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1. Introduction

Propolis is a complex resinous product preparetidneybeesApis melifferal..) from buds,
sprouts and exudates of various plants after stibgesome enzymatic changes. It helps to
repair the cracks and crevices of the honeycombprtiect beehive against microbial
contamination and to preserve inner temperaturdat{Ba, Teixeira, Negri, & Message,
2005).

Chemical composition of propolis exerts high vailigbdepending upon the geographical
and climate factors as well as vegetation arouedbiehives. The specificity of local flora
determines propolis affiliation to a particular gpo Plant buds’ resin such &voplar sp.
(Populus albaPopulus tremulandPopulus nigra have been reported as a primary source of
propolis in temperate zones (Europe, North Amerexad non-tropical regions of Asia).
Secondarily important sources of European pro@oksreported to bBetula pendula, Acacia
sp, Aesculus hippocastanyrAlnus glutinosaPinussp. andSalix alba(Kumova, Korkmaz,
Avci, & Ceyran, 2002; Ristivoje¥) Trifkovi¢, Andri¢, & Milojkovi¢-Opsenica, 2015;
Yesilada, 2015).

Each propolis type is characterized by the spepifaportion of the dominant plant material.
Various chromatographic techniques were used faluetion of the botanical origin of
propolis samples such as high performance thinclajgomatography (HPTLC) (Bertrams,
Muller, Kunz, Kammerer, & Stintzing, 2013; MorlocRistivojevic, & Chernetsova, 2014,
Ristivojevic et al., 2014; Sarbu & Mp 2011), high-performance liquid chromatography
(HPLC) (Falcéo et al., 2013; Park, Alencar, & Aguid002), gas chromatography-mass
spectrometry (GC-MS) (Greenaway, Scaysbrook, & élgafl987), capillary electrophoresis

(CE) (Cao, Wanh, & Yuan, 2004), microscopic teches) (Barth, 1998; Barth & Fernandes
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Pinto da Luz, 2009; Moreira, Dias, Pereira, & Esthg, 2008; Warakomska & Maciejewicz,
1992). Furthermore, structure elucidation techrsgeach as direct analysis in real time
(DART) (Morlock et al.,, 2014), nuclear magnetic aeance (NMR) (Bertelli, Papotti,
Bortolotti, Marcazzan, & Plessi, 2012), and infdspectroscopy (IR) (Nie, Xia, Sun, & He,
2013) have been applied in order to monitor contfwosl differences between propolis
samples supplied from various origins.

Propolis has been utilized for treatment of a wialege of diseases in traditional medicines
dating back to 300 BC (Ghisalberti, 1979). Receantiss have also evidenced its healing
benefits such as anticancer, antioxidant, antamfhatory, antimicrobial, antiulcer,
antidiabetic and antihepatotoxic effects (Huangamfly Wang, Li, & Hu, 2014; Yesilada,
2015).

Since function of propolis in all hives are samesplte of different chemical composition,
biological properties of different propolis typeseaalmost similar, i.e. propolis always
possesses considerable biological activity, bullifferent potency. In that sense, biological
activity of propolis should always be reported thge with its chemical characterization
(Ristivojevi¢ et al., 2015). Prediction of biological activity @ propolis sample based on the
guantification of its individual components may rm rational due to the fact that each
compound may possess different activity profilearn{Bova, 2005) and possible synergistic
interactions between the components in the mixt{Beisard et al., 2014). Namely,
determination of specific chemical profile in order mark a group of active compounds
would be a better solution for assessment of aiqodat biological activity of propolis.
Biological activity of propolis is mainly attributleto its phenolic constituentse. flavonoids

(including flavones, flavonols, flavanones and ditoflavonols) and other phenolics (mainly
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substituted cinnamic acids and their esters) (Hwstng., 2014) and one of the well-known
biological activities of phenolics is their antidant effect.

HPTLC coupled with 2,2-diphenyl-1-picrylnydrazyl FIPH") detection is a handy technique
for screening of antioxidant capacity of each safgal component in a mixture or extract
(Ciesla, Krysze, Stochmal, Oleszek, & Waksmundzka-Hajnos, 2012febnination of total
antioxidant activity of propolis usinign vitro DPPH" assay was reported by many researches
(Isla, Paredes-Guzman, Nieva-Moreno, Koo, & Pa@d% Shi, Yang, Zhang, & Yu, 2012).
However, there are only few studies for evaluabbmantioxidant components in propolis by
application of HPTLC-DPPH (Bertrams et al., 2013).

Turkey is located in between Europe and Asia, sunded by seas (the Marmara Sea, Aegean
Sea, Black Sea and Mediterranean Sea) with sukdbtardifferent climate zones. For this
reason, from the viewpoint of plant diversity, therkish flora consists of more than 11.000
infrageneric taxa, approximately one third of thbeing endemic (Baser, 2002). However,
only a few investigations related to chemical cosifian and pharmacological activities of
Turkish propolis have been carried out so farhkse studies only the GC-MS profiles of the
Turkish propolis samples were investigated (Sorkaier, & Salih, 2001; Popova, Silici,
Kaftanoglu, & Bankova, 2005; Duran, Muz, Culha, &ur& Ozer, 2011).

HPTLC profiling is particularly applied for naturaktracts as a simple, rapid, and low-cost
techniqgue for determination of authenticity accogdito a set of characteristic
chromatographic signals, which comparison leadsitople recognition.

Based on the facts discussed above, the aims ®fsthdy were assessed as follows: 1)
investigation of HPTLC phenolic profile of Turkigbropolis samples 2) determination of

botanical origin of Turkish propolis samples by sitaneous profiling of different bud
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extracts as potential botanical sources, 3) ingastn of possible application of HPTLC
fingerprint in combination with multivariate imag@alysis and pattern recognition technique
for the assessment of botanical and geographiagglnoof Turkish propolis samples, 4)
determination of botanical origin of Turkish projgosamples by characterization of pollen
grains in samples, 5) evaluation of both total @atiant capacity (total peak area of the
separated compounds on the chromatogram) and lwatidn of each antioxidant
components, in Turkish propolis samples, using HB-PPH' assay.

2. Experimental

2.1. Chemicals and solvents

Ethyl acetate, ethanol, toluenehexane and acetic anhydride were purchased frgmé&i
Aldrich (Steinheim, Germany); acetic acid was fr&edel-de Haen (Seelze, Germany). 2-
aminoethyl diphenylborinate was obtained from Fl¢&&einheim, Germany). Polyethylene
glycol 400, glycerol, gelatine, carbol fuchsin, pbk sulphuric acid and potassium hydroxide
(KOH) were purchased from Merck (Hohenbrunn, Gemwharespectively. All solvents were
analytical purity grade.

Standards of pinocembrin, galangin, pinobanksinifea acid phenyl ester (CAPE),
naringenin, caffeic acid, chrysin, quercetin angyapin were purchased from Sigma-Aldrich
(Steinheim, Germany). List of standard compound$ WR- values and color of bands are
presented in Table 1.

2.2. Propolis samples

Sixty crude propolis samples collected by professideekeepers were from different regions
of Turkey (48 propolis samples, encoded as P1-A8)Serbia (12 propolis samples, encoded

as P49-60). The localities of samples from Turkeyenshown in Figure 1. Moreover, list of
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all samples with their geographical origins, clasation according to TLC fingerprinting,
and collection dates were presented in Supplemé&atae S1.

2.3. Plant bud samples

The buds belong t®opulus nigralL., Populus tremuld.., Populus albal., Betula pendula
L., Quercus petraeaViatt., Salix caprealL., Uimus glabralL., Tilia tomentosaL., Tilia
americanal., Tilia x europaea ‘Pallida’ were collected from trees in campus area at
Yeditepe University (Istanbul, Turkey) and Atatukkooretum (Istanbul, Turkey). Moreover,
one sample belong . nigrabud was gathered from mountain area FruSka g@mdies.

2.4. Preparation of standard solutions

Pinocembrin, galangin, CAPE, naringenin, caffeicdachrysin, quercetin, apigenin stock
solutions (0.1 mg/mL) were prepared in methanol emged to prepare standard mixture
solution (STD MIX) in volume ratios of 1:1:1:0.5015:0.5:0.5:0.5, respectively.

2.5. Preparation of detection reagents

Natural Products (NP) dipping solution was prepabgddissolving 1 g of 2-aminoethyl
diphenylborinate in 200 mL of ethyl acetate. Pdiyétne glycol (PEG) 400 dipping solution
was prepared by dissolving 10 g of polyethylenegly00 in 200 mL of dichloromethane
(Reich & Schibli, 2007).

Anisaldehyde reagent was prepared by adding 10 m&ulphiric acid to an iced-cooled
mixture of 170 mL methanol and 20 mL of acetic adiden, 1 mL anisaldehyde was added
to this solution (Reich & Schibli, 2007).

2.6. Preparation of glycerine jelly

Seven grams of gelatine was mixed with cold desdillvater and then warmed gently and

stirred until complete dissolution. Then, 50 mL agyol and 0.5 g phenol were added. For
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staining, carbol fuchsin was added drop by droplti@in a clear pink solution. It was poured
into petri dishes and then let to solidify (SawyiE388).

2.7. Preparation of acetolysis mixture

Acetic anhydride and concentrated sulphuric acid maed in volume ratios of 9:1 (Barth,
1998).

2.8. Preparation of sample test solutions

2.8.1. Propolis extraction for screening phenolxmpounds

Accurately weighted 1 g of each raw propolis samplas cut into small pieces and then
extracted with 10 mL ethanol-water [8:2 volumeahtn an ultrasonic bath for 45 min. Then
the extract was centrifuged at 5300 rpm for 30 m@nd upper phase was evaporated to
dryness with rotary evaporator and the residue tas dissolved in 5 mL of ethanol. Each
ethanolic solution was filtered through a 0.45 pm@-Rembrane filter (Sartorius stedim
biotech) and was diluted 15 times and kept refatgst at -20°C prior to analysis.

2.8.2. Propolis extraction for screening terpentenpounds

One gram of each raw propolis sample was accurateighed and comminuted. Then each
sample was extracted with 10 mL chloroform in atrasbnic bath for 45 minutes. After
filtration, the solution was evaporated to drynesder reduced pressure. Finally, the residue
was dissolved in 5 mL of chloroform and then ditbgetimes with the same solvent.

2.8.3. Propolis extraction for palynological analys

Palynological processing of the propolis samplesfopmed according the standard
methodology (Barth, 1998; Barth & Fernandes PirdoLdz, 2009), using 0.5 g of scraped
propolis. Samples were extracted overnight withaeth by continuous stirring. After the

mixture was centrifuged at 4000 rpm for 10 min, tediment was treated with 10%
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potassium hydroxide solution and heated for 2 mia water bath. Each tube was put in an
ultrasonic mixer for 5 min and then sieved thro@B mm mesh sieve to remove large
organic particles. After application of acetolypi®cess to the filtrate, the sediment obtained
was washed with 5 mL distilled water and centriigg 4000 rpm for 5 min (Erdtman,
1952). The supernatant was discarded after ceg#tion. The sediment was resuspended
with 0.2 mL distilled water and spread onto a nscape slide. The microscope slides were
put onto the heating plate and stained with glyeejelly containing carbol fuchsin.

2.8.4. Plant bud extraction

One gram of each bud sample was cut into smalkepiand extracted with 20 mL of ethanol
at 70°C in a water-bath with continuous shakingeAfiltration, ethanol was removed using a
rotary evaporator and the residue was dissolvédni of ethanol.

2.9. Microscopic examination

Pollen grains were examined using Nikon Eclipsed@ital microscopy (Clemex Vision PE:
image analysis) and determined by 40x and immersatectives (100x). For the
identification, type, shape and size of the poljeain, thickness and ornamentation type of
exine, aperture number, place of the aperturesadierpgrain, size and type of aperture as
well as pore and cracks properties of pollens wexamined. Results were evaluated
according to the following scaling system: Dominpotlen (DP) (>45%); secondary pollen
(SP) (15 to 45%); important minor pollen (IMP) @ 15%) and minor pollen (MP) (<3%)
(Barth, 1998).

2.10. HPTLC method

Each sample test solutions of hydroalcoholic prigpektracts (5 uL), propolis chloroform

extracts (2 uL), plant bud extracts (2 pL) and atandard mixture solution (40uL) were
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applied on HPTLC glass plates (20 x 10 cm) precbati¢h silica gel 60 ks4(Merck) using a
Linomat V automatic sample spotter (Camag, Mutt&witzerland) equipped with 100 pL
Hamilton syringe (Bonaduz, Switzerland).

For the chromatographic separation of phenolic ecmmgds, HPTLC method reported by
Morlock et al. (Morlock et al., 2014) was modifiedorder to optimize the resolution of the
phenolic acids and flavonoids. Optimization inclddg) different proportions of hydrochloric
acid were used for preconditioning (32-37%), 2jedént acids (acetic acid and formic acid)
were tested for preconditioning, 3) different amtsuof hydrochloric acid (5-10 mL) were
used to wet filter paper, 4) the time necessaryfeconditioning (5-20 min) was adjusted, 5)
Conditioning of the chamber was performed with legtitoric acid 37% without using a filter
paper.

In this study, 10 mL of mobile phase composed-bexane-ethyl acetate-glacial acetic acid
in volume ratios of 5:3:1 was placed in one trooglthe twin-trough chamber (20 x 10 cm)
(Camag), while 10 mL of 37% hydrochloric acid wag g the other trough. The chamber
was saturated for 20 min. Then, the plate was deeel up to a migration distance of 65 mm.
After development, the plate was dried under a wairmfiow for 5 min.

For terpenic compounds, the plate was developeld thi# solvent system of toluene-ethyl
acetate [95:5 volume ratio] up to 7 cm in a sagddP0 min) twin-trough chamber (Reich &
Schibli, 2007). After development, the plate wasdiunder a warm air flow for 5 min.
Anisaldehyde, NP and PEG derivatization reagent® \peepared according to section 2.5.
For derivatization of phenolic compounds, the @datere first heated at 100°C on the Camag
TLC plate heater for 3 min and dipped into NP arielGP400 solutions, respectively. To

screen terpenic compounds, the plate was dippedainisaldehyde solution and afterwards
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heated on 100°C for 3 min. After derivatizatione thlates were documented by the TLC
visualizer (Camag) at 366 nm for phenolic compoumas at 366 nm and under white light
in reflectance mode for terpens. All the instrursewere operated by winCATS program
(Version 1.4.8.2031, Camag).

2.11. HPTLC-DPPH' test

HPTLC-DPPH’ assay was used to detect the activexadtive constituents separated on the
plate. Applied chromatographic conditions were ghdsscribed above. After drying, the plate
was dipped into freshly prepared 0.1% methanoli®@BRolution. Immediately after, image
capturing was performed under white light in retdece mode, by TLC visualizer. Finally,
the images were evaluated by Camag VideoScan Thliawon software (version 1.02.00).
2.12. Image analysis and multivariate analysis

Image analysis was applied as the first step tov@drHPTLC chromatograms to numerical
data sets. Images of the chromatograms were pextessth the Image J program

(http://imagej.nih.goV/ij/, ver. 1.47q, Rasband Wational Institutes of Health, USA) as it

was described by Ristivojeviet al. (Ristivojewt et al., 2014). Before image analysis, each
chromatogram was divided into three channels @ezgn and blue). Denoising of the images
was achieved using 2 pixels median filter. Differes of the background intensity between
images were removed with the use of a bandpass fiilter large structures down to 40
pixels; filter small structures up to 3 pixels). iN@lization of the images was performed by
using Standard Normal Variate (SNV) transformatdnch removes the slope variation from
chromatogram caused by scattering and variationthef particle size (Candolfi, De
Maesschalck, Jouan-Rimbaud, Hailey, & Massart, 1998e warping of the images was

done with correlation optimized warping (COW) algfom implemented in the PLS Tool

10



230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

248

249

250

251

252

Box, v.6.2.1, for MATLAB (7.12.0 (R2011a) (“Eigenster Research., Inc,” n.d.), using auto
selection of target sample.

Principal component analysis (PCA) was appliedhenratrix (48 samples x 427 variables)
obtained by digitization of chromatograms of ph@obmpounds documented at 366 nm, for
each channel separately. Variables represent teasities of pixels along the 427 length
lines. The data were additionally processed beftata analysis by using mean centering,
which is the preferred option when the classifmatof samples is based on variables that are
all measured in the same unit. The number of gradlccomponents (PCs) was determined
according to scree plot, which represents thetglmfiPCs to explain the variation in the data.
PCA was performed with PLS Tool Box v.6.2.1, for MIBAB 7.12.0 (R2011la)

(http://www.eigenvector.com/software/pls_toolboraht Eigenvector  Research, Inc.,

Wenatchee, WA 98801). It was carried out as anceafry data analysis by using a singular
value decomposition algorithm (SVD) and a 0.95 ierice level forQ and T? Hotelling
limits for outliers.

3. Resultsand discussion

In the previous reports, based on the band colbmhenolic profiles in HPTLC analysis of
propolis samples originating from Serbia, Slover@apatia, Germany and Romania, the
authors have suggested the presence of two maiatigar of European poplar propolis,
orange (O) and blue (B) types (Bertrams et al., 2013; Milojkovi¢c-Opsenica et al., 2016;
Morlock et al., 2014; Sarbu & Mp2011; Ristivojeu et al., 2014). O-type propolis shows
presence of several strong orange colored baneéshgwith small number of light blue and
faint green bands, while B-type is characterizethwdeep and light blue bands and weak

orange and green bands. Strong orange bands acaltfgr flavonoids like quercetin, blue
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bands for caffeic acid, CAPE, galangin, feruloytl@rcoumaroyl derivatives, and green ones
correspond to apigenin, apigenin-methyl-ether amganin (Bertrams et al., 2013; Morlock
et al., 2014, Ristivojevi et al., 2014). Extract of the black popl&opulus nigralL.) buds
showed a very similar pattern to the O-type sampleih is most likely to represent the
origin of this type. The B-type was found to beretated to a certain extent with the aspen
(Populus tremul In addition, horse chestnuadsculus hippocastanuim) components were
detected in both types (Morlock, Scholl, Kunz, &&weder, 2013).

3.1. HPTLC phenolic profile of Turkish propolis

Complete chemical characterization of propolis,aasomplex natural matrix with highly
variable chemical composition, is difficult to pemin. TLC-fingerprinting is usually a useful
technique, emphasizing a set of characteristicrohtographic signals, which would enable
sample recognition. In that sense, in the presargstigation, the HPTLC fingerprint was
performed for initial screening of Turkish propolia order to verify botanical and
geographical differences between the investigatudptes. The analysis was performed
together with samples from Serbia as a typical esgmtative of European poplar type
propolis (Supplemental Figure S1) (Ristivojewat al., 2014). A mixture of nine standard
solutions was also analyzed simultaneously withkiBrand Serbian propolis samples.
Visual comparison of the HPTLC chromatograms ofKiglr propolis samples have let the
detection of an additional type of chemical pattether than O- or B-types of European
propolis. This new type of Turkish propolis was ntgicomposed of nonphenolic compounds
(Supplemental Table S1), having an unusual chenpieafile without characteristics bands
for phenolics and was introduced for the first timehis study. Concerning the diversity of

the Turkish flora that consists of high number aflemic species (Baser, 2002), Turkish
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propolis samples being discrete from those tydmaCentral and Eastern Europe.

In the present study, according to subjective Vislessification, 37 propolis samples were
assigned to the O-type, 18 of them to the B-type %@no the new third type (Supplemental
Table S1). Among the investigated Turkish propaamples, O-type was found to be
predominant type and showed presence of almostwaistigated standards. Characteristic
orange band withR-range at 29 was recognized as quercetin (FigureF2athermore, blue
and greenish fluorescent bands witR- values at 9, 38, 54, 62, 75, 79, 88 were assigmed
apigenin, chrysin, caffeic acid, naringenin, CARIgdther with pinobanksin, galangin and
pinocembrin, respectively (Figure 2a). On the diiue, B-type was characterized by only
light blue or green bands corresponding to preWyomgentioned compounds, without orange
band. These compounds were also reported by Bexteaial. and Morlock et al. (Bertrams et
al., 2013; Morlock et al., 2014). Also, Ristivojewvet al. identified galangin, CAPE, chrysin
and pinocembrin as characteristic markers ofRhaigra buds which was proven to be the
main botanical source of O-type propolis (Ristiweet al., 2014). O-type propolis was also
found to be the predominant type in samples frombi&eDue to the determined similarity
between the Turkish and Serbian propolis samplessam assume that the botanical origin of
O-type propolis from these two European countriesrewsame, i.e. black poplar type
(Supplemental Figure S1).

With regard to the new third type, in the sampldgl,PP27, P30 and P42 from Turkey,
characteristic bands corresponding to phenolic @mgs were absent. Considering the rich
terpenoid content in Brazilian, Greek or Cretan etypropolis, i.e. monoterpenoids,
sesquiterpenoids, diterpenoids and triterpenoids,assumed that the major components in

the third type propolis might be terpenes rathantphenolics (Huang, Zhang, Wang, Li, &
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Hu, 2014; Kartal, Kaya, & Kurucu, 2002; Popova, i@hi, Marekov, & Bankova, 2009;
Popova, Graikou, Chinou, & Bankova, 2010). Dueht® fact that terpenic compounds have
affinity to apolar solvents, such as chloroformgythwere additionally extracted with
chloroform and analyzed under conditions charastierfor terpenic compounds (Reich &
Schibli, 2007). Consequently, vast number of bawtigch could be attributed to terpenes
were obtained on the chromatograms (Figures 2c dhndHowever, in order to reliably
confirm the chemical profile of these few sampladher investigations on higher number of
carefully selected representative samples are nejui

3.2. HPTLC profile of Turkish propolis vs. HPTLOfite of bud extracts

In order to define accurately the botanical originTurkish propolis, chemical profiling of
secondary plant metabolites in propolis samplesewaympared with the characteristic
metabolites in the bud extracts Bbpulusspp. . nigra, P. tremulaP. albg, Aesculus
hippocastanumBetula pendulaQuercus petragaSalix capreaUlmus glabra Tilia spp. T.
americanaT. tomentosal. europaepby HPTLC (Figure 3).

HPTLC analysis has shown a great diversity in thenplic profiles of these plant resir.
nigra bud extract demonstrated a rich phenolic profilhwseveral intensive orange, blue and
light green bands. Although of different geographmrigin, chromatograms &f. nigrafrom
Serbia and Turkey indicated almost identical pesfilPhenolic profile without orange bands
and with smaller amount of light and intensive bhe&nds with lowehR: ranges were
observed in th®. tremulaextract. The absence of the yellow and orange bamstremula
was also confirmed by Morlock et al. and Berthranal. (Bertrams et al., 2013; Morlock et
al., 2014). Several blue and greenish bands werectéel on A. hippocastanum

chromatogram, also confirmed by Berthrams et agrf@Bms et al., 2013), while only one
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bluish band was observed @. petraeachromatogram. Moreover, chromatogram Bf
pendulacontained several intensive green and light blaeds as previously reported by
Berthrams et al. (Bertrams et al., 2013). Mentiobkee and greenish bands do not match
with those found irP. nigra All other samples showed profiles without visilzienes under
the experimental conditions indicating absencehainolics.

The HPTLC profiles of plant resins, as potentiaidnacal sources of propolis, were compared
with profiles of Turkish propolis extracts. Based ghenolics fingerprint, O-type of Turkish
propolis showed similarity witl®. nigrabuds, while B-type has similar HPTLC pattern with
P. tremulabuds. These results were in agreement with Berthramal. (Bertrams et al.,
2013). On the other hand, the new third type okiBlr propolis did not show similarity with
any of thePopulusspeciesP. nigraextract was also observed to contain charactebstncls

of apigenin, quercetin, chrysin, caffeic acid, nganin, CAPE, pinobanksin, galangin,
and pinocembrin, which is identical with O-type mbpolis, whileP. tremulawas found to
contain only caffeic acid and naringenin, similaB:-type (Figure 3). The HPTLC profiles of
other nonpoplar plants did not show further strongerence with orange and blue types of
Turkish propolis.

3.3. HPTLC fingerprint for the assessment of autilegy of Turkish propolis samples

HPTLC phenolic profiles of Turkish propolis samplesombination with multivariate image
analysis and pattern recognition technique werd tmethe assessment of their botanical and
geographical origin. In order to recognize chandstie markers of botanical and
geographical origin, to confirm the presence obbatally different types of Turkish propolis,
and to find similarity/dissimilarity between Turkisand Serbian propolis samples, PCA, as

the most commonly used pattern recognition techlmiquas applied. PCA reduces the
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multidimensional data set mainly into the two areth dimensions transforming the original
variables (intensities of pixels along the 427 térines) into the new, uncorrelated variables
known as principal components (PCs) (Varmuza &Rdzer, 2008).

First, PCA was used to seek for some logical padter the data that might explain botanical
origin of Turkish propolis samples. The obtainedrfoomponent model explained 75.10% of
total variance, 35.22% of the overall data varisneeas accounted by the first principal
component (PC1), and 20.79% by the second one (RGRual projections of factor scores
and their loadings for the first two PCs have bpessented in Figures 4a and 4b. Taking into
account PC1 and PC2 score values (Figures 4a gnithréle groups of samples belonging to
three different botanical origins of propolis sagg(O-, B- and third types) were obtained.
There was some overlapping Hotelling dllipses among O- and B-type propolis samples. In
spite of that, third type samples were distant frotiner two groups and firmly clustered,
exhibiting small internal variability. The most Inéntial variables responsible for
differentiation of propolis according to botanicaligin as well as potential marker
compounds for Turkish propolis were identified gsithe loading plots. The loading plot
(Figures 4c and 4d) indicates correlations betwden variables and the PCs. Phenolic
compounds negatively correlated with PC1 were camgs with hR- values at 29
(quercetin), 43, 54 (caffeic acid), and 70, whi€2Pwas affected by phenolic compounds
with hR=values at 9 (apigenin), 29 (quercetin), 43, 54f&afacid), 62 (naringenin), 67, 75
(CAPE together with pinobanksin) and 79 (galangiRluorescence blue-greenish band
recognized as important marker for botanical orgfiTurkish propolis withhR-range at 43
could be identified as kaempferol. These phenodios important for discrimination of

propolis types. These results are in agreement stildies on German propolis, in which
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these compounds were recognized as markers fd@-thad O-type propolis (Bertrams et al.,
2013; Morlock et al., 2014). To get better insigitb differentiation between O- and B-type
of Turkish propolis according to their phenolicofdes third type samples were excluded
from multivariate analysis. The obtained separa@omong two subtypes were confirmed
alongside the PC1 direction (Figure 4b). The samplietwo varieties are dissipated in a
broader range of the score space and some overtpappisamples that occurred could be
expected due to the complex composition of propsdisiples that contained vast number of
plant buds resins.

In order to find specific grouping of Turkish andrBian propolis samples according to their
geographical origin, PCA was applied on data olthiftom chromatographic profiles. The
PCA resulted in a three-component model that empthi81.85% of total variance. The PC
accounted for 60.63%, PC2 for 12.30% and thirdqgiped component (PC3) for 9.53% of the
overall variance. Mutual projections of factor ssoand their loadings for the first three PCs
have been presented in Figure 5a. The 3D scorer@letled that samples were not firmly
clustered according to their geographical origia, Turkish and Serbian samples were not
clearly distinguished. Although both were from S@me botanical origin that correspond to
European poplar type, certain differences arisingmf the geographical and climatic
conditions have still existing. Loading plots agaanfirmed the importance of phenolics such
as caffeic acidi(R- at 54), CAPE together with pinobankshiR¢ at 75), galanginhR- at 79),
and compounds withR- at 30, 43 and 47 (Figures 5b, c and d).

To conclude, pattern recognition technique confirthe presence of three botanically
different types of Turkish propolis as well as savsubtypes according to their geographical

origins. Above mentioned compounds were recognaednost important phenolic markers
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for characterization of Turkish propolis.

3.4. Microscobic analysis of Turkish propolis saesl

Pollen grains come from anemophilous or entomophkilowers adhere to the resin during its
collection by the bees or from harvested polleimdmshe beehives (Barth & Fernandes Pinto
da Luz, 2003). Identification of the pollen contemtpropolis samples may provide further
evidence for characterization of the vegetatiothatvicinity of beehive and the geographical
origin of propolis (Barth & Fernandes Pinto da LA209). The diversity of the plant species
used by the bees to prepare propolis may be anatoin for acceptable quality and wider
medicinal properties. However, numbers of suchmpabgical studies on Turkish propolis are
scarce (Celemli & Sorkun, 2012; Gencay & Sorkur§&)0

A great variety of pollen types were detected i@ finopolis samples (Supplemental Figure
S3). The pollen spectra were consisted of bothanertd non-nectar plant pollen grains. The
results were listed in Table S2 (Supporting infaiiorg in accordance with criteria applied
in melissopalynology (Louveaux, Maurizio, & Vorwohll970). Pollen frequency was
indicated as: DP for dominant (more than 45%), &sécondary pollen (between 16-45%),
while pollens which are significant to charactetize phytogeographical origin of the sample
and constitute only 3-15% of pollen grains was radrlas important minor pollen (IMP).
However, the last group, minor pollen (MP), comipgsless than 3% of the pollen grains,
includes a great number of less important plantisge sometimes represented by only a
single grain, is not presented in Supplemental & 8.

Pollen grains belonging to 52 family and 75 taxaendentified in Turkish propolis samples.
Among these, particularly those belonging to Astes®, Fabaceae, Rosaceae, Brassicaceae,

Umbelliferae, Plantaginaceae, Salicaceae, FagaBeaeecae, Lamiaceae, Polygonaceae and
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Rhamnaceae families were detected almost in allplsmm(Supplemental Figure S3). The
possible plant sources of pollen grains in propshsnples were also identified: Pinaceae
(Abies spp, Pinus spp.), Acer spp, Betulaceae Betula spp, Alnus spp, Carpinus spp,
Corylusspp.), FagaceaeCéstanea sativaMill., Quercusspp), Eucalyptusspp., Prunus
spinosa SalicaceaeSalixspp, Populusspp.), Tilia spp.,UImusspp.

In previously published studies on propolis samplé#garakomska and Maciejewicz
(Warakomska & Maciejewicz, 1992) and Moreira et(Moreira et al., 2008) reported the
presence of pollen grains Bbpulusspp. from Polish samples, while Gencay and Sodidn
not evaluatd?opulusspp. in propolis samples collected from east Ara(durkey) (Gencay

& Sorkun, 2006). In addition, Celemli and Sorkursetved only minor amount of them in
propolis samples from Tekirdag (Turkey) (CelemliSorkun, 2012). In the present study,
Populusspp. pollens have not been determined in anyeo$#imples. Possible explanation for
this incoherent fact that honeybees mostly coltbet sticky secretions on the surfaces of
Populusspp. buds just before flowering period, and adogigt pollen grains could not be
detected.

On the other hand, the type of several propolispdasn(i.e. P4, P7, P20, P24, P37, P42, P45,
P46 and P59) were not characterized on the bagsllen analysis, since neither dominant
(DP) nor secondary pollen (SP) grains were obserVedrefore, applications merely based
on pollen analysis would not be a satisfactory agghn for determination of botanical origin
of a propolis sample. Briefly, pollen analysis givenly preliminary information about the
most dominating botanical species in the vicinityhe beehive, but not for determination of
the propolis type. Therefore, in order to confirne tbotanical origin of propolis precisely,

chromatographic fingerprint analysis should be grenkd simultaneously with plant bud
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extracts.

3.5. Antioxidant activity of Turkish propolis evatad by HPTLC-DPPH" analysis

DPPH’ assay combined with HPTLC is a fast screetgngnique that provides identification
of each phenolic component with potential antioiida activity. Antioxidant activity of
compounds separated on the plate could be idehtifie detection of yellow color bands
against purple background obtained after dippingH®fTLC chromatogram in DPPH’
solution.

The HPTLC chromatograms of propolis samples afeatinent with DPPH’ reagent showed
colored bands withhR- values that correspond to caffeic acid, galangi®PE and
pinobanksin (Figure 2b). Identical activity of imdlual compounds in the standard mixture
was also confirmed (the concentration of chrysaffeic acid, CAPE and pinobanksin 307.5,
307.5, 307.5 and 0.614my/band, respectively). The antioxidant activitypsbpolis samples
was probably resulting from the presence of phenclimponents possessiogdihydroxy
phenyl structure which is the basic structural nemuent for significant radical scavenging
activity. Namely, caffeic acid, quercetin, kaempfegalangin, phenethyl caffeate, cinnamyl
caffeate were reported as the main phenolics inpgh® with high reducing
power (Kumazawa, Hamasaka, & Nakayama, 2004).

For the O-type of Turkish propolis, components Wil ranges at 29, 47, 54, and 75 in the
area of pronounced blue bands displayed higher chregucapacity. Contrarily, the
components having blue fluorescence in the B-tyfperapolis exhibited weak antioxidative
power. This finding is in accordance with resu#ported by Bertrams et al., where O-type
German propolis showed higher reducing capacity pasing to B-type (Bertrams et al.,

2013). On the other hand, the third new type opplis which was explored in this study did
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not show any reducing power against DPPH’ reagent.

The applied quantitative method in this study isdshon calculation of total extract area
using Camag VideoScan TLC evaluation software whicbnverts images into
chromatograms. The sum of all the peaks (the tateh of one propolis extract) was
considered as the total antioxidant activity ofssparated compounds on the chromatogram.
When total antioxidant capacity of all propolis $des were compared, the sample encoded
P11, which was provided from Persembe (Ordu) wasdao exert the highest antioxidant
activity among all samples. According to the HPTli@erprinting, this sample was an O-
type propolis possibly originating frof. nigra When the result of pollen analysis of P11
was examined, the highest pollen count was detewnnio belong to chestnuC ( sativg in

the ratio of 88% (Supplemental Table S2).

This is a particularly important outcome demonstgathe influence of environmental plant
diversity around the beehive in the chemical contfprsand thus pharmaceutical properties
of propolis. Accordingly, disposition of beehiveshave P. nigra and C. sativa tree
populations are abundant would possibly increasetfarmaceutical value of propolis.

4. Conclusion

Turkey is characterized by widely varying climagiocd topographic conditions, which result
in a broad diversity in forest ecosystems, speaigswithin-species variation. Consequently a
widerange of diversity are expected among the ppamples. In the present study,
authentication of Turkish propolis samples accagdmtheir HPTLC phenolic fingerprinting
and palynological profiles were performed. In additto known two main propolis types (O-
and B-types) from different botanical origins, awhird type propolis was discovered first

time here. O-type of Turkish propolis originatedrrP. nigra while B-type showed a similar
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pattern asP. tremula buds. Application of HPTLC profiling hyphenated Wwitpattern

recognition technique for the assessment of badhrand geographical origins of Turkish

propolis were also confirmed in comparison to basins for botanical origin,e. Serbian

propolis, as a representative of European propfarsgeographical origin. According to the

pollen analysisC. sativaproved to be one of the dominant pollen grainsitbin the propolis

samples. It should be emphasized that performing pollen analysis is not a satisfactory

approach to determine the botanical origin of phgpalue to the fact that most of the

samples, as well as those analyzed in this study,laxk of dominant pollen and even

secondary pollen grains. Therefore, authenticadiopropolis should primarily be performed

by chromatographic analysis and then palynologcaliles may be examined as a secondary

tool.
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Table 1. List of standard compounds with band colors and hRr values

Band Compound Band color hRe
1 Apigenin green 9

2 Quercetin orange 29
3 Chrysin green 38
4 Caffeic acid blue 54
5 Naringenin green 62
6+7 CAPE+Pinobanksin blue 75
8 Galangin blue 79

9 Pinocembrin blue 88
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Figure 1. Propolis samples collected from Turkey
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Figure 2. HPTLC chromatograms of (a) hydroalcoholic propebsracts at 366 nm, developing solvent system:
n-hexane-ethyl acetate-acetic acid (5:3:1, v/vhgrivdatization: NP/PEG 400; (b) hydroalcoholic prbgo
extracts at white light, developing solvent systemhexane-ethyl acetate-acetic acid acid (5:3:1,vy/v/
derivatization: DPPH" solution; propolis chloroforextracts at (c) 366 nm and (d) white light, depéig
solvent system: toluene-ethyl acetate (95:5, v/\deyivatization: Anisaldehyde reagent.
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Figure 3. HPTLC chromatogram of plant bud extracts at 366 firack 1 and 2P. nigra; Track 3:P. tremula;
Track 4:P. alba; Track 5:T. americana; Track 6:A. hippocastanum; Track 7:B. pendula; Track 8:Q. petraea;
Track 9:S. caprea; Track 10:U. glabra; Track 11:T. tomentosa; Track 12:T. europaea; developing solvent
systemn-hexane-ethyl acetate-acetic acid (5:3:1, v/iv/eyj\dtization: NP/PEG 400
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projections of factor scores, c) loadings for ti@&lPd) loadings for the PC2.
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Figure5. Principal component analysis to determine geograpblorrigin of Turkish and Serbian propolis: a)
mutual projections of first three PCs, b) loadifgsthe PC1, c) loadings for the PC2, d) loadingstfie PC3



Highlights

» Turkish propolis was classified as orange, blue and nonphenolic types by HPTLC.

» O-type of propolis originates from Populus nigra, while B-type from P. tremula buds.
» O-type of propolis exerted higher antioxidant activity than the other propolis types.

» Castanea sativa was one of the dominant pollen grains found in the propolis samples.
» Quercetin, caffeic acid, CAPE, pinobanksin and galangin had antioxidant activity.



