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Abstract. We analyzed the volatile chemical components of Caryophylli Flos from different
habitats using headspace solid phase microextraction combined with gas chromatography-
mass spectrometry (HS-SPME-GC-MS) and roughly quantified by peak area normalization. In
total, 72 peaks were identified from 13 batches of Caryophylli Flos. Among the volatile
chemical components, Eugenol and (-)-a-Selinene accounted for the first two main
components, with third-ranked components of the four habitats being cis-a-bisabolene
(Madagascar Tamatave, average 3.75%), Ocimene ( Guangdong Province, China, average
4.21%) , Santolinatriene ( Guangxi Province, China, average 3.74%), Humulene ( Indonesia
Java, average 3.60%). These results suggest that the volatile components of Caryophylli Flos
differed in different regions, but showed similarities within the same region. Using principal
component analysis (PCA) and cluster analysis, results showed that the four habitat samples
of Caryophylli Flos were not only easily distinguished, but also reflected a genetic relationship
between them. HS-SPME-GC-MS combined with stoichiometry (PCA and cluster analysis) was
able to distinguish the four origins of Caryophylli Flos. This study provided a new approach for
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the comparison and quality assessment of Caryophylli Flos from different habitats.
Key words . Caryophylli Flos; Headspace solid phase microextraction and gas chromatogra-
phy-mass spectrometry; Volatile components; Principal component analysis; Cluster analysis
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Fig. 1

Total ion current chromatogram of volatile components of 13 batches of Caryophylli Flos from four habitats
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Table 1 Number of volatile components from the 13 batches of Caryophylli Flos
. w PTTRRME AT R Y A
) Vs Y LS ) X
Eilnl 67 RS Kl lor BEC eI Ratio of determined
7= Il Amount of Amount of .
Batch . No. of . o . constituents to
Habitats identified determined )
number samples ) total volatile
compounds constituents
components (%)

1 kg &%k Madagascar Tamatave MT20121022 62 27 96.16

2 Tk mirints D5k Madagascar Tamatave MT20121127 65 30 98.52

3 Sk NS B4 Madagascar Tamatave MT20121215 63 27 96.37

4 H1[E ) %5 Guangdong Province, China GD20121024 61 36 99.71

5 " [E % Guangdong Province, China GD20121113 57 35 99.91

6 F[E) % Guangdong Province, China GD20121215 63 36 99.77

7 H1[E ) 45 Guangdong Province, China GD20130308 66 35 99.69

8 TR PE Guangxi Province, China GX20120711 68 23 98.64

9 Fr[E ) PE Guangxi Province, China GX20121113 72 22 98.38

10 "R E " PE Guangxi Province, China GX20121215 67 24 98.91

11 E[1E JE V)T Indonesia Java ID20121127 72 22 99.57

12 ENJE JR P4 VN & Indonesia Java ID20121215 70 21 99.69

13 EIEEJEPE RS Indonesia Java 1D20130308 74 21 99.81
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Table 2 Volatile components of the 13 batches of Caryophylli Flos from four habitats
fez 13 HEVCHRE A ARRS &
RT E Chemical Relative percentage of the 13 batches of samples( %)
(min) Compounds Formula
1 2 3 4 5 6 7 8 9 10 11 12 13
201 2-HHETMZEE Ethyl 2-methylbutyrate  C;H1,0, 0.01 0.02 001 0.01
3.41 2-Bififi 2-heptanone CH4O 001 002 002 002 002 001 002 002 001 002
3.42 5Bl 5-methyl-2-hexanone C,H,,0 0.02 002 0.03
_DU Al g

3.3 1:§:§:g—gtiﬁt\5£opyridine CsHeN 0.01 0.01
3.81 NMTHEE Pentanoic acid, methyl ester CgH,0, 001 001 0.02 0.01
3.81 T Methyln-nonanoate CioHx0, 0.02 0.01 0.01
3.82 CHRHE Methyl hexanoate C,H1405 0.01 0.02 0.02
4.02 2-JH-1-BE  2-pentyn-1-ol CsHgO  0.01 0.02 0.01
4.02 BEBREE Ethyl tiglate CH1,0, 0.01 0.01
4.64 ZWERJ5HEE  Linalyl acetate C12H200; 0.01 0.01 0.02
4.66 HH:M Myrcene CioH1e 0.01 0.01
469 B-JEMS PB-pinene CioHis 001 001 001 0.01 0.02 0.01
48 IFEMM Ethyl caproate CgHO, 001 003 001 001 002 002 001 002 001 002 001 0.01
5.27 Bl Sylvestrene CioH1e 0.01 0.01 0.01
5.28 Frigks  Limonene CioHie 0.01 0.03 0.01
5.4 Ji-3-Bik  Cis-3-heptene C/,Hy 004 006 0.05
5.4 JiiX-2-Fki  Cis-2-heptene CHyy 0.02 0.05 0.07 0.04
5.51 5233773T§h1y|33%gc/1ﬁ;f CioHie 005 005 006 005 003 003 0.04
5.62 (E)-Z#i (E)-ocimene CioH1e 0.04 0.08 0.08 0.06 004 004 005
588 j—iﬁgﬁl‘;—]phenw%—butanone C1oH1,CIO 001 001 001
5.89 K Acetophenone CgHgO  0.01 0.01 0.01
5.89 g»ﬁ%}ﬁfz%?anhydride C;H,0,8 0.01 0.01 0.02 0.01
6.03 4-HIFLntm:  4-methylpyrazole C4HgN, 0.01 0.01 0.01
6.15 2-T:fil 2-nonanone CoHgO 003 003 003 003 003 004 003 004 003 003 003 004 0.03
6.28 4-FHEMEE  4-cyanopyridine CgH4N, 004 0.03 0.03 0.02 0.02 0.03
6.29 3-Eflfi 3-carene CioH1s 0.01 0.03 0.01 0.03
6.28 AP #M  Trans-ocimene CiHig  0.01 0.02 0.03 0.03 0.02
6,72 g»ezt‘k%ylﬁ,zfiiﬁethylbenzene Citia 001 002 001
7.24 4BHIE}  2-hydroxytoluene C;HgO 0.05 0.06 0.07 0.06 002 002 003
7.25 ZEZRHEE Benzyl ethanoate CoH100, 0.02 0.01 0.02
7.34 FHERZTE Ethyl benzoate CoH100, 0.03 0.04 0.04
7.7 2, 1-FKIFFEM 2 1-benzisoxazole C,HsNO 0.15 0.14 017 0.15
7.72 KHEEHTEE  Methyl hydroxybenzoate CgHgO4 0.16 0.16 0.15 0.17 0.14 0.17 0.15 0.07 0.08 0.08
7.74 CBUKWHERTEE Methyl acetylsalicylate  CqoH1c0, 0.13 0.12 0.13
8.18 ZmRHEE Methyl anthranilate CgHgNO, 0.02 0.01 0.01 0.03
8.19 HIHEMMM AR Lauryl methacrylate  CigH300, 0.01 0.01
8.47 3-FUNEITEE Methyl 3-cyanopropionate  CsH/NO, 0.01 0.01
8.72 XHEHFAB  4-allylphenol CgH400 0.08 0.11 0.09
8.75 5-Eiff 5-indanol CgH100 01 007 008 01 009 011 0.1 0.08 0.11 0.09
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fh2st 13 HERHE AR 5 i
RT a7 Chemical Relative percentage of the 13 batches of samples( %)
(min) Compounds Formula
1 2 3 4 5 6 7 8 9 10 11 12 13
8.88 ﬁiﬁﬁpﬁjﬁ?ﬁmyame CgH;NO 0.06 0.03 005 0.04
9.14 kﬁiﬁfﬁ;ﬁ-m CoHgO  0.07 005 005
9.15 S-HERHI kR 5-methoxybenzofuran  CoHgO» 0.01 001 0.02
10.36 o-EEWE MM a-cubebene CisHoy 002 003 003 003 003 004 003 0.05 0.05 0.06
11.76 T Eugenol CioHi20, 482 48.31 48.34 48.81 48.84 489 48.76 49.16 49.15 49.12 50.09 50.01 50.22
13.28 (-)-o-fr M (-)-a-selinene CisHoy 426 4288 42.65 41.68 417 41.44 4159 41.38 41.13 41.53 41.41 4154 4157
13.4 o-JRMi a-copaene CisHog 0.01 0.01 0.02 0.01
13.96 Mizt-o-%Z5)%  Cis-a-bisabolene CisHps 377 368 38
13.99 WHE=4 Santolinatriene CioHie 374 369 3.78
14.07 F#ks  Ocimene CioH1e 421 419 423 4.21
1417 T#&¥ Humulene CisHas 359 367 353
14.47 (-)-g-Ft#AK  (-)-g-cadinene CisHay 023 225 025 029 029 0.31
14.5 KEME  Germacrene D CisHos 005 004 005 004 025 023 028 005 006 0.07
1,2,4a,5,6,8a-~4-4,7- 21 %E-1-
14.54 gjfé%?éiamxahvdm&7_dimeth_ CisHos 03 027 021 022 005 007 005 011 0.12 0.09
yl-1-(1-methylethyl) naphthalene
14.65 EEE I Cubebene CisHoy 007 0.05 0.07
14.84 a-f@BIAM a-guaiene CisHyy 005 005 0.05
R —
14.92 ‘éﬁ;‘él;ﬂgiﬁi;ﬁ_diene CigHog 0.04 0.03 004
15.12 ot o-elemene CisHos 0.1 0.08 0.09
152 HEHM Calarene CisHay 0.01 001 003 004 003
15.22 WIEPYWREME  Valencen CisHay 011 008 0.11
15.27 oA 223 a-muurolene CisHy, 005 006 005 004 004 005 003
15.52 a-¥:JEf  o-farnesene CisHay 03 031 029 025 022 021 0.23 0.36 0.37 0.3
1,2,3,4,4a,5,6,8a-/\&-7-H #-4- T H
1-(1- -3
1587 %21,3(,411,Ta,%S,Zé,%;-;:tahydro-7-methy|-4— CisHa 0.05 003 001 003
methylene-1-(1-methylethyl ) -naphthalene
16.16 d-fhiaE  d-cadinene CisHay 022 024 023 022 023 019 022 023 021 019 031 033 029
16.78 LA T M Eugenyl acetate CioH1404 321 341 339 34 336 339 341
16.79 48T F&M o-eugenol C1oH1205 286 279 2.87
19.25 2-HILEnE  2-methylpyridine CeHoN 0.01 0.01 0.01
19.25 7-FLIRIENS  7-methyladenine CeHNg 0.01 0.01 0.01
19.64 2-¥33E-5-HFEnE  2-hydroxy-5-picoline  CgH,NO 0.01 001 0.01
21.79 g&;{c‘&'%‘gﬂﬁn_1_ene CoHyy 002 002 002 002 001 001 002 0.01 0.01
EHA 5 o
[T ——
225 ;Fﬁeﬁ?ﬁfﬂ;neJ-sulfonam'\de CAHNOS 001 003 001
26.24 KB  Benzyl benzoate Cy4H120, 0.01 0.01 0.01
Mt Total (%) 96.16 98.52 96.37 99.71 99.91 99.77 99.69 98.64 98.38 98.91 99.57 99.69 99.81
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