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 Abstract:  
Fungi play a very important role in the biodegradation of archaeological stones in Tell Basta 

open area, leading to their biodeterioration and loss. Therefore, it was necessary to preserve 

these archaeological stones, especially sandstone. The sandstone was analyzed and examined 

using X-ray diffraction (XRD), X-ray fluorescence (XRF) and scanning electron microscopy 

(SEM) for deteriorated fungal growth and compared with control. Deteriorated fungi isolated 

from sandstone, such as Curvularia. spp, A. niger, A. flavus, and A. terreus and their deterioration 

were studied. Plant extracts have been used to inhibit fungal growth because they are ecofriendly 

materials, harmless to the restorer, and economically inexpensive. This study presents a new 

method for inhibiting fungal growth on the surface of sandstone located at an open site in Egypt, 

using plant extracts. Fungal growth was inhibited using different concentrations of aqueous 

garlic extract (900 µg/µl, 630 µg/µl, 360 µg/µl, 180 µg/µl) and methanolic clove extract (500 µg/µl, 

375 µg/µl, 250 µg/µl, 125 µg/µl). Measuring the MFC value of the aqueous extract of the garlic 

plant and the methanolic extract of the cloves to determine the lowest concentration showed 

no visible fungal growth, and detecting the purified active components against deteriorated fungal 

growth of cloves.  

1. Introduction 
The ancient Egyptian city of Tell Basta (Bubastis) located 

in the southern Nile delta in the city of Zagazig, the provincial 

seat Sharkiya, of considered an important archaeological site. 

It was inhabited from the Predynastic Era (late 4th millennium 

BC) until Roman domination [1,2]. Sedimentary rocks such 

as sandstone are composed primarily of small rock fragments 

or mineral particles. Quartz often forms sandstones. Feldspar 

is another component in sandstone, which includes both K 

feldspar and Na or Ca feldspar. Sandstone can also contain 

other minerals such as mica, clay minerals, lithic fragments, 

and accessory minerals [3-5]. Many investigations have been 
conducted to better understand the factors contributing to stone 

deterioration, including chemical, physical, and microbial 

growth [6]. Most geology textbooks categorize weathering 

into two categories: physical weathering, which includes fires, 

frost action, insolation, salt weathering as a result of crysta-

llization and hydration pressures, and plant root action; and 

chemical weathering, which includes the dissolution of certain 

stony minerals, oxidation, and hydrolysis [7]. Acidic rain pene-

trates the stone, causing internal pressure, cracks, and crusts 

[8]. This process alters minerals through dissolution, oxide-

tion, and other chemical reactions, and when minerals disi-

ntegrate, some elements leach out, leading to a change in the 

geochemistry [9]. On the other hand, biodeterioration proce-
sses in stone decay are greatly influenced by water availability 

and environmental conditions. Anthropogenic pollutants can 

serve as nutrient demands for stone-colonizing microorgan-

isms [10]. Additionally, it was discovered that microorganism 

can growth on sandstone and penetrate the pores, producing 

acids that make color change. The microbes grow on rock sur-

faces are called 'epilithic'. Additionally, microbes that are in 

the pore space of sandstone are called 'endolithic' and can cause 

cracks and alteration to rocks [11]. Also, microbes can damage 

the surface of stones through biofilm formation, chemical 

reactions with the substrate, physical penetration into the 

substrate, and pigment production. However, the colonization 

of stones by microbes depends on environmental factors such as 

water availability, pH, exposure to the external climate, and 

nutrient sources [6,12]. Generally microbial biodeterioration 

involves the metabolic production of organic and inorganic 
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acids. This acid degradation is one of the most well-known 

biogeochemical mechanisms of rock disintegration [13]. 

In temperate or humid conditions, hyphomycetes (mold) pr-

oduce mycelium in the porous spaces of the stones [14]. 

Moreover, some species of the genus Aspergillus and Cur-

vularia cause various colors and organic acids, can cause 

dissolution of mineral components and the rock binder, 

leading to crusting of the stone material. This was clearly 

observed on the surface of sandstone [15]. Also, the fungus 

produces colored spots on rock surfaces such as A. niger 

and A. flavus produce oxalic acid, citric acid, gluconic acid, 

fumaric acid, and succinic acid. Furthermore, Curvularia 

lunata produces oxalic acid and A. terreus produces acids 

with melanin [16-19]. Stone discoloration is usually caused 

by microbial pigments, in which their metabolites may lead 

to aesthetic damage as well as physical damage by produ-

cing acids as a result of fungal activity and growth [20-22]. 

Plant extracts have been used to reduce biological damage. 

The phytochemical investigation of neem, moringa, jatropha, 

and balanites crude leaf extracts revealed bioactive plant 

components with potential antimicrobial properties. The 

highest activity was found in the methanol extract when com-

pared to the ethanolic and aqueous extracts [23,24]. All fungi's 

growth was completely inhibited for a variety of times up 

to 21 days when crushed cloves (Eugenia caryophyllus) and 

garlic (Allium sativum) were added to potato dextrose agar. 

Clove was the strongest antifungal plant [25]. Extraction of 

plant components is frequently done using a number of tech-

niques, including sonification, heating under reflux, Soxhlet 

extraction, and others, are frequently used. Additionally, fresh 

green plants or dried powdered plant material are soaked in 

distilled water or organic solvent systems, then the plant 

is filtered to create plant extracts and stored at a low temp- 

erature in darkness until use. The applicability of the extraction 
techniques must be taken into account, as the plant components 
may range from non-polar to polar and may be affected by 

thermal pressure for a long time [24,26]. The aim of this 

work was to assess the deterioration caused by the fungi that 

can colonize sandstone in the Tell Pasta area, by examining 

sandstone and control of the isolated fungi with ecofriendly 

materials and evaluate effect of plant extract when applied 

on the sandstone surface in this condition. 

 

2. Material and methods 
2.1. Sampling 
In April 2021, samples were collected to investigate fungi by 

swabbing surfaces with sterile cotton swabs. The samples were 

obtained from different spots of the change of color sandstone 
located in the open-area museum in Tal Basta area within the 

city of Zagazig, Sharkia Governorate, fig. (1) [27]. 
 
 

 

 
 

 

 
 

 

 

 

 

 

 
 

 
 
Figure (1) swabs places from the sandstone surface (Samples B1: B6) 
 

2.2. Investigation and analyses methods 
2.2.1. Polarized light microscope (PLM) 
Thin sections of sandstone samples were studied to identify 

the nature of the mineral components and deterioration man-

ifestations, using light polarized microscope (PLM) (Gippon 
Japan (Inc.)) in the geology dept., Faculty of Science, Zagazig 

Univ. Thin sections, cut across the thickness of the stone, were 

used to determine the different typologies of sandstone [6,28].  

2.2.2. Scanning electronic microscope (SEM) 
SEM evaluation the infected  and standard (control) samples 

of stone were evaluated using scanning electron microscope 

analysis SEM  (Quanta FEG250, with tungsten electron source, 

at 20 kV). Moreover, EDX was used for elemental analysis. 

2.2.3. X-ray diffraction analysis (XRD) 
Sandstone samples were analyzed to identify their constit-

uent elements using X-ray fluorescence by model 7602EA 

A1melo Manufactured by Panalytical B.V Co., Netherlands 

(ISO 9001/14001 KEMA – 0.75160) from Housing and 

Building National Research Center [6,28]. 

2.3. Isolation, purification and Identification 
Samples were obtained by using a wet sterile cotton swab for 

laboratory testing from the surface of biodegraded sandstone 

at Tell Basta that showed signs of the biodegradation process, 

such as discoloration (most often blackening) and surface 

structure alterations [15]. The swabs were transferred to the 

microbial laboratory Zagazig Univ. The samples were grown 

on PDA (potato dextrose agar) (200g Potato extract, 20g Agar 

and 20 g dextrose) plates and incubated for 7 days at 25±2 °C 

[6,15]. The single fungal colony was purified several times 

to obtain a pure fungal colony. The resulting cultures were 

purified and the isolated fungal culture was studied. The mac-

roscopic characteristics of colonies growing on agar plates 

were used to identify fungi, as well as the color, size, and mor-

phology structures [29]. Fungi were examined and identified 
morphologically under a light microscope (Tension, USA) in 

the Microbiology dept., Faculty of Science - Zagazig Univ. 

2.4. Fungal colonization test 
Sandstone was cut into cubes with a size of 1×1×1 cm for 
samples and autoclaved at a temperature of 121°C and pre-
ssure of 1.5 Ib, followed by 24 hours of drying at 105°C in an 
oven. For the inoculation of spore suspensions, each cultivated 
fungal pure colony (7-day-old) on culture plates containing 
PDA was cultivated with 10 ml of potato broth media (potato 
50 g, dextrose 50 g, and distilled water 1L). Spores were dis-
charged using a sterilized needle in an aseptic condition and 
then the shaking tube was prepared for use [6,30]. To analyze 
the stone blocks before and after infection, fungal species 
were purposefully injected into stone cubes. The cubes were 
placed in sterile glass petri plates, cleaned in an incubator, 
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and cultured for eight months at 30°C before assessing the 
colonization [6,19,30]. The fungal growth developed on the 
stone's surface was examined by Labored light microscope 
in the Geology dept., Faculty of Science, Zagazig Univ., 
Then, samples was examined by a Philips XL 30 ESEM in 
NRC in Dokky, Cairo, Egypt, to identify fungal growth on 
the biodegradation stone's surface. The elemental analysis 
and characterization of the stone sample was described by 
using ESEM coupled with electron dispersive X-ray spec-
troscopy (EDX). The deteriorating samples before (control) 
and after inoculation were examined using EDX analysis to 
show changes in surface morphology and particle size [6, 
31,28]. 

2.5. Anti-fungal activities of plant extracts 
Plant extracts were prepared by soaking the grinding plant in 

cold water, boiling water, and methanol. Plants (clove, garlic, 

cinnamon, ginger, rosemary, aloe vera, neem, ocimum, lan-

tana, alcanfor, and cymbopogon) were collected, grinding to 

fine particles, and then dried in airtight containers at room 

temperature. One gram of plant was placed into a flask and 

10 ml of distilled water or methanol was added to cover the 

plant. The plant was then boiled with distilled water for 20 

minutes. The contents were kept in an orbital shaker for 48 

hours on a hot plate magnetic stirrer to stir the extract well. 

The extract was then filtered through a Whatman No. 1 filter 

paper and dried in a hot air oven at 40°C for 3 hours to 

remove excess solvent. Then kept at 4°C for further use [23, 

26,32]. It has been noted that the clove plant extract is a 

colored extract, so it was necessary to remove this color in 

order to not change the appearance of the archaeological sand-

stone. This was done by using activated carbon charcoal for 

the clove plant extract at an amount of 1 g/l. This amount can 

be increased if needed, fig. (2) [33]. Spectrophotometers device 

(model UV-3101PC, from National Institute of Metrology and 

Calibration - Al Haram - Giza - Egypt)  (CIE-Commission Int. 

d’Eclairage) was used for measuring the amount of color 
change on sandstone samples after treating them with aqueous 

garlic extract and  methanolic clove extract, after removing the 

color with activated charcoal and comparison with a control 

sample. 

 

 
 

 
 

 

 

 

 

 
 

Figure (2) remove color of clove extract using activated charcoal 
 

2.5.1. Determination of the minimum inhibition conce-
ntration (MIC) and the minimum fungicidal conc-
entration (MFC). 

To confirm the MIC value for each tested fungus, several 
concentrations of the plant extract were prepared using a 
microdilution measurement in triplicate, in addition to the 
original concentration [34]. To examine the inhibitory effect 

of the highest selected agents (garlic and cloves) on fungal 
growth [32]. The following concentrations of methanolic 
clove extract (500 µg/µl, 375 µg/µl, 250 µg/µl, 125 µg/µl, 
62.5 µg/µl), and aqueous garlic (900 µg/µl, 630 µg/µl, 360 
µg/µl, 180 µg/µl, 90 µg/µl),  were used against different types 
of fungi. The MIC was determined to measure the plant extr-
acts' antifungal properties quantitatively [35]. The MIC values 
were selected as the lowest antimicrobial concentration 
that completely inhibited fungal growth. The lowest conc-
entration, which was characterized as the MFC, showed no 
visible growth after sub-culturing on fresh medium [36,37]. 

2.5.2. Preparation of antimicrobial activity disc 
Sterile filter paper disc was inserted into 20-40 mL of garlic 
and clove extracts using a micropipette after Whatman's No. 
1 filter paper was punched into 5 mm disc form and sterilized.  
Small equal amounts of the condensed extracts were put on 
the discs, and they were then left to dry in the aseptic air. After 
that, they may be kept at 40°C until use [23]. Sterile PDA was 
added to sterile petri dishes, and after the liquid had solidified, 
fresh fungal cultures were swabbed onto the plates. Using 
sterile forceps, antimicrobial activity discs (sterile discs con-
taining plant extract) were held over the agar plates at different 
concentrations. The plates were incubated for 24 hours at 
27°C. After incubation period, the diameter of the inhibition 
zones that formed around each disc was measured in (mm) 
and recorded [23]. 

2.5.3. Evaluation of active compounds for effective ext-
ract using GC-MS 

The chemical composition of plant-purified samples was 
performed using a Trace GC-TSQ mass spectrometer (Thermo 
Scientific, Austin, TX, USA) (Atomic Energy Authority, Cairo, 
Egypt). The components were identified by comparing their 
mass spectra with those of the WILEY 09 and NIST 14 mass 
spectral databases [38]. 

 

3. Results 

3.1. Isolation and identification by light microscope 

Forty swabs were taken from the surface of biodegraded 

sandstone. These swabs were colonized in 40 petri dishes 

containing PDA media. The swabs showed many types of 

fungi. Fourteen fungal species belonging to five genuses 

were visually examined and identified morphologically under 

a light microscope. The percentage distribution of fungal 

species in inoculated Petri dishes was determined per plate, 

tab. (1). 
 

Table (1) the distribution percentage of isolate fungi % 

NO Fungi NO. of fungal 

per plate 

The distribution 

percentage % 

1 Aspergillus niger 38 95%   
2 Aspergillus flavus 36 90%  

3 Aspergillus terreus 32 80%  

4 Curvularia. spp 28 70%  
5 Fusarium poae 18 45% 

6 Aspergillus parasiticus 18 45%  

7 Penicillium chrysogenum 16 40% 
8 Aspergillus versicolor 10 25% 

9 Aspergillus restrictus 11 27.5% 

10 Emericella nidulans 7 17.5% 
11 Aspergillus clavatus 5 12.5% 

12 Aspergillus fumigatus 3 7.5% 
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Fungal distribution percentage showed that A. niger appeared 
in 95%, A. flavus appeared in 90%, A. terreus appeared in 
80%, Curvularia appeared in 70%, Fusarium poae appeared 
in 45%, A. parasiticus appeared in 45%, P. chrysogenum 
appeared in 40%, A. versicolor appeared in 25%, A. restrictus 
appeared in 27.5%, Emericella nidulans appeared in 17.5%, 
A. clavatus appeared in 12.5% and A. fumigatus appeared in 
7.5% of petri dishes containing PDA media which colonized 
by swabs. Many fungi have been photographed under the light 
microscope, so to examine and visually identify their type acc-
ording to the shape conidiophore and hyphe of fungi, fig. (3). 
 

 

 
 

 

 
 

Figure (3) hyphai and sporangiophore of fungi under light microscope; a.  
A. nigger, b. Curvularia sp, c. A. fumigatus, d. A. terreus. 

 

3.2. Microscopic examination of stone 
3.2.1. Polarized light microscope (PLM) 

The studied sandstone samples represent the quartz arenite. 

Quartz arenite is a type of sandstone consisting of quartz 

granules with a ratio greater than 90% and a ratio of clay 
minerals less than 15%, It tends to be light grey with pink and 

yellow and some brown color, and that's due to the presence of 

iron oxides, fig. (4-a). The microscopic examination of sand-

stone samples under PLM Crossed-Nicoles (CN) revealed 

the presence of monazite mineral as a result of the mineral 

transformation of quartz. Moreover, the alteration of K- 

feldspar into kaolinite and sericite, figs. (4-b, c & d). 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 
Figure (4) PLM photomicrographs of studied sandstone samples shows a. 

the erosion of quartz grains and the weakness and disintegration 
of the binding material between the quartz grains. Moreover, it 

shows the presence of iron oxides X-5, b. the red arrow indicates 

to the presence of monazite mineral as a result of the mineral 
transformation of quartz. The blue arrow indicates to the alteration 
of potassium feldspar to kaolinite and sericite X-10, c. the alteration 

of potassium feldspar to kaolinite and sericite X-5, d. the alteration 

of potassium feldspar to clay minerals X-5 
 

3.2.2. Scanning Electronic Microscopy (SEM-EDX) 

SEM examination shows the morphology of the sandstone 
surface fig. (5). Moreover, the examination shows the presence 

of clay minerals either as a binding material or as a result of 

the alteration of K-feldspar (Kaolinization) and sodium chl-

oride salt (halite). and the voids between grains due to the 

loss of the binding materials (granular disintegration). The 

analysis for the checkpoint of weathered sandstone surface 

by EDX, tab. (2) showed some elements such as C, O, Na, 

Mg, Al, Si, Cl, Ca, Ti, K and Fe indicate the existence of 

salts of halite, alteration into clay minerals fig. (6).  
 
 

 

 
 

 

 
 

 

Figure (5) SEM photomicrograph of un-colonized (Control) sandstone cubes  

 

 

 
 

 

 
 

 
 

Figure (6) EDX analysis of weathered Sandstone surface 
 

Table (2) EDX elemental composition of analyzed sample 

 
 

 
 

3.3. X-ray analysis of stone 
3.3.1. XRD  

Analyzed sandstone sample using X-ray diffraction fig. (7) 

proved that it consists mainly of Quartz, which, indicates 

that this stone consists of pure quartz (sandstone). 
 

 
 

 
 

 

 
 

 

 
Figure (7) XRD pattern of sandstone 
 

3.3.2. XRF  

The stone elements analyzed using X-ray flourcense proved 

that it consists of a high ratio of silica (Si 94.94%), in add-

ition to other elements such as (Si, Al, Fe, Ca, Mg, Na, K, 

S, P, Ti, Cr, Zr, Sr, Cl and Lol as listed in tab. (3). 
 

Table (3) elements of sandstone analyzed by X-ray flourcense 
 

 

 

3.4. Colonization test 
Acids and melanin are related to the biochemical character-

ization of the activity of fungal isolates on sandstones. Most 

of the fungi species produce acids, while only Curvularia 

and A. terreus produced melanin cubes before (control) and 

after inoculation were examined visually and it was found that 

a b c d 

a b 

c d 
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fungi colonized in surface and caused deterioration, discol-

orration and missed some parts of the stone surface, fig. (8).  

 
 

 

 
 

 
 

Figure (8) a.  uncolonized sandstone (control) and colonized sandstone by 

b.  A. niger, c. Curvularia. Spp., d. A. terreus, e. A. flavus 
 

3.5. SEM of colonized and incubated samples  
Examination of colonized and incubated cubes shown under 

SEM, fig. (9) is illustrated and clearly demonstrates the dif-

ferent aspects of deterioration including discoloration, dark 

pigmentation and stone decay. It is possible to use scanning 

microscopes for identifying fungus species through the size 

and shape of their spores, mycelium and hyphae.  Many sand-

stone samples infected with fungi have been examined under 

the SEM to examine the extent of damage on the surface of 

the sandstone infected by fungi, such as Curvularia. Spp., A. 

terreus., A. flavus., and A. niger. The fungal mycelium was 

distributed around the grains.  It has been shown that the fungi 

caused the loss of some minerals, as well as the occurrence 

of cracks, where hyphae and their roots penetrate the sand-

stone minerals. Our results, fig. (9-a) show Curvularia. spp. 

It had black colonies, unbranched Conidiophores, brown Con-

idia, 3-septate, obovoidal. The conidia were fusiform with 

straight to slightly curved in shape. Curvularia. spp causes 

serious damage to the surface of the sandstone, as we notice 

large and deep cracks on the surface of the sandstone, in 

addition to the black discoloration of the sandstone surface. 

This is because Curvularia spp secretes the melanin pigment 

melanin.  Also, fig. (9-b) shows A. terreus. The colonies are 
brown in color with a yellow to deep brown, pyriform vesicles, 

conidial heads. A. terreus causes decay of the surface of the 

sandstone, as we notice large and deep cracks. In addition, 

parts of the sandstone surface are lost. This is due to the fact 

that A. terreus dissolves and feeds on some of the components 

of the sandstone as well as the binding minerals, as it is obvious 

that the fungus comes out of the missing part.  Furthermore, 
fig. (9-c) shows A. flavus conidiophore is a thick-walled 

branch. The conidiophores are unbranched and are composed 

of the foot cell, stipe, and vesicle. Coinidial heads are light to 

deep yellow, green, or green. Colonies are granular, flat. Coni-

dia are globose to sub-globose. A. flavus causes decay of the 

surface of sandstone, where we notice the presence of large 

and small cracks. It is clear that the fungi come out from the 

cracks after the dissolution of some of the bonding minerals 

of the surface of the stone. Moreover, fig. (9-d) shows A. 

niger has black spores (conidia) due to its high melanin 

content. The hyphae of A. niger are septate, hyaline and the 

conidiophores are long, becoming darker at the top and ending 

in a globose to sub-globose vesicle, tending to split into several 

loose columns with age. The A. niger fungus causes severe 

deterioration of the sandstone surface, as we observe the dec-

omposition and loss of many parts of the sandstone and the 
spread of the A. niger fungus in the missing parts. This is bec-

ause the fungi dissolve and feed on most of the components of 

sandstone, and therefore A. niger is considered one of the most 

severe fungi that causes severe biodeterioration to sandstone. 
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Figure (9) SEM photomicrographs of biogenic alteration and the highly 
fungi-altered affected colonized sandstone samples; a. Curvularia. 

Spp., b.  A. terreus, c. A. flavus, d. A. niger. 
  

3.6. Antimicrobial screening of plant extracts 
The antimicrobial activity of methanol and aqueous extracts 
of 12 plants were studied using a disc diffusion method against 
selected fungi inside the PDA media, each dish was divided 
into two halves, and one extract was applied into each half 
of the dish to evaluate their effect on the linear growth of fungi. 
The results obtained showed that there were some plant 
extracts that reduced the growth of all tested fungi such as 
clove 500 µg/µl and garlic 900 µg/µl. There are plant extracts 
that have less effect on fungi such as lemon grass500 µg/µl, 
onion 900 µg/µl, cinnamon 500 µg/µl and rosemary 500 µg/µl, 
but there were plant extracts that had no significant effect on 
fungal growth such as ginger 500 µg/µl, ocimum 500 µg/µl, 
aloe vera 900 µg/µl, alcanfor 500 µg/µl, neem 500 µg/µl 
and lantana 500 µg/µl, fig. (10). The results showed that the 
best plant extract that showed great effectiveness against most 

fungi was the methanolic clove extract 500 µg/µl and the 
aqueous garlic extract 900 µg/µl. Therefore, different 
concentrations were made from them to determine the value 
of (MFC).   
 
 

 

 
 

 

 
 
 

 
 

 
 

 

 
 

 

Figure (10) the effect of 12 active plant extracts on 6 selected fungal 
 

3.7. Value of MIC and MFC of clove and garlic extract 

Microdilution measurement (5% conc.) was performed to 

confirm the MIC value for each fungus tested. Aqueous garlic 

extract MIC= 180 µg/µl and methanolic clove extract MIC= 

a b c d e 

Lemon 
grass 

nCinnamo Clove 

Alcanfor Neem Lantan 

Ginge Ocimum Aloe vera 

Gartic Rose mary Onion 

c d 

a b 

https://store.clarksonlab.com/Labomed-Microscopes.aspx
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125 µg/µl which, showed good antifungal activity with sig-

nificant inhibition percentage, fig. (11). The MFC was also 

measured after determining the MIC to determine that the 

lowest concentration showed no visible growth, as the aqu-

eous garlic extract showed that the MFC in some fungi was 

at 630 µg/µl such as Curvularia. spp, and the MFC was 360 

µg/µl for other fungi such as A. terreus, while MFC for 

methanolic clove extract was 250 µg/µl for all fungi. 
 a 
 

 

 
 

 b 

 

 

 

 

 
Figure (11) MIC of plant extracts on some fungi, a. Curvularia. spp under 

the influence of different concentrations of clove, b. Curvularia. 
spp under the influence of different concentrations of garlic 

 

The antifungal activity of aqueous garlic extract using disc 

diffusion method, 180 µg/µl concentration of garlic showed 

maximum inhibition zone (14.148 mm) against A. terreus, 

(10.852 mm) against curvularia. spp, (5.963 mm) against A. 

flavus, (3.074 mm) against A. niger. 360 µg/µl concentration 

of garlic showed maximum inhibition zone (15.407 mm) 

against A. terreus, (12.815 mm) against curvularia. spp, (9.148 

mm) against A. flavus, (4.704 mm) against A. niger. 630 µg/µl 

concentration of garlic showed maximum inhibition zone 

(17.593 mm) against A. terreus, (15.185 mm) against curv-

ularia. spp, (10.148 mm) against A. flavus, (5.370 mm) 

against A. niger. 900 µg/µl concentration of garlic showed 

maximum inhibition zone (20.259 mm) against A. terreus, 

(17.889 mm) against curvularia. spp, (11.518 mm) against 

A. flavus, (7.259 mm) against A. niger after 48 h, tab. (4). 

Herein, there were highly significant effects of varying 

concentrations of aqueous garlic extract on the diameter of 

inhibition zones for all studied fungi (p<0.0001). A positive 

correlation was observed, indicating that higher concentr-

ations of the extract resulted in larger inhibition zones, tab. 

(4). The regression analysis further revealed that the different 

concentrations of aqueous garlic extract accounted for a 

substantial portion of the total variation in the inhibition 

zone diameter. Specifically, the concentrati-ons of aqueous 

garlic extract explained 92%, 96%, 94%, and 99 % of the 

total variation in the inhibition zone diameter of A. Niger, 

A. Terreus, A. Flavus, and Curvularia. spp, respectively, tab. 

(4). The antifungal activity of methanolic Clove extract 

using disc diffusion method, 180 µg/µl conc-entration of 

clove showed maximum inhibition zone (12.333 mm) ag-

ainst Curvularia. spp. (6.259 mm) against A. niger, (5.741 

mm) against A. flavus (5.111mm) against A. terreus. 360 

µg/µl concentration of cloves showed maximum inh-ibition 

zone (16.778 mm) against Curvularia. spp. (11.852 mm) against 

A. flavus, (9.111 mm) against A. terreus (9.037 mm) against 

A. niger. 630 µg/µl concentration of clove showed maximum- 

inhibition zone (19.926 mm) against Curvularia. spp. 
(12.667 mm) against A. flavus (11.222 mm) against A. niger, 
(10.741 mm) against A. terreus. 900 µg/µl concentration of 
cloves showed maximum inhibition zone (27.630 mm) ag-
ainst Curvularia. spp. (15.296 mm) against A. flavus, (14.333 
mm) against A. niger (11.741 mm) against A. terreus after 48 
h, tab. (5). The results of this study demonstrated significant 
effects of methanolic clove extract on the inhibition zones 
diameter for all tested fungi (p< 0.001). The maximum effects 
were detected at the highest concentration (500 µg/µl), 
while the lowest doses (125 µg/µl and 250 µg/µl) showed 
compar-atively lower effects (p< 0.05), tab. (5). Furtherm-
ore, the findings from the linear regression analysis revealed a 
significant positive relationship between the diameter of 
inhibition zones and the levels of methanolic clove extract. 
Specifically, for each unit increase in the concentration of 
methanolic clove extract, the diameter of inhibition zones 
increased by 0.108 mm for A. niger, 0.088 mm for A. terreus, 
0.119 mm for A. flavus, and 0.201 mm for curvularia. spp, 
tab. (6). 
 

Table (4) effect of different levels from aqueous garlic extract on the 
inhibition zone diameter (mm) of Fungi 

 
 

 

 

 

 

a,b,c,d Means in the same column with different superscript letter following 

them are significantly different (p< 0.05). 
 

Table (4) regression coefficient of inhibition zone diameter (mm) of fungi 

on the different levels from aqueous garlic extract 
 

 

 

 
 

α: intercept; b-reg: regression coefficient; R2: coefficient of determination. 
 

Table. (5) Effect of different levels from methanolic clove extract on the 

inhibition zone diameter (mm) of selected fungi  
 

 

 

 

 

 

a,b,c,d Means in the same column with different superscript letter following 

them are significantly different (p< 0.05). 
 

Table (6) regression coefficient of inhibition zone diameter (mm) of fungi 

on the different levels from methanolic clove extract  

 

 

 

 
 

α: intercept; b-reg: regression coefficient; R2: coefficient of determination 
 

3.8. Color change of clove and garlic extract applied 
on sandstone (CIE-lab Commission International 
d’Eclairage) 

The aqueous garlic extract and the methanolic clove extract 
were applied after decolorization to cubes of sandstone in 
order to measure the color change on the surface of the sand-
stone compared to a standard sample, tab. (7). The aqueous 
garlic extract is excluded, and the clove extract is applied after 
removing its color on the sandstone sample. 

µg/µl 500 µg/µl 375 µg/µl 250 µg/µl 125 µg/µl 62.5 

500 µg/µl µg/µl 375 µg/µl 250 µg/µl 125 µg/µl 62.5 
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Table (7) the color change of sandstone samples treated with methanolic 

clove extract and aqueous garlic extract compared to a control 

sample. 

NO Plant extract ΔE 

1 Methanolic Clove extract 1.77 
2 Aqueous Garlic extract 2.85 

 

3.9. Identified of the bioactive compounds present 
in the methanolic clove extract by using GC-MS. 

Three antifungal compounds were found in the effective ext-

ract, according to the characterization of its constituent parts, 

tab. (8). & fig. (12). The majority of the compounds found in 

the current identification had antifungal activity. The GC-MC 

analysis detected the chemical composition of methanolic 

clove extract fig. (13) Mass spectroscopy of antifungal sub-

stance compound extract from clove and these results ind-

icated that the substance under investigation showed: Bis 
Eugenol (Phenol, 2-Methoxy-4-(2-Propenyl) (C10H12O2) with 

MWt 164 (54.02%), Caryophyllene (Bicyclo [7.2.0] Undec-

4-Ene,4,11,11-Trimethyl-8-Methylene-, [1R-(1R*, 4E,9S*) 

(C15 H24) with MWt 204 (13.31%) , Phenol ( 2-methoxy-4- (2-

propenyl)- acetate) (C12H14O3) with MWt 206 ( 20.12%). 
 

Table (8) GC-MS analysis of methanolic clove extract 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (12) GC-MS of clove methanolic extract 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure (13) dimensional structures of active compound on Methanolic 

clove extract 

4. Discussion 
Most sandstone-isolated fungi in open area are well-adapted 

and grow in low-nutrient conditions. Fungi can fix the carbon 

from polluted air on the surface of sand stone as a source of 

nutrients, in addition to some elements found between quartz 

and some elements from bird waste and plants. This is to pro-

vide a source of organic carbon they need to grow, which is 

essential for their survival [11,39]. The acids produced by 

fungi on different types of rocks dissolve mineral elements, 

such as silicates, carbonates, phosphates, oxides, and other 

compounds, which are essentially while microbial geoche-
mical cycles do by fungi. This is called biological weathering 
[40]. Among the damage consequences of fungal penetration 

of stones, which leads to fissures, and biochemical acidic 

metabolites, which cause the dissolving of stone minerals 

and oxidation of minerals, especially iron and manganese.  

Additionally, produce melanin, causing the discoloration of 

stone surface [19,29,41]. Genera of Fusarium poae and Pen-

icillium chrysogenum were observed on stones at moderate 

incidence, where   the most common fungus on stones is the 

genus Apergillus [42], and the Apergillus. spp and curvularia. 

spp cause biodeterioration on sand stone [6]. According to 

PLM and SEM, the sandstone has been alterated feldspar to 

kaolinite [6,43], SEM-EDAX and mechanical characterization 

of sandstone cubes before and after infection from a simulation 

experiment showed extensive colonization of fungal hyphae 

around stone grains, which led to deterioration and loss of 

some mineral components present in the sandstone, moreover 

the hyphae penetrate minerals and dissolve them [44]. EDX 

of weathered sandstone surface showed the presence of some 

elements such as Si, O, Ca, C, Mg, Al, Si, K, TI, and Fe with 

a high percentage. These results were reported as an indi-

cator of deterioration. Examining Curvularia. spp growth 

on sand stone make black colonies under SEM, unbranched 

conidiophores, brown conidia, 3-septate, obovoidal. The con-

idia were fusiform with straight to slightly curve in shape 

[45], A. terreus colonies are brown color with a yellow to 

deep brown. pyriform vesicles, conidial heads [46], A. flavus 

conidiophore is a thick-walled branch, conidiophores are 

unbranched and are composed of the foot cell, stipe, and 

vesicle. Conidial heads light to deep yellow green, or green. 

colonies are granular, flat, Conidia are globose to sub glo-

bose [47], A. niger has black spore (conidia) due to its high 

melanin content, hyphae of A. niger are septate, hyaline and 

the conidiophores are long, becoming darker at the apex and 

ending in a globose to sub globose vesicle, tending to split 

into several loose columns with age [48,49]. According to 

XRD analysis, the sandstone consists mainly of silica (Qz), 

XRF analysis confirmed that the sandstone consists of a large 

percentage of silica in addition to some other elements such as 

aluminum (Al), calcium (Ca), iron (Fe), and potassium (K), 

magnesium (Mg), manganese (Mn), sodium (Na), Phosph-

orus (P), silicon (Si) and titanium (Ti) [50]. Some natural 

plant extracts showed great antimicrobial inhibitory effects 

against deteriorated fungal activity, such as clove, garlic, 

onion, cinnamon, rosemary and   lemon grass [51]. Methanolic 

clove extract has antifungal activity because it contains active 
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compounds that inhibit fungi [52]. Aqueous garlic extract 

has antifungal activity [53]. GC-MS indicates the presence 
of the compounds Eugenol and Phenol, 2-methoxy-4-(2-prop-

enyl) acetate [54]. Eugenol was the most active structure against 

fungal growth [55,56]. Moreover, the main compounds of 

clove extract are eugenol and β-caryophyllene, which are pow-

erful antifungal agents [57]. 

 

5. Conclusion 
The results in this study indicate the significant damage caused by 
fungal growth on the surface of sandstone located in an open area 
and its aesthetical appearance. It was necessary to inhibit fungal 
growth on sandstone by using plant extracts that have great effect-
tiveness. Moreover, they are not harmful in the long time, whether 
for the effect on stone or the restorer. Tests and analyzes using the 
techniques mentioned above has been proven the damage caused 
by fungi on the surface of sandstone, including cracks, fissures, 
dissolving, and loss of some mineral elements. The above-mentioned 
scientific experiments also confirmed the effectiveness of methanolic 
clove extract after removing its color with activated charcoal in 
inhibiting fungal growth and preserving the aesthetic appearance of 
sandstone. 
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