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1 #RERE

1.1 FERZ

IR K F7 T8 & 8 B 184 B 28 KL (pp) 77 FEL A
(EA280 cm, 1570 cm, ZKAAAF 180 L/HL)ZH AL, B
FLKIEF0.6 L/min. 427 < A1 /K i,
P 1L N e S = N W M - 2 1 B N
22—28°C; 1 FF A /K N A RS K E RK, TREFKAE
HE R S BAE6 mg/LUL B, A AL HEIN0.2—
0.4 mg/L, pH46.8—7.0. el JEHI120: 12D, H M
JE3°58:30%120:30.
1.2 SEIRGERl R SEadig vt

WHE T AW EELEEAFB, (0. 10, 20, 100+
100015000 pg/kg)6FH 555 55 HE(32.96% 5 1,
14.55 kJ/ghE &)k 1). Hrh, & A~ A a5
FIESEE .

TE 5 S50 20 Hh 3 3 I IR 2% v I A5 ) e o
AFB, & &4 7 80.8. 11.6. 20.3. 94.9. 955.7f1
4979.2 ng/kg, AFBIKFE B 1H 275 5 T AFB fE /K
FEE IR S aRE ™ > Y. AFB, 4l T
SigmaA A, F HIE T R EZ ] 51000 pg/mLAT£E
T, o BT H IR B IS A B 12 38 25 AR Ak oo ek
Hl A B A3 mm Bk, T60°CIEE T4 T T 5
BT-20CIKFE% .

1.3 SW&E5{EFILN

S A7 &) 1K AR N T 1 4 B g 0 3 AR
SRy . LI AT NG KIRHE RS B 5%
28 JE NS RGN FR2E, B IR ALY BL Y
P B A AR (R 1) 7RSI TF AR I, SEEG i1
24h, AR R FURS BN — BUW L 4 (T
¥R 2.90 g)3602, NN 184 FELH1, 473K
6N LI 2, WA 3 TAT, FEL202, HAT A
84d 1) 1R F7 S UG o BY F7 M ) A S50 A (] 35 1 & H
9:30516:00% 7 3% SL B MR}, X B R ME & A
1Eo ESRER S5 R, H S5 YLk 240, R E A

1 SSIERANETS RAFAR(% FHR)

Tab. 1 Diet formulation and chemical composition of experiment
diets (% in dry matter)

J5 KBl Ingredient % & Content (%)

[ a4 White fish meal 25.00
[E] 7= fi% &5 I Domestic casein 16.50
ff1 i Fish oil 3.00
T KGEHR Corn starch 25.75
214 & Cellulose 21.19
YA FFR YY) Vitamin premixl 0.45
fEA% Choline 0.11
) $h TR Mineral premix’ 5.00
TR A Sodium alginate 1.00
R H L 41 4k 2 Carboxymethyl cellulose 2.00
=8 R Y0, 0.50
A kHME 2 B 2 Chemical composition (% in dry

matter)

#H 2 A Crude protein 32.96
¥ A8 W Crude lipid 5.30
fit & Energy (kl/g) 14.55

VE: 1 4E4 R TR Vitamin premix (mg/kg diet): 4E2E % B,
Thiamin, 20; 4E*£&B, Riboflavin, 20; MZNiacin, 100; 4EE &
B¢ Pyridoxine, 20; =4 % Biotin, 0.1; 4E4:%B,, Cyanocobala-
mine, 0.020; M- Folic acid, 5; ¥z &4%5Calcium pantothenate, 50;
WlEZInositol, 100; 44 Z C Ascorbic acid, 100; 44 & A Retinol,
1.1; 4E2E#D Vitamin D, 20; 44 #E Vitamin E, 50; 44 %K
Vitamin K, 10; T KJEHCorn starch, 645.2; 2. W ¥ RS
Mineral premix (mg/kg diet): NaCl, 500; MgSO,-7H,0, 8155.6;
KH,PO,, 16000.0; Ca(HPO,),-H,0, 7650.6; NaH,PO,-2H,0,
12500.0; FeSO4 7H,0, 2286.2; C¢H;oCaO45H,0, 1750.0;
MnSO,-H,0, 61.4; ZnSO,-TH,0, 178.0; CuSO,5H,0, 15.5;
CoS0,4-7H,0, 0.91; K1, 1.5; E KiE#Corn starch, 753.7
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ALY F, FVEAL U 52, AERTRE LI 7 2 A
S AR UKL ERRR S B UL, AR TS R A7 T
20 CH TNLRAFB, & &l €
1.5 HmANE

SR T . MR A . RN K
(0 5 2 B SRR (17100 7900 52 - TR AE 105 °C Xt
TZAEE, ik EmEN e 8 E K HFOSSE &
1%(2300 Kjeltec Analyzer Unit)illl & ; K /g 5 % 1 &
Rl $21X (Soxtec system HT6, Tecator, Hoganas,
Sweden) A7 Ml 7€ ; 2K 53 1E Dy 4 4P R 550 °C KA E3N,
REIENE .

S A A M (ALT). A 5% E B (AST).
T B R B (ALP) B ALY LB (SOD)FI AR ik
H ki 2 AL P g (GSH-Px) T 14 11 5E 255 FH e 5t
A TR AT IR & AR LN R R 5k
B R FHELISAVE™ ) il Jb 50 1 R B A =)
(X 12 4T W s, A FH B bR (THERMO FISH-
ER Multiskan FC)iz#§ .
1.6 HIEAIE

FIATAAR G ER KR, REER, W
N & RN 1IN

T2 F Survival rate (%)=100%x (F4 4% J& ¥/ 4]
iHEED)

K58 KR (SGR, %/d)=100%x(LnW,—LnW,)/t

B Z(FR, %BW/d)=100%x1/[(W,+W,)/2]/t

TRLR 2R (FE, %)=100%x(W,—W,)/I

JHAA B (HSD=100> JH I 2 & (g)/ F AR A E ()

A& L (VSD=100x P T 25 & (g)/ AR A Ei ()

o, WO IR E(g), Wy N P4 oR R
H(g), tNERIH (D), IR B E(g). SLEHHE K

FH 4518 /4:SPSS Statistics 17.03E47 481t 70 #r. 5E
&t WA — 077 Z 73 HT(One-way ANOVA)J=,
Duncan’si#f 17 % 5 LU, 2P<0.058 N ZE 7R3

2 4

2.1 {ARAPAFB K EE & L&A E KRR

ARG FE o, K a4l AT AR R
PR . SRR A M ANEE A E G
SRR EZN . Wk 200R, FHRAFE ALY M
A7 G FITE80% UL b, XA T % % 7
(P>0.05), TESZH0 25 T, % 2H B %)) 0 24 R AR
o3 7 5 (P>0.05) . TARIAFB 7K %) 5L 1 4 £
TERFR) FrEEKESGR) . TR (FE)T
3 R (P>0.05).
2.2 {ARAFB K E & 4 4 IR AREI S0

W 3FTR, TR AFB 7K -5 B 4 TS 2y
NEE . DELER. WERE . BEeD
WA T AN A e H A S A P B A 2 TG Y 3 R
(P>0.05).
23 ARPAFB KT E S L AR H LA LR
FHIFM

223 N 84 & AN [FIVR FE AF B, [ 1A K} 4] % )5,
fiff ) B, R ) 0 R R RN A5 2 2 S, R ML 22
fig ., IR NESS B SEIMRTE SN SE. &FRH
140 149 A LU R A L 5 o6 B AR L G . 3 22 7
(P>0.05, % 4).

JHBELH 2] W g2 45 SR an i 1R, S AN[A]
W BE AF B, [ 5 &) £ JF 40 p 2 R B 0, 4l
JELSERE, AR I 5) T, 2H BRAR TR R,
M BB . AR AR RAEG M, A R MR
MR ERR . B 29 E AR LR, &
AR AFB 94 FE Ab 3 1) i £ &)y e B U 2EL 20K HH B S
W, LA FUEM, B NE S R B S, K
I Z=4E . TR AR, FR R AR ML)

®2 ANAFBKFEMEEMNEYIGHREIBW), EREEFBW). FEER, BEE(FR). HEEKESCGRFARMRFERIT
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Tab. 2 Effects of dietary AFB, on initial body weight (IBW), final body weight (FBW), survival rate, feeding rate (FR), specific growth

rate (SGR), feed efficiency (FE) of juvenile grass carp (Mean+SE)

AFB iR

Supplommted AFB, VKT SORIET fiE% HEE  RREEKE K
(ug/ke diet) IBW (g) FBW (g) Survival rate (%) FR (%BW/d) SGR (%/d) FE (%)

0 2.90+0.20 22.97+0.57 86.7+4.4 2.89+0.02 2.46+0.07 63.8+0.5

10 2.90+0.10 24.53+1.59 87.0+7.6 2.81+0.14 2.54+0.06 66.9+3.8

20 2.90+0.20 24.73+2.73 88.4+2.5 2.854+0.22 2.56+0.06 66.5+5.9

100 2.90+0.26 23.47+0.85 84.1+2.5 2.83+0.12 2.49+0.07 65.7+2.8

1000 2.90+0.20 24.03+1.46 84.1£6.6 2.87+0.08 2.52+0.06 65.1+1.7

5000 2.93+0.11 25.27+1.90 87.0+4.4 2.83+0.12 2.57+0.13 66.7+3.9
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Tab. 3 Effects of dietary AFB; on serum activities of glutamic-pyruvic transaminase (ALT), glutamic-oxalacetic transaminase (AST),

alkaline phosphatase (ALP), superoxide dismutase (SOD), and glutathione peroxidase (GSH-Px) of juvenile grass carp (Mean+ SE)

AFB M INE
Supplemented AFB, (ug/kg diet) ALT (U/L) AST (U/L) ALP (U/L) SOD (U/L) GSH-Px (U/L)

0 12.5+0.4 30.3+2.3 5.360.79 169.9£19.5 269.4+9.4
10 11.8+1.1 28.3+4.8 5.75+0.85 188.6+11.0 266.8+13.3
20 11.9+1.0 29.7+4.0 5.5240.56 162.5+24.2 283.3+11.9
100 12.4+1.7 28.143.5 5.71+0.64 169.6+21.0 265.6+12.7

1000 13.1£0.6 28.342.7 5.69+1.25 171.9+10.4 274.9+9.6

5000 11.8+0.9 28.4+1.8 5.60:0.62 165.2+13.2 267.0+8.1

R4 ARPAFB KENESA L &ERFRLL(HSD, JEREE
(VSDHISZR (T ELARAEIR)

Tab. 4 Effects of dietary AFB; on hepatosomatic index (HS/) and
viscera index (VSI) of juvenile grass carp (Mean + SE)

AFB i JHAA Ee lixzNad
Supplemented AFB; (ng/kg diet) HSI VSI

0 1.80+0.04  8.27+0.47

10 1.77+£0.10  7.57+0.75

20 1.76£0.07  7.73+0.99

100 1.76+0.08  7.63+0.40

1000 1.72£0.11  7.43+0.75

5000 1.73+0.19  7.25+0.33

WELH 23 5 50 IR AH TG0 25 22 %
24 (ANAFB KX E &Y G RHRIAFB AR
KFEHIF N

TESEIG 25 R, B 4t )L AFB 5% B
BUWE SHR. HEAFB, <1000 ng/kglf)# 4
VLA AR A S AFB 5% B, AN AES000 pg/kg S50 240
RS LA R 5 (1.21£0.18) pg/kgfIAFB,
3 iTig
3.1 ARPAFB KN E &4 FERMNE K
A

AFB, &5 -EKFZSWAT R FH . ARRHAL.
BEBER, KB A REEAFB 5 i &R
P EUE . B, SRR R M, & st
BT LR BN AFB, 2 & 1500 pg/kg
FIRHE BOE % B2 TR, B AFB, &
BH10 mg/kglI AR LT R LB EHmY . RE
ALEIEE B 1000 pg/kg AFB, A 4736 % 5 % HR 21 T6 i
s, ARSI, B4t N AFB,i%5000 g/
kgL A1 0 R, A IEH . k(g
i, 2 W 540 41 £ 6F AFB, [T 52 P 5558

BB B A" B HHF (Penaeus monodon
Fabricius)[zz]fxﬂxﬁ’AFBlE?%ﬂjuj\ﬁE% BEARG; vt

HIZ 38 65 (Acipenser ruthenus @ A. baerii ) 4% fr
AFB R T, PIEafEAFB 14245 pg/kg
B Rk R % 3 AR, TDRL R B A S R
AFB, & BAEIEFIBNY . EASIet, &R
HAEIRER, FReAKER, MRS RE
% R E W, RPAFE N A REAFB, i %
P EZERRK,

3.2 ARPAFB KT E & 4 & BT ThEetedR A
SR LRI

JHEAEBE N S AFB, 1) EZAEFH 2 B . AFB,7E
JF I P 1 50 20 40 0 €2 X PAS O SEUAL A U i 1k Ry %
ith 2% 8F BE(AFL) 5%, 1 2% #h 5 2 I X% A N AFB -
8,9- AL & WI(AFBO), b5 5 S IEA &5 4 T Bk
— Z2 4] 10 0 A0 3 T R A T A R R R
A A LR R ASTRIAL T2 B2 2 W K b Th g
R 1) 5 2 BRI 2R FE bR, 2 I S2 45, 40 S 11
WIEVEIN R, AL T H4H M ALTAAST#EA LK
A, I35 T ALTRIASTRIEE e Y. g
SR ANAFB, 5 ALTHIASTE /7 535 & T Ha 4™,
T P R A 2 T U S o B N, AR A A2 450
PIVEMARTEZ — o BEFTXT IR 3% £ AFB, J5 ALPYE 1
SETE, ARSI b, Bt ) R R
AFB,J5 MLiEALT, ASTAIALP) TG & 3454k, i B
B AFB, & & <5000 pg/kghilkl A xf 5 fa 4yt T
ThREE A4 -

AFB &t A WiE e S R AL AFBO R A
SR, 15 BGERGE A 5+ FoR A EORR
SO SR, MBS AR R, T ELAE R N R AR
K RS R T s R AT
255 B R sz 1, LA BB Ak B8 1 R K BRI,
AT 5 2 2 2 4 L P R o 4R A, A5 200 B P 9 1 4
B P AZESOD. GSH-Px&i% i R R, 7E A s
1, 3% & AFB, R0 5 1 ) £ (1] SOD A GSH-Pxit i

ATE S AP
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3.3 AR AFB KX E f 4 AR TR #FnH 2R
FHIR M

AFTH] 5| E s P RTAE 5 4E 40 FF Nk Rt 3R
e, B K. HE ERASMALS, HA
AFB 4> 35 it 48 JFF I Jof O, A b 8 35 7 i 20
FEA LG b B A AFB 1A 5000 pg/kgtal ks AT
NN R E - AN S35 EE 1 N
5 Huang 5" of 5 7 AR 4 HE AL

T 3% 52 124 F $5 N80 pg/kglfJAFB, J&, AT
R RIS i, 72T E
AR BL R, UL S AT RN 2 A R IRLER
HELH A, AR AP AERI 0. DRI\ IE 245 pg/
kgl 20W J5 2= 51 R A, RPN L& 75,
JH A 25 YR A 7™ B A DR (1) R A 4T i D 8
g™, gy IR NAFB, Ji5 BT 5 I R 2
(% i 2 T X R4, BE& AFB IR FE 7 =, BF
200 SR BEFR B AR, A s e iR
0.5 ug AFB /kglikle M 5 LB . AR5 K
w4 T TR L 2R 2 B AF AL AR, BT
PR MO HES ) IR . R, RIS IR SO, R
£ 15000 pg/kg PR IAFB AS 2 5% 5 i &)y i1 T ik
U 325 FP BRAT 7, 1% 45 SR 5 Han s Y 53 & AR BN
AFB, J& I AT 40 245 04 () 52 0 ) FiR I AR ABL . I 2
ANFE I T 45 SRR W, AFB, 5 51T i 5 I8 7

AT AECT AR
0AFB, @

S
—
(= i
=
()
>
|

Bl 1 Gkl AFB X 5 1 gy 62 T R 2L 232 B RE IR (HE, bR ROA
50 pum)

Fig. 1 Hepatopancreas of juvenile grass carp fed with diets
containing AFB; (HE, Bar = 50 um)

T, AP R AEAE A K 22 57

8 (Cyprinus carpio) I & A FWRE (0.5, 0.7
1.4 mg/kg) AFB,21d, 5 I I 7 2H 2048 P i v
AL, B ANE R NS 5k AFB, A rEE
VS I 35 2 5 kD e 0 B 63 B Ul N B R
A AN . RTE, B ANERE A RIRE(0.05 ng/
kg) AFB 1A RLA 77 1R 8 J&, Al 1 W 5% B ik 43 21
SARAk, GG 2H 0 /)N BRI R A3 X T it N Y
DUIRFERBLVE I 5, F B & e 1, 400 it o 2 IR =S
TR, B = Rk, TRk BRI FR R B, i /N
S0 L P e R R A 4 TR A Sk
H, BB N5000 pg/kg AR BAFB A2 0t B ik 20
28 BB, 30 0T BEXT AFB A B AR
Ae 1. — LM RNTAFB, i 52 Jy e sE ] fg & i T
AFB 7E H AR b 8 AL R AF LI SEAFBO, Jf H
TG A EE AR AR ORI, R B S
R PRI HEd AN
34 AMAFBIKEMNEEY G AMWAFB R E
S0

FAAS R M B AF B fal b} 4l M 55 5 £, ASCLE I BIE
o T LUK I HY AR B HO5% B, WLIAL ef R Rl i B
AR B2 AFB, TR S B AR 24 8, %40 5% B iR
5 49 UL PR H o AR B Bk B /N TS ng/kg, (KT
FDAFLE & M AFB, & & IR E b, g

2 G AFB X B A ) i A 21 () S0 (HE, A5 A
50 um)

Fig. 2 Kidney of juvenile grass carp fed with diets containing
AFB; (H&E, Bar = 50 um)
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Tab. 5 Effects of dietary AFB; on AFB; accumulation (ng/kg wet
weight) in muscle of juvenile grass carp (Mean+ SE)

AFB I LA AFB, B 5 AFB,
Supplemented AFB; accumulation in muscle
(ng/kg diet) (ng/kg diet)
0 ARAG
10 A
20 AAG
100 Rt
1000 AR HH
5000 1.21£0.18

(Dicentrarchus labrax L.V £ 18 ug/kg AFB, Ta Kl
424J5, FLAHIIAFB, 35 425 pg/kg™ . B0t
WRER NAFB, 554 8 WL AL i B A A 5k B, HULA

EEZRLME, M6 G AFB, 115k B &= 7T
U6, WU AFB, & 2RI, 177 Sk i FE A 1) 5 BE
R 8N AT, BAAFB IKEE
1000 pg/kg AT (1 B A LA o AR A HH AFB 5% 8,
5000 pe/kg 5% BB 1.21 ng/kg, KT
FDA R b 22 S hRiE, it 55 F st I FLaghis
R ARE AR AL, SR AFB, & 2752000 pg/kg L R
HMA LA AR A H AFB 6

4 ZHip

it g0 5 NAFB, & 8154979.2 pg/kglakl
84dJa, HAK. HIhRedatr. WIESEE. JH B
G HA G R ZR R ERZ . JIAK
AFB 7% B B T FDA B i 22 4 PR @ it
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EFFECTS OF AFLATOXIN B; ON GROWTH AND TISSUE ACCUMULATION OF
JUVENILE GRASS CARP (CTENOPHARYNGODON IDELLUS)

HUANG Ying', YAO Yuan', ZHU Xiao-Ming’, WANG Shou-Kun', XU Wei-Hua',
LIU Yu-Long' and CHEN Xin-Hua"’

(1. College of Animal Science, Fujian Agriculture and Forestry University, Fuzhou 350002, China; 2. State Key Laborator y of
Freshwater Ecology and Biotechnology, Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan 430072, China; 3. Key
Laboratory of Marine Biotechnology of Fujian Province, Institute of Oceanology, Fujian Agriculture and Forestry University,
Fuzhou 350002, China)

Abstract: A 84-day feeding trial was conducted to evaluate the effects of dietary aflatoxin B; (AFB,) on growth,
physiological responses, histological changes, and accumulation in juvenile grass carp (Ctenopharyngodon idellus).
Triplicate groups of grass carp [(2.90+0.16) g] were fed with six semipurified diets formulated with isonitrogenous
(crude protein: 32.96%), isocaloric (gross energy: 14.55 kJ/g) containing 0, 10, 20, 100, 1000 and 5000 pg/kg AFB,.
AFB;, did not significantly impact behavior, the survival rate, final body weight (FBW), feeding rate (FR), specific
growth rate (SGR) or feed efficiency (FE). No significant differences were found in hepatosomatic index (HS/) and vis-
cera index (VSI) among all groups. AFB; had no significant effect in activities of serum alanine aminotransferase
(ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP), superoxide dismutase (SOD) and glutathione
peroxidase (GSH-Px). No significant histological lesions in hepatopancreas and kidney were identified between the
control and increasing AFB, treatments. No AFB, residue was detected in muscles when fish fed with AFB, up to 1000 pg/
kg, however, tiny dose [(1.21+0.18) pg/kg] of AFB, were detected in muscles in the group with 5000 pg/kg AFB,,
which was below the safety limitation of FDA. The results indicated that juvenile grass carp is a little susceptible spe-

cies to AFB, exposure up to approximately 5000 pg/kg diet (determined level was 4979.2 ng/kg diet), at least for 84
days.

Key words: Aflatoxin B; Ctenopharyngodon idellus; Growth; Liver; Kidney; Accumulation



