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Abstract:

The present study addresses the different
methods of examination and treatment of a Coptic
textile fragment suffers from many deterioration
forms, especially the ancient animal glue
adhesive used in adhering it to a glass board. The
case study dates to the 3rd-4th century. It is
located in the Heritage Collections Gallery at the
Agricultural Museum in Egypt. The study is
divided into three parts: a) The investigation and
analysis of the case study object using SEM-
EDAX, USBDM, MALDI-TOF-MS, and FTIR
revealed that the object had many deterioration
forms, e.g. soiling, stains, tears, animal glue
adhesive, missing parts, fragility, and high
acidity. b) The in-vitro experiments aiming at
finding out how best to remove the animal glue
adhesive from a simulated mock-up showed that
using 20 U/mL protease enzyme is the most
potent concentration. c) The applied part focused
on the treatment of the case study. It comprises
the mechanical and chemical cleaning of the
object, removal of the ancient animal glue using
warm water poultices and 20 U/mL protease
enzyme hereafter, washing the entire object with
water and neutral soap, drying in room
temperature, and finally supporting it with a new
linen fabric.

Descriptors: Coptic Textile, Investigation, Analysis,

Conservation, Treatment, Protease enzyme.
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Nabil Mabrouk (2018). Conservation of a Coptic Textile
Fragment from the Late Roman Period in Egypt. -- Annual of
the Faculty of Arts. Beni -Suef University. - Special Issue.-
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1. Introduction:

The term 'Copt' is generally understood as an abbreviation
of the Greek term 'Aigyptios' that means Egyptian. After the 71"
century AD, the Egyptians who gradually transferred to Islam
were called '‘Muslims', but those who remained Christians were
called 'Gupti'. This term now has no religious connotations. It
only refers to the period between the Pharaonic era and Islamic
times () (Rutschowscaya, 1990, Hooft et al., 1994).

Coptic arts began in Egypt around the 3" century BC, after
Alexander the Great's conquest of Egypt in 332 BC. Coptic
textiles generally include all types of complete objects, e.g.
tunics; fragments, such as tunic ornaments or parts of cloaks;
hangings; covers for cushions...etc. Their stylistic patterns of
decorations include plants, animals and sometimes humans
(Thompson, 1971). Therefore, the ornamental elements of the
Coptic textile can be artistically divided into three categories: the
Greco-Roman, the transitional, and the Coptic (Michael, 2016).
The Coptic textiles were often woven in the ‘tapestry' technique;
a term derived from the French word 'tapis' meaning a carpet.
Currently, the term denotes the woven wall hangings. The term
'kilim' denotes the rug weave when speaking about carpets
(Gillow & Sentance, 2005).
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The problem of the study has been defined in the case study
object, which was glued in the past with animal glue adhesive.
Thus, soiling the case study is the main challenge to the
conservation procedures. Animal glue is one of the most
common adhesives in conservation works. In the past, non-
professionals used it in gluing most of the archaeological objects.
It became hard, rigid, and brittle over time, resulting in physical
and mechanical damage to textiles (Balazsy & Eastop, 1998).

Warm water is the most conventional material in the
removal of ancient animal glue from archaeological textiles. In
addition, enzymes such as protease, pepsin, and trypsin are
efficient methods that proved a standing success in the removal
of ancient animal glue form archaeological materials, especially
textiles (Landi, 1992, Balazsy & Eastop, 1998, Ahmed & Kaolisis,
2012). The experiments of the present study use warm water and
different concentrations of protease enzyme in the removal of
that ancient animal glue adhesive from simulated mock-up
samples to find out how best to remove this adhesive. They may
help remove the adhesive from the case study heritage object.

The unavailability of the non-invasive techniques used in
heritage investigation and analysis was one of the main
drawbacks the study tackled. These techniques are only available
abroad, not in Egypt. Furthermore, taking any heritage object out
of the Egyptian museums is prohibited. Thus, one is obliged to
collect small macro-samples form the case study for investigation
using other invasive and micro-destructive methods.
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2. Materials and methods:

2.1. The case study object:

The case study object (fig.1) is a Coptic textile fragment in
the Heritage Collections Gallery at the Agricultural Museum in
Dokki, Egypt. It is documented as object no. 327/14. It measures
27%x14 cm. Its main weave structure is the tapestry technique
(plain 1/1), with beige and reddish-brown wefts, 8 warps/cm, and
30 wefts/cm. The ornaments are depicting continuously modified
crosses inside geometrical alternating designs between two
straight beige and reddish-brown borders. The upper border
connects many abstract symbols depicting small modified riders,
fishes, and portraits. The lower border attaches straight repetitive
small medallions connected in a geometrical form. It dates back
to the 3'-4™ century owing to its features, style designs, colors,
and weaving technique. Comparing its stylistic features to other
well-known Coptic textiles, the case study is suggested to be a
part of a Coptic tunic cut by an amateur archaeologist or looter. It
had many deterioration forms, e.g. soiling, stains, tears, missing
parts, fragility, high acidity, fault treatments, color changes, and
ancient animal glue adhesive (fig.2).
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Fig.2 detenoration forms in the case study: a. dust, b, stain, ¢. & d. holes and missing parts, ¢, &
. ancient adhesive, g. ravel of wefts, h. longitude tear. 1. color changes
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2.2. Investigation and analysis:

2.2.1. Microscopy techniques:

The study used the USB digital microscope (USBDM,;
monocular type, 0.3m CMOS Sensor, up to 640x480 resolution,
15-40mm focus range, 50-500x magnification range, adjustable 8
built-in LED white lights on camera head) and the scanning
electron microscope (SEM; Quanta 3D FEG, FEI Company,
USA) coupled with Energy Dispersive X-ray detector (EDAX) to
identify and image the deterioration forms in the case study
macro-samples and their types of fibers. Moreover, it utilized the
EDAX unit to identify the inorganic components of the macro-
samples such as accumulated dust and mordants, if applicable.
The samples were mounted on aluminum stubs using adhesive-
coated carbon discs. The beam energy was 20 kV to obtain the
excitation of all the elements. The
acceleration voltage with ETD detector  (secondary  electron
mode) was at 10 mm working distance and a spot size 5.5
(1kV/10pA) with a scale ranging from 10um to 50um. The spot
size was 7 (20kV/4nA) with a scale of approximately 200um.
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2.2.2. Fourier transform infrared spectroscopy (FTIR):

FTIR spectroscopy (Thermo Nicolet 6700 FTIR
spectroscopy, USA) was adopted to identify the adhesive type for
adhering the textile fragment to the glass board. Moreover, it is
exploited to chemically identify the fibers. It could confirm or
negate the SEM results based on the deformation commonly
notified in the morphological features of the investigated fibers
by the SEM. The spectra were obtained in the reflection mode
using ATR crystal in the spectral range from 4000 to 400 cm'
with 4 cm™ resolution at room temperature.

2.2.3. Mass spectrometry (MS):

To identify the type(s) of dye(s) that were probably used in
coloring the object threads, mass spectrometer (Autoflex Speed
MALDI-TOF-TOF, Bruker) was used in the identification of the
two macro-samples (beige and reddish-brown). The investigated
samples were fixed by adhesive tape on the steel plate. The mass
spectra were acquired in negative reflector mode. The MS
instrument was calibrated before the measurement using a
commercial peptide mixture MPep. The instrument was fitted
with a standard nitrogen laser (337nm). Moreover, the spectra
were processed with Bruker Flex 11, Bruker Xtof software and
mMass 5.0.1 software.
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3. Results:

3.1. Microscopy results:

The results of both the SEM examinations of the case study
macro-samples (fig.3) and the USBDM examinations of the case
study surface (fig.4) illustrated the fragility, brittleness, and
disintegration of the fibers of the warp, weft, and blank
ornaments. In addition, dust soiling accumulated on all fibers.
The results of the USBDM showed that the weave structure was
the tapestry technique, plain 1/1, with the beige and purple-red
weft, 8 warps/cm, and 30 wefts/cm. moreover, the torsion
direction was S. They revealed the high yellowing rate in vast
areas, confirming the high acidity rate observed by the naked
eye, as well as the mass of animal glue adhesive that penetrated
and covered the investigated areas.

"‘“:k\_: P N £ th B
Fig.3 The SEM macrographs: a. friable and brittle wool of the brown warp, b. brttle and
disintegrated wool of the beige weft, c. brittle and soiled linen of the blank omament, d.
completely soiled wool of the beige warp. e. glued fibers, f. animal glue adhesive.
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Fig 4 The USBDM macrograps of the objectsurface; . 11 warp and weft weave structure, b,
solling and high acidity, . ghued fbers with animal glue

The high magnification of the SEM revealed that the warp and
the weft (beige and reddish-brown) were all from animal wool
fibers, but the blank threads used in the ornaments were from
linen. The results of the EDAX unit coupled with the SEM of the
fibers' examination (reddish-brown weft, beige weft, beige warp,
and blank linen) showed many chemical elements, i.e. C, N, O,

F, Na, Mg, Al, Si, P, S, Cl, K, Sn, Ca, I, and Fe (fig.5, table 1).
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Table (1) the analytical results of the EDAX unit for the case study macro-
samples

W1t% detected elements

C|N|O|F|NajMg/Al|Si|P|S|ClI K|Sn|Ca| I |Fe

Reddish |29.521.1|137.5/2.7/1.10.2|0.3|0.3|0.1{2.1]0.1|0.1| 0 |1.5/3.2]|0.2

Beige
wefi 29.8(17.4/34.8| 2 |2.1/0.5/0.71.3|0.1|2.7|0.4|0.3|0.2|3.5{3.5/0.7
Beige

25.2|14.1/47.3|3.6/0.5/0.20.9/1.6| 0 |0.1| 0 |0.2| 0 [1.9(3.7|0.7
warp
Blank
’ 36.2|21.9/35.9| 0 (0.8/0.3]0.2/0.3|0.1/2.2|0.3|0.2| 0 [1.1] O |0.5
inen
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3.2. FTIR results:

The FTIR spectra of the case study macro-samples
(fig.6) revealed that all weft and warp fibers were from wool.
While the peak at ~1650 cm™ represented amide |, the peak at
~1545 cm™? represented amide Il of the wool. Moreover, the
peaks at ~1121 cm?, ~1071 cm?, and ~1040 cm™ represented
cysteine and cystic acid; the basic amino acid of the natural wool.
The broad peak at 3400 cm™! was attributed to OH due to water
molecules absorption (Odlyha et al.,, 2007, Zhang & Wyeth,
2010). The FTIR spectra revealed that the blank threads used in
the object ornaments were linen. The bands at 1316 cm™, 1335
cm?, and 1372 cm? occurred owing to the COH and HCC
bending vibrations. The bands at 1335 cm™ and 1372 cm'
corresponded to the crystalline phase of cellulose, while the
vibration at 900 cm corresponded to the amorphous phase (Paul
& Paul Wyeth, 2003, Paul & Paul Wyeth, 2006).

The FTIR spectra of the adhesive used in adhering the case
study to the glass board reported that it was animal glue. The
characteristic signals of the amide carbonyl group (-CO-NH-)
were identified. While the peak at ~3400 cm™ was attributed to
N-H stretching vibration region, the peak at ~1640 cm™ was
attributed to the stretching of the carbonyl group (C=0) and the
deformation of amide 1l (-NH2), and the peak at ~1540 cm™ was
attributed to the alteration of the material. The peaks at 2852 and
2923 cm highlighted the methylene group, and the broad peak
between 3000-3750 cm™? showed the hydroxyl and amide
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groups. Animal glue is commonly used either in crafting many
heritage objects or in repairing the deteriorated ones ( Zorba et
al., 2006, Rao et al. 2015).

4 7 | @ ——Reddishbrown weft
030 | b - - -Beigeweft "i
} | € ——Beigewarp f "
025 | d ----Blank omament Ti -
1 | @ ——Glueadhesive ft 1
. i} ;

Absorbance

1 H ] ¥ ] 1 I | * |
4000 3500 <000 2500 2000 1500 1000 500
Wavenumbers cm-1

Fig.6 The FTIR spectra of the object macro-samples, a. the reddish-brown weft (wool), b. the
beige weft (wool), c. the beige warp (wool), d. the blank omament (linen), e. the ancient adhesive
(animal glue)

3.3. MS results:

The MALDI-TOF-MS spectra of the reddish-brown weft
fiber (fig.7a) revealed the presence of Alizarin (241 m/z),
Purpurin (255 m/z), Rubiadin (253 m/z), and Indigotine (261
m/z). Alizarin, Purpurin, and Rubiadin referred to the madder
dye, while Indigotine suggested the indigo dye. The spectra of
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the beige weft fiber (fig.7b) showed Luteolin (284 m/z) and very
weak peaks of Alizarin (241 m/z) and Purpurin (255 m/z).
Luteolin indicated the weld dye, while Alizarin and Purpurin
referred to the madder dye. The spectra of the beige warp fiber
were similar to the above-mentioned ones of the beige weft fiber
(fig.7b). They also revealed the presence of Luteolin (284 m/z)
and a very weak peak of Alizarin (242 m/z) and Purpurin (255
m/z) (DeRoo et al., 2011, Annemarie et al., 2016, Annemarie et
al., 2019).

\
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=
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Fig.7 The MALDI-TOF-MS spectra of; a. the reddish-brown weft fiber, b.
the beige weft fibers.

4. Experiments:

4.1. Mock-up preparation:

The wool fabric (Wools Golden Tex Company, Egypt) was
prepared by immersing and stirring in distilled water and soap at
50°C for 30 minutes. Then, the fabric was rinsed three times in
fresh warm distilled water (50°C) and dried in an oven at 50°C
(ASTM- D629, 1999). After that, the samples were dyed with
weld concurrently with a trace of madder dyes (Wild Colours
Natural Dyes, Birmingham, UK) according to the common dying
recipes (Schweppe, 1986, Bechtold et al., 2003). Each woolen
sample was separately cutto 3x3 cm slaps, weighed in gram,
soiled with around 0.5 gm of a 20% fresh solution of animal
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glue, aged in a hot dry oven at 105°C for 72 hours, and kept at
room temperature (25°C) for 72 hours (Edward, 2006, Ren et al.,
2012) (fig.8).

4.2. Cleaning procedures:

Each replica of the soiled and aged mock-up were put in a
test tube containing 5 mL of warm water or 5, 10, 20, or 30
U/mL of protease enzyme (from Bacillus Licheniformis, Type
VIIl, EC No.: 232-752-2, Dostawca POCH S.A) in sodium
acetate buffer, pH=7.5, as follows: warm water sample (W1), 5
U/mL protease (P5), 10 U/mL protease (P10), 20 U/mL protease
(P20) and 30 U/mL protease (P30). The test tubes were shaken
using a rotary shaker (Scientific Industries Roto-Shake Genie)
for one hour at 37°C. Thereafter, the textile samples were picked
up from the test tubes and washed three times in distilled water at
25°C (Ahmed & Kaolisis, 2012, Singh et al., 2012).

4.3. Cleaning assessment:
4.3.1. Macroscopic and microscopic assessment:

The results of the USBDM and the optical observation of
the experimental samples before and after treatment (fig.8)
revealed that some animal glue adhesive still soils the woolen
threads. Moreover, no color changes have occurred in W1
samples. P5, P10, P20, and P30 samples achieved an increasingly
better removal of the glue adhesive, but with little increasingly
color changes.
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Fig 8 Photographs of animal ghue removal from the woolen samples: . before gluing, b. after
ghung ¢. after aging, d. W1, e. P5, £ PI0,g. P20,h. P30

4.3.2. Weight:

To identify the amount of removed glue by the cleaning
agent, each replica was weighed before gluing, after gluing, and
after cleaning. The results are detailed in table 2. Each replica
lost a different amount of the glue deposited in and on the fibers.
This amount increased gradually by increasing the amount of the
enzyme. W1 kept on much amount of glue. The percentage of
removed glue was calculated, as follow:

sample’s weight after gluing — sample’s weight after cleaning

— : - 100
original weight of soiling glue
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Table (2) Weight of Fabric and glue samples before gluing, after gluing and

after cleaning

Sample w1 P5 P10 P20 P30
Cleaning agent Warm | protease | Protease | Protease | Protease
[
water | SY/mL [ 10U/mL | 20U/mL | 30U/mL
Before
g . 324 | 345 3.32 3.21 3.34
- gluing
e
2
(3]}
= | After gluing| 5.48 5.6 5.55 5.51 5.43
3
g
After
8 . 4.37 4.02 3.77 3.52 3.41
cleaning
g Original
= 2.24 2.15 2.23 2.3 2.09
© | soiling glue
(3]
=
® Removed
= 1.11 1.58 1.78 1.99 2.02
o glue
% of removed glue | 49.55 73.48 79.82 86.52 96.65

4.3.3. Colorimetric measurements:
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The experimental samples were dyed with weld
concurrently with a trace of madder dyes. The color changes
between the reference sample (dyed and aged sample) and the
cleaned samples were measured by the spectrophotometer (DR
LANGE MICRO COLOR LDC20-1I) to evaluate the probable
color changes that might occur due to cleaning agents (table 3).

Table 3 Colorimetric measurements of the treated samples

Sample w1 PS P10 P20 P30

Warm Protease | Protease | Protease | Protease

Cleaning agent
water 5U/mL | 10U/mL | 20U/mL | 30U/mL

AL* 5.16 7.92 8.74 9.43 11.32

Aa* -0.83 -2.32 -3.53 -4.62 -6.13

Ab* -0.19 -0.51 -0.86 -1.02 -1.68

Colorimetric
measurements

AE* 5.22 9.46 8.26 12.98 15.39

4.3.4. Spectroscopic assessment:

FTIR spectroscopy was used in investigating the cleaned
samples (W1, P5, P10, P20, and P30) and the reference sample
(dyed and aged wool sample). This assessment aimed at
identifying any glue residue in the fibers. The results (fig.10)
revealed that the P20 and P30 spectra were the most similar ones
to the reference dyed and aged woolen sample. W1 spectra
showed strong and sharp absorption due to the huge amount of
glue residue. The results highlighted many similarities in all
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spectra because all components (the fiber and the glue) are
protein. It would be easier to distinguish if both were of different
materials.

0204 | a DyedAgedWool
b—-—-w1
1| e - P5
|| d=----P10
0t e P20
:
- 0.10 -
§
<
0.05 -
0.00 -
-0.05 -

T T — T T T
4000 3500 3000 2500 2000 1500 1000 500

Wavenumbers cm-1

Fig.10 FTIR spectra of the mock-up samples before and after glue removal: a. dyed and aged
wool, b. W1, c. P5. d. P10, e. P20, . P30

5. The case study treatment:

5.1. Mechanical cleaning:

A soft brush was carefully used to loosen and eliminate the
different contaminations and soiling dust on the surface and inner
parts of the threads and fibers. Then, a small handy blower was
utilized for the suction of the loose contaminations and soiling
dust (fig.11) (Landi, 1992, Finch & Putnman, 2002).
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Fig.11 A part from the case study object before and after mechanical cleaning

5.2. Removal of the animal glue adhesive:

Based on the results of the experiments, it was preferred to
start the removal of the animal glue adhesive by a poultice of the
adhesive-soiled spots by warm water for one hour. This step
aimed at softening the adhesive in a green method to facilitate
and assist the use of protease enzyme later, and to minimize the
time of enzyme reaction with the fibers. It is recommended not to
prolong the enzyme application to heritage objects. After
softening the glue, the softened outer parts were mechanically
removed one by one. Thereafter, the protease enzyme (20 U/mi
at 37°C) was used in cleaning the animal glue residues in the
glued spots that were directly rinsed stepwise by distilled water
to remove the excess enzymes from the fibers (fig.12) (Decoux,
2002, Ahmed & Kaolisis, 2012).
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5.3. Washing and drying:

It was decided to wash the case study for many reasons: 1)
The dust residues, which probably still soil the inner sections of
the case study; 2) The high acidity rate spreading in the case
study that requires water at least to be neutralized; 3) The
brittleness and dehydration of the object fibers; 4) Treating some
spots with protease enzyme and distilled water and the untreated
areas should physically and chemically match the treated ones; 5)
The positive results of washing fastness of the dyed threads
against water and neutral soap. All these results motivated the
author to wash the case study object.
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A bath of distilled water and 1% neural soap was prepared
and poured into a washing tray. The object was gradually
humidified with distilled water using a hand sprayer. Thereafter,
the object was carried upon a tulle fabric and put into the wash
bath. It was soaked in the bath for 20 minutes, then gently
pressed by hands to extract the interior dust. After that, the wash
bath was replaced by a fresh similar one, then replaced by three
sequential rinsing baths containing distilled water. The object
was then lifted from the wash tray and put upon a towel to absorb
the excess water. All distortions were fitted in the right directions
and kept until complete dry at about 25°C (fig.13) (Yvonne,
1990, Landi, 1992, Mauro et al., 1999.

Fig.13 Washing, drying and straightening of the case study object
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5.4. Supporting:

Due to the brittleness, fragility, and scattered and
unregulated threads of the case study object, it was suitable to
support the object on a new linen fabric, as follows (Landi, 1992,
Balazsy & Eastop, 1998, Lennard, 2006):

1. Preparing a 37%x24 cm wooden frame painted by
polyurethane varnish as a precaution procedure to overcome
the probable humidity.

2. Washing a 47x34 cm linen fabric in boiled water and
commercial soap for 30 minutes, then drying and ironing it.

3. Stretching and pinning the linen fabric on the wooden
frame.

4. Initial fixing of the object to the linen support.

5. Half backstitching of the whole object on the linen fabric
in crossed rows vertically and horizontally from the inner to
outer parts. Thin needles and naturally dyed silk threads with
the suitable colors were used.

6. Using basting and herringbone stitches in the holes and
rupture areas, respectively (fig. 14).

Finally, the case study object was redisplayed in its showcase.
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Fig.14 Supporting the case study object on a new linen fabric; a. the linen support stretched on a
wooden frame, b. sewing a lost area with the basting stitch, ¢., sewing a rupture with the
herringbone stitch, d. sewing an edge with the basting stitch, e. the case study affer treatment
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6. Discussion:

The case study object is a Coptic textile fragment that dates
back to the 3"-4" century in Egypt according to the museum'’s
records. The stylistic designs, ornamentations, colors, and
weaving techniques confirm the archaeological dating of the
object (Thompson, 1971, Keijzer et al., 2007). The comparison
of the artistic features and weaving techniques of the case study
with the other Coptic textiles revealed that the case study was a
cut part from a Coptic tunic. Most of the Coptic textiles were
collected by some amateur archaeologists or looters who often
deformed the archaeological contexts (Hooft et al., 1994, Gillow
& Sentance, 2005, Thomas, 2007). Thus, it was highlighted why
some edges of the case study appeared sharp although there were
no hems.

The results of the different investigation and analysis
methods confirmed literature about the historical materials and
methods of Coptic textile fabrication in the Late Roman Period in
Egypt. The weave structure was the plain tapestry, S torsion
threads, fibers were from natural sheep wool and linen (Keijzer et
al., 2007, Ahmed, 2017, Karydis et al., 2019). Weld and madder
trace dyes were identified in the yellow dyed fibers (Wouters,
1993, de Graaff, 2004). The apparent reddish-brown color isn't
genuine, it is confirmed as a purple red color. The Coptic
craftsmen generally dyed the woolen fabric and threads with the
indigo/woad dye, then with the madder dye to obtain that lovely
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so-called color ‘Egyptian Purple' (Cooksey, 2001, Cardon, 2007,
Keijzer et al., 2007). This result of the chemical analysis was
confirmed by another result of the physical investigation using
the USBDM.

The results of the EDAX unit coupled with SEM revealed
the presence of C, N, O, F, Na, Mg, Al, Si, P, S, CI, K, Sn, Ca, I,
and Fe in most of the investigated fibers. Most of these similar
elements in all samples represent soil and accumulated dust. If
one tries to find a mordant, it should be identified only in the
dyed fibers, not in the blank one. Other studies commonly
identified most of these elements in the Coptic textiles
(Trojanowicz et al.,, 2004, Ahmed et al.,, 2017, Amin, 2019).
Most of the identified elements, such as O, Na, Mg, Al, Si, P, ClI,
K, and Ca could be due to the contaminations from the
archaeological sites. It is unacceptable to attribute them to the
chemical elements of the mordant (Trojanowicz et al., 2004). Sn
was identified in only the beige weft. Thus, it might suggest
stannous chloride mordant, especially, Cl element that was also
identified. The high intensity of C, N, O, and S suggested the
major components of wool (Solongo et al., 2017). In the same
context, it is impossible to confirm using any mordants; all
elements were identified in all investigated fibers, either dyed or
not. Therefore, all the identified elements could be attributed to
the wool ingredients and the case study environment.

The obtained results revealed many deterioration forms in
the case study, especially the brittleness, fragility, and yellowing.
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These forms were confirmed by the FTIR results, where all the
analytical spectra of the case study highlighted the evolution of
cysteic acid at 1040 cm-1 and variant changes in the Amide I, 11,
and 1l peaks (Carr & Lewis, 1993). These degradation and
yellowing forms were due to many factors, such as the ill-
adapted environment in the Agricultural Museum, the internal
factors, and the human factors; not a single cause only (Cooper,
1987, Odlyha et al., 2007). Some studies attributed the well-
preserved Coptic textiles to the dry burial soil in Egypt (Karydis
et al., 2019), but the major alteration of the purple-red color to a
pale green one at the lower-right area of the object was
absolutely caused by a very harsh and strong chemical, either in
the ancient storage or in a burial soil. The FTIR results illustrated
significant decrease in the absorption band intensities of the
archaeological samples compared to the modern ones, owing to
the hydrolysis and oxidation reaction (Tomni¢ et al., 2007,
Kavkler & Demnar, 2012).

The results of the samples' weight showed that the minimum
amount of the removed glue resulted from using warm water. It
improved gradually by increasing the concentration of the
protease enzyme. These results point out that warm water is not
efficient enough to remove the aged animal glue adhesive. On the
contrary, the protease enzyme was more efficient and could
completely remove the aged animal glue adhesive, especially in
the high concentrations. Colorimetric measurements showed a
gradual increase in the color changes of the cleaned samples by
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protease enzyme along with the increase of protease
concentration. These results were confirmed by the FTIR spectra
and the microscopic and macroscopic results. To conclude, warm
water is a very delicate and completely safe material in the
removal of animal glue, but not efficient enough. Protease is
more efficient but more harsh and harmful to the fibers (Ahmed
& Kolisis, 2012, Singh et al., 2012).

7. Conclusion:

The case study object is a Coptic textile fragment dating
back to the Late Roman Period in Egypt. It showed many
deterioration forms, especially the animal glue adhesive used in
adhering it to a glass board. Therefore, the experimental part of
the study was dedicated to identifying how best to remove this
ancient animal glue adhesive. The results revealed that the warm
water is insufficient to completely remove the animal glue
adhesive, while the protease enzyme is more efficient but more
harsh to the woolen fibers. The study recommends using warm
water poultices, preceding to the protease enzyme to initially
soften the adhesive and to facilitate the using of protease enzyme
hereafter. It is important to decrease the reaction time between
the enzyme and the fibers as possible. The study suggests that
preserving the heritage object, even with some deterioration
forms, is preceded upon the removal of deterioration forms.
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