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Abstract:  Propolis is a resinous substance produced by honey bees from various plants they visit. Sixty-four 

propolis samples were collected from different localities of four districts (Merkez, Yüksekova, Şemdinli, and 

Çukurca) in Hakkari territory. Ethanol extracts of the propolis samples were prepared, and their chemical 

contents were determined by gas chromatography–mass spectroscopy (GC–MS). Flavonoids were generally 

found in a high concentration in Şemdinli samples of Turkey. Twenty-seven coumarins were identified in the 28 
propolis samples among studied 64 ones. Except suberosin, the coumarins were never reported before in any 

propolis sample with Turkish origin. The propolis samples belonging to Yüksekova were found to be richer in 

coumarins than the others, and the most richest one among the Yüksekova apiaries, was found to be Akocak 

sample (Y2) with 41.99% total yield, followed by Akçalı sample (Y5) (30.86%). This is a first comprehensive 

and original report about the chemical profile of propolis samples from Hakkari. The propolis samples from 

Hakkari exhibited a chemical content rich in flavonoids including coumarins and furocoumarins. 

 

Keywords: Chemical analysis; coumarin; flavonoid; Hakkari; propolis. © 2018 ACG Publications. All rights 

reserved. 

 
 

1. Introduction 

Since more than 125 million years, bees are still one of the most important and hard worker 

species of the nature. This success may be related to the chemistry and fields pertaining to the 
application of specific bee products such as honey, pollen, propolis, beeswax, venom, and royal jelly 

[1]. Among these products, propolis is a nontoxic natural substance collected by honey bees (Apis 

mellifera) from the cracks in the bark of trees and leaf buds [2]. The bees mix these resins with 
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substances derived from pollen and different types of enzymes [3]. Propolis is gradually gaining more 

attention recently because of its antioxidant, antibacterial, antifungal, antiviral, anticancer, and 

immunostimulating activities [4].   
Natural products have played an important role in drug discovery [5]. The use of propolis dates 

back to B.C. 300 [6]. This product was discovered by the Greeks for the first time and used as a 

natural antibiotic. Propolis, because of its antiputrefactive property, was used in the mummification of 
dead bodies by ancient Egyptians and as a mouth disinfectant by Romans and Greeks. In addition, it 

was used as an antipyretic material by Incas and as a lotion for treatment of various illnesses in 

Georgia [7]. As propolis increases appetite and decreases lung problems, it was used in tuberculosis 
treatment in Soviet clinics during World War II [8]. Use of products containing propolis have resulted 

in extensive dermal contact, however it is now increasingly being used as a dietary supplement. In 

fact, there is a substantive database on the biological activity and toxicity of propolis which was 
reported in detail by Burdock in a review article including some clinical reports of propolis allergy  

[2], since reports of allergic reactions are not uncommon, propolis should be yet considered relatively 

non-toxic.  
Nowadays, propolis is still used as a natural medicament, particularly in Brazil and Eastern 

European countries [9]. Propolis was introduced to the global market in capsule, pastille, toothpaste, 

and cream forms [2,6,10]. At the same time, it is being consumed as a healthy drink in various Asian, 
European, and American countries [11]. However, propolis which are rich in furanocoumarins should 

be consumed carefully, due to their some properties, such as irreversible CYP3A4 inhibitor, and 

organic anionic transporter and P glikoprotein (ABC) inhibitor. Therefore, their chemical analysis 
results should be documented with their detail content and allergens information for the consumers. 

Propolis has a very diverse composition and is potentially a source of biologically active 

compounds [12]. The chemical composition of propolis depends on the plant variety, geographical 
properties, and climatic conditions of the region where collected from [9]. Until now, more than 500 

compounds were identified in the chemical composition of propolis [13]. The fact that a variety of 

chemicals in the chemical composition of a propolis sample depends on its collection region which 
prevents the exact standardization of propolis. For this reason, the information about the usage of 

propolis is generally a suggestion. The quality and quantity of the constituents and nonexistence of 

contamination in propolis are important points for standardization [14,1]. 
In this study, the chemical compositions of the propolis samples obtained from apiaries of 

Hakkari territory, which is located at the most south-East Anatolian region, in the border of Iran and 

Iraq, were determined. The similarities and differences between the samples were evaluated and 
important groups of compounds were identified. Thus, a chemical profile of the Hakkari propolis, 

particularly Yüksekova samples exhibited a remarkable differentiation with the presence of coumarins 

at moderate-high percentages from the investigated propolis of other regions of Turkey. 

 

2. Materials and Methods 

 

2.1. Propolis Samples 

 
Raw propolis samples were obtained from apiaries at 64 different locations belonging to four 

districts (Merkez, Yüksekova, Şemdinli, and Çukurca) of Hakkari within two years 2011–2012. 
Thirteen samples were collected from Merkez, nineteen samples were collected from Yüksekova, 

thirty samples were collected from Şemdinli, and two samples were collected from Çukurca. The 

locations are listed in Table 1. Raw propolis samples were collected with traps placed on the top of the 
beehives.  

 

2.2. Extraction and Sample Preparation 

 
 Propolis samples were frozen in the fridge (−18 °C), crushed into pieces, and dissolved in 96% 

ethanol (1:3, w/v). This mixture was kept in the incubator at 30°C for four weeks in a tightly closed 
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nontransparent bottle. After four weeks, the supernatant was filtered twice with Whatman No. 4 and 

No.1 filter paper, respectively. The filtered solution was diluted in 1:10 ratio (w/v) with ethanol (96%) 
and evaporated to complete dryness. About 5 mg of the dry propolis was mixed with 75 μL of dry 

pyridine and 50 μL bis (trimethylsilyl) trifluoroacetamide (BSTFA) and heated at 80°C for 20 min, 

and then, the final supernatant was analyzed by gas chromatography–mass spectroscopy (GC–MS). 

 

2.3. Gas Chromatography–Mass Spectroscopy (GC–MS) Analysis 

 
Samples were analyzed using a GC 6890N from Agilent (Palo Alto, CA, USA) coupled with 

mass detector (MS5973, Agilent) equipped with a DB-5 MS capillary column (30 m × 0.25 mm and 

0.25 μm of film thickness). The column oven temperature was initially maintained at 50°C for 1 min 
and then programmed to rise to 150°C at 10°C/min and maintained for 2 min. Finally, the temperature 

was increased to 280°C at 20°C/min and maintained at 280°C for 30 min. Helium was used as the 

carrier gas at a flow rate of 0.7 mL/min. 
 

2.4. Identification of Compounds 

 
The compounds in the propolis samples were identified by using the Wiley and NIST libraries 

available in the data acquisition system of the GC–MS apparatus if the comparison scores obtained 

were higher than 95%. Otherwise, fragmentation signals of the compounds in mass spectra were 
evaluated, and the compounds were identified. The percentage reports of the compounds in the 

samples were reported. This was the standard way to quantify the many organic compounds in the 

propolis samples. In this case, the relative error could not be higher than 5% [15]. 
 

3.  Results and Discussion  

 
The chemical composition of 64 propolis samples supplied from Hakkari territory was 

investigated. The yields percentages of the dry propolis extracts were found extending between 2.50% 
to 27.22% which are presented in Table 1. However, the two samples; one from Şemdinli (Altınsu 

location) and the other Yüksekova (Bulaklı location) were obtained extremely with low yield (0,22 

and 0.56%, respectively). In total, more than 250 individual compounds were determined in propolis 

samples. Because of the variability of plant sources belonging about 30 distinct families, the chemical 
composition of each propolis was found to be highly variable [16]. Compounds such as flavonoids, 

phenolics, essential oils, aromatic aldehydes, alcohols, and terpenes are among the compounds 

determined in different propolis samples [10]. Aliphatic, carboxylic, and cinnamic acids and their 
esters as well as hydrocarbons, coumarins, flavonoids, and terpenes (monoterpenes, sesquiterpenes, 

and diterpenes) were determined in propolis samples examined in this study (see supporting 

information Table S1). 
It is well known that flavonoid content and concentration will affect the biological activity of 

propolis [17]. In the present study, flavonoids were found almost in all detected Hakkari samples, and 

the highest percentage of flavonoids was determined in a sample S19 (34.46%) obtained from 

Şemdinli district. Flavonoids (apigenin, chrysin, galangin, gengkwanin, kaempferol, naringenin, 
pinocembrin, pinostrobin chalcone, sulfuretin, and tectochrysin) were identified as the main 

components in 22 of 50 samples. These compounds were determined in the propolis samples collected 

from Merkez (in 10 of 13 samples), Yüksekova (in 15 of 19 samples), Şemdinli (in 23 of 30 samples), 
and Çukurca (in 2 of 2 samples) districts within the ranging 1.61%–22.86%, 0.28%–30.22%, 2.14%–

34.46%, 10.14%–14.83%, respectively. Our results are in agreement with those found by different 

researchers [15], namely as flavonoids consisting of flavones, flavans, chalcones, aurones 

(pinocembrin, pinostrobin, isalpinin, pinobanksin, quercetin, naringenin, galangine, and chrysin) as 
main constituents of Hakkari propolis samples.  
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Table 1. Geographical origins and yield of dry extract of propolis samples 
Sample District Locality Yield (%) Sample District Locality Yield (%) 

M1 Merkez Durankaya 27.22 S1 Şemdinli Korgan 22.67 

M2 Merkez Kamışlı  10.16  S2 Şemdinli Çatalca-Soğuk Su 8.00 

M3 Merkez Geçitli 16.22  S3 Şemdinli Aşağı Kayalar 2.50  

M4 Merkez Pınarca 18.89  S4 Şemdinli Aşağı Kayalar 17.96  

M5 Merkez Kırıkdağ 6.22  S5 Şemdinli Aşağı Kayalar 20.67  

M6 Merkez Kaval 5.33  S6 Şemdinli Yukarı Tuğlu 11.33  

M7 Merkez Cevizdibi 23.11  S7 Şemdinli Öveç- Karaağaç 10.00 

M8 Merkez Elmacık 7.47  S8 Şemdinli Yukarı Tuğlu 11.67  

M9 Merkez Işık 8.5 S9 Şemdinli Alan-Derecik 8.67 

M10 Merkez Uğurlu 11.16  S10 Şemdinli Günyazı-Hazne 21.58  

M11 Merkez Ceylanlı 3.10  S11 Şemdinli Alan 5.56  

M12 Merkez Yapraklı 8.89  S12 Şemdinli Altınsu 0.22  

M13 Merkez Geçitli 3.57  S13 Şemdinli Günyazı 3.29  

Y1 Yüksekova Akçalı 5.00 S14 Şemdinli Günyazı-Tanyolu 6.83  

Y2 Yüksekova Akocak 18.8  S15 Şemdinli Alan 12.90  

Y3 Yüksekova Bulaklı 0.56  S16 Şemdinli Çatalca 7.00  

Y4 Yüksekova Büyükçiftlik 5.19  S17 Şemdinli Günyazı 12.83  

Y5 Yüksekova Akocak 11.3  S18 Şemdinli Aşağı Kayalar 17.98  

Y6 Yüksekova Salkımlı 6.00  S19 Şemdinli Tekeli  18.84  

Y7 Yüksekova Tuğlu 8.70  S20 Şemdinli Çatalca 9.63  

Y8 Yüksekova Karlı-Beşpınar 7.50  S21 Şemdinli Çatalca-Erdemli 10.66  

Y9 Yüksekova Su üstü 5.28  S22 Şemdinli Yukarı Kayalar 3.51  

Y10 Yüksekova Dağlıca 9.05  S23 Şemdinli Tekeli 8.53  

Y11 Yüksekova Yekmal 8.00 S24 Şemdinli Tekeli-Balıklı 11.75  

Y12 Yüksekova Akpınar 9.17  S25 Şemdinli Kayalar-Mağaraönü 14.44  

Y13 Yüksekova Onbaşılar-Çamdalı 10.10  S26 Şemdinli Aktütün 13.16  

Y14 Yüksekova Onbaşılar 8.93  S27 Şemdinli Öveç-Derya 11.99  

Y15 Yüksekova Akocak  8.80  S28 Şemdinli Uğuraçan 13.34  

Y16 Yüksekova Tuğlu 4.50  S29 Şemdinli Beyyurdu 17.90  

Y17 Yüksekova Kısıklı 11.50 S30 Şemdinli Bozyamaç 16.53  

Y18 Yüksekova Bataklık  7.33 C1 Çukurca Narlı 6.32 

Y19 Yüksekova Esendere 7.89 C2 Çukurca Çığlı 8.33 
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In the present study, coumarins were also detected in varying percentages, particularly 

obtained with high percentages in Yüksekova apiaries, with the highest percentage in Akocak sample 
(Y2), followed by Akçalı sample (Y5) (30.86%). As it is known coumarins are also classified as a sub-

class of flavonoids. 27 Coumarins were identified in the 28 propolis samples among studied 64 ones. 

Similarly, Fernandes-Silva et al. [18] found flavanoids as major constituents of the samples from 

Minas Gerais, Brazil. Pinostrobin chalcone and pinocembrin were determined in most of the propolis 
samples. 

Pinostrobin chalcone was found in 8 samples of Merkez (M1, M3, M4, M5, M6, M7, M11, 

and M13), 15 samples of Yüksekova (Y1, Y3, Y4, Y5, Y6, Y8, Y9, Y10, Y13, Y14, Y15, Y16, Y17, 
Y18, and Y19), 21 samples of Şemdinli (S1, S2, S3, S6, S7, S8, S10, S14, S17, S18, S19, S21, S22, 

S23, S24, S25, S26, S27, S28, S29, and S30), and one sample of Çukurca (C2) in different amounts. 

The highest concentration was determined in M3 sample as 11.30%. Pinostrobin chalcone was also 
determined in the propolis of many other regions [19, 20, 21], and its cytotoxic activity was shown 

against cancer cells [22]. 

Pinocembrin, which has activities such as antimicrobial [23], anti-inflammatory [24], 

antimutagenic [25], antioxidant [26], local anesthetic activities [10], was determined in M1, M3, M5, 
M6, M7, M10, M11, M12, Y1, Y3, Y4, Y6, Y8, Y10, Y14, Y15, Y16, Y17, Y18, Y19, S1, S2, S3, S6, 

S7, S8, S10, S16, S17, S18, S19, S20, S21, S22, S23, S24, S25, S26, S27, S28, S29, S30, C1, and C2 

samples. The highest concentration for pinocembrin was determined in S19 (9.49%) sample. 
Similarly, this compound was determined in other propolis samples from Turkey [16, 27] and Iran 

[28].   

The flavonoid contents of propolis samples were similar to those of Algerian [29], American 
[30] and Mediterranean regions [31]. Popova et al. [32] determined that Pinus nigra and Populus 

euphratica Oliv. as the main botanical sources of Turkish propolis and marked the flavonoids 

pinocembrin, galangin, chrysin, kaempferol and phenolics phenethyl caffeate and benzyl ferulate as its 

major compounds [33]. Our results indicate that the propolis samples, in which the flavonoids were 
identified as the main component, showed a similar character to the poplar type propolis character. 

Furthermore, it has been determined that the propolis samples collected from Şemdinli have higher 

flavonoid content than the other propolis samples in general (see supporting information Table S2).  
Coumarins, which are a wide class of flavonoids, play an important role in the defense 

mechanism of plants and have many useful biological effects on human health [34]. In this study, 

coumarins were determined in M3, M4, M7, M11, M13, Y2,Y3, Y4, Y5, Y7, Y9, Y13, Y14, Y16, 

Y17, Y19, S10, S12, S20, S21, S22, S23, S24, S25, S26, S27, S28, and S29 samples (Table 3). 
Among them, five propolis samples Y2, Y5, S28, Y13 and Y9 contain coumarins at high percentages; 

41.99%, 30.86%, 25.65%, 12.48%, 12.30%, respectively as their main components. The highest 

coumarin content sample, detected in Yuksekova, Akocak (Y2) consists of 8 coumarins, only two of 
them formed 39.72 % of total percentage (compound 19 with 24.76 % and compound 21 with 14.96 

%). 14 of total 27 coumarins identified have furanocoumarin structure, and except one of them, 

suberosin, all coumarins have been determined for the first time in Turkish propolis. However, 
suberosin was isolated before from Iranian propolis [35].  

Except suberosin (16), the following 26 compounds were identified for the first time in 

propolis samples; angelicin (1), bergapten (2), bergaptol (3), columbianetin (4), decursin (5), 

isogeijerin (6), jatamansin (7), lomatin (8), methoxsalen (9), oroselone (10), osthole (11), 
oxypeucedanin (12), prangenin (13), psoralen (14), seselin (15), xanthotoxol (17), 4-hydroxymellein 

(18), 2-(1-(2-methylcrotonoyloxy)-1-methylethyl)-8-oxo-1,2-dihydrofurano[2,3-H]2H-chromene (19), 

norpterphyllin III (20), 2,2-dimethyl-6-oxo-2,3,6,6a-tetrahydropyrano[3,2-f]chromen-3-yl, 3-methyl-
2-butenoate (21), 2,2-dimethyl-pyrano-(3,2-c)(1)benzopyran-5-one (22), isoangenomalin (23), 

oxypeucedanin hydrate (24), isooxypeucedanin (25), 6-(2,3-dihydroxy-3-methylbutyl)-7-

methoxycoumarin (26), 7-ethoxyprocecene (27) (Table 2 and Figure 1).  
Coumarins are a large group of secondary metabolites that are distributed in Apiaceae, 

Rutaceae, Asteraceae and Fabaceae [36], and many plants, particularly belonging to the Apiaceae 

family are rich in coumarins and furanocoumarins [37]. In a study on the botanical origins of the 

Hakkari propolis samples, Bayram (2015) [38] reported that 71 plant taxa belonging to 34 families 
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were determined to be present at different ratios in the propolis samples and the pollens of the plants 

belonging to the families of Apiaceae (2.7%-35%), Asteraceae (3.4%-35.4%) and Fabaceae (12%-

66%). It has been reported that coumarins angelicin [39,40],  bergapten [39,41,42], bergaptol [43,44], 
columbianetin [43], decursin [45], jatamansin [46], lomatin [47,48]  methoxsalen [49], oroselone [50], 

osthole [51], oxypeucedanin [52,53,54], prangenin [55], psoralen [40,43], seselin [56], suberosin  

[57,58],  xanthotoxol [59,60], 2-isopropenyl-2,3-dihydrofuro[3,2-g]chromen-7-one [61], 3-methyl-but-

2-enoic acid, 2,2-dimethyl-8-oxo-3,4-dihydro-2H,8H-pyrano[3,2-g]chromen-3-yl ester [62], and 4-(3-
methyl-2-oxobutoxy)-7H-furo[3,2-g][1]benzopyran-7-one (isooxypeucedanin) [63] are found in the 

chemical composition of different plants belonging to the Apiaceae family. Similarly, psoralen, 

angelicin [64], bergapten [65], and seselin [66] have been reported to be present in the Fabaceae 
family plants.  

On the other hand, it has been reported that compounds osthole [67], isogeijerin [67], seselin 

[68,42], 6-(2,3-dihydroxy-3-methylbutyl)-7- methoxycoumarin [69] are found in plants of Rutaceae 
family. However, according to the Tubives (Turkish Plants Data Service) [70] data, the plant 

belonging to the Rutaceae family in the Hakkari flora was not identified. This clearly shows that there 

are still unspecified plant taxa visited by honeybees in the Hakkari region, and probably belonging to 

different plant taxa located in Hakkari, except the plants belonging to the Rutaceae family. In our 
study, the ratio of flavonoids was found to be low in the propolis samples in which coumarins were the 

main component, which indicates that these propolis samples do not exhibit typical poplar propolis 

character. These results support that propolis also uses other plant sources rather than poplar. No 
information is available in the literature on herbal sources of compounds 18, 19, 20, 21, 22, 24, 27 

mentioned in Table 2, which is a question for future research. The most important result of the present 

study for the next step, is to bring a necessity for the investigation of coagulant/anticoagulant profile 

of those coumarins detected in the propolis samples for their useability, safely. Sure, there are some 
previous studies on some of them to investigate such activities.  

 Hydrocarbons are another group of compound determined in propolis samples. Any specific 

activity of hydrocarbons in propolis was not reported before [71]. Negri et al. [72] stated that beeswax 
hydrocarbon distribution was widely used in taxonomy for botanic science but that no relation can be 

established between hydrocarbon profiles and geographical closeness for propolis. These compounds 

are thought to be originated from bee metabolism. [73]. In our study, hydrocarbons were identified as 
the main component of 20 propolis samples. Hydrocarbons were determined in all samples except M9, 

Y12 and S13 (see supporting information Table S3). It was noticeable that highest hydrocarbon 

carrying sample (S4) did not bear flavonoids. Moreover, in addition to the hydrocarbons, the 

compounds belonging to the aliphatic acids and their esters were found to be quite high (31.33%) in 
S4 sample (see supporting information Table S4).   

As the carboxylic acids and their esters, they were not determined in 24 of 64 samples while 

they detected in minor ratios in 40 samples (see supporting information Table S5). The amounts of 
these compounds in propolis samples were different from each other. They were identified in highest 

ratio in S16 sample (6.21%).  

The aliphatic acids and their esters were detected in all samples except M10, M12 and Y11. 
They were determined in Merkez, Yüksekova, Şemdinli and Çukurca district samples at ratios of 0%-

13.77%, 0%-15.01%, 0.21%-32.05%, 8.11%-8.76%, respectively. In addition, in the chemical content 

of M9 and S13 have been only identified aliphatic acids and their esters. On the other hand, in 57 of 64 

samples, ethyl oleate was determined at considerably high ratios. Similarly, this compound was 
determined in other propolis samples of Turkey [3, 76, 77]. Determination of ethyl oleate in different 

ratios in many propolis samples (57 samples) suggests that this compound may be a marker compound 

for the Hakkari region or even Turkey propolis.   Ethyl oleate has been reported to be a major ester of 
queen bees [78]. This supports that this compound, which is detected in the chemical content of 

propolis, is originated from bee metabolism. In an earlier study, this compound has been reported to 

contribute to the efficacy of propolis against Leishmania infantum and Leishmania tropica [79].   
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Table 2. Coumarins in propolis samples (composition %) 
Comp. M3 M4 M7 M11 M13 Y2 Y3 Y4 Y5 Y7 Y9 Y13 Y14 Y16 Y17 Y19 S10 S12 S20 S21 S22 S23 S24 S25 S26 S27 S28 S29 

1 - - 0.35 0.15 0.13 0.11 - - - - 0.65 0.84 1.03 - - - 0.3 - 0.29 - - - 0.18 0.45 0.09 - 0.76 0.15 

2 - - - - - - - - 0.12 - - - - - - - - - - - - - - - 0.17 - - - 

3 - 4.23 - - - - - - 0.81 1.5 - 0.11 - - - - - - - - - - 0.91 - - - 0.74 - 

4 - - - - - - - - - - - 0.95 0.39 - - - - - - - - - - - - - 0.48 - 

5 - - - - - - - - 10.32 - - - - - - - - - - - - - - - - - - - 

6 - - - - - - - - - - - - - - - - - - - - - - - - 0.75 - - - 

7 - - 1.91 0.52 - - - - - - - - - - - 0.86 - - 1.55 - - - - - - - 12.82 - 

8 - - - - - - - - - - - - - - - - - - - - - - - - 0.4 - - - 

9 - - - - - - - - - - - - - - - - - - - - - - - - 0.1 - - - 

10 - - - - - 0.04 - - - - - - - - - - - - - - - - - - - 0.09 - - 

11 - - - - - 0.19 - - 4.29 0.45 - - - - 1.12 - - - - - - - - - 1.41 - - - 

12 - - - - - - - - - - - - - - - - - - - - 0.74 - 1.77 - - - - - 

13 - - - - - - - - - - - - - - - - - - - 0.58 - 0.3 2.12 - - - - - 

14 - - - - - 0.33 - - - - - - - - - - - - - - - - - - - - - - 

15 - - - - - - - - 0.19 - - - - - - - - - - - - - - - - - - - 

16 - - 1.47 - - - - - - 1.23 - - - - - - - 3.1 - 0.36 - - 1.15 - 0.42 - - - 

17 - - - - - - - - - 3.67 - - - - - - - - - 0.15 - - 0.38 - - - - - 

18 0.24 - - - - - - - - - - - - - - - - - - - - - - - - - - - 

19 - 2.26 - - - 24.76 3.37 0.89 - - 11.65 9.11 5.29 - - - - - - - - - - - - - 10.85 - 

20 - - - - - - - - - - - - - - - - - - 0.29 - - - - - - - - - 

21 - - - - - 14.96 - - - - - - - - - - - - - - - - - 4.10 - - - - 

22 - - - - - 1.60 - - 15.13 - - - - - - - - - - - - - - - - - - - 

23 - - - - - - - - - - - - - - - - - - - - - - - - 0.78 - - - 

   24 - - - - - - - - - - - 1.47 - - - - - - - - 7.17 - - - - - - - 

   25 - - - - - - - - - - - - - - - - - - - 0.61 0.97 - 1.65 - 0.83 - - - 

   26 - - - - - - - - - - - - - - - - - - - - - - - - 1.12 - - - 

   27 - - - - - - - - - - - - - - 2.18 - - - - - - - 2.57 - - - - - 

*All the coumarins were identified by GC-MS analysis for the first time in Turkish propolis, except suberosin 
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Figure 1. Structures of the identified coumarins detected in Hakkari propolis samples of this study  
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Cinnamic acids and their esters are pharmacologically active constituents against bacteria [80]. 

Cinnamic acids and their esters which have an important role in activity of propolis especially with their 
antioxidant properties were found in minor ratios (0.07% - 2.18%) in 23 samples out of 64 (see supporting 

information Table S6).   

Although volatiles only represent 10% of the propolis components, they account for the spesific 

resinous odor and contribute to the pharmacological activities of propolis. Some of monoterpenes, diter-
penes and sesquiterpenes are proven to have a broad spectrum of pharmacological properties in propolis 

[13]. In our study, monoterpenes, diterpenes and sesquiterpenes were found in highest ratios in M5 

(34.29%), M12 (1.44%) and Y3 (13.87%), respectively (see supporting information Table S7, S8, S9). 
On the other hand, while the monoterpenes were detected in the highest ratio in M5, flavonoids were 

detected in very low amounts. Also, sesquiterpenes was detected in different quantities in 43 propolis 

samples and they were determined to be the main component of Y3, S11 and S20 samples. The terpenes 
were determined in the studies carried out by Şahinler and Kaftanoğlu [81], Temiz et al. [82] and Silici and 

Kutluca [83]. A monoterpene α-pinene was found to be predominant in M4 and M8 samples. Although 

these samples had quite high monoterpene content and a very low flavonoid content likewise to the sample 

M5. α-Pinene was also detected in Turkish propolis in the previous studies [81]. This compound has been 
reported to have a significant inhibitory effect on bacteria and contributes to the antimicrobial activity of 

propolis. [84]. Therefore, it can be said that M4 and M8 samples containing α-pinene probably have high 

antimicrobial activity. 
Although propolis samples of Hakkari located in south Eastern Anatolian region of Turkey show 

similarities with other propolis samples of Turkey, they also have important differences in terms of 

chemical content and plant source. As a result of chemical analyses of 64 propolis samples by GC-MS, it 
was determined that detected samples contain compounds in different ratios. Propolis samples of Şemdinli 

can be considered to be more valuable as they include high ratio of flavonoids which have an important 

role in propolis activity. On the other hand, the most important botanical sources of propolis are poplars, 

birches, willows, elms, pine trees, oaks, linden, cherry, apple and other trees [85,86].  There are several 
reports that the plant source of Turkish propolis is poplar, in general [83]. However, we have determined 

that some propolis samples have different chemical content from the poplar-type propolis. These results 

show that in Hakkari region, bees use other plants as propolis source in regions where poplar plants are not.  
Furthermore, we have also identified compounds belongs to coumarins/furocoumarins that have not been 

previously reported in any propolis sample from Anatolia. Twenty-seven coumarins were found in 28 

propolis samples among 64 studied propolis samples from Hakkari. However, only 5 samples contain 

relatively high percentage of the coumarins, rest of them include coumarins in fairly low quantity.  
As conclusion, considering common use of propolis and other bee products throughout of the world 

they should not allow to sell in the market without safety and toxicity information and full chemical 

composition data.  Further studies, particularly in vivo, are necessary in order to clearly determine the 
biological activities and allergic constituents of the propolis samples, such as furocoumarins. Thus, bee 

products, specifically propolis require toxicity and sensitivity and standardization studies. 
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