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Abstract 

Natural products, like phenolic compounds from plant sources, exhibited antifungal activity and other biological 

activities. The current work aimed at studying the effect of phenolic compounds produced via enzymatic extraction from 
garden cress seed meal on some aflatoxins producing fungi isolated from the Eggplant fruits. In this elucidation, the chemical 
composition, minerals content and protein isolate of garden cress meal were investigated. Various enzymes (protease, 

cellulase, amyloglucosidase and their mixture) were used in the extraction of phenolic compounds with different 

concentrations. The antioxidant activities of all phenolic extracts were assisted. The polyphenolic compounds were defined by 
HPLC. Amino acid profile of the prepared protein isolate was also determined. On the other hand, six samples of Eggplant 
(10 of each) from two different locations were analyzed for mycological examination and aflatoxins association. The 
antifungal activity of phenolic extracts was measured by linear growth method of aflatoxigenic fungi. The results showed that 

a mixture of protease, cellulase, and amyloglucosidase enzymes with equal ratios exhibited major phenolic compounds 
(15.97mg/g) and also high antioxidant activities. The enzymatic phenolic extracts with different concentrations (10 and 20%) 
had a significant antifungal activity against aflatoxigenic fungi and other tested fungi. The highest growth inhibition of 
aflatoxigenic fungi was detected with A. parasiticus (55.82% at 20% conc.), while A. flavus detected less growth inhibition 
which recorded 40.54% at 20% conc. It could be concluded that garden cress phenolic extract is effective against some 
aflatoxigenic fungi. 

Keywords: garden cress seed meal, minerals, protein isolate, phenolic compounds, antioxidants, eggplant fruit, 

aflatoxigenic fungi, aflatoxins, antifungal activity                                                                                            
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1. Introduction 

Garden cress belongs to the Brassicaceae 

family, is an annual herb, which is wealthy in health 

promoting phytochemical compounds. One of the 

most vital groups of natural antioxidants is phenolic 

compounds. Garden cress seed GCS (Lepidium 

Sativum seed LSS) has been utilized in ancient 

medication for the treatment of liver problems, 

jaundice, gastrointestinal disorders, and spleen 

diseases. It had been additionally reportable to 

exhibited diuretic, antihypertensive, anti-asthmatic, 

anti-inflammatory, and antioxidant activities [1, 2]. 

Arial parts, leaves, and seed extracts of GCS found to 

have flavonoids, alkaloids, proteins, fats, 

carbohydrates, vitamins, minerals, glycosides, 

polyketides, which give the plant it's 

antihypertensive, diuretics, hepatoprotective, fracture 

healing, antimicrobial, milk production, antioxidant, 

anti-inflammation, respiratory disorder healing, 

chemoprotective, laxative, and many other 

therapeutic applications [3]. Mucilage of garden cress 

seeds may be useful in preventing enter-colitis [4]. 

Ethanolic extracts of the whole seed showed a 

reduction of the level of serum alanine transaminase 

Egyptian Journal of Chemistry 
http://ejchem.journals.ekb.eg/ 

 

238 

 



288                                                                             M. A. Younos and E. M. Akl 
_____________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 65, No. 4, (2022) 

 

(ALT), alkaline phosphatase (ALP) 

aspartatetransaminase (AST), and bilirubin (BIL) in 

the groups pretreated with LSS and silymarin [5]. 

Garden cress seeds extracts (petroleum ether, 

methanol, water, and ethanol) exhibited antifungal 

activity against different pathogenic microorganisms 

Escherichia coli, Staphylococcus aureus, Proteus 

vulgaris, Klebsiella pneumonae, Pseudomonas 

aeruginosa, and fungus Fusarium equiseta, 

Aspergillus flavus Candida albican and Alternaria 

alternate, so it can be exploited as an ideal treatment 

for future fungal diseases [6, 7]. 

The Eggplant, Aubergine (Solanum 

melongena L.), of the Solanaceae family, is grown in 

subtropical and tropical regions of the world. It is one 

of the most common vegetable crops grown in Egypt. 

It is as popular as the poor man's crop [8]. The 

nutritional content of the fruit is good; it is low in 

calories, sodium and fat. It also contains protein, 

starch, fibre, and additional nutrients like folic acid, 

potassium, magnesium, vitamin A, and B6.[9]. 

Eggplant fruits are attacked by fungal pathogens 

resulting in rot and post-harvest diseases [10]. 

Zacharia and Philip [11] isolated Alternaria solani, 

Penicillium sp.,  Fusarium solani, Rhizopus 

nigricans, Colletotrichum, Mucor sp.,Botrytis 

cinerea, Curvularia lunata, Aspergillus niger and 

Rhizoctonia solani from rotten fruits of eggplant. A. 

flavus, Alternaria solani, A. alternata, M. Hiemalis 

and R. Stolonifer were identified to be associated and 

responsible for eggplant spoilage [12]. The causative 

agents of eggplant fruit rot were Collectotrichumme 

longenae and Phomopsis melongenae [13]. These 

fungi cause significant economic losses not only in 

eggplant but in most fruits, and vegetables [10]. 

Aflatoxins are produced by certain types of 

moulds (Aspergillus flavus and Aspergillus 

parasiticus). Aflatoxins are among the most 

dangerous mycotoxins that have been studied today 

not only for scientific purposes but also within the 

scope of ongoing food safety control. There are four 

main types of aflatoxins, differing in chemical 

structure but similar in physiological effects - B1, B2, 

G1, G2 and about 10 of their derivatives. 

Biosynthesis of aflatoxins occurs when fungi develop 

in different types of foods. A. flavus is a widespread 

microscopic mould that can grow and produce toxins 

in a several substrates [14]. Several factors influence 

on both the growth and the production of mycotoxins 

in different types of fungi, including temperature, pH, 

environment, humidity, nutrients, water activity, 

nature of the substrate, physiological state, level of 

inoculation, and microbial interactions [15]. 

Therefore, the main goal of this study is 

focused on studying two parts. First, evaluation the 

chemical composition, minerals content and protein 

isolate of garden cress seed meal. Various enzymes 

(protease, cellulase, and amyloglucosidase) used in 

the extraction of phenolic compounds with different 

concentrations single or their mixture, with 

assessment of its antioxidant activities. Second, 

isolation and identification of all mycoflora 

contaminated Eggplant fruits and determination of 

aflatoxins produced. Finally, estimation of the 

antifungal activity of the enzymatic phenolic extract 

of Lepidium sativum seed meal against aflatoxigenic 

fungi and other different fungi. 

 

2. Material and Methods 
2.1. Materials  

 

2.1.1. Preparation of garden cress seed 

Garden cress seed was purchased from a local 

market then subjecting to defatting by soxhlet 

apparatus and normal hexane as defatting solvent, 

then allowed to air-dry in a fume hood to remove 

residual hexane. The resulting defatted meal was 

ground in a coffee mill to obtain a finely divided 

material suitable for extraction studies.  

All chemicals were obtained from Sigma Chemical 

Co.  

 

2.1.2. Collection of samples: 

 Randomly 6 samples (10 of each) of Eggplant 

fruits were collected from two different locations. 

Each sample was collected in a sterile polyethene 

bags and conveyed to the microbiology laboratory for 

analysis within 24 hours of collection. 

 

2.2. Methods  

 

2.2.1. Preparations of GCSM phenolic extracts by 

Enzymatic Assisted Extraction 

Enzymes used in this work were protease, 

cellulose, and amyloglucosidase. For each 

experiment, 2g of GCS meal was suspended in 200 

ml distilled water (1:100, M: W ratio) was stirred by 

a magnetic stirrer with heating to the appropriate 

temperature for each enzyme. Each enzyme was 

added at concentrations 1, 2 and 3% (weight of 

enzyme: weight of meal). After adjusting the suitable 

pH for each enzyme, the mixture was transferred to a 
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shaking water bath for 3 hours. The incubating pH 

was fixed at the optimum range for each enzyme 

using 1N Na OH and 6N HCl. The mixture involving 

protease was incubated at a pH 7.5 and temperature 

37° C, the mixture involving cellulose was incubated 

at a pH 4.2 and temperature 50°C, the mixture 

involving amyloglucosidas was incubated at a pH 4.5 

and temperature 55°C. After the mixture was treated 

with a given enzyme at its optimum pH and 

temperature for a determined time, the pH was 

shifted to a value of (pH2) then the temperature was 

raised to 80°C for 5 minutes to assure complete 

inactivation of the enzyme. After enzyme 

inactivation, the mixture was centrifuged for 30min. 

at 3000xg and the supernatant was then taken for the 

determination of phenolic compounds.  

A considerable amount of enzyme mixture 

phenolic extract with ratio (1:1:1) were prepared for 

determination of polyphenolic by HPLC and 

antifungal evaluation. The first hour was prepared 

according to enzyme cellulase at a pH 4.2 and 

temperature 50°C. Then second hour was prepared 

accordion to enzyme protease at a pH 7.5 and 

temperature 37° C. Then the third hour was prepared 

according to amyloglucosidasat a pH 4.5 and 

temperature 55°C. After that the enzymes were 

inactivated by lowering PH and raising temperature. 

The aqueous extract concentrated by a rotary 

evaporator and directly freeze dried by (Crest Alpha 

1-4 LSC plus Germany). The freeze-dried phenolic 

extract kept in a refrigerator until used. 

 

2.2.2. Preparation of garden cress seed meal 

protein isolate (GCSMPI).  

Generally, the alkaline solution (0.02 N 

NaOH) was first added to the defatted garden cress 

meal and stirred for two hours to solubilize the 

proteins. The mixture was then centrifuged, and the 

pH of the supernatant was adjusted by dilute acid (6N 

HCl) to precipitate the protein at its isoelectric point 

(4.2- 4.8). Precipitated protein was then separated by 

centrifugation and the precipitate was washed several 

times with water followed by ether and acetone then 

dried and saved in the refrigerator until used. 

 

Water-Holding Capacity (WHC) and Oil-Holding 

Capacity (OHC) of GCSMPI. 

Water-Holding Capacity (WHC) and Oil-Holding 

Capacity (OHC) of GCSMPI were determined as 

described by Alfredo et al. [16] and expressed as g of 

water or oil held/g sample. 

Determination of GCSM protein content. 

The total protein content of GCSMPI was 

determined according to the method of A.O.A.C. 

[17]. 

2.2.3. Determination of amino acid profile 

of GCSMPI using HPLC. 

The amino acid profile of GCSMPI was 

determined using HPLC-Pico-Tag method according 

to Millipore Cooperative (1987). The Pico-Tag 

method was described by Heinrikson and Meredith 

[18] and Cohen et al. [19]. The Pico-Tag method, 

which was developed commercially by Waters 

Associates, was an integrated technique for amino-

acid analysis. Phenylisothiocyanate (PITC, or 

Edman's reagent) was used for pre-column 

derivatization, while reversed-phase gradient elution 

high-performance liquid chromatography (HPLC) 

separates the phenylthiocarbamy (PTC) derivatives 

which were detected by their UV absorbance. The 

chromatographic analysis using HPLC was carried 

out using the following gradient of Pico-Tag solvent 

A and B (P/N 88108 and 88112). The sample was 

injected and loaded on Pico-Tag amino acids column 

(150 x 3.9 mm) stainless steel. Detection of the PTC 

derivatives is by ultraviolet absorption measurements 

using a fixed wavelength (254nm) Waters detector. 

Before injecting the sample, the illustrated was 

calibrated by two injections of the standards. 

2.3. Methods of Analysis 

Moisture, protein, oil, ash, fiber was 

determined according to A.O.C.S. [17] Standard 

methods of analysis. Nitrogen-free extract was 

determined by calculation. 

2.3.1. Determination of Total Phenolic 

Compounds TPC 

The content of phenolic compounds was 

determined according to the method of Fu et al. [20]. 

200 μL of the sample was completed to 3ml distilled 

water. 2mL of 10% folin reagent was added then 

shake well for 5 minutes, 1ml of 7.5% sodium 

carbonate was added then shakes. The mixture was 

left for one hour in dark then the absorbance at 765 

nm was measured using a spectrophotometer (T80 

UV vis spectrophotometers).  

2.3.2. Evaluation of the antioxidant activity of 

all soluble phase by two methods 

a-DPPH radical-scavenging 

The method described by De Ancose et al. 

[21] was utilized to determine the DPPH radical-

scavenging. The reduction of the DPPH radical was 

measured at 517 nm.. Results were expressed as 
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percentage inhibition of the DPPH using the 

following equation: 

 Inhibition of DPPH (%) = absorbance 

control-absorbance sample/absorbance control × 100  

Where the absorbance of control is the 

absorbance of DPPH solution without extract. 

 

b- Ferric reducing antioxidant power (FRAP) 

The reducing power of each extract was 

determined according to Zhao et al. [22]. The 

absorbance was measured spectrophotometrically at 

700 nm. The measurement was compared to the 

standard curve of a prepared BHT solution. The final 

results were expressed as milligrams of BHT 

equivalents per gram based on the dry weight 

. 

2.3.3. Heavy metal analysis  

Minerals contents in one gram meal were 

determined. A one g weight of each of the samples 

was placed in a clean crucible and placed in a 

furnace. The content was ashed at 650 °C for 10 h 

until a whitish-grey matter was obtained then cooled. 

2M HCl was added then deionized water (completed 

to 20 mL) was added and filtered; the resultant 

filtrate was used for trace metal assay by using Flam 

Atomic absorption spectrometer (Agilent 

Technologies). The amounts of individual elements 

were calculated by the obtained values following 

their standard curves, and the measurements were 

made at 589.6 nm (Na), 766.5 nm (K), 239.9 nm 

(Ca), 202.6 nm (Mg), 248.3 nm (Fe), 279.5 nm (Mn), 

324.7 nm (Cu) and 213.9 nm (Zn). 

 

2.3.4. Analysis of Phenolic Compounds by HPLC 

HPLC analysis was carried out using Agilent 

Technologies 1100 series liquid chromatograph 

equipped with an autosampler and a diode-array 

detector. The analytical column was an Eclipse XDB-

C18 (150 X 4.6 μm; 5 μm) with a C18 guard column 

(Phenomenex, Torrance, CA). The mobile phase 

consisted of acetonitrile (solvent A) and 2% acetic 

acid in water (v/v) (solvent B). The flow rate was 

kept at 0.8 ml/min for a total run time of 70 min and 

the gradient programmed was as follows: 100% B to 

85% B in 30 min, 85% B to 50% B in 20 min, 50% B 

to 0% B in 5 min and 0% B to 100% B in 5 min. The 

injection volume was 50 μl and peaks were 

monitored simultaneously at 280 and 320 nm for the 

benzoic acid and cinnamic acid derivatives, 

respectively. All samples were filtered through a 0.45 

μmAcrodisc syringe filter (Gelman Laboratory, MI) 

before injection. Peaks were identified by congruent 

retention times and UV spectra and compared with 

those of the standards [23]. 

 

2.3.5. Culturing Procedure: 

Cut sections of naturally infected Eggplant 

fruits were surface sterilized with 70% sodium 

hypochlorite (bleach) solution for 1min and rinsed 

quickly in three successive changes of sterile distilled 

water, and blotted dry with sterile filter paper, and 

placed on Potato Dextrose Agar  media (PDA) in 

Petri dishes. Four sections were inoculated per Petri 

dish. The plates were incubated at 28 ± 1°C until 

fungal growth was noticed. After 5 days, the different 

isolates were sub-cultured on freshly prepared PDA 

to obtain their pure culture. 

2.3.6. Identification of the Isolated Fungi:   

All developing fungal colonies were 

examined morphologically and microscopically then 

identified according to Raper and Fennel, [24] 

Samson, [25] Domsch et al., [26]and Pitt and 

Hocking [27]. 

2.3.7. Aflatoxin analysis: 

a-Aflatoxins production: All isolated 

aflatoxigenic fungi (Aspergillus flavus and A. 

parasiticus) were propagated as pure culture in 

100 ml yeast extract sucrose (YES) to be tested 

for aflatoxins production according to 

Munimbazi and Bullerman [28]. Each flask was 

inoculated with 0.1 ml of spore suspension 

containing approximately 106 spores ml-1. 

Cultures were incubated at 26±2
o
Cfor 14 days.  

b- Extraction of aflatoxins from the culture 

media: The extraction was performed according to 

the procedure offered by Kumar et al. with some 

modifications as follows [29]. The cultures were 

filtered and mycelial mats were collected. Aflatoxins 

were extracted from culture filtrates with chloroform. 

A known volume of filtrate (25 ml) was added to 10 

ml chloroform and was shaken for half hour. The 

chloroform contained aflatoxins were separated by 

separating funnel which was allowed to stand for 

some time until the two layers appeared. The upper 

aqueous layer was re-extracted many times with 

chloroform for complete separation. The lower 

chloroform layer was filtered over anhydrous sodium 

sulfate in 250 ml beaker, evaporated in a water bath 

(70-80°C) near dryness and the residue was washed 
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twice with chloroform (12 ml) into a glass vial which 

evaporated till dryness (dry film). The dried extract 

was kept in the refrigerator at -5°C for HPLC 

analysis [29].  

 

c- High performance liquid chromatography 

(HPLC) analysis: 

 

           According to A.O.A.C., [30]. The HPLC 

system used was a water 600-pump system equipped 

with model 474-flourescence detector (water) set at 

360 nm for excitation and 440 nm for emission 

wavelength. Water Nova-pack C18 column 

(150×3.9) was used for aflatoxins separation. The 

mobile phase (water: Acetonitrile: Methanol, 65: 5: 

30) was isocratically flow at rate of 1.0 ml/min. Data 

were collected and integrated with a waters 

Millennium 32 chromatography Manager software 

program. 

 

2.3.8.  Antifungal activity (in vitro): 

Determination of mycelial growth inhibition: 

The enzymatic phenolic extract of garden cress seed 

(Lepidium sativum) was mixed with sterilized Potato 

Dextrose Agar (PDA) medium at various 

concentrations (10 and 20% (v/v)) in separately 

sterilized Petri dishes. All Petri dishes were 

inoculated each alone at the centre with 5mm-disc 

inoculums 7-day old of each of the tested fungi 

(Alternaria sp., Aspergillus flavus, A.niger, 

A.parasiticus, A.terrus and Penicillium sp.) using 

sterilized cork borer. Three plates were used as 

replicates for each treatment then incubated at 28 ± 

2°C. Colony diameter was measured after 5 d of 

incubation period [31]. Medium free of extract were 

used as a control. Growth inhibition percent was 

calculated according to Jabeen et al. [32] by using a 

formula:- 

Growth inhibition (%) = (C - T) /C×100   

Where C = growth in control, T = growth in 

treatment  

3. Results and Discussions 

3.1. Chemical composition of GCSM and minerals 

content 

The information about the chemical 

composition of seeds is essential for several factors: 

it is the basic source for both animals and human 

food. Also, it contains various sources of drugs and 

anti-metabolites that affect nutrition of animals and 

human. Table 1 showed the proximate chemical 

composition of both GCS and GCSM (percentage per 

gram dry weight). Chemical composition of GCS 

showed that it contains 23.2 ±0.2 crude oil, 26.3± 0.4 

total proteins and low level of moisture 4.2± 0.3 

which is an index of quality, stability, and increased 

shelf life of seeds. These results are in range reported 

by Zia-Ul-Haq et al., and Mohammed [33, 34]. 

While, GCSM contains high amount of protein 

(48.1± 0.5%) while, the defatting seed process 

doubled the protein content so, it considered as high 

food energy. Crude fibre content is about (10.4 ± 

0.3), the results in range reported by Mohammed 

[34]. Also, GCS is a good source of minerals because 

of higher amount of ash contents. This result is in 

agreement with Singh, Paswan [35].  

  

Mineral content of GCSM, Table 2 showed 

that potassium, calcium, and magnesium constituted 

the major mineral 1239, 477.5and 374.7mg/100g 

respectively, while zinc, copper, and manganese 

contents are low. The same observation concluded by 

Pramod et al. [36]. So, GCSM can be used in 

improvement of some supplementary food. 

 

Table 1 chemical composition of GCS and GCSM 

expressed as percentage  

Chemical 

Composition % 

GCS GCSM 

Moisture 4.2± 0.3 5.82± 0.2 

Protein 26.3± 0.4 48.1± 0.5 

Oil 23.2± 0.2 0.8± 0.1 

Ash 6.1± 0.1 6.8± 0.2 

Crude Fiber 10.8± 0.2 10.4± 0.3 

Nitrogen free 

extract 

29.4± 0.5 28.03± 0.4 

Results are mean values of three replicates ± standard deviation 

 

Table 2 Minerals content of GCSM expressed as 

mg per 100 gram dry weight 

Minerals mg\100g GCSM 

Copper Cu 6±0.11 

Iron Fe 5.5±0.2 

Zinc Zn 2.8±0.1 

Manganese Mn 2.1±0.01 

Sodium Na 9.6±0.3 

Magnesium Mg 374.7±2 

Potassium K 1239.0±5 

Calcium Ca 477.5±4 
Results are mean values of three replicates ± standard deviation 
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2.4. Garden cress seed meal protein isolate 

(GCSMPI) 

 Amino acid profile of (GCSMPI) was 

illustrated in Table 3. As shown, it is rich in essential 

amino acids like arginine &histidine and nonessential 

amino acids as aspartic acid & glutamic acid which 

play a vital role in the metabolism of fats and sugars 

[37]. It is low in alanine, prolinne, and lysine. The 

total protein content of GCSMPI was 84% as 

determined by the Kjeldahl method. This is attributed 

to that it contains a large amount of mucilage which 

easily dissolves in water. Low purity garden cress 

protein isolate was due to unremoval of mucilage 

before extraction of protein from defatted garden 

cress. So, it was lower than the flaxseed protein 

isolate which was prepared via removal of mucilage 

before protein preparation [38].  

 

Table (3) the amino acids profile of prepared 

GCSMPIg/100g 

 

Amino acids of 

GCSMPI 

g/100g sample 

Non-essential amino acids   

Aspartic acid 11.11 

Glutamic acid 7.34 

Serine 6.45 

Glycine 4.27 

Alanine 1.07 

Proline 0.90 

Essential amino acids   

Cysteine 1.13 

Tyrosine 1.93 

Histidine 10.94 

Arginine 19.74 

Threonine 1.29 

Valine 3.02 

Methionine 1.42 

Isoleucine 5.41 

Leucine 3.82 

Phenylalanine 2.69 

Lysine 1.44 

 

Hydroxyproline and tryptophan not determined. 

 

 

Also, the functional properties of GCSMPI 

are promising like water holding capacity which 

recorded 15.95 g/g while oil holding capacity 

was 3.58 g/g. it is higher than garden cress 

protein isolate and flaxseed protein isolate 

observed by Mohamed et al. [38] and 

Mohammed [34] respectively.  This is maybe 

due to the amount of mucilage dissolved with 

protein. So, the garden cress protein isolated 

may be a desirable food ingredient and can be 

used as supplementation or nutrient substitution 

[34]. 

 

2.5. Phenolic Compounds and Antioxidant 

Activity 

 

In this study, and because of the important of 

phenolic compounds, the effect of various types 

of enzymes with different concentrations on the 

extraction yield of total phenolic compounds were 

investigated and its antioxidant activities. Garden 

cress meal consists of protein, fibre, 

polysaccharides and ash as illustrated in Table 1. 

So, various types of enzymes were used to 

improve the extraction of total phenolic 

compounds that release the insoluble-bound 

phenolics. The action of these enzymes causes 

cell structure degradation. The pretreatment of 

GCSM with protease, cellulase and 

amyloglucosidase enzymes were studied using 

different concentrations (1%, 2%, and 3%) single 

or (1:1:1) mixtures. The data showed that single 

enzyme cellulase with concentration 3% give high 

extraction yields of phenolic compounds 

15.38±0.3 mg/g which was closed to the yield of 

phenolic compounds extracted by mixture 

enzyme followed by Amyloglucosidase14.02±0.4 

mg/g and finally protease 13.18±0.2 mg/g. The 

results in Figure 1 revealed that, in all enzymes 

used, with increasing the enzyme concentration 

the extraction of TPC increase.  The utilization of 

mixture of three enzymes with concentration 3% 

was 15.97mg/g which was more effective than 

single enzyme; this is attributed to the release of 

cell components such as phenolic, protein and 

others. These results in agree with Akl et al.,; 

Taha and Hassanein [39,40] which studied the 

effect of enzymatic pretreatment on flaxseed meal 

on the yields of phenolic compounds, and 

cottonseed flakes on oil extractability  

respectively.   
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Figure 1 Effect of different enzyme concentration on 
the extraction yield of total phenolic compounds 

(TPC) from GCSM expressed as mg/g 
 

Antioxidant activity of the various extracts 

from garden cress meal by different enzymes showed 

that mixture of enzymes exhibited high free radical 

scavenging activity and also good ferric reducing 

power 95.64 % and 20.95mg/g than single enzyme 

respectively as presented in Table 4. There is no 

significant difference between mixture enzyme 

(2%and 3%) by both methods. There are significant 

differences between other concentrations of single 

enzymes. Garden cress seeds can act as in vivo and in 

vitro antioxidants because of a high content of 

phenolic compounds [41, 35]. It exhibited scavenging 

activity with IC50 176.18 μg/ml by (DPPH) radical 

method. [42], and good Ferric Reducing Antioxidant 

Power (FRAP) as reported by Zia-Ul-Haq et al. [43]. 

Garden cress seeds may be used to reduce oxidative 

damage in the human body due to some factors such 

as aging, deterioration of physiological functions 

causing diseases like cirrhosis, cancer, various 

inflammatory diseases. Dandge et al. [41] showed 

that GCS possess antioxidant activity when measured 

by the same methods.   

 

Table 5 illustrated the polyphenolic 

compounds determined by HPLC. It showed that 

gallic acid, chlorogenic acid, syringic acid, rutin, and 

ferulic acid are the major identified phenolic 

compounds, and appreciable amounts of Naringenin, 

Propyl Gallate, Querectin, and Cinnamic acid. The 

action of hydrolytic enzymes used leading to 

liberation of various phenolic compounds these 

results following Hur et al. [44]. 

 

Table 4 Antioxidant activity of all extracts from 

GCSM by different enzymes concentrations 

GCSM 

DPPH  

% 

FRAP mg/g 

Protease 1% 
90.63±0.4

d
 16.50±0.4

f
 

Cellulase 1% 
94.1±0.3

c
 18.2±0.3

d
 

Amyloglucosidas

e1% 

94.05±0.3
c
 17.38±0.5

e
 

Protease 2% 
90.9±0.4

d
 16.51±0.4

f
 

Cellulase 2% 
94.15±0.2

c
 19.2±0.6

c
 

Amyloglucosidas

e2% 

94.23±0.3
b
 18.5±0.5

c
 

Protease 3% 
91.3±0.4

d
 16.60±0.3

e
 

Cellulase 3% 
94.2±0.5

b
 20.97±0.6

a
 

Amyloglucosidas

e3% 

94.42±0.6
b
 19.19±0.3

c
 

Mix. of enzymes 

(1%)  

94.70±0.8
b
 20.1±0.2

b
 

Mix. of enzymes 

(2%)  

95.19±0.9
a
 20.63±0.3

a
 

Mix.of enzymes 

(3%)  

95.6±0.8
a
 20.95±0.6

a
 

LSD at the 5% 

level  

.9341 .7379 

Results are mean values of three replicates ± standard deviation. 

The different letters in each column indicate significant differences 

between enzymes at P<0.05 for each concentration 

 

Table 5 HPLC of polyphenolic compounds 

determined in enzymatic extract of GCSM.  

Polyphenolic compounds 

Phenolic extract Conc. 

(µg / g) 

Gallic acid 2895.95 

Chlorogenic acid 10233.19 

Catechin 0.00 

Coffeic acid 0.00 

Syringic acid 110.41 

Rutin 123.15 

Ellagic acid 107.67 

Coumaric acid 0.00 

Vanillin 0.00 

Ferulic acid 963.91 

Naringenin 119.91 

Propyl Gallate 198.02 

Querectin 59.71 

Cinnamic acid 12.51 

 

3.4. Total fungal count associated Eggplant 

fruits 

         Since most fruits and vegetables such as 

Eggplant contain high level of water and nutrients, so 

they serve as good substrates which support the 

growth of pathogenic microorganisms. Isolation of 
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mycoflora associated the Eggplant fruits on Potato 

dextrose agar (PDA) medium resulted that, 222 

fungal isolates were isolated from two different 

locations as shown in Table 6. Out of them 124 

fungal isolates equal 55.86 % were isolated from 

location A and 98 fungal isolates (44.14 %) were 

isolated from location B. On the other hand data 

show that, in location A, sample 1 had the highest 

fungal count (21.62 %) followed by sample 3 which 

recorded 18.92 % and sample 2 which resulted 15.32 

%, while in loacation B, sample 3 had the highest 

fungal count (18.47 %) followed by samples 1 and 2 

which recorded (16.67 & 9.01 % respectively). 

Similar results were obtained by Kwon and Jee [45] 

who reported that, a total of 50 fungal isolates were 

isolated from the diseased eggplant fruits which 

collected from the greenhouses in Korea. These 

variations in the fungal counts may be attributed to 

the geographical locations; the food analysis used 

techniques, media types and incubation temperature 

which have a significant effect on the fungal counts. 

 

Table (6): Total fungal count associated Eggplant 

fruits 

Samples 

Locations 

Total 
% 

           A           B 

T.C % T.C % 

1 48 21.62 37 16.67 85 38.29 

2 34 15.32 20 9.01 54 24.32 

3 42 18.92 41 18.47 83 37.39 

Total 124 55.86 98 44.14 222 100 

 

 

3.5.  Fungal frequencies associated Eggplant 

fruits  

  Identification of fungal species associated 

Eggplant fruits indicated that, eleven fungal species 

belonging to eight fungal genera were identified and 

recorded as shown in Table 7. These are Alternaria 

alternata, A. flavus, A. niger, A. parasiticus, A. 

terrus, Colletetrichum sp., Mucor sp., Pencillium sp., 

Rhizoctonia sp., Rhizopus sp.,and Stemphylium sp. 

.On the other hand, Pencillium sp. had the highest 

fungal frequencies which record 27.48%, followed by 

A. niger (26.13%), Rhizopus sp. (9.91%), Alternaria 

sp. (8.56 %), each of A. terrus, Mucor sp.,and 

Rhizoctonia sp., which recorded 4.50%, A.flavus 

(4.05%) and both Colletetrichum sp. and 

Stemphylium sp. (3.60%). Less Fungal frequency was 

recorded with A. parasiticus fungus which gave 

3.15%. The results agree with the findings of 

Gambari et al. [46], which isolated Alternaria solani, 

Colletotrichum, Penicillium sp. ,Rhizopus nigricans, 

Mucor sp., Rhizoctonia solani and Aspergillus niger 

from rotten fruits of eggplant. Tiwari et al., [47] 

isolated 14 different fungal species from eggplant 

fruits which identified as Alternaria alternata, 

Aspergillus flavus, Aspergillus niger, Trichoderma 

viride, Rhizopus sp.,, Rhizoctonia sp.,, Verticillium 

sp.,, Chaetomium globosum, Fusarium longipes, 

Fusarium oxysporum, Fusarium solani, Trichoderma 

hamatum, Penicillium citrinum,  and Penicillium spp. 

Yaji et al.,[48] isolated Aspergillus flavus, 

Aspergillus terreus, Aspergellus fumigates and mucor 

from eggplant fruits. The presence of fungi in large 

numbers in rotten eggplant varieties indicates poor 

handling of the fruits and poor storage conditions of 

the eggplant handlers. 

 

 

Table (7): Fungal frequencies associated Eggplant 

fruits 
 

Fungi 

Locations 

Total % A B 

T.C % T.C % 

Alternaria 

alternata 

10 4.50 9 4.05 19 8.56 

A.flavus 9 4.05  NF - 9 4.05 

A.niger 33 14.86 25 11.26 58 26.13 

A.parasiticus  NF - 7 3.15 7 3.15 

A.terrus 10 4.50  NF - 10 4.50 

Colletetrichum sp.  NF - 8 3.60 8 3.60 

Mucor sp.  NF - 10 4.50 10 4.50 

Penicillium sp. 30 13.51 31 13.96 61 27.48 

Rhizoctonia sp. 10 4.50  NF - 10 4.50 

Rhizopus sp. 22 9.91  NF - 22 9.91 

Stemphylium sp.  NF - 8 3.60 8 3.60 

Total 124 55.86 98 44.14 222 100 

 

3.6.  Aflatoxin Determination 

 Aflatoxins are secondary metabolites that 

are produced mainly by Aspergillus parasiticus and 

Aspergillus flavus under suitable conditions. 

Determination of aflatoxins produced by 

aflatoxigenic fungi isolated from Eggplant resulted 

that, four isolates were aflatoxins producers (one 

isolate of A. flavus from location A samples and three 
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isolates of A.parasiticus from loacation B samples). 

On the other hand, higher aflatoxin quantity was 

produced by A.parasiticus (isolate No 4) from 

location B samples which recorded 194.56 ng/g 

)162.86 AFB1, 22.22 AFB2 and 9.48 ng/g AFG2(, 

followed by A. parasiticus (isolate No 5) isolated 

from location B samples which produced 77.19 ng/g )

69.92, 1.28, 0.11 and 5.88 ng/g of AFB1, AFG1, 

AFB2 and AFG2 respectively(, and A. parasiticus 

(isolate No 7) from location B samples produced  

8.44 ng/g (3.36 AFB1, 0.76 AFB2 and 4.32 AFG2). 

Less aflatoxins quantity was produced by A. flavus 

(isolate No 2) from location A samples which gave 

1.93 ng/g (AFB1), as shown in Table. (8) and Figs. 

(2:6). In an extensive literature search, no studies 

were found on aflatoxin contamination produced by 

aflatoxigenic fungi isolated from fresh Eggplant 

fruits, only few studies were found on aflatoxin 

contamination in dried eggplants, in which 

Hacıbekiroğlu and Kolak [49] reported that, total 

aflatoxin levels in dried eggplant were 10 μg/kg. 

AFB1 was found in 64% of the dried eggplant 

samples [50], and aflatoxin G1, G2, B1, and B2 

content in dried samples of eggplant were ranged 

between 0.82 and 2.58, 0.10 - 0.23, 0.32 - 1.35, 0.12 -

0.67, and 0.17 - 0.71 mg kg_1, respectively [51]. 

Table (8): Aflatoxin Determination 

L Fungi No 

The concentration of 

Aflatoxins (ng/g) 
Total 

Aflatoxin 

(ng/g) B1 G1 B2 G2 

A A.flavus 2 1.93 ND ND ND 1.93 

B A.parasiticus 4 162.8 ND 22.2 9.48 194.56 

B A.parasiticus 5 69.92 1.28 0.11 5.88 77.19 

B A.parasiticus 7 3.36 ND 0.76 4.32 8.44 

                              ND = Not Detectd 

Fig. (2): Standard chromatogram of aflatoxins (B1, 

B2, G1 and G2) 

Fig. (3): Chromatogram of aflatoxins produced by 

A.flavus (isolate No 2) from location A samples 

Fig. (4): Chromatogram of aflatoxins produced by 

A.parasiticus (isolate No 4) from location B sample 

 

Fig. (5): Chromatogram of aflatoxins produced by 

A.parasiticus (isolate No 5) from location B samples 

Fig. (6): Chromatogram of aflatoxins produced by 

A.parasiticus (isolate No 7) from location B samples 

 

3.7. Antifungal activity of enzymatic phenolic 

extract of Lepidium Sativum seed meal 

The investigation of of new natural products is 

considered to be a promising approach to discover 

new sources of antimicrobial activity. The antifungal 

activity of enzymatic phenolic extract of Lepidium 

sativum seeds was evaluated by using various 

concentrations (10 and 20%) against the aflatoxigenic 

fungi (A. flavus, and A.parasiticus ) and other tested 

fungi (Alternaria sp., A.niger, A.terrusand 

Penicillium sp.) which isolated from  the Eggplant 

samples as shown in Table. (9) .The results of the 

present study indicated that the enzymatic extract of 

L. sativum seeds showed a significant antifungal 

activity against all tested fungi at different 

concentrations, and the growth inhibition was 

increased with increasing the concentration used. In 

which the highest growth inhibition of aflatoxigenic 

fungi was detected with A. parasiticus which 

recorded 55.82 and 36.33 % at 20 & 10% conc. 

respectively, while A. flavus gave 40.54% at 20% 

conc. and 18.8 % at 10% conc. On the other hand,  

A.terrus recorded 82.00 % at 20% and 70.44% at 
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10% conc., followed by Alternaria sp. which gave 

73.43% and 55.71% at 20 & 10 % conc. respectively, 

Penicillium sp. (56.82% at 20% and 31.41% at 10% 

conc.), and A.niger which recorded 50.96 and 36.33% 

at 20 & 10% conc. respectively. Similar results were 

obtained by many investigators, Sharma et al., [7] 

reported that, ethanolic extract of L. sativum showed 

antifungal activity against Alternaria alternate, 

Aspergillus flavus and Fusarium equiseta in different 

concentration, and shows maximum inhibition zone 

16 mm, 13 mm and 12 mm in different dose 

respectively. Penicillium sp., Penicillium marneffi, 

Aspergillus fumigatus, Candida albicans, 

Microsporum sp., and Fusarium sp. were completely 

inhibited at a concentration of 90 mg/ml [52]. 

Baregama and Goyal [53] mentioned that, the 

methanolic extract completely inhibited the growth of 

Aspergillus flavus at a concentration of 30mg/ml, 

while Omer et al. [54] found that, the crude extract of 

L. sativum seeds showed effective inhibition activity 

against A. niger which were 18, 20 and 19 mm in 

concentration 50,100 and 200 mg/ml respectively. 

The presence of components such as flavonoids and 

tannins in the extract; gallic acid, chlorogenic acid, 

syringic acid, rutin, and ferulic acid which are the 

major identified phenolic compounds, and 

appreciable amounts of Naringenin, Propyl Gallate, 

Querectin, and  Cinnamic acid as detected in Table 

5); are responsible for its antimicrobial activity. So 

the antifungal activity of the crude extracts maybe 

due to the presence of some active secondary 

metabolite in the plant seeds. 

 

 

4.  Conclusion  

The chemical composition of garden cress seed meal 

makes it eligible for entry into the manufacture of 

functional food and health drinks because of the high 

content of minerals and protein. As well as, the phenolic 

contents may act as in-vivo and invitro antioxidants. It 

could be considered that garden cress phenolic extract is 

effective against some aflatoxigenic fungi and other 

tested fungi isolated from eggplant fruits. As the results 

are promising, it appeals further studies on its medicinal 

and anticancer uses. 

Data Analysis 

All results were carried out in triplicates and 

values were expressed as Means ± Standard 

Deviation (SD). Significant statistical differences of 

investigated parameters were determined and 

analyzed using one-way analysis of variance 

(ANOVA PC-STAT, 1985 version IA copyright, 

University of Georgia) at a 5 % level of significance. 

Values with p<0.05 were considered statistically 

significant. 
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Table (9): Antifungal activity of enzymatic phenolic extract of GCSM. 

 

Results are mean values of three replicates ± standard deviation. The different letters in each column indicate significant differences at P<

Conc. 

Aflatoxigenic fungi Other fungi 

 

LSD 

5% 

A. flavus A. parasiticus Alternaria sp. A.niger A.terrus Penicillium sp. 

linear 

growth 

(cm) 

R % 

linear 

growth

(cm)  

R % 

linear 

growth 

(cm)  

R % 

linear 

growth 

(cm)  

R % 

linear 

growth 

(cm)  

R % 

linear 

growth 

(cm)  

R % 

10% 
7.17 

±0.16
b
 

18.8 
5.52 

±0.13
b
 

36.33 
2.25 

±0.28
b
 

55.71 
5.08 

±0.22
b
 

36.33 

1.28 

±0.13
b
 

 

70.44 
5.83 

±0.58
b
 

31.41 

 

1.303 

A 

 

20% 
5.25 

±0.14
a
 

40.54 
3.83 

±0.30
a
 

55.82 
1.35 

±0.05
a
 

73.43 
4.33 

±0.08
a
 

50.96 
0.78 

±0.10
a
 

82.00 
3.67 

±0.22
a
 

56.82 

 

1.303 

B 

 

Control 8.83 ±0.16 
c
 8.67 ±0.16 

c
 5.08 ±0.22 

c
 8.83 ±0.16 

c
 4.33 ±0.16 

c
 8.50 ±00

 c
 

1.303 

C 

 

LSD 5% 1.044 C 1.044 B 1.044 A 1.044 B 1.044 A 1.044 B 
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