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Abstract 

Biopolymers materials exhibit outstanding potential in various conservation applications of historical paper manuscripts and 

bookbinding due to their flexible functionalization and various characteristics. This study aims to make an integrated study for 

the different application purposes of natural and synthetic biopolymers that can be used in the conservation of historical paper 

manuscripts and leather bindings. This study discussed the different sources of biopolymers such as plants, animals, and 

microorganism sources. The different applications of biopolymers such as consolidation, adhesive, retanning, cleaning, gap 

filling, and lubrication, antifungal were explained. The chemical composition, advantages, disadvantages, and application 

techniques of biopolymers were also discussed. This study showed that there are many biopolymers used in the field of 

treatment of paper manuscripts and leather binding. Still, the most common was polysaccharides-based materials, which were 

used in the bio-consolidation of paper, and this was due to the compatibility in their characteristics with paper. Essential plant 

oils (tea tree, lavender, and thyme oils) and Chitosan are the most common biopolymers used as antimicrobials. Japanese 

papers and bacterial cellulose are the most appropriate materials for consolidation and completion of the missing and fragile 

parts of the papers and leathers. Polyurethanes, a synthetic biomaterial, were used as a coating to protect the leather from gas 

pollution. Beeswax protects the leather from pollution such as sulfur dioxide. This study is considered a guide for all 

conservators working on paper manuscripts and leather binding. 
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1. Introduction 

Libraries and museums have huge numbers of 

historical manuscripts and books with leather 

bindings. Historical paper Manuscripts consider 

important records of cultural heritage in different 

historical periods [1, 2]. Leather bindings are 

designed to protect manuscripts and books from the 

harmful effects of the environment, In addition to the 

artistic values represented in calligraphy, 

bookbinding, decorations, pigment, etc. [3-8]. 

Therefore, the study of the conservation of historical 

paper manuscripts with leather bindings has become 

vital in the conservation field [9]. 

Historical Papers are made of plant fibers, which 

contain cellulose, and sometimes contain 

hemicelluloses and lignin [10, 11]. There are fillers, 

Additives, and sizing, which are usually added to 

writing to enhance usability such as reducing water 

permeability and brightness [12]. Leather is a protein 

structure based on the collagen fibril made of animal 

skins such as goats, and calves [6]. Through tanning, 

the skins of animals are converted into a durable 

material called leather [13]). Vegetable tannage was 

the most common tanning material used in historical 

leather bindings [3]. 

Deterioration is one of the significant problems 

for different collections in libraries, museums, and 

storage worldwide due to unsuitable storage and 

display conditions [14-19]. There are different types 

of deterioration factors in historical paper 
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manuscripts and bookbinding. These factors are 

biological factors such as insects and 

microorganisms, and Physical and chemical factors 

such as relative humidity, heat, and air pollution 

gases [20]. They cause the appearance of some 

aspects of deterioration such as weakness, tears, 

fragility, bores, holes, stains and etc (Fig. 1), It can be 

added that the deterioration factors can also lead to 

deformation and sometimes loose ink and pigments 

found on historical manuscripts  [21-24]. 

The role of conservation processes is to protect 

the objects from adverse chemical action, increase 

their chemical stability, improve the appearance of 

the objects, give future resistance against 

unappropriated conditions, improve the mechanical 

properties, and reveal the aesthetic values [25- 32]. 

Recently, with the advancement of the science of 

archaeological conservation, many chemicals have 

appeared on the market. Sometimes non-specialists 

apply some of these materials to historical 

manuscripts and other archaeological materials 

without prior knowledge of their chemical 

composition, different characteristics, advantages and 

disadvantages, and other critical criteria that must be 

taken into account at the time of application, and the 

end result is the deterioration of the archaeological 

materials, or lost them as a result of irreversible 

damage [33, 34]. 

In recent years significant advances have been 

made in using and developing polymeric materials 

for different treatments of historical manuscripts such 

as consolidation, adhesive, filler, coating, etc. 

Biopolymers are natural polymers produced and 

synthesized by plants or organisms [35]. Biopolymers 

have different specific physical, chemical, biological, 

biomechanical, and biodegradable properties 

additionally, they are natural renewable materials 

environmentally friendly [36]. Biopolymers can be 

classified differently based on different scales. Based 

on their origin, biopolymers can be traditionally 

distinguished into plants, microorganisms, and 

animals. [37]. Degradability can be used to classify 

biopolymers; they can be divided into two broad 

groups, namely biodegradable and non-

biodegradable. Biopolymers can be classified 

according to the biopolymer family: polyesters, 

polysaccharides, Proteins, Lipids/ Surfactants 

Polyphenols, and Specially polymers [38, 39].  
 

This study aims to produce an integrated 

study that focuses on biopolymers materials and their 

derivatives used in the conservation of historical 

paper manuscripts and leather bindings according to 

the main source of biopolymers. 

 

 

2. Classification of biopolymers used in the 

treatments of the historical paper manuscripts 

and leather bindings  

2.1. Biopolymers materials from Plants  

Cellulosic materials 

Cellulose is a polysaccharide (C6HI0O5)n consisting 

of linear glucose chains [40] (Fig. 2). It is the main 

component of plants, such as wood, cotton, flax, etc. 

[38]. Derivatives of cellulose can be created by 

adding different functional groups. Cellulose and 

Cellulose derivatives are used to form a variety of 

fibers, powders, thickening solutions, and gels to be 

used in different treatments of historical paper and 

leather artifacts as follows: 

Cellulose powder: Cellulose powder in both micro 

and nano size cellulose is white and has been used as 

an adhesive, coating, and an effective cleaning 

method for historical papers [41] and leather [42]. 

Cellulose nanocrystal was used as a consolidant with 

1-3 % concentration to improve the mechanical 

properties of paper [29]. It was also used as a cleaner 

gel for removing degradation products, soils, and dust 

from the paper. It can minimize damages caused by 

water use. Cellulose Nanocrystals loaded with ZnO 

were used as a coating to increase the color stability 

of the paper and make the paper antimicrobial [43]. 

Cellulose powder in standard size was used with 

ethyl acetate to remove labels, the advantage of this 

method is the label could be removed in one piece, 

but this method required the use of moderately large 

amounts of solvent, and placing blotter paper over 

areas beside label to absorb excess solvent which 

results in tide lines. Cellulose powder is useful for 

filling small holes in paper [44]. 

 

Japanese paper and pulp: Japanese papers are one 

of the most common materials from Cellulose fibers 

used for restoring, conserving, and treating books 

[46] such as damaged papers, and leather binding 

[47]. There are three types of Japanese papers made 

from Japanese plants [48]. Kozo paper is made from 

the tree of the mulberry family. The Kozo paper has 

long fibers and strength which make it ideal for 

treating paper objects [46].   

Mitsumata and Gampi papers are made from the 

tree of the Daphne family. Mitsumata paper has shiny 

fiber. Fibers of Gampi paper have a higher viscosity, 

luster, or shiny texture, which creates a 

semitransparent or translucent paper [49]. Japanese 

papers, known as ‘‘washi papers’’ are commonly 

used in paper restoration by lining old papers with 

them (Fig. 3 a, b) [48], closing splits and breaks [44], 

and re-backing the old partially degraded leather. 

 

 

 



 BIOPOLYMER APPLICATIONS FOR DIFFERENT TREATMENTS...... 

_______________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 66 No. 11 (2023) 

 

639 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1.  Some aspects of deterioration for some historical rare manuscripts from Al-Azhar El-Sharif 
Library such as weakness, tears, fragility, bores, holes, stains, pressure-sensitive tape 
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Japanese paper selected for this technique should 

be strong and long-fibred, and it should be 

reasonably transparent so the color of the leather 

will be shown through the finished repair [50]. 

Japanese papers can be dyed or colored to reduce the 

color difference between the Japanese paper and the 

original color of the manuscript [51]. 

Paper pulp is a fiber from different sources such 

as cotton and linen. It was used to make Hand-made 

paper. Handmade paper is used in the completion of 

the missed parts of the historical paper and leather 

(Fig. 3 a, b)[51, 52]. 

  

Methylcellulose (MC): Methylcellulose is non-

ionic ether created by treating cellulose fibers with 

methyl chloride (Fig. 4). MC was used as a 

Consolidation and adhesive in paper conservation. 

This was due to its flexibility, which improve the 

mechanical properties of the paper. It is considered 

the most widely material used in current practice in 

paper conservation. MC is soluble in cold water, but 

not in hot [53-55]. It is used in solutions of 1, 2, and 

3% for consolidating; it is preferable to dilute it with 

alcohol to improve penetration and enhances drying 

time. In 0.5 % concentration, it can be used as sizing 

in paper pulp used in conservation, which can repel 

oil and grease, and enhance the fiber bonding [44]. 

Some disadvantages of MC are the distortions of the 

surface with re-application more than once on the 

same surface [56], It does not give enough strength 

if it was used alone in tear repairing. It is not really 

strong enough to be used as an adhesive [54]. At 

higher concentrations such as 5 % with acetone, it 

removes labels from leather, but it leaves some 

remains on the surface and is irreversible. It was 

also not effective because the methylcellulose acted 

as an adhesive and was difficult to remove [42]. 

Methylcellulose mixed with PVA (50-50) was 

recommended to be used for most work on book 

covers [57]. 

 

Hydroxy propyl cellulose: Hydroxy propyl 

cellulose (HPC) is a non-ionic cellulose ether (Fig. 

5), the trade name is (Klucel G) It is used as 

consolidation and adhesive for paper,  bookbindings, 

pigments, and inks [53, 58]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

It is also used in the treatment of red rot of 

leather, [50] it can soluble in isopropyl, methyl, or 

ethyl alcohol [59] and has been used successfully in 

water/alcohol solutions. Klucel G is a weak adhesive 

and can use as a size with lining to improve the 

adherence of the lining paper [60]. Ludwick [61] 

Fig. 3. The use of Japanese paper in the 
restoration process of historical manuscripts: 
(a) Unlined book paper, (b) Lined book paper 
with Japanese paper, (c) Under a stereoscopic 
microscope [48]. Missed parts from a historical 
manuscript from the Al-Azhar El-Sharif 
Library, (d) the historical manuscript after the 
completing the missed parts using the hand-
made paper from the paper pulp. 

Fig. 4.    Chemical structure of Methylcellulose  [54]  

Fig. 2.  Chemical structure of cellulose [45]  
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(2012) said the disadvantages of Hydroxy propyl 

cellulose include breaking down when exposed to 

sulphuric acid, becoming rigid with time, and 

cracking if put under stress. Mohamed and Ali [58] 

(2017) said that Klucel G (3%) caused a significant 

change in cellulose crystallinity after artificial aging. 

Klucel G does not cause obvious discoloration of the 

treated area but sometimes can be darkened in the 

case of extremely degraded areas with the use of 

Klucel solutions in ethanol, isopropanol, and 

acetone. Therefore, it should test a small area with 

any consolidant prior to use.  

 

 

 

 

 

 

 

 

 

 

 

 

Sodium carboxy methyl cellulose: Sodium carboxy 

methyl cellulose (CMC) is anionic cellulose ether 

containing sodium compound (Fig. 6.). It was used 

as an adhesive, Consolidant, size for paper, and 

cleaner [53, 54] It is also considered the most wide 

material used in current practice in paper 

conservation [55]. It is soluble either in cold or hot 

water.  CMC is a polar adhesive that makes a good 

bond between papers. At low concentrations such as 

.5%, it can enhance the fiber-to-fiber bonding which 

makes the paper more durable. It causes the 

yellowing of the paper with 2.5% concentration 

under artificial humid aging conditions [56]. Zaja 

[62] (2021) evaluated CMC loaded with Magnesium 

oxide in nano size to treat paper, and the results 

showed that papers retain a neutral pH value when it 

was exposed to an acidic atmosphere. It improved 

the tensile properties of the paper after 

impregnation. Darwish et al. [63] (2020) said that 

0.3% of titanium oxide in nano size with 2% CMC 

can give an acceptable total color difference even 

after accelerating aging of paper. While 0.1% of 

zinc oxide with 2% CMC can give a great total color 

change for paper. CMC is used to adhere Japanese 

paper on torn paper [21]. It is also used with paper 

pulp to fill the missing parts of the leather [51]. 

 

Cellulose acetate: Cellulose acetate is a synthetic 

adhesive. It is the acetate ester of cellulose (Fig. 7) it 

was used as a Consolidant, adhesive, and coating. It 

is soluble in acetone, ethyl acetate, and methyl ethyl 

ketone.  A solution of 1-2 % can improve the 

mechanical properties, decrease the color change 

resulting from accelerated aging, and increase the 

Crystallinity of the paper before and after the heat 

aging cycle. A higher concentration than 2% should 

be rejected because it caused changes in papers [1]. 

It was also used to fixing of inks or colors soluble in 

water. Cellulose acetate oxidizes at room 

temperature, and it becomes weaker and more 

brittle. Traces of acid catalysts from the 

manufacturing process make degradation increased 

considerably [56]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ethyl hydroxyethyl cellulose (Ethulose): Ethyl 

hydroxyethyl cellulose (Ethulose) is non-ionic 

cellulose ether; it was used as an adhesive.  Ethulose 

is soluble in water and can be diluted with an equal 

volume of pure ethyl alcohol. It has a matte 

appearance and suitable flexibility.   Applying 

Ethulose needs to humidify the manuscript before 

consolidation to help penetration of the consolidant 

[56]. 

 

Starch: Starch is a complex polysaccharide (Fig.8) 

that occurs naturally in plants such as corn, wheat, 

and potato. The starch composition includes two 

basic components: amylose and amylopectin. [66]. 

Starch is used in the conservation of paper and 

leather as an adhesive [59; [64, 67].Starch dissolves 

in water by heating, Abdel-Maksoud and Khattab 

[68] (2021) said that using starch in Nano size and 

starch nanoparticles dissolved in water blended with 

CMC dissolved in water for paper improves the 

Fig. 5. Chemical structure of hydroxypropyl 
cellulose [54] 

Fig. 6. Chemical structure of 
Carboxymethylcellulose [54] 

 

Fig. 7. Chemical structure of Cellulose acetate 
[65]  
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properties of paper.  the disadvantages of starch are 

that applying it too thickly or dryly can stiffen the 

paper too much, sometimes difficult to reverse, and 

shrink upon drying and over time lose moisture and 

shrink further under conditions of low relative 

humidity.  It could avoid this problem through 

preparation and use of the paste, it can determine the 

appropriate viscosity during the cooking process, 

and not dilute after that with water, as the added 

water would then not be fully absorbed into the 

starch [47].  

 

 

 

 

 

 

 

 

 

 

 

 

 

Agarose: Agarose is a neutral polysaccharide 

(Fig.9) that is the prime component of Agar which is 

derived from a species of red algae. It was used for 

the cleaning of superficial dirt and soiled material 

from paper and manuscripts, as a water-based 

cleaning system.  This gel belongs to the category of 

physical gels [70]. It is readily soluble in hot water, 

stable in a relatively extended pH range, safe, and 

non-toxic [71].  Passaretti [72] (2021) said that the 

use of gels has become necessary when cleaning 

manuscripts, for which the conventional procedure 

of immersion in water solution was not ideal. It was 

also used as a solvent gel in ethanol, 1:1 acetone: 

ethanol, and ethyl acetate to remove pressure-

sensitive labels from paper. It was also used to 

remove moisture-sensitive adhesives on paper 

artifacts. When it is used as a water-based cleaning 

system, it can be loaded with enzymes and 

surfactant solutions [73]. The gel cleaning system 

requires further washing with organic solvents in a 

free form, because the gel may leave gel residues on 

the surface after cleaning [70]. 

 

Carrageenans: Carrageenans are a family of 

sulfated galactans (Fig.10) extracted from different 

species of red seaweeds [74]. It was used as a 

consolidation for paper. Noshy et al [75] (2021) said 

that the three concentrations 0.5, 1, and 1.5% of 

carrageenan improved the mechanical properties of 

paper, especially the concentrations 5.0%, and 

referred to the improvement of mechanical 

properties depending on the paper type, in addition 

to protecting the paper from oxidation, 

decomposition and gave a slight color change after 

accelerated aging. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Funori: Funori is a polysaccharide (Fig.11a) 

extracted from seaweed mucilage products of 

marine algae. It is a weak adhesive and was used 

as a consolidation for paper and pigments. It is 

used in aqueous solutions. The mucilage is 

extracted with hot water and the residual material 

is filtered off [64]. The use of the Funori has 

broadened to other circumstances as well, 

including cleaning, stain removal, the reduction of 

distortion, flattening, and successful treatments on 

paper and maps (Fig.11 b, c) [77]. It has a very 

low viscosity and can be applied repeatedly 

without giving bulk. It is also used as a weak 

adhesive in mending and facing. Its advantages as 

a consolidant are that it has a very low viscosity 

and can be applied repeatedly without giving bulk 

to the treated pigment and or paper, and it appears 

matte and is more flexible [60, 78]. 

 

• Essential oils 

Essential oils are one of the natural products 

of plants and they are complex volatile compounds 

extracted from roots, branches, twigs, leaves, 

flowers, fruits, buds, and seeds [79]. The most 

common essential oils used as antimicrobials on 

the surfaces of the paper are tea tree, lavender, and 

thyme oils [80].  

Fig.8. Chemical structure of Starch [69]  

Fig. 9. Chemical structure of Agarose [73] 

 

Fig.10. Chemical structure of Carrageenans 
[67]  

https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/galactan
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Tea tree oil at a low concentration (0.25%) is the 

most effective in inhibiting the growth of all fungi 

and bacteria with a slight color difference of paper, 

followed by lavender oil and thymus oil, which was 

only effective at higher concentrations of 0.5% and 

1.0% with giving a color difference of paper. The 

tea tree oil was also added to the pulp in the leaf-

casting machine to manufacture paper sheets that 

use to fill the missing parts in the paper of historical 

manuscripts. [52].  

 

Thymol (2-Isopropyl-5-methyl phenol) is a natural 

product found in the essential oils of aromatic plants 

like thyme, oregano, or savory. It is used as an 

important phytochemical component against fungal 

activity for paper and leather. It is used mainly in its 

crystalline form. It can be applied by fumigation 

technique with amounts ranging from 1 to 90 g m3, 

and the time of exposure from 24 h to 3 weeks. It 

can also be applied directly to the paper in a 10% 

solution in denatured ethanol [81]. It was used with 

different concentrations (0.3%, 0.5%, and 0.7%) in 

an experimental study on paper. the fungal activity 

was much less with a concentration of (0.7%), while 

in concentrations of 0.3%, and 0.5% appear the 

presence of fungal activity. A mixture of 5 ml 

eugenol with 5 ml thymol was used for the 

Manufacturing of sterilized pulp sheets by adding 

the mixture to the tank of the leaf-casting machine 

which contains 40 liters of water, then adding (2 ml) 

eugenol and (2 ml) thymol to 10 liters of pulp 

solution for making pulp sheets. It is also added to 

the consolidation materials of paper and leather 

because these materials should be sterilized to avoid 

any fungal and bacterial infection [82]. There are 

some studies that referred to changes in the 

physical-chemical characteristics of filter paper 

samples treated with thymol, while polymerization 

degree and pH) remained alike and there was 

practically no yellowing. On the other side, Thymol 

vapors caused the yellowing of paper prints [81]. 
 

 

Linseed oil is used in the treatment of historical 

leathers. Hassan [83] (2016) evaluated the effect of 

linseed oil and glycerine emulsion for the surface 

treatment of archaeological leather samples, which 

were taken from a historical leather book cover. the 

emulsion of a linseed oil composed of  (20 ml 

linseed oil, 7 g glycerine,  5 g cetyl alcohol, 5 g 

stearic acid, 100 ml distilled water) and said that the 

emulsion led to improvements in pH values by 

reducing the acidity of the treated leather, also 

improving mechanical properties. 

 

2.2. Biopolymer materials from Microorganisms   

and their applications 

Levan (Hlevan): Levan is a fructose-based homo 

polysaccharide, a fructan that is mainly composed of 

β-D-fructofuranose residues linked by β-(2-6) 

glycosidic bonds (Fig.12).  Levan is produced by 

miscellaneous microorganisms such as Acetobacter, 

Bacillus, Erwinia, Gluconobacter, and 

Microbacterium, [84]. It was used as an adhesive 

and consolidation for paper; it dissolves in water and 

has a unique combination of properties such as 

strong adhesiveness, very low intrinsic viscosity, 

and high biocompatibility. Saglam et al [34] (2020) 

evaluated 7% and 10% (w/v) of levan solutions in 

distilled water and compared them with starch; 

Adhesive-applied samples were initially prepared by 

the application of different historical recipes of 

sizing and ink. Then, they underwent accelerated 

thermal aging. They said that results showed that 

there is a color change for all samples after aging, 

but it is more pronounced for some samples with 

Hlevan.  Hlevan is slightly less acidic than starch in 

all cases and acted as a plasticizer for a kind of 

sizing material.  

 

 

 

 

 

 

 

 

 

Bacterial cellulose: Cellulose as mentioned above 

is a polysaccharide extracted traditionally from the 

plant, there is also bacterial cellulose which is 

produced by certain bacterial species by 

fermentation, and it is a very pure cellulose product 

with unique properties. Bacterial cellulose is a 

water-insoluble material [38]. It was used as a 

Fig.11 Chemical structure of Funori (a), 
reducing water stain in a map using funori 
before treatment (b) and after treatment (c). 
[77].  

Fig.12.Chemical structure of levan [34] 
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reinforcing or lining for damaged papers such as 

Japanese paper [85]. Santos et al. [48] (2015) 

studied the use of bacterial cellulose as reinforcing 

or lining for damaged papers and said that it can 

improve the mechanical properties of paper, and the 

legibility of the texts is much better when papers are 

lined with bacterial cellulose (Fig.13) compared 

with Japanese paper, the legibility of the texts is 

very important with the documents to restore their 

high historical value. Bacterial cellulose provides 

adequate protection for the paper to avoid the effects 

of possible degradation agents and protect the 

documents from the most important agents in paper 

degradation, which are humidity and atmospheric 

pollutants [48]. 

 

 

 

 

 

 

 

 

 

 

 

Gellan gum: Gellan gum is a linear anionic 

heteropolysaccharide produced by Pseudomonas 

elodea, it is biodegradable, and its structure is based 

on a tetrasaccharide repeating unit composed of (1-

3)-β D-glucose, (1-4)-β-D-glucuronic acid, (1-4)-β-

D-glucose, and (1-4)-α-L-rhamnose as the backbone 

(Fig.14) [73]. Gellan gum was used for cleaning 

superficial dirt, soiled materials, degradation 

products, and dust from manuscripts [41, 86], in 

addition to bleaching, or deacidification of paper. 

[73]. It also belongs to the category of physical 

cleaning gels. Gellan hydrogel-immobilized α-

amylases were used for removing starch paste from 

ancient paper documents [87]. It was used with 

antifungals such as titanium dioxide nanoparticles to 

remove the foxing and mold stains. It is also used 

with enzymes to remove some adhesives. It was 

used as a solvent gel with an organic solvent such as 

methanol, or ethanol [73, 86]. The use of gelan gum 

sometimes leaves gel residues on the surface of the 

paper after cleaning; therefore it is requiring further 

washing of paper with organic solvents in a free 

form [70]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.3. Biopolymers materials from animals and 

their applications  

Chitosan: Chitosan is a linear structure composed 

of randomly distributed β-(1,4)-linked d-

glucosamine and N-acetyl-d-glucosamine monomers 

[39] (Fig. 15). Chitosan which is naturally available 

in noncommercial quantities from insect 

exoskeletons is derived from the base-catalyzed 

chemical deacetylation of chitin [88]. Chitosan had 

been used to improve the fungal resistance of paper 

but decreased the paper's strength, whiteness, and 

pH values [55, 89]. Abdel-Maksoud and Al-Saad [1] 

(2009) evaluated chitosan with different 

concentrations (0.5, 1, 1.5, 2%) to treat paper and 

they said that the best concentration was 1%, it can 

improve the properties of paper such as the 

crystallinity of cellulose fibers, mechanical 

properties. They also said that the 1.5 and 2% 

concentrations should be rejected for the treatment 

of paper. Ardelean [21] (2009) evaluated 

carboxymethyl-chitosan as a consolidation for a 

fragile paper and said that it improves the tensile, 

and bursting strength and maintains the same water 

suction capacity, and acted as an antifungal. Ciolacu 

[55] (2017) evaluated three water-soluble chitosan 

derivatives; carboxymethyl- chitosan (CCh), alkyl-

chitosan (ACh), and quaternary-chitosan (QCh) as a 

coating for paper conservation. The results showed 

strength improvement for the CCh/QCh coatings, 

the ACh had little effect on the strength but 

developed an effective barrier to water. CCh or QCh 

with ACh provided the best relationship between the 

strength and barrier properties and proved their 

effectiveness as strengthening/protective materials 

in the treatment of naturally aged paper.   

 

 

 

 

 

 

 

 

Fig. 13. Unlined and lined book paper with 
bacterial cellulose and Japanese paper: (a) 
Unlined book paper, (b) linked book paper with 
bacterial cellulose, (c) Linked book paper with 
Japanese paper under an optical microscope 
[48] 

Fig. 14 Chemical structure of gellan gum [45]   
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Animal Glue: Animal glue is a protein, which was 

used for centuries by bookbinders and restorers as 

an adhesive, and it can be reversed with water. The 

glue comes in cake or granular form; it is diluted 

with water and then heated in an electric pot. The 

glue must be heated on a regular basis and water 

added from time to time to maintain the right 

consistency to avoid mold and decay and it must not 

be allowed to burn. Now because of the 

characteristics related to their preparation, it is no 

longer used as an adhesive for bookbinding in most 

libraries [44]. 

 

Gelatin: Gelatin is a protein that contains 18 amino 

acids (fig16) obtained from animal skin [90].  In the 

past, papers were sized with gelatin which coats the 

paper and also penetrates into the sheets. It was also 

used in conservation as a consolidant. It was used 

and dissolved in warm water with percentages as 

low as 0.5 or 1%. It can be diluted successfully with 

isopropyl alcohol up to percentages of 75:25 

alcohol: water.  It can be effective in setting down 

flakes of leather to reattach or softening the flake 

prior to reattachment [50]. It was used as a binder 

with filler mixed with cellulose powder, acacia 

arabica, and clay nanoparticles to fill small holes in 

the bookbindings [91]. It was used as re-sizing on 

iron gall ink corrosion on a fiber that was previously 

gelatin-sized, gelatin delays the degradation of 

cellulose as Iron is chelated by gelatin that forms a 

gel during cooling and retaining iron, thus the 

concentration of iron inside the fiber is lowered [12].  

There are some disadvantages to gelatin when it is 

used for consolidation such as: supporting 

microorganism growth in high relative humidity, 

attractive to insects, becoming brittle under 

excessively dry conditions and it is degraded by 

ultra-violet light and yellows with age, additionally, 

the low grades of gelatin contain metallic salts and 

other impurities ([44]. onally, the low grades of 

gelatin contain metallic salts and other impurities. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Skin and parchment glues: Skin and parchment 

glues are protein materials primarily composed of 

collagen derived from cattle and sheep skins 

depending on the material from which they are 

made; they may contain contaminants from skin 

preservatives or tanning agents. The skin and 

parchment glues have the highest strength of animal 

glues. Acid hydrolysis or alkaline hydrolysis can be 

the method employed to break down or denature the 

collagen molecules and allow the protein to be 

brought into a colloidal suspension. Glue is soluble 

in a few solvents at room temperature but will swell 

in cold water to form a gel and can be diluted using 

water and isopropyl alcohol which goes in more 

slowly, penetrates more deeply, takes longer to 

evaporate, and allows more of the glue to be 

absorbed before it sets. The pH of hide glue is 6.0-

7.5. Skin and parchment glues are used in the 

manufacture of bookbinding, and gummed tapes 

[50] and can be quite effective in consolidating 

flaking or powdery pigments in historical 

manuscripts. 

 

Bone glue: Bone glues are derived from the bones, 

sinew, and cartilage of animals such as cattle. Bone 

glues are considered inferior to skin and parchment 

glues [92]. Typically the pH is 5.8 - 6.3. Bone glues 

are commercially used as cartons and box adhesives 

[50]. Bone glues are produced and sold as coarse 

powders, pearls, cubes, and cakes or plates [93]. 

Fish glue: Fish glue is a protein material extracted 

from fish. There are two types of fish glue; the first 

type is known as isinglass which is made almost 

entirely from the swim bladders of fish and 

considers the highest quality such as sturgeon glue, 

which is extracted from the swim bladders of the 

sturgeon (Acipenseridae sp.). The second type of 

fish glue is extracted from heads, skins, and skeletal 

waste from different types of fish, and considers a 

much less expensive product. Fish glues were used 

as a size for parchment and as a medium or binder 

Fig. 15 Chemical structure of chitosan [45]  

Fig.16. Chemical structure of gelatin 
polypeptide [89]  
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for painting materials. It was used in restoration as 

an adhesive and consolidate for manuscripts [93, 

50]. Sturgeon glue (Isinglass) dissolves in hot water 

and then can be diluted with isopropyl alcohol when 

cooled to room temperature. The disadvantage of 

Sturgeon glue is that it is very responsive to 

moisture and can become dry and embrittled in 

conditions of storage with low relative humidity 

[56]. 

 

Lanolin and Beeswax: Lanolin is shelf Neats foot 

oil and a pale yellow fatty oil extracted from raw 

wool, (Lanolin) and made by boiling the skin, the 

feet (excluding hooves), and shinbones from cattle 

[94]. It is the most common component of dressing 

material for leather binding; it is useful for its 

emulsifying properties, and penetrating power. 

Beeswax or vegetable wax was sometimes added to 

boost the body of the lanolin. It can lubricate the 

fibers of the leather and seal them against 

atmospheric pollutants, in addition to preventing it 

from drying up and cracking [95]. Beeswax is a 

long-chain fatty acid and long-chain monovalent 

alcohol extracted from Bees. The beeswax acts as a 

polish, it also prevents air pollutants to enter the 

leather as shown in (Fig. 17) [31], on the downside 

it disturbs the moisture balance, risking drying 

because it closes off the pores of the leather [94]. 

The most common dressing mixture is Pliantine 

dressing (British Museum Leather Dressing, BML) 

consists of lanolin, beeswax, cedarwood oil, and 

diethyl ether or hexane, the beeswax is sometimes 

omitted, and the cedar wood oil acts as a fungicide. 

It should be used in dressings sparingly to obtain 

satisfactory results because it can considerably 

darken the leather, and over-applying leaves the 

surface tacky [61]. 

 

Enzymes: Enzymes are proteins produced by living 

cells composed mainly of the twenty amino acids 

[96] alpha-amylase, protease, and lipase,  are the 

common types of enzymes used in the conservation 

of works on paper to assist in the breakdown of 

adhesive residues from previous restorations or to 

facilitate the removal of secondary supports such as 

linings or mounts, and stain removal [7]. The 

principal advantages of these enzymes are their 

specificity and efficiency in catalyzing hydrolytic 

cleavage of polymers such as proteins, 

polysaccharides, and lipids [97]. Therefore, fragile 

documents would be separated easily with less 

physical damage. Their speed of action and their 

potential for use depend, however, on two factors 

that may not be well-defined. These are the activity 

of the enzyme and the precise composition of the 

manuscript. Performance is highly dependent on pH 

and temperature and is different for each enzyme. 

Amylases are used for starch adhesives and 

proteases for protein-based adhesives. Animal glues, 

fish glues, bone glues, and casein glue are all 

protein-based adhesives that can be broken down by 

the use of enzymes [98, 99].   
 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.4. Biopolymers based on Synthetic materials                               

and their applications 

 

Polyurethane: Polyurethanes (PU) are prepared by 

the polycondensation reaction of disocyanates with 

alcohols and/or amines [100] (fig 18). It was used as 

a retannage material for leather [101], and as a 

consolidated material for paper [102]. PU can 

endow treated leather with excellent comprehensive 

properties. It was used as a retannage material for 

leather. Because its molecular chains are similar to 

those of the leather collagen peptide chain. it can 

endow the treated leather with excellent 

comprehensive properties such as enhancing the 

thermal stability of the treated leather fibers, in 

addition, to improving the physical and mechanical 

properties of the treated final leather fiber[101]. PU 

can protect the leather from air pollution gases 

because it acts as a coating film on the surface of the 

leather preventing the leather from absorbing gases 

such as sulfur dioxide. 

 

 

 

 

 

 

 

 

3. Conclusion 

Sometimes, historical manuscripts and leather 

bindings in museums, libraries, archives, and 

storehouses suffer from deterioration caused by 

improper environmental conditions. Accordingly, 

Fig. 17. The surface morphology by SEM for: (a) 
Untreated leather, (b) Aged untreated leather, (c) 
Treated sample with a mixture of beeswax and 
paraffin wax after 5 weeks at 50 oC, 85% relative 
humidity, and a sulfur dioxide at a concentration 
of 500 ppm. [31] 
 

Fig.18. Chemical structure of Polyurethanes 
[100] 
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some aspects of deterioration appeared such as 

darkness, stains derived from different sources, 

missed parts, weakness, and fragility. The use of 

biopolymers in the field of conservation has become 

vital, especially in the field of manuscripts and 

leather binding conservation. This is due to the 

multiple purposes of using these polymers in the 

conservation field. It can be added that the unique 

and varied properties of biopolymers such as 

biocompatibility, reversibility, and similarity in 

chemical properties with paper and leather offer 

significant benefits that increase their use in the 

applications of preservation of historical 

manuscripts. Recent research has demonstrated that 

using natural biopolymers only or in combination 

with synthetic biopolymers can make great 

development in this field.  

It is observed that among biopolymers 

polysaccharides-based materials are considered the 

most appropriate consolidants and compatible 

materials in their physiochemical properties with 

paper manuscripts.  Polysaccharides are extracted 

from different sources such as plants, seaweeds, 

microorganisms, etc.  

Essential plant oils such as tea tree and lavender oils 

are the most common biopolymers used as 

antimicrobials. Chitosan from animal sources also 

has antifungal properties. fatty oils and fatty acids 

from animal sources such as lanolin and beeswax 

are the most common biopolymer materials used as 

dressing materials for leather bindings.   

Japanese papers from cellulose fibbers and bacterial 

cellulose are the most appropriate for completing the 

missing parts of the paper and leather. Agarose 

derivative from red algae and gellan gum derivative 

from Microorganisms were used as physical 

cleaning gels for cleaning superficial dirt, soiled 

materials, degradation products, and dust from 

manuscripts. Alpha-amylase, protease, and lipase 

are the common types of enzymes used to assist in 

the breakdown of adhesive residues from previous 

restorations. Polyurethanes, as a synthetic 

biomaterial, were used as a coating to protect the 

leather from gas pollution. 
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