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Abstract: This study was designed to evaluate fungal activity of five plant extracts namely; Ammi 

majus, Camellia sinensis, Trifolium alexandrinum, Humulus lupulus, and Linum usitatissimum (seeds), 

and propolis against an aflatoxin-producing Aspergillis flavus isolate. Their ability to inhibit 

production of four aflatoxins (B1, B2, G1 and G2) was studied, too. Four isolates of Aspergillus flavus 

were isolated from infected wheat grain collected from local markets at Alexandria governorate, 

Egypt. Fungal isolates were molecularly identified as; A. flavus 1 (acc#: OR477304), A. flavus 2 (acc#: 

OR478624), A. flavus 3 (acc#: OR478625) and A. flavus 4 (acc#: OR477305). Six concentrations of the 

five plant extracts and propolis were used (0.0, 0.01, 0.05, 0.1, 0.5 and 1 g/50 ml) to study their 

anti-fungal activity against A. flavus 3 (OR478625). All treatments produced significant reduction in 

the percentage of fungal biomass’s growth when compared to control. The highest reduction in 

fungal biomass by A. majus (50.8%) and T. alexandrinum (54.6%) appear at 0.01 and 0.5 g/50ml. For C. 

sinensis the highest reduction in growth biomass (60.6%) appear at 0.01 g/50ml. In contrast to H. 

lupulus and L. usitatissimum, the highest reduction in growth biomass appears at 1 g/50ml are 38.4% 

and 61.6% respectively. Propolis exhibited the highest reduction in fungal biomass (48.2%) at 0.5 

g/50 ml. Production of AFs by A. flavus OR478625 in broth medium were significantly affected by 

plant extracts, in contrast to propolis. The plant extract of A. majus cause complete inhibition of the 

four types of AFs production (B1, B2, G1 and G2) at all studied concentrations. As for C. sinensis extract 

complete inhibition appeared for only three types of AFs (B2, G1 and G2) under all concentrations. In 

addition, H. lupulus extract caused complete inhibition for the four AFs at 0.5 and 1% concentrations. 

As for T. alexandrinum extract complete inhibition of the four AFs was achieved at 0.01 and 1%. 

Regarding L. usitatissimum extract AFG1 was inhibited at all concentrations. Propolis completely 

inhibited the four studied aflatoxins at 0.5 and 1 %. Quantity of studied secondary metabolites varies 

from one extract to others. Phenolics ranged from 121 to 322 mg/g, flavonoids from 50 to 85 mg/g, 

ascorbic acid from 10 to 36 mg/g, saponins from 17 to 36 mg/g and tannins from 11 to 35 mg/g, for 

studied plant extracts. Three methods were used for studding antioxidant activity. For FRP and 

DPPH methods the highest antioxidant activity appeared with A. majus (35.8±3 mg/g and 81±3%) 

respectively, but for PMA methods the highest antioxidant activity appeared with H. lupulus (30±2 
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mg/g). Meanwhile, propolis exhibited 30.8, 76.4 and 11.5 antioxidant capacity using FRP, DPPH and 

PMA methods, respectively. Additionally, treatment of A. flavus 3 with A. majus, showed remarkable 

variations in genes expression when compared to control. This study presented the antioxidant 

properties, antifungal capacity and inhibitory effect on aflatoxin production of the studied plant 

extracts and propolis, as well. 

Keywords: Aspergillus flavus; aflatoxins regulation; plant extracts; A. majus; C. sinensis; T. alexandrinum; H. 

lupulus; L. usitatissimum; propolis. 

 

 

1. Introduction 

Aflatoxins (AFs) are mostly predominant in main food crops such as sorghum, maize, wheat, 

and in groundnuts, tree nuts, spices as well as milk and meat products [1,2]. Aflatoxin 

contamination relies mainly on growing and species of Aspergillus and storage conditions, combined 

with management practices employed and many further factors [3,4]. Accumulation of aflatoxins 

can make through the food chain which considered a severe health impact to humans [5]. 

Unfortunately, exposure of human to low doses of aflatoxins may resulted in stunted young 

children growth, cancer induction and immune suppression [6], so a worldwide priority for human 

health is controlling the spread of aflatoxigenic A. flavus in cereals and food products during storage 

[7]. Climate changes one of the important factors which effect on pro and post-harvest 

contamination with aflatoxins [1,3]. These climate changes have great effect on the relations among 

various mycotoxigenic species and the relative mycotoxin contamination of staple commodities [8]. 

Number of climate factors as temperature and water availability have important effect of growth of 

aflatoxins producing organisms [9]. 

Production of these highly toxic aflatoxins which are considered one of the highly toxic 

secondary metabolites of A. flavus, A. parasiticus, and A. nomius [10]. Aspergillus species are 

filamentous fungi that are spreaded widely in variety of environments and substrates, decaying 

vegetation, seeds and grains, where they live as saprophytes, but some species as parasites in a wide 

range of hosts including humans and animals [11]. Most Aspergillus species have versatile features 

enabling them to persist in various ecological environments [12,13]. 

Several methods have been developed to control aflatoxins production through controlling 

aflatoxins producing fungi. These methods are including natural methods as using plant extracts 

which considered as ecofriendly, safe, cheap, biodegredable and alternative treatments to chemicals 

[14]. Plant leaves and fruits are famous by containing numerous compounds with biological and 

medicinal properties. Plant extracts are considered a high source of valued products that are 

valuable as useful drugs, or drug adjuvants, pharmaceutical uses, in food industry as food 

constituents, food flavors, and antioxidants as well. For example, bioactive compounds which could 

have anticarcinogenic, antioxidant, and antimicrobial abilities may be tannins, alkaloids, flavonoids, 

phlobatannins, terpenoids, and glycosides [15]. Add to that, linolenic acid and allylphenol that are 

characterized by their reduction of fungal growth as Rhizoctonia sp and Pythium sp and also 

decreased biomass production and they have been stated to be active against a number of other 

plant pathogens [16]. 

Ammi majus (A. majus) a wild plant with medicinal uses, belongs to the Apiaceae family [17]. It is 

traditionally used as a safe and defensible treat in various chronic ulcers. It exhibited noteworthy 

biological activity as antioxidant, antiviral, antimicrobial, relaxant and cardiovascular effect as well 

as hypotensive etc. [18]. 

Regarding Camellia sinensis L., (C. sinensis) it is used as a food additive and is characterized by its 

therapeutic properties on metabolic dysfunctions. Furthermore, these plants and their active 
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constituents blocked the release of inflammatory intermediaries and oxidant factors. Moreover, it 

showed antidiabetic, anti-inflammatory, antioxidant, lipolysis, hepato-protective, cardio-protective 

effects [19], anticancer [20,21], anti-atherosclerotic and antihypertensive [22,23], and role in 

decreasing lipid content [24]. In this regard, many findings proposed that its tea could improve fatty 

liver diseases by regulating gut microbiota [25] due to containing minerals, proteins, and different 

amino acids combined with the rich constituent of gallic acid, caffeine, and catechin [26]. 

Furthermore, Trifolium alexandrinum commonly known as berseem, belongs to a family Fabaceae 

and is considered an important winter fodder crop in Egypt since ancient times [27-29]. It possesses 

antibacterial [30], hepatoprotective [31], phytoremediation activities [32]. Moreover, they attained 

medicinal importance as analgesics and antiseptics [30]. These medicinal herbs are effective for the 

treatment of pneumonia, sinus infections, fevers, encephalitis, and a febrile sensation in the body 

[33] add to that, dried flowers are used to cure asthma, congestion, and ulcer. 

Humulus lupulus L. (hops) is an effective medicinal aromatic plant with importance in industry. 

It has hundreds of phytochemicals many active secondary metabolites such as phenolic, flavonoids, 

tannins, etc. which have positive impact pharmacological and medicinal value [34]. Hop extracts are 

important substitutes in antimicrobial, cancer, metabolic syndrome, and hormone replacement 

therapy treatments, as well as insecticides, preservatives, and fragrances [35]. 

Linum usitatissimum Linn, popularly known as Flaxseed or Linseed is one of the essential herbs 

which has a strong historical platform of having therapeutical properties to treat various diseases 

[36]. It belongs to family Linaceae, and is traditionally used by local healers to treat different disease 

conditions and has been documented by various authors for its ethnomedicinal uses. The plant is 

world distributed in many countries [37]. It has been broadly utilized in numerous ethnic worldwide 

as a primary medicinal plant because of its health benefits in various types of ailments. L. 

usitatissimum has antimicrobial activity and their extract considered as antibacterial and antifungal 

agent [37-39]. 

In addition to mentioned plant extracts, Propolis known as (bee glue) is a complex resinous mix 

formed by honeybees (Apis mellifera). From ancient times its used for its medicinal properties. It is 

substances collected from several plants are mixed with many enzymes as β-glycosidase of the 

honeybee saliva, digested, and combined to beeswax to formula the final product. Propolis is a 

highly complex mixture which have documented valuable health benefits. The chief constituents of 

propolis comprise resins, waxes, oils, and pollen, combined with various organic compounds, 

amongst which are phenolics, flavonoids, terpenes, esters, and alcohols, combined with antioxidants 

including beta-carotene, caffeic acid, and kaempferol [40]. This biochemical structure diversity of 

propolis is exceedingly variable, and this is expressively affected by the geographical origin, climate, 

water availability, and many other environmental factors. But all types of propolis have 

antimicrobial, anti-neoplastic, anti-inflammatory, antioxidant, hepatoprotective, cariostatic, and 

immunostimulatory activity [41]. 

The role of molecular detection, identification and fingerprinting of microorganisms has moved 

progressively from the academic world to the diagnostic laboratory. Differential Display Reverse 

Transcriptase polymerase chain reaction (DDRT-PCR), a proficient, reflective and reproducible 

technology, is more valuable in plentiful ways than other attitudes of gene expression analysis [42]. 

Besides, the technological simplicity and wider applicability made this technique very novel. It has 

successfully utilized in a number of organisms starting from yeast to mammals. This technique was 

introduced and developed to accelerate the identification of differentially expressed genes to 

overcome the shortcomings of earlier known methods which were sensitive to error, unresponsive 

and strenuous. 
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The aim of the current work is to evaluate the antimicrobial activity of five plant extracts (Ammi 

majus, Camellia sinensis, Trifolium alexandrinum, Humulus lupulus and the seeds of Linum 

usitatissimum) and propolis against aflatoxin producing A. flavus isolates, and against the ability of 

fungi to produce aflatoxins; B1, B2, G1 and G2. Antioxidant activity of the above mentioned extracts 

and propolis was evaluated, too. 

2. Materials and Methods 

2.1. Fungal Isolation and Identification 

Twenty Aspergillus strains were isolated from different wheat grains collected from local 

markets at Alexandria governorate, Egypt. These fungal isolates were then purified, 

morphologically characterized through defining the color of the colony, color and size of spore, 

conidiophore structure, and vesicle form according to the available keys [43,44]. Finally, the isolated 

fungi were checked for their aflatoxin production through Thin Layer Chromatography (TLC). 

2.2. Extraction and Quantification of Aflatoxins Produced by A. flavus Studied Isolates 

2.2.1. Chemicals Used 

Standards of AFs (B1, B2, G1 and G2) crystalline materials were purchased from Sigma Chemical 

Co. (St. Louis, MO, USA). Each stock standard solution of AF with concentration 1 ng/l was 

dissolved in benzene: acetonitrile (98: 2, v: v), were kept at 4°C in the dark. Stock solutions were 

evaporated to dryness under reduced pressure before being used, then they were derivatized with 

trifluoroacetic acid (TFA) as the working standards. 

Solvents like chloroform, benzene, ethyl acetate, formic acid, toluene and methanol were 

purchased from El-Nasr Company for pharmaceutical chemicals, Cairo, Egypt. Acetonitrile was 

purchased from from Merck-Schuchardt Hohenbrunn bei Munchen, West Germany. 

2.3. Extraction of AFs from the Fermented Media 

The extraction protocol was carried out according to Eppley [45] with slight modification. At the 

end of the incubation period of A. flavus isolates, 25 ml of filtrate was added to 25 ml chloroform and 

was shaked for 1/2 h on a rotary shaker at 120 rpm. Then transferred to a separating funnel which 

was allowed to stand for some time until two layers formed. The lower chloroform layer was filtered 

over anhydrous sodium sulfate in a 250 ml beaker, evaporated approximately to dryness in a water 

bath (70-80C), and the residue was taken by washing twice using 1-2 ml of chloroform into a small 

glass vial which evaporated till dryness (dry film). 

2.4. Molecular Identification 

2.4.1. DNA Purification 

The fungal strain with the maximum production of AFs was molecularly identified via PCR 

amplification and sequencing of the ITS region for molecular identification, and the fungi were 

grown on potato dextrose broth media (PDB; 20 g dextrose and 200 g of potatoes /Litter of distilled 

water) for 6 days and after collecting the fungal disk from margin of fungal colony. DNA was 

extracted by CTAB protocol designated by Umesha et al [46]. Measuring of the DNA concentration 

and purity were made in a Nanodrop 2000 spectrophotometry (Thermo Fisher Scientific, 

Wilmington, USA), kept at -20 °C in a concentration of 200 ng/μL until further use. 

2.4.2. PCR Amplification 
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The amplification of rDNA-ITS (ITS 1 and 4) region was made using specific PCR primers: 

(ITS1;TCCGTAGGTGAACCTGCGG and ITS4; TCCTCCGCTTATTGATATG) according to White et 

al. [47]. In 20 μl total volume PCR reaction consists of; 10 μl of 2x Multiplex PCR master mix 

(Qiagen), 1 μl (0.3 μM) of each primer and 1 μl of purified DNA template (100 ng) and 7μl of sterile 

ddH2O. The amplification conditions were as follow: initial denaturing at 95°C for 5 minutes, 

followed by 35 cycles of; denaturing 95°C for 45 seconds, annealing at 50°C for 45 seconds, and 

extension at 72°C for 1 minute, with a final cycle of extension at 72 °C for 10 minutes. The PCR 

amplicons were electrophoresed using 1.5 % agarose gel, visualized, purified, and sent for 

sequencing (Macrogen Company, Korea). 

2.4.3. DNA Sequencing and Phylogenetic Construction 

The achieved DNA sequences were aligned using DNA Blast, and the clean sequences were 

submitted to the NCBI GenBank database (https://www.ncbi.nlm.nih.gov), for the accession 

number. The DNA sequences were aligned with other fungal isolates of the same species available in 

the GenBank database, and the phylogenetic trees were created using maximum- likelihood (ML) 

method in MEGA 11 software [48]. 

2.5. Effect of Plant and Propolis Extracts on Biomass of a Selected isolate of A. flavus 

To prepare the extracts, the dried aerial parts of 4 plants (Ammi majus, Camellia sinensis, Trifolium 

alexandrinum and Humulus lupulus), and the seeds of Linum usitatissimum were collected from the 

local market in Alexandria, washed with water, left to air-dry, and then powdered by a blender. 

Then, 10 g of each plant wee extracted with 100 ml of 80 % methanol, and put on shaker for 48 h. 

After extraction, filtration with Whatman No.1 filter paper was done, and the solvent was removed 

under reduced pressure at 50 C. The remaining dried powder of each plant was further stored at 4 

C for being used in further biological studies [49,50]. Meanwhile, propolis was scraped off the top 

of the frames and inner wall boxes of Egyptian bee colonies at El-Manzala, Dakahlia, Egypt. After 

that, propolis was extracted with 80 % methanol (10 g of propolis/ 100 ml of 80% methanol), then 

evaporated to dryness as previously described [51,52]. 

2.6. Effect of the Extracts on Fungal Biomass 

According to Yousef et al. [50], the five previously prepared plant extracts (4 plant extracts and 

propolis) were added to each flask of 50 ml of sterilized Potatoes Dextrose Broth medium (PDB; 200 

g Potatoes, 20g dextrose /litter of distilled water), separately, at 6 concentrations (0.0, 0.01, 0.05, 0.1, 

0.5 and 1 g/ 50 ml). Then each concentration was inoculated with five small disks (0.5 cm in 

diameter) of ten days old A. flavus 3 (478625) mycelium grown on Czapeck-Dox agar plate and 

incubated at 28 ±2C for 10 days on shaker at 150 rpm. A Whatman No.1 filter paper was used for 

filtration of broth inoculated flasks after days of incubation. Filter paper take few seconds to get rid 

of any excess media. Filter papers with mycelium were weighed three time. Mean weight of the 

mycelium was measured after deducting the weight of filter paper. The weight of biomass in the 

presence of treatments compared with control considered as antimicrobial effect of the six studied 

concentrations against four isolates of aflatoxin producing A. flavus. 

2.7. Phytochemical Screening and Antioxidant Activity of Studied Plants and Propolis Extracts 

Methanolic extracts previously prepared from the dried powder of the studied plant extracts 

and propolis were used to assess some antioxidant compounds as described by Sobhy et al. [53]. 

Firstly, saponins were assessed quantitatively according to Hiai et al. [54]. Tannin contents were 

evaluated by the method of Broadhurst and Jones [55]. Afterwards, flavonoids, phenolics, ascorbic 

acid and total amino acids were assayed by the methods of Chang et al. [56], Jindal and Singh [57], 

Oser [58] and Lee and Takahashi [59] , orderly. 

http://www.ncbi.nlm.nih.gov/
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Finally, the antioxidant activity of the product was assayed by three different methods; ferric 

reducing power (FRP), phosphomolybdate assay (PMA) and Diphenyl -1-picrylhydrazyl (DPPH), 

according to Oyaizu [60], Jayaprakasha et al. [61], Brand-Williams et al. [62] and Bondet et al. [63], 

respectively. 

2.8. Differential Display for A. flavus under Different Concentration of the Dyes Using Chitinase 

Primer 

2.8.1. Extraction of Total RNA from Fungal Mycelium 

The mRNA was extracted from fungal mycelia using QIAGEN mRNA extraction kit according 

to the manufacture instructions (Qiagen Ltd., Germantown, Maryland, USA). 

2.8.2. Reverse Transcription of RNA 

Reverse  transcription  reactions  were  achieved  using  oligo  dT  primer 

(5`-TTTTTTTTTTTTTTT-3`). Each 25 µl reaction mixture containing 2.5 µl 5 x buffer with MgCl2, 2.5 

µl 2.5 mM dNTPs, 1 µl 10 pmol primer, 2.5 µl RNA and 0.2 µl reverse transcriptase and completed 

with dH2O to 25 µl. PCR amplification was completed in a thermal cycler programmed at 95 °C for 5 

min, 42 °C for 1 hr, 72 °C for 10 min and stored at 4 °C until used [64]. 

2.8.3. Differential Display Polymerase Chain Reaction (DD-PCR) 

The reaction mixture for DD-PCR was carried out in a final volume 25 µl comprising 2.5 µl 10 x 

buffer with MgCl2, 2 µl 2.5 mM dNTPs, 1 µl 10 pmol primer (5`CAGGCCCTTCCAGCACCCAC 3`), 

2 µl of resulting cDNA and 0.2 µl Taq DNA polymerase (5 units/µl). PCR amplification was 

performed in a thermal cycler automated for single cycle at 95 °C for 5 min. Afterwards, 40 cycles 

were made as pointed: 30 sec at 95 °C for denaturation, 1 min at 45 °C for annealing and 2 min at 72 

°C for elongation. Then reaction was incubated for 10 min at 72 °C for ending extension [64]. 2 µl of 

loading dye was added prior to loading of 10 µl per gel pocket. Electrophoresis was achieved at 80 

Volt in 1.5% agarose gel with addition of ethidium bromide solution. Lastly, gel documentation 

system was used for gel visualization and photographing. 

2.9. Statistical Analysis 

The performed experiments were entirely randomized design. The means of each treatment 

were compared by least statistically difference test (LSD) and considered statistically significant at 

P≤ 0.05. Statistical analysis was completed with the aid of analysis of variance technique (ANOVA) 

using CoStat program version 6.303 (CoHort software, Monterey, CA, USA). 

3. Results 

3.1. Fungal Identification 

In this study, the aflatoxigenic A. flavus fungal isolates were used as a high aflatoxin producer 

and its morphological characteristics were performed as mentioned by Klich [43] as the fungal 

colonies were olive-green, velvety flat with a raised texture, forming dark brown sclerotia. The 

conidiophores were colorless, rough, and thick-walled, bearing vesicles globose to sub-globose with 

radiated sterigmata and globose, thin-walled, slightly rough conidia ranging from 250 to 450 µm. 

The ITS1 and ITS4 sequence product marked the isolates as A. flavus, and the sequences were put 

in the GenBank database under accession number as follow; A. flavus 1: OR477304, A. flavus 2: 

OR478624, A. flavus 3: OR478625 and A. flavus 4: OR4773. 
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Figure 1. Illustrate, the phylogenetic tree of the four studied aflatoxigenic A. flavus isolates (A. flavus 

1: OR477304, A. flavus 2: OR478624, A. flavus 3: OR478625 and A. flavus 4: OR477305) collected from 

wheat grains from different markets of Alexandria, Egypt. 
 

 

Figure 2. The morphological appearance of the six treatments: A: Ammi majus, B: Camellia sinensis, C: 

Trifolium alexandrinum, D: Humulus lupulus, E: seeds of Linum usitatissimum, and F: propolis. 

 

3.2. Effect the Extracts on the Growth of A. flavus No.3 (OR 478625) 

The effect of different concentrations of the five treatments (plant extract of A. majus, C. sinensis, 

T. alexandrinum, H. lupulus, and seed of L. usitatissimum) as well as propolis on the growth mass of A. 

flavus No.3 (OR478625) was illustrated in Fig. (3). All treatments appear significant reduction of 

fungal growth biomass at different concentration compared with control. The data revealed that; the 

highest percentage of inhibition of C. sinensis and A. majus extracts which led to significant reduction 

in fungal growth are 0.1, 0.5 and 1 g/50 ml but the highest reduction in mycelium growth biomass 

appears at 0.1 and 1 g/50 ml with T. alexandrinum and propolis extracts. For H. lupulus extract the 

highest degree of inhibition appear at 0.01 g/50 ml, this reduction is decreasing by increasing the 

concentration. For L. usitatissimum the value of reduction in fungal biomass slightly different by 

increasing the concentration of extract and give the highest reduction at 0.1 and 1 g/50 ml 
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respectively. Where, the percentage of reduction= (weight of biomass for control-weight of biomass 

of treatment/weight of control) %. 

 

Figure 3. Effect of different concentrations of plant extracts; A. majus, C. sinensis, T. alexandrinum, H. 

lupulus, and L. usitatissimum and propolis (0.0, 0.01, 0.05, 0.1, 0.5 and 1 % (g/50 ml)) on A. flavus No.3 

(OR 478625) growth weight. Data are means of three replicates ± SD. Different letters refer to 

significant difference at P< 0.05. 

3.3. Effect of the Plant Extracts and Propolis on Production of Aflatoxins by A. flavus No.3 

(OR478625) 

The results displayed in Table (1) revealed that, addition of A. majus plant extract to fungal 

growth medium exhibited complete inhibition for production of the four studied AFs (B1, B2, G1 and 

G2) under all concentrations when compared with control. The treatment with C. sinensis extract 

cause complete inhibition for production of three types of AFs (B2, G1 and G2) under all 

concentrations, but at 0.05, 0.5 and 1 % for AF B1. The H. lupulus extract completely inhibited all 

types of AFs at 0.5 and 1%. The T. alexandrinum extract inhibited the production of all AFs at 0.01 and 

1 % concentration, completely. Meanwhile, at concentration 0.5% three AFs production B2, G1 and G2 
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were inhibited, completely, but the aflatoxin B1 was inhibited when compared with control (441 

µg/L). At 0.05 and 0.1% concentrations only AF G1 production were inhibited completely. Extracts of 

H. lupulus, L. usitatissimum and T. alexandrinum at all concentration caused complete inhibition for AF 

G1 production. The production of AF B1, AF B2 and AF G2 were the same quantity at 0.1 and 0.5 % 

extract of L. usitatissimum with noticeable reduction compared with the control as well as at 1% µg/L 

there is higher reduction compared with control (Table 1). 

Table 1. Effect of different concentration of plant extracts and propolis on AFs production by A. 

flavus OR478625. 

 

Plant extracts Conc. (%)   Aflatoxin (µg/L) 

Mean ± SD 

  

  B1 B2 G1 G2 Total 

Control 0.0 2498 150 23 0.16 2671.16 

Ammi majus 0.01 0.0 0.0 0.0 0.0 0.0 

 0.05 0.0 0.0 0.0 0.0 0.0 

 0.1 0.0 0.0 0.0 0.0 0.0 

 0.5 0.0 0.0 0.0 0.0 0.0 

 1 0.0 0.0 0.0 0.0 0.0 

Camellia 

sinensis 

(green tea) 

0.01 220 0.0 0.0 0.0 220 

0.05 0.0 0.0 0.0 0.0 0.0 

0.1 220 0.0 0.0 0.0 220 

 0.5 0.0 0.0 0.0 0.0 0.0 

 1 0.0 0.0 0.0 0.0 0.0 

Humulus 

lupulus 

0.01 2207 19 0.0 0.032 2226 

0.05 882 0.0 0.0 0.0 882 

 0.1 1765 19 0.0 0.032 1784 

 0.5 0.0 0.0 0.0 0.0 0.0 

 1 0.0 0.0 0.0 0.0 0.0 

Trifolium 

alexandrinum 

0.01 0.0 0.0 0.0 0.0 0.0 

0.05 3089 157 0.0 0.076 3246.08 

 0.1 3089 193 0.0 0.23 3282.23 

 0.5 441 0.0 0.0 0.0 441.00 

 1 0.0 0.0 0.0 0.0 0.0 

Linum 

usitatissimum 

0.01 1324 19 0.0 0.032 1343.03 

0.05 441 0.0 0.0 0.0 441.00 

 0.1 3089 193 0.0 0.23 3282.23 

 0.5 3089 193 0.0 0.23 3282.23 

 1 1324 19 0.0 0.032 1343.03 

 

In contrast to the control, the effect of propolis on production of four aflatoxin types (B1, B2, G1 

and G2) were displayed in Table (2). At the same concentrations (0.0, 0.01, 0.05, 0.1, 0.5 and 1 %), the 

obtained data revealed that 0.5 and 1 % of propolis extract completely inhibited the four types of 

aflatoxin (0.0 µg/L), while at 0.05 % significantly inhibited production of AF B2, AF G1 and AF G2, 

furthermore, at 0.01 inhibited AF G1 and significantly decreased B1, B2, and G2 types compared to 

control. 
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Table 2. Effect of different concentration of propolis on AFs production by A. flavus OR478625. 

 

Propolis 

Conc. (%) 

Aflatoxin (µg/L) 

 Mean ± SD  
 B1 B2 G1 G2 Total 

0.0 2498±6
a
 150±2

a
 23±1

a
 0.16±0

a
 2671±13

a
 

0.01 2207±3
a
 19±1

b
 0.0±0

b
 0.032±0

b
 2226±15

a
 

0.05 220±1
b
 0.0±0

c
 0.0±0

b
 0.0±0

c
 220±3

b
 

0.1 2648±12
a
 157±2

a
 24±1

a
 0.15±0

a
 2829±11

a
 

0.5 0.0±0
c
 0.0±0

c
 0.0±0

b
 0.0±0

c
 0.0±0

c
 

1 0.0±0
c
 0.0±0

c
 0.0±0

b
 0.0±0

c
 0.0±0

c
 

*Data are means of three replicates ± SD. 

*Different letters refer to significant difference at P< 0.05. 

 

3.4. Phytochemical Constituents of the Studied Plant and Propolis Extracts 

Secondary metabolites; saponin, tannin, flavonoids, Phenolic, ascorbic and total amino acids 

from six studied treatments (A. majus, C. sinensis, T. alexandrinum, H. lupulus, seeds of L. usitatissimum 

and propolis) were quantitatively studied as described in Table (3). Quantity of secondary 

metabolites varies from one extract to another. For phenolics its quantity ranges from 121 to 322 

mg/g, flavonoids from 50 to 85 mg/g, ascorbic acid from 10 to 36 mg/g, saponins from 17 to 36 mg/g 

but for tannin range from 11 to 35 mg/g. For phenolics and flavonoids its highest quantity appears in 

C. sinensis extract, for ascorbic acid its highest quantity appear in propolis followed L. usitatissimum 

extract, but saponin concentration the higher quantity appear with propolis followed by A. majus 

extract. The highest quantity of tannin appears in propolis extract. 

Table 3. Phytochemical screening of five studied plant extracts and propolis. 

 

Parameter  Quantity of the phytochemical in mg/g (Mean± SD)  

 A. majus C. sinensis T. alexandrinum H. lupulus L. usitatissimum Propolis 

Phenolic 211±2
b
 322±12

a
 121±7

e
 152±2

d
 180±8

c
 181.4±7

c
 

Flavonoids 51±2
c
 85±6

a
 50±2

c
 65±2

b
 51±2

c
 47.7±0.7

c
 

Ascorbic 14±1
bc

 12±2
cd

 10±1
d
 15±1

b
 36±2

a
 35.1±0.8

a
 

Saponin 36±3
b
 32±2

b
 17±1

c
 22±1

c
 18±2

c
 41.1±5

a
 

Tannins 14±2
de

 25±3
c
 15±1

d
 35±2

b
 11±1

e
 100.8±3

a
 

*Data are means of three replicates ± SD. 

*Different letters refer to significant difference at P< 0.05. 

 

3.5. Antioxidant Activity of the Studied Plant Extracts and Propolis 

Three methods FRP, PMA and DPPH were used for studying antioxidant activity of five plant 

extracts and propolis as illustrated in Table (4). For FRP and DPPH methods the highest antioxidant 

activity (35.8±3 mg/g and 81±3%) appear with A. majus, respectively. Meanwhile, PMA method, the 

highest antioxidant activity appear with H. lupulus (30±2). However, the antioxidant activity of 

propolis was recorded as 30.8±1, 76.4±1 and 11.5±2 for FRP, DPPH and PMA methods, respectively 

(Table 4). 

 

3.6. Differential Display for A. flavus OR478625 Under Different Concentrations (0.5 and 1 %) of the 

Dyes Using Chitinase Primers 

RNA arbitrarily primed PCR technique is based upon the use of reverse transcribed RNA as a 

template to identify differentially expressed genes in a manner analogous to that of arbitrarily 

primed PCR (AP-PCR) Welsh and McClelland [65], which uses genomic DNA as a template. 

AP-PCR has proven to be a powerful method for the detection and isolation of differentially 

expressed genes in several systems including tumor cells [66,67]. 
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Table 4. Antioxidant activity of five studied plant extracts and propolis by FRP, PMA and DPPH 

methods. 

 

Parameter A. majus C. sinensis T. alexandrinum H. lupulus L. usitatissimum Propolis Unit 

FRP 35±3
a
 33±3

ab
 31±1

bc
 26±2

d
 28±1

cd
 30.8±1

bc
 mg/g 

PMA 27±3
bc

 25±1
c
 29±1

ab
 30±2

a
 22±1

d
 11.5±1

e
  

DPPH 81±3
a
 79±1

ab
 65±5

c
 62±5

c
 73±3

b
 76.4±2

ab
 % 

*Data are means of three replicates ± SD. 

*Different letters refer to significant difference at P< 0.05. 

 

 

Figure 4. Differential display PCR using arbitrary primers for A. flavus treated with Ammi majus. 

Lane 1: 3 kbp DNA marker, Lane 2: Control, Lanes 3, 4: Treated samples with 0.5 and 1% 

concentrations. 

 

A. flavus OR478625 was treated using different concentrations from A. majus (0.5 and 1%). The 

total RNA was extracted, and the differential display analysis was achieved for the treated and 

control samples using arbitrary primers. Data presented in (Figure ,4) showed that the differential 

display for the samples; control, 3 and 4 revealed that, two up-regulated bands with different 

molecular weights are appeared. These bands appeared only with sample 3 (arrow indicated to 

right) but they are not shown with control. One of the important things is the disappearance of the 

down-regulated band from treated samples but it was highly expressed in the control ones (arrow 

indicated to right). 

4. Discussion 

Aflatoxins are severe, toxic and carcinogenic mycotoxins that are produced by fungi belonging 

to genus Aspergillus spp, primarily A. flavus and A. parasiticus [68]. Within section Flavi, there are 

about 18 species that produce aflatoxins but most of them have little economic or agricultural 

importance [69]. Aflatoxin poses serious health threats to both human and livestock [4,16]. Different 

studies indicate that some plants have numerous constituents such as peptides, aldehydes, many 

essential oils, phenols, etc. with potentially important therapeutic application against human 

pathogens, comprising bacteria, fungi, and virus [16, 70-72]. 
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In this study, four aflatoxigenic A. flavus isolates were morphologically and genetically 

identified and deposited their sequences in the GenBank database and identified as; A. flavus 1 

(OR477304), A. flavus 2 (OR478624), A. flavus 3 (OR478625) and A. flavus 4 (OR477305). The effect of 

different concentrations of five plant extracts (A. majus, C. sinensis, T. alexandrinum, H. lupulus, and L. 

usitatissimum) as well as propolis on A. flavus 3 (OR478625) growth biomass. All treatments appear 

significant reduction of fungal growth biomass at different concentrations. The data revealed the 

concentration which cause highest percentage of inhibition varies according to type of plant extract, 

[49, 73,74]. The highest reduction in mycelium growth appears at 0.1 to 1 g/50ml for A. majus. For C. 

sinensis the highest reduction in growth appears at 0.01 g/50ml. Contrast to H. lupulus, the highest 

reduction in growth appears at 1 g/50ml and for L. usitatissimum. The highest of decreasing in fungal 

biomass was achieved by propolis as well as for T. alexandrinum is 0.5 g/50ml. 

The AFs regulation effect by extract of Ammi majus, Camellia sinensis, Humulus lupulus, Trifolium 

alexandrinum, Linum usitatissimum and propolis. Many articles using plant extracts as effective factor 

inhibiting aflatoxins production, [75]. Methanolic plant extracts as Zingiber officinale and 

Hyoscyamus muticus were effective and completely inhibited the production of AFs with A. flavus 

G14 at all studied concentrations. A like, Cinnamomum zeylanicum, Artemisia absinthium, Piper nigrum, 

Camellia sinensis, Cichorium endivia, Sonchus oleraceus and Chenopodium murale inhibit AFs production 

at most concentrations were used. [73] presented that, aqueous extracts of Lupinus albus, Ammi 

visnaga and Xanthium pungens suppressed the growth and biosynthesis of AFs by A. flavus and the 

inhibitory consequence of these extracts was comparative to their concentrations. In this respect, Qin 

[76] found that three kinds of extracts of green tea (Camellia sinensis) were effective for their effects on 

AFB1-induced hepato-carcinogenesis in rats. 

Many workers have reported antimicrobial activity of studied plant extracts and showed the 

importance of natural chemicals as possible source of non-phytotoxic, systemic and easily 

biodegradable alternative pesticides. Corresponding to [49,73,77] different extracts of plant species 

exhibited antifungal activity of aflatoxin producing Aspergillus species (Thymus vulgaris, Eucalyptus 

globulus, Allium sativum, Mentha viridis, Nigella sativa and Allium cepa) and reducing the fungal dry 

weight. The aqueous plant extract of Allium sativum, Thymus vulgaris. rhizome of Zingiber officinalis, 

Olea europaea and Eucalyptus globulus were strongly inhibited aflatoxin B1production. Moreover, T. 

vulgaris and extract of Ocimum basilicum leaf showed the strongest inhibition of Aflatoxin B2 

production. Generally, several plant extracts which illustrate antifungal activities, they can be 

divided into groups according to the chemical structure of their volatile oil. High fungicidal 

activities can be found in the phenol-containing lamiacaea species, 1,8-cineole showed antifungal 

activity against aflatoxin producing Aspergillus species ([78-81]. According to Dubey and Dwivedi 

[82], no plant extract acts against all properties of fungus by the same rate, but in most cases, plant 

extract affects by different rates on the different biological characters of the fungus. 

Addition of natural extracts to the fungal growing media resulted in decrease fungal growth and 

inhibition of AFs production [50], these findings are in accord with Abdel-Wahab [75] which 

reported that; AF production by studied isolates of A. flavus G14 was completely inhibited by 

methanolic extracts of Zingiber officinale and Hyoscyamus muticus at all concentrations (0.01, 0.05, 0.1, 

0.5 and 1 % w/v. 

Also, propolis (bee-glue)-a natural product made by bees from the resins of Populus nigra and 

chestnut trees [83] displayed antimicrobial activity against Aspergillus flavus [84], A. sulphureus [85], 

Sclerotium cepivorum [86-88], soybean and sunflower wilt disease [89] and soil-borne fungi [90]. 

Ghaly et al. [91] established that propolis ethanolic extract concentrations reduced the percentage of 

conidial germination of A. flavus of studied isolates, reduced its mycelial dry mass and reduce AFB1 

production with A. flavus isolates compared with control, where Pepeljnjak et al. [85] found that 

propolis extract inhibit growth of A. flavus, A. ochraceous, Penicillium viridicatum and P. notatum and 

had antifungal activity towards A. sulphureus. 
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The antifungal efficacy of the studied extract specially A. majus may be attributed to its 

antioxidant compounds and activity. Saponins are steroidal or tri-terpenoid complexes that are 

commonly glycosylated at one end of the compound, possess soap-like properties in 

H2O [92]. Several saponins have antimicrobial and anti-insects properties and are considered 

protective agents towards potential pathogens [93]. Besides, Tannins; a secondary metabolite and 

has a role as potential biological antioxidants used for defense of oxidative stress imposed by fungi, 

which has been implicated widely [94]. 

In our study, the capacity of studied extracts as antioxidant was shown to be influenced by the 

total phenolic and total flavonoid contents. Further, Flavonoids are important natural group of 

phenolics and possess wide spectrum chemical and biological characteristics including radical 

scavenging properties and described to have antioxidant, anticarcinogenic, and antimicrobial 

properties [95]. Furthermore, the reducing capability of the mentioned extracts may have considered 

as a substantial indicator of its potential antioxidant capacity which have a role in changing free 

radicals to more steady products and hence ending free radical originated chain reactions [96]. 

Moreover, the DPPH method is known to provide consistent information regarding the antioxidant 

capacity of definite extracts, products or compounds. The A. majus extract studied showed high 

antioxidant activity attaining (81 %) of DPPH scavenging. 

Molecular techniques have been used increasingly over the past decade to improve the 

sensitivity, specificity and turn-around time in the clinical laboratory. In this study, A. flavus strains 

was subjected to different treatments to examine the productivity of AFs. Molecular studies based 

on the differential display were carried out to examine the down regulated and the up regulated 

bands (genes) [66]. We show that strains can be distinguished by comparing polymorphisms in 

genomic fingerprints and also the changes inside the genome under different stress. the genetic 

variation which examined, might happen for the treated fungus compared with the control 

(non-treated). The genetic variations after two steps of PCR observed in the level of messenger RNA 

and the response of the organism toward the treatment will be followed with a high amount of 

mRNA for the influenced genes. The appearance of a new band in the treated fungus it means a gene 

(s) expression (a gene opening) (up regulated band) as a response for the new conditions. But the 

disappearance of band it means that a gene shutdown (down regulated band). The obtained results 

are showed there are many up regulated bands in different molecular weights, these actually belong 

many different genes in the aflatoxins pathway. But there is only one down regulated band 

appeared with the control sample. These results come in agreement with Williams et al. [97] and 

Caceres, et al. [98]. Generally, this band appeared in 75% with the control samples, which pushed us 

to examine this band to discover in which gene in the aflatoxins pathway it is responsible. Now it is 

clear that the down regulated band means the aflatoxins biosynthesis gene and the absence of this 

band in the treated samples means that, all the treatment makes a blocking for the biosynthesis gene 

or at least make inhibition for that gene. In addition, the disappearance of this band in the treated 

fungus may not be completely inhibition of the biosynthesis gene and may be expressed but with 

very low level, which prevent the polymerase to see it and the result no amplicon. Actually, mRNA 

differential display (DDRT-PCR), is gel based transcript profiling system based on electrophoretic 

fingerprinting of amplified cDNA fragments [99]. Therefore, we utilized differential display to 

identify potential factors produced by some plant extracts on the fungus aflatoxin production [100]. 

In conclusion, some of examined treatments affect the aflatoxin biosynthesis gene. But the others 

may inhibit another gene in the same pathway. 

5. Conclusions 

This study recognized the anti-fungal effect of five plant extracts and propolis against the 

isolate A. flavus 3 (OR478625). It is worthy mentioned that all treatments produced significant 

reduction of the fungal biomass’s growth when compared to control. The highest reduction was 

exhibited by C. sinensis (60.6%), and A. majus (50.8%) at 0.01 g/50 ml. Meanwhile, T. alexandrinum 
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exhibited 54.6% reduction at 0.5 g/50 ml, followed by L. usitatissimum and H. lupulus which produced 

61.6 and 38.4% reduction at 1 g/50 ml, respectively. Propolis exhibited 48.2% reduction at 0.5 g/50 ml. 

AF production (B1, B2, G1 and G2) was completely inhibited by A. majus extract at all concentrations, 

and by propolis and H. lupulus extract at 0.5 and 1%. Three types of AFs (B2, G1 and G2) were 

completely inhibited by C. sinensis extract at all concentrations, and by T. alexandrinum extract at 0.01 

and 1%. Whilst, only AFG1 was inhibited by L. usitatissimum extract at all concentrations. The plant 

extracts showed an average of 221.5, 67.5, 23, 26.5 and 23 mg/g of phenolics, flavonoids, ascorbic 

acid, saponins and tannins, respectively. A. majus exhibited the highest antioxidant activity (35.8±3 

mg/g and 81±3%) using FRP and DPPH methods, respectively. Meanwhile, H. lupulus exhibited the 

highest antioxidant activity (30±2 mg/g) using PMA method. Additionally, treatment of A. flavus 3 

with A. majus resulted in genetic variations when compared to control. This study presented the high 

antioxidant activity, the high antifungal capacity, and the remarkable aflatoxin inhibition of the 

studied plant extracts and propolis, as well. 
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