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Abstract

Propolis is a resinous bee-hive product that honeybees collect from plant exudates, flower and leaves. Flavor
characteristics of two varieties of propolis collected from different plant origins, falseacacia(Robinia psedoa-
cacia L.) and chestnut tree(Castanea crenata), were analyzed using Aroma Scan and GC/MS. Two varieties
of propolis were grouped with quite different aroma profiles by Aroma Scan. Fifty five flavor compounds
were identified by GC/MS, of which 44 compounds were found from the propolis of falseacacia and 47 com-
pounds from chestnut tree. Five aldehydes, eight alcohols, five ketones, three esters, one fatty acid, twenty
seven hydrocarbons, two terpenes and four phenolic derivatives were identified. Thirty six compounds includ-
ing benzaldehyde, cinnamyl alcohol, eudesmol and benzyl benzoate were detected in both propolis, eight
compounds including geraniol and n-undecane only in propolis of falseacacia and eleven compounds includ-
ing piperitenone and valencene only in chestnut tree.
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Fig. 1. Indivisual response of 32 sensors in Aroma Scan
for the volatile flavor components of propolis; A:
falseacacia B: chestnut tre
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Fig. 2. Two dimensional map of relative response pattern
for the volatile flavor components of propolis by Aroma
Scan
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Fig. 3. Total ion chromatogram for the flavor compounds of propolis by GC/MS.; A: falseacacia, B: chestnut tree
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Table 1. Flavor compounds identified in propolis by GC/MS

L Area %
Peak No. Retention time Compounds -
Falseacacia Chestnut tree
Aldehydes
5 5.136 benzaldehyde 541 6.01
8 6.770 n-octanal 4.83 0.57
13 10.297 nonanal 15.07 0.98
20 13.929 decyl aldehyde 14.13 1.14
21 15.130 cinnamaldehyde 051 1.46
Alcohols
9 7514 benzyl alcohol 5.84 6.76
15 11.457 benzenemethanol 0.54 0.65
19 12.813 terpinene-4-ol - 073
23 16.624 cinnamy! alcohol 0.92 091
37 27.083 Y-eudesmol 224 1.04
39 27483 f3-eudesmol 365 2.83
40 27.643 a-eudesmol 342 2.29
22 15.589 geraniol 0.36 -
Ketones
7 6.199 6-methyl-5-hepten-2-one 0.86 1.36
12 8.337 phenyl methyl ketone 0.69 0.43
24 18.139 acetocinnamone 0.43 042
30 21.927 geranyl acetone - 543
41 28.604 piperitenone - 2.94
Esters
18 11.926 benzyl acetate 0.27 0.97
43 29.975 benzyl benzoate 0.36 0.75
48 39.710 phenethyl cinnamate 1.96 0.49
Faztty acid
26 19.790 capric acid 0.59 -
Terpenes
6 5.199 o-pinene 0.49 -
11 7.982 limonene 0.35 1.18
Phenolic derivatives
4 3.845 vinyl-benzene - 0.30
32 23.700 butylated hydroxytoluene 1.03 0.97
16 11.640 p-vinylanisole 044 0.23
25 18.750 4-vinyl-1,2-dimethoxybenzene 0.67 0.39
Aliphatic hydrocarbons
1 4.456 n-nonane 1.61 -
14 10.903 n-undecane 0.32 -
29 21.089 n-tetradecane - 0.93
36 27.038 hexadecane 1.26 1.83
42 29.787 n-heptadecane 031 0.37
44 32.394 octadecane - 0.29
45 34.885 n-nonadecane 0.29 7.39
47 39.532 n-heneicosane 0.52 0.83
49 41.715 n-docosane 0.24 0.61
50 43812 n-tricosane 1.51 1.95
51 45819 tetracosane - 0.54
52 47.750 n-pentacosane 0.82 1.34
53 49614 eicosane - 0.33
54 51.420 n-heptacosane 0.77 1.38
55 55.604 nonacosane - 0.65
31 22.152 o-humulene 0.34 0.33
33 23.934 y-cadinene 0.55 0.51
35 24.254 d-cadinene 0.68 0.66
10 7.902 1,8-cineole 0.87 -
46 35.006 1,3,6,10-cyclotetradecatetraene - 1.87
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L Area %
Peak No. Retention time Compounds -
Falseacacia Chestnut tree

Monocyclic hydrocarbons
2 3514 p-Xylene 1.10 0.21
3 3.827 cinnamene 0.75 -

Polycyclic hydrocarbons
17 11.750 cyclopropindene 5.51 0.96
28 20.666 B-caryophyllene 1.34 0.95
34 24.043 1s, cis-calamenene 0.29 043
38 27.337 valencene - 6.88
27 19.922 O-copaene 0.24 -

o7IAT- H#19] propolisell AR F ¥ M, piperi-
tenone?}t valencene2 EFE [159] IFEL whiF
f#0 ] propolisell Mt ZHEE ] Aol R
Bracho® FH}A} propolis®] Th#3Q] 3] AjRe2

= 0
2w

naphtoquinones?} sesquiterpenesS: §431E= ol
o7AIR-2} ¥R fl propolisdll M= A& A] o
of Aol wet propolis®] W71l Zol7k A
= Ao gzge

% propolisell Al 27%-¢] sl e A= e
? hydrocarbones- AfrollA &3] WA= JEo2
Yang 592 5%2] 7HEFe] AF2FE], F propolis
o X% #<el¥ limonene, S-cadinene, o-pinene, &
copacne % B-caryophyllene® ®]E3F F 20%9
hydrocarbones & 53 3}91 29, 53] a-pinene> ¥+
Zan - gheow wl o) @ #)Ae|A, B-caryophyllen
Aujent QJEAl FH|E o] gl AR B
25} et dubHes propolisll °F 10%2] A-#4
Fo| Fgfue] s ANLE E o o|pzxh-E hydro-
carbones- H-E9] propolisE Eoj e Aol AE
o] AHfAdEe] EYF & Aoz FZHd I,
% propolise| Al %1%% cinnamaldehyde: #|<* Huang
s Ho®7F S/A3F A7 3% d8 #5348
(fumigant activityyS 3131 A&7 E|A]e] &g 3}
FES 3T ¥ Aoz RT3 o7 n
o] propolis7t A1 EEe] S BHIE17] 93 4
e SRR ThEelAth: AMlAE I e A
2oz F2dd

o]Aka} ke 50°Cell A9 headspace volatiles W] Eh
Aroma Scan?}t SDEZ 323} 37|4¥-2] GCMSEA
Az v)Fe] UYAEo] ohE propolisk ZHz+2) sl
g R T 2lelr} 9l Aoz AR

2 <%
WRAES Felsd AYH T R FUA pro-

polis®] 371428 Aroma Scan? GC/MSE 43814
o} Aroma Scan®-2 op7pAHFe} Hh- fefe] ¥
propoliste A2 9E #F71F 2d AL galslyo
GC/MSE. M3 propolis®] #7] J-E2 ol7pA b
el propolis®t 44%3 WhiF frell propolis®] 47%-S
E318t F 55%°] 7&=Uc). Aldehydes 5%, alcohols
8%, ketones 5%, esters 3%, fatty acid 15& W53}
o} 27%-%] hydrocarbons¥} 22| terpenes ¥ 459
phenolic derivatives”} 71%=|41}. Benzaldehyde, cin-
namyl alcohol, eudesmol 3! benzyl benzoate 55 %
et 3639 (e F ABeM FEHoE S
=<, geraniol} n-undecaned EFHI 852 A
ol7bARAF -H22] propolis|AaE 4=, piperi-
tenones} valenceneS EF8F 1150} BFEL T
frele] propolisell MuF &S] Wl AEol aje} 3
71738l Afe7t ol Ao vehd

2 #

1. Monti, M., Berti, E.,, Carminati, (5., and Cusini, M.
Occupational and cosmetic dermatitis from propolis.
Contact Dermatitis 9: 163-164 (1983}

2. Haydak, M.H. and Palmer, L.S. Royal jelly and bee-
bread as sources of vitamin B,, B,, B,, C, nicotinic
acid and pantothenic acid. J. Econ. Ent. 35(3): 319
(1942)

3. Greenway, W., May, J., Scaysbrook, T., and Whatley,
FR. Identification by gas chromatography-mass spec-
wrometry of 150 compounds in propolis. Z. Naturfor-
sch, 46¢; 111-121 (1991)

4. Lemberkovics, E. and Petri, G. Gas chromatographic
characterization of frequently occurring aromatic com-
pounds in essential oils. J. Chromatography 446: 267-
274 (1988)

5. Janes, K. and Bumba, V. Propolis. Pharmazie. 29(8):
544-545 (1974)

6. Bracho, J.C. Comparison of isolation methods for pro-
polis volatiles. J. Essent. Oil Res. 8: 665-668 (1996)

7. Shiers, V.P. and Farnell, PJ. The electric nose: aroma



1158

14.

16.

profiling in the food industry. Food Technology Inter-
national Europe. 168-171 (1995)

. Tomlinson, J.B., Ormrod, IL.H.L., and Sharpe, FR.

Electronic aroma detection in the brewery. J. Am. Soc.
Brew. Chem. 53(4): 167-173 (1995)

. Hobbs, PJ., Misselbrook, T.H., and Pain, B.F. Assess-

ment of odours from livestock wastes by a photoion-
ization detector, an electronic nose, olfactometry and
gas chromatography-mass spectrometry. p.6. In: AFRC
Institute of Grassland and Environmental Research,
North Wyke, Okehampton, UK. (1995)

. Stetter, J.R., Findlay, M.W., Schroeder, K.M., Yue, C.,

and Penrose, W.R. Quality classification of grain using
a sensor array and pattern recognition. Anal. Chim,
Acta. 284: 1-11 (1993)

. Borjesson, T., Eklov, T, Jonsson, A, Sundgren, H.,

and Schnurer, J. Electronic nose for odor classification
of grains. Cereal Chemistry 73(4): 457-461 (1996)

. Anna, M.P, Ahmad, A.Q., Paul, T., Stefan, S., and

Krishna, C.P. Application of multiarray polymer sen-
sors to food industries. Life Chemistry Reports 11:
303-308 (1994)

. Tanchotikul, U. and Hsieh, T. C.-Y. Analysis of vola-

tile flavor components in steamed rangia clam by
dynamic headspace sampling and simultaneous distilla-
tion and extraction. J. Food Sci. 56(2): 327-331 (1991)
Aishima, T. Aroma discrimination by pattern recogni-
tion analysis of responses from semiconductor gas sen-
sor array. J. Agric. Food Chem. 39: 752-756 (1991)

. Ghisalberti, E.L.. Propolis; A review. Bee World 60(2):

59-84 (1979)
Yang, R., Sugisawa, H. and Nakatani, H. Comparison

22

s=A EapetsA) A 31 A A 5.3 (1999)

of odor quality in peel oils of acid citrus. Nippon
Shokuhin Kogyo Gakkaishi 39(1): 16-24 (1992)

. Jirovetz, L., Buchbauer, G. and Ngassoum, M. Investi-

gation of the essential oils from the dried fruits of
Xylopia aethiopica(West African 'Peppertree’) and
Xylopia parviflora from Cmeroon. Ernaehrung 21(7/8):
324-325 (1997)

. Dugo, P, Mondello, L., Lamonica, G. and Dugo, G.

Characterization of cold-pressed key and Persian lime
oils by gas chromatography, gas chromatography/mass
spectroscopy, high-performance liquid chromatogra-
phy, and physicochemical indices. J. Agri. Food Chem.
45(9): 3608-3616 (1997)

. Mariotti, J.P, Tomi, F, Casanova, J. and Bernardini,

AF. Composition of the essential oil of Cistus ladani-
ferus L. cultivated in Corsica. Flavour Fragrance J.
12(3): 147-151 (1997)

. Jayaprakasha, G.K., Jaganmohan, R.L. and Sakariah,

K.K. Chemical composition of the volatile oil from the
fruits of Cinnamonum zeylanicum Blume. Flavour Fra-
grance J. 12(5): 331-333 (1997)

. Shankaracharya, N.N., Jaganmohan, R.L., Pura, N.J.

and Nagalakshmi, S. Characterisation of chemical con-
stituents of Indian long pepper(Piper longum L.). J.
Food Sci. Tech. 34(1): 73-75 (1997)

Huang, Y. and Ho, S.H. Toxicity and antifeedant activ-
ities of cinnamaldehyde against the grain storage
insects, Tribolium castaneum(Herbst) and Sitophilus
zeamais Motsch. J. Stored Products Research 34(1):
11-17 (1998)

(199911 34 129 AHH)



