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Abstract  

Food borne diseases is a serious public health problem, even in developed countries, creating a significant social and 

economic burden on communities and their health systems. Fungi such as Candida albicans Candida tropicalis Cryptococcus 

neoformans Aspergillus niger, Aspergillus flavus, Aspergillus fumigatus, Penicillium sp, Mucor sp, Rhizopus sp isolated from 

house hold refrigerators were tested for their sensitivity to essential oils such as Palmarosa (Cymbopogon martinii) and geranium 

oil (Pelargonium graveolens)   in two different dilutions (1:1 and 1:2 in ethanol). In agar well diffusion method the selected 

essential oils were effective against all forms such as yeast, yeast like fungi and molds and mostly comparable to the standard 

reference antifungal drug amphotericin B. The minimal inhibitory concentration (MIC) of Palmarosa 1 and 2 were found to be 

effective but to the least level when compared with the reference drug, amphotericin B. The diluted forms such as palmarosa 2 

and geraniol 2 was less active compared to 1. The results have clearly indicated the effect was concentration dependent. The 

results for minimum fungicidal concentration (MFC) were similar to MIC results, but in MFC confirmation was made by the 

absence of visible growth in culture media. The antifungal activity is attributed to the components of essential oils, which mostly 

interferes with the cell membrane structure and function. According to the results of this study, the essential oil compounds of 

essential oils may be suggested as a new potential source of natural antimicrobial for the prevention, treatment and control of 

fungal diseases in various patients and for the prevention of contamination in refrigerators. 
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Introduction 

In recent years there has been an increasing 

interest in the use of natural substances, and some questions 

concerning the safety of synthetic compounds have 

encouraged more detailed studies of plant resources. 

Essential oils, odors and volatile products of plant 

secondary metabolism, have a wide application in folk 

medicine as well as in fragrance industries. Essential oils 

are complex natural mixtures of volatile secondary 

metabolites, isolated from plants by hydro- or steam-

distillation. The main constituents of essential oils, for 

example, monoterpenes and sesquiterpenes and 

phenylpropanoids including carbohydrates, alcohols, 

ethers, aldehydes and ketones, are responsible for the 

fragrant and biological properties of aromatic and 

medicinal plants (Reichling, 1999) Various essential oils 

and their components possess pharmacological effects, 

demonstrating anti-inflammatory, antioxidant and anti-

cancerogenic properties (Golab et al., 2005; Naser et al., 

2005). In addition to inducing resistance, antibiotics are 

sometimes associated with opposing effects such as 

hypersensitivity, immune-suppression and allergic 

reactions (Ahmad et al., 1998). Therefore, there is a need to 

develop alternative antimicrobial drugs for the treatment of 

infectious diseases (Berahou et al., 2007; Salomao et al., 

2008). 
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Several antimicrobials have been developed over 

the years to control these microorganisms. However, the 

development of antimicrobial resistance and the relatively 

narrow spectrum of the antimicrobials (Meng et al., 1998) 

have had limited success and the microbial contamination 

of food still poses an important public health and economic 

challenge. Cranberry and its products have traditionally 

been used to treat urinary tract infections and disorders of 

the intestinal tract (Mowrey, 1990)  which are now known 

to be caused by infections linked to E. coli O157:H7 

(Sobota, 1994). Fruit and berry phenolics have recently 

been shown to have antimicrobial activity (Puupponen-

Pimiä et al., 2000). 

  It is important to investigate scientifically those 

plants which have been used in traditional medicines as 

potential sources of novel antimicrobial compounds 

(Mitscher et al., 1987). Also, the resurgence of interest in 

natural therapies and increasing consumer demand for 

effective, safe, natural products means that quantitative 

data on plant oils and extracts are required. Various 

publications have documented the antimicrobial activity of 

essential oils and plant extracts including rosemary, 

peppermint, bay, basil, tea tree, celery seed and fennel 

(Morris et al., 1979; Ross et al., 1980; Yousef et al., 1980; 

Hili et al., 1997; Lis-Balchin et al., 1997). 

All the essential oil compounds tested exhibited 

different degrees of antifungal activity against A. fumigatus 

and A. niger. The maximum antimycotic activity was 

shown by C. martinii followed by C. citratus, Eucalyptus 

globulus and C.zeylenicum. Aggarwal et al. (2000) reported 

antimycotic activity of C. martinii against A. niger. The oil 

of C. citratus was effective against fungal pathogens 

causing diseases in plants and human beings (Singh, 2000). 

Quale et al. (1996) treated infections caused by Candida in 

AIDS patients with a drug based on Cinnamon. In our 

study we also found that essential oil extracted from C. 

zeylanicum demonstrated strong antifungal activity on both 

the species of Aspergillus. The antimycotic activity of 

cinnamon bark due to presence of cinnamaldehyde is well 

known (Viollon, and Chaumont, 1994). Similarly, in vitro 

antimicrobial activity of C.zelyanicum (bark) against 

human pathogenic fungi and commensally bacteria was 

studied by(Chaumont,., 2003; Matan et al., 2006). The oils 

of M.spicata, Azadirachta indica, Eugenia caryophyllata, 

Withania somnifera and Zingiber officinale exhibited 

moderate activity. The essential oil of mint was found to 

have strong antimycotic activity against C. albicans 

(Kishore et al., 1993). 

The main advantage of essential oils is that they 

can be used in any foods and are considered generally 

recognized as safe (GRAS) (Kabara, 1991), as long as their 

maximum effects is attained with the minimum change in 

the organoleptic properties of the food. Such antimicrobial 

activity is due to the presence of bioactive substances such 

as flavonoids, terpenes, coumarines and carotenes (Tepe   

et al., 2005). The objective of this work was to study the 

effect of the essential oils such as palmarosa oil, and 

geranium oil on the growth of fungus commonly associated 

with food borne diseases isolated from house hold 

refrigerators with the objective to prevent and control food 

borne fungal diseases. 

Materials and Methods 

Essential oils 

Two essential oils such as palmarosa oil 

(Cymbopogon martini-Graminae), geranium oil 

(Pelargonium graveolens-Geraniaceae), were obtained 

from commercial producers of plant essential oils and 

aromatic substances were used in this study. Quality of the 

oils was ascertained to be more than 98% pure by GC. The 

oil was stored in the dark at 4°C until used within a 

maximum period of one week. Two different dilutions (1:1 

and 1:2 in ethanol) of the essential oils were used in this 

study. 

Test fungi 

Microorganisms (Fungal isoaltes isolates from 

house hold refrigerators) such as Candida albicans 

Candida tropicalis Cryptococcus neoformans Aspergillus 

niger, Aspergillus flavus, Aspergillus fumigatus, 

Penicillium Sp, Mucor Spp, Rhizopus Spp were used in this 

study. Sabouraud’s dextrose agar (SDA) and broth (SDB) 
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were used for culturing of test fungi. All strains were stored 

at 20°C in the appropriate medium containing 10% glycerol 

and regenerated twice before use. 

Antifungal activity 

Agar well diffusion method 

In this study standard agar well diffusion method 

was followed (Perez et al., 1990; Perez et al., 1999; 

Erdemogllu et al., 2003; Bagamboula et al., 2004). Each 

fungal isolate was suspended in Sabouraud’s Dextrose 

(Himedia, India) broth and diluted to approximately 105 

colony forming unit (CFU) per mL. They were ―flood 

inoculated‖ onto the surface of Sabouraud’s Dextrose agar 

and then dried. Five-millimeter diameter wells were cut 

from the agar using a sterile cork-borer, and 100 μl of the 

samples solutions were delivered into the wells. The plates 

were incubated for 48 h at room temperature. Antimicrobial 

activity was evaluated by measuring the zone of inhibition 

against the test microorganisms. Ethanol was used as 

solvent control. Amphotericin B was used as reference 

antibacterial agent. The tests were carried out in duplicates. 

Minimum inhibitory concentration (MIC) and Minimal 

fungicidal concentration (MFC) 

Antifungal activity was measured using a dilution 

in agar technique (Alves and Cury, 1992). The essential oil 

components (100 mg) was solubilized in 1 ml of dimethyl 

sulfoxide (DMSO) and serially two fold diluted in Yeast 

Nitrogen Base Phosphate (YNBP) broth (Merck, Germany) 

to obtain a concentration range of 15.6-1000 μl/ml. YNBP 

broth containing only DMSO diluted in the same way, 

which did not influence fungal growth, were included as 

controls. All fungal strains were suspended in sterile 

physiological Tris buffer (pH 7.4, 0.05 M), homogenized 

and adjusted to an OD (530 nm) of 0.05 (equivalent to 1 X 

106 CFU/ml). This suspension was used as the inoculum for 

the test in the agar plates. Fungal suspensions (3μl) were 

inoculate using a automatic micropippete (Transasia), and 

plates (diameter: 25 cm) were incubated at 37oC for 48 h. 

the minimal inhibitory concentration (MIC) was defined as 

the minimal concentration of the essential oil which 

completely inhibited the visible growth of the fungus  and 

MFC as the lowest concentration that completely inhibited 

fungal growth in plate. An antifungal agent Amphotericin 

B (100 μg) included as reference antifungal agent, was 

tested using the same technique. All antifungal assays were 

tested in duplicate. 

Statistical analysis 

Data were analyzed using Least Significant 

Difference (LSD) test following one way analysis of 

variance (ANOVA) using SPSS 10.0 computer software 

package. Difference on statistical analysis of data were 

considered significant at p<0.05. 

Results 

Results for agar well diffusion method 

In agar well diffusion method the selected 

essential oils were effective against all forms such as yeast, 

yeast like fungi and molds.  C.martinii1 was highly active 

against C.albicans (13.25±0.90), and least against A.flavus 

(11.03±0.48). P. graveolens1 was also highly active against 

C.albicans (13.12±0.54) and least against C.tropicalis 

(9.72±0.70). The results have clearly indicated the effect 

was concentration dependent. All fungi were found to be 

sensitive to all test essential oils and mostly significant and 

comparable to the standard reference antifungal drug 

Amphotericin B to some extent. 

Results for minimum inhibitory concentration (MIC) of 

essential oils 

The minimal inhibitory concentration of C. 

martinii1 was varying and it was in the range between 250 

and 500 μg/ml. C. martini 2 was found to be similar for all 

and it was 500 μg/ml. The results showed that they 

effective but to the least level, when compared with the 

reference drug Amphotericin B.  The minimal inhibitory 

concentration of P.graveolens 1, was 250 and of 

P.graveolens 2 was found to be 500 μg/ml for all the test 

fungi.  The results showed that they were effective but to 

the least level, when compared with the reference drug. The 

results for minimum fungicidal concentration (MFC) were 

similar to minimum inhibitory concentration (MIC) results, 

but in MBC confirmation was made by the absence of 

visible growth in culture media. 
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Table 1. Antifungal activity of essential oil compounds against fungal clinical isolates 

Organisms Essential oil compounds/ Zone of Inhibition in mm 

C.albicans C.tropicalis C.neoformans A.niger A.flavus A.fumigatu

s 

Mucor 

spp 

Rhizopus 

spp 

C.martinii1  9.87 

±0.73 a 

11.08 

±0.38 a 

13.89 

±0.51a 

11.94 

±0.35a 

11.02 

±0.636 a 

12.96 

±0.62a 

14.25 

±0.97 a 

11.95 

±0.60a 

C.martinii2 13.25 

±0.90b 

13.16 

±0.53b 

12.00 

±0.43a 

10.07 

±0.40b 

8.13 

±0.48b 

11.09 

±0.45a 

12.07 

±0.61bc 

10.01 

±0.68b 

P.graveolens1 13.12 

±0.54db 

9.72 

±0.70d 

12.95 

±0.41a 

12.75 

±0.66a 

11.12 

±0.73ah 

12.23 

±0.78c 

11.86 

±0.70ah 

11.43 

±0.61ag 

P.graveolens 2 13.13 

±0.46fb 

13.17 

±0.31fb 

11.2 

±0.50d 

11.11 

±0.58d 

7.97 

±0.48ebig 

10.70 

±0.37ea 

10.08 

±0.96e 

10.07 

±0.55e 

Amphotericin 

B 

14.15 

±0.71hb 

12.12 

±0.62he 

11.01 

±0.81fce 

21.51 

±0.51fdec 

17.07 

±0.61gf 

14.18 

±0.77gb 

14.11 

±0.56gbc 

18.98 

±0.46abh 

© Reference antifungal drug  

Table 2. MIC and MFC of essential oil compounds against clinical fungal isolates 

Organisms Essential oil compounds /MIC (µg/mL) 

C.martinii1 C.martinii 2 P.graveolens1 P.graveolens2 Amphotericin B © 

Candida albicans 250 500                   250                  500 15.6 

Candida tropicalis 250 500 250 500 15.6 

C.neoformans 250 500 250 500 15.6. 

Aspergillus niger 500 500 250 500 31.25 

Aspergillus flavus 500 500 250 500 31.25 

Aspergillus fumigatus 500 500 250 500 31.25 

Mucor spp 500 500 250 500 62.5 

Rhizopus spp 500 500 250 500 62.5 

   © Reference antifungal drug 

Discussion 

C.martinii1 was highly active against C.albicans 

(13.25±0.90), and least against A.flavus (11.03±0.48). P. 

graveolens1 was also highly active against C.albicans 

(13.12±0.54) and least against C.tropicalis (9.72±0.70). 

The results have clearly indicated the effect was 

concentration dependent. All fungi were found to be 

sensitive to all test essential oils and mostly significant and 

comparable to the standard reference antifungal drug 

Amphotericin B to some extent. The minimal inhibitory 

concentration of C. martinii1 was varying and it was in the 

range between 250 and 500 μg/ml. C. martini 2 was found 

to be similar for all and it was 500 μg/ml. The results 

showed that they effective but to the least level, when 

compared with the reference drug Amphotericin B.  The 

minimal inhibitory concentration of P.graveolens1 was 250 

and of P.graveolens2 was found to be 500 μg/ml for all the 

test fungi.  The results showed that they were effective but 

to the least level, when compared with the reference drug. 

The results of this present investigation corroborates with 

the following work to a large extent. 

Aromatic plants have been used since ancient 

times for their medicinal properties. These properties can 

be partially or wholly attributed to their volatile oil 

fractions of essential oils. The diverse therapeutic potentials 

of essential oils have attracted the attention of many 

researchers to investigate their anti-cancer activity, and it 

has been found that the mechanism of action of essential 

oils is dissimilar to that of most classic cytotoxic 

chemotherapeutic agents (Rajesh et al., 2003). Early reports 

had indicated that essential oil components, especially the 

monoterpenes, have multiple pharmacological effects on 

the mevalonate pathway of metabolism which may account 

for the tumor suppressive activity exhibited by such 

terpenes (Elson, 1995).  

While the recognized definition states that 

―aromatherapy is the use of essential oils for therapeutic 

purposes‖ (Styles, 1997), the definition of clinical 
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aromatherapy (as used in nursing) is more specific: ―The 

use of essential oils for outcomes that are measurable‖ 

(Buckle, 2000). The definition of essential oils is also very 

specific: Essential oils are the steam distillate of aromatic 

plants (Tisserand and Balacs, 1995). Other kinds of extracts 

that are not obtained by steam distillation are not essential 

oils. Extracts may contain residues of allergenic solvents. 

Lemongrass (Cymbopogon citratus) was found to be as 

effective in a 2.5% cream as four other commercial creams 

against ringworm and clinical isolates of four 

dermatophytes in vitro (Wannissorn et al., 1996). Each of 

the commercial creams had clotrimazole, isoconazole 

nitrate, ketoconazole, benzoic acid, and salicylic acid as 

their main active ingredients. It was found that essential 

oils were effective against both acute and chronic infections 

in humans. He also found that concentrations that were 

insufficient to kill the pathogenic organism in a laboratory 

were effective in humans. The example given was an in 

vitro minimum inhibitory concentration (MIC) of 0.00025 

g/mL as opposed to an in vivo concentration of 0.0000032 

g/mL (Valnet et al., 1978). Geranium and peppermint were 

found by (Viollon et al., 1993) to be effective in vitro 

against Candida. Citral is the generic name for two 

different isomeric aldehydes (geranial and neral) that are 

found in many essential oils. Citral is thought to be the 

component most likely to be antifungal (Pattnaik et al., 

1997). Onawunmi (1989) found citral to have antifungal 

properties in dilutions as low as 0.005% to 0.008%. 

Essential oils containing large amounts of citral are 

melissa, verbena, and lemongrass. Aldehydes are best 

avoided on a damaged mucous membrane, but they can be 

used diluted on the skin.  

A component of essential oils found by Beylier 

and Givaudan (1979) to have anti-candida properties is 

citronellol. Citronellol is an alcohol and is the main 

constituent of lemon grass and Eucalyptus citriadora (60%-

80%). Alcohol is safe to use on the skin and the mucous 

membrane. Pattnaik et al. (1997), reported that lemongrass, 

Eucalyptus globulus, palmarosa, and peppermint were the 

most effective essential oils tested against cryptococcus. 

Basil and thyme were not included in this study. 

(Lemongrass was effective not only against cryptococcus 

but against all 11 other fungi tested in low dilutions). The 

MIC for each of the four essential oils against cryptococcus 

was 5 L/mL. In another article, Pattnaik et al. (1997), found 

that complete essential oils were more effective against 

cryptococcus than the isolated, active component. There 

was one exception, lemongrass, which was equal to the 

isolated parts of citral and geranial. (Larrondo and   Calvo, 

1991) compared the topical and inhaled action of citral to 

the systemic effects of clotrimazole. Although the actual 

way essential oils work as fungicides is not completely 

clear, it appears that metabolism and growth of the fungus 

are inhibited, often with a breakdown in the lipid part of the 

membrane, resulting in increased permeability and/or 

rupture (Larrondo et al.. 1995). Soliman et al. (1994) tested 

essential oil of rosemary and investigated the essential oil 

distilled from two plants growing in different climatic 

conditions. They found that both rosemary essential oils 

were effective against C. neoformans in vitro and 

recommended that either essential oil could be an effective 

treatment in AIDS patients with cryptococcal meningitis 

and pneumonia. Although both types of rosemary were 

effective, the effectiveness could have been due to a 

different chemical component in each oil. Many of the 

essential oils used showed good fungistatic action. The best 

effects were from palmarosa, geranium, savory, 

sandalwood, thyme, marjoram, and resulting in its collapse 

and death of the mycelium. Only few substances are known 

to inhibit human pathogenic fungi, which are often 

completely resistant to antibiotics, and most of them are 

relatively toxic. The increased incidence of therapeutic 

failure in the treatment of fungal infections and the 

prevalence of opportunistic infections has renewed interest 

in the search for new antifungal agents, including those 

obtained from higher plants. Present results allow 

supposing that these natural compounds could be useful 

agents in the topical treatment of fungal infections. 

Medicinal plants have been used in developing countries as 

alternative treatments to health problems. Many plant 

extracts and essential oils isolated from plants have been 

shown to exert biological activity in vitro and in vivo, 
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which justified research on traditional medicine focused on 

the characterization of antimicrobial activity of these plants 

(Mart´ýnez et al., 1996). Brazil, Cuba, India, Jordan and 

Mexico are examples of countries that have a diverse flora 

and a rich tradition in the use of medicinal plants for both 

antibacterial and antifungal applications (Mahasneh et al., 

1999; Ahmad et al., 2001; Rehder et al., 2004).  

Cryptococcus neoformans, a fungus which causes infection 

during the last stages of AIDS is inhibited both by 

palmarosa oil and geraniol (Viollon et al., 1994).  

Potassium leakage from a different fungus, C. albicans, due 

to action of geraniol over a period of 2 h has been reported 

earlier (Bard et al., 1988) Palmarosa oil led to changes in 

the composition of the yeast cell membrane, with more 

saturated and less unsaturated fatty acids in the membrane 

after exposure of S. cerevisiae cells to the oil. Some of the 

palmarosa oil was lost by volatilization during incubation 

of the oil with the yeast cells. The actual concentration of 

the oil components affecting the yeast cells could not 

therefore be accurately determined (Anjali Prashar et al., 

2003). Reports of some essential oils affecting membrane 

integrity include tea tree oil causing damage to membranes 

in C. albicans while other oils and their components have 

disrupted the permeability barrier of yeast cells (Cox et al., 

1998). The fatty acid composition of microbial cell 

membranes affects their ability to survive in various 

environments (Ghfir et al., 1994). The ratio of saturated to 

unsaturated fatty acids can alter in response to 

environmental conditions (Odumeru et al., 1993). 

Maintenance of an optimal degree of fluidity of membrane 

lipids is important for normal function, with environmental 

adaptation known as homeoviscosic adaptation (Rotert et 

al., 1993; Heipieper and de Bont, 1994). 

Conclusions 

  The essential oils as antimicrobial agents present 

two main characters: the first is their natural origin which 

means more safety to the people and the environment, the 

second is that they have been considered at low risk for 

resistance development by pathogenic microorganisms. The 

antifungal activity is attributed to the components of 

essential oils, which mostly interferes with the cell 

membrane structure and function According to the results 

of this study, the essential oil or their ethanol extract of 

those essential oils may be suggested as a new potential 

source of natural antimicrobial for the prevention, treatment 

and control of fungal diseases in various patients, and in the 

maintenance of materials such as refrigerators. 
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