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ABSTRACT

The goal of the study is to compare the dyes used in ecclesiastical post-Byzantine (six-
teenth to early twentieth century) textiles of Mount Athos, Greece, with the correspond-
ing organic colourants used in Ottoman (sixteenth to eighteenth century) textiles which
are preserved in the Topkapi Palace Museum, Turkey. During the historical period of in-
terest, Mount Athos which has been the spiritual centre of Byzantine culture for centu-
ries, was within the borders of the Ottoman Empire (period of Ottoman rule).

Samples extracted from forty-six and fifty post-Byzantine and Ottoman textiles, respec-
tively, were analysed using high performance liquid chromatography with diode array
detection (HPLC-DAD). The analysis of a silk velvet (Topkapi Palace Museum) is pre-
sented in detail and serves as an example to describe the methodology that was applied
throughout the investigation.

More similarities than differences are observed in the results reported for the two tex-
tile collections of different cultural identity. The following materials were found in both
post-Byzantine and Ottoman textiles: cochineal, madder, lac, young fustic, weld, dyer’s
broom, buckthorn berries, indigo/woad and tannins. On the other hand, soluble red-
wood, old fustic and logwood were found only in post-Byzantine textiles while dyer’s
chamomile and Rumex species were detected only in few Ottoman objects.
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1. INTRODUCTION

Identification of dyes in historical and
archaeological textiles is usually carried out
using high performance liquid chromatog-
raphy (HPLC) equipped with diode array
detector (DAD) (Deveoglu et al. 2012;
Deveoglu et al. 2013; Hofenk de Graaff
2004; Karadag and Yurdan 2010; Karap-
anagiotis et al. 2011; Koren 1999; Nowik et
al. 2005; Serrano et al. 2011; Stuart
2007; Wouters 1985; Wouters and Verheck-
en 1989; Yurdun et al. 2012) mass spec-
trometry (MS) (Ferreira et al. 2001; Petrovi-
ciu et al. 2010; Petroviciu et al. 2012a; Ros-
enberg 2008; Szostek et al. 2003; Zhang et
al.  2007) or fluorimetric detection
(Surowiec et al. 2003). Recently, spectro-
scopic  techniques, such as surface-
enhanced Raman spectroscopy (SERS) and
other non-invasive methods have started
gaining a lot of ground in the identification
of dyes (Brosseau et al. 2009; Casadio et al.
2010; Gulmini et al. 2013; Leona et al. 2007;
Pozzi et al. 2012).

HPLC is the most widely adopted meth-
od for dyestuff identification, because it
has two major advantages. First, HPLC is a
separation technique i.e. separated com-
pounds eluted from the chromatographic
column are directed to the detector(s). This
is extremely useful as most dyes contain
several compounds with very similar
chemical structures. Consequently, the di-
rect, distinct identification of the dyestuff
components, without separation, is usually
problematic. Furthermore, mixtures of sev-
eral dyes have been often used by the dye-
ing textile industry since antiquity. Second,
HPLC provides easily (semi-)quantitative
data for the compounds detected in a his-
torical/archaeological sample. This can be
extremely important to identify the exact
biological source of a dye, as it was shown,
for instance, for madder (Wouters 2001),
dragon’s blood (Sousa et al. 2008) and Tyr-
ian purple (Karapanagiotis et al. 2013;
Koren 2008a) species.

HPLC is a micro-sampling technique.
Although tiny samples are needed for
HPLC analyses, the removal of micro-

samples from some objects, including for
instance manuscripts, is practically prohib-
ited. In the case of a textile, however, fibres
removed from the object almost effortless-
ly, because of its physical breakdown can
usually provide reliable HPLC results. Fur-
thermore, sampling of a few millimeters of
yarn can be performed at the periphery of
the textile fragment where the weft and
warp yarns are physically crumbling, and
thus the physical integrity of the main tex-
tile object is maintained (Koren 2008b).

The identification of the colourants con-
tained in historical and archaeological tex-
tiles can be important for several reasons,
as discussed briefly below.

(i) Dyes correspond to a vast array of
chemical compounds with different chemi-
cal structures. Natural deterioration and
degradation processes developed sponta-
neously with time, depend highly on the
chemical structures of the dyestuff colour-
ing components. For example, in a study
where different dyestuff classes were in-
vestigated, it was shown that indigo, drag-
on’s blood and curcumin show greater sta-
bility in anoxic conditions in comparison
with oxygen-rich ones while madder and
carminic acid undergo greater degradation
(Koperska, et al. 2011). Consequently, the
knowledge of the colourants contained in a
textile is important to apply effective pre-
ventive conservation strategies and main-
tain appropriate storage conditions.

(ii) The stability of dyes against cleaning
procedures, which are applied during tex-
tile conservation, is highly affected by the
chemical identity of the contained colour-
ing components. Consequently, identifica-
tion of the materials, including the colour-
ants, that constitute the textile object can
prevent damages (e.g. discoloration of the
object) which may occur by the use of in-
appropriate detergents and cleaning meth-
ods (Aslanidou et al. 2013).

(iii) Identification of dyes can be im-
portant to assess the authenticity of a tex-
tile. For example, the identification of Tyri-
an purple in a religious, ecclesiastical tex-
tile of Byzantine origin can be used to date
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the object to the Byzantine period, because
after the conquest of Constantinople by the
Ottomans (start of the post-Byzantine peri-
od), the production and use of Tyrian pur-
ple stopped abruptly (Karapanagiotis et al.
2013).

(iv) Finally, identification of dyes in a
large number of textiles that constitute a
particular collection, of the same historical
and/or geographical origin, provides use-
ful information with respect to the history
of dyes and cultures.

For these reasons, a cooperative project
between the research groups of the two au-
thors was implemented to identify the or-
ganic colourants contained in textiles
which were selected from two important
Mediterranean collections: textiles from the
Mount Athos in Greece and the Topkapi
Palace Museum in Turkey. In particular,
HPLC analyses were carried out on sam-
ples extracted from forty-six and fifty tex-
tiles from monasteries of Mount Athos and
the Topkapi Palace Museum, respectively.
The investigated textiles correspond rough-
ly to the same historical period, though of
different traditions: the objects from the
Mount Athos collection are dated between
the sixteenth and the early twentieth centu-
ry. The textiles from the Topkapi Palace
Museum fall within a narrower period,
from sixteenth to eighteenth century.
Mount Athos has been a monastic centre
for the Eastern Orthodox Church for centu-
ries, since the early Byzantine times. Con-
sequently, the objects from the Mount Ath-
os collection are ecclesiastical textiles of
Byzantine tradition. Objects included in
our study from the Topkapi Palace collec-
tion are Ottoman textiles. However, it is
stressed that for the historical period of in-
terest, Mount Athos was part of the Otto-
man Empire. Consequently, the compari-
son of the analytical HPLC results reported
for the two different collections is of great
interest, as it can support or reject cross-
influence processes between the two cul-
tures, in a period where there were no bor-
der restrictions.

In the following, the analysis of a partic-
ular textile is presented in detail (section 2).

This case study provides an example, de-
scribing the chemical methodology that
was followed in the overall investigation,
which is described in section 3.

2. CASE STUDY: IDENTIFICATION OF
DYES IN A TEXTILE FROM THE
TOPKAPI PALACE

2.1 Object

The textile included in the study is a silk
velvet (Figure 1, inventory no: 13/1679,
Topkapi Palace Museum, Istanbul, Turkey)

dated to the sixteenth century.
fi " ) e

Figure 1 Silk velvet, 34 x 54 cm (Topkapi Palace
Museum, Istanbul, Turkey).

2.2 Experimental

Six samples were removed from the ob-
ject. Samples were made of silk and corre-
sponded to a variety of colours and hues
such as dark red, light red, grey-black,
green, bright-yellow and yellow-orange.

Prior to HPLC, samples were treated
with methanolic (MeOH) solution of hy-
drochloric acid (HCI) to extract and solu-
bize the contained dyes according to the
following method (Wouters 1985): (i) sam-
ple is immersed in H>O : MeOH : 37 % HCl
(1:1:2, v/v/v) at 100 °C for 15 min. (ii) Then
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the liquid phase is evaporated under mod-
erate temperature (65 °C) and gentle nitro-
gen flow. (iii) The dry residue is dissolved
in N,N-dimethylformamide (DMF). (iv)
Finally, sample is centrifuged and the up-
per clear liquid phase is submitted to
HPLC analysis.

Samples were analysed using a HPLC
system (ThermoQuest) consisted of a P4000
quaternary pump, a SCM 3000 vacuum de-
gasser, an AS3000 autosampler with col-
umn oven, a Rheodyne 7725i Injector with
20 pL sample loop and a Diode Array De-
tector UV 6000LP with a resolution of 1.2
nm. The latter collected spectra from 191 to
799 nm. A reversed phase Alltima HP C18
5 pm column with dimensions 250 mm x
3.0 mm (Alltech Associates) was utilized
for separation. The temperature of the col-
umn was set to 33 °C. Gradient elution was
performed using two solvents consisting of
A: 0.1% (v/v) trifluoroacetic acid (TFA) in
water and B: 0.1% (v/v) TFA in acetoni-
trile. The flow rate was 0.5mLmin-! and the
following elution program was applied: 0-
1 min: 5% B isocratic; 1-15 min: linear gra-
dient to 30% B; 15-20 min: linear gradient
to 60% B; 20-23 min: 60% B isocratic; 23-33
min: linear gradient to 95% B; 33-35 min:
95% B isocratic. Data were received and
analyzed using XcaliburTM (ThermoQuest)
software.

2.3 Results and discussion

Figure 2 is provided as an example of a
chromatogram collected for a historical
sample, extracted from the textile of Figure
1. The colouring compounds detected with
HPLC in the samples extracted from the
silk velvet are summarized in Table 1. Ab-
sorbance maxima of the detected com-
pounds, used for identification purposes,
are described in Table 2. Using the data of
Table 1, the dyes that were used in the his-
torical object were identified and the re-
sults are summarized in Table 3. Identifica-
tions summarized in the aforementioned
tables are discussed in the following.

Time (min)
Figure 2 HPLC chromatogram of sample 6, extract-
ed from the textile of Figure 1. The following com-
pounds are identified: (1) carminic acid in trace, (2)
fisetin in trace, (3) sulfuretin, (4) luteolin, (5) apig-
enin and (6) chrysoeriol.

Table 1 HPLC results from samples extracted
from the silk velvet, shown in Figure 1.

Sample | Colour Identified compounds
1 dark red Carminic acid, Ellagic
acid, dclV, dcVII,
Kermesic acid,
Flavokermesic acid,
Indigotin (trace)
2 lightred | Carminic acid, Indigotin
(trace)
3 grey- Carminic acid, Luteolin
black (trace), Indigotin, Indiru-
bin
4 green Luteolin, Apigenin,
Chrysoeriol, Indigotin,
Indirubin
5 bright- Fisetin (trace), Sulfuretin,
yellow Luteolin, Apigenin,
Chrysoeriol
6 yellow- Carminic acid (trace),
orange Fisetin (trace), Sulfuretin,
Luteolin, Apigenin,
Chrysoeriol

2.3.1 Red samples 1 and 2

The major dye contained in both red
samples (1 and 2) is cochineal. This result is
based on the detection of carminic acid
which is the marker compound for the
identification of cochineal. The coccid dye
was found in high amounts in the dark red
sample (1) allowing thus the detection of
other, minor components of cochineal such
as dclV, dcVIl, kermesic acid and flavok-
ermesic acid (Table 1). It is noteworthy that
the dcll compound, which is the 2-C-
glucoside of flavokemermesic acid (Statho-
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poulou et al 2013), was not detected in the
historical sample and therefore the poten-
tial use of Mexican cochineal in the silk
velvet is unlikely (Wouters and Verhecken
1989). Furthermore, kermesic and flavok-
ermesic acid were detected in very small
amounts. These results suggest that Arme-
nian cochineal  (Porphyrophora  hameli
Brandt) should have been used for the
treatment of sample 1 (Wouters and Ver-
hecken 1989).

Less amount of cochineal was contained
in the light red sample (2) and therefore
minor components of the coccid dye were
not detected in the chromatogram of this
sample (Table 1).

Table 2 UV-Vis absorbance maxima of compounds
which were identified in the samples of Table 1.

Identified compound | Absorbance maxima (nm)
Apigenin 221, 267, 337
Carminic acid 223, 275, 309, 493
Chrysoeriol 223,249, 267, 345
dcIV 225,275,311, 487
dcVII 223,277,309, 487
Ellagic acid 213, 253, 367

Fisetin 219, 247,321, 359
Flavokermesic acid 223,283,343, 431
Indigotin 215, 241, 285, 330, 605
Indirubin 217,239, 289, 363, 539
Kermesic acid 223,273,307, 489
Luteolin 223,253, 265, 345
Sulfuretin 257,377,397

Table 3 Dyes found in the historical samples, ac-
cording to the identifications of Table 1.

Sample Dye
1 cochineal, woad/indigo
2 cochineal, woad/indigo
3 woad/indigo, cochineal, weld(?)
4 woad/indigo, weld
5 weld, young fustic
6 weld, young fustic, cochineal

It is interesting to note that the structures
of the dcIV and dcVII compounds, detected
in sample 1, had remained unknown for a
long time. A recent study (Stathopoulou et
al 2013), where Nuclear Magnetic Reso-
nance (NMR) and Mass Spectrometry (MS)
were employed, showed that the two com-
pounds are a/p C-glucofuranosides of
kermesic acid, as shown in Figure 3.

Interestingly, in both red samples 1 and 2
a small amount of indigotin (in trace) was
detected, thus suggesting the presence of

an indigoid dyestuff source in both sam-
ples. Indigotin is contained in woad (Isatis
tinctoria L.) and indigo (Indigofera species
e.g. Indigofera tinctoria L.). Woad has been
known since antiquity worldwide, while
indigo has been imported to the Mediter-
ranean area from India since antiquity (Ho-
fenk de Graaff 2004). Therefore, consider-
ing the date of the tested object, its geo-
graphical provenance and the fact that in-
digo and woad cannot be distinguished by
HPLC, we cannot reach any specific con-
clusion with respect to the actual blue dye-
stuff source used in the silk velvet. It can be
either indigo or woad.

Finally, the detection of ellagic acid in
sample 1 suggests the use of a tannin
product during dyeing. Tannins have been
used both as dyes to induce dark-black
hues in textiles and as dyestuff adhesives
(Hofenk de Graaff 2004).

HsC

HO H

OH

Figure 3 Structures of the dcIV and dcVII compo-
nents of cochineal which were recently identified
(Stathopoulou et al 2013).

2.3.2 Yellow samples 5 and 6

Weld (Reseda luteola L.) in mixture with
small amounts of young fustic (Cotinus cog-
gygria Scop.) were the main dyeing materi-
als used in the yellow samples 5 and 6, ac-
cording to Table 3. Detected compounds,
reported in Table 1, such as luteolin, apig-
enin and chrysoeriol are contained in weld
while fisetin and sulfuretin are components
of young fustic (Valianou et al. 2009). Fur-
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thermore, a small amount of carminic acid
was detected in sample 6, suggesting the
presence of traces of cochineal. This might
be the reason for the slight colour differ-
ence of samples 5 and 6; the former was
bright-yellow, while the yellow colour of
sample 6 was more reddish (orange).

2.3.3 Green sample 4

The green colour of sample 4 was pro-
duced by mixing a blue indigoid dyestuff
(either woad or indigo) with the yellow
weld (Table 3). Mixing of the two plant
dyestuff sources to dye textiles used to be a
common procedure. Figure 4 shows, for
instance, wool dyed green using indigo
and weld, following traditional recipes.

Figure 4 Wool treated with indigo and weld obtain-
ing thus the green colour.

2.3.4 Grey sample 3

An indigoid dyestuff was the main col-
ouring material in sample 3. Both indigo-
tin, the marker compound for the identifi-
cation of either woad or indigo, and indi-
rubin which is contained in the blue dye-
stuffs in smaller amounts, compared to in-
digotin, were detected with HPLC, accord-
ing to the results of Table 1.

Apart from the indigoid compounds
which were recorded in the HPLC chroma-
togram in high amounts, carminic acid
(marker component of cochineal) and lute-
olin were also detected (Table 1). The de-
tection of luteolin leads to the conclusion
that a yellow, luteolin-based dye was used
to treat sample 3. No other yellow colour-
ing compound, apart from luteolin, was
detected and therefore it is not possible to
reach a clear conclusion regarding the nat-
ural source of luteolin identified in sample
3. It is important to note, however, that lu-
teolin is contained in weld in higher

amounts than apigenin and chrysoeriol.
This is illustrated in Figure 2, where the
three weld components labelled 4, 5 and 6
are detected in the chromatogram of sam-
ple 6. Consequently, the absence of apig-
enin and chrysoeriol in the results of sam-
ple 3, in which luteolin was detected in
small amount, can be attributed to the pos-
sible small quantity of weld used in this
historical sample. Because weld is the only
luteolin-based colourant detected in the
other samples (4, 5 and 6) of the silk velvet,
it is quite possible that the same plant was
used for the treatment of sample 3.

3. DYES IN TEXTILES FROM MONAS-
TERIES OF MOUNT ATHOS AND THE
TOPKAPI PALACE MUSEUM

HPLC investigations were also carried
out on forty-six (46) ecclesiastical textiles
from Mount Athos. The textiles studied are
dated between sixteenth to early twentieth
century and belong to various monasteries
of Mount Athos. Of these, thirty textiles
belong to the monastery of Simonos Petra,
and nine to the Xeropotamou monastery.
Natural dyes identified in the post-
Byzantine textiles are summarized in Fig-
ure 5a. The HPLC results are presented in a
plot: the y-axis corresponds to the number
of objects and x-axis describes the identi-
fied natural dyes. Consequently, Figure 5a
provides an indication about the frequency
of use of each natural product by the dyer’s
of the ecclesiastical objects.

The following natural colouring materi-
als were identified in the textiles of Byzan-
tine origin (Figure 5a): cochineal, soluble
redwood, madder, lac (red dyes); young
fustic, weld, dyer’s broom, old fustic, buck-
thorn berries (yellow dyes); woad/indigo,
logwood (blue dyes); moreover, tannins
were detected in several objects. It must be
noted that only natural colourants are in-
cluded in the plot of Figure 5a. In addition
to the natural materials, semi-synthetic
dyes, such as indigo carmine, fuchsine and
rhodamine B were identified in some tex-
tiles dated from late nineteenth to early
twentieth century.
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The HPLC results collected for fifty Ot-
toman textiles (sixteenth to eighteenth cen-
tury), which are preserved in the Topkapi
Palace Museum, are summarized in Figure
5b. The following natural materials are in-
cluded in Figure 5b: cochineal, Rumex spe-
cies, madder, lac (red dyes); young fustic,
weld, dyer’s broom, chamomile, buckthorn
berries (yellow dyes); woad/indigo (blue
dyes); moreover, tannins were detected in
several objects.

Comparison of the results reported in the
two plots of Figure 5 is discussed later. In
the following, we first focus on the materi-
als included in Figure 5.

3.1 Red dyes

Cochineal is clearly the most commonly
used red dye in the objects of the two Med-
iterranean collections. This coccid dye was
discussed previously in section 2.3.1.

Soluble redwood (Caesalpinia trees) was
found in several post-Byzantine textiles
(Figure 5a). The identification of this red
dye was achieved by the detection of the
type B and type C compounds, which are
used as markers for the identification of
soluble redwood in historical samples
(Nowik 2001). The exact structures of these
two compounds are unknown. It was
shown, however, that the type B com-
pound is a dehydro-brazilein product,
produced probably during the acid hy-
drolysis step of the dyetsuff extraction pro-
cess (Karapanagiotis et al. 2009). This con-
clusion was based on detailed LC-MS stud-
ies which showed that the deprotonated
molecular ion of the type B compound cor-
responds to m/z = 265. Comparison of this
result with the deprotonated ion of brazile-
in (m/z = 283), suggests that the type B
compound should be a dehydro-brazilein
product. For the type C compound, it was
recently suggested that it may be a photo-
degradation product of redwood (Manhita
et al. 2013). According to a LC-MS study,
the deprotonated molecular ion of the type
C compound corresponds to m/z = 243
(Karapanagiotis et al. 2009).
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Figure 5 Dyes identified in (a) forty-six and (b) fifty
textiles from monasteries of Mount Athos and the
Topkapi Palace Museum, respectively.

According to the results of Figure 5,
madder was found in textiles of both, post-
Byzanitne and Ottoman, collections. Identi-
fication of madder was based on the detec-
tion of purpurin and alizarin, as shown for
instance in Figure 6, where the chromato-
gram of a sample removed from an ecclesi-
astical object is shown. Other compounds,
such as carminic acid, dcIV, dcVII (cochi-
neal components) and ellagic acid (tannin
component) are reported in the chromato-
gram.

In the Mediterranean area there are two
species of the Rubiaceae family which are
dominant and have been used for dyeing
since antiquity: Rubia tinctorum L., known
as common madder and Rubia peregrina L.,
known as wild madder. The chromatogram
of Figure 6 shows that alizarin and purpu-
rin are present in comparable amounts.
Furthermore, rubiadin, which is usually
present in Rubia peregrina L. (Wouters 2001)
in high amounts, is not detected in Figure
6, thus suggesting that the madder source
used to dye the Epitrachelion was probably
Rubia tinctorum L.

It is stressed that the HPLC profiles of
the other historical samples where alizarin
and purpurin were detected, were similar
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with the graph shown in Figure 6: alizarin
was always found in comparable amounts
with purpurin and rubiadin was not de-
tected. Consequently, the above discussion
related to the identification of the madder
species used in the sample of Figure 6, can
be extended to the other historical samples
where madder was identified. Therefore it
is concluded that the madder dye reported
in Figure 5 was originated from Rubia tinc-

torum L.
5

©
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o
|

Relative Absorbance
D
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Figure 6 HPLC chromatogram of a red sample ex-
tracted from a post-Byzantine Epitrachilion (seven-
teenth century) . The following compounds are
identified: (1) carminic acid, (2) ellagic acid, (3)
dclV, (4) dcVII, (5) alizarin and (6) purpurin.

Apart from cochineal, soluble redwood
and madder discussed so far, other red
dyes included in the results of Figure 5 are
lac (Kerria lacca, Kerr) and Rumex species,
detected in few post-Byzantine (lac) and
Ottoman (lac and Rumex species) textiles.
Lac is a coccid dye that contains laccaic ac-
ids A, B, C and D (Hofenk de Graaff 2004).
It was a common dye and has been report-
ed in several HPLC studies on historical
textiles (Hofenk de Graaff 2004). On the
contrary, the use of Rumex species to dye
textiles is not reported very often (Petrovi-
ciu et al. 2012b).

3.2 Yellow dyes

The three most important yellow dyes
found in the post-Byzantine textiles (Figure
5a) are young fustic, weld (discussed pre-
viously in section 2.3.2) and dyer’s broom.
These three materials were identified also
in Ottoman textiles (Figure 5b) with weld
being clearly the most commonly used.
Dyer’s broom is a material of plant origin

(Genista tinctoria L.) which has been used to
dye textiles since antiquity. Dyer’s broom
contains genistein, luteolin, apigenin and
other flavonoids (Mantzouris et al. 2011).

Another yellow dye found in objects
from both collections is buckthorn berries
(Rhamnus trees). The material was identi-
fied in only one post-Byzantine (Figure 5a)
and two Ottoman (Figure 5b) textiles. A
detailed LC-MS investigation showed that
the dye contains several colouring com-
pounds including rhamnetin, rhamnazin
and emodin, which are usually present in
high amounts (Mantzouris and Karapanag-
iotis 2013).

Finally, other yellow dyes included in
Figure 5 are old fustic (Chlorophora tinctoria
L.) and dyer’s chamomile (Anthemis spe-
cies) which were found in few post-
Byzantine and Ottoman textiles, respective-
ly, according to the results of Figure 5.

3.3 Blue dyes

As expected, indigoid dyes
(woad/indigo) were commonly used in the
textiles of both collections. Woad and indi-
go were discussed above, in section 2. An-
other blue dye included in the results of
Figure 5 is logwood (Haematoxylum campe-
chianum L.) which was identified in four
post-Byzantine textiles (Figure 5a). Log-
wood is an interesting dye both for histori-
ans and chemists. Historically, it is im-
portant to note that logwood is native to
America (Hofenk de Graaff 2004) and
therefore it was imported to the European
continent after the discovery of the New
World (1492), which occurred in the same
historical period as the fall of the Byzantine
Empire (1453). Consequently, the identifi-
cation of logwood in ecclesiastical textiles
provides chemical evidence that the objects
belong to the post-Byzantine (and not to
the Byzantine) period. From a chemical
point of view, it is interesting to note that
the identification of logwood in a historical
sample treated with the HCl method
(Wouters 1985) is based on the detection of
a haematein derivative, which is produced
after acid hydrolysis (Hulme et al. 2005).
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3.4 Tannins

According to the results of Figure 5, tan-
nins were extensively used in the objects of
both collections. The identification of tan-
nin products in many post-Byzantine and
Ottoman textiles is not surprising, because
these materials have been used as adhe-
sives to promote the stabilization of col-
ourants on textile substrates (Hofenk de
Graaff 2004). Consequently, the use of a
tannin product can be included in the dye-
ing recipe of any dyestuff. Furthermore,
tannins were also used as colourants, to
induce dark-black hues in textile fibres.

3.5 Comparison of dyes found in the two
collections

Comparison of the natural colouring ma-
terials found in the post-Byzantine (Figure
5a) and Ottoman (Figure 5b) textiles leads
to interesting comments, as follows.

Most colourants included in Figure 5
were found in both collections: cochineal,
madder, lac, young fustic, weld, dyer’s
broom, buckthorn berries, woad/indigo
and tannins are reported in both Figures 5a
and 5b.

On the other hand, soluble redwood, old
fustic and logwood were found only in
post-Byzantine objects (Figure 5a) while
Rumex species and chamomile are included
only in Figure 5b (Ottoman textiles). How-
ever, among these five dyes only soluble
redwood was found in a large number of
objects; old fustic was found in only one
textile, Rumex species and chamomile in
two, and logwood was identified in four
objects. Soluble redwoods have been used
in Eurasia from ancient times (Hofenk de
Graaff 2004). Consequently, the identifica-
tion of this red dye in twenty two post-
Byzantine textiles is not surprising. Its ab-
sence from the results of Figure 5b should
not be taken into account to underestimate
the important role of soluble redwoods in
the dyeing industry of the East. The results
of Figure 5 should be evaluated alongside
with other reports, which indicate that sol-
uble redwoods have been often used in the
Orient from ancient times (Hofenk de

Graaff 2004; Karapanagiotis et al. 2011;
Verhecken 2005).

Another dye which has been extensively
used in the Mediterranean since antiquity
is kermes (Kermes vermilio Planchon). It is
noteworthy that this coccid dye was not
found in any of the studied post-Byzantine
and Ottoman textiles and therefore is not
included in the results of Figure 5.

Another interesting observation that is
worth mentioned is the identification of
young fustic in a relatively large number of
ecclesiastical textiles. According to the re-
sults of Figure 5a, young fustic was found
in seventeen post-Byzantine objects. On the
contrary, it was found only in two Ottoman
textiles. This result may suggest that Co-
tinus coggygria had probably an important
role in the ecclesiastical textiles. Although
this speculation should be taken into ac-
count cautiously, it must be noted that it is
supported by previously published reports,
which describe the identification of young
fustic in Italian ecclesiastical garments (Ho-
fenk de Graaff 2004).

Overall, more similarities than differ-
ences are observed between the results re-
ported in Figures 5a (post-Byzantine tex-
tiles) and 5b (Ottoman textiles). As de-
scribed previously, most of the identified
dyes are reported in both figures. Further-
more, cochineal is the most commonly
used coccid red dye in both post-Byzantine
and Ottoman textiles of Figure 5. Lac, the
other dye of insect origin included in Fig-
ure 5, was scarcely identified. Kermes was
not found in any post-Byzantine or Otto-
man textile. Among the yellow dyes, weld
was widely used as it was found in eleven
and twelve post-Byzantine and Ottoman
textiles, respectively. Natural indigoid dyes
(woad/indigo) are included in the results
of blue dyes reported in both Figures 5a
and 5b.

4. CONCLUSIONS

The following organic colourants were
identified in both post-Byzantine (sixteenth
to early twentieth century) and Ottoman
(sixteenth to eighteenth century) textiles,
which are preserved in monasteries of
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Mount Athos (Greece) and the Topkapi
Palace Museum (Turkey), respectively:
cochineal, madder (Rubia tinctorum L.), lac
(Kerria lacca, Kerr), young fustic (Cotinus
coggygria Scop.), weld (Reseda luteola L.),
dyer’s broom (Genista tinctoria L.), buck-
thorn berries (Rhamnus trees), indigoid
dyes, either indigo (Indigofera species and
others) or woad (Isatis tinctoria L.) and tan-
nins.

Furthermore, soluble redwood (Caesal-
pinia trees), old fustic (Chlorophora tinctoria
L.) and logwood (Haematoxylum campechi-
anum L.) were found only in textiles of
Byzantine origin while dyer’s chamomile
(Anthemis species) and Rumex species were
detected only in few objects from the
Topkapi Palace Museum.

The aforementioned identifications were
achieved using HPLC-DAD which was
employed to investigate forty-six and fifty
post-Byzantine and Ottoman textiles, re-
spectively. As described above, the same
colouring materials were mostly identified
in the two textile collections of different
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