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Analysing differences in volatile organic compounds between
purple-brown and yellow-brown Ziziphi Spinosae Semen based
on HS-GC-IMS technology *
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Abstract Objective: To systematically compare the types and contents of volatile organic compounds (VOCs) in
purplish-brown and yellow-brown Ziziphi Spinosae Semen, and to provide a scientific basis for their rapid identifica-
tion and quality evaluation. Methods: Headspace-gas chromatography-ion mobility spectrometry ( HS-GC-IMS)
was employed to determine the VOCs in two colored samples. GC-IMS spectra and fingerprint profiles were estab-
lished , and chemometric methods including principal component analysis ( PCA) and partial least squares-discrimi-
nant analysis ( PLS-DA) were applied to visualize the differences in volatile components. Results: A total of 44
VOCs were identified, including 1 aldehyde, 9 esters, 10 ketones, 2 enals, 14 alcohols, 3 acids, 2 furans, 1 di-
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sulfide, and 2 hydrocarbons. Alcohols and esters were the main volatile components. The fingerprint profiles
showed high consistency within groups but significant differences between groups. Both PCA and PLS-DA effective-
ly distinguished the two sample types. Compounds such as pentanol, methyl butyrate , 2-ethylfuran, 2-hexanol, and
2-methylpropenal were identified as key markers for differentiation. Conclusion; HS-GC-IMS combined with che-
mometrics accurately distinguishes the volatile compounds of Ziziphi Spinosae Semen with different colors. This
method is rapid, sensitive, and suitable for quality control and rapid authentication of Ziziphi Spinosae Semen.

Key words: Ziziphi Spinosae Semen; headspace-gas chromatography-ion mobility spectrometry; volatile organic

compounds ; chemometrics
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Fig. 3 HS-GC-IMS spectra of volatile organic compounds in purplish brown and yellow-brown Ziziphi Spinosae Semen

(direct comparison)
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Fig. 4 HS-GC-IMS spectra of volatile organic compounds in purplish brown and yellow-brown Ziziphi Spinosae Semen

(difference comparison )
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Tab. 1 Identification of volatile compounds in purplish brown and yellow-brown Ziziphi Spinosae Semen
hiazs sy CAS 5 3T X TR R TER PRERITE) /s SERBI ]/ ms
1 gamma-butyrolactone (€96480 C,HgO, 86. 1 924.7 483. 264 1.302 02
2 2-Methyl-3-furanthiol 28588-74-1 CsHgOS 114.2 865.5 387.331 1. 146 87
3 3-Heptanone C106354 C,H,0 114.2 880. 5 409. 671 1.225 31
4 (E) -2-Pentenal C1576870 CsHgO 84.1 746.2 249. 344 1. 368 26
5 Hexanal C66251 CeH}, 0 100. 2 817.6 324.251 1.267 15
6 cyclopentanone C120923 C5HgO 84.1 801.5 305. 563 1.329 19
7 2-methyltetrahydrofuran-3-one C3188009 CsHg O, 100. 1 786 288. 54 1.427 18
8 2-Hexanol C626937 CeH 4O 102.2 804.5 308. 967 1.566 97
9 Pentyl formate C638493 CeH,,0, 116.2 815.5 321.735 1. 640 46
10 Isopentyl formate C110452 CgH}, 0, 116.2 799.3 303. 009 1.649 11
11 Dimethyl disulfide €624920 C,HgS, 94.2 768. 6 270. 665 1.144 73
12 3-Methyl-3-buten-1-ol C763326 CsH,,0 86. 1 754.5 257. 047 1.164 9
13 pentan-1-ol C71410 CsHy,0 88.1 749 251.94 1. 503 56
14 pentan-2-ol €6032297 CsH}, 0 88.1 716.6 223. 851 1. 444 48
15 Butyl formate (€592847 CsH,,0, 102.1 714.5 222. 149 1.510 77
16 Propanoic acid C79094 C3Hg O, 74. 1 714.5 222. 149 1.255 69
17 ethyl acrylate C140885 CsHg O, 100. 1 694. 8 206. 828 1.402 68
18 3-Methyl-2-butanol C598754 CsH,0 88. 1 702.1 212.336 1.246 96
19 2,3-Pentadione C600146 CsHg0, 100. 1 665.3 185. 969 1.209 2
20 n-propyl acetate C109604 CsHy0, 102. 1 690. 4 203. 547 1.493 99
21 pent-1-en-3-ol C616251 CsH,,0 86. 1 675.5 192.908 1.334 33
22 1-Butanol C71363 C4H,,0 74.1 658.3 181. 344 1. 368 86
23 1-Propanol, 2-methyl- C78831 C,H,,O0 74.1 628.9 163. 303 1.175 76
24 methyl propanoate C554121 C,Hg O, 88.1 629.7 163. 766 1.319 23
25 acetic acid ethyl ester C141786 C,Hg 0, 88. 1 604.7 149. 888 1.336 49
26 1-Propanethiol C107039 CyHgS 76.2 616.7 156. 364 1.365 62
27 2-Butanone C78933 C,HgO 72.1 590. 4 142. 487 1.248 03
28 3-Butenenitrile C109751 C,HsN 67. 1 652.5 177. 643 1.123 98
29 2-Butanol C78922 C4H,\,0 74. 1 593. 1 143. 875 1.148 79
30 Methyl acetate C79209 C3HgO, 74.1 553.2 125. 177 1. 199 46
31 2-Propanethiol C75332 C;HgS 76.2 565.2 130. 484 1.149 7
32 1-Propanol C71238 C;HgO 60. 1 572.1 133. 669 1. 115 71
33 Butanal C123728 C4HgO 72.1 603.2 149. 062 1.101 14
34 2-Propanone C67641 C;HgO 58.1 513.6 109. 232 1.119
35 ethanol C64175 C,HgO 46. 1 492.8 101. 811 1.130 21
36 2-Propanol C67630 C;HgO 60. 1 518.5 111. 088 1. 088 35
37 Acetic acid C64197 C,H,0, 60. 1 601. 1 147. 961 1. 053 56
38 3-Hepten-2-one C1119444 C,H,0 112.2 931.3 495. 357 1.222 36
39 Methyl isobutyl ketone C108101 CeH, 0 100. 2 737.1 241. 202 1.483 44
40 3-Penten-2-one (€625332 CsHgO 84.1 716.8 223.979 1.348 2
41 2 ,3-pentanedione €600146 CsHg O, 100. 1 708 216. 905 1.212 97
42 Propanoic acid C79094 C;HgO, 74.1 708. 3 217.213 1.110 93
43 2-ethyl furan €3208160 CeHgO 96. 1 709 217.724 1.052 73
44 2-Methyl-2-propenal C78853 C,HgO 70. 1 565.3 130. 564 1.213 35
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Fig. 5 Comparison of fingerprints of volatile compounds of purplish brown and yellow-brown Ziziphi Spinosae Semen

3.4 ERS T

ERIT AT (PCA) 2 H A —Ff 3 9 &0 0 i
Jiik, B Z AR N D BU LA AR
LR, IR . IR RERS IR AT REZ HufR
B U A i O B o T8 2 X RS R A Bl 7 22 R
ol RH SR PR IEA TR g, 75 20 A0 A (B AN RPALE [
PR EA R TR 7 22K/ R AR [ e T

100

50

12]
=

BT IR AL 2 [ ARG S AR TR s i )
HALRGE— 254001 . BT SIMCAP19. 0 B 4% B
iRt ef 44 TR A DL B IR B A SRR AT T
PCA AT, 5648 A B AR (IR A~ 7E PC1 L1
A BT B X PCL 2R R IAE S0 3-
hepten-2-one \methyl isobutyl ketone ,3-methyl-3-buten-
1-ol .2-propanethiol # 2. 3-pentadione ,

W szzu
W szuz

-50

-100

-150

T
-150 -100

M
&l 6

T
50 100

S OB ORI R EA L PCA 734

Fig. 6 PCA analysis of volatile components of purplish brown and yellow-brown Ziziphi Spinosae Semen

3.5 fde/h Ak
P fie /N — ik #5173 B (PLS-DA ) & —Fh i
Gt Irik, RENS i AR AR I 2 1] 4 22 5 A e 5

M 7728 g 2 JB) PR S 2R o DA — 28 X 0 P ol i TR
PERRA 4 A ML 0 22 S 1, DA B GRRE il o
44 A FAE LT R I IR 5 R O A8 S, >R i SIMCA



.34 .

h 2 i br YE Drug Standards of China 2026, 27(1)

WA EAT 43 A7 J5 75 3] PLS-DA JE40 18 (18 7) o &5
SREW], PLS-DA LR BA R4 (1 U RE ) RS A2
FE(Q* =0.63 >0.5) . 48 (4 FI ¥ A (0 FR A7
TR AP AE 35 25 5

=)

75 & A HE {H ( variable important in projection,

VIP) S fh o 45 i 4 A P AL 5 0 XA it 140 22 5

SRR R /N SE bR, VIP {HBOR, W SR W22 57
i

A 5 X AR A IR A A AL B A T T e HE
¥, KB SRR IR T RESE 1L b VIP > 1 4%
RGP (& 8) o AL, LA E 11 A asr rl A iR
J9I10 DX P o M TR (5 1 R AL ) S BB AR )

A B sz-zu
M sz-hz
100
@sz-7H-2
50
= @sz-7H-1
2
in
< 0
2 @5sz-7H-3
= @sz-7H-4
-50 @sz-z1-5
-100
-150 T T T T -
-150 -100 -50 0 50 100
1.000 1 * f[1]

7 S OB IR AN EA LY PLS-DA 23 &]
Fig. 7 PLS-DA analysis of volatile components of purplish brown and yellow-brown Ziziphi Spinosae Semen

VIP[142+0]

€1 8

T
Var ID(Primary)

A BRI A A P VIP {E (ID XFRE 1)

T T T T 1 T T T T T T T T T T T T T T T T T T T T T T T T T1T T 1T T T T T T T T T T 1
37 6 3343384244314025 4 101320153530232826 9 841 12119363239 5342 1117 7 242722 31829141216

Fig. 8 VIP values of volatile organic compounds in purplish-brown and yellow-brown Ziziphi Spinosae Semen

( compound IDs correspond to Tab. 1)
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