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ABSTRACT 
 
 A stone sarcophagus (excavated in 1992) from Behbeet el-Hager, El-Gharbieh, Egyptwas selected for this 
study. Petrographic microscope (PM), Light microscope (LM), X- Ray Diffraction analysis (XRD), Scanning 
electron microscope (SEM), polymerase chain reaction (PCR), and ri-bosomal RNA (rRNA) were used to 
identify the stone composition and to measure the growth of the microorganisms and their effect on the stone 
composition. Polarizing, light and scanning electron microscopes were used to study the stone thin sections .The 
results achieved identified nine different fungal species belonging to Cladosporium cladosporioides, 
Paecilomycesvariotii and Curvularialunata. Moreover, Bacillus megaterium bacteria isolates were also 
determined. The deep penetration of the microorganisms through the stone and the resultant deterioration was 
investigated.Cladosporium cladosporioides colonies and hyphae penetrated through the pores and caused pitting 
of the stone structure causing deep pits to bar = 216.5  m. Elemental analysis of the deteriorated stone 
Sarcophagus by fungi and bacteria indicated the decrease in calcium and magnesium. Bacillus megaterium led 
to the loss of calcium (from 57.6 to 50.0%) and the buildup of nitrogen in the deteriorated stone. Experimental 
studies on biocide application on the stone Sarcophagus were also carried out using essential oils (Tea tree oil, 
Lavender oil, Rosemary oil and Origanum oil), plant extracts (Synadeniu mgrantti and Codieumvarigatum) and 
fungicide (Tecto (Thiabendazole) 50% SC and Option 40% (cymoxanil WDG) in different concentrations. The 
results of this study, indicated that Origanum oil in a concentration as low as 0.125% (v/v) successfully inhibited 
the fungal growth of the treated stone, while Synadeniumgrantti inhibited the growth at 4% wt/v and 100 ppm of 
Option 40%. The antimicrobials used, were in compliance with our case study and with the proposed 
preservation solutions. All treatments were esthetically acceptable for archaeological objects, for instances; 
being colorless, transparent and safe. Furthermore, they were fairly stable and did not encounter any colour 
change with the time of experiment. 
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Introduction 
 
 A limestone sarcophagus,located in Behbeit el-Hagar temple in Gharbiya Governorate, at the center of the 
Delta is the case study of this research. The temple was knownin ancient Egypt as “Hebet” or “per- hebeit” and 
was constructed during the reign of the 30th dynasty (the mid of the 4thcentry B.C and the beginning of the 
Ptolemaic age). It was dedicated to worshipping of the goddess ISIS, the mistress of Hebeit. It was first found in 
the neighborhood area then moved to settle in its current place(Favard-Meeks, 1991 and 1997). Its dimensions 
are 190 cm L x 53cm W x 56cm H. The sarcophagus shows strong aspects of microbiological deterioration. 
 The fungal species which caused deterioration ofstonemonument, precisely of calcium carbonate 
component were identified as follows: Paecilomyces varioti, Aspergillus sp., Curvularia sp., Cladosporium sp., 
recording by Guptal and Harma (2011); Gómez-Cornelio, et al. (2012); Moussa et al. (2012). 
 Generally, the microorganisms are capable of taking their needs from the materials they grow on. The effect 
of microbial growth on limestone surfaces was studied by Saiz-Jimenez (1997); Tomaselli et al. (2000) and 
Warscheid and Braams (2000). Microorganisms could use elements found on the stone surface and covered with 
a biofilm as energy resource. Elements such as silicon, aluminum, calcium, potassium, titanium, magnesium, 
zinc, sulfur, iron, sodium, and niobium were found in the stones of the historical buildings (Nuhoglu, et al., 
2006). Organic acids such as oxalic, acetic, fumaric, shikimic and ascorbic are efficient for rather slowly-solving 
cations such as Ca, Al, Si, Fe, Mn and Mg from minerals forming stable complexes (Bakr and Mansour, 2010). 
 The uses of essential oils, which contain chemical compounds with good potential antimicrobial such as 
Oregano essential oil, Origanumsyriacum, was evaluated against fungi. The effects of these oils on the 
morphological structures of the hyphae and the spore were studied under scanning electron microscopes (SEM) 
by Soylu, et al. (2007). Several investigations of antimicrobial agents have been also used in the treatment of 
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infections at low concentration. The fungicidal properties of Origanumsyriacum were found to be growth 
inhibitory against fungi (Inouye, 2007; Adams, et al., 2011; Lowa, et al., 2011 and Layse, et al., 2012). The 
inhibitory activity of tea tree oil was also considered as an antimicrobial agent of Bacillus spp. (Forrer, et al., 
2013). 
 Chemical methods for the fungal treatment such as the use of biocides were frequently applied in the 
conservation of historic monuments (Miller, et al., 2010 and Nardoni, et al., 2010). Biocides effects on 
microorganisms were studied and observed using SEM on the stone surfaceby Ascasoa, et al. (2002).Tecto 
fungicide, tested in different concentrations, reduced fungal growthisolated from the excavation at Tuna el 
Gabal, Egypt (Mansour and Ahmed, 2012). 
 Traditional plants are a valuable source of novel antifungal activities. They are used as natural preservatives 
representing the alternative sources of safe, effective and acceptable natural preservatives. Synadenium grantii 
was tested in the medical field for human protection and showed about 90% protection compared to the negative 
control. Costa, et al. (2012) and Hassan et al. (2012) reported that the chloroform extract of the Synadenium 
grantii leaves is the most effective. Plant extracts were used in many countries as natural preservatives,  
 The aim of the present study was to investigate bio-deterioration processes in the limestone surface using 
SEM-EDX elemental analysis, and to evaluate the inhibitor effect of new sessional oils, fungicides and plant 
extracts applied to the stone sarcophaguswith different methodologies on experimental limestone cubes. 
 
Materials and Methods 
 
 The materials used in this study were Origanum, Lavender, and Rosemary essential oils, Aqueous extracts 
of Synadeniumgrantti and Codieumvarigatum and FungicidesTecto® Flowable SC and Option 40% were 
obtained from the National Research Center, Dokki, Cairo, Egypt. 
 
2.1. Sampling site: 
 
 Biological samples were collected from different spots of the sarcophagus surface which showed signs of 
decay such as color change and typical microbial  growths (Fig. 1). Samples were taken for mycological 
analyses by swabbing surfaces with sterile cotton swabs. The samples were then stored at 4°C.  
 

 
 
Fig. 1: Behabeit El –Hager stone sarcophagus sampling areas are shown in details in (A) and (B). 
 
2.2. X-ray diffraction analysis of stone:  
 
 Stone Sarcophagus composition was analyzed by X-ray diffraction using Philips– Eindhoven Compact X-
ray Diffracometer PW 1840. Identification was undertaken automatically using mineralogical data base. 
 
2.3. Microscopic examination: 
 
 Was performed using Leica Zoom 2000 microscope equipped with an Olympus e-410 digital camera. Thin 
sections, cut across the thickness of the stone used to determine different typologies of limestone. 
 
2.4. Isolated microorganisms from the stone Sarcophagus: 
 
 Isolation was performed directly in the laboratory after swabbing. The fungi were isolated by rubbing the 
swabs gently on three different culture media. 1-M40Y( 400g sucrose, 20g molt extract, 5g yeast exract, 20g 
agar)  2- potato-dextrose agar (PDA) (200g. potato, 20g. agar and 20 g. dextrose) and 3-L broth (10g tryptone, 
5g yeast extract, 10g Nacl , pH 7.  Inoculated petri dishes were incubated at 25°C±2 for fungi and at 37 ± 2 for 
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bacteria for 7 days. Resultant cultures were purified using the hyphal tip and/or a single spore technique by 
Manandhar, et al. (1995). Macroscopic and microscopic characteristics of the obtained isolates, as well as color, 
size and morphology of the vegetative and reproductive structures were examined. Fungal isolates that 
speculated were identified using the taxonomic keys of Ellis and Ellis (1997), and Samson et al. (2010). 
Moreover, representative bacterial strains were also analyzed by PCR primers and 16s RNA sequencing. 
 
2.5. Colonization test: 
 
 The stone samples were cut into cubes (10 x 20 x 40 mm) using a low-speed diamond saw. The cubes 
surfaces were left unpolished in order to increase surface roughness and thus facilitate microbial colonization 
(Guillitte, 1995). Cubes were sterilized using UV light exposure for 48 hours, after autoclaving at 121°C for 6 
hours and drying in an oven at 115°C for 24 hours (Miller, et al., 2009). For the preparation of spore 
suspensions, 10 ml of sterilized distilled water was added to culture plates containing PDA (7-days old), and 
then spores were freed by the aid of a camel brush.Afterwards spore suspensions were individually through 
muslin and standardized to contain 1.2 x 106 spores per ml using a hemacytometer slide. Stone cubes were 
deliberately inoculated by fungal and bacterial species to study the stone blocks before and after infection. The 
colonization was evaluated after three and six months’ period. Degradation and color change occurred were 
determined on the surface and inside the pores. The colonization of the cubes took place in several months; the 
climatic variables were averaged from daily data for 3 and 6 months under environmental conditions.  
 SEM model-a FEI Quanta 200 SEM FEG was used to study colonization of the stone surface by 
microorganisms. It was used to study changes in surface morphology and particle size of the deteriorated 
samples. The microbial deterioration was studied on both the inoculated and non-inoculated stone sample 
accompanied by EDAX analysis unit (Danilatos and Robinson, 1979). 
 
2.6. Application of biocides:  
 
 The inhibitory effect of three selected materials applied with different application methods was evaluated as 
follows: 
 
2.6.1. Essential oils treatment: 
 
 In this method, essential Essential oils at concentrations 0, 0.031, 0.062, 0.125, 0.25, 0.5, 0.75 and 1% were 
prepared using micropipettes. Each oil concentration was added first to one ml of tween 80 then added to the 
autoclaved PDA medium immediately before solidification and poured into the plates. Tea tree, Lavender, 
Rosemary, andOriganumoils were tested for their inhibitory effects on linear growth of four microorganisms 
(Curvularia lunata, Paecilomyces variotii, Cleadosporium and Bacillus megaterium). Plates were inoculated in 
a 7 mm disc taken from 7-10 days old cultures of the given fungi.  
 
Application of Origanum oil on cubs:  
 
 The most effective essential oil (Origanum) was used to evaluate its inhibitory effect on the growth of 
microorganism under low concentrations at a temperature of 26±1°cand 60% RH on cubs after six months 
colonization cubs. In this method, filter paper saturated with Origanum at concentration 0.125 % (v/v) was 
placed inside conical flasks of varying sizes at different distances (2.5, 5 and 7.5 cm). The flasks were then 
incubated at a temperature of 26±1°cfor 3 days. Having finished the time of incubation, inhibition efficiency of 
microbial growth on stone surface was detected using SEM. 
 To commence this treatment on the stone sarcophagus under study, it should be placed in a rectangular 
polyethylene box measures 197.5cm L. , 60.5cmW and 73.5cm H to allow direct fumigation of Origanum at the 
minimum inhibition concentration (MICs) 0.125%  in water with tween 80 to ensure perfect distribution of the 
material within the box  (Fig. 2). 
 
2.6.2. Fungicidestreatment: 
 
 Different concentrations of Tecto and Option fungicides (5, 10, 25, 50, 100, 250, 500 and 1000 ppm) in 
PDA media based on active ingredient were tested in vitro. Three plates were used for each particular 
concentration. Having finished the time of incubation, the diameter of the  growth of the tested micro 
be was measured to indicate a positive activity. 
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Fig. 2: Set up of essential oils test and the application on a fumigation box. 
 
Application of Option 40 fungicide on cubs:  
 
 To evaluate its inhibitory effect on the growth of microorganism under low concentration. The fungicide 
was applied on the stone surface using a soft brush and incubated at a temperature of 26±1°cfor 3 days.  
 
2.6.3. Plant extract treatment: 
 
 Aqueous extracts of Synadenium grantti and Codieumvari gatum were testedon linear growth of fungi and 
growth of bacteria at concentration of (0.1, 0.5, 1, 2, 4 and 8 %) were added to a known amount of PDA 
medium immediately before solidification and poured into plates. The treated and untreated plates were 
inoculated individually with a disc (5 mm diameter) of each of the tested fungi. Three replicates were used for 
each particular treatment and all plates were incubated at a temperature of 26±1°c. 
 
Application of Synadenium grantti extract on cubs:  
 
 Filter paper saturated with Synadenium grantti poulticewas applied on the stone surface and incubated at 
26±1°cfor 3 days. Having finished the time of incubation, inhibition of microbial growth on stone surface was 
detected using (SEM). 
 
3. Result: 
  
3.1. X-ray diffraction analysis of stone: 
 
 Results of X-ray diffraction analysis are shown in Fig. 3. The interpretation of the diffraction patterns 
indicated that the stonesarcophagus is mainly composed of calcium carbonate CaCO3.  
 

 
 
Fig. 3: X-ray diffraction pattern of the limestone showing calcium carbonate. 
 
3.2. Microscopic Examination: 
 
 Microscope micrograph of the limestone thin section, presented in Fig. 4, showed the characteristic calcium 
carbonate grains of limestone 
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Fig. 4: Optical microscope image of the thin section of the limestone showing calcium carbonate. 
 
3.3. Isolation of microorganisms from the stone sarcophagus: 
 
 Isolatedfungi and bacteria from the stonesarcophagus are given in Table (1). The identified isolates were 
Wellemiasebi, Penicillumrugulosum, Botrytis cinerea, Aspergillusochraceus, Paecilomyces variotii, 
Aspergillusrestrictus, Aureobasidiumpullulans, Curvularia lunata, Cladosporium cladosporioides and Bacillus 
megaterium. The percentage occurrence of microorganism was differing from one to another. 
 
Table 1: Identified microorganism on the stone Sarcophagus and their percentage. 
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3.4. Colonization of microorganism in stone cubs: 
 
 The colonization of microorganism on limestone cubes after three month showed a color change of the 
cubes’ surfaces (Fig. 5). It is possible using, optical and scanning microscopes, to identify the microorganism 
species through the distinctive size and shape of their spores and hyphae for fungi and through the stain gram for 
bacteria. Paecilomyces variotii (Fig. 5A) showed that, the conidiophores and conidia, from top to bottom, are 
bearing dense and vertically arranged branches bearing phialides. Chlamydospores present in single or in chains. 
Curvularialunata (Fig. 5B) matured colonies appeared dark brown to black. Conidiophores arising from surface 
or aerial hyphae, septate, straight or flexuous, with apices straight, curved or conidia that are relatively short 3-
septate, curved and smooth branching patterns of aerial hyphae intermingled with spore-forming structures 
aerial hyphae, conidiophores and spores. Cladosporium cladosporioides (Fig. 5C) showed small sized simple or 
branched loose chained spores with lemon-shape. Conidiophore were forming many aerial hyphae. Bacillus 
megaterium (Fig. 5D) a virgate, Gram-positive, endospore forming, arranged into the strep to bacilli form in 
a rod shaped. 
 The colonization on limestone cubes after three month showed color change of the stone surfaces to dark 
brown  resulting from the growth of the mycelia onto the surface and  penetration in the porous by  Curvularia 
lunata (Fig. 5B1). The change of color to a very dark green and the growth onto the surface resulted from the 
presence of Cladosporium cladosporioides (Fig. 5C1) while light pink color was a result of the fungal mycelia 
of Paecilomyces variotii (Fig. 5A1). The exfoliation of the stone surface resulted grow bacteria on a calcium 
carbonate crystal without color change noticed in the presence of Bacillus megaterium (Fig. 5D1).  
 A small portion of the stone surface was peeled after being infected for three months. It revealed that 
microorganism grew under the surface and penetrated the porous stone (Fig. 5). Paecilomyces variotii showed 
penetration inside the pores of the stone and along the edges by conidia and hyphal which are attached to the 
calcium carbonate crystals (Fig. 5A2), while Curvularia lunata aerial hyphae and conidia curved penetrated in 
the crevices (Fig. 5B2). Cladosporium cladosporioides hyphae intermingled with spore-forming growth 
between the crystals. It is also clear that Bacillus megaterium grew between the crystals and apparent inside the 
pores as shown in (Fig. 5D2). 
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Fig. 5: Light microscopy (LM) of isolated fungi and bacteria A-Paecilomyces variotii, B- Curvularia lunata,  C-

Cladosporium cladosporioides  and D- Bacillus megaterium. 
  SEM micrograph of fungal hyphae attached to growth into limestone after three months. (co) Stone 

surface of the control sample. (A1), Paecilomyces variotii  (B1) Curvularia lunata (C1) Cladosporium 
cladosporioides (D1) Bacillus megaterium. 

  A small portion of the stone surface was peeled (A2) Paecilomyces variotii (B2)Curvularia lunata  (C2) 
Cladosporium cladosporioides (D2) Bacillus megaterium. 

  
 SEM micrographs after 6 months showed that colonies and hyphae of the microorganisms penetrated into 
stone structure in different depth. Cladosporium cladosporioides colonies and hyphae penetrated through the 
pores and caused pitting of the stone to bar = 216.5 m (Fig. 6C), Paecilomyces variotii penetrated to bar = 56.3 

m pits (Fig. 6A), Curvularia lunata penetrated to bar = 30.22  m (Fig. 6B) and Bacillus megaterium 
penetrated to bar = 27.3 m causing severe deterioration (Fig. 6D). 
 
4.3.5. Elemental composition of stones and their biodeterioration: 
 
 Biodeterioration was obvious in samples in which B. megaterium was colonized Table (2). the bacteria was 
able to consume calcium as a carbon source (from 57.7% in control to 50.0% in infected sample). Nitrogen only 
appeared in sample deteriorated by bacteria and did appear neither in the control samples nor in the samples 
infected by fungi. Bacteria are capable of obtaining their nitrogen from the atmospheric nitrogen reached 1.06.   
Moreover, it was found that infection by Bacillus megaterium led to the loss of calcium (from 57.6 to 50.0%) 
and increase silica from 5.2 to 7.8%, aluminum from 0.9 to 2.3% and magnesium from 0.5 to 1.4%.  Bacillus 
megaterium also showed consumption of certain elements such as iron which decreased from 2.0 to 1.4% and 
zinc which totally disappeared from the deteriorated samples. 
 In case of fungi, calcium was also used as a carbon source. That was seen in samples infected by 
Curvularia and Cladosporioium. In the former, calcium was decreased (from 57.6 to 52.4%), while both silica 
and aluminum were increased from 5.2 to 7.5% and from 0, 9 to 1.8% respectively. The results also showed the 
minimal change in sulfates and zinc by Curvularia recorded a slight decrease from 57.6 to 56.4% and silica 
increased from 5.2 to 6.0%. Aluminium was increased from 0.9 to 1.2%, in addition to a total loss of sulphates 
and zinc. 
 Paecilomyces sp. was the only fungi that made a negligible change of elements concentrations in the 
deteriorated stone samples. 
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Fig 6: The penetration on the block in crusts by fungi and bacteria (A) Paecilomyces variotii (B) Curvularia 

lunata C) Cladosporium cladosporioides (D) Bacillus megaterium. 
  
Table 2: Effect of microbial colonization on the chemical composition of infected limestone after 6 month.  

Microorganism Chemical composition ( atomic %) 
Spot 
no. 

Mg Al SI P S Cl K Ca Fe Cu ZN N 

Control 1 0.51 1.23 5.19 0.25 0.05 0.2 0.38 58.03 2.05 0.04 0.15 0.0 
2 0.49 0.10 5.10 0.24 0.1 0.29 0.52 58.02 2.10 0.05 0.17 0.0 
3 0.56 1.35 5.43 0.42 0.11 0.31 0.31 56.88 2.17 0.04 0.18 0.0 

Mean 0.52 0.89 5.24 0.30 0.08 0.26 0.40 57.64 2.10 0.04 0.16 0.0 
Paecilomyces sp. 1 0.52 1.16 5.50 0.26 0.16 0.12 0.41 57.59 1.96 0.35 0.0 0.0 

2 0.49 1.43 5.70 0.31 0.06 0.11 0.28 56.69 2.04 0.58 0.0 0.0 
3 0.54 1.07 5.49 0.36 0.22 0.37 0.31 57.32 2.13 0.05 0.0 0.0 

Mean 0.51 1.22 5.56 0.31 0.14 0.20 0.33 57.20 2.04 0.32 0.0 0.0 
Curvularia sp. 1 0.47 1.62 7.63 0.30 0.0 0.54 0.17 51.93 2.53 0.15 0.06 0.0 

2 0.64 1.78 7.56 0.31 0.0 0.36 0.16 52.71 2.37 0.05 0.16 0.0 
3 0.37 1.26 7.34 0.31 0.0 0.42 0.18 52.41 2.69 0.13 0.18 0.0 

Mean 0.40 1.83 7.51 0.29 0.0 0.44 0.17 52.35 2.53 0.01 0.17 0.0 
Cladosporioium 

sp. 
1 0.03 0.98 5.85 0.21 0.0 0.25 O.54 56.22 2.2 0.06 0.0 0.0 
2 0.49 1.28 6.06 0.17 0.0 0.19 0.50 56.65 2.24 0.13 0.0 0.0 
3 0.48 1.27 6.10 0.17 0.0 0.24 0.59 56.44 2.21 0.19 0.0 0.0 

Mean 0.33 1.17 6.00 0.18 0.0 0.22 0.54 56.43 2.21 0.12 0.0 0.0 
Bacillius sp. 1 1.43 2.17 7.17 0.30 0.27 0.61 0.41 51.69 1.28 0.05 0.0 1.14 

2 1.50 2.34 8.31 0.37 0.31 0.68 0.44 49.31 1.47 0.07 0.0 0.96 
3 1.19 2.52 8.00 0.19 0.3 0.83 1.84 49.18 1.61 0.07 0.0 1.08 

Mean 1.37 2.34 7.82 0.28 0.29 0.70 0.89 50.06 1.45 0.06 0.0 1.06 
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3.6. Application of biocides: 
 
3.6.1. Essential oil: 
 
 Four essential oils were evaluated for their ability to inhibit the growth of fungi and bacteria in limestone 
cubes. Results in Table (3) revealed that Origanum oil at low concentration of 0.125% was the most effective in 
inhibiting the growth of all fungi and bacterial isolates. Meanwhile, Tea tree oil inhibited the growth of 
Cladosporium cladosporioides at low concentration of 0.125%. Paecilomyces variotii and Bacillus megaterium 
were inhibition growth at concentration 0.25%, and Curvularia lunata at concentration of 0.5%. Lavender oil 
was found next in effectively and gave 100% inhibition in the growth of all fungi at concentration of 0.50% 
while Rosemary oil inhibited mold growth in higher concentration of 1.0%.  
 Origanumoil was selected for application on the infected stone cubes. The inhibition of microbial growth 
was tested at different distances. The distance from (2.5 and 5 cm) caused inhibition growth but formed oil 
stains on the stone surface. On the other hand, the distance (7.5 cm) caused complete inhibition of microbial 
growth with no surface staining. SEM images (Fig, 7) showed the inhibitive effect of Origanum at different 
distances on bacteria and fungi.  
 From the results achieved, the selected methodology to treat the sarcophaguswas the fumigation by 
Origanum oil at 7.5 cm distance from the sarcophagus 
 
Table 3: Effect of essential oils on the linear growth (mm) of fungi and on the visual growth of bacteria. 

Microorganism Essential Oil 
 

ConcentrationOil 
control 0.03 0.06 0.125 0.25 0.50 1.00 

Paecilomyces variotii 
 

Origanum 90 69 58 0.0 0.0 0.0 0.0 
tea tree 90 64 22 17 0.0 0.0 0.0 

Lavender 90 90 81 26 0.9 0.0 0.0 
Rosemary 90 90 79 74 40 32 0.0 

Curvularia lunata Origanum 90 44 37 0.0 0.0 0.0 0.0 
tea tree 90 50 32 21 18 0.0 0.0 

Lavender 90 58 27 0.0 0.0 0.0 0.0 
Rosemary 90 68 53 40 28 21 0.0 

Cladosporium 
cladosporioides 

Origanum 90 21 16 0.0 0.0 0.0 0.0 
tea tree 90 27 18 0,0 0.0 0.0 0.0 

Lavender 90 90 87 14 0.0 0.0 0.0 
Rosemary 90 26 24 17 15 0.0 0.0 

Bacillus megaterium 
 
 

Origanum **** *** * 0.0 0.0 0.0 0.0 
tea tree **** *** ** * 0.0 0.0 0.0 

Lavender **** *** ** * 0.0 0.0 0.0 
Rosemary **** *** ** 0.0* 0.0 0.0 0.0 

*= slight growth;**= moderate growth;  ***= good growthand ****= dense growth 
 
3.6.2. Fungicides: 
 
 Results of fungicides treatments are given in Table (4). It was found that the growth of Paecilomyces 
variotii and Cladosporium cladosporioides was completely inhibited at 5 ppm of Option 40%, whilethe growth 
of Curvularia lunata and Bacillus megaterium inhibited at 10 ppm. On the other hand, Tecto completely 
inhibited the growth of Cladosporium cladosporioides, Bacillus megaterium and Curvularia lunataat 10, 25 and 
100ppm respectively; while, the linear growth of Paecilomyces variotii recorded 35mm at 100ppm.  
 Option 40% applied on stone surface at concentration 10ppm by brushing caused inhibition on the growth 
of the tested microorganism. These results were evaluated using SEM (Fig. 8). 
 
3.6.3. Plant extracts: 
 
 The extracts of two plant species (Synadenium grantti and Codieumvarigatum) were added to the media to 
evaluate their effects on the linear growth of fungi and growth of bacteria. The obtained results showed that the 
plant extracts reduced on growth of all tested fungi and bacteria Table (5). The reduction in the growth increased 
as the concentration of both kinds of extracts increased. Synadenium grantti extract caused complete inhibition 
of linear growth of all tested fungi at concentration of 8%, while both plant extractsinhibited the growth of 
Bacillus megaterium at concentration of 1%. 
 Application of Synadenium grantti on infected cubs at concentrations of 8% for fungi and 1% for bacteria 
was used to saturate filter paper with poultice.  SEM images revealed the effect of plant extract in the form of 
poultice. Plant extracts caused effective inhibition of the growth as is apparent in (Fig. 9). 
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Fig. 7: SEM micrograph of microorganism after applied by Origanum oil on limestonecubs in different 

distance. A-Paecilomyces variotii B-Curvularia lunata C-Cladosporium cladosporioides D - Bacillus 
megaterium A-B-C-D) at distance of 7.5cm, (A1-B1-C1-D1) at distance of 5cm, A2-B2-C2-D2) at 
distanceof 2.5cm. 

 
Table 4: Effect of fungicide on the linear growth (mm) of fungi and on the visual growth of bacteria. 

Microorganism Fungicide Concentration. (ppm) 
control 1 5 10 25 50 100 

Paecilomyces variotii Option 90 14 0.0 0.0 0.0 0.0 0.0 
Tecto 90 90 79 73 65 59 35 

Curvularia lunata Option 90 22 19 0.0 0.0 0.0 0.0 
Tecto 90 63 54 48 44 36 0.0 

Cladosporium cladosporioides Option 90 0.9 0.0 0.0 0.0 0.0 0.0 
Tecto 90 24 0.9 0,0 0.0 0.0 0.0 

Bacillus megaterium 
 

Option **** *** * 0.0 0.0 0.0 0.0 
Tecto **** **** ** * 0.0 0.0 0.0 

*= slight growth; **= moderate growth;  ***= good growth and ****= dense growth 
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Fig. 8: SEM micrograph of microorganism after application of Option 40% on limestonecubs. A-Paecilomyces 

variotii B-Curvularia lunata C-Cladosporium cladosporioides D - Bacillus megaterium 
 
Table 5: Effect of plant extract on the linear growth (mm) of fungi and on thevisualgrowth of bacteria. 

Microorganism Plant extract Filtered extracts at 
Control 0.1% 0.5% 1.0% 2% 4% 8% 

 
Paecilomycesvariotii 

Synadenium grantti 90 90 88 53 28 18 0.0 
Codieumvari gatum 90 90 90 62 52 32 20 

Curvularialunata Synadenium grantti 90 68 50 46 43 16 0.0 
Codieumvari gatum 90 80 61 52 48 18 14 

Cladosporiumcladosporioi
des 

Synadenium grantti 90 75 66 41 14 11 0.0 
Codieum varigatum 90 90 49 45 38 30 22 

Bacillus megaterium Synadenium grantti **** **** * 0.0 0.0 0.0 0.0 
Codieum varigatum **** **** ** 0.0 0.0 0.0 0.0 

*= slight growth; **= moderate growth; ***= good growth and ****= dense growth 
 
4. Discussion: 
 
 The examination of limestone sarcophagus indicated that Curvularia lunata, Paecilomyces variotii and 
Cleadosporium cladosporioides were able to grow on the stone surface. The fungal species proved to cause 
deterioration of the stone by consuming calcium carbonate, the main component of the sarcophagus. 
Paecilomyces varioti, Aspergillus sp., Curvularia sp. and Cladosporium spp. were identified recently on stones 
by Guptal and Harma (2011); Gómez-Cornelio, et al. (2012) and Moussa et al. (2012).  
 The obtained data revealed the presence of Bacillus megaterium on the limestone. Bacillus was known to be 
the most commonly found microorganism causing decay on stone monuments (Tayler and  May, 1991). Spores 
of Bacillus spp. were isolated and characterized from granite rock  mountains by repetitive extragenic 
palindromic PCR (rep-PCR) as these techniques are most closely related to Bacillus megaterium 
identification.These methods were previously proposed byFajardo-Cavazos and Nicholson (2006). 
 Scanning electron microscope (SEM) examination in combination with energy dispersive X-ray 
spectroscopy analysis (EDX) indicated that all microorganisms changed the structure of the limestone and 
penetrated inside the pores (Diakumakuet al., 1995; Gómez-Cornelio et al., 2012) causing deep cavities. In this 
study the depth level was measured by SEM for the detected microorganisms. Furthermore, different penetration 
levels in the porous limestone by fungi and bacteria were all measured and compared.   
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Fig. 9: SEM micrograph of microorganism after application ofSynadeniumgranttion limestonecubs. A-
Paecilomyces variotii B-Curvularia lunata C-Cladosporium cladosporioides D - Bacillus megaterium 

 
 Present investigation showed that fungi were able to penetrate deeply into the stone by hyphal growth, this 
was reported in case of Cladosporium sp. to be up to (bar= 216.5 µm), but in case of Bacillus megaterium,  
thepenetration level was (bar= 27.3 µm). 
 Elemental analysis of deteriorated stone sarcophagus by the fungi and bacteria indicated the decrease 
percentage of Ca, Zn and K due to the microorganisms vegetation. Sulphur was completely consumed in case of 
Cladosporium sp. andCurvularia sp.;while Znwas completely consumed in case of Cladosporium sp. B. 
megaterium and Paecilomyces varioti. 
 In the contrary, Si, Al and Mg percentages generally increased and doubled in case of B. megaterium 
according to consuming the other elements in the analyzed samples, while Fe slightly dropped. 
 It is well-known that the ideal growth of microorganism requires some major elements; precisely, carbon, 
nitrogen, hydrogen, oxygen, sulfur, phosphorus and potassium. In addition, some other essential elements 
required in lesser extent such as magnesium, iron, calcium, chlorine and sodium. Manganese, zinc and copper 
are also required in lower extent. In case of absence, the microorganisms are capable of taking their needs from 
the materials they grow on (Saiz-Jimenez, 1997; Tomaselli et al., 2000; Warscheid and Braams, 2000). The 
present data indicated that nitrogen reached (N= 1.06 %) in deteriorated sample by Bacillus megaterium only 
appeared in this sample. This type of anaerobic respirators such as Bacillus, proved its ability to nitrous oxide 
(N2O) respiration. This process is called denitrification, in which nitrate (NO3) are electron acceptors. NO3 is 
reduced to NO2 (nitrite) and then to a gaseous form of nitrogen (Wunsch and Zumft, 2005). 
 The tested microorganisms were completely inhibited by essential oils of Origanum, Tea tree, Lavender 
and Rosemary. The Origanum oil inhibited growth of all microorganisms at lower concentration of 0.125%. 
Essential oils are known for their natural constituents and derivatives which long been studied for their 
applications as antifungal and antibacterial properties in the preservation of cultural heritage (Hall and 
Ernandez, 2004, Yang and Clausen, 2007; Koga, et al., 1999; Adams, et al., 2011; Lowa, et al., 2011 and Layse, 
et al., 2012). 
 In this study, inhibitory activity of tea tree oil was found to be effective as antimicrobial agents of Bacillus 
sp. at concentration of 0.5% which agreed with the results achieved by Forrer, et al. (2013). 
 For determining the inhibition efficiency of bacterial cell and the dryness of the fungi, three different 
materials and methods were selected for application on plain stone objects after being tested in the laboratory. 
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Fumigation using Oregano oil was found to be the most effective to inhibit microbial growth on limestone. So, it 
was selected for further testing to find out the best fumigation distance between the stone samples and the oil 
saturated surface. 
 Examination results using SEM showed that inhibition occurred at all tested distances. Fumigation using 
Origanum oil at distance of 7.5 cm proved to be the most effective as indicated from SEM examination results. 
It caused the inhibition of microbial growth without the formation of oil stains on the stone surface. This method 
is considered to be the most effective treatment for disinfecting stone objects by fumigation compared to other 
fumigation distances. 
 All fungicidal tested in this study reduced growth of all tested fungi. However, all these treatments caused 
reduction in linear growth of all tested fungi.The reduction in linear growth of fungus increased as the 
concentration of tested fungicide increased such as Tecto 50 % SC and Option 40 % (Bashir and Ilyas, 1986). 
Tecto fungicide reduced growth in fungal isolates from Tuna el Gabal, Egypt in most tested concentrations 
(Mansour and Ahmed, 2012). 
 Present data showed that, brushing of fungicides on the stone surface is the most effective application 
method that causes deterioration and dryness of fungus. However, this fungicide is the most harmful for human 
in the direct contact, such as field workers in sites and conservators.  
 Plant extracts proved to be the most effective and safe for limestone treatment and preservation.  
 All plant extracts tested in this study reduced growth of all tested organisms. The reduction increased as 
plant extract concentration increased. Synadenium grantti was caused reduction in the linear growth fungi at 
concentration of 8% and 1% for growth bacteria.    
 Plant extracts such as Synadenium granttiis more effective when extracted by chloroform (Hassan, et al., 
2012). Inhibitive action occurred in values ranging from 25.0 mg/ml to 0.8 mg/ml (Morea, et al., 2008 and 
Webster, et al., 2008).Synadeniumgranttitested in the medical treatments against fungi and reported a 90 % 
protection (Costa, et al., 2012). It is also revealed that poultice of Synadenium grantti on the stone surface 
proved to be the most effective application method causing inhibition on microorganisms. 
 All treatments should be esthetically acceptable for cultural heritage and archaeological objects, for 
instances; being colorless, transparent and safe. Furthermore, they should be fairly stable and do not encounter 
any colour change with time. 
 
5. Conclusions: 
 
 This paper outlines the biodeterioration of a selected stone sarcophagus by microorganisms. The selection 
of antimicrobial was in compliance with this problem and with the proposed preservation solution. 
 Plant extracts inhibited fungal growth at low concentrations and preserved the stone without any color 
change of the stone surface.They were applied as poultice, which proved to be the most appropriate treatment 
method for fungal and bacterial growth inhibition. In addition to this advantage, they did not cause any color 
change and proved to be safe for human either in direct or indirect contact.For these reasons, plant 
extractspoultices are recommended for stones treatment and preservation against microorganisms infection on 
limestone objects. 
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