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Quantitative Determination of Aflatoxin B, (AFB,) in Peanuts
Based on Olfaction Visualization Technology

JIANG Hui' LIU Liangyuan' CHEN Quansheng’
(1. School of Electrical and Information Engineering, Jiangsu University, Zhenjiang 212013, China
2. School of Food and Biological Engineering, Jiangsu University, Zhenjiang 212013, China)

Abstract; Peanuts are easily contaminated by various molds during storage and transportation to produce
mycotoxins, among which aflatoxin B, (AFB,) is the most common. A novel method for determination of
the AFB, in peanuts based on colorimetric senor technology was proposed. Indicative volatile components
of different moldy peanuts were obtained by headspace solid phase microextraction with gas
chromatography — mass spectrometry ( HS — SPEM — GC — MS). According to the result of the HS —
SPEM —GC — MS report, totally 12 kinds of chemical dyes were selected to prepare a color sensitive
sensor array with strong specificity, which was used to collect the odor information of peanut samples with
different degrees of mildew. Genetic algorithm ( GA) combined with back propagation neural network
(BPNN) was used to optimize the color component of the preprocessed sensor feature image. Then
support vector regression (SVR) was used to construct a quantitative model based on the combination of
optimized feature color components to achieve the determination of the AFB, in peanuts. In this process,
the optimization performance of grid search ( GS) algorithm and sparrow search algorithm (SSA) on SVR
parameter was compared. The results obtained showed that the performance of SSA — SVR model was
better than that of GS — SVR model. The correlation coefficients of prediction ( R,) of the best SSA —
SVR model based on the combination of seven feature color components reached 0. 914 2. The root mean
square error of prediction (RMSEP) was 5. 683 2 wg/kg, and the residual predictive deviation ( RPD)
value was 2.392 6. The overall results demonstrated that it was feasible to use the olfactory visualization

technology for the determination of the AFB, in peanuts. In addition, proper optimization of sensor
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features and model parameters can further improve the detection performance of the model.

Key words: peanut; aflatoxin B, ; quantitative determination; olfaction visualization technology; feature

optimization
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AT, 7550 3 A AR 4E o X5t a] LA
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GAETHA TS DREA, BN AE R A 25 RS, KL
 SVR AN B REA T 201 B AR 1 AT LU i
YIRS FN T AR rh AL A BEAS (9 AFB, &5 i F 2 (A
F1 JGEMBNES AFB, 2 ERITER
Tab.1 Statistical distribution of AFB, values in

training set and prediction set ng/ ke
AL R/AME RARMHE T-H{H P 1 22
eSS 0.604 0 55.967 8 16. 198 2 13.8455
i £ 0.7109 46.54717 15.947 2 13.597 17

(a) 0.7817 pglke (b) 5.4995 peg/kg

(¢) 13.3004 pg/kg

P o 25 B A W 22 5%
2.2 BEERIEFETINmELER

1 S PiAb BEJS 9 A [R] AFB, 35 8 7 AR AR A 1Y
O RS I R AR . N T T RLE AR
AFB, &5 o0 A6 A R A 1 1% 3 R Ak RO A B e 22
SEA o PRI R LA W i 6 A A R A A R A
PERMEY By KA T o A TR R R R Y
T A &5 i LA A [ B B 2 T s AR A, T X S
AT LA 0 B S B B4 3R, I LAAS [8] 119 26 K
JER Bk N T rpadk a] OGS ), A7 28 351 (5 78
AR 4 0 B PR R ST B 365 b T 9, 3 5 W T A
P4 €00 B0 1 RS B 51 E M08 A 2880t e e A [ o 7 A A A
ARARAE LM ZACE O (R, A7 — 28 (8 e B
00 88 22 8] 1) 25 S 50 /0N 3 AT R R 40 T B VIR B B
RN RSB/ G 2T B SR BB A W
oK 8] 42 M 2 W] T AN [] €0 A0 22 [R]85 A 5040 77 7
—EME B ICA . B, 7E SVR A6 ) 455 784 #4) 2 7,
AT BN (8 A R B R AR B 0y i 4L AT
Ak

(d) 26.1775 pgkg

(e) 43.8907 pglkg

L A [l i 7 8 A AR AR A 22 1 PR 12

Fig. 1 Difference images of peanut colorimetric sensor with different mildew degrees

2.3 ETF GA-BPNN W4 ILE R

¥ 2 2 GA — BPNN Jilt 57 32 17 50 W5 % A~ 8
o ey BRI, NE 2 ATLLE Y B
A B 4y f E AT Bk T, H Bk AR IR Y B
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AFB, & i A8t T A 2L B 6 2 5 BT 3 IR B
i, LEAn % 6 RIS 26 A4S 45 ik 3R W] 3 28 1 (5, 43 5t
SR A AFB, & Z Al A C RN . N 2
E— 2o BTl LA B, A 13 A B, 43 5 4% 1 I
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Kl 2 50 kalszLiZ4T GA — BPNN 833 )5 A 31 64 43 i
[ SAEEINE AN

Fig.2 Cumulative frequency of each color component selected

after GA — BPNN algorithm ran independently for 50 times
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A5 MAE R i R E R #G EE SVR RS, JIF 8K
ANTA] SVR A5 AU i T 4 fE
2.4 EFFAEABABESEHAN SVRIFBLR
32 JET ARG 5 i 46 4 i S ) SVR
BERIGER . R 2 AT LLE Y, 7 GS — SVR Bl
B 2 RIS T fe e U PR . R 3 T
T 04 B0 €6, 53 1A B /D (R HEST Y GS — SVR A
RUPEREAR T X 1 A 2 AR A5 20 1Y GS —
SVR AU MEfE . ik 1 W A 35 P 199 A AIF A8 o 3o D
FE—E R B R BB AR G b O B8 D L6 B 1 N A R
FIE , DT 52 Wi 55 784 9 750 300 2 i o

M 2 oMl LU #ECT GS - SVR
B, SSA — SVR AL R B AR |- 4R 4% 1 5T 4 14 o 00 2
Ho X ATRESE A A 8 R ik — B2 Se )T
LRI AR 2D, 98 5 23 3 W 45 /) 19 R 3
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AR AR T 7 (4 I 1) 058 {E e 7 b R B — i
S AR, BT RLAR ) e 25 65 i 2 R i U E . 10 SSA
HA®RERERE R, 5 B R il R e
JRy e A 1A Y A DX, I LT RAA Ak 3k B B AR
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Tab.2 Results of different SVR models based on different combinations of color components

S

SRR S

15 Y B AR c . KOEMG  WIE¥HFRIRZE/  BONASE B s RIR2E, F4 T
AR R, (pg-kg™") RER, (pgkg™) fii 2=

R 13 0.5000 0.176 8 0.9112 5.6651 0.8890 6.1003 2.2290

GS —SVR R 2 7 1.1442 0.5000 0.944 4 4.5209 0.898 7 5.8430 2.3272
iz 3 3 5.6569 0.3536 0.8114 8.038 1 0.8112 8.0412 1.6910

sl 1 13 17.896 9 1.463 3 0.9419 4.698 0 0.909 4 5.8305 2.3322

SSA-SVR izt 2 7 50.298 1 1.5573 0.959 1 3.4172 0.9142 5.6832 2.3926
3 3 85.7933 11.6317 0.857 1 7.116 8 0.746 4 9.1853 1.480 4

XF T SSA — SVR A, 3K 2 A LLE Y, [ #F 2
B 2 N B SSA — SVR A M B A A, #5203
N7 SSA — SVR A M BRI T AL 20 1 R AR
32 WFP AR o7 ) SSA — SVR B PR, iX 5
AFEBLF GS — SVR BRI PERE 45 R — 8. Mk
AT A8 R D ) R AIE A ok g ASE T R A A A
GhRL (H T A5 5] SVR AR [ 00 P 5l 7E — 8 R I
A ATHISS . 275 % B (1 e R 24 B TN B
2 T 15 B Y B A SSA — SVR L Sy Ft A 4L
Kl 3 Sy fefE SSA — SVR #E AU AE I 25 4 F 1 U 4 rh 1)
U SR 2 8] S B I R, R 0,914 2 T
D35 7 5% 25 2 5. 683 2 g/ kg ) 4% Tl I A 22 Ay
2.3926,

3 &RiE

Bt o A 2 B AR 3 AR PR R MR R AR 4 2 M T
£ TR SRR I €0 AL B AR R A S T R AR AR R
AFB, & A . 3@ 5 5] A GA — BPNN B %) £
AL SRS B oy m AT Ak, ST T 3 T OR R A
fEAFIEAL A /Y SVR BERL JF AR T GS il SSA Wi Fh
Ak 53k b SVR 2 B0 1k iy sk . 45 4R & B,

10 20 30 40 50 60
PME/ (g -kg )

3 SSA — SVR A 1 750 {F 55 0 = A 1 5 &=
Fig. 3

Interrelationship between measured and predicted

values in SSA — SVR model
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2.392 6 45 R KW, BT WL5E AT A0 AL 5 AR 4 A 38 Y
(AL ~Ait i o O ik SE B R R AFB, R 1 E B
D2 FTAT ) RS 45 R T S il RO B A A W A
BRE R W E 1 B A I 4R I — AT i R 5 ik
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