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Abstract: Objective To explore the feasibility of artificial intelligence sensory and multi-source information fusion technology for
the binary classification identification method of five flavors of traditional Chinese medicine (TCM), and provide a new method for
the evaluation of drug properties of TCM. Methods A total of 122 representative TCM decoction pieces with only one flavor (derived
from the 2020 edition of Chinese Pharmacopoeia) and 14 commonly used food samples were selected. The intelligent sensory
information of 136 samples was collected by PEN3 electronic nose, ASTREE electronic tongue and SA402B electronic tongue. The
obtained information matrix was used as the independent variable X, and the description of the nature and flavor under the items in
pharmacopoeia was used as the benchmark information Y. Two chemometric methods, principal component analysis-discriminant
analysis (PCA-DA) and least squares support vector machine (LS-SVM), were used. Based on a single type of intelligent sensory
equipment (single source) and multi-intelligent sensory information fusion (multi-source), the five flavors two classification (acid/non-
acid, salty/non-salty, spicy/non-spicy, sweet/non-sweet, bitter/non-bitter) identification model Y = F(X) was established, and the
positive rate of cross-validation was used as the model optimization index. Results Through the leave-one-out cross-validation
method, the maximum correct judgment rates in the five-flavor two-classification model based on single-source information were
98.53% (ASTREE/PCA-DA, LS-SVM), 97.06% (ASTREE/PCA-DA), 84.56% (ASTREE/LS-SVM), 89.71% (ASTREE/LS-SVM),
84.56% (ASTREE/LS-SVM). The maximum correct rate of the two-classification identification model based on multi-source
information was 99.26% [(ASTREE + SA402B)/PCA-DA], 99.26% [(ASTREE + SA402B, PEN3 + ASTREE + SA402B)/PCA-DA],
88.97% [(PEN3 + ASTREE + SA402B)/LS-SVM], 91.91% [(PEN3 + ASTREE + SA402B)/PCA-DA], 86.76% [(ASTREE +
SA402B)/PCA-DA], respectively. The correct rate of the model after multi-source information fusion was improved, with an average
increase of 2.35% (P < 0.01). Conclusion ASTREE electronic tongue performs well in the identification of five flavors and two
classifications of TCM. The correct judgment rate of the model after multi-source information fusion is higher than that of any single
electronic nose or electronic tongue, which provides a reference for the evaluation of five flavors of TCM.

Key words: five flavors; medicinal properties; binary classification; intelligent senses; multi-source information fusion

G AR UL TR THREED. A
2. WA, Ho TRkEIR R IR O
W2 — 0, (RARBZ) fah: “ZIaIR. . H.
iy EIURT, EIRIEARIOBE S G AR TR, 7
LTI, RSN TR R A R,
AR, IR ERATIIE SGRIET ANATTRE P 253800k
RIISEPRIERAZ, A “ AR DA RER 7. 24 Tk
PR ERAR BARORIR T 1 ORI AN L SR A 5 AN ]
IR AR, HIEKED 5 02— (&% N
74%0BD, EH AR ERER, HEGEZRRF
LI REWR WA DL K R I 24 25 B AR Y5
B RS HOC R R R S |,
KA IR AR S FIAEX AL e 2500 Tk
PERIHER

FEAEMZRT, RZ A3 R AR 32 M 5 ik
BT RAR, REAFRIWE T T, B,

ORI, HB, RO G5 24 TUR 24 PR B S (1)
W HAGE DR R G, BT vk
PERTE SCRIY) AR, DGR SR AR, A4
NI FE K B 1 AR SEAR R T T, 2t A 2 vk 24
PERIRAE 75 fE5r T2, #HEZBAE00E T fink
PIVEI A TE LA S 250 3 ~F-WR i WL 52 A PR A
HAERRZR, 1 THET 5 FRHEER I 25 Fvk
PERAE I AR I IEA TR, AN T2 A
FEX o kSR DAE 2 AR T R 2 1 RAE
(738, ] 2 A bt R 24 PR AT R RO E A
ANTLTHEGEKE (artificial intelligence sense, AIS) %
RAHSEE T RE. AIS FIAR MBI MAERE (AR,
oy B BHRRRE MRk, A
TER SRS TG 15, B 5N T A S Ak,
FEMATREIPNIZD, KRR LI 095, b5
TR AR 24 S 2 AN A By Je S, LA



= 3082 «

FEH 2023FE5H H54% B 108 Chinese Traditional and Herbal Drugs 2023 May Vol. 54 No. 10

e 2R B A B S R sz B AN, £E
ZIRRAIEIE I AR, ALS BORARBESEEH 24
2 YRR L FF A I e AT R0, Ko T
WRZG YLV ROBT BB G, T 24 R R B T 2454
HIRCTY, BTy R S It R T 25 D R
5T, ik, —FHEA KR,

[ 4h27 Kataoka 58I 10K B 1 I A%
IR BRI IOR (4 24 P AR AN o 285 527 R B AT AN 5
il EANHAZEER 22 B A 2K BT
TR, BRI, 5. B R IR
AT AL TR IS BT, DASRR . 35 L SR 0 23 A
FEAY, G T E BRI T AIANE CBEIR T 1)
73 R0, PR ZH AT I R 28 BN T 220k
(traditional human taste panel method, THTPM) 5
A ST Bl 4T FhRIRZGY) S i
KTy NARUEYIT, JTRE T v 2y 4 8kns (BR . it
RO KERSEMITT, X3 T 80%LL i
TR0, DL @Rk, IRREGR TR . B
JRPUSE IR FIRTTT, IR T2 R D Re ok
1T RGBT, B XS 25 T REWR L HE TR 1) 25
MR, HULEESRASA—RREGERERAR, BA
8T B — R RE R BRI AR ) 2 AR R AR 3R
IREANGEER, —ERE ERAREE, B
BRI ER AT AR . WA, HAR
MR RRERSMH, MEZEER, REEHE
TF ) LR T REWR I 73 8RR, AT #R e vh 24 Tk 2l
PEVEUTOERG S, (AR ABEFL. Bk, AT
ETHERE SZEERREEAR, ERHTRN
Beffi b, YORREARECRE, T (hEZM) 2020 4
FERORE 122 Ff B —WRIEAS S ORI 2500 e 14
i FH A SR E AR, SREE 136 FHEEAH)IK
BHGE, AT 3 23 - #0523 Hr- Cprincipal
component analysis-discriminant analysis, PCA-DA).
e/ T aR-FF M E AL (least squares-support vector
machine, LS-SVM) 2 M2 i85 7513 7l i 7
RE R R 2R TR T3 (RRARRR . BUAE
s FEARSE L HARH L EARED PRRERL, DIEEAY
LHRAEIEA TR, HR AIS 52 E B RS
BRI T 25 TR A A T AT 1, AT RE 8 2
DUHT R 251 2 VR T R R
1 U5
L1 43R

BSA224S-CW i 72 —fL 7RV, £ A

RIS AR AT ; LCD-A200 BYHLF R, 4@/
GRS AR AR FW-100 538 5 REr i
M, 60~180 H, JLIEHFEA M EIRAF]; 2
i, PUS0E, 0.25 um FL428, WL LB i 1o PuAx
#) 75 30MF5 3L 2 hRe A, WY IE=FHY
HIRAF]; HK250 BUR S &AM AEEESE, ik
SHBEISER AT, HHS B HUE R KBS, &
PN RACESHIE A PR A T ;s TDSM Y w50,
AR O UER A PR A F] s PEN3 UM 75
L5 R LR 1), [ Airsense A7) ; ASTREE
B (LRSS B 2), % E AlphaM. O. S.
Ad]; SA402B BT (REEREENEK 3D, H
7% Insent 23 7
1.2 ¥

Fride 122 Bl 2500 Bl T rp [ 24 4 )2020
FERR CBRWR 12 Fh, 7wk 31 f, Jgvk 7 F, Hk 36
i, TR 36 FfD, DRI FTIC SRR HEk 5 RO TE
MR 2G50/, A 5 R RAR K B RR, X T
JE SRR RTTEREUD, HANALIR . TOKITIFIR .
RIR. HBES. AEEONIRRFEAS; A ER . NaCl iy
JRRFEAS; HORNAIRE . REME . JOBE. TRBE. ZZIERE.
HIENE . W HRAEAS; S0t 136 MEA, WAR 4.

%1 PEN3 BB FEMERIBUEMR

Table 1 Sensitive substances of PEN3 electronic nose sensor

IR LIRS A 5
1 wI1C JiE
2 W58 BEMEY
3 W3C 2, TIEST
4 W6S 24k
5 W5C Wk R, RIS
6 Wis S
7 WIW A Y
8 w2s B, oI EBREY)
9 W2W  FREY, BIETEY
10 W3S Yot AR g R

% 2 ASTREE EBETEEFESFZSEKREER

Table 2 ASTREE electronic tongue sensor and taste

information

5 HREAR WWER |7 HREEH WiE s
1 SRS gk 5 SPS =R S
2 GPS HEWR | 6 SWS  #Hnk

3 STS B 7 BRS LS

4 UMS  fifnk




FEH 2023FE5H $£54% B 108 Chinese Traditional and Herbal Drugs 2023 May Vol. 54 No. 10

= 3083 »

%= 3 SA402B BlHFF 8§ RIFESHES 11 HKRENTERER

Table 3 Matching information between eight sensors of SA402B electronic tongue and 11 taste values
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“x” indicates no taste information value
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Fig. 1 PCA-DA model principal component score chart
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Table 6 Wilk’s Lambda value of ASTREE electronic tongue

Fe TR TRERE|FS TR TREEME
1 1 0.480 57 4 3 0.686 45
2 6 0.587 14 5 5 0.969 99
3 2 0.656 44 6 4 0.987 29
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Fig. 4 PCA-DA model variable load diagram (ASTREE

electronic tongue)
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Fig. 5 PCA-DA model principal component score chart
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®7 SA402B EETFENERESE
Table 7 Wilk’s Lambda value of SA402B electronic tongue

Frg R ERERME | e AR EREREE
1 4 0.597 29 7 10 0.991 41
2 5 0.850 46 8 2 0.994 72
3 9 0.858 74 9 1 0.996 52
4 8 094377 | 10 7 0.998 34
5 1 097289 | 11 6 0.999 01
6 3 0.975 36
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Fig. 6 PCA-DA model variable load diagram (SA402B

electronic tongue)
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W 8 Fi, Ml 27 MR LR
BAE, ZoRP B E 11 5 (SRS fRE#%/
ASTREE B HFE ). 16 5 (BRS f£/&#%/ASTREE
BT 5D, 20 5 (sourness/SA402B BLHET5). 12
5 (GPS &/ 2%/ASTREE B HL 7). 13 5 (STS
fE%E/ASTREE B 175D i & (5 B %,
XPERAAE R A B A R TR EE LK, 22 5
(astringency/SA402B M #1523 5 (AB/SA402B
B ) il m(E BB . 46K 8 ik,
11, 12, 16 ‘SNIEFKRAE, 20, 13 5 9HMKAE
. 185 (HB/SA402B B! 15 FH B 5 S,
W B AR AIE Ja8 1 R B BN AR 73 R B M L/

w8 IARBBMENTRESE
Table 8 Wilk’s Lambda values of three types of sensor

fusion
P &R EREEME | S ORER EREREME

1 11 0.501 38 15 9 0.972 26
2 16 0.58577 16 5 0.973 71
3 20 0.605 96 17 17 0.977 94
4 12 0.662 43 18 19 0.979 83
5 13 0.665 24 19 4 0.980 01
6 21 0.854 45 20 3 0.981 11
7 25 0.858 52 21 14 0.989 30
8 7 0.925 30 22 26 0.992 05
9 24 0.947 75 23 1 0.992 71

10 8 0.953 42 24 18 0.993 56

11 2 0.953 51 25 27 0.997 62

12 10 0.954 42 26 23 0.998 18

13 6 0.956 90 27 22 0.998 30

14 15 0.966 56
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loadings on PC1-EV=30.33%
8 PCA-DA HETEHHE (PEN3 B2 FE+ASTREE
BIE F & +SA402B BB T H)
Fig. 8 PCA-DA model variable load diagram (PEN3
electronic nose + ASTREE electronic tongue + SA402B

electronic tongue)
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PEN3 #YHi 1 £+ ASTREE %75 5 SA402B %Y
HL 775 +ASTREE B 7 1) UK B S gl &
AR — 2R RS “3.1.4 (1) T3,
A EA AR, Fk, AR R )5 45
BCFCED, Wik 9 fis.

136 FFEA D NERAIARRS 2 28, 0 25HHR
SEREEARR) T . o, B AR MRS
b, BRETSHEE R RM 2, HRERA
37 90%LL F, H ASTREE %o 7 1F 3 R &
PEN3 MH 7 &1 SA402B AUHL 15, ZIE(E St
AR ER, BRI EH2E & T R fe R

*®9 BRZIFHENERMIEER SRR LSHRILE

Table 9 Acid and non-acid binary classification model and parameter comparison of single source and multi-source data

PCA-DA LS-SVM
kK
EHZEY  F/% EHERY%  Fi/%
FLYE PEN3 7 & (n=10) 87.81 19.05 86.03 9.52

ASTREE BT EH (n=6)
SA402B BT (n=11)

EA PEN3 Bl T B+ ASTREE Bl T8 (n=16)
PEN3 % H1 1 & +SA402B B 75 (n=21)
ASTREE B! F 75 +SA402B B (n=17)

98.53" 94.44 98.53" 94.12
94.85 75.86 91.91 56.00
98.53 94.44 86.76 NA
94.85 75.86 86.76 NA
99.26" 97.14 98.53 94.12

PEN3 M7 & +ASTREE 2 i F& +SA402B B L FFH (n=27) 97.79 91.89 97.06 86.67

7 Forbrm IERE, n” FoRtEREARENL “NAY FORTERRIAMIE, TRA

“*” indicates the highest positive judgment rate, “n” indicates the number of sensors/variables, “NA” indicates not available, the table below is the same



FEH 2023FE5H $£54% B 108 Chinese Traditional and Herbal Drugs 2023 May Vol. 54 No. 10

= 3089 »

B A IEAZ . FES R A1, PCA-DA fAY
() Fy {2 4R 75T LS-SVM, LS-SVM HHY e (1) 3543
FUEARTTH, HAETHF 8 FEECN, R PCA-
DA I R P LT
32 BAHER S EPHALER

AT N AR A SRR 3.1 7 I RALL,
HA R SR RE AR, Fik, (AR 5
5, Wk 10 fion.

#F PEN3 #UHi-F 5. ASTREE #YHi-FH Al

SA402B A4 Fi - 1 AR R 4 R R A AL 1T LA
23], R E PR R F, ASTREE B 7
T OE A R R A X B 4 T PEN3 B HL - & A
SA402B M HFF . ZUREERALS R TR, BA
TE PR A B T B B B A I % . By
ERT A, BRey &k, HARRYFELZ YR PCA-DA
PRI Py (E AR = T LS-SVM, LS-SVM fi A4 Fh )
oy FUEATT A TR, 2R EdE R A R A
IEHIZEE R 10,

#10 BREZBREBBEBOBRMIER S LER RS

Table 10 Salty and non-salty binary classification model and parameter comparison of single source and multi-source data

/\%{é

PCA-DA LS-SVM
EHERY%  Fi/%  EHARY%  Fil%

R PEN3 BT (n=10)
ASTREE HHTEH (n=6)
SA402B BT (n=11)

2R PEN3 %817 & +ASTREE M FF (n=16)
PEN3 AU H T & +SA402B B HL 7 (n=21)
ASTREE & H75+SA402B BT 7F (n=17)

PEN3 B H 7 5 +ASTREE 2 fE 15 +SA402B BT FH (n=27)

94.12 55.56 94.85 58.82
97.06" 71.43 94.85 36.36
93.38 18.18 93.38 NA

97.79 82.35 95.59 62.50
97.79 82.35 94.85 46.15
99.26" 94.12 97.06 71.43
99.26" 94.12 97.79 82.35

33 FEMIFFE—_HLPHALER

ATHHET PEN3 BIEE ¥ 5. SA402B BT
A ASTREE A 1) 59k = 0 KRl
A DAAR B, SRR BRI B IR SE A, BT ASTREE
AU PCA-DA FVLIRE A IE 3R 4K T PEN3 U H
TE2, Mm% T ASTREE A H 75 LS-SVM HiZ:
() IE J %55 5 T PEN3 AU H1 B SA402B R 7
T ZHEEEMEERER, HARMEIEARET
B R E B R AL E AR . B FOERT R, T
PEN3 %UH1 & + ASTREE M Hi 7 ] PCA-DA #
B FUE KT LS-SVM,  HoAh BB Z IR I PCA-

DA R Fi{l/N T LS-SVM, PCA-DA )
WAy FUEATTH . BT 5 2850 A s
IEHRERIE 11,
34 HRFEHZHEPHALER

JF PEN3 HUHi-F &, SA402B L1 Al
ASTREE i H I H 53 H = s A4 n] B
23], PR TN R+, ASTREE AU 1
TR AR 45 R T PEN3 i1 £ F1 SA402B 7Y
BT &, Z2HEEEMESRER, BRRMRIEAHR
TR e B AL AR IR I . fl Py AT,
T PEN3 AU Hi 1~ £ 4+ ASTREE %Y /175 L J2 PEN3

® 11 BREZIBEBENFENIEE_SLXER RS

Table 11 Spicy and non-spicy binary classification model and parameter comparison of single source and multi-source data

FAES

PCA-DA LS-SVM
EHR Y% Fi/% EARY%  Fil%

FAYR PEN3 RUHLTF & (n=10)
ASTREE HHTEH (n=6)
SA402B HLF&FH (n=11)

EA PEN3 B T B+ ASTREE Bl T8 (n=16)
PEN3 % Hi 7 & +SA402B B 75 (n=21)
ASTREE B! F 75 +SA402B B (n=17)

PEN3 M7 & +ASTREE B i F& +SA402B B L FFH (n=27) 80.88 50.00

83.09 43.90 82.35 45.45
77.21 NA 84.56" 63.16
75.00 5.56 83.82 67.65
83.09 48.89 82.35 45.45

82.35 47.83 83.09 48.89
77.94 40.00 88.24 71.43
88.97" 73.68
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A7 5 +ASTREE i 7 +SA402B BT
A PCA-DA B Fy {E KT LS-SVM,
HAbYEER Z E R PCA-DA HAI) Fy {5/ T LS-
SVM., BT, ZIREIERG I H S3EH =02k
SR IE A2 AR 12,
35 EMIEFTZHXIHRER

AT PEN3 HUHi-F & SA402B #Y 1L F5 Al
ASTREE Y Hi 775 (15 5 Ak — 2 FEHF AL AT A
B3], BRI E YNGR T, ASTREE B 1

W AR 48 B T PEN3 Y 7 &1 SA402B Y
HE. ZUHEERREGERER, BRI TR
TR e R AR R A IE AR . B Ry fE TS,
#:F PEN3 B i, 7 £ 4+ ASTREE B! B, 115 + SA402B
R 5 HE a4 1) PCA-DA BERLE oK T LS-
SVM, HAhAJFEsk 2 I PCA-DA B FyAE /N
T LS-SVM, PCA-DA AR FiAEAN AT H
BT YR ZIREAR G 0 S AR A R
RIEHZ W 13,

*12 BREZBEHEOHMIEFE S LER RS

Table 12 Sweet and non-sweet binary classification model and parameter comparison of single source and multi-source data

FAES

PCA-DA LS-SVM
EHERY%  Fi/%  EHARY%  Fil%

R PEN3 BT (n=10)
ASTREE HHTEH (n=6)
SA402B BT (n=11)

2R PEN3 %817 & +ASTREE B FF (n=16)
PEN3 AU H 7 & +SA402B B HL 7 (n=21)
ASTREE & H 75 +SA402B F LT F (n=17)

PEN3 B H 7 5 +ASTREE 2 fE & +SA402B BT FH (n=27)

72.06 34.48 81.62 64.79
83.09 70.13 89.71" 83.72
72.06 45.71 69.85 46.75
88.97 82.76 82.35 66.67
75.00 55.26 81.62 64.79
88.24 80.95 91.18 85.37
91.91" 87.06 81.62 64.79

®13 BRZIRHENENIEE S LER RS

Table 13 Bitter and non-bitter binary classification model and parameter comparison of single source and multi-source data

‘ PCA-DA LS-SVM
P S

EHZEY  F/Y% EHRY%  Fil%

FLYR PEN3 B F & (n=10) 73.53 NA 83.09 63.49

ASTREE #HFFH (n=6) 83.09 54.90 84.56" 66.67

SA402B B T7EH (n=11)

2R PEN3 %87 & +ASTREE M7 F (n=16)
PEN3 7B & +SA402B B % (n=21)
ASTREE #H75 +SA402B LT (n=17)

78.68 49.12 81.62 59.02
79.41 54.84 85.29 69.70
79.41 53.33 83.09 62.30
86.76" 68.97 86.03 69.84

PEN3 M H 75 +ASTREE 2 i & +SA402B BT (n=27) 86.03 67.80 83.09 63.49
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