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Abstract Natural organic materials used to prepare phar-
maceutical mixtures including ointments and balsams have
been characterized by a combined non-destructive spectro-
scopic analytical approach. Three classes of materials
which include vegetable oils (olive, almond and palm tree),
gums (Arabic and Tragacanth) and beeswax are considered
in this study according to their widespread use reported in
ancient recipes. Micro-FTIR, micro-Raman and fluores-
cence spectroscopies have been applied to fresh and mildly
thermally aged samples. Vibrational characterization of
these organic compounds is reported together with tabulated

frequencies, highlighting all spectral features and changes in
spectra which occur following artificial aging. Synchronous
fluorescence spectroscopy has been shown to be particularly
useful for the assessment of changes in oils after aging;
spectral difference between Tragacanth and Arabic gum could
be due to variations in origin and processing of raw materials.
Analysis of these materials using non-destructive spectro-
scopic techniques provided important analytical information
which could be used to guide further study.

Keywords Oils . Gums . Beeswax . FTIR . Raman .

Fluorescence . Non-destructive analysis

Introduction

Since antiquity, natural organic materials from animals and
plants have been used in the formulation of pharmaceutical
mixtures. Organic materials have been routinely used in the
preparation of unguents and balsams and are described in
medical and cosmetic recipes [1]; a study of treatises and
research into the identification and aging behavior of
ingredients used in preparations are part of the project
entitled “Colors and balms in antiquity: from the chemical
study to the knowledge of technologies in cosmetics,
painting and medicine (CiBA)”. The investigation of
historical samples of balsams and unguents—coming from
containers in archaeological sites, museum or pharmaceu-
tical collections [2] represents a significant analytical
challenge because the aged materials are complex mixtures
of organic and inorganic ingredients, they may be contam-
inated and are often heavily degraded and we lack sufficient
spectroscopic databases of raw materials for the analytical
recognition of samples.
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In the framework of the CiBA project, a large collection
of ancient recipes has been assembled, and representative
raw materials used in the past for different preparations
have been tabulated. In this work, the principal organic
ingredients used in historical preparations have been
analyzed and include: vegetable oils (olive, almond and
palm tree), gums (Arabic and Tragacanth) and beeswax.
The selected materials, and in particular the three oils are
relatively rarely encountered in the analysis of cultural
heritage and paintings where drying oils are more com-
monly investigated [3–5]. Olive oil has been widely studied
by Fourier transform infrared (FTIR) and Raman spectros-
copy in agricultural and food science [6, 7]; most recently,
investigations have focussed on the geographical origin [8]
and potential adulteration of the precious oil [9]. Almond
oil has only rarely been studied, in contrast to palm oil, as it
is rarely used for food [10]. Natural gums are vegetal
exudates of tropical trees and plants and are water soluble
or dispersible polysaccharides of high molecular weight
[11]; these materials are well known as binders in paint,
the principal medium for watercolors, and a common
ingredient in paint used in manuscript illumination [12,
13]. However, today gums are principally used as an
emulsifier in food and pharmaceutical industries [11, 14].
Wax, and mainly that from bees, has been used in
preparations since antiquity. Beeswax is particularly well
known as an adhesive, surface coating, painting medium
and as a modeling and casting material and contains
hydrocarbons, free acid and esters. The mid-infrared and
Raman characterization of beeswax has been carried out
and published in well-established studies [15–17]. This
group of well-known natural materials has been generally
characterized by chromatographic techniques (GC-MS/PY-
MS/HPLC) requiring relatively large samples and pre-
treatment procedures; this approach can guarantee a
thorough detection of the different components of the
material, but sample treatment and extraction indeed
becomes critical in the analysis of complex mixture of
many ingredients.

This work, therefore, aims to characterize different
primary materials before and after artificial aging using
molecular spectroscopic methods. Mild thermal aging has
been applied to samples because, in museum and collection
storage, the vessels are generally kept closed in dark
conditions. Three different analytical techniques—micro-
FTIR spectroscopy, micro-Raman spectroscopy and fluo-
rescence spectroscopy—have been applied as synergic
instruments for the characterization of the raw materials.
The specific aim of this approach is to determine the best
results which can be obtained using each technique on
reference samples and to provide attributed reference
spectroscopic data for future studies. The main advantage
in this approach is that it utilizes non-destructive and micro-

destructive techniques which can be extended to the
analysis of historical micro-samples which may be hardly
visible to the naked eye.

Materials and methods

Olive oil was supplied by a farmer (Sicily, Italy), almond oil
by Marco Viti Officina di Mozzate (Como, Italy) and palm
oil is a common commercial product. Arabic and Tragacanth
gums were supplied by Sigma-Aldrich. Beeswax was
supplied by a farmer (Pisa, Italy). About 0.5 g of oils and
beeswax have been applied in thin layers in glass Petri dishes
while gums have been swollen in distilled water and cast as
thin films on glass slides. Each material has been studied
before and after artificial aging.Mild thermal aging consists of
1,000 h of oven heating at 60±5 °C. The samples have been
analyzed after different aging times (0, 24, 120, 168, 312, 360,
500, 624, 816 and 1,000 h).

Micro-FTIR spectroscopy

Infrared spectroscopy was carried out on micro-samples
using a compression diamond cell by Thermo Scientific
and a Continuum microscope coupled with a Nicolet
6700 spectrophotmeter (Thermo Scientific)—spectral
range between 4,000 and 650 cm−1, with 4 cm−1

resolution. Oils and beeswax have been spread directly
on the diamond cell surface, without any treatment. Gums
have been dissolved in water, cast on glass slides and left
to dry at room temperature; a very small fragment of the
gum film was placed on the diamond cell surface for FTIR
analysis.

Raman spectroscopy

FT-Raman spectra were recorded by using a Bruker Multi-
ram spectrometer, equipped with a FRA 106 FT-Raman
module and with a near IR continuous-wave Nd/YAG laser
operating at 1,064 nm in backscattering. The laser was
focused on an area of 100×100 μm of the sample and a
liquid nitrogen-cooled germanium detector was used.
Approximately 2,000 scans with a resolution of 4 cm−1

were averaged for each sample. Maximum power on the
sample was 15 mW.

Fluorescence spesctroscopy

A Jobin Yvon Fluorolog Spectrofluorimeter equipped
with a Xenon lamp, double excitation monochromators
and a single emission monochromator was employed for
analysis of raw materials. All materials were analyzed as
films (cast either from solutions of gums, from melted
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wax or directly from a drop of oil prior to and following
aging) on quartz disks and were analyzed in front face
(23°) geometry. This geometry has been shown to be
most suitable for the collection of fluorescence from
the surface of scattering media and is particularly
useful for the analysis of trace fluorophores in bulk
materials including edible oils [18]. A suitable sample
holder was constructed for the positioning of the quartz
disks during analysis. Slits were fixed to 1 nm for the
excitation monochromators and 5 nm for the emission
monochromator. Excitation, emission and synchronous
fluorescence spectra (with an offset between the exciation
and emission monochromators) were recorded for the
different materials. Maxima in fluorescence bands are
given as excitation wavelength (in nm)/emission wave-
length (in nm).

Results and discussion

The main results obtained are described in the following
sections according to the different classes of materials: oils,
beeswax and vegetal gums.

Oils

Vibrational spectroscopy

In Table 1, the attribution of bands in spectra of fresh and
aged oils is reported. It can be noticed that while FTIR
spectroscopy is not able to distinguish between fresh olive
and almond oil, Raman spectroscopy suggests some differ-
ences between the two oils. The major observed difference
is the presence of the band at 1,266 cm−1 in almond oil

Table 1 FTIR and Raman wave numbers and assignments for fresh and aged oils [20]

FTIR (peak position (cm−1)) RAMAN (peak position (cm−1)) Vibrational mode

Fresh Aged Fresh Aged

Olive Almond Palm Olive Almond Palm Olive Almond Palm Olive Almond Palm

3,483 3,479 3,487 νOH

3,005 3,007 3,006 3,008 3,007 w 3,006 νsC=C–H (cis)

2,956 sh 2,954 sh 2,955 νasCH3

2,925 2,926 2,925 2,927 2,928 2,925 2,923 sh 2,923 sh 2,923 sh 2,921 2,927 vs, broad 2,927 sh νasCH2

2,897 2,900 2,880 2,880 νasCH3

2,854 2,855 2,854 2,855 2,856 2,854 2,853 2,850 vs 2,850 2,854 2,854 vs 2,853 νasCH2

1,747 1,747 1,747 1,743 1,743 1,744 1,749 1,749 w 1,746 1,742 1,742 w 1,742 νC=O ester

1,712 1,712 νC=O fatty acid

1,670 1,674 vw νC=C (trans)

1,656 1,658 vs 1,654 1,657 νC=C fatty acids (cis)

1,636 1,637 vw 1,633 νC=C fatty acids

1,523 νC=C carotenoids

1,464 1,465 1,465 1,464 1,464 1,465 1,457 m, sh 1,453 1,456 1,457 sh 1,458 dasCH3

1,441 1,439 s 1,440 1,441 1,443 vs 1,441 dCH2 scissoring

1,418 1,417 1,418 1,415 1,418 1,418 νC–O

1,378 1,378 1,378 1,378 1,377 1,378 dsCH3

1,304 1,305 m 1,296 1,306 1,307 s 1,298 t ipCH2

1,266 m 1,268 δip=C–H (cis)

1,240 1,236 1,239 1,244 1,239 1,239 νC–O
1,164 1,164 1,165 1,169 1,170 1,168 νC–O

1,156 νC–C carotenoids

1,096 1,096 1,098 1,099 1,095 1,097 1,088 1,085 mw 1,084 1,083 1,085 m 1,082 νC–O

1,066 1,066 w 1,064 1,068 1,064 m 1,064 νC–C

1,004 νC–C carotenoids

978 972 973 δC=C–H (trans)

873 880 m very broad 890+870 sh rCH2

723 723 722 726 725 723 δC=C–H (cis)

ν stretching, δ bending, ρ rocking, τ twisting
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which corresponds to the rocking vibration of C–H
(symmetric rocking in cis double bond). Other differences
are seen at 1,439 cm−1 (methylene scissoring) and
1,658 cm−1 (cis double-bond stretching), for which the
peak intensities are completely inverted in almond oil with
respect to the same bands in olive oil. For palm oil, the
FTIR spectrum of the fresh sample shows a splitting of the
νC=O peak in a doublet at 1,712 and 1,747 cm−1 due to the
presence of ester and free acid functional groups of
carboxylic fatty acid. This spectral feature is characteristic
of aged drying oils including linseed oil [5]. In the Raman
spectrum of palm oil, the presence of β-carotene bands at
1,525 (conjugated C=C stretching), 1,156 and 1,004 cm−1

(stretching of skeletal C–C) can be easily noted and used as
distinctive features. In the spectral range of 3,006–
2,854 cm−1, the spectra of all three oils are similar.

Vibrational spectroscopies can distinguish between fresh
and aged samples due to key spectral differences (see
Table 1 and Fig. 1). The main changes observed in Raman
and FTIR spectra during the aging process can be summarized
as follows: disappearance of cis-C=C–H stretching peak at
3,007 cm−1; broadening and shift of the –C=O asymmetric
stretching peak, more evident in Raman (from 1,749 to
1,742 cm−1) than in FTIR (from 1,747 to 1,743 cm−1)
spectra. This last phenomenon can be ascribed to the
formation of major secondary oxidation products (e.g.
aldehydes).

Raman spectroscopy suggests other spectral differences
following thermal aging: (a) formation of a band at about
1,674 cm−1, which could be assigned to trans-C=C double
bonds [19]; (b) appearance of a band at 1,635–1,637 cm−1,
which could be assigned to the stretching of conjugated
dienes; (c) disappearance of νC=C of fatty acids at
1,658 cm−1 and of the symmetric rocking of C–H in-

plane deformation at 1,266 cm−1; (d) increase of the peaks
due to –CH2 scissoring at 1,440 cm−1 and to –(CH2)n
chain deformations at 1,307–1,297 cm−1, depending on
the different oils considered; and (e) appearance of a band
at 880 cm−1 probably due to –CH2 and –CH3 rocking that
can be considered characteristic of thermal aged oils. An
examination of Raman spectra suggests the scission of the
carbon chain at double bonds; in fact, methyl terminal rocking
exhibits a broader band in the range of 975–835 cm−1 for n<10
[20]. In the case of thermally aged palm oil, Raman spectra
confirm the complete loss of β-carotene.

In Fig. 1, FTIR spectra of almond oil acquired at
different times of thermal aging are reported, as an
example. In addition to the spectral differences mentioned
above, during aging other changes are observed and
include: (a) the appearance of a broad band ascribed to
O–H stretching cantered at 3,479 cm−1; (b) the appearance
of trans-C=C–H band at 972 cm−1; and (c) intensity
reduction of the bending peak around 723 cm−1 and the
disappearance of the peak at 3,007 cm−1 which are both
ascribed to the cis-C=C–H [5]. The simultaneous occur-
rence of the described changing suggests that the cis double
bonds are isomerized to trans configuration. Such changes
are observed for all three oils during aging. The time
required for the observing the first aging features is shorter
for almond oil, followed by olive oil and palm oil, which is
the most resistant to thermal aging. During the aging the
intensity of carbonyl asymmetric stretching peaks increases
while that of −CH2 decreases significantly, both for olive
and almond oil. Peak area determination, before and after
1,000 h of thermal aging, allows the quantification of
intensity changes. The ratio of the peak area νCH2/νC=O
was evaluated for all the three fresh and aged oils and is
reported in Fig. 2. The ratio νCH2/νC=O is 1.9 for fresh

Fig. 1 FTIR spectra of almond
oil during thermal aging in
three characteristic spectral
ranges (3,760–2,500,
1,915–1,580 and 1,045–
580 cm−1). Spectra have been
plotted with a fixed offset from
one another and peaks which
change significantly with aging
have been indicated with an
arrow and labeled
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almond oil and 2.0 for fresh olive oil; 0.7 for aged almond
oil and 0.8 for aged olive oil. It is worth noting that results
from FTIR confirm that palm oil is more resistant to aging,
considering that the same ratio is changes from 1.5 for fresh
oil to 1.3 for aged oil. For reference, FTIR and Raman spectra
recorded from un-aged and artificially aged palm oil have
been provided in the Electronic Supplementary Material.

Electronic spectroscopy

The fluorescence of natural oils (which are a mixture of
fatty acids and other trace molecules) is well known and
has been extensively studied [18, 21–23]. The edible oils
analyzed in this work are all characterized by a strong
fluorescence band with excitation in the range between 270
and 310 nm and emission in the range from 300 to 350 nm,
ascribed to tocopherols [21], and multivariate models for
the determination of tocopherol concentration as a function
of fluorescence have been proposed [18]. In the visible
range, emissions from carotenoids at 673 nm (palm oil)
[22] and chlorophyll at 405/670 nm (olive oil) [23].

Fluorescence spectroscopy has been employed to assess
the mild thermal oxidation which occurs as a result of the
artificial aging of oils. The accumulation of oxidation
products in all oils was accompanied by a marked yellow-
ing (of olive and almond oil) with aging, and all oils are
sticky and thicker than the un-aged materials. Polymeriza-
tion and oxidation also lead to a significantly more complex
mixture of compounds in the artificially aged materials and
significant changes in the fluorescence properties of the oils
[18, 23–25]. Particularly evident is an increase in the

emission in the visible range, which can be attributed to a
range of oxidation products [24] and the total loss of
chlorophyll emissions at 670 nm. Synchronous fluores-
cence (SF) spectroscopy has been shown to be useful for
the assessment of change in edible oils [23] due to the fact
that information from a range of different excitation and
excitation wavelengths is contained within a single spec-
trum [18]. For analysis of aged oils in this work, SF has
been employed at an offset of 60 nm, which has been
shown to be sensitive to changes as a result of oxidation of
olive oil [23] (Fig. 3).

The artificial aging of the oils examined in this work
induces a marked increase in visible fluorescence (here seen
as a wide emission band centered at approximately 425 nm).
A similar trend has been documented in the analysis of
other oils during aging and thermal oxidation at higher
temperatures [24] or during storage [26]. Bands centered at
excitation/emission of 350/450 nm are related to the
formation of hydroperoxides [27, 28]. The band at around
330 nm in all three oils is associated with tocopherols (prior
to and following aging), and this band does not signifi-
cantly change in shape upon aging, which suggest that
isomerization of tocopherols, reported for aging of oils
[29] does not influence the position of the emission at
330 nm. In addition, results suggest that aging at moderate
conditions (60 °C) does not lead to the more extensive
molecular changes, and consequent loss of fluorescence
from tocopherols as has been shown for oils heated about
190 °C [24]. Both olive oil and almond oil have similar
fluorescence spectra following aging which is in contrast
to aged palm oil, which presents a wider emission band

Fig. 2 νCH2/νC=O peak area
ratio for olive, almond and
palm oil
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with a distinct shoulder at 400 nm. This difference in
fluorescence behavior could be related to the prooxida-
tive effect attributed to the caretenoids in palm oil [26]
and a build up of trace tocopherol degradation products
[29] and in trace fatty acid oxidation products [25].

Beeswax

Vibrational spectroscopy

Beeswax is a complicated mixture in which fatty acids and
aliphatic esters of animal origin can be easily detected using
vibrational spectroscopy. It consists mainly of esters of
fatty acids with high molecular weight alcohols, the
corresponding free fatty acids and monohydric alcohols and
n-alkanes [30].

Both FTIR and Raman spectra of beeswax show the
typical CH2 peaks of hydrocarbons in the 2,960–2,840 and
1,473–1,377 cm−1 regions. In the Raman spectrum charac-
teristic, CH2 twisting is found at 1,299 cm−1. The well-
known asymmetric νC=O of esters and corresponding free
acid, are detected in FTIR spectra at 1,736 and 1,712 cm−1.
The intense and broad band at 1,174 cm−1 relative to the
νC–O vibration of esters is present in both spectra. In the
Raman spectrum bands at 1,134 cm−1 (νC–C and νCOC
vibrations) and 1,065 cm−1 (νC–C vibrations) are also
observed [15, 16].

The very intense IR absorption bands at 730 and
720 cm−1 are the marker peaks due to in-plane rotation of
linear long carbon chains (δ(CH2)n) [17, 30]. This doublet
is diagnostic of the presence of beeswax also in very
complex mixture, as far as it appears in a generally not
crowded spectral region. The Raman spectrum in the same
region shows a weak peak at 892 cm−1. After aging, no
spectral changes have been detected in beeswax due to the
saturated nature of the hydrocarbon chains which provide
the well-known stability of waxes [30].

Electronic spectroscopy

The fluorescence of beeswax is well known; in contrast to
the study of natural oils, the fluorophores present in the
complex material have received little attention. In addition,
due to the highly scattering microcrystalline solid wax,
diffuse reflectance is a significant complication for the
recording of emission spectra. Scattering phenomena
indeed dominate emission spectra recorded using lamp-
based sources, and these effects can be minimised by
recording spectra with monochromatic laser excitation.
Indeed, fluorescence spectra of beeswax have been pub-
lished with laser excitation at 337 and a broad emission at
400 nm [31]; at 351.1 nm excitation, in addition to the
emission observed at 400, another band centered at
approximately 550 nm was recorded in cooled films of
wax (25 K) [32], which is similar to the peak reported at
520 nm and also associated with beeswax [33].

In this work, SF spectra of films of beeswax were
recorded. The SF spectrum of beeswax acquired with an
offset of 60 nm has two distinct bands (see Fig. 4 and
Table 2), but it is not possible to ascribe the bands to
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Fig. 4 Synchronous fluorescence spectrum of beeswax with an offset
of 60 nm between excitation and emission monochromators
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specific molecules. Flavonoids and cinnamic acids (associated
with an emission at 420 nm [24]) have been identified in
beeswax using complementary destructive analyses [30, 34],
and it is therefore hypothesized that these molecules and their
precursors may be responsible for the strong fluorescence
which is observed in films of the material.

Gums

Vibrational spectroscopy

In Table 3, the attribution of bands in vibrational spectra of
gums is reported. Only limited FTIR data have been
published regarding plant gums and no precise vibrational
characterization have been published while Raman spec-
troscopy of gums has been more thoroughly investigated
[15, 35] Gums are complex mixtures of saccharides [12],
arabinose, rhamnose, galactose, glucose, etc. and uronic
acids (precisely galacturonic and glucuronic acids), together
with vegetal proteins (polypeptides) and this complex
composition complicates the interpretation of vibrational
spectra. The relative amount of the different components
changes according to the different exudates and provenance
[12, 36].

In the FTIR spectrum of fresh analyzed samples, the
peak at 3,420 cm−1 is ascribed to the asymmetric stretching
of O–H group of polysaccharides and the wide peak at
2,932 cm−1 to the stretching vibrations of CH2 groups,
present in the different chemical environments. In the
Raman spectrum the complex and broad feature centered
at 2,930 cm−1 is similarly due to aliphatic C–H stretching.

In the region between 2,000 and 850 cm−1 (Fig. 5), the
two gums show some differences in FTIR spectra: the
presence of the strong peak at 1,750 cm−1 due to the C=O
asymmetric stretching of galacturonic acid [36] is detected
for the tragacanth sample. Between 1,640 and 1,610 cm−1,
the symmetric stretching of the carboxylate group is
generally observed (–COO−), together with the same
vibration for –OH groups. In the case of tragacanth gum
the FTIR peak is well centered at 1,639 cm−1 indicating the
prevalent presence of salted –COOH functional groups; in

the case of Arabic gum a distinct doublet can be easily
observed. This situation has been pointed out by Renard
[36] for different molecular fractions analyzed in the
characterization of Acacia gum from Senegal, the spectrum
of which is roughly similar to that of gum Arabic. With
Raman spectroscopy, instead, in the region 1,600–
1,750 cm−1 only very weak bands are visible and can be
attributed to carboxylic acid νC=O features. Other notable
FTIR patterns are the two intense peaks at 1,100 and
1,018 cm−1, connected to the presence of uronic acid [37],
clearly visible in the spectrum of Tragacanth gum. Finally,
the asymmetric stretching of C–O–C ether group of the ring
at 1,075 and 1,078 cm−1, for Arabic and Tragacanth,
respectively, is a very distinctive feature. In the same
region, between 1,050 and 1,100 cm−1, the Raman
spectrum shows the νCC modes, whereas νCOC ring mode
and glycosidic bonds between sugar residues are visible
between 800 and 950 cm−1 (doublets 882–844 cm−1 for
Arabic sample and 940–866 cm−1 for Tragacanth) [15, 35].
In the FTIR absorption at 978 cm−1—a shoulder in the
Tragacanth sample—can be ascribed to the methyl substi-
tution of the carboxylate group [36]. The same peak,
although of low intensity, is visible in the Raman spectrum
of Arabic gum but is absent in Tragacanth.

In the FTIR spectra collected after 1,000 h of thermal
aging (not shown), no differences have been detected in
absorption band distribution, showing that the major
components of plant gums are stable to thermoxidation in
the monitored exposure time.

Electronic spectroscopy

Emission spectra of gum Arabic and gum Tragacanth have
been published with laser excitation at 363.8 nm which
give rise to broad bands with a maximum at approximately
450 nm [32], but the origin of the emission in both gums
was not ascribed. Both gum Arabic and gum Tragacanth are
heteropolysaccarides containing between 2% and 3%
polypeptides, and it is amino acids which give rise to the
strong fluorescence detected in the UV (Fig. 6). Molecular
fractions of the aqueous polypeptide extracts of gum Arabic

Material Emission wavelength (nm)/
FWHM

Suggested attributions

Olive, almond and palm
oil

332/50 Phenolic compounds and hydroxyperoxides
tocopherols424/100

Gum Arabic and gum
Tragacanth

334/30 Tryptophan, Maillard reaction products
and phenolic compounds382/65

412 (shoulder)

Beeswax 334/55 Unidentified phenolic, cinnamic acids
and flavonoid compounds424

452 (shoulder)

Table 2 Maxima in synchro-
nous fluorescence spectra
recorded at 60 nm offset for raw
materials with a suggested
attribution based on chromo-
phores reported in the literature
[14, 24, 27, 28, 36], full width at
half maximum (FWHM)

IR, Raman and fluorescence 1833



Fig. 5 Normalized spectra of
Arabic gum (black), Tragacanth
gum (green), in the spectral
region 1,950–850 cm−1

FTIR (peak position (cm−1)) RAMAN (peak position (cm−1)) Vibrational mode

Gum Arabic Gum Tragacanth Gum Arabic Gum Tragacanth

3,424 3,424 νOH
2,932 2,935 2,942 2,936 nCH2 asymð Þ

1,751 νC=O uronic acid

1,635 1,639 νCOO
1,612

1,443 1,459 1,459 dCH2scissoring

1,424 1,426 dCH2

1,385 1,375 1,377 dCH3

1,333 1,343 1,342 dCH2wagg:

1,312 dCH2ester

1,290 dCH2ester

1,261 1,261 1,267 tCH2

1,233 1,246 dCH2

1,143 1,152 1,146 νCC
1,128 νCC

1,100 sh 1,107 νCC uronic acid

1,075 1,078 1,078 1,082 νCOC ether group (ring)

1,037 1,033 νCC
1,020 1,020 νCC uronic acid

979 978 sh 978 rCH3

940 νCOC
882 νCOC

866 νCOC
844 νCOC

770 νCC
716 719 νCC
623 621 δCCC
568 572 δCCO
542 δCCO
482 478 δCCC
459 442 δCCC
352 366 τCCC

Table 3 FTIR and Raman wave
numbers and assignments for
gums [15, 35–37]

ν stretching, δ bending, ρ rock-
ing, τ twisting
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have been shown to contain both Tyr and Phe (from GC-MS
analysis) and Trp from UV–vis absorption [36]. While
fluorescence ascribed to Trp (290:342–45) was observed in
isolated fractions of the gum, no signal from Trp was
observed in solutions of the bulk material. Additional
fluorescence in the isolated molecular fractions of the
material have been reported with an emission maximum
centered at 413–415 nm which has been ascribed to phenolic
compounds including caffeic and ferulic acid (with maxima
at 330:425 and 330:415) [36].

The fluorescence excitation emission spectrum of a film
of gum Arabic (and gum Tragacanth, not shown) has a
strong band with a maximum at 278:302 nm (full width at
half maximum, 50 nm). The band is ascribed to emissions
from Tyr, identified in both gums [36, 38] and minor

contributions from Tryptophan which give rise to the
broadening of the emission. SF spectra of both gums
(shown in Fig. 7) highlight the emission from Trp. At an
offset of 25 nm, SF spectra are dominated by a narrow band
from Tyr. At an offset of 60 nm, spectral bands reflect
contributions ascribed to Trp (at emissions of 335 nm),
Maillard reaction products (at 375–400 nm) [14]; a slight
shoulder at approximately 415 nm which is observed in
gum Arabic could be related to trace phenolic compounds
[36]. The spectral difference between Tragacanth and gum
Arabic could be due to variations in origin and processing
of the gums.

Conclusions

Spectroscopic techniques are very useful in highlighting
molecular patterns characteristic of different classes of
organic materials used for the preparation of cosmetics
and unguents: at the same time FTIR, Raman and
fluorescence spectroscopy may be able to detect chemical
changes in raw materials as a function of aging processes.
The synergic and contemporary use of the three considered
spectroscopies is possible thanks to the low amount of
sample required, the quick preparation and rapidity of
analysis. The coupling of FTIR and Raman spectroscopies
in this work is efficient in distinguishing among very
similar oils, but, it should be noted that in real samples
constituted by a mixture of different similar materials, some
of the distinctive spectral features could be hidden or not
visible. Spectrofluorimetry applied for the analysis of the
same materials was able to detect molecular changes due to
aging processes which are followed by FTIR and Raman,
and the greatest changes are observed in vegetable oils
following artificial thermal aging. The complete character-
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Fig. 6 Fluorescence excitation emission spectrum of a film of gum
Arabic

Fig. 7 Synchronous fluorescence spectra recorded from films of gum Arabic and gum Tragacanth shown at two different offsets between
excitation and emission monochromators (a) 25 and (b) 60 nm
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ization of the three different types of natural organic
materials, with tabulated results, will be a useful guide for
future analysis of archaeological samples.
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