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Abstract

This case study manuscript "Suluk alttariqat alssufia", which is kept at the Al-azhar
Library in Cairo is documented and treated. The manuscript was made from cotton fibers that
may have been used the induction of paper. It’s exposure to various deteriorating factors,
including neglect and inappropriate exhibition, caused a lot of damage. The unavailability of
appropriate conditions at the library, including relative humidity, temperature, light and
unsealed storage cases, lead to gathering of air dust particles and aerosols inside the storage
rooms. All these factors led to severe damage which resulted in the manifestation of dust and
fungi stains formed on the paper manuscript. This research offers a treatment and restoration
plan and illustrates the actual scientific procedures that were followed during the restoration
and treatment of the manuscript, starting from the archaeological documentation, the
analysis and scientific inspection (SEM-EDX, FTIR-ATR) which were carried out to identify
the components, and the actual stages of restoration and conservation.

Keywords: Manuscript; Degradation and deterioration effects; Fungal attack; Preservation
and restoration; Analysis methods by FTIR and SEM-EDXS, Identification of fungi

Introduction

This part includes the conservation and restoration of a 17th century AD manuscript. It is
considered to be monuments record for real estate property describing and location them. This
manuscript belongs to Al-Azhar library so dates back to the 1688AD. The reason for choosing
this manuscript object for restoration is because of the common problem that may be found in
the most storage facilities or libraries where there is a bad storage condition as well as bad
handling. Libraries and archives sometimes have suitable conditions for fungal growth, which is
highly dependent of temperature and humidity. Where high humidity and temperature are
frequent, have environmental conditions that facilitate the growth of these microorganisms.
This situation can bring hazard to human health by mould infection of books and documents,
besides causing the decay of these publications, which sometimes is old [1]. The most common
types of damage sustained by bookbinding are caused by poor handling, poor storage methods,
unsuitable display methods, and wear and tear from repeated use, chemical changes in the
materials making up the bookbinding leathers exposed to polluting gases [2]. Bookbinding
exposed to air and light exhibited a great content of sulphuric acid produce from the polluting
atmosphere [3]. Fungal infection is considered a main concern for libraries or archives full of
paper-based books and documents, it is critical not only to control active fungal growth, i.e.,
hyphae, mycelium, or mould, but also to remove or reduce the amount of fungal ascospores and
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conidia [4].The structural nature of ascospores as predecessors of future growth allows the fungi
to survive severe conditions, and ascospores are consequently harder to inactivate than the
vegetative hyphae. In unfavorable conditions remain spores have low water content and their
metabolism is inactivated but changeful [5]. Fungi can hydrolyze a wide variety of polymers,
including cellulose, as a result of their efficient degradative enzymes [6]. Cellulolytic fungi,
which use cellulose as substratum, when growing in favorable environmental conditions, can
break down paper material in a short time [7]. Fungi are important biodegrading and are
considered as serious degrading agents where the presence of vegetative cells or spores on the
surface of wood or other materials like paper may indicate a possible degradation in the future
[8, 9]. If the paper is exposed to natural or artificial light, it is photo-degraded, assisted after
deterioration by fragility. Particularly sun light has a serious damaging effect on written or
printed paper materials. The ultraviolet radiation of light are mainly responsible for
photochemical degradation of paper which takes place rapidly when paper is exposed to sun
light in presence of air (oxygen). When some portion of cellulose is oxidized to oxy cellulose,
the long cellulose chains are broken and the paper becomes weak and brittle. Fading of ink and
dye of the coloured paper and yellowing of white paper also takes place due to the formation of
ox cellulose [10]. Fine dry particles of any case present in the air are known as dust. This is
highly critical for the library and archival collection, composed of soil, tar, metallic substances,
fungus spores and moisture among other things. Since dust is air borne it settles down on any
surface of the object. Dust is hygroscopic in nature and when it is mixed with high humidity, it
is transformed into dirt and if this dirt sticks to the surface of the books. it becomes difficult to
remove. Dust and dirt are sources of both physical and chemical degradation of the library
collection. Powder acts nucleus around which moisture collects and this moisture provides the
necessary humidity for the growth of fungus and for chemical reaction, which lead to the
formation of acids. Since dust and dirt are solid particles of varying size and hardness they exert
abrasion on the surface of the books [11]. Several techniques have been developed for book and
document conservation reducing the threat of bio-degradation and bio-deterioration agents, such
as fungi. Some of these techniques involve the use of very toxic chemicals, including ethylene
oxide, which has carcinogenic properties and is banned in a number of countries, besides being
expensive [1, 12]. Therefore, the present study was prepared to restoration this manuscript and
searching for simple, cheap, non-toxic and eco-friendly control against causative
microorganisms. This will participate effectively in the development of national and
international strategy for the collection and storage of rare books and manuscripts in libraries.

Materials and Methods

Description of the manuscript
The manuscript is a book on meanings interpretation for the revelations of the named

"Suluk alttariqat alssufia" and has been dated to 1688AD. It was listed under Public No. 85314
and Special No. 2407 in the stores of Al-Azhar Library in Cairo, Egypt.  Its length is 21cm and
width 17cm. It was written in black, red ink, the manuscript has a stained spots and
discoloration as a result of poor storage, and Ink smears due to washing away of the inks by
water drops or storage in high relative humidity environment, as well as handling problems
represented by the red lines where the reader has meant to highlight some important lines, and
broken separated folds due to bad handling, as well as transparent tapes were also applied to
reattach the disconnected folds. As a result of aging, they have lost adhesion and leave
discolored spots underneath (Fig .1).
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Fig .1. Degradation and deterioration of manuscript: missing parts of bookbinding,
stains of dust, transparent tapes, destruction of paper edges

Investigations and scientific analysis by scanning electron microscopy with EDX
The paper manuscript is mainly made up of the following components, paper (fibers,

mould pattern, sizing materials, pigments, fillers, inks, other secondary components e.g. pastes,
binding mediums), identifying the fibers that were used for making the paper manuscript and
conditions of the manuscripts, required the following procedures .

Fourier transform infrared spectroscopy (FTIR)
Infrared reflectance spectra was recorded using a Vertex 70V (Bruker Optics)

spectrometer, The recording time varied according to the quality of spectra obtained and ranged
between 600-4000cm-1 scans and spectral resolution was 4cm-1.

Isolation and identification of fungi
Cotton swabs were inoculated directly on to agar plates. The media used was Sabouraud-

glucose agar and Czapek's agar supplemented with choramphenicol for fungi. Petri dishes were
incubated at at 28oC for 7 days for fungi.  Based on colony morphology, fungal colonies were
picked up, sub-cultured on agar plates and purified using streaking method. The purified
colonies were preserved at 4oC for identification and further studies [13].

Preservation and restoration
The plan for the treatment, preservation and restoration of this manuscript includes the

following procedures were applied.

Results and Discussion

SEM microscopy with EDXS Observation
Examination of the manuscript under the SEM electronic microscope with EDXS

showed that it exhibits typical symptoms of bio-degradation. It was also possible to highlight in
the structure of paper manuscripts the cotton fibers with their preservation status and the
evaluation of the elemental composition in C, O, Ca and Fe and low content of Al and Cl. The
presence of iron and aluminum had an important role in the formation of spots (Fig. 2).
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Fig. 2. Microorganisms on fiber paper and EDX analysis to old paper,
Shows the structure of the paper manuscripts

FT-IR analysis
The main aim of using the analysis in this study is to know the animal glue, which is

used to cohere manuscript, and the cellulose decomposition of the manuscript paper (Figs. 3 and
4).

Fig. 3. FT-IR Spectres: a - Shows IR analysis of Standard animal glue;
b - The sample animal glue, which is used to adhere manuscript.

Fig.4. Shows FT-IR analysis of a sample paper from the manuscript, where the presence of
the absorption pulse of the carbonyl group C = O at wave number 1639.2cm-1
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Identification of Isolated Fungi
Based on colony morphology different isolates were selected and then sub-cultured onto

a fresh nutrient agar medium for 24h at 37°C by the streaking method. Isolate 1 is Penicillium
citrinum in manuscript surface, and in the surface of secondary support cover, we identified
Aspergillus niger. While the conservation and restoration of this object by a mixture of ethyl-
alcohol and deionized water 1:1 was sprayed on the backside of the taped area to help removing
the tape without affecting the paper surface. Interestingly, the crude extract of Acacia nilotica
fruit was used as non-toxic, cheap and eco-friendly control against the causative microbial fungi
(Figs. 5 and 6).

Fig. 5. Mold damage of the cover and the folios of the manuscript

Fig. 6. The fungi isolated from old paper: a - Aspergillus niger; b - Penicillium citrinum .

Conservation and Treatment

Removing the degraded transparent tapes
To remove the old transparent pressure-sensitive tapes, some routine experiments were

tried in order to determine the best method without damaging the paper surface. Starting with
ethyl alcohol, the adhesive of the tape did not completely dissolve. Then a mixture of three
solvents, ethyl alcohol and toluene and benzyl alcohol achieved the best results of removing the
tap by dissolving the adhesive [14]. Tweezers, cotton swabs and a scalpel were the tools used for
mechanical manipulations of the tapes. Figure 7 shows the three steps (a, b, c) of removing
damaged bands from the paper surface. A mixture of ethyl alcohol and deionized water 1: 1 was
sprayed on the back side of the taped area to help removing the tape without affecting the paper
surface. Blotting paper was also used locally to avoid spreading the dissolved adhesive. The taped
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areas were fortunately on the separated folds that have no writing inks. They were successfully
removed as shown.

Fig.7. Showings remove the old transparent tapes

Mechanical cleaning
Paper was cleaned mechanically by soft brushes in the direction of the fibers from the

middle toward the edges, beside using tweezers, a spatula, and air pump sometimes [15] (Fig. 8).

Fig. 8. Dust removal by soft hairbrush

Consolidation of the paper
The ink was found stable to the neutral water treatment up to 3 minutes, then starts

bleeding, moving in to the water solution. The longer the immersion time, the more
displacement of the inks particles occurred. Therefore, for fixing the ink from bleeding during
the aqueous treatments, a 2% of hydroxyl propyl cellulose in pure ethyl alcohol was applied by
small brush (Fig. 9).

Treating of manuscripts by Antimicrobial activities of the crude extract
of Acacia nilotica fruits
The fruits of Acacia nilotica were collected from Aswan city, Egypt. Fruits were

identified at the Department of Botany, Faculty of Science, Aswan University, Egypt. The fruits
were washed under running tap water and air dried for 24h. Methanolic extract was prepared
from the fruits [16, 17]. Each papers were washed with the crude extract of Acacia nilotica
fruits using soft brush, a solution of each prepared concentration of extracts from 500mL to
62.5mg/mL, for 3min. This method of cleaning was repeated several times and then the papers
were air-dried for 24h. Finally papers were washed with distilled water using soft brush. Then

b



RESTORATION OF A 17th CENTURY AD MANUSCRIPT AT AL-AZHAR LIBRARY IN EGYPT

http://www.ijcs.uaic.ro 123

they were immersed in 5% hydroxyl propyl cellulose solution to improve mechanical properties
without affecting the optical properties (Fig.10).

Fig. 9. Showings fixing the ink and consolidation old paper

Fig.10. Treating of the manuscripts by Antimicrobial activities

Rebinding
Due to the degradation and deterioration of the original cardboard, cover is almost

decomposed. It was decided that it could not be used and to carry out the process of rebinding
the manuscript with a new cover. These bindings had chain stitch sewing those laces through
the cardboard.

Fig.11. Stages in restoration of covers: a - Cardboard cover preprocessing;
b - During processing; c - After perfecting of treatment

b
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Fig.12. the manuscript after restoration

The sewing was done through geminate of sewing stations with a needle on each end of
the thread. Reddish brown skin was used to make the new part leather binding typically to the
original cover. The cover has many deterioration and degradation problems, is shown in the
missing parts as holes, the insects damage is seen obviously not only on the surface missing
parts, but also on the paperboard that used to strengthen the cover. Rag paperboard was used for
replacement of the old paper pasteboard that removed earlier. To get the typical thickness of the
old paperboard, which should be suitable for remounting the treated cover, sheets were cut
exactly the same size of the old one [18-20] (Figs. 11 and 12).

Conclusions

This research transact with the conservation process of manuscript no. 85314 - 2407 in
Al-Azhar Library and as a result we can conclude that SEM-EDX-FTIR is a good elemental
technique to characterize paper manuscript, like previous studies this study found out the animal
glue was widely used as an adhesive to stick the cover manuscript, Many aspects of degradation
and deterioration were noted on the surface of the paper or bookbinding, such as holes caused
by insects, wrapping, erosion of tanning material and missing parts. The most dominant fungi
were Aspergillus niger and Penicillium citrinum, the pH values of the paper and bookbinding
were higher than their normal values because this manuscript was damaged by alkaline
environmental conditions. The method of applying a temporary facing technique has greatly
facilitated the safe removal of transparent tapes, and control against causative microorganisms
by the crude extract of Acacia nilotica.
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