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Abstract: Objective To explore the feasibility of near-infrared spectroscopy (NIRS) technology for classification and identification
of traditional Chinese medicine with different tastes. Methods The 35 kinds of traditional Chinese medicine decoctions and 12
kinds of common food ingredient solutions with four tastes of bitterness, sweetness, sourness and saltiness were taken as research
object. The spectral information of samples which was obtained by near-infrared spectroscopy technology was used as independent
variable (X), the taste description of Chinese medicinal decoction pieces feature in the first part of Chinese Pharmacopoeia (2020
edition) combined with the results of traditional human taste panel method were used as benchmarking information (Y). After
compared five kinds of spectral pretreatment methods, three chemometric methods including principal component analysis-discriminant
analysis (PCA-DA), partial least square-discriminant analysis (PLS-DA) and KNN (K-nearest neighbor) were used to establish the
identification model of four kinds of traditional Chinese medicine tastes, respectively. The performance of models was evaluated
synthetically by confusion matrix (CM), sensitivity, specificity and precision of leave-one-out cross validation results. Results
Standard normal variate transformation (SNV) was a relatively effective pretreatment method. The PCA-DA model established with
the pretreatment spectral data was the optimal identification model, and the accuracy of leave-one-out cross validation of bitterness
or non-bitterness, sweetness or non-sweetness, sourness or non-sourness, saltiness and non-saltiness and four-class identification
were 89.4%, 93.6%, 87.2%, 97.9% and 87.2%, respectively. The PCA-DA model performed better in confusion matrix of four-class
identification, and the classification accuracy of bitterness, sweetness, sourness and saltiness were 87%, 94%, 73% and 100%,
respectively. The average sensitivity, specificity and precision of PCA-DA model were 0.89, 0.91 and 0.88, respectively, which were
significantly higher than PLS-DA and KNN models (P < 0.01). Conclusion In this study, the identification models to bitterness,
sweetness, sourness and saltiness of traditional Chinese medicine were established by near-infrared spectroscopy technology, which
provided a new method for qualitative identification of five flavors of traditional Chinese medicine.

Key words: traditional Chinese medicine; near-infrared spectroscopy; five flavors; tastes identification; chemometrics; bitterness;
bitteress; sweetess; sourness; saltiness; principal component analysis-discriminant analysis; partial least squares-discriminant analysis;

K-nearest neighbor algorithm; standard normal variable transformation
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Table 1 Information of samples

. «Eh‘éﬁﬂ%» th e F &/ g xkE «Eiﬂéﬁﬁ%» 'r‘w e &/
T W o A g TR W 4 i g
R A AL BRELE 140503  45.00) 25 &k AR AL WRBEED 161225 195.00
2 Eif| AL BRI 160704 75.00| 26 TV AL WRBCH 1702132 225.00
3 wHE AL BRI 1703122 67.50| 27 Ed S5E, WIKET 1609305 225.00
4 BIE B RAR R 1702041 35.00| 28 N - 20170519 4.00
5 FOME R, AR 150820  75.00{ 29 TapE" - 20170427 4.00
6 T SE, RGBT 161225 75.00( 30 R - 20170321 4.00
7 pic AL BRE 161208  75.00| 31 AR - 20170405 4.00
8 M A, IR 161224 105.00| 32 REAE" - 20170513 8.00
9 HREE AR, R 1701211  90.00] 33 &k AR IERE, WER 161224 75.00
10 WL AOTE, R 1702151 120.00| 34 AT RS, RER 170401 40.00
11 B A R 1703171 65.00| 35 L AL BRIREE 170401 90.00
12 s IR, R 1701181 60.00| 36 MR T RS, PREE 160608 40.00
13 L AWM, R 160901 105.00{ 37 JRZE R BRIk THIR 160615 195.00
14 e AL BRI 1704141 80.00| 38 15 LA WRER . TR 1703192 105.00
15 V41 AL BRI TR 1703042 75.00{ 39 S - 7191187116 5.00
16 fifk HEL A4, BRETTRFRR 170401 60.00{ 40 S]iE - 9535521243 5.00
17 KHw  BERS, Rt 170401  60.00( 41 A - 20170609 0.07
18 TR S, R 161201  45.00| 42 L3RR - 004-00345 0.07
19 AL S O N 170303 120.00| 43 ToKATE IR - 2016121503A  0.07
20 MRS A, BRAEE 161101 90.00| 44 JEnk &&h” - 20170415D16  4.00
21 PR AL R 161209 225.00| 45 NaCl* - 1160904 2.30
22 AN AL BRI 161110 195.00( 46 Z Wk AL R 150715 60.00
23 R TAZ A, IR 170525 105.00| 47 I AL R 161115 120.00
24 W BREBRES, WHEN 170401 195.00

RN E AR, R BRI A B AR B, RIS B

“indicates food sample, the dosage unit of black vinegar and white vinegar is volume fraction, and the dosage unit of other food samples is mass fraction
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SrINEE . TR BURIIFRHES LY. #hIR /N
(berberine hydrochloride, BH) A7k bR #EZ L
Wi, 509 140406, JETEL 98.62%, MHHT
P EEZDNARA R .
2 HAESER
21 OFFMH
211 FEAIE R &

(1) HZEZ R RIERH] % 7005 BH.

FERE. TCAKFTERR . NaCli&E &, Inaifb K Ee s —
RINAF R EWRE IR, e & B,
RIS IR . 48 1 225000 B H R 2 A R
FEATIOASS 1 58 R L8 WK 0 S5 0 1 2 L I VTR
BIRE. SR IE 2.

(2) LR KBOEE & DURIEAE], *
AR 45 g, B TIEHASEN, MK 2000 mL, 2
78 30 min, FEEEKOINFAEIE (D) 2100 W), 5

R2 AXRTSHYRREIEE () MEMEE. FRREETEE

Table 2 Qualitative description, grade and quantitative range of taste degree () of four kinds of taste reference substances

WA SR S ERRERE/(mgmL ) CHE IR WP TG THUETEE
ik  BH 0.00 JUT&A I 0.5~1.5
0.01 ¥ SRR 1l 1.5~2.5

0.05 AT SZ I R 11 2.5~3.5

0.10 1R, (HIER] LA AZ v 3.5~45

0.50 ANBE RS2 IR R A% 4.5~55

Rfek R 0.00 WA R I 0.5~1.5
40.00 WA Tk i 1.5~25

80.00 IR, KT 11 25~35

150.00 1RE, HIEATHE% v 3.5~4.5

290.00 AR B AEZ R ET R \Y% 45~55

Beuk  TGAKATERER 0.00 TR Rk I 0.5~1.5
0.30 WA BR WA 1l 1.5~25

0.70 HHEERRIR, KT 11 2.5~35

1.70 RER, HIETTHE5%Z v 3.5~4.5

3.30 Wlg, kA2, WREEJLTbRg—%4% A 4.5~55

B NaCl 0.00 NS I 0.5~1.
10.00 WA Rk il 1.5~2.5

23.00 Hh AR R 111 25~35

48.00 IR, (HIE A5 v 3.5~4.5

71.00 W, TiEB% \ 4.5~55

JaE/NK (Th2 600 W), B 20 min, JEIt, 98 212 EREFIHES DBARMEAR) =% 0k

FERIEAH ZRINK 2 L, WS AT 10 min,
AF—RL IR, RET, BEIE =, 4000 r/min
(E02f12 19.6 cm) B0 15 min, B EER, EF
4 L, ¥F, ki, KE (105 CHRIBARKE
45 min), %M. R B E DL ChE 2540) 2020
SRR E P BT EE R 10 158 R IHE , 500 Bk
HEE 1.

(3) BRI B & DA 2R e,
BRI PG R, IaifokEm, e, iE
R A% ZE AR S8 S 2SR AL I Sl
SRR, WK 1.

BIRFTHE IR0, %% 27 At SR EE NN
F, RIS s FE . A OSSR
(F 2) B EE AT D BhrdE s, B
JB#H BA R — R SRR, DUET 2R S
HEATHRUE IR BEVPAN o

213 MR5 27 AEBEHFRE A R0 22K
%, GEETZEBHIEW, X “2.17 TR AR
FE ST CUBRPEY, PPN &5 Rl s Fiise st
IR “OBAEME” B, D2 B4 RS I8 ST
R 7R,

2.1.4 ERHARLIE RSN GRNEVNER, S
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5O B BN ZE R, R
ARSI H I (1 HERF P, SR Grubbs K6 56206 50 i3t
(g R RN o s T A NPT 1 SV N
AT /N R B YA AFE BT RE, SR S AS: 56 13F
TR, EFERHKER 0.1. HIBR/KFA 0.05.
2.1.5 PPN 4ER 4 Grubbs MIRTEIA I
WAHSG, T B R A4 BFES I D 2 Bingk
3 s

R3 HRNOSER (X15,20<n<26)
Table 3 Taste results of samples (x £ 5,20 <n<26)

Py B R WRE (S B R R

1 JuH Ek 4.540.5| 25 AR itk 1.240.3
2 M 4.440.7| 26 HTHE 12403
3 S 42+1.1] 27 % 22405
4 ik 474+0.6| 28 FIHE 13403
5 O 3.0£0.8( 29 fhHE 1.6+0.3
6 TR 34409 30 HEWE 1.94+0.4
7 Bic 1.940.8| 31 4 2.0+0.6
8 &M 32+0.5( 32 pERE 3.0£0.0
9 HR# 3.8+0.5 33 AR ik 3.440.3
10 Er%ie 4.140.7| 34 BEAWRT 47403
1 % 23140.6| 35 Ziff 49403
12 fisn 2.040.5| 36 FEFIET 3.8+0.4
13 HEFO 43+0.6| 37 JRER 2.6+0.6
14 F5 2240.6[ 38 Wil 42403
15 Hifk 1.440.4| 39 gL 4240.6
16 HH Bk 17402 40 AR 44404
17 HKHE 1.9+04| 41 #® 32404
18 JIRA 1.4+203] 42 L-3E3ER 24404
19 TR 25+0.6] 43 TKKER 3.040.0
20 T 1.4+02| 44 &k JRk 3.7£0.6
21 PR 1.2+0.3] 45 NaCl 3.0£0.0
22 4O 1.5+04] 46 ZHIH 17405
23 ETF 1.0+0.3| 47 574 22405
24 %5 1.7+0.4

2.2 NIRS EEBIRE

B 2400 R K R B B 2R VA OE &, R
F3% 5 77 AORSEHORIEAS B A4 e vtk 3
10 000~4000 cm™!, 7% 8.0 em™!, FHHIIXEL 32
Wo EESANIEE (25+2) C, MMHEE 50%~
60%. FFMERTFATHAR 3 R, BHSFAEREE N
FEAL NIRS. 47 FE ) NIRS B ILE 1-a.

10 (I)OO I 80|00 I 60|00 I 40|00
viem™!
1 47 MR RIEIEHZ (a) FIE SNV LIEERK
EEZ (b)
Fig.1 Original spectral curves (a) and spectral curves after
standard normal variate pre-processing (b) of 47 kinds of

samples

2.3 NIRS FistiE

HTREATER . RIERIE LS AR I 75 45 R 3R
[RIEZ, SRAERDGIEE BB S8 — I RER.
N 1B BEERR S AR AR R, S mp i
IrERE, TEXDGIEEAT AL . & R itk
M F EARE PS4 (first derivative, 1st).
S %0 (second derivative, 2nd). AR IEASAE
AF ¥ (standard normal variate transformation, SNV ).
Z JUHLH R IE (multiplica-tive signal correction,
MSC). SG (Savitzky-Golay) “Fig4s, Hrh S3nr
PATH BR A A 15 55 B AE XHE 5 (520, SNV AT MSC
FH T8 BT i 23 A7 A28 BRI 6 1S T4,
SG VI REW FEAO 1 rhBE B 75 1R SR 25T, AR
FUAEH FE 855 3 -1 438 (principal components
analysis-discriminant analysis, PCA-DA) J77A45 4 5
Pl OGS P 3 T 2w Sk S
Ef . RSIEMR. BUEARRLGE  #i R Ry
5 Bl RHFEAEAY, X7 A AN [R] Tl Ab 2 77 7268
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LT R T e ST BRI, I DA — 3R A8 B E 1 32K
BRI R RS WA 7. Ak, BT
A DX 3 g e 7 3 S LR R 2 0181, ] 1-a BT,
£ 10 000~8000 cm™ % B [H P J6 B 2 I RHEAS
B, TfIAE 4500~4000 cm™ i B Rl Y R R4S S LE
R EN o DRI, 2 T PR A B IR 75 T, K NIRS
TE 4N 2 8000~4500 cm ™! B X 42K

PCA-DA 4G ARl AL 31 7 v A B 0 1) 45
m# 4 i, BRE5AEEREA T SNV 5 Al
JURRTRAL BT VA 25 /A 2, S AR RS A D
ATRALEEAT SG Ty 4 R GF4h, HARIILL SNV
TRAL B 25 By, HAHLEA TiAL# (87.2%-
78.7%+80.9%), SNV THiALFH (93.6%- 87.2%- 87.2%)
PErm TR 5%~9%IHER 2R, 7] IL4: SNV FikbHE
RERS IR TR AL BE . £ SNV TiALHE 5 /) NIRS
LB 1-b, MEFRRT A, £33 SNV FikbEE 5, RERE
TH BRI D BUR TGS B, A BT e R
GERIERE. Kk, IR SNV 1ER 5 Fhor iRl
(T AL B TV
2.4 FPEGUAERTE T EHHRERAE T

AT G55 BIRFH PCA-DA . s/ —3-F1 51 73
M7 (partial least squares-discriminant analysis, PLS-
DA). K-IT48%7% (K-nearest neighbor, KNN) 3 Ffi
i SRR A S 2 DY 2R 1) A SRR AR Y, IR
3 M7 VRS BRI AT X L /BT . PCA-DA ik
FETE PCA 3 M B DA, FERIH F R
SIRTRR B, I8 R AR R ZE I LR A R /M
RN ZE M E R — D R s A, AR %
Ref8 il e Al 48 £ 25 A AR |1 4H &12027); PLS-
DA J&—F5EF PLS [al B2 (1340 51 73 b B9 4281,
IZSEEAR A O RIFE S AR B R M T AR, R
KRR SEAT TR A M, 385 ST A 5 2 AR
FIE 22 T6) (%) [ A B ARY AT 000 43 BT 1290 KNN B2
TEITAR 5L (nearest neighbor, NN) FZEf I itk
(5320732, B AR ET K A5 TR B0 AR L)
NSRBI, FFARME K AN il SR AR AR W i
o 120, @R FE LA MATLAB 2016b $# 4k
PR AF3EAT, PCA-DA MIER5 4. PLS-DA %
A BB K KNN [ K AE S ka8 BIR AR
A vik=

PADY 732 PCA-DA BRI, ik 48 s 41
14, 15, 16 B, FIRESRR AL 77 6 N EKD
Al AR JRA B 99% A ERIE ., W 2. #HR4S

x4 TREIMAIRTER S MAP IR T 5 LI PCA-DA 15
B AL R

Table 4 Discriminant results of five kinds of PCA-DA
methods for taste identification with different preprocessing
algorithms

7 \ SRR A HRE
PR UL s oo L

EHZEY%  EHIZ%
AR ATALRE 10 93.6 89.4
SG “Fif 10 93.6 89.4
—Br T % 10 89.4 83.0
Zr e 14 93.6 89.4
SNV 15 95.7 89.4
MSC 15 95.7 89.4
FH AR ANTiAL R 19 95.7 87.2
SG “Fif 14 95.7 83.0
—Br T % 19 91.5 72.3
Zr e 19 93.6 78.7
SNV 17 95.7 93.6
MSC 17 95.7 89.4
TR 5 ATiAbRE 17 97.9 78.7
SG “Fif 15 97.9 80.9
—Br T % 11 87.2 78.7
Zr e 20 91.5 76.6
SNV 19 97.9 87.2
MSC 19 97.9 87.2
BUSAERL ATHALE] 11 100.0 100.0
SG “Fif 11 100.0 100.0
—Br T % 10 95.7 93.6
Zr e 7 95.7 89.4
SNV 14 100.0 97.9
MSC 7 100.0 97.9
Worsk AT 18 95.7 80.9
SG “FiF 20 100.0 85.1
—Br T % 15 80.9 59.6
e 10 74.5 63.8
SNV 14 93.6 87.2
MSC 12 93.6 85.1

R 5 s, AR, BRES IR R
HERA R PLS-DA #278 (100.0%) 5 PCA-DA 1%
A (100.0%) TEREA A, R 4 Bl KPR
) PLS-DA % (100.0%. 100.0%-+ 100.0%-
100.0%) M AEXILE T PCA-DA #i% (95.7%- 95.7%-
97.9%- 93.6%), (HAW —VEZHIIEE, MBS
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Fig. 2 Principal component optimization results (a), principal component contribution percentage (b) and principal

component scores (c) of four-class identification PCA-DA model

#=5 TEMAEEESHEITEFHTERIEESR S Fik
RIRB R RIZE R
Table 5 Discriminant results of five kinds of identification

models paired by different pretreatment methods and

chemometrics methods

WAL T E+ R L HE
PR o
PRI BRI IEHER%
FHIEFE  SNV+HPCA-DA 95.7 89.4
SNV+PLS-DA 100.0 91.5
SNV+KNN 85.1 85.1
HE5AERT  SNV+PCA-DA 95.7 93.6
SNV+PLS-DA 100.0 87.2
SNV+KNN 72.3 723
fR 54 SNV-+PCA-DA 97.9 87.2
SNV+PLS-DA 100.0 89.4
SNV+KNN 74.5 74.5
B5dEE  SNV+PCA-DA 100.0 97.9
SNV+PLS-DA 100.0 97.9
SNV+KNN 100.0 100.0
RS SNV+PCA-DA 93.6 87.2
SNV+PLS-DA 100.0 74.5
SNV+KNN 66.0 66.0

e RS AEMR o KPR 1 PLS-DA 557
(91.5%- 89.4%) BEfLT PCA-DA Hif! (89.4%.
87.2%) 4b, HAR 3 Fhor KRR L) PCA-DA
AR A Y, JUHAEDY 732K P R, PCA-DA
PR (87.2%) AT PLS-DA 7 (74.5%),
KW PCA-DA FEAHA X EAF1 73 Kk fe.
PCA-DA #Z45 KNN fAFHL, BRECSJERATE
AR DL KNN 58 P R ug 4F 41, Hor DL
PCA-DA BT, Rk, SLiaxttbott, HE

EFELL SNV FRALFE ) NIRS %57 f) PCA-DA %
b 2 DU SRR o PR ) B AR A
2.5 AR LKEHRE R A M B ITAE

FECARY [ 30 SR T VEE A SR B AT AT, (E49
FAHRAPHTT, AR 2 e DA 4 T S BB 2R ()
AEBU, PRI, ASHIF AR FHVRIE R LR BUs A L RE
SRR FE L FR RO BN A THT L PPAN B (1)
PERE. VEIEFERE SR ZEAERE, R AR o oy
AT FII 25 SR ) —Fh AN T7 2, T LB S A
RUSASFIFPIRFE S 0 BRI IR, KB —1TRR
FEARB LS REE R, B —FIRIREAR I SEBR T
SERBA, GURME. RRRE. KRR E ] RO A
REVEM FEAR, HEGREBOC GER 1), BRMERE
g/

UK =TP/(TP+FN)

5 53 =TN/(TN-+FP)

¥& 5 =TP/(TP+FP)
TP R EFAME, FPAREMIMAME, TN REELHVE, FN £RHE
i3

W 3 fra, LA 2keni DU 43 K HE AR A 4],
B R R T A R BE B ) ) 45 SR R R, AR
PCA-DA XTHZHE . B BR. B 4 FPREHIFE i
BIABERITRNEE T, BRI RRRAE i 1)) 51 45 SR 4%
AL, FIRIER RIS 0.85 UL L, HUEHRHMT
PLS-DA il KNN, ] PCA-DA X A [R]85 3
WRRE M AR, BoR T R KERe.

J#F PCA-DA. PLS-DA. KNN 3 Fh&yf) 5
Pl oy KA P REPEAN 45 SRk 6 FoR, 1R85
e At SAEEN RYSAER. BSR4 Mok
PHRB 1, PCA-DA 1 PLS-DA HIBURME. 4557
PE R ZERBUN, THEARMY, SR 5K



FE B 2023428 B54% B4 Chinese Traditional and Herbal Drugs 2023 February Vol. 54 No. 4 * 1083 ¢
b c L0
000 it 0.13 007 0.00 i 0.13 0.07 0.00
0.8
0.00 s H| o0 0.00 0.00 @ Ao 029 0.00 06
® ®
2 e
0.00 o [ 0.00 0.18 0.00 s fi& 0.18 036 045 0.00 0.4
0.2
| 000 0.00 0.00 1.00 | 000 0.00 0.00 075 JF | 000 0.00 0.00 1.00
e 2y e 2y e ‘s - 0
i il 14 i i il 14 i H il 3 129
TR TR T

3 REABKEEIY 4 2#HN PCA-DA (a). PLS-DA (b). KNN (c) 1REU3BILERAEBEM
Fig. 3 Confusion matrixs of PCA-DA (a), PLS-DA (b), and KNN (c) models of four-class identification of taste in traditional

Chinese medicine
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Table 6 Sensitivity, specificity and precision of five kinds of identification models by different chemometrics methods

" gt R i
PCA-DA  PLS-DA KNN PCA-DA PLS-DA KNN PCA-DA PLS-DA KNN
wHAEE W 0.80 0.80 0.80 0.94 0.97 0.88 0.86 0.92 0.75
el 0.94 0.97 0.88 0.80 0.80 0.80 0.91 0.91 0.90
FHEARRE 0.88 0.82 0.59 0.97 0.90 0.80 0.94 0.82 0.63
AEFH 0.97 0.90 0.80 0.88 0.82 0.59 0.94 0.90 0.77
REAE W) 0.64 0.73 0.45 0.94 0.94 0.83 0.78 0.80 0.45
E 3173 0.94 0.94 0.83 0.64 0.73 0.45 0.89 0.92 0.83
REAER R 1.00 1.00 1.00 0.98 0.98 1.00 0.80 0.80 1.00
Ak 0.98 0.98 1.00 1.00 1.00 1.00 1.00 1.00 1.00
WEES E5 0.87 0.73 0.80 0.94 0.81 0.88 0.87 0.65 0.75
il 0.94 0.88 0.59 0.93 0.70 0.80 0.89 0.63 0.63
iz 0.73 0.55 0.45 0.97 0.86 0.83 0.89 0.55 0.45
54 1.00 0.75 1.00 0.98 0.86 1.00 0.80 0.33 1.00
FHIME 0.89 0.84 0.77 0.91 0.86 0.82 0.88 0.77 0.76
SD 0.11 0.13 0.20 0.10 0.10 0.16 0.06 0.19 0.20
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Fig. 4 Variables contribution analysis of four tastes identification model in traditional Chinese medicine
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Table 7 Statistics of misclassified samples in five kinds of

identification models
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