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Abstract: Objective: To compare the differences in color, taste and odor of Baishao (Paeoniae Radix Alba) from different producing areas,
and provide a reference for the quality evaluation of Paeoniae Radix Alba. Methods The chromaticity, taste and odor of Paeoniae Radix Alba
from different origins were determined by spectrophotometer; electronic tongue and electronic nose. The volatile components of Paeoniae
Radix Alba from different origins were identified and relatively quantified by headspace gas chromatography-mass spectrometry (HS-GC-
MS), and multivariate statistical analyses were carried out to search for the differential volatile components of Paeoniae Radix Alba from
different origins; and a pearson correlation analysis was conducted on the differential volatile components of Paeoniae Radix Alba from

different origins and the electronic nose to find the basis of its odor substance. Results Anhui Bozhou Paeoniae Radix Alba powder has the
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highest L* value, Shandong Caoxian Paeoniae Radix Alba powder has the highest a” and b* values, and the chromaticity value of
Paeoniae Radix Alba powder from different places of origin varies significantly; the samples of Paeoniae Radix Alba from different
places of origin can be clearly differentiated by the electronic tongue, and the differences in their flavour are mainly in the richness,
astringency and saltiness; the differences in the odor are mainly in the W5S, W1S, W1W, W2S, W2W, W3S sensors, and the odor of
the Paeoniae Radix Alba from Bozhou, Anhui Province has a unique odor which is clearly different from that of Paeoniae Radix Alba
from Linan, Zhejiang Province, and Caoxian, Shandong Province. A total of 53 volatile components were identified by HS-GC-MS,
and 22, 29 and 22 differential volatile components were screened between the samples of Paeoniae Radix Alba from Bozhou, Anhui
and Linan, Zhejiang, Bozhou, Anhui and Caoxian, Shandong, and Linan, Zhejiang and Caoxian, Shandong, respectively, with 2-
methylbutyraldehyde, 2-ethyl-5-methyltetrahydrofuran and furfural being the common differential component of Paeoniae Radix Alba
in the three origins. A total of 17 components that caused differences in the odor of Paeoniae Radix Alba from different origins were
identified through pearson correlation analysis. Conclusion The experiment can better distinguish the Paeoniae Radix Alba from

different origins through the colourimeter, electronic nose and electronic tongue technology combined with HS-GC-MS, which can

provide scientific basis for the identification and quality evaluation of Paeoniae Radix Alba from different origins.

Key words: Paeoniae Radix Alba; volatile components; chromaticity; electronic nose; electronic tongue; HS-GC-MS
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Table 1 Information on samples of Paeoniae Radix Alba
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Table 2 Description of electronic nose sensing

from different regions performance
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Table 3 Color measurement results of Paeoniae Radix Alba

from different regions

FF it L a b* Eaw
S1 83.70 235 990 8432
S2 85.17 208 849 85.62
S3 84.41 229 976 85.00
S4 84.10 243 958 84.68
S5 84.07 239 992  84.69
S6 84.56 222 9.64 8514
S7 84.92 223 972 8550
S8 84.45 233 9.80 85.05
S9 84.75 235 981 8535
S10 84.35 213 926 84.88
S11 84.74 224 998 8536
S12 8221 270 975 82.83
S13 81.42 285 1028 82.12
S14 81.83 278 992 8248
S15 81.77 279 970 8239
S16 82.60 278 1023 8328
S17 82.49 260 981 83.11
S18 81.64 272 992 8229
S19 81.11 286 1028 81.81
S20 81.80 284 10.15 8248
S21 82.14 275 9.62 8275
S22 80.87 321 11.00 81.68
S23 82.21 3.16 11.84 83.12
S24 81.91 325 11.82 8282
S25 79.47 3.63 1146 8037
S26 82.01 3.01 11.15 8282
S27 82.53 3.06 11.13 8333
S28 81.14 324 1091 81.93
S29 82.49 323 11.65 8337
S30 82.70 312 11.14 8351
e Sl 84.47 228 962 8505
WL 2273518 81.90 277 997 8255
R B P ME 81.70 321 1134 8255
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Fig.1 Appearance of decoction pieces (A) and powders (B)

of Paeoniae Radix Alba from different regions
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Fig. 2

PCA (A) and HCA (B) of color measurement results of Paeoniae Radix Alba from different regions
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Fig.3 Electronic tongue analysis of Paeoniae Radix Alba of different regions
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Fig. 4 PCA (A), odor radar analysis (B), group bar plot (C) of electronic nose response values of Paeoniae Radix Alba from

different regions
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Table 4 Chemical compositions and relative content of Paeoniae Radix Alba from different regions

oo i . - o TIIH & &%

5 m/min R il A1k MMATHE  CASH TSN EMER LAHE
1 205587 (e CsHiN 73 75-64-9  3.83+0.74 425+0.56 4.41£0.67
2 21150 Z H B g Hih C2HsBS 76 13292-87-0 0.5740.18 - -

3 23350KEERR RIRE  GHO, 60 64-19-7 7214254 721£2.10 6.96£3.07
4 2390HBmIAED it C1sH30CIN:Os 404 81732-46-9 1.67+1.57 - -
5 28465 [ZSS CsHi00 86 590-86-3 - 0862026 0914029
6 2.9224-FF3-FETHE gk CsHi002 102 56805-34-6 2.33%0.51 - -
7 2.9302-HETRE 2N CsHi0 86 96-17-3 - 1674027 1.18%0.19
8 31251 H-3-FF Wi CsHiwo 86 616-25-1  0.88%0.17 0.72£0.13 -
9 31308 T B HAt CsHoCl 93 507-20-0 - - 0.60+0.07

10 3.293f-4-HHEIF O =8N C7H140 114 7731-29-5  1.53£0.27 1.62£026 1.57£0.23
11 34512-F3E-23- T B e CeHi3NO; 131 4378-19-2  0.994+0.31 0.55+0.06 0.54%0.11
12 4.268acetaldehyde 2,3-butane diol acetal % CeH1202 116 3299-32-9 - - 0.41£0.14
13 45741 KR fEk CsHi0 88 71410 1.00£0.19 0.77£0.22 0.66£0.13
14 4.9691-propanol,2,2-dimethyl-1-acetate [ C7H140: 130 926-41-0  0.63£0.13 0.56£0.20 0.71£0.25
15 5.200but-2-en-1-ol,propanoic acid FEN C7H1403 146 22874-75-5 1.5240.42 - 1.4840.98
16 54461ECR gk CsHinO 100 66-25-1  591£0.75 5.67£0.66 7.62£0.92
17 5.6402-ethyl-5-methyltetrahydrofuran Hith  CHuO 114 931-39-5  1.88+022 1.43£0.14 0.4840.20
18 6.429% [Z3S CsHiO2 9% 98-01-1  0.72£0.05 0.95£0.05 4.32£0.64
19 8.3742-FR B2 C7HuO 114 110-43-0  0.60+0.06 0.5140.14 0.41£0.10
20 8.780LpEE [ZS C7Hu0 14 11717 0.5520.08 0.514£0.03 0.5310.04
21 10.866% HEs HEEX  GHO 106 100-52-7  0.6620.09 0.77£0.07 0.83£0.22
2 134ECK RBE CeHnO 116 142-62-1 0324007 0.3620.03 0.2940.07
23 11.513%F HEL  CHO 94 108952 0.53£0.07 0.50£0.07 0.4720.06
24 12.0722-J% AWk A CoH140 138 3777-69-3  2.54£0.54 2331028 1.96%0.24
25 122908 0% Wi CiHie 136 586-62-9 - - 0431004
26 12.5621F %45 FBE  Colx 142 124-18-5  0.1940.10 - -
27 13766141512 HEX  CiHu 134 535-77-3 - - 0332007
28 14.044 (4) -1 f ik CioHis 136 5989-27-5  0.56%0.16 0.84%0.30 0.52£0.06
29 14234%HE LR C7Hs0 108 100-51-6 1224022 0.91+0.19 0.78+0.19
30 16.984)I|Z M CsHiN, 136 1124-11-4  0.94£0.13 03620.08 031£0.12
31 17.6861E 4 Bk CuHu 156 1120214 0.48£0.23 0.54£0.10 0.3720.05
32 17.8081F T/ [ESS CoHi50 142 124-19-6  0.2440.04 030%0.03 0.2740.02
33 19.012(1R)-(+)-ik g kS CoH140 138 38651659 1.02£0.12 0.99£0.12 1.08£0.24
34 19.2500-f % B2 CsHeOs 146 328-50-7 - - 0.28£0.03
35 19.587HHE RBRE CHeO: 122 65-85-0  0.46%0.18 0.8610.38 0.79£0.27
36 20.4636,6-— FIEI2[ T3 [3.1.1] BE-2,2- A L] At CioHi60 152 6931-54-0  2.27£0.61 2.01£0.28 3.12£0.60
37 20.677K MR H BE figk CsHs03 152 119-36-8  0.4820.08 0.2620.05 0.2440.10
38 20,7808k & IRIGHE [ CioH10 150 18486-69-6 0.6210.13 1.3310.14 1.86+0.29
39 2092611~k FBE  Colos 170 112-40-3  091£041 1.03+0.19 0.8010.11
40 21.3274,7-dimethylbenzofuran i CuHiO 146 28715-26-6 0.41£0.07 0.43£0.10 0.2540.03
41 21.4603,5,5-trimethyl-4-methylen-2-cyclohexen-1-on GBS CioH140 150 20548-00-9 0.29£0.03 0.30£0.03 -
42 22314k S IkTE ik CioHis0 154 53369-17-8 1.77£0.29 1.15£0.10 1.70£0.20
43 22.545(E)-myrtanol S CioHis0 154 15358-91-5 0.48%0.05 0.3720.06 0.44+0.05
4 0J1NETE [ CiHus0 150 2111-75-3  042£0.09 0.52£0.18 0.77£0.09
45 BINE+=k B CisHas 184 629-50-5  0.78%0.18 0.96£0.09 0.95%0.16
46 24.5977 F Bk CioHinO2 164 97-53-0  0.2610.04 - -
47 24.991(-)-a-k ki [ CisHos 204 3856-25-5  0.86+0.13 0.75£0.17 0.46%0.11
48 25215 ERG [ CisHos 204 514-51-2  0.31£0.08 0.31£0.06 0.48+0.25
49 253171E+ ke FRE  CuHso 198 629-59-4  0.22+0.03 0.2410.03 0.22£0.09
50 26.1207% % B BN CoH1003 166 552-41-0  0.48+0.12 0.414+0.06 1.91£0.2
51 26.8150-%H )% [ CisHz 202 644-30-4  0.71£0.17 0.52£0.17 0.32£0.08
52 27.4222-methyl-3,5-dodecadiyne BER CisHy 176 55638-52-3 1.94+1.21 - -
53 30.082F B [ES CisHos 204 489-39-4 1404052 0.89£0.19 0.74+0.21
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B 453 TR IER . T &M 2-methyl-
3,5-dodecadiyn; L 7R H £ A AT IR MR SR
BT %t acetaldehyde 2,3-butane diol acetal PR
IR SNV L] A
x5 TR~ HBAELMERS NELERN 2B S BHEER
Table 5 Comparison of total relative content of volatile
components in Paeoniae Radix Alba from different regions

TR — Lk E
ZREM O WtinE I REE

Jie 2k 2 4.82 4.80 4.95
Fi 2 5 5.99 4.83 5.15
FEE 3 1.19 1.27 1.64
S 2 0.75 0.41 1.91
s 10 11.29 11.82 17.87
S 1 1.68 - -

LI 1 0.94 0.36 0.31
SAES 3 8.00 8.43 8.05
(e 5 3.84 3.31 2.50
[IEE 4 1.91 1.79 1.77
Py e 5 2.58 2.78 2.34
e 2 0.88 0.72 0.43
fig=k 3 2.63 0.82 2.43
HoAth 7 9.33 6.20 6.40
&it 53 55.85 47.54 55.73
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Fig. 5 PCA of volatile components in Paeoniae Radix Alba

from different regions
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Fig. 6 OPLS-DA score plot (A) and permutation test plot of OPLS-DA model (B)
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Table 6 Multivariate statistical analysis data of Paeoniae Radix Alba samples
[ ZH R s W % TR Mys LR B WL % vs Ll R i B
OPLS-DA R2x(cum) 0.447 0.665 0.576
R?y(cum) 0.995 0.995 0.985
O?(cum) 0.979 0.990 0.969
200K B ki in 0?(cum) -0.566 -0.505 -0.568
R? 0.473 0.430 0.490
ERMRS, DR -0 1 F-3-FE. 2-  dodecadiyne) 5 W3S 1&JE2% £ 58 IFFH 2% (P<<0.05);
ethyl-5-methyltetrahydrofuran 2-methyl-3,5-  Cl6 CEHE) 5 WIW. C28 (Mk&WR/mlE). C34

dodecadiyne. 2-BEfil. 2-FE T . 3,5,5-trimethyl-
4-methylen-2-cyclohexen-1-on 4,7-dimethyl-
benzofuran. 4-F23&-3-FHE T, 6,6- — HIFLIR[ 3
[3.1.1]15¥-2,2"- 3858, £ %3] - acetaldehyde 2,3-butane diol
acetal. o-ZHFIR. o-FFHK IR, RHEE. JIIEE,
FHE . TRy, ARTERE . BROM . OB, SR
ThEs e R KRR, Bk iR
FIRE . BT, RO, IEREE. ROREE: AT
Tl 22 51 R B aA h Itk 22 2Rk
a5, AR o-IRME S ()-FTIEME . 1-50%-3-RE
2-ethyl-5-methyltetrahydrofuran. 2-F & T, 3,5,5-
trimethyl-4-methylen-2-cyclohexen-1-on +  4,7-dimethyl
benzofuran. 6,6-— I IEIR[ —IF[3.1.1]58-2,2- A L
%]« acetaldehyde 2,3-butane diol acetal. but-2-en-1-
ol,propanoic acid. o-Ffi/R & FHEE . [H<AEE
M BRI . SACEUT bt MR EIRbemE . Bk E IR
MlE . IOl B2k, Btk BRI,
W2 7,
3.5 SKREUFERD KBRS

R B EIR, WSS, WIS, WIW, W2S,
W2W. W3S WM EGER 6 Meds, Nitt—»
IIHT LT AR RS B E R RN ISR R, X 40
MNEFIERERT S 6 AT ALY Pearson
FHORIIHIT o ARHEAH D¢ R EL () L0 73 5sAE 6
HHEERR MR FEARAR 4 MEERPL. 4R
FH(E 7, C21 CRHIEE. C40 (FHE)F) 5 WSS,
C40 (FIJH) 5 WIS, C10 (IEZED) . C21 CRH
B2 5 WIW. C27 UK. C40 (FHM)
5 W2S. C13 (2-ethyl-5-methyltetrahydrofuran) 5
W2W. C1 (ke WD, C2 (FRRIEAMRZ).
C4 (4-32FE3-FHIETES) . C8 (2-FIE-2,3- - HELT
Bel ). C18 (IEZ$KE). C22 (JIIEBE), C27 UK
FRHER) . C35 (T &FM). C39 (2-methyl-3,5-

(R 5 W2w. C3 (Rl 5 W3S fLE%s
B (P<0.05).
4 e

ANFEFH AR 3, MEEARZER R AT
S AR R AR RV Ry B
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TERFE, MR T AS R P b AT ARE &5,
PR 2 I S P B DA OG . AN TR P AT 5
BN 2 1 AR R Y 4 e 5 o &
B2, T FAT B A 2 R R RS, HLR = R
B TR, BT ESE AR EE AR AT AT
JREVEN IR . T, AW EE G B
Th. BPESEERBEEREA, LI E
B AR S RS B8 1L, 454 HS-GC-
MS FRIF AR 72 AT SR 22 SRR
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AN TR 77 (AT SR 22 S B EARILAE WSS,
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AEY. Rk, B, REREEEEEZS. T E R
SR 25t BT OPLS-DA BN 3 AN Hb
FATHE R MR AT LR i, IfiiE VIP>1, P<
0.05 117 40 /N ZE FFAE R ME R R ELRBEDS . bridk,
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SER A —FE, B U X e R R R
SEIE AN F = H AT SR 22 R R 22 R v
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Table 7 Screening results of differential volatile components

LR M s 22

ZRE=EMys LR E B

WL Zvs L R E B

UTR) %

VIP P VIP P VIP P
Cl ke — HHi b 147  3.18X1071° 124 1.48X107° - -
C2 RIS 1.09  3.58X10™ - - - -
C3 RkEE 145 1.30X107° 123  5.58X10710 - -
C4 4-F3FE-3- W T 150 1.04X107"" 125 591x107! - -
C5 2-FURE TR 152 224X107% 128 2.07Xx1074 1.10 2.58Xx10°*
C6 1-J1)d-3-BF - - 126  6.79X10712 1.38 4.87X10712
C7 |ARBT b - - 129  1.00X1077 1.39 1.19%x107%
C8 2-53k-2,3- “HIEL T A% 113 2.60X10™ - - - -
C9 acetaldehyde 2,3-butane diol acetal - - 126 491X10712 1.37 2.78X107!!
C10 IEJREE - - 1.04 2.03X10°* - -
C11 but-2-en-1-ol,propanoic acid 1.46 5.52X10710 - - 1.06 1.71X10*
Cl12 ECf - - 1.04 2.32X10* 120 5.05X107°
C13 2-ethyl-5-methyltetrahydrofuran 1.24 2.69X1073 127 135X1071 1.33 5.46X10710
C14 Mg 146  561X10710 127 2.78X1078 1.38 5.52X10712
C15 2-BEHR 1.03  248X107° 112 225X10°° - -
Cl6 K HpE 1.07  7.85X107° 101 2.06X10™* - -
C17 ¥ - - 129  2.00X107'8 - -
C18 1E%Ek 143 8.44X107° 1.17  324X10°® - -
C19 [a]<pAE4z - - 127  1.35X107"3 1.38 9.40Xx107"3
C20 (+)-F745 5 123 1.72X10°° - - 1.31 8.18X107°
C21 7 FfiE 1.0l 2.19X1073 - - - -
C22 )1 &R 148 3.13X107'0 124 430X1071° - -
C23 IE+—Ht - - - - 1.19 1.34X107*
C24 IE L% 1.06  1.77X1073 - - - -
C25 o-FH % - - 129 1.83X107"7 140 2.11X107'
C26 6,6-— FFEIR] Z3R[3.1.11BF-2,2- TR 4, 2. %5¢ ] - - 1.06 527X10™* 1.18 6.56X107°
C27 /KW H g 138  1.79X107 112 4.54X10° - -
C28 P& iR - - 120 4.90X107 1.18 7.63X10°5
C29 IE+ ke - - - - 1.05 5.94X1073
C30 4,7-dimethylbenzofuran - - 1.12  5.11X10° 1.11 1.18X10*
C31 3,5,5-trimethyl-4-methylen-2-cyclohexen-1-on - - 1.29  1.62X107" 1.39 3.71X107'6
C32 P& iR bz 133 3.17X10°¢ - - 1.28 4.86X1077
C33 (E)-myrtanol 1.19  4.40X10™* - - - -
C34 KI5 - - 121 823X107° 1.07 6.41X1073
C35 T & 1.53  295X107'% 127 2.63X1074 - -
C36 (—)-0-TR M - - 1.11  9.49X107 1.06 4.13X107*
C37 J+ K - - 127  1.04X107'3 1.37 4.55X107
C38 a-Z WM - - 1.08 5.16X10°¢ - -
(39 2-methyl-3,5-dodecadiyne 134  845X107 111 242X10°° - -
C40 F & H 1.08  1.91X107? - - - -
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Fig.7 Pearson correlation analysis between volatile components and electronic nose sensors of Paeoniae Radix Alba from

different regions
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