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Amostras de ceras do ninho e da propolis de Apis mellifera foram analisadas. Observou-se a
predominéancia de ésteres, seguidos de hidrocarbonetos. Os constituintes foram identificados por
cromatografia a gas/espectrometria de massas. Amplas variagdes foram observadas nos padrdes de
hidrocarbonetos e dos &acidos e alcoois de ésteres. As cadeias carbbnicas dos hidrocarbonetos
abrangem afaixa Cyg - Ca5, com o predominio de C»; € Ca¢. O principal &cido carboxilicofoi Cyg.q,
seguido de Cyg.g € Cyg.. Os principais acoois constituintes de ésteres foram homol ogos saturados
normais, nafaixaC,, - C4, C5y sendo o mais abundante, seguido de C,,. N&o foram observadas
diferencas que permitam distingdo, 0 que sugere uma origem comum para ambas as fontes de cera.

Samples of propolis and comb waxes of Apis mellifera were analyzed. Monoesters predomi-
nated, followed by hydrocarbons. The constituents were identified by gas chromatography/mass
spectrometry. Wide variationsin the patterns of hydrocarbons, acids and a cohols of the esters were
found. Hydrocarbon chains cover the range C,3 - Csg, C,7 and Cay alkanes predominating. The
main carboxylic acid was Cyg.q, followed by Cg.5 and Cyg.1. The alcohols were predominantly
saturated n-homologues, ranging from C,, to Cs,, C4, being the most abundant, followed by Cy,.
No differenceswerefound to allow adistinction, suggesting acommon origin for both wax sources.
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I ntroduction

Propolisisacomplex mixture of waxes, resinsand other
organic and inorganic compounds used by bees as ageneral
sealer, draught excluder and antibioticl-3. Bees use propalis
to prevent decomposition of creatures such as beetles and
mice which they have killed after invasion of the hive?. Pro-
polisderived products are widely used in folk medicine and
reputedly have antibacterial, antimycotic, anti-inflammatory
and other pharmacological propertiest.

Theterm “waxes’ is used to designate mixtures of long-
chain non-polar compounds commonly found mainly on the
surfacesof plantsand animals®. Commercially, beeswax isthe
most important natural wax. It is obtained chiefly from the
domesticated European honey bee Apis mellifera, athough
other important taxa exist, such asthe Asiatic A. dorsata, A.
florea and A. indica and the African A. mellifera adansonii.
Aliphatic saturated and monounsaturated compounds are
major comb wax congtituents®.’. The composition of comb
wax is dependent on the genetics of the insects8. European
and African bees produce waxes with different hydrocarbon
patterns®10 and the process of bee africanization may be
detected by analysis of the hydrocarbons encountered in bee

products!!. Recent analysis of comb wax using two-stage
resolution of mixtures of heterogenous compounds by
supercritical fluid chromatography2 revealed hydrocarbons,
esters of higher alcohols and fatty acids and free higher fatty
acids among the wax constituents.

Samples of propolis contain a whitish material which
can be extracted by treatment with hot chloroform. Thissub-
stance has a composition similar to comb wax13 and is ap-
parently secreted by the bees. In comparison with comb wax,
much less is known about the composition of propoliswax.
Negri et al.13 observed that monoesters and hydrocarbons
are the predominant constituents of propoliswax. Alkanes,
alkenes, alkadienes, diesters, ketones and fatty acids, previ-
ously reported as propolis constituents415, are classes of
compounds commonly found as natural wax substances.

In Brazil, there has been extensive hybridization be-
tween the European bees A. mellifera mellifera and A.
mellifera ligustrica with the African bee A. mellifera
adansonii (=A. m. scutellata) after the introduction of the
|latter in the 1950’ s'6. Contemporarily, al honey beesfound
in Brazil are said to be Africanized. The present work pre-
sents data of propolis wax from Brazilian localities not in-
cluded inreference 13. In addition, it includesinformation
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about comb wax, for the purpose of comparison between
the composition of the waxes from both natural sources.

Resultsand Discussion

The contents of wax in the collected samples of comb
and propolis are presented in Table 1. The values for the
samplesof propolisrangefrom 4.8% to 19.3%. Apparently,
thereisno correlation between the percentages and sites of
collection. Theyields are relatively small compared with
those of Bonvehi et a.17, who found values close to 30%
for samplesfrom China. The contents of wax in samples of
comb collected in two cities of the state of S80 Paulo are
much lower (1.5% and 3.0%) than the contents found in
samples of propolis. Table 1 also presents the percentages
of the congtituent hydrocarbons and monoesters of the
samples of comb and propolis waxes. In both sources,
monoestersare clearly the predominant class of congtituents,
followed by hydrocarbons. Similar results were obtained
by Negri et al.13 for samples of propoliswaxes. Thereisno
homogeneity in the resultsand no correlation with locality.
The compositions of comb and propolis waxes are prob-
ably more dependent on the genetic characteristics of the
beesthan on thesite of collection. Infact, different degrees
of hybridization have been found to occur between Euro-
pean and African bees in Brazil16:18.19.20,

Table 2 showsthe distribution of the hydrocarbon frac-
tion of comb and propolis waxes. A wide variation in the
hydrocarbon patterns among the samples is visible. Most
samplesof comb (1c, 2c and 4c), aswell aspropolis(2p, 5p,
6p, 7p, 8p and 9p), presented heptacosane asthe main com-
ponent. Thisakane hasbeen referred to asthe main hydro-
carbon of both comb wax® and propolis wax13. The comb
wax sample 3c and that of propolis 1p presented the alkene
Cg3 as the main hydrocarbon. Other authors®1421 have
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reported the predominance of alkenes in comb wax. The
main hydrocarbon of propolis samples 3p, 4p and 10p was
Cj3;. Occasionally, branched alkanes (iso-alkanes) were
found in low amounts and exclusively in propolis waxes
(samples1p, 6pand 7p, Table2). No correlation isapparent
between hydrocarbon patterns and localities, contrary to
what isknown about the composition of the constituents of
propolis resin, which is dependent on the local floral. A
possible explanation for differences in hydrocarbon
patterns between colonies may lie in genetic factors® 11,
particularly in bee populations from Brazil, which are the
result of different levelsof hybridization (seeIntroduction).
However, high levels of consistency within and among
families of bees has been found by means of correlation
analysis®, indicating structural constancy in comb wax.
Analyses of surface hydrocarbonsasoindicated that asig-
nificant proportion of the variation among bees may be
attributable to genetic factors?2. Someinsect surface com-
pounds may also beimportant constituents of comb wax, as
arethe cases of the hydrocarbons C,, and C,q (but not Cs,)
andthecarboxylicacid C,,. Itisinteresting to notethat the
latter acid has been found neither in samples of wax of Bra-
zilian propolis analyzed by Negri et al.13 nor inthe samples
of the present work.

The need to hydrolyze the esters for identification of
the constituent acid and a cohol residuesisashortcoming
in the analysis of natural waxes, because the outcome is
only a partial analysis of the product. Under suitable
conditionsiit is possible to analyze intact high molecular
weight esters® 23.24.25 Novel techniquesinvolving high
temperature gas chromatography have enabled the direct
analyses of seed triglycerides?8 and propolis extracts?728
without derivatization. In the present work the analysis of
the ester fraction followed the conventiona procedure of
hydrolysis and derivatization prior to GC/MS analysis.

Table 1. Sites of collection of comb (c) and propolis (p) and respective contents (w/w) of wax, hydrocarbons and monoesters. No example

of comb and propolis from the same hive is presented.

Sample and site of collection Wax Hydrocarbons Monoesters
(%) (%) (%)
1c. Atibaia, state of S&o Paulo 1.5 235 71.8
2c. Jundiai, state of S&o Paulo 3.0 25.2 67.4
3c. Jundiai, state of S&o Paulo 3.0 15.1 75.8
4c. Jundiai, state of S&o Paulo 3.0 16.4 69.4
1p. Atibaia, state of S&o Paulo 18.0 28.0 67.2
2p. Bragancga Paulista, state of S&o Paulo 14.8 32.5 59.8
3p. Braganga Paulista, state of Sdo Paulo 9.0 15.9 74.3
4p. Braganca Paulista, state of S&o Paulo 6.6 6.4 73.6
5p. Braganca Paulista, state of S&o Paulo 11.8 13.8 68.3
6p. Jundiai, state of S&o Paulo 4.8 24.9 72.1
7p. Jundiai, state of S&o Paulo 14.9 13.3 77.1
8p. Ribeirdo Preto, state of Sao Paulo 19.3 33.3 49.2
9p. Ribeiréo Preto, state of S&o Paulo 17.4 31.0 59.5
10p. Ponta Grossa, state of Parana 14.5 20.7 73.1
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The distribution of the alcohols of monoesters
covered therange C,,-C3, in both sources of waxes (Table
3). Neither branched nor unsaturated homologues were
detected. Similar results have been reported for propolis
waxes!3. In general the most abundant homologuein both
wax typeswas Cy, but some samples (3c, 4¢, 7p-9p, Table

3) presented C,, as the main compound. For some samples
(1c, 2c, 1pand 6p, Table 3) C,, wasanimportant component.
In most samples, however, it wasaminor constituent of the
ester fraction and, in some samples (2p, 7p and 10p), C5,
was not detected.

Palmitic acid (C;¢) was the dominant homologue of

Table 2. Percentual distribution of homologues in the hydrocarbon fraction of samples of propolis (p) and comb (c). Unless stated, numbers
of carbon atoms correspond to normal chains; iso = 2-methyl isomers; colon followed by digit 1 indicates one unsaturation. Digits in sample

column correspond to samples listed in Table 1.

Sample  Cy; Cpp Cyz Cypy Cos Cyg Cyy Cpg Cyg iso Czg Czp Cgpp 00 Cazz Cazq Casin
Cog Ca1
1c 1 3 2 9 3 24 3 16 19 2 15 2
2¢ 1 1 2 1 13 1 30 1 16 1 17 2 3 3 2
3¢ 3 12 1 80 4
4c 1 7 2 30 3 16 2 19 5 9 4
1p 2 7 20 12 2 22 3 2 25 3
2p 19 45 14 2 12 1 3 4
3p 4 32 18 40 3
4p 4 33 20 40 3
5p 8 36 21 28 3 4
6p 2 1 6 1 28 1 17 4 1 21 1 2 3 9 2
Tp 8 30 13 24 2 2 19 2
8p 7 17 30 7 6 5 28 4
9p 8 18 28 8 6 5 23 3
10p 20 22 53 5

Table 3. Percentual distribution of n-primary alcohols and n-carboxylic acids of monoesters from samples of propolis (p) and comb (c)
waxes. Colon followed by digit 1 indicates one unsaturation. Digits in sample column correspond to samples listed in Table 1.

Sample/ Fraction Cie Cig Cig1 Coo Coo Cos Coe Cog Cao Cas
Alcohols
1c 15 13 18 40 14
2c 20 17 18 29 16
3c 60 14 12 12 2
4c 43 12 10 29 6
1p 6 9 17 42 26
2p 28 20 21 31
3p 32 18 11 37 2
4p 6 6 10 73 5
5p 25 7 12 54 2
6p 1 12 13 22 41 11
7p 40 28 14 18
8p 30 21 19 22 8
9p 39 20 17 21 3
10p 8 3 17 72
Acids

1c 100
2c 56 33 11
3c 100
4c 55 14 4 1 2 16 4 3
1p 80 5 15
2p 76 4 12
3p 100
4p 69 17 8 1 2 3
5p 100
6p 58 32 9 1
7p 29 11 27 2 5 17 4 3
8p 74 4 18
9p 72 5 18

10p 100
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the acyl portion of estersin all samples examined (Table
3), in agreement with previous findings about propolis
wax13, Although no data were raised about chain lengths
of intact esters in the present investigation, the fact that
the main alcohol is in general C, and the main acid is
C, suggests that triacontil palmitate (C,) predominates
among the esters of the samples of propolisand comb wax
investigated. Esters ranging from C,4to Cg, were found
to occur in comb waxes of A. mellifera mellifera and A.
mellifera adansonii, the most abundant being C,5°. Asin
the cases of hydrocarbons and a cohols commented above,
awide variation of patterns of the acid portion of estersis
observed in Table 3. For example, samples 1c, 3c, 3p, 5p
and 10p presented exclusively palmitic acid. On the other
hand, samples 4c and 7p yielded a long series of homo-
loguesranging from C,¢ to C,g; Oleic acid isanimportant
consgtituent in some samples(2c, 2p, 7p-9p), but aminor or
undetected component in other samples.

In spite of the wide variation observed in the distri-
bution of the constituents of all fractions analyzed, there
is a remarkable similarity between the composition of
propolis wax and comb wax. The resin and the volatile
fractions of propolisare presumably largely derived from
plant secretions collected by bees!. Since plants produce
waxes that coat all aerial cutinized parts?® 30, the
hypothesis could be raised that propolis wax might also
be derived from plant secretions. But several differences
can be pointed out between the composition of beeswax
(asherereported) and plant waxes. For example, the lat-
ter rarely present alkenes and oleic acid asimportant hy-
drocarbon constituents?®: 30, and esters may predomi-
nate in plant waxes, but not always. In contrast, mo-
noesters always appeared consistently as the predomi-
nant class of propoliswax (Table 1).

Experimental

Material

Samples of propolis and comb waxes were collected
from hives growing in the states of S&o Paulo and Parana
(Southeast and Southern Brazil, respectively) (Table 1).

Extraction of the waxes

Samplesof propoliswere extracted with chloroformin
a Soxhlet extractor3, Amounts of comb ranging from 1.0
to 3.0 g were treated with boiling chloroform and filtered
while still hot. The chloroform extracts were evaporated
to dryness under reduced pressure and dried in adessicator
to constant weight (Table 1).

J. Braz. Chem. Soc.

Separation and identification of constituent fractions

The fractions of constituents of propolis and comb
waxeswere separated by CC, using silicagel and amixture
of solvents of increasing polarityl3, and TLC, using
silicagel impregnated with sodium fluoresceine and
developing with a mixture of hexane: chloroform
(73:27)13. Functional characterization of the constituent
classes was achieved by IR spectroscopy with a Perkin
Elmer model FTIR spectrophotometer. The esters were
hydrolyzed with methanolic KOH and the resultant acid
and alcohol fractions separated by means of extraction
with chloroform after neutralization with 10% HCI13, The
acids were identified as the corresponding methyl esters
and alcohols as the corresponding acetyl esters by GC/
electron impact mass spectrometry on an HP model 5890
series |1 GC interfaced with an HP 5989B ChemStation
mass spectrometer using conditionsidentical to thosecited
inreference 13.
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