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Abstract  

Microbiological samples were taken from deteriorated oil paintings 

exhibited in various locations in addition to private possessions. 

The results showed that eight fungal and four bacterial species were 

isolated from these objects. These isolates were studied to measure 

their ability in degrading cellulose, gelatin, linseed oil and the 

varnish dammar. They were also tested for their potentiality to 

produce extracellular cellulases and proteases enzymes. The effect 

of different concentrations of benlate, coside 101 and some natural 

oils such as cloves, jojoba and garlic oils on the radial growth of the 

tested fungi and bacteria was studied. The results showed that all 

the tested biocides had a negative effect on the growth of the tested 

isolates and a single biocide is sufficient to kill a number of fungal 

species effectively. 

Key words: oil painting, biodeterioration, fungi, bacteria, cellulases, 

proteases, natural oils. 
  

1-Introduction                                                                                      

The development of micro-fungi and bacteria on the surface of 

paintings induces aesthetical, mechanical and biochemical decay. In 

fact, the growing mycelium spread over the paints, masking design 

and color, while the growth of hyphae and fruiting bodies inside the 
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support can cause friability and loss of the paint layer. Exoenzyme 

activities can cause more serious damage by decomposition of some 

polymers both of the paint layer and of the support, whereas the 

presence of colored fruiting bodies and the production of colored 

metabolites provokes the formation of permanent stained patches 

while organic acids produces irreparably modifications in the 

structure (
1
). The control of microbial growth over the monuments 

is not an easy task. Both indirect and direct methods are used to 

achieve this aim. The indirect methods are those that aim at 

inhibiting the growth of fungi and bacteria by modifying the 

microclimatic conditions around the substrate. On the other hand, 

the direct methods are those which eliminate the existing population 

of microorganisms by employing suitable biocides (
2
). In order to 

evolve a suitable conservation programme, it becomes imperative to 

identify various organisms growing over different oil painting as 

well as find suitable biocides for their treatment (
3
) and (

4
).   

The present research reports the common microorganisms 

associated with deteriorated valuable oil painting and suitable 

biocides to    prevent or slow down   the biodeterioration of these 

oil paintings. 

2-Materials and Methods 
  

2.1- Objects  

Objects used in this study, their locations and state of deterioration 

were shown in Table (1). 
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2.2- Collection of samples  

 Microbiological samples were collected and taken from areas of 

several objects which showed particularly dense microbial growths 

or where they appeared to be associated with decay (table 1).  

2.3-Chemicals 

All the chemicals used are of analytical grade. Glucose / peroxidase 

kit was from Stan Bio Laboratory, INC.
o
2930 East Houston Street

o
 

San Antonion Texas 78202 USA. Benlate was a product of DU 

PONT de Nemours and Co. Inc.Switzerland. Natural oils and coside 

101 were supplied from National Research Centre, Cairo, Egypt.                                                                                                                              

2.4- Isolation and purification  
Samples were collected from various objects as shown in table (1) 

and plated out on nutrient agar(NA) for bacteria and potato dextrose 

agar (PDA) for fungi (
5
). Incubation was carried out at 37

0
C for 24 

hr (for bacteria) and at room temperature for 72 hr for isolation of 

fungi. During the incubation period, any emerged microorganism 

was isolated on to PDA and NA slants. Fungi and bacteria were 

purified by using the single spore technique of Manandhar (
6
).  

2.5- Identification 

The identification of fungal isolates were carried out on the basis of 

their macro and microscopically characteristic sporulation 

according to the keys of Gilman (
7
); Nelson, et al. (

8
) and Barnett 

&Hunter (
9
), while that of bacteria were carried out by studying 

their physiological and biochemical properties according to the keys 
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of Cowan and Steal´s (
10

) and Peterh, et al. (
11

).  The frequency 

occurrence of each species was expressed as the percentage of 

samples containing a given organism. 

2.6- Selection of cellulose, gelatin, linseed oil and dammer 

degrading microorganisms               

Fungal and bacterial isolates were studied to measure their ability in 

degrading cellulose of the support, gelatin of animal glue, linseed 

oil of the pigment binder and the varnish dammar by using 

cellulose, gelatin, linseed oil and dammar as carbon sources. 

Czapek-Dox agar medium (
12

) was used for this purpose. Only 

sucrose was substituted by the above mentioned carbon sources. 

2.7- Growth medium and Substances 

Mandels and Weber’s medium (
13

) was prepared. It contained (g/L): 

1.4 (NH4)2 SO4; 2.0 KH2PO4; 0.3 urea; 3.0 CaCl2; 0.3 

MgSO4.7H2O; 0.005 FeSO4; 0.0014 ZnSO4; 0.0016 MnSO4; 0.002 

COCl2; protease peptone (1%); tween 80 (0.1%) and avicel (1%) 

with final pH of 5.0. The medium was supplemented individually 

by cellulose and gelatin as carbon sources instead of avicel. 

2.8-Growth in liquid culture 

250 ml Erlenmeyer flasks containing 50 ml Mandels and Weber’s 

medium with the adequate carbon source were inoculated by 5% 

(v/v) of inoculum of the tested fungi and bacteria.  The flasks were 

then incubated at 28
o
C for 15days. After the incubation period, the  

content of each flask was filtered. Culture filtrates were subjected to 

enzyme assay. 

2.9-Enzyme assay 

2.9.1-Carboxymethyl cellulase (CMC-ase){Cx β(1-4) gluconase} 
was assayed by following the release of free glucose from 
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carboxymethyl cellulose as a substrate. The activity was defined 

and measured according to the method of Mandels and Weber (
14

) 

where the resulting sugars were determined by Somogyi Reagent 

(
15

) using glucose as standard. 

2.9.2-Cellobiase (β- glucosidase) was assayed according to the 

method of Berghem and Petterson (
16

) using cellobiose as a 

substrate. The activity of the enzyme was determined by measuring 

the concentration of the released glucose by using 

glucose/peroxidase kit according to Teller method (
17

). 

2.9.3-Protease activity was measured by some modifications of 

Keay and Wildi method (
18

). The reaction mixture consisted of 1.0 

ml enzyme solution preincubated at 37
o
C for 5 min. The reaction 

was started by the addition of 1.0 ml casein 2.0% (w/v), pH 7.0. 

The reaction mixture was then incubated at 37
o
C for 10 min and 

terminated by the addition of 2.0 ml of 0.4 M trichloro acetic acid. 

This mixture was further incubated at 37
o
C for 20 min, followed by 

centrifugation at 13.000Xg for 10 min. To 1.0 ml supernatant, 5.0 

ml of 0.4 M Na2CO3 and 1.0 ml folin ciocalteau reagent: water (1: 

3, v/v) were added to yield a blue colour. The coloured mixture was 

incubated in an incubator at 37
o
C for 20 min before the absorbance 

was read at 666 nm using BAUCH LOMB spectronic 2000 

spectrophotometer. A blank was prepared by the same procedure, 

the trichloro acetic acid being added at zero time and the casein 

after 10 min incubation. One unit of protease is equivalent to 0.5 µg 

tyrosine liberated by 1.0 ml enzyme solution under the assay 

conditions. The amount of tyrosine was determined from tyrosine 

standard curve. 
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2.10- Laboratory studies of biocide efficacy: 

The Effect of biocides on the tested fungi and bacteria was studied 

using agar plates. A disc (5mm) from a pure culture of each of the 

tested fungi was placed on the center of (PDA) plates containing 

different concentrations of the biocide, while in the case of bacteria 

the different concentrations of the biocide were placed in a hole in 

the center of inoculated (NA) plates. (0.0, 0.5, 2.0, 5.0, 10.0 and 

15.0 ppm) for benlate and coside 101, (0.0, 0.125, 0.25, 0.5, 1.0 and 

2.5% v/v) for cloves, jojoba and garlic oils were used for this 

purpose. Petri plates were incubated at 27± 2ºC and the two 

diameters of every plate were measured. Four replicates were used 

for each particular treatment.  

2.11- Statistical analysis: 

Data obtained were subjected to analysis of variance according to 

procedures obtained by Snedcor and Cochran (
19

).  
 

3-Results and discussion:  

3.1- Survey of microorganisms associated with deteriorated oil 

painting 

The results in tables (2&3) showed that without exception all the 

screened oil paintings were of a highly microbial polluted. These 

results indicated that there are shortages in precautions and in the 

maintenance of these paintings. High relative humidity, inadequate 

air movement, and darkness provide an almost ideal environment 

for the cultivation of bacterial and fungal spores, microbiological 

deterioration, and insect attack (
20

). 

About 388 representative fungal isolates in addition to 35 bacterial 

isolates developed on agar media were isolated from different 

deteriorated oil paintings. The results in table (2) showed that the 

frequent occurrences of bacterial species ranged from 20% for 
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90 (1): 2124.   
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Bacillus stearothermophilus to 28.57% for Bacillus acidocalayius 

and Bacillus Subtilis. While in table (3), the frequent occurrences of 

fungal species ranged from 3.87% for Aspergillus terrus to 29.64% 

for Aspergillus niger. These results agreed with those recorded in 

the literature on biodeterioration of wall and easel painting (21) (22) 

(
23

) (
24

) (
25

) (
26

) (
27

) (
28

)  

(
29

) and (
30

). 

3.2 - Selection of cellulose, gelatin, linseed oil and dammer 

degrading microorganisms                    

Table (4) represents data on the activities of various representative 

fungal and bacterial isolates. The degree of decomposition of 

                                                           
21

 Grant, C., I.C. Wright., W.R. Springle and M. Greenhalgh: Collaborative investigation of 

laboratory test methods for evaluation of the growth of pink yeasts on paint films. Int. 

Biodeterior. Biodegrad., 32, 279-288 (1993). 
22

Garg, K.L.; Kamal, K.J. and Mishera, A.K., Role of fungi in the deterioration of wall 

paintings. Science of the Total Environment, May 1995, vol. 167, no. 1-3, p. 255-271. 
23

Cieerri, O. Microbial degradation of paintings. Applied and Environmental Microbiology, 

March 1999, vol. 65, no. 3, p. 879-885.  
24

Arai, H., Foxing caused by fungi: twenty-five years of study. International Biodeterioration 

& Biodegradation, October 2000, vol. 46, no. 3, p. 181-188.  
25

Gonzalez, J.M. and C. Saiz-Jimenez, Application of molecular nucleic acid-based 

techniques for the study of microbial communities in monuments and art works. Int. 

Microbiol., 8, 189-194 (2005).  
26

Domenech-Carbo, M. T.; Osete-Cortina, L.; De La Cruz-Canizares, J.; Bolivar-Galino, 

F.; Romero-Noguera, J.; Fernandez-Vivas, M. A. and Martin-Sanchez, Inés. Study of the 

microbiodegradation of terpenoid resin-based varnishes from easel painting using pyrolysis-gas 

chromatography-mass spectrometry and gas chromatography-mass spectrometry. Analytical 

and Bioanalytical Chemistry, August 2006, vol. 385, no. 7, p. 1265-1280.  
27

 Imperi,F.,G.Caneva, L.Cancellieri,M.A.Ricci,A.Sodo and P.Visca,The bacterial aetiology 

of rosy discolouration of ancient wall paintings.J. Environ. Microbiol., 11, 146-292 (2007). 
28

Romero-Noguera, J.; Bolivar-GaliIano, Fernando C.; Ramos-Lopez, J.M.; Fernandez-

Vivas, María Antonia and Martin-Sanchez, Inés. Study of biodeterioration of diterpenic 

varnishes used in art painting: Colophony and Venetian turpentine. International 

Biodeterioration & Biodegradation, December 2008, vol. 62, no. 4, p. 427-433.  
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cellulose, gelatin, linseed oil and dammar differed considerably 

between microorganisms.  

3.2.1- Growth on Cellulose-Czapek
,
s agar medium: 

Data in Table (4) showed that Aspergillus niger gave maximum 

growth on solid cellulose medium.  Similar results were obtained by 

other researchers (
31

) (
32

) (
33

) (
34

) (
35

) (
36

) and (
37

) who proved that 

the tested microorganisms are good cellulose decomposers. 

3.2.2- Growth on gelatin -Czapek
,
s agar medium:  

The results in Table (4) also showed that Penicillium chrysogenum 

had high ability to decompose gelatin while among the tested 

bacterial species, Bacillus megaterium was effective in its ability to 

biodegrade gelatin. These results completely agreed with that 

obtained by Abrusci,et al. (
38

). 

 3.2.3- Growth on linseed oil -Czapek
,
s agar medium:  

The maximum growth on linseed oil -Czapek
,
s agar medium was 

obtained when Penicillium chrysogenum and  Aspergillus niger 
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35
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Island. In: Michel F.C., Rynk R.F., Hoitink H.A.J., Eds, Proceedingsof the 2002 International 
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self-heating processes, Ann. Microbiol. , 2003, 53(4), 349- 410.  
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38

Abrusci, C.; Marquina,D. ; Del Amo,A . and Catalina, F., Biodegradation of 
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were used (table 4). Similar results were achieved by Ramakrishnan 

and Banerjee (
39

); Kamini, et al. (
40

); Mahadik, et al. (
41

) and 

Chaturvedi, et al. (
42

).  

3.2.4- Growth on dammar -Czapek
,
s agar medium:  

 The results in Table (4) also showed that all the tested Aspergillus 

genus and Penicillium chrysogenum had a good ability to degrade 

dammar with maximum growth in case of Aspergillus fumigates. 

Many researchers (
43

) (
44

) & (
45

) studied the role of fungi and 

bacteria in biodeterioration of dammar. 

3.3- Enzyme assay: 

The results in table (5) showed that the entire tested 

microorganisms produced various amount of extracellular enzymes 

(carboxymethyl cellulase, cellobiase and protease) after 15 days. 

The value of enzyme production depended on the microbial species. 

The ability of these microorganisms to decompose cellulose and 

protein was confirmed by other researchers Fagan & Fergus (
46

); 

Diaz- Ravina, et al (
47

); Botha, et al, (
48

); Domsch, et al. (
49

); 
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43
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47
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48

 Botha, W.J.; Eicker, A. and De Meillon, S., A comparative physiological study of four 

weed moulds of Agaricus bisporus mushroom compost. Phytophylactica,  1990, 22: 219- 223. 
49

Domsch, et al., 1993, op.cit.   
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Atkinson, et al. (
50

); Anastasi, et al.(
51

);  Ryckeboer, et al, (
52

) and 

Afandy,et al,  (
53

). 

3.3.1- Carboxymethyl cellulase (CMC-ase):  
 All the tested microorganisms produced extracellular CMC-ase by 

different values with maximum amount (0.10 U/ml) for Aspergillus 

fumigatus and minimum (0.02U/ml) for Bacillus megaterium as 

shown in table 5. Many authors {(
54

); (
55

); (
56

); (
57

) and (
58

)} 

concluded that all the tested microorganisms had the ability to 

decompose cellulosic materials and produce cellulases enzymes. 

3.3.2- Cellobiase enzyme:  

The results in table (5) showed that the highest extracellular 

cellobiase activity (0.72 U/ml) was obtained from the culture filtrate 

of Aspergillus flavus while minimum amount (0.055 U/ml) was 

obtained from Bacillus acidocalayius. The tested fungi and bacteria 

were proved to produce cellobiase enzyme by many authors {(
59

);  

(
60

) and (
61

)}. 

3.3.3- Protease enzyme:  

The results showed that Bacillus acidocalayius is a good producer 

of protease enzyme with maximum value (2.9 U/ml). On contrast, 
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Alternaria alternata showed feeble protease activity (0.03 U/ml). 

Similar results were obtained by Rao, et al. (
62

) and Salleh, et al. (
63

) 

who proved that microorganisms belonging to the genus Bacillus 

produce most of the commercial proteases enzymes, mainly neutral 

and alkaline proteases. 

3.4- Laboratory biocide efficacy evaluation 

This experiment was undertaken to determine the effect of the 

tested biocides as agar amendment on the inhibition of microbial 

growth of the isolated fungi and bacteria. Data in Tables (6, 7, 8, 9 

&10) indicated that the antimicrobial activity of a biocide against 

growth of the tested microorganisms was significantly increased as 

the concentration of the biocide was increased.  
3.4.1-Effect of Benlate

64
 & Coside 101

65
 on the radial growth of 

tested microorganisms 

The results in tables (6&7) showed that 5 ppm of benlate or coside 

101 was sufficient to stop growth of all the tested fungi except in 

case of benlate, Alternaria alternata and Aspergillus  terrus were 

inhibited at 10ppm and Aspergillus  clavatus at 15ppm. The 

recommended dosage of Benlate shouldn't exceed 5 parts per 

thousand (0.5% concentration). At this concentration, it is toxic to 

fungi but not toxic to mammals and less phytotoxic (
66

). Whereas, 

in case of Coside 101 the growth of Aspergillus terrus and 

Aspergillus niger was inhibited at 10ppm. The inhibitory effect of 

these fungicides was proved by other researchers {Darwish (
67

) and 
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-Rao, M.B.; Thanksale, A. M.; Ghatge, M.S.and Deshbande, P.P., Molecular and 

biotechnological aspects of microbial proteases, Microbiology and molecular biology, 

Reviews, 1998(62)3,597-635. 
63
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Science Publishers, 2006,NewYork.  
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yl]carbamate) 
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66
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Eziashi, et al. (
68

)}. While in case of bacteria the concentration up to 

15 ppm couldn't completely inhibit growth of the tested bacteria.  

3.4.2-Effect of garlic
69

, jojoba
70

 and cloves
71

 oils on the radial 

growth of tested microorganisms  

The results in table (8) showed that 0.25% of cloves oil was 
sufficient to inhibit the growth of all tested fungi except Aspergillus  

fumigatus , Aspergillus  terrus and Penicillium chrysogenum whose 

growths were stopped at 0.5%. While, the results in table (9) proved 

that jojoba oil could stop the growth of Aspergillus niger and 

Penicillium chrysogenum at 0.5%; Aspergillus flavus, Aspergillus 

fumigates and Penicillium corylophilum at 1%; Alternaria alternata, 

Aspergillus clavatus and Aspergillus terrus at 2.5%. 0.5% of garlic oil 

inhibited the growth of all tested fungi except Alternaria alternate and 

Aspergillus niger whose growths were stopped at 0.25% and 1% 

respectively (table 10). The inhibitory effect of these substances on 

fungi was studied by other workers {(72); (73); (74); (75); (76) and (77)}. 
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The results also showed that all the tested oils couldn't completely 

inhibit the bacterial growth. 

4-Conclusion 

This study demonstrates the common microorganisms associated 

with valuable oil paintings, their role in deteriorating various layers 

of the painting as well as the negative effect of some biocides on 

the tested fungal and bacterial growth. The results showed that a 

single treatment of the biocides was sufficient to kill a number of 

fungal species effectively. A regular cleaning and periodical 

biocidal spraying will help in saving these paintings from 

biodeterioration in addition to keep storage and display areas at a 

constant 50% RH and 20°C, with light levels for display at 50 lux, 

ultraviolet light at less than 75 µw/lumen and air filtration to 95% 

of outside levels of pollutants. In practice, however, these levels are 

rarely consistently achieved and realistic alternatives are often 

chosen, such as the creation of micro-climate frames or conditioned 

showcases. In warm humid museums, a glass box, if well built, is       

efficient in creating a safe microclimate and protecting exhibited 

paintings from microbial deterioration (
78

).  
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Table (1): Objects used in this study, their locations and state of 

deterioration 
  

Object 

no. 
Object location State of microbial deterioration 

1  

  
Photo1a: Oil painting 

Portrait (no.32/ 4) of 

Khediwe Ismail made by 

Liecchi in 1875  

 

 

El-Gezira 

museum – 

Dar El 

Opera el 

Masria 

 

   
      Photo 1b               Photo 1c     

Microbial growth appeared on the both 

sides of the portrait 

2  

 
Photo 2a: Portrait no. 84 

made in 19
th
 century 

 

Hall no. 5 

El Manial 

palace 

museum -  

Cairo 

 

 
Photo 2b: Microbial growth appeared on 

the paint layer. Most of these growths were 

removed during periodical cleaning 
3  

 
Photo 3a: Portrait of 

 Mohamed Ali Basha 

made in 19
th
 century 

 

 

The throne 

hall- 

el Manial 

palace 

museum 

- Cairo 

 

                                                  
Photo 3b                  Photo 3c 
Microbial growth affected the paint layer 

and can be seen on the back side of the 

support 
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4 

 

 
Photo 4a: Portrait no. 32 or 

34 of the mother of   

Mohamed Ali Basha made in 

19
th
 century  

 

 

 

Stores of  

el  Manial 

palace 

museum - 

Cairo  
Photo 4b: Dense microbial growth 

appeared on the paint layer. The original 

canvas support was highly deteriorated 

and was treated by adding a new one. 

Biodeterioration of the lining paste 

appeared clearly at the back side of the 

support. 

5 

 
Photo 5a: Portrait no. 29 of 

Khediwe Ismail made in 19
th
 

century  

 

 

 

Stores of  

el  Manial 

palace 

museum - 

Cairo     
       Photo 5b               Photo5c 
The painting suffered from many 

aspects of deterioration such as 

cracking, losing the whole face of the 

portrait, losing some parts of the paint 

layer in addition to microbial growth on 

the wooden support. 

6 

 
Photo 6a: Oil painting of a 

natural view 

 

 

 

Stores of  

el  Manial 

palace 

museum - 

Cairo 

    
      Photo 6b                Photo 6c    
This painting was transferred to el Manial 

palace after the fire of Jawhara Palace –

Salah El Deen Citadel. Yellowish and 

greenish microbial growth appeared on the 

back side of the support in addition to 

cracking and losing some parts of the 

paint surface. 
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7 

 
Photo 7a: Canvas wall 

painting.  

This painting was applied 

directly on the ceiling 

lacking the ground layer 

 

Museum of 

Jawhara 

Palace – 

Alexandria 

 
Photo 7b: Dense greenish microbial 

growth appeared at the edges of the 

painting 

8 

 
Photo 8a: Paper oil painting.  

This painting was applied 

directly on paper support 

without any preparation 

layer.  The paper support 

was laid on another canvas 

one  

 

El Sadat 

mosque – 

El Emam- 

El Shafaey- 

Cairo 

 

   
     Photo8b               Photo 8c 
The painting suffered from cutting and 

losing a large part of it. Microbial 

growth appeared on the paint surface. 

9 

 
Photo 9a: Paper oil painting. 

The painting was made on 

paper which was laid on a 

canvas. It suffered from 

losing the lower part of it 

 

 

El Sadat 

mosque – 

El Emam- 

El Shafaey- 

Cairo 

 

 
 

Photo 9b: Microbial growth appeared 

on the surface of the paint layer.  
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10 

 
Photo 10a: Caliphs 

 Panel painting.  

This painting was applied on 

wood panel whose thickness  

12mm 

 

 

El Sadat 

mosque – 

El Emam- 

El Shafaey- 

Cairo 

 

   
Photo 10b:Dense microbial growths 

were shown on the both sides of the 

painting 

11 

 
Photo 11a: Canvas oil 

painting. 

It was made directly on 

canvas support without a 

preparation layer.   

 

Engy 

Aflaton 

museum – 

15 May- 

Helwan 

 
Photo 11b: Dense microbial growth 

appeared clearly on the back side of the 

canvas. 

12 

 
Photo 12a: The Nile and the 

sand oil painting. 

made by Engy Aflaton  

 

 

 

  

 

 

Engy 

Aflaton 

museum – 

15 May- 

Helwan 

 
Photo 12b: There are some microbial 

growth on the paint surface 
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13 

 
Photo 13a: Canvas oil 

painting. 

This painting was made by 

the Tahia Haleem 

 

Private 

possession 

   
         Photo 13b                 Photo 13c          
Biological samples were taken from the 

paint surface and the canvas 

14 

 
Photo 14a: Canvas oil 

painting.  

This painting was made by 

Raghib Aiad 

 

Private 

possession 

 
Photo 14b:Biological samples were 

taken from the back side of the support 

15 

 
 Photo15a: Canvas oil 

painting. 

 This painting was made by 

Mahmoud said 

 

Private 

possession 

 
Photo 15b: Microbial growth affected 

the paint layer 

 

16 

 
Photo 16a:Canvas oil 

painting 

 

Private 

possession 

 
Photo 16b: Biological samples were 

taken from the back side of the support 
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17 

 
Photo 17a:Europe

'
s 

countryside Canvas oil 

painting 

 

Private 

possession  

 
Photo 17b: Microbial growth affected 

the paint surface 

 

Table (2): occurrence and frequency of bacteria isolated from various oil painting 

 

 

 

 

 

 

 

Bacterial species Object no. 

Bacillus 

megaterium 

Bacillus 

subtilis 

Bacillus 

stearothermophilus 

Bacillus 

acidocalayiu

s 

Total 

no. of 

isolates 

Frequency 

% 

1 -- -- 1 1 2 5.71 

2 -- -- -- --  -- -- 

3 2 2 -- -- 4 11.43 

4 1 1 -- -- 2 5.71 

5 1 1 1 1 4 11.43 

6 -- 1 1 1 3 8.57 

7 -- -- 1 -- 1 2.86 

8 -- 1 -- -- 1 2.86 

9 -- -- -- -- -- -- 

10 -- -- -- -- -- -- 

11 -- -- 1 3 4 11.43 

12 -- -- 2 2 4 11.43 

13 -- -- -- 2 2 5.71 

14 1 1 -- -- 2 5.71 

15 2 3 -- -- 5 14.29 

16 1 -- -- -- 1 2.86 

17 -- -- -- -- -- -- 

Total no. of 

isolates 

8 10 7 10 35  

Frequency

% 

22.86 28.57 20 28.57  100 
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Table (3): occurrence and frequency of fungi isolated from various oil painting 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fungal species Object 

no. 
Alternari

a 
alternata 

Aspergill

us 
clavatus 

Aspergil

lus 
flavus 

Aspergil

lus 
fumigatu

s 

Aspergillu

s niger 

Aspergil

lus 
terrus 

Penicilliu

m  
chrysogen

um 

Penicilliu

m  
corylophil

um 

Total 

no. of 

isolate
s 

Frequen

cy % 

1 3 2 5 3 4 -- 2 1 20 5.15 

2 5 4 6 3 5 1 4 2 30 7.73 

3 4 2 4 4 13 -- 4 9 40 10.3 

4 2 2 32 2 22 14 1 5 80 20.62 

5 2 1 4 1 4 -- 5 1 18 4.64 

6 5 5 4 -- 19 -- -- 12 45 11.60 

7 4 -- -- -- 3 -- 2 3 12 3.09 

8 -- 2 5 -- 4 -- -- 2 13 3.35 

9 -- -- -- -- 9 -- -- 7 16 4.12 

10 -- 4 4 -- 4 -- -- 7 19 4.89 

11 -- 3 -- 3 1 -- 5 1 13 3.35 

12 3 1 3 1 3 -- 2 1 14 3.61 

13 4 -- 2 -- 5 -- -- -- 11 2.84 

14 -- 1 4 1 6 -- 3 -- 15 3.86 

15  5  1 6 -- 3 3 18 4.64 

16 5 -- -- -- 2 -- -- 3 10 2.58 

17 -- -- 7 -- 5 -- -- 2 14 3.61 

Total 

no. of 
isolate

s 

37 32 80 19 115 15 31 59 388  

Freque
ncy % 

9.53 8.25 20.62 4.90 29.64 3.87 7.99 15.21   
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Table (4): In-vitro growth of different microbial isolates associated with deteriorated 

oil painting of various locations using cellulose, gelatin, linseed oil and dammar.            

 

*Each figure represents average diameter in (mm) of 4 replicates incubated at 

27 ±2 °C for 6   days  

**+4 = vigorous growth                             +3 = heavy growth                   +2 = 

moderate growth                          

+1= weak growth                                            0= no growth 
 

 

 

 

 

 

 

 

 

 

 

 

 

Linear growth 

on 

cellulose 

Linear growth  

on 

gelatin 

Linear growth  

on 

linseed oil 

Linear growth  

on 

dammar 

microbial isolates  
 

(mm) Densities (mm) Densities (mm) Densities (mm) Densities 

Alternaria Alternata 48** +3** 24 +2 18 +1 19 +1 

Aspergillus clavatus 22 +2 24 +3 44 +3 67 +2 

Aspergillus flavus 19 +1 25 +3 29 +2 82 +3 

Aspergillus 

fumigatus 

26 +1 47 +1 56 +3 90 +3 

Aspergillus niger 58 +4 41 +2 73 +3 46 +3 

Aspergillus terrus 0.0 0.0 30 +1 50 +3 61 +2 

Penicillium 

chrysogenum 

10 +1 52 +2 73 +3 66 +3 

Penicillium 

Corylophilum 

32 +2 33 +4 65 +3 15 +1 

Bacillus 

acidocalayius 

12 +2 9 +3 8 +2 7 +1 

Bacillus megaterium 0.0 0.0 29 +1 7 +1 0.0 0.0 

Bacillus 

stearothermophilus 

29 +2 12 +3 25 +2 55 +3 

Bacillus Subtilis 10 +1 21 +1 25 +1 0.0 0.0 

L.S.D. at 5% 3.130  0.868  5.530  3.205  
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Table (5): Extracellular CMC-ase, cellobiase and protease enzymes 

production secreted from tested fungi and bacteria  

 

 

 

 

 

Organism Dry weight 

gm/50 ml 

Final 

pH 

CMC-ase 

U/ml 

Cellobiase 

U/ml 

Protease 

U/ml 

Alternaria alternata 1.421 6.1 0.056 0.220 0.03 

Aspergillus clavatus 1.307 6.5 0.085 0.100 0.23 

Aspergillus flavus 1.323 6.2 0.030 0.720 0.04 

Aspergillus fumigatus 1.415 6.8 0.100 0.140 0.16 

Aspergillus niger 1.354 6.0 0.075 0.065 0.98 

Aspergillus terrus 1.238 6.3 0.055 0.090 0.54 

Penicillium chrysogenum 1.549 5.9 0.075 0.080 0.21 

Penicillium corylophilum 1.235 5.6 0.085 0.085 0.73 

Bacillus acidocalayius 1.212 8.2 0.033 0.055 2.90 

Bacillus megaterium 1.123 8.3 0.020 0.064 1.73 

Bacillus 

stearothermophilus 

1.233 8.0 0.042 0.062 2.51 

Bacillus subtilis 1.207 8.2 0.220 0.073 1.10 
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Table (6): Effect of different concentrations of benlate on the radial growth 

of isolated microbial species associated with deteriorated oil paintings 

 

 

 

  

  

  

  

  

  

15.0 

 

10.0 

 

5.0 

 

2.0 

 

0.5 

 

0.0 

 

Radial growth (mm) for fungi / Inhibition Zone (mm) for 

bacteria  

benlate conc.                      

                                    ppm 

 

organism  

0.0 0.0 

  
8  23 26  90  Alternaria alternate 

0.0 13 

  

32 

  

51 

  

66 

  

90  
Aspergillus  clavatus 

0.0 0.0 0.0 12 

 

22 

 

90  
Aspergillus flavus 

0.0 0.0 0.0 11 

  

18 

  

90 
Aspergillus  fumigatus 

0.0 0.0 0.0 7 

  

9 

  

90 
Aspergillus niger  

0.0 0.0 

 

6 

  

8 

  

18 

  

90  
Aspergillus  terrus 

0.0 0.0 0.0 14  19  90 Penicillium corylophilum  

0.0 0.0 0.0 
14  30  

90 Penicillium   

chrysogenum  

Conc. = 2.98                                                  Fungi = 3.22 

Interaction = 7.89 
L. S. D. at 50 % 

32  21  14  12  0.0 0.0 Bacillus acidocalayius  

42 37 24 16 0.0 0.0 Bacillus megaterium  

20 15 12 
0.0 0.0 0.0 Bacillus 

stearothermophilus 

34 26 19 0.0 0.0 0.0 Bacillus subtilis 

Conc. = 1.187                                       Bacteria = 0.683 

Interaction = 1.68 
L. S. D. at 50 %  
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Table (7): Effect of different concentrations of coside 101 on the radial growth  

of isolated microbial species associated with deteriorated oil paintings.                          
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

15.0  

 

10.0  

  

5.0  

  

2.0 

 

0.5 

 

0.0  

  

Radial growth (mm) for fungi / Inhibition Zone (mm) 

for bacteria  

Coside 101 conc.                   

                                     ppm 

 

Organism 

0.0 0.0 0.0 12 33 90 Alternaria alternata 

0.0 0.0 0.0 9  26  90 Aspergillus  clavatus 

0.0 0.0 0.0 14 23 90 Aspergillus flavus 

0.0 0.0 0.0 12  17  90 Aspergillus  fumigatus 

0.0 0.0 7  21  37 90 Aspergillus niger  

0.0 0.0 6  11 

  

29  

  

90 
Aspergillus  terrus 

0.0 0.0 0.0 0.0 11  90 Penicillium corylophilum  

0.0 0.0 0.0 

 

8  17  

  

90 
Penicillium   chrysogenum  

Conc. = 0.574                                  Fungi = 0.621                  

Interaction = 1.524 
L. S. D. at 50 % 

36  32  30  21  9  0.0 Bacillus acidocalayius  

49 41 36 28 12 0.0 Bacillus megaterium  

48  

  

46 

 

40  

  

33  

  

12  

  

0.0 

 Bacillus stearothermophilus 

42 37 29 18 8 0.0 Bacillus subtilis 

Conc. = 1.17                                     Bacteria = 2.04                

Interaction =2.88 
L. S. D. at 50 % 
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Table (8): Effect of different concentrations of cloves oil on the radial growth of 

isolated microbial species associated with deteriorated oil paintings 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.50 

 

1.00  

  

0.50  

  

0.25  

  

0.125  

  

0.00  

  

Radial growth (mm) for fungi / Inhibition Zone (mm) for 

bacteria 

Cloves conc. % 

 

Organism 

  

0.0 0.0 0.0 0.0 12  90  Alternaria alternata 

0.0 0.0 0.0 0.0 26  90 Aspergillus  clavatus 

0.0 0.0 0.0 0.0 24 90 Aspergillus flavus 

0.0 0.0 0.0 8 11 90 Aspergillus  fumigatus 

0.0 0.0 0.0 0.0 0.0 90 Aspergillus niger  

0.0  0.0  0.0 11  29 90 Aspergillus  terrus 

0.0 0.0 0.0 0.0 11  90 Penicillium corylophilum  

0.0 0.0 0.0 8  17  90 Penicillium  

chrysogenum  

Conc. = 1.588                                               Fungi = 1.715 

Interaction =  4.203 
L. S. D. at 50 % 

38  31  24  19  13  0.0 Bacillus acidocalayius  

43 39  35 26 14 0.0 Bacillus megaterium  

32 23  16 11 8 
0.0 Bacillus 

stearothermophilus 

45 36 29 23 12 0.0 Bacillus subtilis 

Conc. = 1.194                                               Bacteria = 0.688 

Interaction =1.688 
L. S. D. at 50 % 



  )١١( مجلة االتحاد العام لآلثاريين العرب ـــــــــــــــــــــ
 

  - ١٢٧ -

Table (9): Effect of different concentrations of Jojoba oil on the radial growth  

of isolated microbial species associated with deteriorated oil paintings 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.50  1.00  0.50  0.25  0.125 0.00 

Radial growth (mm) for fungi / Inhibition Zone (mm) for 

bacteria  

Jojoba conc. % 

  

 

organism  

  

0.0 14  20  24  32  90 Alternaria alternata 

0.0 7  15  21  30  90 Aspergillus  clavatus 

0.0 0.0 
18 27 42 

 

90 
Aspergillus flavus 

0.0 0.0 12  20  27  90 Aspergillus  fumigatus 

0.0 0.0 0.0  11  20  90 Aspergillus niger  

0.0 11 19  26  35  90 Aspergillus  terrus 

0.0 0 6  15  22  90 Penicillium corylophilum  

0.0 0 0  7  15  90 Penicillium chrysogenum  

Conc. = 0.574                                             Fungi = 0.622 

Interaction = 1.525 
L. S. D. at 50 % 

35  27  19  14  8  0.0 Bacillus acidocalayius  

39 33 28 21  11 0.0 Bacillus megaterium  

23  15  12 9 6 
0.0 Bacillus 

stearothermophilus 

42 36 27 17 8 0.0 Bacillus subtilis 

Conc. = 1.176                                      Bacteria = 0.679 

Interaction =1.663 
L. S. D. at 50 % 



  )١١( مجلة االتحاد العام لآلثاريين العرب ـــــــــــــــــــــ
 

  - ١٢٨ -

Table (10): Effect of different concentrations of garlic oil on the radial growth 

 of isolated microbial species associated with deteriorated oil paintings. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.50  1.00  0.50  0.25  0.125 0.00  

Radial growth (mm) for fungi / Inhibition Zone (mm) for 

bacteria 

Garlic conc. % 

  

organism  

0.0 0.0 0.0 0.0  8  90 Alternaria alternata 

0.0 0.0 0.0 6  12  90 Aspergillus  clavatus 

0.0 0.0 0.0 11 22 90 Aspergillus flavus 

0.0 0.0 0.0 6  11  90  Aspergillus  fumigatus 

0.0 0.0 8  9  14  90 Aspergillus niger  

0.0 0.0 0 8  10  90 Aspergillus  terrus 

0.0 0.0 0.0 7  12  90 Penicillium corylophilum  

0.0 0.0 0.0 
11  21  

90 Penicillium  

chrysogenum  

Conc. = 3.02                                               Fungi = 3.25                

Interaction = 7.98 
L. S. D. at 50 % 

22  18  11  8  6  0.0 Bacillus acidocalayius  

39 32 21 18 10 0.0 Bacillus megaterium 

35 29  22 17 12 
0.0 Bacillus 

stearothermophilus 

34 28 22 13 8 0.0 Bacillus subtilis  

Conc. = 1.417                                              Bacteria = 0.817 

Interaction = 2.004 
L. S. D. at 50 % 


