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ABSTRACT: Objective To evaluate commercially available rapid test products for aflatoxin B; based on the
entropy weight method-technique for order preference by similarity to an ideal solution coupling model
(EW-TOPSIS). Methods  Rapid test products of different brands for aflatoxin B, were tested under
multi-dimensional conditions involving different application environments, different operators and different food
matrices. The 3 indicators, namely sensitivity, false negative rate and false positive rate, were examined. EW-TOPSIS
analysis was performed, in which objective weighting through the entropy weight method was employed to eliminate
subjective bias, and then the TOPSIS method was combined to calculate the closeness of products to the ideal
solution for ranking. The comprehensive performance of 3 brands was systematically evaluated, and ultimately a
complete and scientific evaluation system for AFTB, rapid test products was established. Results The weights of
sensitivity, false negative rate and false positive rate determined by the entropy weight method were 0.3377, 0.3377
and 0.3247, respectively. The ranking of the 3 brands based on the closeness coefficient was brand A (0.8597)>brand
B (0.6136)>brand C (0.4214). A higher closeness coefficient indicated better comprehensive performance; therefore,
Brand A was identified as the optimal one, which remained stable under extreme temperatures and with different
operators, exhibiting outstanding performance in accuracy, specificity, and applicability, followed by brand B and
brand C in descending order. Conclusion This model is applicable for the comprehensive evaluation of rapid test
products of various brands and matrices, providing a basis for product selection at the grassroots level and quality
control by regulatory authorities, while also offering a novel approach for the evaluation of rapid test products and
promoting the standardized application of rapid test technology in the field of food safety.

KEY WORDS: aflatoxin Bj; rapid test products; entropy weight method-technique for order preference by

similarity to an ideal solution coupling model; evaluation
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HAFTB, B 5 pg/kgl . #illl AFTB, (1555605 ik
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1.1 w5

JBRL. NE . BT,

NG (e, B PA /A ), AFTB, frifEd) 5
(4l 98.60%, HHiITA B HF).

AFTB, PAs it 4k 3 AN, s 5lbRic i i . &,
TN ARG, RS A R G S R AT, SR N
AT 3 AL RN vk, FRFRES R 5 ng/ke.

1.2 UE5EF

QTRAP 4500 FU i AH {0338 H3 I JoT 1543 (& =1 g FH AR 9
RGN F]); Waters Atlantis T3 (A5 4:(2.1 mmx150 mm, 3 pm)
(21 Waters 22 &]); MS303TS B, 7K F-CF5 1% 0.001 mg, it
AR - R 2 A HD
1.3 XWHE
1.3.1 ARBEERH &

FERPREL 1 mg i AFTB, bR iz, BT 100 mL 455
b, FHCRESRITE A B2, FOBTRRE 10 pg/mL (1)
AFTB fi# 55 A5 % 5 1 mL AFTB, i 5, & T 100 mL
A, HOEREITERZZIE, B 100 ng/mL /Y
AFTB, FRUE I
132 MARHELHE

BUBZL. /NE . IR, I GB 5009.22—2016 (&
mEEE A AP EMERE B RN G BAINE )
SRR, AN AFTB,, &MU 5 g, 4334T 50 mL .04
b VR B HERE S i 23 TR

BUBHL. N BOEARERS S g 0% T 50 mL
BT, RS 125 uL AFTB; PRifEI, FC
2.5 pg/kg 1 AFTB, JIARAESL, FE A BAMEAR S 0.5 5K
HBRFE L
133 FMEAE L&

BUEFL. /N BRI 5 g 4336 50 mL B
DT ARSI 250 uL AFTB, FREATR, BN 5 ngke
() AFTB, JIBRAE S, VEABEERES: i 1 ARG ARG
134 HZHHRRBTEER

A T4 1 B PR P A 2 (R A L B R S b
0.5 fisk tHBRAE S . PHEERES Y 1 A5AG H B AR bL, 4 R
CNAS—GLO003 { i JJ B i A it 5 M AR e HE AN 5 7 )
LIS ME R E R, YWAIERF G E0R, FEMMTER R
7 90 d NFASE
135 #%

R R G I ™ it 306 B S AT HR A, B A A R g A
FEJTF IR A5 FIRE b L 0.5 ARG HEBIRAE Bl L 1 A5G s BRAE s,
FiD G 45
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1.4 HIELLIE

SR Pl A 2 T X6 SRR A I R AT BB, BT
A G EITE Microsoft Excel 2019 #4hsg i, *H A
T AR TS, 2 ARAGEIEF5 IR EEEXT 3 sk
PRIEA TR AL, T BR EWAw 2 SR A TOPSIS 7451t
AL 5 AR 1) K PG RE B B AR X NG I R, SEBRLR A
REM AL HET

ZRE D

21 BEEMETRUISERER

TEIRAH IS (R BE 25 °C+1 °C, 1B 50%+5%, %l
RN SLHRAE) T A i LA S A 25 (AR S 50 14
0.5 fikr 1 FRAE 5L 50 177, 1.0 5K HH FRAE AL 60 1, Z550L3% 1.
TG R R AR R B R AR (TR B B T Rk, (B
ZAL R R IR KU /D, I B 2R AR e A iR [ A
AR BAMERER /N FR 1 AT, FERRARIREE T, &)
LT T LI T R R AR R BRI . (AN, H 5
R RBUE N 98.3%  MREAMER 1.7% ., IRBATER 2.0%; Z A
RPERE R 96.7% . RIIMEZE 3.3% . RFHESE 3.0%; N &
W — LR % 95.0%. REITEZ 5.0%. BFHPEZR 4.0%.

2

*1 BRFETHRUSER

Table 1 Detection results in normal environment

LRI ESE ] R 2% 55 Ay B
S5 AR PAERE S AR PRPERGRAYE  BIMERESE HEREIME RIGPE% 1 A 3R /% TR AP /%
B % P
H 60 59 100 1 98.3 1.7 1.0
i Z 60 59 100 2 98.3 1.7 2.0
] 60 59 100 2 98.3 1.7 2.0
H 60 59 100 2 98.3 1.7 2.0
N Z 60 58 100 3 96.7 33 3.0
5} 60 57 100 4 95.0 5.0 4.0
F 60 58 100 1 96.7 3.3 1.0
- Z 60 57 100 2 95.0 5.0 2.0
& 60 56 100 3 93.3 6.7 3.0
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FH1TE

TERA LT, 25 5b Rt 52 30 HH A /0N 22 58 5 HP A [R] 1Y)
B, PAREIRER, PR 3 SR P R R e R A
FEFNBARM IR AR, MRl E it T4 WM, JLHAE
BARET(ONE . )P REE AL,
2.2 HURIME THRINERER

SRS PRAS 7 i AE S B g P AT B 2 ) AR AR R
BEARAE, AR 35 CORYE ZE R 5%) Fl 10 °C(HE
PG B V8 P R B )E ot ot B e, AR 7™ U B A3 3
AR RAE O PR BE Y0 FEIAE A2 o 43 A AE 35 °C. 10 °CF X
FA™ SRR AR R A I 25 RS, 10 . 0.5 fikor Hh FRASE 5
103, 1.0 f ke H BRAE & 20 17, 255 W3R 2 A 2 WAL, 75
35 Cril AT, WHaME sl M. PR
HOE /510 95.0% . 95.0%. 90.0%, fIBAYERS51H 5.0%.
5.0%. 10.0%, FHMEZSN 5.0%. 5.0%. 5.0%, B&L
F AN R, 710 CfIGRAST, BMEERRL /NE.
AT RBUE A8 95.0%. 90.0%. 90.0%, {E
PR R 5.0% . 10.0%. 10.0%, {5 BHEEZR51H 5.0% .
5.0%. 5.0%; BEOLTZRIPS AN, DL B8 ios, WS EAE
R i B 2 T AT DR A o 7 R S AR A iR 2, |
N RAFEIEFRERE N . 2 NS TE RIR AR T ERE TR
FOE R, GRS PR RIS S, R
FHR AR AL A AEUR, T RESE R B 4G I A v R

2.3 FRIARKMERER
ST T PRAG ™ i B4R A D1 AT BB R 80 A L
VAVl RN YN S e a2l NS S YN W)

LR HEATATIN, FH LA GRS 7 il AN [ A 138 I - 6
ZEEFENG 1, 2, 4 HEBEMAR, A3, 5. 6H
Ll A DY), AN Sh AR AD L BRI 25 IR &L 10 3. 0.5
Rz BRAE T 10 63 . 1 A5KL H BRAE S, 20 1y, 2583 3, |
% 3 ATHL, B RRAE L RAE Rl A B ERE R RE R L
FE—3, REUZPETEE/NTET 5.0%, PR AE
PERPW ST E/NTET 5.0%, Ui HARERIE . PrThe
F15, AT ARFEEREAEGRF . 4. R EREIEE L
N BEEAET, BR8Nk A B #1E BT
5.0%~10.0%, B FHIESR EFF 0%~5%, e HxHEE A B
HIE AT — s, AT RERR LA E S 2B T R
2.4 EW-TOPSIS #ELER
R ¥ AFRAEIL B
ARG . 2 T8 3 AR BRI 2L L /N
AT 3 R, Hb o NI TR, X RBUE . BT
R BAYE A 3 R AR AT TIFM, I ES WK 4.
242 HATISFREIEATEAL

R T I B AN TR b (] ik 4 RS0 R R e, B
FLATAT He, TR DA B 1A T A v A b B (R C 4K
fb)o AHEIER AN 2225400, B 45T bn B s Ze v AR 46 2
[0, 11X 1], 73 ZbRiEfb)s e bR g (R 5). Hoh, REUE
R TR AR, 5 B R BE 2 kg AR LR AR, 431
P DO AL Y8 =k (/N W o g = M 3 71 N S 7 71
MR FL A TF R S M2 SRR A 3R IE B U 1 B A A
MIRE ST, B 2R B = S M RE RO, HOE SO B4

2.4.1

F2 RBHETHRNER

Table 2 Detection results in extreme environment

FRAEAE RS 25 28 S B o

o TIN5 R B 1

WwErC  HEE Wi RO HOBEERES A B L 5 R RS/ % s B2 /% 15 BA 4 2/%
H 20 19 20 1 95.0 5.0 5.0
JEFL Z 20 19 20 1 95.0 5.0 5.0
&} 20 19 20 2 95.0 5.0 10.0
H 20 19 20 1 95.0 5.0 5.0
35 N Z 20 18 20 2 90.0 10.0 10.0
] 20 17 20 2 85.0 15.0 10.0
i 20 18 20 1 90.0 10.0 5.0
o Z 20 17 20 2 85.0 15.0 10.0
] 20 16 20 3 80.0 20.0 15.0
H 20 19 20 1 95.0 5.0 5.0
JEFL Z 20 19 20 2 95.0 5.0 10.0
] 20 18 20 2 90.0 10.0 10.0
i 20 18 20 1 90.0 10.0 5.0
10 Uy Z 20 18 20 1 90.0 10.0 5.0
] 20 17 20 2 85.0 15.0 10.0
i 20 18 20 1 90.0 10.0 5.0
fuy Z 20 17 20 2 85.0 15.0 10.0
&} 20 17 20 2 85.0 15.0 10.0
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Table 3 Detection results of different personnel

o TINEE SR B

o T SR B

A B Era5y iy FHEEAE 5K T RFEEAE Bk R RESE % BIATER% RHM2/%
H 20 19 20 1 95.0 5.0 5.0
JEFL Z 20 19 20 1 95.0 5.0 5.0
G} 20 18 20 2 90.0 10.0 10.0
H 20 19 20 1 95.0 5.0 5.0
1 INEE Z 20 18 20 2 90.0 10.0 10.0
&} 20 17 20 2 85.0 15.0 10.0
H 20 18 20 2 90.0 10.0 10.0
o Z 20 18 20 2 90.0 10.0 10.0
&} 20 17 20 3 85.0 15.0 15.0
H 20 19 20 1 95.0 5.0 5.0
A Z 20 19 20 1 95.0 5.0 5.0
] 20 18 20 2 90.0 10.0 10.0
H 20 19 20 1 95.0 5.0 5.0
2 INFE Z 20 18 20 2 90.0 10.0 10.0
&} 20 18 20 2 90.0 10.0 10.0
H 20 19 20 1 95.0 5.0 5.0
1 Z 20 18 20 2 90.0 10.0 10.0
G} 20 17 20 3 85.0 15.0 15.0
H 20 19 20 1 95.0 5.0 5.0
A Z 20 19 20 1 95.0 5.0 5.0
] 20 19 20 2 95.0 5.0 10.0
H 20 19 20 1 95.0 5.0 5.0
3 INFE z 20 18 20 2 90.0 10.0 10.0
%] 20 17 20 2 85.0 15.0 10.0
H 20 18 20 1 90.0 10.0 5.0
1 Z 20 17 20 2 85.0 15.0 10.0
G} 20 16 20 3 80.0 20.0 15.0
H 20 19 20 1 95.0 5.0 5.0
T Z 20 19 20 2 95.0 5.0 10.0
] 20 18 20 2 90.0 10.0 10.0
H 20 19 20 1 95.0 5.0 5.0
4 INFE Z 20 18 20 2 90.0 10.0 10.0
%] 20 17 20 2 85.0 15.0 10.0
H 20 18 20 1 90.0 10.0 5.0
o Z 20 18 20 2 90.0 10.0 10.0
%] 20 17 20 3 85.0 15.0 15.0
H 20 19 20 1 95.0 5.0 5.0
JE 7L z 20 18 20 2 90.0 10.0 10.0
G} 20 18 20 2 90.0 10.0 10.0
H 20 19 20 1 95.0 5.0 5.0
5 INEE Z 20 18 20 2 90.0 10.0 10.0
] 20 17 20 3 85.0 15.0 15.0
Gl 20 18 20 2 90.0 10.0 10.0
oy Z 20 18 20 2 90.0 10.0 10.0
&} 20 17 20 3 85.0 15.0 15.0
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AR OME AR ELRERS ngfg}' Zf BIFLRE S ﬁﬁ;ﬁ'ﬁiﬁf ;‘f R LR %%
H 20 19 20 1 95.0 5.0 5.0
3L Z 20 18 20 1 90.0 10.0 5.0
5] 20 17 20 2 85.0 15.0 10.0
Gl 20 19 20 1 95.0 5.0 5.0
6 INEE Z 20 18 20 2 90.0 10.0 10.0
&} 20 17 20 2 85.0 15.0 10.0
H 20 19 20 1 95.0 5.0 5.0
w0 Z 20 18 20 2 90.0 10.0 10.0
5] 20 17 20 3 85.0 15.0 15.0
R4 FIRIETRRE {F B oo (5 BARHN, VLR bR 00 B RO B, 34t
Table 4 Data of raw indicator E/]ﬁ; Eiﬁit_y, DR 72 2 SR o 7 T O T A T
iR BE  REE  EEER AR i 33— b T 545 A 1 A BT Wik 7). 44
WA 0983 0.01 0.017 SRS A TR 0 I ZEARE, SR T A0 (R 2%
H NZE 0.983 0.02 0.017 LR 6. 7.
[/ 0.967 0.01 0.033
T, 0.983 0.02 0.017 xk6 FmBITMIERLLESR
Table 6 Weight table of evaluation indicators for various brands
oo rE e oo — e R fl bR B
iy 0.950 0.02 0.050
=l 0.983 0.02 0.017 H-f 3L 0.1656 0.1875 0.1656
o N 0.950 0.04 0.050 /N2 0.1656 0.1250 0.1656
oy i 0.933 0.03 0.067 -2 0.1126 0.1875 0.1126
Z-TFFL 0.1656 0.1250 0.1656
i GER R AT); 1B 1 258 4B B 1 24 43 S0 A 3 Dk R 154
I, FEAECHE 5201 P2, R X A T cohk om0 o
BRI, - 0.0563 0.1250 0.0563
N-EFL 0.1656 0.1250 0.1656
RS AR R R W-/NE 0.0563 0.0000 0.0563
Table 5 Summary of standardized indicator data
WA R AH0E  EHR RO - 0.0000 00625 0.0000
JE 7L 1.000 1.000 1.000 =7 WRE
H INE 1.000 0.667 1.000 Table 7 Table of entropy weight
iy 0.680 1.000 0.680 Ei=¢2) FEM e L w,
&L 1.000 0.667 1.000 R 0.9133 0.3377
< M 0.680 0.333 0.680 fIs BRI R 0.9166 0.3247
oy 0.340 0.667 0.340 BEE 0.9133 03377
L 1.000 0.667 1.000
] UV 0.340 0.000 0.340 2.4.4 mAHTEACAL
H1 0.000 0.333 0.000 ER B AbR R AL E G, 7K H S5 hR L 5
AL G, MBS LSRR B . BRI E RIS SR 5
243 ZEBEHREBERE PIAREALAE ryj e LA W FE AR AOALEE wy, 75 2 InACLTE (b

TEMAL TOPSIS ¥EH, & Jeis B AR AR i fb e i 5 s
TR TEFME MR LT p(3e 6), DAL W2 R Ry

KIS B . SRJG, MR RIE

JEE, TR ARG

1B vij(F8 8) o 1X AN B4 A2 S 82 1EF T TOPSIS 43 #r 3L At, &
FEAR B T IR A SR R AE, ORI T 7 (6] 386 b7 1) 1 32k
2?171‘0



%5 13 3]

Wi, S50 T IRIA -1 T B HE e R R S A ) il

TR By P M PR 65

RS MBARENEIE
Table 8 Weighted standardized data

Fz 10 mMEEETN
Table 10 Comprehensive evaluation of brands

% R T PHPEZR B2
H -3 0.3377 0.3247 0.3377
LAY 0.3377 0.2164 0.3377
H -5 0.2296 0.3247 0.2296
-3 0.3377 0.2164 0.3377
L-INE 0.2296 0.1082 0.2296
- 0.1148 0.2164 0.1148
- FL 0.3377 0.2164 0.3377
/N 0.1148 0.0000 0.1148
WA 0.0000 0.1082 0.0000

2.4.5 TOPSIS £ X

#£ TOPSIS 35, 1F B BRAR IR 5 40 0l B Wy 58 5 0
P B RN ZEIE, PSRRI 3l B ) B e Ak
TS, MBI 1, RALGEE R, &R0
*9,

%9 TOPSIS £F
Table 9 Results of TOPSIS

ES E HAR fi S 71 AR i S G
H - #L 0.0000 0.5774 1.0000
H /A2 0.1082 0.5243 0.8289
H -2 0.1528 0.4592 0.7503
Z-TE3 0.1082 0.5243 0.8289
L-INFE 0.2649 0.3423 0.5637
-1 0.3332 0.2706 0.4481
R EN 0.1082 0.5243 0.8289
-/ 0.4525 0.1624 0.2641
M- 0.5243 0.1082 0.1711

24.6 SREszAIRHN

AL EW-TOPSIS T153:45 i JALAAAH X I 30 B2 39 (B (3% 10),
H LN 0.8597, Z M 0.6136, TRALRE N 0.4214, AHXT
Wi B 1, FORIRG LR A M BE R AR K. H
AR ST B 6 0.8597, B M T4 I kb i, FREH AR
RGP EEAER | BB 3 T LR bR L4 R
e, HAEARRRER . A FEPREE SRR R E N 4L T
VIR REMERE. MR B 0.6136, &b T AR,
FETR O SETR AN A T R RAT, (e —E B shitk . 9
R BEAN R 0.4214, SEIARAR 22 B A, LR Jedk
IR I EREE T 1 RE T B R . 25 |, T EW-TOPSIS £
BRI A TR ES IR, 3 A-dh R rERE 2 HEF S i >
b > R, R R AT A Sy R R R AR T
7=

i L C He
i 0.8597 1
Z 0.6136 2
&} 0.4214 3

3 WHit5ER

AT E R T AFB, A 4 G 38 AT HAG = ff ik =
ZATEMITILIAR, B EW-TOPSIS 51 AR i
PEREVEM S . T8 S 4 S i1 (3 Fh bR, 2 A
W s BE 2 2 R HRAE N DOARBOR O | BRI
FH: 8 3 AZ O T AR A SEIN B, 32 PR 25 WA (R
U 03377, REIEER 03377, MR 0.3247), 454
TOPSIS ¥5 54 fi 55 FHARLRE A UG 300 B, S B ) R 7=
SREE A TEREM AT . BFIR IR, 3 A R BE T
HEF g BN B OUS 3 B 0.8597)> 2. 4 i (0.6136)> 14 i Ji
(0.4214), W SHMAE 3 ZEFERT . PARIMB SR SO [RI3E N
B 25T SRR R LR AR AR R, BR A S
LA VERE FNERBEAE I 1

5 B A YA S P ST AR L, A SE AT B Y
TR E T ARG AN 22 R B — S5 AR
FE BRI, B M DL S B S R A R, R
DA 32 SRIAS ) R B A« ASHIFFE SR FH ) EW-TOPSIS, 8
T A5 B R R B AR B R 1 N AR AR FRE e T
fm2=; [FH} TOPSIS #eidad H4 5 AR M YRR [CHE S, fE
i EW LA A i S FRAR PR BE KO 1Y 22 05 . X R TR
KB B REAN 7 ik, FEHR 2R T REAY . AR BT R O
ST AR RV N, R S AR AT
IERER/

MEHL A AR AR B, RAUEE . RFA SR IR
P2 = B RTE B B R (0.3377 . 0.3377. 0.3247), X—
SERAER T IS E A (1)3 WS bR 7ERAG 7 i 45
A v EL AT TR) 4 E B g 7, AT AT B — R B R I
SO 7 N LR A TE A T ()AL FE T 8 e I o 1Y
BRI E A, A AR B 3 U8 bR 78 56 by by 1 3 ¢
PR DX A RE A Y, BXORDRR AR  l BR T H
(A B 5 T —— 5 Rl 4 o R O | AR A 3R A
TR F T R B — R bR 1L . EW-TOPSIS #4 24E % |
LR LI BAE S I — ANV E, AR T I
T AR S bk B R TG PR AR 22 . ME LB R R BE, AT
EARYE NG B R AR T e AL, R, BEHL ) 2
SRV CORRIEE T . IR BE . RVEA SO BTN S5 R N R
PR i B SEBR I R B, BZAGGANEE T L = AR S
PR PEM 7 FLA A8 1Y S R 5 S

AFEAAFE—E R (UEETEI., ME. B/
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