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Abstract: Propolis is a bee product produced as a natural defense mechanism by bees to protect their
hives. It consists of plant resins, secretions from bees, and other substances collected from plants
that, contain biologically active compounds with antimicrobial, antioxidant, and anti-inflammatory
properties. Because of these characteristics, propolis has applications in various fields. In this study,
pure propolis extracts obtained by Dimethyl Sulfoxide (DMSQO), ethanol, methanol, glycerol, acetone
and supercritical CO2 extraction of propolis were tested for their antifungal activity against three
phytopathogenic fungi, Fusarium oxysporum, Alternaria alternata and Verticillium spp. Antifungal
activity tests were conducted in vitro using zone inhibition measurements on a PDA medium. Our
findings revealed that the antifungal efficacy of propolis and its effect on mycelial growth parameters
varied depending on the type of propolis extract used, demonstrating a dose-dependent relationship.
In the present study, the ethanol + propolis preparation was found to be more successful in inhibiting
the growth of fungal hyphae at a dose of 200 pL for all fungi than other solvents. The other solvents
showed different levels of inhibition depending on the fungal species. In general, acetone, DMSO,
and glycerol preparations of propolis were less effective in inhibiting fungal growth. The results
obtained indicate that ethanol-based propolis extracts have the potential for control agriculturally
important phytopathogenic fungi.

Farkh Coziiciilere Dayal Propolis Ekstraktlarimin Bazi Bitki Patojenik Funguslara Kars:
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Oz: Propolis, arilarin dogal savunma mekanizmasi olarak kovanlarmi korumak igin iirettikleri bir art
iriintidiir. Bitki reginelerinden, arilarin kendi salgilarindan ve diger bitkilerden topladiklar
maddelerden olusan propolis, antimikrobiyal, antioksidan ve anti-enflamatuar &zelliklere sahip
biyolojik olarak aktif bilesikler icerir. Bu ozellikler nedeniyle, propolis cesitli alanlarda
kullanilmaktadir. Calismada, propolisin Dimetil Siilfoksit (DMSO), etanol, metanol, gliserol, aseton
ve siiperkritik CO2 ekstraksiyon yontemiyle elde edilen saf propolis ekstraktlari ii¢ fitopatojenik
fungus tiirii olan Fusarium oxysporum, Alternaria alternata ve Verticillium dahliae’a kars1 antifungal
aktiviteleri test edilmistir. Antifungal aktivite testleri, PDA ortaminda yapilan zona inhibisyonu
Olciimleri kullanilarak in vitro olarak gercgeklestirilmistir. Bulgularimiz, propolisin antifungal
etkinliginin ve miselyal biiylime parametrelerinin, kullanilan propolis ekstrakt tiiriine bagli olarak
degistigini ve doza bagl bir iligki gosterdigini ortaya koymustur. Calismada, Etanol+Propolis
¢ozilictisiiniin, diger ¢oziiciilere kiyasla tiim funguslar i¢in 200 pl’lik dozunun fungal hif gelisimini
inhibe etmede daha basarili oldugu tespit edilmistir. Diger ¢oziiler fungus tiiriine bagl olarak farkli
inhibisyon sergilemistir. Genel olarak, fungal inhibisyon i¢in, propolisin aseton, DMSO ve gliserol
preperasyonlar1 daha etkisiz olmustur. Sonug olarak, etanol bazli propolis ekstraktlarmin tarimsal
acidan dnemli fitopatojenik funguslar1 kontrol etme potansiyeline sahip oldugunu gostermektedir.
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1. INTRODUCTION

Propolis is a resinous substance with strong adhesive
properties that bees produce from different plant
secretions and use to close holes in the hive and protect
the hive entrance from invaders. Propolis, a product with
a long history of traditional use dating back to 300 BC, is
well-known  for its  various biological and
pharmacological properties. These properties include
antibacterial, antifungal, antiviral, antiprotozoal, local
anesthetic, anti-inflammatory, and immunostimulant
effects [1, 2, 3]. It has a color ranging from yellow-green
to dark brown and an aromatic odor, depending on the
source and age of collection [4]. Propolis contains
approximately 300 bioactive compounds, the contents of
which varies according to the source of collection and
season. To date, more than 180 compounds, mainly
polyphenols, have been identified as the components of
propolis. Propolis also contains other compounds such as
essential oils, aromatic acids, waxes, pollen, vitamins,
resins, balsams and various trace elements [5, 6]. Under
in vitro conditions, propolis has demonstrated effectively
inhibit both gram-positive and gram-negative bacterial
strains [7, 8]. This antibacterial activity is attributed to
the presence of flavonoids (such as galangin,
pinocembrin, and pinostrobin), aromatic acids, and esters
in propolis solutions [9]. Propolis has also shown
inhibitory activity against a broad spectrum of viruses
and fungal agents. Studies have indicated its
effectiveness against various viruses of human and
animal origin, including adonovirus, coronavirus, and
rotavirus [10]. Additionally, propolis has been found to
have antifungal effects against microfungi such as
different Candida spp., Trichosporon spp., and Pichia
ohmeri [11, 12, 13].

In recent years, propolis extracts have gained attention
for their potential antiphytopathogenic effects against
agricultural pathogens. Several in vivo and in vitro
studies have investigated the antifungal activity of
propolis against phytopathogenic fungi [14, 15]. Various
propolis supernatants, including those extracted using
ethanol, methanol, olive oil, and water, have been found
to exhibit fungicidal activity against numerous plant-
pathogenic fungi [16, 17, 18, 19]. In conclusion, propolis
demonstrated remarkable antimicrobial properties,
making it a promising candidate for further research and
potential therapeutic applications.

Phytopathological fungi such as Fusarium, Alternaria,
and Verticillium are common plant pathogens that can
cause serious damage to agricultural crops, leading to
yield and economic losses [20]. The long-term use of
conventional ~ chemical  fungicides can  cause
environmental pollution, resistance development and
risks to human health [21]. Therefore, the search for
natural and environmentally friendly antifungal agents is
of great importance. The mycelial growth activity of
propolis extracts is commonly evaluated using dilution
and diffusion methods [22, 23]. Mycelial growth
inhibition is typically determined by comparing the
radial growth diameter of the mycelium in the negative
control (without propolis) with that in the tested solution

[24]. In line with this approach, our study aimed to
investigate the mycelial inhibitory effects of different
propolis extracts on F. oxysporum, A. alternata, and
Verticillium spp. Specifically, we evaluated the dose-
dependent antifungal activities of propolis extracts
prepared using various solvents (ethanol, methanol,
acetone, pure, glycerol) using agar diffusion methods
under laboratory conditions. The results obtained from
our study will not only help to determine the most
effective solvent and dose of propolis but also contribute
to demonstrating the usefulness of propolis as a natural
protective agent against agricultural pathogens.

2. MATERIAL AND METHOD
2.1. Propolis Collection

Propolis was collected from plastic traps placed in
beehives in Solhan district of Bingdl province (Turkey)
and used in further studies.

2.2. Biological Material and PDA Medium

The test microorganisms, V. dahliae, A. solani, and F.
oxysporum, were used from the available collection
characterized in the Mycology Laboratory of Bingol
University, Faculty of Agriculture, Turkey. For
inoculum preparation, all fungal species were grown for
7 days at 25 °C on Potato Dextrose Agar (PDA) (Merck,
Darmstadt, Germany) prepared according to the
company’s instructions.

2.3. Preparing of Propolis Supernatants

In this study, six types of propolis supernatants were
used: crude propolis purified by supercritical fluid
extraction, acetone (ASP), ethanol (ESP), methanol
(MSP), glycerol (GSP) and DMSO. The solvent
concentration was 70% and the propolis/solvent ratio
was used as 1/4 in the inhibition tests. For all
supernatants, raw frozen propolis was pulverized using a
grinder. The mixture of solvent and propolis in these
proportions was incubated at 36 °C for 10 days on a
magnetic stirrer, centrifuged at 1000 g for 5 minutes and
then filtered. For the supercritical fluid extraction, 150 g
of crude propolis was used, resulting in approximately 5
g of pure propolis supernatant. As in the previous
method, it was homogenized with sterile distilled water.
All the propolis supernatants were stored at +4 °C in the
dark.

2.4. Antifungal Efficacy Assays

Antifungal assays were evaluated considering the
inhibition of radial mycelium growth in the PDA culture
medium [25]. Antifungal activity against
phytopathogenic agents was tested in increasing doses
(50, 100, and 200 pL) of each propolis supernatants
added to the PDA medium. The negative control group
consisted of PDA medium without supernatant and PDA
medium with solvent added only at the concentrations
indicated. All treatment and control groups were
incubated at room temperature for one week. All tests
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were performed in triplicate using a randomized design
and radial fungal diameter was measured using a ruler
and recorded. The percentage of inhibition was
determined by assessing fungal growth in the control
groups, following the equation provided by Deans and
Sobada [26].

Inhibition (%) =(gc— gt )/gex 100

Where gc refers to the mycelial growth diameter in the
control plates; and gt is the mycelial growth diameter in
the propolis suspension.

2.5. Statictical Analysis

Data were collected in triplicate using a factorial
experimental design with randomized complete blocks.
The statistical package program "JUMP 5.0" was used
for the analysis. The data were analyzed using analysis
of variance, and the treatment means were compared
using Tukey’s multiple comparison test.

3. RESULTS

Propolis possesses broad-spectrum anti-pathogenic
properties against both plant and animal-derived agents.
However, the direct use of propolis is not feasible.
Therefore, the scientific community has been working to
identify the most effective solvents for propolis
extraction. Numerous studies have reported that ethanol
is the most effective solvent for this purpose.Other
commonly used solvents for propolis extraction include

water, oil, propylene glycol, and glycerol [27]. Although
propolis solutions have been tested worldwide against
various fungal pathogens, the antifungal activity of this
natural product varies across different studies [19].
However, there is a lack of research on the efficacy of
different solvent extracts of propolis, particularly against
plant pathogenic fungi. Literature screening reveals that
most studies on the antiphytopathogenic effects of
propolis have focused on ethanol preparations in relation
to plant pathogens. Ethanol extracts from propolis of
different origins have been shown to negatively affect
mycelial growth in several plant pathogens [16, 17, 15,
28, 29, 30].

In this study, six propolis preparations at three different
doses were tested against three phytopathogenic fungi
(F. oxysporum, A. alternata, and V. dahliae). The results
of this study showed that propolis, especially its ethanol
solutions, exhibited fungicidal activity. Different rates of
inhibition of fungal mycelial growth were obtained
depending on the microorganism tested, dose and
solvent.

3.1. Inhibition in Mycelial Growth Based on Fungus
Species

In all tests, the smallest mean fungal diameter was
observed in V. dahliae (19.60 mm), followed by A.
solani (32.87 mm) and F. oxysporum (48.20 mm) (Fig.
1). The differences between mean fungal diameters were
statistically significant (Table 1).

Table 1. Descriptive values indicating the fungus species-specific inhibition zone

Fungal pathogens Mean Std. Deviation Std. Error of Mean
A. solani 32,8° 9,1 0,9
V. dahliae 19,6° 57 0,5
F. oxysporum 48,22 13,0 13
Average 33,5 15,2 0,8

a,b,c: the difference between different letters in the same column is statistically significant (p<0.01)
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Figure 1. Diameter variation according to fungus species

3.2. Effect of Solvent and Propolis Extract Dose on
Fungus Diameter

In this study, different solvents caused different rates of
response inhibition in fungal species. The changes in

fungal diameter caused by propolis solvents are
summarized in Table 2. Statistically significant
differences were found between the mean diameters.
The lowest fungal diameter values were obtained in the
ethanol+propolis (22.0), pure propolis (25.1) and
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methanol+propolis (25.7) preparations, respectively
(Fig. 2). This indicated that ethanol was the best
solvent in all treatments. The highest fungal diameter
value was observed in the solvents without propolis,

Table 2. Fungal diameter values of solvent based propolis extracts

indicating that solvent treatment alone has no activity
in fungal inhibition. In addition, the mycelial growth
diameter of the fungus decreased in all treated groups
as the dose increased (data not shown).

Solvent Mean Std. Deviation Std. Error of Mean
Glycerol 43,7° 18,1 35
Glycerol+propolis 35,7¢ 16,2 31
Ethanol 46,6° 18,6 35
Ethanol+propolis 22,0" 11,4 2,2
DMSO 41,0° 11,7 2,2
DMSO+propolis 29,61 9,5 1.8
Acetone 32,4¢ 12,2 2,3
Acetone +propolis 30,3f 12,9 2,4
Methanol 36,6¢ 13,8 2,6
Methanol+propolis 25,79 10,2 19
Pure propolis 25,19 7,9 15
Total 33,5 15,2 0,8

a,b,c,d,e,f,g,h: the difference between different letters in the same column is statistically significant (p<0.01)

Fungus Diameter Leverage Residuals

Figure 2. Change in fungus diameter with solvent treatment

3.3.  Mean
Interactions

Values of Fungus-Solvent-Dose

The results showed that the effects of different solvent
extracts of propolis varied according to the target
fungal species. According to the analysis of variance,
the model and effect tests were statistically significant

Table 3. Analysis of Variance

T
20 25 30
Solvent Leverage, P <0001

| ' | ' |
35 40 45

(Table 3, Table 4), and r2 and adjusted r2 values were
calculated as 0.98 and 0.97, respectively. The model
indicated that approximately 97% of the variation in
the diameter of the fungal hyphae was due to
differences in the fungal species, dose and solvent used
(Table 5).

Source DF Sum of Squares Mean Square F Ratio
Model 98 67807,333 691,912 147,9465
Error 198 926,000 4,677 Prob > F

C. Total 296 68733,333 <.0001
Table 4. Effect Tests

Source Nparm DF Sum of Squares F Ratio Prob > F
Fungus 2 2 40576,242 4338,065 <.0001
Solvent 10 10 17249,037 368,8239 <.0001
Dose 2 2 2475,717 264,6825 <.0001
Fungus *Solvent 20 20 5240,276 56,0246 <.0001
Fungus *Dose 4 4 196,525 10,5054 <.0001
Solvent*Dose 20 20 1287,246 13,7621 <.0001
Fungus *Solvent*Dose 40 40 782,290 4,1818 <.0001
Table 5. Summary of Model

RSquare 0,986528

RSquare Adj 0,97986

Root Mean Square Error 2,162584

Mean of Response 33,55556

Observations (or Sum Wagts) 297
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In this study, the mean mycelial diameter varied
depending on three variable factors. Depending on the
solvent and dose, the mean mycelial diameter of A.
solani, V. dahliae, and F. oxysporum was 32.8, 19.6
and 48.2, respectively. For all treatment groups, the
highest dose (200 pL) of ethanol solution of propolis

Table 3. Distribution of Means for Fungus-Solvent-Dose Interactions

had the best inhibitory activity, according to the
statistical analysis of the three-way interaction (Table
3). This is probably because ethanol allows efficient
dissolution of biologically active components in
propolis [31].

Treatment A. solani Average V. dahliae Average F. oxysporum Average
50pl 100p1 200pl 50pl 100ul 200p1 S50l 100pl 200pl
Glycerol 44,3+1,1 | 45,0+£0,0 | 46,0+3,6 45,142,0 24,3+1,1 | 20,3£0,5 | 19,6+0,5 21,4422 66,0£3,6 62,0+£2,0 66,0+4,0 64,6+3,5
Glycerol
+ 42,0£1,0 | 40,6+1,1 | 36,3+2,0 | 39,6+2,8 | 18,6+1,1 | 16,6205 | 10,320,5 | 152438 | 55,07,0 | 55,6+2,0 | 46,3£1,1 52,3+5,8
propolis
Ethanol 49,3+1,1 | 48,3+1,5 | 48,3+1,5 48,6+1,3 26,0+1,7 | 24,3£0,5 | 20,6+1,1 23,6+2,5 72,6+4,6 66,344, 1 64,0+3,6 67,6+5,2
Ethanol
+ 33,6+1,1 | 24,062,0 | 20,642,0 | 26,146,0 | 10,6+0,5 | 9,6+0,5 | 8,0£0,0 94+12 | 42,6525 | 303+2,5 18,3+0,5 | 30,4+10,6
propolis
DMSO | 43,042.6 | 39,3+0,5 | 35,6=1,1 | 393+3,5 | 31,346,1 | 253+0,5 | 28,6+1,1 | 284+40 | 56,0+1,7 | 53,6=1,1 56,3+3,2 55,3+2,2
DMSO
+ 30,6x1,1 | 26,3£0,5 | 25,0+1,0 27,3£2,6 24,6+0,5 | 20,3£0,5 | 17,3£2,3 20,74£3,4 46,3+1,1 43,3£1,5 32,6+2,5 40,7+6,4
propolis
Acetone 31,6+1,5 | 26,3£1,1 | 26,6+1,5 28,2+2,8 24,0£1,0 | 20,0£3,0 | 19,0+1,7 21,0£2,9 51,6+2,0 44,6+7,2 47,6£6,8 48,0+5,9
Acetone
+ 34,0£1,0 | 30,3£0,5 | 21,0«1,0 28,4+5,8 23,0£1,0 | 21,6£1,5 | 11,6£2,0 18,74£5,5 52,0£2,6 50,0+2,0 29,6+1,5 43,8+10,8
propolis
Methanol | 33,6+0,5 | 31,6+1,1 | 31,3+1,1 32,2+1,3 23,3+0,5 | 22,6+0,5 | 22,3+0,5 22,7+0,6 55,6+1,5 56,0£1,0 53,3+1,5 55,0£1,7
Methanol
+ 23,3+1,5 | 22,3£2,5 | 21,6%1,5 22,4+1,8 21,6+0,5 | 17,3£0,5 | 10,6+1,1 16,5+4,8 45,3+0,5 36,3+0,5 33,0+1,7 38,2+5,6
propolis
prsnlrj)gelis 27,3+£0,5 | 24,0£1,0 | 20,6£1,1 24,0£3,0 20,3+0,5 | 17,6+1,1 14,3+0,5 17,4£2,6 41,0+1,7 32,0£1,7 28,6+1,1 33,845,6
Average 35,7+£7,7 | 32,548,9 | 30,3£9,9 | 32,849,158 | 22,5452 | 19,6442 | 16,6+6,1 19,65,7¢ | 53,1£9,7 | 48,2+11,8 | 43,2£154 | 48,2+13,0"

+: Standard deviation; ABC: The difference between the means shown with different letters in the same row is statistically significant (P<0.01).

However, other best solvents of propolis showed
different inhibition effects depending on the fungus
species. For A. solani, the second best inhibitor of
mycelial growth was pure propolis obtained by the
CO2 extraction method, followed by methanol extract.
DMSO and glycerol extracts were the least effective
solvents. Compared to A. solani, glycerol and methanol
were the second and third most inhibitory solvents of
propolis extracts for V. dahliae. DMSO was the least

effective solvent. For F. oxysporum, the second and
third highest inhibition values were measured in pure
propolis and acetone extracts. However, the most
ineffective solvents for the growth of this fungal
pathogen were acetone and glycerol. In parallel with
the statistical analyses, the percentage inhibition values
of different extracts of propolis on fungal pathogens
were also calculated (Table 4).

Table 4. Fungus and dose-based percentage inhibition rates of propolis extracts

A. solani (%)

V. dahliae (%) F. oxysporum (%o)

Solvent/Fungus/Dose

S50pl 100pl 200ul S50pl 100p1 200ul S50pl 100pl 200pl
Glycerol 47,88 50 48,88 73 77,44 78,22 26,66 3,11 26,66
Glycerol +propolis 53,33 54,88 59,66 79,33 81,55 88,55 38,88 38,22 48,55
Ethanol 45,22 46,33 46,33 71,11 73 77,11 19,33 26,33 28,88
Ethanol+Propolis 62,66 73,33 77,11 88,22 89,33 91,11 52,66 66,33 79,66
DMSO 52,22 56,33 60,44 65,22 71,88 68,22 37,77 40,44 37,44
DMSO+Propolis 66 70,77 72,22 72,66 77,44 80,77 48,55 51,88 63,77
Acetone 64,88 70,77 70,44 73,33 77,77 78,88 42,66 50,44 47,11
Acetone+Propolis 62,22 66,33 76,66 74,44 76 87,11 42,22 44,44 67,11
Methanol 62,66 64,88 65,22 74,11 74,88 75,22 38,22 37,77 40,77
Methanol+Propolis 74,11 75,22 76 76 80,77 88,22 49,66 59,66 63,33
Pure Propolis 69,66 73,33 77,11 77,44 80,44 84,11 54,44 64,44 68,22

Apart from the antifungal activity of ethanol extracts of
propolis against plant pathogens, some studies have
focused on other solvents. Ozcan et al. [32] tested
methanol extracts of propolis from five different
regions of Turkey against Alternaria alternata and
Fusarium oxysporium f. sp. melonis. All the propolis
extracts showed complete inhibition at a concentration
of 5 %. Yang et al.[14] compared the inhibitory effects
of different solvent solutions of Chinese propolis
(ethanol, water, petroleum ether, n-butanol, ethyl
acetate) on Penicillium italicum mycelial growth. The

results showed that ethyl acetate, ethanol, petroleum
ether, n-butanol and water fractions were, in order, the
most inhibitory at the same concentration (200 mg mL-
1). Meneses et al. [16] tested different fractions of
Colombian propolis (n-hexane/methanol  fraction
(EPEM), dichloromethane, ethyl acetate and methanol)
against Colletotrichum gloeosporioides and
Botryodiplodia theobromae. The results showed that
two strains of C. gloeosporioides and B. theobromae
were better inhibited by the dichloromethane and
EPEM fractions, respectively. On the other hand, there
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are very few studies on the DMSO extracts of propolis.
Ertiirk et al. [33] compared different solvents of
propolis, including acetone, ethyl acetate, chloroform,
ethanol, methanol, DMSO, and water, of animal-
derived yeast C. albicans and other microorganisms.
The DMSO solution of propolis showed weak
inhibition against all tested microorganisms. Similarly,
Ghasemi et al. [34] noted that PEE (propolis ethanol
extract) exhibited broad-spectrum antibacterial activity
against Gram-positive and Gram-negative bacteria
compared to DMSO solutions. Solvent-based solutions
showed different effects in a dose-dependent manner
when comparing the antibacterial and antifungal
activities of acetone and DMSO-based extracts against
animal-derived pathogens. Overall, DMSO-based
solutions have been reported to be more active than
acetone-based solutions [35].

In this study, we found that ethanol was the most
effective solvent for the extraction of propolis
compared to other solvents. Our results indicate that
ethanol extracts of propolis have the highest
antiphytopathogenic activity. The superior performance
of ethanol-propolis solutions in inhibiting fungal
growth underscores the potential of this combination as
a potent antifungal agent. Therefore, ethanol should be
considered as the solvent of choice to maximise the
bioactive properties of propolis in the control of plant
pathogens. These results highlight the importance of
the choice of the appropriate solvent in order to
increase the efficacy of propolis in agricultural
applications.

4. CONCLUSION

The study carried out shows that the effect values of
the application models and variables were statistically
significant. Considering the solvent and dose
applications of propolis, the soil-borne pathogen V.
dahliae showed a greater inhibition of hyphal colony
diameter compared to the others, indicating that this
pathogen is more sensitive to propolis preparations. In
addition, it was found that the ethanol+propolis solvent
was more effective in inhibiting fungal diameter
growth at the high dose of 200 pL for all fungi
compared to other solvents.

These findings suggest that propolis, particularly in
combination with ethanol, has significant potential as a
natural antifungal agent. Its effectiveness in inhibiting
the growth of soil-borne pathogens like V. dahliae
highlights the possibility of developing propolis-based
treatments for managing plant diseases. This study
contributes to the growing body of research exploring
natural alternatives for disease control, and it paves the
way  for  further  investigations into  the
commercialization and practical application of propolis
in sustainable agriculture.
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