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ABSTRACT 

Indoor airborne fungi have been implicated in human health problems, damage to building materials, 

books, clothes and stored foods, which effected by different ecological factors. Aspergillus niger and 

Cladosporium sphaerospermum are the most dominant indoor airborne fungi were obtained from our 

previous study. The effect of normal indoor conditions (Temperature and Relative Humidity) on their 

growth was studied. Including their nutrients growth requirements. The PDA medium was the 

appropriate growth medium for Cl. sphaerospermum, with a significant difference at (p<0.05); where as 

GYA medium was the appropriate growth medium for A. niger, with no significant difference. The 

temperatures 25 and 30°C favored colony diameter growth for Cl. sphaerospermum and A. niger, 

respectively with a significant difference at (p<0.05). The growth of Cl. sphaerospermum increased to 

reach its maximum at 100% RH. Whereas, A. niger prefers to grow at lower RH comparing to Cl. 

sphaerospermum to reach its maximum at 75% RH with a significant difference at (p<0.05). Controlling 

the normal indoor conditions can play a significant role in reducing the growth of indoor airborne fungi. 

Cl. sphaerospermum can be used as indicator fungi for the high humidity level in residences. The result 

has proved that keeping the humidity low enough can prevent fungi growth. 
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1. INTRODUCTION 

 The importance of indoor airborne fungi has been 
emphasized in recent decades. They have been implicated 
in human health problems, damage to building materials, 
books, clothes and stored foods (Burshtein et al., 2011; 
Rahoma, 2011; Chadeganipour et al., 2010; Haleem et al., 
2009; Tasic and Miladinovic-Tasic, 2007; McClenny, 
2005; Unlu et al., 2003; Yano et al., 2003).  
 Most people in developed countries spend more 
than 90% of their time indoors, in locations such as 

homes, offices and factories (Brasche and Bischof, 
2005; Li and Kendrick, 1995). Concern regarding the 
health effects of indoor air quality has grown. In Saudi 
Arabia that has along, hot summer, the significance of 
indoor air quality is obvious. 

 Environmental factors such as humidity and 

temperature plays an important role in dispersing fungi 

spores in air for short and long distances and when spores 

deposited a solid or liquid surface and if conditions of 

moisture and food are appropriate, they germinate 

(Bennett, 2010; Goncalves et al., 2010). Normal indoor 

conditions such as humidity and temperature provide a 

suitable environment for the growth of a wide of fungal 

spores (Ababutain, 2011; Li and Kendrick, 1995).  
 Few researchers on airborne fungi reported that an 
increase in fungi spore concentration was seen at air 
temperatures between 15 and 25°C and relative humidity at 
60-70% (Segvic and Pepeljnjak, 2006). Relative humidity 
and temperature extremities may result in decreased 
airborne fungi spore concentration (Levetin and Horowitz, 
1978). Aspergillus, Penicillium and Cladosporium were 
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considered to be closely related to local microenvironments 
and urbanization (Awad, 2005). 
 In order to understand the significance of indoor 
airborne fungi and to be able to predict the occurrence of 
indoor airborne fungi, it is critical to indicate the 
relationships of indoor airborne fungi concentration to 
normal indoor conditions. Thus, the influence of three 
culture media, temperature and relative humidity on the 
growth of most dominant indoor airborne fungi A. niger 
and Cl. sphaerospermum were studied.  

2. MATERIALS AND METHODS 

2.1. Fungi Isolates 

 A. niger and Cl. sphaerospermum were obtained from 

my pervious study (Ababutain, 2011). 

2.2. Environmental Studies 

 The effect of some cultural conditions such as 
nutrient media, incubation temperature and Relative 
Humidity (RH) on the linear growth of two dominant 
indoor fungi (Aspergillus niger and Cladosporium 
sphaerospermum), was carried out. The inoculums were 
in the form of disks, prepared using a sterile cork poorer 
(5 mm). The disks were obtained from homogenous 
growth of 5 days old cultures grown in Potato Dextrose 
Agar (PDA) medium at 28°C. All experiments were 
performed in triplicate. 

2.3. Effect of Different Culture Media 

 The tested fungi were cultivated on three different 
media of: (PDA), Glucose Yeast extract Agar (GYA) and 
Czapek’s agar (Cz). Petri Plates were prepared with the 
different media and inoculated with the tests fungi. Petri 
Plates were incubated in darkness at 28°C for one week. 
After the end of incubation period, the linear growth (cm) 
was determined. 

2.4. Effect of Temperature 

 The tested fungi Cl. sphaerospermum and A. niger 
were incubated in PDA and GYA media respectively and 
incubated in darkness at 5, 10, 15, 20, 25, 30, 35, 40 and 
45°C for one week. After the end of incubation period, 
the linear growth (cm) was determined. 

2.5. Effect of Relative Humidity 

 Seven levels of RH were maintained by mixtures of 

appropriate combinations of concentrated sulphoric acid 

and distilled water (Table 1) as described by Ayyasamy 

and Baskaran (2005). Mixtures were taken in the 

desiccators for each level of RH.  

Table 1. Preparation of solutions for maintenance of different 

Relative Humidity (RH) levels 

 Distilled Sulphoric 

Treatment No. water (mL) acid (mL) RH (%) 

1 100.0 0.0 100 

2 88.50 11.5 95 

3 80.00 20.0 90 

4 70.00 30.0 75 

5 62.00 38.0 65 

6 56.00 44.0 50 

7 49.00 51.0 35 

 
Petri plates of PDA and GYA media were inoculated at 
the center with a 5mm diameter disc of fungi Cl. 
sphaerospermum and A. niger respectively, kept in the 
desiccators and covered with lids and sealed off with 
cellophane tape. Desiccators were incubated in darkness at 
25°C for Cl. sphaerospermum and 30°C for A. niger for one 
week. After the end of incubation period, the linear growth 
(cm) was determined. 

2.6. Statistical Analysis 

 Data were analyzed using SPSS Version 15.0 (SPSS. 

Inc., Standard Version). 

3. RESULTS 

3.1. Effect of Different Culture Media 

 The PDA medium was the appropriate growth 

medium for Cl. sphaerospermum with a significant 

difference at (p<0.05); where as GYA medium was the 

appropriate growth medium for A. niger, with no 

significant difference (Fig. 1 and Table 2). The colony 

diameter was 5.33±0.3 cm and 2.7±0.15 cm for A. niger 

and Cl. sphaerospermum respectively. 

3.2. Effect of Temperature 

 The growth of A. niger and Cl. sphaerospermum on 

different temperatures is shown in Fig. 2 and Table 3. 

The temperatures 25 and 30°C favored colony diameter 

growth for Cl. sphaerospermum and A. niger, 

respectively so they considered as the optimum growth 

temperature. The temperatures range for Cl. 

sphaerospermum was narrow from 15-30°C whereas the 

temperature range for A. niger was wide from 10-40°C. 

At the temperature of 10°C, A. niger was unable to form 

spores and only the mycelium growth has appeared.  

3.3. Effect of Relative Humidity 

 The growth of A. niger and Cl. sphaerospermum on 

different RH is shown in Fig. 3 and Table 4.  
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Fig. 1. Effect of different growth media on the linear growth (cm) ± SD of tested fungi 

 

 
 

Fig. 2. Effect of incubation temperature on the linear growth (cm) ± SD of tested fungi 
 

 
 

Fig. 3. Effect of Relative Humidity on the linear growth (cm) ± SD of tested fungi 
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Table 2. Effect of different growth media on the linear growth 

(cm) ± SD of tested fungi 

 Growth media   LSD 

 ------------------------------------------ ------- 

Fungi PDA GYA Cz 0.50% 

A. nigar 4.90±0.20  5.33±0.30 4.4±0.17 0.551 

Cl. sphaerospermum 2.43±0.12  1.80±1.00 1.03±0.06 0.471 

 

Table 3. Effect of incubation temperature on the linear growth 

(cm) ± SD of tested fungi 

Temperature A. niger Cl. sphaerospermum 

5 0.000000 0.000000 

10 1.20±0.17 0.000000 

15 2.10±0.10 1.50±0.17 

20 3.17±0.49 2.17±0.05 

25 5.33±0.30 2.67±0.15 

30 8.36±0.15 1.30±0.10 

35 7.80±0.53 0.0000000 

40 5.03±0.15 0.0000000 

45 0.0000000 0.0000000 

LSD 0.5% 0.0280000 0.0040000 
 

Table 4. Effect of Relative Humidity on the linear growth (cm) 

± SD of tested fungi 

Relative humidity A. nigar Cl. sphaerospermum 

100 7.83±0.06 3.07±0.12 

95 7.90±0.10 3.01±0.06 

90 8.20±0.20 3.00±0.10 

75 8.50±0.00 2.53±0.12 

65 7.73±0.25 1.80±0.21 

50 7.33±0.15 1.73±0.25 

35 7.23±0.25 1.17±0.06 

LSD 0.5% 0.0590000 0.1880000 

4. DISCUSSION 

 The present study revealed that the PDA medium is a 

general medium for growth due to its nutritional value, 

which is in agreement with (Trindade, 1994). A similar 

result was obtained by (Palacios-Cabrera et al., 2005) 

they found that the A. niger was able to grow in all 

culture media, Czapeck Yeast extract Agar (GYA), 

Dichloran 18% Glycerol Agar and Malt Yeast extract 

40% Glucose Agar (MY40G).  

 The result showed that temperature was clearly the 
most important growth factor. Upon the present results, 
Cl. sphaerospermum considered as Mesophiles whereas 
A. niger considered as Thermophiles. Many researchers 
support our results; Subbarao et al. (1993); Alwakeel 
(2008) and Nawar (2008) found that the optimum growth 
temperature for the A. niger was 30°C. Present result do 
not support the statement of Palacios-Cabrera et al. 
(2005) who showed that A. niger prefers to grow at 
temperatures higher than 30°C. In addition, Al-Garni et al. 

(2007) found that 25°C was the optimum linear growth 
for A. niger. Pitt and Hocking (1997) found the 
temperature of 8°C was inhibitory for A. niger. In 
addition, Al-Garni et al. (2007) were found that A. 
niger failed to grow at 10°C and 55°C. Whereas, 
Nawar (2008) found that A. niger was unable to grow 
at temperature of 15°C which differs from the result 
obtained in the present study.  
 Results of the present study partly agree with the 
report of Tasic and Miladinovic-Tasic (2007) they 
noticed that great number of Cladosporium spp., does not 
grow at the temperature above 35°C and does not 
multiply at the temperature 25°C. 
 The present study clarified that the two fungi were 
able to grow at a wide rang of RH. In general, the growth 
of Cl. sphaerospermum increased to reach its maximum at 
100% RH, thus Cl. sphaerospermum can be used as 
indicator fungi for the high humidity level in residences. 
On the other hand, A. niger prefers to grow at lower RH 
to reach its maximum at 75% RH compared to Cl. 
sphaerospermum. Growth of A. niger and Cl. 
sphaerospermum decreased by low RH up to 65 and 
75%, respectively. In addition, Al-Garni et al. (2007) and 
Nawar (2008) found that the growth of A. niger increased 
regularly with increasing RH up to 100%. The result has 
proved that keeping the humidity low enough can prevent 
fungi growth. The present results support the findings of 
the Ryan (2002) and Ren et al. (2001) who both found 
that there is a significant association between dampness 
and airborne fungi concentration, confirming that houses 
experiencing dampness have a greater concentration of 
airborne fungi than dry houses.  

 Overall, the differences in the optimum growth 

temperature and RH level may be attributed to the 

difference in strains isolated from different regions 

around the world. My previous study (Ababutain, 

2011) revealed that the temperature and RH level were 

more effective factors than most weather condition. 

The results of the present study confirmed this finding. 

5. CONCLUSION 

 The importance of studying ecological factors 

appears through their direct impact on the airborne fungi 

concentration. Therefore, by controlling these factors 

airborne fungi concentration will decrease.  

6. REFERENCES 

Ababutain, M.I., 2011. Aeromycoflora of 

some eastern provinces of Saudi Arabia. Indoor Built 

Environ. DOI: 10.1177/1420326X11426891 



Ibtisam Mohammed Ababutain / American Journal of Applied Sciences, 10 (2): 159-163, 2013 

 

163 Science Publications

 
AJAS 

Al-Garni, S.M., S. Kabli, F. Al-Shehrei and Z. Al-

Ganawi, 2007. Mycoflora associated with some 

textiles in Jeddah City. JKAU, 19: 93-113.  

Alwakeel, S.S., 2008. Indoor fungal and bacterial 

contaminations on household environment in riyadh, 

Saudi Arabia. Saudi J. Biol. Sci., 15: 113-119.  

Awad, A.H.A., 2005. Vegetation: A Source of air fungal 

bio-contaminant. Aerobiologia, 21: 53-61. 

DOI: 10.1007/s10453-004-5878-1 

Ayyasamy, R. and P. Baskaran, 2005. Effect of 

temperature and relative humidity on radial growth 

and sporulation of paecilomyces farinosus. J. Food 

Agric. Environ., 3: 137-138.  

Bennett, J.W., 2010. An Overview of the Genus 

Aspergillus. In: Aspergillus: Molecular Biology and 

Genomics, Machida, M. and K. Gomi (Eds.), 

Horizon Scientific Press, Wymondham, Norfolk, 

UK., ISBN-10: 1904455530, pp: 238-255.  

Brasche, S. and W. Bischof, 2005. Daily time spent 

indoors in German homes-Baseline data for the 

assessment of indoor exposure of German occupants. 

Int. J. Hygiene Environ. Health, 208: 247-253. DOI: 

10.1016/j.ijheh.2005.03.003 

Burshtein, N., N. Lang-Yona and Y. Rudich, 2011. 

Ergosterol, arabitol and mannitol as tracers for 

biogenic aerosols in the eastern mediterranean. 

Atmos. Chem. Phys., 11: 829-839. DOI: 

10.5194/acp-11-829-2011 

Chadeganipour, M., S. Shadzi, S. Nilipour and S. 

Ahmadi, 2010. Airborne fungi in Isfahan and 

evaluation of allergenic responses of their extracts in 

animal model. Jundishapur J. Microbiol., 3: 155-160.  

Goncalves, F.L.T.,  H. Bauer, M.R.A. Cardoso, S. 

Pukinskas and D. Matos et al., 2010. Indoor and 

outdoor atmospheric fungal spores in the São Paulo 

metropolitan area (Brazil): Species and numeric 

concentrations. Int. J. Biometeorol., 54: 347-355. 

DOI: 10.1007/s00484-009-0284-6 

Haleem, K.A.A., S.M. Karuppayil, C. Manoharachary, 

I.K. Kunwar and S. Waghray, 2009. Isolation, 

identification and testing for allergenicity of fungi 

from air-conditioned indoor environments. 

Aerobiologia, 25: 119-123. DOI: 10.1007/s10453-

009-9114-x 

Levetin, E. and L. Horowitz, 1978. A one-year survey of 

the airborne molds of Tulsa, Oklahoma. I. Outdoor 

survey. Annals Allergy, 41: 21-24. PMID: 666062 

Li, D.W. and B. Kendrick, 1995. A Year-round 

comparison of fungal spores in indoor and outdoor 

air. Mycologia, 87: 190-195.  

McClenny, N., 2005. Laboratory detection and 

identification of Aspergillus species by microscopic 

observation and culture: The traditional approach. J. 

Md. Mycol., 1: 125-128. PMID: 16110804 

Nawar, S.L., 2008. Prevention and control of fungi 

contaminated stored pistachio nuts imported to Saudi 

Arabia. Saudi J. Biol. Sci., 15: 105-112.  

Palacios-Cabrera, H., M.H. Taniwaki, J.M. Hashimoto 

and H.C. De Menezes, 2005. Growth of Aspergillus 

ochraceus, A. carbonarius and A. niger on culture 

media at different water activities and temperatures. 

Braz. J. Microbiol., 36: 1-15. DOI: 10.1590/S1517-

83822005000100005 

Pitt, J.I. and A.D. Hocking, 1997. Fungi and Food 

Spoilage. 2nd Edn., Black Academic and 

Professional-Chapman Hall, London, pp: 593. 

Rahoma, U.A., 2011. Estimation of pathogenic 

microorganisms during atmospheric tempestat North 

Afr. Am. Med. J., 2: 1-6. DOI: 

10.3844/amjsp.2011.1.6 

Ren, P., T.M. Jankun, K. Belanger, M.B. Bracken and 

B.P. Leaderer, 2001. The relation between fungal 

propagules in indoor air and home characteristics. 

Allergy, 56: 419-424. DOI: 10.1034/j.1398-

9995.2001.056005419.x 

Ryan, V., 2002. Condensation in dwellings. J. Environ. 

Health Res., 1: 25-30.  

Segvic, M. and S. Pepeljnjak, 2006. A year-round 

aeromycological study in Zagreb area, Croatia. Ann. 

Agric. Environ. Med., 13: 55-64. PMID: 16841873 

Subbarao, K.V., T.J. Michailides and D.P. Morgan, 1993. 

Effects of osmotic potential and temperature on 

growth of two pathogens of figs and a biocontrol 

agent. Phytopathology, 83: 1454-1459. DOI: 

10.1094/Phyto-83-1454 

Tasic, S. and N. Miladinovic-Tasic, 2007. Cladosporium 

spp. – cause of opportunistic mycoses. Acta Fac. 

Mad. Naiss., 24: 15-19.  

Trindade, J.L.F., 1994. Caracterizaco de algumas 

variedades de batata do municpio de Contenda-PR e 

indicaces quanto ao uso domestico e fins 

tecnolgicos. Ph.D Thesis, Universidade Federal do 

Para (UFPR), Paran, Brasil. 
Unlu, M., C. Ergin, M. Cirit, U. Sahin and A. Akkaya, 

2003. Molds in the homes of asthmatic patients in 
Isparta, Turkey. Asian Pac. J. Allergy Immunol., 21: 
21-4. PMID: 12931747 

Yano, S., K. Koyabash and K. Kato, 2003. Intrabronchial 

lesion due to Cladosporium sphaerospermum in a 

healthy, non-asthmatic woman. Mycoses, 46: 348-

350. PMID: 12950908 


