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ABSTRACT 
 

The composition and antifungal activity of essential oils (EOs) of some species of family Apiaceae were 
tested against Aspergillus flavus fungus. The EOs were analysed by GC and GC-MS. The EOs showed a high 
content of linalool , geranyl acetate , γ –terpinene, estragole , carvone ,limonene. The results show that both 
fungal growth and aflatoxin biosynthesis were decreased by tested oils compared to control. The inhibitory 
effect of the oils increased in proportion to their concentrations. Coriander oil (Coriandrum sativum L) was the 
most effective oil against fungal growth and aflatoxin production at all concentrations studied. The total 
inhibition of Aspergillus flavus growth was observed at 1000 ppm concentrations of essential oils of coriander 
(Coriandrum sativum L) and caraway (Carum carvi L). These oils may be recommended at 1000 ppm 
concentration as food additive in protecting the spices from biodeteriorating fungi as well as from aflatoxin 
contamination. 
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Introduction: 
 

Natural antimicrobial agents derived from sources such as plant oils have been recognized and used for 
centuries in food preservation. Aromatic plants and spices have been used in folk medicine as antimicrobial and 
antifungal agents since ancient times. Essential oils (EOs) and spices were used by the early Egyptians and have 
been used for centuries in Asian countries such as China and India (Cowan, 1999; Grayer & Harborne, 1994). 

The antimicrobial and antifungal properties have been attributed to plants’ secondary metabolites with 
complex molecular structures. These secondary metabolites include alkaloids, flavonoids, isoflavonoids, 
tannins, coumarins, glycosides, terpenes and phenolic compounds. (Lanciotti et al., 2004). 

The essential oils (EOs) from aromatic plants are known to possess antibacterial and antifungal activity 
(Burt, 2004). Some EOs have shown important antifungal activity against yeasts, dermatophyte fungi and 
Aspergillus strains, which could predict therapeutic benefits (Pinto et al., 2006). They constitute, in this way, 
complementary or alternative therapeutic options that are increasing in popularity, yet they still have scant 
scientific credibility. 

Numerous studies have documented the hazardous nature of aflatoxins to human and animals this 
necessitates the need for establishment of control measures. Aflatoxins are secondary metabolites produced by 
specific filamentous fungi that contaminate agricultural commodities. They are toxic to humans and animals, 
cause significant reductions in crop yield and cause economic losses (Gourama and Bullerman,1995; Gqaleni et 
al., 1996).  

Their occurrence in various countries has been well documented (Bathnagar and Garcia,2001). When the 
fungi invade and grow in commodities such as peanuts, corn , the resulting contamination with aflatoxins often 
makes the commodities unfit for consumption (Vardon,2003). Consumption of mycotoxin-contaminated foods 
has been associated with several cases of human poisoning, or mycotoxicosis, sometimes resulting in death 
(Bathnagar and Garcia, 2001). Aflatoxins cause liver damage to humans and to most experimental animal 
species tested (Gradelet et al., 1997). Aflatoxin B1 (AFB1) is a highly toxic and carcinogenic metabolite 
produced by Aspergillus species on food and agricultural commodities (Leontopoulos et al., 2003).  

Until now, many studies have revealed that Aspergillus growth was completely inhibited by many plants 
EOs. The antifungal efficacy of plant essential oils may be attributable to the oil compositions (Alpsoy, 2010). 

Family Apiaceae (or Umbelliferae), is a family of mostly aromatic plants with hollow stems. This family is 
large, with more than 3,700 species spread across 434 genera. Many plants in this family, have estrogenic 
properties and have been used as a folk medicine for birth control, a sedative and in treatments for arthritis , 
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jaundice, asthma, diuretic, as a stimulant for uterine contraction, diarrhea; halitosis; genitourinary problems; 
carminative, antispasmodic, and stimulant (Gottlieb et al. 2002). There is no enough studies about the species of 
this family for their antifungal activities. 

The objective of our present research was to evaluate the antifungal activity and investigate the mechanism 
of action of some family Apiaceae species (Carum carvi L.; Foenicculum vulgare L.; Coriandrum sativum L). 

 
Methodology: 
 
Plant materials: 

 
Three herbal spices belonging to family Apiaceae (Carum carvi L.; Foenicculum vulgare L.; Coriandrum 

sativum L) were used in this study. The plant materials were purchased from local markets and authenticated in 
the herbarium of faculty of science, Cairo University and National Research Center, Egypt. 
 
Preparation of volatile oils: 

 
One kg of each plant seeds were subjected to hydrodistollation. The volatile oils then collected and dried in 

desiccators over anhydrous Ca SO4 . Each volatile oil sample was kept in dark bottle till used. 
Essential oils were analysed by GC and GC-MS. 
 

Gas chromatography (GC): 
 
For analysis of the chemical constituents of the plants essential oil, a gas chromatograph (Perkin-Elmer 

model 8700), fitted with a flame ionization detector (FID) was used. A HP-5MS capillary column (30 m × 0.25 
mm, film thickness 0.25 μm) was used for separation purposes. The initial column temperature was set at 80°C 
and then raised to 220°C by the rate of 4°C/min. The initial and final column temperatures were held for 3 and 
10 min, respectively. The operating temperatures for detector and injector were 220 and 290°C, respectively. 
The mobile phase used was helium at a flow rate of 1.5 ml/min. A 1.0 μl sample was injected using split mode 
(split ratio 100:1). All the quantitative measurements were made using a built-in data-handling program of the 
gas chromatograph (Perkin-Elmer, Norwalk, CT, USA). The composition of oil chemical constituents was 
reported as a relative percentage of the total peak area. 

 
Gas chromatography/mass spectrometry analysis (GC-MS): 

 
The essential oil was also analyzed and authenticated for chemical composition using an Agilent-

Technologies 6890N network gas chromatographic (GC) system (Little Falls, California, USA), equipped with 
5975 inert XL mass selective detector and 7683B series auto injector (Agilent-Technologies). A sample volume 
of 1.0 μl was injected, applying split mode (split ratio 100:1), into HP-5 MS capillary column (30 m x 0.25 mm, 
film thickness 0.25 μm; Little Falls, CA, USA) using the same column temperature and gas flow rate as selected 
previously for GC analysis. An electron ionization (EI) system, with ionization energy (70 eV), was used for 
GC/MS detection. Mass scanning range was varied over 50 to 550 m/z. The injector and MS transfer line 
temperature were 220 and 290°C, respectively. The essential oil chemical compounds were identified on the 
basis of matching their retention indices in relation to nalkanes (C9-C24) and moreover with those of authentic 
compounds or published data (Minica, et al., 2004; Vagionas et al., 2007). 

Besides, the comparison of MS spectral data of the compounds with those from NIST mass spectral library 
was also applied to authenticate the compounds (Masada, 1976; Adams, 2001). 

 
Fungal strain: 

 
Aspergillus flavus strain, was used as an aflatoxigenic strain for all in vitro experiments. It was kept on 

potato-dextrose-agar (PDA) media and was incubated at 25 ̊ C for 10 days.  
 
Fungal inoculum preparation: 

 
From single spore cultures of A. flavus grown on PDA media, the spores were harvested from the surface of 

the agar plates by washing off the surface of the slant with 10 ml of sterile 0.1% Tween 80 (Merck, Germany) 
solution to obtain a concentration of 106 spore/ml and was utilized on the same day. 
 
Antifungal activity of essential oils: 
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Fifteen  ml of  YES medium, was put in a 250 ml-flasks and then autoclaved at 120 °C for 15 minutes. 
Inoculation was carried out by adding 1 ml of a suspension of spores (105 spores) of the toxigenic A.flavus strain 
with either 500 ppm, 750 ppm or 1000 ppm  of one of the inhibitory essential oils or without essential oils 
(control). The flasks were  incubated in the dark for 14 days at 25 °C. After the incubation period, the growth of 
the aflatoxigenic fungi A.flavus in all flasks was visually examined.  

 
Determination of mycelial weight: 

 
Extraction of aflatoxins produced in the YES culture was carried out according to the method of Munimbazi 

and Bullerman (1998). Where, the mycelium of each flask was harvested by filtration through Whatman paper 
(No.4), then extracted by 100 ml chloroform. Chloroform extract was then dried by addition of anhydrous 
sodium sulfate and evaporated to dryness under nitrogen at temperature below 60oC. The net dry weight of 
mycelia was then determined.  

 
Estimation of aflatoxin B1content of YES medium by HPLC: 

 
The dry film was used for the detection of aflatoxins by high performance liquid chromatography (HPLC) 

as follows: 
 

Derivatization: 
 
 Tow hundred µl hexane were added to  the clean up dry film of control and tested samples followed by 50 

µl trifluroacetic acid (TFA) and mixed by vortex vigorously for 30 seconds. The mixture was left to stand for 5 
minutes. Then, 450 ml water- acetonitril (9 +1 v/v) were added and mixed well for 30 seconds, and the mixture 
was left to stand for 10 minutes to form two separate layers. The lower aqueous layer was used for HPLC 
analysis (AOAC, 2000). 
 
Apparatus: 
 

The HPLC system consisted of Waters Binary Pump Model 1525, a Model Waters 1500 Rheodyne manual 
injector, a Watres 2475 Multi-Wavelength Fluorescence Detector, and a data workstation with software Breeze 
2. A phenomenex C18 (250x 4.6 mm i.d), 5 um from Waters corporation (USA). An isocratic system with 
water:acetonitrile: methanol 240:120:40 (Deabes et al.2012). The separation was performed at ambient 
temperature at a flow rate of 1.0 mL/min. The injection volume was 20 mL for both standard solutions and 
sample extracts. The fluorescence detector was operated at a wavelength of 360 nm (excision ) and 440nm 
(emission). 
 
Quantitation: 
 

After derivatisation ,the mixed solutions of control as well as tested extracts were filtered through a 0.22 
mm membrane filter and loaded (20 ml) into a 20 ml injection loop. The elution order of the aflatoxin B1 was  
B2a (B1  derivative). AFs contents in samples were calculated from chromatographic peak areas using the 
standard curve .  

The experiments were replicated thrice. 
% inhibition = (control- treatment /control x100). 

 
Statistical analysis: 

 
All data from three independent replicate trials were subjected to statistical analysis using statistical 

software (SPSS 10.0; Chicago, USA). Data are reported as means ± standard deviations. The significant 
differences between mean values were determined by Duncan's Multiple Range test (p<0.05), following one-
way ANOVA.  

 
Results and Discussion 

 
The essential oils from family Apiaceae were tested for the effect on the growth of A. flavus  and aflatoxin 

B1 production on YES media for 14 days.  
The details of the oils were shown in Table 1. Their major and minor constituents were analysed using GS 

and GS/MS and their details were illustrated in Tables 2,3,4. 
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Table 1: Family, species and common name of the studied plants 

Family Species Common name 
 

Apiaceae Carum carvi L. Caraway 
 

Apiaceae Foenicculum vulgare L. Fennel 
 

Apiaceae Coriandrum sativum L. Coriander 
 

 
The major constituents of family Apiaceae were: γ- Terpinene ; Linalool ; Geranyl acetate (in coriander) - 

Carvone ; γ –Terpinene ; Limonene (in caraway) – Estragole ; Limonene ; Fenchone  (in fennel). 
EOs are a group of terpenoids, sesquiterpenes and possibly diterpenes with different groups of aliphatic 

hydrocarbons, acids, alcohols, aldehydes, acyclic esters or lactones (Fisher & Phillips,2006). EOs and other 
plant extracts are principally responsible for the antimicrobial and antifungal activities in plants, herbs and 
spices. Major components of the EOs can constitute up to 85%, and other components are usually at trace levels 
(Burt, 2004; Grosso et al., 2008). 

α-Pinene, cineole, limonene, linalool and geranyl acetate are five common antimicrobial compounds that 
have been effective against some food-borne pathogens and antibiotic-resistant Staphylococcus aureus, Bacillus 
cereus, Escherichia coli and Campylobacter jejuni (Chen et al., 2008; Sandasi et al., 2008).. 

 
Table 2: Caraway (Carum carvi L.) seeds essential oil composition 

Compound % 
α-Pinene 
Camphene 
β-Pinene 
β-Myrcene 
Limonene 
γ –Terpinene 
β-Ocimene 
p-Cymene 
Terpinolene 
limonene oxide 
Camphor 
Linalool 
Linalyl acetate 
Terpinene-4-ol 
β-Caryophyllene 
Dihydrocarvone 
α-Terpineol 
Germacrene-D 
Carvone 
β- Selinene 
α- Farnesene 
Citronellol 
δ- Cadinene 
γ –Cadinene 
Cuminaldhyde 
Nerol 
Trans-carveol 
Nonadecane 
Spathulenol 
Eugenol 
Thymol 
Carvacrol 

0.3 
0.2 
0.1 
0.1 
5.1 
12.6 
0.1 
0.1 
0.1 
0.1 
0.2 
0.7 
0.3 
0.1 
0.2 
0.1 
0.1 
0.3 
70.1 
0.2 
0.4 
0.1 
0.3 
0.5 
0.1 
0.2 
0.1 
0.1 
0.3 
0.2 
0.5 
0.2 

Total% 94.1 
 
Table 3: Fennel (Foenicculum vulgare L.) seeds essential oil composition: 

Compound % 
ɑ -pinene 
Camphene 
β-pinene 
β-Myrcene 
Phellandrene 
p-Cymene 
Limonene 
γ –Terpinene 
β-Ocimene 
Fenchone 
Linalool 
Camphor 
Estragole 

4.0 
0.5 
2.4 
1.3 
0.2 
0.2 
20.2 
0.1 
0.2 
10.6 
0.2 
0.5 
50.1 



4968 
J. Appl. Sci. Res., 8(10): 4964-4973, 2012 
 

Fenchyl acetate 
Cumic aldehyde 
p-Anisaldehyde 
trans-Anethole 
Germacrene-D 

0.2 
0.2 
0.3 
5.1 
T 

Total % 96.3 
 
Table 4: Coriander (Coriandrum sativum L.) seeds essential oil composition: 

Compound Percentage 
γ- Terpinene 
Camphene 
Verbenol 
Sabinene 
β- Pinene 
β – Myrecene 
Cyclooctanol 
α- Thujene 
m-Cymene 
Limonene 
Ε-Ocimene 
Ζ- Ocimene 
α – Terpinene 
Verbenol 
Linalool 
Thujol 
α-Campholenal 
Citronellal 
Borneol 
4-Terpineol 
Decanal 
Ζ-Verbenone 
Citronellol 
Citral 
Geraniol 
Eugenol 
Carveol 
Methyl geranate 
Citronellyl acetate 
Geranyl acetate 
β-Elemene 
Dodecenal 
Caryophyllene 
β-Farnesene 
2- Dodecenal 
Curcumene 
α-Cubebene 
β-Bisabolene 
β-Sesquiphellandrene 
Ε-Nerolidol 
α-Bisabolol 

10.6 
0.4 
0.4 
0.3 
2.0 
0.7 
0.1 
2.8 
2.0 
2.5 
0.1 
0.2 
0.1 
0.1 
40.9 
0.2 
0.2 
2.1 
0.3 
0.1 
0.2 
0.1 
1.5 
1.8 
2.0 
1.0 
0.3 
0.2 
2.0 
12.8 
0.1 
0.2 
0.4 
0.1 
0.2 
1.1 
0.2 
0.9 
3.0 
0.2 
0.2 

Total  % 94.6 
 
In our study, when applying the tested oils on the fungal growth, both fungal growth and aflatoxin 

biosynthesis were decreased by all oils tested compared to control. The inhibitory effect of the oils increased in 
proportion to their concentrations. (Table 5; Fig 1,2,3,4,5 ). Coriander oil was the most effective oil against 
fungal growth and aflatoxin production at all concentrations studied. The total inhibition of Aspergillus flavus 
growth was observed at 1000 ppm concentrations of essential oils of coriander and caraway. Our results 
conducted in YES medium, which is high nutritious medium. Complete inhibition of A. flavus growth and 
afltoxin B1 production at 1000 ppm of coriander and caraway, indicated that highly nutritious medium such as 
YES could not support fungal cells resistance against the tested oils. 

 
Table 5: Effect of different concentration of spice essential oils on the mycelia dry weight and aflatoxin production in YES medium 

 
Treatment 

 
Concentration of essential 
oils (ppm) 

 
Mycelial dry weight (g/ml) 

 
Concentration of aflatoxin 
B1(ng/ml)a 
 
 

 
 
Coriandrum sativum L. 

 
500 

 
14.333 ± 2.516 

 
0.232 ± 0.003 a,c 

750 3.666 ± 1.154 0.174 ± 0.002 b 
1000 0.000 ± 0.000 0.110 ± 0.010 
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Foenicculum vulgare L. 

500 19.000 ± 1.000 0.733 ± 0.025 
750 12.333 ± 1.154 0.672 ± 0.001 
1000 5.000 ± 1.000 0.470 ± 0.008 

 
 
Carum carvi L. 

 
500 

 
13.333 ± 1.527 

 
1.223 ± 0.001 

750 7.666 ± .577 0.881 ± 0.001 
1000 0.000± 0.000 0.110 ± 0.010 

 
Control 

  
71.666 ± 1.527* 

 
25.808 ± .599* 
 

 
a significant differences between concentration 500 & 750, b significant differences between concentration 

750 & 1000, c significant differences between concentration 500 & 1000  in the same column. a Data are means 
of triplicates (± standard deviation). * significant differences between tested oils in all concentrations used 
compared with control. 

 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 

Fig. 1: Inhibitory effects of essential oils tested to aflatoxin B1 production. 
 
It may be deduced that fungal growth inhibition and subsequent aflatoxin B1 production were related mostly 

to linalool , γ- Terpinene , Geranyl acetate and Carvone major contents of the oils. It should be noted that there 
was a gradual increase in inhibition due to the increased concentration of tested essential oils. However, 
coriander oil suppress completely the growth and aflatoxin B1 production at all concentrations tested (500,750 
and 1000 ppm).  

Some researchers reported that there is a relationship between the chemical structures of the most abundant 
compounds in the essential oils and the antimicrobial activity. According to Baydar et al. (2004) phenolic 
components, such as eugenol, anethole, carvacrol, its precursors r-cimene and g-terpinolene and its isomers 
thymol, are chiefly responsible for the antimicrobial properties of essential oils. Also, the physical nature of 
essential oils, that is, low molecular weight combined with pronounced lipophilic tendencies allow them to 
penetrate cell membrane more quickly than other substances (Pawar and Thaker, 2007). 
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Fig. 2: High performance liquid chromatogram of aflatoxin B1 produced by A. flavus (control).  

Figure 2. High performance liquid chromatogram of aflatoxin B1 produced by A. flavus (control). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3: High performance liquid chromatogram of aflatoxin B1 produced by A. flavus treated by caraway EO at  
            1000 ppm concentration. 

 
 
 
 
 
 
 
 
                 
 
 
 
 
 
 
 
 
 

Fig. 4: High performance liquid chromatogram of aflatoxin B1 produced by A. flavus treated by fennel EO at  
            1000 ppm concentration. 
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Fig. 5: High performance liquid chromatogram of aflatoxin B1 produced by A. flavus treated by coriander EO at  
            1000 ppm concentration. 

 
However, there is evidence that minor components have a critical part to play in antimicrobial activity, 

possibly by producing a synergic effect between other components (Burt, 2004). The antimicrobial activity of 
essential oils or their constituents could be in different ways; (1) The result could be in the form of damage to 
the enzymatic cell system, including those associated with energy production and synthesis of structural 
compounds (Conner and Beuchat, 1984 a,b), (2) denaturation of the enzymes responsible for spore germination 
or interference with the amino acid involved in germination (Nychas, 1995) and (3) irreversible damage in cell 
wall, cell membrane and cellular organelles when A. parasiticus and A. flavus were exposed to different 
essential oils (Rasoli and Owlia, 2005;Helal et al., 2007). 

The essential oils can decrease the damaged effect of aflatoxins by two different ways. Firstly, DNA 
binding formation of aflatoxins is reduced by essential oils. Secondly, aflatoxins cause increase of reactive 
oxygen species and essential oils react with ROS. Therefore, essential oils protect the cells from harmful impact 
of aflatoxins. 

Recently, the natural products such as plant extracts have been identified as potential candidates against 
AFB1. A few study show that essential oils reduce DNA binding of aflatoxin. Essential oils from common spices 
such as nutmeg, ginger, cardamom, celery, xanthoxylum, black pepper, cumin and coriander were tested for 
their ability to suppress the formation of DNA adducts by AFB1 in vitro in a microsomal enzyme-mediated 
reaction. All 

oils were found to inhibit adduct formation very significantly and in a dose-dependent manner. The adduct 
formation appeared to be modulated through the action on microsomal enzymes, because an effective inhibition 
on the formation of activated metabolite was observed with each oil. The enzymatic modulation is perhaps due 
to the chemical constituents of the oils and this could form a basis for their potential anticarcinogenic roles 
(Hashim et al., 1994).  

The antiaflatoxigenic actions of EO may be related to inhibition of the ternary steps of aflatoxin 
biosynthesis involving lipid peroxidation and oxygenation (Bluma et al., 2007) 

 
Conclusion: 

 
The present study demonstrated the potential food preservative ability of the EOs from family Apiaceae 

(particularly, Carum carvi L and Coriandrum sativum L) against, A. flavus favourably at 1000 ppm 
concentration.  These aromatic plants commonly used as spices or in beverage formulations are feasible as they 
are considered safe. However, further studies on their stability as food preservatives are needed here, including 
possibly their toxicity if used in the concentrations studied here. 
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