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FUNGI play a very treacherous role in the biodeterioration of stone monuments, leading to 
their loss. In order to preserve these monuments, the incidence and the biodeterioration 

effect of fungi on ancient limestone monuments at different Egyptian sites were evaluated. 
Specimens as well as swabs were collected from different Egyptian sites including, Seti Ι tomb 
at Luxor, Senusret Ι obelisk of Al Mattaryia district, Giza pyramid complex and related tomb, 
storehouse of National Museum of Egyptian Civilization (NMEC), Mosque of Judge Abd El 
Basset (Gamaliya), Roman Amphitheatre of Alexandria and Ismailia Museum of Antiquities. 
Seti Ι tomb, Mosque of judge Abd El basset and Senusret Ι obelisk were the most sites occupied 
by fungi, while Giza pyramid complex and Museum of Ismailia Antiquities were the lowest 
ones. Aspergillus niger and A. terreus were the most common and dominant fungal deteriogens 
of all archaeological sites, followed by Cladosporium cladosporidis, C. hebarum and A. 
fumigatus. Cladosporium herbarum showed the highest stone dissolution value, 23.3%, followed 
by A. terreus and A. niger (21.7% and 20.7%, respectively). Stone cubes incubated for two months 
with C. herbarum showed different aspects of deterioration including discoloration, dark 
pigmentation, powdering and dissolution. Also compressive strength and stone porosity were 
reduced by 27.7% and 25.7%, respectively. Synthetic antimicrobials; PCMC, certrimonium and 
TEAB inhibited all stone colonizing fungal isolates at concentrations of 1.25g/L, 5g/L and 
2.5g/L, respectively, while natural antimicrobials; cinnamon, thyme and clove oil inhibited 
fungal isolates at concentrations of 5g/L, 5g/L and 10g/L, respectively. 

Keywords: Stone monuments, Fungal deterioration, Mineral dissolution, Simulation, 
Antifungal activity.
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Introduction                                                                       

Ancient Egypt was regarded as the ‘‘state out of 
stone’’ because stone was the most important 
raw material used during the different periods of 
Pharaonic Egypt until Graeco-Roman and Arab 
times. Stone buildings located in tropical and 
sub-tropical regions throughout the world are 
particularly vulnerable to microbial deterioration; 
since the prevailing environmental conditions of 
temperature and humidity are more suitable for 
microbial growth (Evers, 1929). 

Fungi are the most active agents in earth 
processes that cause the alteration and weathering 
of rocks (Gadd, 2007). They are found on mural 
paintings in churches, in caves and in catacombs 
and even in the architectural surfaces and stone 
monuments (Ettenauer et al., 2010 and Ma et al., 
2015).

Fungi play a very treacherous role in the 
biodeterioration of stone monuments for their 
complex metabolic activities on stone surface. 
Many fungal species, such as Alternaria, 
Aspergillus, Acremonium, Arthobotrys, 
Auerobasidium, Cladosporium, Curvularia, 
Drechslera, Fusarium, Helminthosporium, 
Mucor, Phoma, Penicillium, Rhizopus and 
Trichothecium have been isolated from the 
stone monuments found in different countries. 
The growth of these fungal genera on stone 
monuments was the origin of staining and decay 
of stone material of these monuments (Strzelczyk, 
2004 and Dominguez-Moñino et al., 2017).

Fungi produce many inorganic and organic 
acids on monuments and these acids are the main 
reason for mineral dissolution and structural 
change of stone material especially the organic 
acids, such as oxalic, lactic and gluconic acids, 
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which are known as chelating agents that can 
demineralize a variety of stone substrates 
including calcium, silicon, iron, magnesium and 
manganese (Juroczkin et al., 1988; Saiz-Jimenez, 
1995 and Abd-Elkareem & Mohamed, 2017) and 
also give a competitive benefit for filamentous 
fungi over other microorganisms by declining the 
environmental pH (Liaud et al., 2014 and Fazio 
et al., 2015).

Usually, biodeterioration of binding material 
of stone monuments begins with the dissolution 
of calcium then the monumental surface erodes 
and becomes exposed to external environment. 
Further interaction between fungal hyphae and 
stone substrate causes the formation of biofilms 
with different colors and chemical compositions 
(Garcia-Valles et al., 2000). However, control 
of fungal growth on the monuments is not easy 
due to fungal thick, melanized cell walls that 
resist chemical attack and cannot easily be 
inhibited by biocides or other anti-microbial 
treatments (Kordali et al., 2005). Furthermore, 
the application of synthetic chemical on the 
monuments as biocides is toxic and unsafe to the 
environment and to public health (Fortune et al., 
2008). Essential oils and their constituents have 
been extensively used as antimicrobial agents, but 
little is known about their application on stone 
preservation.

Because of the historical and economical 
value of the Egyptian monuments, a lot of 
effort is being invested in preserving them and 
preventing their loss. Accordingly, this study aims 
to evaluate the incidence and the biodeterioration 
effect of fungi on ancient limestone monuments 
at different Egyptian sites and examine the ability 
of some compounds to inhibit the fungal growth 
without affecting monuments composition.

Materials and Methods                                               

Study sites 
In this study, fungal contaminants were 

aseptically collected from seven Egyptian sites 
including Seti Ι tomb at Luxor, Senusret Ι obelisk 
of Al Mattaryia district, Giza pyramid complex 
and related tomb, storehouse of National 
Museum of Egyptian Civilization (NMEC), 
Mosque of Judge Abd El Basset (Gamaliya), 
Roman Amphitheatre of Alexandria and Ismailia 
Museum of Antiquities (Fig. 1).

Sampling, isolation, counting and identification 
of fungi

Samples were collected by direct swabbing 
and also by collecting decayed solid samples 
(Urzi et al., 2003). Swabs were cultured directly 
on Czapek’s dox agar medium, while each 1g of 
solid decayed samples was suspended in 100ml 
saline solution and serially diluted for general 
counting of stone fungal colonizers on Czapek’s 
dox agar (Sarah et al., 2013). The isolates 
were purified and their macro morphological 
characteristics were studied onto Czapek’s dox 
agar, potato dextrose agar and malt extract agar. 
Micro morphological features of taxonomic 
interest were examined using slide culture 
technique. The fungal isolates were identified 
according to De Hoog & Guarro (1995), Pitt 
(2000) and Klich (2001).

Qualitative evaluation of stone dissolution by 
fungal species

The qualitative ability of fungal isolates 
to secrete acids which is the most common 
mechanism of microbial deterioration was  
measured by culturing fungal isolates on 
Czapek’s dox agar medium without sucrose at 
5% NaCl supplemented with calcium carbonate 
(calcite) as it is the main constituent of limestone 
(Paris et al., 1995). This medium is considered 
selective for only the isolates that can utilize 
calcium carbonate (biodeteriogen). 

Quantitative evaluation of stone dissolution by 
fungal species

Fifty ml of Czapek’s dox broth supplemented 
with 1gm CaCO3 was inoculated by spore 
suspensions of fungal isolates with a 
concentration of 1x106spores/ml and incubated 
for 21 days at 28ºC at 170rpm in a rotary shaker. 
The assay was done in triplicate. Following 
incubation, the broth media were filtered through 
Whatman filter paper number 1 and the CaCO3 
residue was dissolved in 30ml HCl (1M) that 
dissolved the non-utilized CaCO3 leaving excess 
HCl that was titrated against 1M NaOH (Scott, 
1969).

Biochemical characterization of deteriorative 
activity of fungal isolates

Melanin and acid production ability of the 
most deteriorative fungal isolates were examined 
as two of the main deterioration mechanisms that 
affect the stone consolidation and aesthetical 
appearance. Acid and melanin production ability 
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Fig. 1. Stone monuments deteriorated surfaces, (A) Seti tomb at Luxor, (B) Senusret Ι obelisk, (C) National Museum 
of Egyptian Civilization storehouse, (D) Giza pyramid complex queen tombs, (E) Mosque of Judge Abd El 
Basset, (F) Roman Amphitheatre of Alexandria and (G) Museum of Ismailia Antiquities.

of fungal isolates were tested by culturing 
on glucose bromo cresol agar medium and 
tyrosine agar medium, respectively (Eisenman & 
Casadevall, 2012 and Zarina & Parwez, 2013).

Simulation of infection 
Limestone cubes of 5cm3 and 1cm3 were 

used as short term stone model in the simulation 
experiment. They were autoclaved at 121°C for 
20min. Artificial infection by the most potent 
deteriorating isolates; Cladosporium herbarum; 
was applied. Freshly prepared spore suspension 
(1x106spores/ml) was spread uniformly on stone 
surface under aseptic conditions. Sealed container 
was incubated for a month. Control samples of 
un-inoculated limestone cubes were also done 
(Burford et al., 2003). The infected cubes were 
examined every week for signs of deterioration. 
After the incubation period some analyses were 
performed for detection of the fungal deterioration 
signs:

Mechanical and physical characterization 
measurements

Porosity, mechanical strength and water 
absorption were measured using the following 
equations (Caruso et al., 1985): 

% Water absorption =                                   

× 100. 

Density=
          

                       =---kg/cm3.

% Porosity = Density × Water absorption. 

Compressive strength=                      
                

=--- kg/cm2.

All parameters were calculated as percentages 
of reduction compared with control.
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Figure (1): Stone monuments deteriorated surfaces. A, Seti tomb at Luxor; B, 

Senusret Ι obelisk; C, National Museum of Egyptian Civilization storehouse; 
D, Giza pyramid complex queen tombs; E, Mosque of Judge Abd El Basset; 
F, Roman Amphitheatre of Alexandria; G, Museum of Ismailia Antiquities. 
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Micrographic examinations
Scanning electron microscope attached Energy 

Dispersive X-ray Unit (SEM-EDX, JEOL-JSM 
5500 LV, Japan) was used to detect morphological 
changes of artificially infected stones.

Chemical characterization of mineral 
constituents

Energy-dispersive X-ray spectroscopy 
(EDXS) unit of scanning electron microscope 
was applied to determine chemical changes of 
artificially infected stones.

Control of stone fungal deteriorative species
In virto antifungal activity
Fungal species possessing two criteria; the 

highest potency to dissolute stone material and 
also predominant in most archeological sites; 
were selected for the treatment experiment. Two 
replica of each isolate (containing 106spores/
ml) were tested for their susceptibility to both 
chemical compounds (para, meta chloro cresol, 
tetra ethyl ammonium bromide and cetrimonium) 
and natural compounds of essential oil (cinnamon, 
clove, pepper mint, lavender, camphor and thyme) 
at different concentrations. Antifungal testing 
was performed using well diffusion method on 
Mueller-Hinton agar medium and minimum 
inhibitory concentration (MIC) was measured in 
millimeter (Bordoloi et al., 2001 and Mourad et 
al., 2011).

Simulation of treatment and conservation of 
Cladosporium herbarum infected limestones

First of all, FTIR analysis was used to evaluate 
the effect of natural and synthetic antimicrobial 
agents on stone components. Natural limestone 
cubes were subjected to the MIC of natural and 
synthetic antimicrobial agents after sterilization 
by autoclaving. The measurement was done at 
spectral range (wavenumber) 4000cm-1-650cm-1 
using Vertex 70 spectrometer at the center 
of researches and conservation of antiquities 
(Alakomi et al., 2004).

Five sets of limestone cubes were subjected 
to the MIC of the most effective compound 
as a simulation model of both treatment and 
conservation experiment. Inhibitor treatments 
were done by soaking.

Simulation of treatment: Three sets of cubes 
were inoculated with Cladosporium herbarum 
fungal spore suspension (106spores/ml) and 

incubated for one month, then one set of the cubes 
were treated by 0.06% PCMC (the most potent 
chemical compound) and the other set was treated 
by 0.1% cinnamon (the most potent natural 
compound) and incubated overnight. The third set 
was left untreated as a control.

Simulation of conservation: Two sets 
were treated with the same antifungal agents 
and incubated overnight, then infected with 
Cladosporium herbarum and incubated for a 
month.

Finally, each set was immersed in saline 
solution, vortexed and cultured using pour plate 
technique to ensure sterility for counting of grown 
colonies. The cultured plates were incubated for 7 
days at 28°C and the colony count was recorded 
in each case (Bhatnagar & Jain, 2014).

Results                                                                                         

Total fungal count at surveyed sites
Results showed that Seti Ι tomb,  Mosque of 

judge Abd El basset and Senusret Ι obelisk  were 
the most fungal occupied sites (9.5×104CFU/g), 
while Giza pyramid complex and Museum 
of Ismailia Antiquities  were the poorest one 
(2×103CFU/g) (Table 1). These counts were based 
on Czapek-Dox agar medium.

Identification of fungal isolates colonizing stone 
monuments

Fifteen fungal species belonging to five genera 
were identified morphologically (Table 2).

Aspergillus niger and A. terreus were the 
most common and dominant fungal deteriogens 
of stone monuments of all archaeological sites, 
followed by Cladosporium cladosporioides 
which was found at 85.7% of all sites, while C. 
hebarum and A. fumigatus were found at 71.4% 
of the archeological sites. Other fungal species 
showed variations in their occurrence.

Stone dissolution by fungal species
The highest percentage of calcium carbonate-

degrading fungal species were obtained from the 
Roman Amphitheatre of Alexandria and the Giza 
pyramid complex (75% and 63.6%, respectively), 
while the lowest percentage was obtained from 
Mosque of Judge Abd El Basset and Senusret Ι 
obelisk of Al Matariyyah district (25% and 29.1%, 
respectively) (Table 3).
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TABLE 1. Total fungal count by direct swabs and solid decayed samples at the surveyed archeological sites

Archeological site Mean CFU/g from solid 
decayed samples

Mean CFU from pooled 
swabs

Seti Ι tomb at Luxor 9×104 52

Senusret Ι obelisk 9.5×104 34
Giza pyramid complex 2×103 15
National Museum of  Egyptian Civilization (NMEC) 
storehouse 6.8×104 31

Mosque of Judge Abd El Basset 9.7×104 44
The Roman Amphitheatre 8.3×103 19
Museum of Ismailia Antiquities 5.5×103 17

CFU (Colony forming unit)

TABLE 2. Fungal species along different Egyptian archeological sites.

                        Site 

   
Isolate

Seti Ι
tomb

Senusret Ι 
obelisk

Giza 
pyramid

NMEC
storehouse

Abd El 
Basset

Mosque

Roman
theatre

Ismailia 
Museum

Alternaria Alternata *

Aspergillus flavipes *

Aspergillus  flavus * * *

Aspergillus fumigatus * * * * *

Aspergillus niger * * * * * * *

Aspergillus terreus * * * * * * *

Aspergillus oryzae *

Aspergillus wentii *

Cladosporium cladosporioides * * * * * *

Cladosporium herbarum * * * * *

Fusarium solani * *

Penicillium frequantus *

Penicillium implicatum *

Penicillium purpurgenum *

Penicillium rubrum * *

TABLE 3. Percentage of calcium carbonate-degrading fungal species at surveyed sites.

Percentage 
(%)

Fungal isolates 
grown on CaCO3

Tested fungal 
isolatesArcheological site

41.1717Seti Ι tomb at Luxor
29.1724Senusret Ι obelisk of Al Matariyyah district
63.6711Giza pyramid complex and related tomb
37.5616National Museum of  Egyptian Civilization storehouse 
25624Mosque of Judge Abd El Basset in the region 
7568The Roman Amphitheatre of Alexandria

38.4513Museum of Ismailia Antiquities 
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TABLE 4. Quantitative evaluation of stone dissolution by fungal species.

Fungal species
Percentage 
of CaCo3 

dissolution
Fungal species

Percentage 
of CaCo3 

dissolution
Alternaria alternata 17 Cladosporium  cladosporioides 21
Aspergillus flavipes 16 Cladosporium  herbarum 23
Aspergillus flavus 19 Fusarium solani 12
Aspergillus fumigatus 17 Penicillium frequantus 12
Aspergillus niger 21 Penicillium implicatum 21
Aspergillus  terreus 22 Penicillium purpurgenum 12
Aspergillus oryzae 15 Penicillium rubrum 16

Aspergillus wentii 13

TABLE 5. Acid and melanin production ability of fungal isolates.

                                                                  Test

Fungal species
Acid production Melanin production

Alternaria alternata + +
Aspergillus flavus + -
Aspergillus fumigatus + -
Aspergillus niger + -
Aspergillus terreus + +
Cladosporium cladosporioides + -
Cladosporium herbarum + +
Penicillium implicatum + -

Penicillium rubrum + -

Quantitative evaluation of stone dissolution by 
fungal species

Fungal isolates varied in their dissolution 
ability of calcium carbonate, where Cladosporium 
herbarum showed the highest dissolution value 
(23.3%) followed by A. terreus and A. niger 
with dissolution values of 21.7% and 20.7%, 
respectively. The lowest dissolution values were 
observed for Penicillium frequantus and Fusarium 
solani (11.9% and 12.3%, respectively) (Table 4).

Biochemical characterization of the deteriorative 
activities of fungal isolates

Concerning acid production, data in Table 
5 showed that most of the fungal species were 
acid producers, while only Alternaria alternata, 
Aspergillus terreus and Cladosporium herbarum 
were melanin producers. 

Simulation of infection
After two month incubation period in C. 

herbarium, the stone cubes showed different 

aspects of deterioration including discoloration, 
dark pigmentation, powdering and dissolution at 
the bottom of the glass container (Fig. 2).

Physical changes of artificially-infected 
limestone

All physical characteristics of the infected 
limestone were reduced, where compressive 
strength and stone porosity of the infected limestone 
were reduced by 27.7% and 25.7%, respectively, 
when compared to control (Table 6). 

Morphological changes of artificially-infected 
limestone

Different SEM images showed wide range of 
deterioration features (Fig. 3). Physical distortion 
appeared as void or pits between granules, 
while uncolonized limestone (control) exhibited 
normal amorphous grains. Also, Fig. 3 showed 
that, Cladosporium hebarum mycelium was 
distributed around the grains, microbial biofilm and 
exopolymeric substances were found as well.
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Fig. 2. Visual morphological changes of limestone, (A) Uninfected (control), (B) Three replicas of infected cubes and (C) Stone 
material disintegration.

TABLE 6. Evaluation of compressive strength and porosity of artificially-infected limestone.

Physical character Control Inoculated Reduction percentage (%)

Compressive strength (kg/cm2) 323.8 234.3 27.6
% Porosity 11 8.1 26.4

Fig. 3. Morphological changes within control and inoculated limestone samples using SEM. (A) uncolonized 
limestone, (B), (C) and (D) Represent fungal hyphae within limestone granules and (E) Represents fungal 
biofilm and exopolymeric substances. (Arrows point to fungal hyphae.)

Chemical changes of artificially-infected 
limestone

Figure 4 of the Energy-dispersive X-ray 
spectroscopy (EDXS) microanalysis of various 
samples showed that, the control samples essentially 
consist of calcium (Ca), silicon (Si), aluminum 
(Al), (C) carbon and (O) oxygen. Calcium as a main 
source of limestone samples was decreased in all 
fungus-infected cubes, whereas oxygen increased 
and also new salts were formed including sodium 
(Na), chloride (Cl), iron (Fe) and sulfur (S). 

Control of stone deteriorative fungal species
In virto antifungal activity
Results of Table 7 revealed that there was 

considerable variability in the size of inhibition 
zone among different chemical and natural 
compounds. The minimum inhibitory concentration 
of para, meta chloro cresol (PCMC) was 1.25g/L 
for all tested fungal species and 0.6g/L for 66.6% 
of tested isolates, where A. niger, A. terreus and 
Cladosporium cladosporioides resisted PCMC at 
0.6g/L concentration. 
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Figure (2): Visual morphological changes of limestone. A, uninfected (control); B, 
three replicas of infected cubes; C, stone material disintegration. 
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Figure (3): Morphological changes within control and inoculated limestone samples 
using SEM. A, uncolonized limestone; B, C and D represent fungal hyphae 
within limestone granules and E represents fungal biofilm and exopolymeric 
substances. Arrows point to fungal hyphae. 
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Fig. 4. EDXS microanalysis of (A) Un-infected and (B) Infected limestone.

The minimum inhibitory concentration of 
cetrimonium was 5g/L for all isolates and 2.5g/L 
for 55% of the tested fungal isolates. On the other 
hand, 2.5g/L of tetra ethyl ammonium bromide 
was effective against all fungal isolates. 

Notably, the minimum inhibitory concentration 
of essential oils (natural compounds) was greater 
than that of chemicals, where the minimum 
inhibitory concentration of cinnamon and clove 
against all fungal species was 5g/L and 10g/L, 
respectively, and 5g/L of thyme oil was effective 
against all fungal isolates except for Penicillium 
rubrum. 

Simulation of treatment and conservation of 
Cladosporium herbarum infected limestone

FTIR analysis of limestones treated with 
antimicrobial agents revealed that no chemical 
changes had happened due to application of 
these active antimicrobial agents. Consequently, 
they were considered safe substances for the 
management of deteriorated limestone (Fig. 5)

As for the treatment experiment, the number 
of viable cells was sharply decreased following 
treatment, where PCMC (0.6g/L) inhibited all 
viable cells of infected limestone while cinnamon 
oil (1g/L) inhibited 99.99% of them. As for 
the conservation experiment, PCMC (0.6g/L) 
inhibited growth by 99.95%, while cinnamon 
(1g/L) inhibited growth by 91.4% (Table 8).

Discussion                                                                      

Weathering of limestone monuments is not 
only a result of physical-chemical processes but 
also a result of microbial deterioration, where 
fungi are one of the most effective microbiota 
colonizing stone monuments. The fungal 
stone flora consists of filamentous fungi and 
microcolonial fungi. They remain metabolically 
active even in low nutrient conditions and have 
high resistance to desiccation, UV radiation and 
osmotic stress thus being well adapted to growth 
on external walls at tropical and subtropical 
environment (Urzi et al., 2000).
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Figure (4) EDXS microanalysis of (A) un-infected and (B) infected limestone 
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Fig. 5. FTIR analysis of treated and control limestone cubes, (A) Compared charts between untreated control 
limestone with clove, cinnamon and thyme treated stone, (B) Compared charts between untreated control 
limestone with cetrimonium, PCMC and TEAB.

TABLE 8. Treatment and conservation of Cladosporium herbarum infected limestones by the MICs of the most 
active antimicrobial compounds.

Limestone sets Total cell count Inhibition percentage

Control infected limestone (untreated) 1.4×105 --

Treated limestone by PCMC (0. 6g/L) 0 100

Treated limestone by Cinnamon (1g/L) 103 99.2

Conserved limestone by PCMC (0. 6g/L) 1.6x103 98.9

Conserved limestone by Cinnamon (1g/L) 1.24×104 91.1

Among the damaging effects of fungi, hyphal 
penetration of materials form cracks, fissures and 
crevices, leading to the detachment of crystals, the 
biochemical acidic metabolites, extra polymeric 
substances and metal chelating compounds that 
lead to dissolution and solubilizing of stone 
minerals (Burford et al., 2003). Moreover, black 
areas formed due to existence of fungi on stones 

not only gives the bad appearance of the stone, but 
also absorbs more light energy which increases 
physicals stress induced by cycles of expansion/
contraction associated with temperature changes 
(Sand et al., 2002).

In this study, fifteen fungal species were 
isolated from different archeological sites 
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in Egypt, where Aspergillus was the most 
predominant genus contaminating all sites and 
accounting for 46.6% of the total isolates. Also, 
Cladosporium was common on stone of art fact, 
where it was recovered from 85.7% of the studied 
sites, while genera of Penicillium, Alternaria 
and Fusarium occurred in moderate incidence. 
This fungal profile was similar to those obtained 
from different monumental sites around the world 
(Maghazy et al., 2012 and Urzi et al., 2001).

The most fungal contaminated sites were 
Mosque of Judge Abd El Basset and Senusret Ι 
obelisk containing 9.7×104 and 9.5×104colony 
forming units, respectively, followed by Seti I’s 
tomb containing 9×104colony forming units, while 
the lowest one was at Giza pyramid complex 
with 8.6×103colony forming units. This may 
be attributed to the difference in environmental 
conditions at each site. In addition, Seti I’s tomb 
was exposed to flood waters from rains that 
entered the lower chamber leading to the fall of 
large pieces of walls, ceiling and continuous crack 
formation. Furthermore, the smoke from candles 
and torches used by early visitors has blackened 
the walls and left soot deposits on painted reliefs. 
All these factors contribute together to enhance 
fungal growth on and also beneath stone surface 
(Andrew, 2008). In contrast, Giza pyramid 
complex may have the lowest fungal count due 
to good ventilation as well as dry and hot weather 
(Grossi et al., 2006).

Most of the isolated fungi were well adapted 
to poor nutritive condition. Similar observation 
was recorded by Grossi et al. (2006) and Suihko 
et al. (2007) who found that the most stone 
inhabiting heterotrophic fungi need very low 
nutrient requirements. In addition, the isolated 
stone fungal colonizers exhibit high calcium 
carbonate dissolution ability, acid production, 
soluble pigment and melanin production as a 
tool for adaptation to stone as habitats. These 
mechanisms of adaptation were also recorded by 
Beata & Agata (2009). The same results were also 
observed by Krumbein (1992), who reported that 
laboratory experiments have shown fungi as the 
most efficient producers of brown to black stains 
on rock surfaces.

SEM-EDAX and mechanical characterization 
of limestone cubes before and after infection 
at simulation experiment showed extensive 
colonization of fungal hyphae around stone 

grains and also their extra polymeric metabolic 
substances (EPS). This is similar to result 
obtained by Gadd (2007) and Priester et al. 
(2007), who found that intrusion of fungal 
hyphae along the crystal plane by some fungi is 
known to destabilize the stone texture resulting 
in its mechanical deterioration. Also elemental 
analysis (EDXS) of infected area demonstrated a 
decrease in calcium ratio and increase in oxygen, 
sodium and chloride ratio. Moreover new 
elements were detected like sulphur, magnesium 
and iron indicating new salt formation. Similar 
results were reported previously as an indicator 
of biodeterioration (Videla et al., 2000). High 
amounts of carbon and oxygen were expected for 
an organic layer and metabolic products which 
could be organic acids or extracellular polymeric 
substances (EPS). Also, the percentage of 
calcium was low, indicating that the limestone 
substrate was hidden below the organic biofilm 
layer (Johnston & Vestal, 1989 and Ferris & 
Lowson, 1996).

The present study was also extended to 
determine the efficiency of some chemical and 
natural antimicrobial products against monument 
deterioration. None of the tested compounds 
caused any changes in the chemical constituents 
of the stones. All tested chemical substances 
showed great antifungal activity at concentration 
reach to 0.03%, while only three of the six tested 
essential oils showed antifungal activity against 
tested fungi. 

Tetraethyl ammonium bromide and 
cetrimonium were reported previously to 
affect the cytoplasmic membrane and cause 
denaturation of proteins, resulting in leakage of 
intracellular components and death of microbe 
(Xuehong & Jie, 2016), while para, meta 
chloro cresol was classified as a halo phenolic 
compound that has both halogen and hydroxyl 
groups that are generally considered cellular 
poisons (McDonnell, 2009). Concerning the 
natural antifungal compounds, cinnamon, clove 
and thyme were shown to have antifungal 
activity at very low concentration against almost 
all rock colonizing fungi which agreed with prior 
results by Mironescu et al. (2009) and Preeti & 
Jain (2014). The exact mechanism of essential 
oil action is still unclear but some studies suggest 
that compounds penetrate the cell, where they 
interfere with cellular metabolism (Guynot et al., 
2003; Ooi et al., 2006 and López et al., 2007).
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Conclusion                                                                     

These results indicate the ability of the tested 
compounds to inhibit the fungal growth without 
affecting mouments’ composition.
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االتوصيف والتحكم بالتدهور الفطري للحجر الجيري القديم في مواقع مختلفة بمصر
سمر سمير محمد(1) و سها سعيد عيد(2)

(1)قسم الميكروبيولوجى – كلية العلوم – جامعة عين شمس – القاهرة – مصر و(2)وزارة االثار – مركز البحوث 

وحفظ االثار – القاهرة – مصر.

تلعب الفطريات دور مخادع في التدهور الحيوي للألثار مما يؤدي إلى فقدانها. ولكي نحافظ على هذه األثار، 
المصرية  المواقع  في  الجيري  للحجر  القديمة  األثار  على  بالفطريات  الحيوي  التدهور  وتأثير  حدوث  تقييم  تم 
المختلفة. تم تجميع العينات وكذلك المسحات من مواقع أثرية مصرية مختلفة، شملت مقبرة سيتي 1 باألقصر، 
الوطني  المتحف  مخزن  بها،  المرتبطة  والمقابر  الجيزة  أهرامات  مجمع  المطرية،  بمنطقة   1 سنوسرت  مسلة 
للحضارة المصرية، مسجد القاضي عبد الباسط بالجمالية، المدرج الروماني باألسكندرية ومتحف األسماعيلية 
التي  1 من أكثر األماكن  بالجمالية ومسلة سنوسرت  الباسط  القاضي عبد  1، مسجد  لألثار. كانت مقبرة سيتي 
تشغلها الفطريات بينما كان مجمع أهرامات الجيزة ومتحف األسماعيلية لألثار من أقل األماكن. وكان أسبرجلس 
نيجر وأسبرجلس تيريس من اكثر الفطريات المفسدة لألثار شيوعا والمسيطرة في جميع المناطق األثرية، يتبعه 
كالدوسبوريوم  أظهر  ولقد  فيوميجاتس.  وأسبرجلس  هيربارم  كالدوسبوريوم  كالدوسبوريدس،  كالدوسبوريوم 
هيربارم أعلي قيمة ذوبان لألحجار بلغت %23.3، تبعه أسبرجلس تيريس وأسبرجلس نيجر (%21.7 و20.7% 
على الترتيب). وقد أظهرت مكعبات األحجار التي تم تحضينها لمدة شهرين مع كالدوسبوريوم هيربارم جوانب 
قوة  انخفضت  كما  بودرة وتحللها.  إلى  تحولها  لونها، ظهور صبغات غامقة،  تغير  التدهور شملت  مختلفة من 
الميكروبات اإلصطناعية  بالنسبة لمضادات  الترتيب.  %27.7 و%25.7 على  بنسبة  الحجر  الضغط ومسامية 
(PCMC، cetrimonium، TEAB) فقد ثبطت جميع العزالت الفطرية المستوطنة للحجر بتركيز 1.25 جم/
لتر، 5 جم/لتر و2.5 جم/لتر على الترتيب، بينما ثبطت مضادات الميكروبات الطبيعية (القرفة، الزعتر و زيت 

القرنفل) العزالت الفطرية بتركيز 5 جم/لتر، 5 جم/لتر و10 جم/لتر على الترتيب.


