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Abstract: Objective To study and obtain the characteristics and changes of volatile organic compounds in raw and honey baked
Kuandonghua (Farfarae Flos). Methods The volatile organic compounds of raw and honey baked Farfarae Flos were determined
by headspace gas chromatography ion-migration mass spectrometry (HS-GC-IMS). Then, the HS-GC-IMS fingerprint of raw and
honey baked Farfarae Flos was constructed, and the samples were qualitatively and quantitatively analyzed by vocal software. The
differences among the samples were analyzed by principal component analysis (PCA) and proximity distance method. Results The
HS-GC-IMS fingerprint of Farfarae Flos was successfully constructed, a total of 61 volatile organic compounds were detected, and
53 volatile organic compounds were qualitatively identified. PCA and proximity distance method results demonstrated obvious
distinction between the raw and honey baked Farfarae Flos. Nine constituents, such as dimethyl sulfide and 2-methyl-2-propenal
could be used as the characteristic components of raw Farfarae Flos. Fourteen constituents, including acetic acid M and acetic acid
D can be used as characteristic components of honey baked Farfarae Flos. Conclusion The HS-GC-IMS fingerprint can be used to
identify and evaluate the types and differences of volatile organic compounds between raw and honey baked Farfarae Flos, which
provides scientific basis for the quality control and clinical application of Farfarae Flos decoction pieces.
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Table 1 Sample information of raw and honey baked
Farfarae Flos

W B KR AT B il )
KD1 FR&46  BRPUE Ak T i e X 2020-11
KD2 AL BREGE NI TE S 2020-11
KD3 #&4f6 Hila et g 2020-11
KD4 &4E WAbE KK AR E 2020-11
KD5 & WHEHDELMATMNME 2020-11
MKD 1 % 5K 418 S50 % 3 ] 2021-07
MKD2 % 5K 416 S50 % 3 ] 2021-07
MKD3 %K 416 S50 % 3 ] 2021-07
MKDA4 %K 418 S50 % 3 ] 2021-07
MKDS5 % K 416 S50 % 3 ] 2021-07

2 Rk
2.1 RIS

S-S FIERS I T, (kSN FS-SE-54-CB-1
(15 mX0.53 mm, 1 pm), ZHriF(E] 30 min, FiR
60 C, #WANEE Ny, IMSIRE 45 ‘C. HBhS
HERERTT: WHLIEE 60 °C, WEALITE] 20 min, HERE
FRFH 200 L, BEFEEHEE 85 C, WAL 500 r/min.
SAHETERAME: B EESAAE 0~30 min, 150
mL/min; B2 SAHEAAFAE 0~2 min, 2 mL/min;
2~10 min, 10 mL/min; 10~20 min, 100 mL/min;
20~30 min, 150 mL/min.
22 H@mEE

FE BRI 100 mg R AARA S BCE 5o R G
550, HEET 20 mL TAEHEFGEF, 80 CH¥
H 20 min JE4% “2.17 TG EHEATINE .
23 HIELIESHR

FIFH VOCal ¥ A2 E 43l BRI HOHE 1 E 1
JE &, K VOCal AN & NIST Al IMS i dls 2%t
YIBHEAT b, i BRI — A R —
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Fig. 1 HS-GC-IMS diagram plots of raw (A) and honey baked Farfarae Flos (B)
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Fig.2 Difference HS-GC-IMS diagram plots of raw (A) and honey baked Farfarae Flos (B)
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T2 RERERSEXRPELXEEIMIEES
Table 2 Identification of volatile organic compounds in raw and honey baked Farfarae Flos
=] PN Y 7z = 7 3 7 ek i N N e T AT I (E
75 WwEw) a3 F 3 X FRE REES RENEs  ITBEE/ms T T

1 Ol C2HsO 46.1 526.4 104.292 1.045 88 195379 1665.14

2 AN C3H6O 58.1 538.0 109.153 1.112 33 2303.08 2029.87

31 / / 542.5 111.033 1.177 62 303.44 281.56

4 HERE C2HeS 62.1 556.0 116.711 0.958 45 1111.33 374.63

5 THEM C4HsO 72.1 568.2 121.826 1.115 07 631.03 757.84

6 TMD C4HsO 72.1 569.8 122.520 1.280 75 423.67 849.72

7 2 / / 569.6 122.431 1.188 09 351.60 216.77

8 1-NfE C3HsO 60.1 576.1 125.132 1.248 97 275.55 258.12

9 2-FILPY AL C4H6O 70.1 579.1 126.405 1.218 53 1212.68 491.68
10 2,3-T A C4H60> 86.1 591.8 131.749 1.175 03 260.08 298.45
11 2-THA C4HsO 72.1 598.2 134.438 1.241 02 73222 1095.86
12 RWKEE C4Hs0 72.1 607.2 138.225 1.286 57 94.10 114.59
13 SRR ZBE M C4Hs02 88.1 613.0 140.648 1.093 56 213.68 195.58
14 FERR W5 D C4Hs02 88.1 611.7 140.089 1.331 69 124.93 95.27
15 3 / / 618.8 143.097 0.945 44 237.59 234.41
16 ZW®M C2H402 60.1 642.7 153.115 1.049 30 / 28 663.82
17 Z®&D C2H402 60.1 621.7 144.285 1.152 38 / 4 656.23
18 2-HH:-1-[5lE C4H100 74.1 633.4 149.203 1.169 54 222.70 161.72
19 2-HFETHE CsH100 86.1 668.2 163.837 1.393 64 3845.84 476749
20 4 / 0 696.8 179.012 1.111 98 335949 252681
21 5 / 0 694.9 177.453 1.319 12 798120 6 960.70
22 kM CsHi00 86.1 701.4 182.683 1.184 50 422.20 409.30
23 JREED CsH100 86.1 700.0 181.587 1.413 70 218.76 267.04
24 2-FRETRE CsHi20 88.1 741.6 215.133 1.23501 149.36 92.267
25 (E)-2-J)E M CsHsO 84.1 753.1 224.429 1.102 70 233.06 /
26 (E)-2-I%)& D CsHsO 84.1 752.5 223.882 1.355 76 408.77 181.39
27 2-HEREEM CeH120 100.2 760.9 230.672 1.230 94 394.41 261.81
28 2-FHRLEE D CeH120 100.2 759.9 229.842 1.525 26 95.56 80.42
29 I CsHsO 84.1 760.5 230.395 1.338 32 / 251.27
30 1-J0EE CsH120 88.1 771.8 239.515 1.252 51 198.25 78.55
31 3-HR-2-T A CsHsO 84.1 785.0 250.296 1.092 27 / 289.10
32 CfM CeH120 100.2 794.3 260.370 1.259 32 1284.22 759.55
33 CED Ce¢H120 100.2 794.4 260.471 1.360 14 446.46 1156.34
34 CET Ce¢H120 100.2 794.0 259.993 1.549 49 288231 1444.68
35 6 / / 805.9 272.900 1.100 52 552.15 1035.37
36 2-FEE-1- K Ce¢H140 102.2 808.0 275.178 1.289 22 / 213.51
37 7 / / 850.5 321.013 1.419 23 108.30 217.01
38 2-Cfi-1-FE M Ce¢H120 100.2 852.3 322.895 1.175 00 1211.39 310.85
39 2-C#-1-fE D CeH120 100.2 850.7 321.254 1.51279 948.44 154.23
40 2-WRIEEEE M CsH402 96.1 865.5 337.118 1.085 76 464.05 1823.87
41  2-WRIRHEE D CsH402 96.1 860.9 332.195 1.328 65 / 764.89
42 FEREE CsHsOS 114.2 896.9 374.356 1.104 38 / 417.56
43 2-Bfi C7H140 114.2 897.6 375.502 1.263 35 177.76 163.61
44  (2)-4-Pime C7Hi20 112.2 901.0 381.460 1.147 48 / 275.27
45 PG C7H140 114.2 901.6 382.522 1.342 20 284.42 151.60
46 L TEEET K CH140: 118.2 901.7 382.835 1.203 02 380.26 433.45
47 (E)-2-BiiGm M C7Hi20 112.2 959.4 484.818 1.248 44 746.07 603.87
48 (E)-2-Hifis D C7Hi20 112.2 956.4 479.347 1.659 66 177.29 185.53
49  3-HERFEE A C4H,00S 106.2 958.8 483.721 1.473 73 141.22 332.96
50 DL-2-FELIR 2Bk CsHi602 144.2 959.3 484.523 1.303 46 161.61 247.34
51 RHEE C7H6O 106.1 973.4 509.434 1.151 28 295.23 134.05
52 5-FRIEMRImEEE C6Hs02 110.1 990.8 540.220 1.126 34 / 284.32
53 1-¢H-3-BF CsHi60 128.2 1 004.5 566.289 1.162 30 567.29 368.80
54 T -FAJHIG CioHis 136.2 1 008.9 575.078 1.215 67 802.14 849.72
55 2-2.%-1-CfF CsHis0 130.2 1010.3 577.871 1.413 36 263.62 224.43
56 C.FR CeéH120: 116.2 1038.0 633.279 1.298 23 / 97.30
57  TmRIEKER CoHi50: 158.2 1048.9 655.163 1.412 47 194.48 207.33
58 (E)-2-F Mg CsH1:0 126.2 1083.8 725.092 1.323 30 104.12 83.92
59 8 / 0 1087.1 731.559 1.273 88 493.27 469.00
60 T CoHi50 142.2 1106.1 769.627 1.482 39 375.45 312.85
61 CZLIREFE C12H202 198.3 1310.1 1177.946 1.467 13 365.04 319.28
CITONRKH 1~8-R%E, TH

“/’means unchecked 1~8-unidentified, same as below
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Fig.3 Comparison of fingerprints of volatile organic compounds of raw and honey baked Farfarae Flos
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Fig. 4 Box diagram of some characteristic components of raw and honey baked Farfarae Flos
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2-Cffi-1-F% M (2-hexen-1-ol M), 2-C./%-1-1# D
(2-hexen-1-ol D). Bl C(heptanal) %5 9 M
FRARLICAE MRS, mETEX N,
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D). Z 8 M (acetic acid M) . ¥ & i
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T SIMCA-P19.0 #AfFiE4T PCA, HI 2 DRI
11 BT DTk IR 2 83.37%, WiHHRT 2 AN 18 S
A EX A EHERMEAEVRH SR P EES
YEFR . REREAR T (1) [X 43 3K 4 T AE 5 F0 3 4 1)

FERWANZES . RIET 4R, WEREAE
AR ARVE R SR E (B S, BATEA ATE X
A BEE TR 2 R X 5.

4R HS-GC-IMS 3R15 I A 1A LA 5 R ot
FRAACAE RN EE ST AR T, TR
AR TR A K PR B B, B AR 2R /N 3 R 4K 31 I
A7, SRR 3 K 6. MABE AT A, 3K
AACAE SRV K AL R P S RO M S, HE
KA R BT . R, RAAEAR S RS 7 A R
RS, RPEXARAEHEREA L
VIAEAE— B RE P (P REI

8 T
6 — T~
~ ¢ MKD-1 ~
4
S 2 JKD-1
8 SMKD-3 -5
a2 0 1 L\ d D_4
) MKD#$MKD-2 kb3
~ 4 *MKD-4 *KD-3
-6 h ~_ - o -
-8 | -
—20 -10 0 10 20

PC1(74.10%)

5 PCA A
Fig.5 Score plot of PCA
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Table 3 Euclidean distance between raw and honey baked Farfarae Flos
. BR REE B
KD-1 KD-2 KD-3 KD-4 KD-5 MKD-1 MKD-2 MKD-3 MKD-4  MKD-5

KD-1 0 87494 206330 138 522 197932 4180048 6525414 5972227 5472637 6352705
KD-2 87 494 0 70 631 56 728 173936 4160598 6342643 5840075 5313515 6190930
KD-3 206 330 70 631 0 104 887 275027 4038642 6112248 5675066 5091735 5977427
KD-4 138 522 56 728 104 887 0 98279 4030496 6220308 5720579 5150042 6063954
KD-5 197 932 173936 275027 98 279 0 3891248 6090719 5543785 4973191 5885623
MKD-1 4180048 4160598 4038642 4030496 3891248 0 728018 517903 524215 729805
MKD-2 6525414 6342643 6112248 6220308 6090719 728018 0 219132 336935 165 532
MKD-3 5972227 5840075 5675066 5720579 5543785 517903 219132 0 149 017 72125
MKD-4 5472637 5313515 5091735 5150042 4973191 524215 336935 149 017 0 113092
MKD-5 6352705 6190930 5977427 6063954 5885623 729 805 165 532 72 125 113 092 0

EE

[+] [nitrogen] MKD-2 H

[+] [nitrogen] MKD-5H
[+] [nitrogen] MKD-3 W
[+] [nitrogen] MKD-4 Wl
[+] [nitrogen] MKD-1 W
[+] [nitrogen] KD-5
[+] [nitrogen] KD-4
[+] [nitrogen] KD-2
[+] [nitrogen] MKD-3!
[+] [nitrogen] MKD=1

_/\_

6 MELERMERBHRWMEE

Fig. 6 Nearest distance between raw and honey baked Farfarae Flos
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