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ABSTRACT

Honey bees collect the main material of propolis from the buds, leaves,
branches, and barks or other botanical sources and mixed that resinous
material with beeswax produced from abdominal exocrine glands,
mandibular gland secretions, and pollen to produce propolis. The
composition of propolis changes depends on multiple factors such as
honey bee races, geographical locations, phytogeography, harvesting
seasons, extraction methods and solvents. In this study, two different
studies were conducted in two different locations in order to reveal the
effect of race and season variables on the composition and antioxidant
value of propolis. The effect of race factor was studied on three different

honey bee races (Apis mellifera caucasica, Apis mellifera syriaca and
Apis mellifera carnica) and two different ecotypes (Mugla ecotype and
Yigilca ecotype) to investigate the effects of race factor on propolis
composition in Central Anatolia by under the controlled conditions. The
effect of seasonal change was determined by Yigilca ecotype of A.
melifera anatoliaca in the apiary located in Yigilca, Diizce location.
Studied samples were harvested by propolis trap between May and
October. Total phenolic content, total antioxidant capacity and chemical
profiles of propolis samples were determined using HPLC-UV. The
obtained results showed that honey bee race and season have an effect on
the antioxidant capacity and chemical composition of propolis.
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1. Introduction

Propolis is a resinous, waxy substance collected by honey bees from the trees, and other plant sources. It is used as a sealant and
antimicrobial agent inside the hive. Moreover, it has gained popularity as a natural health product, used extensively in the food
industry as supplementary food to improve human health and prevent disease (Eroglu et al. 2008; Ozkul et al. 2005; Uzel et al.
2005). Propolis contains biological active compounds like phenolics. Unfortunately, the chemical composition of propolis varies
depending on the plant material, geographical origin, honey bee subspecies and harvest season (Bankova et al. 2006; Miguel et
al. 2011).

There are 27 honey bee races that have been identified all over the world. Five honey bee races (Apis melifera caucasica, A.
m. syriaca, A. m. anatoliaca, A. m. meda, A. m. carnica) distributes in Turkey due to its special geographical location on the
migration routes and climatic range (Ruttner 1988). A. mellifera races adapted to the climatic conditions and floral structure of
the regions where they spread on. It has been known that these adaptations have an effect on morphological and physiological
structure of the honey bees and it may result as different races and ecotypes. These adaptations of different races can also affect
the glands sizes and secretions, also it connectedly affects the composition and activity of the honey bee products such as propolis
and royal jelly, which produces by or mixing with honey bees secretions (Silici & Kutluca 2005, Bankova et al. 2006; Miguel et
al. 2011). Al-Ghamdi et al. (2011) were compared the development of hypopharyngeal glands (HPG) of Apis mellifera jemenitica
and Carniolan hybrid bees. They detected the staining of cell cytoplasm by hematoxylin and eosin as similar but, secretory cell
numbers were found more in Carniolan hybrid than the A. m. jemenitica. Even though all these findings, there is limited study
found for honey bee race effect on propolis compound. Brazilian green and red propolis originating from Africanised A. mellifera
is rich in prenylated phenylpropanoids and isoflavonoids, respectively (Teixeira et al. 2005; Daugsch et al. 2008). C-methylated
flavanones, terpenic acids and phenolic acids such as gallic acid and diterpenic acids, the p-coumaric and abietic types are the
predominant chemicals in the cerumen propolis from stingless bees, but it lacks the characteristic flavonoids and prenylated
phenolics found in propolis from other honey bee species in Australia (Massaro et al. 2011; Massaro et al. 2014).

In present study, two different research were conducted in two different regions to reveal the effect of season and race factors
on the propolis content. (1) Race factor: We investigated the effect of honey bee races and ecotypes which distribute in Turkey,


mailto:meralkekecoglu@duzce.edu.tr
https://orcid.org/0000-0002-2564-8343
https://orcid.org/0000-0001-9365-334X
https://orcid.org/0000-0002-0167-6809
https://orcid.org/0000-0002-0998-0661
https://orcid.org/0000-0003-0437-6139

Kekecoglu et al. - Journal of Agricultural Sciences (Tarim Bilimleri Dergisi), 2021, 27(3): 292-297

A. m. caucasica, A. m. syriaca, and A. m. carnica, Yigilca ecotype and Mugla ecotype on propolis composition under the
controlled conditions in central Anatolia, (2) Season factor: The effect of season on the composition of propolis collected by
Yigilca ecotype were investigated in the Diizce University Beekeeping Research Development and Aplication Centre (DAGEM)
apiary in Diizce, Turkey.

2. Material and Methods
2.1. Propolis collection

To determine the effect of the honey bee race and ecotypes of Apis mellifera L. on collected propolis composition we maintained
three indigenous races (A. m. caucasica, A. m. syriaca, and A. m. carnica) and two ecotypes (Y1gilca and Mugla) in the same
apiary, under the controlled conditions in central Anatolia. 12 and 15 colonies were represented three honey bee races and two
ecotypes in Central Anatolia (Yigilca ecotype (N=15) A.m. caucasica (N=15), A. m. anatolica (N=13) A. m. syriaca (N=14) A.
m. carnica (N=12)). Propolis samples were collected three times from each colony.

In addition, the seasonal effect on the propolis phenolic composition was also investigated. Therefore, samples harvested in
different seasons from May to October were examined to detect any variations in the chemical composition of the propolis
collected from the same area and by the same honey bee ecotype habited in the DAGEM apiary in Diizce, Turkey.

Propolis samples were collected with propolis traps in the early spring season and samples were collected regularly every
month from May to October 2016. The samples were stored in a deep freezer at -20 °C until further processing.

2.2. Propolis extraction

Methanolic propolis extracts were used for analyses. Approximately 3.0 g propolis was extracted with 99% methanol. The
maceration technique was used for extraction. After 24h, the mixture was filtered and the final volume of the solution was
adjusted with methanol.

2.3. Determination of total phenolic content (TPC) and total flavonoids

The TPCs of the methanol extracts were determined following the Folin—Ciocalteu method (Singleton et al., 1999). Gallic acid
was used as a standard and the phenolic content was measured at 760 nm. The amount of total flavonoid content was measured
by the AICI; spectrophotometric method at 415 nm, as reported previously (Fukumoto et al. 2000), using quercetin as the
standard.

2.4. Determination of total antioxidant capacity

The total antioxidant capacity was determined by using ferric-tripyridyltriazine (Fe-111-TPTZ) complex (Benzie & Strain 1996).
Trolox was used as a positive control in order to construct a reference curve (62.5-1000 M). 2,2-diphenyl-1-picryl-hydrazyl
(DPPH) free radical scavenging method (Molyneux 2004). The equal milliliter of propolis extracts and fresh DPPH solution was
mixed and measured at 517 nm after 50 min using a spectrophotometer. The DPPH scavenging activity was calculated as SCsp
(mg of sample per mL), too.

2.5. Determination of phenolic compounds by RP-HPLC-UV

Fourteen standards of phenolic compounds were analysed using HPLC (Elite LaChromHitachi, Japan) with a UV-Vis detector.
The phenolic profile was determined according to Can et al. (2015) using a Fortis C18 column (150 mm X 4.6 mm, 5um). The
mobile phase consisted of (A) 2% acetic acid in water and (B) 70% acetonitrile in water. The injection volume of the samples
was 20 puL with the flow rate at 0.75 mL/min. The eluent was monitored at 280 nm at 30 °C. For quantitative determination, the
calibration curves of each phenolic component were between 0.998 and 0.999 (Table 1).
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Table 1- RP-HPLC-UV validation parameters of the phenolic compounds

%RSD LOD LO
No Compounds R? (Retention Time) %RSD (Area) (mg L) (mg 81)
1 Gallic Acid 0.999 0.210 1.941 0.022 0.067
2 Protocatequic Acid 0.999 0.871 1.920 0.042 0.128
3 p-OH Benzoic Acid 0.998 0.351 3.055 0.036 0.109
4 Catechin 0.998 0.492 4.279 0.040 0.121
5 Vanillic Acid 0.999 0.828 2.066 0.025 0.075
6 Caffeic Acid 0.998 0.179 4.039 0.062 0.187
7 Syringic Acid 0.998 0.550 0.848 0.009 0.027
8 Epicatechin 0.999 0.429 3.819 0.030 0.090
9 p-Coumaric Acid 0.999 0.204 1.562 0.010 0.030
10 Ferulic Acid 0.999 0.222 1.301 0.011 0.033
11 Rutin 0.999 0.234 3.139 0.041 0.123
12 Daidzein 0.998 0.174 1.545 0.018 0.054
13 t-Cinnamic Acid 0.998 0.262 1.071 0.014 0.042
14 Luteolin 0.994 0.229 5.833 0.043 0.130
15 CAPE 0.998 0.228 2.129 0.023 0.068

The analyses of the caffeic acid phenethyl ester (CAPE) compound was carried out using HPLC with UV-Vis detection (Elite
LaChromHitachi, Japan) and a Fortis C18 column (150 mm % 4.6 mm, 5um). The mobile phase consisted of (A) 0.1% formic
acid in water and (B) 0.1% formic acid in acetonitrile. The sample injection volume was 25uL at a flow rate of 1.0 mL/ min, and
the eluent was monitored at 270 nm at 30 °C. The programmed solvent used began with a linear gradient held at 90% A for 3
min, decreasing to 70% A at 10 min, 50% A at 20 min, 10% A at 40 min, 40% A at 45 min, and finally, 75% A at 50 min.

2.6. Statistical analyses

The statistical analyses were performed using SPSS 15.0 software for Windows (SPSS Inc., Chicago, IL, USA). Data were
expressed as mean + SE. One-way variance analysis (ANOVA) and the Tukey test were used for differences regarding the honey
bee race and season with P<0.05 considered as statistically significant.

3. Results and Discussion

The aim of the present study was to detect the effect of season and race factors on propolis phenolic content, chemical
compositions and antioxidant value. To identify the race effect, propolis samples were gathered in the central Anatolia region of
Turkey and variants such as plant material and harvest time were kept constant. Total phenolic and total flavonoid contents were
found to vary according to the honey bee races. The propolis samples of the Yigilca honey bee colonies contained the highest
phenolic content (18.24+0.56 mg GAE.g?), followed by Apis mellifera syriaca propolis (16.92+0.40 mg GAE.g?). Total
flavonoid content was found to be the highest in the A. m. syriaca propolis samples (8.60+3.80 mgQE.g™'), whereas propolis of
Mugla honey bee ecotype contained the lowest phenolic content (4.25+0.55 mg GAE.g?). The highest antioxidant capacity
(FRAP) was detected in the A. m. syriaca propolis samples (2125+86.20 FeSO4.7H,Opl moL.g?) and lowest value detected in
the Mugla ecotype (1442+20.50 FeSO4.7H,Opl moL.g1). The radical scavenging activity showed different ranking, while the
highest score detected in Mugla ecotype (0.40+0.18(ug.mLY), the lowest score found in Yigilca (0.05+0.09 pg.mL™) and A. m.
syriaca (0.06+0.02 pug.mL?) respectively (Table 2).

Table 2- The effect of honey bee races on total phenolics and antioxidant values

Parameters Mugla ecotype A. m. caucasica A. m. carnica Yigilca ecotype A. m. syriaca
Total phenol contents 12.50£033% 1325 £1.548 12,310,142 18.24+0.56" 16.92::0.400
(mg GAE.g%)
Total flavonoids 4.25:0.552 5.410.65b 4.8542.44° 5.3041.56 8.6043.80°
(mg QE.g™)
FRAP

+ 2 + b + c + c + d
(FeS04.7H0ul mol.g%) 14424+20.50 1688+38.40 1960+120.30 1850+130.60 2125+86.20
DPPH 1 0.40+0.18¢ 0.14+0.15° 0.08+0.032 0.05+0.092 0.06+0.022
(pg.mL™)

FRAP: ferric reducing antioxidant power, DPPH: 2-diphenyl-1-picrylhydrazyl radical scavenging activity. The same letter is not significantly different
(P<0.05)

Phenolic composition of propolis samples collected by different honey bee races were compared. Gallic acid, proto-catechuic
acid, p-OH benzoic acid weren’t determined in propolis samples. Vanillic acid and catechin were determined only in propolis
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samples of Mugla ecotype. (Table 3). In the previous study, Vanillin was detected in A. m. anatoliaca and A. m. carnica propolis
samples from the same apiary in Erzurum, though it was not found in Apis mellifera caucasica propolis samples (Silici & Kutluca,
2005). Greenaway et al., (1987) determined vanillin and vanillic acid in England propolis but they did not report catechin in
propolis samples. Similar with our findings, Eroglu et. al. (2021) determined that honey bee races used neither the same nor the
single propolis source. The plant choice differences of honey bee races affect the antioxidant value of the propolis samples due
to the different ingredients of plants.

Table 3- Phenolic composition of propolis samples depend on honey bee races and ecotypes
(ng phenolic compound.g propolis sample™)

Races Proto p-OH . t-Cinn

ug.gt Ga Cat BA Cat Va Caff Syr  EpCa p-Cou Fer Ru Dai Lut Cape
Am.caucasia - ) ) ) ) 390.20 ) 190.30 137.60 77.50 ) ) 7.08 2541 390.05
T +22.30° £24.30°  £33.60° 43.36° £1.20°  £1546° £32.30%
A.m.syriaca ) ) ) ) ) 85.60 ) ) 2425 381.82 ) 172 3824 11453  818.52
T +12.40° +5.77°  +26.50° £2.30°  £5.06° +23.88¢ 428.99°
Am.carica - ) ) ) ) 1013 ) 32433 29130 10.23 71380 5.66  41.78 4304 291.60
o +15.50¢ £16.05° +22.05% £130° £56.30° +241° £533° +28.05°  +5.60°
Mugla ecotype - ) ) 22230 940 214.80 ) 253.62  90.70 17.03  10.60 ) 2.45 1497 410.10
+13.40 +0.20 £30.06° +£17.50°  +20.30° +2.34%  +1.40° £0.66°  +16.30°  +20.02°
Yigilca ecotype - ) ) ) ) 2086 ) ) 70430  18.60 ) 326  57.40 4683 211.23
+12.30° +23.33°  +4.40° £4.60° +6.719 £38.60° £17.56

The same letter is not significantly different (P<0.05). Gallic acid (Ga), proto-catechuic acid (ProtoCat), p-OH benzoic acid (p-OH BA), catechin (Cat),
vanillic acid (Va), caffeic acid (Caff), syringic acid (Syr), Epicatechin (EpCa), p-coumaric acid (p-Cou), ferulic acid (Fer), rutin (Ru), daidzein (Dai)t-
cinnamic acid (t-Cinn), luteolin (Lut) and caffeic acid phenethyl ester (Cape).

Honey bee race is one of the important variable for the propolis composition, due to the substances secreted (wax and saliva)
and plant choice differences of honey bees (Gomez-Caravaca et al. 2006; Da Cunha et al. 2013; Wilson et al. 2013; Dutra et al.
2014; Silici & Kutluca 2005). Race differences also have an effect on average propolis yield as stated in previous literature;
highest to lowest respectively as; A. m. anatoliaca, A. m. ligustica, A. m. carnica, A. m. caucasica in literature (Kutluca 2003;
Sahinler & Giil 2005). Sahinler & Giil (2005) compared bee races (Apis mellifera lingustica, Apis mellifera anatoliaca, Apis
mellifera caucasica, Apis mellifera carnica) for propolis collection amounts and, they did not determine significant differences
between the races, though highest propolis collection amount determined in Apis mellifera anatoliaca. In the later study, it was
determined that A. m. carnica, Yigilca ecotype, A. m. caucasica which distributes on Northern Turkey have better propolis
collecting ability than Mugla ecotype and A. m. syriaca which distribute on Southern of Turkey (Kekecoglu et al. 2020). Despite
all this information, there is still limited study for honey bee race effect on propolis composition.

In addition to honey bee race, the effect of season on propolis composition was investigated. The total phenolic and flavonoid
contents were significantly reduced between May+June and September+QOctober (P<0.05). The highest phenolic and flavonoid
values of the samples were found in the spring season as 27.29 mg GAE.g*! and 9.25 mgQE.qg™ respectively. The higher
antioxidant capacities for the propolis samples observed in the spring season were reduced in summer and then increased again
in autumn. The 2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical scavenging activities showed parallel fluctuation with the
flavonoid amounts in all season (Table 4).

Table 4- Seasonal Impact on total polyphenols content and antioxidant activity of propolis samples by the month

Parameters May+June July+August Sep+october Mean values
Total Phenolic contents (mg GAE.g1) 34.85+4.32¢ 25.82+3.08P 21.26+2.42 27.29+1.2
Total flavonoids (mgQE.g?) 9.25+1.02° 4.91+0.60? 5.37+0.72 6.51+0.52
FRAP (FeSO4.7H20ul moL.g?t) 2861+12,56° 2117.55+55.5° 2668.66+20,40P 2548.88+11
DPPH (ug.mL1) 0.02+0.0° 0.030.0° 0.03+0.0° 0.0420.0

FRAP: ferric reducing antioxidant power, DPPH: 2-diphenyl-1-picrylhydrazyl radical scavenging activity, n=45 for each season. The same letter is not
significantly different (P<0.05)

The composition of propolis from sources within short distances of each other in the same region can dramatically differ due
to plant diversity and the limited travel distance of the bees from the propolis collection field to the place of deposition (Marcucci
1995). The results of the present study showed that propolis samples collected from May to October had unstable compositions
due to the changing seasonal flora. In the Diizce region, the richest phenolic compounds were found in the early spring season
(May+June). The antioxidant capacity of the propolis samples was also found to be higher in May+June than in the other seasons.
The high phenolic content of the propolis samples may be explained by the plants accessible in the region during the spring
period. As with the phenolic content, total antioxidant capacity and DPPH radical scavenging activity were found to be higher
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in the May+June season than at other harvest times. In most cases, the higher phenolic content cause higher antioxidant activity,
as well as an antimicrobial and anti-inflammatory activities (Can et al. 2015; Baltas et al. 2016).

When the propolis phenolic profiles were examined according to the collection time, some differences were observed among
the months. Except for the proto-catechuic acid, and p-OH benzoic acid, all the phenolic compounds were detected in propolis
samples harvested in the spring and summer seasons. Surprisingly, CAPE was detected in all propolis samples harvested in all
season. Although some phenolic components were at high levels in May+June, some were found to be lower. Gallic acid and
catechin were detected in May+June, but not in September+October, while daidzein was not detected in May+June (Table 5).

Table 5- Effect of seasonal changes of phenolic profile collected from Diizce by Yigilca honey bee ecotype
(ug phenolic compound.g propolis sample?)

22?22”5 Ga Pcr:(;tto péOAH Cat Va Caff Syr EpCa p-Cou Fer Ru Dai  t-Cinn Lut Cape
May-+June 1330 | 123 1810 950.64 96.65 83740 398.03 109.70 364.70 . 43.47 3223.02 1205
+2.35° +0.52 +£3.2°% +2630%° +13.0° +88.60° +22.30° +13.30* +34.56° +5.66° +460.30° +18.30°
July+Aug 7.70 . . . 98.20 5122.0 14.05 394320 155360 158.02 733.33 2350 59.08 2178.10 250.2
£1.5° +£12.4° +48.50° +0.56° +506.60° +460.30° +22.30° +£68.55° +£3.40* +8.50° +544.05° £16.05°
Sep+Oct ] . . 31.04 230020 11.03 1980.06 1230.06 746.04 342.00 683.60 27.74 64256  820.2

£3.2° 1387.44° +0.5° +136.30° £408.80° £38.60° £18.80*° +22.60° +530° £209.30° +39.60°

N=45 for each season. The same letter is not significantly different (P<0.05), Gallic acid (Ga), proto-catechuic acid (ProtoCat), p-OH benzoic acid (p-OH BA),
catechin (Cat), vanillic acid(Va), caffeic acid(Caff), syringic acid (Syr), Epicatechin(EpCa), p-coumaric acid (p-Cou), ferulic acid (Fer), rutin (Ru), daidzein
(Dai)t-cinnamic acid (t-Cinn), luteolin (Lut) and caffeic acid phenethyl ester (Cape).

A lot of research has been done in different countries about the change of propolis composition according to the season; in a
study where Brazilian propolis was investigated monthly for a year; as a result of HPLC analysis, significant differences were
detected in aromadendrin-4-methyl ether, baccharin andartepillin C values of propolis samples harvested at different times of
the year. It was also determined that extracts with the highest antioxidant activity were detected on May, June and August
productions (Simoes-Ambrosio et al. 2010). Salas et al. (2016) compared propolis samples which produced in Argentina in
March and December, found no difference in antifungal and antibacterial performance of samples. In addition, it was found that
Mexican propolis harvested over a four-month period did not show significant differences in phenolic and flavonoid values
(Valencia et al. 2012). In a study which conducted in Poland; spring, summer and autumn propolis samples were compared in
many respects. Although there was not determined significant difference on the chemical profile and antioxidant potential of
propolis extracts obtained from these samples, but within the slight differences the highest values were determined in spring and
the lowest values in autumn (Wozniak et al. 2019). The Season is an important factor determining propolis composition, since
phenological factors influence biosynthesis of plant secondary metabolites. In addition to the seasonal changes and harvesting
methods there is also honeybee race factor on propolis composition.

4. Conclusions

The results of the present study clearly revealed that honey bee races and different seasons have an effect on compound and
connectedly on antioxidant property of the propolis. As we declared in our results; propolis samples which collected by different
races and different seasons has also different antioxidant and radical scavenging activity due to their different compositions
which shows us the medicinal value differences of the propolis. It was not surprised to see the effect of season on propolis
composition but the race effect in the same apiary was gave us new information on propolis composition variables since there
was no many studies on this area. Hence, propolis composition of each honey bee races and seasonal effect on propolis medicinal
value should be studied by complex researches to clarify all the unanswered questions.
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