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PROPOLIS was responsible for in vitro growth suppression of some tested phytopathogenic
fungi. Four tested species were partially inhibited by using propanolic or ethanolic extract
associated with promising growth reduction of Fusarium oxysporum in a percent of growth
recorded 38.2% or 58.9% during propanolic or ethanolic application, respectively, while
Helminthosporium sp. and Cladosporium sp. showed unexpected activation of growth during
propanolic or ethanolic extract applications. The antimicrobial products identified during
GC-MS analysis of the propolis propanolic extract were Pyrazole, Quinic acid, D-lactic acid,
Pentanoic acid, Erythritol and sulfonamide derivatives. The SDS gel electrophoresis of soluble
proteins of Fusarium oxysporum treated with propanolic or ethanolic propolis extracts showed
a specific protein band at 26.002kDa with the untreated pathogen, and several characterized
bands at 21.160, 26.012, 28.666, 38.44, 102kDa related to propolis propanolic extract (2) and
finally a two markedly visible bands at 18.871, 33.083kDa with propolis ethanolic extract
(3). The decrease in enzyme activity of cellulase and pectinase of Fusarium oxysporum was
recorded under treatment with either propanolic or ethanolic extracts. There was suppression
in the degree of infectivity such as the number of rotted seeds, wilting, brown discoloration
of Phaseolus seedlings presoaked in either of the two propolis extracts compared to infected
plants with more reduction individually in case of propanolic extract over that of ethanolic one.

Keywords: Fungal hydrolytic enzymes, Fusarium oxysporum, GC-MS analysis, Kidney bean
(Phaseolus vulgaris), Propolis extracts, SDS gel electrophoresis.

Introduction

Propolis is a hive product collected by bees from
plant buds. It’s characterized by its resinous
nature and its color varies from green to dark
brown depending on the plant source. It contains
flavonoids, essential oils, wax, pollens, minerals,
amino acids, and organic matter (Walker & Crane,
1987; Greenaway et al., 1990). It is a natural
antimicrobial agent which is generally recognized
as safe substances (GRAS) (Alencar et al., 2007).
Studies showed that propolis had antifungal,
antiviral, antibacterial, and antioxidant activities
(Ghisalberti, 1979; La Torre et al., 1990; Yamauchi
et al., 1992; Burdock, 1998) which is attributed to
phenolic compounds particularly flavonoids that
were distributed through the plant seeds, fruits,
leaves, and other plant parts (Amoros et al., 1994;

Packer & Luz, 2007; Simdes et al., 2008).

Propolis  has  effective  antimicrobial
characteristics against Pseudomonas aeruginosa,
Salmonella typhi, Escherichia coli, Staphylococcus
aureus, Bacillus subtilis, Enterococcus sp., and
Candida spp. (Sforcin, 2016; Zabaiou et al., 2017).
Ethanolic extract of propolis had shown antiseptic,
anesthetic, and antioxidant effects. The extract
also inhibited vegetable germination as garlic and
potato (Yamauchi et al.,1992; Hemeida & Abd
Alfattah, 1993).

Hashem et al. (2012) studied the mechanism
of the antifungal potential of propolis and its
effect on the growth, aflatoxins production, and
lipids metabolism of Aspergillus parasiticus. They
reported a decrease in conidial behavior including
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production and germination as well as mycelial
growth of A. parasiticus. It was also detected that
aflatoxins production by A. parasiticus was largely
suppressed at concentrations 0.2 and 0.4g/100mL
of propolis, while the concentration 0.6g/100mL
induced complete inhibition of all aflatoxins
production. The biochemical assay of lipid
cytotoxicity of A. parasiticus suggested clear cystic
suppression of lipids metabolism by propolis. Gas
chromatographic analysis of cellular fatty acids
indicated that propolis enhanced the accumulation
of saturated fatty acids suggesting a resistance
mechanism of a fungal membrane via decreasing
its fluidity and elasticity.

Ozcan (1999) reported that water aqueous
extracts at the concentrations of 0.5, 1, 2, 3 and
4%, of propolis, were assayed for inhibition of
Aspergillus parasiticus, Aspergillus niger, Botrytis
cinérea, Fusarium oxysporum, Alternaria alternata
and Penicillium digitatum in culture media.
The most potent concentration of propolis was
4%. This concentration showed more than 50%
inhibition against all tested microorganisms. The
most susceptible microorganisms among the tested
fungi were Alternaria alternata and Penicillium
digitatum.

The objective of the current work was to
identify the antimicrobial potential of either the
propanolic or the ethanolic extract of propolis
toward some tested phytopathogenic fungi. The
research also clarified the effect of these extracts
on some physiological activities of Fusarium
oxysporum, including fungal pathogenicity, the
production level of hydrolytic enzymes, in addition
to protein production, therefore providing a better
understanding of the responses of the tested
pathogen to the antimicrobial action of propolis as
an alternative way to chemical control.

The current research also focused on the
antimicrobial compounds associated with GC- MS

analysis of propolis propanolic extract.

Materials and Methods

Propolis origin

We purchased propolis samples from an apiary
beside tomato fields in El Badrashine, Giza, Egypt,
during the winter season. Hand-collected propolis
specimens were kept desiccated in a dark container
till processing.
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Extraction and sample preparation

One hundred grams of collected propolis
samples were mixed and divided into two 50-gram
portions. We extracted the active ingredients using
120mL of two extraction solvents separately; ethyl
alcohol 95% and absolute propanol (Vechet, 1978).
The two propolis extracts were filtered, and alcohol
was evaporated under vacuum at 30°C using a rotary
evaporator (Buchi model 011) until the complete
removal of the solvents. Then the two different
extracts underwent filtration using cellulose acetate
(CA) membrane filters. The extracts were kept cool
in the refrigerator (4°C) until use.

Isolation of tested microorganisms from Egyptian
clay soil

We collected the soil samples from a
garden inside Cairo University (Giza, Egypt).
We isolated soil fungi using the serial dilution
method (Waksman, 1994) on Czapek-Dox's agar
medium. Petri-dishes were incubated for 7 days
at 25 £2°C. Then axenic cultures were recovered,
purified, grown on agar slants and kept at 4°C for
further studies. The isolated fungal species were
morphologically and microscopically examined for
identification (Watanabe, 2002).

Molecular identification of Fusarium sp.

DNA extraction was done by using
Quick-DNA™  Fungal/Bacterial ~ Microprep
Kit (Zymo research D6007). ITS1
(5'TCCGTAGGTGAACCTTGCGG 3") and ITS4
(5/TCCTCCGCTTATTGATATGC 3/) primers
were used in PCR for amplification of the 5.8S
ribosomal RNA region of ITS. Sequencing of
the PCR net product was carried at the GATC
Company by using an ABI 3730xI DNA sequencer.

Antifungal activity of propolis

Sterilized Czapek- Dox’s medium was amended
with either propanolic or ethanolic extract of
propolis to yield a final concentration of 2mg/
mL. The amended medium was then transferred to
Petri dishes. Each petri dish was inoculated with a
fungal disc. Three replicates were made for each
test fungus. The plates were then incubated at 27°C
for 7 days, then the final fungal radial growth was
recorded (Quiroga et al., 2001).

The results were recorded as a percentage of
control.

[(contrel — treatment) + control] x 100 %
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Disc of fresh fungal culture (containing
approximately 2x 10° spores) was placed in 10mL of
liquid Dox's medium supplemented with different
concentrations of either propolis propanolic extract
(PPE) or propolis ethanolic extract (PEE). The
concentrations used were 0.5, 1, 2, 3, 4 and Smg/
mL of each extract. Then incubation period was 7
days at 27°C under shaking (180rpm). The culture
broth was then filtered to obtain mycelia and filtrate
using Whatman filter paper. The obtained fungal
mycelia were oven-dried till constant weight
at 80°C. The dried fungal mycelial weight was
obtained. The cultures were made in triplicate.

The results were recorded as a percentage of
control as previously described.

Antifungal activity of fungicide

As the above-described method, the fungicide
Eleven 10% FS (Fludioxonil 4% + Tebuconazole
6%) was added to Czapek- Dox's medium
inoculated with a fresh fungal disc with different
concentrations of fungicide 5, 10, 15, 20ug/mL.
Then it was incubated for 7 days at 27°C. After the
incubation period, the dry weights of the fungal
mat were measured. The cultures were made in
triplicate.

SDS-PAGE analysis of soluble proteins in the
growth medium of Fusarium oxysporum under
propanolic or ethanolic treatments of propolis
extracts.

The technique used for the separation of
proteins was (SDS-PAGE) (Sodium dodecyle
sulphate, polyacrylamide gel electrophoresis)
(Laemmili, 1970) after modification (Hames,
1995) by reduction of TEMED to 25pL from 30uL
and reduction of APS to 1.3mL from 1.5mL. Three
samples of the tested fungal isolate were studied,
2 of them treated with different propolis extracts
and one used as a control. Gel documentation
Alphatec 2200 software for protein band analysis
with protein marker Tris-Glycine 15%.

The protein content that is present in the
supernatant was measured using albumin of bovine
serum as standard protein (Bradford, 1976). The
protein content was adjusted to a 2mg/mL sample.
The gel was stained with Coomassie Brilliant Blue.
The resulting bands were analyzed using a gel
documentation system.

GC-MS analysis
The first step before GC-MS analysis is

derivatization. 150ul of MSTFA (N-methyl-N-
(trimethylsilyl)-trifluoroacetamide) previously
diluted with anhydrous pyridine in 1:1% percentage
was added to the dried PPE. One hundred pL
of PPE was placed in screw-cap vials and under
the stream of nitrogen gas left to evaporate until
complete dryness. Then it was incubated at 60°C
for about 45min. before analysis using GC-MS
(using Rtx-SMS 0.25mm inner-diameter, 30m
length and 0.25m film) (Ali et al., 2016).

Physiological assays

Cellulase assay

For cellulolytic enzyme production, 1disc from
growing tips of 7 day old culture of F. oxysporum
was grownup in 10mL Czapek-Dox s broth medium
supplemented by 1% carboxymethylcellulose
(CMC) as the sole carbon source instead of
sucrose. The cultures were treated with 0.5, 1, 2,
3, 4 or Smg/mL of PPE or PEE and then incubated
at 27°C for 7 days. The control and treated cultures
were maintained in triplicates. After the incubation
period, the fungal mat was separated from the liquid
medium by Whatman No.l double-layered filter
paper using Buchner funnel under vacuum pump
suction. Centrifugation of the filtrate was carried
out at 5000rpm at high speed, cooling centrifuge
for 10min. The supernatant was removed and used
as the enzyme source.

Cellulase activity was measured using
carboxymethylcellulose (CMC) as the substrate
(Areekijseree et al., 2004; Mukesh et al., 2012
after Bernfield, 1955 modification). The reaction
mixture consisted of 0.3mL of enzyme extract,
1.7mL of phosphate citrate buffer pH 6, and 1mL
0f 0.25% of CMC with a final volume of 2ml. The
reaction was allowed to proceed for 15min and
then stopped using 1ml of 3,5-dinitrosalicylicacid
(DNS) solution. The mixture was placed in a
100°C water bath for 10 minutes then cooled to
room temperature and the optical density was
measured at 546 nm. The results were expressed
with a microgram of liberated glucose/mg of the
substrate.

The results were recorded as percentage of
control.

[(control — treatment) + control] x 100 %

Pectinase assay
For pectinolytic enzyme production, the above-
described method was used except for using 1%
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citrus pectin as the sole carbon source instead of
sucrose in the liquid medium.

Pathogenicity degree test

This method was carried out according to
Kloepper (1991) with modification for the soil in
vivo experiment. Phaseolus vulgaris seeds were
obtained from the agricultural research Centre,
Giza, Egypt. Surface sterilization of Phaseolus
vulgaris seeds was made using sodium hypochlorite
(2%) for 2min. After surface sterilization the seeds
were soaked separately in sterilized distilled water
(as control), PPE 3mg/mL, PEE 4mg/ml for 2h,
then 5 seeds were placed in a Petri plate (9cm in
diameter) with sterile wetted cotton (5 replicates for
each treatment). Then incubation was at 30°C for 2
days until radical emergence then the germinating
seeds were transferred to plates (5 seeds per
plate) with fully grown cultures of F. oxysporum
hm89 (7 days old, originally inoculated with a
fungal disc of approximate 2x10° spores) with 5
replicates for each treatment. Over each plate, 40g
of sterilized sieved fine particles of soil (sterilized
for 2 hours at autoclave with 1.5 Bar and 121°C)
were spread. Each plate was moistened with 15mL
sterile distilled water. The plates were covered and
incubated at 30°C until seedling growth and then
the plate cover was removed (after approximately
3 days). The results were recorded after 7 days as a
percentage of control.

[(control — treatment) + control] x 100 %

Where control: Healthy seeds without infection
and without the addition of any propolis extract
(non-infected untreated samples).

= PPE

122

% Growth

Fusarium sp. Rhizoctonia sp. Botyritis sp.

Statistical analysis

A randomized complete block design with two
factors was used for the analysis of data with three
replications for each parameter. The standard error
(SE) was measured.

Results

Effect of different propolis extracts on radial
growth of some phytopathogenic fungi

Itis clear in Fig. 1 that either PPE or PEE caused
the same pathway regarding growth inhibition or
activation. The growth values recorded for PPE
and PEE were 38.2% and 58.9% against Fusarium
sp. while the growth values were (80% and 87%)
against Rhizoctonia sp. (91.15% and 93.79%)
against Botrytis sp. (93.47% and 97.64%) against
Sclerotium sp., whereas PPE and PEE showed
growth values (95.39% and 98.46%) against
Stemphylium sp.

In contrast, the results of PPE and PEE showed
an opposable line with Helminthosporium sp. and
Cladosporium sp. with unexpected activation of
growth.

Molecular identification of Fusarium oxysporum
hm89.

Fusarium oxysporum was morphologically
and microscopically identified and then further
confirmed by ITS sequencing. The PCR product
was sequenced and the result was deposited at
the Genebank while given an accession number:
MH485380, and a strain identifier: Fusarium
oxysporum hm§89.

“PEE

92
82
72
62
42
32
22
12

2

Sclerotium sp.  Stemphylium sp. Helmmthospot iunCladosporium sp.

Fig. 1. Effect of PPE or PEE (2mg/mL) on radial growth of some phytopathogenic fungi [Bars show means. Error

bars show mean + SE]
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Effect of propolis extracts on percent growth of
Fusarium oxysporum hm89

In this experiment, the gradual increase in the
concentration of PPE or PEE was used, and the
results were monitored (Fig. 2). The data showed
high inhibitory activity of both propolis extracts on
percent growth of Fusarium oxysporum hmg&9 at
the concentration of 3mg/ml for PPE and 4mg/ml
for PEE which recorded 2.1% and 2.5% in growth,
respectively. The higher concentrations did not
show a decrease in the growth of the two extracts.

N PPE WPEE
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Concentration (mg/ml)
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Fig. 2. Effect of PPE or PEE on percent growth
of Fusarium oxysporum hm89 [Bars show
means. Error bars show mean + SE]|

Effect of fungicide on percent growth of Fusarium
oxysporum hm89

The gradual increase in the concentration of
the fungicide Eleven 10% (FS) was used, and the
results were monitored (Fig. 3). The data showed
high inhibition in growth at the concentration
of 15ug/ml which recorded 1.5% growth. The
higher concentrations did not show a significant
decrease in growth.

uFS
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Fig. 3. Effect of fungicide (FS) on percent growth
of Fusarium oxysporum hm89 [Bars show
means. Error bars show mean + SE]

Protein pattern of Fusarium oxysporum hm&9
treated with either PPE or PEE.

The relative molecular weights of soluble
proteins in Fusarium oxysporum hm89 treated
with PPE or PEE are shown in Fig. 4.

M 1 2 3

175 kDa
130 kDa

95 kDa
70 kDa

62 kDa
51 kDa
42 kDa

29 kDa

22 kDa

16.5 kDa

14 kDa

Fig. 4. SDS-PAGE analysis of soluble proteins
in fungal growth medium amended with
Fusarium oxysporum hm89 singly or amended
with either PPE or PEE [M: Marker proteins, 1:
Fusarium oxysporum hm89 soluble proteins profile
(control), 2: Fusarium oxysporum hm89 soluble
proteins profile after treatment with PPE 3mg/mL,
3: Fusarium oxysporum hm89 proteins profile after
treatment with PEE 4mg/mL|

We compared the weights were to those in the
untreated sample (Table 1). The three samples
contained seven common proteins of molecular
weights, 14.155, 54.730, 60.034, 66.164, 78.315,
85.287, 92.013kDa. The control sample (test
pathogen only; 1) had 13 protein bands (the
lowest value in all treatments) with a unique
band at 26.002kDa. Meanwhile, the sample
containing test pathogen amended with 3mg/ml
PPE (2) had 18 protein bands (the highest value
in all treatments) with specific protein bands at
molecular weights, 21.160, 26.012 28.666, 38.44,
102.64kDa. Finally, the extract including test
pathogen amended with 4mg/mL PEE (3) had
13 protein bands with particular protein bands at
18.871, 33.083kDa.
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TABLE 1. Comparative analysis of different Fusarium oxysporum hm89 protein bands treated with PPE or PEE

Treatment
Marker molecular f f f
weight (kDa) 1 2 3
Band RF RF Band RF
102.12 - - 0.075 - -
92.013 + 0.121 0.121 + 0.121
85.287 + 0.151 0.151 + 0.151
78.315 + 0.186 0.186 + 0.186
72.087 - - 0.220 + 0.220
69.840 - - 0.233 - -
66.164 + 0.255 0.255 + 0.255
62.082 + 0.280 - - -
60.034 + 0.291 0.291 + 0.291
55.272 + 0.329 0.329 - -
54.730 + 0.338 0.338 + 0.338
52.005 - - 0.354 + 0.354
50.013 + 0.363 0.363 - -
47.290 + 0.393 - - -
43.213 + 0.430 - + 0.430
38.44 - - 0.492 - -
33.083 - - - + 0.525
31.711 + 0.557 0.557 - -
26.012 - - 0.631 - -
21.160 - - 0.723 - -
18.871 - - - + 0.770
16.304 - - 0.830 + 0.830
14.155 + 0.880 0.880 + 0.880
GC-MS analysis of PPE Effect of PPE or PEE on percent cellulolytic

We examined the Propolis Propanolic Extract
(PPE) for its components through GC-MS
analysis (Fig. 5).

Twenty compounds were identified in
propolis propanolic extract (PPE) through
GC-MS analysis. The compounds with their
corresponding relative concentration (Area),
retention time (RT) and their previously recorded
biological activities are given in Table 2. In GC-
MS analysis of the PPE extract, the spectrum
of the unknown compound was compared
with spectra of the NIST library stored known
compounds.
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activity of Fusarium oxysporum hm89.

Figure 6 shows the effect of either PPE or
PEE on percent cellulolytic activity of Fusarium
oxysporum hm8&9. The data indicated there was a
significant reduction in the cellulolytic activity
of Fusarium oxysporum hm89 till 3mg/ml
concentration in the case of PPE that recorded
2.8% cellulase activity. The most effective
reduction of cellulolytic activity in the case of
PEE was at a concentration of 4mg/mL with a
corresponding percent cellulolytic activity of
3.1%. At the same concentration, PPE was more
inhibitory to percent cellulolytic activity than
PEE.
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Fig. 5. GC-MS chromatogram of PPE
TABLE 2. List of components and their biological activity of PPE through GC-MS analysis
RT Area% Compound name Reported activities
4.24 1.36  D-Lactic acid-DITMS Antimicrobial (Neal-McKinney et al., 2012)
8.11 4.69  3,7-Dioxa-2,8-disilanonane -
8.59 0.93  Pentanoic acid Antibacterial (Freter et al., 1983)
8.97 110 Cis2,5-di@-cyanoethyl)-3-(thiophen-2-y I)-4.3- | ip . vorial (Elguero et al., 2002)
dihydropyrazole
10.37 0.37  Propanoic acid Antimicrobial
. Inhibit growth of oral streptococci (Soderling
12.31 0.51  Erythritol PER-TMS & Hietala-Lenkkeri, 2010)
13.46 429 Methyl 2,2-d1methyl-3-[(4-chlorophenyl)am1no]- )
3-(2-pyridyl)propanoate
(1S,1°R)-N-(2-Hydroxy-1-isopropylethyl)-
14.67 2.83  o-(1’-hydroxy-1’-phenylmethyl)- Antifungal (El-Gaby et al., 2002)
Nmethylbenzenesulfonamide
17.02 8.81  D-(-)-Fructofuranose -
17.15 10.83  D-(-)-Fructopyranose -
S-[(E)-S-Phenyl-N-(p-tolylsulfonyl)-1-t ..
17.38 2095 rimethylsilyl-3-methylbut-1-enyl]sulfoxime Insecticide
.. . Anti-inflammatory, antioxidant, and
17.83 0.60  Quinic acid-PENTATMS antimuta-genic (Bai et al., 2018)
D Hypoglycemic, Hypolipidemic and
18.31 3.94  D-Psicose Antioxidant (Matsuo et al., 2001)
18.37 4.07  4-D-(+)-Mannopyranose Antitumor activity
. . . . . Potent competitive inhibitor of B-glucosidases
19.59 1.57  Calystegine B2 tris (Trimethylsilyl) Derivative and a-galactosidases (Molyneux et al., 1993)
19.67 6.27  4-D-Glucopyranose -
20.99 2.32  Myo-Inositol Anticancer activity (Bizzarri et al., 2016)
27.39 10.35  Octakis(trimethylsilyl) ether -
Tristrimethylsilyl ether derivative of
27.64 043 1,25-Dihydroxyvitamin D )
Antimicrobial, antioxidant, antiinflammatory,
28.19 0.65  1-Monolinoleoylglycerol trimethylsilyl ether antiarthritic, antiasthma, diuretic (Senthil et

al., 2016)
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Fig. 6. Effect of PPE or PEE on percent cellulolytic
activity of Fusarium oxysporum hm89 [Bars
show means. Error bars show mean + SE|

Effect of PPE or PEE on percent pectinolytic
activity of Fusarium oxysporum hm89.

The effect of either PPE or PEE on the
percent pectinolytic activity of Fusarium
oxysporum hm89 is elucidated in Fig 7. The data
indicate there was a significant reduction in the
pectinolytic activity of Fusarium oxysporum
hm89 till 3mg/mL concentration in the case of
PPE that recorded 2.9% pectinase activity. The
most effective reduction of pectinolytic activity in
the case of PEE was at a concentration of 4mg/mL
with a corresponding percent pectinolytic activity
of 3.3%. At the same concentration, PPE was
more inhibitory to percent pectinolytic activity
than PEE.

EPPE BPEE
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000

60.00

50.00
40.00 :
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Fig. 7. Effect of PPE or PEE on percent pectinolytic
activity of Fusarium oxysporum hm89 [Bars
show means. Error bars show mean + SE]

Effect of PPE or PEE applications on the degree
of pathogenicity of Fusarium oxysporum hm89
infecting Phaseolus vulgaris

There is suppression in the degree of
infectivity in Phaseolus seedlings presoaked in
either of the two propolis extracts compared to
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infected plants (Fig. 8). Also shown is the higher
growth-enhancing and disease-suppressing effect
of PPE over PEE (Table 3).

It is obvious from data in Table 3 that the
degree of infectivity decreased in both propolis
extract applications. The best result was obtained
when PPE was applied at the concentration of
3mg/mL as compared to the corresponding value
of 4mg/mL of PEE application. The suppression
of infectivity in both propolis applications was
partially compared with the degree of infectivity
that occurred in infected untreated Phaseolus
vulgaris seedlings.

Data recorded in Fig. 9 clearly shows that
the application of propolis extracts increased the
length of epicotyl and the length of the hypocotyl
of Phaseolus vulgaris seedlings as compared
with untreated infected control. Seedling growth
parameters were higher in the case of PPE over
that of PEE.

Seed presoaking in PPE gave the best result
concerning the length of epicotyl, which recorded
2.6cm compared to healthy ones that measured
3.5cm. The length of hypocotyl recorded 12.3cm
as compared to healthy ones that measured
13.2cm. The lowest value of epicotyl and
hypocotyl lengths was recorded with the infected
untreated seedlings and measured 0.7cm and
7.4cm, respectively (Fig. 9 a).

It is clear (Fig. 9 b) that the two propolis
extract treatments (PPE and PEE) significantly
increased total fresh (0.045g and 0.039g) and
dry weights (0.009g and 0.008g) of Phaseolus
vulgaris seedling leaves, respectively, compared
with the infected untreated seedlings (0.036g and
0.007g).

The maximum increase was obtained when
PPE was used which resulted in 1.162g and
0.232g in either fresh or dry weight of seedlings,
respectively. The seedling fresh and dry weight of
infected non treated Phaseolus vulgaris recorded
0.58g and 0.116g, respectively (Fig. 9 ¢).

The data recorded in Fig. 9 d clearly show
that the application of propolis extracts (PPE and
PEE) increased the leaf area of Phaseolus vulgaris
seedling leaves (1.4cm? and 1.2cm?) as compared
with untreated infected control (0.95cm?).
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Fig. 8. Phaseolus vulgaris seedlings; a: Control, b: Infected with Fusarium oxysporum hm89, c: Treated with PEE
and infected with F. oxysporum hm89, d: Treated with PPE and infected with F. oxysporum hm89

TABLE 3. Effect of PPE or PEE applications on growth parameters and degree of infectivity in healthy and
Fusarium oxysporum hm89 - infected Phaseolus vulgaris seedlings

Treatments

Growth parameters of Phaseolus vulgaris for 25 germinated seeds

% of completely

% of soft watery

% of seedlings with % of wilted

rotted seeds rotted seeds brown discoloration seedlings
F usarium oxysporum hm89 80 64 48 80
infected seeds
PPE + infected seeds 16 20 16 32
PEE + infected seeds 48 44 32 52
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Fig. 9. Effect of PPE and PEE applications on Fusarium oxysporum hm89 infected Phaseolus vulgaris seedlings
after 10 days; (a) Length of epicotyl and hypocotyl, (b) Leaf fresh and dry weight, (c) Seedling fresh and
dry weight, (d) Leaf area [Bars show means. Error bars show mean + SE]|
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Discussion

Fusarium oxysporum is a fungal strain that
causes wilt disease on some plants e.g., Phaseolus
vulgaris L. and Lycopersicon sp. (Alves-Santos et
al., 2002; Alfiky & Eldenary, 2019). The pathogen
penetrates healthy tissue of the root usually
through wounds and/or natural openings (Abawi,
1989).

In this study, there was a trial to apply ethanolic
or propanolic extract of propolis to reduce the
pathogenicity of seven fungal species (Fusarium
sp., Rhizoctonia sp., Botrytis sp., Sclerotium
sp., Stemphylium sp., Cladosporium sp. and
Helminthosporium sp). The most susceptible
isolate was Fusarium oxysporum with a percent
growth of 38.2% and 58.9% in the case of PPE
or PEE application, respectively, and hence it
was selected for further work during this study.
There were unpromising nonsignificant growth
suppressions that occurred with Rhizoctonia sp.,
Botrytis sp., Sclerotium sp. and Stemphylium sp.
whereas unexpected activation was observed with
Cladosporium sp. and Helminthosporium sp.
when either of the two extracts was applied.

Ozcan (1999) found that propolis was able
to induce inhibition of aflatoxigenic fungi and
also decrease conidial growth in Aspergillus
flavus. Propolis samples collected from different
areas showed activity against Candida albicans,
C. guilliermondii and C. krusei. Out of 26 or
more constituents of propolis, pinocembrin,
pinobanksin-3-acetate, 3-acetylpinobanksin,
caffeic acid and p-coumaric were reported to have
antifungal activity. Caffeic acid showed antifungal
activity against Helminthosporium carbonum,
and this result is practically inconsistent with our
data. This may be due to the presence of amino
acids together with tryptophan among the parts
of propolis extract (Walker & Crane, 1987).
Therefore, the utilization of such a product may
activate the tested microorganism compared with
untreated control. This activation may be also due
to the greater tolerance of the spore (multicellular
with thick cell wall conidia) against propolis
extract or may be due to the absence of caffeic
acid in tested propolis extract. The same reasons
may also explain the motivation of fungal growth
in Cladosporium sp. when treated with our crude
propolis extracts.

Evaluation of the antifungal activity of
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propolis ethanolic extract (PEE) against C.
albicans, C. tropicalis, C. parapsilosis and C.
guilliermondii showed that 98% of the fungal
samples are sensitive to concentrations less than
5% (Fernandes Jr. et al., 1994). In another study
in vitro, it was observed that a concentration of
5% or 10% of propolis ethanolic extract prevented
the growth of Trichophyton verrucosum (Lori,
1990). Propolis was also observed by La Torre
et al. (1990) to have in vitro antifungal activity
against some phytopathogenic fungi (La Torre et
al., 1990).

In a correlated study, propolis activity
was investigated wusing some strains of
Enterobacteriaceae, Pseudomonas spp.,
Lactobacillus Plantarum, Fusarium oxysporum
and yeasts (Debaryomyces hansenii and
Saccharomyces cerevisiae). By using
microdilution  methods after modification
and viable count, these microorganisms were
inoculated at low and high levels inoculum.
Propolis antimicrobial effects depend on many
factors such as the type of microorganisms, the
concentration of microbial inoculum and partial
inhibition is the main mode of action of propolis
than complete inhibition (Petruzzi et al., 2020).

The isolated Fusarium oxysporum strain in
this work was molecularly identified and the gene
sequence of the isolated strain was similar to that
of many species of the genus Fusarium spp.,
according to a BLAST search of the GenBank
database.

It seemed more worthy in the current work to
study, in vitro, the potentiality of the two propolis
extracts or Eleven 10% (FS) as a standard
fungicide against Fusarium oxysporum hm8&9.
The data showed high inhibitory activity in growth
percentage at the concentration of 3mg/ml for PPE
and 4mg/mL for PEE which recorded 2.1% and
2.5% respectively. The higher concentrations did
not show a significant increase in the inhibitory
effect of the two extracts. So, we optimized 3mg/
ml as a proper for PPE and 4mg/ml as a proper for
PEE during the further survey in our recent study.
Ozcan (1999) reported that the concentration of
4% of propolis extract could reduce the infectivity
of F. oxysporum f. sp. melonis by 50% compared
with the wild type.

Although the chemical fungicide, Eleven
10% (FS), is used in very low concentrations
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(micrograms), it must be noted its damages,
especially as it accumulates in the soil as a result
of frequent use. Eleven 10% (FS) is a commercial
chemical fungicide that is recommended by the
Agricultural Research Center in Giza, Egypt,
to be used for controlling Fusarium species.
Although Eleven 10% (FS) exhibited an MIC of
15pug/mL which is much lower when compared
with the 3mg/ml or 4mg/mL MIC values of
PPE or PEE, respectively, it should be taken
into consideration that Eleven 10% (FS) is a
mixture of Fludioxonil and Tebuconazole which
are known to be toxic. Fludioxonil is a broad-
spectrum fungicide (Gullino et al.,2000) that
belongs to phenylpyrrole fungicides which inhibit
germination of spores, elongation of germ tube
and mycelial growth and also have been reported
to induce germ tube distortions and cell bursting
(Rosslenbroich & Stuebler, 2000). Tebuconazole
is an effective multifunctional fungicide that
belongs to triazoles fungicides that penetrate the
plant through roots and vegetative organs and
are known to be phytotoxic (Ahemad & Khan,
2012a, b). On the other hand, propolis is natural
and safe (Alencar et al.,, 2007). Meanwhile, in
the El-Yazal (2019) study, it was demonstrated
that increasing the concentration of propolis
extract as seed presoaking application increased
growth parameters of spinach. The best result
was obtained by the middle concentration of
7000mg/L.

Studies showed that many different compounds
like flavonoids and phenolics may be responsible
for the antifungal activity of the ethanolic extract
of propolis. Their mode of action depends on
changing the cell membrane permeability that
leads to cell death by causing complete leakage
of the cell constituents such as proteins, nucleic
acids, and inorganic ions like potassium and
phosphate (Shehu et al., 2016). It was recorded
that Smg/mL (5000ppm) of ethanolic extract of
propolis completely inhibited £ oxysporum radial
growth (Ahmed et al., 2008).

The chemical compositions of PPE were
analyzed by GC-MS to identify the major
and minor constituents that are present in our
extract sample. GC-MS profile of the PPE was
composed of aliphatic hydrocarbons, aliphatic
acids and their related esters, aromatic acids and
their related esters, sugars, and miscellaneous
compounds. Antifungal products like Pyrazole,
Quinic acid, D-lactic acid, Pentanoic acid,

N-methylbenzenesulfonamide and Erythritol
could have a critical role in the inhibitory action of
PPE on the tested pathogen Fusarium oxysporum
hm§9.

Pyrazole possesses widespread
pharmacological activities. These properties
include analgesic, anti-hyperglycemic, anti-
inflammatory, anti-bacterial, antipyretic, sedative-
hypnotic, and hypoglycemic activity (Elguero et
al., 2002).

Quinic acid (QA), which is a natural phenolic
acid, was reported by Bai et al. (2018) to have
antioxidant, anti-inflammatory, and antimutagenic
activities, and show transition metal-chelating
activity. QA also showed broad-spectrum
antibacterial activities. Studying the effect of
QA on the cellular physiology of Staphylococcus
aureus showed a decrease in intracellular pH that
reduces the activity of succinate dehydrogenase
causing a decrease in the concentration of
intracellular ATP. It also reduced S. aureus DNA
content. Additionally, it interacted directly with
genomic DNA.

Lactic acid bacteria produce lactic acid, an
organic acid showing antimicrobial activity
(Neal-McKinney et al., 2012). The other various
compounds, produced by lactic acid bacteria,
include diacetyl, organic acids, hydrogen peroxide,
and bacteriocins (proteins that have bactericidal
activity produced during the fermentation of lactic
acid). Some bacteriocins also showed inhibitory
activity against food-borne pathogens and/or food
spoilage (Cleveland et al., 2001). The inhibitory
mechanism of lactic acid against microorganisms
includes membrane destabilization (Sjogren
et al., 1990), interference with proton gradient
(Génzle & Vogel, 2003), reactive oxygen species
creation (Lindgren & Dobrogosz, 1990; Schaefer
et al., 2010) and enzyme inhibition (Lindgren &
Dobrogosz, 1990).

N-methylbenzenesulfonamide was demonstrated
to have antifungal, antibacterial and antitumor
activity (El-Gaby et al., 2002).

Pentanoic acid or valeric acid is one of the
short-chain fatty acids that have antibacterial

activity (Freter et al., 1983).

An in vitro study was conducted (Si et al.,
2019) on the antifungal activity of several
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novel niacinamide and pyrazole carboxamide
derivatives against four fungi using the inhibition
of mycelium growth method. These fungi
(Rhizoctonia solani, Botrytis cinerea, Alternaria
solani and Fusarium graminearum) cause severe
diseases to plants. The results showed that some
of such novel compounds have higher antifungal
activity at a concentration of 100pg/mL toward
B. cinerea more than toward Rhizoctonia solani,
Alternaria solani, and Fusarium graminearum.

The proteomic analysis for Fusarium
oxysporum f. sp. cubense as the cause of
Fusarium wilts in the root cells of banana showed
Pathogenesis-related protein 1, NADP-dependent
malic enzyme, Protein IN2-1 homolog B, Protein
disulfide-isomerase, L-ascorbate peroxidase,
Caffeoyl-CoA O-methyltransferase, Superoxide
dismutase (Mn) 3.1, Probable glutathione
S-transferase GSTF1, and Isoflavone reductase
homolog, with molecular weights: 92, 60, 66, 67,
58, 61, 57kDa respectively (Li et al., 2013). In
our study, the Fusarium oxysporum hm89 protein
profile exhibited seven common proteins of
molecular weights,14.155 54.730, 60.034, 66.164,
78.315, 85.287, and 92.013kDa in the control
and the two propolis extracts. There are five
common protein bands in our work that may be
correlated to Fusarium oxysporum hm89 and they
were commonly matched with the corresponding
ones found during a running protein SDS page
by Li et al. (2013). They were identified as
Pathogenesis-related protein 1, Protein IN2-1
homolog B, NADP-dependent malic enzyme,
Protein  disulfide-isomerase,  Caffeoyl-CoA
O-methyltransferase, L-ascorbate peroxidase.

It was recorded that proteins with 33 kDa
molecular weight called Thaumatin-like proteins
(TLP) was induced in bioagent-stressed tomato
plant root tissues which are infected with F
oxysporum f. sp. Iycopersici (Ramamoorthy
et al., 2002). Results showed that defense
enzyme induction is involved in the pathway of
phenylpropanoid and phenolics accumulation
and PR-proteins may be responsible for invasion
restriction of the pathogen in roots of tomato. In
the current, work the corresponding protein band
with molecular weight 33.083kDa in Fusarium
oxysporum hm89 stressed with 4mg/ml PEE may
be related to Thaumatin-like proteins that limited
the fungal growth in this treatment.

It seemed beneficial in the current work to
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study in vitro the activity of hydrolytic enzymes
including cellulase and pectinase of Fusarium
oxysporum hm89 in response to different
concentrations of tested propolis extracts (from
0.5mg/mL to S5mg/ml). The results clarified
a progressive reduction in cellulolytic and
pectinolytic activities of the test pathogen with
an increase in propolis concentration. Lindgren &
Dobrogosz (1990) assumed that the reduction in
enzymatic activity of the tested pathogen could be
attributed to the inhibitory activity of lactic acid
identified as a constituent of propolis propanolic
extract during GC-MS technique in our work.
Hence, the chemical constituents of propolis
extracts played an important function in reducing
the activity of enzymes that play the main role in
host-pathogen interaction and may induce host
infection.

Wanjiru et al. (2002) demonstrated that
hydrolytic enzymes of Fusarium compactum
play a critical role in the invasion of broomrape
tubercles macerating parenchymatous tissue.
The mechanism of tubercle invasion by
F compactum was by degrading cell wall
components followed by invading host tissues.
The activity of pectinolytic and cellulolytic
enzymes results in the loss of the structural
integrity of the host and characteristic damage
of the root. The pathogen’s enzyme activity was
also responsible for the expansion of tubercle
cells and hence symptom development. The
level of fungal inoculum and the consequent
degree of pathogenicity of F compactum was
due to enzyme production. The role of cellulase
and pectinase in cell wall components lysis and
plant-host interactions was also reported by other
authors (Wanjiru et al., 2002; Chanliaud, 2004; EI-
Sharkawy & Alshora, 2020).

In our in vivo soil study, presoaking of
Phaseolus vulgaris seedlings in either the two
propolis extracts decreased the degree of infectivity
induced by Fusarium oxysporum hm89. There was
also enhancement of qualitative and quantitative
growth parameters of seedlings which were
concomitant with the results of the El-Yazal (2019)
study.

Conclusion

Propolis is a natural and safe antimicrobial
compound. In an in vivo soil study, the strategy of
applying propolis extracts (ethanolic or propanolic)
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to Phaseolus vulgaris decreased Fusarium
oxysporum hm89 growth and pathogenicity.
However, future work could be carried out under
greenhouse conditions or inland areas.

Conflict of interest: The authors declare no conflict
of interest.

Author  contributions:  Neveen M. Khalil
contributed in conceiving the ideas, designing
and supervising the research and contributed in
data analysis, discussion, writing and editing
of the manuscript. Hala M. Ali performed the
experiments and contributed in data analysis,
discussion, writing and editing of the manuscript.
Ahmed E. Ibrahim contributed in conceiving the
ideas, designing and supervising the research and
contributed in data analysis, discussion, writing
and editing of the manuscript.

Ethical approval: Not applicable

References

Abawi, G.S. (1989) Root rots. In: "Bean Production
Problems in the Tropics", Schwartz, H.F., Pastor-
Corrales, M.A. (Eds.). 2" ed., Cali Colombia. CIAT,
pp. 105-157.

Ahemad, M., Khan, M.S. (2012a) Alleviation of
fungicide-induced phytotoxicity in greengram
[Vigna radiata 320 (L.) Wilczek] using fungicide-
tolerant and plant growth promoting Pseudomonas
strain. Saudi Journal of Biological Sciences, 19,
451-459.

Ahemad, M., Khan, M.S. (2012b) Effect of fungicides
on plant growth promoting activities of phosphate
323 solubilizing Pseudomonas putida isolated
from mustard (Brassica compestris) rhizosphere.
Chemosphere, 86, 945-950.

Ahmed, S.D., Mohanad, A K., Zaid, N.H. (2008) Study
antifungal activity of ethanol extract propolis
against Fusarium oxysporum fungi. Journal of
Research Diyala Humanity, 31, 93-105.

Alencar, S.M., Oldoni, T.L.C., Castro, M.L.,
Cabral, IL.S.R., Costa-Neto, C.M., Cury, J.A,
Rosalen, P.L., Ikegaki, M. (2007) Chemical
composition and biological activity of a new
type of Brazilian propolis: Red propolis. Journal
Ethnopharmacology, 113(2), 278-283.

Alfiky, A., Eldenary, M. (2019) Molecular
characterization and biocontrol-traits evaluation
of Trichoderma virens TVH3 against Fusarium
oxysporum, the causal agent of tomato wilt.
Egyptian Journal of Botany, 59(1), pp. 68-80.

Ali, S.E., Farag, M.A., Holvoet, P., Hanafi, R.S., Gad,
M.Z. (2016) A comparative metabolomics approach
reveals early biomarkers for metabolic response to
acute myocardial infarction. Scientific Reports, 6,
36359.

Alves-Santos, F.M., Cordeiro-Lopez, L., Sayagués,
J.M., Martin-Domingues, R., Garcia-Benavides, P.,
Crespo, M.C., Dias-Domingues, J.M., Eeslava, A.P.
(2002) Pathogenicity and race characterization of
Fusarium oxysporum f. sp. phaseoli isolates from
Spain and Greece. Plant Pathology, 51, 605-611.

Amoros, M., Lurton, F., Bowtie, J., Girre, L., Sauvager,
F., Cormier, M. (1994) Comparison of the
antiherpes simplex virus activities of propolis and
3-methylbut-2 enyl caffeate. Journal of Natural
Products, 57(5), 644-647.

Areekijseree, M., Engkagul, A., Kovitvadhi, U.,
Thongpan, A., Mingmuang, M., Pakkong, P.,
Rungruangsak-Torrissen, K. (2004) Temperature
and pH characteristics of amylase and proteinases of
adult freshwater pearl mussel, Hyriopsis (Hyriopsis)
bialatus Simpson 1900. Aquaculture Inernational,
234, 575-587.

Bai, J.R., Wu, Y.P., Wang, X.Y., Liu, X.Y., Zhong, K.,
Huang, Y.N., Chen, Y.T., Gao, H. (2018) In vitro and
in vivo characterization of the antibacterial activity
and membrane damage mechanism of quinic acid
against Staphylococcus aureus. Journal of Food
Safety, 38, e12416.

Bernfield, P. (1955) "Methods in Enzymology". S.P.
Colowick, N.O. Kaplan (Eds.), New York, USA,
Acad. Press, pp. 147-150.

Bizzarri, M., Dinicola, S., Bevilacqua, A., Cucina, A.
(2016) Broad spectrum anticancer activity of myo-
Inositol and inositol hexakisphosphate. International
Journal of Endocrinology, Article ID 5616807.

Bradford, M.M. (1976) A rapid and sensitive method
for the quantification of microgram quantities of
protein utilizing the principle of protein dye binding.
Analytical Biochemistry, 72, 248-254.

Egypt. J. Bot. 62, No. 1 (2022)



210 NEVEEN. M. KHALIL et al.

Burdock, G.A. (1998) Review of the biological
properties and toxicity of bee propolis. Food and
Chemical Toxicology, 36, 346-6.

Chanliaud, E., De Silva, J., Strongitharm, B.,
Jeronimidis, G., Gidley, M.J. (2004) Mechanical
effects of plant cell wall enzymes on cellulose/
xyloglucan composites. Plant Journal, 38, 27-37.

Cleveland, J., Montville, T.J., Nes, L.F., Chikindas,
M.L. (2001) Bacteriocins: Safe, natural
antimicrobials for food preservation. International
Journal of Food Microbiology, 71, 1-20.

El-Gaby, M.S.A., Gaber, A.M., Atalla, A.A., Abd
Al-Wahab, K.A. (2002) Novel synthesis and
antifungal activity of pyrrole and pyrrolo[2,3-d]
pyrimidine derivatives containing sulfonamido
moieties. Farmaco, 57, 613-617.

Elguero, J., Goya, P., Jagerovic, N., Silva, A.M.S.
(2002) Pyrazoles as drugs: Facts and fantasies.
Italian Society of Chemistry, 6, 167-203.

El-Sharkawy, R., Alshora, H. (2020) Biocontrol of
wilt-inducing Fusarium oxysporum by aqueous
leaf extract from Egyptian Ammi majus and Ammi
visnaga. Egyptian Journal of Botany, 60(2), 423-
435.

El-Yazal, M.A. (2019) Presoaking treatment of
propolis aqueous extract alleviates salinity
stress in Spinach (Spinacia oleracea L.) plants
grown under calcareous saline soil conditions.
International Letters of Natural Sciences, 76, 23-
33

Fernandes Jr., A., Sugizaki, M.F.,, Fogo, M.L.,
Lopes, C.A.M., Funari, S.R.C. (1994) In vitro
susceptibility of Candida albicans to propolis.
Proc 1V Iberolatinamerican Meeting Apic,
Ministerio de Agricultura, Ganaderia y Recursos
Renovables, Rio Cuarto, Argentina, pp. 209-211.

Freter, R., Brickner, H., Botney, M., Cleven, D.,
Aranki, A. (1983) Mechanisms that control
bacterial populations in continuous-flow culture
models of mouse large intestinal flora. Infection
and Immunity, 39, 676-685.

Ginzle, M.G., Vogel, R.F. (2003) Studies on the

mode of action of reutericyclin. Applied and
Environmental Microbiology, 69, 1305-1307.

Egypt. J. Bot. 62, No. 1 (2022)

Ghisalberti, E.L. (1979) Propolis: A review. Bee World,
60, 59-84.

Greenaway, W., Scaysbrook, T., Whatley, F.R. (1990)
The composition and plant origins of propolis: A
report of work at Oxford. Bee World, 71, 107-118.

Gullino, M.L., Leroux, P., Smith, C.M. (2000) Review:
Uses and challenges of novel compounds for plant
disease control. Crop Protection, 19, 1-11.

Hames, B.D. (1995) One-dimensional polyacrylamide
gel electrophoresis. In: “Gel Electrophoresis of
Proteins. A Practical Approach”, Hames, B.D.,
Rickwood, D. (Eds.), Oxford Univ. Press, New
York, pp. 1-147.

Hashem, A., Abd-Allah, E.F., Hend, A.A. (2012) Effect
of propolis on growth, aflatoxin production and lipid
in Aspergillus Parasiticus spear. Pakistan Journal
of Botany, 44(3), 1153-1158.

Hemeida, H.H., Abd. Alfattah, M.A. (1993) The
antimicrobial and antioxidant activity of propolis
as a natural honey bee product (2) The antioxidant
efficiency on cotton seed oil. Bulletin of Faculty of
Agriculture, Cairo University, 44, 649-662.

Kloepper, J.W. (1991) Development of in vivo assays
for prescreening antagonists of Rhizoctonia solani
on cotton. Phytopathology, 81, 1006-1013.

Laemmili, U.K. (1970) Cleavage of Structural Proteins
during the Assembly of the Head of Bacteriophage
T4. Nature, 227, 680-685.

La Torre, A., Guccione, M., Imbroglini, G. (1990)
Indagine preliminare sull’azione di preparati a base
di propoli nei confronti di Botrytis cinerea Pers della
fragola. Apicoltura, 6, 169-177.

Li, X., Bai, T., Li, Y., Ruan, X., Li, H. (2013) Proteomic
analysis of Fusarium oxysporum f. sp. cubense
tropical race 4-inoculated response to Fusarium
wilts in the banana root cells. Proteome Science, 11,
41.

Lindgren, S.E., Dobrogosz, W.J. (1990) Antagonistic
activities of lactic acid bacteria in food and feed
fermentations. FEMS Microbiology Reviews, 17,
149-163.

Lori, G.A. (1990) Fungicidal effect of propolis in bovine
dermatomycosis. /ndustria Apicola, 1, 38-43.



BIOCHEMICAL ACTIVITY OF PROPOLIS ALCOHOLIC EXTRACTS AGAINST ... 211

Matsuo, T., Baba, Y., Hashiguchi, M., Takeshita,
K., Izumori, K., Suzuki, H. (2001) Less body fat
accumulation with D-psicose diet versus Dfructose
diet. Journal of Clinical Biochemistry and
Nutrition, 30, 55-65.

Molyneux, R.J., Pan, Y.T., Goldmann, A., Tepfer, D.A.,
Elbein, A.D. (1993) Calystegines, a novel class
of alkaloid glycosidase inhibi- tors. Archives of
Biochemistry and Biophysics, 304, 8 1-88.

Mukesh, K.D.J., Andal, P.D., Suresh, K., Saranya,
G.M., Rajendran, K., Kalaichelvan, P.T. (2012)
Production and optimization of pectinase from
Bacillus sp. MFW7 using cassava waste. Asian
Journal of Plant Science & Research, 2(3), 376-
382.

Neal-McKinney, J.M., Lu, X., Duong, T. (2012)
Production of organic acids by probiotic lactobacilli
can be used to reduce pathogen load in poultry.
PLoS ONE, 7(9), Article ID ¢43928.

Ozcan, M. (1999) Antifungal properties of propolis.
Grasas Aceites, 50, 395-398.

Packer, J.F.5 Luz, M.M.S. (2007) Evaluation and
research method for natural products inhibitory
activity. Revista Brasileira de Farmacognosia,
17(1), 102-7.

Petruzzi, L., Corbo, M.R., Campaniello, D., Speranza,
B., Sinigaglia, M., Bevilacqua, A. (2020)
Antifungal and antibacterial effect of propolis:
A comparative hit for food borne Pseudomonas,
Enterobacteriaceae and fungi. Foods, 9, 559-570.

Quiroga, E.N., Sampietro, A.R., Vattuone, M.A.
(2001) Screening antifungal activities of selected
medicinal plants. Journal of Ethnopharmacology,
74(1), 89-96.

Ramamoorthy, V., Raguchander, T., Samiyappa R.
(2002) Induction of defense-related proteins in
tomato roots treated with Pseudomonas fluorescens
Pfl and Fusarium oxysporum f. sp. lycopersici.
Plant and Soil, 239, 55-68.

Rosslenbroich, H.J., Stuebler, D. (2000) Botrytis
cinerea - history of chemical control and novel
fungicides for its management. Crop Protection,
19, 557-561.

Schaefer, L., Auchtung, T.A., Hermans, KUE.,

Whitehead, D., Borhan, B., Britton, R.A. (2010)
The antimicrobial compound reuterin  (3-
hydroxypropionaldehyde) induces oxidative stress
via interaction with thiol groups. Microbiology,
156, 1589-1599.

Senthil, J., Rameashkannan, M.V., Mani, P. (2016)
Phytochemical Profiling of Ethanolic Leaves
Extract of Ipomoea sepiaria (Koenig Ex. Roxb).
International Journal of InnovativeResearch in
Science, Engineering and Technology, 5(3), 3140-
3147.

Sforcin, J.M. (2016) Biological properties and
therapeutic applications of propolis. Phytotherapy
Research, 30, 894-905.

Shehu, A., Ismail, S., Rohin, M.A.K., Harun, A., Aziz,
A.A., Haque, M. (2016). Antifungal properties of
Malaysian tualang honey and stingless bee propolis
against Candida albicans and Cryptococcus
neoformans. Journal of Applied Pharmaceutical.
6, 44-50.

Si, W.J., Wang, X.B., Chen, M., Wang, M.Q., Lua ,A.M.
(2019) Design, synthesis, antifungal activity and
3D-QSAR study of novel pyrazole carboxamide and
niacinamide derivatives containing benzimidazole
moiety. New Journal of Chemistry, 43, 3000- 3010.

Simoes, C.C., Araujo, D.B., Aragjo, R.P.C. (2008)
Estudo in vitro e ex vivo da agdo de diferentes
concentragdes de extratos de propolis frente aos
microrganismos presentes na saliva de humanos.
Revista Brasileira de Farmacognosia, 18(1), 84-9.

Sjogren, U., Hagglund B., Sundqvist G., Wing K.
(1990) Factors affecting the long-term results of
endodontic treatment. Journal of Endodontics, 16,
498-504.

Soderling, E.M., Hietala-Lenkkeri, A.M. (2010) Xylitol
and erythritol decrease adherence of polysaccharide-
producing oral streptococci. Current Microbiology,
60, 25-29.

Vechet, (1978) Effect of propolis on some species of
microorganisms and moulds, In: "4 Remarkable
Hive Product". Propolis, pp.53-59. Bucharest,
Romania: Apimondia Publishing house.

Waksman, S.A. (1994) Three decades with soil fungi.
Soil Science, 58, 89-114.

Egypt. J. Bot. 62, No. 1 (2022)



212 NEVEEN. M. KHALIL et al.

Walker, P., Crane, E. (1987) Constituents of propolis. Yamauchi, R., Kato, K., Oida, S., Kanaeda, J., Ueno, Y.
Apidologie. 18(4), 327-334. (1992) Benzyl caffeate on antioxidative compound
Isolated from propolis. Bioscience-Biotechnology
Wanjiru, M., Zhensheng, K., Buchenauer, H. (2002) and Biochemistry, 56, 1321-1322.
Importance of cell wall degrading enzymes
produced by Fusarium graminearum during Zabaiou, N., Fouache, A., Trousson, A., Baron, S.,
infection of wheat heads. European Journal of Zellagui, A., Lahouel, M., Lobaccaro, J.M.A.
Plant Pathology, 108, 803-810. (2017) Biological properties of propolis extracts:

something new from an ancient product. Chemistry

Watanabe, T. (2002) "Soil and Seed Fungi. Morphologies and Physics of Lipids, 207, 214-222.

of Cultured Fungi and Key to Species", 2" ed. CRC
Press, Boca Raton, Florida, USA.

asi) sl il ALiaall Jeasl Gudggll Galitual gl el LU

A gt g

] ) el daa) (Gmia o 3 gana A (JiA taaa aaa 3 gana Gl
e — 5 30al) - 5 Al dxala - slall A0S - o gl g g pSall 5 bl o

W Uil o5 )il day ol ot o3 Glena o ptidall il i jaall il padll (any s Gl g goall JIy
s 5N Jailosall (e S pladiudy Gl ing ll (51 (A5l g ol Galiunall aladiuly U 5a
338.27 Gl Dol A 3 ) ) spusS gl 5201 ) gail) 0 sk ol Laglia 22y (25800 2 LIS i
saliiuall e g Gt lein gl e J Y5 J 8l gl pad s g ) (aliiue et <Ll 58,97
LLall iy claiall o2 seill qigie e Unlis jelal asy ) sams sOS 5 gl ) sams giialigll (5 ykad e
oaens «Jsoall o (0l ol - o (2) GESI ) Lal JSIA Ll o3 ) (5 Sse 2l
A:al.oh_,slu.d\ Gleiiag uﬂi_,:\..:_s‘),\n e g sdjﬁg‘;\:\‘)yb uﬂg_yu.:_un e g uﬂ:ﬂSM\ e g uﬂ:\i..}g\
g DNiad adlide agiy ja O ) die alalae JS1 aiala cilisi gl AL oSl Judaill JA (e el 2
iy s dad Ga saall adll 3 g g ddlatiall alalrall pe 0 5301 SLS 26,002 sy G5 e 3o 2
caliiiay daleall hadll allad ¢ 6ills LS 102 <38.44 <28.666 ‘2§.Ol2 21.160 e o e 4c gila
S4€33.083 18.871 4 s ol sl e Ol ea g Glawal g it g | pdl 5 (£2) (A sbs ) (ol 52550l
Llis o 4 ja & .(f3) uJyL’g\J\ ol g gl Galiiia Jalzall hadlly 4calall alalaall 4 o6l
bl Gl sa s sl aldiiiie ailalas o3 AN o ) smanS o) a g5l 5 sadl) yladl SUESH 5 Y sl o 33)
Aliaiall 5 ol sratnS o) o gyl 5 gall 5 pladl 4pailly (5 gaall jallaae 5 sy A daud ellia IS J8lY1
aliinn e gl (8 e de giidl Wsealdll Hsdl ) Gl iy Jsodlly Lbeiall )3 dae b
o (bl paldindl s 8 (g8 J Sl dani da )3 e Dbaall LAl 45 )lEa asl 535 4l)

,‘é_\y\fe‘g\ oaldiuall

Egypt. J. Bot. 62, No. 1 (2022)



