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ABSTRACT 
This study aimed to determine the occurrence and frequency of fungi in the outdoor and indoor 

(reception and intensive care) air of Suez General Hospital as well as to investigate the antifungal activity 

of some volatile oils against isolated toxigenic species. Samples were collected through passive sedi-

mentation using settle plate method. Sabouraud dextrose agar (SDA) plates were exposed to air and 

incubated at 28°C for 7 days. 39 species represents 13 fungal genera were isolated from the outdoor and 

indoor air and the most common genera were Aspergillus, Penicillium, Cladosporium, Alternaria, and 

Rhizopus. The total colony forming units of airborne fungi of the outdoor, reception, and intensive care 

unit (ICU) were 2063.25, 1395.15, and 884.25 CFU/m3, respectively. Aspergillus flavus recorded the 

highest occurrence with the highest frequency in the outdoor and indoor air and produced aflatoxins B1 

and B2. Cinnamon essential oil showed high antifungal activity against the isolated toxigenic fungi and 

its fumigation inhibited the germination of spores of these fungi. 

keywords: Bioaerosols, Contamination, Mycotoxins, Fumigation, Antifungal, Cinnamon.  

 

 

INTRODUCTION 

 

The progressive increase of fungal infections in hosp-

itals and the high rates of morbidity and mortality with 

which they are associated in the last years encourage the 

researchers worldwide to study and identify the bioaero-

sols. Monitoring of bioaerosols in hospitals can give 

information for epidemiological examination of nosoco-

mial infectious diseases, control of airborne fungi and as 

a quality control indicator (Li and Hou 2003; Cent-eno 

and Machado, 2004; Fernstrom and Goldblatt, 2013). 

Several studies have been conducted on the fungal 

contamination in outdoor and indoor environ-ments of 

the hospitals because most outbreaks of nosocomial fun-

gal diseases have been attributed to airborne fungi from 

sources outside of the hospital (Dacarro et al., 2003; 

Vonberg and Gastmeier, 2006; Goudarzi et al., 2017; 

Rostami et al., 2017).  

It has been reported that several fungi from different 

environmental sources may disperse over great distanc-

es by air currents and may be inhaled, ingested, or come 

in direct contact with individuals who have no contact 

with the infectious source. In indoor environments, the 

main source for microbes is usually the outdoor air (Su 

et al., 2001; Shelton et al., 2002). In the indoor air, 

microbes come and go, which is a natural phenomenon. 

Ventilation and cleaning are the usual removal process-

es of microbes in indoor environments. However, micr-

obes may also grow indoors on building materials and 

structures. In such a situation, they may be responsible 

for different harmful effects causing negative aesthetic 

effects such as dirty appearance and unpleasant odors 

(Portnoy et al., 2005). Although indoor environment 

may help in the occurrence and distribution of indoor 

fungi by growing them on building materials, flower 

pots, foodstuffs, house dust and pet bedding materials 

(Araujo and Cabral, 2010). The fungal genera Aspergi-

llus, Penicillium, Cladosporium and Alternaria are the 

 

 

most dominant fungi in the atmosphere of hospitals and 

are potential human pathogens (Rainer et al., 2000). 

Undoubtedly, the main concern about microbial gro-

wth in indoor environments is related to the strong link 

to the adverse health effects in the occupants (Douwes 

and Pearce, 2003; Li and Yang, 2004). The importance 

of airborne fungi has been increased not only due to the 

health hazards caused by the spores themselves but also 

for their secondary metabolites. The airborne fungi may 

secrete numerous toxic secondary metabolites which 

can be harbored by the spores and causes toxicity when 

entering the host body (Araujo and Cabral, 2010). In 

addition, several volatile organic compounds and oils 

may be secreted by these fungi and their fumigation 

affects human health. Therefore, it is necessary to chara-

cterize and identify the contaminated microbes in the 

indoor environments of hospitals and to study their tem-

poral fluctuation to achieve a more accurate exposure 

assessment of patients. So, the present investigation 

aimed to identify the common outdoor and indoor fungi 

of the Suez General Hospital. 

 

MATERIALS AND METHODS 

 

Sampling sites 

The air sampling was carried out in triplicates during 

six visits at Suez General Hospital, Suez Governorate, 

and Egypt. Sampling was carried out in three different 

sectors; two different indoor sites (hospital reception 

and intensive care unit) and an outdoor site (hospital 

garden).  

 

Air sampling and isolation of fungi 

Air sampling from the different sectors at the hospital 

was performed at mid-day (hospital working time) using 

the settle plate method according to Hoekstra et al. 

(2004). Sabouraud dextrose agar (SDA) medium suppl- 

emented  with  chloroamphenicol  (50 µg/ml) and  rose  
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bengal (10 µg/ml) (in order to minimize the appearance 

of bacteria) was used for catching and isolation of air-

borne fungi from the target hospital. The plates were ex-

posed for 15 minutes in each exposure, positioned 170 

cm height (roughly human respiration height) and then 

sealed and incubated at 28
◦
C for 7 days. The appeared 

fungi were expressed as colony forming units per cubic 

meter of air (CFU/m
3
) and estimated according to the 

equation, CFU/m
3
 = a·10000/p·t·0.2 (Stryjakowska-

Sekulska et al., 2007). Where: a = the number of 

colonies on the Petri plate, p = the surface area of the 

Petri plate, 0.2 = constant and t = the time (duration) of 

Petri plate exposure. 

 
Identification of the isolated fungi 

All the isolated filamentous fungi were identified to 

the genus, species and varieties level based on the macr-

oscopic features of their colonies and the microscopic 

morphological characteristics of their spores and hyphae 

according to Moubasher (1993) for fungi in general, 

Raper and Fennell (1965) for Aspergillus spp., Booth 

(1977) for Fusarium spp., Domsch et al. (1980) for fun-

gi in general, Ellis (1976) for Dematiaceous hypho-

mycetes, Pitt (1985) for Penicillium spp.  

 
Mycotoxins detection by the selected fungal isolates 

Mycotoxin productions by the highly occurrence isol-

ated fungi were detected to determine the percent of 

toxigenic fungi among the recovered isolates. Glucose-

Czapek’s broth medium supplemented with 0.2 % yeast 

extract and 1% peptone was used for mycotoxins detec-

tion by the selected fungal isolates (the highest freque-

ncy and occurrence). Each isolate was inoculated in 50 

ml medium and incubated at 28±1°C for 10 days. The 

content of each flask was homogenized and sonicated 

with 100 ml chloroform, filtered and dried over anhy-

drous sodium sulfate. The chloroform layer was evapor-

ated under vacuum and spotted on thin layer chromate-

ography (TLC) plates G60 F254 for the qualitative 

analysis of mycotoxins. The plates were developed in 

TLC jars 5x22x22 cm in diameter (Zeiss, Jena, Germ-

any) saturated with chloroform: methanol (97: 3, v/v). 

The developed plates were visualized under short wave 

length (254 nm) and long wave length (354 nm) ultra-

violet irradiation (UV IS, Desage, Heidelberg, Germa-

ny). Mycotoxins were detected and identified in compa-

rison with appropriate reference standards. 

 
Antifungal activity of essential volatile oils against 

some fungi 

Ten essential volatile oils including Mint (Mentha 

sativa), Basil (Ocimum basilicum), Jasmine (Jasminum 

officinale), (Rose damascene) (Thymus vulgaris), Jojoba 

(Simmondsia chinensis), Lavender (Lavandula latifolia), 

Thyme (Thymus vulgaris), Clove (Syzygium aromatic-

um), Cinnamon (Cinnamomum verum) and Rosemary 

(Rosmarinus officinalis), extracted previously with the 

same authors, were tested as antifungal for the selected 

toxigenic fungal isolates. The antifungal activity of 

chosen essential oils was evaluated against the tested 

fungi using the agar well diffusion method. Petri dishes 

with a diameter of 9 cm were inoculated by 500 µl of 

fungal spores (10
6
) suspension and poured by Saboraud 

dextrose agar (SDA) medium. Agar wells (6 mm in 

diameter) were prepared using a cork-borer and 

inoculated by 100 µl of natural essential oil. After 

incubation for 3 days at 28°C, all plates were examined 

for formation of inhibition zones around the wells and 

the diameters of inhibition zones were measured in 

millimeters. 

For determination of the minimal inhibitory con-

centration (MICs) of the tested volatile oils on the tested 

fungi, different concentrations (10, 20, 30, 50, 70 and 

100 % v/v) of the oils were prepared using ethyl 

alcohol. 100 µl of each concentration was inoculated 

into the agar well of the seeded fungal inoculated plate. 

The plates were then incubated at 28ºC for 3 days. MICs 

were then recorded as the lowest concentration of the 

tested oil which inhibited fungal growth. 
 

Effect of fumigation of the active volatile oils on 

spore germination of the tested fungi 

In order to determine the antifungal activity of tested 

essential oils fumigation on the growth of the tested 

fungi, fungal spores of each tested fungus were 

inoculated onto the SDA plates in which 1ml of each oil 

was injected on the inside surface of the inverted lid. 

After incubation at 28°C for 4 days, the fungus colony 

diameter was examined in comparison with the control 

(Brito et al., 2007).  
 

RESULTS 
 

Outdoor and indoor fungi of air of Suez General Ho-

spital  

Isolation of airborne fungi contaminated the outdoor 

and indoor atmosphere of Suez General Hospital was 

conducted and the results presented in table (1). It is ob-

vious that 39 species and two varieties belonging to 13 

fungal genera were recovered and identified. View on 

the diversity of generic level revealed that the genus 

Aspergillus showed the greatest spectrum by being rep-

resented by 11 species and two varieties followed by 

Penicillium which represented by 11 species. The third 

fungal genera in order were Alternaria, Cladosporium 

and Rhizopus represented by three species each. Accor-

ding to the species frequency Aspergillus flavus was the 

highest and recorded in the six visits (100 %). On the 

other hand, according to the colony forming units the 

genus Aspergillus was the highest in outdoor, reception 

and intensive care unit (ICU) with 707.4, 569.85, and 

432.3 cfu/m
3
, respectively, followed by Penicillium wi-

th 393, 216.15, and 196.5 cfu/m
3
, respectively (Fig. 1). 
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Figure (1): The total colony forming units (cfu/m3) of the iso-

lated fungal genera.  
 

The fungal species Alternaria phragmospora, Asper-

gillus carbonarius, Aspergillus flavus, Aspergillus nig-

er, Cladosporium herbarum, Penicillium brevicompac-

tum, Penicillium duclauxii, Penicillium expansum and 

Phoma herbarum were the most common occurrence 

fungi and recovered from the air of outdoor, reception 

and ICU of the studied hospital. Comparison between 

the total colony forming units of the isolated fungi from 

air of out-door, reception and ICU cleared that the 

outdoor is more than the indoor sites and the total 

colony forming units of fungi in intensive care unit are 

less than of the reception. Also the data shown in figure 

(2) revealed that the lowest number of fungal genera 

and species was recovered from the air of intensive care 

unit whereas the highest number of fungal species was 

observed in the out-door. 

 

 
 

Figure (2):  Number  of  fungal  genera  and  species  isolated 

from the outdoor and indoor air of Suez General Hospital. 
 

It is clear that the survival airborne fungal genera in 

the intensive care unit were Alternaria, Aspergillus, 

Cladosporium, Gliocladium, Penicillium, Phoma and 

Rhizopus. Penicillium was the highest broad spectrum 

and presented by six species followed by Aspergillus by 

five species whereas the other remaining genera were 

represented by one species. All the isolated fungal spe-

cies from the air of intensive care unit were in low occ-

urrence and frequency except A. flavus which recorded 

in high concurrence (235.8 cfu/m
3
) and high frequency 

(83.33 %) and followed by Cladosporium herbarum as 

moderate occurrence (137.55 cfu/m
3
). 

 

Mycotoxin production potential of some isolated fun-

gi in the present investigation 

A total of 57 isolates representing 33 species of the 

fungal genera Aspergillus (11 species), Penicillium (11 

species), Cladosporium (3 species), Alternaria (3 speci-

es), Phoma (one species), Fusarium (one species), and 

Rhizopus (3 species), were examined for their potent-

iality to produce mycotoxins. The results showed that 

all the tested isolates of the four fungal genera Clados-

porium, Cochlibolus, Phoma and Rhizopus could not 

produce any mycotoxin. On the other hand, the three 

tested isolates of each of Aspergillus flavus, Penicillium 

chrysogenum, P. purpurogenum, P. steckii, Alternaria 

alternata, and Fusarium oxysporum were able to prod-

uce mycotoxins and produced aflatoxin B
1
 and G

1
, 

sterigmatocystin, rubratoxin, alternariol, and diacetoxy-

scirpenol, respectively (Table 2). The remaining tested 

isolates of the other species of Aspergillus and Penicill-

ium were unable to produce the examined mycotoxins. 
 

Antifungal activity of some essential volatile oils aga-

inst the isolated toxigenic fungi  

The inhibition effect of ten essential volatile oils on 

some isolated toxigenic fungi was recorded in table (3). 

Among the tested essential volatile oils, jasmine, jojoba, 

lavender, thyme and rosemary showed no antifungal 

activity against any tested fungal isolate, while the esse-

ntial oil of cinnamon was showed high significant anti-

fungal activity against all the tested molds. The anti-

fungal activity of the rose essential oil comes next to 

cinnamon and showed high significant antifungal acti-

vity against Alternaria alternata, Aspergillus flavus, 

Penicillium chrysogenum, Penicillium purpurogenum 

and Penicillium and steckii, whereas, it showed mode-

rate antifungal activity against Aspergillus niger, and 

Fusarium oxysporum. Clove essential oil showed high 

antifungal activity against Alternaria alternata and sho-

wed moderate antifungal activity against Fusarium 

oxysporum, Penicillium purpurogenum and Penicillium 

steckii and recorded low antifungal activity against Asp-

ergillus flavus, and Penicillium chrysogenum. Based on 

these observed results, the present study was extended 

to investigate the minimum inhibitory concentrations of 

the three active oils, cinnamon, rose and clove on the 

growth of the tested fungi. 
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Table (1): Total number of colony forming units (cfu/m3) and frequencies percent (out of 6 visits) of airborne fungi of the outdoor, 

reception and intensive care unit of Suez General Hospital. 

 

Genera and Species 
Outdoor Reception Intensive Care Unit 

CFU/M3 Frequency % CFU/M3 Frequency % CFU/M3 Frequency % 

Alternaria 

A. alternata    98.25 50.00 39.3 33.33 0 0.00 

A. chlamydospora 216.15 33.33 0 0.00 0 0.00 

A. phragmospora 39.3 16.67 58.95 33.33 19.65 16.67 

Aspergillus 

A. carbonarius 137.55 50.00 78.6 50.00 78.6 33.33 

A. flavipes 19.65 16.67 0 0.00 19.65 16.67 

A. flavus var. columinaris 58.95 33.33 117.9 50.00 0 0.00 

A. flavus var. flavus  334.05 100.00 176.85 83.33 235.8 83.33 

A. japonicus  0 0.00 19.65 16.67 0 0.00 

A. niger  58.95 50.00 98.25 66.67 39.3 16.67 

A. oryzae 19.65 16.67 0 0.00 39.3 16.67 

A. parasiticus 0 0.00 0 0.00 19.65 16.67 

A. restricus 0 0.00 19.65 16.67 0 0.00 

A. sydowii 0 0.00 19.65 16.67 0 0.00 

A. ustus 58.95 16.67 0 0.00 0 0.00 

A. versicolor 19.65 16.67 39.3 16.67 0 0.00 

Cladosporium 

C. australiensis 19.65 16.67 0 0.00 0 0.00 

C. cladosporides 58.95 16.67 78.6 33.33 0 0.00 

C. herbarum 294.75 66.67 137.55 33.33 137.55 33.33 

Fusarium  F. oxysporum 0 0.00 39.3 16.67 0 0.00 

Gliocladium G. roseurm    0 0.00 0 0.00 39.3 16.67 

Mucor M. circinelloides  0 0.00 19.65 16.67 0 0.00 

Myrothecium M. verrucaria 19.65 16.67 0 0.00 0 0.00 

Neurospora N. cristae  0 0.00 19.65 16.67 0 0.00 

Penicillium 

  

   

P. brevicompactum  117.9 33.33 39.3 33.33 19.65 16.67 

P. canescens 0 0.00 39.3 16.67 0 0.00 

P. chrysogenum 98.25 66.67 0 0.00 39.3 33.33 

P. duclauxii  58.95 16.67 19.65 16.67 39.3 16.67 

P. expansum 39.3 16.67 39.3 16.67 19.65 16.67 

P. funiculosum 0 0.00 39.3 16.67 58.95 33.33 

P. griseofulvum 0 0.00 0 0.00 19.65 16.67 

P. janthinellum 39.3 33.33 0 0.00 0 0.00 

P. puberulum 0 0.00 19.65 16.67 0 0.00 

P. purpurogenum 39.3 33.33 0 0.00 0 0.00 

P. steckii 0 0.00 19.65 16.67 0 0.00 

Phoma P. herbarum 39.3 16.67 176.85 50.00 39.3 16.67 

Rhizopus 

R. arrhizus 39.3 33.33 19.65 16.67 0 0.00 

R. oryzae 58.95 33.33 19.65 16.67 0 0.00 

R. stolonifer 0 0.00 0 0.00 19.65 16.67 

Torula T. graminis 58.95 33.33 0 0.00 0 0.00 

Ulocladium U. atrum 19.65 16.67 0 0.00 0 0.00 

Total   2063.25 
 

1395.15 
 

884.25 
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Table (2): Mycotoxins production by some isolated toxigenic 

fungi from the outdoor and indoor air of Suez General. 

Hospital  
 

Fungal Species 
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Alternaria alternata    -  -  -  -  -  + -  

Aspergillus flavus + + -  -  -  -  -  

Fusarium oxysporum -  -  + -  -  -  -  

Penicillium chrysogenum -  -  -  + -  -  -  

P. purpurogenum -  -  -  -  -  -  + 

P. steckii  - -  -  -  -  -  -  

 

The minimum inhibitory concentrations (MIC) of the 

three active tested volatile oils against the selected fungi 

were determined by the agar well diffusion method and 

recorded in table (3). The MIC of cinnamon oil was 10 

μl/ml medium against Aspergillus flavus and Penici-

llium steekii and was 5 μl/ml medium against Alternaria 

alternata, Fusarium oxysporum, Penicillium chrysoge-

num, and Penicillium purpurogenum. The MIC of rose 

oil was recorded as 100 μl/ml against Aspergillus flavus 

and Penicillium purpurogenum, 10 μl/ml for Penicill-

ium steckii and 5 μl/ml for Alternaria alternata, Fusari-

um oxysporum, and Penicillium chrysogenum. 

 
Table (3): Antifungal activity determined by inhibition zone 

(IZ) and Minimum inhibition concentration (MIC) of the 

selected three active volatile oils against the selected 

toxigenic fungi. 
 

Fungal species 
Rose oil Clove oil Cinnamon oil 

IZ 

(mm) 

MIC 

(µl/m) 
IZ (mm) 

MIC 

(µl/ml) 

IZ 

(mm) 

MIC 

(µl/ml) 

Penicillium 

chrysogenum 

31±0.

2 
5 

14.5±0.

3 
5 

35.5±

0.5 
5 

Fusarium 

oxysporum 

17±0.

1 
5 

17.5±0.

1 
5 

40±0.

1 
5 

Aspergillus 

flavus 

25.5±

0.1 
100 12±0.2 100 

33±0.

2 
10 

Alternaria 

alternata 

25.5±

0.1 
5 31±0.2 5 

36.5±

0.1 
5 

Penicillium 

steckii 

31 

±0.1 
10 23±0.5 100 

34.5±

0.2 
10 

Penicillium 

purpurogenum 

35±0.

2 
100 

24.5±0.

3 
10 

39±0.

2 
5 

 

Effect of fumigation of the selected three active vola-

tile oils on growth of the tested fungi. 

The fumigation of both cinnamon and rose oils inhi-

bited spores germination of all tested fungi. However, 

volatilization of clove oil suppressed the growth of Pen-

icillium chrysogenum and inhibited spores germination 

of the remaining test fungi. It was obtained from the 

recorded data that the volatilization vapor of clove ess-

ential oil had fungi static activity whereas its direct 

application showed fungicidal activity (Table 4). 
 

Table (4): Effect of fumigation of the selected antifungal oils 

on the growth of the isolated toxigenic fungi. 
 

Fungal species Fungal growth 
Cont. Rose Clove Cinnamon 

Penicillium chrysogenum +++ - + - 

Fusarium oxysporum +++ - - - 

Aspergillus flavus +++ - - - 

Alternaria alternata +++ - - - 

Penicillium steckii +++ - - - 

Penicillium purpurogenum +++ - - - 

(+++): good growth, (+): low growth, (-) no growth.  

 

DISCUSSION 

 

The current study investigated the presence of myco-

biota in indoor and outdoor air of the common hospital 

located in Suez, Egypt. The environments of the tested 

hospital were contaminated with different fungi from 13 

genera. Several studies were conducted on the presence 

and diversity of fungi in outdoor and indoor air of hosp-

itals in different countries of the world (Faure et al., 

2002; Augustowska and Dutkiewicz, 2006; Sautour et 

al., 2009; Panagopoulou et al., 2002; Kuleta et al., 

2009; Shams-Ghahfarokhi et al., 2014). In the present 

study, the fungal genera Aspergillus, Penicillium and 

Cladosprium recorded the highest frequency among the 

total isolated fungi followed by Alternaria and Phoma 

that is consistent with other studies (Gorny and 

Dutkiewicz, 2002; Perdelli et al., 2006; Tormo-Molina 

et al., 2012; Goudarzi et al., 2017).  

The predominance of these fungal genera may be due 

to their ability to produce numerous small and light spo-

res that generally borne and scattered by the air, where-

as Alternaria, Phoma and some other fungal genera pro-

duce fewer, larger and heavier spores which tend to 

have faster settling (Vonberg and Gastmeier, 2006). 

Among the Aspergillus species reported in the current 

study, A. carbonarius and A. flavus were isolated from 

the two hospitals with a frequency higher than those of 

other species. This is in accordance with the reports of 

other researchers on predominance of these species in 

hospital environments (Pakshir et al., 2007; Sautour et 

al., 2009; Omoigberale et al., 2014; Paul et al., 2015; 

Rostami et al., 2017). 

The results of the present study show various levels of 

contamination in all the hospital different sites, even 

though some areas are equipped with air conditioning 

systems. Such contamination may be caused by a range 

of factors, such as, ineffective infection control progra-

ms, noncompliance with procedural norms, another rea-

son is due to inefficient operation or inadequate maint-

enance of the air conditioning system, which can allows 

unfiltered outside air to enter patient rooms and the cro-

wdedness of patients in reception areas. Another impor-

tant reason is the using of multi-bed rooms in the inte-

nsive care units. 

Different fungal genera and species in indoor and out-

door atmosphere especially Penicillium and Aspergillus 
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species were known as mycotoxin-producers (Nielsen, 

2003). When fungi common in the atmospheres and 

house dust were cultivated in building materials, several 

mycotoxins were produced in vitro (Nielsen, 2003; 

Nieminen et al., 2002). However, the production of my-

cotoxins by indoor fungi growing in building materials 

is much lower (can be absent) than the production in 

culture medium, probably due to the much lower conce-

ntration of nutrients in the former conditions (Nielsen, 

2003). Ren et al. (1999) even reported that no myco-

toxin production from several Aspergillus strains (iso-

lated from indoor air) growing on building materials 

(although most of the strains did produce mycotoxins 

when grown in culture media). A. flavus is occasionally 

isolated from building materials, and since this species 

produces the most potent naturally-occurring carcin-

ogen, aflatoxin B
1
 (Davis et al., 1966; Frisvad and Thra-

ne, 2002). A. ochraceus is occasional isolated in a simi-

lar study from building materials, and produces a vari-

ety of mycotoxins including ochratoxin A, penicillic 

acid, xanthomegnin, viomellein, and vioxanthin (Frisvad 

and Thrane, 2002).  

The tested isolates of Alternaria alternata produced 

alternariol, however the tested isolates of A. chlamydo-

spora and A. phragmospora could not produce any 

mycotoxin. The Alternaria species predominates in 

buildings (Andersen et al., 2002; Nielsen et al., 1999). 

On laboratory media, Alternaria species group produce 

alternariols, tentoxin, tenuazonic acids, altertoxin I, and 

a number of unknown metabolites (Andersen et al., 

2002). The results also showed that the tested isolate of 

each of Fusarium lateritium and F. poae could not 

produce mycotoxin, whereas, the tested isolate of F. 

oxysporum produce diacetoxyscirpenol. Sautour et al. 

(2009) isolated the airborne fungi from outdoor air and 

indoor two haematological units in a France hospital 

and recorded Fusarium with low frequency in all cases.  

Recently, different studies were conducted to use the 

essential oils extracted from different plants as a pote-

ntial way to control fungal contamination (Burt, 2004; 

Soliman and Badea, 2002; Tajkarimi et al., 2010). The 

antifungal activity of ten volatile oils (Mint, Basil, Ros-

emary, Jasmine, Jojoba, Lavender, Thyme, Rose, Clove 

and Cinnamon) against the isolated toxigenic fungi 

varied not only from one essential oil to another but also 

among fungal species. Jasmine, Jojoba, Lavender, 

Thyme and Rosemary essential volatile oils showed no 

antifungal activity against any tested fungal isolate. The 

present study showed that the essential oil of cinnamon 

was the most active antifungal against the tested fungi 

and showed high antifungal activity against all the 

tested molds. In our study we also found that the essen-

tial oil extracted from Cinnamon zeylanicum demonstr-

ated strong antifungal activity on both the species of 

Aspergillus. The antimycotic activity of cinnamon bark 

due to the presence of cinnamaldehyde is well known 

(Viollon and Chaumont, 1994). Similarly, in vitro anti-

microbial activity of Cinnamon zelyanicum (bark) agai-

nst human pathogenic fungi and commensally bacteria 

was studied by Chaumont (2003) and Matan et al. 

(2006).  

The antifungal activity of the rose essential oil comes 

next to cinnamon and showed high antifungal activity 

against the tested fungi. In a similar study, Shohayeb et 

al. (2014) tested the antifungal activity against some 

species of Aspergillus and Penicillium and reported that 

the rose oil exerted antifungal activity against the tested 

fungi. Sukatta et al. (2008) previously reported that the 

mixing of clove oil and cinnamon oil at appropriate 

ratios result in an improvement of the efficacy against 

the postharvest decay fungi of grapes Aspergillus niger 

and Alternaria alternata. The recorded data indicated 

that fumigation of the rose, clove and cinnamon oils 

inhibited the germination and growth of the tested toxi-

genic fungi and this mean that the using of these oils in 

mixing with the detergents and other disinfectants in 

hospitals decrease or inhibit the air pollution by fungi in 

hospitals, moreover, it will give a good odor without 

any side effects on the patients. 

 

CONCLUSION 

 

The present investigation was conducted to identify 

the outdoor and indoor airborne fungi Suez General 

Hospital in Suez Governorate, Egypt as well as to con-

trol the isolated fungi. The study revealed that a total of 

13 fungal genera were isolated from the outdoor and 

indoor air of the two hospitals. Aspergillus, Penicillium, 

Cladosporium, Alternaria and Phoma were the most 

common genera and collected from all the studied sites 

of Suez General Hospital. Some isolated fungi had the 

ability to produce mycotoxins for example the isolated 

Aspergillus flavus produced aflatoxin B. Antifungal 

activity of some essential oils against the toxigenic fun-

gi was studied and the obtained results revealed that 

rose, clove and cinnamon oils were active against these 

fungi and the fumigation of these oils inhibited the spor-

es germination of these fungi. The present study recom-

mends the mixing of these volatile oils with the used 

disinfectants in the hospitals which will give a safe enj-

oyable odor by its fumigation and control the fungal 

contamination.  
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 مصر السىيس، ،العام السىيس لمستشفى جى والداخلىرالخا الهىاء في المحمىلت تىاجد وكثافت الفطرياث

 

 ، أكرم أبىسعدة، ايمان البيلىعبدالحميد رسمى

 انغٕيظ، يصش، جبيعت انغٕيظ ،كهيت انعهٕو لغى انُببث ٔانًيكشٔبيٕنٕجٗ،

 

 الملخص العربي

 

 يغخشفٗ في( انًشكضة ٔانشعبيت االعخمببل) ٔانذاخهي انطهك انٕٓاء في انفطشيبث ٔكثبفت حٕاجذ ححذيذ إنٗ انذساعت ْزِ ْذفج

 جًع حى. انفطشيت انًعضٔنت ٔانًفشصة نهغًٕو األَٕاع ضذ انطيبسة انضيٕث نبعض انًضبد انُشبط عٍ نهكشف ٔكزنك انعبو انغٕيظ

 دكغخشٔص أجبس انغزائٗ انغببٕسٔد اطببق انٕعظ حعشيض حى. حشعيب االطببق طشيمت ببعخخذاو ششانًبب انخشعيب خالل يٍ انعيُبث

(SDA )انخبسجي انٕٓاء يٍ جُظ 35 فطشيب حًثم َٕعب 53حى عضل عذد . أيبو 7 نًذة يئٕيت دسجت 42 عُذ ٔحضُج نهٕٓاء 

 يجًٕع بهغ كًب .كالرٔعبٕسيٕو، انخيشَبسيب ٔسيضٔبٕطأجُبط االعبيشجيهظ، بُيغيهيٕو،  ْٗ شيٕعب ٔكبٌ األكثش ٔانذاخهي

 انًشكضة انعُبيت ٔٔحذة االعخمببل ٔٔحذة انطهك انٕٓاء في جٕا   انًحًٕنت انفطشيبث يٍ انًغخعًشاث خكٕيٍن ٕحذاثان

 يع يعذل ٔعجم انُٕع انفطشٖ أعبيشجيهظ فالفظ أعهٗ. انخٕاني عهٗ 5 و/  خهيت 226.47 ٔ 3537.37 ٔ 4285.47كبالحي:

 عبني ب َشبط ب انمشفت صيج ٔأظٓش. B1 ٔ B2 األفالحٕكغيُبث ٔكبٌ نّ انمذسة عهٗ اَخبج ٔانذاخهي انخبسجٗ انٕٓاء في كثبفت أعهٗ

 .انفطشيبث ْزِ جشاثيى إَببث حثبيظ إنٗ حبخيش انضيج ٔكًب أدٖ انًفشصة نهغًٕو انفطشيت، انًعضٔنت انفطشيبث ضذ

 


