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Chapter 3: An Introductory Background to Binding Media and 

Varnishes Used in Ancient Egyptian Artefacts 

In this chapter, an introductory background to the binding media and varnishes used in 

Egyptian artefacts will be discussed. The aspects of usage, preparation and degradation 

will also be fully described. 

3.1. Paint media 

The most common painting technique applied in ancient Egypt was the tempera 

technique. Tempera is a general term for water-based paint media such as animal glue, 

gum, casein and egg. It is normally defined by its source; i.e. glue tempera, egg tempera 

and casein tempera. A more precise definition for tempera is stated by Boom et al., 

(1996) as “a water based paint in which amphiphilic lipids and proteins from vesicles, 

which fuse as the water, is taken up by the pigments or evaporates by physical drying". 

Tempera comprises two types of media; protein-containing media such as animal glue, 

egg yolk, albumin and casein, and carbohydrate-containing media such as plant gums 

and honey. Beeswax has been used extensively as a paint medium in Roman period. 

In this chapter, the paint media especially egg, gum and waxes and varnishes are 

discussed according to their sources, chemical composition, analysis, and degradation. 

3.1.1. Plant gums 

Plant gums were described by Mantell (1947: 16) as “complex association of 

carbohydrates such as celluloses, starches, the sugars, their reaction products, their 

oxidation materials; the acids and salts in general of compounds whose components are 

only carbon, hydrogen and oxygen”. While Bonaduce et al., (2007) and Bleton et al., 

(1996) defined them as water soluble, or partially soluble, exudates produced by a 

variety of trees which consist of polysaccharides with high molecular weight. The 
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chemistry of plant gums is quite complex due to the occurrence of several sugars and 

uronic acids in their compositions. Chemically, they are polysaccharides consisting of 

aldohexoses; galactose, glucose, fructose, and mannose, aldopentoses; arabinose, 

xylose, fucose and rhamnose. In addition, two acidified monosaccharide of glucose and 

galctose are present; glucuronic and galacturonic acids joined together by a glycoside 

bond (Mills and White, 1994: 71-72; Mantell, 1974: 12-13). 

The exudate gums comprise a polymer core consists of one or two monosaccharides 

linked together with glucosidic bond. Attached to that core, side chains containing 

different monosaccharides and uronic acid similar to one exists in the core (Twilley, 

1984: 371). Each plant gum contain a number of monosaccharides such as L-arabinose, 

D/L galactose, D-mannose, L-rhamnose, D-xylose, L-fucose, D-glucose, uronic acids; 

glucuronic and galcturonic acids (Twilley, 1984: 368). The structure of selected 

monosaccharide is shown in figure (3.1) and the compositions of some gums are listed 

in table (3.1). 

 

 

 

 

 

 

 

 

 

Figure 3.1: Structures of some monosaccharides (a–e) and a uronic acid (f) found in plant gums media 

(Newman, 1998a: 44). 
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The properties of gums such as viscosity depend on the season when collected, age of 

the tree, climate conditions and storage conditions including the time of storage (Howes, 

1949:10). This has been confirmed by examinations carried out by Idris et al., (1998) on 

eight Acacia senegal gum samples from trees of varying age growing in different places 

in Sudan. It was found that the monosaccharide compositions and protein contents and 

many other properties of all examined samples are similar and typical to those 

previously analysed (Osman et al., 1993; Churms et al., 1983; Anderson and Stoddart, 

1966). However, the viscosity showed significant differences due to the age of the tree 

as the highest viscosity was from the oldest trees (between 10-15 years old). 

Plant gums have been identified in many Egyptian artefacts. As paint media, gum 

Arabic has been identified in mural paintings on the tomb of Nefertari in Luxor (Mora 

et al., 1996). Acacia nilotica has been identified in the temple of Karnak in a painted 

stone column (Le Fur, 1994: 62-66), gum Tragacanth has been identified in a red wash 

on a sand stone sarcophagus from the 18
th

 dynasty (Newmann, 1993: 62) and in a white 

filling material from a 21
st
 dynasty sarcophagus (Masschelein-Kleiner et al., 1968: 110). 

More recent identifications by (Newman and Hapline, 2001) with samples covered from 

the old kingdom to the Graeco-Roman period. 

Acacia gum has also been identified from wall paintings in the 19
th

-Dynasty tomb of 

Queen Nefertari in Thebes (Stulik et al., 1993: 61-63), from the 18
th

-Dynasty tomb-

Table 3.1: Monosaccharide and uronic acid composition of some gums and mucilages 

(Pitthard et al, 2006; Größl et al., 2005; Marinach et al., 2004; Mills and white, 1994: 77) 
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chapels of Suemniwet and Horemheb (Shoeib, 1998) in addition to other detections 

from various funerary objects (Daniels et al., 2004; Newman and Halpine, 2001). 

The predominant gum identified in most samples was found to be Acacia nilotica. Gum 

binder was also reported by Stacey (2008) (in press) on Nebamun wall painting in 

which Acacia sp. was identified in one sample and probably Prunus sp. (such as cherry, 

plum, apricot, etc.) in different samples. The rest of the samples were not sourced. 

In ancient Egypt, two types of gums were commonly used, Acacia species mainly gum 

Arabic and Astragalus species mainly gum Tragacanth. Locust bean gum (carob gum), 

tamarind gum and cherry gum have also been reported (Eastahgh et al., 2004: 476). 

3.1.1.1. Gum Arabic (Acacia gum) 

Gum Arabic, which is exuded mainly from Acacia senegal and Acacia segal, is a 

transparent, viscous solution obtained from the stems and branches (Idris et al., 1998) 

which can dry to hard tears (Mantell, 1947: 12). The tree should be between 6 to 30 

years old to produce the gum (Masschleiner-Kleiner, 1995: 49). It tapped from the tree 

by incisions in the bark and the gum is removed and dried. It takes between three weeks 

to two months for the gum to dry depending on the weather condition (Howes, 1949: 

21). 

Gum Arabic (genus Acacia, subfamily Mimosoideae and family Leguminosae) consists 

of polysaccharides with high molecular weight, between 250,000 and 300,000 amu) 

(Masschleiner-Kleiner, 1995: 50). Its molecules are spherical in shape and dissolve 

slowly but completely in twice its volume of water. Its viscosity reaches its maximum 

value at the neutral point (pH 7) (Masschleiner-Kleiner, 1995: 50). Eighty five percent 

of world production is supplied by Sudan (Glicksman, 1973: 202). The best type and the 

most important is Acacia Senegal which represents about 90% of this produced gum. 
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The gums chemistry is quite complex due to the occurrence of several sugars and uronic 

acids. It was suggested that Arabic gum comprises a mixture of calcium, potassium, 

manganese salts of Arabic acid (Hirst, 1942) with identified constituents to be 1d-

glycuronic acid, 3d-galactose, 2L-arabinose and 1L-rhamnose. More precise structures 

have been proposed (Anderson and Stoddart, 1966, Churms et al., 1983) as a core of D-

galactopyranose units linked at C1-C4, with branched chains on C6 of D-

galactopyranose. The residues are found to consist of L-arabinofuranose, L-

arabinopyranose, L-rhamnose and L-glucuronopyranose, in addition to 2% 

proteinaceous materials. This chemical composition may vary as gum Arabic is 

normally sold as gum mixtures (Mantell, 1947: 36). 

3.1.1.2. Gum Tragacanth 

The source of gum Tragacanth in Egypt is still unknown and probably was imported 

from other Mediterranean countries such as Syria, Palestine, Turkey and Iran (Howes, 

1949. 39). Although this species contains more than 1500 types, few of them produce 

gum, of those which do most are located in Turkey (Dogan et al., 1985. 330). The 

superior gum Tragacanth is found to be Astragalus microcepalus Wild, Astragalus 

echidnaeformis Sirjaev and Astragalus gossypinus Fisher and the poorer is Astragalus 

gummifer (Dogan et al., 1985: 330) which was considered for some time as the best 

source of Tragacanth gum (Chamberlain et al., 1970. 132). 

The growth of Astragalus gummifer in Eastern Africa, including Egypt, was reported by 

Twilley (1984: 38). It was also identified as possible source of gum Tragacanth in 

Egyptian artefacts by Newman and Serpico (2000) in samples from the Museum of Fine 

Arts, Boston. The other nearest source of Tragacanth gum to Egypt is Astragalus 

bethlehiemicus and Astragalus cruentiforus which are to be found in Syria, Lebanon 

and Palestine (Zohary, 1972: 77, 78). 
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The collection process of the gum Tragacanth is quite complex and time consuming 

which makes it more expensive than gum Arabic and may also result in its less 

widespread use (Mills and White, 1994: 77). Gum Tragacanth does not dissolve in 

water but it absorbs water to swell and to make a viscous mucilaginous material 

(Howes, 1949. 5). Chemically, the soluble fraction which is called tragacanthin 

dissolves to give a colloidal hydrosol whereas the insoluble fraction, consisting of 60-70 

% bassorin, swells to a gel (Meer et al., 1973: 291). 

Gum Tragacanth has molecular weight greater than that of gum Arabic (around 840,000 

amu) and has elongated shape molecules which are responsible for its high viscosity. 

The maximum viscosity is reaches at pH 8 (Masschleiner-Kleiner, 1995: 51). 

To be used as a medium or an adhesive, a small portion may be used and applied thinly. 

After application, the painting should be left unvarnished for sometime (Gettens and 

Stout, 1966. 28). 

3.1.1.3. Plant gums deterioration 

The glycosidic linkage that join monosaccharides together are susceptible to oxidation 

and chain scission which may be catalysed by the presence of pigments especially those 

containing copper (Banik et al., 1981-2; 1982). In this process, the hydroxyl functional 

groups in monosaccharides covert to carboxylic acids which prone to acid hydrolysis in 

the presence of moisture causing decrease of polymer chain length (Masschleiner-

Kleiner, 1995: 49). 

Plant gum media may darken by chemical reaction occurs between carbohydrates and 

proteins which is known as the maillard reaction. Melanoidins are the end products of 

this chemical reaction (Vallance, 1997: 20). 
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3.1.2. Proteinaceous paint media (egg and glue media) 

Glue has long been assumed to have been a major binder in ancient Egyptian painting, 

and recent analyses have confirmed that this was quite common (Newman and Halpine, 

1994). It is used as binder for gesso grounds (Shedrinsky et al., 1989; Lucas, 1962: 3-5) 

and in paints (Newman and Halpine, 2000; Le Fur, 1994; Lucas and Harris, 1962: 3-5). 

In some samples analysed in the museum of Fine Arts of Boston, multiple media were 

identified consisting of both glue and gum (Newman and Halpine, 2000). Egg media 

(yolk and whole egg) have been used in some Fayum portraits dated to the Roman 

period (Thompson, 1982: 7; Ramer, 1979). 

3.1.2.1. Egg paint medium 

The composition of chicken egg yolk has been studied by Phenix (1996) and Boom et 

al., (1996). It is reported that the whole egg yolk consists of about 47% water, 33% 

lipids and 17% proteins. In the dried yolk the lipids is about two thirds (66%) and 

proteins is one third (35%) in addition to small amounts of natural colorants which 

produce its characteristic yellow colour. 

 

 

 

3.1.2.1.1. Lipids in egg yolk 

The main lipid component in the egg yolk is triacylglycerides (21%), phospholipids 

(10%) and cholesterol (2%). The distribution of fatty acids (FA) is saturated (28%) 

mainly stearic (C18:0) and palmetic (C16:0) in the ratio of 2:1, monounsaturated fatty 

acids (42%) mainly oleic acid (C18:1) (60%) and polyunsaturated fatty acids (20%) 

mainly linoleic acid (C18:2) (25%) and arachidonic acid (C20:4) (Phenix, 1996; Privett et 

Table 3.2: Gross composition of hens' egg yolk 
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al., 1962). The presence of wider range of polyunsaturated fatty acids (from C18:2 up to 

C26:6) are reported by Holub and Kuksis (1969). 

  

 

 

 

3.1.2.1.2. Proteins in egg yolk 

It was assumed by Gettens and Stout (1966) that egg yolk is an oily emulsion in which 

oil particles are suspended in a solution of albumin. However, Phenix (1996) has argued 

that egg yolk is not an emulsion as the hydrophobic lipids and the hydrophilic proteins 

are not completely separated. 

The amino acids composition is extensively studied by Boon et al., (1996) and Phenix 

(1996). It mainly comprises of phosvitin (12%), lipovitellins (36%), low density 

lipoproteins (LDL) (22%), apovitellenines, livetines (30%) and vitamin-binding proteins 

(0.4%). The amino acids found in egg yolk compared to other types of proteins are 

listed in table (3.4). 

Boom et al., (1996) gives a summary of stages of development of an egg tempera paint 

involving initial and curing stage, chemical and physical drying stages, mature stage and 

degradation stage. 

The effect of light ageing on egg tempera samples has been studied by Khandekar et al., 

(1994). The examined samples were pure egg yolk and pigmented films with lead white, 

vermilion, azurite and verdigris. It was found that the loss of fatty acids is increased by 

light ageing. The chemical change of cured and light aged tempera film is due to 

Table 3.3: Lipidic fraction in egg yolk 
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chemical changes in cholesterol and lipids fractions which have been studied by van den 

Brink et al., (1997). It was reported that, in non-pigmented cured tempera the 

triglycerides C55 (16:0, 18:2, 18:2), C53 (16:0, 16:0, 18:1/18:0) and C57 (18:2, 18:2, 

18:2) survived while these lipids disappeared in the light aged samples. In addition, a 

large fraction of cholesterol disappears when light aged as it is oxidised to 7-keto-

cholestrol and 7α- and 7β-hydroxy-cholestrol (Boom et al., 1996). 

More studies have been carried out by van der Brink et al., (2001) in which the effect of 

light ageing and concentrated SO2 and NOx on glycerolipids (triglycerides and 

phosphatidylcholines) of egg tempera paint film by MALDI-TFMS was examined. It 

was found that glycerolipids are sensitive to light-induced oxidation as the rate of 

degradation increases with the degree of fatty acid unsaturation. Extensive oxidation 

also occurs in dark when exposing to concentrated SO2 and NOx and when lead white is 

present as a pigment. 

Colombini et al., (2002) have studied the degradation of lipidic binders (egg yolk and 

oils) when exposed to UV light (365 nm), NOx and SO2. In this study, an increase of 

polymerization and cross-linkage in the unpigmented egg film was shown. This 

facilitates the cleavage of fatty acids chains due to oxidation process which leads to 

formation of oxalic acid. The formation of short chain carboxylic acids also increased. 

In the artificially aged film, α- and β-7-hydroxycholestrol was identified. However, it 

aged paintings, neither cholesterol nor its oxidation products has been identified. 

In addition, a decrease of total amino acids recovery has been reported by Andereotti et 

al., (2003) which depends on the type of pigments present in the paint sample. It reaches 

up to 25% loss (Schilling and Khanjian, 1996) which might be explained by its high 

proportion of unstable amino acids. It is also found that the presence of oxidizing lipids 

accelerates photo-oxidation. Moreover, as a result of to the cross-linking reaction 

undergone by this process, the solubility of the media reduces, free radicals form 
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affecting the most sensitive amino acids such as histidine, methienine, tyrosine cystine, 

lysine, serine and tyrosine (Boon et al., 1996; Karpowics, 1981). 

Casoli et al., (2003) has reported formation of amino malonic acid due to the oxidative 

degradation of serine, phenylalanine and cystine (Boom et al., 1996). In addition, 

oxalate salts were also detected (Colombini et al., 2002; Rampazzi et al., 2002). 

Changing in pH in the presence of moisture plays an important role in the ageing 

process causing hydrolysis of peptic linkages, decrease of molecular weight and loss of 

binding power (Boom et al., 1996). 

3.1.2.2. Glue paint media 

Animal glues are obtained by boiling animal tissues such as bones, skin, and 

cartilaginous parts of animals and fish (Doménech-Carbó 2008; Colombini and 

Modugno 2004; Taft et al., 2000: 32; Newman, 1998: 38; Mills and White, 1994: 86). 

The main constituent of animal glue is collagen, characterised in the peptidic chain by a 

high content of glycine and proline and by the presence of hydroxyproline, which is 

absent in the other proteinaceous materials commonly used as paint media (Caruso et 

al., 2007; Pitthard et al., 2006; Colombini and Modugno, 2004; Colombini et al., 1999; 

Colombini et al., 1998; Masschleiner-Kleiner, 1995: 57). The three amino acids 

frequently found as repeated sequences (Mills and white, 1994: 89). 

Collagen is fibrous in nature and forms the bulk of the proteins found animal glue. It is 

formed from very long, thin fibres of amino acids covalently bonded in specific 

sequence. This sequence gives collagen a specific shape and strength that is a 

consequence of intramolecular hydrogen bonding (von Endt, 1984; Pauling, 1951). 

Pure gelatine swells in cold water and becomes a solution at 30°C (Newman 1998: 38; 

Masschleiner-Kleiner, 1995: 59). To prepare a glue solution, the solid gelatine is soaked 

in cold water for about 30 minutes in case of powder gelatine and for two hours in case 

of beads (Masschleiner-Kleiner, 1995: 59). Then it is heated in double boiler in a 
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temperature not exceeding ~60°C (Masschleiner-Kleiner, 1995: 59) because the glue 

looses its adhesion when heated in a high temperature or heated for a long period 

(Gettens and Stout, 1966: 26). The glue solution remains liquid for few days at room 

temperature due to the degradation by micro-organisms (Newmann and Hapline, 2001; 

Thompson and Hamilton, 1993:13). 

Glue paint films commonly suffer from cracking, flaking, and separation of the paint 

film from the substrate in the paint containing lead white on parchment and other works 

of art (Quandt, 1992; Bykova et al., 1976; Drayman, 1968-69). This phenomenon has 

been described as friability, cracking, tenting, and cleavage (Lawson and Yamazaki-

Kleps, 2002). Lawson and Yamazaki-Kleps (2002) carried out accelerated aging tests 

on samples of proteinaceous, gum, and cellulose derivative binders and their mixtures 

with lead white. Aging was found to promote yellowing in all the protein-lead white 

mixtures. The mixtures containing gelatine presented the smallest colour change of all 

the binders tested. 

Centeno (2004) has analysed mixtures of lead white with different proteinaceous 

binders by FTIR to determine the effect of the pigment on the hydration properties of 

the fresh binders; glair, rabbit skin glue, bone glue, and gelatine were chosen for this 

analysis. The results of this study suggested that lead white reduces hydrogen bonding 

around the peptide C=O and N-H groups by removing water molecules and induces a 

small change in the protein's secondary structure due to aggregation. Massicot was 

found to promote a similar change as lead white around the peptide C=O but had a less 

effect on the N-H groups. 
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3.1.3. Beeswax 

Beeswax is prepared by melting the honeycomb in hot water which is then strained and 

bleached by exposure to the sun. The oxidation products are then removed by washing 

and filtering (Masschelein-Kleiner, 1995: 43). 

Pure beeswax is difficult to apply as paint media by brush when melted. Therefore, 

modified beeswax, Punic wax, was used instead. The application of Punic wax as a 

paint medium in Fayum portraits has been confirmed by (White, 1978b). The method by 

which Punic wax was prepared has been described by Pliny the Elder (Kühn, 1960). The 

method depends on repeatedly heating beeswax in an alkaline solution, such as natron 

or potash, leading to partial saponification. As a result, the metallic ions (sodium, 

potassium, or calcium) from the alkali, form the final creamy emulsion containing salts 

of the fatty acids liberated by saponification (Newman, 1998: 52). Another method for 

preparing Punic wax has been suggested by Cuni and Cuni (1993) cited in (Newman, 

1998: 52), in which animal fat or vegetable oil and potash are heated with beeswax. The 

resulting mixture is a wax-soap emulsion that can be easily applied (Newmann and 

Halpine, 2001). 

Table 3.4: The overall percentage of amino acids in some proteinaceous paint media  

(Vallance et. al., 2007) 
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Hansen (1977) has suggested a different method for preparing beeswax were used in 

Fayum portraits. He observed that beeswax was mixed with resins or balsams, such as 

mastic or Venice turpentine, to form the medium. Then the paint was formed by adding 

the pigment powder to the hot molten medium. Finally, the paint was applied hot to a 

wooden panel with a cauterium or brush. Hansen also suggested the addition of a 

solvent, such as naphtha, or oil (such as oil of lavender) to improve the workability of 

the paint.  

Despite the fact that the pure beeswax is difficult to use as a paint medium, it has been 

detected in some Fayum portraits (Regert et al., 2001). White (1978) has reported the 

use of beeswax and Punic wax in two Fayum portraits of the same date. Which indicate 

that both waxes were used in parallel in the same time and not a matter of technical 

development. 

Beeswax was extensively used as a paint media for mummy portraits during the Roman 

period, with nearly six hundred surviving mummy portraits painted in a wax-based 

medium (Parlasca, 1997). It was also identified in an 18
th

 dynasty black paint sample 

from the bust of Nefertiti (Wiedemann and Bayer, 1982), in paint from the tomb of 

Tutankhamun (Le Fur, 1994) and in a 21
st
 dynasty white ground layer, gesso (Wright 

and Wheals, 1987). It is also reported in the paint dated to the 1
st
-4

th
 century AD in 

mummy portraits from Fayum (Wrapson, 2006; Alexopoulou-Argoranou et al., 1997; 

Corzo et al., 1997). 

Beeswax has been recently identified in coloured pastes (both red and black) used for 

inlaying marble and limestone wall panels in Qijmas El-Eshaqe mosque, Cairo from the 

Mamluk period (1250-1515) (Bakr et al., 2005). The analysis of the binder was carried 

out using FTIR after extracting by petroleum distillates and was compared with a 

beeswax reference sample. 
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Beeswax consists of 14% by weight straight-chain hydrocarbons, predominantly n-

alkanes with an odd number of carbon atoms in the range from C21-35 with the highest 

abundance at the C27 n-alkane (Garnier et al., 2002, Aichholz and Lorbeer, 2000). The 

even-numbered n-alkanes (C22-32) also present but in lower abundance (Namdar et al., 

2007; Tulloch, 1972). Alkenes with odd-numbered carbon atoms were also revealed 

with predominant C31:1 and C33:1 (Garnier et al., 2007). 

Esters comprises about 65% of fresh beeswax (Tulloch, 1973; 1972; 1971), consisting 

of monoesters (~35%), hydroxyl monoesters (~4%), diesters (~14%) and free fatty acids 

(~12%) (Garnier et al., 2002; Aichholz and Lorbeer, 2000, Tullloch, 1980). Monoesters 

comprise even-numbered carbon atoms in the range of C38 - C52 (Garnier et al., 2002; 

Aichholz and Lorbeer, 2000). Hydroxy monoesters present in the range between C40 and 

C50 with dominant C46 (Tulloch, 1971) and diesters are found as an even-numbered 

carbon atoms ranging from C56 - C66 (Aichholz and Lorbeer, 2000; Kimpe et al., 2002). 

Long chain saturated fatty acids comprised mostly of even carbon numbers in the range 

between C16-C36 (Garnier et al., 2007; Aichholz and Lorbeer, 2000, Tullloch, 1980, 

Tulloch, 1997). 

Triesters (3%), hydroxyl polyesters, free acids (~12%) and unidentified compounds 

(~9%) are also present (Mills and White, 1994: 50). 

 

 

 

 

 

 
Figure 3.2: Details of floral ornaments, carved on white marble and inlayed with 

red and black paste. The ornaments above the sanctuary of Qijmas El-Eshaqi 

mosque and school in Cairo. (a) Red paste sample. (b) Black paste sample (Bakr et al., 2005). 
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The main component in Punic wax is hydrocarbons, an unhydrolysed ester and traces of 

soaps such as sodium salts of fatty acids. The differentiation between beeswax and 

Punic wax is possible by means of GC-MS as the proportion of esters to hydrocarbons 

is greatly reduced due to the alkali treatments in the case of Punic wax (Ramer, 1979). 

White and Pilc (1978) observed that the ratio of hydrocarbons to esters in unmodified 

beeswax is normally about 1:2 and in Punic wax the concentration of the esters reduces 

by partial saponification. In addition, melting point may also used to differentiate 

between unmodified beeswax and Punic wax. It was found that samples whose melting 

point ranging between 63-70 °C indicates unmodified beeswax while samples whose 

melting point ranges above 85 °C have been interpreted as Punic wax (Ramer, 1979). 

 

 

 

 

 

 

 

3.1.3.1. Degradation of beeswax 

The hydrocarbon component of beeswax is chemically relatively stable (Polard et al., 

2007: 156; Heron et al., 1994). For example Heron (1994) has shown the identical 

profile of Neolithic beeswax with modern reference beeswax. The long chain wax ester 

is more likely to resist hydrolysis than the ester in triacylglycerols (Pollard et al., 2007: 

156). Also the absence of unsaturated fatty acids prevents beeswax from oxidising. This 

Figure 3.3: Chromatogram of: (a) pure beeswax, (b) artificially made Punic wax, (c, d) paint 

media of two Fayum portraits; (c) beeswax, (d) Punic wax (White, 1978b) 

a 

c 

d b 
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stability is shown by the absence of azelaic acid, the oxidation product of fatty acids in 

esters, in Fayum portraits (Newman, 1998: 54). 

However, over time beeswax is prone to hydrolysis forming long chain alcohols and 

palmitic acid (Regert et al., 2001) although the long chain wax esters are more likely to 

resist hydrolysis than the ester in triacylglycerols (Pollard et al., 2007: 156). 

Regert et al., (2001) carried out experiments to examine the degradation of beeswax 

when artificially aged. This work illustrated that the loss of lower molecular weight n-

alkanes may be attributed to sublimation process when heating the wax (between 60-

100 °C) or being stored in a warm environment. Hydrolysis of esters which leads to 

formation of palmitic acid and even-number alcohols from C26 to C34 with 

predominance of C30 was also confirmed. Palmetic acid is found to be sublimated to its 

partial or total disappearance. Phenolic compounds, such as cennamic and benzoic 

derivatives, which may come from flavonoids that present in beeswax have been also 

identified in aged beeswax. 

Fresh natural and synthetic waxes have been studied by Edwards et al., (1996), Edwards 

and Falk (1997) and Vandenabeele et al., (2000, 2007) using FT-Raman spectroscopy 

and micro-Raman spectroscopy. The waxes examined involved beeswax, Carnauba 

wax, shellac wax, microcrystalline wax and more. Aged wax was also analysed by 

Raman spectroscopy from sculptures dating to the 19
th

 century (Regert et al., 2006). 

Raman spectroscopy techniques give general information for distinguishing between 

broad classes of waxes. However, when a mixture of materials is present this technique 

becomes insufficient as the resulting bands may overlap hiding characteristic features 

(Serpico and White, 2000: 416; Mills and White, 1994: 54). Raman techniques do not 

also give precise information about the composition of the analysed waxes or their 

degradation products (Serpico and White, 2000: 416; Mills and White, 1994: 54). 
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3.2. Varnish layer 

The varnish is a protective coating usually containing a resin applied to the paintings to 

protect the paint film against dirt and mechanical damage, whilst at the same time 

achieving the proper colour saturation and gloss effects. Laurie reported the finding of 

natural resin on top of a coffin fragment dated to the 19
th

 dynasty applied while warm as 

a varnish (Laurie, 1911: 27). A varnish made of resin dissolved in oil was also detected 

in the temple of Jupiter Ammon (Gettens and Stout, 1966: 56). 

Until recently, it was believed that varnish has been employed on Egyptian objects in 

the New Kingdom between the 18
th

 to the 26
th

 dynasty and never been found in Roman 

and Ptolemaic periods (Lucas and Harris, 1962: 357-8). However, a recent study carried 

out by Edwards et al., (2007) proved the application of varnish in the Graeco-Roman 

period (2200 BD). Lucas has distinguished two types of varnishes; one is yellow "or 

colourless turned to yellow" which was used to cover mural paintings, wooden objects 

such as coffins, canopic boxes, stelae and painted pottery. It was also detected on a 

shabti boxes and occasionally on shabtis figures (Schneider, 1977: 239-40). 

The black varnish according to Lucas, was employed either to simulate ebony or for 

covering funerary objects such as sarcophagi, wooden canopic boxes. It was suggested 

by Lucas and Harris (1962: 356-359) that the yellow varnish is an altered pine resin and 

the black is mostly a black resin grown in Egypt similar to the black dammar resin 

Canarium strictum which grows in India and Rhus vernicifera which grows in Japan 

and China. 

Serpico and White (2001) analyzed twenty two varnish samples taken from various 

painted objects dated from the New Kingdom by GC-MS of which ten were black 

varnish and 12 yellow varnishes. They stated that the yellow varnish was identified as 

Pistacia sp. resin in most cases. In some samples in addition to pistacia resin, Pinaceae 

sp. resin has been detected admixed with lipidic material. In the latter sample, 
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dehydroabietic acid and 7-oxodehydroabietic acid have been identified confirming the 

presence of a pinaceae resin along with low abundances of moronate and nor-

compounds which is characteristic of a degraded pistacia resin. 

The only detection of pistacia resin in the Graeco-Roman period (2200 BC) was 

reported by Edwards et al., (2007) on a decorated sarcophagal coffin-lid. The main 

detected fragments, despite its degradation, were 28-norolean-17-en-3-one, methyl 

moronate and 20,24-epoxy-25-dammaren-3-one. 

The black varnish according to Serpico (2001) was found to consist of various recipes. 

It is found to be pistacia resin applied over a base of bitumen, pistacia resin mixed with 

bitumen, pistacia resin over a black paint, heated pistacia resin or a mixture of pistacia 

resin, pinaceae resin, vegetable oil, beeswax and some unidentified component. 

Based on the previous introduction, the varnish used in ancient Egypt comprises a resin, 

mostly Pinaceae sp. and/or Pistacia sp. resins and vegetable oil with some other 

additions. 

3.2.1. Chemistry of resins  

Resins are composed of terpenes and terpenoids. When carbon and hydrogen are only 

present in the structure, the compound is known as terpenes. However, when oxygen is 

bonded to the carbon rings, the structure is known as terpenoids (Serpico, 1997: 76). In 

this study terpenoids will be used as a general definition for composition of resin. 

Terpenoids are biosynthesised from units of the 5-carbon compound isoprene. This is 

present in lower molecular weight terpenoids in two (monoterpenoids) or three 

(sesquitepenoids) units. In the higher terpenoids (di- and tri-terpenoids), it is presents as 

four and six units. Di- and tri- terpenoids are not to be found together in a single resin 

source (Mills and White, 1994: 95). 
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Monoterpene (C10) and sesquiterpene (C15) terpenoids are volatile components which 

act as solvents and natural plastisizers which control viscosity and flexibility of the 

resin. They also have a defensive role against insects (Langenheim, 2003: 36). They 

comprise about 50% of the total mass of freshly exuded resin (Wang et al., 1977). In 

commercial industry they are the main source of turpentine products (Langenheim, 

2003: 36). 

Diterpenoids (C20) are the second largest class of terpenoids of which over 40 occur in 

conifers (Sukh Deo, 1989) which are be divided into two common diterpenoids; bicyclic 

such as labdane and tricyclic of which pimaranes, isopimaranes, abietanes, strobanes 

and podocarpanes are the most common compounds found in Pinaceae family (Otto and 

Wilde, 2001) (table 3.5). The tricyclic diterpenic acids are responsible of keeping the 

resin relatively soft and unpolymerized. However, resins with abietane type compounds 

may become solid with hard surface due to the presence of abietadiene precursor that is 

prone to polymerization (Langenheim, 2003: 36). 

 

 

 

 

 

 

 

 

 

Table 3.5: Common compounds of bi (*) and tricyclic diterpenoids found in Pinaceae family 

(Otto and Wilde, 2001) (adopted) 
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3.2.1.1. Pinaceae and Cupressus resins 

Pinaceae sp. can be divided into three genera; Pine (Pinus sp.), cedar (Cedrus sp.) and 

fir (Abies sp.). The Cupressaceae sp. can be divided into two genera (Cupressus sp.) 

and juniper (Juniperus sp.) (Serpico 2000: 431). The resins exuded from these trees are 

a viscous solution with pale yellow and translucent material (van den Berg et al., 2000). 

Pines (Pinus sp.) are considered to be the most likely source of resin from the Pinaceae 

family. It is always the cheapest and the most abundant resin producer (Mills and White 

1994: 100). Fresh pinaceae resins are found to comprise mainly diterpenoids with 

abietane and pimarane skeletons; including pimaric acid, sandaracopimaric acid, 

isopimaric acid, palustric acid, isopimara-8,15-dienoic acid, abietic acid (Doménech-

Carbó et al., 2006; Osete-Cortina et al., 2006; Stacey et al., 2006; Scalarone et al., 

2003; Van den Berg et al., 2000) in varying amounts according to the resins origin 

(Mosini and Samperi, 1995). Dehydroabietic acid is also present in relatively fresh 

resin. Cupressaceae resins mainly consist of pimaradiene and labdane compounds 

together with polimerizable labdane compounds of which sandaracopimaric acid is the 

Figure 3.4: The characteristic abietane, pimarane and labdane diterpenoid molecules of conifer resins 
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most abundant pimaradiene present in the sandarac resin (Osete-Cortina, 2006; Mills 

and white, 1994: 102), while larixyl acetate is only found in Venice turpentine (Larix 

sp.) (Van den Berg et al., 2000; Mills and white, 1994: 100). 

In aged pinaceae resins, abietane diterpenoids are subjected to five oxidation stages 

(Osete-Cortina et al., 2006; Osete-Cortina et al., 2005; van den Berg et al., 2000; 

Proefke and Rinehart, 1992). The initial oxidation of abietane diterpenoids occurs as a 

result of oxidation of conjugated double bonds to form dehydroabietic acid. This 

process continues by further incorporation of oxygen. In this case, the oxidation process 

may go further by formation of peroxide. Loss of water or reduction may form oxo or 

hydroxyl compounds especially in the 7- and 15- positions. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.5: Oxidation stages occur in pinaceae resins (Osete-Cortina et al., 2006) 
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3.2.1.2. Pistacia resin 

The genus Pistacia sp. (family Anacardiaceae) has four recognized species are found in 

Mediterranean area, namely Pistacia atlantica, Pistacia khinjuk, Pistacia Lentiscus and 

Pistacia terebinthus (Stern et al., 2003; Serpico and White, 2000: 436). 

Although Pistacia khinjuk is the only source of pistacia resin in modern Egypt 

(Täckholm, 1974: 339), it has not been used as a varnish in ancient Egypt which is 

thought to be due to its low resin yields. Instead, Pistacia atlantica (Chios turpentine) 

and Pistacia lentiscus (mastic resin) which grow widely in Mediterranean area 

especially in Syria and Palestine were used (Stern et al., 2003; Newman and Halpine, 

2000; Serpico and White, 2000b; Mills and White, 1989: 38). On the other hand, Stern 

et al., (2008) pointed out that the analysis of the resin cannot be used to distinguish the 

species due to degradation and confusion between species. 

The resin exuded from Pistacia lentiscus is known as mastic resin of which its sub 

species Pistacia lentiscus L. var Chia from the Greek island Chios is the major source 

of mastic resin (Serpico and White, 2000; Papageorgiou et al., 1997). The composition 

of Pistacia lentiscus resin was studied by GC-MS (Assimopoulou et al., 2005; Stern et 

al., 2003; Colombini et al., 2000; Dietemann et al., 2001; Marner et al., 1991; Mills and 

White, 1989). According to previously studies Pistacia sp. is found to contain triterpene 

derivatives with the following skeletons; 12-oleanene, 18-oleanene, 28-nor-17-oleanene, 

7-tirucallene, 24,25-dehydro-7-Tirucallene, 24,25-dehydro-8-tirucallene, dammarane, 

lupene and 12-lupene. The most abundant components are found to be moronic acid, 

masticadienonic acid, isomasticadienonic acid and oleanonic acid. 

Aged Pistacia sp. was studied by Stern et al., (2003), Scalarone et al., (2003), van der 

Doelen and Boon (2000), Zumbuhl et al., (1998). According to Mills and white (1994: 

107-108), it is possible to identify an aged mastic varnish by GC-MS due to the 

presence of the pentacyclic oleanane series including moronic acid which is considered 
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the most stable component. In addition, Koller et al., (1997) identified aged mastic resin 

by the presence of noroleanenone acid. 

 

 

 

 

 

 

 

 

 

28-norolean-17-en-3-one was first reported by Koller el al. (1997) as the most stable 

component of pistacia resin. It is suggested to be formed by decarboxylation of 

oleanonic acid (Pastorova, 1997: 105). It is also reported by Serpico and White (2001) 

as a component of heated pistacia resin. On the other hand, Stern et al., (2003) argued 

that although 28-norolean-17-en-3-one is relatively increased by experimental heating 

of modern pistacia resin, it does not match with the relative abundance of the 

archaeological heated pistacia. Therefore, it could not be an indicator of the heated 

resin. Instead, unidentified components with spectral base peak at m/z 453 were detected 

in the archaeological heated samples from locally produced bowls from the 18
th

 

Dynasty site of Tell el-Amarna. These components were suggested being more reliable 

molecular indicator of heated pistacia resin. 

Figure 3.6: Skeleton types of triterpenoids occurring in pistacia resin 
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3.2.2. Chemistry of plant oils 

Vegetable oils are classified into three groups; drying oils which dry to a solid film 

when exposed to air, semi-drying oils which form tacky films and non-drying oils 

which do not form viscous material when exposed to air (Serpico and White, 2000: 413; 

Rheineck et al., 1968; Wicks Jr. et al., 1992). Among all oils found in ancient Egypt, 

linseed oil is the only suitable oil for using in paint matters as it is highly unsaturated oil 

(Serpico and White, 2000: 413). 

The properties of the drying oils depend on their chemical composition. The main 

component of oils is triglycerides, small amount of diglycerides, saturated and 

unsaturated fatty acids (Polard et al., 2007: 150; Serpico et al., 2000: 412; Gunstone et 

al., 1994: 23-32). 

Triglycerides (triacylglycerols, TAG) consist of triple glycerol esters of long chain fatty 

acids (Vicente et al., 2005; Erhadt, 1994). The typical fatty acid composition of 

commonly used drying oils in paintings in given in Table 3.6 (Mills and White, 1994: 

206; Erhardt et al., 1988). This shows that although in theory there are a large number 

of possible fatty acid combinations, in practice there are a limited number of saturated 

fatty acid present namely palmitic acid (C16:0), stearic acid (C18:0) and di- and tri-

unsaturated C18 fatty acids comprise the largest fraction (oleic acid (C18:1), linoleic acid 

(C18:2) and linolenic (C18:3) (Serpico and White, 2000: 412; Mills and White, 1994: 33; 

Erhardt et al., 1988: 20). 

 

 

 

Table 3.6: The typical fatty acid composition of commonly used drying oils in paintings 

(Caruso et al., 2007; Colombini et al., 2003; Colombini et al., 2002; Gimeno-Adelantado et al., 2002; Casoli et al., 

1996; Mills and White, 1994: 206; Erhardt et al., 1988). 
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To differentiate between different oils, the ratio between the areas of stearic and 

palmitic acid peaks (S/P) as being the most stable fatty acids has been used (Caruso et 

al., 2007; Colombini et al., 2003; Colombini et al., 2002; Gimeno-Adelantado et al., 

2002; Casoli et al., 1996). In aged paint samples, the saturated fatty (FA) acid content 

increases while the unsaturated FA content decrease. However, S/P ratio is stable 

(Blaško et al., 2008, table 1). 

In addition, the ratio between azelaic and palmitic acids (A/P) and the sum of 

dicarboxylic acid including azalaic, suberic and sebacic acids (∑D) were sometimes 

applied (Colombini et al., 2002; 2003). 

3.2.2.1. Degradation of plant oils 

The polymerization reaction of polyunsaturated fatty acid chains causes the drying 

process which transforms the oil into a hard polymerised film a few weeks after the 

varnish is laid (Colombini et al., 2002; Erhadt, 1994). 

The auto-oxidation occurs with more inclusion of oxygen in the varnish film by way of 

radical reactions. This leads to the formation of C–C and C–O–C intermolecular bonds 

and the breakdown of fatty acid chains with the formation of lower molecular weight 

oxidised products, including dicarboxylic acids and hydroxyl fatty acids (oxalic, azelaic, 

sebacic, suberic) (Osete et al., 2006; Colombini et al., 2005; Colombini et al., 2002; 

Erhadt 1994; Mills and White, 1994: 39). Azelaic acid (C9) is the most abundant diacid 

in drying oils which increases as they age (Osete et al., 2006; Colombini et al., 2005; 

Colombini et al., 2002; Erhadt, 1994; Mills and White, 1994: 39). The products of 

cross-linking and oxidation processes in drying oils have been described as porous 

polymeric fractions with a wide range of molecular weight that can be influenced by 

age. While non-bonded products are present as free mono and dicarboxylic acids, mono-

, di- and triglycerides, aldehydes, ketones, etc (Colombini et al., 2002; Boon et al., 

1996). 
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In the next chapter, the background to the chosen paintings, especially Coptic icons as 

comprising most of work undertaken, will be introduced. The layered structured of 

Coptic icons including wooden panel, canvas, white ground layer, gilding layer and 

varnish layer will be discussed. In addition, the date of the surviving icons and the 

calendars used in dating those icons are also introduced. The chosen icons and wooden 

ceilings in this study were organized into groups according to the painters, if known, in 

which the sequence of dates is considered. Moreover, the history of each painter and his 

painting style will be fully reported. 

The strategies used in this study will be introduced; including sampling, cross-section 

preparations, analytical instruments used in the microscopic, elemental and molecular 

analysis. A new strategy was employed for the preparation of paint cross-sections, 

which combined both simplicity and accuracy in order to facilitate successful optical 

examination. 

3.3. Overview 

In this chapter, an introductory background to the organic constituents contained in the 

paint layers of ancient Egyptian artefacts was introduced. Three distinct paint media 

categories were discussed; the carbohydrates-containing media such as gums and honey, 

the protein - containing media such as egg and animal glue and the lipids - containing 

media such as waxes. In addition, varnishes used in ancient Egyptian paintings were 

emphasised with more concentration on Pinaceae sp. and Cupressaceae sp. as 

diterpenoid resins and Pistacia sp. as a triterpenoid resin employed in this period. For 

each paint medium and varnish, the aspects of chemical composition, preparation, 

degradation and analysis are fully described. 

 


