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ABSTRACT 
 
 This study evaluated the antifungal activity of essential oil of Cymbopogon citratus against four 
mycotoxigenic species of the genus Aspergillus (Aspergillus flavus, Aspergillus parasiticus, Aspergillus 
ochraceus and Aspergillus niger). The oil of C. citratus was obtained by hydro-distillation and analysed by Gas 
Chromatography–Mass Spectrometry (GC-MS). The oil was dominated by monoterpene hydrocarbons which 
accounted for 94.25% of the total oil and characterised by a high percentage of geranial (37.71%), neral 
(33.17%), and myrecene (11.41%). The antifungal activity tests showed that the oil was active against all the 
Aspergillus species under study. The extent of inhibition of fungal growth was dependent on the concentration 
of the oil. Antifungal activity was tested by the poisoned food technique against the four fungi. Minimum 
inhibitory concentration against the fungi was 5μl/ml and percentage inhibition of mycelia growth was 
determined at day 9. The essential oil had a strong inhibitory effect on spore production and germination in all 
tested fungi proportional to concentration. The oil exhibited noticeable inhibition on dry mycelium weight and 
synthesis of aflatoxin B1 (AFB1) by A. flavus, completely inhibiting AFB1 production at 4μl/ml. These results 
show that the essential oil of C. citratus has antifungal activities against fungi that are the producers of 
poisonous mycotoxins found in foods. This oil can be used in food preservation systems to inhibit the growth of 
moulds and retard subsequent mycotoxin production. 
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Introduction 
 
 Essential oils are aromatic substances obtained from various plant parts by steam distillation; many of 
which exhibit antibacterial (Ozcan et al., 2006), antifungal (Chee and Lee, 2007) and antiviral (Khan et al., 
2005) activity. Lemongrass (Cymbopogon citratus) is widely used in traditional medicine in many countries 
around the world. Among its attributable properties are those related to antibacterial and antifungal activities 
(Inouye et al., 2001, Inouye et al., 2006; Bansod and Rai, 2008; Revathi et al., 2012), as well as analgesic and 
anti-inflammatory properties (Negrelle and Gomes, 2007). A large amount of literature is also available on the 
medicinal properties of essential oil present in peppermint (Gulluce et al., 2007; Rasooli, 2008). Aspergillosis 
results from the inhalation of spores of Aspergillus fumigatus. Once in the lungs, the spores of this fungus 
germinate to form a tangled mass of fungus fibers and blood clots. Fungus spreading increases gradually leading 
to the destruction of lung tissue, but they do not always spread to other parts of the body (Bansod and Rai, 
2008). The majority of the clinically applied antibiotics, used to cure this infection, suffer from various 
drawbacks relating to toxicity and drug drug interactions, lack of fungicidal efficacy, cost and finally the 
emergence of resistant strains caused by their frequent use. There is an urgent need towards the use of anti-
fungal substances, especially with high efficiency and less toxic compared to currently used drugs (Rapp, 2004; 
Kauffman, 2006).  
 Cymbopogon citrates (Lemongrass) is an aromatic grasse of the family poaceae. Cymbopogon citratus 
cultivated in Argentian, Brazil, Guatemala, Honduras, Haiti and other Caribbean islands, Java, Vietnam, 
Malaysia, Sri Lanka, Madagascar, Comoros; to a lesser extent in the Philippines, China, India, Bangladesh, 
Burma, Thailand and Africa. It is grown also on a small scale in many other tropical countries, including north-
western Australia which has a climate similar to Guatemala, and Southern Russia (Bagaturiya et al., 1990). 
Demand for whole oil, lemongrass has expanded with their use as a masking fragrance in deodorants, waxes, 
polishes, detergents and insecticides. Small amounts are also used by stock feed manufacturers. Few is used to 
flavour human foods, since fresh grass or stalks are preferred. The whole oil has fungicidal and bactericidal 
properties (Handique and Singh, 1990). 



5771 
J. Appl. Sci. Res., 9(11): 5770-5779, 2013 

 Cymbopogon citratus contains 1 to 2% essential oil on a dry basis. C. citratus is of West Indian origin and 
yields an essential oil with high content of citral (>70%) (Paranagama, 2003; Handique and Singh, 1990). 
Lemongrass oil was non-phytotoxic in nature, since it did not exhibit any adverse effects on germination and 
seedling growth of wheat and rice (Tzortzakis and Economakies, 2007). 
 The EO of C. citratus is already in use by the pharmaceutical industry as a source of new phytochemical 
molecules for the development of new drugs. Previous studies on the leaf EO of C. citratus revealed, 
antityrosinase and antioxidant activities in human cells (Saeio et al., 2011), anti-inflammatory in rats (Gebnou et 
al., 2013), anti- carcinogenic effects and cholesterol reduction in mice (Costa et al., 2011; Bidinotto et al., 
2012). Furthermore, many studies have reported the antimicrobial activity of lemongrass oil originating from 
different parts of the globe against a diverse range of microorganisms comprising Gram positive and Gram 
negative bacteria, yeast and fungi namely Bacillus cereus, Bacillus subtilis, Escherichia coli, Klebsiella 
pneumoniae (Naik et al., 2010), Salmonella choleraesuis, Pseudomonas aeruginosa, Staphylococcus aureus 
(Falcão et al., 2012) and Aspergillus flavus, Aspergillus fumigatus, Aspergillus niger, Alternaria alternata, 
Penicillium citrinum, Curvularia lunata and Trichoderma harzianum (Mahanta et al., 2007). Also, (Shaaban, 
2005) reported that the essential oil of Cymbopogon citratus can be used as a potential source of novel 
antimicrobial agent and can also be further exploited as an alternative food preservatives. The aim of this study 
was to assess the chemical composition, antifungal activity of the volatiles of  Lemongrass oil against some 
Aspergillus spp and the oil evaluated for its effects on mycelial growth, spore production , spore germination in 
all tested fungi, mycelium weight and AFB1 content in A. flavus. 
 
Materials and Methods 
 
Extraction of Essential Oils: 
 
 Fresh leaves of Cymbopogon citratus at flowering stage were harvested, air-dried under the shade and 
stored at room temperature in darkness until distillation. Extraction of essential oil from subjected plant was 
carried out using a Clevenger apparatus according to Guenther (1948) with the following conditions: 40-50 g of 
air-dried plant material, 500 ml distilled water and 2.5 h distillation. The essential oil was dried over anhydrous 
sodium sulfate to remove water after extraction. The obtained oil was preserved into sealed vials and stored in 
refrigerator at 4°C. 
 
Fungal organisms: 
 
 The tested fungal organisms were provided from the culture collections of the Microbiological Dept. 
National Research Center (NRC) Dokki, Giza, Egypt. These include Aspergillus flavus, Aspergillus parasiticus, 
Aspergillus ochraceus and Aspergillus niger the stock cultures were maintained on Czapek Dox agar slants, 
stored at 5ºC. 
 
Assessment of the antifungal activity of oil volatiles: 
 
 Antifungal activity of the essential oil was tested against the four fungal strains reported above following 
the poisoned food technique (Singh et al., 2008). Aliquots of the essential oil dissolved separately in 0.5 ml of 
5% (v/v) Tween-20 were pipetted aseptically onto glass Petri dishes (9 cm×1.5 cm) containing 9.5 ml PDA 
medium at a temperature of 45–50 °C to produce concentrations of 1, 2, 3, 4, and 5 μl/ml. Control plates 
(without essential oil) were inoculated following the same procedure. A fungal disc (9 mm in diameter) of 
mycelium, cut from the periphery of a five-day-old culture using a cork borer, was inoculated aseptically into 
the center of each Petri dish. The plates were sealed with polyethylene film and incubated at a temperature of 
28±2 °C. The efficacy of the treatment was evaluated daily for nine days by measuring the average of two 
perpendicular diameters of each colony. All tests were performed in triplicate. The percentage inhibition of the 
radial growth of the four tested fungi by the oils, compared with the control, was calculated at day 9, using the 
following formula (Albuquerque et al., 2006): 
 
Percentage mycelial inhibition = [(dc- dt) /dc] × 100 
 
 Where dc is the mean colony diameter for the control sets and dt is the mean colony diameter for the 
treatment sets. The lowest concentration that completely inhibited the growth of the fungus was considered the 
minimum inhibitory concentration (MIC). 
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Spore production and spore germination assay: 
 
 Fungal spore production and spore germination were tested using the modified method of Tzortzakis and 
Economakis (2007). Spores from colonies incubated for 6 to 10 days (until spore formation) of A. niger, A. 
flavus, A. parasiticus, and A. ochraceus previously exposed to C. citratus EO enrichment (1, 2, 3, and 4 μl/ml), 
were harvested by adding 5 ml sterile water containing 0.1% (v/v) Tween-20 to each Petri dish and gently 
scraping the mycelial surface three times with a sterile L-shaped spreader to free spores. The suspension was 
collected and then centrifuged at room temperature at 2000×g for 5 min. The supernatant was discarded and the 
remainder was recentrifuged until 1 ml of the highly concentrated spore solution remained. Spore concentration 
was estimated using a haemocytometer slide (depth 0.1 mm, 1/400 mm2) under a light microscope. 
 Spores from 6 to 10-day cultures of A. niger, A. flavus, A. parasiticus, and A. ochraceus, previously 
exposed to C. citratus EO enrichment (1, 2, 3, and 4 μl/ml), were collected as described above. Control 
(requisite amount of sterilized distilled water in place of oil) was subjected to the same procedure. Spore 
suspensions were inoculated into fresh PDA medium in depression slides with an inoculating loop. Depression 
slides containing the spores were assembled with the cover slip and then incubated in a moisture chamber at 28 
°C for 20 h in six replicates. For each treatment, 100 spores were examined and the extent of spore germination 
assessed by looking for germ tube emergence. The number of spores germinated was scored and reported as a 
percentage of spore germination. 
 
A. flavus growth and analysis of aflatoxin B1: 
 
 The anti-aflatoxigenic efficacy of C. citratus EO on A. flavus was studied following Kumar et al. (2007). A 
spore suspension (100 μl) of A. flavus containing 107 spores/ml prepared in 0.1% (v/v) Tween-20 was added to 
20 ml Potato Dextrose Broth (PDB) medium in an Erlenmeyer flask. The requisite amounts of C. citratus EO 
dissolved in 5% (v/v) Tween-20 were transferred to PDB medium to produce 1, 2, 3, 4, and 5 μl/ml 
concentrations. The control sets contained the medium without oil. The flasks were incubated at 28±2 °C for 10 
days. Three replicates of each treatment were performed, and the experiment was repeated three times. After 
incubation, the mycelia produced in liquid cultures were filtered and washed. The dry weight of each mycelium 
was determined after drying at 60 °C for 24 h.  
 AFB1 (aflatoxin B1) in the filtrate was extracted twice with 25 ml chloroform in a separating funnel. The 
chloroform extracts were combined, evaporated to dryness, and the residue redissolved in chloroform up to 1 ml 
in a volumetric flask. Silica gel-G thin layer plate was used for analysis of the AFB1. Fifty microliters of each 
sample spotted onto the TLC sheets was developed in the solvent system comprised of toluene: isoamyl alcohol: 
methanol (90:32:2 v/v/v) (Reddy et al., 1970). The identity of AFB1 was detected under UV lamp at 365 nm and 
confirmed chemically by spraying trifluoroacetic acid (Bankole et al., 2005). For the quantification of AFB1, 
amethyst fluorescent spots of AFB1 on the TLC were scraped out and dissolved in 5 ml cold methanol then 
centrifuged at 2000×g for 5 min. The absorbance of the supernatant was made using a UV–visible 
spectrophotometer (UV-1240, Shimadzu, Japan) at 360 nm wavelength. The amount of AFB1 present in the 
sample was calculated according to the formula by Sinha et al. (1993): 
 
AFB1 content (µg/ml) = (D×M) / (E×l) × 1000  
 
where D is the absorbance, M is the molecular weight of aflatoxin (312), E is the molar extinction coefficient 
(21, 800), and l is the path length (1 cm cell was used). 
In addition, AFB1 inhibition was calculated as follows: 
 
Inhibition % = (1-X/Y) × 100,  
 
 Where X is the mean concentration of AFB1 in the treatment and Y is the mean concentration of AFB1 in 
the control. 
 
GC-MS analysis of essential oil: 
 
 The analysis was carried out by using a coupled gas chromatography Hewlett-Packard model (5890)/ mass 
spectrometry Hewlett-Packard MS (5970). The ionization voltage was 70 eV, mass range m/z 39-400 a.m.u. The 
GC condition was carried out as mentioned above. The obtained peaks were identified by matching with data 
from the library of mass spectra (National Institute of Standard and Technology), comparison of the Kovat’s 
index with those of authentic compounds and with published data (Adams 2001). The quantitative determination 
was carried out based on peak area integration. 
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Statistical analysis: 
 
 Data are reported as mean±standard deviation of nine measurements. Statistical analysis was performed 
using the statistical software package SPSS v 20.0 (SPSS for Windows; SPSS Inc., Chicago, IL). Mean 
comparison was made through an independent sample t-test. Levene's test was utilized to assess the equality of 
variances. One-way ANOVA was used to compare three or more groups, and post-hoc Dunnett’s test was 
performed for simultaneous paired comparisons. P values less than 0.05 (95% confidence level) are reported as 
“statistically significant”. 
 
Results and discussion 
 
 The constituents' percentage of the essential oil is shown in Table (1). Eleven compounds were identified in 
the oil, accounting to about 95% of the total oil. The major identified (GC-MS) compounds were geranial 
(37.71%), neral (33.17%), myrcene (11.41%), Linalool (3.82%), β-caryophyllene (2.05%) and limonene 
(4.12%).  These data are in agreement with those obtained by Sacchetti et al. (2005). The antimicrobial activity 
of the oil may be due to geranial and citral isomers. Also, terpene alcohols such as linalool were reported as 
antimicrobial substances (Pattnaik et al., 1997; Osawa et al., 1999; Lee et al., 2008). Linalool has been reported 
to have a strong inhibitory effect against 17 bacteria and 10 fungi (Pattnaik et al., 1997). In addition, citral 
showed appreciable antimicrobial activity against Gram-positive, Gram –negative bacteria in addition to some 
fungi (Onawunmi, 1989). The essential oil may also be rich in terpenes such as myrcene, limonene and citral, 
antimicrobial activities have been observed with some terpenes of plant origin (Kubo et al., 1993). 
 
Table 1: The chemical composition of the essential oil from Lemongrass analyzed by  GC-MS. 

Component %Conc. 
α-Pinene 0.06 

cis-Sabinene hydrate 0.11 
1-8 Cineole 0.12 

Geranyl acetate 0.23 
Geraniol 0.72 

Terpinolene 1.52 
β-caryophyllene 2.05 

Linalool 3.82 
Limonene 4.12 
3-Myrcene 11.41 

Neral* 33.17 
Geranial* 37.71 

*a mixture of Neral and geranial is called Citral 
 
Antifungal activity assay: 
 
 The growth of the four fungal species over the nine days is shown in Fig. 1. The results showed that growth 
increased with incubation time but mycelial growth was considerably reduced with increasing concentration of 
C. citratus EO. Growth was delayed by five days for A. parasiticus and A. niger, six days for A. flavus, seven 
days for A. ochraceus at 4 μl/ml concentration. A MIC of 5 μl/ml was obtained after nine days of incubation. 
The percentage inhibition of mycelia growth was determined at day 9. The oil revealed a significant reduction in 
mycelial growth with the four fungi Species at 1, 2, 3, and 4 μl/ml concentrations with percentage reduction 
ranges of 19.9%–31.2%, 35.8%–43.4%, 60.0%–65.7%, and 70.6%–87.7%, respectively. 
 
Aspergillus flavus: 
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Aspergillus parasiticus 

 
Aspergillus niger 

 
Aspergillus ochraceus 

 
Fig. 1: Effects of the different concentrations of C. citratus EO on colony diameter (cm) growth of Aspergillus 

flavus, Aspergillus parasiticus, Aspergillus niger, and Aspergillus ochraceus raised in PDA. Plates were 
incubated at a temperature of 28±2 °C for nine days. Values are means (n=3)±standard deviations. 

 
Spore production and spore germination assay: 
 
 The effects of the essential oil on spore production of each of the tested fungi are shown in Fig. 2. Results 
showed that spore production was significantly inhibited by the different concentrations of essential oil, with 
spore production reduced by 23.2% for A. flavus, 39.2% for A. parasiticus, 38.9% for A. niger, and 45.6% for A. 
ochraceus at 1 μl/ml concentration. At 3 and 4 μl/ml concentrations, the essential oil showed a strong inhibitory 
effect, reducing spore production to less than 10%, except for A. flavus. 
 Fig.3 shows the effects of the essential oil on the percentage of spore germination. As the essential oil 
concentration increased, a reduction in the percentage of spore germination was observed. The spores of all the 
control germinated after 20 h incubation at 28 °C in PDA medium. The most pronounced reduction in spore 
germination for all the tested fungi was at the highest essential oil concentration (4 μl/ml): 79.7% for A. flavus, 
88.2% for A. parasiticus, 91.3% for A. niger, and 84.0% for A. ochraceus. 
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Fig. 2: Effects of different concentrations of C. citratus EO on the spore production of four food spoilage fungi. 

Values are means (n=6) ±standard deviations. 
 

 
Fig. 3: Effects of the different concentrations of C. citratus EO on the spore germination of the four food 

spoilage fungi. Values are means (n=6)±standard deviations. 
 
Efficacy of the essential oil on dry mycelium weight and aflatoxin B1 content: 
 
 The efficacy of the essential oil on A. flavus aflatoxin production and dry mycelium weight in PDB medium 
are shown in Table 2. The five different concentrations of essential oil caused different degrees of inhibition in 
terms of dry mycelium weight and AFB1 synthesis (P<0.01). The oil completely inhibited mycelial production 
at 5μl/ml. However, mycelial growth was observed at 4μl/ml though AFB1 production was completely inhibited. 
The AFB1 content was reduced to about half that of the control at 2μl/ml. 
 
Table 2: Efficacy of the different concentrations of C. citratus EO on dry mycelium weight and aflatoxin B1 synthesis by A. flavus. 

Oil Conc.(μl/ml) DMW (mg) AFB1(μg/ml) Inhibition of AFB1 synthesis (%) 
Control 395.8±6.8a 353.4±12.0a 0.0 

1 292.2±4.0b 240.5±6.9b 31.9 
2 271.1±4.2c 162.0±12.0c 54.2 
3 137.1±3.2d 49.1±6.9d 86.1 
4 53.3±1.1e 0.0±0.0e 100.0 
5 0.0±0.0f 0.0±0.0e 100.0 

DMW = Dry mycelium weight (mg); AFB1 = Aflatoxin B1 content (μg/ml). Values are mean (n=3)±standard deviations. Values followed by 
the same letter in each column are not significantly different in ANOVA and Duncan Multiple Range Test (P<0.01). 
 
Discussion: 
 
 In recent years, consumer demand for effective, safe natural products to control food spoilage without 
chemical residues has increased. Essential oils, aromatic volatile products of plant secondary metabolism, have 
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formed the basis of many applications in food flavouring and preservation industries (Rahman and Kang, 2009; 
Tsigarida et al., 2009). The essential oil of C. citratus analyzed in this study was dominated by monoterpene 
hydrocarbons which accounted for 94.25% of the total oil and characterised by a high percentage of geranial 
(37.71%), neral (33.17%), and myrecene (11.41%) Table (1). The oil showed antifungal activities against 
mycotoxigenic species A. flavus, A. parasiticus, A. ochraceus, A. niger. The antifungal activity of this oil may 
be due to the presence of several components known to have biological activities Fig. 1. These major 
components of the oil, namely geranial, neral and geraniol, have been reported to possess high antifungal 
activity (Lee et al., 2008; Shaaban,2005; Al Yousef, 2013). A natural mixture of geranial and neral, the two 
isomeric acyclic monoterpene aldehydes, is referred to as citral. Geranial and neral are actually trans and cis 
citral respectively. Citral has been reported to show various antifungal activities (Onawunmi, 1989). The high 
antifungal activity of this oil could be mainly attributed to the presence of these two isomers, although, other 
minor constituents like α-pinene have been reported as the main cause of the antifungal activity of the oil from 
Pistacia lentiscus (Anacardiaceae) (Magiatis et al., 1999).  
 The other major component, myrecene, is not known to show any antifungal activity. Aldehydes and 
alcohols have been known to be active but with differing specificity and levels of activity, which is related not 
only to the functional group present but also to hydrogen bonding parameters (Skaltsa et al., 2003; 
Taweechaisupapong et al., 2012 ). Another minor monoterpene alcohol, linalool, is reported to have a wide 
range of antibacterial and antifungal activity (Pattnaik et al., 1997). Linalool is known to inhibit spore 
germination and fungal growth. The inhibition of sporulation appears to arise from respiratory suppression of 
aerial mycelia (Lahlou and Berrada, 2001). The fourth major constituent of this oil, geraniol, has been reported 
to show antifungal activity and its mode of action involves enhancing the rate of potassium leakage out of the 
cells (Bard et al., 1988). In general, the inhibitory action of natural products on mould cells involves cytoplasm 
granulation, cytoplasmic membrane rupturing and inactivation and/or synthetic inhibition of intercellular and 
extracellular enzymes (Souza et al., 2005). These actions can occur alone or in combination and culminate in 
inhibition of mycelium germination (Cowan, 1999; Al Yousef, 2013).  To the best of our knowledge, there is no 
report of poisonous compound being isolated from Cymbopogon citratus. In particular, there were no poisonous 
compounds detected in C. citratus EO by GC–MS analysis (Table 1). Furthermore, the yield of essential oil is 
2.3% (v/w), which is relatively high. Thus, C. citratus EO is suitable for development into a food preservative.  
 In our study, C. citratus EO showed pronounced antifungal efficacy against all tested fungi. Mycelium 
growth was reduced with increasing concentrations of the oil. However, for A. ochraceus, at 4μl/ml, fungal 
colonies began to develop seven days after inoculation whereas the other test fungi started growing earlier than 
seven days, indicating that the hyphae of A. ochraceus may be more sensitive to C. citratus EO than the other 
tested fungi.  
 The essential oil was also effective in inhibition of sporulation and germination of food spoilage fungi. The 
inhibitory effect of the essential oil on sporulation of different fungi has been previously reported (Kuate et al., 
2006; Pawar and Thaker, 2006; Mahanta et al., 2007; Tzortzakis and Economakis, 2007; Gandomi et al., 2009; 
Taweechaisupapong et al., 2012). As shown in Fig. 2, the percentage of spore production of A. flavus was 
visibly higher than that of the other tested fungi, which is attributed to greater resistance than the other fungi to 
the essential oil. Moreover, the absolute number of the produced spores differed greatly among all tested fungi. 
In this study,  A. ochraceus produced 3×106 spore/ml without oil treatment; for A. niger, however, spore 
production was up to 1.9×108 spore/ml without oil treatment (data not presented). The mycelia were completely 
inhibited at 5 μl/ml, which resulted in the failure of spore production. The effects of essential oil on sporulation 
might reflect the effects of volatile components produced by oil on surface mycelial development and/or the 
perception/transduction of signals involved in the switch from vegetative to reproductive development 
(Tzortzakis and Economakis, 2007). In addition, the partial inhibition of spore production could be attributed to 
mycelial destruction or inhibition of fungal growth (Tataoui-Elaraki et al., 1993). This study also describes the 
effect of essential oil on fungal spore germination. As the essential oil concentration increased, a visible 
reduction in the percentage of spore germination was observed in the test fungi. Sharma and Tripathi (2006) 
found that the Citrus sinensis oil is extremely toxic to spore germination; completely inhibiting spore 
germination in A. niger and A. ochraceus at 400 ppm. However, Al-Burtamani et al. (2005) reported that the 
Haplophyllum tuberculatum oil also affects the mycelial growth of A. ochraceus, Curvularia lunata, and 
Fusarium oxysporium in a dose-dependent manner but has no effect on the germination of their spores. 
 A. flavus can produce AFB1, so we examined the effect of C. citratus EO on AFB1 production. Our results 
showed that C. citratus EO can effectively reduce dry mycelium weight and inhibit the synthesis of AFB1 in A. 
flavus. The essential oil exhibited anti-aflatoxigenic properties at concentrations lower than its fungitoxic 
concentration, similar types of results were also reported by Shukla et al. (2009) and Rasooli et al. (2008). Some 
studies have shown that there is a direct correlation between fungal growth and AFB1 production (Kumar et al., 
2008, 2010). However, the inhibition of AFB1 production cannot be completely attributed to reduced fungal 
growth, but was attributed to the inhibition of carbohydrate catabolism in A. flavus by acting on some key 
enzymes, thus reducing its ability to produce AFB1 (Tatsadjieu et al., 2009). The mechanism of the inhibition of 
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AFB1 production is not so far clear. C. citratus EO may interfere with some steps in the metabolic pathways 
which control the biosynthesis of AFB1 in A. flavus. Determining the mechanism of AFB1 suppression requires 
further investigations on C. citratus EO. 
 The findings of this study, clearly show that the essential oil of C. citratus has antifungal activity and can be 
used in practical application for the inhibition of mould growth and mycotoxin production in food spoilage 
fungi. It would be important to establish the actual bioactive component/s and the mode of action of the essential 
oil against the Aspergillus species. Of interest also would be to determine the effect of the oil on mycotoxin 
production ability of the moulds. 
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