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Abstract: In this study, the biological activity and chemical composition of Bingdl propolis were
investigated. The isolates, including ethanol isolate (El), hexane isolate (HI), and essential oil
isolate (EOI), were prepared from raw propolis. The lipophilic and volatile organic compounds in
isolates were analyzed by Gas Chromatography-Mass Spectrometry (GS-MS) measurements.
Bingol propolis isolates showed antimicrobial activity against reference pathogen bacterial strains,
including Staphylococcus aureus (ATCC 25923), Bacillus cereus (NRRL-B-3711) Escherichia coli
(ATCC 25922), Salmonella enterica subsp. enterica serovar Typhimurium (ATCC 14028), while
B. cereus was observed to be the most susceptible bacteria to all tested propolis isolates. It was
observed that EI showed the highest antimicrobial and antioxidant activity compared to other
isolates. The presence of bioactive components in the lipophilic and essential oil isolates of Bing6l
propolis may have contributed to the biological activity of propolis. Bingol propolis isolates (EI and
EOI) obtained in this study have the potential to be used as natural preservatives in food systems.

Bingol Propolis Izolatlarinin Biyolojik Aktivitesinin, Lipofilik ve Ucucu Organik

Bilesenlerinin Belierlenmesi
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Oz: Calismada Bingdl Propolis izolatlarini biyolojik aktivitesi ve kimyasal bilesimi arastirilmistir.
Propolisin etanol izolati (EI), hekzan izolat1 (HI) ve ugucu yag izolati (UYI) ham propolisten
hazirlanmistir. izolatlarin lipofilik ve ugucu organik bilesenleri Gaz Kromatografisi- Kiitle
Spektrometresi (GC-MS) ile analiz edilmistir. Bing6l Propolis izolatlar1 Staphylococcus aureus
(ATCC 25923), Bacillus cereus (NRRL-B-3711) Escherichia coli (ATCC 25922),
Salmonella enterica subsp. enterica serovar Typhimurium (ATCC 14028) referans patojen bakteri
suslarina kars1 antimikrobiyal aktivite gosterirken, test edilen tiim propolis izolatlarina en duyarl
bakteri B. Cereus oldugu gozlenmistir. Ei izolatinin diger izolatlara kiyasla en yiiksek
antimikrobiyal ve antioksidan aktivite gosterdigi belirlenmistir. Bingdl propolisinin lipofilik ve
ucucu yag izolatlarinda biyoaktif bilesen varlignin, propolisin biyolojik aktivitesine katkida
bulundugu degerlendirilmistir. Calisma kapsaminda elde edilen Bingdl propolisi (Ei ve UYT)
izolatlarinin gida sistemlerinde dogal koruyucular olarak kullanilabilme potansiyeline sahip oldugu
belirlenmistir.
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1. INTRODUCTION

Bee products had attracted considerable attention due to
their health benefits as a traditional medicine from
ancient times. Propolis is one of the most investigated
bee products because of its broad array of biological
activities, including  antimicrobial,  antioxidant,
anticancer, anti-inflammatory, antiviral,
antitumoral activity, and wound healing [1]. Bee
propolis which is called ‘’Bee-glue’” is a natural
resinous substance collected by honey bees from
various plant sources for protecting their hives [2].
Propolis composed of 50% resins and balsams, 30%
wax, 10% essential and aromatic oils, 5% pollen, and
5% other substances [3-4]. Geography and botanical
origins, honey bee species, and harvesting seasons have
a bearing on the chemical composition, constitution,
color, smell of propolis, as well as biological activity
[4-6]. Propolis, considered to be a potential source of
naturally occurring compound, contains a wide variety
of chemical compounds such as sugars, alcohols,
aldehydes, aliphatic acids/esters, amino acids, steroids,
aromatic esters/acids, volatile organic compounds,
ketones, chalcones and dihydrochalcones, flavanones,
flavones and flavonols, hydrocarbon esters, ethers,
terpenoids, hydroxy and keto waxes and waxy acids [2,
7-8]. The major extracted bioactive compound is varied
in amount and type depends on the used extraction
process associated with used solvents type and polarity.
Biologic activity of propolis extracts from different
solvents, including water, ethanol, and other solvent
fractions and constituents have been already reported in
several studies [6, 9-12]. However, information
regarding the propolis oils constituents [13-15] and
biological activity such as antifungal [16] and
antimicrobial activity [17] were scarce. In addition,
propolis extracts antibacterial activity has been
documented in several studies, such as against food-
borne pathogens [5], plant bacterial pathogens [18],
honeybee pathogen Paenibacillus larvae [19], specific
oral pathogens [20] and also varroa mite [21]. Not only
the extract but also propolis oil and the volatile
constituents exhibited high antimicrobial activity. The
study of Melliou et al. [22] reported the antibacterial
activity of volatile components of propolis against six
bacteria and three fungi. The research performed by
Sinott et al.[23] demonstrated the effect in vitro
anthelmintic activity of propolis essential oil.

Propolis contains natural antioxidant compounds that
capable of reducing activity, chelating properties, and
hydrogen atom transfer act as a defensive mechanism
against free radicals [7]. The antioxidant activity of
propolis extracts from different solvents, including
ethanol extracts [24-25] and water extracts [7, 11],
possessed potent antioxidant activity. Antioxidant
capacity of propolis associated with its high contents of
phenolic and flavonoids (bioactive) compounds, which
has great potential as natural and safe antioxidants for
food applications.

To the best of our knowledge, the biological activity
and volatile constituents of propolis oil from Bingdl
province have not been reported. This work is aimed to
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investigate the biological activity of Bing6l propolis
isolates. Moreover, propolis isolates of Bing6l province
were tested for antioxidant and antibacterial activity
against reference pathogen bacteria, including S.aureus,
B. cereus, E.coli, and S.thyphimurium. Furthermore,
volatile organic compounds and lipophilic components
of Bingdl propolis isolates were investigated.

2. MATERIAL AND METHODS
2.1. Sampling

The propolis in the beehives were harvested by
beekeepers from the central locations (39° 00" 739" N
and 40° 15’ 190" E) of Bing6l province at an altitude of
1810 m during June-July 2019. The harvested propolis
samples were taken into amber glass flasks and stored at
-20 °C. Lamiaceae, Fabaceae, Asteraceae, Apiaceae,
Boraginaceae, and Brassicaceae were the dominant
plant families in the localities where propolis samples
were collected [26-27].

2.2. lIsolate Preparation Processes
2.2.1.  Essential oil isolate

To obtain the volatile organic compounds of Bingol
propolis, 2 kg of powdered raw propolis was dissolved
in 2.2 L of distilled water in a 5 L glass flask, and was
added on it. Clevenger apparatus was mounted on the
glass flask, and a jacket heater was used for heat
treatment [28]. Extraction was continued for 4 hours to
obtain volatile propolis components. Cooled circulator
(-25°C) used for the condensation process. The essential
oil obtained at the end of extraction was taken to the
organic n-hexane phase and dried with anhydrous
sodium sulfate. The amount of propolis essential oil
(EOI) obtained was recorded as 187 mg. Propolis
essential oil was taken in a brown colored vial covered
with aluminum foil on the outside and stored at + 4°C
for biological activity and chemical analysis.

2.2.2. Organic isolates

To obtain the n-hexane isolate, 100 g of powdered
propolis was added to the glass flask, and 500 mL of n-
hexane was added. Extraction was carried out at 22 °C
using a magnetic stirrer. The same processes were
repeated three more times, and the extraction process
was terminated after repetitions [29] . At the end of the
extraction process, n-hexane extract and propolis pulp
were separated using filter paper. The extraction process
was continued by adding 500 mL of ethanol on the
remaining propolis pulp. The extraction with ethanol
procedure was the same as the physical conditions in
the n-hexane extraction procedure. At the end of
extraction, propolis pulp and ethanol extract were
separated by filtration. The solvents in the n-hexane and
ethanol extracts were removed under low pressure so
that the heat treatment temperature did not exceed 35°C
with the aid of the rotary evaporator. The amounts of
dry isolates obtained as a result of solvent removal from
n-hexane and ethanol extracts were recorded as 3.48 g
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and 7.85 g, respectively. Dry isolates were taken in
amber vials covered with aluminum foil and stored for
bioactivity and chemical analysis at + 4°C.

2.3. Esterification Process

The esterification process of the n-hexane and ethanol
isolates was carried out according to the appropriate
literature [30]. 0.5 g of each of n-hexane and ethanol
isolates were taken into separate glass flasks. 5 mL of
methanol: sulphuric acid: toluene (2:1:1;v:v:v) was
added and treated for 12 hours at 160 rpm in a 50°C
water bath. At the end of the period, 3 ml of distilled
water was added to the reaction medium and mixed. It
was shaken vigorously using 3 mL of diethyl ether to
remove the esterification fraction in the reaction
mixture. After phase separation, anhydrous sodium
sulfate was added to the organic phase to remove
moisture from the organic phase. After the organic
phase was filtered through 0.22 um PTFE filter, it was
taken into amber vials and ready for chemical analysis.

2.4. Lipophilic and Volatile Component Analysis

Agilent brand (7890A GC and 5975C MS) gas
chromatography-mass spectrometer GC-MS was used
to analyze the lipophilic and volatile components
contained in Bingdl propolis. In the mass analysis, the
FID detector was used simultaneously with an MS
detector. SGE GC capillary column (100m x 250 pm x
0.25 pum) was used as the column. The lipophilic
component analysis conditions were as follows: sample
injection volume was performed as 1 pL in non-split
mode. The flow rate of the carrier gas from the column
was set to 1 mL/min. The column oven temperature is
kept constant at 120°C for 8 minutes, then it starts from
this temperature and reaches 252 °C in 3°C/min
increments and is kept there for 10 min. The total
analysis time was 62 minutes, for volatile organic
components was performed by GC-MS spectrometer,
which is used in the analysis of lipophilic components.
The volatile organic component analysis conditions
were as follows: the injection volume of the sample was
1 uL by selecting 1/10 split mode. The column furnace
temperature was initially kept constant at 40 °C for 1
min, then reaches 150°C in an increment of 4°C/min
and was held there for 5 min. It then reaches 255°C in
increments of 4°C/min, where 10.5 min was expected.
The total analysis time was 79 min. MS results were
determined by comparing with Wiley and NIST
libraries in the memory of the device [31].

2.5. Antimicrobial Activity Test

The antibacterial activity test of the propolis ethanol
isolate (El), propolis essential oil isolate (EOI) and
hexane isolate of propolis (HI) against Gram (+)
bacteria; S.aureus (ATCC 25923), B. cereus (NRRL-B-
3711) and Gram (-) bacteria; E.coli (ATCC 25922),
Salmonella enterica subsp. enterica serovar
Typhimurium (ATCC 14028) was performed as
described by the CLSI (The Clinical and Laboratory
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Standards Institute) method [32]. Bacterial cultures
were grown on Tryptic Soya Agar (TSA, Oxoid) at 37
°C for 18 h. Bacterial suspensions were adjusted to
McFarland 0.5 turbidity in 10 mL sterile 0.9% (w/v)
NaCl. The screening of antibacterial activity of propolis
isolates (El, EOI, and HI) was performed by the
microdilution method to determine the minimum
inhibitory concentrations. A solution of 1 mg/mL
propolis isolates samples were prepared with DMSO
(Dimethyl sulfoxide, Sigma) as 10% (w/w of propolis).
Miiller-Hilton broth containing DMSO with bacteria
without sample was used as a positive control, and
samples without bacteria were used as negative
controls. The serial dilutions were prepared with MHB
(Miiller-Hilton broth, Oxoid). All dilutions were done
duplicate. The microwell plates were incubated at 37 °C
for 24 h; at the end of incubation, the absorbance (OD)
of each well was measured using a microplate reader
(SpectraMax ®, Plus 384, USA) at 600 nm.

2.6. Antioxidant Activity Test

The antioxidant activity of propolis isolates, including
El, EOI, and HI, was determined using ABTS™ (2,2
azino bis (3-ethylbenzothiazoline-6-sulfonic  acid)
radical scavenging assay described by Re et al. [33].
The ABTS reagent at 7 mM concentration was prepared
in deionized water. ABTS™ stock solution reacted with
2.45 mM potassium persulfate and standing in the dark
at room temperature for 12-16 h. ABTS™ radical
solution was diluted with ethanol: water (1:1,v/v) to
obtain an absorbance of 0.75-0.80 at 734 nm. A solution
of 2 mg/mL isolate sample were prepared in dimethyl
sulfoxide: ethanol (2:1, v/v). All determinations for
samples and standards were performed in triplicate. The
reaction between ABTS™ and isolate samples was
conducted in 96 well microplates. The reaction mixture
contained 275 uL of diluted ABTS™ and 5 pL sample
or Trolox standard. All samples were incubated at 30°C
for 6 min before reading. The absorbance was obtained
after  incubation using a microplate  reader
(SpectraMax®, Plus 384, USA) at 734 nm. The
antioxidant capability to scavenge the ABTS™
represented as percentage ABTS scavenging activity
that was calculated by the following equation:

ABTS scavenging activity (%) = [(AbScontrol — AbSsampie)/
Abscontrol] x 100 (1)

The sample concentrations providing % inhibition was
obtained by calibration curve. The direrent ABTS
concentrations (0.003125; 0.00625; 0.0125; 0.025; 0.05;
0.1 mM) was used to obtain the calibration curve,
determined by linear regression ( r%:0.9985).

2.7. Statistical Analyses
Statistical analysis was performed with Minitab 17

software version, and data analyses were conducted by
one-way analysis of variance (ANOVA) by Tukey's

94



Tr. Doga ve Fen Derg. Cilt 9, Ozel Say, Sayfa 92-102, 2020

comparison test, p<0.05 was considered as significant.
The data were recorded as mean =+ standard deviation.

3. RESULT AND DISCUSSION
3.1. Volatile Organic Compounds

Gas chromatography-mass spectrometry analysis results
showed that Bingdl propolis contains 37 components in
terms of volatile organic components (Tablel). Bing6l
propolis was found to be rich especially in compounds
such as simple terpenoids (linalool (1.82%) and prenol
(1.20%)), monoterpenes (a-pinene (2.92%), y-terpinene
(2.61%) and (+)-2-carene (1.37%)), sesquiterpenes (a-
copaene (4.47%), (+)-o-cadinene (6.69%), y-muurolene

IS
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(2.62%) ve zonarene (3.10%)) and sesquiterpenoids
(epi-a-cadinol (2,35%), y-eudesmol (3.37%), a-
eudesmol (5.14%) ve p-eudesmol (5.62%). In addition,
other organic components such as octanal (3.76%),
nonanal (8.99%), decanal (12.58%), and prenyl acetate
(2.13%), which are found in fragrance components in
natural foods such as fruits, vegetables, and plants, were
also predominantly analyzed [34]. Whereas, differently,
the p-vinylanisole (6.64%), which has an aromatic
compound, was detected as a dominant component.
Moreover, the dimethylvinylcarbinol, which is famous
as a pheromone component in bee and other insect
species, was also analyzed at a rate of 2.08% (Figure 1).

a-pinene y-terpinene (+)-2-carene a-longipinene
a-copaene (+)-d-cadinene y-muurolene zonarene
HO * \<OH \<OH \<OH
oY o oY
epi-a-cadinol y-eudesmol a-eudesmol f-eudesmol
— OH /
M \K\/ //_Q ©
OH
Linalool prenol p-vinylanisole
~o ~o ~o
octanal nonanal decanal
Figure 1. Chemical structures of volatile organic compounds predominantly in Bingol propolis
Table 1. Volatile organic compounds in the essential oil of Bingol
ropolis 26.098 (Z,2)-0-Farnesene 0.13
H Compound name RA (%) 26.532 Linalool 1.82
13.732 Dimethylvinylcarbinol 2.08 27.282 Decanal 12.58
14.757 o-Pinene 2.92 28.489 Zonarene 3.10
15.197 y-Terpinene 261 28.953 a-Longipinene 1.11
16.496 (+)-2-Carene 1.37 29,158 a-Cubebene 0.04
19.781 Prenyl acetate 213 29.857 a-Ylangene 0.09
21.514 Prenol 1.20 29.926 a-Muurolene 0.75
22.092 Octanal 3.76 30.475 a-Copaene 4.47
23,608 Pentylbenzene 0.97 30.858 (+)-3-Cadinene 6.69
24730 Nonanal 8.99 32.071 a-TerpineoI 0.66
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33.279 p-Vinylanisole 6.64
34.200 cis-Calamenene 0.97
36.019 a-Acetoxytoluene 0.93
36,443 10,11-Epoxy-Calamenene 0.71
1-(N-Methyl-2-Amino-Phenyl)-
36.506 3-Methyl-1,3-Butadiene
0.18
36.609 a-Calacorene 0.84
42,468 Isoledene 0.75
43,710 1,6-Dimethylnaphthalene 0.04
44,705 Epi-a-Cadinol 2.35
45.077 y-Eudesmol 3.37
46.136 y-Muurolene 2.92
46.571 3,4-Dimethoxystyrene 2.13
46.903 a-Cadinol 221
47.927 a-Eudesmol 5.14
48.654 -Eudesmol 5.62
Ethyl (2E)-3-[2-
(Diethoxyphosphoryl)-4
(Dimethylamino)Phenyl]-2-
55.079 Propenoate 0.22
58.198 1,13-Tetradecadiene 0.31

*RT: retention time; RA: relative abundant
3.2. Lipophilic Compounds

The lipophilic components of n-hexane and ethanol
isolates, which are non-esterified forms (HI and El
isolate, respectively) and esterified forms (EHI and EEI
isolates respectively) analyzed by GC-MS spectrometer.
According to the results of the analysis, Bingol propolis
had a total of 66 lipophilic components (Table 2). GC-
MS analysis of both esterified forms and non-esterified
forms of the Bingdl propolis isolates showed that they
had a very broad lipophilic component content (figure

Table 2. Lipophilic components contained in Bingol propolis
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2). EHI and EIE isolates with esterified forms were
obtained to determine the fatty acids and other
lipophilic components by volatilizing the lipids
contained in Bing6l propolis. HI and EI isolates with
non-esterified forms were provide to analyze other
organic compounds such as steroid and saponin that
Bingol propolis contains. Bing6l propolis has been
found to contain lauric acid (0.24-0.48%), myristic acid
(0.51-0.78%), stearic acid (1.75-1.86%) and palmitic
acid (8.86-9.34%) components from the saturated fatty
acids in EHI and EIE isolates, while it contains oleic
acid (10.87-13.19%), linoleic acid (0.85-0.92%) and
linolenic acid (0.36-0.43%). The eicosane (27.32%) and
docosane (24.33%) components of the HIE isolate, the
heneicosane (38.33%), pentacosane (9.12%) and 17-
pentatriacontene (10.33%) components in the EIE
isolate were the major components, while the
tetracosane (13.18-13.7%) component was represented
as the major component in both isolates. Similarly, in
the HI isolate, the eicosane (30.41%), docosane (15.5%)
and tetracosane (18.0%) components were dominant
components, while the El isolate was predominantly
containing acyclic hydrocarbons such as pentacosane
(9.63%), tetracosane, nonadecane (13.92%), 17-
pentatriacontane (22.84%) and 1-nonadecene (8.19%).
Unlike these components, , a-amyrone (9.16%) and B-
amyrin (24.28%) components were also found to be the
dominant components in the EI isolate. Considering the
lipophilic component variety of Bingdl propolis, it was
quite remarkable that it was rich in unsaturated fatty
acids such as oleic acid (omega 9), which provides
significant benefits to human health in the daily diet,
especially in EHI and EEI isolates. These unsaturated
fatty acids, such as oleic acid, linoleic acid, and
linolenic acid have been reported to show broad-
spectrum biological activity [35-37] . In addition, the
many beneficial effects of a-amyrone and B-amyrin and
sesquiterpenoids, which are dominant in El isolate, have
also been reported [38-40].

RT Compound Name EHI EEI HI El
12.560 2-Nitrocinnamyl alcohol 1.05
15.709 2-Methyl 1-dodecanol 0.02

16.121 Octadecene 0.05

16.212 1-Tetradecene 0.13 0.03

16.178 Pentafluoropropionic acid, hexadecyl ester 0.1

16.335 Cyclotetradecane 0.05

18.433 5-Cadinene 021 02 0.1

18.770 y-Muurolene 0.13

21.116 Lauric acid (C 12:0) 048 0.24

22.078 (E)-9-Octadecene 0.3 0.12

26.512 Myristic acid (C 14:0) 0.78 0.51

27.742 Ethyl myristate 0.19

28.732 Carbonic acid, dodecy! isobutyl ester 0.08

30.409 2,5-Dimethyl-4-methoxyphenol 0.03

30.521 (-)-a.-Amorphene 0.25
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30.670 B-Patchoulene 0.14
31.925 Palmitic acid (C 16:0) 9.34 8.86

32.440 Bicyclo[4.4.0]dec-1-ene, 2-isopropyl-5-methyl-9-methylene 0.24

33.012 Ethyl palmitate 17

33.075 y-Curcumene 0.28

33.737 6-a-cadina-4,9-diene 049

33.779 a-Selinene 011

34.080 y-Eudesmol 0.43
34.437 a-Cadinol 0.24 0.63

34.923 (E)-Methyl cinnamate 0.17 011

35.473 o-Eudesmol 0.24 0.15 0.95 0.97
36.165 B-Eudesmol 0.81 1.05
36.583 Pentadecane 2.97

36.834 Stearic acid (C 18:0) 175 1.86

37.430 Oleic acid (C 18:1; cis-9; omega 9) 10.87 1319

38.276 Ethyl elaidate 1

38.311 (2)-13-Octadecenal 0.25

38.791 Linoleic acid (C 18:2; cis, cis-9,12; Omega 6) 0.85 0.92

38.854 2-Nonadecanone 0.89

39.478 (Z,Z) 2-Methyl-3,13-octadecadienol 0.09

39.621 Tetracosane 0.16

39.713 N-[4-Bromo-N-Butyl] 2-piperidinone 027

39.781 Cyclohexadecane 0.22

40.559 a-Linolenic acid (C 18:3; all Cis - 9,12,15; Omega 3) 0.36 0.43 97
41.761 Eicosane 27.32 1.20 30.41

43.426 Tricosane 0.14

44.027 Heneicosane 0.43 38.33 0.3

44.717 a-Copaene 0.40
45.200 2-[(E)-9-Octadecenyloxy]ethanol 0.15

45.177 1,13-Tetradecadiene 0.56

45.206 1,9-Tetradecadiene 013

45.461 Sesquisabinene hydrate 0.29
46.182 Valencene 0.69
49.011 Octadecane 0.27 11.24

49.314 Methyl 12-0x0-9-dodecenoate 041

50.836 Docosane 24.33 15.5

52.301 Nonacosane 141

53.365 Pentacosane 9.12 0.76 9.63
53.411 2-Heptadecenal 0.9

54.830 Tetracosane 13.7 13.18 18.0 5.70
58.164 1,12-Tridecadiene 101
58.572 9-Nonadecene 13.54

59.013 17-Pentatriacontene 10.33

59.983 Nonadecane 13.92
60.586 Cis-1-chloro-9-octadecene 0.29

61.565 2,5-Dimethyl-4-Methoxyphenol 0.01
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61.410 Benzyl cinnamate 0.33
68.252 1-Nonadecene 8.19
69.430 o- Amyrone 9.16
71.679 17-Pentatriacontene 22.84
75.936 B-Amyrin 24.28
*RT: Retention time; EHI: estrificated n-hexane isolate; EEI: estrificated ethanol isolate; HI: n-hexane isolate; I: ethanol isolate.
o O
lauric acid oleic acid
@] O
/\/\/\/\/\/\)J\OH /\/\/_v_\/\/\/\)J\OH
myristic acid linoleic acid
O O
/\/\/\/\/\/\/\)J\OH OH
palmitic acid linolenic acid
O
stearic acid
VA VA VAVEANANVEVAVAVAN
nonadecane
VA VAVAVANVEVAVAVAVAN
1-nonadecene o
/\/\/\/\/\/\/\/\/\/
eicosane a-amyrone
VA VAVAVENEVAVEAVAVAVE VS
docosane OH
VE VAVANVAVENVAVAVAVAVAVANVY
tetracosane
VA VA VAVAVENVANVEVAVEAVEAVAVAN
pentacosane
VA VA VA VAVANVAVAE VA VAVAVAEVAVAVAVAVA VAN
pentatriacontane
VA YAVAVAVAVAVAVAEV VAVAVAVEVAVAVAVAN B-amyrin

17-Pentatriacontene

Figure 2. Chemical structures of lipophilic components in Bingol propolis

The compounds determined in the Bingdl propolis
include 17-pentatriacontene, 1-nonadecene,
nonadecane, octadecane, 2-nonadecanone were also
reported in propolis samples collected from 21 diferent
parts of Turkey [41], benzyl cinnamate, methyl
cinnamate, a-pinene, «a-copaene, p-eudesmol, o-
eudesmol, nonacosane, heneicosane, 2-nonadecanone
was found in the Hatay propolis samples [42]. In
addition, Bingol propolis contains the fatty acids of
Anatolian propolis, including; lauric acid, myristic acid,
palmitic acid, oleic acid, stearic acid, and linoleic acid
[43].

3.3. Antimicrobial Activity Test

The antimicrobial activity of propolis isolates were
determined using the microdilution method to determine
the minimum inhibitory concentrations. The results
obtained on the susceptibility of S.aureus, B. cereus,

E.coli, and S.thyphimurium to the isolates, including HI,
El, and EOI, are illustrated in Figure 3. Also, the MICs
of each sample can be seen in Table 3.
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Figure 3. The antibacterial activity of the different concentrations of propolis essential oil isolate (EOI), hexane isolate of propolis (HI), and
ethanol isolate of propolis (El) against (a) B.cereus, (b) S.aureus, (c) E.coli, (d) S.thyphimurium. OD: optical density

Table 3. Antibacterial effects of propolis samples on various
reference bacterial pathogens

Propolis concentration

El (ug mL™) | EOI (ug mL™) | HI (ug mL?)
Microorganism

MIC MIC MIC
B. Cereus NRRL-
B-3711 <1024 1024 >1024
S.aureus ATCC
25923 >1024 >1024 >1024
E.coli ATCC 25922 | >1024 >1024 >1024
S.thyphimurium
ATCC 14028 >1024 >1024 >1024

El: Propolis Ethanol Isolate, EOI: Essential Oil Isolate, HI: Hexane
Isolate

All tested propolis samples showed microbial inhibition
against all assessed pathogens. In vitro, the antibacterial
activity of propolis isolates against Gram (+) and Gram
() bacteria showed variation toward the tested propolis
isolates. The chemical composition, volatile and
nonvolatile components, and the applied concentration
affect the antimicrobial efficacy [22,43-45]. From the
results of our study, the higher susceptibility of Gram-
(+) bacteria than Gram-(-) bacteria was observed for El,
and EOI, the most sensitive bacteria was B. cereus for
all tested propolis samples. The EI sample was the most
effective one on tested bacteria among the samples. The

EOI showed significant inhibition than the HI. The
Propolis extraction method is one of the significant
factors in propolis biological activity [6, 46-47]. The
antimicrobial activity was concentration-dependent, and
these results were in agreement with documented results
in the literature [5-6, 46]. Previous studies have
reported that propolis contains a high amount of
phenolics and flavanoids compounds these compounds
are associated with antimicrobial activity [44-45, 47].
The in vitro antibacterial efficacy (bactericidal or
bacteriostatic) of propolis depended on concentration,
treatment time, and mode of bacterial action; however,
the exact action mechanism is not yet known [5,17,48-
49]. Microbial inoculum levels such as low,
intermediate, or high also had a significant effect on the
propolis antibacterial activity [50]. The antimicrobial
activity of the propolis from different parts of the world
had been reported. It is able to inhibit and retard the
growth of the wide range of microorganisms, including
bacteria, yeast, and moulds [5,46,51-52].

3.4. Antioxidant Activity Test

ABTS™ (2,2"-azino his (3-ethylbenzothiazoline-6-
sulfonic acid) radical scavenging method was used to
determine the antioxidant capacity of propolis isolates
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(El, EOI and HI). ABTS™  scavenging capability of
propolis isolates are shown in Table 4.

Table 4. Antioxidant activity of propolis isolates (El, EOI, and HI)

ABTS™ scavenging (mmol
Propolis isolates TE (g dry Isolate) )
Ethanol Isolate (E) 6.05+0.23 *
Essential Oil Isolate b
Hexane Isolate (HI) 0.15+0.002 °

a-b: Different letters between rows indicate different values (p <0.05)
according to the Tukey test.

The EI had higher cation radical scavenging activity
compared with the EOI and HI samples. However, the
EOl and HI samples antioxidant activity was not
statistically (p <0.05) significant. Propolis contains a
wide variety of chemical compounds, including
phenolic compounds, flavonoids, aromatic esters,
diterpenic acids, which are the responsible for the
biological activity of propolis [9,50]. Antioxidant
activity assays have different mechanisms, principles
including electron-donating and hydrogen atom transfer
with using different reference compounds [53]. Propolis
contains phenolic compounds, flavones, and other
compounds capable of reducing activity, chelating
properties, and hydrogen atom transfer [7]. Previous
studies have shown that Turkish propolis antioxidant
activity was associated with its high amount of phenolic
profile [54]. Propolis extracts have multifunctional
properties that can prevent food spoilage from microbial
and chemical reactions and improve the quality and
safety of food production. Food applications of propolis
had been documented that propolis extracts could be a
promising candidate as a natural preservative in food
applications [55], as well as the volatiles from the
propolis fractions had significant potential for
preserving the food quality [56].

4. CONCLUSION

This research is a primary screening step for Bingol
propolis. According to our results, the EI of Bingdl
propolis exhibited high antioxidant and antimicrobial
activity among tested samples. The biological activity
of the EOI was better than the HI. Several factors affect
the propolis biologic activity; the extraction method is
one of the significant factors on propolis biological
activity. However, further investigations are required to
point out with dose-dependent studies and different
kinds of bacteria strains for antimicrobial activity. Also,
the other antioxidant activity assays could be used for
propolis isolates. Further experiments are needed to
elucidate the composition of Bingdl Propolis isolates.
Researches are underway the Mission Differentiation
and Specialization Aimed at Regional Development
Program ongoing projects at Bingdl University.
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