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Abstract

The aim of this study was to investigate antifungal activities of 10 propolis samples collected from various
geographical regions of Turkey against 2 important food-related mycotoxin producer molds, Aspergillus
versicolor and Penicillium aurantiogriseum. Chemical compositions of ethyl alcohol extracts of the
propolis (EEP) samples were determined by gas chromatography coupled to mass spectrometry.
Antifungal activities of EEP samples were tested at 3 different concentrations of 1%, 5% and 10% (v/v)
by determination percentage of mycelial growth inhibition of the mold strains on Potato Dextrose Agar.
Main organic components of EEP samples were flavonoids, aromatic alcohols, aromatic acid esters,
aliphatic acid esters, aromatic acids, alcohols and aromatic hydrocarbons. All EEP samples at 10%
concentration showed 100% inhibition on mycelial growth of both mold strains. Antifungal activities of
EEP samples against the mold strains were variable at 1% and 5% concentrations. The results indicated that
a higher EEP concentration was necessary for the inhibitory effect on mycelial growth of P. auantiogriseum
comparing with A. versicolor. Percentage of flavonoids in the effective propolis samples was considerably
higher than the others. These results indicated that propolis samples had a marked antifungal action
against both mold strains depending on EEP concentration and chemical composition.
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TURKIYE’NIN FARKLI COGRAFIiK BOLGELERINDEN TOPLANAN
PROPOLIS ORNEKLERININ Aspergillus versicolor VE Penicillium
aurantiogriseum’E KARSI ANTIFUNGAL AKTiVITELERI

Ozet

Bu calismanin amact, Tirkiye'nin cesitli cografik bolgelerinden toplanan 10 propolis 6rneginin mikotoksin
ureticisi olan, gida kaynakli iki kif (Aspergillus versicolor ve Penicillium aurantiogriseum) susuna karst
antifungal aktivitelerini arastirmaktir. Propolis ¢rneklerinin etil alkol ekstraktlarinin (EEP) kimyasal
kompozisyonlari kiitle spektorometresine birlestirilmis gaz kromatografisi ile belirlenmistir. EEP ¢rneklerinin
antifungal aktiviteleri %1, %5 ve %10 olacak sekilde t¢ farkli konsantrasyonda test edilmistir. EEP
orneklerinin antifungal aktiviteleri, incelenen kiif susunun Patates Dekstroz Agar besiyeri ylzeyindeki
misel gelisiminde meydana gelen inhibisyonun yiizdesi seklinde belirlenmistir. EEP 6rneklerinin ana
bilesenleri flavonoitler, aromatik alkoller, aromatik asit esterler, alifatik asit esterler, aromatik asitler,
alkoller ve aromatik hidrokarbonlar olarak tespit edilmistir. EEP ¢rneklerinin timii %10 konsantrasyonda
her iki kif susunun misel gelisimi tizerinde %100 inhibisyon saglamistir. EEP ¢rneklerinin iki kif susu
uzerindeki antifungal etkisi %1 ve %5 konsantrasyonlarinda degiskenlik gostermistir. Arastirma sonuclart,
P. aurantiogriseum susunun misel gelisimi tizerinde inhibisyon etkisi yaratmas: icin A. versicolora
kiyasla daha yiiksek bir EEP konsantrasyonuna gereksinim olduguna isaret etmektedir. Kif suslari
uzerinde etkin olan propolis 6rneklerinin flavonoit ylizdesi diger bilesenlerin ytizdesinden oldukca daha
ytiksektir. Bu sonuclar, propolis ¢rneklerinin EEP konsantrasyonuna ve kimyasal kompozisyonuna
bagli olarak iki kiif susu tizerinde de belirgin kuvvette bir antifungal etki yarattigina isaret etmektedir.

Anahtar Kelimeler: Propolis, antifungal aktivite, gida kaynakli kifler, Aspergillus versicolor, Penicillium
aurantiogriseum

INTRODUCTION

Molds are very common filamentous fungi and
well adapted to use a wide range of substrates as
their carbon, nitrogen and energy source in the
environment. The growth of many molds is
difficult to control because of their ability to
metabolize many substances by their complex
enzyme systems. Molds are important in food
products because they can cause spoilages and
produce mycotoxins, and are also used for flavor
development in certain foods such as Roquefort
and Camembert cheeses. Molds growth on food
products can result in economic losses because
of spoilage of foods and also may cause
important diseases if mycotoxins are produced.
Mycotoxins are secondary metabolites produced
by certain filamentous fungi. They cause a toxic
response, termed as mycotoxicosis, when ingested
by humans and animals. The mycotoxigenic
fungi related with food products belong mainly
to three genera: Aspergillus, Fusarium and
Penicillium (1).

Chemical food preservatives have been used for
centuries to prevent bacterial and fungal growth

on foods. Sodium benzoate, potassium sorbate
and their mixtures are commonly used chemical
preservatives with a broad-spectrum activity against
yeasts and molds and are generally considered
safe and well accepted world-wide (2). However,
the application of natural preservatives with
antimicrobial properties to control microbial
growth on food products has been subject of
concern in recent years and might provide an
alternative to the chemical preservatives (2-5).

Propolis is a natural resinous bee product collected
by honeybee workers from leaf buds, twigs,
trunk wounds and trees. The bees pack the propolis
on their hind legs, and carry it back to their
colony, where it is combined with beeswax and
used by worker "hive" bees as a sealant and sterilant
in the colony nest (6-8). Propolis has gained
popularity as an alternative medicine or food for
health protection and disease prevention (9-13).

Antimicrobial properties of propolis have been
known for many years. Antimicrobial activity of
propolis against human pathogenic bacteria, fungi
and viruses has been extensively investigated (6,



14-31). However, a few in vitro and in vivo studies
have been conducted on the antimicrobial activity
of propolis against food-borne bacteria (32) and
food-borne or plant-origin fungi (33-36). The
efficacy of propolis in extending of the storage
life of fruits and in controlling fungal decay in
different fruits during storage has been investigated
by several authors (37, 38). Antifungal effect of
propolis was also studied in controlling fungal
growth on the surface of cheese during ripening (39).

Aspergillus versicolor and Penicillium aurantiogriseum
are common molds which related to food
products and can cause health problems in
humans because of their mycotoxin producing
properties. A. versicolor is the heavy producers
of sterigmatocystin, its toxicity refers primarily to
liver and kidney (39, 40). P. aurantiogriseum is
another mold species found in food products
and food plants environment. It is common in
stored cereals and a potential producer of
mycotoxins, notably ochratoxin A and citrinin,
which cause nephrotoxicity in humans (41).

The aim of the present study was to determine
antifungal activities of 10 propolis samples
collected from various geographical regions of
Turkey against 2 important food-related mycotoxin
producer molds, A. versicolorand P. aurantiogriseum.

MATERIALS and METHODS
Propolis Samples

Ten propolis samples belonged to Apis mellifera
colonies were collected from different regions of
Turkey. The samples were collected using
propolis traps and stored in the freezer until
further processing. Geographical regions and
some other properties of the propolis samples
are listed in Table 1.

Table 1. Propolis samples tested in the study

Propolis sample was hardened in a freezer and
ground in a handy grinder. Then 100 g of the
sample was dissolved in 300 mL of 96% ethanol.
This mixture was incubated for 4 weeks at 30° C in
a tightly closed bottle with periodically stirring.
After incubation, supernatant was filtered twice
with Whatman No. 4 then with No. 1 filter
papers. The final filtered solution (concentrated
EEP, Table 1) was diluted by 1:10 ratio (w/v)
with 96% ethanol and this solution was called
EEP. For the analysis of gas chromatography
coupled to mass spectrometry (GC-MS), a portion
of the EEP was evaporated to dryness. Then about
5 mg of residue was mixed with 75 pl of dry pyridine
and 50 pl bis(trimethylsilyD trifluoroacetamide,
heated at 80° C for 20 min and then the final
supernatant was analyzed by GC-MS (29, 31).

GC-MS analysis

A GC 6890N from Hewlett-Packard (Palo Alto,
CA, USA) coupled with mass detector (MS5973,
Hewlett-Packard) was used for the analysis of
the diluted EEP samples. Experimental conditi-
ons of GC-MS system were as follows: a DB 5MS
column (30 m x 0.25 mm and 0.25 pm of film
thickness) was used and flow rate of mobile
phase (He) was set at 0.7 mL/min. In the gas
chromatography part, temperature was kept at
50° C for 1 min. After this period, the temperature
was increased to 150° C with a 10° C/min heating
ramp and then kept at 150° C for 2 min. Finally,
temperature was increased to 280° C with a 20°
C/min heating ramp and then kept at 280° C for
30 min (29, 31).

Mold strains and preparation of spore
suspension

Aspergillus versicolor 200853 and Penicillium
aurantiogriseum 501588 isolated from the Turkish
Cashar cheese were obtained from TUBITAK

Propolis sample location Symbol of EEP

Concentrated EEP solution (0.01 g/mL)

Artvin / Camili ARC
Bartin BA
Bursa Tahtakopri BURT
Erzincan / Kemaliye ERK
Karakavaz / Zonguldak KAZON
Kirikkale / Sulakyurt KIS
Tekirdag TEK
Tunceli TUN
Van VA
Yalova YA

0.25
0.37
0.33
0.33
0.43
0.25
0.35
0.25
0.39
0.34
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(The Scientific and Technological Research
Council of Turkey) Marmara Research Center,
Turkey. These two mold strains were used to
investigate antifungal activity of EEP samples.
The spore suspensions of them were prepared as
follows (42). The test mold strain was grown on
the slope surface of Potato Dextrose Agar (PDA)
(Merck, Darmstadt, Germany) medium at 25° C
for up to 7 days. The mycelium of the test strain
was suspended in 10 mL of sterile saline
containing 0.05% (w/v) Tween 80. After dispersing
the fungal clumps, the suspension was filtered
through a filter paper and centrifuged at 3000 x g
for 15 min. The washing procedure was repeated
two times and then spore suspension was prepared
in saline containing 0.05% (w/v) Tween 80. The
spore counting was carried out by using a Thoma
counting chamber. The spore densities of the
suspensions were 2.80x10° and 3.18x10° spores/
mL for A. versicolor 200853 and P. aurantiogriseum
501588, respectively.

Antifungal Activity

The test EEP sample was added to sterile PDA at
about 48 °C to final concentrations of 1%, 5%
and 10% (mL/mL). EEP-free sterile PDA was used
as control. PDA containing 0.1% and 0.01% sodium
benzoate (Na-B) was used as a positive chemical
antifungal agent control to compare antifungal
effects of EEP samples. They were poured into
sterile Petri dishes. Ten pL of the spore suspension
was inoculated at the centre of the agar plate.
Plates were incubated at 25° C for 7 days and the
radial growth of mycelia (colony diameter, mm)
was measured. The percentage of the growth
inhibition was calculated from mean values of 3

replicates by using the following equation (34,
43, 44);

Percentage of mycelial growth inhibition=C-T/C x100

where C is an average of 3 replicates of mycelial
growth (mm) of controls and T is an average of 3
replicates of mycelial growth (mm) of EEP samples.

RESULTS AND DISCUSSION

In this study, the antifungal activities of 10
different EEP samples were tested at 3 different
concentrations of 1%, 5% and 10% against two
food-related mycotoxin producer molds, A.
versicolor and P. aurantiogriseum. The antifungal
activities of EEP samples were evaluated
according to the inhibition on myclial growth of
the mold strains. Percentage inhibition values of EEP
samples against A. versicolor and P. aurantiogriseum
are presented in Table 2 and 3, respectively.

The results showed that all EEP samples at the
highest concentration (10%) had a strong fungicidal
effect on both mold strains, i.e. no mycelial
growth was observed after 7 d incubation of the
inoculated medium. However, EEP samples at
lower concentrations (1% and 5%) had variable
inhibitory action on the mycelial growth of the
mold strains.

The most effective EEP samples against A. versicolor
were BA and ERK with a complete inhibition
(100%) on mycelial growth at both 1% and 5%
concentraitons. TEK, KAZON, YA and BURT also
showed complete inhibition against this mold
strain at 5% concentration. While TEK showed

Table 2. Antifungal activity of EEP samples against Aspergillus versicolor 200853

Symbol of EEP

Mycelial growth inhibition (%)*

EEP concentration

1% 5% 10%
ARC 15.38 £ 0.30 30.77 £1.37 100.00 £ 0.00
KAZON 46.15£1.45 100.00 £ 0.00 100.00 £ 0.00
TEK 76.92 £ 3.26 100.00 £ 0.00 100.00 £ 0.00
VA 30.77 £ 0.55 53.85 £ 0.61 100.00 £ 0.00
BURT 46.15 + 3.48 100.00 £ 0.00 100.00 £ 0.00
KIS 23.08 £ 0.59 46.15+£0.43 100.00 + 0.00
BA 100.00 + 0.00 100.00 + 0.00 100.00 £ 0.00
YA 46.15+1.14 100.00 + 0.00 100.00 £ 0.00
TUN 30.77 £1.29 61.54 £2.45 100.00 £ 0.00
ERK 100.00 + 0.00 100.00 + 0.00 100.00 + 0.00

*: Average value of three replicates



Table 3. Antifungal activity of EEP samples against Penicillium aurantiogriseum 501588

Symbol of EEP

Mycelial growth inhibition (%)*

EEP concentration

1% 5% 10%
ARC 25.983+0.72 51.85+0.70 100.00 + 0.00
KAZON 55.56 + 1.55 100.00 + 0.00 100.00 + 0.00
TEK 55.56 +0.78 88.89 £ 1.58 100.00 + 0.00
VA 48.15+0.34 62.96 + 0.61 100.00 + 0.00
BURT 55.56 + 1.02 92.59 £ 3.33 100.00 + 0.00
KIS 48.15+1.30 62.96 + 2.09 100.00 + 0.00
BA 55.56 £ 0.93 88.89 £ 1.47 100.00 £ 0.00
YA 55.56 + 1.36 74.07 £1.15 100.00 £ 0.00
TUN 55.56 £ 2.07 66.67 £0.98 100.00 £ 0.00
ERK 48.15+£0.29 66.67 + 0.80 100.00 + 0.00

*: Average value of three replicates

76.92% inhibition on the mycelial growth of
A. versicolor at 1% concentration, KAZON, YA
and BURT provided 46.15% inhibition at this
concentration. The lowest antifungal effect was
obtained with ARC sample by 15.38% inhibition
at 1% concentration and 30.77% inhbition at 5%
concentration. Sodium benzoate (Na-B), a positive
chemical antifungal agent, at 0.01% and 0.1%
concentrations showed 15.38% and 46.15%
inhibition on the mycelial growth of A. versicolor,
respectively.

The most effective EEP sample against P.
auantiogriseum was KAZON with a complete
inhibition on mycelial growth at 5% concentraiton.
BURT, TEK and BA at 5% concentration had
relatively lower inhibitory effect on the mycelial
growth of P. aurantiogriseum than that of KAZON.
While BURT showed 92.59% inhibition, TEK and

BA showed 88.89% inhibition on the mycelial
growth of this mold strain. KAZON, BURT, TEK
and BA at the concentration of 1% produced
55.56% inhibition on mycelial growth of P.
aurantiogriseum. None of EEP samples at 1%
concentration provided a complete inhibition on
mycelial growth of this mold strain. ARC had
again the lowest antifungal activity against P.
aurantiogriseum as that of A. versicolor. ARC
exihibited 25.93% inhibition 1% and 51.85%
inhibition at 5%. Na-B, a positive chemical
antifungal agent, at 0.01% and 0.1% concentrations,
showed 3.70% and 25.30% inhibition on the
mycelial growth of P. aurantiogriseum, respectively.

From the GC-MS analysis, seven organic
components were dominantly detected in the
EEP samples (Table 4). Flavonoids, aromatic
alcohols and aromatic acid esters were the shared

Table 4. Percentage of the main types of compounds in EEP samples identified by GC-MS

Sample  Aromatic Alcohols Aromatic Flavonoids ~ Aromatic Aliphatic Aromatic The others
alcohols acids (flavones,  acid esters  acid esters hydrocarbons (aliphatic ketones,
flavanones, aromatic ketones,
flavonols) terpenes, bee wax,
vitamin E and
aliphatic acids)
ARC 11.45 -* - 1.34 33.72 20.5 6.07 -
KAZON 8.03 1.14 - 46.01 0.53 - - -
TEK 1.86 1.71 3.35 53.54 7.09 0.68 0.72 -
VA 3.1 1.12 1.64 27.30 7.92 3.01 0.97 9.57
BURT 8.91 1.30 2.71 49.48 1.82 0.7 - 8.27
KIS 4.75 - - 22.54 2.14 - - 41.81
BA 10.02 112 8.55 42.64 0.57 - 1.07 13.82
YA 5.57 1.92 - 36.87 1.94 0.57 1.13 1.72
TUN 5.58 - - 23.12 1.48 1.10 - 0.87
ERK 8.06 - 2.18 40.04 3.15 1.90 - 2.18

-*: Not determined
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organic components found in all EEP samples
with different levels. Flavonoids were found to
be the most abundant organic components of all
EEP samples, except ARC.

The results of the study showed that EEP samples
had strong antifungal effect on both food-borne
mycotoxin producer molds, A. versicolor and P.
auantiogriseum, depending on EEP concentration.
All EEP samples at the highest concentration
(10%) had fungicidal effect on both mold strains.
The EEP samples of KAZON, BURT, TEK, BA,
ERK and YA had high antifungal activity against
these two mold strains at 1% and 5% concentrations.
However, only BA and ERK had a complete
inhibition on the mycelial growth of A. versicolor
at 1% and 5% concentrations. These EEP samples
at these 2 concentrations had only limited inhibitory
effect on the mycelial growth of P. auantiogriseum.
KAZON, BURT, TEK, BA, ERK and YA had a
complete inhibition on the mycelial growth of
A. versicolor at 5% concentration wheras only
KAZON showed a complete inhibition on the
mycelial growth of P. auantiogriseum at
the same concentration. These results indicated
that a higher EEP concentration was necessary
for the inhibitory effect on the mycelial growth
of P. auantiogriseum comparing with A. versicolor
(Table 2 and 3). It may be said that A. versicolor
is more sensitive against EEP samples than
P. auantiogriseum. It is clear that the antifungal
effect of EEP samples displays variations
depending on the mold genus and species.

These results are in good agreement with the
results of previous studies on the antifungal effect
of propolis against food-borne or plant-origin
molds. It was stated that the application of 1%,
5%, and 10% concentrations of ethanol-extracted
propolis inhibited in vitro growth of Penicillium
digitatum (35, 36) and limited the growth of
Botrytis cinerea on strawberry (33). Ozcan
showed that treatment with 4% water-extracted
propolis resulted in more than 50% inhibition of
some plant pathogens, including P. digitatum
and B. cinerea, in vitro (45). The application of
2% and 5% concentrations of methanol-extracted
propolis inhibited in vitro growth of Alternaria
alternata and Fusarium oxysporium_f. sp. melomnis.
However, F. oxysporium was found to be more
sensitive than A. alternata (34).

EEP samples had various degrees of antifungal
acitivities. It is thought that antifungal activities of

EEPs is related with the chemical compositions
of propolis samples. In fact, there was a clear
correlation between the amount of flavonoids
and the antifungal effect of EEP samples tested in
the present study. EEP samples, which had higher
antifungal activities on the test mold strains
contained considerably higher flavonoids content
than the other EEP samples. TEK had the highest
flavonoids content with 53.54%. ARC, which
showed the lowest antifungal activity had the
lowest flavonoids with 1.34% among the EEP
samples. Flavonoids are well known for their
antibacterial, antifungal and antiviral action and
are thought to be responsible for the antimicrobial
properties of propolis (18, 22, 32, 46).

Antifungal effect of propolis in controlling fungal
growth in different fruits during storage and was
studied by several authors (37, 38). It was stated
that the application of 5% and 10% concentrations
of EEP extended the storage life of Fremont
mandarins, as compared to untreated control
fruits (38). Treatment with EEP was also effective
in preventing fungal decay in cherries stored for
4 weeks, but adversely affected sensory quality and
stem color (37). Ozdemir et al. studied to determine
the effect of EEP samples at the concentrations of
1%, 5% and 10% on the storage life of Star Ruby
grapefruit (38). They showed that the treatment
with 5% EEP was effective in preventing fungal
decay in grapefruits. However, EEP treatment
adversely affected sensory quality (appearance and
taste) in all of the fruits treated with 10% EEP. On
the other hand, Aly and Elewa investigated to
determine the efficacy of different concentrations
of aqueous propolis extract against the growth
of A. wversicolor as well as biosynthesis of
sterigmatocystin during ripening of Egyptian Ras
cheese (39). They determined that mold growth
and toxin production were completely inhibited
at the highest concentration 1000 part per million
(ppm), while the lower concentrations 250 and
500 ppm exhibited definite fungistatic activity
during 90 days of ripening.

In the present study, Na-B, a positive chemical
antifungal agent, at 0.01% and 0.1% concentrations
caused lower inhibitory effects on the mycelial
growth of A. versicolor and P. auantiogriseum
comparing with EEP samples. However, Na-B at
both concentrations had more inhibitory effect
on the mycelial growth of A. versicolor than that
of P. auantiogriseum.



As a result, EEP samples have strong antifungal
effect on both food-borne molds, A. versicolor
and P. auantiogriseum, if an appropriate EEP
concentration is used. The results of the present
study and the other studies on the inhibitory effect
of propolis against food-borne and plant-origin
bacteria and fungi (32-39) indicated that propolis
preparations might provide a superior and safe
alternative to the chemical preservatives and
they can be used as a natural preservative to
control bacterial and fungal growth on/in foods.
It is thought that the possible sensory quality
problems of the foods due to EEP using could be
overcome by adjusting the effective EEP
concentration.
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