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Abstract: Objective To establish discriminative analysis and quality prediction models of Kuxingren (Adrmeniacae Semen Amarum,
ASA) with different rancidness degrees based on fusion information of color and odor digital values. Methods Firstly different
models were established by various classifiers to discriminate different rancidness degrees of ASA samples with positive judgment rate
as evaluation index. And then the optimal algorithm was screened out based on fusion information of color and odor digital values.
Using SPSS analysis platform, the correlation analysis between the digitalized odor and color fusion information and the chemical
composition of ASA samples was carried out. Afterwards the content prediction regression equation was established and its fit was
checked. Results In the model building based on the fusion information of powder color and odor, four kinds of algorithms, namely
Logistic, IBK, K-Star, LMT and Random Forest, possess higher positive judgment rate and could complete the classification and

identification of ASA samples with different rancidness degrees; In the model building based on the fusion information of longitudinal
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section color and odor, Logistic algorithm and K-Star algorithm could complete the determination of rancidness degrees. The prediction

models of ASA quality were established based on the fusion information of powder color and odor, and the prediction equations were
as follows: Yamygdatin = 2.175—1.340 F12 + 0.529 Fi.1, R? = 0.732; Yacid vatue = 2.113 + 1.724 9 F1.—0.667 F1.1, R?> = 0.719; based on
the fusion information of longitudinal section color and odor ASA quality prediction models were established with the following
prediction equations: Yamygdalin = 2.153 + 1.242 F25 + 0.5 F2.1—0.689 F2.3, R = 0.775, Yacid value = 2.226—1.946 F2.,—0.785 Fa.1, R* =

0.738, with excellent fit results. Conclusions The color-odor digital information was used to profile the trend of chemical composition

of ASA samples, and the color-odor fusion information measurement could be used for the quality evaluation of ASA samples.

Key words: Armeniacae Semen Amarum; rancidness; odor digitization; color digitization; information fusion; quality evaluation
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Table 1 Sample information

AN CER P
mo S R
HARBFEE 0H S1 DI Cl
3H S2 D2 C2
6 H S3 D3 C3
9 H S4 D4 C4
12 A S5 D5 C5
24 H S6 D6 C6
27 H S7 D7 C7
30 H S8 D8 C8
33 H S9 D9 C9
36 H S10 DI0  Cl10
LS TP 10d S11 DIl Cl11
20d S12 DI2  Cl2
30d S13 DI3  CI3
40d S14 D4  Cl4
50d S15 DI5  CI5
60d S16 Dl6  Cl6
70d S17 D17 Cl17
80d S18 DI8  CI8
90d S19 D19  CI9
100d $20 D20 (20
110d S21 D21 C21
120d S22 D2  C22

1 AEEHEE 1~1V) #RE
Fig. 1 Sample chart of different rancid degree (I—1V)

NG M A2 b 380~780
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A 600s, WHALIREE 45 C, IRFHEFE 2501/s, HE
FEE 2500 puL, #FHANES TS, HBERE 150
mL/min, FHERAERTE 120s, REMW 1s, W
A 1E] 600 s

25 EECEHNZE

251 BRERME BN Zorbax SB-Cis £ (250
mmX4.6 mm, 5pm); FBIAHNEHEE-/K (20 1 80);
AR | mL/min; #EFEE 10 uL; AR 207
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Table 2 Range of amygdalin content in samples with

different rancid degree

EHH/(mgg™!
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Az i JE i b i
I 3.73~5.07 1.22~3.56 2.27~3.41
I 1.53~5.09 2.44~3.22 1.89~3.23
I 0.13~0.58 0.95~1.74 0.57~1.25
v 0.00~0.02 0.06~0.73 0.06~0.32
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sensors and detection range

Optimized sensor array after seven metal oxide
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Table 4 Total variance explained by the fusion of powder

color and odor information

YIUERFIEE PRI 7 AN
5% K BHHR HE BRR
&it . i ‘
tb/%  BRFE/% tb/%  BRE/%
1 11.187 74581 74581 11.187 74.581 74.581
2 2521 16.804 91385 2.521 16.804 91.385

PCA [#4E)5, EBURMIE L, MWFE S TLUEH 34
K F L TTHR N 94.055%, BUARELAET 3 T (Fas
Foov Foz) BT 00T. ARSLEEE— 0 L miar 7
ZE DTHRZ B &S 1 o AR PR A 1 R AU
17 1T IBCF I —4k, 3R A PCA VTR E 1t
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*5 FEHESSWESMARENERE
Table S Total variance explained by fusion of profile color

and odor information

YIUEFFAE(E PEEUT 5 AN
L% Kz BM HE B
it . it .
tb/o%  BRE/% tb/%  #kER/%
1 11.196 74.641 74641 11.196 74.641 74.641
2 1.830 12.199 86.840 1.830 12.199 86.840

3 1.082  7.215 94.055 1.082 7.215 94.055

210 ETRiEEEMNERCEREENFIRLE
2.10.1 B TR RBUESRELS (F S AS [F)E R
FETEAATIA % “2.837 DU N EHEAE, AFH
HINLES 22 ) SRR A B AR B AT A0, 4528
W 6. SRR, BT AR SIRES
BRI 7, Logistics IBK. K-Star. LMT #ll
Random Forest 5 FH VA FTS IEHI RS, ARINE
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2.10.2  FEF U R LG 1R B A R E R
FEERARIAS % “2.837 W N EHEAE, ANFE
HINLES 22 ) SRR A B AR B AT A0, 4528
W 7. SR EIR, BTG P A SRR S
= R E ST, Logistic A1 K-Star iX 2 Fpdy:
JIrAR IR A, N, AT 58 o AN [F]E i
FEEE A IR 50
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Table 6 Based on powder color, electronic nose sensor optimization array, both information fusion of different rancid degree

Armeniacae Semen Amarum machine learning results

IEHIZ/%
B2 332 R AR AR SEIAIE v
MABE  AREERE  EEEEG  BAREE AWREE  EEME
FhEE U (Naive Bayes) 89.86 56.52 84.06 85.71 71.43 92.86
TRFAENL (SVMD 76.81 53.62 91.30 78.57 57.14 85.71
B HEE (Logistic) 84.06 69.57 95.65 64.29 57.14 100.00
% 240 (Multiple Layer Perception) 84.96 71.01 95.65 57.14 50.00 92.86
e MFE R KM% (RBF Network) 85.51 62.32 85.51 71.43 57.14 85.71
IBK* 85.51 73.91 95.65 57.14 64.29 100.00
K-Star* 85.51 71.01 94.02 64.29 57.14 100.00
195y 28% (Filtered Classifier) 85.51 56.52 81.16 57.14 42.86 85.71
BENLZE 514> (Random Committee™) 84.06 73.91 92.75 71.43 50.00 92.86
C4.5 Y3k (J48) 79.71 73.91 86.96 64.29 42.86 85.71
WK (LMT) 85.51 63.77 94.02 64.29 50.00 100.00
FEALARMR (Random Forest™) 86.96 66.67 94.02 71.43 42.86 100.00

“Logistic. IBK. K-Star. LMT £l Random Forest 25 AL 5%
“Logistic, IBK, K-Star, LMT and Random Forest are the superior algorithms

x®7 ETHEHE. BTFEEAREMAUET. REEEMENIREMEEEETCNR[RFEILER
Table 7 Based on profile color, electronic nose sensor optimization array, both information fusion different rancid degree

Armeniacae Semen Amarum machine learning results

TEH %1%
B 5 2% T8 TR AR R AR JIE V£
HmgE  AWREE FEEREmE HmEHe AREE BEME

FhFE DU (Naive Bayes) 85.51 56.52 79.71 64.29 71.43 85.71
TREMENL (SVMD 76.81 53.62 84.06 64.29 57.14 78.57
WHEE (Logistic) 82.61 69.57 89.86 78.57 57.14 85.71
Z )25 (Multiple Layer Perception) 85.51 71.01 88.41 78.57 50.00 71.43
RIR R ML (RBF Network) 78.26 62.32 85.51 78.57 57.14 78.57
IBK”* 84.06 73.91 85.51 64.29 64.29 85.71
K-Star” 81.16 71.01 82.61 71.43 57.14 100.00
€558 (Filtered Classifier) 82.61 56.52 78.26 71.43 42.86 92.86
BEHLZE 522 (Random Committee™) 82.61 73.91 78.26 71.43 50.00 85.71
C4.5 PEit (J48) 81.16 73.91 68.12 71.43 42.86 85.71
PR (LMT) 88.41 63.77 88.41 64.29 50.00 78.57
FEALARMR (Random Forest™) 86.96 66.67 78.26 71.43 42.86 71.43

*Logistic 1 K-Star AR

*Logistic and K-Star are the superior algorithms

KWK 9. (1) FALFRFR 58 KRB SRS BRE R

212 EREMKEACE R S EREREEAT TRENE SRR, % “2.747 UM WEAE, B
FER S 55 I AR SR SR A SR A YRR dR, IR
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* 8 ERCEMBUEMREMARARKSKESMEN B0l EmE S EAER CFR HEE.

Spearman HHX R (n=66) FRAE . A AED

Table 8 Spearman’s correlation coefficients for fusion of MEERPBENLIER 53 ANEUEAE NI SR E B

Armeniacae Semen Amarum rancid physicochemical indexes S R T FAAS Y, AR 13 AR N

with powdet; color and odor information (n = 66) AR IGATE [5] JRE AR 6 568 3o 7 R 2 S [R5 S

HAL AR Fu  FuPfi P FaPf AP RS R R, Rl

EAEEER 0239 0054 —0.7977  0.000 HOTINE 5 D EAE 2 18] O AH SR R, SRRt 2
TR -0.252"  0.041 0.788™  0.000 BB 28 (P, S E (R, BIFAHERE
A -0.162  0.194 0.630"™  0.000 BIPVEEEE (R? i), ZEBRILE 100 JSRKEAS K25

®9 EBRCEMBUEGRSHEAEKSWKESMAH Spearman HHXFEH (n=66)

Table 9 Spearman’s correlation coefficients calculated for fusion of Armeniacae Semen Amarum rancid physicochemical

indicators with profile color and odor information (» = 66)

HALFE bR F2a FaPfE Faa FroP1H Fa3 F3P1E
WS E 0.207 0.095 0.610" 0.000 —0.452* 0.000
IR1E -0.225 0.070 —0.682"" 0.000 0.236 0.057
W EE A E -0.150 0.229 —0.588"" 0.000 0.154 0.217

CRAHRAR S RS VETE 0.05 KT (RURBAREE), " NAHIARE BB VETE 0.01 KF (XUBARLEED
* Correlation test significance at the 0.05 level (two-tailed test), ** correlation test significance at the 0.01 level (two-tailed test)
R 10 ANEMLFERTHIEYIRE

Table 10 Regression models for different chemical components

HALARbR T 7 P14 BEM R? R e
AR Y=2.175—1.340 F12+0.529 Fy., 0.000 e 0.732 0.721
FR B Y=2.113+1.724 9 F12—0.667 Fi.1 0.000 oS 0.719 0.707
A E Y=0.01340.004 Fi» 0.000 e 0.424 0.412
PA- S = 10 T 5 R RN ) TR 5 R BEAT R A 7 .
TR ZERG I, 759 2 [B] V= 77 FE PN &5 SR AN B S AE BN A ~ 6 R2=0.858 4
2RI 2., 3, 2 . -
(2) P E M ERAL T An 5 3 T A S SR g% 3
B A A R L SR VAR “2.11.2(1)7 =
T, BSLEAR, SR ILEE 11. WREEAO o',
P [ T R R R AR 1 TR T R AT LA R 0 2 4 6 8 10
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Table 11 Regression models for different chemical components

AL IEbR Tt P WM R? Ry
LR SR ¥Y=2.153+1.242 F2.,+0.500 F21—0.689 F2.3 0.000 e 0.775 0.765
e Y=2.226—1.946 F22—0.785 F».1 0.000 e 0.738 0.728
EEAE Y=0.013—0.004 F>» 0.000 e 0.397  0.385
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Lo . HERS Fr BEIEAK, 5 Fos BEHMK 1T

£ ot O BRI Fao SESUHI, WAL Fas 835 50
g N g Ko FHIRAE 23 A1 5 5 R B T 7 R4 R AR FE— 3
= 34 [EEFEMEZSKIEERSN

] 2 4 6 M 10 11 TR, ASFEGS R 1 Rl SRR
-1 S (mgg ™)

B4 BHECHSEINSHMEIL
Fig. 4 Comparison of measured and predicted values of
amygdalin content
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Fig. 5 Comparison of measured and predicted acid content
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