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ABSTRACT 
 

Fenugreek (Trigonella foenum-graecum), an annual legume native to the Mediterranean region, locally 
known as helba, is cultivated in Egypt as well as other parts of the world not only as a leafy vegetable but also 
for medicinal purposes. The antifungal activity of aqueous and ethanol extracts of Fenugreek seeds were tested 
against aflatoxigenic fungus Aspergillus flavus, Aspergillus parasiticus and to test the extracts for their ability to 
inhibit aflatoxin B1 production. The strongly inhibition was shown with ethanol extract 5%, the highest 
percentage inhibition (87.3%) was observed with Aspergillus parasiticus. The second highest inhibition (81.6%) 
was observed with Aspergillus flavus. It is clear that ethanol extraction yielded higher antifungal activity than 
aqueous extract. The results showed that ethanol extract at 5% of fenugreek seeds gave the highest inhibition or 
reduction of AFB1 production, where a percentage reduction to 91.22% and 92.35% with Aspergillus flavus and 
Aspergillus parasiticus respectively. 
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Introduction 

 
A variety of moulds routinely infect the world’s cereal crops. Under certain field or storage conditions, 

some moulds can produce toxic metabolites “mycotoxins“. Aflatoxins (AFs) are a group of highly carcinogenic 
mycotoxins produced primarily by the fungus Aspergillus flavus. Within the group of AFs, Aflatoxin B1 (AFB1) 
have been reported to be carcinogenic, teratogenic, tremorgenic, and dermatitic to a wide range of organisms, 
and known to cause hepatic carcinoma in humans (Kumar et al., 2008). AFs are produced by some strains of 
Aspergillus spp., such as strains of Aspergillus flavus and Aspergillus parasiticus, and they can be found as 
contaminants in a wide variety of food and feed commodities. AFs contamination in agricultural products is a 
serious problem from the viewpoint of food safety, and also that of economical loss (Bennett and Klich, 2003). 
AFs contamination of agricultural crops causes annual losses of more than 750$ million in Africa (Jolly et al., 
2009). Fungal growth on stored grain causes significant reductions in both the quantity and the quality of the 
grain. For example, in the United States, more than  400 million tones of grain are stored every year and the 
annual storage  losses caused by fungi and insects are estimated at more than 500$ million (Coulibaly et al., 
2008).  

Various agricultural commodities have been found to be contaminated with either AFs producing fungi or 
AFs. Although the presence of Aspergillus mould does not necessarily indicate aflatoxin contamination, there is 
certainly an increased risk (Robertson, 2005).The use of synthetic chemicals as antimicrobials has greatly 
contributed to management of such losses, but indiscriminate application of chemicals has led to a number of 
ecological and medical problems due to residual toxicity, carcinogenicity, teratogenicity, hormonal imbalance, 
spermatotoxicity, etc. (Pandey, 2003). Natural products and their active principles as sources for new drug 
discovery and treatment of diseases have attracted attention in recent years. Herbs and spices are generally 
considered as safe and proved to be effective against various human ailments. Their medicinal use has been 
gradually increasing in developed countries. So, natural substances that can prevent AFB1 toxicity would be 
helpful to human and animal health with minimal cost of foods and feeds. Traditional medicinal plants were 
applied by some researchers for their antifungal, antiaflatoxigenic and antioxidant activity (Joseph et al., 2005; 
Kumar et al., 2007). We have been studying specific inhibitors of AFs production by Aspergillus flavus and 
Aspergillus parasiticus, based on the idea that they may be useful in preventing foods and feeds from 
contamination by AFs, without incurring a rapid spread of resistant strains. 

Fenugreek (Trigonella foenum-graecum), an annual legume native to the Mediterranean region, locally 
known as helba,  is cultivated in Egypt as well as other parts of the world  not only as a leafy vegetable but also 
for medicinal purposes (Som and Maity, 1993).  The first recorded use of fenugreek is described on an ancient 
Egyptian papyrus dated to 1500 B.C. Fenugreek seed is commonly used in cooking (Flammang et al., 2004).  
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Green helba is a good source of iron (Fe) as well as other minerals for human beings. Seeds contain proteins 
26%, water-soluble polysaccharide (galactmannan) 20%, hemi-cellulose and cellulose 24.5%, water  9%, fat 
(fenugreek oil) 7%, lignin 2.5%, and saponins  8-10% (Chhibba et al., 2000). On the other hand Fenugreek 
seeds contain a number of steroidal sapogenins, (saponin fenugrin B) as well as alkaloids (Zhao et al., 2002).  A 
crude extract of fenugreek displayed the third most effective antifungal activity however complete inhibition of 
fungal growth was not observed. The fenugreek plant lacks flavonoids but is rich in alkaloids (in both the 
ethanolic and aqueous fractions) and phenolic compounds (aqueous layer). However, the fractionation process 
might have weakened their cumulative activities against fungal growth. It has been reported that the ethanolic 
extract of fenugreek was highly specific for dermatophytes (Olli and Kirti 2006).  

The Fenugreek, due to the presence of steroidal alkaloids, showed antifungal activity against fungi (Al-
Fatimi et al., 2007). Several strategies were developed to either prevent fungal contamination or mycotoxins 
production either pre-or post-harvest stages. The global trend now tends to use natural materials with a natural 
source as antifungal instead of chemicals, which remain in food in addition to the economic cost of antiretroviral 
price-this is in addition to the resistance of some fungi of those antifungal long terms as a result of the change in 
genetic composition to resist these conditions.  Plants contain a wide variety of secondary metabolites such as 
tannins, terpenoids, alkaloids, and flavonoids, which reported to have in vitro antifungal properties (Arif et al., 
2009). The objectives of this study were to evaluate the aqueous and ethanol extracts of Fenugreek seeds against 
growth of Aspergillus flavus, Aspergillus parasiticus and to test the extracts for their ability to inhibit AFB1 
production. 

 
Materials And Methods 

 
 Materials: 

 
Fenugreek seeds: 

 
Dried of fenugreek seeds were purchased from local market, Cairo, Egypt. Seeds were washed with distilled 

water to get rid of extraneous matter, air dried and ground into a fine powder in a mixer. 
 
Fungal strains: 

 
The fungal strains used in this study were Aspergullis flavus (ATCC 28542) and Aspergullis parasiticus 

(ATCC 185592), obtained from MIRCEN, (Microbial Research Center, Faculty of Agriculture, Ain Shams 
University, Cairo, Egypt. All cultures were maintained on potato dextrose agar (PDA, Difco) slants, as 
previously reported (Hitokoto et al., 1980). 

The strains were cultivated on PDA slants at 28 ºC until they were sporulated, about 7 days. Spores were 
harvested by adding 10 ml of sterile distilled water containing 0.05% Tween 20 and scraping the surface of the 
culture to free the spores. The spore suspension was further adjusted with sterile 0.05% Tween to give a final 
concentration of 106 spores/ml. Spore concentration was determined with a hemacytometer. 
 
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. 
A phenomenex C18 (250 x 4.6 mm i.d.), 5 μm from Waters corporation (USA). An isocratic system with water: 
methanol: acetonitrile 240:120:40. The separation was performed at ambient temperature at a flow rate of 1.0 
mL/min. The injection volume was 20 μl for both standard solutions and sample extracts. The fluorescence 
detector was operated at wavelength of 360 nm for excision and 440 nm for emission. 
 
Methods: 
 
Preparation of aqueous and ethanolic extracts of fenugreek: 
 
Aqueous extract: 

 
The powder of fenugreek seeds  was mixed with distilled water; half gram of the  powder fenugreek seeds 

was extracted by soaking in 100 ml distilled water at room temperature for 24 h in a shaker to give a 
concentration of 0.5% w/v and  the same steps were carried out  with the other concentrations (1,  2, 3  ,4 and 
5%). Extract was then filtered under vacuum. First, through a Whatmman No.3 disk and then, re-filtered through 
a nitro-cellulose paper (ø = 0.45 μm) to reduce the risk of interference by microorganisms.  Antifungal activity 
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was evaluated on Aspergillus flavus and Aspergillus parasiticus at aqueous extract concentrations of 0.5%, 1%, 
2%, 3%, 4% and 5%, respectively.  
 
Ethanolic extract:  

 
Half gram of the powered fenugreek seed material was soaked in 100 ml ethanol (80%) for overnight and 

then filtered through Whatmann filter paper No.41 along with 2g sodium sulphate to remove the sediments and 
traces of water in the filtrate. Before filtering the filter paper along with sodium sulphate was wetted with 
absolute alcohol. The filtrate was then concentrated by bubbling nitrogen gas into the solution and concentrated 
to 1 ml and the same steps were carried out with the other concentrations (1, 2, 3, 4 and 5%). The extract 
contains polar and non- polar phyto components (Jananie et al., 2011)   
 
 Growth media: 

 
The culture media used in this study was yeast extract sucrose (YES) to produce aflatoxin. The yeast extract 

sucrose culture was carried out according to the method of Munimbazi and Bullerman (1998) at following (2% 
yeast extract and 15% sucrose / liter distilled water) were poured into 500 Erlenmeyer flask, and autoclaved at 
121 ºC for 15 min. 
 
Antifungal activity assay: 

 
The antifungal activity was tested on toxigenic strains of Aspergillus flavus and Aspergillus parasiticus. 

The extracts were put in dug wells (5 mm broad and 20 mm length) in the culture medium PDA, in sterilized 
Petri dishes. Fungal plugs (0.4 mm in diameter) were placed opposite the well with 1 cm of the edge limps. 
Limps control consists in putting distilled water in the well. After an incubation of 72 h at 28±2°C, we observed 
the mycelium development of pathogenic fungi in each Petri dish and noted the phytotoxic effect of fenugreek 
extracts with measuring the distance covered by the mycelium.  

 
 
The inhibition percentage of growth (I, %) was calculated as following equation. (1) according to (Hmouni 

et al., 1996) 
 
I (%) = (1- dt/dc) X 100                                                                      (1) 

 
Where, dt is the fungal colony diameter measured in treatment sets after 72 h of incubation, dc is the fungal 

colony diameter measured in control sets. The antifungal effect was measured under a totally random design 
with three replications. 
 
Preparation of fungi for estimation of AFB1: 

 
A total of 250µl of a suspension containing 1x106 spores/ml were added to 250-ml Erlenmeyer flasks 

containing with the above concentrations of aqueous and ethanol (after concentrated  by nitrogen gas to 1 ml 
) extracts, autoclaved at 121 ºC for 15 min. The yeast extract sucrose medium was inoculated with fungal 
pathogens and incubated at 28ºC for 14 days. Dried weight of the mycelia mat was determined at the end of the 
incubation period as follows: after the culture was filtered through filter paper (Whatman No. 1), the fungal mat 
was dried al 50 °C for 72 h. The net dry weight of mycelia was then determined. Supernatants were used for 
toxin determination.  Inhibition of production AFB1 percentage =C-T/C 

Where: C is control sets and T is treatment sets. 
 
Extraction of AFB1 from liquid media: 

 
AFB1 was extracted according to the method described by El-Banna et al., 1987.  Extraction was carried out 

using 20 ml of chloroform (twice with 10 ml media), and homogenization for 3 min in a separation funnel. The 
chloroform phase was filtered through filter paper Whatman No. 3 and concentrated to dryness under a nitrogen 
stream. 

 
Determination of AFB1 by HPLC: 

 
Derivatization: The derivatives of samples and standard were done as follow:100 µl of trifluoroacetic acid 

(TFA) was added to samples and  mixed well for 30 s and the mixture stand for 15 min. 900 µl of water: 
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acetonitrile (9:1 v/v) were added and mixed well by vortex for 30 s .and the mixture was used for HPLC 
analysis. 
 
Statistical analysis:  

 
The triplicate data were subjected to an analysis of variance for a completely random design using SPSS 

19.0 for Windows program and differences were considered significant  when P < 0.05. 
 

Results And Discussion 
 

Effect of aqueous and ethanol extracts of fenugreek on fungi growth: 
 
Fungal food contaminants reach surfaces of food with relative ease since fungal spores are easily airborne. 

Particularly, spores produced by the Aspergillus spp are well known to be dispersed readily in air and stay 
viable for an extended duration owing to their ability to withstand light and desiccation. Furthermore, fungal 
mycelium from contaminated food may be directly responsible for spread of spoilage when stored with 
uncontaminated food.  Since both spores and mycelia can act as inocula, to achieve effective food preservation 
the method used should be efficient against both spores and mycelia (Adams and Moss, 2008).  

The Effect of aqueous and ethanol extracts of fenugreek seed on  growth of Aspergillus flavus and 
Aspergillus parasiticus strain presented in Fig (1). The inhibition average with 0.5 % aqueous extract was 9.46 
% and 11.57 % for Aspergillus flavus and Aspergullis parasiticus respectively. On the other hand, the 
percentage of inhibition zone of fungal growth was 10.73% and 15.5 % after treatment with 0.5% ethanol 
extract from Aspergillus flavus and Aspergillus parasiticus, respectively. The strongly inhibition was shown 
with ethanolic extract 5%, the highest percentage inhibition (87.3%) was observed with Aspergillus parasiticus. 
The second highest inhibition (81.6%) was observed with Aspergillus flavus with the same extract. The results 
of our study show that aqueous extracts were lowest percentage inhibition also the effectiveness of the extracts 
decreases with lower concentrations. The analysis of variance and from the effect of aqueous and ethanol 
extracts of fenugreek seed on mycelium growth of Aspergillus flavus and Aspergillus parasiticus  show that 
ethanol extracts has a significant effect on growth as shown table (1).  

The results showed that there are not significant differences between 2 and 3% of the ethanol and aqueous 
extracts on the growth of Aspergillus flavus. While with Aspergillus parasiticus results showed that there are not 
significant differences between 1% and 0.5% of  the aqueous and ethanol extract on the growth of fungal and 
also the same trend is found with 2% aqueous extract and 1% of the ethanol extract. The important chemical 
constituents are saponins, scopoletin and trigonelline. The seeds also have the alkaloid trigonelline with 
mucilage, tannic acid, yellow colour substance, fixed and volatile oils and a bitter extractive, diosgenin and 
gitogenin a trace of trigogenin (Udayasekhra et al., 1996) 

The compounds responsible for this antifungal activity have not been investigated. However, preliminary 
photochemical analysis and literature review of the ethanol and aqueous extract revealed the presence of 
flavonoids, saponins, alkaloids and glycosides. The antifungal properties of the plant may be attributed to the 
individual or combined effect of the above mentioned chemical groups.    

Many researchers (Ouf et al., 1994, Rhajaoui et al., 2003 and Jbilou et al., 2006) have reported antifungal 
potential and selective effects of plants crude extracts. Antifungal activity of T. foenum-graecum could be 
attributed to their phenol, alkaloid, tannin, etc., compounds. Phenolic acids are often mentioned as putative 
allelochemicals (Lattanzio et al., 2001) and have an important effect on rhizospheric microbial populations (Lin 
et al., 2007). The mechanisms as how natural compounds in herbs exert their function have been previously 
discussed by Brul and Coote (1999). However, such mechanisms are still unclear although some studies 
suggested that these compounds penetrate inside the cell, where they interfere with cellular metabolism (Marino 
et al. 2001). 

 The mechanisms thought to be responsible for toxicity against fungi may involve various targets: 
interference with the synthesis of cellular walls, alteration of cell permeability, interference with the transport of 
electron, the nutrient absorption, the adenosine triphosphatase and other metabolic processes of the cell, 
deactivation of various cellular enzymes and denaturation of cellular proteins (Marjorie, 1996; Al-Amiery at al., 
2012). The mechanisms thought to be responsible for phenolic toxicity to microorganisms include enzyme 
inhibition by the oxidized compounds, possibly through reaction with sulfhydryl groups or through more 
nonspecific interactions with the proteins (Arif et al.; 2009). Other studies suggested that plant extracts can 
disrupt the plasma membrane of fungal cell and react with active sites of membrane proteins or enzymes or even 
act as a proton carrier and consequently deplete the adenosine triphosphate pool (Ultee et al. 2002). 
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Fig. 1: Effect of aqueous and ethanol extracts of fenugreek seeds on mycelium growth of Aspergillus flavus 

and Aspergillus parasiticus. The bars on each column show standard deviation. 
 

Table 1: Analysis of variance of the effect of aqueous and ethanol extract of fenugreek on the growth of Aspergillus flavus and  
             Aspergillus parasiticus. 

Effect SS df MS F P 
Intercept 109008.700 1 109008.700 4330037.720 0.00000 
Extracts 39885.862 11 3625.987 144031.281 0.00000 
Fungi 213.624 1 213.624 8485.579 0.00000 
Extracts * fungi 31.686 11 2.881 114.422 0.00000 
Error 1.208 48 .025   
Total 149141.081 72    

SS: Sum of Squares, df: degree of freedom, MS: mean square, P: probability at confidence 0.95. 
 

3.2. Inhibition of AFB1 production by aqueous and ethanol extracts of fenugreek seeds: 
 
When different concentrations of aqueous and ethanol extracts of fenugreek seeds were added to the 

cultures, a significant reduction in AFB1 synthesis was observed table (2, 3 &4). The results presented in Tables 
2 and 3 showed that ethanol extract at 5% of fenugreek seeds gave the highest inhibition or reduction of AFB1 
production by Aspergillus flavus and Aspergillus parasiticus, where the percentages reduction were 91.22 % and 
92.35 % respectively. On the other hand, the results showed a decrease in the level of AFB1 prevention with 
aqueous extract of fenugreek seeds, where a percentage reduction of AFB1 to 80.43% and 84.36% with 
Aspergillus flavus and Aspergillus parasiticus respectively. The results obtained show that the strongest 
influence is due to the differences in the concentrations of the extracts, while the difference was simple between 
fungi types. Plant bioactive metabolites can be divided into major groups including terpens (terpenoids, 
isoterpenoids), phenylpropanoids (flavonoids, tannins, glycosides, and lignins), phenolics and nitrogen-
containing compounds (alkaloids and heterocyclic aromatics). Search of natural sources for novel inhibitors of 
AFs biosynthesis has been a subject of intense study and a variety of bioactive AFs inhibitory compounds have 
been reported from medicinal plants (Razzaghi-Abyaneh et al., 2010). They strongly inhibit AFs production by 
Aspergillus flavus and Aspergillus  parasiticus by disturbing the primary metabolism of the fungus, which may 
regulate a pathway leading to expression of AFs biosynthetic enzymes (Kondo et al., 2001).  
 
Table 2: Percentage of reduction of AFB1 production of Aspergillus flavus by aqueous and ethanol extracts of fenugreek in liquid media. 

Concentrations of 
extracts 

AFB1 production (µg/ml)* 

 
(% Reduction) 

Aqueous extract Ethanol extract With aqueous extract With ethanol  
extract Control 1.15±0.099 1.15±0.099 

0.5% 1.086±0.019 1.02±0.027 5.56 11.30 
1% 0.973±0.018 0.961±0.012 15.39 16.43 
2% 0.839±0.016 0.748±0.015 27.04 34.96 
3% 0.602±0.009 0.529±0.024 47.65 54.0 
4% 0.366±0.006 0.187±0.013 68.17 83.74 
5% 0.225±0.01 0.101±0.018 80.43 91.22 

*Mean ± Standard deviation 
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Table 3: Percentage of reduction of AFB1 production of Aspergillus parasiticus by aqueous and ethanol extracts of fenugreek in liquid 
media. 

Concentrations of  
extracts 

AFB1 production (µg/ml)* 

 
(% Reduction) 

Aqueous extract Ethanol extract With aqueous 
extract 

With ethanol  
extract Control 0.876±0.018 0.876±0.018 

0.5% 0.786±0.028 0.707±0.04 10.27 19.29 
1% 0.677±0.016 0.619±0.014 22.72 29.34 
2% 0.521±0.011 0.518±0.091 40.52 40.87 
3% 0.369±0.015 0.346±0.01 57.88 60.50 
4% 0.255±0.046 0.113±0.035 70.89 87.1 
5% 0.137±0.025 0.067±0.026 84.36 92.35 

*Mean ± Standard deviation 
 

Table 4: Analysis of variance of the effect of aqueous and ethanol extracts of fenugreek seeds on AFB1 production by Aspergillus  
              flavus and Aspergillus parasiticus in liquid media:  

Effect SS df MS F P 
Intercept 20.383 1 20.383 100189.752 0.00000 
Extracts 5.901 11 0.536 2636.709 0.00000 
Fungi 0.807 1 0.807 3967.103 0.00000 
Extract  * Fungi 0.194 11 0.018 86.479 0.00000 
Error 0.010 48 0.000   
Total 27.294 72    

 
3.3. Effect of aqueous and ethanol extracts of fenugreek seeds on weight of mycelium formed: 

 
The production of fungal mycelium decreased with increasing concentrations of fenugreek seeds extracts. 

The highest reduction observed was 5% of the ethanol extract. 
Data presented in Tables (5 and 6) showed the weight of mycelium formed from Aspergillus flavus and 

Aspergillus parasiticus after adding the extracts to media.  Aqueous extract (5%) caused reduction of mycelium 
weight to 42.7 % and 55.7% for Aspergillus flavus and Aspergillus parasiticus, respectively. The reduction in 
mycelium weight production was dependent on the concentration of extract. Ethanol extract of (5%) achieved 
reduction of mycelium weight were 48.05 % and 59.4% with Aspergillus flavus and Aspergillus parasiticus 
respectively. 

Hydroxyl groups assigned to the phenolic compounds may form hydrogen bridge bonds with active 
enzymes, resulting in their deactivation and a consequent effect on the development of the fungal biomass and 
the production of mycotoxins (Juglal et al., 2002). 
 
Table 5: Effect of aqueous extracts of fenugreek on weight of mycelium formed by Aspergillus flavus and Aspergillus parasiticus in liquid  
              media. 

Concentration of aqueous 
extract 

Dry weight of mycelium  
 (mg/ml) * 

(% Reduction) 

 A. flavus A. parasiticus A. flavus A. parasiticus 
Control 317.67±2.52 295.89±1.17 
0.5% 302.5±3.05 266.22±1.68 4.8 10.03 
1% 285±0.06 255.44±3.68 10.3 13.67 
2% 271.67±4.36 246.45±2.87 14.5 16.71 
3% 248.33±1.53 228.67±4.04 21.8 22.72 
4% 216.67±2.00 166.67±8.2 31.8 43.67 
5% 182±6.11 131±3.61 42.7 55.73 

*Mean ± Standard deviation 
 
Table 6: Effect of ethanol extracts of fenugreek on weight of mycelium formed by Aspergillus flavus and Aspergillus parasiticus in yeast  
              extract sucrose medium. 

Concentration of ethanol 
extract 

Dry weight of mycelium  
 (mg/ml) * 

(% Reduction) 

A. flavus A. parasiticus A. flavus A. parasiticus 
Control 317.67±2.52 295.89±1.17 
0.5% 295.0±3.06 260.22±2.52 7.1 12.05 
1% 273.0±3.51 247.0±1.52 14.1 16.5 
2% 258.6±2.00 233.0±3.0 18.6 21.2 
3% 240.5±3.0 213.0±4.36 24.3 28.01 
4% 199.9±1.53 150.5±3.63 37.1 49.1 
5% 165.0±3.91 120.0±5.03 48.05 59.4 

*Mean ± Standard deviation 
 
Anti-mycelial growth, anti-germination and anti-aflatoxin activities of fenugreek seeds were due to synergic 

effect of whole phytochemical compounds in its ethanol and aqueous extract in particularly flavonoids. These 
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bioactive compounds act simultaneously or differently and take the same or different ways, acting together or 
separately on one or several defined targets, associate allelopathic mechanism and inhibition of enzymes 
involved in growth and in the biosynthetic pathway of AFs and leads to an effective antifungal and anti-
aflatoxigenic activity (Mohammedi and Atik, 2013).  

 
Conclusion: 

 
Our data showed that extracts from fenugreek seeds have a broad antifungal and antiaflatoxigenic efficacy 

against Aspergillus flavus and Aspergillus parasiticus and are potentially useful ingredient in various 
preparations for food and crops preservation. 
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