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Abstract

The monosaccharide constituents of plant gums were separated by capillary electrophoresis at pH 12.1 and detected with indirect U\
absorbance. The plant gums investigated were gum arabic, gum acacia, gum tragacanth, cherry gum and locust bean gum (carob gum). T
monosaccharides obtained after hydrolysis with 2 M trifluoroacetic acid and lyophilisation of the hydrolysate were arabinose, galactose,
mannose, rhamnose, xylose, fucose, and glucose, and the two sugar acids galacturonic and glucuronic acid, in accordance with the literatu
They were separated in a background electrolyte consisting of NaOH to adjust the pH, 20 mM 2,6-pyridinedicarboxylic acid as chromophore
for detection and 0.5 mM cetyltrimethylammonium bromide as additive to reverse the electroosmotic flow. Based on their electropherograms
the plant gums could be identified by their typical composition (depicted in a decision scheme) as follows: a peak of glucuronic acid, together
with that of rhamnose, is indicative for gum arabic. Peaks of galacturonic acid and fucose point to gum tragacanth. Locust bean gum shows
major peak for mannose (with the concomitant galactose peak in ratio 4—1), whereas a glucuronic acid and a mannose peak together with
prominent arabinose peak indicates cherry gum. The method was applied to identify the plant gums in samples like watercolours and in sever:
paint layers like gum tempera or those with egg white or drying oils as additives. Atrtificial aging experiments of thin layers of gum arabic on
paper or glass carried out with UV-A radiation (366 nm) did not result in changes of the saccharide patterns, in contrast to the simultaneously
conducted aging of a drying oil layer.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction est for the topic of the present investigation is the application
of such natural gums since the second cenguryas binding
Plant gums consist of polysaccharides, which are exudedmedia for pigments in Egyptians ointments for mummifica-
by many trees and plants when their barks are woulitled  tion, their use in mural paintings in Christian catacoii2y4],
they are materials of high molecular weight, which are solu- in paintings on silk4], and in manuscript illumination in the
ble in water, or which can be at least dispersed therein. Gummiddle age$2,5]. However, the major area of application lies
arabic and gum tragacanth are not only the most importantin watercolours. In the agro-alimentary, cosmetic and phar-
representatives of this family in the field of artistic and his- maceutical industries plant gums are also used, mainly as
toric works[2], they are also of broader economic relevance thickening agents or emulsion stabilisers.
[3] and therefore produced in rather large quantities. Of inter-  The gums have in common that they consist of complex,
highly branched polysaccharides composed of natural sugars
* Corresponding author. Fax: +43 1 4277 9523. and hexuronic acid monomefg. The manner in which these
E-mail addressernst.kenndler@univie.ac.at (E. Kenndler). units are linked together is generally only partly known, how-
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ever, a reliable classification may be achieved on the basis ofwas reversed from cathodic to anodic and co-electroosmotic
theirmonosaccharide composition after stoichiometric cleav- separation conditions were achieved. It is the goal of the
age of the glycosidic bonds. The number of possible sugarspresent work to adapt this system for the determination and
the plants gums consist of is rather limitegarabinose (Ara),  characterisation of sugar monomers and uronic acids con-
D-galactose (Gal)p-mannose (Man)i.-rhamnose (Rham), tained in different plant gums, matrices that were not inves-
p-xylose (Xyl), L-fucose (Fuc), and-glucose (Glu). Addi- tigated by CE so far. The paper deals with those gums that
tionally, there are two sugar acids;galacturonic (GalAc) are relevant for museum objects (artistic and historic works),
andp-glucuronic acid (GIuAc]1]. namely with gum arabic (gum acacia) and gum tragacanth,
Various techniques have been developed for the identifi- further with cherry and locust gum. With the present method-
cation of plant gums in artistic or historic worf&] (most of ology, the plant gums are simply hydrolysed and analysed by
them developed for analytical purposes in food chemistry). CE, and due to the use of indirect UV detection no derivati-
Detection by infrared (IR) spectroscops] has limited use sation of the sugars has to be performed. We do not consider
since many of the spectra overlap, but chromatographic tech-gums of minorimportance in this field like karaya gum, ghatti
niques have proved very useful for the analysis of historic gum, guar gum, etd2]. It is also not our intention to dis-
and artistic works. In early stages of development, paper tinguish the different species, e.g. the large number of acacia
chromatography was applied, but it has the disadvantagesgums which are commercially available from different prove-
of a long development time, poor resolution, and a limited nance. We concentrate primarily on the identification of the
detectibility. Although through the application of thin-layer gum family which is of primary interest for the restorer and
chromatography to art samples some interesting results haveonservator, and do not consider aspects of chemical taxon-
been obtaine{B], gas chromatography (GC) is probably the omy.
most widely used technique nowadd9s13], although ad-
ditional steps are required to obtain the volatile derivatives
necessary. Furthermore, techniques like high-pressure liquid2. Experimental
chromatography (HPLOWL4] and mass spectrometry (MS),
as well as combinations of the methods mentioned earlier like 2.1. Materials
GC plus IR spectrometrfl2] or GC-MS[9,10] have been
utilized recently in this field. We have applied GC-MS for All materials and reagents used were of analytical reagent
the identification of plant gums and animal glues following grade.L-Arabinose p-galactosep-glucose,L-rhamnosep-
the hydrolysis and group-specific separation of amino acids glucuronic acid, as well as 2,6-pyridinedicarboxylic acid
and sugar§9]. and cetyltrimethylammonium bromide, both used for the
Sugar monomers have already been determined byBGE, were obtained from Sigma—Aldrich Chemie (Stein-
capillary electrophoresis (CH)5-28] but mainly for food heim, Germany)p-Galacturonic acidp-mannoser.-fucose,
analyses, e.g. for the determination of carbohydrates in foodp-xylose and trifluoroacetic acid (used as hydrolysis agent)
samples like fruit juices, yoghurt, rice flour and sake. For were purchased from Fluka Chemie (Buchs, Switzerland).
this goal, different separation systems have been developedin all cases, double-distilled water was used for the prepara-
They utilise either direct detection after derivatisation to tion of solutions. The gum samples were either from the col-
obtain UV-absorbing specief29,30], or determine the lection of binding media at the Department of Conservation
underivatised sugars through complexation using direct UV and Restoration, Academy of Fine Arts, Vienna, Austria, or
detection[15,25-28] By complexation of the saccharides they were purchased from specialised traders. For each gum
with borate-based electrolytes a (negative) charge necesspecies, at least three samples from different sources were
sary for electrophoresis is imparted. The separation andcollected and analysed.
detection based on chelation with Cu(ll) was described also
[31]. 2.2. Instrumentation
As sugars are very weak acids they ionise only at strongly
alkaline pH (pH>12). At this pH, the carbohydrates are Most measurements with capillary electrophoresis were
present as negatively charged alcoholates. This property wasarried out with a Capel 105 instrument (Lumex Ltd., St. Pe-
exploited by several research groups for separation, followedtersburg, Russia) equipped with a UV-vis detector and a lig-
by the subsequent indirect UV, conductiviyg], or elec- uid cooling system. The results from the ageing experiments
trochemical detectiofi32]. CE with indirect UV detection ~ were obtained by a°CE apparatus (Agilent Technologies,
is still an area of development to overcome the difficulty Palo Alto, CA, USA). With both instruments uncoated fused-
encountered with the analysis of carbohydrates that lack silica capillaries (Supelco, Bellefonte, PA, USA) of 36.0cm
detection centres in their structures. A CE method using total length (effective length 28.0 cm; p0n I.D.) were used.
2,6-pyridinedicarboxylic acid (PDC) as the chromophoric The capillary was thermostated to 2D. The electrolyte so-
background electrolyte (BGE) was described by Soga andlution consisted of 20 mM PDC as chromophor and 0.5 mM
Imaizumi[33] at a high pH. By adding cetyltrimethylammo- CTAB to reverse the direction of the EOF. The pH of the BGE
nium bromide (CTAB) to the running electrolyte, the EOF was adjusted to 12.1 by titration with 3M NaOH.
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The voltage was set te 20 kV, the resulting current was  Additionally, there are two sugar acids;galacturonic and
about 8QuA. Detection was carried out monitoring indirect p-glucuronic acid. It is obvious that we are not interested in
UV absorbance, the signal wavelength was set to 254 nm. Inthe separation of the enantiomers of the individual monosac-
this way, the carbohydrate zones were recorded as negativeharides, and therefore we did not select chiral BGEs.
peaks. In afirst step, the separability of the pure monosaccharides

Priorto first use, the capillary was flushed with 0.1 M HCI, was investigated by varying the pH of the BGE between 11.7
bidistilled water, 1 M NaOH, and again with bidistilled wa- and 12.7 in steps of 0.2 units. It turned out that the most
ter for five minutes each. After this procedure, the capillary favourable conditions for the analysis of the present analytes
was flushed with the separation electrolyte for 10 min. Before are the same as those described by Soga and Haigjeor
each injection, the capillary was conditioned with the separa- partly other monosaccharides, namely aBGE atpH 12.1. The
tion electrolyte for 4 min. Sample was injected with 30 mbar resulting electropherogram (recorded with indirect UV de-
for5s. tection, with 2,6-pyridinedicarboxylic acid as chromophore)

Artificial aging was carried out for thin layers of gum obtained with reversed EOF upon addition of CTAB is shown
arabic and linseed oil placed on glass and paper (gum) orin Fig. 1 It can be seen that the nine analytes migrate in
glass (oil). The layers were irradiated by a UV lamp (model eight peaks. The two uronic acids GluAc and GalAc have
Fluotest Forte, Atlas, Linsengericht, Germany) with 180 W the highest total mobility, followed by Man and Xyl, which
at 366 nm (UV-A), which was placed at ambient conditions are separated only partially, and by Rham. Ara co-migrates
(27°C temperature measured at the vicinity of the layer, av- with Glu, and Gal and Fuc elute then. It will be shown be-
erage humidity 20%) at a distance of 10cm in parallel to low that the resulting electrophoretic peak pattern allows for
the layers. Irradiation was carried out for 142 h, and sample identification of the plant gums, although the pair Man/Xyl is
aliquots were taken after different times and analysed by CE.

2.3. Sample preparation
-0.2 o

2.3.1. Hydrolysis procedure 1
Plant gum or starch samples (amounts between 0.2 and »\“

4 mg) were taken up in®I trifluoroacetic acid (TFA) (10Q.1
TFA/0.2 mg sample) and hydrolysed in capped glass vials for
2hat110°C[8]. Optimum hydrolysis time is dependenton a 06
balance between the rate of release of hydrolysable polysac-
charides and the degradation of monosaccharides that occurs
during prolonged treatment under the experimental condi-
tions[34].

After hydrolysis, the samples were frozen and then
lyophilised over night at 200 mT and56°C. Then, 0.3 ml
of the separation electrolyte was added to the dried samples,
ultrasonicated for 1 min, the solution centrifuged for 2 min
at 13000x g in a tabletop centrifuge (Eppendorf, model
5415D, Hamburg, Germany), and capillary electrophoresis
analysis was carried out with the supernatant. 44

The oils samples were saponified prior to CE as described
[40].
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3. Results and discussion
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3.1. Separation of monosaccharides
time [min]

As pointed out in the introduction, CE has been applied _. : ,

. . . Fig. 1. Electropherogram of nine monosaccharide standards at pH 12.1
for the separa.tlon of the alcoholates at high PH without Com' with indirect UV detection and reversed electroosmotic flovgalacturonic
plexing agentin order to analyse the sugars of interest mainly acid (GalAc), p-glucuronic acid (GluAc)i-arabinose (Ara)p-galactose
in food industry. In the present work, we used a similar ap- (Gal), p-mannose (Man).-rhamnose (Rham)-xylose (Xyl), L-fucose
proach for the separation of the monosaccharides obtainedFuc), p-glucose (Glu). Concentrations of analyte standards 3mM each.

; ; ; _ Conditions: fused-silica capillaries of 36.0 cm total length (effective length
after the hydrolysis of the plant gums. According to the litera: 28,0 cm: 5Qum 1.D.). BGE: 20 mM PDC, pH 12.1 (adjusted with NaOH)

ture[1], these monosaccharides ararabinosen-galactose, 0.5mM CTAB. Voltage—20 kV, thermostating temperature 20@. Injec-
Dp-mannoseL-rhamnosep-xylose,L-fucose, and-glucose. tion 150 mbars.
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only incompletely resolved, and Ara and Glu are unresolved The major products of TFA hydrolysis of gum polysaccha-

atall. rides are free monomers; however, a loss of monosaccharide
may occur due to esterification during glycosidic bond break-
3.2. Gum hydrolysates ing. Furthermore, in the case of GluAc, possible lactone-

formation during hydrolysis can cause a problem. Formation
Hydrolysis is the elementary part in the preparation of of glucofurano-6,3-lactone was clearly indicated especially
the polymeric samples containing neutral sugars and uronicin the analysis of cherry gum samples. In this case the peak of
acids. The cleavage procedure was carried out according toGluAc decreased with increasing reaction time, and concomi-
ref.[8]. This simple and rapid hydrolysis method for polysac- tantly an additional peak appeared in the electropherogram
charides uses 2 M TFA and was applied to all samples. The (not shown). For GalAc, on the other hand, lactone-formation
use of TFA has the considerable advantage over some min-s precluded due to structural features.
eral acids of being sufficiently volatile to permit its removal In Fig. 2the electropherograms obtained after hydrolysis
simply by freeze drying (no neutralization is needed after hy- of the different plant gums are shown. Although the excess of
drolysis and prior to CE in this way). In addition, relatively TFA is removed by lyophilisation, a (negative) system peak
mild action is applied to sugars and hydrolysis residue, and aat about 1.5 min (and sometimes a smaller, positive system
high yield is obtained although the procedure is rather short. peak at about 2.2 min) is observed in the hydrolysed samples.

-0.4 ét" ﬁ Q
0.4 4 = w
(0]
s (|8
= =) <
E :
o oA % 0.8
0 & Kol
< 2 e <<
= [
© T
1.2 4
-1.24
8
1.6 1 S g
< <
T ¥ T % T i T T y T T T T T T 1
2.0 25 3.0 35 2.0 2.5 3.0 3.5 4.0
time [min] time [min]
il
-0.8 4
0.4 &
=
%
Q -
_ g £ _ 1.2 )
o 5] = o &
< = < O]
= & E
%3 9 1.6+
2 -08- 2
-2.04
© EE .
-1.24 2 2.4 =
=
T T T ¥ T ¥ T T ¥ T d T T T T
2.0 2.5 3.0 3.5 2.0 2.5 3.0 3.5
time [min] time [min]

Fig. 2. Electropherograms of gum arabic, gum tragacanth, cherry gum and carob bean gum, respectively, after hydrolysis. Conditions andisbbreviatio
Fig. 1L Sample treatment see text.
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This is not unusual in indirect UV or conductivity detection. between Man/Xyl and Ara seemingly does not stem from a
However, the pattern of the monosaccharides can clearly bemonosaccharide.
recorded. Carob or locust bean gum is a product from the kernels
Gum arabic, which is also known as gum acacia, or as of the beans of the carob tre€dratonia siliquaL.), which
Turkey, Indian, Senegal or Sudan gum, depending on its ori- grows in the Mediterranean area. Like guar and tara gum it
gin, is probably the most common gum found in the area of belongs to galactomannans, carbohydrates that are produced
museum objects. Itis produced from a large number of treesby the many Leguminosea in the endosperms of the seeds as
belonging to theAcaciaspecies. It has been applied since a reserve. Even if not commonly used (e.g. as an adhesive
antiquity, e.g. in ancient Egypt, as adhesive. Beside otherfor pigments) it has some relevance for the present topic,
monosaccharides gum arabic contains sugar acids. In theébecause it is an additive in the manufacture of pépeand
electropherogram of the gum arabic samig(2) we can might thus be found when analysing artwork on paper. Carob
distinguish the peaks of GluAc, Rham, Ara and Gal, which gum mainly consists of Man and Gal, which is in agreement
is in agreement with the description of the plant composi- with the electropherogram of its hydrolysate, &ég 2
tion in the literaturg1]. The same pattern is found also in Identification of the plant gums based on these elec-
the electropherogram from gum acacia (not shown), which trophoretic patterns needs some comments. Although the
is clear due to the similar origin of this gum froAcacia peaks of Ara and Glu are not resolved, Glu is normally not ex-
species. It was, by the way, demonstrated that there are no obpected to be presentin gum samples of high quality—traces of
vious trends in the chemical composition with age or source starch and cellulose are only present in low quality gums, and
of Acacia senegal36]. This finding should, on the other therefore Glu peaks on the trace level are present only in such
hand, not be generalised as, e.g. the composition of the gumsamples. However, Glu could originate from paint grounds.
exuded by Acacia karroo depends on its African locations In the case of locust bean gum, it can be assumed from the
[37]. molecular composition that only mannose and galactose are
Gum tragacanth is also used since ancient times; it waspresent (in proportion of 4:1), and the peak in the correspond-
already described by Theophrastus in the third century B.C. ing electropherogram stems rather from Man, not from Xyl.
[38,39] It originates fromAstragalusspecies growing innear  Onthe contrary, according to the literature, in gum tragacanth
East, especially from Astralagus gummifer Labillardiere, a only Xyl should be contained, but no Man. The peak can be
tree from the Leguminosae family. Asits harvestis more cum- related thus to the former sugar. In the case of cherry gum,
bersome compared to gum arabic it was not used so widely.both, Man and Xyl are present in the heteropolysaccharide,
Its electrophoretic patterr-{g. 2) differs from that of gum but no separation of the two components can be achieved and
arabic. The peak of GalAc — present only in tragacanth — to- therefore their proportion is not determined.
gether with those of Xyl, Ara/Glu, Gal and Fuc are seen, also  The histogram depicting the relative sugar composition of
in accordance with the composition described in the literature the gums is given ifrig. 3. In the present work, this compo-

[1]. sition is simply related to the areas of the sugar peaks in the
Cherry gum is produced frorRrunus cerasusin this electropherogram without further calibration with individual
material GluAc is found in the electropherografid. 2), response factors. The compositions are given as the result of

together with Man/Xyl, Ara and Gal. An additional peak measurements of three different and independently collected
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Fig. 3. (a) Histogram depicting the monosaccharide composition of the plant gums. Percentage is derived from the electrophoretic peak are@oéthe ind
sugars related to the sum of the peak areas. Bars indicate the lowest and the highest content of the sugar in the samples. Results from threemndividual g
samples of different origin. (b) Decision scheme for the identification of the plant gums according to the monosaccharide content.
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products for each gum in order to take also the variability of
the samples into account. The bars in the histograms indicate
the lowest and the highest concentrations, respectively, mea-  -0.5 —W\/w

sured in the three samples of each monosaccharide species GA:Qil:Cas
By the aid of this histogram a decision scheme can be con- T 1:10:1
structed, which can serve for the identification of the gums ”’WM

according to their monomer sugar constituents, similarly to S r\/

the above given discussion: identification of gum arabic is GA:Oil:Cas
based on GluAc and on Rham, as only this gum contains ] 10
these monosaccharides. Gum tragacanth is the only gum con:
taining both GalAc and Fuc. GluAc and Ara, the latter being
the main constituent, are indicative for cherry gum (Gal is
present as well). Locust bean gum has a large concentration
of Man/Xyl and Gal, the concentration of the latter being 204
around one-fourth of the former; no uronic acids are present
in this gum.
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3.3. Identification of plant gums in mixtures with other £

binders
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In many media applied in artefacts plant gums are mixed i
with other binders like animal glues or drying oils. It is T 4w @2 o 24 o8 28
therefore a relevant problem whether the present method is
suited for the identification of the monosaccharides in the hy-
drolysates of such mixtures. We have prepared a number ofFig. 4. Electropherograms of mixtures of gum arabic (GA) with casein (Cas)
samples with these binders admixed in different proportions, and linseed oil (Qil) in different proportions (all in w:w:w). The mixtures
either with one, or with both vehicles. The mixtures were Were hydrolysed_and prepared as described in Seé&i®@onditions and
then subjected to hydrolysis and preparation as described in?°Previations as iig. 1
Section2. Electropherograms from the hydrolysates of the
ternary mixtures of gum arabic with a drying oil and casein tification of the gum based on the monosaccharide pattern is
as animal glue are shown Fig. 4. They are obtained from  clearly possible. The same results were obtained from the
samples composed from the same proportion of gum and ei-binary mixtures (not shown). It should be mentioned that for
ther linseed oil or casein, and the 10-fold excess of the third mixtures of different gums the records of the monosaccha-
binder. It can be seen that in none of the samples interferencesides are the result of the proportional superposition of the
caused by the other binders are observed; in all cases the idenindividual gum constituents. However, this is not a specific
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Fig. 5. Electropherograms of a watercolour containing gold powder (left) or vermilion (right), respectively, as pigment. Conditions andiaib@eviat
Fig. 1L Sample treatment see text.
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restriction to the present method, it is similar to other tech- ment. For analysis, the sample (paper of about 4 icnarea

niques like the chromatographic ones. coated with the typical thin film of paint layer) was treated
with boiling water for 10 min, the solid matrix removed by
3.4. Identification of plant gums in paint material centrifugation, the supernatant hydrolysed, lyophilised, re-

dissolved and injected. In the resulting electropherogram the

We have tried to identify the plant gums in different ob- peaks from GluAc, Rham, Ara and Gal can be distinguished,
jects: in a number of commercially available recent water- pointing to the presence of gum arabic, in accordance with
colours, and in several paint layers from the collection of the the description of the object. We can conclude from this result
Department of Conservation and Restoration of the Academythat neither the present pigment obstructs the identification
of Fine Arts, Vienna, with defined history and composition. of the binding medium, nor is the presence of the other
In Fig. 5two electropherograms are given from two differ- additives a hindrance for the proper identification of the
ent watercolours. The left electropherogram is from a water- gum. The absence of Glu, originating from the sugar added
colour containing gold as pigment. This pigment was selected to the paint layer according to the recipe is not fully clear for
because of its importance in medieval illumination. The elec- us. For getting an impression about the amount of sample
tropherogram clearly allows the identification of gum arabic needed for identification an electropherogram obtained from
as binding medium, with GluAc, Rha, Ara and Gal as con- a 0.2 mg sample of gum arabic is given on the right panel of
stituents (compare witkig. 2, and the histogram ifig. 3). Fig. 6. From this electropherogram it can be concluded that
The right electropherogram ifig. 5is from a watercolour ~ the method seems sensitive enough to fulfil the demands
with vermilion (mercury (Il) sulfide) as pigment. Although on sample consumption and size typical for the present
being unreactive with other pigments, due to its sulphide topic.
group it might not be chemically so inert like, e.g. oxidic A more complex examplesia 3 years old gum tempera
pigments. Interestingly all peaks except that from Glu are layer, applied on paper, consisting of gum arabic and linseed
missing here, meaning that none of the plant gums has beeroil (in about equal proportions). From the paper the layer ma-
applied as binder. The large peak of Glu gives an indica- terial (about 10 mg in total) was scratched off and this sample
tion that starch (or modified starch like dextranes) was used.was extracted with boiling water for 10 min. The aqueous ex-
The information obtained from the manufacturer of this wa- tractwas processed after removal of the residual paper matrix
tercolour after our analysis indeed confirmed that modified by centrifugation, and hydrolysed as described. The result-
starch together with a synthetic binder, polyvinylalcohol, in- ing electropherogram is shown kig. 7(left). The presence
stead of natural plant gum was used here. of GluAc, Rham, Ara and Gal can clearly be seen, indicating

In Fig. 6an example is shown from a paint layer of Prus- gum arabic as sugar constituent of the paint layer (from the
sian Blue — iron (lll) hexacyanoferrat (Il) — as pigment on composition, it can not be differentiated from acacia gum). It
paper. This paint layer is about 1 year old; it was prepared atcan be followed that the oil constituents do not impede here
the Academy of Fine Arts. The binder was a mixture of 1 part the identification of the gum, as no additional peaks occur
gum Arabic, 0.5 part sugar, 10 drops of bile, and 1 part pig- in the relevant migration time range. It should be mentioned
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Fig. 6. Left panel: Electropherogram of a paint layer of Prussian Blue as pigment on paper with gum arabic as binding media. Right panel: For toenparison
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media. Conditions and abbreviations aig. 1 Sample treatment see text.

that the same sample processed without boiling water giveschange in the monosaccharide pattern is observed for all 21

the sugar peaks only at a very low intensity (not shown). This sample aliqguots when compared to the initial pattésn().

boiling step to extract the sugars from the paper matrix can This result indicates that there is no variation of the chemical

thus be considered as essential. composition of the gum even under these crude conditions.
When trying to analyse a paint layer consisting of egg

white together with a gum, one encounters the problem that, 0h
according to literature, a considerable amount of sugars, W 1h

namely glucose, fructose and galactose are also constituents 1.5h
of egg white. They are present at about 15 wt.% relative to 2h
the proteing2,5]. Therefore the monomer sugar units of egg 25h
white should superimpose those from the gum. We have anal- 3h
ysed such a paint layer, with the resulting electropherogram 150 - 3.5h
given inFig. 7, right panel. Most likely the peak emerging 4h
before Rham is from fructose stemming from egg white; it 45h
has the same migration time and appears at this position in ] 225h
the electropherogram, which was confirmed by addition of a 25h
standard. However, it can be concluded that the identification 100 ‘W 26.5h
of gum arabic in the sample is still possible, especially based _. 28.5h
on the presence of GluAc, which is not constituent of egg ?é 46h
white. > 50 h
% 50 54.5h
3.5. Artificial aging by UV irradiation £ W 70h
2 79h
As we have characterised the monosaccharide composi- ° W 94h
tion of samples not older than 3 years, we investigated the 1003
possible change in composition over time by artificial ageing | 142h
under drastic conditions. For this purpose we exposed lay-
ers of gum arabic to UV-A light using a UV lamp of 180 W
power. The layers were coated on paper and on a glass plate, — —

—_—
respectively, and placed at a distance of 10 cm from the lamp. 6 1820 22 24 26

Simultaneously an according layer of linseed oil (a drying time (min)

oil) was exposed to the same conditions. After certain time _ _ _ _

. . Fig. 8. Ageing of gum arabic: electropherograms of 21 aliquots of a gum
intervals, sample aliquots were taken from the layer and anal'Iayer coated on paper and exposed to UV-A radiation continuously for 6

ysed. The_ result fpr th_e gum on paper can be sedfign8 days. After the time intervals indicated at the different traces sample was
for a continuous irradiation period of 6 days. Actually no taken and analysed (conditions agig. 1).
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Fig. 9. Ageing of drying oil: electropherograms from linseed before and after irradiation with UV-A under the same conditions as the gufigrabic (

Left panel: Pattern of the fatty acids stearic acid (18:0), oleic acid (18:1), palmitic acid (16:0), linoleic acid (18:2), linolenic acid (18:BggirtlfO h), after

3.5 and 142 h of exposure to UV-A. BGE: phosphate buffer, pH 6.86, 15 mM, 4 mM sodium dodecylbenzensulfonate, 10 mM Brij 35, 2% (v/v) 1-octanol and
45% (v/v) acetonitrile. Right panel: Pattern of the dicarboxylic acids formed upon oxidative degradation of unsaturated the fatty acids. Mipéesileie
saponified prior to CE as describg]. BGE: 10 mM salicylic acid, 20 mM-histidine, pH 5.85; 0.2 mM cetyltrimethylammonium bromide added to reverse

the electroosmotic flow. Indirect detection at 224 nm wavelength. Other condition&as Ih BGEs according to ref40].

The same result was found for the gum layer on glass (not mainly directed so far to a single class of binder, although
shown). samples consisting of their mixtures were characterised as

For comparison the effect of the irradiation is shown for well. However, combination of different media in the same
a layer of drying oil (on a glass plate) exposed to the same object certainly needs more investigation about mutual inter-
condition. These oil samples were saponified and treated aderences during analysis including sample pre-treatment and
described in a previous papg0]. The initial composition preparation. In this work we have found that no such interfer-
of the linseed oil Fig. 9, left panel, 0 h) changes insofar, as ences for plant gums result from the presence of drying oils
the large peak of the highly unsaturated linolenic acid (18:3) and animal glues, but it gives a specific rather than a general
relative to those of the saturated palmitic (16:0) and stearic answer to this important topi@5]. Also of high relevance
acid (18:0) decreases with time of exposure. Such a (rela-is the question which of the many different pigments and
tive) decrease is also observed for the other unsaturated acidglyes interfere the identification of the binding media. More
(18:2 and 18:1, whereas in lesser extent. This is caused bydetailed work is currently carried out in our lab, which is
the degradation of these acids, which leads to oxidative poly- directed in the moment to ethnological objects; especially
merisation (“drying”) on the one hand, and to the cleavage of these objects often contain undefined mixtures of binders
the acid under formation of shorter chain dicarboxylic acids, from many different sources, which makes the problem of
on the other hanf?]. Indeed the increase in the content on interferences decisive in practice.
pimelic, suberic, azelaic and sebacic acid (the dicarboxylic
acids with 7-10 C-atoms) with the concomitantly decreasing
peaks of 18:3 can be followed from the electropherograms Acknowledgement
shown inFig. 9, right panel.
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