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Abstract   
Yeast strains play an important role in the biodeterioration and biodegradation of paintings 
in ancient Egyptian tombs. Thirteen yeast were isolated from the royal tombs at Tanis 
(Oserkon II, Psunes and Shashanq), Sharkia Governorate, Egypt, dated back to 840 B.C., by 
using a sterile cotton swab. Those strains were identified as Saccharomyces cerevisiae, 
Candida albicans, C. lipolytica and Lodderomyces elongspous. The S. cerevisiae strains were 
halotolerant for sodium chloride, up to 10%. Moreover, they caused a fading for the azurite 
blue color in laboratory cultures and S. cerevisiae was the most potent agent in fading the 
color. Five essential oils (lemon, spearmint, fennel, marjonam and rosemary) were used to 
control their growth. Spearmint and lemon oils were the most effective oils in inhibiting the 
growth of those strains, whereas marjonam, fennel and rosemary had no effect on their 
growth. 
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Introduction 

 
Biodestruction and bioalteration processes of paintings caused by fungi, bacteria and 

lichens was investigated in several studies, but the effects of yeast in the biodeterioration and 
biodegradation of stone monuments and paintings were underestimated, especially in the case of 
Ancient Egyptian paintings. The tombs at Tanis (Oserkon II, Psunes and Shashanq), are 
considered the only royal tombs in Delta. Stone surfaces and paintings in royal tombs are 
exposed to continuous biodeterioration and biodegradation agents, such as microbial 
communities colonizining stone surface and paintings contain the greatest number and diversity 
of microorganisms, such as fungi, bacteria, actinobacteria and yeast [1]. 

Yeast-like fungi are regular inhabitants of rock and paintings and they are responsible for 
both the structural and the esthetic alteration and are considered among the most harmful 
microorganisms associated with monumental stone biodeterioration and biodegradation [2]. 

Saccharomyces cerevisiae was isolated from the lid of a sarcophagus with Clinea in Side 
Museum (Turkey). They are considered yeast-like fungi inhibitors of monuments and desert 
stones because of their special ability to form small nodose colonies on rock surfaces, and they 
could grow in adverse metrological conditions [3]. 

Yeast strains were isolated from various building materials: Saccharomyces petricola on 
some marble monuments in the Mediterranean basine [4], Saccharomyces sideticae from marble 
monuments in Side, Turkey, and we attributed the colonization of yeast on limestone 
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mounments due to its perference for alkalinity [5]. It was reported that yeast strains were 
isolated from paintings of façades from Brazil buildings and they observed an obvious 
discoloration [6]. Similarly, from granitic rocks in Germany, where it formed black, clump-like 
colonies consisting of isodiametrically dividing cells on the rock surface and inside the rock, 
although hyphal growth is exhibited in laboratory cultures.Yeast-like growth patterns turned out 
to be among the most successful inhabitants of marble, limestone, granite and other rock types 
especially in arid and semi-arid environments in Mediterranean area [7]. Shabereiter-Gurtner et 
al. [8] indicated that black yeast, such  as Capnobotryella spp., Coniosporum (also called 
“meristematic black fungi”) were resistant to desiccation and UV radiation and were associated 
with the deterioration and degradation of monuments and stone structures. Black yeast causes a 
black and stable staining, due to its melanin production.  

An attempt to decrease the growth of yeast was done by the addition of synthetic 
preservatives, which caused harm for conservators and a color change in paintings and stone 
surfaces. In recent years, there has been an increasing interest in the application of essential oils 
as alternative antimicrobial agents. It is well known that essential oils of certain plants such as 
cinnamon, clove and cassia have preservative qualities and were used by Ancient Egyptians in 
mummification [9], due to their antimicrobial effect. Abdel-Mallek et al. [10] found that 
peppermint has inhibitory properties for yeast-like fungi, damaging their cell membrane by 
changing the lipid profile of the cell and also by impairing their normal metabolism.  

This study was carried out to evaluate the role of yeast in the biodeterioration and 
biodegradation of paintings, the effect of different concentrations of NaCl on the growth of 
yeast strains and the of essential oils to inhibit the growth of yeast strains colonizing mural 
paintings in Ancient Egyptian tombs. 

 
Materials and Methods 
 
Sampling: Under investigation were tombs located at San El Haggar, Sharkia 

Governorate, 80 km east of Cairo. (Fig. 1).  
 

 
 

Fig. 1. Isolation of yeast strains: Samples were taken from (a) azurite blue on the ceiling of the tomb of Oserkon II,  
(b) granite blocks in the tomb of Psunis with a high humidity and microorganisms,  

(c) the eastern wall of the tomb of Oserkon II, (d) the red pigment from the tomb of Shashanq III. 
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Samples from stone surfaces and paintings were taken with a cotton swab, cultured in a 

Sabouraud medium (40g glucose, 10g peptone and 20g agar in 1L distilled water), and 
incubated at 28°C for 3 days. The single colony of yeast was observed.  

Isolation and identification of yeast: Thirteen isolated types were identified 
biochemically and morphologically, according to reference identification keys [11].  

The effect of yeast strains on azurite blue: Yeast strains were cultured on Sabouraud 
medium supplemented with the concentrations of 0.01, 0.02, 0.04, 0.08% of azurite blue (basic 
copper carbonate, 2CuCO3·Cu(OH)2). 

The effect of NaCl on yeast strains: Isolated yeast strains cultured on Sabouraud 
medium were supplemented with different concentrations of NaCl (1, 5, 10, and 13%). 

The effect of essential oils on isolated yeast: Five essential oils (lemon, spearmint, 
fennel, marjonam, rosemary) were applied on isolated yeast strains, by using a disc-diffusion 
test [12]. The inhibition zone was estimated in mm. 
 
Results 
 

The tombs of Oserkon II, Pesunis, and Sashanq were characterized by high relative 
humidity and a high level of underground water. Limestone slabs contained a high percentage of 
halite (NaCl).  

The isolated yeast strains were identified as C. lipolytica, C. albicans, L.  elongspous and 
S.  cerevisiae (Table 1). 

 
Table 1. Sampling location 

 
Isolates Location Observations 

Candida albicans Eastern wall of the tomb of Shashanq III. Contains high relative humidity. 
Candida lipolytica Granite blocks from the tomb of Pesunis Fragile and contain high percentage of 

water.  
Lodderomyces 

elongspous 
from faded red color, Northern wall of the 
burial chamber of Oserkon II 

Fading of red pigment  

Saccharomyces 
cerevisiae 

In the salt from the ceiling of Oserkon II, 
blue pigment. 

White efflorescence of sodium chloride. 

 
In regard to the effect of azurite blue on the growth of yeast strains, results indicated that 

S. cerevisiae strains were the most effective in fading azurite blue in laboratory cultures, and 
could grow up to 0.08%, whereas C. albicans, C. lipolytica and L. elongspous were less tolerant 
to the Cu ions in azurite blue (Table 2).  

 
Table 2. The effect of different concentrations of azurite blue on the growth of isolated yeast 

 
Isolates Azurite 2CuCO3·Cu(OH) 2 (%) 

 0.1 0.2 0.04 0.08 
Candida albicans ++ ++ + + 
Candida lipolytica + + + - 

Lodderomyces elongspous + + + - 
Saccharomyces cerevisiae ++ ++ +++ + 

(++++) very good growth (+++) good growth (++) moderate growth (+) low growth. 
 

Current results indicated that S cerevisiae could grow up to 10% in a NaCl medium, but 
the growth of C. albicans, C. lipolytica and L. elongspous was low (Table 3). From Table 4, it 
appears that spearmint oil showed a moderate inhibiting activity against the tested yeast strains 
and did not cause color change either in paintings or on stone surfaces, whereas fennel and 
lemon showed low efficiency. Marjonam and rosemary had no effect on isolated yeast strains. 
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The treatment with essential oils enhanced pigment production (Fig.2-4b) except whre S. 
cerevisiae was present (Fig 2a). 

 

 
 

Fig. 2. The effect of essential oils on isolated yeast strains: (A) Saccharomyces. cerevisiae,  
(B) Lodderomyces elongspous, (C) Candida albicans, (D) Candida lipolytica.  F. (Fennel oil);  

L. (Lemon oil); M. (Marjonam oil); R. (Rosemary oil); S. (Spearmint oil). 
 

Table 3. The effect of different concentrations of NaCl on the growth of isolated yeast 
 

Isolated NaCl concentrations (%) 
 1 5 10 13 

Candida albicans ++ ++ + - 
Candida lipolytica ++ + + - 

Lodderomyces elongspous + + + - 
Saccharomyces cerevisiae ++ ++++ ++ + 

(++++) very good growth (+++) good growth (++) moderate growth (+) low growth. 
 

Table 4. Average inhibition halo diameter (mm) at different concentrations 
of essential oils on different isolated yeasts 

 
 Inhibition zone (mm) 

Isolated Lemon Spearmint Fennel Marjonam Rosemary 
Candida albicans - 3.5 1.0 - - 
Candida lipolytica 2.5 4.0 - - - 

Lodderomyces 
elongspous 

- 6.0 - - - 

Saccharomyces 
cerevisiae 

- 5.0 - - - 
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Discussions 
 

The royal tombs at Tanis were built of limestone and granite blocks characterized with 
high humidity. The biodeterioration of ancient buildings and monuments by yeast-like fungi 
depends on many factors, including environmental factors, such as light, moisture, weather, 
temperature and the type of microorganism [13]. 

Current results indicated that S. cerevisiae could tolerate NaCl, on average, up to 10%, as 
this strain was isolated from a blue paint layer on the ceiling of the tomb of Oserkon II, where 
pure crystals of sodium chloride were formed, the most common salts in Egyptian monuments 
[14]. Sterflinger [7] reported that S. cerevisiae strains were halotolerant to high concentrations 
of NaCl, due to an adaptation method, by producing glycerol as a response to increased salinity  

Spearmint showed the most inhibiting effect on the isolated yeast strains, as Abdel-
Mallek et al. [10] reported that peppermint containing 50-70% free methanol, 5-20% esters, L-
limonen, cineol and phellandrene has inhibitory characteristics against yeast-like fungi, such as 
Candida, Trichosporon, Cytococcus.  

Kociã-Tanackov et al. [12] investigated the effect of essential oils on yeast and reported 
that oils limit the growth, due to the phenolic compounds that have an antagonistic activity 
against yeast. They also stated that these oils also cause changes in the morphology of colonies 
as well as changes on a cellular level (destruction of fungal cells, decreasing the oxygen intake, 
reducing the cellular growth, inhibiting the synthesis of lipids, proteins and nucleic acids. 
Sacchetti et al. [15] reported that lemongrass oil has an antimicrobial effect against 
phytopathogens and dermatophytes. On the other hand, marjonam and rosemary had no effect 
on the isolated yeast strains. Results indicated that treatment of yeast strains with essential oils 
enhance pigment production as a defense mechanism [16].  
 
Conclusions  
 

We could conclude that yeast strains were halotolerant up to 10% NaCl and caused fading 
of paintings. Spearmint oil had a good antimicrobial activity against the isolated yeast strains.   
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