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Propolis was analyzed by gas chromatography-mass spectrometry for both its headspace 

volatiles and for the less volatile components o f its alcoholic extract (propolis balsam). 181 
peaks were located o f which 171 representing 150 compounds were identified, including 28 
identified in propolis for the first time. The majority o f compounds were typical o f poplar bud 
exudate.

Introduction

Propolis is the substance used by bees as a 
draught excluder and general purpose sealer for 
their hives. It usually consists of a mixture of pop
lar bud exudate and beeswax [1]. Propolis balsam 
(a 70% alcohol extract of propolis which contains 
the bud exudate components) is a popular herbal 
medicine [2-4] containing a number of phenolic 
constituents with antimicrobial activity [4-6],

Bees appear to prefer to collect bud exudate 
from poplars of the Section Aigeiros, such as Po- 
pulus nigra L., the European black poplar [1,7, 8], 
We have previously identified by gas chromato
graphy-mass spectrometry (GC-MS) 104 com
ponents in propolis balsam originating from 
P. x euramericana (Dode) Guinier, an intrasec
tional hybrid between P. nigra and P. deltoides 
Marsh, the eastern cottonwood of North America 
[9], That sample of propolis contained compounds 
typical of Section Aigeiros poplars and essentially 
lacked compounds typical of poplars of other sec
tions. We here describe the detailed analysis by 
GC-MS of both the headspace volatiles and other 
less volatile components of a propolis sample 
which contains, in quantity, series of compounds, 
such as dihydrochalcones and sesquiterpenols, 
which are typical of Section Tacamahaca poplars 
[10, 11], together with pinocembrin (3,5,7-trihy- 
droxyflavanone) and pinocembrin derivatives 
which are typical of Section Aigeiros poplars [12- 
14], The sample of propolis described here (for ori
gin and availability see Methods) is therefore un-
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usually complex, as it contains compounds typical 
of both Section Aigeiros and Section Tacamahaca 
poplars.

Materials and Methods
Reagents

Bis-(trimethylsilyl)trifluoroacetamide (BSTFA) 
containing 1% trimethylchlorosilane (TMCS) was 
obtained from Sigma (Poole, U. K.).

Propolis

Propolis was collected from a single hive in Eng
land at Buckland, Oxfordshire. The propolis (45 g) 
was "manufactured7 by the bees during a four week 
period (late May to early June) and used to con
struct a screen restricting the entrance to the hive. 
The propolis has been deposited with Professor 
E. Wollenweber, Institut für Botanik der Techni
schen Hochschule, Darmstadt, D-6100 Darm 
stadt, F.R.G., from whom samples may be re
quested for use as ‘standards’ in future work.

Analysis o f components ofpropolis

The volatile and non-volatile fractions of pro
polis were prepared and analyzed using different 
methods.

The volatile fraction was trapped on Tenax GC 
(an activated carbon), desorbed by flash heating, 
and analyzed in a Hewlett-Packard GC-MS sys
tem using a polar GC column.

The less volatile components were derivatized 
with trimethylsilyl reagent, to render them volatile 
for gas chromatography, and analyzed in a Finni- 
gan 1020 GC-MS system on a non polar GC 
column.
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These different methods are described in detail 
below.

Trapping and analysis o f  headspace vo la tiles

Headspace volatiles (i.e. those compounds 
which are naturally emitted as a vapour) from 45 g 
of propolis kept at room temperature (ca. 25 °C) in 
a 450 ml glass vessel were drawn for 16 h at 
1.25 ml per min through a Scientific Glass Engi
neering (Victoria, Australia) desorption tube (P/N 
093 259) packed with Tenax GC, 30-60  mesh 
ASTM, occupying a space of 7 cm x 0.7 mm. 
Compounds trapped on Tenax were desorbed by 
heating the tube at 240 °C in a Thames Chroma
tography (Maidenhead, U .K .) Desorb 100 unit. 
The Desorb 100 unit was installed in the helium 
carrier gas line of a Hewlett-Packard 5890 gas liq
uid chromatograph (GLC) prior to the standard 
injector inlet.

Constituents of the desorbed volatiles were se
parated in the Hewlett-Packard GLC and analyzed 
in a Hewlett-Packard 5970 series mass selective 
detector. The GLC system was fitted with a 
30 m x 0.25 mm i.d. Supelco Inc. (Bellefonte, PA, 
U.S.A.) fused silica column coated with 0.25 |im 
bonded phase Supelco-wax 10 and was run on the 
following settings: helium pressure 51 kN /m 2, GC 
temperature programme 30-200 °C at 3 °C per 
min with a 3 min hold at 30 °C. The mass spectro
meter was set to scan 35-250 atomic mass units 
(AMU) per nominal 0.5 s, with an analyzing volt
age of 70 eV.

Derivatization and analysis o f  propolis balsam

Propolis was extracted with 70% ethanol. The 
alcohol was evaporated and the residue dried to 
obtain the balsam. About 1 mg of balsam was pre
pared for gas chromatography by derivatization 
for 30 min at 100 °C with 50 |il pyridine + 100 t̂l 
BSTFA (including 1% TMCS).

The derivatized samples were separated and 
analyzed in a Finnigan 1020 automated GC-MS 
as previously described [15] excepting that a 
25 m x 0.32 mm ID Thames Chromatography sili
ca column coated with 0.5 (im of immobilized po- 
lydimethylsiloxane was used with a helium pres
sure of 76 kN /m 2, and the mass spectrometer was 
set to scan 40-650 AMU per nominal 0.6s.

Identification o f  compounds

Compounds were identified by comparison of 
GC R,s and mass spectra of reference compounds. 
Components of mixed peaks were separated either 
by a computer programme aimed at resolving the 
mass spectral data of one compound from over
lapping mass spectra of another or by manual ex
amination of single ion reconstructions of the data 
[16] (see also below). Flavonoid standards were ei
ther purchased from Apin Chemicals (Abingdon, 
U .K.), or from Plantech U .K . (Reading, U .K .), 
or provided as a gift by Professor E. Wollenweber 
(Darmstadt, F.R.G.). Other reference compounds 
were synthesized as described previously [9],

The GC Rts for the headspace volatiles are given 
in minutes, because we find hydrocarbons not to 
be satisfactory retention time standards at low 
temperatures on polar columns when using Tenax 
desorption tubes. For analysis of TMS derivatives 
by injection on a non polar column retention times 
are given in methylene units (MU). These MU re
tention times are not absolute, but can vary de
pending on the condition of the GC column [16]. 
The MU values in Table II were however calculat
ed from a GC-MS run in which a series of straight 
chain hydrocarbons was added as markers to the 
derivatized propolis balsam sample.

Results
Headspace volatiles

The total ion chromatogram (TIC) of headspace 
volatiles is shown in Fig. 1 and the 29 components 
separated are listed in Table I. Most of the com
pounds have been previously identified in head
space volatiles from propolis [17] although some, 
including 2-methylbutyl acetate2*, isobutyl isobu- 
tyrate4, 3-methyl-3-buten-l-ol7 and prenyl acetate8 
(Table I) have not been previously identified from 
propolis.

The last peak occurring in the headspace vola
tiles (i.e. the least volatile component), benzoic 
acid29, is the first compound to elute (as its tri- 
methylsilyl derivative) when entire propolis bal
sam is analyzed (Table II).

* Superscripts refer throughout to peak numbers in 
Fig. 1 and 3 and Table I and II.
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Fig. 1. T otal ion chrom atogram  of headspace volatiles o f propolis. Identifications o f num bered peaks are given in 
Table I.

Table I. H eadspace volatiles o f propolis trapped on Tenax. Peak num bers 
correspond to those given in the chrom atogram  shown in Fig. 1.

Peak
No.

C om pound R etention 
time [min]

% T IC 1

1 2-M ethylpropyl acetate (isobutyl acetate) 4.7 1.2
2 2-M ethylbutyl acetate2 6.8 1.0
3 3-M ethylbutyl acetate (isopentyl acetate) 9.5 3.0
4 Isobutyl isobutyrate2 12.5 1.1
5 3-M ethyl-3-butenyl acetate 14.2 14.7
6 Phenylethylene (styrene) 19.1 0.7
7 3-M ethyl-3-buten-1 -ol2 19.5 4.7
8 3-M ethyl-2-butenyl acetate (prenyl acetate)2 20.0 5.4
9 3-M ethylbutyl bu tanoate 22.2 0.7

10 3-M ethyl-2-buten-1 -ol 25.5 3.0
11 6-M ethylhept-5-en-2-one 26.3 0.5
12 Acetic acid 33.1 6.1
13 Benzaldehyde 35.8 0.4
14 Linalyl acetate2 38.0 1.2
15 M ethyl benzoate 40.8 0.1
16 B utanoic acid 41.2 0.4
17 A cetophenone 41.5 1.3
18 2-M ethylbutanoic acid 42.9 3.2
19 Benzyl acetate 45.0 1.4
20 Ester o f  2-m ethylpropanoic acid3 48.8 17.3
21 Benzyl alcohol 50.6 4.0
22 M ethylpentanoic acid 52.2 0.3
23 G eranyl o r nerolidyl ester 56.3 0.1
24 O ctanoic acid 56.9 0.5
25 U nidentified acid 60.5 0.3
26 Probably  elemicin 62.4 0.1
27 U nidentified acid 63.9 0.2
28 U nidentified acid 67.0 0.1
29 Benzoic acid 68.6 21.7

The ion current generated depends on the characteristics o f the com pound 
concerned and is no t a true quantita tion  (see 9).
We are not aw are o f a previous identification o f this com pound in propolis. 
L ibrary searches indicate this to be the l-(l,l-d im ethylethyl)-2-m ethyl-l,3- 
propanediyl ester o f 2-m ethylpropanoic acid. We are not aw are o f a 
com m on nam e for this com pound nor can we obtain a sam ple to use as a 
s tandard .
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Table II. C om position o f propolis assessed by G C -M S o f trimethylsilyl derivatives. 
Peak num bers correspond to those given in the chrom atogram  shown in Fig. 3. G C re
tention times given in m ethylene units (M U )1 are given to two decimal places to indicate 
the elution sequence o f peaks which chrom atograph  closely. Factors such as concentra
tion o f the com pound concerned, together w ith the characteristics of a particular GC 
colum n are liable to  affect the chrom atography  and for general purposes the M U figures 
are probably reliable to only a single decimal place.

Peak C om pound3 TM S MU % T IC 4
N o.2 groups

29 Benzoic acid 1 12.31 3.4
30 Phosphate 3 12.86 0.1
31 1,2,3-Propanetriol (glycerol) 3 12.95 0.4
32 Butanedioic acid (succinic acid) 2 13.09 0.2
33 M onoacetyl glycerol5 2 13.22 <0.1
34 4-H ydroxybenzaldehyde 1 13.43 <0.1
35 2,3-D ihydroxypropanoic acid (glyceric acid)5 3 13.46 <0.1
36 /ra«s-l,4-B utenedioic acid (fum aric acid) 2 13.50 <0.1
37 N onanoic acid (pelargonic acid)5 1 13.56 <0.1
38 3-Phenylpropanoic acid (hydrocinnam ic acid) 1 13.89 0.3
39 1,4-Benzenediol (hydroquinone) 2 13.95 <0.1
40 m -3-Phenyl-2-propenoic acid6

(cw-cinnamic acid) 1 13.96 <0.1
41 /ro«5-3-Phenyl-2-propen-1 -ol

(?ra«s-cinnamyl alcohol) 1 14.00 <0.1
42 4-H ydroxyacetophenone (/>-acetophenol) 1 14.38 0.9
43 3-M ethoxy-4-hydroxybenzaldehyde (vanillin) 1 14.92 <0.1
44 2-H ydroxybutanedioic acid (malic acid)5 3 15.02 3.6
45 /ra«s-3-Phenyl-2-propenoic acid6

(rra«5-cinnamic acid) 1 15.13 1.5
46 N -C arboxypyrrolidine-2-carboxylic acid7

(N -carboxypyroglutam ic acid) 2 15.60 <0.1
47 U nidentified, M I m /z = 279 15.82 <0.1
48 2,3,4-Trihydroxybutanoic acid (threonic acid)5 4 15.87 <0.1
49 3,4-D ihydroxybenzaldehyde

(protocatechualdehyde) 2 15.91 0.2
50 Sesquiterpene alcohol8 1 16.02 <0.1
51 4-H ydroxybenzoic acid 2 16.12 <0.1
52 3(4-M ethoxyphenyl)-propanoic acid5

(m ethoxyhydrocinnam ic acid) 2 16.20 <0.1
53 D odecanoic acid (lauric acid)5 1 16.44 <0.1
54 cw-3(4-M ethoxyphenyl)-2-propenoic acid6

(c/s-4-methoxycinnamic acid) 1 16.51 <0.1
55 Sesquiterpene alcohol (guaiol?) 1 16.77 0.2
56 ?r<2 M.y-nerolidol 1 16.80 0.4
57 Sesquiterpene alcohol (isom er o f 55) 1 16.98 <0.1
58 Sesquiterpene alcohol 1 17.10 <0.1
59 Sesquiterpene alcohol 1 17.30 <0.1
60 Sesquiterpene alcohol 1 17.36 <0.1
61 Bisabolol 1 17.46 1.8
62 3(4-H ydroxyphenyl)-propanoic acid5

(hydrocoum aric acid) 2 17.47 0.2
63 Unidentified - 17.54 0.1
64 Sesquiterpene alcohol 1 17.63 0.1
65 c/s-3(4-Hydroxyphenyl)-2-propenoic acid6

(c/s-4-coumaric acid) 2 17.73 0.1
66 U nidentified - 17.83 0.2
67 /ra«5-3(4-H ydroxyphenyl)-2-propen-1 -ol5

(fra«5-coumaryl alcohol) 2 17.87 <0.1
68 rro7j.s-3(4-Methoxyphenyl)-2-propenoic acid6

(Jra tt^ -m ethoxyc innam ic  acid) 1 17.92 0.5
69 5-Phenylpenta-2,4-dienoic acid

(cinnam ylideneacetic acid) 1 18.04 0.3
70 Unidentified - 18.13 0.2
71 Sesquiterpene alcohol 1 18.13 0.2
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Table II. Continued.

Peak C om pound3 TM S M U % T IC 4
N o.2 groups

72 3,4-Dihydroxybenzoic acid (protocatechuic acid) 3 18.25 <0.1
73 Tetradecanoic acid (myristic acid) 1 18.48 <0.1
74 2-H ydroxy-1,2,3-propanetricarboxylic acid5

(citric acid) 4 18.50 0.2
75 Fructofuranose (isomer 1) (fructose) 4 18.63 2.0
76 Fructofuranose (isomer 2) (fructose) 4 18.71 1.7
77 G lucofuranose (glucose) 5 19.04 <0.1
78 Sesquiterpene alcohol 1 19.12 0.2
79 /raws-3(4-Hydroxyphenyl)-2-propenoic acid6

(/'rarts-4-coumaric acid) 2 19.32 2.8
80 Benzyl 2-m ethoxybenzoate5 0 19.35 0.1
81 a-D-Glucopyranose (glucose) 5 19.44 4.8
82 Unidentified sugar alcohol - 19.80 3.7
83 /ra«s-3(3,4-Dim ethoxyphenyl)-2-propenoic acid

(rra«s-3,4-dim ethoxycinnamic acid) 1 19.90 0.9
84 Sorbitol 6 19.98 0.1
85 Hexadecenoic acid 1 20.11 <0.1
86 3-M ethyl-2-butenyl-m -4-coum arate6

(prenyl c/s-4-coumarate) 1 20.11 <0.1
87 Sesquiterpene alcohol 1 20.27 1.0
88 G lucopyranose (glucose) 5 20.48 6.5
89 Hexadecanoic acid (palm itic acid) 1 20.50 2.8
90 rra«5-3(3-Hydroxy-4-methoxyphenyl)-2-propenoic

acid (rnms-isoferulic acid) 2 20.68 2.3
91 rra«5-3(3-M ethoxy-4-hydroxyphenyl)-2-propenoic

acid (/ra«s-ferulic acid) 2 20.78 <0.1
92 4-Hydroxybenzyl benzoate5 1 20.96 <0.1
93 3-M ethyl-3-butenyl trans-4-coum arate 1 21.28 0.6
94 Sesquiterpene alcohol 1 21.34 2.0
95 rrarts-3(3,4-Dihydroxyphenyl)-2-propenoic acid

(trans- caffeic acid) 3 21.46 1.0
96 U nidentified sugar derivative - 21.49 0.6
97 M yo-inositole 6 21.51 <0.1
98 2-M ethyl-2-butenyl /ra/75-4-coumarate5 1 21.69 1.0
99 3-M ethyl-2-butenyl rraws-4-coumarate6

(prenyl m w s-coum arate) 1 21.76 0.8
100 Octadecadienoic acid (probably linoleic acid) 1 22.00 0.7
101 Octadecenoic acid (probably oleic acid) 1 22.10 1.2
102 Unidentified - 22.19 2.9
103 O ctadecanoic acid (stearic acid) 1 22.41 0.3
104 3-M ethyl-3-butenyl /rans-isoferulate 1 22.63 <0.1
105 Benzyl cw-4-coum arate6 1 22.68 <0.1
106 3-M ethyl-3-butenyl /nm s-ferulate 1 22.78 0.4
107 Unidentified - 23.03 0.1
108 14-Hydroxyhexadecanoic acid5

(14-hydroxypalmitic acid) 2 23.13 <0.1
109 15-Hydroxyhexadecanoic acid5

23.29 0.4(15-hydroxypalmitic acid) 2
110 3-M ethyl-2-butenyl /ra«s-ferulate

0.6(prenyl rra/is-ferulate) 1 23.30
111 3-M ethyl-3-butenyl /ra«5-caffeate 2 23.47 3.0
112 rra^-C innam yl /ra/js-cinnam ate5 0 23.50 0.7
113 2',6 '-D ihydroxy-4'-m ethoxydihydrochalcone 2 23.74 1.6
114 2-M ethyl-2-butenyl trans-caffeate 2 23.79 <0.1
115 3-M ethyl-2-butenyl /rarcs-caffeate

(prenyl caffeate) 2 23.93 2.4
116 5,7-D ihydroxyfiavanone (pinocem brin)9 1 23.98 0.2
117 2',4 ',6 '-Trihydroxydihydrochalcone 3 24.23 2.3
118 2',6 ',a-Trihydroxy-4'-m ethoxychalcone 3 24.38 0.1
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Table II. C ontinued.

Peak C om pound3 TM S MU % T IC 4
N o .2 groups

119 5-H ydroxy-7-m ethoxyflavanone (pinostrobin) 1 24.39 0.1
120 2',6 '-D ihydroxy-4'-m ethoxychalcone

(pinostrobin chalcone) 2 24.49 0.4
121 Benzyl rra«s-4-coum arate6 1 24.63 1.1
122 5,7-D ihydroxyflavanone (pinocem brin)9 2 24.97 4.1
123 2',4 ',6 '-T  rihydroxychalcone

(pinocem brin chalcone) 3 24.99 4.1
124 Pentacosane 0 25.00 1.1
125 U nidentified - 25.04 <0.1
126 17-H ydroxyoctadecanoic acid5

(17-hydroxystearic acid) 2 25.15 <0.1
127 2',4 '-D ihydroxy-6'-m ethoxychalcone

(alpinetin chalcone) 2 25.26 <0.1
128 Pinobanksin methyl ether 2 25.27 <0.1
129 Phenylethyl /ra«5-4-coum arate 1 25.42 0.1
130 U nidentified - 25.56 0.1
131 Salicine - 25.74 0.1
132 3,5,7-Trihydroxyflavanone (pinobanksin) 3 25.78 2.0
133 5,7-Dihydroxy-3-acetyloxyflavanone9

(pinobanksin-3-acetate) 1 25.81 <0.1
134 Coniferyl benzoate 1 25.83 0.6
135 Benzyl /ra«s-isoferulate 1 26.05 <0.1
136 5,7-D ihydroxyflavone (chrysin)9 1 26.07 0.4
137 2',6 '-D ihydroxy-4',4-dim ethoxydihydroehalcone5 2 26.11 0.2
138 3,7-D ihydroxy-5-m ethoxyflavanone

(pinobanksin-5-m ethyl ether) 2 26.27 0.5
139 Benzyl rra/w-ferulate 1 26.29 0.2
140 D ocosanoic acid (behenic acid) 1 26.42 0.1
141 5,7-Dihydroxy-3-acetyloxyflavanone9

(pinobanksin-3-acetate) 2 26.45 3.1
142 2',4 ',6 '-Trihydroxy-4-m ethoxydihydrochalcone5 3 26.61 1.3
143 Benzyl trans-caffeate 2 26.98 2.7
144 3,5,7-Trihydroxyflavone (galangin)9 2 26.99 1.8
145 2',6 ',4-Trihydroxy-4'-m ethoxydihydrochalcone5 3 27.10 0.6
146 5,7-D ihydroxyflavone (chrysin)9 2 27.11 1.8
147 5,7-D ihydroxy-3-propanoyloxyflavanone

(pinobanksin-3-propanoate) 2 27.16 0.1
148 5,7-D ihydroxy-3-m ethoxyflavone

(galangin-3-m ethyl ether) 2 27.16 0.2
149 Sucrose 8 27.42 0.1
150 3,5,7-Trihydroxyflavone (galangin)9 3 27.52 5.2
151 1-Tetracosanol 1 27.58 0.1
152 5,7-D ihydroxy-4'-m ethoxyflavanone

(isosakuranetin) 2 27.59 0.1
153 1-Phenylethyl ;ra«s-caffeate 2 27.70 1.3
154 2',4 ',6 '-Trihydroxy-4-m ethoxychalcone5

(isosakuranetin  chalcone) 3 27.71 0.1
155 Cinnam yl /ra«5-4-coum arate 1 27.82 0.3
156 5,7-D ihydroxy-3-(w o)butanoyloxyflavanone10

(pinobanksin-3-(w o)butanoate) 2 27.90 <0.1
157 5,7-D ihydroxy-3-(/5o)pentanoyloxyflavanone10

(pinobanksin-3-(w o)pentanoate) 2 28.32 <0.1
158 T etracosanoic acid (lignoceric acid) 1 28.37 0.8
159 5,7,4'-T rihydroxyflavanone (naringenin) 3 28.50 <0.1
160 2',4 ',6 ',4-Tetrahydroxychalcone

(naringenin chalcone) 4 28.61 <0.1
161 D iprenyl (geranyl) rrarcs-caffeate5 2 28.62 <0.1
162 5,7-D ihydroxy-3-(«0)pentenoyloxyflavanone10

(pinobanksin-3-(/so)pentenoate) 2 28.95 <0.1
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Table II. Continued.

Peak
N o.2

C om pound3 TM S
groups

M U % T IC 4

163 Cinnam yl fraHs-isoferuIate 1 29.17 <0.1
164 Cinnam yl trans-caffeate 2 29.94 0.1
165 Kaem pferol methyl ether (5-methyl ether?) 3 30.10 <0.1
166 Hexacosanoic acid (cerotic acid) 1 30.33 <0.1
167 5,7,4'-Trihydroxyflavone (apigenin) 2 30.39 <0.1
168 3,5,7,4'-Tetrahydroxyflavone (kaem pferol)9 3 30.51 <0.1
169 3,5,4'-Trihydroxy-7-m ethoxyflavone

(kaem pferol-7-m ethyl ether) 3 30.61 <0.1
170 3,5,7,4'-Tetrahydroxyflavone (kaem pferol)9 4 30.95 0.3
171 5,7,4'-Trihydroxy-3-m ethoxyflavone

(kaem pferol-3-m ethyl ether) 3 31.00 <0.1
172 Kaempferol methyl ether (4'-m ethyl ether?) 3 31.25 <0.1
173 Quercetin methyl ether9-11 3 31.49 <0.1
174 Quercetin methyl ether9-11 3 31.73 <0.1
175 3,5,7,3',4 '-Pentahydroxyflavone (quercetin)9 4 31.90 <0.1
176 Quercetin methyl ether9-11 4 31.91 <0.1
177 Quercetin methyl ether9-11 3 32.00 <0.1
178 Quercetin methyl ether (7-methyl ether)9-11

(rham netin) 4 32.04 <0.1
179 Quercetin methyl ether (4'-m ethyl ether?)9-11 4 32.14 <0.1
180 3,5,7,3',4 '-Pentahydroxyflavone (quercetin)9 5 32.19 <0.1
181 Quercetin methyl ether91’ 4 32.51 <0.1

1 M ethylene units (M U ) are defined by Dalgliesh et al. [21].
2 Peak num bers are continuous w ith those given in Table I.
3 The nam e given does not include the TM S substituents.
4 The ion current generated depends on the characteristics o f  the com pound concerned 

and is not a true quan tita tion  (see 9).
5 We are not aware o f a previous identification o f this com pound in propolis.
6 Both cis and trans isomers o f this com pound are present.
7 This com pound derives from  pyroglutam ic acid carboxylated during derivatization 

with BSTFA [28]. The pyroglutam ic acid probably  originates from  glutam ic acid.
8 The sesquiterpene alcohols are particularly  difficult to  identify positively, both be

cause their mass spectra are very sim ilar and because pure standards are difficult to 
obtain.

9 This com pound is present as tw o TM S derivatives.
10 We do not know w hether the substituent a t the 3 position is linear o r branched.
11 These com pounds are the different m ethyl ethers o f quercetin which are present as 

both the tris- and tetra-TM S derivatives.

Entire propolis balsam

The entire propolis balsam was derivatized with 
trimethylsilyl (TMS) reagent to render its compo
nents sufficiently volatile for GC-MS analysis. 
Except for benzoic acid29 the volatile headspace 
components described above are obscured in this 
analysis by the TMS solvent front.

The total ion chromatogram is shown in Fig. 2, 
and this chromatogram is expanded and the com
ponents identified in Fig. 3 and Table II. We see 
153 peaks of which we identify 142, representing 
125 different compounds (some compounds 
occur as two or more TMS derivatives). There will

be a number of additional compounds present in 
low amounts which are obscured by other, more 
concentrated, compounds and which we therefore 
failed to recognize.

O f the compounds identified 23 are identified 
for the first time in propolis (Table II). The major
ity of these are known components either of poplar 
bud exudate (malic acid44 [18], threonic acid48 [18], 
coumaryl alcohol67 [10], citric acid74 [18], benzyl-
2-methoxybenzoate80 [10], 4-hydroxybenzyl 
benzoate92 [10], cinnamyl cinnamate112 [10, 16], 
salicin131 [16], 2',6'-dihydroxy-4',4-dimethoxy- 
dihydrochalcone137 [10, 11], 2',4',6,-trihydroxy-
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Fig. 2. T otal ion chrom atogram  o f entire propolis derivatized with trim ethylsilyl reagent, scans 1000-7300. The chro
m atogram  is shown expanded in Fig. 3.
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Fig. 3. Expanded total ion chro
m atogram  o f entire propolis deri
vatized with trimethylsilyl rea
gent. (a) Scans 1000-2560 (M U 
11 to 15.5); (b) scans 2560-4180 
(M U  15.5 to 20.2); (c) scans 
4180-5660  (M U  20.2 to 25.3); 
(d) scans 5560-7300  (M U 25.3 to 
32.5). Identifications o f num ber
ed peaks are given in Table II.
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4-methoxydihydrochalcone142 [10, 11], 2',6',4-tri- 
hydroxy-4'-methoxydihydrochalcone145 [10, 11], 
and geranyl /ra«s-caffeate161 [19] or of beeswax 
(14-hydroxypalmitic acid108 [20], 15-hydroxypal- 
mitic acid109 [20] and 17-hydroxystearic acid126 
[20]), although the organic acids could equally be 
the product of bee metabolism.

We have already demonstrated that many lower 
molecular weight flavonoids can be successfully lo
cated from the mass spectrometry data by single 
ion reconstructions (SIR) of their characteristic 
[M -15]+ ions [16]. The higher molecular weight te- 
trahydroxy-168-170 and pentahydroxyflavones175-180 
and their methyl ethers171-174-176"179’181 can similar
ly be located by SIR of their [M-15]+ ions (Fig. 4) 
although they are only present as minor peaks. In 
most cases the mass spectra of such small peaks 
are not sufficiently detailed in themselves to accu
rately identify the compounds present, and these 
must then be identified by their GC retention 
times. We do not currently have retention time 
data for the full range of methyl ethers of kaemp-

ferol and quercetin and can only therefore 
positively identify some of these compounds 
(Table II). These higher molecular weight flavones 
do not transmit well through a GC column and 
their percentage occurrence may be seriously un
derestimated by GC-MS analysis [9],

Origin o f  propolis balsam

Bud exudate of Section Aigeiros poplars has a 
characteristic composition, which is different from 
that of Section Tacamahaca poplars [10-14, 21]. 
O f the compounds identified in this propolis sam
ple some, such as pinobanksin132 and pinobanksin 
esters137' 141147 156-157,162 are characteristic of bud ex
udate of Section Aigeiros poplars, whereas others, 
such as the dihydrochalcones113-117-137142145 and 
sesquiterpenols56-61 are characteristic of bud exu
date of Section Tacamahaca poplars. The very 
complex chromatogram obtained from the propo
lis sample analyzed here is typical of the intersec
tional hybrids between Section Aigeiros and Sec
tion Tacamahaca poplars.
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Fig. 4. Single ion reconstructions o f 
[M -  15]+ ions locating specific groups o f high 
m olecular weight flavones. (a) m /z  = 501, lo
cating tris-TM S trihydroxym onom ethoxyfla- 
vones165-169-171-172 (kaem pferol methyl ethers); 
(b) m /z  = 559, locating a tetra-TM S tetrahy- 
droxyflavone170 (kaem pferol); (c) m /z = 589, 
locating tetra-TM S tetrahydroxym onom eth- 
oxyflavones176-178-179-181 (quercetin methyl 
ethers); (d) m /z  = 647, locating a penta-TM S 
pentahydroxyflavone180 (quercetin); (e) total 
ion current o f scans 5560-7300 (M U  25.3 to 
32.5). N um bered peaks are located in Fig. 3 
and identifications given in Table II. The lower 
T M S derivatives o f these com pounds can be 
similarly located, when present, by single ion 
searches o f the appropriate  [M -1 5 ]+ ions: for 
kaem pferol tris-T M S168, m /z  = 487; for querce
tin methyl ethers tris-T M S 173-174-177, m /z  = 5 1 7  
and for quercetin te tra-T M S 175, m /z  = 575.

* R ham netin178 (3,5,3',4 '-tetrahydroxy-7- 
methoxyflavone tetra-TM S) has, as a m inor 
ion, in its mass spectrum  m /z  = 501, and is 
therefore also located in this single ion 
reconstruction.
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In 1979, in a major review of propolis and its an
timicrobial properties [5], Ghisalberti concluded 
“Many of the claims made about the pharmacol
ogical activity of propolis have not been well con
firmed, but it nevertheless seems likely that pro
polis will be used increasingly for commercial pur
poses. It is abundantly clear that it will have to be 
studied much more before it can be properly con
sidered for therapeutic purposes; because its con
stitution is largely unknown, propolis should not 
be recommended in medicines” . Whereas Ghisal- 
berti’s prediction concerning the increased use of 
propolis for commercial purposes has been cor
rect, and more is now known of the allergenic 
properties of propolis [24-26], there have been few 
attempts to study the variability of propolis or to 
define its constituents in detail.

The primary source of the plant exudate incor
porated into propolis in the Northern Hemisphere 
is bud exudate of poplar trees [1, 7, 8] and the com
position of propolis is therefore directly related to 
the composition of the poplar bud exudate collect
ed by the bees. Each species or clone of poplar has 
its own characteristic mixture of compounds in its 
bud exudate [22, 23] and there can be considerable 
differences in bud exudate composition between 
different poplar species [10-14]. Propolis is poten
tially, therefore, a very variable product, both in

Discussion its content of compounds with desirable antimi
crobial activity, and in its content of undesirable 
allergens, such as prenyl caffeate"5 [1].

Propolis from the Northern Hemisphere has 
previously incorporated bud exudates collected 
primarily from P. nigra and its widespread hybrids 
with P. deltoides (i.e. P. x euramericana), and has 
contained compounds typical of these trees [1,7, 
8]. However the propolis analyzed here also con
tains, in quantity, additional compounds (such as 
dihydrochalcones) which occur in bud exudate of 
Section Tacamahaca poplars. It probably origi
nates from one of the recently introduced intersec
tional hybrids, such as the P. x interamericana 
Van Brockhuizen (P. deltoides x p m trichocarpa 
Torr, and Gray) clones.

The selection of poplars for forestry and abori- 
cultural uses will inevitably alter in response to the 
increasing introduction of new and improved 
clones of intersectional hybrid poplars. Many such 
improved clones are now becoming available and 
each will have a distinctive, and different, bud exu
date composition [23]. Propolis manufactured by 
bees from bud exudate of these new clones will re
flect these differences in composition. The use of 
such a potentially variable and complex product in 
commercial pharmaceutical preparations without 
establishing the composition of the particular pro
polis used is perhaps questionable.
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