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Abstract

Pomegranate fruits (Punica granatum L.) are susceptible to fungal infection and subsequent contamination with mycotoxins.
So the current work aimed at the detection of mycotoxigenic fungi associated with pomegranate fruits and their control using
polyphenolic acetonic extract of garden cress meal (GCM). The occurrence of mycotoxigenic fungi was assessed. The
polyphenolic compounds of the acetonic extract of GCM were elucidated. Each of its antioxidant activity and antifungal
activity against isolated mycotoxigenic fungi were evaluated. The obtained data indicated that, 388 fungal isolates were
detected. Rhizoctonia solani and Penicilliumexpansum were the most abundant fungi. Alternariol toxin was produced by
Alternariaalternata (isolate No. 3) from location A, Aflatoxins were produced by A. parasiticus (isolate No.2) from location
C and Patulin toxin was produced by Penicilliumexpansum (isolate No.13) from location B. Furthermore, the acetonic extract
exhibited the highest phenolic compounds and antioxidant activity compared with other solvent extracts from GCM. Gallic
acid was the major identified phenolic compound. The polyphenolic acetonic extract reduced significantly the fungal growth
and spore viability of the mycotoxigenic fungi at all concentrations used compared with the control. Also, the growth
inhibition and the spore viability reduction were increased by increasing the concentration used. It could be concluded that the
polyphenolic acetonic extract of GCMhad a significant antifungal effect against mycotoxigenic fungi attacks pomegranate
fruits.

Keywords: Pomegranate fruits, Mycotoxigenic fungi, Mycotoxins, Garden cress seeds extract, Polyphenolic compounds, Antioxidant activity,
Antifungal activity.

1. Introduction and contains calcium, iron, and sulfur [4]. However,

The pomegranate (Punica granatum L.) is an
important fruit that belongs to the Punicaceae family
[1]. It is primarily deciduous and can grow in various
agro-climatic conditions, allowing it to be cultivated
worldwide [2]. Pomegranate fruit is known for its
exceptional sensory and nutritional properties,
making it highly valuable in terms of nutrition and

medicine [3]. It is rich in carbohydrates and minerals

pomegranate fruits are prone to attack by pathogens,
resulting in significant post-harvest losses for farmers
[5]. Previous studies have identified Penicillium spp.,
Alternaria alternata, and Aspergillus niger as the
main causal pathogens of heart rot in pomegranate
fruits [6; 7]. These fungi typically infect the fruit
during bloom/fruit set and spread to the interior,
causing "black heart" or "heart rot" [8]. Previous
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studies have demonstrated that several species of
Penicillium and Aspergillus involved in the
postharvest decay of fruits can produce mycotoxins
[9; 10]. Samson and Pitt [11] have reported
Penicillium funiculosum as a mycotoxin producer,
and Aspergillus niger produces mycotoxins such as
oxalic acid crystals, kojic acid, and malformins, while
Aflatoxins can be produced by Aspergillus flavus
and A. parasiticus [12]. Additionally, A. alternata
isolated from pomegranate fruits can produce
Alternariol (AOH), Tenuazonic acid (TA), and
(ALT) [13]. Currently, synthetic
fungicides are being used to combat postharvest rots

Altenuene

in pomegranates [5], but this can result in chemical
residues that may pose a risk to human health and
cause environmental pollution. Therefore, there is a
growing interest in biological control methods as a
safer and more environmentally friendly alternative
[14]. Many plant products derived from forage,
pasture, aromatic, medicinal, and wild plants have
been successfully used to inhibit the growth and
sporulation of various mold fungi, thereby reducing
plant pathogenic microorganisms [15]. Garden cress
(Lepidium sativum Linn.) is an annual herb belonging
to the Brassicaceae family. It is commonly referred
to as garden cress and is known for its fast growth as
an edible plant. The seeds, roots, and leaves of garden
cress have economic value, with a particular focus on
the cultivation of seeds. Garden cress exhibits various
pharmacological effects, including antibacterial,
antifungal, antioxidant, cytotoxic, diuretic, and
hepatoprotective activities [16]. The seeds of GC are
especially noteworthy due to their composition. They
contain several nutraceutical components such as
proteins, fats, carbohydrates, and fibers, as well as
important including iron, calcium,
potassium, and magnesium [17; 18]. Mucilage in
GCM exhibited a protective effect against enter-

minerals

colitis in rats [19]. Garden cress seeds, along with
other medicinal and herbal plants, are recognized as
rich sources of beneficial compounds like
polyphenols, phenolic acids, flavonoids, and various
phytochemicals [20]. Plant extracts obtained from
GCM contain a range of biocomponents, including
caffeic acid, ferulic acid, carnosic acid, rosmarinic
acid, salvianolic acid, sagerinic acid, and many
others. These phytochemicals are present in both
enzymatic and solvent extracts of garden cress seeds

[18; 21].Therefore, the aims of this study were (i) to
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identify the main postharvest fungal pathogens
attacks pomegranate fruits and their associated
mycotoxins, and (ii) to evaluate the antioxidant
activity and antifungal activity of the polyphenolic
acetonic extract of Garden cress meal (GCM) against
mycotoxigenic fungi associated with pomegranate
fruits.

2. Material and Methods:
2.1. Collection of samples:

Randomly five fresh samples of Pomegranate
fruits were collected from each of four different
Governorates (A= Cairo, B= Giza, C= Qalubia & D=
Gharbia) in Egypt during (2022). Each sample was
collected in sterile polyethylene bags and conveyed
to the microbiology laboratory for analysis within 24
hours of collection

2.2. Plant material:

Garden cress (Lepidium sativum) seeds were
purchased from a local market and then subjected to
defatting by soxhlet apparatus and normal hexane as
the 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
as described in Younos and AKkI, [18].

2.3. Chemicals:
All chemicals were obtained from Sigma-Aldrich.

2.4. Culturing Procedure:

Naturally infected samples were washed with
distilled water and then, disinfected by immersing
them in ethanol 70% for 2 min. Sterilized fruits were
washed twice with sterile double—distilled water
(5min each), and allowed to dry for 1 hr. in laminar
flow. An appropriate size of spoilt Pomegranate fruit
was carefully cut with of sterile blade. Sliced
portions (0.5 cm) were then plated on a sterile Potato
Dextrose Agar (PDA) medium complemented with
2% tetracycline to inhibit bacterial growth. Three
replicates of each tested sample were inoculated with
4 pieces for each plate. Incubation was done at 28 +
2°C for 5 days until fungal growth was noticed. The
different isolates were sub-cultured on freshly
prepared (PDA) to obtain their pure culture as
described in Khan et al., [5].
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2.5. Identification Procedure:

All obtained fungal colonies were examined
morphologically and microscopically and then
identified according to Domsch et al., [22]; Pitt and
Hocking, [23]; Raper and Fennel, [24]; Samson, [25].

2.6. Determination of mycotoxins production:

All isolated mycotoxigenic fungi
(Alternariaalternata,  Aspergillus  flavus,  A.
parasiticus, Fusarium sp-, and

Penicilliumexpansum)were tested for mycotoxins
production. Production of Alternariol toxin was done
by culturing Alternariaalternataon rice medium
according to Torres et al., [26], and determined by
chromatography analysis according to Nawaz et al.,
[27]. All A. flavus, and A. parasiticus isolates were
propagated as pure culture in 100 ml yeast extract
sucrose (YES) medium to be tested for Aflatoxins
production as described in Munimbazi and
Bullerman, [28]; Younos and Akl, [18], and
extracted and determined according to Kumar et al.,
[29]; Rubert et al., [30]. Production of Fumonisin B,
was done by culturing Fusarium sp. on corn medium
according to Bailly et al., [31], and its extraction and
determination were performed as described by Le
Bars et al., [32]; Ndube et al., [33], while Patulin
production was done by culturing
Penicilliumexpansum on Malt Yeast Extract agar
medium (MEA, and extracted as described by Neri et
al.,, [34], and determined by HPLC according to
Christian, [35].

2.7. Preparations of garden cress meal (GCM)
phenolic extracts by different solvents

The dry garden cress defatted meal was extracted as
described by Akl et al., [19]. Briefly, the meal (one
gram) was extracted with 90% of each solvent
(methanol, ethanol, propanol, butanol, acetone, and
distilled water), then mixed for 1 hour in a crest
ultrasonic water bath at 38.5 kHz. The mixtures were
centrifuged to give supernatant A. The precipitate
(macerated) or re-dissolved in another quantity of
solvent then repeats the first process twice to give
supernatants B, and C. Collected supernatants were
used for the determination of Total Phenolic Contents
(TPC) and its antioxidant activity. Prepare a
considerable amount of acetonic extract for
determination of polyphenolic by HPLC and for
antifungal evaluation. The watery extract is
concentrated by a rotary evaporator and directly
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freeze-dried by (Crest Alpha 1-4 LSC plus Germany).
The freeze-dried phenolic extract is kept in the
refrigerator until used.
2.8. Determination of Total Phenolic
Compounds (TPC)

The content of phenolic compounds was
determined according to the method of Fu et al., [36].
In detail, 200 pL of the sample was completed with
3ml distilled water. 2mL of 10% folin reagent was
added and then shaken well for 5 minutes. 1ml of
7.5% sodium carbonate was added then shakes. The
mixture was left for one hour in the dark then the
absorbance at 765 nm was measured using a
spectrophotometer (T80 UV vis spectrophotometers).

2.9. Evaluation of the antioxidant activity of all
soluble phases by two methods

2.9.1.DPPH (2,2-diphenyl-picrylhydrazyl) radical-
scavenging

The method described by De Ancos et al., [37] was
utilized to determine the DPPH radical-scavenging.
The reduction of the DPPH radical was measured at
517 nm. Results were expressed as percentage
inhibition of the DPPH using the following equation:

Inhibition of DPPH (%) =

absorbance control — absorbance sample
x 100

absorbance control
Where the absorbance of control is the absorbance of

the DPPH solution without extract

2.9.2. Ferric reducing antioxidant power
(FRAP)

The reducing power of each extract was determined
according to Zhao et al., [38]. 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 dry weight.

2.10. Analysis of Phenolic Compounds by HPL.C
HPLC analysis was carried out using Agilent
Technologies 1100 series liquid chromatograph
equipped with an autosampler and a diode-array
detector as described in Younos and Akl, [18].

2.11. In vitro antifungal activity of the
polyphenolic acetonic extractof GCM
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2.11.1. Effect on mycelial growth of mycotoxigenic
fungi

The polyphenolic acetonic extract of GCM was tested
on the mycelial growth of mycotoxigenic fungi
(Alternaria  alternata,  Aspergillus  flavus, A.
parasiticus, Fusarium sp., and Penicilliumexpansum)
in vitro. The tested extract was mixed with sterilized
Potato Dextrose Agar (PDA) medium at different
concentrations ((0.5 %, 1 %, and 2 %) (v/v)) in
separately sterilized Petri dishes. All Petri dishes
were inoculated separately at the center with Smm-
disc inoculums 7-day old of each of the tested
isolated fungi using a sterilized cork borer. Three
plates were used as replicates for each treatment and
then incubated at 28 + 2°C. Colony diameter was
measured after 7 d of the incubation period [39].
Medium-free extract was used as a control. Growth
inhibition percent was calculated according to Jabeen
et al., [40] by using a formula:-

c-m
C

Growth inhibition (%) = x 100

Where C = growth in control, T = growth in
treatment

2.11.2. Effect on spore viability of mycotoxigenic
fungi

The polyphenolic acetonic extract of GCM was tested
on spore viability of mycotoxigenic fungi (Alternaria
alternata,  Aspergillus  flavus, A. parasiticus,
Fusarium sp., and Penicilliumexpansum) using
various concentrations (0.5 %, 1 %, and 2 %). A disc
of 0.5 cm diameter of each fungal culture (7 days old)
on PDA was placed at the center of each Petri dish
and then incubated at 28 + 2°C for 5 days. To harvest
the produced spores, 9 ml of sterile water was
flooded over the grown fungal mycelium and
separated using a drawing brush, and then spore
suspension was filtered through a muslin cloth. The
concentration of collected spore suspension was
adjusted to 1 x10” conidia /ml with the aid of a
hemocytometer slide. Each of the PDA plates with
extract (0.5 %, 1 %, and 2 %) and free of the extract
was inoculated with 1 ml of spore suspension
(containing 1 x10> conidia/ml.)and then spread
evenly over the plate. Each treatment had three
replicate plates then incubated at 28 + 2°C. After 48 h
of incubation, the proportion of spores that had
germinated was calculated according to Meena and
Mariappan, [41].
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2.12. Statistical Analysis
Data obtained in this study were analyzed using

software (IBM SPSS Statistics v.16. USA). Statistical
significance was performed using a one-way Analysis
of Variance (ANOVA) test. A value of p<0.05 was
considered statistically significant. The least
significant difference (LSD) was calculated at P <
0.05 according to Gomez and Gomez, [42].

3. Results

3.1. Total fungal
pomegranate fruits
Since most fruits and vegetables such as pomegranate

isolates associated with

fruits contain high levels of water and nutrients, they
serve as good substrates that support the growth of
pathogenic microorganisms. Isolation of mycoflora
associated with pomegranate fruits from four
different locations resulted 388 fungal isolates as
shown in Table 1. On the other hand, data showed
that location A had the highest total fungal isolates
(120 isolates (30.93%)) followed by location B (103
isolates (26.55%)), and location C (91 isolates
(23.45%)), while location D had the least fungal
isolates which recorded 74 isolates (19.07%).

Table 1: Total fungal isolates associated with pomegranate fruits

Location

Samples A B C b Total

1 T.I 27 20 14 11 72
% 6.96 5.15 3.61 2.84 18.56

2 TI 29 13 22 16 80
% 7.47 3.35 5.67 4.12 20.62

3 T.I 19 24 20 9 72
% 4.90 6.19 5.15 232 18.56

TI 32 9 18 15 74
4 % 8.25 232 4.64 3.87 19.07

5 T.I 13 37 17 23 90
% 3.35 9.54 4.38 593 23.20

T.I 120 103 91 74 388

% 3093 2655 2345  19.07 100

T.I = Total Isolates, A= Cairo, B= Giza, C= Qalubia & D= Gharbia

3.2. Fungal frequencies associated with

pomegranate fruits

Identification of fungal species associated with
pomegranate fruits indicated that eleven fungal
species belonging to nine fungal genera were
identified as shown in Fig. 1 and Table 2. These are
Alternariaalternata, Aspergillus niger, A. flavus, A.

parasiticus, Colletotrichumgloeosporioides,
Fusarium  sp., Geotrichum sp., Mucor sp.,
Penicilliumexpansum, Rhizoctoniasolani and

Rhizopusstolinifer. On the other hand,
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Rhizoctoniasolani had the highest fungal frequency
(23.20%), followed by  Penicilliumexpansum
(19.59%),  Aspergillus  niger  (19.07 %),
Rhizopusstolinifer (11.86 %), Mucor sp. (10.82%),
Geotrichum Sp. (5.15 %),

Colletotrichumgloeosporioides (4.12 %), Fusarium
sp. (2.58 %), Altarnaria sp. (2.06 %), and A. flavus
(1.03 %). Less fungal frequency was recorded with A.
Parasiticus which gave 0.52%.

Fig. 1: Natural fungal contamination of pomegranate fruits

Table 2: Fungal frequencies associated with pomegranate fruits

Location

Fungi A B C D Total
Alternariaalternata TI 3 NF 4 ! 8
% 0.77 - 1.03 0.26 2.06
Aspergillus T.I 20 7 30 17 74
niger % 5.15 1.80 7.73 4.38 19.07
A. flavus T.I 2 1 1 NF 4
% 0.52 0.26 0.26 - 1.03
A. parasiticus T ! NF ! NF 2
% 0.26 - 0.26 - 0.52
, .. T.I 5 NF 8 3 16
Colletotrichumgloeosporioides % 129 ) 206 077 412
£ . T.I 3 NF 5 2 10
usartumt Sp- % 0.77 - 1.29 0.52 2.58
Geotrichum sp. T.I 7 NF 10 3 20
% 1.80 - 2.58 0.77 5.15
Mucor sp. T 14 9 12 7 42
% 3.61 2.32 3.09 1.80 10.82
Penicilli ) T.I 23 18 20 15 76
ercritimexpansum % 5.93 4.64 5.15 3.87 19.59
Rhizoctonia solani T 28 s NF 17 %0
% 7.22 11.60 - 4.38 23.20
Rhizopusstolinifer T 14 23 NF ? 46
% 3.61 5.93 - 2.32 11.86
Total T 120 103 91 74 388
% 30.93 26.55 23.45 19.07 100

T.I = Total Isolates, NF= Not Found, A= Cairo, B= Giza, C= Qalubia & D= Gharbia

3.3. Determination of mycotoxins production

Mycotoxigenic fungi constitute a significant subset of
the fungal population associated with pomegranate
fruit rots and are responsible for fruit deterioration.
Determination of mycotoxins
mycotoxigenic fungi
Aspergillus flavus, A. parasiticus, Fusarium sp., and
Penicilliumexpansum) isolated from pomegranate

fruits resulted in,Alternaria alternata (isolate No. 3)

produced by
(Alternariaalternata,
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which isolated from location A was found to produce
2.13 pg/ml of Alternariol toxin, Aflatoxins were
produced by A. parasiticus (isolate No. 2) from
location C with a concentrations of 0.02 pg/ml
(0.01AFB2 and 0.01AFG2)
expansum (isolate No.13) from location B was found
to produce 5.09 pg/ml of Patulin toxin. None of A.
flavus and Fusarium sp. isolates was mycotoxins
producer, as Table 3.

and  Penicillium

shown in
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Table 3: Determination of mycotoxins production

Mycotoxins (pg/ml)
Lo . Isolate Aflatoxins .
L Mycotoxigrnic fungi . Fumonisin .
No. Alternariol Total Patulin
AFB, AFG, AFB, AFG, B,
Alternaria alternata 3 2.13 - - - - - - -
Aspergillus flavus - - ND ND ND ND ND - -
A. parasiticus - - ND ND ND ND ND - -
Fusarium sp. - - - - - - - ND -
Penicillium expansum - - - - - - - - ND
B Aspergillus flavus - - ND ND ND ND ND - -
Penicillium expansum 13 - - - - - - - 5.09
Alternaria alternata - ND - - - - - - -
Aspergillus flavus - - ND ND ND ND ND - -
C A. parasiticus 2 - ND ND 0.01 0.01 0.02 - -
Fusarium sp. - - - - - - - ND -
Penicillium expansum - - - - - - - - ND
Alternaria alternata - ND - - - - - - -
D Fusarium sp. - - - - - - - ND -
Penicillium expansum - - - - - - - - ND

ND= Not detected, A= Cairo, B= Giza, C= Qalubia & D= Gharbia

3.4. Total phenolic compounds and antioxidant
activity of GCM extracts

In this study, garden cress meal was subjected to
different solvents. The effect of solvents on the
extraction yield of total phenolic compounds and
their antioxidant activities were investigated. 90% of
the following solvents (methanol, ethanol,
isopropanol, butanol, acetone, and distilled water)
were studied. Fig. 2showed that various solvents
have a significant effect on total phenolic compound
yield. The results showed that 90% acetone
(9.77mg/g) and distilled water (11.59 mg/g) exhibited
the highest yield than 90% isopropanol (6.93mg/g)
and 90% butanol (6.39 mg/g) which have the lowest
yield. Antioxidant activities of the various solvents
extracts from garden cress meal were evaluated by
DPPH and FRAP methods as shown in Table 4. The
polyphenolic acetonic extract exhibited the highest
antioxidant activity (94.60 %) and (11.96 mg/g)
followed by distilled water (92.64%) and
(14.93mg/g) when measured by DPPH and FRAP
methods respectively then the other solvents showed
lower activities.

|

TRCImgY)

D o

Fig. 2: Effect of different solvents on the extraction yield of total
phenolic compounds (TPC) from garden cress seed meal (Me.
Methanol, Eth. Ethanol, Isopro. Isopropanol, But. Butanol,
Ace.Acetone, and Dis. H,O Distilled water)
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Table 4: Antioxidant activity of different solvents extracted from
GCM

GCM DPPH % FRAP mg/g
Methanol 90% 89.52+0.5 14.09+0.2
Ethanol 90% 88.92+0.4 14.80+0.1
Isopropanol 90%  86.10x0.2 13.19+0.2
Butanol90% 77.13+0.1 10.76+0.1
Acetone 90% 94.60+0.3 11.96+0.2
Distilled H,0 92.64+0.4 14.93+0.3

Results are mean values of three replicates + standard deviation

3.5. Polyphenolic compounds of the acetonic
extract of GCM determined by HPLC

Table 5 illustrates 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 in the
polyphenolic extract, and appreciable
amounts of propyl gallate, naringenin, quercetin, and
acid, which described by HPLC
chromatograms in Fig. 3.

acetonic

cinnamic

Fig. 3: HPLC chromatograms of acetonic extract of GCM
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Table 5: HPLC of polyphenolic compounds determined in
acetonic extract of GCM

Acetonic extract

Polyphenolic compounds Conc. (ug/ g)

Gallic acid 22956.28
Chlorogenic acid 2828.68
Catechin 0.00
Coffeic acid 0.00
Syringic acid 856.30
Rutin 413.33
Ellagic acid 0.00
Coumaric acid 0.00
Vanillin 73.29
Ferulic acid 6867.07
Naringenin 237.92
Propyl Gallate 137.53
Quercetin 108.22
Cinnamic acid 8.67

3.6. In vitro antifungal activity of the polyphenolic
acetonic extractof GCM

3.6.1. Effect on mycelial growth of mycotoxigenic
fungi

The effect of the polyphenolic acetonic extract
of GCM on mycelial growth of mycotoxigenic fungi
Aspergillus  flavus, A.
parasiticus, Fusarium sp., and Penicilliumexpansum)
was evaluated by employing various concentrations
(0.5%, 1%, and 2%). Data in Table 6 and Fig. 4
indicated that the polyphenolic acetonic extract of
GCM reduced significantly (P < 0.05) the fungal
growth of the tested fungi at all concentrations used
compared with the untreated control. Also, the
growth inhibition was increased significantly (P <
0.05) by increasing the concentration used. On the
other hand, higher reduction percent of the mycelial
growth was detected with Alternaria alternate, where
it gave 77.14, 73.33 and 66.67% reduction percent,
followed by Fusarium sp. which recorded 77.27,
68.18& 50.00%, A. parasiticus (70.00, 53.33&
40.00%), and A. flavus (65.63,53.13& 40.00%) at 2
%, 1 % & 0.5 % respectively. Less reduction percent
was detected with Penicilliumexpansum, which gave
40.63, 25.00&12.50 % at the same concentrations
respectively.

(Alternaria  alternata,
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Altemaria

Fig. 4: Effect of the polyphenolic acetonic extract of GCM at
different concentrations (0.5, 1, 2 %) on mycelial growth of
mycotoxigenic fungi (Alternaria alternata, Aspergillus flavus, A.
parasiticus, Fusarium sp., and Penicilliumexpansum).

3.6.2. Effect on spore viability of mycotoxigenic
fungi

The effect of the polyphenolic acetonic extract of
GCM on spore viability of mycotoxigenic fungi
(Alternaria Aspergillus  flavus,  A.
parasiticus, Fusarium sp., and Penicilliumexpansum)
was evaluated by employing various concentrations
(0.5%, 1%, and 2%). Data in Table 7 indicated that
the polyphenolic acetonic extract of GCM reduced
significantly (P < 0.05) the spore viability of the
tested fungi at all concentrations used compared with
the untreated control. Also, the reduction percentage
was increased significantly (P < 0.05) by increasing
the concentration used. Also, data in this table
showed that, the highest reduction percent was
recorded with A.
Penicilliumexpansum, where it gave 89.04, 81.74 &
63.01% inhibition percent for A. parasiticus, and
82.58, 73.33&60.00 % for Penicilliumexpansum,
followed by A. flavus and Fusarium sp. which
recorded 83.06, 74.86& 50.27 % for A. flavus and
78.22, 72.00& 52.44% for Fusarium sp. at 2%, 1%&
0.5% respectively. While the least reduction percent
was recorded with Alternariaalternata, (75.98,
63.69& 42.46% at the same concentrations
respectively).

alternata,

parasiticus and
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Table 6: Effect of the polyphenolic acetonic extract of GCM on mycelial growth of mycotoxigenic fungi

Alternaria Aspergillus .. . Penicillium
A. parasiticus Fusarium sp.
c alternata flavus expansum
onc.
Plant Extract % linear linear linear linear linear LSD 5%
growth R % growth R % growth R % growth R % growth R %
(mm) (mm) (mm) (mm) (mm)
175+ 65.0 £ 45.0 £ 275+ 70.0 £
poly:;:nohc 0.5 % 001 66.67 035°¢ 18.75 047" 40.00 0.10° 50.00 024" 12.50
. 14.0 375+ 350+ 175+ 60.0 £ 1.083
eictf;(c):uzf 1% 0.10% 73.33 011 53.13 050 ® 53.33 0.19% 68.18 025 25.00 A
12.0+ 275+ 225+ 125+ 47.5 +
GCM 2 % 0200 77.14 0.26 ° 65.63 020 ° 70.00 014° 77.27 0370 40.63
. ] ] ] ) 0.815
Control 52.5+042 80.0+0.74 75.0£0.10 50.0+0.25 80.0 +0.65 B
0.629 0.950 0.852 0.612 0.787
LSD 5% A C BC AB D

R% = Reduction percent, GCM= Garden Cress Meal, Results are mean values of three replicates + standard deviation. The different letters in
each column indicate significant differences at P<05.

Table 7: Effect of the polyphenolic acetonic extract of GCM on spore viability of mycotoxigenic fungi

As illus Penicilli s
Alternariaalternata Spergiius A. parasiticus Fusarium sp. ericrtiumexpans
c flavus um
onc.
Plant Extracts Viable Viable Viable Viable Viable LSD 5%
spores R % spores R % spores R % spores R % spores R %
x10? x10? x10? x10? x10?
103.00 = 91.00 81.00 107.00 = 186.00 =
The 0.5% 0.80° 4246 ege 5027 o 6301 0.90° 52.44 034° 60.00
polyphenolic 65.00 46.00 40.00 63.00 124.00
acetonic extract 1% £0.30° 63.69 £0.10° 74.86 £0.55° 81.74 £025® 72.00 +0.10° 73.33 23.587A
of GCM 43.00 31.00 24.00 + 49.00 81.00 +
2% co60 P98 g 8306 0.60° 89.04 10928 78.22 0334 82.58
Control 179.00 +0.60 ¢ 183.00 £0.81¢ 219.00 +0.63 ¢ 225.00 +£0.40¢ 465.00 +£0.25 ¢ 61.481B
20.696 24.539 29.854 26.998 63.084
LSD 5% B AB A AB A

R% = Reduction percent, GCM= Garden Cress Meal, Results are mean values of three replicates + standard deviation. The different letters in
each column indicate significant differences at P<05.

4. Discussion Rhizoctoniasolani, and Penicilliumexpansum were
the most abundant fungi, which recorded 23.20&

Fungal infections are a significant contributor to 19.59 respectively. Similar results were obtained by

postharvest losses and economic decline in Snowdon, [44], who mentioned that; Aspergillus

flavus has the potential to spoil various fresh fruits,
including pomegranate. Grigoryan et al., [45] isolated
fifteen species of microscopic fungi from
pomegranate samples and found that approximately

pomegranate crops. Many of these fungi infect the
pomegranate fruits during the blooming stage and
remain dormant until the fruits ripen. Additionally,
some fungal infections occur during harvest and
postharvest handling, usually through injuries in the
fruit's rind [43]. A total of 388 fungal isolates
belonging to eleven different fungal species were
obtained from pomegranate fruit samples from four
different locations. The identified species included

80% of the isolates belonged to the genus Penicillium
spp. Other fungal genera such as Aspergillus,
Fusarium, and Mucor were also identified.
Anonymous, [46] mentioned that pomegranate rot
disease is primarily caused by Rhizoctoniasolani.

Alternariaalternata, Aspergillus niger, A. flavus, A. Nallathambi and Umamaheswari, [47] isolated

parasiticus, Colletotrichumgloeosporioides,

) ] Alternaria spp., Aspergillus parasiticus, A. flavus,
Fusarium  sp., Geotrichum sp., Mucor sp.,

Penicillium spp., and A. niger from damaged

Penicilliumexpansum, Rhizoctoniasolani, and pomegranate fruits in India. In another study by

Rhizopusstolinifer. On the other hand,
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Adaskaveg, [48], it was reported that Aspergillus
niger, Penicillium digitatum, and Alternaria alternate
were the most significant fungal pathogens known to
infect pomegranate. According to Palou et al.,[49],
pomegranate fruit decay is caused by various fungal
pathogens, including Alternaria spp., Botrytis
Aspergillus Aspergillus  spp.,
Colletotrichum  gloeosporioides, — Coniella  spp.,
Nematospora spp., Pilidiella granati, Penicillium
spp., and Rhizopus spp. llgin and Karaca, [50] found
that, among the 12 fungi species isolated from
pomegranate  orchards,

cinerea, niger,

Alternaria  alternate,
Aspergillus niger, Penicillium sp., Cladosporium
herbarum, and Colletotrichum gloeosporioides were
the most common in fruit samples. Less frequently
isolated fungi

Botrytis cinerea, Epicoccum nigrum, Fusicoccum

included Fusarium semitectum,
aesculi, Coniella granati, Pleospora herbarum, and
Trichothecium roseum. Mincuzzi et al., [51] reported
that the main etiological agents of postharvest
pomegranate fruit diseases were various species of
Penicillium spp., Alternaria spp., Coniella granati,
and Botrytis cinerea, while Aspergillus niger,
Colletotrichum acutatum, Aspergillus spp., and
Cytospora punicae were less prevalent. Mincuzzi and
Ippolito, [43] mentioned that gray and blue molds
caused by Botrytis spp. and Penicillium spp.,
respectively, were the main postharvest fungal
diseases of pomegranates. Other diseases included
black heart and black spot caused by Alternaria spp.,
anthracnose related to species in the Colletotrichum
genus, and Coniella rot due to Coniella granati. The
diversity of fungal species can be influenced by
conditions, including rainfall and
temperature. Temperature and humidity play vital
roles in the growth of fungal pathogens on fruits and
greatly affect the occurrence and severity of fungal
diseases in plants [52].

Mycotoxigenic species not only make up a
considerable portion of the fungi causing rot in
pomegranate fruits, leading to their deterioration, but
they also present a potential risk to the health of
consuming products derived from
pomegranate[53]. Determination of the mycotoxins
produced by mycotoxigenic fungi
(Alternariaalternata, flavus, A.
parasiticus, Fusarium sp., and Penicilliumexpansum)

climatic

individuals

Aspergillus

isolated from pomegranate fruits resulted that,
Alternaria alternata (isolate No. 3) from location A
produced Alternariol toxin with a concentrations of
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2.13 pg/ml, and aflatoxins were produced by A.
parasiticus (isolate No. 2) from location C with a
concentrations of 0.02 pg/ml, while Penicillium
expansum (isolate No.13) from location B produced
5.09 pg/ml of Patulin toxin. None of A. flavus and
Fusarium sp. isolates was mycotoxins producer.
Similar findings were obtained by Nallathambi and
Umamaheswari, [47], who reported that three
pathogenic isolates of Aspergillus parasiticus and one
isolate of A. flavus, obtained from damaged
pomegranate fruit samples in India, were found to
produce a range of aflatoxins. The A. parasiticus
isolates synthesized aflatoxins B2, G1, and G2 in a
culture medium (YESA) and only aflatoxin G2 in
pomegranate arils. The A. flavus isolate produced
only aflatoxin B2 in both the culture medium and
infected arils. Ammar and El-Naggar [13] found that
A. alternata isolated from pomegranate fruits
produced Alternariol (AOH), Tenuazonic acid (TA),
and Altenuene (ALT). They also found that
Penicillium funiculosum produced Patulin (PAT) and
Penicillic acid (PAC). According to Kanetis et al.,
[53], 89% of the Alternaria isolates associated with
pomegranate fruit decay in Greece and Cyprus
produced AOH and AME in vitro, while only 43.9%
produced TEN. Additionally, all Alternaria species
(A. alternata, A. tenuissima, and A. arborescens)
from Greece exhibited higher average concentrations
of AOH compared to the respective species isolates
from Cyprus. Myresiotis et al., [54] conducted a
study testing six different A. alternata isolates
obtained from pomegranate samples sold in Greece
for the presence of Alternariol (AOH) and Alternariol
monomethyl ether (AME) both in vitro (using PDA
cultures) and in vivo (in pomegranate fruits). They
found that all isolates produced AOH and AME in
PDA cultures. In artificially inoculated fruits, it was
observed that all isolates produced AOH and AME
on pomegranates. Additionally; Elhariry et al., [55]
reported that all isolated Alternaria strains, including
Alternaria alternate and A. tenuissima, from the inner
infected tissues of pomegranate fruits, exhibited
substantial production of alternariol toxin in vitro
using rice as a substrate. The differences in
mycotoxin production can be attributed to several
factors, including environmental conditions like
temperature, pH, water activity, and relative
humidity, as well as strain specificity and the
composition of the substrate.
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The seeds of garden cress (Lepidium sativum L.) are
an excellent source of dietary fiber, protein, omega-3
fatty acids, iron, and other vital elements, in addition
to phytochemical compounds [17; 18]. Various
solvents used in this study, which have different
polarities, have a significant effect on polyphenolic
compound yield. Distilled water and acetone were
both higher in polarity than the other solvents used as
butanol and isopropanol. Rafinska et al., [56] studied
the effect of solvent and found that 96% ethanol as
co-solvent was the best antimicrobial activity. The
methanolic extract of GCM included alkaloids,
flavonoids, tannins, Phenols, terpenoids, glycosides,
and saponins. These findings showed that it contains
a large number of chemical compounds that may be
the cause of the various pharmacological actions
connected to the secondary metabolites already
present that support distinctive antibacterial activities
[57; 58]. Antioxidant activities of the various solvents
extracts from GCM were evaluated by DPPH and
FRAP methods. The polyphenolic acetonic extract
exhibited the highest antioxidant activity followed by
distilled water than the other solvents used because of
its content of phenolic compounds; it acts as an in
vivo and in vitro antioxidant [59]. Garden cress'
ethanolic extract demonstrates that it has significant
antioxidant activity and could be a source of natural
antioxidant chemicals [60]. It also lessens structural
damage to the liver and hepatic injuries by reducing
inflammation, oxidative stress, and liver cell death
[61].

The polyphenolic compounds of acetonic garden
cress extract determined by HPLC showed that gallic
acid is the most abundant phenolic compound. These
results are in agreement with those confirmed by
Martins et al., [21]; El-Salam et al., [17]. However,
Vanillin exists only in the polyphenolic acetonic
extract and not found in a mixture of enzyme extracts
determined by Younos and Akl, [18].In addition to
Syringenic, Cinnamic, Caffeic, Catechol, Pyrogallol,
Salicylic, Benzoic, and Ellagic found in ethanolic and
methanolic extracts determined by Ahmed et al.,[62].
The differentiations in the polyphenolic were due to
the different polarities of each solvent that are
capable of liberating various compounds. These
polyphenolic compounds include anthraquinones,
flavonoids, xanthones, anthocyanins, and tannins
[63]. The solvent extraction provided approximately
pure extract rather than watery extract. This is
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because water can dissolve protein and carbohydrates
than other organic solvents.

Numerous plant-based compounds have been
recognized for their antifungal properties and have
been investigated for their potential use in reducing
postharvest decay of fruits and vegetables [64].
Evaluation of antifungal activity of the polyphenolic
acetonic extract of GCM using various concentrations
(0.5 %, 1 %, and 2 %) on mycelial growth and spore
viability of mycotoxigenic fungi (Alternaria
alternata,  Aspergillus  flavus, A. parasiticus,
Fusarium sp. and Penicilliumexpansum) resulted that,
the polyphenolic acetonic extract of GCM reduced
significantly the fungal growth and spore viability of
the tested fungi at all concentrations used compared
with the untreated control. Also, the growth
inhibition and the reduction percent of spore viability
were increased by increasing the concentration used.
Similar results were obtained by Sharma et al., [65]
who conducted a study on the ethanolic extract of
Garden cress seeds to evaluate its antifungal activity
against Alternaria alternate, Aspergillus flavus, and
employing
concentrations (2 - 8%), and it was observed that all
concentrations inhibited fungal growth. According to
Berehe and Boru [66], the crude extract from
Ethiopian Lepidium sativum seeds showed antifungal
properties against tested fungi, including A. niger, F.
oxysporum, and F. solani. George et al., [67] found
that, the methanolic extract of L. sativum seeds had a
significant antifungal activity against Aspergillus
flavus, Aspergillus fumigatus, Candida albicans,
Fusarium sp., Microsporum sp., Penicillium sp.,
Penicillium marneffi, and Rhizopus sp. Tayel et al.,
[68] reported that the Lepidium sativum seed extract
exhibited a significant antifungal activity against the
phytopathogenic fungi P. digitatum and P. italicum.
Omer et al., [57] reported that the crude extract of
garden cress seeds displayed antifungal activity
against two fungal species, Aspergillus niger, and C.
albicans. George and Thankamani [69] conducted a
study to test various extracts of Lepidium sativum
seeds (Hexane, n-Butanol, Ethyl Acetate, Methanol,
and Aqueous) against several fungal species
including Aspergillus flavus, Aspergillus niger,
Aspergillus fumigatus, Cryptococcus sp., Candida

Fusarium  equiseta by various

albicans, Curvularia sp., Epidermophyton, Fusarium
sp., Microsporum sp., Penicillium spp., and Rhizopus
sp. They found that the methanol extract exhibited
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the highest potency, followed by the butanol and
ethyl acetate extracts, where the methanol extract
completely inhibited the growth of all fungi except
Curvularia sp. and A. niger, which showed weak
growth towards the end of the incubation period. In
another study by Adera et al.,[70], the antifungal
activity of L. sativum seed and leaf oil extracts was
evaluated. Both extracts demonstrated antifungal
activity against Aspergillus niger and C. albicans,
whereas the leaf oil extract exhibited stronger
antifungal activity. The antifungal potential of the
polyphenolic acetonic extract of GCM in this study
can be attributed to its bioactive compounds,
including gallic acid, chlorogenic acid, syringic acid,
ferulic acid, quercetin, and vanillin, which are
responsible for its antifungal activity. Where Sharma
et al., [65] reported that the presence of constituents
like flavonoids and tannins in the extract could
contribute to its antifungal activity. Similarly,
Hussaini et al.,[71] suggested that the antifungal
activity of plant extracts may be attributed to the
presence of phenolic acids and flavonoid compounds.

5. Conclusion

The current study demonstrated that, various
mycotoxigenic  fungi  (Alternaria  alternata,
Aspergillus flavus, A. parasiticus, Fusarium sp., and
Penicilliumexpansum)  were
pomegranate fruits, and produced several mycotoxins
that caused potential health hazards to humans. Using
the polyphenolic acetonic extract of garden cress
meal could be a valuable source of bioactive

associated with

compounds with substantial biological activities
including antioxidant and antifungal activities. It can
be concluded that it exhibited a significant impact on
inhibiting the growth and spore viability of
mycotoxigenic fungi contaminating pomegranate
fruits. Moreover, the application of various plant
extracts can serve as an eco-friendly approach to
managing fungal diseases in pomegranate fruit
production. In addition, these extracts are
characterized by their safety,
economic feasibility, absence of residual issues, and
cost-effectiveness, enabling them to be valuable
competitors to synthetic products.
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