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The Rapid Deter mination of Aflatoxin B, in Peanut and Its Products
by Colloidal Gold M ethod
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Abstract: By investigating the absolute sensitivity and maximum dilution ratio of commercially available
kits, three kinds of rapid detection kit products with the best effect were selected. Fried peanuts, roasted peanuts
and peanut butter were taken as representative substrates to optimize the pre-treatment conditions of samples
and the reaction conditions of kits. Unified technical evaluation was conducted according to the performance
indexes in The Technical Specification for Evaluation of Rapid Food Detection Methods, and the detection limit,
sensitivity, specificity, false negative rate, false positive rate, relative accuracy and consistency analysis of
reference methods of all brands of rapid test kits were investigated. Our findings could provide scientific basis
for the rapid determination and evaluation standard of aflatoxin B, colloidal gold in peanut and its products.
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% 5 K B, ( Aflatoxin B, AFB,; ) 2Tl
B FIAF A= 8 A5 S 0 TR B 7 AR I UK IR PR 2 T
B, TH— RN — N A AL 254N,
YR . FOREREEY . Bl EHER B, A
PER, JREILF 280 CAIFUA R, H—IFIE
A0 T 5 R I B LUK IR . B R E R B,
it JHF U 4 20 A B SR A s U ol R D A 41 40
( World Health Organization, WHO ) #fx A FE
R EEEEZ Y (B L EEZENE ]
iR E TR RE ) (GB 2761—2017 ) ArifERLE
T AEAE R HA S P R 20 pg/kel

HAT TR Eth & E R B lMkE
TR DI . MR A . SR
MR TE TSR A . B S W BRI L R R AT
WL bR BTN R SR, b AR 4 i
JEHTIT 2 H AT E 4 e F A L PR G T A
JFFHCT ZH TN, . dPEe. B
ity 4 4 L B b S 25 A 38R A A ) e 01

PRI S H AT B BeF [ A DR 7 it A= 7 TR R X
BAK, WA RARA AL B HA b i i 5
F By AR A PR 30 & A SE PP AR v, T
HAA R KB 2250, 4 B 1A
T2AWASAER, S b8 i P &
(K-S 22 A5, I HRHEBR IG5 & 1) L &
ANEHE PR = S E AT, ARAGE I TR 52
I ZE R MERG R, TS R AR ik e 3
JEE RN A BT AR AT AR A K H )
WA RE R By PRI 50 £ 0 5 A 14
T AR RAF A S TR ES

AR 5% 38 23 % 17 7 I LA B % 2 B &
(10 £ X6 AL AR KR R LU ], S HC T 3 FpAE
FMHH AR R By PR i 1A 4 K5
&5, DOmFEIEA: | MU e R A e o R R
PERYIL T, EALRE SR B BT AL BE A0, ARG (&
st PR ARG I 7 VA PR HR S ) (2 I R
(2017143 5 ) HHHLE R ERERE bR, XTREINBR . 4
SebE L R RBAPESR BT R R T
TG — AR, B il e 164 B H A
P E N ER R By BRSPS DTN bR i £
HERL2E AR

1 MEEFE
11 #HE5RF

N (CH3N, (gl ), Jo/K LB (CHq0,
Grtrdl ). #HhER (HCL, si#rali ), = et
HEE (C4HNOs, 4rrali ), & ksl (NaCl, 4
Braf ), R 4t . B 10 AR T K A A i
AR By B & J s L IERME AR A FRA
Al fEAE¥ (WUFEE ), BM&EHEER B ek
Sigma,
12 UF5EH

T 2% WM € 3 A ( WatersE2695 ) . B 3 A
( XBridgeC18 150x4.6 mm 3.5 um ): 3¢ [& Waters;
Milli-Q Hzli/K &4 4. EE Millipore; HLFK
- (MS204TS . MS4002S ): Fi -+ Mgk 7] ; pH
it (PHSJ-5): BigH#ALER) 5 WIHREOHL
(3-18KS ). B #:( 10 mL .5 mL .1 mL,200 pL ):
4% Eppendorf; JWJE(L ( QL-866 ): [Tl HAK
DUIRAS A il 15 A BR A ] o

R 2% . ekrigy (RN 360 nm; &
PP 440 nm ); fir Ay = OBATAE R 35 °C
TS AV R © VIK=40 : 60 ); Jiii# 0.8 mL/min;
SEREWNG; HEREARR: 10 uL.
1.3 EWHE
1.3.1  fUibiRBUA

PRIBGEAEERE S (R EFER B MIKE N
524 ng/kg) 5 g, M HIH 40%LBEIKEEW . 50%
LEEIKEEW . 60% L FE—KIFH . 70% L BE—K %
. 80% L WE—TKIET . 90% L BE—KIRH . 95%Z
BRI . TooK CBESUE . 70% H K I VR
84% L NE—/K I W AE 10 PP 745 20 mL HEATHEHL
e (B ZeEERE amh &SR B K
Fl G B9 E )( GB 5009.22—2016 ) bRifESs =1k
FEATINE ISR IBOCEOR, R PRI 5 g 4 i
TPInbR- AT 25, kst 11 pg/keg, JEiH5M]
W,
1.3.2 R

PRICIEAEFRE S (IR R By MR
524 pg/kg) 5¢g, A 50%LBEKIEWR 8. 12,
15, 20, 30 mL, #120.0 mL 84%Z f5—/KiA kit

128



E 315 2023F F£3H

@gﬁM%ﬁmf -

FFHEH, 4218 GB 5009.22—2016 bR =W ikAT
W E PR USOR , [FIRAREL 5 g AR E Tm
PRFAT S, Jnbrae A 50 pg/kg, FEITE IR,
1.3.3 ARG AR A 2 % 5 B0 Ik

JH 0.01 mol/L PBS Z& mfin Wi s % 5 R By
FRUEFR R 0. 0.1, 0.2, 0.3 ng/g VA& 0.05,
0.06. 0.07. 0.08. 0.09 ng/g 2 M fRAR VA W
R, e PR AR 4 i 40 2% U BH 15 45 1 25 R I i
150 pL (200 L) WIbRAES BRI, R0
RN O Tt Livalllly SOMPON Ty re
AR IEAT B XS, AT B S Bt AR A 1 B il
BE R (1) /IR BE W 22 iz iR A i 4 o R
1.3.4  PifbsmAm R )

K2 FURES AR 7 =X, bRk B Sk 10,
16 LA 20 pg/kg. FRBUEAETERES S g, I 50%
LK 20 mL #FATEERE % , 4 000 r/min
B0 5 min, B 100 pL B IE RN [RRFR 075 B
WHEATIEI
1.3.5  PLAb .ok i K it fa]

KB I, PRI 5 g MU AEAEFE M,
T 20 mL (% 50% . BE—K W e R G a5
2000, 4000, 6000 r/min, #.L>3, 5, 7 minJ7,
B 100 pL 35N 2 200 pL Fi B s IR 4%
K
1.3.6 B pH ik

A A Ml i 3t 14 7 o FH 22 A 1 mol/L Tris
(pH=8.5) +1%%E LB, RIBTHEFEFZ A
IbRr =, BRECS g WhMAEAEAE | BUEEA: KAt
AFERES, 20 mL /Y 50%C BE—K I TR E R
)5, 4000 r/min 8.0 5 min B 100 pL 3 %0
2 200 uL %W, pH 5354 8.0, 8.5 F18.9, H
T SRR
1.3.7 AR E IR

R FH BT RIS RS InAR i 7 =X, FREL S g
WKEARA: . BB LA RAGAE SRS, 20 mL 1
50% L BE—K I IERZ % )5, 4 000 r/min 250
5 min B 100 pL E3&WON 2 200 pL Fiks, He
200 pL FEVE FAeafiflh, ZWMRIES %
&, ArBIAE 10, 20, 30, 40, 50 CIRBELAMHET
5 E 3 min, FFAAUEIHARMALT, &N 3 min

i, BUHIRAUA,, KU uneE s, JF i T4s
FEE
1.3.8  FRi i —fe LIS 75 Aot 18] DA R 46 45— 0
S5O s [ 0 3

K BT RIS FURERINAR G 07 =X, FRE S g
WKEAEA: . BB AEA AR RS, 20 mL 1
50% FE—K IS IER Y J5, 4 000 r/min B5.00
5 min B 100 uL &N 2 200 pL AR, B
200 puL RFIVE F A @mdL, 2R 43425
&, ABIEE 1. 3. 5. 7 min, KKK SR A E
LA, Al 1. 3. 5. 7min J5, BUHIA4C
&, BT, IR T A R,
1.3.9 4R A H PRI

KBRS FURE S InAR G 75X, BRI S g
WKEAEA: . B AEA: AR R, 20 mL /Y
50% L FE— KIS IERR 7 5, 4 000 r/min 5.0
5 min B¢ 100 uL 3N 2 200 wL i B8 F it
A
1.3.10 28X

W AR5 R T TR B . EOK IR AT L
hEER A, HlEER B, ®HEER G,
WMMERER G HliEHER M, AR HER R
0.01 mol/L PBS ZZ s iiB AL fke (0.1, 1. 10,
100 pg/L F1 0.08~0.5 png/L ), HEFTA8 X0 5256 .
1.3.11  Buksess

K FH s RE RN 28 FURE S OMAR I 5 =, FRECS g
WKEAEA: . B IEA: AR RS, 20 mL 1Y
50% L EE— KIS IERR 75, 4 000 r/min 2.0
5 min HX 100 uL 350 2 200 pL 6 B0 R
TN o AR BE A A 50 4 FAT,
RS AR . BB R RS
FHXT R B SR FR R o
2 HBRE55H
21 TIHAMER

Harmim - ESrEmEmESEER B WK
ke & Rk, BHPEHST ZERT
A=), Hh B Z A LR 16 KAk iR
R TRA = i, 7 i ISR 1,
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Tablel Overview of Aflatoxin B; rapid detection products
FE5 XK g HEEA KR/ (ug/kg) 3 3 o
1 A L T [ERuR7S 20 A H, A
2 B L T [ERURZS 20 A H, RAURF IS S
3 C L T RRERZS 20 ¥ BB | e
4 D L RRERZS 20 WA A ARG Y R R AR R
5 E AL E M R uR/S 3~5 A, R FEA . B
6 F AL E M R uR/S 20 . ' R
7 G L M ERuR7S 20 HE . RE (5. Wk R
8 H L [ERuR7S / A /I i N N D =
9 I L T THER L 20 INE L KRR BRI B R
10 J L T NEEE RS 20 WA Ak
11 K L T THER L 20 WEEY (Fk. KK, B4 MR mH ). MR AR E LR
a7 QTN =Y N ST
12 L L E M THER L 5~50 A9, ik
13 M L E M THER L 5~100 A8, ik
14 N G E BTk BEAX 2 ESP N
15 0 R i ERE 5 “
16 P FEk e et Et / AL/ N 7S 2

AT R 2 0SB G E By ok
PR WA Bk AEAFE T, D)
TN E, R N R K S, )
Wk, WA N i
P SRR S R K ELDN R e
RIERE I . LRI T 2 T AT D
YRS R, AR I TR A vk 7 T
AR T WE. T b R 0E T A
CHC ) it e BRS 7 8  HE 6, DAL
A7 G B T H 3 2 4
22 REERHLER

173 B 95 T A 2 B o 7 2
2By ebh e ek i BT PB4 ) 1 B

140% r
120%
100% r
80% |
60%
40%

20%

0%

WL 2.

*2 WELREFREXANRIA RN R
Table2 Theratio of extraction solution and extraction
material to liquid for commercially available products

il it PEHC L P U
C 5g+20mL  50%Z. M
B 2gtl2mL  50%Z M
A 5g+30mL  50%Z.
G 2gtl2mL  50%ZEE : IEC =S50 1
M 5g+25mL  70%H
D 5g+l5mL  70%HEE
H 1g+t19mL  20%M
F 1 g+4 mL 20% B
E 1 g+4 mL PEIBUR
GB 5009.22 % =% 5gt20mL  84%ZNE

PR A R A SRR SRS DL L 1 o

RS EREY% m AR E R Y%

40%ZFE S50%ZBE 60%ZFE T0%ZFE 80%ZFE 90%ZFE 95%ZFE 100%ZEE 70%HEE 84%ZME
B 1 ARRERARNRNE
Fig. 1 Extraction efficiency of different extraction solutions
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%Hﬂ:ﬂpm:ﬂ!”f e
o cormana REZE

HIFE 1 RTAL, B SR ORI h & Bk BE 1 3

i, EIMEE R B MIEECRRL ETHE TN
B, TE 60% Bk B BT ik B B & o TIAE GB
5009.22—2016 %5 =P IR 84% L7 A
70% 19 FH A I SR IURCR A 98%, inkr [T i
K 103%, LT EA LIS 50% 2 Bk B it
PR 100% , kR R R 107%, 5 GB
5009.22—2016 55 =3k R ISR 4238, 1
60% L BV BE A AR IBCR s 112%, IRER
140%

120%

100% r

80%

60%

40% I

20% |

0%

5g+8 mL 5g+12mL

5g+15mL

Ko FZIERN PR ERIAAE S, GB 5009.22—
2016 771 FH 1 LK 5 W RN -k s 1Y)
B, PR TR R AR i e R B E SR 1 i 42
T, AR 50% & BE-K B R AE R R BUA T,
BRI E , PTARHE 2% T 57 it wd B 43 0 1) 4
B WA T4 o
23 REABFGRHRULER

ANFRFRI 50% & BE—7K 7 W D 2 45 SR i [m]
R EE RO 2,

B AEREBCEE W AR ER

5g+20 mL 5g+30 mL

84%Z. 57K

2 FREHRER L Bl HY [E i 2
Fig.2 Recovery rates of different extraction proportions

ML 2 0] HUAS R AR £ B K T o &5
TR HE U R ARTE 96%~104% 2 [0], 2 7 ik
84% L NE—K W EE ISR 102%, T npr4l
(18 Tl WA 236 I o et JBC IS VR A FRL ) 3 22 - T 1
P RBURBATN 30 mL B, kR RN
114%, RZEBK, MBI 84%M—IKHE K
(AR LSRR 99% . X b & IS FRAE R S g,
PRI AR 20 mL BF, BE SR BUS R R R
Ml R 55 7 v 84% NG — /K Is W 4s i,
I, B2 AT 50% 28— K SR BOA TR AT
20 mL, {AARRRRRE , FIARIEAS R 5™ S it
BH A5 R0 1 H2 I LG9 2R A T4
24 BEESRKEEITREEMRER

SRR T 7 SRR &, b
TR AN R fxll, 46 % 52 088 0 245 21
W3k 3.

B 0, 0.1, 0.2, 0.3 ng/g WEERRE,
Hi BB, A, 1. C. E %M AE 0~0.1 ng/g 2

£ 3 AERBERET AL REE
Table3 Absolute sensitivity of quick-check products

of different brands ng/g
s il 2t %of RAHSE
1 B 0.05~0.06
2 A 0.05~0.06
3 I 0.07~0.08
4 C 0.08~0.10
5 E 0.09~0.10
6 F 0.10~0.20
7 M 0.20~0.30

(B &R A7 BH S B AR Ak, SR F ORI A R I
A 2 €, 25 Ak U] BRAE 0.1~0.3 ng/g. R R 0.05 .
0.06. 0.07. 0.08. 0.09 ng/g B FEFEATSLHE, Fh
B.A 7E 0.05~0.06 ng/g Z [a] H} BLEH 1 1 2 5,25 1k
SRR T AE 0.07~0.08 ng/g =2 [8] H B i (1 B (0,48
1k, At C BRI a8 16 2 7E 0.08~0.1 ng/g,

S E J2AE 0.09~0.1 ng/g ZIA], fmJ# F 7E 0.1~
0.2 ng/g ZMEAWEMEEGZEL, HE M 21E
0.2~0.3 ng/g Z [0 o LA 145 i R 4R 45 10 e v 45
ASHRIRD, T R B R B T BE A AR R
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25 mEBELEGIMRK

AT L 0.5 fEA T BRFD 1 %At PR Y
T 22 235 TR 43 0 Sk it o 1 4K 2% 1) e/ N B L 497 e
KFERELLH], 255K 4 Fs,

F 4 FEREFRERELGILE
Table4 Comparison of dilution ratio of different brands

I TT AN, 25 A R 4 R L £97] 11 1Bl 5 AN A
[Al, ZEEER, MBI mE B, A, &
KRB ik 29 £, T F 5 KR R Ll
10, 25 58 3 T8 i s 4 TR R 4 0 T 2 25 SR ) i 22
TLHERL R 20%, PIA T3 58T RS 8
(0.8 Kt PRV 32 1) d5c s R LU 31 S5 SR AN 5
FIR o

% 5 Al%l, B A1 A R4E4 0.5 fi54G PRIk
JEAE 16 MBI T C BiEE T T LFie
PHEEZESRE, T 17 MR ™ T 45 C Zsif
— R, HER/NE R LB 17, 10 0.8 £%
it RV BEAE 26 R RELLBI T, TS C LBt
—RE, SERONBATE, 25 AT C LB
GRT T&PiE, 258 M, e ik

*5 AEMBEFRENEREILGIFEXFHERELLG]
Table5 Minimum dilution ratio and maximum dilution ratio of different brands

a2 s it ARG BORF R LA
1 B 100 : 1 700 100 : 2 900
2 A 100 : 1200 100 : 2900
3 C 100 1200 100 : 2 600
4 1 100 : 1100 100 : 2 000
5 M 100 : 1700 100 : 2 500
6 D 100 : 1 070 100 : 1830
7 H 100 : 670 100 : 2 200
8 F 100 : 500 100 : 1 000
o it

0.5 fEH R

0.8 & H B
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REZ=

TR LL R 25 5. C ket 4% 0.5 1546t BR ve J3E pif
10 fEMBE LU C RBAIRT T LB, J2 B
5L, 12 FERmREELLEIE T 465 C Lt —H
B, B i N RE LR 12, T 0.8 £ K
B RETE 26 R RE LGS , TR S C LB —H,
SEOCA B, M 25 MR LLGI T C RBIEIRT T
g, SR, PR R R R EL )
H 25 f%

iz BRH E ) e KRR RE LU 25 A5 a4 T 7= g
ERT 2B, 1 A5 0 FR A B B PR S my o sd et 1
b 0.8 R M BRIR B A S R B, EAT 23 %
24 f5LL I 25 FEFRE LB, ARSI AR T
FEANBR , I 22 F5 5 R LA 5 L0 6 A48 Ak e
W, PRIA 7 TR S AR BT 22 A5 6 B LB i A 7
S,

ot Xof R B v A 4 o, T I 1
SRS AR BT RPN AA 4x
e, Uk T R A JROR  Anb R A R 2
FER H B R IGO0 T, $R RO A s e L A7) ) A
SHE/N, BTN 4R, R Rk
JH 4 0T AR B AR 45 7 it R X 5, T
AR 128 o IR S An bt R iR iy oKk, T
Yt NSRRI, fELRTEE T, RS 1™
i FEAR R S 00 250N, LA IR SR T AR RS
SRR, DTS it 2 AR BH P 8 v 1 ) R
T SR RS s 4 1 T B SR ARG R R AR 2k
WFFEXTG, W25 5 B0 R S /3 1) 7 iy R i i
PHARE R IR, UG T 5 BRI Pk i 37
DA B AR 3 A & T i e S M 1 DR 4 A S
A, AR T3 10k 3 P s T 8 50 R X A v R e L 461
Bm AL B UK CAERA T A FER G 4705
L2E BT A BIE S5
26 BOFEREEMAEER

MR 6 IR K AL FE, .0 3 min, B
EETIGN, BUE IR A RE AU T LB AR,
C 2 T ZXT LU EERE M ; 2520 5 min A1 7 min B,
Bl BN, U AR A R SRAUAR T L ta St As
RG2S, 1E 4000 r/min I T itk ; MAE
4 000 r/min B, Fifl 25000 RIS 0, HERE 16 AR AR 5

WAL T BB IRIG IR, C LM T 4t
FERETN, 7E 5 min B T KEUE R R
AR, AJrE WO 4 000 r/min,
OB S min, (FORNRRE , Al ™ & 6B
P E AR AR F IV B o B[R] R A T 4 A o

x6 BMELERARBOLEERFEAKEZHNEEER
Table6 Color rendering results of test strips at different
centrifugal speeds and times of roasted peanuts

LA

4 000 r/min 6 000 r/min

3 min

7 min

27 Bk pH RULER

AN pH & M A, Wk 7,

H2¢ 7 71200, 1 mol/L +1%5fk 4N Tris W
pH 73510k 8.0, 8.5, 8.9 if, Fifi pH 34, JhrEsE
A MU AR AE KR A R R AR Ok T L e
WRIGAATR, 7 pH 8.5 Bf, T &gk, CLM
T SXTHE . MRIERAUR B AR, Kbk
Y 1 mol/L Tris (5 1%5 /L8N ) %W pH M 8.5,
TEASAGBR PR 7™ i 158 B 5 R 1 s e T
HATIRAE
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x7 AEpHEZHFIRARZEERER
Table7 Color development of buffer solution test strips
at different pH values

*8 HMEAEAFEEBERETEEBER
Table8 Color development of test strips at
different incubation temperatures

S AT pHS.0 pHS.5

LG TEAE

i AEAEAE

28 BRERBEMRULER

£ 10, 20, 30, 40, 50 °CIRH &M Fil4k
KR asig, Wk s,

GERLWoR . BEERBERG N, WhKEAEA BT
WL AEA SE AR A e 3L C 65 T 4 (s i
. IR (10 °C), MK CLE TLEE
AN, SEEORAPHE, T 20~50 °Cik4t A& FH
PERTER U0, FLRABH S R BNER . 256 C
85 T LB, DLRGRAUA A I 6 1
AR EFIE B, A B EH R B iR S
RS 77 i LS I B E R TR R 20~40 °C o 7
PSCA AT AR 45 7 i T R 2 SR A S
FH 5 B 118 5 I Tk B 2% A R A TR A
29 HFlE-HIALWEREEIRKZ-SFNRE
= Rz Bt 1B AL 45 R

MR 9 A FE TS CARB AL RENRN,
TR I A LI 75 15 (B 8 3 min, (HRAEBR & .

A
AR

RE KRR HEE e
HBz/°C B EHER B ERR

20

30

40

50

TR AT D S I I (e A 3 miin, (AN RBR
JE o AT it Ul I P ML B R R LS 7 e
L1 I i S 1 O A L i
210 HEFRHRMILER

HERE LA TN EETE R By DU IR A I fA R
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RO FHFNR-BELIEE R E LRI K-
5 0 B R e ) R 2 R
Table9 Optimization results of liquid-to-microwell incubation
time and reaction time of test strip to liquid-to-test min

I s ] S B[R]
ZELwiE WhEmtE BERATE AR
BEEEAE 1,30 5.7 3 1.3.5.7 3
MmFEME 13,5, 7 3 1.3,5.7 3
W%  1.3.5.7 3 1.3.5.7 3

i 0. 12.6. 19.6. 39.4 pg/kg, MWKEMEE ihE T
£ By WK BTEFE 0.10.6.19.4.36.8 pg/kg,
A8 AR B TR HTINAR K24 0,10 20, 40 pg/kg,
T 4t C & AR —BOHFIME, TZIL C 4
A, Z5ROLE 3. BRI, RS
HRIE L 0.5 A5 R, AT I N BTE s e
FER 1 RS BR . 2 AEA BRI, AR AR e A
PR, DAt 4k B A 20 pe/kg.o

B3 R ERH RN
Fig. 3 Detection limit test of strip

211 % XRR

P S SR TR EE . EOKIREE T .
MEETER A BMEFEB,. HMESEG . &
MEHER G WIIEFER M, WA HER B
0.01 mol/L PBS £ MMz LMk (0.1, 1. 10,
100 ug/L F1 0.08~0.5 pg/L ), HEF758 X i 5L 5

HWHEAR: W HR(%)=C sz g1/C ™
100% , 7T 1 405 6 Hl )0 TR M B L oK AR B I )
it ERER A SEMEER B B LR, B,
AT A IR AR A B I B R R By R BRI FE A
0.1 pg/L, XEMEFFEER B, HMEER G . W
MBmEREER Gy, EIMETHEER M, 23Rk B
AR5 0125, 0.125, 0.125, 0.5 pg/L, 32X
RO 80%. 80%. 80%. 20%, C fhlgiA4:

AR E I ET R B A H R 0.25 pg/L, X
Wl GE#RER B, WIh&ERR G, HWMEHER G,
WIMEGTER M, 2IHERERES S 0.312
5.03125, 0.3125, 1.25 ug/L, 38X F4 51
Hr: 80%. 80%. 80%. 20%, U 10,
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Table 10 Cross-reaction verification results
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Note: “—” means negative, “+” means positive.
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Table 11 Performance index evaluation results of rapid detection methods %
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