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Optimization of steaming time of Cornus officinalis by QAMS combined with
electronic-eye and electronic-tongue techniques

DUAN Jin-fang, XIAO Yang, LIU Ying, SONG Hong-wei, DOU Zhi-ying
Tianjin University of Traditional Chinese Medicine, Tianjin 300193, China

Abstract: Objective To establish a method of quantitative analysis of multi-components by single marker (QAMS) for medicinal
materials and pieces of Cornus officinalis. This method was used in combination with electronic-eye and electronic-tongue
technique, and the best steaming time of Cornus officinalis was selected. Methods Medicinal materials and pieces of C. officinalis
were used as the research objects. The contents of five components were determined by establishing the relative correction factor
(RCF) of gallic acid, 5-hydroxymethyl furfural (5-HMF), morroniside, cornuside, and internal reference loganin in C. officinalis.
Color and taste were measured by electronic eye and electronic tongue technique. The data were analyzed by principal component
analysis (PCA), and the best steaming time was optimized by analyzing the results of three methods. Results The five compounds
were well separated. The RSD values of precision and reproducibility were all less than 2%. The stability was good in 24 h. The
linear relationship among the concentration and peak areas of the five compounds was all linear (> 0.999 6). The average recoveries
were between 98% and 100.1% and the RSD values were all less than 2%; The RCFs of loganin with the other four compounds were
0.560, 1.344, 1.255, and 0.972 in a linear range. In the principal component analysis (PCA), the sums of main components were
94.618% and 94.98% and the discrimination indexes (DI) were 98 and 93, which indicated that all the samples of C. officinalis could
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be distinguished well by the electronic-eye and the electronic-tongue. The results showed that the optimum steaming time of C.

officinalis was 4 h. Conclusion The best steaming time of C. officinalis can be optimized by the combination of QAMS with

electronic-eye and electronic-tongue techniques.

Key words: QAMS; electronic-eye; electronic-tongue; Cornus officinalis Sieb. et Zucc.; loganin; gallic acid; 5S-HMF; morroniside;

cornuside; steaming; HPLC; relative correction factor; color; taste; principal component analysis; discrimination index

IWZEBE Corni Fructus AW RHEY) 11 25 88
Cornus officinalis Sieb. et Zucc. WAL A,
(P EZI) 2015 FRSCEI LR B A 1L BEA
PGB P, VP B PR R P Y e g s v o T R
PRI R GO AT B2 N R T b S 2 K G = K
B RO, KIALISK, H Ao i R
7 VAR AR AR K2 TA AR 2R 1) s & 50 14T
B VEA], BB SRR B ARIE ), A
PP L 2 B T2 AT 7B S, (R R bR
AEERE SRS Ak, RFARBERL—ER
R GERRTE, I T B A A A 2 I ]
WAE RE 9 E LR B R BT E A SR A A Ak s

RS H IR B 2R APIRE. 2P
SRRy, BT B LIRS E
A, A 15 22 1840 [ s 00 s 3 AAE S TAE 32 B
B ARSEEG R A —I 2 PH% (QAMS) 97, DIER
Mo SEE AN S, @@ T HS5EE TR
52 B 2 [ AR X2 IE Rl F~ - (relative correction
factor, RCF), [FIE 5 Prplsy, FE5 BT @I
T VEAE ZE AN [FI (8] (14 111 2 8 A 7 R 8100, 5t 7%
1] B 1 2 P P RGO I IR S Sl F R
AT T 51 N HL T HR AN L DR R 45 7 508 o0 i
REEE . BRI mBie., Bty
S SHMELER ., PURRACES, BERR. B
FHRRed i ) G BGA T, fRiE BB e (e
FHIFEZEAE T o0, HAEAHME., BrHEEL]
BE TR A BT AR TE B, Fe o3 B SR AN 2Rk
B SE AU BT R B A AR RO 2R )
FiAR, BT ] DU U R TE e SR FAR L
AELIGEH K QAMS 5HFIRAHE FFE 6 M
TR A R (e ARk, v AT, B, R
Gt 3 b 1L 2 BBt A 2 B () 2 bR R A I O, S
Uezp S EENCIE =y
1 UHESHH
1.1 {428

By LC-2010AHT WAH (%X i LC-20A
WA LS4 IRIS VA400 HLFHR . Astree HLF 5,
%5 HE Alpha MOS Ar]; t4i%4E: Phenomenex Luna

Cis (250 mmX4.6 mm, 5 um). Agilent 5 TC-C3
(250 mmX4.6 mm, 5 pm). Waters symmetry Cig
(250 mm X 4.6 mm, 5 um). Kromasil 100-5Cg (250
mmX4.6 mm, 5pum); FW100 %Y= /5 ek v,
REET R AR AR AR A A
1.2 XA

A (LS 111640-200604, 5 &3 H L 100%
. EETE (IS 110831-200302, J5i &L
100%11 ) 5-F2 B M (5-HMF, k5 111626-
201509, JREDHLL 97.8%it) T E £ 5255
K e W LB s BEiE T (HibS 140301, s $ L 98%
. WZEEHT S 131015, RS ELL 98%
) T RE—FTRHAERAR; . WEE.
FRA IS, ACHMEMIEEFK . A T
TSR BRPERT WS B, Wb zE, %
BRG] T2 B . REE Wb 5T R B
M, GREHEARFZZRERFHARE E N AR}
L ZE B B AL ZBE Cornus officinalis Sieb. et Zucc.
(T R A o 20 HH T TR L AR = ik R
EEEHS
2 FEEHER
2.1 1EHIRERAHIE
211 hZRBE AN (SS) A RIE b E . i
PV BH . WG 22 S L 2R B 25 8F, 1k, 250k
Bk, BIFE SS.
2.1.2  WIZEBEMEHIE (SP) > BRSEFREL 6 S0
Db 3 HE g L 2R B 25 6F, B PAT RIS =
13 4, Ry 50 g, FEFRF LRI HAT S,
TIPS FH SR el v B )38 FH SCRk R B SRR T 2
IR, BN 25% 5 (RIEE 100 582544
HUFH 25 g B850 SRR NIV L A 7=, RS 1k
U HUON 14.5%), BEHE55T, TONEE P28 8 Hh il i
2 WL BT 2B ROK AL, 28 1L 24 3. 4.
5. 6 h, HUHEREFF, B 70 CHUF T2 E
ERE, B1S, 735l%5 N SP1~SP6.
2.2 IBFRR S AT AR AL
221 iR GiEHN Phenomenex Luna Cig
(250 mmX4.6 mm, 5 pum); ENHN 0.1%HHEE K
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-, BEEELEIAR P : 0~5 min, 7% M 5~
35 min, 7%~15%ZE; 35~55 min, 15%~35%
s 55~60 min, 35%~7%ZNE; AR E 1.0
mL/min; ¥ 30 C; KK 240 nm; FEFEE 10
pLo FRRARECR G TR AMK T 5 000, ik
KW 1.

0 10 20 30 40 50 60
t/min

LB TER 2-5-HMF  3-B451F 4-ThERTF Sl ZRBTsiiT

1-gallic acid 2-5-HMF  3-morroniside 4-loganin 5-cornuside

1 SREXEM (A) MLKSERER (B) # HPLC
Fig. 1 HPLC of mixed reference substances (A) and C.
officinalis sample (B)

222 W REERHI S FERIEE TR
5-HMF. S BT 2 op 160 i 0.996.
1.000. 0.990. 0.996. 1.018 mg, & 10 mL fithE
b, H 80% AR AR T E BRI, #2,
it i 99.6+ 100.0. 99.0. 99.6. 101.8 ug/mL KIEA
XTI SV, & o A A B L IR TR A 0T I
W 1.04 0.81 0.6+ 0.5, 0.4, 0.2, 0.05mL, & 1 mL
PREENT, 0 80% T EEERMBE R AR, #2,
VENIR G X IR VTR, 5.

223 fHAMmERRHE  BULZRESH R (435
i) 270.2g, MEMRE, BREHEBIRS, FE%n
A 80% Il 25 mL, FRIEFE, HARE (U1 600
W, #% 40 kHz) 45 min, BE IR, FHHERE,
F 80% FEREANE IR KRR E, #£25), 5000 r/min &L
8 min, HU L3, i 0.45 um FLIEME, RIFS.,
224 LMERRFEH  polkEE R R AN R
WP IR A X B SR 10 pL, %08 “2.2.17 TR
U 25 AR HERE 3 AT o DG I R B R AR A

X0, VMR APAFR (YV), ZiilbriE iz,
BEATEMERNE, THEAS S BT R R
B G MEAETE 5 m i & FIE Y=8202.1 X+
5789, r=0.999 9, LG 4.98~99.6 ng/mL;

5-HMF Y=19 007 X+60 431, r=0.999 9, £itis
5~100 pg/mL; ZEi1F Y=18 703 X+8 501.6,

r=0.999 8, Zk1t:JuM 4.95~99 pg/mL; LEE Y=
14 877 X+7 597.5, r=0.999 6, £ 147 [ 4.98~99.6
ng/mL; WIZEBEHT Y=13 733 X+33 072, r=
0.999 7, Z&MEEE 5.09~101.8 pg/mL.

225 REEREERES KB R] — VR A A
(EEFER. 5S-HMF. BEiftF. DERT . g
5 Pl sy R R 43 8 49.8. 50.0+ 49.5. 49.8.
50.9 pg/mL) 10 pL, FELLFERE 6 X, WIE & R s
AR, THEIETTAR RSD EH 737008 0.27%. 0.17%.

0.29%- 0.26%- 0.45%, &5 RKICEHEZ L RIT.
2.2.6 FOEMERLE B IbZ E I 1L K g2
M, % “2.2.37 TURNGEHE& SIS, 20T
IS5 0 24 4. 8. 12, 24 h #EFE, &K 10 L,
Mg, FESm GEE TR, S-HMF.,
W AR IR EOHT D W B RSD {EH 4 AN
1.12%- 1.62%-. 0.38%-. 0.53%- 0.56%, 5% %M
HER SRR 24 h IWERE .

227 EEMERE  HE—HAES GTdEZED 6
By, 4242237 WUR J7 k)& A IR, #242.2.17
TR g 5 PR RE A, e g A,  THES B
(& TR, 5-HMF. Wi, DR . IRy
) BB E 00N 1164 3.51. 7.94. 7.77,
1.28 mg/g, RSD {H73 4 1.28% 1.51%- 0.35%-
1.05% 1.29%, ZRFWITIEEZER .

2.2.8  INFEEISCERRTE RS EPREL 6 G T E (13
PR (b2, i3 50 0.1 g, 2 mn
N IR G, %R “2.2.37 TR A A
B BVE, 7E “2.2.17 TR T, e
ISR, S50 5 PPk GREE TR, S-HMF. i
. DT ZREEHE) WP RSB
100.1%-+ 99.8%-. 100.0%-. 100.1%. 98.0%, RSD
AN 1.81%. 1.82%. 1.06%- 1.54%. 1.75%, #*
HAZ 5 I P R AT

23 QAMS WIEN 5N

2.3.1 fFIZH S RCF [FE  BUR &6 SIS
% “2.2.17 TR IS SFAE S ERE 1. 20 44 54 10,
20, 30. 40, 50 uL, W5E 5 FPEk o FIEmmA . AR
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RCF THE AR, 53500 5% IR (A) . 5-HMF
(B). &t (O, WZRISHE (D) MNANSWY
Bt (s) [AH RCF (fyas fum~ fucs fon)s ZERM
# 1.

Jok=1s/fx=CsA/(CrAs)
As NN B s SRR IETIAR, Co NS4 s X IR b R IR
Ar JIBER T AR AFI AR 53 & of IR TR, i AR HR A
Ry e o HR T AR
2.3.2 RCF EIIEHE

(1) &%) RCF HysZhi: KH Phenomenex
Luna C;s (250 mmX4.6 mm, 5um) ik, 43|
FET 3 6 SOBAH OB O 1L 2B A IR AR Y
S RIS, S5 RREE TR, 5-HMF. S .
WZR B R NSV ST ) for BBV RET,
RSD<<5%, &#iR#% 2.

(2) i kEXT RCF B0 K H B LC-20A
GRS RS, FEE T 4 FPAS[E] R e A
XF Ll 2B H AR AR bR 1) fon BRI SEMR, S5 R &1

#1 UEHEASRNSRFER. S-HMF. EiEH. WE
BEHTER for 1B
Table 1 fux Values of gallic acid, 5S-HMF, morroniside, and

cornuside with loganin as reference

HERERFR /UL foa foB fic fop

1 0.560 1.334 1.242 0.958
2 0.551 1.322 1.250 0.973
4 0.551 1.365 1.249 0.970
5 0.556 1.366 1.253 0.973
10 0.553 1.356 1.255 0.967
20 0.555 1.361 1.256 0.967
30 0.563 1.328 1.266 0.977
40 0.572 1.312 1.272 0.959
50 0.576 1.354 1.251 1.004
FHME 0.560 1.344 1.255 0.972
RSD/% 1.61 1.51 0.73 1.40

Fz2 TRMLEBINE fin (B

Table 2 fox Values of different instruments

e Jfoa JfoB foc )
Byt LC-20A-1 0.563 1356 1.265 0.977
Byt LC-20A-2 0.560 1.328 1.250  0.972
% LC-2010AHT 0551 1.354 1242 0.959
S E 0.558  1.346  1.252  0.969
RSD/% 1.09 116 091 097

12, 5-HMF. BiEH . ILZRIH X NS DT
W) H) fur EILNE B AF, RSD<5%, 459 I#E 3.

®3 TRBIEHEMNS fin (8

Table 3 fux Values of different columns

i Sfoa fuB Juc )
Phenomenex Luna Cis 0.553 1356 1.266 0.961
Agilent 5 TC-Cis 0.551 1.330 1.250 0.949
Waters symmetry Cisg 0.561 1.368 1272  0.967
Kromasil 100-5Cis 0.543  1.349 1.249 0.939
FHE 0.552 1351 1259 0.954
RSD/% 1.36 1.17 0.92 1.32

233 FRNAH (g R e AL 3ol v SRS AR 2
SENSYEEE () MHXNREE Gus) FLR
B[R] 22 CAge) U617, 2 P EAE Sy €0 06 7 67 A
e, SR RS AN [R] i R 1A v i 2
PP . SRR rus BB, Ans TEBNECR, TR
W rus B9 B bR g e hr i b BN G 8, H
HAEA RMCHSFIAS [R] i B AT o R SR R4
RSD<5%, &R ILFE 4.

riis =t/ ts

Atis=ti—ts
2.3.4 QAMS 54hbrik (ESM) il 5E 45 i b i
HHL 5 HEASFEEYR SS A1 SP, % “2.2.37 TR ik
il L AV, RS 10 uL, VENRAH
0 4% “2.2.17 TR EIEFA4NE, KA QAMS 5
ESM 73l vH &AL b 5 Bhsesr &, I8 2
Pl g4 AT Lh i, PASRAIE QAMS H T 1%
B AP R 2 e B E VAN TR . S5 IREE
B, 2 FORENRR SRS 2R E REEER, X
iz (RD) <5%, UtEHELH QAMS HA KT 1)
ISR, SERNES.
2.4 QAMS FEARREZEFIFTELEHEHEREENE
PRI A

HC“2.1” TR 344 Qrdbzz[E . rgig B
TLI %) SS 1 SP %41 0.2 g, MM E, 4 “2.2.3”7
TR T & s, 4% “2.2.17 TR (3l 2%
{HERE AT, IS LB ST S R R fan T
TFER. S-HMF. Binr. D8, R EHHN
o FRNEK 6. HHTEREH, WHBEILZA TR
i SS F B H A LR R =R T 1.2%, SP
ML EREN R KT 0.7%, 6 (hHEZ
BL) 2015 FERRIFLE -



<1112 - ¢ 3 % Chinese Traditional and Herbal Drugs 3f 48 3% 25 6 ¥ 2017 £ 3 A
F 4 REERMRRE BN rw B At 18
Table 4 rws and Afis Values of different instruments and columns
(hE= ENE Y rass rBis ris rss Atas Atgs Atcs Atps
7 LC-20A-1 Phenomenex Luna Cis 0.150 0.237 0.615 1.581 -27.775 24909 -12.578 18.986
Agilent 5 TC-Cis 0.150 0.247 0.627 1.604 -27.279 24180 -11.963 19.384
Waters symmetry Cis 0.151 0.247 0.628 1.602 —27.306 24204 -11.956 19.367
Kromasil 100-5Cis 0.149 0246 0.652 1.597 27348 —24.222 -—11.186 19.183
B LC-20A-2 Phenomenex Luna Cis 0.151 0.240 0.628 1.614 —27.446 -24.550 -12.026 19.828
Agilent 5 TC-Cis 0.151 0.247 0.640 1.592 —-27.433 —24335 -11.634 19.125
Waters symmetry Cis 0.152  0.247 0.629 1.607 -27.326 24263 -11.975 19.574
Kromasil 100-5Cis 0.149 0246 0.626 1.592 27428 —24.305 —12.043 19.089
5 LC-2010AHT ~ Phenomenex Luna Cis 0.150  0.246  0.642 1.600 —27.385 -24.275 -11.542 19.312
Agilent 5 TC-Cis 0.152 0240 0.629 1577 -27.243 24405 -11.906 18.540
Waters symmetry Cis 0.145 0.244 0.627 1560 —27.630 —24.436 -12.049 18.110
Kromasil 100-5Cis 0.149 0.243 0.626 1.583 —27.428 —24.401 —12.043 18.785
T¥ME 0.150 0.244 0.631 1592 -27.419 -24374 -11.908 19.107
RSD/% 1.25 1.39 1.50 0.93 —0.55 -0.82 —-2.84 2.43
&5 QAMS 5 ESM MELLZREAMRIRF o 5 M EERIEE (n=3)
Table S Comparison on five components of C. officinalis and pieces by QAMS and ESM (n = 3)
DR BETR 5-HMF/ B/ P F R
FEM ORIR (mgg!)  (mgg')  RD%  (mgg')  RD/%  (mgg') RD/%  (mgg') RD/%
ESM ESM QAMS ESM QAMS ESM QAMS ESM  QAMS
SP ZFEM 6.77 148 147 092 650 6.60 -157 640 643 -050 1.05 1.05 0.8
KiE-1 792 170 1.68 092 498 506 -1.57 445 448 -050 1.05 1.05 0.28
REE-2 832 19 1.8 092 621 630 -1.57 689 693 -050 1.08 1.08 0.28
b |- ES 769 1.15 1.14 092 331 336 -1.57 788 792 -050 130 130 0.28
5 e AT 7.10 1.69 1.68 092 623 633 -1.57 415 417 -050 074 074 0.28
S ZEEM 632 022 022 092 005 006 -1.57 732 735 -050 133 133 0.8
e 7 P ek - 1 8.02 025 025 092 020 021 -1.57 1195 1201 -0.50 231 231 0.28
Pt R % -2 995 021 021 092 0.01 0.01 -1.57 19.05 19.15 -0.50 240 240 0.28
b | eS| 8.07 026 025 092 0.00 0.00 0.00 827 831 -0.50 148 148 028
T Eg I RH 11.57 019 0.19 092 0.01 0.01 -1.57 1772 17.81 -0.50 223 223 0.28

2.5 AEIZEHIEELZEERE S
KoM

LSRN 5 FARAR L RIS, KR 6
W3 HEZH I S Bl P IIMEAR N SPSS 23.0 # i
BTN, SERE 2. HE 2 ATMLEH, 7
YRR FEAYE 73 ik 2 K2, BP SS A SP1. SP2. SP3
N—2%, SP4. SP5. SP6 N—2k. M. SS Al SP1
AL A—2%, SP2 Al SP3 X A—, X 2
R IA] (IR i B Ay L BT o

5 MR ER

2.6 EFERIAITEN AN E

2.6.1 WM FHUSEEE 5 min, £54
BieEE (XEHERGNT ) FaER. 4/ 24
AR ATAIE, 5/ 5 mm GRE, [FER4T
FETFET, HBE 5. J6IR D65, ARk EEf
20,

2.6.2  FEMIE RS R ¥ “2.17 DR RAbE
[E [ 7 NEESL (SS J2 SPI~SP6) #frid 3 S,

WORE L 5B TRy, TRE R 8, BT
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Table 6 Determination of content of medicinal materials and pieces in different steaming time (n = 3)
.- p—_ ‘ FiR 9/ (mg-g ™) ‘
BETR  ¥WME S-HMF E EEE O HE DT i ZEEEEE M
SS b | g | 0.47 0.47 0.10 0.03 823  11.06 8.05  10.23 1.44 1.80
T V% B 0.15 0.00 12.72 11.57 223
WL 2 0.80 0.00 12.23 11.07 1.72
SP1 b [H 0.88 1.26 0.40 0.31 827  11.01 8.04  10.14 1.39 1.69
TR F & BH 1.09 0.23 12.53 11.38 2.12
WL 22 1.82 0.31 12.21 11.02 1.56
SP2 ik E 1.13 1.69 0.96 0.68 823 1134 7.97  10.12 1.38 1.65
TR F & A 1.66 0.52 13.40 11.47 2.04
WLl 2 2.28 0.55 12.40 10.94 1.53
SP3 ik 1.40 1.96 1.72 1.12 829  11.40 7.94  10.01 1.33 1.61
TR & H 1.93 0.78 13.74 11.59 2.04
WLl 22 2.56 0.85 12.18 10.52 1.46
SP4 k[ 1.45 2.20 2.16 1.58 842  11.11 7.81 9.80 1.32 1.55
T V% P 2.16 1.35 12.74 10.98 1.91
WG 3.00 1.24 12.16 10.60 1.42
SP5 b [H 1.63 2.43 3.11 2.16 842  11.06 7.67 9.86 1.27 1.54
T e V2% B 2.55 1.65 12.67 11.43 1.95
b RAN (7 3.10 1.72 12.10 10.47 1.39
SP6 ik H 1.79 2.58 3.72 2.62 8.44 1118 7.69 9.74 121 1.51
TR FE & A 2.57 233 12.88 11.05 1.87
WL 2 3.37 1.81 12.21 10.49 1.46
) 5 %fﬂmiﬁﬁﬁﬁ . N FE S EUEEE AT R 7, PCA KWK 3. &R 7
sps* : : ' : : A 3 BTl 51, FRr ZH1N 94.618%, PCA )
SP6J PHAFE# (discimination index, DI) 598, Vil 7
HFE ARSI IS F T IR AR B M [X 43 FF K. SS AT SP1
o T AN, 0 H BRI BT, it e T
szji KN 3 RO ARAE — € 22 7, FREBE bR
sp3 SP2 #1 SP3 FEE LA, HA R E AR, Fhds
o ff; SP4. SP5. SP6 73 T-[Al—ANX 4, HEAIE
- SLL R IRME (2 []

B2 WLZREHMRARESINERA 5 BT ENRES
HHPRE
Fig. 2 Cluster analysis of five components contents of C.

officinalis and pieces in different steaming time

{2 VR IERNR R IPCSPIS il SRS S
PrERE 3 KGR BB 24T 2 % 7 i
(principal component analysis, PCA), 128 7 4

2.7 EBFERARITERANE

ML R 2% A i v E SR R 4
5 AR5 B MR AL TR R 45 3 B 4Lk, A Sz
KHE 5 BRI RS, B3 SRS, GPS. STS.
UMS. SPS. SWS. BRS 3t 7 {4 (H ' SRS
NIRARAR IR AT . STS R AL A . UMS R AL
AR SWS NFBRILIEE . BRS N RAL LS,
GPS. SPS N2 N X HEM | A TR RS,
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Table 7 Main color summary of C. officinalis

P b g5 R L a* b* P diiig
SP4. SP5. SP6 1620 33.07 436 12.67 R
SP2. SP3. SP4. SP5. SP6 1876 35.08 12.11 15.73 R,
SP4. SP5. SP6 1877 35.48 14.39 5.77 - SARE)
SP2. SP3 2132 37.35 19.72 19.13 EREAR !
SP2 2 148 41.72 9.68 24.73 R,
SP2. SP3 2149 42.03 11.57 15.20 AR
SP1 2404 43.85 17.38 27.85 IREE (D
SP1 2405 44.14 18.99 18.40 EEAR )
SS 2 660 46.17 24.85 31.20 RER
SP1. SS 2677 50.52 16.60 27.13 AR
LNFEEAE, a AL ER e ARbR, b B (6 Al b
L" is the brightness value, a* for the red-green degree coordinates, b” for the yellow-blue chromaticity coordinates
discimination f5%{=98 mspl o :ggé
ASP2 pa— +3P3
#SP3 10—, o .
# SP4 SSRS.fk 3Rt
1 SP5 8 ' . SP6
SP6 ™ +SS
+5SS .
. GPS
10
S
o
a {
& |
0 & L STS_Jifk
SWS™ I
20 R
~UMS_fifiik

10
PC2 31.491%

PC1 55.211%

B3 ZRBEFmRMEFIR PCA =4[E
Fig. 3 3D diagram PCA of C. officinalis sample by

electronic-eye

I Ag/AgCLE RS LR, RIRBEIEN. KIE
JE MIFE

A SERGEUH 2.1 700 N Ak 22 ) 7 AR CSS
J SP1~SP6) #pfit 3 50, FRECS g #E5h, MA
70~80 ‘CHIZEMEK 50 mL IBAHE), AHEES
W EiE e 5 BHCE T 70T M (25
mL) R BT AR TR A Al PCA, 45
RIULE 4 F15.

M 4 HRTDLE WSS TR kAR IR I
=SSN ELDR, SP2~SP6 T RS S ] AT, X

4 WIZREE M RAY AR E L E
Fig. 4 Taste-based radar image of C. officinalis

discimination f64{=93

= SP1
4SpP2
407 v #SP3
© L «SP4
=50 1 SP5
& 20 i SP6
o0 + SS
0
n8< * l‘ \
-20- A
740k
T T T T T T T T T T ] ] T
-100 60 20 20 60 100 140 180

PC1  86.009%

5 WZRBEHFMETH PCA
Fig. 5 PCA Diagram of C. officinalis by sample electronic-

tongue



¥4

Chinese Traditional and Herbal Drugs 28 48 % %5 6 ¥ 2017 3 H

* 1115 »

1IES (HREZGH) 2015 RS SS A g R 2451k
PIFEEA—E (PEZGH) 2015 FRRFE L2 P
AMRIR . . BGE, e RAIRER. . B S
ATLVE W, EHRZ N 94.98%, DI N 93, i
LY 2R A i 092 R R 008 A P AR B b ) T K
SP1 5 SS MR PR B A XS e ils s SP2 Al SP3 FEAR R
BT ; SP4. SP5. SP6 43 Af TRl — AN X4, i
BHIX 3 ANFE il BE AR AH T o

3 g

ANF S RS R i%E+E . RCF #07
TEFR RS R G R R I 4 AR 2O QAMS IR ST
kiR ZEM, ARSZIGH ST ) QAMS {EA[FASZH 4%
PER % B4 TE) () RCF S LM R4, 45 B4 & i
HAE S AMRE AR SLE A RE AR . Ui
ARSI S T QAMS TEXT HE S Z I RTHE T, 7T LA
PER—FPfaE . POl AN A Tl e 2
e Z R oy B RN g o B HRFT LT PCA
W, BRI 2RISR T 90%,  BEAR G- I BRAE A 1
SERRIE L. HARER ) PCA ) DL# AT 90, B8 1L
ZR B A ERE S BR i i L IR AN L AR A X
TFk.

ARSEH QAMS TR HIILIZE B 28 AR Fp 5
FhEEbRRC oY B, I R AT AR o ik 3 2K,
- FIRAE 5 PCA BRI 2545 R
FAR—F BITERSY 2 BUEAIEEE - SS 575 1
h WA R KIX A Z& I EI7E 2 h F0 3 h ABABL; 7%
4. 5. 6 h EEART[HR—2, A ARLIMBH—R
FISEIZE Ry Mol 19, 1288 250 45 A [R] B ] ()
W75 J5 BT FE S & B R R B B KT
0.7%, REEE] (HEZHLY 2015 FFRRIGHE ; 2]
4~6h FEAT] ZHL (FEZH) SRR EE
A ER,; A 2~6 h N EA (HE
ZHL) 2015 FRRIE IR k. 25 LRTR, 1h%
P FE I [ T AES I E 4~6 h, 454 SEPRiE KA
GFRZ B, AL 2 B e A 2 ) B TR) B 2 9 4 heo

AL QAMS 5 HFHRFIH FEHH A
GG FFAR G b R FH T 1L 24 B e A 2 B T PR AR o
QAMS T] LATETT 4 2 /N6t R AT 5 R4S
ZA A ERY, BT IRE B FEREINESSE
FERAE R AR R AL . Besth, M
BORRRIE « ROV S0 A A SRl B Ak 1) 22 57K
FHIN TRV R R, B B AR P 14
AP0 KRR ) QAMS A3 FL M. miRk.

AAREE L, (WA —ZRRERE, Fline e
W LA . B E ML S S LAl
ZORE RS, BRibzoh, R IEE R IRE
KIRLLALZ , T ZE T BRAEREHER) . R SEIe
HRIFIRERE IS R AR, RXE SN AT PR 23
B, BrASE R R REAR LRI G A B . 53 4h,
L DI E ) A 2 IRIBER . TFASREXS 2GR HEAT
SRR, R, R SRIR BT,
BERARGRNE, Dl YO R AR S T T S B
K

SE 3k

[1]1 w2 [S]. —#. 2015.

(2] RS, RBEME, & AR, SR JEHI AR OO L
S [J]. REZY, 2013, 44(16): 2252-2256

[3] #2ER, &l Rail, & BT OROETET
S BORER b 1) e ) e FeAa AR AR BT 5 (9], v v
i, 2009, 34(14): 1786-1791

(4] VFEEL, SEAAMD, TEWIE, S5 IEACEEG ok in i
IR T2 (1], hE2, 2014, 45(16): 2339-2343.

[5] HWHITR, & g, SO, SE. 2L ZRBOE BT S R
TEAG 22 B I 238 (0], 29900 i 2 &, 2015, 35(2):
338-343.

[6] ZAX, skt BROCHE, & —MZIERRAE 3 Fit
S 0 o B ) v e AT YR A (7], B2, 2016,
47(23): 4179-4185.

(71 9k & 8 3F, B, F RGEES S 2o
BEAAEZ 5 57O BORL i VAR T S IAIT AT [7]. ThBE
74,2015, 46(13): 1920-1925.

[8] Yang X, Zhang X, Yang S P, er al. Preliminary
antibacterial evaluation of the chemical compositions in
herba pogostemonis oil [J]. Pak J Pharm Sci, 2013, 26(6):

1173-1176.
[9] Yang X, Wang B C, Zhang X, ef al. Simultaneous
determination of nine flavonoids in Polygonum

hydropiper L. samples using nanomagnetic powder three-

phase hollow fibre-based liquid-phase microextraction

combined  with  ultrahigh  performance  liquid
chromatography-mass spectrometry [J]. J Pharm Biomed
Anal, 2011, 54(2): 311-315.

[10] Emete, FHRE, B, 55 —WZIHENEREA
s RPOE TR RS SR [J]. TP K, 2016,
39(7): 1587-1591.

[11] XEwH, FEEE, TR, 5 B THETERZ0EK
FORHFERRCRVFN AT 7T [J]. TR ELZ, 2013, 44(16):

2240-2245.



* 1116 *

¥4

Chinese Traditional and Herbal Drugs

F48E F o 2017FE3 A

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

Gupta H, Sharma A, Kumar S, ef al. E-tongue: A tool for
taste evaluation [J]. Recent Pat Drug Deliv Formul, 2010,
4(1): 82-86.

B, TREE, TR, & TR TR TR
AR R 2 -BR IR AE BT AT [J]. ThREZ, 2016,
47(11): 1962-1967.

B SR I ZE B R T (3], WidE AR
22016, 44(1): 77-79.

TR, X4, 3 B WHNLZE PR E T2k
[J]. H25%4, 2009, 32(5): 682-684.

AR, WEH, R, & W IHEEILER
f6r9 [J]. TPEPZGAE, 2011, 36(6): 657-658.

il I, %, B, 55 HPLC — 2 PRE R
I U R R 10 Fhsesy (7], B2y, 2013, 44(8):
974-981.

Toko K. Taste sensor with global selectivity [J]. Mat Sci
Eng C-Mater, 1996, 4(2): 69-73.

o, B, ERR, & W2 IENE 0%
B LI R A B (3], L2, 2012, 43(12):

[20]

[23]

2406-2411.

Gao X Y, Jiang Y, Lu J Q, ef al. One single standard
substance for the determination of multiple anthraquinone
derivatives in rhubarb using high-performance liquid
chromatography-diode array detection [J]. J Chromatogr
A4,2009, 1216(11): 2118-2124.

Zheng J Y, Keeney M P. Taste masking analysis in
pharmaceutical
electronic tongue [J]. Int J Pharm, 2006, 310(1/2):
118-122.

Shah P P, Mashru R C. Formulation and evaluation of

formulation development using an

taste masked oral reconstitutable
primaquine phosphate [J]. AAPS PharmSciTech, 2008,
9(3): 1025-1028.

o, R, ERR, &GS AR A R
A ——QAMS HFFLMEA [1]. thEP 27, 2012,
37(4): 405-416.

R A (M. BT AEE 2 pR. dbnt TP EEE

24 AL, 2007.

suspension  of





