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Introduction 

Today, fungi are known as the most important 

pathogens. In the past years, fungal infections 

created by opportunistic microorganisms have 

been caused major concerns for clinical 

importance (1-3). On the basis previous 

studies, the prevalence of opportunistic 

infections, especially in hospital environments, 

is allocated to the genera Candida and 

Aspergillus (4). It is well accepted that 

Candida is known as the third or fourth 

common infection in the USA. It has been 

shown candidosis is the most common 

invasive fungal infection in patients with non-

neutropenia disease (5). Dermatomycoses, 

especially dermatophytes, have been known as 

the most common infections caused by 

members of the genus Candida. Superficial 

candidosis and dermatophytosis can be severe 

in patients with immune deficiency. The 

aspergilli are highly distributed in the human 

environment. Aspergillus flavus is the name 

now applied to describe a species as well as a 

group of closely related species (6). The 

presence of Aspergillus in the air is known as 

a major risk factor for both invasive and 

allergic aspergillosis (7). Several molecular  
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Abstract 

Introduction: Antifungal drugs have major limitations such as fungal 

resistance to classical drugs and treatment costs. It has been reported that 

antifungal activity of some essential oils as safe combinations. Thus, the 

present study was conducted to investigate the antifungal activity of garlic, 

thyme, aloe vera and cinnamon essential oils against Candida albicans, 

Aspergillus flavus, Aspergillus niger and Mucor himalis.  

Methods: Antibacterial activities of essential oils were evaluated by disk 

diffusion assay. The data were collected for 1, 3, 7 and 10 days.  

Results: Findings indicated that all essential oils showed similar antifungal 

activity against A. flavus, A. niger and M. himalis. Garlic essential oil was 

more efficient against C. albicans compared with other essential oils.  

Conclusion: The selected essential oils can efficiently show antifungal 

activity against A. flavus, A. niger and M. himalis, but garlic essential oil 

showed antifungal activity against the selected fungus Thus, garlic essential 

oil can be suggested as helper for common antifungal drugs.  
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studies have shown the relation between A. 

flavus and the contamination of the 

environment (8, 9). There was increasing 

mortality due to invasive aspergillosis during 

1980 to 1997 years (10). Aspergillus niger is 

known as a factor for mould production which 

is rarely shown as responsible for pneumonia. 

A. niger has been related with otomycosis 

(11), cutaneous infections (12) and pulmonary 

disease. There has been a significant increase 

in infections due to emerging fungi, such as 

Mucor (1, 2). 

However, antifungal drugs have major 

limitations such as fungal resistance to 

classical drugs and the treatment costs (13). 

These limitations enforce to use the 

alternatives for antifungals and/or use of 

combination treatments for fungal infections. 

Today, aromatic plants have been widely 

applied in folk medicine. This activity of 

aromatic plants may be attributed to their 

volatile oils. The antifungal activity of some 

essential oils have been reported (14). 

Previous studies have shown antifungal 

activity of essential oils against yeasts, 

dermatophyte fungi and Aspergillus strains 

(15-17). Allium sativum (garlic) is member of 

Alliaceae family. It has been used as 

bactericide (18), anti-trypanosom (19), etc… 

Thymus vulgaris (Thyme) is a medicinal plant 

belonging to Lamiaceae family which is 

highly found worlwide worldwide and used 

for culinary, cosmetic perennial and medical 

purposes. It has been accepted it acts as as 

antispasmodic, expectorant, antiseptic, 

antimicrobial and antioxidant (20). Aloe vera 

is member of Lilaceae family and its anti-

inflammatory activity (21), immuno 

stimulatory activity (22) and cell growth 

stimulatory activity (23). Have been accepted. 

Cinnamomum zylenicum (cinnamon) is 

widely applied in food industry because of its 

special aroma. It has been widely used as 

strong antibacterial, anticandidial, antiulcer, 

analgesic and antioxidant (24). So far no study 

has been investigated to compare antifungal 

activity of garlic, thyme, aloe vera and 

cinnamon essential oils against Candida 

albicans, Aspergillus flavus, Aspergillus niger 

and Mucor himalis. Thus the present study 

was conducted to investigate and compare in 

vitro antifungal activity of garlic, thyme, aloe 

vera and cinnamon against C.albicans, 

A.flavus, A.niger and M.himalis.   

 

Methods 

Plant essential oils of garlic, thyme, aloe vera 

and cinnamon were prepared. The studied 

essential oils were isolated by the hydro-

distillation method by a clevenger-type 

apparatus as previously explained by Lamaty 

et al, 1987 (25). The recovered oils were dried 

over anhydrous sodium sulfate and stored in 

darkness between 4 and 6
°
C.  

All fungal strains were prepared from 

Scientific and Industrial Research Center of 

Iran. The strains were then sub-cultured in 

subord dextrose agar culture medium. The 

PTCC numbers for funguses were as follows; 

C. albicans (5027), A.flavus (5006), A.niger 

(5010) and Mucor nidicola (5292). For disk 

diffusion assay, Antibacterial activities of 

essential oils were evaluated as described 

previously by Bauer et al, 1996 (26). 

Summary, culture mediums were sterilized at 

121
°
C for 20 minutes. Firstly, fungi were 

cultured, in punch form, on subord dextrose 

agar culture medium. Punch form is defined as 

pick up part of culture medium and 

replacement of the same size fungal strain 

instead of it. Then, essential oil-included discs 

were placed on punch position (concentration 

of essential oils was 100% and sterilized disks 

were positioned into essential oil for 15 

minutes). They were subsequently incubated 

for 10 days. They were investigated for 

diameter of inhibition zone during 1, 3, 7 and 

10 days. For data analysis,  The experiment 

was conducted in a completely randomized 

design with 4 replicates for each essential oil. 

data were analyzed by using SPSS software 

(version 22). The data are presented as mean± 

standard deviation (SD).   
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Results  

Antifungal activity of essential oils against the 

selected fungi is presented in Table 1. As 

results indicate the studied essential oils 

similarly showed antifungal activity against 

A.flavus, A.niger and M.himalis (P<0.05). 

Considering mean± SD, garlic essential oil 

could show antifungal activity against C. 

albicans compared with other essential oils at 

day 1 [8.00±00 for garlic essential oil, 

5.625±0.75 for thyme essential oil, 2.75±0.288 

for aloe vera essential oil and 5.469±0.707 for 

essential oil]. As time increases (3, 7 and 10 

days) differences between thyme and garlic 

essential oil reduce. In conclusion, it can be 

stated that garlic essential oil can efficiently 

show antifungal activity against C. albicans 

compared with other essential oils.  

 

 

Table 1. Antifungal activity of essential oils against the selected fungus 

(diameter of inhibition zone in cm) at days of 1, 3, 7 and 10 

Parameters Garlic Thyme Aloe vera Cinnamon 

C.albicans1 8.00±00 5.625±0.75 2.75±0.288 5.469±0.707 

C.albicans3 5.625±0.75 5.625±0.75 2.50±0.288 4.875±0.707 

C.albicans7 5.625±0.25 4.875±0.25 2.50±0.480 4.375±0.408 

C.albicans10 4.875±0.50 4.25±0.50 2.25±0.288 3.969±0.408 

A.flavus1 8.00±00 8.00±00 8.00±00 8.00±00 

A.flavus3 8.00±00 8.00±00 8.00±00 8.00±00 

A.flavus7 8.00±00 8.00±00 7.00±00 7.75±00 

A.flavus10 8.00±00 8.00±00 7.00±00 7.75±00 

A.niger1 8.00±00 8.00±00 8.00±00 8.00±00 

A.niger3 8.00±00 8.00±00 7.00±00 7.75±00 

A.niger7 8.00±00 8.00±00 7.00±00 7.75±00 

A.niger10 8.00±00 8.00±00 7.00±00 7.75±00 

M.himalis1 8.00±00 8.00±00 8.00±00 8.00±00 

M.himalis3 8.00±00 8.00±00 8.00±00 8.00±00 

M.himalis7 8.00±00 8.00±00 8.00±00 8.00±00 

M.himalis10 8.00±00 8.00±00 8.00±00 8.00±00 

Control1 8.00±00 8.00±00 8.00±00 8.00±00 

Control3 2.50±00 2.50±00 2.50±00 2.50±00 

Control7 0.00±00 0.00±00 0.00±00 0.00±00 

Control10 0.00±00 0.00±00 0.00±00 0.00±00 

 

 

Discussion 

Our findings indicate that essential oils 

showed antifungal activity against A. flavus, 

A. niger and M. himalis. Although they 

showed antifungal activity against C. albicans, 

garlic essential oil could efficiently show 

antifungal activity against C. albicans. It is 

well known that fungi are essential part of 

biological cycle which can create several 

damages to the environment, building 

materials and the health of human and 

animals, if the fungal concentration to be 

elevated. Antifungal activity of some essential 

oils has been previously reported (27-30). 

Particularly, antifungal activity of Thymus and 

their phenolic components have been reported 

(15, 31-33). Cock (2008) also examined that 

Aloe vera gel has inhibitory effect on A. niger. 

All the mentioned studies well show 

antifungal activity of plant derivatives (34). It 

is generally accepted that essential oil  
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 components show their activity against the 

structure of the cell membrane (35). A study  

has shown that low concentrations of essential 

oils can change cell structure, inhibit 

respiration and change permeability of the cell 

membrane, while higher concentrations can 

cause membrane damage, loss of homeostasis 

and cell death (36). Antifungal activity of 

essential oils may be attributed to interaction 

between enzymes responsible for energy 

production and the synthesis of structural 

compounds of the cell with essential oil 

components (37). A study has suggested that 

essential oil components can pass by cell 

membrane and interact with its protein and 

finally create changes leading to death 

(38).There are other mechanism for antifungal 

activity of essential oils. Other researchers 

suggested that hydrogen bonds formation 

between hydroxyl groups of phenolic 

compounds and active sites of cellular 

enzymes may be responsible for antifungal 

activity of essential oils (39). Sharma and 

Tripathi (2006) reported that the active 

components may cause loss of integrity of the 

cell wall, and subsequently cause death (40). 

All the mentioned studies well state antifungal 

activity of essential oils. In the present study, 

no mechanism was investigated and we cannot 

clearly state that these essential oils act 

through that mechanism. These essential oils 

may act by one mechanism and/or more. 

Interestingly, garlic essential oil could show 

antifungal activity against C. albicans. This 

activity may be attributed to sulfuric-included 

components. Garlic essential oil components 

have been shown to have inhibiting activity of 

the enzymes (41). This activity can 

subsequently influence the synthesis of fatty 

acids, lipids, DNA or RNA.  

 

Conclusion 

Results indicated that garlic, thyme, cinnamon 

and aloe vera showed antifungal activity 

against A. flavus, A. niger and M. himalis. 

However, garlic essential oil could show 

antifungal activity against C. albicans. 

Antifungal activity may be attributed to 

essential oil components. Garlic essential oil 

was more efficient compared with other 

essential oils, thus it can be suggested as a 

helper in combination with other common 

antifungal drugs.  
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