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Abstract: The extraction process of aflatoxin ( AflatoxinB1/B2/G1/G2, AFTS) from peanuts is optimized by ultrasound-
assisted response surface method. The optimum extraction process is obtained as follows:65% methanol solution, ultrasonic
time 15 min,ultrasonic power 206 W ,and the ratio of material to liquid 1:4. Under this optimal condition,the extraction of
AFTS is 18.06 pg/kg. The peanut samples are pretreated with the best technology and detected by high performance liquid
chromatography ( HPLC ) with photochemical post-column derivation method ,which is used as a reference method to evaluate
the quality of the rapid detection kit. There are eight quantitative quits and two qualitative quits populared in the market to
be evaluated and tested. The results show that the sensitivity of the qualitative kit is 100%, that the specificity is 98%,
that the false negative rate is 0,and that the false positive rate is 2%. The accuracy and precision of the quantitative kit are
high,and the linear fitting degree is more than 0.99, which can meet the detection requirements.
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FEIPREEREMF S (TARC) B2 AFBL A SR & A 10 AFTS IR G WIHIEAEE | 2REBUEY (N EBUEY)
J ; FEBREEAE AT EHLR  TARC 19932002 4F) 2/ ST AFTS AysmEEE , £BREA 60 ZAFEFHITT T £ 5 Fl i
BRI AFTS BRESREFEIS . EFREMIEIZ B4 (CAC) BUE , B AFTS Y55 Kok B BR S An A
15.0 pe/kg; BN LE B FAEA T AFBI BIRRIE(E N 2.0 ne/kg, AFTS BAIR 4.0 pe/ke; EEE M 5254
WEBHE HUR) (FDA) ML , &t b AFTS RYBRE(E N 15.0 we/kg; T EARME R & Tk A4 b AFB1 B BR &
20.0 wg/kg, A BEK Aok H AFBI AUBRE K 10.0 pe/kg, /NE R HABAS Y h AFB1 (PR N 5.0 pg/ke.
T Rk E T E S B BREFRE B X AFBL SRR HUE | FF IO AFTS S iy R sk )
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1.1 #RS5ERF

Fe bR (R 2% ) s W N L TEDIA , (A3 4li) ; AFB1 BRifESIA TR L AFTS TRAPRIE ST
AFTS Gl S5 FIRE (st 2 R A WA FRA D) 5 AFBY 2GR & e PEGR & 8 K, e iialin) & 2 4K
1.2 XE5iE&E

FERORAR TR Agilent 1100 FCA 2R ) (CZEERRHABRAR]) s HF2500 HEEGfk2EfiA 45 (At
AR A YA BRI A, T AL ;SCIENTZ-650E #2754 AR AL (T I00T 2 A URH s A R D )
D3024R VR VR B OAIL (K240 SEIR AR A BR A R ) s XH-A BE R IR & % (B 5 K23 B AR Y
FIT).

1.3 XEHE
1.3.1 FHHEHFZTHRR

1k Rt batid 24 BfE a8 H. FRECEATEAERER 5 o R IIAREU B ORI L I A 711,
PTG AT AR T AN [R]RE 75 sf (] Bl 75 DR A T8 P AR, 7F 8 000 t/min R Ly 10 min, BV 5 H.
1.3.2 &iEf&t

EIEHE: C18(2.1 mmx150 mm;1.7 pm) ; HERERE .20 wL; AL 40 °C 5 sl : F A < 7K = 50 :50 5 Ji ik
1.0 mL/min. ZEGEHM &S 38L& K . 360 nm; 5T 440 nm. 5 RCGALSE A S5
1.3.3 s EHEFTRERRGHE

AFTS Frife TR % . AYRIE ] 2.6 pg/mL ) AFTS(AFB1 :AFB2 :AFG1:AFG2=3:1:3:1)IR &
BRI, VAR T A3 I EC ] 5.2 .13 .26 .52 104 ng/mL AN [FA6 (AR TAEIS .
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80% ) 80% L) FHE L (1:3,1:4,1:5,1:6,1:7(g:mL)) M HE (5,10,15.20,30 min) #EHIHR
(160,180,200 ,220 240 W) Xf4E4:= Fh AFTS $EEBUR A2, A 3 IR, BUS (Y.
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Table 1 Coded levels and corresponding actual levels of independent variables for response surface experiment

H#E
7qu‘ . K A [N o
FFEEARF M 0 A/ % A% B/W BHBEE €/ (g:mL) I E] D/min
-1 60 180 1:3 10
0 70 200 1:4 15
80 220 1:5 20

1.3.5 A5FF ki

MDA AR U AF BEA TR ol ] 48, AR e AR AFBT (W05 2 0.5.,2.0.,5.0,10.0,20.0,,
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1.3.6 Btk 7 & ahiE )

A5 GB2761—2017( B & A T bl B b B R R R A ) | A28 B b B R R B1 1Y
PREEHEPR N 20 pg/kg; ¥ AFB1 7 1>20 pg/kg IIRES AR BHPERE S, <20 pg/kg HIRE SN FR F I PERE A
1.3.6.1 EHXF &8t

STk BT b 8 ORISR F 3 AFBL MR &) R AP ST IR RIS 1-8,
7 A BEARE B ANFR 2 PR MRS R T G0 G 15 ] 3 XA it A TR O 1 T A 3 o B S O
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fi. BRSO 85 2 AR BEARE SR E AN SE 3 Uk, B — SRS R RE S B A AE 6 IR (n=6) 5 il & B a8
FIRERD (AIAR) |, BEAFATIRE 10 K (n=20).
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Table 2 Basic information of qualitative & quantitative kits
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1.4 HiRE4hE

FIH Excel & Origin Pro 9.1 #FXFSL 5 245 R4 74387 s R Design-Expert 11 FA4-#E7 700 57 187 H00 20
BRI, S EEFEAT [RS4SRy i T ] O AT AR [ A7 22 90 M. S BR3P
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FH P VR A 7 T S 56

A& 1(b) nT LR B, B R LG 3 I, BB S 35 TS T RERIING , 3X 0] BE 2 Bl 2 A i S )
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TN, AT R A R TP PRI LT AN P AR AL IS PP R LG, B 2 (A it v At 2 Jo
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M o T A A S

H L 1 () T RLR R, B 6 75 e ) 34 0, 6 it 2 7 R PR I S 905G s TRt 85 A B Tt
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Fig.1 Effect of single factor experiments to extract quantity
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F AL 1(d) AT RAA I, o il 5 B 2R B8 JCER: il 75 ) 2R 9 s SE 35 s sk 0. A Bh P i & s R/ W
PRI, Bl 88 P SR 3G A2 T B i R R A TR B XS S DR #] 220 W s, 48
Bk S I, T B e aod v 10 0 S5 (e R i o ) Al 2 S i 1 LA T B il B R s AR Y. Rk, i R
180,200,220 W 47w 17 THI A5 AL S 55
2.2 MR ESEIGLER

MR A5 B R R0 235 SR PR 22 K, DA i 2R B I S e O, >R FH O 265 B o) 1 THT 0
oAb i th B R IR T2, B 545 R % 3.
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Table 3 Experimental design and results for response surface analysis

S AT M B A/ % TR B/W BHB L €/ (g:mL) I E] D/min PEECR Y/ (pe/ke)
1 0 0 1 -1 16.905+0.32
2 1 0 0 -1 17.404x0.43
3 0 0 0 0 17.345+0.38
4 1 -1 0 0 17.065+0.24
5 0 -1 0 1 17.221+0.12
6 -1 0 1 0 16.927+0.27
7 1 1 0 0 17.265+0.23
8 -1 0 0 -1 16.947+0.27
9 0 1 1 0 17.369+0.38
10 0 0 0 0 17.349+0.31
11 1 0 -1 0 17.164+0.14
12 0 1 0 -1 17.487£0.46
13 0 -1 -1 0 17.296+0.23
14 0 0 0 0 17.35120.40
15 1 0 0 1 17.424+0.38
16 0 -1 1 0 17.508+0.72
17 0 0 -1 -1 17.623+0.68
18 0 1 -1 0 17.314+0.25
19 -1 0 -1 0 17.188+0.19
20 -1 1 0 0 17.310+0.40
21 0 0 0 0 17.369+0.32
22 0 0 0 0 17.202+0.15
23 0 0 -1 1 16.959+0.28
24 1 0 1 0 17.3100.25
25 -1 0 0 1 17.164+0.21
26 -1 -1 0 0 17.08120.30
27 0 1 0 1 17.2150.16
28 0 -1 0 -1 17.227£0.14
29 0 0 1 1 17.140£0.29

FIHH Design-Expert 11 FAXHAG 25 kAT Z e mHELG 75 3] R 230 ] SR )5 72 .

Y=17.307 04+0.072 1924+0.056 850B+0.352 667C+0.059 233D—-0.000 0124B+0.000 375AC+1.927 92x10"7AD+
0.000 18BC+0.000 027BD-0.000 600CD~-0.000 5054%-0.000 130B>-0.051 875C*-0.002 090D".

M 4 5T B P {E<0.050 O, T FAARADLI0 ta) 25 26 A ] DS A 70 3k 58] 4 2 /K7 FE s P i o
F,A.B.DA* B* C* D* FREEE I, RPN P EKT 0.050 0, Fm R AUTUA B2 BRI K
U, PG WA R® 4 0.943 7, 51R3 )51 R? 2(6/NTF 0.2, Ui BABIAT 5 | BB FH T X 4EA i AFTS
(BT 25 2 PF A T A A AN T >
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Table 4 Analysis of variance( ANOVA ) for regression equation

g3 7 A B JrEE FAE P1E

LAY 15.42 14 1.1 16.75 <0.000 1

A-HEERB B 0.357 4 1 0.357 4 5.43 0.035 2

B-iFE T 0.769 1 1 0.769 1 11.69 0.004 1

C-RH L 0.060 8 1 0.060 8 0.924 1 0.052 7

D—BFE I ] 0.864 6 1 0.864 6 13.15 0.002 8

AB 0.164 1 0.164 2.49 0.136 6

AC 0.001 8 1 0.001 8 0.027 5 0.870 7

AD 0.25 1 0.25 3.8 0.071 5

BC 0.257 6 1 0.257 6 3.92 0.067 8

BD 0.249 5 1 0.249 5 3.79 0.071 8

cD 0 1 0 0.000 5 0.981 7

A2 6.66 1 6.66 101.29 <0.000 1

B? 1.19 1 1.19 18.13 0.000 8

c? 7.7 1 7.7 117.13 <0.000 1

D? 1.99 1 1.99 30.26 <0.000 1
5% 0.920 8 14 0.065 8

AU 0.828 8 10 0.082 9 3.61 0.1139
TR 0.091 9 4 0.023

SRS 16.34 28
R*=0.943 7 R3,;=0.887 3

SRR T AR S W HH 28 B A5O[S 55 K /0N BT 27 WD R 2838 B AR AN 3, i A B0 U] 55 =2 A
J O H P 2 R, B AR R R TR R L AN S S ) =2 T B 58 AR BV AR AR T AFTS SR
SR 2 B A T AR DG R | A B o 7 AR A AE — R S

Ze gk B T AR AL RS HL A BB A 20 201 B BRI A AR o il B R R R T A W
VIR 65.578% , B TR 206.696 W, BH L 1:4.064 , 8 A I [H] 14.700 min. 7EMCHRE ST, AFTS 12
B S (E N 18.346 we/ke. B B EISEFREAE M AT AT B R e 25 R R 4 ol H AR U 50 65% ,
PRI 206 W, BHE EE 1:4 8B IFR] 15 min. A T SEZ R B4 ROE K S FPE 76 b de A B B 4 F T 5t
IZAEHAN 3 R E R S UE IR, A6 ARTS MR BCR{E Y 18.06 we/kg, 5 TN 45 SR HA — 2 v WL, %
TR FE 50 -t T SIZ o 88 1 9 2K A B BUIE 150 7 DR I I 5 0 P off P 2 i (AR B T 25 4%

o

Y/(ng/kg)
>
Yi(ug/ke)
>
Yi(ng/kg)

>

P40 -

s 210,08 A% Cllghml) 35 5000 & 4% Dimin 4 12 (OTT65 i
(a) H BBV ORI 7 T R (b) H AT BORTAL T L (c) FESAARFR - BORUR P s ]
d e f
19
18

Y/(ng/kg)

Yi(ng/kg)

Yi(ng/kg)
>

D/min 12

10 3.0
(d) B DR AR L (e) 7 TR 7 i ] () IR L AR S ]
B2 WMEZEZEEAX AFTS 2R ZIMHMmEENS S

Fig.2 Response surface and contour plots showing the interactive effects of variable variables on organic acid extraction
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23 SEFERWIE

DABRAE Sk BE o R A b TR AR R AE IR, 15 2500000
SRl 2 A A0 3 R, bR T 2 2000000 HS) e 08
PEXZR R R*=0.999 7, REM% T A6 Y B R & 1500000 -
23.1 RFER g* 1,000 000 F
VEHCAEAE R 4% IS 7% 7 e A B 5 s fr kel 7 500000 L
83 W ITR G KT S T Ag AFBL B TR ‘ ‘ ‘ ‘ ‘
P GEWIRE ol AFBL G Bk, T TR 265, D e
232 AiREDK ER - B3 A EEHEE
RPPRALIT 27 7 (TR A , 412 5 7 Fie. 3 Standard curve of AFBI
7R BTG 3BT 0 18K AE 90% ~ e Sk i B

100% ,fﬁ“ﬁ @W%ﬁ)ﬂ:ﬁﬁ Ej /ﬁ\%*ﬁ{mﬂﬁﬁﬂ %%? E/‘Jﬁ Table 5 The spiked recovery of the reference method
Ji*ﬁtt, @q&%*aﬁ’ﬂnwkéﬁﬁa%%] ﬁﬁ’fjﬁ{k%m% AFB1 HARIRE R/ AFBI1 SZPRigECE/

N g aan bR AR/ %
P e B R 3 4 P SE T QUECHERS — 125 AR (ng/ke) (ne/ke) TS |
LRI AT R 3 5B e AFTS, 3 0 2160202 9015003
R ST 3 ROk IS8, e i . possons el

86.4% ~97.8% ; Li 25" R —Fh R MG IR P2 BUFAEL VEAFBI S2hR IO A P (n=3)
JRAEHEA T TAEAERE AL R AFBIL (952 BHSE , ISR AE 89% ~ 1219% Z 7] ; Jia 250 #EA7 T — R T 5 40
KA AR [ T SN2 G 2k BB AL I, W R e 3 RIS (35 7 19 AFBL 2410 %2 , SCRTE 94.0% ~
116.0% Z 8. VEEAIRAL)G 125 ikl St nER LS 25 07 Bodhialn & TP 35
2.4 AFB1 EHiRFIZIEAIE

SR S 2% 07 B RS [ Inbr AT AR R S b AFBL 9 AT 0, 45 R a0k 6 Fim. £ 7
JIE R R PR SR I 25 5. Nk 8 Fim , RGEit 4T, AFB1 i Pl HR S A i 245 SR 1 R AU R 100% , ¢
SPER 0.98 B BAMER A 0, B FHTERN 2% ; KT RSS9 0<3.84, £l Ml &k 7 ik 55 % ik n
BRPEBAIE L3 TE 5% 10 B A5 X IR P, Jege 2422 5, U IR Sl 45 SR 5 30y i — 3k

F6 BEHERNER(n=5)

Table 6 Results of reference methods(rn=5)

AFB1 $2Ii/ (pe/kg)

5
ISP i FHAAAE
1 8.26 8.19 8.16 8.35 8.13 25.77 25.89 25.77 25.94 25.83
2 8.23 8.18 8.24 8.21 8.19 25.78 25.82 25.88 26.05 25.89
3 8.13 8.21 8.33 8.36 8.16 25.88 25.92 25.85 25.79 25.78
4 8.22 8.15 8.12 8.33 8.21 25.82 25.78 25.90 25.95 25.92
5 8.36 8.23 8.33 8.28 8.18 25.88 25.89 25.92 25.89 25.90
6 8.28 8.30 8.24 8.39 8.21 25.86 25.88 25.89 25.97 25.86
7 8.16 8.12 8.27 8.17 8.26 25.91 25.85 25.78 25.85 25.86
8 8.20 8.19 8.14 8.21 8.28 25.92 25.88 25.98 25.79 25.89
®7 AFBl EHRFEMELER (n=5)
Table 7 AFBI1 qualitative kit test results(n=>5)

G [P i FHAPEAE
1 - - - - - + + + + +
2 - - - - - + + + + +
3 - - - - - + + + + -
4 - - - - - TR + + + +
5 - - - - - + + + + +
6 - - - - - + + + + +
7 - - - - - + + + + +
8 - - - - + - + + +

TE: BIPEE R R =7 s RS R FR e+
— 78 —
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PAGT AT | T35 110 AFB1 B AR B ®8 AFBI BT ERNE RIS
;FH Xff m;ﬁ\‘ , 5; Eﬁ% %%ﬁff iﬁ? j‘]—'ii {E ;,; BZT‘ *&(M Table 8 Statistical analysis of the test
ﬁ*%*mﬁﬁf*% I‘EJELE. EE ?%1$$/£K§Eﬁﬁ 7@ results of AFB1 qualitative kit
AR, S TR C AR CHIER B g BT
IR FE /NS PR G M A B B s L T . : 5
FYFE 2R S L TE 7 b R HH PR ZKOT BRI s, AT g2 R A 46 BItE 4o 0 40 40
UNZL:UE VS E N &2 &N B PR TeA e OWNTTR: =& aif 38 4 L
L BB BB FT 61 5005 % ik o o
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Fig.4 Standard curve of AFB1 quantitative kit
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Table 9 Comparison of reference method and AFB1 quantitative kit test results( blank samples)
25 AR AR INA R (ne/kg) 25 AR AR INE R (ne/kg)
<0.2 0.213 <0.5 <0.5
<0.2 <0.2 <0.5 0.612
<0.2 <0.2 <0.5 0.514
<0.2 <0.2 <0.5 0.525
<0.2 <0.2 0.516 <0.5
W& A W& B
<0.2 <0.2 <0.5 <0.5
<0.2 <0.2 <0.5 0.601
<0.2 <0.2 0.528 0.595
<0.2 <0.2 <0.5 <0.5
<0.2 <0.2 0.774 0.591
Sk ND ND Sk ND ND

& BAE TSR A ridawinDotNet #1044 ; ND R A4 .
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Table 10 Comparison of reference method and AFB1 quantitative Kit test results( mark samples)

FIFRARE A 25 5/ (e/kg) TnbREE AN A SR (pe/kg)
KA HKE R K KK HKE K
7.93 23.99 32.99 7.38 32.40 38.09
7.49 17.99 30.76 6.65 29.33 37.06
X 7.80 23.99 32.89 . 6.57 26.68 39.98
A& A K& B
6.84 21.51 31.18 7.81 27.01 36.37
6.89 23.49 35.01 7.08 30.35 38.26
6.56 24.87 32.06 7.10 25.88 41.70
SEHE 7.26 22.64 32.48 S 7.09 28.61 38.58
8.26 25.77 33.66 8.26 25.77 33.66
8.35 25.78 34.24 8.35 25.78 34.24
8.16 25.89 33.89 8.16 25.89 33.89
BHTk BTk
BET 8.20 25.88 33.92 sz 8.20 25.88 33.92
8.13 25.92 34.28 8.13 25.92 34.28
8.12 25.90 33.92 8.12 25.90 33.92
FHME 8.21 25.86 33.99 S 8.21 25.86 33.99

11 EEANSWRIEERER

Table 11 Results of quantitative kit verification results

& A B
LMEA B R? 0.990 5 0.997 7
SER bR IR % 87.4 89.8
KPR/ (ng/kg) 1.706 2.261
FEEBR/ (pe/ke) 1.909 2.274
AERT BRI W 22/ % 0.02 0.07
AEXT IR 25 (4% {E) 1.89 2.82
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