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Analysis of volatile compounds of propolis and poplar tree gum by
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ABSTRACT: Objective To analyze and identify the volatile components of propolis and poplar tree gum.
Methods The major volatile compounds of propolis and poplar tree gum were extracted by solid phase micro-
extraction (SPME), dynamic headspace (DHS). And then the volatile components were analyzed and identified
by gas chromatography-mass spectrometry (GC-MS) combined with computer. Results Totally 37 com-
pounds were identified using SPME method, accounting for 97.71 % of the total peak area. Totally 52 com-
pounds were identified by DHS method, accounting for 92.46 % peak area for propolis. And several compounds
were identified using SPME or DHS method in propolis but not in poplar tree gum, such as
3-Methyl-3-buten-1-ol, acetate; 2-Buten-1-ol, 3-methyl-, formate; 3-Methyl-3-buten-1-ol, acetate; 2-Buten-1-ol,
3-methyl-, acetate; 2-Butenoic acid, 3-methyl-, 2-phenylethyl ester; Nonanoic acid, ethyl ester; Dodecanoic
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acid, ethyl ester; Hexadecanoic acid, ethyl ester; 3-Penten-2-ol; 2-Buten-1-o0l, 3-methyl-;Naphthalene, 1, 2, 3, 4,
4a, 5, 6, 8a-octa hydro4a, 8-dimethyl-2-(1-methylethenyl)-, [2R-(2.alpha., 4a.alpha., 8a.beta.)]-; 10s, 1ls-
Himachala-3(12), 4diene andB-Humulene. Meanwhile, some other compounds were identified using SPME or
DHS method in poplar tree gum but not in propolis, such as Tricyclo[5.4.0.0(2, 8)Jundec-9-ene, 2, 6, 6, 9- te-
tramethyl-; a-Bisabolol and a-Curcumene. Conclusion The aim of this work was to develop a reliable and
sensitive GC-MS method for determining volatile components in propolis and poplar buds with a simple sam-
ple pretreatment method. Subsequently, the method was applied to distinguish poplar tree gum from propolis.
KEY WORDS: propolis; poplar tree gum; solid phase micro-extraction; dynamic headspace sampling; volatile
components; gas chromatography-mass spectrometry
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Table 1 Volatile compounds of propolis and poplar tree gum by SPME/DHS-GC-MS
/min %
SPME DHS SPME DHS
6.54 Acetic acid C,H40, 1.43 26.71 0.19 5.84
8.18 Propanoic acid C;H0, — 2.00 - 0.82
12.04 Butanoic acid, 2-methyl-2- CsH,00, 0.21 1.58 - 0.55
13.98 2-Butenoic acid, 2-methyl-2- -2- CoH,0Os5 - 0.41 - -
( /%) 1.64 30.70 0.19 7.21
/ 2 4 1 3
3-Methyl-3-buten-1-ol, acetate
11.77 3. 3. 1 C;H,,0, - 0.44 - -
2-Buten-1-ol, 3-methyl-, formate
11.02 3. . 1 C6H1209 - 0.29 - -
3-Methyl-3-buten-1-ol, acetate
1245 a3 L C7H 20, - 0.44 - -
2-Buten-1-ol, 3-methyl-, acetate
13.54 3. . - C;H,,0, - 0.49 - 0.52
15.18 4-Penten-1-ol, propanoate 4- -1- - CsH;50, - - - 0.17
15.79 Hexanoic acid, ethyl ester CsH 60, - - - 0.11
18.25 Formic acid, phenylmethyl ester CsHs0, 0.26 0.53 - 0.09
20.71 Acetic acid, phenylmethyl ester CoH,00, 1.16 0.88 0.19 0.18
20.93 Benzoic acid, ethyl ester CoH00, 2.43 1.09 0.84 1.14
2-Butenoic acid, 3-methyl-, 2-phenylethyl ester
21.09 C13H;60, - 0.58 — —
3- -2- -2-
23.02 Acetic acid, 2-phenylethyl ester -2- CioH 120152 1.72 — 0.66 0.66
23.94 Nonanoic acid, ethyl ester C1H20, 0.20 - - -
25.73 Benzenepropanoic acid, ethyl ester C1H,0, 0.93 0.26 0.53 0.29




/min %
SPME DHS SPME DHS
31.87 Dodecanoic acid, ethyl ester C14H250, 0.30 0.07 — —
40.37 Hexadecanoic acid, ethyl ester C3H360, - 0.03 — —
( /%) 7.00 3.44 2.22 2.36
/ 7 11 4 8
7.71 3-Penten-2-ol 3- -2- CsH,00 - 0.30 — -
8.49 2-Buten-1-ol, 3-methyl-3- -2- -1- CsH,00 0.13 - - —
8.62 3-Buten-1-ol, 3-methyl-3- -3- -1- CsH,,0 0.18 7.3 0.72 19.09
9.57 2-Buten-1-ol, 2-methyl-2- -2- -1- CsH,,0 - 4.55 - 1.92
17.02 Benzyl Alcohol C;Hs0 7.61 7.79 0.27 0.78
19.36 Phenylethyl Alcohol CsH,00 7.36 4.78 0.78 1.67
24.56 2-Propen-1-ol, 3-phenyl- CoH,00 0.42 — 0.16 —
32.22 Guaiol C,5H,60 - - 0.34 -
33.69 2-Naphthalenemethanol 2- CysHpsO - - 0.50 —
33.75 o-Eudesmol a- Ci5Hy0 0.69 — - —
34.32 a-Bisabolol (+/-)-a- C5H,60 - - 0.3 -
( /%) 16.39 24.42 3.07 23.46
/ 6 5 7 4
15.58 B-myrcene - CioHis — 0.12 - -
16.44 a-Terpinene a- CioH6 - 0.08 - -
16.79 D-Limonene D- CoH6 0.14 0.42 - 0.22
17.68 (+)-4-Carene (+)-4- CioHi¢ — 0.12 - -
1821 Cyclohexene, 1-methyl-4-(1-methylethylidene)- CioHre 0.06 B B B
26.06 Isolongifolene, 9,10-dehydro-9,10- CsHa, - - 0.37 0.17
26.36 Longicyclene CsHoy - - 0.20 —
26.58 1,2,4-Methenoazulene,decahydro-1,5,5, y CsHas _ B B 021
8a-tetramethyl- -1,2,4- L
4,7-Methanoazulene,1,2,3,4,5,6,7,8-octahydro-1,4,
26.84 9,9-tetramethyl-,[1S-(1.alpha.,4.alpha.,7.alpha.)]- CsHos 1.43 0.72 0.43 1.49
-4,7- B
1H-3a,7-Methanoazulene,2,3,4,7,8,8a-hexahydro-
27.38 3, 6, 8, 8-tetramethyl-,[3R-(3.alpha.,3a.beta., CsHas 1.00 0.67 _ 0.57
7. beta., 8a.alpha.)]-
27.39 Epizonarene Ci5Hys 0.88 — 0.39 —
27.57 Di-epi-.alpha.-cedrene (+)-a- CisHay - 0.81 16.69 4.94
27.76 trans-.alpha.-Bergamotene -0- CisHy, - - 0.76 -
27.86 Thujopsene CisHyy - 0.07 4.39 -
28.04 trans-.alpha.-Bergamotene  -a- CisHy, - - - 0.59
Az-
ulene,1,2,3,4,5,6,7,8-octahydro-1,4-dimethyl-7-(1-
28.19 methylethenyl)-, [1S-(1.alpha..4.alpha.,7.alpha.)]- CisHa 3.60 1.67 - -
-1,4- -7-(1- )
28.31 Seychellene Ci5Hy, - 0.13 - —
28.33 Isoledene Ci5Hys 0.52 — - —
28.47 Aromadendrene, dehydro- CsHa, - - — 0.32
28.63 Longifolene-(V4) CisHay - 0.19 - —
28.82 1H-Cycloprop[elazulene,la,2,3,4,4a,5,6,7b-octahyd CsHas B 312 B _

1,1,4,7- -1H- [E]




/min Y%
SPME DHS SPME DHS
29.21 v-Selinene y- CisHas 0.36 9.28 0.64 -
29.25 a-Curcumene a- CisHa - - - 13.98
29.4 10s,11s-Himachala-3(12),4-diene CsHyy 8.24 - - —
1H-Cycloprop[e]azulene,decahydro-1,1,7-trimethy
1-4-methylene-,[1aR-(1a.alpha.,4a.beta.,7.alpha.,7a
29.43 Jbeta.,7b.alpha.)]- -4- -1H- CisHag - - 544 -
[E]¥
29.58 a-Gurjunene a- Ci5Hps 7.52 3.60 - 0.68
29.84 .beta.-Humulene p-7 CsHas 7.00 - — —
29.89 B-Bisabolene (-)-B- CisHos — — — 2.56
29.98 B-Selinene B- CisHas 0.10 1.59 - 3.59
30.24 §-Cadinene 6- CsHay 4.51 - — —
30.34 Calamenene CsHa, - - — 2.17
3051 1H-3a,7-Methanoazulene,2,3,6,7,8,8a-hexahydro-1, C.H B B B 0.45
4,9,9-tetramethyl- -1H-3a, 7- B 1524
30.52 Isocaryophillene CysHa - 0.29 — —
30.73 cis-.alpha.-Bisabolene  -a- CsHay - - — 1.24
30.83 o-Calacorene o- CisHos — — 1.13 —
30.85 Eudesma-3,7(11)-diene CisHyy 2.44 - - —
31.13 Cadina-1(10),6,8-triene CysHys 0.29 0.05 0.41 —
Isolongifolene, 4,5,9,10-dehydro- 4,5,9,10-
31.53 CisHa - 0.04 0.27 0.11
Azulene, 1,4-dimethyl-7-(1-methylethyl)- 1,4-
32.08 7. B CisHig 0.10 — — _
3218 Azulene_t,71_,(41-d1methyl-7)-;£ -methylethyl)-1,4- CiiH, B B B 0.05
32.23 (-)-Aristolene (-)- CisHas 0.23 - - 1.44
32.33 o-Guaiene o- Ci5Hys - — — 0.13
33.16 .delta.-Selinene 6- CisHos 0.70 — 0.76 -
33.84 .beta.-Panasinsene 3- CsHay - 0.14 — 0.51
34.13 B-Guaiene f- CisHyy - — — 0.14
( /%) 39.12 22.91 31.88 35.56
/ 18 19 13 20
4.11 1,3-Pentadiene CsHg - - 0.04 —
5.69 1,3-Butadiene, 2-methyl-2- -1,3- CsHg - 0.80 — 2.79
8.88 3-Hexene, (Z2)- -3- CeHis — 0.16 — —
12.74 Styrene CsHg - 0.13 - 0.09
18.56 Bicyclo[4.1.0]hept-2-ene,3,7,7-trimethyl-  3,7,7- CroHe B 0.45 B _
[4.1.0] -2-
Tricy-
29.17 clo[5.4.0.0(2,8)]undec-9-ene,2,6,6,9-tetramethyl- CysHas - _ 10.24 10.07
2,6,6,9- - [5.4.0.0(2,8)]-9-
Cyclohexene, 1-methyl-4-(5-methyl-1-methylene-4-
29.77 hexenyl)-, (S)-1- -4-(5-  -1- -4- CisHa - - 4.05 —
)
( /%) 0.00 1.54 14.33 12.95
/ 0 4 3 3
16.36 Benzene, 2-propenyl- 2- CoH,,0 - - 0.07 —




/min "%
SPME DHS SPME DHS
Benzene, 1-methyl-4-(1-methylethyl)- 1-
16.68 yl-4-( yiethyD CioHy4 - 0.06 - —
4-(1- )
23.79 Benzene, 1,2,4-triethyl- 1,2,4- C,H g — — 0.32 0.38
Naphthalene, 1,2,3,4-tetrahydro-1,8-dimethyl-
25.26 CioHy6 0.16 0.09 — 0.34
1,2,3,4- -1,8-
Naphthalene, 1,2-dihydro-1,1,6-trimethyl- 1,2-
26.01 1.16- Ci3Hys - - — 0.11
26.53 Benzene, 1,4-bis(1-methylethenyl)-1,4- C,Hyy - - 0.68 —
26.71 Benzene, 1-(1,5-dimethyl-4-hexenyl)-4-methyl- C.H 2418 18.70
: 1-(1,5- 4o )4 1522 : - : -
27.67 Naphthalene, 1,6-dimethyl-1,6- C,H), - - 0.55 —
Naphtha-
lene,1,2,3,4,4a,5,6,8a-octahydro-4a,8-dimethyl-2-
29.63 (1-methylethenyl)-,[2R-(2.alpha.,4a.alpha.,8a.beta. CisHag 8.98 3.79 - -
)1- -2-(1- )
Naphthalene,1,2,3,4,4a,5,6,8a-octahydro-4a,8-
30.97 dimethyl-2-(1-methylethylidene)- -4a, 8- CisHaa _ _ —_ 0.61
2-(1- )
Naphthalene, 1,6-dimethyl-4-(1-methylethyl)1,6-
32.07 o af?f e N (1-methylethyl CisHig - - 0.17 _
Naphthalene,2,3,4,4a,5,6-hexahydro-1,
33.25 4a-dimethyl-7-(1-methylethyl)- -1,4a- CsHas _ _ _ 0.30
7-(1- )
Naphtha-
lene,1,2,3,5,6,7,8,8a-octahydro-1,8a-dimethyl-7-(1-
34.04 methylethenyl)-,[ 1S-(1.alpha.,7.alpha.,8a.alpha.)]- CisHa - - 0.24 -
-1, 8a- -7(1- )
Naphthalene,1,6-dimethyl-4-(1-methylethyl)-1,6-
34.24 aphthalene imethyl-4-(1-methylethyl) CiiHis B B 0.05 _
4-(1- )
( /%) 33.32 3.94 20.78 1.74
/ 3 3 8 5
7.42 1-Hydroxy-2-propanone C;Hq0, - 1.30 - —
3(2H)-Furanone,dihydro-2-methyl-
10.37 5 3. CsH30, - 0.34 — —
14.85 Benzaldehyde C;HO, - 0.12 — —
15.34 Phenol CeHeO, - 0.29 - —
17.99 Acetophenone CsHgO 0.24 0.57 - 0.02
1-Cyclohexene-1-carboxaldehyde, 2,6,6-trimethyl-
2241 2.6,6- -1- -1- CioHi60 - 0.04 — —
Acetamide, N-(2-phenylethyl)-
23.28 ide, N-(2-phenylethyl) CioH1,0 - 0.69 _ _
N-(2- )
25.78 Eugenol CioH,0, — - 0.31 —
1H-Indene, 1,1,3-trimethyl- 1,1,3-
26.74 CoHy4 - - - 0.49
-3- -1H-
Tricyclo[2.2.1.0(2,6)]heptane,
28.4 1,7-dimethyl-7-(4-methyl-3-pentenyl)- 1,7- CisHas - — — 0.21
-7-(4- -3- )
Bicyclo[2.2.1]heptane, 7,7-dimethyl-2-methylene-
30.61 icyclo[2.2.1]hep v Y CisHa - - 372 -
7,7- -2-
( /%) 0.24 3.35 4.03 0.72
/ 1 7 2 3
1% 97.71 90.30 76.50 84.00
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