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ABSTRACT

Propolis is classified as an opotherapeutic medicine due to the botanical origin of the resins. The
chemical composition of propolis is greatly influenced by the honeybee species, botanical source and
extraction techniques. Within this frame, we compared the same propolis’ polyphenol contents and
antioxidant activities prepared with different techniques. Four types of extracts were prepared. The
first type was prepared classically by ethyl alcohol (POH). The second and third types were extracted
by sterile distilled water kept as both sterilised (PS) and non-sterilized (PN). The fourth one was
prepared with full vacuumed and dried propolis with honey (PH). The antioxidant activity of extracts
was evaluated with DPPH radical scavenging, ABTS radical cation scavenging, Cupric ion reducing
antioxidant capacity. Also total phenolic and flavonoid content of extracts were investigated. POH
extract showed significantly high content of total phenol and flavonoids which followed by PN, PS and
PH. POH showed approximately two times higher activity on DPPH radical (IC50=4,39ug/mL) compared
with quercetin as references. The highest activity on DPPH is shown by POH with 4,39 ug/mL of IC50
value which was followed by aqueous extracts 18,08. The lowest activity was shown by PS with 4,39
pg/mL of IC50 value. The highest scavenging activity against ABTS radical cation was shown by POH
(73,37 mg TE/g extract) and the lowest activity was shown by PS (34,21 mg TE/g extract). According to
the results, the new aqueous extraction technique is promising with relatively high polyphenol
contents and antioxidant activities. Also honey with propolis can be an alternative product, although
it has relatively lower values of antioxidant activity.

Keywords: Propolis, Antioxidant, Honey, A new aqueous extraction

oz

Propolis, arilardan gelen organik salgilarin karmagik kimyasal bilesimi nedeniyle opoterapotik bir ila¢g
olarak siniflandirilir. Propolisin kimyasal bilesimi, bal arisi tiirii, botanik kaynak ve ekstraksiyon
tekniklerinden biiyiik olciide etkilenmektedir. Bu gergevede toplanan ham propolisten farkli tekniklerle
hazirlanmis ekstaraktlar polifenol icerikleri ve antioksidan aktiviteleri bazinda karsilastiriimistir.Dort
tip ekstrakt hazirlanmistir. Birinci tip klasik olarak etil alkol (POH) ile hazirlanmistir. ikinci ve iigiincii
tipler, hem sterilize edilmis (PS) hem de sterilize edilmemis (PN) olarak tutulan steril damitilmis su ile
oziitlenmistir. Dordiinciisii ise tamamen vakumlanmis ve kurutulmus balli propolis (PH) ile
hazirlanmistir. Ekstraktlarin antioksidan aktivitesi, DPPH radikal siipiiriicii, ABTS radikal katyon

176 Uludag Aricilik Dergisi — Uludag Bee Journal 2022, 22 (2): 176-187



ARASTIRMA MAKALESI / RESEARCH ARTICLE

siipiiriicii, Kuprik iyonu azaltan antioksidan kapasite, toplam fenolik igerik ve toplam flavonoid igerik
deneyleri ile degerlendirilmistir. POH oziitii, 6nemli dlgiide yiiksek toplam fenol ve flavonoid igerigi
gostermis ve bunu PN, PS ve PH izlemistir. POH, referans olarak kuersetin ile karsilastinldiginda DPPH
radikali (IC50=12,24 pg/mL) uizerinde yaklasik iki kat daha yiiksek aktivite gostermistir. DPPH
tizerindeki en diisiik aktivite, 56,72 ug/mL IC50 degeri ile PS tarafindan gosterilmistir. En yiiksek
aktivite POH (271,75 mg GAE/g ekstrakti) tarafindan gosterilirken, bunu su ekstraktlan takip etmis ve
en diisiik deger HP'ye ait olarak tespit edilmistir. ABTS radikal katyonuna karsi en yiiksek siipiirme
aktivitesi POH (73,37 mg TE/g 6zii) ve en diisiik aktivite PS (34,21 mg TE/g 6zii) ile gosterilmistir.
Sonuglara gore, nispeten yiiksek polifenol igerikleri ve antioksidan aktiviteleri ile yeni su ekstraksiyon
tekniginin umut vericidir. Ayrica propolisli balin, nispeten daha diisiik degerlere sahip olmasina
ragmen alternatif bir tiriin olarak tiiketilebilecegi diigliniiimektedir.

Anahtar kelimeler: Propolis, Antioksidan, Bal, Su bazli yeni bir ekstraksiyon

GENISLETILMiS OZET

Amagc: Bu calismanin amaci, besin takviyesi olarak
kullaniimakta olan propolisin su bazli ekstraktindan
hazirlanan g farkli Grinin (balla kanistinimis
propolis, su ile ekstrakte edilmis ve sonrasinda
sterilize edilmis ve edilmemis propolis), geleneksel
yontemlerden biri olan alkol icerisinde ¢ézme ile
Uretilmis propolis ile toplam fenol, flavonoid igerigini
ve antioksidan aktivitesini karsilagtirmaktir.

Gereg-Yontem: Ham propolis, 2018 ve 2019
yillarinda Turkiye'de Tunceli-Ovacik bélgesinden 9
alt bolgede 12 farkli arihktan toplanmistir. Ham
proprolisin alkol bazli ekstrasyonunda %99 saf etil
alkol kullaniimistir (POH). Propolis, tam karanlik
kosullarda %10 ham propolis ila %90 ¢6zici
kombinasyonunda 4 hafta boyunca alkolde
bekletilmistir. Su bazl hazirlanan propolis igin T.C.
Tarim ve Orman Bakanlidi tarafindan 2020 yilinda
tescil edilen (kayit no: 007395.20.03.2020) yontemle
pH'l 4.6 olan steril distile su ile ekstraksiyon
gerceklestiriimistir. Buradan elden edilen drun
sonrasinda steril edilmis (PS) ve edilmemis (PN)
olarak giselenmis, ayrica ayni yoreden toplanan bal
ile karistinlarak (doérdiinci bir urin olarak-PH)
saklanmistir. Ekstraktlarin antioksidan aktivitesi,
DPPH radikal supurict, ABTS radikal katyon
sUpuracu, Kuprik iyonu azaltan antioksidan kapasite,
toplam fenolik igerik ve toplam flavonoid icerik
deneyleri ile dederlendirilmistir.

Bulgular ve Sonug: Toplam fenol ve flavonoid
icerikleri karsilastirildiginda; alkol ile hazirlanan
ornek, su ile hazirlanan érneklerde, steril edilmeyen
ornek, steril edilen 6rnek ve bal ile hazirlanan
karisim olarak bir siralama bulunmustur. POH,
referans olarak kuersetin ile karsilastinidiginda
DPPH radikali (IC50=12,24 pg/mL) Uzerinde
yaklasik iki kat daha ylksek aktivite gostermigtir.
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DPPH (izerindeki en disuk aktivite, 56,72 ug/mL
IC50 degeri ile su ile hazirlanan steril 6rnekte
tarafindan gortlmuistir. En ylksek aktivite POH
(271,75 mg GAE/g ekstraktl)) tarafindan
gosterilirken, bunu su ekstraktlari takip etmis ve en
dislk deger HP'ye ait olarak tespit edilmistir. ABTS
radikal katyonuna karsi en yuksek sUpurme aktivitesi
POH (73,37 mg TE/g 6zi) ve en dislk aktivite PS
(34,21 mg TE/g 6zl) ile gosterilmistir. Sonuglara
gore, nispeten ylksek polifenol igerikleri ve
antioksidan aktiviteleri ile yeni su ekstraksiyon
tekniginin umut vericidir. Ayrica propolisli balin,
nispeten daha disik degerlere sahip olmasina
ragmen alternatif bir Grlin olarak tlketilebilecegi
disundlmektedir.

INTRODUCTION

Propolis, is the generic name for the resinous
substance that is collected by bees from different
plant sources -like poplar, birch, pine, alder, willow
and palm or sometimes from wounds in several other
plants etc. (Celemli Gengay 2013). Bees then mix
these resins with their waxes and B-glucosidase to
use in the defence of the bee community by coating
and strengthening the inside walls of the hive (Zhang
et al. 2011, Simone-Finstrom et al. 2017). It is also
used to cover holes and cracks and to repair combs,
avoid insect invasions by shortening the entrance
and to reduce the microbial growth on the walls of
the hive. It prevents wind and water from entering as
well as to help maintain hive’s inner temperature to
an optimal degree (Bhargava et al. 2021).

The chemical composition of propolis is quite
complex. Approximately 300 different compounds
have been identified lately in propolis samples of
diverse origins (Pereira et al. 2015, Salgueiro and
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Castro 2016, Lorenzon et al. 2018). Among these
compounds, flavonoids are the main active propolis
constituents that are responsible for a large part of
its biological activites (Huang et al. 2014,
Hernandez Zarate et al. 2018). Flavonoids in
propolis are classified into flavones, flavonols,
flavanones, flavanonols, chalcones,
dihydrochalcones, isoflavones, isodihydroflavones,
flavans and neoflavonoids (Santos-Buelga et al.
2017). Total flavonoid content has often been used
as an index for evaluating the quality of propolis. The
flavonoid content of propolis with less than 11% is
considered as low quality, whereas 11-17% and the
higher percentages are referred to as good quality
and high quality, respectively (Gardana et al. 2007).
Propolis is composed of resin (flavonoidaglycones,
phenolic acids and their esters), waxes (mixture of
long-chain non polar compounds), essential oils,
pollen and other substances. Minor constituents of
propolis are pollen, and other substances such as
vitamins, minerals, amino acids and fatty acids
(Alvarez-Suarez et al. 2010, Escuredo et al. 2013).
Propolis contains a large number of enzymes such
as glucose-6-phosphatase, succinic
dehydrogenase, adenosine triphosphatase and acid
phosphatase (Lotfy 2006, Pasupuleti et al. 2017).
Propolis also contains B-glucosidase which
hydrolyzes flavonoid glycosides into aglycones (Li et
al. 2018, Araghi et al. 2021). Propolis is classified as
an opotherapeutic medicine due to its complex
chemical composition of organic secretions from
bees (Zenebom and Pascuet 2005, Machado et al.
2017). It is difficult to use raw propolis as it is difficult
to remove from the human skin. It is hard, brittle with
poor solubility and low oral bioavailability (Elbaz et
al. 2016, Dallabona et al. 2020). Over the last 30
years, the pharmacological and chemical properties
of propolis became the aim of intensive studies
(nearly 4000 papers in journals and 2884 patents in
which nearly half of them are owned by China, Japan
and Russia). Since the end of the 20™ century, the
paradigm related to the chemistry of propolis has
changed drastically. By the 1960s, it was known that
propolis is chemically complex, but stable. But lately,
it has been understood that the chemical
composition of propolis varies considerably,
depending on the honeybee species, botanical
source and extraction method, which greatly
influence its properties. The quality of the propolis
also depends on the beekeeper experience and
knowledge, storage conditions and also regarding
the transport from the production area, the collecting
season, day and time of collecting, the method of

collecting and the place of propolis in the hive (EFSA
2010). The effect of the propolis on human health
also can vary due to the patient's age, gender,
physiology and sometimes lifestyle (Dezmirean et al.
2021).

Local eco-flora has a very strong effect on the
chemical composition of propolis (Salatino et al.
2005). To produce propolis, the bees use material
from several parts of plants and in different stages of
development. Hence, the complexity and the
chemical variety of propolis are deeply related to the
eco-flora of the geographical region, which the bees
commonly visit (Bankova et al. 2014).

This causes classifying propolis into different “types”
(eg. in Brazil there are 14 types). The characteristic
constituents in temperate region propolis are
flavonoids without B-ring substituents, such as
chrysin, galangin, pinocembrin, pinobanksin which
gives the characteristic colour (Christov et al. 2006,
Salatino et al. 2011, Santos-Buelga et al. 2017).

Caffeic acid phenethyl ester (CAPE) is a major
constituent of temperate propolis with broad
biological activities, including inhibition of nuclear
factor k-B; inhibition of cell proliferation; induction of
cell cycle arrest and apoptosis (Huang et al. 2014,
Ristivojevi¢ et al. 2015).

In tropical region propolis, especially Brazilian green
propolis (CAS: 9009-62-5), the dominating chemical
components are prenylated phenylpropanoids (e.g.,
artepillin C) and diterpenes (Midorikawa et al. 2001,
Paviani et al. 2010). For propolis produced in the
Pacific region, geranyl flavanones are the
characteristic compounds which are also found in
propolis from the African region (Bankova 2005,
Salatino et al. 2011). Anatolian propolis has different
chemical profiles in different types. For example, one
type is rich in monoterpenes, sesquiterpenes and
diterpenes which are generally collected from Ferula
spp, Pinaceae spp and Cupressaceae spp by
honeybees (Uzel et al. 2005).

There are several different methods (not the
solvents) of extraction models that occur for propolis
(Bankova et al. 2021). Some of these methods are
commercial while some are just for research.
Ethanol is the most frequently used solvent, because
it possesses more extraction capacity. It removes
around 50-60% of the propolis components, while
the classical aqueous extraction method removes
only around 10% (Park 1998).

The aim of this study is to evaluate the total phenol
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and flavonoid content antioxidant activity of ethanol
extract of propolis, propolis mixed with honey,
aqueous sterilised and non-sterilized extract of
propolis and assess the chemical composition of it.

MATERIALS AND METHODS
Preparation of propolis

The raw propolis was collected from Tunceli-Ovacik
region in Turkey from 12 different apiaries in 9 sub-
localities during 2018 and 2019. In the first step, all
of the raw propolis was broken or grated and divided
into smaller pieces. Then propolis was washed down
with water and the mixture was cooled slowly. During
this cooling wax and resin were separated from the
mixture with sieves, propolis was moved to a
separate area. The cleaned propolis was used for
extraction via different solvents.

Extraction techniques

Four types of extracts were prepared. All the
extractions were made in registered GMP production
laboratories where all the equipment and methods
were fully calibrated and validated in 2020 and 2021.

Ethanol extraction: For ethyl alcohol extraction,
99% pure double filtered absolute ethyl alcohol
produced by (Botafarm Ltd.) were used. The propolis
was extracted in the alcohol for 4 weeks in
combination of 10% raw propolis to 90% solvent in
full dark conditions.

Aqueous extraction: The propolis was extracted by
sterile distilled water with pH of 4.6 with a special
method developed by Dr. Aytekin which is registered
by the Republic of Turkey Ministry of Agriculture and
Forestry in 2020 (Reg. No: 007395.20.03.2020).
This method includes raw steps of the following; It
was heated at 45-50°C (12 hours), then left to infuse
(2 hours), stirred from time to time. Distilled water
propolis ratio was used as 10%. The mixture was
cooled slowly, the acidity was lowered and kept for
12 hours in dark conditions. It was brought to normal
pH and filtered four times. The filtrate was collected
after each filtration. It was heated in a separate bowl
and filtered again. The aqueous mixture obtained
here was combined with the other mixture. This
mixture was stirred from time to time and kept in the
oven at 45°C for a while. The mixture was drained.
Raw filtered. Then the mixture was divided into
sterilised (S1) and non-sterilized (NS1) groups. NS1
group was bottled and covered with a lid immediately
and S1 is bottled after sterilisation. One bottle is
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open and sterilised and revored in Class 10000
Clean room the other is covered with airtighed cups.
We used the less effective type of sterilisation in
closed glass vials and used hot vapour under high
pressure which is 121°C.

Honey mixed with propolis: The cleaned propolis
was dried and full water was evaporated by an
industrial type of Vacuum Freeze Dryer model GZL2
(2012) in 12h F-12hD-6hFD conditions. The full
vacuumed and dried propolis were mixed with honey
(10% propolis and 90% honey from the same
apiaries) and kept at room temperature until
analysis. For antioxidant assays 5 gr of honey mixed
propolis were macerated with 99% ethanol (100 mL)
at room temperature for 24 h and then were filtered
through a filter paper. Solvent from the samples was
removed using a rotary evaporator.

Antioxidant activity

Determination of total phenolic contents: Total
phenolic contents of different propolis and mixture
extracts were evaluated by the Folin-Ciocalteu’s
colorimetric method (Slinkard and Singleton, 1977)
using regression equation of calibration curve (Y=
0.0114x + 0.1427, R2: 0.9986) and expressed in
gallic acid equivalents and expressed in mg of gallic
acid equivalents (GAE) / 1g of extract. Folin-
Ciocalteau’s reagent was diluted with distilled water
(1:10) and then 100 pL of solution was mixed with 20
ML of propolis extract and different concentrations of
reference dissolved in ethanol. Finally, 80 pl of
sodium carbonate (Na2CQOs) solution (%7.5) was
added to the mixture. The mixture was left at room
temperature for 120 minutes in the dark, then
absorbance was measured at 765 nm.

Determination of total flavonoid contents:
Flavonoid content of propolis extracts were
determined by the aluminium chloride colorimetric
method (Chang et al.,, 2002) and were calculated
according to the equation (y=0.0055x+0.1098,
R2=0.9983) obtained from the calibration curve as
quercetin equivalent (mg/g extract). 25 pl of extract
and different concentrations of reference dissolved
in ethanol were mixed with 75 ul of 95% ethanol, 5
pl of 10% aluminium chloride (AIClz), 5 pl of 1 M
potassium acetate (KCHs;COO) and 140 pl of
distilled water. After incubation at room temperature
for 30 minutes, the absorbance of the reaction
mixture was measured at 415 nm. Quercetin was
used as reference.
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DPPH radical scavenging capacity assay: DPPH
radical scavenging capacity of each extract was
determined according to Brand-Williams et al.
(1995). DPPH radical scavenging capacities of
propolis extracts were tested at 12.5, 25, 50 and 100
pg/mL concentrations. The inhibition percentage of
extracts on DPPH were calculated. 1mM DPPH
reagent (1,1-diphenyl-2-picrylhydrazyl) was solved
in ethanol and then 50 pL of this solution was mixed
with 150 pL of different concentrations of the extract
and Quercetin as reference. The reaction mixture
was incubated at room temperature for 30 minutes
in the dark, then absorbance was measured at 517
nm. Radical scavenging activity was expressed as
the inhibition percentage and was calculated using
the following formula: Inhibiton % =
[(Ablank—Asample)/Ablank]X 100, where Aviank is the
absorbance of the blank (containing ethanol instead
of sample) and Asampee is the absorbance of the
extracts or reference. The half-maximal inhibitory
concentration (ICso) value for each extract was
calculated from the plotted graph of scavenging
activity against the concentrations of the sample.

ABTS radical cation scavenging activity assay:
ABTS radical cation scavenging activity assay was
carried out according Re et al. (1999). ABTS was
dissolved in water to a 7 mM concentration. ABTS
radical cation (ABTS™*) was generated by reacting
ABTS stock solution with 2.45 mM potassium
persulfate (K2S20s) and allowing the mixture to stand
in the dark at room temperature for 12-16 hours.
ABTS™* solution was diluted with ethanol to an
absorbance of 0.700 + 0.02 nm at 734 nm before
use. 200 pL of this solution was mixed with 20 pL of
the extract and different concentrations of reference
dissolved in ethanol. The reaction mixture was
incubated for 6 minutes at room temperature in the
dark, then absorbance was measured at 734 nm.
ABTS radical cation scavenging activities of the
propolis extracts were determined in accordance
with the equation (y=0,9051x+2,9872, R?=0.995) of
Trolox calibration curve.

Cupric ion reducing antioxidant capacity
(CUPRAC) assay: Cupric ion reducing antioxidant
capacity assay was carried out according to Apak et
al. (2004). 50 uyL of copper (Il) chloride (CuCl2)
solution (1.0x10- 2 M), 50 L of neocuproine solution
(7.5x10-3 M), 50 pL of ammonium acetate (NH4Ac)
buffer solution at pH 7.0 (1.0 M) were mixed and then
25 uL of extracts or different concentrations of
reference (800 pg/mL to 25 pg/ mL) and 25 pL of
distilled water were added to the initial mixture,

separately. The absorbance of the final solution was
measured at 450 nm after 30 minutes keeping at
room temperature in the dark. Cupric ion reducing
antioxidant capacities of the propolis extracts were
determined according to the equation
(y=0.014x+0.0569, R2=0.9998) as gallic acid
equivalent (mg/g extract).

All total phenol, flavonoid content and antioxidant
assay was carried out in three repeats.

Statistical analysis

Principal component analysis (PCA) was conducted
with PAST (Hammer et al. 2001). The four groups
were evaluated with their five-character sets.

RESULTS

According to our study, the amount of total phenolics
and flavonoid contents in propolis extracts varied
from 58,09 + 2,58 (PH); 286,95 + 39,1 (POH);
125,61 + 1,42 (PS); 142,24 + 16,79 (PN) mg GAE/g
extracts and 95,73 + 9,55; 444,33 + 20,82; 103,21
+ 21,24; 106, 76+ 19,29 mg QE/g respectively
(Table 1). These results clearly demonstrated that
POH extract showed significantly high content of
total phenol and flavonoids which flowed by PN and
PS. Lowest amount of total phenol and flavonoid
belong to honey-propolis composition extract. As
presented in Table 1, the amount of total phenolics
and flavonoid contents in propolis extracts varied
from 58,09 to 286,95 mg GAE/g extracts and from
95,73 to 444,33 mg QE/g respectively. These results
clearly demonstrated that POH extract showed
significantly high content of total phenol and
flavonoids which flowed by PN and PS. Lowest
amount of total phenol and flavonoid belong to
honey-propolis composition extract.

In ABTS and DPPH assay honey mixed propolis,
after ethanol extract of propolis has highest activity
compared with aqueous extract of propolis. This
activity can be caused by honey composition. Honey
alone displays significant antioxidant activity, similar
to many plants (Gheldof et al. 2002). POH extract
showed significantly high content of total phenol and
flavonoids which followed by PN, PS and PH. POH
showed approximately two times much higher
activity on DPPH radical (IC50=12.24 pjg/mL)
compared with quercetin as references. The lowest
activity on DPPH is shown by PS with 56,72 pg/mL
of IC50 value. The highest activity was shown by
POH (271,75 mg GAE/g extract) which was followed
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by aqueous extracts and lowest value belonged to
HP. The highest scavenging activity against ABTS
radical cation was shown by POH (73,37 mg TE/g
extract) and the lowest activity was shown by PS
(34,21 mg TE/g extract). All propolis extracts
showed concentration-dependent inhibitory activity
against DPPH radical. IC50 values for DPPH radical
scavenging capacity are presented in Table 3.

Table 1. Total phenolic and flavonoid contents of propolis
extracts (POH: ethyl alcohol, PS: extracted by sterile
distilled water kept as sterilized, PN: extracted by sterile
distilled water kept as non-sterilized, PH: prepared with full
vacuumed and dried propolis with honey *GAE: Gallic acid
equivalent,”QE: Quercetin equivalent)

Tablo 1. Propolis ekstraktlarinin toplam fenolik ve

times higher activity on DPPH radical (IC50=12.24
pg/mL) compared with quercetin, as references. The
lowest activity on DPPH is shown by PS with 56,72
pg/mL of IC50 value.

Table 2. The inhibitory effects of propolis extracts on
DPPH radical (POH: ethyl alcohol, PS: extracted by sterile
distilled water kept as sterilised PN: extracted by sterile
distilled water kept as non-sterilized, PH: prepared with full
vacuumed and dried propolis with honey)

Tablo 2. Propolis ekstraktlarinin DPPH radikali Gzerindeki
inhibitor etkileri (POH: etil alkol, PS: steril olarak saklanan
steril damitilmis su ile ekstrakte edilen, PN: sterilize
edilmemis olarak saklanan steril damitiimis su ile
ekstrakte edilen, PH: tamamen vakumlanmis ve bal ile
kurutulmus propolis ile hazirlanan).

flavonoid igerikleri (POH: etil alkol, PS: steril olarak Propolis extracts IC50 value (ug/ml)
saklanan steril damitilmis su ile ekstrakte edilen, PN:
sterilize edilmemis olarak saklanan steril damitiimis su ile PH 18,08
ekstrakte edilen, PH: tamamen vakumlanmis ve bal ile POH 4.39
kurutulmus propolis ile hazirlanan *GAE: Gallik asit '
esdegeri,**QE: kuersetin esdegeri) PS 56,72
Total phenolic Total flavonoid PN 47,65
Extracts | content (mg content (mg QE™/g _
GAE'/g extract) extract) Quercetin 10,83
PH 58,09 + 2,58 95,73+ 9,55 ABTS radical cation scavenging activities of the
POH 286,95 £ 30,1 444,33+ 20,82 propolls extragts were expre_ssed in terms of Trolox
equivalent antioxidant capacity (TEAC) in Table 3. A
PS 125,61+ 1,42 103,21+ 21,24 higher TEAC value corresponds to a greater
PN 14224 + 16.79 106.76+ 19.29 antioxidant activity of the propolis extracts. The
’ ’ ’ ’ highest scavenging activity against ABTS radical

A lower IC50 value belongs to POH (IC50=4.39
pg/mL) which corresponds to a higher antioxidant
activity of the extract. POH showed approximately 2

cation was shown by PoH (73,37 mg TE/g extract)
and the lowest activity was shown by PS (34,21 mg
TE/g extract).

Table 3. The inhibitory effects of propolis extracts on ABTS radical cation and cupric ion reducing antioxidant capacity
(CUPRAC) (POH: ethyl alcohol, PS: extracted by sterile distilled water kept as sterilised PN: extracted by sterile distilled
water kept as non-sterilized, PH: prepared with full vacuumed and dried propolis with honey "TEAC: Trolox equivalent
antioxidant capacity, “SD: Standard deviation, “"GAE: Gallic acid equivalent)

Tablo 3. Propolis ekstraktlarinin ABTS radikal katyonu ve kuprik iyonu antioksidan kapasitesini (CUPRAC) azaltici etkisi.
(POH: etil alkol, PS: steril olarak saklanan steril damitiimis su ile ekstrakte edilen, PN: sterilize edilmemis olarak saklanan
steril damitiimis su ile ekstrakte edilen, PH: tamamen vakumlanmis ve bal ile kurutulmus propolis ile hazirlanan *TEAC:

Trolox esdegeri antioksidan kapasitesi, **SD: Standart sapma, ***GAE: Gallik asit esdegeri)

Extract TEAC’ (mg TE/g extract) Percentage of inhibition * SD** Antioxidant capacity (mg GAE***a/g
(ABTS) against ABTS radical cation extract)
PH 65,13+ 2,33 61,94 + 2,11 56,78 + 2,08
POH 73,37 £ 0,31 69,40 + 3,4 271,75+ 5,71
PS 34,35+ 2,07 33,95+ 1,87 205,23 + 5,11
PN 34,62 + 1,64 34,32+ 1,49 126,13+ 7,44
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Cupric ion reducing antioxidant capacities of the
propolis extracts were given in Table 3. The highest
activity was shown by POH (271,75 mg GAE/g
extract) which was followed by aqueous extract and
lowest value belonged to HP.

64 -
48 -
32 -

16 -

PCA reduced the dimensionality of our multivariate
data to two principal components and it was
visualised with minimal loss of information, by using
scatter diagram (Fig. 1).
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Figure 1. PCA scatter diagram (POH: ethyl alcohol, PS: extracted by sterile distilled water kept as sterilised PN: extracted
by sterile distilled water kept as non-sterilized, PH: prepared with full vacuumed and dried propolis with honey)

Sekil 1. Temel bilesenler analizi sagilim grafigi (POH: etil alkol, PS: steril olarak saklanan steril damitiimis su ile ekstrakte
edilen, PN: sterilize edilmemis olarak saklanan steril damitiimis su ile ekstrakte edilen, PH: tamamen vakumlanmis ve bal

ile kurutulmus propolis ile hazirlanan).
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DISCUSSION

Propolis can be classified biologically according to
its producer (depending on the bee species) or
botanical origin (depending on the plants used by
bees). This resinous substance also can be
classified chemically. Differentiation among the
extraction methods and solvents can give us varied
combinations- even if we use the same propolis with
exactly the same biological origin.

According to Nalbantsoy et al. (2022), several
external factors are present in the production
process of propolis. Within this frame, we aim to
evaluate different extraction techniques by
comparing antioxidant properties of the same
propolis with the use of DPPH, ABTS+ and CUPRAC
methods. As an opotherapeutic medicine or a
human diet supplement, the most important groups
we gain from propolis are polyphenolic compounds,
especially flavonoids. The antioxidant activity of
propolis appears to be largely influenced by both
total polyphenol and total flavonoid contents (Sun et
al. 2015, Socha et al. 2014, Narimane et al. 2017).
Degirmencioglu et al. reported in their study that with
19 samples from Turkey, total phenolic content
found 11.24 -172.98 mg GAE/g and total flavonoid
content was 3.88 -58.31 mg QE/g (Degirmencioglu
et al. 2019). Another research carried out with 23
propolis samples from Turkey the total flavonoid
content were determined between 21,28- 152,56 mg
QE/g and total phenolic content was found between
34,53-259,4 mg GAE/g (Ozkdk et al. 2021).
Glizelmerig et al. worked with 47 samples produced
in Black Sea Region of Turkey and reported that total
phenolic content values between 37.25 + 0.72-
592.57 + 22.39 mg GAE/g; total flavonoid content
values between 14.60 £ 0.57-125.58 + 0.58 mg QE/g
(Guzelmerig et al. 2021). The total phenolics and
flavonoid contents in our propolis samples are found
relatively higher compared with the other studies
held in Turkey (Ozkok et al. 2021). All propolis types
have very low solubility in water and are soluble in
organic solvents, because resins are relatively
apolar (Bankova et al. 2021). Beside this fact, maybe
because of the botanical origin of our samples, water
extractions and dried propolis with honey have
higher values than some of the samples in other
studies extracted with ethanol. Gengay-Celemli et al.
found that the total phenolic compound of the five
samples varies between 27.56£0.05 and
171.93+0.28 mg GAE/g. Also, it was added that total
phenolic and flavone-flavonol contents were found
highest in the sample that sourced from the taxa
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belonging to the Brassicaceae family, which is
contrary to common belief since the phenolic content
of chestnut propolis is higher (Gengay-Celemli et al.
2019).

According phytochemical research on propolis
extract, there is generally a positive correlation
between the total phenol and flavonoid content in
propolis extraction and their antioxidant activity
(Guzelmeri¢ et al. 2021, Degirmencioglu et al.
2019Gengay et al. 2019,). Phenolic compounds are
likely to contribute to the radical scavenging activity
of these extracts. According to the results, the new
aqueous extraction technique is promising with
relatively high polyphenol contents and antioxidant
activities. Besides honey with propolis could be an
alternative product, although it has relatively lower
values. Probably due to the fact that the amount of
propolis extract added to honey was not large
enough to significantly increase these parameters as
it was done before by Osés et al. 2015.

Total phenol and flavonoid contents in non-sterilized
aqueous extract of propolis is slightly higher than
sterilised aqueous extract. This may result from
damage, reduction or alteration of some compounds
during the sterilisation process. They show almost
the same activity in the ABTS assay whereas in
CUPRAC and DPPH assay the antioxidant capacity
of sterilised aqueous extract is higher than non-
sterilized extract. As we know, the antioxidant
capacity of propolis is dependent on its content, but
the studies generally aim to compare antioxidant
potential of different propolis extract. Although it is a
fact that the antioxidant capacity of ethyl alcohol
extractions is higher than the others, many
commercial ethanol extracted propolis preparations
can cause oral mucosal ulceration or gastrointestinal
health problems. Moreover, despite the method
differences, the results indicated that Tunceli
propolis has a relatively high total phenol and
flavonoid content compared to other region in Turkey
and subsequently possess a high antioxidant
potential (Apak et al. 2004; Ozkok et al. 2021,
Glzelmerig et al. 2021).

Conclusion

Propolis, as a nutritious product, provides a rich
source of nutrients, such as mineral elements,
proteins, and antioxidant compounds. The
antioxidant capacity of propolis is related to the
flavonoid, mineral, and protein contents which
derived from botanical origins of the product and
extraction solvents. Among the studied samples,
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ethyl alcohol extraction of propolis possess highest
content of phenol and flavonoid, as well as the
highest antioxidant activity. The aqueous extractions
also have significant antioxidant capacities. In future
studies, there is a need to investigate the eco-floral
effect of the antioxidant content of propolis Tunceli-
Ovacik region in detail.
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