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AR P RMESEHEB X = KEEISEE K. ARF AR
T FR AR 4B LR 5 A RO 2 )

| US| NN a1 o sl 2 1 . 1
' & OHEYT FEE W N Bmd kR m F KR
(L. AR AR KGR B, A A TR AE Y BOR B A0S0 =, AN 350002; 2. Hh B RVEBE K AR AR FL ATk K AE R

AR I SR N e =, E 430072)

WE: LIS AWK E % M55 KB (AFB)(0. 10. 10011000 pg/kg bkl i 4 kb ik} 1 v 4 4 25 Ay
(0.382+0.005) gt 72 [C IR ZEHR (Procambarus clarkii) 4141 42d, TR1T AFB 5 58 [Q IR B ARG AR AL KR RE . 1A k8
KBTS R 50 . 45 3 80K, 100811000 pg/kg i RASMIMIER R, BaR, KREE, et
KR AR RIS BB AR T RHRAL, 10 png/kgRE A S0 MR T 3 2 5o 10 pg/kg #2244 T FB8 i i 1
FREF(AKP). B NFEEEHALT). S5 HER(AST). AN EAR(CAT). B H KL S B GSH-Px). &
PO H K R B (GST) 3G VA1 A [ (MDA) & &3 5 0 B 0 12 35 22 57, R S Ak ) B AL g (SOD )it 1 i I T
XTHEZH . FRRLAFB, & 5 =100 pg/kghf 25 50 7 o EQ B MR LR bk I AR B A5 1 o 10 pg/kg BER AN
JR MR 2H 2R 45 0 AR R Ak, 100811000 pg/kg 75 2 2H ST P T JR AR 2 300t 7% B0 7, R A 4t a2 i B4
L. HMEE g RIRoR, A AFB B AI3G 0, JH R AR L P 2 b s i Ak, FELTED P9 53 9 4 7, 003 22,
REHAE K. TR AFB, <100 pg/kglt 7 FC R ZEUR SR A Py 2 A A HAFB, . 1000 pg/kg & 2 4 4R IR

AFB, M B8 H1.65 pg/kg, KBTI FDAR % &R ERE. 28 LR, R AFB, &5 =10 pg/kghf BIX} 57 K
JRELUR LR 77 AR B2, 1508 o PG SR SR 4 R S AF B BN BUE

R MBS RB, K AR, ATBR, FERMR, W RIEER

FE 5SS S968.2 SCHRFRIZAS: A

BB RS RIRALAEI — KB, 502
M FmFE R (AFT), R AW & A FH WY, R
HimEomtE" . WA, AT/ ABIERIGHE
PR2E S H AT A, Bt s e 202 M. 1A
BB E IWAFTE 25 AFB,. AFB,. AFG,
FIAFG,, ot AFB, [ VA I S 5m™, iZ 2 T
B EAERT . KRN EGHAFTH R
Al 5| R EY R AR, AFB, H Rl 8% A A B0 g
BRI RARTE R, CIESLE HAA 5. 24
RAFEAE P, AFB, 5 et — AN A BRI A ) R,
FLDAFAHT B #vry i [X 5 oy 7™ B, T I 28 4 77 1 7K

ks B ER: 2022-06-24; 11T BHA: 2022-08-11

XEHS: 1000-3207(2023)02-0279-11

IR R L R ERAE PR R I80% . A A5 N 4
47 Lo PRl JEURE B AR T AR 45 P R, T A
i FHAFB 6 H 2N 87.69%, A4 H i i N 107.27 pg/
kg; H A AR AFB A H #N79.31%, K H
HEN67.12 png/kg. MR (LAFEMMHL S
Tkhz AR E) MRE, JIE AR AFB,
LRAFET10 ng/kg™.

[ 4 41 A7 5% F AFB X 8 43 7K 2E Zh W 5w 1)
" A A AF B B B 2 S ok
A W TR B AFB | AT B4 B0 U 1) JFF FER IR, % T e
R A AR AN AR 2 D) R B 1, T AR 7
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PR B A A The" Y. A AFB, <20 pg/
kg B4R m M R 55 6 ER (Litopenaeus vannamei)
10, 45 FRBLIFE T 40T B2 1Y, B4 AFB,
50 pg/kg I AEHAIR T 5 XS AR 14d)5, AHBRRZH 2R
HILF I HAFB IR EEIL 3400 pg/kghhf, R (142K
T E B A A M AFB IR mIA900 pg/kgh, HF
BRI Ak 2 A B B R 4kl RARAFT &
T 91000 pg/kgltt, B3 XU R R A7 2 40 25 [
" S HE W, B R (Penaeus monodon
Fabricius) HEHF % & AFB 7K -F i 1375 ng/kg ikl
2 A R E S ERAN . 5%, Boonyaratpa-
inZ! ok BEST R JE & B, AFB,7E50—100 pg/kg
i, R A KA 2R T 24 AFB K B 18500 pg/kg
DAL, ZHURAET 3R A S5 0

i, B JR BE MR (Procambarus clarkii), 7&—FHR%Z
TH B G ) SR GE AR 2, L DA o SR, R T 2
T JLAE, o PR R =k 5 U 203G K, B LRl
TR e KRR iz —, TR T R R %4
I B8t 5 R Y e s A R
MR M R RN T o R DR 2 R T ) ARk )
RIS, AR T I R R gk IR TR OB AR
THERAREITR . KE. FRAEESS
W e B SR R IR B A R DR R, T
XU R R 5 AR A ER E IMAFB, T, HAkE
AR U WE G RAEFEL . HIRERPEK
FEFRFENL R, 52 AFB 15 L I DR AT BE AN 2 4 5 5
TSR AT BE A T3R8 . AFB 75 e O 2
SRR FR B THI I PR — A B (0] j, AN 233 i oF
Bk, 25| A R, LLAFAFB, FEK
BN ) B B T RE I B I AR X
NEAEFE B . H AT S K™ AFB, I 78 3
B T 7E £ R 2 KR 26 P o i KR 2
IR T D, 6 WAFB 5 5 5 ZCAR R AH 5 i)k
B, AXEIEMITEAFB X 5 KRB A K. 1
BIFIH . pradbae o AL MHRR R
FRISZ IR, R AL AFB X o B SR B AR R 4 77k
HITEAE fE

1 MRERE

11 FERS

IO TR ARG 16 M TR pp)F= A A (100 emx
50 cmx50 cm) 4%, FRHEKERLS cm. &R B4
B 85 0 1R KR AN R, 2 I 1R K A SRR
BEKF. TEREANFRIELRE, KRRFFE19—22°C,
FEAKER RS, WEREE6 mg/LYL L, &A
<04 mg/L. JeHEAHIN8:30%020:30,

1.2 SEIGAR R SRt

SIZB6 R TR R A C 5 AR R S R A an 3R 1A
TNe FEHHKREZO. 10, 100811000 pg/kgisNAH M
HAFB, BER S 4Rl s I8 ik, % 401k AFB, 1)
SERRI 4B 430 0N2.53 13.25. 99.73F1966.36 pg/
kg, BRMHERKITSH AN MES RN
ftb K = Zh A AT et 22, R AFB, I
H 5% [ Sigma A &, B STyl Ee il sk FE 500 pe/
mL K BRI, S8 5 i BEUE T BV 0 FH . S 38 4% 2H s
oAk . K BT A AR EURNE 40 H 5% i, 128 AN
B K M7 32 A I IR 2T, 2 S5 A8 A AR AL
(SLP-45, b ¥ HLRAY 25 T80 2 =) il ik
BHAA1 mmK/NFIRRL, I7E60°C PRI o Ht 5 il
BEAE-20°CUKFAH -
1.3 SLW&E5EFILN

T, [ i 2 AR AR R T8 AE 48 3k e SR A/ e
U RAIEE RO, FEIE ST IR HT, 7o QR AR
UR B R 2 A R R g0 7R3 Ja AT IR,
7 773 (] M S 36 FE b AR R CDRHEC 7 LR 1) 7R
1B SRS URET, Jail oo IR BSR4 R 25 5 24h, Bk
HAMARAREH: A% AH I 1 5 DG i 2 R R [P 35 4
#(0.382+0.005) g] BN 161> FRFEKFE, F:4E
168, & BEANLIH, AR EINTAT. L
WA, £ K5 5)F9:00. 17:00F122:00 HEMELAEL
HRICFKREE, LRFFL42d. GRHALREE

=1 SSREMEARE S RAFEB(% TR
Tab. 1 Diet formulation and chemical composition of experimental
diets (% in dry matter)

Ji EHngredient & EContent (%)

F1 ¥ White fish meal 29.36
fi# 25 [ Casein 18.5
il Fish oil 3
FKEHi Corn starch 27.45
414 2 Cellulose 10.69
Z A2 HIRYIVitamin and Mineral premix 1
S AT Choline chloride 0.5
IR — 2 $5CaH,PO, 0.5
fiEL [ i Cholesterol 0.5
B[ HE Lecithin 1
RN Sodium alginate 1
R L LT 4E 2 Carboxymethyl cellulose 1

i 14 Squid Power 5
ZEA Y0, 0.5

1A b 5 1%, 43 Chemical composition
(% in dry matter)

# 5 A Crude protein 38.36
FHLHg I Crude lipid 7.58
fit E Gross energy (kJ/g in dry matter) 17.51
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R BRAE A HE M), K 1/3. 75 BEAEAF, 10 3% Hpk K
FAEE
1.4 SCIOENHE

TESRIG L5 AT, 5o [ R 2R R AR B 24h, FREUERRT
IR RS R id 3% . AR REATLEN S B 7R K4 b
T JE R, TN IR R E HH AR 2%, RIGHEB3
—80°CUKAH AR A7, FHVERBE I E o BT AR 23 1)
FH A B A R R [ S S AT AR A
Pl 2 BT AR A VR T8 5 BT AFB & = 04T .
1.5 HMEBNE

NS o S R S SR /DTN i R e = I = ]
FUR 4y B 8l 52 ISR (2500 7 kAT o k)
THFRAE105°C RHET Z 08 &, 38 Eikilg
TRl R B A B A LI OE B (K eltec8400,

FOSS)MI & . Tl kLK G D5 2 &2 A48 FH &R K h 44X
(ST243, FOSS)HEAT M & o TrlR}AE 5 75 15 4

550 C#RJe3h, LAJEE VA & 2K 5y

K FH Pt 2 AR ) TR A T 1 ) e s
FF g B v i 1 1l PR I (AKP) . 8 N S & B (AL T).
BEEE(AST). T EHMEAB(CAT). BAH K
T EAYIBF(GSH-PX) BB LEF(SOD). &
JEH K S %% #% Bl (G ST) i 14 A A — B (MDA) 7 = .
S I6 A RN 7 EG S B R 4R A HFAFB, & 248 F i
IRV W55 45)F0 4 I Bk (B A2 9 60—90 °C ) $E B 5
K FHELISAWE™ > St 47900 5 (el ) W B b s 7 R
FEVRAED A ] BRI AR A v KR 2R 4 42 0
WA YA VR T8, 08 I O A BN B RN GRDR LS50 Tt B
R, BEALRE S I E 3. L RE AN A i R A
AFB | 3BT VIR BURE S B T SEHE TR R,
TN B B 7K VRN i o, o 2 7K 5 9% 3% 30min,
R et E . TN =& e, B IR EUR — IF
JETZ KA, 65 CKIBZAET . H3RAERHMA
20% I BE-PBSH Bk 45 W) 78 4 1 i 5 43 B AF B H2 HL
W, 4 CRAT . R RE J5 PR 5 AFB  F BURAE /)N
B NIRE S (R i S SR B A, BOAGR & i
BRI 20 S I N B P I L R S S VR R &
M, 37°C W /& 48 A E I B, 120minH) H BEFRAR,
{54 ;2 N, FHPBS TR ISR S I & 06 RE Ji5 1)
AR — 41, 37°C 5 & 60min /& B BEARAR, {5145 2 B
W, FHIPBSTYMR - & B In AN BEFR IR, 37 CHE &
15min/G IIAZ 1B . HBEFR I (Power-Wave XS,
BioTek Instruments, Inc., VT, USA){E490 nm | #EAff
BRI G ME, AR EODAE e br v i 263k tH AFB, &
& AFB IR 90.1 pg/kg.

/N 3] 5 e P B FR AR 4 21, o e T AR,
FEE VRS AR K, A5 = HR 2R A D ads B R, A A

BT, VIR R REAT pm, BEATHE S 5 K
Jei A R o R AT . O A R B
(Leica, DM 1000, GERMENY )1 {5 i3 45 FH Rk 2 4 he
HEAHAL(SPOT Insight 4 mp CCD scientific color di-
gital camera, USA)ZRHUEIE o 1 8] e 78 1 [ o
T LB, A5 A 0.1 mol/Lik B B R 22 vh
TWBEEEIIR, TN % 5L I8 2 2h J5 , F2E4T A
6 FEE Wt 7K, A FH 6 18 B A2 UM Jig o) e EAT 3L, U] vk
FH ()72 it BLLK B-5 348 3 U] L, < Ja KU 7%
2 0] R 7 D R - A R B AT DU e 1, B S
K HATEM-100X07% 5 8T 24T G- Ha e e e
1.6 HiEAbE

FAUT AR EAAER, SR, Wk
R E K.

TR (SR, %)=100 (&K BH/VIIH EED)

A F(FR, %BW/d) =100x1/[(W,+W,)/2)/t

TR (FE, %)=100x(W,—W))/1

K5 4 K # (SGR, %/d)=100x(LonW,—Ln W)/t
X, WO PIWIIERE (g), Wy N P& R E
(g), LI RE(D), TR B E(g). SCEEdE A
SPSS Statistics 17.03HT 4 iH 4. SLi st g —
JCHT Z 5 HT(One-way ANOVA) &, HDuncan’s i3
T2 B, 2P<0.058f, NZEF B,

2 Z#R

21 ARHPAFBKEXT R KRB F SR E
A

W 207, X R 2H v IR 5 B R AR A7 S 2
87.50%, 10 ng/kg® WA IER SxT A TR # %=
5(P>0.05), 100F11000 pg/kg# 2 HAF1E R I B E
I T X HR2H.(P<0.05) . oa [K J5 2 0 40y iR 458 £ 22 i
AFB K RN 2 R a3, 10 ng/kg®i 2 4H w0 KR
BT iR & R 5 X AT R E % 7 (P>0.05),
10011000 pg/kg®s 3 2H oo K R ZE AR A MR 35 & 6
FART BRI 0 pg/kgd R 41(P<0.05). 10 pg/kg
TR K AR SR AR R 5 R KR A
TR SRR 2 72 7(P>0.05), 100411000 pg/
kg RH LR E K A KRR R R B3
KT RHHBA A0 pg/kgd & 2H(P<0.05).
2.2 (ARIAFB 7K FXT 5 KR BT A S IE AR
oAl

W 3P, 7o FQ R B Ll AK P 14 [l 25 17
B AFB K 2 B, 10 pg/kg i s 40w
QR ER AU AKPIE 14 5 5% FRZHLTC I8 35 25 5(P>0.05),
100111000 pg/kg®s & HAKPIE 1 45 55 2 v T X 1@
ZHAN10 pg/kg®f 2 4 (P<0.05), 1000 pg/kg#f 2 2
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AKPHE M 2 5 T 100 pg/kgs & 41(P<0.05). 100
11000 pg/kg®F 2 HALTHASTIE M &2 5 T 5
HAN10 pg/kgsi & 4(P<0.05), 10 ug/kgii R4ALT
FTASTYE % HRZH 8] 2 3% 22 7 (P>0.05). 10 pg/kg
TR W K F B 4EFCAT. GSH-Px. GSTif £
FIMDA 7 & 5 0 B2 G 8 2% 7% 7 (P>0.05), SODJ%
P 5 AR T X IR 4 (P<0.05); 100F11000 pg/kg i 2
HCAT. SOD. GSH-PxFIGSTE P45 & ik T X
B ZH(P<0.05) , MDA & & 5. 3% 5 1% iR 41(P<0.05).
2.3 ARPAFB, KX 5 G R 2R Sh 4R AT AR AR L
ke A

nE 1RTR, X REZH T OGBS W 40 g iR A
LIRS, 40 PR HEZ B 55, /N8 s R R S 10

R 2 (ARAFB, 7K T3 5 R B AN AN A FIR R FI R IR0
(Y EAREIR)*

Tab. 2 Effects of dietary AFB,; on growth performance and feed
utilization of juvenile red swamp crayfish (meantSE) *

AFB, N

Supplemented AFB; 0 10 100 1000
(ng/kg diet)

ST A T 0.384+ 0.380+ 0381+ 0.383+

VU REIBW (2) 0.003 0.003 0.004 0.003
i 16+ .04+ 10+ 10+

ARBEFEW @ Gos 08 000 o005

1735 2SR (%) 87.50+ 8542+ 41.67+ 39.58+

6.25" 551° 2.08 2.08
4.15+ 4.01+ 2.55+ 2.54+

FEL A 5% )

% EFR (%BW/d) 0.09" 009 008 ol
N 0 447+ 431+ 117+ 1.03+

K E K FSGR (%/d) 00 009 012 0.00°

FEARFE (%) 70.78+ 7094+ 3926k 31.67:

1.09° 087" 480" 072

T E B S T RN R R S A R R R R
#(P<0.05); KA

Note: *Different superscript letters within each column
represent significant differences (P<0.05). The same applies below

=3 (ARAFB K3 5 R IR 2 AT AT R AR & (L IR AR A R2 00 (T
BEAREIR)

Tab. 3 Effects of dietary AFB; on biochemical indexes of juvenile
red swamp crayfish (mean+SE)

TRRLAFB, IS &

Supplemented AFB, 0 10 100 1000
(pg/kg diet)
AKP (& [KRHA7/ mg 23.06+ 24.07+ 31 .22hi 43.55+
prot) 0.04" 2.36" 1.99 0.36°

093 686+ 2580+ 2647+
0.08" 1200  4.11 1.55

3.574 1000+ 2110+ 3570+
0.17" 4.44° 0.14 0.77°

924+  11.55+ 13.73+ 13.89+
0.08° 072 005" 154
85.13+  66.66+ 5935+ 59.68+
4.26 0.99 2.74 0.53

91614+ 79434+ 517.83+ 332.58+
924" 6145  3.57 4.39°
51.43+ 4486+ 30.01+ 33.11%

ALT (U/mg prot)
AST (U/g prot)

CAT (U/mg prot)
SOD (U/mg prot)

GSH-Px (U/mg prot)

GST (U/mg prot) 355 161 1397 435"
4.68+ 5.07+ 8.62+ 9.45+
MDA (nmol/mg prot) 071° 0.79° 102} 0.49°

W, 25 JEC JIBE RN b R 240 B o 2 K, A M TR 0 42 B
. 10 pg/kg AFB, B 2 ZH B4H M B& S 3 K, R4H
B b, BARE B SRR 100 pg/kgii &
I /INE R o B s BB ARG AT 0%, 40 B HE 21 A F0
W, R4 M 248 H A3 — Db, B I 36K,
Y AR . 1000 pg/kgs R AT /INE K £ IEH
GER, S0 AR, ORGSR R, RYH R A =
b BAR I — 038 K H A R B WG 22, 5840 JH- 40 A
BRI RR; 2, SR S X I A, AT B RN 2
ViR, IR S AR AR
24 EARFRAFB, KR 5 KR AN 4T AT AR AR EB
MR RN

W 2AT7R, FIRAS [R) K BE AF B, 11 5 FG IR B R
{140 JFF kit 24H e 1 i 5 A A B0 Sk DX, L o 9 e 3
TR oA WSS o 0 PR 2L 20 P A 52 3%, R T P 5 TR
FIU 35 &) HHE B E 40 B A% 2, R IR R S
YIS A 10 ng/kg®s 2 4304 2R R AR b i, V5 1
AL . 100 pg/kgdF AN FMY 7K. Bk, BB
RZ H IR, BB 5K, B g i R A M A% —
], P 5 DX e G 4™ ke 7 o, 2Rk A b K, i R A A
Ko 1000 pg/kg®F 2 2H i 3R AL {0 40 A% 55 21—
LIS s T R T SN = o a1 2 41 0)
K, BRI SRAE, IR SRARTE FI AR [, 32
I 2K, SRARAE — i, HE AT 50 BE 1) 20 it 4% 46
ARES Y IREN I8
2.5 ARIAFB 7K I3 72 KR BT 4N HTFR Rk 49
=AU

FESLG 45 R, B AFB, <100 pg/kglf 7 K
i W S R A 350 R A I HE AF B (AFB Az il PR Ay
0.1 pg/kg), IUAE1000 pg/kg®E 2= 4L HHAG I H (1.65+
0.22) pg/kglfIAFB, .
3 WTig
3.1 EARPAFB, K3 5 KRBT R fn A
KIS

AFB & —FRIFYI0, &7 =AFB X 7K A3
VA SR SRS ERREEN, 5 3EEY
BT, MKF EAFB, 2 K R8N S BUK A
UM 5, BHISAE KR, &K sk R
WA AT RRE . ST AR E R,

TEIEZ T B A A KA 3% A R 2 AFB R K AR
i EEEMAER. R 12500 pg/kg AFB,
23 I 3 PR BT X IR A7 VE R A AR K MR e, o &
SAEE R P4 oK A v R Ao e
ANFIAFB W (19—1641 pg/kg) %t % AE 1 (Oreo-
chromis niloticus x O. aureus)20 & FIA73% R I %
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o, X AEAFB, =7 4L (>380 pg/kg) Ml %2 2| IR
fr. RREA . PRERBAERCR Y. e
& AFB 1R B 3k A1 R 8 (Brycon cephalus) 180d,
FRAL. 102 20F150 pg/kgdLIIA7 % %537 898.9%
99.1%- 99.8%7F198.0%. M50 ug/kg & & 447
R BE A T AFBO S DNABLRNA 2 7] 7 5
B0, MEIEE R A, AT S R GG R T R
%, ERXHFRANBER S BAT EE2ZRY.
AL AFB, 3% 1.0 mg/kg PR 1 4% 438 46 8L (Mo-
rone chrysops x M. saxatilis)[f14= KM RE, o &
H LS B A T 80%F160% . B (Creno-
pharyngodon idella)3% 25, 50, 751100 pg/kg
AFB 1A EI49dAR BB T, (H 5 X A A L, B3
FAAR 7 et s R A e AR KR . BT FTIAN, AFB,
AR T B AR PR RS, R T 2R B
T AFB|FIHR BEH A H i (Sciaenops ocellatus)F I
HBIUB B 475 U, RIAFB, 7 = 77 & B 6o
RBEUA 1 SR I S T s e, T A1 79 s e ) 2R B
FAE MG . %, AFB,250.01 mg/kghhf
WA R AR R A NG R S 0 R A T B
i, AFB, 0.5 mg/kgh, 8 & S fEEL R E 55
KPR E; 24AFB, =1 mg/kgltt, 1 # R AR %
FIFHE BB T B ™) 1% 5 Han 0t 57 1 4 4
(Carassius auratus gibelio)%)] W 50 45 AL .

EARSZIG A, S X IRZAAR L, 1R AFB, #8100
1000 pg/kght, 50 KR B AR LR FIAFTE 2. 8
ROBRMEE,. Fe KRR B E K
T10 pg/kg AT HEZH, HEM R 77 = W AFB,
SRR RLE 11, S B R ROR SR fr B R R
TR TE LML RE, Yk b IR USRI 8 7= R
77, i AR AR R

AN[FIHR AT AFB, U AR . & H25 ng/
kg AFB, [EHMA MY 46K 5 90.52 g RS 55 XS
WRAUR, 220 H AR Kbk Bt AR B sma ™™ B %
WSRO G (T AFB, (T 52 7K P 4952.3 pg/kg™ .
T E X6 B 75 X R RS () S 56, Mtk AFB, 77
BIAFI2500 pg/kghtf 4 4 FRAR HL 0 8 R g 1,
LR R AFB, & EIAF] 10 pg/kght AT 5 2% KR
INVBEF(Macrobrachium vollenhovenii) W) 4F & A2 K
HRAEE R, fEASz R AFB, & =
100 pg/kghf i 2 FEAK T o IR 2R 0F 1) AR K1t g
X R RE A DR R S5 Bh ) 6 AF B H i 52 F2 FE 52 4
Fho FERE. M. BER KA. R, L%
A5 TR 22 RIS TR, 4004F LR S 5 2 B s ),
HHFFRRY], Y5t AFB, 1) 5 A FE BEAS ], A
FEC TR RIS A S I, X TEAR KRS R HR
T A= P Ak 3k e v i 1 A [ g i S R A 1 3R
J~$[38]°

Fig. 1 Hepatopancreas of juvenile red swamp crayfish fed with diets containing AFB; (H&E)

B. B4 (i 4 f); R. RN (R YA AR); E. B4 (R IG4HR); F. F2H (27 4E 4 )
B. B cell (blasenzenllen cell); R. R cell (restzellen cell); E. E cell (embryonalzellen cell); F. F cell (fibrillenzellen cell)
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Fig. 2 Ultrastructure of hepatopancreas of juvenile red swamp crayfish fed with diets containing AFB;

N. 404%; RER. FHTH P95 R ; M. Zebidd; Ld. Jgis; Wy, B 0m3EH

N. nucleus; RER. rough endoplasmic reticulum; M. mitochondria; Ld. lipid droplet; Wv. white vesicle
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3.2 ARAFB 7K 5 KRB AT S L IEAR
A

THRAEMEANERT MR T ELEH R
FIBTAE A BEAL) R, T B 1 1) S IR BRI /E — e 72
P b AR A B A R T L T R B
1 £ B HCAT. SODFIGSH-PxZ5:#4 i, Ptk
i TV Bk sl R ER 2R DL RS T S(ROS) . CAT A
— Fhd i A H L O 73 i SR AR 3 40 R B 32 S8 AL 45149
IPLA R . SOD ] LU AL A & 7 H B 2E 1
O3 AR 22 AR 4M i A DNA 4545 . GSH-Px{EAEH)
A PN A 3 AT, T R I 6 R RO I 2B o ==
EE A - ERERY. GSTR 5IFI R e
A, 24 AFB, BT S, GSTHEfL 5
BRIk GE 4, 3 REAR SR HE AT
BE(MDA)E AR T B 4, 7T S A ™.
e 82 i (Anguilla marmorata) )AL N1000 pg/kg
AFB, &, FFESOD. CAT. GSH-PxFIGSTIF 1
0 BE%, MDA i B 3 T =, I AFB, 7T 2 5
W 7 68 i 40 f4 PR T B AL RS 0 T 28 A xR 4R
1600 pg/keg @i AR HROSHIMDA % &= & %
e TR 2, T SODYE M W 351 T X HELAH, A JR iR
MDA % i 5 SODYE 1 2 7k ¢, HF R4 i bt
AT BR B L 8 ) BE A RL R AFB, R3S N T
W8, 7R 5 I 15 mg/kg AFB,J5, Hx R4
AHEE, B3R AR R 1 SOD. GST. GSHPxAH!
CATIEVEY BT 5, RHAFB, BT 1 HERR T
JE s Ak, s TR IR R b A AR R S, 2
T o A (TR OS I 2 3 40 L P 11 S8 e s S T,
% HPeng i 45 ARl T EEEE N AFB, J5(On-
corhynchus mykiss) L5 i 18 F1CAT K& 2 SOD
P85 BRI, 1X 5 AFB, 15 5 (1 48040 SO 18] 7= 4=
() B H1 2 FTH, O, KB LA 51, ALTHI
ASTE P2 20 25345 F0 Th g B g 1) R U A= 048 7R
Y. BEAFB, 12/ )5, 1000 pg/kgH (1) (Cyp-
rinus carpio) T IEASTAIALTIH M4 5 X HE A1 47 LL B
T, AKPR ATt B A MR35 ThBE RO, 24 AT
HE R HE N KRS BRI, AKPIEYETH 5 R 45 i 5
Thee™ . SxFER4LA b, F2E  W EFAFB, 41AKP
B L, X AT RE R BT AFB 5IR TR
MBI . ERL I N AF B, £33 N AE i AK PAI
VA B RELZM)E P, FEA 923, 100H11000 pg/
kgl 7 QR ZE MR SR AKP. ALT. ASTV 1 A&
MDA % & 2 2% 5 T 10 pg/kg LA IR, MCAT.
SOD. GSH-PxFIGSTiHME R Z(K T X HEL .
AFB 1 B T 5 PG5 0T &) 0 Jik B 452 43 A e 454k
GNP

33 ARPAFB KX 5 KR AN AT AR AR 4E
N BRI SN

JF I S AFB 1) 3 B HE 2% 5, TAMEAFB, 5 4211
TRpRL 2 5 BOK 7 B A I A P 1 2 4 BE A
AR AP 25 I i % s B2 TR BE T # (Danio rerio)
i fa{E 255 T AFB, 24hJ5 9% Y6 AR 5 3 PR, 9806
FRFEFE0.4 mg/mL AFB,AbFE4H 2 2% PRI, Ui AFB,
FERE NG EARN Ja Bl A T RS B, IR 7
FFREF AR K B o AT F 5 T 200 i 105 %
P VEMPK . A0 R S R T AE SR AT
TR K ZH R AR A . JH A A B It P2 4 7 R g i 4
PSR BRI, 3 645749 1T S0 £ K A T 4
FH80 ng/kg AFB, 1AM [ 42 52 3 (Acipenser ruthenus
OxA. baeriQ)%ha, T IE 4L 2 H BLFE B 14 1T 41 A Al
22 W 1) B K BT 440 i, 3 2 P I AR O 9.
100. 500711000 pg/kg AFB, FalEHE 5% 1 B 35 (B 0}
0 49 P U R R T B S P AR A, B FE S RS R
(IR 54, R A BER ML 9k REH A0
B a1 3/ o] DA ML A IR 2K 52 B AFB 5 M i 4
T S bR D, R AFB, & B N 5 5
P 3 [ TR FH gt J 248 R S0 FEE ), 40 P ) = 36
BEEEE TR, AFB 8 A% PR G i
GERS AR T RE, TR 8 B IR HLAE LA S
o] LR WA A3 Py e

AFB 1EH T4l fL WROS & & K 2kl fk
JEEE N . BT ZR A 2 ROS IR 3 B = A AT,
[F] S 6 ROS B HBBURK, DRI R O'S 13 iH 2 5%F B bt
s AL B, BT S R E T, B AFB,
WG N, X EE(Cyprinus carpio haematopte-
rus ) 20 R 200 B 25 P8 B A0 KOIRES BRI RT3 R, M
T 3k A T A B BE T2 B R R ZE AR MEAF B,
8JE J, JF IR R T s ) R A T B, N e 2k
Jev BRAFIZN AR SE R A file . BRI A Al
WERIRAES Y . fEAFB R BE D iR b, 41
86% I HF AR AR 45 /1N, FF M BB 45 MU 3R . TUN-
ELJta R WIAFB, 51 & T EIG AT 4 -, 78
ASLIG R, FEAFB A FE RSN, b IS5 2R 2 I
JRRAH M =50, BAH AR 3G KA = 2, i
N A B IR B AAITE O, THF A R0 i e, P R
ik BT 2L IR, S AN S %2, 100H111000 pg/kgi
e PR B R FH i 7™ B A% . RAH B i = sk,
BN KRG N, TR AT AR Thae 210", T4
L 1 R S I S B A A I T
34 ARIAFB 7K X 58 KR ZA TR 40 4T FR Rk Y
A

AFB £ B B4R 73 A7 UL B R
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NEWTH L, FE MBI 2 m AFTAS 1 =
BAEFIE. PR ERY . BRDIRGL . YL a1
rakh b 2 KRR . AFB, 7E B 68 (Cyprinus
carpio var)yH I [FJFR R 51k R AFB, 1) & =%
PIAR G, T FFAE R AFB, (1 & & v T WL op 2 i
X T RFIH R S8 AFB, SR B R 2R HE
M E B T B4 100 pg/kg AFB, T
JE A% B P e o RRIFR3AN B AR T M
HHAFB, 7k B s B 3G 0, JE 51 E R AFB, S E R
X HR R, Hik B R e T LA A G 50 K aEey
(Scophthalmus maximus)500 pg/kg AFB, TR 1M E
I AFB B B TR ™, EBAAFB, 25 W
Sk i S O HR A BEAS DU 3 K P RIK I AFB,, T
FENLA U % B AFB, AR 25", Barany25'*"'¢r
AFB X K VU (Sparus aurata) W52 5T TR,
JUEIRAIE T FRL TR AE4E AFB,, B JUE AL AL
BIAK HAFB, . 1AM S AFB  FAEH [ X R (Pe-
naeus Chinensis)& W ¥ HAFB," Y, Suz!""
WFFC R B, TV S AF B, FRLR} 1) e 58 (6 UL AL
BN FIAFB,, X EEE & FH 755 A xR it L
AR S 1N 2 & B AFB, (XS . 1A ME 5 AFB,
TPRl4JE Ja R BLBE T SR LA Bk B e, AR
6 JE TF UG BEAIG, 722 AN S a0 W8], Sk A 4152 Hh ik
Pyt U, FE AR SE I, ALTE 1000 pg/kg IR
WR A4 A K HY (1.6540.22) pg/kgHIAFB,, & T
FDATE it AFB, % 2 R AR ME(S ng/ke)' ™, 1455
RE R PHROE AL, EaEE10. 200 100. 1000
11000 pg/kg AFB, Ja LA H ¥ ARG HAFB,, 3%
155000 pg/kg AFB, R LA R AT 1.21 pg/kg
AFB,™. AFB, [ 125 i 42 9 IR HEM R %% .
AFB fER 8 b 3 AL B AFL T JEAFBO, 3 Hilb
WY A B BEAE FH 1 AR BOK VA VYR, S I LR
T R HE AN B E AR & AFB, 1A
1000 pg/kghth 2648 d1 () AFB, X34 pg/kg, ELHEA A
0.034, T JFFFR A AL A R 28 LE 2R 4 0.0 124
0.002, KH#7> AFB A B R e sl HE il 5 4t 1 HY A4
SN, R AR, FEFEAFB,; <100 pg/kgh v K
Ji B U I R R A4 38 ARSI H AFB, {2100 pg/kgéH
TEAEK . PR 2122 07 T BR Y BRZH I A B 3%
ZE5E, AR 45 AE HADAFB KRR I8 72 b 2
AikiE. FE3EEEREDRL R IN129.1 pg/kg AFB,
BE B T X A A K BE AR i S i, P T BT
A RE IR G g, 80T e R S A, i O
o JUR 2H 2R 45 0, AFAS A JFT i T v A 00 1) B3 K
AFB 5% 8, WLA Rk . HaET R, &
F TR R 828 A N 51600 pg/kg AFB, 1A #

Jii, SR A BF R IR 52 4 HMDA . SODFIROSZEHii
AALTE bR I 52 B [FIRR FE (s, AE L LA A AR A
MEAFB 5% . X IF A AFB, &, 76 AR
AU F= A AFM,, SE56 FRARS I T XTI R . i
FILA I AFM, 5% B &, IE B AFB, FOAR 5 3 BAE
JHF JE R v, RS A AR /0N () — 350 40 7 iz 1 AL,
JULEA U R A7 7E AFM R B0 R0 5 G 5 28R T
RE A2 DU R AR A HE M R G /E N F E R AFB 15 %
BR, (BRI T ER—PZMEn J12% 50T .
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DIETARY AFLATOXIN B; ON GROWTH, ANTIOXIDANT CAPACITY AND
HISTOLOGY IN HEPATOPANCREAS OF JUVENILE RED SWAMP
CRAWFISH (PROCAMBARUS CLARKII)

HUANG Ying', GUO Ya-Zhe', LOU Ge-Ge', MAN Zhou', GE Ru-Xiang', ZHU Xiao-Ming’,
XIANG Yong' and CHEN Xin-Hua'
(1. Key Laboratory of Marine Biotechnology of Fujian Province, College of Oceanology, Fujian Agriculture and Forestry

University, Fuzhou 350002, China; 2. State Key Laboratory of Freshwater Ecology and Biotechnology,
Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan 430072, China)

Abstract: To evaluate the effects of dietary aflatoxin B; (AFB,) on growth performance, feed efficiency, and histolo-
gical changes in juvenile red swamp crayfish (Procambarus clarkii), crayfish with initial body weight of
[(0.382+0.005) g] were fed with four diets containing 0, 10, 100 and 1000 pg/kg AFB, for a 42-day trial. Significant
lower survival rate (SR), feeding rate (FR), final body weight (FBW), specific growth rate (SGR) and feed efficiency
(FE) were observed in 100 pg/kg and 1000 pg/kg AFB,; group, while no significant differences were found in 10 pg/kg
group compared to control group. There were no significant differences in alkaline phosphatase (AKP), alanine amino-
transferase (ALT), aspartate, aminotransferase (AST), catalase (CAT), glutathione peroxidase (GSH-Px), glutathione S-
transferase (GST) and malondialdehyde (MDA) in hepatopancreas between the control and 10 pg/kg AFB; group,
while significant decrease in superoxide dismutase (SOD) was observed in 10 pg/kg AFB; group. AFB,; above 100 pg/
kg significantly impacted activities of the aforementioned hepatopancreas enzymes. Slight histological changes were
identified in hepatopancreas of 10 pg/kg AFB, group. However, severe lesions of hepatopancreas were found in 100 pg/kg
and 1000 pg/kg AFB, group, which showed decreased numbers of R-cells and increased numbers of B-cells. The ultra-
structural results showed that with the increase of AFB; concentration, hepatopancreas demonstrated swelling mito-
chondria, expanded rough endoplasmic reticulum, increased cytoplasmic vesicles and larger lipid droplets. No AFB;
residues were detected in whole body when crayfish were fed with AFB; up to 100 pg/kg, however, tiny dose (1.65 pg/kg)
of AFB, were detected in the group with 1000 pg/kg AFB,, which was below the safety limitation of FDA. In sum-
mary, dietary AFB, above 10 pg/kg had an adverse effect on juvenile crayfish, which indicated that red swamp cray-
fish was a sensitive species to AFB;.

Key words: Aflatoxin B;; Growth; Antioxidant ability; Hepatopancreas; Accumulation; Procambarus clarkii
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