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ABSTRACT Animal Breeding

Propolis i1s a natural resinous substance produced by honeybees. Its

physicochemical and antioxidant properties vary significantly with Research Article
geographical origin, as shown in this study using samples from three : :

Meshgin apiaries (Qara Dagh, Meshgin, and Yilagh). Collected during Artlc.le H1story.

spring 2024, the propolis was analyzed for moisture, pH, ash, Received ) 16.12.2025
soluble/insoluble solids, phenolic, flavonoid, and tannin content, Accepted £ 22.02.2026
alongside antioxidant activity and mineral composition. Results revealed Keywords

consistent physicochemical parameters across samples, with dry matter R

exceeding 98% and ash content ranging 3.18-3.92%, aligning with
national standards. However, Meshgin propolis displayed superior
bioactive properties, including the highest total phenolic (18,402.1 pg
GAE/g) and flavonoid content (1,575.3 pg QE/g), alongside elevated
tannin levels (7275.6 ng GAE/g) and antioxidant activity (91.33% DPPH
inhibition, 73.52% ABTS inhibition), attributed to the region’s rich
biodiversity of medicinal flora. Mineral analysis highlighted significant
geographical variations in nickel, copper, phosphorus, and calcium
concentrations, with Yilagh showing the highest calcium content (69.90
mg/kg). These findings underscore the profound influence of local
botanical sources and environmental conditions on propolis composition,
positioning region-specific propolis, especially from Meshgin, as a potent
natural resource for pharmaceutical and nutraceutical applications.
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INTRODUCTION

Propolis is a resinous bee product with a sticky texture and variable color (green—dark brown). Beyond its role in
hive defense, propolis is valued for its rich phenolic profile and antioxidant activity, which depend strongly on local
plant sources. It is recognized for its disinfectant properties and its efficacy in preventing the introduction and
proliferation of diseases within the hive. Research on the constituents of propolis has revealed a significant
correlation between certain compounds isolated from propolis and those present in the flora that bees utilize for
nourishment. As flavonoids are the predominant plant compounds, similar flavones, flavanones, and flavonols are
expected in propolis samples (Kasote et al. 2022). Due to the variability in plant species and growth conditions
across different geographical regions, it is expected that propolis samples will exhibit distinct differences based on
their origin.

Propolis plays several essential roles in the daily life of honey bee workers. They rely on it to plug small gaps in
the hive, lessen the impact of moisture and sunlight, shield the colony from outside threats, and help keep the
internal environment stable (Socha et al. 2011). This harmless, glue-like material can be grouped into twelve
categories, each distinguished by its chemical and physical traits as well as the region where it is collected
(Zulhendri et al. 2021). In general, propolis consists of about 30% wax, 55% resins and balsams, 10% essential oils
and fatty acids, and roughly 5% pollen. Detailed biochemical assessments have revealed that propolis contains an
impressive diversity of more than 300 compounds. These include high levels of flavonoids, various alcohols,
aliphatic and aromatic acids, aromatic esters, chalcones, terpenoids, sugars, and several steroid-like substances.
Propolis is also nutritionally valuable. It provides a notable range of vitamins, especially the B-complex group,
along with vitamins C and E and provitamin A. Moreover, it offers a broad spectrum of minerals and trace
elements, such as calcium, magnesium, iron, zinc, silica, potassium, phosphorus, manganese, cobalt, and copper
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(Dias et al. 2012).

It is important to acknowledge that the overall qualitative characteristics of propolis are significantly influenced
by the botanical sources utilized by the bees within each hive. Research has identified that key active constituents
of propolis include flavonoids and phenolic acids. Propolis is recognized for its antiseptic properties and its efficacy
in inhibiting the introduction and dissemination of diseases within the hive. Given that flavonoid pigments
constitute the predominant class of compounds found in plants, it is anticipated that similar compounds will be
extracted from various propolis samples, particularly as the majority of these compounds are classified as flavones,
flavanones, and flavonols (Banskota et al. 2001).

Despite extensive research on the physicochemical and antioxidant properties of propolis from various regions
worldwide, information regarding propolis from Meshgin in northwestern Iran remains scarce. This region is
characterized by unique ecological conditions, including high altitude, cold mountainous climate, and a rich
diversity of endemic medicinal plants, which may substantially influence the botanical origin and chemical
composition of propolis. To date, no systematic comparative study has evaluated the physicochemical
characteristics, bioactive compounds, antioxidant capacity, and mineral composition of propolis collected from
different sub-regions within Meshgin.

Therefore, the present study was designed to address this knowledge gap by comparatively analyzing propolis
samples collected from Qara Dag, Meshgin, and Yilagh areas. It was hypothesized that (i) propolis samples
originating from different locations within Meshgin exhibit significant variations in phenolic, flavonoid, tannin
contents, antioxidant activity, and mineral composition, and (ii) these variations are primarily driven by
geographical and botanical differences among the sampling sites.

MATERIALS and METHODS

The propolis utilized in this study was sourced from apiaries situated in Meshgin, specifically from the regions of
Qara Dagh, Meshgin, and Yilagh, then chemical compositions of the propolis were subsequently analyzed. Samples
were collected during the spring of 2024 from various bee hives within the apiaries, with a total of four replicates
obtained (4 hives) (Figure 1). Following collection, the samples were transported to the laboratory and preserved

at a temperature of -19°C until the commencement of the experimental procedures.
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Figure 1. Sampling sites of propolis study, Meshgin region, NW Iran.
Sekil 1. Iran’in kuzeybatisinda yer alan Meggin bolgesinde yiiriitiilen propolis ¢calismasinin érnekleme alanlari.

To prepare the propolis extract, 30 g of propolis were ground and homogenized using a hand mill. This was
subsequently mixed with 300 ml of 70% hydroethanolic solvent (70:30) following a 5 min ultrasonic process,
employing the cold maceration method for 72 h at ambient temperature. The mixture was then filtered through
Whatman paper, and the resulting sample was stored in a refrigerator for three days. The purified extract was
subsequently processed into a lyophilized powder using a spray dryer, resulting in a powder characterized by high
solubility, which significantly enhances the bioavailability of the product.

1558



KSU Tarim ve Doga Derg 29 (6), 1557-1566, 2026 Arastirma Makalesi
KSU J. Agric Nat 29 (6), 1557-1566, 2026 Research Article

Determination of physicochemical and antioxidant properties
Moisture content measurement

In order to assess the moisture content of propolis, a sample of 5 g of raw propolis was subjected to freezing in a 1
g condenser at a temperature of -40°C for 24 h. Subsequently, the sample was transferred to a sublimation dryer,
where a vacuum pump was activated to decrease the pressure within the chamber, thereby facilitating the
sublimation drying process. The samples were extracted from the apparatus after an additional 24 h and were
subsequently stored at 4°C until the experimental procedures were conducted (Dias et al. 2012).

pH measurement

The pH of propolis was determined utilizing a pH meter in a solution composed of 10 g of powdered raw propolis
dissolved in 75 ml of methanol. Calibration of the pH meter was conducted using standard buffer solutions (Dias
et al. 2012).

Ash determination

The ash content of propolis, encompassing both mineral and non-mineral constituents, was assessed by drying 5 g
of powdered raw propolis in a platinum dish. The sample was maintained at a temperature of 80°C for 4 h until a
constant weight was achieved, ensuring the complete removal of moisture. Subsequently, the sample was subjected
to heating in an electric furnace at 550°C until it was entirely converted into white ash (Helrich 1990).

Assessment of Total Phenolic contents (TPC)

The total phenolic content in propolis extracts was quantified utilizing the Folin-Ciocalteu method. In this
procedure, a diluted solution of propolis in ethanol (EtOH-propolis; 5 ml at a concentration of 1:10 g/ml) was
combined with 5 mL of Folin-Ciocalteu reagent and 5 ml of sodium carbonate (10% w/v). The mixture was then
incubated in the dark at ambient temperature for one hour. Subsequently, the absorbance of the resulting solution
was measured at 765 nm using a spectrophotometer, with a blank control consisting of the same mixture devoid of
EtOH-propolis. A calibration curve was established using standard solutions of gallic acid. The total phenolic
content was expressed as pg GAE/g Pro. Powder (Socha et al. 2011).

Determination of total flavonoids contents (TFC)

The quantification of total flavonoids was conducted utilizing the aluminum chloride colorimetric method. In
accordance with this protocol, a mixture was prepared consisting of 1.5 ml of methanol, 0.1 ml of a 10% aluminum
chloride solution, 0.5 ml of extract, 0.1 ml of 1 M potassium acetate, and 2.8 ml of distilled water. This mixture
was allowed to incubate at room temperature for 30 min. Subsequently, the absorbance of the resulting solution
was measured at 515 nm using a spectrophotometer. A standard calibration curve was established using varying
concentrations of quercetin in methanol, then total flavonoid content is reported as pg QE/g Pro. Powder (Socha et
al. 2011).

Total Tannin content (TTC)

The total tannin content was determined using the ferric chloride-potassium ferricyanide colorimetric method as
described by Krishnaiah et al. (2009). For the extraction and dilution process, an aliquot of 0.5 mL of the sample
extract was transferred into a 50 mL Falcon tube and made up to a final volume of 50 mL with distilled water,
achieving a 1:100 dilution, followed by stirring for one hour. Subsequently, 5 mL of this diluted solution was
transferred to a test tube and mixed thoroughly with 2 mL of freshly prepared reagent (prepared by mixing equal
volumes of 0.1 M ferric chloride in 0.1 N hydrochloric acid and 0.008 M potassium ferricyanide). Within 10 minutes
of reagent addition, the absorbance of the mixture was measured at 395 nm using a spectrophotometer with a
quartz cell. A calibration curve was prepared using gallic acid standards, and the total tannin content was
calculated and expressed as micrograms of Gallic Acid Equivalents per gram of dry powder (ug GAE/g).

DPPH free radical-scavenging activity

To perform this test, 150 pL of propolis extract is added to 1500 uL of DPPH solution (0.004%) in methanol (Sahin
et al, 2004). After 30 min storage at room temperature, absorbance of the sample at 517 nm is measured by
spectrophotometer. The blank sample is methanol used in the preparation of DPPH solution. The percentage of
DPPH radical scavenging is calculated using the following equation:

DPPH: radical inhibition (%) = [(Ac—As) +Ac] x 100
where: Control absorbance (Ac) and Sample absorbance (As)
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ABTS+ free radical-scavenging activity

Propolis extract scavenges the free radical of ABTS+. ABTS solution (7 mmol/L) and potassium persulfate solution
(2.45 mmol/L) were prepared separately in distilled water and reacted with each other to produce ABTS* radicals.
The mixture was kept in the dark at room temperature for 16 h. At the time of use, ABTS* solution was diluted
with phosphate buffer saline (PBS) to an absorbance of 0.70 + 0.02 at 734 nm. A 0.2 mL portion of extract was
dissolved in 0.6 mL of methanol, and 2 mL of ABTS* solution and mixed well. After reaction at room temperature
for 6 min, absorbance was measured at 734 nm. Finally, the ABTS* scavenging effect is calculated by the following
equation (Ehsani et al. 2017):

ABTS* radical inhibition (%) = [(Ac—As) +Ac] x 100
where: Control absorbance (Ac) and Sample absorbance (As)

Soluble and insoluble solids

The quantification of soluble and insoluble solids in propolis samples were conducted utilizing 70% ethanol as a
solvent, as described by Dias et al. (2012). Specifically, 25 ml of 70% ethanol was combined with 1 g of raw propolis
powder. The resulting mixture was agitated using a magnetic stirrer for a duration of 30 minutes, after which the
solution was subjected to filtration to isolate the insoluble solids, which were subsequently weighed. The
measurement of soluble solids was calculated by determining the difference in weight between the initial sample
and the weight of the insoluble solids, with the final result expressed as a percentage (Dias et al., 2012).

Mineral Analysis

In order to evaluate the concentration of mineral elements in propolis samples, the initial step involved
homogenization, weighing, and subsequent freeze-drying of the samples. Following this, the samples were re-
weighed to determine their dry matter content. The dried samples were then ground into a fine powder, and
approximately 0.5 g of the powdered material was transferred into a 50 ml tube, to which 5 ml of nitric acid was
added. The samples were subjected to heating in an oven at 50°C for 2 h, during which they were covered with a
watch glass. Subsequently, the temperature was elevated to 90°C for an additional 30 min. After samples cold to
room temperature, 2 mL of hydrogen peroxide was introduced. The samples were then heated again at 90°C for 10
min, followed by an increase in temperature to 120°C for 30 min. Finally, the samples were diluted with 30 mL of
distilled water. Upon completion of the preparation process, the samples were analyzed using inductively coupled
plasma optical emission spectroscopy (iCAP) according to manufacturer’s instructions (Agilent 700 Series ICP
Optical Emission Spectrometers) (Hopcroft et al. 2018).

Statistical analysis

The study followed a comparative observational design in which propolis samples collected from three geographical
locations (Qara Dag, Meshgin, and Yilagh) were analyzed with four independent hive replicates per location. Data
were analyzed using the General Linear Model (GLM) procedure of SAS (2018), with geographical location
considered as a fixed effect. Mean comparisons were performed using Duncan’s multiple range test at a significance
level of a = 0.05.

RESULTS and DISCUSSION
Physicochemical parameters of propolis samples

The Table 1 presents physicochemical parameters of propolis samples from three various locations (Qara Dag,
Meshgin, Yilagh), showing high dry matter content (> 98% for all), moisture levels ranging from 1.02% (Yilagh) to
1.57% (Meshgin), ash content between 3.18% (Meshgin) and 3.92% (Yilagh), pH values near-neutral (5.86—6.18),
soluble solids (24.10-24.79%), and insoluble solids (73.70-74.76%). Statistical analysis revealed no significant
differences (p > 0.05) for any of the measured physicochemical parameters across the three locations, indicating a
consistent base matrix for the propolis samples.. The research findings indicate that all samples complied with the
Iranian national standard, which limits moisture content to a maximum of 20%.. These attributes reflect both the
botanical source of the propolis and the climatic and geographical conditions associated with its production.

Propolis is characterized by a naturally low ash content, which varies based on the materials collected by bees over
time and across different geographical regions. Dias et al. (2012) assessed the ash content of four distinct types of
propolis sourced from various locations in Portugal, reporting values ranging from 1.9% to 2.2%. Additionally, this
research group measured moisture content between 3.4% and 4.5%, soluble solids between 60% and 71%, and pH
levels between 4.7 and 5.3 (Dias et al. 2012). In a separate study, researchers documented the ash content of
Brazilian propolis samples, which ranged from 1.87% to 3.74% by weight, alongside wax content ranging from
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4.63% to 7.82% by weight (Sforcin 2016).

Table 1. Physicochemical parameters of propolis samples (Mean + SEM).
Cizelge 1. Propolis érneklerinin fizikosimik parametreleri (Ortalama + Standart Hata).

Region Moisture(%)  Dry Matter(%) Ash(%) pH Soluble Solids(%)  Insoluble Solids(%)
Qara Dag 1.14+0.059 98.86+0.065 3.32+0.105 5.86+0.018 24.10+0.045 74.76+0.236
Meshgin 1.59+0.059 98.41+0.065 3.18+0.105 6.18+0.018 24.79+0.045 73.70+£0.236

Yilagh 1.02+0.059 98.98+0.065 3.92+0.105 6.09+0.018 24.30+0.045 74.67+0.236

p-value 0.171 0.118 0.287 0.184 0.264 0.129

Within a column, means followed by different letters differ (P<0.05).

Kumazawa et al. (2004) carried out a broad comparison of propolis samples collected from a wide range of regions
(among them Argentina, Australia, Brazil, Bulgaria, Chile, China, Hungary, New Zealand, South Africa, Thailand,
Ukraine, Uruguay, the United States, and Uzbekistan). Their study revealed that propolis originating from
Argentina, Australia, China, Hungary, and New Zealand showed notably strong antioxidant potential. This
elevated activity was closely linked to higher levels of polyphenols and flavonoids present in those samples
(Kumazawa et al. 2004). Furthermore, a study conducted in accordance with national standards (maximum 20%)
revealed that all samples fell within the acceptable range. These characteristics reflect the botanical origins of the
propolis as well as the climatic and geographical conditions influencing its product quality.

The results presented in Table 2 reveal clear differences in the bioactive and antioxidant properties of propolis
samples collected from Qara Dag, Meshgin, and Yilagh. These differences appear to be primarily influenced by
local environmental factors such as plant biodiversity, climate, and altitude. Since bees collect resinous substances
from local vegetation to produce propolis, the unique flora of each region plays a crucial role in shaping its chemical
composition. Geographical origin had a significant effect on total phenolic content, suggesting that environmental
conditions directly influence secondary-metabolite biosynthesis in propolis, M2, 9) = 4.32, p = .046, total flavonoid
content, M2, 9) = 7.18, p=.011, and total tannin content, F(2, 9) = 4.25, p=.047. Antioxidant activity also differed
significantly among regions, as indicated by DPPH inhibition, M2, 9) = 6.01, p = .015, and ABTS inhibition, A2,
9)=5.12, p=.037.

Table 2. Bioactive and antioxidant attributes of propolis samples (Mean = SEM).
Cizelge 2. Propolis érneklerinin biyoaktif ve antioksidan ézellikleri (Ortalama + Standart Hata).

Total phenols Total flavonoids Total tannins DPPH-: inhibition ABTS+ inhibition

Region (ug GAE/g) (ug QE/g) (ug GAE /g) %) (%)
Qara Dag 15200.3¢+3.245 1360.1¢+1.274 5246.4+3.616 88.92b+0.221 67.34b+0.65
Meshgin 18402.1a+3.245 1575.32+1.274 7275.62+3.616 91.332+0.221 73.52a+0.65
Yilagh 17165.7v+3.245 1463.5v+1.274 5681.5P+3.616 87.85+0.221 64.14<+0.65
p-value 0.046 0.011 0.047 0.015 0.037

Within a column, means followed by different letters differ (P<0.05).

Among the three samples, Meshgin propolis stood out with the highest levels of total phenolic content (18,402.1 pg
GAE/g) and total flavonoid content (1,575.3 pg QE/g), indicating a greater potential for bioactivity. These values
exceed those typically reported in the literature. For example, Kumazawa et al. (2004) analyzed propolis from
various geographic locations and found phenolic contents ranging from 7,000 to 16,000 ug GAE/g, and flavonoid
levels between 1,000 and 1,400 pg QE/g. The elevated levels observed in Meshgin propolis suggest a particularly
rich phytochemical profile. These antioxidant effects are primarily mediated by the ability of phenolic compounds
to donate hydrogen atoms or electrons to neutralize free radicals (Rice-Evans et al. 1996). Flavonoids and tannins
can further enhance this protective action by chelating pro-oxidant metal ions, thereby mitigating oxidative stress
pathways associated with cellular damage (Pietta 2000). This enhanced phenolic content may be attributed to a
higher abundance of medicinal and aromatic plant species in the Meshgin region. Previous research by Tanasiewicz
et al. (2012) and Popova et al. (2004) has emphasized the importance of regional plant diversity in determining the
phenolic composition of propolis, supporting this explanation.

In line with these findings, the Meshgin sample also exhibited the highest tannin concentration (7275.6 ng GAE/g).
This result aligns with the observations of Kiiciik et al. (2007), who noted that propolis from forested areas,
particularly those with oak species, tends to contain higher amounts of hydrolyzable and condensed tannins. Such
tannin richness may contribute to the antimicrobial and astringent properties of Meshgin propolis. Antioxidant
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activity, assessed using the DPPH and ABTS radical scavenging assays, further confirmed the superior profile of
the Meshgin sample. It showed the highest DPPH inhibition (91.33%), followed by Qara Dag (88.92%) and Yilagh
(87.85%). These values are consistent with the work of Bursal and Kéksal (2011), who reported DPPH inhibition
levels between 80-90% in Turkish propolis, depending on regional vegetation.

The ABTS assay results followed a similar trend: Meshgin again exhibited the highest inhibition (73.52%), while
Yilagh had the lowest (64.14%). These figures fall within the expected range of 60-75% reported for European and
Middle Eastern propolis by Bankova et al. (2002), confirming the reliability of the antioxidant evaluations in this
study. Importantly, the statistical analysis revealed significant differences among the samples for all measured
parameters (p<0.05), underscoring the meaningful impact of geographical origin on the chemical and biological
attributes of propolis. This observation is supported by Alencar et al. (2007), who demonstrated that even
neighboring regions can produce propolis with distinctly different phytochemical profiles and biological activities.

The findings of this study align with and extend the results reported by Besharati et al. (2024), who examined
propolis from six diverse regions across Iran, including Quchan, Qom, and Sanandaj. While their study emphasized
the antimicrobial and antioxidant capacity of Quchan propolis, our research reveals that Meshgin propolis (though
from a distinct climatic zone) notably surpassed the antioxidant activity metrics of many previously documented
samples (DPPH: 91.33%, ABTS: 73.52%). This may reflect the exceptional botanical diversity and high-altitude
environment of Meshgin. In both studies, mineral content varied substantially by geography. Besharati et al.
(2024) reported that Qom propolis had the highest calcium and magnesium levels (Ca: 37.19 mg/kg, Mg: 13.33
mg/kg), while obtained data show that Yilagh propolis contained markedly higher calcium concentrations (69.90
mg/kg), suggesting that localized environmental and floral factors in the Meshgin region may further enrich
mineral profiles. Interestingly, while Besharati et al. (2024) identified Qom samples as having the strongest
antibacterial effects against both £. coli and S. aureus, this study did not assess antimicrobial properties. However,
the high phenolic and flavonoid concentrations detected in Meshgin propolis strongly suggest a high therapeutic
potential that merits microbiological validation in future studies. Taken together, findings reinforce the conclusion
that Iranian propolis exhibits pronounced regional variation in both composition and bioactivity. The observed
superiority of Meshgin propolis in antioxidant capacity, especially relative to other provinces such as Qom and
Sarab, highlights its promise as a candidate for pharmaceutical standardization and functional food formulation.

Investigation of mineral compositions of propolis samples

The Table 3 presents mineral compositions (mg/kg) of propolis samples from three samples (Qara Dag, Meshgin,
Yilagh), showing variations in elements such as manganese (Mn: 0.37—0.39), nickel (Ni: 0.06-0.12), copper (Cu:
0.10-0.41), zinc (Zn: 0.66—0.73), phosphorus (P: 11.69-12.15), iron (Fe: 11.47-12.25), magnesium (Mg: 11.13—
12.75), calcium (Ca: 42.88-69.90), and aluminum (Al: 8.51-9.83). Statistical analysis revealed significant
differences for Ni(#(2, 9) = 24.67, P=0.0001), Cu(#(2, 9) = 19.84, P=0.0001), P (A2, 9) = 9.56, P=0.002), and Ca (A2,
9) = 8.91,P=0.003), with Meshgin showing higher Ni (0.11-0.12) and Cu (0.41) compared to Qara Dag (Ni: 0.06;
Cu: 0.29), while Yilagh had the highest Ca (69.90 mg/kg). Non-significant differences were observed for Mn
(P=0.0668), Zn(P=0.0545), Fe(P=0.0724), Mg(P=0.0884), and Al(P=0.0529), suggesting consistent mineral profiles
across samples for these elements despite natural variability. It is worth noting that the relatively higher levels of
calcium and phosphorus in Yilagh propolis not only suggest distinct botanical origins but also enhance its potential
nutraceutical value. Given that calcium is essential for bone health, muscle function, and enzymatic processes,
Yilagh propolis could serve as a natural mineral supplement, particularly in populations with limited access to
dairy products or for individuals seeking plant-based calcium sources. According to Viuda-Martos et al. (2008),
calcium-rich bee products can meaningfully contribute to dietary mineral intake, supporting this application.
Furthermore, the presence of low but detectable levels of aluminum, while common in environmental samples,
underscores the necessity for comprehensive toxicological assessments to evaluate long-term safety, especially if
propolis is intended for pharmaceutical or chronic medicinal use. As emphasized by Bankova et al. (2014), ensuring
the safety of propolis-based products through rigorous metal analysis is a critical step toward their standardization
and acceptance in clinical applications.

The mineral composition of the analyzed propolis extracts is presented in Table 3. It is acknowledged that certain
foods may inherently lack specific vitamins or minerals, or may have experienced a reduction in these nutrients
during processing. To address these deficiencies, it is possible to incorporate essential micronutrients into the food
through a defined methodology, thereby enhancing its nutritional profile. This process of food fortification allows
for the maintenance of existing dietary habits while simultaneously improving the nutritional quality of the
resultant food products, thereby contributing positively to societal food security (Pourmohammadi and Abedi 2021).

1562



KSU Tarim ve Doga Derg 29 (6), 1557-1566, 2026 Arastirma Makalesi
KSU J. Agric Nat 29 (6), 1557-1566, 2026 Research Article

Table 3. Mineral compositions in propolis samples (Mean + SEM; mg/kg).
Cizelge 3. Propolis érneklerindeki mineral bilesimleri (Ortalama + Standart Hata;, mg/kg).

Region Mn Ni Cu Zn P Fe Mg Ca Al
Qara Dag 0.37+0.099 0.06°+0.034 0.29"+0.236 0.66+0.078 11.69P+0.045 12.04+0.511 11.13+0.403 42.88+0.063 8.94+0.068
Meshgin  0.39+0.099 0.112+0.034 0.412+0.236 0.69+0.078 12.152+0.045 12.25+0.511 12.75+0.403 51.01+0.063 9.83+0.068
Yilagh 0.38+0.099 0.122+£0.034 0.10°+0.236 0.73£0.078 12.132+0.045 11.47+0.511 11.20+0.403 69.902+0.063 8.51+0.068

p-value 0.0668 0.0001 0.0001 0.0545 0.002 0.0724 0.0884 0.003 0.0529
Within a column, means followed by different letters differ (P<0.05).

In essence, the primary objective of fortification is to rectify dietary inadequacies and replenish nutrients that may
have been diminished in the food supply (Dias et al. 2012). Dias et al. (2012) carried out a detailed biochemical
investigation showing that beeswax contains more than 300 identifiable compounds contributing to its diverse
phytochemical characteristics. Their analysis highlighted the presence of numerous substance groups, including
notable amounts of flavonoids, various alcohols, aliphatic and aromatic acids, amino acids, aromatic esters,
chalcones, terpenoids, sugars, and steroid-type molecules. They also reported that propolis is particularly rich in
vitamins, especially B-complex vitamins, along with vitamins C and E and provitamin A. In addition, it provides
a wide spectrum of minerals and trace elements such as calcium, magnesium, iron, zinc, silica, potassium,
phosphorus, manganese, cobalt, and copper (Dias et al. 2012).

In their investigation of samples collected from six distinct regions in Argentina, Kocot et al. (2018) found elevated
levels of calcium, potassium, iron, sodium, and magnesium, while the concentrations of zinc and manganese were
notably low. n another investigation, researchers performed the first qualitative assessment of propolis using near-
infrared spectroscopy. Their work examined 19 pooled propolis samples, consisting of 52 individual samples from
Chile and 39 from Spain. The analysis uncovered a wide range of mineral elements as well as trace contaminants.
Among the detected components, aluminum, calcium, iron, potassium, and phosphorus appeared in the highest
concentrations, while chromium, copper, zinc, nickel, and lead were present only at very low levels (Gonzélez-
Martin et al. 2015).

da Silva et al. (2006) conducted a study examining the correlation between phenolic content and the antioxidant
and antimicrobial properties of a Brazilian propolis extract against Staphylococcus aureus. Their findings
indicated variability in antimicrobial and antioxidant activities among different extracts, which was influenced by
the geographical origin of the propolis (Koc et al. 2007). Koru et al. (2007) further explored the antimicrobial
efficacy of five propolis samples sourced from four distinct regions in Turkey and one region in Brazil, specifically
targeting anaerobic bacterial species. Notably, the propolis from Kazan Ankara exhibited superior activity at the
minimum inhibitory concentration. Their research demonstrated that propolis is generally more effective against
gram-positive bacteria compared to gram-negative bacteria. Also, the chemical compositions of the propolis
samples were analyzed using high-resolution gas chromatography-mass spectrometry, revealing the presence of
key compounds such as flavonoids, including pinobankin, quercetin, naringenin, galangin, and chrysin, as well as
aromatic acids like caffeic acid (Allan 2010).

A study by Mandal and Mandal (2011) showed that honey has strong antibacterial properties and can be effective
in treating bacterial infections. In a study conducted by Rahman et al. (2010) in Canada, the antibacterial effects
of commercially obtained propolis and honey on Escherichia coli and Staphylococcus aureus were examined. The
results indicated that the inhibition zones exhibited a larger diameter in the presence of propolis at concentrations
ranging from 5.48 to 2.74 mg/ml (Coban et al., 2018). The cumulative findings from various methodologies
demonstrated that both propolis and honey possess antibacterial properties against Staphylococcus aureus.
Notably, Staphylococcus aureus displayed a higher susceptibility to the effects of propolis when compared to the
gram-negative bacterium FKscherichia coli (Rahman et al. 2010). This difference in sensitivity can be largely
attributed to the structural variations in bacterial cell walls. Gram-positive bacteria such as S. aureus possess a
thick peptidoglycan layer without an outer membrane, facilitating the penetration of hydrophobic compounds like
flavonoids and phenolic acids present in propolis. Conversely, the outer membrane of gram-negative bacteria such
as K. coli acts as a permeability barrier, limiting compound access (Nikaido 2003).

The elevated Cu (0.41 mg/kg) and Ni (0.12 mg/kg) in Meshgin propolis may synergistically enhance radical-
scavenging via redox cycling of phenolics, whereby Cu? stabilizes semiquinone intermediates of flavonoids,
facilitating electron donation to free radicals (Pietta 2000, Rice-Evans 1997). This metal—polyphenol interplay
likely contributes to its superior DPPH inhibition despite comparable total phenolic levels to Yilagh.

Despite the valuable insights provided by this study, certain limitations should be acknowledged. First, propolis
samples were collected during a single season (spring), and seasonal variations in botanical resin sources were not
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evaluated. Second, only one extraction solvent system (70% hydroethanolic extraction) was employed, which may
limit the spectrum of extracted bioactive compounds. Additionally, the study focused primarily on physicochemical,
antioxidant, and mineral characteristics, while antimicrobial and biological assays were not conducted. Future
studies should consider multi-season sampling, alternative extraction methods, and broader Dbioactivity
assessments to further validate and expand the findings.

CONCLUSION

In conclusion, this study highlights the significant influence of geographical origin on the physicochemical and
antioxidant properties of propolis from Meshgin apiaries, underscoring the role of local flora and environmental
conditions in shaping its bioactive profile. Among the samples analyzed, Meshgin propolis exhibited superior
phenolic and flavonoid content, along with enhanced antioxidant activity, attributed to the region's rich
biodiversity of medicinal plants. Despite consistent physicochemical parameters across all samples, marked
variations in bioactive compounds and mineral composition were observed, with significant differences in elements
such as nickel, copper, phosphorus, and calcium. These findings emphasize the potential of region-specific propolis
as a valuable natural resource for pharmaceutical and nutraceutical applications, particularly in formulations
requiring high antioxidant efficacy. The study underscores the importance of geographical factors in propolis
quality, advocating for further research to harness its therapeutic potential while considering ecological and
botanical influences. The demonstrated differences in bioactivity and mineral composition across regions further
suggest the functional specificity of propolis in targeting oxidative stress, microbial infections, and potential
mineral supplementation. Given these multifaceted properties, propolis from high-flavonoid regions such as
Meshgin could serve as a promising basis for developing standardized antioxidant-rich extracts for nutraceutical
or functional food applications.
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