
.4r('/),IC'''lIIc'/I1' 43. .\ 12('101) 549-5(,Y. Printed in Great Britllin

CHEMICAL ALTERATION AND USE OF BEESWAX THROUGH
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In order better to illwrprer the dremical composirion ofallciemorganic residues andartefacts
cOlltaining bei?Swa,l;. tlrf:' degmdarioll afthis raw material was accelerated in tM laboralOl)' by
cOl/trolled !leating. During thi: course of degradation. deposits were condensed above the
beeswax. Both degraded beeswa.'t am! these deposits were analysed. These experiments
definitively prm·!'d that /1·alkane depletioJl is due to a sublimation process that depends 011 the
molecular IVl1iglll ofthese hydrocarbons. Tire formation of benzoic and cinnamic derivarives
dut' m lht' degradation offlavonoid precursors initially present in beeswa.x ha,') also been
hi,qhliglr(('d for theJirst time. The analysis ofsamples from Neo!ithicml~RamQfI periods led
10 fhe i,dCfltUir:Cff/(m (t(bet'SI\'(1,."C characterized by different degradation portems linked to their

cnVirOllftlc?ftraJ comexr.
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TRANSFORM INFRARED SPECTROMETRY. GAS CHROMATOGRAPHY. MASS

SPECTROMETRY. DEGRADATION EXPERlMENT, BaeSWAX. POITERY,STRAINER,
N·ALKANES, ESTERS. PHENOLIC COMPOUNDS

INTRODUCTION

Among the natural resources exploited during ancient times by human societies. the different
materials produced in wild beehives. including beeswax. honey and propolis\ were probably
gathered and used for various purposes as early as the end of the Ice Age. The first evidence
for the collection of beehive products dates back to the Neolithic period and consists of rock
shelter paintings representing bee$ and honey-hunting scenes in eastern Spain (Dams 1978;
Crane 1983; Guilaine 1994). However, most of our knowledge concerning the use of beeswax
dates from Antiquity and is associated with written documents and representations dealing with
the economic aspects of bee-products.

Although beeswax is now partly replaced by synthetic or fossil products. it phlyed an
important role during Antiquity in technology, in the symbolic and artistic fields, and in the
prepuration of cosmetics or medicinal commodities (Lucas and Han'is 1962; Blanc and
Nercessian 1992; Charlton and Newdick 1996; Colinart 1996; Bonet Rosada and Mata Parrefio
1997). A sacred and magical character was conferred to honey and beeswax as .a result of their
natural and enigmatic production from flower nectar within the complex organization of bee
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societies (CharIton and Newdick 1996; Blanc and Nercessian 1997). Beeswax was also used
for its hydrophobicity, its plasticity and its healing properties (Dioscoride, translated in
Colinart et al. 1999). All these characteristics explain the wide range of uses of beeswax
since Antiquity (Fig. 1).

Apart from the rock shelter paintings and the archaeological artefacts interpreted us beehives
in Pre-Roman Spain (Bonet Rosada and Mata Parreiio 1997), little is known about the use
of beeswax during prehistoric times. Indeed f when preserved in archaeologicnlsettlements,
beeswax is not easily recognizable and its identifioation in ancient vessels or paintings is
necessarily based on ~hemical analyses. The first analytical study of archaeologica.l beeswax
was performed by •Kiihn in 1960, using infrared specrromeLry. The application of gas
chromatography - mass spectrometry to organic amorphous materials of archaeological origin
considerably increased the possibility of identifying beeswax, even when mixed with other
materials (Fig. 2). In particular, beeswax was identified in different ceramic vessels dating back
to the NeoIithic and medieval periods (Evans and Heron 1993; Heron et al. 1994; Charters et al.
1995;Evershed etal. 1997; Regert et al. 1999;Evershed 2000: Regert et al. in press). The role of
beeswax in pottery is still not clearly elucidated, but it may have been used as a sealing agent in
order to decrease the permeability of the ceramics (Charters et al. 1995). More recently. an
interesting investigation on Mochlos lamps from the Minoan culture in Crete gave evidence for
the use of beeswax as an illuminant (Evershed et al. 1997). This material was not expected in
such a context. and this discovery emphasizes theimportance of bees and their production in
Minoun culture,. which is also illustrated by the bee-shaped jewellery manufactured during this
period (Delavcau1987).

Chemicalidentification of beeswax in archaeological samples is generally based on the
detection. of. characteristic·solvent-soluble molecular constituents, inclUding a.· series. of odd
numberedlinear/hydrocarbons •. (C21-Q3),even-nurnbered>freefatty acids (C12-C.>'O) and
long-chain palmitate esters in the carbon range C40-CS2 (Tulloch andHQffmanJ972~TuIloch

1973; Kolattukudy>1976).. Contemporary·. beeswax. presents a •very recognizable pattern of
n-alkanes-ofwhich heptacosane (C27) is .• the majol' compound-of esters>wlth·.a>rnain
constituent that contains46cqrbon atoms, and of free fatty acids. of which lignocericacid
(C:N) is predominant. The chromatographic profile of ancient beeswax often presentssignificant
differences to that of contemporary beeswax, due to the degradation of this material through
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time. Contrary to what was attempted, the ester pattern appears to be very stable despite a
partial hydrolysis leading. to the formation of palmitic acid and. long-chain evert-numbered
nkohols, whereas. the alkane pattern is partly modified and depleted (Colinart1987;Evans
and Heron 1993; Heron et al. 1994; Regert et al. 1999). If a drastic he.alingofbeeswaxWas
proved lobe responsible for the total·.1088 of alkanes, no explanationwasproposedconc~m

ing the physico~chemical process invo1ved in their degradation CHeron. etat. 1994). Bacterial
degraQation. .. has.been supposed ••••. to ·•• ·be .·responsible for.· the •decrease· of· hydrocarbons· in
ancientbeeswax,butthisassumptionhas.never beensedously assessed (Colinart et al. 1999).
Lastly.lhe.chemical constituents responsible for theyellowishcoloufofbeeswax have received
scant attention and none ofthem have been studied in archaeological samples.

In order· to better understand the decay of beeswax through· time, laboratory degradation
experiments. accelerated.• by temperature were performed on contemporary beeswax.•The
chemical transformations were followed both by Fonder· transform infrared spectrOlIletry
(FTIR) and by gas chromatography (GC) and gas chromatography coupled with mass spectro
metry (GC/MS). These experiments yield new insights into the evolution of fatty acid, n~alkane
and ester patterns, which depend both on chemicaland physical mechanisms. Lastly, low
molecular weight phenolic compounds, both benzoic and cinnamic acid derivatives, have been
shown to be formed during the. degradation of beeswax.

These results were compared to those obtained from archaeological samples from very
different environmental contexts, Samples of ancient organic remains were collected from
Neolithic ceramic vessels from a waterlogged site (Bercy, France:· Lanchon 2000) and from a
site situated in the Drama plain in northern Greece (Dik.Hi Tash: Treuil 1997), as well as from
u Fayum portrait stored in the Louvre Museum, which wasinitially preserved in an Egyptian
tomb characterized by a velY dry and unburied environment (Aubert and Cortopassi 1998;
Pa:rlaska 1998). Their analysis ullowed the identification of beeswax exhibiting various
alteration patterns, the interpretation of which is enlightened by the results obtained by
degradation experiments. The role. of beeswax in these different sites will be examined
according to the kind of ceramic vessels in which they were found i and its utilization in
works of art in Egypt during the Roman period will be discussed.
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MATERIALS AND METHODS
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Sample description

Waxes available for degradation experiments Were provided by apiarists working in different
parts of France. Four different waxes, originating from the regions of Bourgogne, Gironde,
Marlle and the Doubs, were analysed. Yellow-brownish beeswax from the Doubs was chosen
for the degradation experiment.

The archaeological samples from the NeoIithic site of Bercy (Paris, Prance) consisted of 22
ceramic sherds collected during excavations in the 19908 (Lanchon 2000). Most of the samples
are characterized by the presence of charred surface organic residues, as is usually observed
in waterlogged sites (Regert et al. 1999). The first analytical investigation was intended to
assess the preservation degree of organic matter; the analyses were performed on different
sberds for which vessel morphology and size were not always known.

Different ceramic vessels were sampled in 1993 and 1995 from the Neolithic site of
DikiIi Tash in northern Greece (TreuD L997). Although the pottery sUrlnce was free of visible
residue, the organic matter trapped in the porous fabric was investigated. Among the five sherds
studied, one belongs toi~spout~diivesseFandan(ltherwasattributed to a sieve vessel due to the
presence of perforatio~sof\2...3mnldiaI11eter.

A micro-chip from\ar.0u,,(eMuse~Illgpr~aitofiaRayum woman (lnv. MND 2047; AD

120-130) was also investig~tecLJtwassatrIpled()nthepink painting materia! from the cloth
011 .the right-hand side of the portrait. '

The laboratory/degrac/ation experiment

Raw beeswax (20)gYwas<heated at 60 QC and 100 QC for 7 months in a crysta1!izer dish covered
by a Petri dish. in order to .collect the volatile products that are HabIe to be. condensed.abpve
the beeswa~ (~ig.3}.Such conditions are efficientfor undeJ;standingtherole oftemperatureon
beeswax degradation. associated either with an lntentiona~ human heating during Antiquity or
its preservation inawann and dry context, as.ig the case in Egyptian tombs. Experimental
temperatures close to that of the melting point ofbeeswax (62-65 QC) were chosen. as weU as
40 DC higher·in order to .accelerate the degradation process.

In order to avoid contamination. the crystallizerdishes containing beeswax were heated in
a very pure bath of Fontainebleau quality sand purchased from Prolabo. The samples were
analysed by FTIR, GC and GCIMS.

FTIR analysis

The IRspectra were recorded on 13 mm KEr pellets in tmnsmission mode by a Perkin-Elmer
Spectrum 2000 between 4000 and 220cm~1.

Sample preparation for GC and GC/MS analysis

Contemporary beeswaxes were extracted in dichloromethane (1 mg ml-1 solutions). Beeswax
was rapidly. dissolved in the solvent after a few minutes. A portion of this solutiqll was
derivatized by trimethylsilylation using 50 ~l of BSTFA (bis(trimethylsilyl) trifluorouceta
mide) with 1% trimethylchlorosilane added, SIGMA T6381) at 70 QC for 30 min. After
evaporation of the derivatization reagent until dryness, the sample was redissolved in dichloro
methane before analysis.
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ramped from 50 to 350°C min I at 10 °C min -1 and held at 350°C for 10 min. The detector was
used in the Fill mode at 350 DC.

The samples recovered on the Petri dish were analysed on the same chromatograph, equipped
with a Varian CP Si! 8 CB column (30 m length, 0.25 mm internal diameter. 0.25,urn phase
thickness) preceded by a 5111 precolumn. Helium was used as carrier gas. with a constant
flow fixed at 2 roI min~ I. The oven was programmed at 50 cC for 2 min, from 50°C to 320 DC
at 10°C min-I and at 320°C fol' 10 min. The Fill detector was maintained at 350 oe.

GC/MS analysis

The GC/MS analyses were pelformed with a Finnigan GCQ device. equipped with an ion trap
analyser linked to a HP 5890 chromatograph. Injection was performed througha split/spHtless
injection system use.d in the splitless mode and maintained at 300°C.

Contemporary beeswax and archaeological samples were analysed with the same column
and temperature programme as for GC analysis. The helium pressure was programmed as
follows: 1min at 5 psi; from 5 psi to 16.8 psi in 30 min~ and 16.8 psi for 10 min. The GC/MS
interface was held at 320 ClC.

The degradation products recovered on the Petri dish were analysed using the same column
and temperature as Jor GC analysis. Helium was held at a constant flow of 1.5 ml mill 1and the
GC/MS interface was maintained at 300 QC.

Mass spectrometry was pedonned in the electron impact mode at 70 cV. The ion source
temperature was fixed at 180°C and the mass range was scanned from 50 tD 800 in 0.6 s,

RESULTS AND DISCUssrON ON THE STUDY OF CONTEMPORARY RAW AND

DEGRADED BEESWAX

Contemporary beeswax was systematically analysed before and after alteration by infrared
spectrometry and gas chromatography. Although infrared spectrometry does not allow the
specific identification of the different molecular constituents of beeswax, this analytical
technique allows the evolution of the functional groups through time to be followed. ·.lnter
pl'etations of the spectra obtained relied on comparison with the infrared databank already
published (Nakanishi 1962) and discussions given in Wales eta!. (1989), Mills and White (1994)
and Colinart et al. (1999).

Most of the moIecular constituents of1'awand degraded beeswax and archaeological samples
were identified by GC analysis, by comparison of the chr'omatograms obtained to those. of
reference standards of n-alkanes, fatty acids and long-chain alcohols purchased from Sigma
Corporation and Carlo Erba. When necessary, these assignments were confirmed by Ge/MS
analyses. Mass spectra interpretations were based on searching on the NIST database, mainly
in the case of phe.nolic compounds fOffiled by degradation of beeswax. and on the detection
of the fragmentation mechanisms for the main homologolls components (especially fatly acids,
n-alkanes. alcohols and long-chain esters). However, due to the use of an ion trap analyser,
the mass spectra of the TMS alcohols were characterized by· particular relll'rangements, which
will be discussed below.

Raw contemporary beeswax

An of the raw contemporary beeswaxes analysed were found to be very pure and free of any
other waxy material such as paraffin, which may be used in apiary activities. The four samples



Chemical alteration and Hse of ber;;swax through time 555

from different geographical origins presented very similar chromatographic patterns (Fig. 4),
in spite of small differences observed in the percentages of the different chemical homologous
families (23~25% n-alkanes, 2-6% free fatty acids and 49-53% long-chain esters). These
results are consistent with the data that have previously been published (Tu]]och and Hoffman
1972; Donadieu and Marchiset 1984; Charters et al. 1995).

Infrared spectra were also very similar for each raw beeswax studied (Fig. 5). Absorption
bands at 720 and 730 cm- 1 are characteristic of o(CHz)1I plane rotation of linear long carbon
chains, \:vhich Hre common to all the long-chain fatty acids, n-alkanes and esters present in
beeswax. Other bands at 1377. 1464, 1473, 2850, 2918 and 2950cm- 1 are also characteristic
or hydrocarbon chains. The presence of carboxyl groups frQmfatty acids and esters are,
respectively, responsible for absorption bands. at 1711 and 1737cm -I. The quite intense
and large band at 1175 cm -1 is relevant to the p(C-O) vibration of esters.

Physico~chr!mical degradation processes of alkanesalld esters

Heating beeswax for two days at 100 DC resulted in the fOlTI1.ltion of a white deposit on the
Petri dish placed upon the crystallizeI' dish (Fig. 3). Three days later. another deposit; this time
orange-coloured, was also observed, These two deposits were separately sampled and analysed
byinfrared spectr'ometry in KBr pellets and by GC and GCIMSafter extraction in dich1oro
methane and lrimcthyIsily1ation.

The infrared spectrum obtained on the white residue condensed on the P~[ri dish was quite
similar to th,tl ofmw beeswax. especially in the case of C.....H bonding (Fig. 5). However,
small differences were observed on the p C=O absorption band of fatty acids which is loca
ted at 1703 cm. 1 for thewhitel'esidue, instead of 1711 cm- l for raw beeswax., Fmthermore, the
band at 1737 cm-- It characteristic of ester C=Ovibration. present on the beeswax spectrum, was
not observed on the white residue spectrum. Although these results do not allow precise
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identification of the molecular composition of the white residue, they are indicative of tile
presence of1ong-chain aliphatic constituents andfrecfatty acids. In addition, this while residue
seems to be characterized by the absence of esters,

Gas chromatograpllyof thisl'esidue revealed the presence of six main compounds assigned
to palmitic acid and toa series of odd-numbered linear hydrocarbons in the range C21 ~C29'

n·tricosane and n-pentacosane being predominant. (Fig. 6). The difference. in fatty. acid
compositiotlhetweenmwbeeswax and tbe white residue may thus explain the shift of .the
C;::;O fatty acfd band on the infrared spectrum (Fig. 5). The total absence of esters suspected
on the basis of infrared spectrometry was also coufhmed.

Although the n-alkane distribution in the white residue differs from that known in beeswax.
their odd-numbered linear skeleton strongly indicates that they were vaporized from beeswax
heated at 100 QC and directly condensed on the cold Petri dish placed over the crystallizer dish.
It must benoted that 1!-hentdacontane (C31) and n-tritriacontane (C~3) identified in beeswax
were not vaporized. The distribution of. the smallest length carbon·chain compounds. which
are over-represented in. comparison. to those of beeswax. can be explained by the fact that,
among homologues, volatility decreases with increasing molecular weight.

The formation of condensed residues was much slower during theexperimenlperformed
at 60 cC, since a white deposit was only observed after 6 months. Although it was supposed that
an extreme heating was necessarily responsible for the loss of n~aJkanes (Heron et al.. 1994;
Evershed ~l al. 1997), these experiments show that the phenomenon also occurs by heating
at only 100°C or 60 ClC.

Figure 5 Tile inj'rart!d spectm of a rtlW contemporary bee,nv(lxj'ro!ll tilt! Daubs (FraJln!) Ilnd oftire wrlilt' (t/ld (Jrlm,~('

dtposils condensed above rlJ(' bf'/!.HI'{l;t lwaled at lOOGe.

The formation ofphenolic compounds during beeswax degradation

Contrary to the white residue, the orange residue formed on the Petri dish provided a very
complex infrared spectrum, strongly different from that of the raw contemporary beeswax.



" .'" ~ .~ '.. !

, ' v . '

Chemical alteration and use of beeswax through time 557

100]

1

CZ1

J h
C2\l

I I l I . 1
0

100 d C16 :O

f

9

O~~~I~~;=:I~~~~i~~I:'~~~1~~,~=
16 18 20 22 24 26 28 30

Retooilon lime (mln}

Figure 6 Gas cllromaJograms v! the whire (fop) awi orange (bouol1l) tril1Jerllyl~'ilyIQ'l!ddeposits cOlldmsed above
the b('eswcrx !leafed at lOOoe, C\, fI·alkane cOIlwim'ng x c(.l1"br)ll atoms; C16:lh palmitic add: *. .bem:oic dt'rillatives,'
lellers a-h I'f!fi~r to plu'frolic campOlmcls detafted in Table 1,

(Fig. 5). Apart from the C-H vibration bands at 2956,2918 and 2850cm~1, the spectrum shows
a complex pattern in the range 1700-450cm-1

• Although these bands were not precisely
assigned, their pattern is. consistent with the presencei of aromatic compounds because of (i)
absorption bands in the region 1700-1600 cm- l corresponding to 0 CH out-of-plane vibration
of substituted groups, (ii) weak and sharp in-plane bendingbands(l225~950cm-l) due .to
hydrogen atoms on the. phenyl group and (iii) out-of-plane bending bands of these same
chemical bonds below. 900 cm I (Nakanishi 1962).

Palmitic acid. was the only molecular constituent clearly identified by its retention.time on
the chromatogramofthe trimethylsilylated orangedepQsit (Fig. 6), GC/MS analyses were\thus
performed to elucidate the chemical composition of this deposit: most of the compounds
were found to be phenolic derivatives, as revealed by mass spectrometry. The constituents
eluting between 16 and 20min were attributed to benzoic acid derivatives, two of them. being
clearly identified by a mass spectrometry library search as trimethylsilylated vahillic and
protocatechuic acids (Table 1). The following components. characterized by retention times
ranging from 20 to 24 min, were identified as trimethylsilylated derivatives of cinnmnic acids
(Table 1). In particular, trimethylsilylated isoferulic, ferulic and caffeic acids were identifed.
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Table 1 Mass spectra and formulae of benz.oic Gnd dllnamic derivatives fanned by degradation of raw beeswax

Peak number Mass spec/mm

a 1-81(31)-223(13)·

267(80)-282(34)-
297(lOO}-312(40}

b 193(100)-239(8)·
281(5)~355(43)-

370(46)

c 133(12)-161{43)-
191 (54)-235(1(0)-
250(38)

d 73(19)-219(24)-

249(43)~2.93(100)-

308(47)

e 19I(54)221 (56)-
265(1(0)-280(70)

f 73(10)-179(7)
191(8}-219(18)
233(11)-249(29)
264(19)-279(6)
293(67)-308(66)
323(82)-338(100)

Chemica/name

Vanillic acid.
bis-TMS derivative

PrOlQf;atechuic acid,

rrfs-TMS derivative

m- or p-methoxycinnamic
acid., TMS derivative

m- or p-trimerhylsHyl
ester, coumaric acid

3.4-dimethoxycinnamic
acid, TMS derivative

Isofenilic- acid,

his-fifS derivative

A-101ecular

weight

312

370

250

30&

280

338

J'f.foiecular

fonrlUla

C 1.jH240,;j.Sie:

c,J1Jon::SiJ

C13H1SOJSi

ClsH240JSi:.!

C1"H:l.00.jSi

C tJ-{160"Sb

Srn/elUTe-s

:l\.'1eO

Me3SiO~02SiMeJ
Me, SiO

Me,s~-b-co,sMe3
MeO~
~ CH=CH-C02Sil'vfe3

Me3SiO~_'\...J' -CH=CH-C02SMc3

[I.·feO

M'O-b-CH=CH-CO:S",,'l

MeJSiO

Me0-b-cH=<:H--<C02SiM'l

~
>J
~

(':>

:t
(ll.....
s::l......



Table r (continued)

Peak number Mass spec/mm Chemical name Afolecular Molu:ular
weight fonnuia

g 73(1 :0-179(6)- Ferulic llcid, 338 CI~2604Si2

191(8)-219(1 I}- biS-ThIS derivative
233(3)-249(30}-
264(5)-2.79(19}-
293(65)--308(69)-
323(100)-338(99)

h 73(7H91 (7)- Caffeic acid, 396 CJSH320-tSi.:l
219{100)-249(9}- tro-TMS derivative
293(4)-381(27)-
396(63)
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At longer retention times, a very complex chromatographic pattern is composed of phenolic
constituents that still have to be fully identified.

This is the first time that such cinnamic and benzoic derivatives have been shown to be
formed by beeswax degradation. The main constituents of beeswax, including n-alkunes and
~sters. cannot be the precursors of such components. Beeswax is known to also contain several
fiavonolds thut are responsible for its colour. as minor constituents (Tomas..Barberan .• et· ai,
1993). Tbese flavonoids, characterized by a phenolic structure, may be con~idered as the
precursors of benzoic and cinnamic derivatives identified on the condensed deposiLfofrned
above heated beeswux. Such results should hereafter be taken into account in the interpretation
of amorphous organic components from archaeological residues. Indeed, although these
components. are relatively sensitive to oxidation processes, their presence should be considered
as possibly reslllting from beeswax alteration.

A comparison of heated beeswax and vaporized organic residues

In order to compare the molecular composition of the deposits condensed 011 the Petri dish,
the beeswax heated at 60°C and ]00 °C was also analysed by infrared spectrometry. GC and
GC/MS. The results do not show any significant difference between beeswax before and after
heating. despite the vaporization of some of its constituents. This may be explained by the Iow
amount (a few mg) of the matter that· has been vaporized compared to the total quantity of
beeswax present in the crystalIizer dish (20 g). Nevertheless, it must be noted that very low
amounts of even-numbered long-chain lillearalcohols. (C26-C34 ) appeared in beeswax when
heated at 100 QC. These compounds were identified by their mass spectnun, which presents a
particular pattern when analysed by an ion trap mass. spectrometer (Fig. 7). All these spectra
reveal. u.minor •• peakat [M-15]+. Theba.se peak.[M-I5+ 18J-1 may be interpretectas·.resulting
frofl1anlOlecular rearrangement due. toa molecule- ion reaction between. the msidual ~'JOand
the. [¥- I5].~.ion. TheJormationof alcoholsin the heated be~swaxand the presence of P;lrnitic
acid condensedon the Petri dish give rise to the assumptionthatpartiuI hydtolysisofthe wax
esters occl11'!'cd, as mentioned before (Charters et al. 1995; Evershedetal.1997), Furthermore,

[M-15+18f
457

75

[M-15t

Figure 7 The II/{IS,~ sp,'clmm afthe lrimeJhylsilyl derivative ofceryl alea/raJ (C2ri) ob/ained w[rrl ml fOil lrap allai)'s~r.
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it must be pointed out that palmitic acid formed by wax ester hydrolysis was not detected
in heated beeswax but only in the condensed residues, which shows that this fatty acid is vapo
rized as soon as it is formeu be.cause of a melting point (63~64 QC) close to that of n~heptacosane
and Il-nonacosane.

The gel/eral imc.'lfu·elation of the. degradation experiments

Degradationexperiments ofbeeswax {lccelerated byternperature revealed the various processes
inVolved. in its modification through time: both chemical and. physical mechanisms. may. be
identified (Fig. 8).,First of all. hydrolysis ofesters-.alread~discussed elsewhere (Chart~rset.al.
1995: Evershed er. al. 1997)-was observed, and chemicaltransformation of fiavonoids, initially
present in beeswax.into smallest phenolic compounds was shown for the first time as far as we
know, Although the physico-chemicaI mechanisms of this transformation are still unclear. the
possible formation of benzoic and cinnamic acid derivatives in beeswax should not be ignored.
Indeed. such aromatic components are widely distributed groups of substances in the plant
kingdom (Bravo 1998) and their potential linkage to beeswax. should now be taken into account.
On the other hand, sublimation of molecular compounds, either initiallY present in raw beeswax
or formed by hydrolysis of esters and by chemical degradation of f1avonoids. may occur. In
particular, this phenomenon is responsible for a differential depletion of n-aIkanes. which
occurs after a few days at 100 QC and after a few months at 60 QC. The preferential loss of
smallest JHdkanes may induce a modification of the ll p alkane profile through time. as has been
observed by several authors (Evershed et al. 1997) or the total depletion of these compounds
(Heron et aI_ 1994), This phenomenon has been shown to be very rapid at 100 QC (a few days).
whereas it began only after 6 months at 60°C. The decreasing rate of depletion of hydrocarbons
with temperature led us to think that at lower temperatures, such as 30 QC or 40 QC-us in
Egypt~the phenomenon still exists and may be noticeable after several centuries or millenia.
It can thus be assumed that beeswax preserved in a dry and warm environment maYibesubject
to a partial loss of hydrocarbons, even without being intentionally heated. Furthermore, the
sublimation of palmitic acid formed by hydrolysis of wax esters may explain the absence of
this component in archaeological samples containing beeswax, in which alcoholst resulting from
hydrolysis of wax esters t are present.
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THE IDENTIFICATION OF BEESWAX IN ARCHAEOLOGICAL SAMPLES

Among the amorphous organic archaeological samples examined, different vessels as well as
funerary portraits yielded beeswax in a more or less altered state. Beeswax was indeed
undoubtedly identified in four ceramic vessels from the French Neolithic site of Bercy, in. one
ceramlc from the Greek Neolithic site of Dikili Tash and in a Fayum portrait from the
Roman period in Egypt.

Beeswax in ceramic vessels from tire Neolithic site ofRacy

The site of Bercy, located in the south-west ofParis intra mllfOS, was discovered in 1990 during
the urban reorganization of the right bank of the River Seine. A rescue excavation carried out
in the 19908 revealed a Neolithic village separated from the river by a fence that was at least
53 m long (Lunchon 2000). The site was occupied during the Middle and Late NeoHthic periods
(4600-3600 BC and 3500-3000 BC. respectively) and at the beginning of the Iron Age {about
500 BC). Pottery material was very abundant on the site: the number of different vessels was
estimated at 1500. Some of them are characterized by the presence of charred surface residues.
The purpose of our study of this site was to assess the degree of preservation of organic matter
in ceramic vessels. Out of the 22 sherds analysed, four can be directly associated with the use
of beeswax (Table 2). The chromatographic pattern obtained on the charred surf~ce residues
was very complex (Fig. 9), revealing the presence of a large number of molecular constituents.
GC -analysis allowed the identifioation of palmitic and stearic acids and of palmitic wax esters
in the range c.1O-CSZ, whereas the compounds eluting between 16 and 24 min were identified
by GC/MS. These analyses revealed the distribution of homologous components of three
distinct classes, including odd-numbered n-ulkanes frorn 23 to3Jcarbon atoms, long-chain
even~numbered a1cohoIs.and free fatty acids, respectively, in the range C24-C.l4 andCl0-S:14'
Theester<ind long~chain hydrocarbon distributions were ideJ}tical to those kno\Vn.inra\V
contemporary beeswax (Fig. 10). The acid distribution, on the othel'hand, was.broaderthanthat
observed in contemporary heeswaxes thalwe analysed. However, this distribution with the
tetracosanoic add (C24:0) predominant, is compatible with the natural variability of free fatty
acid distribution in beeswax (Tulloch and Hoffmal1 1972). The high percentage of palmitic
acid, associatedwithlong-chain alcohols ranging from CZ4 to C34 , is indicative of the hydrolysis

Table 2 Quantitative mulr,f of Ilre.slterdsJl'Om IJm:y ramal/ling beeswax

ArC'lwe1og ical reference

CAPVAL Ill, Sect, 4.
CYIl.56-57 .Cll

CAPVAL JIJ,CVII.56.C2

CAPVAL III. Sect.!.
CV. 22.C2

CAPVAL m. CYI.27.C3

Lt/b. 1111mb-er Sample description Sample weight ground '!'LE
f(}r unalysis(g) (/kU- f

)

OD3006C C!lurred residue 0.3265 2065
OD3006D Ceramic sherd 3.7655 10

OD3017C Charred residue 0.1149 1690
OD3011D Ceramic slll~rd 2.0753 67
OD30200 Charred rsidue 0.2201 460
OD3020D Ceramic sherd 2.8712 103

OD3042C Churred residue 0.0874 3203
OD3042D Ceramic sherd 1.9454 0

:::

TU~, !QlllIlipid extract.
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it penetrated into the porous fabric of only one sherd (Table 2). This difference b~twr;en the
composition of the sherds and d1eir associated charrl.ld residues is still difficult to understand,
but may be due either to a particular use of the vessel or to a waterproofing treatment.

~:

1
r
f,
i!

I
1I
J!
;1

Bees~v(t\. in NeoN/hie Greek pottery

The tell of Dikili Tash was first inhabited at the beginning of the Late Neolithic period. ilround
6800-6700 BP (5450-535D BC). Known since the 19th century in the Drama plain (eastern
Macedonia), the site has been pm11y excavated by a French team since I986(Trcuil 1997). Mos[
of the ceramics do not present any visible residue on their surface. Preliminary chemical
analyses were performed ana few samples to lookfor any organic matter that wllspossibly
trapped in the. porous matrix. Five sherds.. sampLed An the sector cxcLlvatedby the French
team in 1993 and 1995 were examined in the laboratory. One of them (Ref: OD3037. sect. VIE.
excavation 93, square 313102, sac 31, no. 4) revealed a particular chromutogruphic profile
(Fig. 11). GelMS analyses led to the identification of palmitic acid and four series of
homologom; compounds. including odd-numbered n-alkanes in the range Cn -C1.l. the n-hen
triacontane (CJl ) being predominant, long-chain aIcohols with an even curbon number ranging
from en to C34 , wax esters containing an even carbon number from c.1O to C';10 and ~ven

numbered free fatty acids in very low amount in the range C24-Cl~'

An of the different homologous compounds identified .in the Dikili Tnsh sample un~ known
in raw or degraded beeswax. However. it must be pointed aut that n-ulkane and wax .estcr
profiles differ sensitively from the chromatogruphicpauern of raw contempurary b~cswax

(Fig. 10). The lowest molecular weight hydrocarbons(C1.1 nnd C25) disappeared and the usual
major hydrocarbon in beeswax, n-heptacosane, was largely depleted. This. is cOn.';istentwith

100

,
!
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Pigllrc ] 1 A gas chromatogram of tlte organic Co1ltelli ofa groullt/ trill/e/hy{sflylaled slle~(J ODJ037Dl (Sed. VIE.
jouilfe 9.3', c~mf 313, 102. sac 3I, !IQ. 4) from Dikili Ta,fll, showing till? prcsl!1lce Djalrereel beeswax, Cl c(Jm:spom/s 10
ll-alk(l/les with x carbott atoms: Ay corresponds to lillear IOJlg,c/w(1l a/mho/s coma(Jllllg y carbon atoms, CJ{r'o is
palmitic acid. The black disc witll a lilimber is. jor lrJI/8-cllaJlI fally acid~. Jhe mmlbercorrespondlllf: 10 the cil~bo/l
atom flumber. IS, illfemal standard: *, plasticfzer.
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the results obtained from beeswax submitted to accelerated ageing, in that they show a
differential vaporization of n~alkanes depending on their carbon number.

More surprisingly, alteration of the distribution of wax esters has also occurred. Indeed, the
wax ester profile presents a depletion of the lowest molecular weight components. The high
amount of akohols (more than 50% of the total lipid extract) clearly indkates that esters
have been hydrolysed. The low amount of palmitic acid, also released by .ester hydrolysis,
may be explained. by a sublimation phenomenon of this compound, similar to that observed. on
rI-alkanes. This modification of the wax ester profile seems to be due to the preferential release of
shorter-chain ulcohol moieties. This phenomenon has aJsobeenobserved during degl'adation
experiments of milk triacy19lycerides. in which the degradation rate. of the smaBest triglyc~rides
is higher than for thut of longer-chain compounds (Dudd and Evershed 1998~ Dudd et al. 1998).

The identificalion of b('J.,.'.'Ma.r: ill Eg)1Jtian fllnerary painting from the Roman period

At the end of the 2nd century Al)-in other words. at the beginning of Roman domination-an
originul funerury ritual appeared in the Fayum area in Egypt, where. traditional masks asso
ciutcd with mummie,", were r~plnced by pnin£ed portrnits (see, for exampie. Parlaska 1998).
During Lt restorution campaign of such portraits from .two coHectionsstored in the Louvre
Museum CPuri:;) nnd Dijon Museum of Fine Arts, the :malyses performed on micro-samples
ullowed the identification of beeswux in many of them. In particular, the sample taken from
the womun portrait provided a chromatogrnm (Fig .. 12) dominated by wax. esters in the range
c'm-Cs2.presenting .1 characteristic profile ofb~eswux us shown by Figure 10. Aseries of odd..
numhered n-nlkllnes was also. identified. ranging from CJ5 to C.~J' .. then-hentriacontane (CM)
bdngpredominnnt. As in the case of the sample from the Dikili Tash site, this long-chain
hydrocarbon profile may be explained by u loss of alkanes through time by sublimation.
Although the sample· was not derivatized before analys.is, the alcohols potentially released by
hydrolysis of esters would have been detected, since such compounds are easily analysed
after direct injection (Grappin-Wsevolojsky 1998, unpublished report). Consequently, the
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absence of alcohols and the unmodified ester profile lead to the assumption that beeswax used in
Fayum portraits has not undergone hydrolysis, but has been submitted only to the physical
process of sublimation.

THE INFLUENCE OF THE NATURAL CONTEXT ON BEESWAX PRESERVATION

In the course of this research, beeswax was encountered in various natural and· archaeological
contexts: (1) clayey alluvial deposits cOIltinually saturated with water (Bercy); (ii) anaUuvial
cone situated near an ancient swamp (DHdli Tash); and (iii) a dry and. warm environment in
an Egyptian tomb (the Fayum portrait).

Whatever the natural and archaeological. contexts. in which beeswax.wasidentified,several
common features were noted on theehromatographic profile of the samples. First, the samples
from Bercy, Dikili Tash and the Fayum portrait were all found to contain oddMllumbered
n~aikanes and even-numbered wax esters in the rangeC4o-Cs2.Furthermore, the profile ofesters
appears to be very stable through time, even when hydrolysis occurs. Generany~ long-chain
alcohols and palmitic acid are identified as the degradation molecular compounds formed by
ester hydrolysis. A modification of the. wax ester profile was, observed in a single sample. from
the site of Dikili Tash, in which the lower molecularwejght wax esters (mainlyC4o, C.~2 and C44)

were depleted. However j all. the. esterspresent in.peeswaxappear to he .partially preserved. This
stablewax ester distritmtion..inbeeswax wasalready report~dinvarious archaeological contexts
dating back froll1 the Neolithicperiodto the MiddleAges (Evans ynd. Heron 1993; Heron et (11.
1994; Charters~tal.·.'995; .Evershed etal ..1997;Regert et al. 1999).Cqntrarytothe. wax ester
pattern, the long-chain hycir0carbon profile is lllore sensitive topnevolution j leading to· the ·1055

of the iowestmoleculariweight •. compounds. This has. been. observedin•.·the)smnples. fl'om·.the
Fayumportraitand. the.9iki1i Tash ceramic vessel. These results, in comparison with those 0 f
the degradatIon experiments described above, give rise to the asslIlllptic?!lthat)n.-alkanes were
partly sublimated after huvingbeen withdrawn. on·. the •site .duringiancienttimes.This mU8tbe
the case regarding the Fayum portrait that had been preserved in a very. dryenyironment,but
itmust also be pointed•out that beeswax could have. been heated)during Antiqui tybefore use.
In>particular,it is known that beeswax used inpaiI1tlngs was whitened in. sunlight before use
(Pliny the Elder, 1969). In the case of beeswaxidentified in the ceramic strainer fromDikili
Tash, it is still difficult to know whether sublimation occurred during the NeoHthic period
because of heating or under the action of diagenetic processes. On the. other hand, the alkane
profile was found to be very well preserved in the. ceramic vessels from Bercy, because of the
waterlogged context of the site. However, this observation is. surprising,. since the residues
in which beeswaxwas identified were clearly carbonized. Comparatively, beeswax has already
been· idelltifjedincham~d surface residues of pottery from a NeoHthic lacustrine context at
the site of Chalain (Jura, France) and was found to present an altered n-alkane profile in which
en and C29 linear hydrocabons were identified (Regert et al. 1999). These features obtained
on beeswax preserved in two comparable contexts seem to jndicate that the beeswax from
Bercy was not strongly heated, whereas the firing treatment was more extensive at Chalain.

THE USE OF BEESWAX DURING THE NEOLl'rHIC PERIOD AND ANTIQUITY

Beyond leading to an understanding of physico-chemical mechanisms involved in beeswax
alteration through time, the results obtained from the archaeological samples provide new
information concerning the use of this matedal during different periods.
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First of all, to our knowledge, the identification of beeswax in the Neolithic ceramic vessel
from Dikili Tash corresponds to the oldest use of beeswax directly attested to in Greece.
Previous analytical studies of ceramic vessels from the site of Mochlos in Crete have already
shown that beeswax was used early on in this part of the world (Evershed et al. 1997), but the
remains of beeswax dating from the Neolithic period were only known in Gennany (Evans
and Heron 1993; Heron et al. 1994) and France (Regert et al. 1999; Regert .et ai .. inpress),

It must be noted that beeswax identified at the site of DikiIi Tash •was associated. with a
particular ceramic vessel pierced with holes of about 2-3 mm in diu01eter. This type ofceramJc
sherd, generally considered to come from a strainer, wasquiteabtlIldul1tatthe site, b1.itcolllplete
examples were rarely encountered. It is thus difficult to assess the. exactsize and shape of the
vessel that provided the sherd. More or less complete pierced vessels. were also. discovered at
the neighbouring contemporary settlement of Sitagroi (Renfrew et aI, 1986, 423 and plate
XCVIII) and it may be assumed that the sherdthut we studied. belong~d to such. u type of vessel,
generally called a strainer or sieve (Renfrew et al. 1986, 368. 397). This discovery may. be
compared to what was reported by Bonet Rosada und Mata Parreno in 1997 concerning the use
of a funnel and a grass strainerin hive product processing. Indeed. 'until recently, in the area of
lumiIlawYecla (Murcia), honey was pressed over a funnel using a strainer ofesparto grass (Spita
tenClcissima) on top to filter solid particles from the honey when extracting iLfromthe
honeycombs' •(B onet·Rosada and Mata.Parreno,. 1997,44).. Althougllthe use. ofastrainer is
described forhoneyfiltcring, it may also hayebeen usedJQrbeeswaxol'Jor.theseparation
of beeswax andh~ney. Because this.is thefirst.repOft ofbeeswax associated with a ceramic
strainer.· thishypc}thesis .hasto be.. cOIisidcredcautiously.• Nevertheless, < it establishes new
guidelinesofinv7stigation concerningtheinterpretat.ion ofthe function of pottery.

.To our know[:~ge,Bercy .• is the third Neolithic site in WestemEurope toproyideceramic
vesselscontuiningbeeswax. The increase.. of org~nic~nalyses performed on ceramicvessels
seems to show thatbeeswax was widelyus~dfora Ion~tigle. Neverth~lestkitisstill difficultto
clearly undersrand rhe function of .rhis material in.ceramic vessels. Itmayhayebeen used to
waterproof the porous matrix of ancient.pottery, .. as sug~ested by several.authors (Heron et ai,
1994; Charters eta!' 1995), but this proposition has still to be fully demonstrated. Another
possibility is that beeswax was part.of culinary preparations containing honey. Lastly,.the role
of beeswax in medicines for its therapeutic properties was perhaps also known by Neollthic
people.

The identification of altered beeswax in one of the Fayumportraitsconfinns the use of this
material in Roman paintings. However, further laboratory expedmentswill be necessary in
order to fully distinguiSh the natural decayDf beeswax from a chemicalmodification due to
the anthropogenic transformation of this material performed before its use in painting (Pliny
the Elder, ]969). '

CONCLUSIONS

This study provides new information concerning the physico-chemical mechanisms involved
in beeswax degradation through time and supports the evidence for the wide use of beeswax us
early as the Neolithic period. Indeed. the modification of hydrocarbon profiles in beeswax,
characterized by a preferentiulloss. of the lower moleculurweight IlM ulkanes, maybe dearly
attributed to a sublimation process induced either by the. dl)1iberate heating of beeswax during
use or by preservation in a dry and warm context. Hydrolysis of esters, leading to the formation
of even~numbered alcohols and palmitic acid, was observed during our experiments. It was
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also noticed that palmitic acid sublimated until a partial or total depletion. Lastly~ phenolic
compounds were not identified in any archaeological sample containing beeswax~ but their
formation was s.hown as possible during beeswax degradation. These constituents, bothbenzoic
and cinnamic acid derivatives, may be formed by the degradation of flavonoids. that are
naturally present in beeswax. Such components are widely distributed in the plant kingdom,
but we cannot ignore the fact that they may also be formed during beeswax alteration. The
interpretation of results obtained from amorphous organic archaeological remains should
henceforth take this new fact into account

Analysis of 3. series of archaeological samples led to the identification of beeswax in.ceramic
vessels from Bercy (France) and Dikili Tash (Greece), .two Neolithic sites, as well as in a Fayum
portrait (Egypt) dated to the Roman period. A useful correlation between .the chromatographic
pattern of archaeological beeswax and its preservation context could be drawn. Furthermoret the
association of beeswax with a ceramic strainer in Greece is indicative of the use of such a vessel
in the processing of bee products.
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