.7 g, FriFiR%k 38.3 g, MgSO4-7H,0 44.2 g,
ZnS0,4 4.7 g, MnSO4-H,0 0.33 g, CuSO,4-5H,0 0.22 g, CoCl-6H,0
043 g, KIO40.22 ¢

Notes: 1) one kg of vitaminl premix contained the following: choline
chloride 55.5 g, inositol 22.2 g, Ca-pantothenate 8.3 g, VC 11.1 g, VB,
2.2 g, VB, 5.6g, VB 0.6 g, VK 0.6 g, folic acid 0.2 g, VB, 0.12 g,
biotin 0.06 g, tocopherol acetate 4.4 g, cellulose 888.7 g

2) one kg of mineral premix contained the following: Ca (H,POy,), 2H,0
122.9 g, calcium lactate 474.2 g, NaH,PO,-2H,0 42.0 g, NaCl 32.2 g,
K,SO,4 163.8 g, KC1 65.8 g, FeSO4-7H,0 10.7 g, ferric citrate 38.3 g,
MgSO,-7H,0 44.2 g, ZnSO,4 4.7 g, MnSO,4-H,0 0.33 g, CuSO,-5H,0
0.22 g, CoCl-6H,0 0.43 g, K104 0.22 g
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WKL L, 60 °CHEF ik 4 hig g T, BT
=20 °CUKF T IRAE o 2 P S50 v B 38 /K A 1Y
FIAS R K < T8 > 5 =60 cmx40 cmx50 cm, REFH L
TORRLUR, FRIH %L 583 /m’ . S 41 % i
A AFB, (2000 pg/kg) MR, X HR 410 TG
AFB WL mb R, B3 17, it 6 Fi
BWRENIFEERN 6%~T%, & K7:00,
12:007119:00 HEMEE, T W72 9 ok 25 000 )5 B 46 1/3
MoK, Membi A A, HRIGEER . FRIEHIAK A
b uE . WHEMRRIGAK, N30, ELERT
R, FRFE A AR HTE(2840.1) °C, SEAN
(1.0+0.1) mg/L,

1.3 #@mEEMIBIRNE

SCES IR, AERRARIEAT LR IR, AR
BEMLICS AR, WO AR, A 22 Ml 1 ok
KB, TSI KGR H 08 LR ETT
W o R 25 4y i e 0 30 I e JHF e i
FIE i s R FH o IS UMk Bl I 22 SODYA M 5 R
FHBR AR L L 2 R 1 8 MDA & &5 R FH AR R 8%
He 2500 € CAT; GSH-Pxk ] Zmi A —fiF 5k
2 7 2 A o WA b AR 48 BR 2 R W 3K R
A TR 5T r B AR 70 B (o T I G 0
W {6 32 (ELIS A 22 1) 6 B AFB &5 #3050 &
WA F A R AR R A

14 WSRO
S 28 SRR 45 T8 FH SPSS 17.053 B 8K 4F

B N2
oS O o O

activity of SOD

—o— XF B4 control group

—a— 5004 experimental group

SOD % 1#/(U/mg prot)
(%)
o

— N
oS O

Se kAT BN T 07 2253 H1 (One-Way ANOVA), #5745k
P (8] 22 5 g 25 (P<0.05), T5-2% A Duncanft £ H I
AT 2 E R, (AR oA 1 1 7 s X [
— 5[] S5 RS R 4 22 ) R A7 22 5 o 2 M i

2 4k

2.1 AFB, %t BT & BRSODJE I B 2 M)

Xt AR A H, FE SR 8K S 56 41 (1) SODIE 1
2 (P<0.05) |k T X IR 4, 16 dJF HF BiM I & 22
F(P<0.01), #&A™Fir B S 90 20 il 7% Pk 2408 T~ %) B
. X R ZH SODIS % B I [] 4 7 TG 22 57 i & Pk
(P>0.05), SZ562H B9 SODIE M 78 A 2 /8 31 oK H 3
FeAR ke, 288G B E R A (P<0.05), [RIIAL
5 2H TG P A S IR T X BR A (P<0.01)(FE 1),

2.2 AFBXHFRRER MDA R ERIF

S ZH MDA B o 7E £ M1 5 5 T i
A, 0 FH IR B 25 5 (P>0.05), SEI
WiElRT8 d, SLIHAMDAR R LN FEM LR, ¥
16 dJF 5 21N (P<0.05), [RIH 5254 MDA
SRR TR R (P<0.01), HS:KZHMDA
FrE R TR (E2).

2.3 AFBXTRFBRBR CATIE 4 B 521

X2 CATIG PEAE R0 W (a] R 85 LA
TREF LT R, HEE 24K 5 5 4K B T
WA B EEES . S H CATIG MERE S I 8] 7%
I TREES, BB R 2557 B3 (P<0.05),

4 8 12

16 20 24

HUFERSTE)/d - sampling time

B 1 AFB X FL40E 3T 4RAT iR AR SODSE M B 21
B AR E AN A 7 BE 2R OR 25 5 135 (P<0.05)0 . [A] — B 8] 0 P A1 2 ) 25 S (2 25 (P<0.05),  ** 25 S M f2. 3% (P<0.01). R[]

Fig.1 The SOD activity of L. vannamei hepatopancreas fed with AFB,

Value points with different letters mean significant difference (P<0.05).The two sets of figures at the same time with asterisk mean significant difference

(P<0.05), binary star means extremely difference (P<0.01).The same below
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MDA & &/(nmol/mg prot)
content of MDA

—o— Xt &4 control group

—=— S804 experimental group

ck*

4 8 12

16 20 24

BURERS[A]/d sampling time

2 AFB X LR XN AT BRARMDA S & MM
Fig.2 The MDA content of L.vannamei hepatopancreas fed with AFB,

20K 5 B A LB, (HAS B AR T 4h K
(P<0.05), #i8KZJ5, LI CATIH MK TXF
MR, FESES. 16H124K B 6 M i f 2 {1 T X R
41 (P<0.01)(13).

2.4 AFB, X} BT iE B GSH-Px;E T4 B9 52

S 2H % BB 4H GSH-PxA AH [\ 14 748 1k i
B 928G 20 GSH-PxE MR T X IR 4, {HAL
A 12K B B B 2 B AR (P<0.01), 224K
F R (P<0.05). A& B R P HER, 5250 4H il
TG PR A RS i 2 R AIK(P<0.05), HJF 4K 5550
2 It 3% 1 1) K A R R AIG F X BR L (1R 4).

3 iR

o R R AEUEY), ARG TR E,

(98] w
[ W
1ot
T T

U
oS W
T

activity of CAT

CATI%H H/(U/mg prot)
n
T

=
=
i

o
9
T

H&2H control group

HASABA RIS, 75K N BE 1P J5
W5 A BB E . AFB ik A MUK S 32 E A T
BN HEAT AT, Bl A0 i 2 2R PASORG RS ,
Oy SEEAL N TN AFM FIAFQ,, 3 —3 4
HEAT I A S 5% 72 UAFB, -8, 9-3F %81k
Y (AFB-8, 9-epoxide, AFBO), AFBOE. A ¥ ik,
e by Bk Wi 4 5 K0 TR R AL AR
A, (0 SRS G [R) A R B R, R
Yok JA L 1 BT FIAR R, 3 UG AR 2R TG . DNA
R VE IR N RE N B S S S A R e
BUAR S RE T3 N BEF AL -1, BFSE 4GB K AFB,
SREMFHMEREE G, i AFB, o #2
LA R ROS, % 4 A i i A Ak 453 40 0 40 i
BN, AFB/AEHI 4SS, 2375 40 N AYROS
B, SOk A B S PERS Y B T EORAR

e*

—a— S04 experimental group

[
N
o0

12

16 20 24

HURERT ]/ sampling time

3 AFB X FLAESTUTRAT AR BR CATIE 14 Y 521
Fig. 3 The CAT activity of L. vannamei hepatopancreas fed with AFB;
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Ko AR

4%

300

250 kg

—— %f 4 control group
—=— SO experimental group

3

QN

an
\5;200:
=7
H<o50 |
Hﬂo
£z
w2 100 F
A2

s

N

0
4 8

12

16 20 24

IUBERT1A]/d sampling time

4 AFBXf JL40E 3T 41T R AR GSH-PxE 14 B9 72 )
Fig. 4 The GSH-Px activity of L. vannamei hepatopancreas fed with AFB,

ROSH F B = A 37, TR st J2 X ROS R H: Ak
FITBAE, ROS 3G i 23 %5 28 7 4K 18 B 8 AL 5 455
PET ) 1 20 M o0 AR P A5 R ROSTE AN
7 A 11 T B AL AR T SR Ak 3R B8 AS T MY B
—HROS™ A £, FTuEHLIRDT AL LARE 1) F
iy, A 2 Xt LA A0 M 461455 . SODYE M LA
PR H M EZAL, g a A A
3 2 FR AR O E RO, STALIR A Ak 5 L
ALl e % 28 O T A AR, L 1 %) v I R
e T HLARE R A B R RE . ARBFsE
SODIE MESe /Mg, K5 W38 T . 4L
TOo, Wah&F#rh, 0, K nsiESSoD
TER ISR, T — B0, Wit s AT, 5L
BRI A, 218 L SODE M R %", ZE8K
S5 2H H SODTE 1 5 2K T % B 4H W] fig 5 CATYR
PRI 2 R A &, SODH O, - #4k W H,0,)5 ,
H,0, 2 i CATH B, {H i T CATHG % Al B AR
SODAZ #|H,0, M My, SEEHEME T, Ky
H,0,/# %k A 3% R 4807 LUk i SODZE 11 & J& iR
FRILM AL, AR BRI TR RSODIE PE, &
PG BRI ROS B s A M IS o, & A R o it 4
b, i R I PR R s v ek s, S EOELIA
() SRR D AR o K= Sl ML PN R AN TR A
0 T 1) v T LA s, A i R G Az 3
Ao o ", MDAAE S £ AN F IS TR 4E AL
AT =, S A B U BH G R A Y Y B
ARG —HZ BN AFB Wi, ALK MDA
) AR A 16K J5 H BRI 3 19 i (P<0.05),
B4 ETF, i SODIE M H B 2 M AR 0
P ULIARE A AFB RF R A, LGN TE XT IR AL
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R BR B 3R R &R BR, Ak
I Z2 AN A 5 R A SR v B s e Tk
HE MDA & 1 TF. 2585 S5 = ik B AFB,
T B FL g v X R 8 JE] St A& B SODYE M 5 MDA &
B GUSE . XFUR A AFB,J& H AT IR N CAT
T R 2R 8 K B HH R 5 3 R PR (P<0.05),  HLAIT20K
—H 2 N, RE RS AFB, 1 40 i
ROSHE EIIINA I, 440 N H,O, 0 B8 H CAT
T ERAE I, CATHIRE SR DUE 2 i 2248 2 T
TR RAS, BEROTE MR WAL S —A
Jir R AT RE 5 4 R A2 BB A OG, CATHE R S
R, ZFAFB W m, FER N
AFB 7 A 1 B H 3 S A ™ P ik 2R ) Ky
FREEE, mRKSFZEEAIEER N
. RA, MG RSE IS, CATE S
W H,OE T & R AT sl /E/R, £
RSB TP LAY Compound T 562,
XA ] RE A A I CATIE M BB & B &= 19 TR R =2
— o IR ZH 5 8K SODMICATIG M Yy I & [ AR 3
B SODFICATA] RE 3 [] 41 5 P4 i XF iR BT Ak &
FAEHLPTAFB AR B 2B 2k . 5250 2H GSH-Px
TGS X R PR RE AR R B a3, (EAESE 12 R 505
2H /) GSH-Px#l it 5 (I T XF R4, LB AFB, X} FL
RO 7= RV R VISR iR s S I S
GSH-PxTENLIR N AIGSH A EY), A EFH
H,0, X A ML & it F ALY (ROOH)IE J5i ol TC 3 ¥y
B, PRYTN I ) SE A, I AFB, 2 1 AR R
P GSHI & & T R, BV B 19 R B mT e &
T B S 5 2 G SH-Px 7% 4 385 3 1K % 18 2 1) Jit [A)
Z—o MTFCATEZHFLE THMA LT, GSH-Px
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Al Pp B CATI B b 2% A GRL A rf i H,0,°, ARSI
¥ 5 W GSH-Px 5 CATIR ME ¥ 2 B | T,
A R85 CATHIGSH-PxHH B PMER K. HIiEHF
Z AFB 52 W, 5200 2 [l 1% M 0 WK & TR R
fiX, RUPUAR A EBERRIELZ3 i,

28 FARR, 4R 2000 pg/kgh AFB, 2 %F M
YRR R Ay e A s % Ze Ve G . JF HAFB,
Xof PL 40 e R e b il ) s i) PR R e 2 A S [
fEFEZ 5, 2000 pg/kgl AFB 1l RL7E 48 PY 4 &
XoF FLAA Y X A M i 3 i)™ A R
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Damage mechanism of aflatoxin B, on antioxidant enzyme in hepatopancreas of
juvenile Litopenaeus vannamei

XIE Wei, GUORan’, XIAHui, WANG Xiaorui, LI Zhaojia,
LI Yaoyao, WANG Meixue, SHEN Qingzhou
(Ocean College, Agriculture University of Hebei, Qinhuangdao 066003, China)

Abstract: Some antioxidant enzymes in hepatopancreas were examined to evaluate the damage of the dietary
AFB, on antioxidant enzyme in hepatopancreas of juvenile Litopenaeus vannamei. Two kinds of diets (control diet
and test diet containing 2000 pg/kg of aflatoxin B;) were fed to the shrimp [with body weight (0.3+0.02) g] for 4
weeks. 420 shrimps were selected randomly to 6 aquariums (40 cm x50 cm x60 c¢m).The activity of some
antioxidant enzymes in hepatopancreas were determined every four days. The results showed that the activity of
SOD of test group was significantly lower than that in control group on the 8th day. In two weeks the activity of
SOD decreased significantly, and the activity of test group was significantly lower than that in control group. The
activity of CAT significantly decreased in each stage. After 8 days, the activity of CAT in test group was lower
than control group, especially, the activity of test group was significantly lower than control group on the 8th, 16th
and 24th days. Although there was a rising trend after 20 days, the CAT activity showed significant decline from
the original value.The activity of GSH-Px was lower than that in the control group, with the ability of repairing
themselves decreasing. The content of MDA increased significantly after 16 days and there was a rising trend.
Meanwhile, the content of MDA in test group was significantly higher than that in control group. These results
indicate that the damage of high concentrations of AFB; on antioxidant enzyme in L. vannamei varies with
different enzymes, and the damage on hepatopancreas continues to increase, causing severe hepatopancreas

damage only in 4 weeks.
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