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ABSTRACT

Ranunculus arvensis L., although classified as a poisonous plant, holds significant value in medicine,
food, and apiculture. Its pollen is actively collected by various bee species, including honeybees, and
stored as a vital nutritional reserve for their larvae. This study investigates the polyphenol and
flavonoid content, as well as the antioxidant properties, of R. arvensis flower pollen. The antioxidant
activity of the pollen, sourced from the Nakhchivan Autonomous Republic, was measured as 179.102
*+ 1.5919 pmol FeSO,-7H;0/g dw using the FRAP method and 0.137 % 0.015 mg/mL using the DPPH
method. The phenolic content of the methanolic extract was determined to be 17.952 * 0.160 mg/g,
while the flavonoid content was 5.660 * 0.055 mg/g. Phenolic profiling via HPLC identified six key
compounds: ferulic acid (521.163 ug/g), caffeic acid (170.119 ug/g), p-hydroxybenzoic acid (46.529
Mg/g), protocatechuic acid (22.377 pglg), chrysin (11.353 ugl/g), and pinocembrin (10.953 ug/g).
Quantum chemistry calculations revealed that ferulic acid and caffeic acid, the most abundant
phenolic compounds, exhibited the most favorable profiles for antioxidant activity. These findings
suggest that these two compounds are the primary contributors to the antioxidant potential of the
pollen extract. Given the nutritional and pharmacological significance of bee products, continued
investigation into the phytochemical composition of flower pollen is essential to better understand its
functional properties and applications.
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o0z
Ranunculus arvensis L., zehirli bir bitki olarak siniflandiriimasina ragmen, tip, gida ve aricilikta 6nemli
bir degere sahiptir. Poleni, bal arilari da dahil olmak lzere ¢esitli an turleri tarafindan aktif olarak

toplanir ve larvalari i¢in hayati bir besin rezervi olarak depolanir. Bu ¢alisma, R. arvensis ¢igek poleninin
polifenol ve flavonoid igeriginin yani sira antioksidan ozelliklerini arastirmaktadir. Nahgivan Ozerk
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Cumhuriyeti'nden elde edilen polenin antioksidan aktivitesi FRAP yontemi kullanilarak 179,102 * 1,5919
pmol FeSO,4-7H,0/g dw ve DPPH yontemi kullanilarak 0,137 * 0,015 mg/mL olarak olgllmistir.
Metanolik ekstraktin fenolik igcerigi 17.952 * 0.160 mg/g, flavonoid igerigi ise 5.660 * 0.055 mg/g olarak
belirlenmistir. HPLC yoluyla yapilan fenolik profilleme alti temel bilesigi tanimlamistir: ferulik asit
(521.163 pg/g), kafeik asit (170.119 pg/g), p-hidroksibenzoik asit (46.529 pg/g), protokatesuik asit (22.377
Mg/g), krisin (11.353 pg/g) ve pinokembrin (10.953 ug/g). Kuantum kimyasi hesaplamalari, en bol
bulunan fenolik bilesikler olan ferulik asit ve kafeik asidin antioksidan aktivite i¢in en uygun profilleri
sergiledigini ortaya koymustur. Bu bulgular, bu iki bilesigin polen ekstraktinin antioksidan
potansiyeline birincil katkida bulunan bilesikler oldugunu goéstermektedir. Ari liriinlerinin besinsel ve
farmakolojik 6nemi g6z oniine alindiginda, gigek poleninin fitokimyasal bilesiminin siirekli arastiriimasi,
fonksiyonel 6zelliklerinin daha iyi anlasilmasi igin gereklidir.

Anahtar Kelimeler: Ranunculus arvensis, Bitki poleni, Polifenol, Flavonoid, Antioksidan, Ari besini

GENISLETILMiS OZET

Amag: Ranunculus L. cinsine ait bitkiler tip,
beslenme ve aricilikta c¢esitli uygulamalariyla
bilinmektedir, ancak bu bitkiler ayni zamanda toksik
Ozellikleri nedeniyle de siniflandiriimaktadir (Al-
Snafi, 2022). Zehirli olmasina ragmen hem bal arilari
hem de diger ari turleri Ranunculus bitkisinden polen
toplar ve kovanlarinda depolarlar. Ancak
arastirmacilar, Ranunculus tlrlerinin polenlerinin
dislk miktarda toksik madde protoanemioin
icerdigini ve bu nedenle ari larvalari Gzerinde yikici
bir etkisinin olmadigini bulmuglardir (Sedivy ve ark.,
2012). Bu galismanin amaci, arilar tarafindan ¢ok
sevilen Ranunculus cinsine ait Ranunculus arvensis
L. poleninin ari larvalarinin gelisimi agisindan yararli
olan biyoaktif maddeleri ve antioksidan &zelliklerini
degerlendirmektir.

Gereg-Yontem:  Ranunculus arvensis L. nin
cicekleri ciceklenme evresinin  baslangicinda
toplanmig, polenler ta¢ yapraklarindan ayriimisg,
kurutuimus ve %98’lik metanol ile ekstrakte
edilmistir. Metanol ekstraktindaki (ME) toplam
fenolik madde igerigi Folin-Ciocalteu reakiifi
kullanilarak belirlenmigtir. Karisimin  absorbansi
Thermo Scientific Evolution TM 201 UV-VIS
spektrofotometresi kullanilarak 760 nm'de
Olclimisdir. Toplam fenolik igerik (TPC), gram kuru
polen basina miligram gallik asit esdegeri (GAE)
olarak ifade edilmistir (Slinkard ve digerleri, 1997).
Toplam flavonoid igerigi (TFC), Fukumoto ve Mazza
tarafindan geligtirilen kolorimetrik ydntem
kullanilarak 415 nm'de 6lgtlmis. TFC, numunenin
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kurutulmus agirhiginin (dw) grami basina kuersetin
esdegeri (QUE) miligrami olarak ifade edilmistir
(Fukumoto ve Mazza, 2000).

Polen 6zutinin toplam antioksidan kapasitesi
Benzie ve Strain (1996) ve Pulido ve ark. tarafindan
belirlenmistir. (2020) bitki o6zutlerinin antioksidan
aktivitesinin belirlenmesi icin uyarlanmig bir demir
indirgeyici antioksidan guci (FRAP) testi ile
degerlendiriimisdir. Serbest radikal temizleme
aktivitesi, Molyneux (2004) ve Erdogan ve ark.
(2012) aciklanan yontemle belirlenmistir.

HPLC analizi, PDA dedektori ve C18 kolonu ile
donatiimigs  Shimadzu LC-20AT HPLC sistemi
kullanilarak gerceklestiriimisdir. Bu analizde 25 adet
fenolik standart es zamanl olarak analiz edilmisdir.
Polen ekstraktindaki  polifenollerin  molekiiler
geometrisi ve antioksidan mekanizmalari, yogunluk
fonksiyonel teorisi (DFT) hesaplamalari kullanilarak
analiz edilmisdir. Bu hesaplamalar igin, ampirik
degisim korelasyonlarini igeren ylksek parametreli
bir yéntem olan M06-2X fonksiyoneli ve 6-31+G(d,p)
baz seti uygulanmisdir (Galano & Alvarez-ldaboy,
2014). Hidrojen atom transferi (HAT) icin bag
ayrisma entalpisi (BDE) ve tek elektron transferi
(SET) icin iyonlasma potansiyeli (IP) gibi antioksidan
mekanizmalarla iligkili termodinamik parametreler
Boulebd ve arkadaslari (2022) ve Boulebd (2022)
tarafindan 6nerilen yontemlere gore hesaplanmistir.
Bulgular: Nahgivan Ozerk Cumhuriyeti'nde yaygin
olarak yetisen R.arvensis L. bitkisinin poleninin
polifenol icerigi ve antioksidan aktivitesi ilk kez
arastinimisdir. toplam fenolik igerik -17,952+0,160
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mg GAE/g kuru agirhk; toplam flavonoid igerigi
5.6604£0.055mg QUE/g dw; toplam antioksidan
kapasitesi: FRAP - 179,102+1,591 uymol FeSO4
‘TH20/g dw; DPPH SCso'nin 137+0,015 mg/mL
oldugu belirlenmisdir.

R. arvensis poleninin metanol ekstraktindaki fenolik
bilesikler 25 standart kullanilarak analiz edilmis ve
bunlardan 6'sinin  miktarlari tahmin edilmistir:
protokatekuik asit-22,377 ug/g, p-OH benzoik asit-
46,529 pg/g, kafeik asit-170,119 pg/g, ferulik asit-
512,163 pg/g, krizin-11,353 pg/g, pinocembrin-
10,953 ug/g.

Hem HAT hem de SET mekanizmalarinin
bulgularina dayanarak, R. arvensis 6zutlinde en aktif
antioksidanlarin kafeik asit ve ferulik asit oldugu
sonucuna varilabilir ve antioksidan aktiviteleri
belirlenebilir.

Sonug: Cicek polenlerinden elde edilen ari poleninin
saglik acisindan ¢ok cesitli faydalari oldugu biliniyor.
Calismamizda, ari kolonilerinin gelisimi ve ari
urdnlerinin  kalitesinin artirlmasi amaciyla cicek
polenlerinin  fenolik bilesenleri ve antioksidan
aktivitesinin incelenmesi amaclanmaktadir.
Ranunculus arvensis gigek poleninin biyokimyasal
bilesiminde yararli bilesenlerin incelenmesi literatire
ve arastirmacilara o6nemli katki saglaybileceyi
dUsundlmektedir.

INTRODUCTION

Beekeeping, which has an ancient history, has
generated great interest in studying flowering plants'
chemical composition, nutritional value and
pharmacological benefits. Honeybees produce
honey, bee pollen, bee bread, propolis, etc. from the
nectar, pollen and resinous substances they collect
from plants, and the chemical composition of these
products largely depends on the plants used to
collect them. Although the chemical composition of
plants that are important for beekeeping has been
widely studied, very few studies have been
conducted analyzing the chemical composition of
pollen. As you know, pollen is the main food source
for bee colonies (Abd El-Wahab 2016).

15 genera and 57 species represent the family of
Ranunculaceae Adans. in the Nakhchivan
Autonomous Republic. These species are
considered useful plants in medicine, food and
beekeeping, but are also known to be poisonous
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plants. Ranunculus arvensis L., belonging to the
genus Ranunculus L. section, is widespread in the
middle mountain zone of the autonomous republic. It
is an annual mesophytic plant with a height of 10-40
cm, a branching stem, yellow flowers and abundant
pollen. According to its geographical type, it is
considered a Mediterranean-Iranian-Turanian plant.
The plant blooms in May-June (Talibov & Ibrahimov
2008).

Plants belonging to the genus Ranunculus L. are
considered to be useful for medicine, food and
beekeeping, but they are also known to be
poisonous plants (Al-Snafi 2022). All bee genera and
also honeybees collect the pollen of plants belonging
to the Ranunculus L. family, which are toxic, and
store them in the hives to feed their larvae. The toxic
effect of these plant pollens on the development of
bee larvae has long been a matter of debate.
However, it is clear from some studies that
protoanemoin, the substance that causes plant
toxicity, is found in large amounts in the buds of the
plant and in small amounts in the pollen. It was also
established that the amount of protoanemoin in bee
pollen was drastically reduced as protoanemoin was
detoxified and turned into harmless substances as a
result of enzymatic processes. For this reason, the
pollen of plants of the Ranunculus L. genus
contained in bee pollen was found to have no
adverse effect on the bee larvae development
(Sedivy et al, 2012). Although the plant belongs to
the group of poisonous plants, it is also widely used
in pharmacology because it is non-toxic after drying
(Kurkin 2004).

In terms of chemical composition, the plant is rich in
proteins, amino acids, carbohydrates, glycosides,
saponins, polyphenols, and flavonoids (Boroomand
et al. 2018). This plant also contains ranunculus
glycoside, the enzymatic breakdown of which
produces a toxic substance called protoanemonin.
For this reason, the plant is considered poisonous.
However, since the dried form or infusion of the plant
does not contain protoanemonin, it does not have a
toxic effect (An et al. 2018; Jirgens & Dotterl 2004).
The flavonoid-rich plant R. arvensis has strong
antioxidant and antimicrobial effects (Hachelaf et al.
2015; Al-Snafi 2022).

This study aimed to evaluate the phenolic
compounds and antioxidant properties of
Ranunculus arvensis L. pollen, which serves as an
important food source for bees in the Nakhchivan
Autonomous Republic.
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MATERIALS AND METHODS
Plant Materials

Ranunculus arvensis L. (Order:
Ranunculales/Family: Ranunculaceae) was
collected from the Anagut village in the Ordubad
district of the Nakhchivan Autonomous Republic for
research purposes. Anagut is located at an altitude
of 38°58'53" N. E. 45°57'51" N. U. At the end of May,
During the period of full flowering of the species R.
arvensis, parts of flowers were collected, the
stamens were separated and dried in a shaded and
ventilated place.

Pollen Extraction

A methanolic extract of the dried flower pollen was
prepared by weighing 1 g of pollen and adding 50
mL of 98% methanol. The mixture was left to stand
for 24 h, then sequentially filtered using Whatman
No. 4 and Whatman No. 1 filter papers. The resulting
extract was subsequently stored in a deep freezer at
-18°C. The extracted pollen was analyzed for its total
phenolic content, total flavonoid content, and
antioxidant activity.

Total Phenolic Content (TPC)

The Folin-Ciocalteu reagent was used to measure
the total phenol concentration in the methanol
extract (ME). 400 pL of 0.5 N Folin-Ciocalteu reagent
was mixed with 20 pL of the prepared methanol
extract (R.arvensis). 680 uL of distilled water was
added to dilute the mixture. Folin-Ciocalteu reagent
is a strong oxidizing agent that reacts with the
extract's phenolic compounds to form a blue
complex. The mixture was incubated for 3-4 min. to
allow the initial reactions between the reagent and
phenolic compounds in the extract to occur. Then
400 pL of Naz2COs (10%) was added and kept at
room temperature for 2 h. Using a Thermo Scientific
Evolution™ 201 UV-VIS spectrophotometer, the
absorbance of the mixture was measured at a
wavelength of 760 nm. The total phenolic content
was expressed as milligrams of gallic acid
equivalents (GAE) per gram of dry pollen (Slinkard
etal. 1997). The absorbance of the solution was then
measured at 760 nm using a Thermo Scientific
Evolution TM 201 UV-VIS spectrophotometer. The
total phenolic content was expressed as milligrams
of gallic acid equivalents (GAE) per gram of dry
pollen (Slinkard et al. 1997).

Total Flavonoid Content (TFC)

The total flavonoid content (TFC) was determined
using the colorimetric assay developed by Fukumoto
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and Mazza. In this procedure, 25 pL of the pollen
extract was mixed with 50 pL of 10% aluminum
nitrate [AI(NO3)s] solution and 50 uL of 1.0 M
ammonium acetate (NH,CH3;COO) solution. The
aluminum ions (AP*) are responsible for forming
complexes with the flavonoid molecules in the
extract. After incubating the mixture at room
temperature for 45 minutes, its absorbance was
measured at 415 nm. Quercetin standards were
utilized to express TFC as milligrams of quercetin
(QUE) per gram of dried weight (dw) of the sample
(Fukumoto & Mazza 2000).

Total Antioxidant Capacity

The ferric-reducing antioxidant power (FRAP) assay
was employed to evaluate the total antioxidant
capacity of the pollen extract., as developed by
Benzie and Strain (1996) and adapted by Pulido et
al. (2020) for plant extract antioxidant activity
determination. To prepare the FRAP reagent, 2.5 mL
of 10 MM TPTZ, 2.5 mL of 20 mM FeCl;, and 25 mL
of 300 mM acetate buffer (pH 3.6) were combined.
The reaction mixture, consisting of 3 mL FRAP
reagent and 100 pL pollen extract, was incubated at
37°C for 4 minutes. During this incubation, Fe3* ions
in the ferryl tripyridyltriazine reagent are reduced to
Fe?* ions, causing the reagent to turn dark blue. The
absorbance was then measured at 595 nm. The
FRAP values were expressed as micromoles of
FeSO,7H,0 per gram of dry weight of the sample.

DPPH (2,2- diphenyl-1-picrylhydrazyl) Radical
Scavenging Activity

Free radical scavenging activity was measured
using the method described by Molyneux (2004) and
Erdogan et al. (2012). Briefly, 750 uL of the sample
extract was combined with 750 pL of DPPH radical
solution and incubated in the dark at 25°C for 45 min.
The absorbance was subsequently recorded at 517
nm. Scavenging activity was quantified as SCso, with
lower SCso values indicating stronger radical
scavenging ability.

RP-HPLC-PDA (Reversed-Phase High-
Performance Liquid Chromatography) Analysis
and Determination of Phenolic Derivatives

The chromatographic analyses were carried out
utilizing a Shimadzu LC-20AT high-performance
liquid chromatography system, which was oultfitted
with a photodiode array (PDA) detector and a C18
reversed-phase column (dimensions: 250 mm by 4.6
mm, particle size 5 pm; manufactured by GL
Sciences). Separation was achieved through
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gradient elution with two mobile phases: Mobile
Phase A consisting of 10% acetonitrile in ultrapure
water, and Mobile Phase B containing 2% acetic acid
diluted in water. The system operated at a flow rate
of 1 mL/min, and a 20 pL sample volume was
injected. Detection occurred at wavelengths of 250,
280, 320, and 360 nm, with the column temperature
maintained at 30°C. The gradient program was as
follows: initial composition of 95% solvent A and 5%
solvent B, transitioning to 15% A/85% B by 8 min.,
21% AI79% B at 10 min., 52% A/48% B at 20 min.,
67% A/33% B at 35 min., 90% A/10% B at 50.5 min.,
50% A/95% B at 50.1 min., and concluding with 5%
A/95% B at 60 min. Prior to analysis, all samples
were filtered through 0.45 yum membranes (Kolayli et
al., 2024; Zehra et al., 2015).

Standard Phenolics

A total of 25 phenolic standards were analyzed
simultaneously, including gallic acid, protocatechuic
acid, p-OH benzoic acid, m-OH benzoic acid, caffeic
acid, syringic acid, p-coumaric acid, ferulic acid,
apigenin, myricetin, chlorogenic acid, quercetin,
resveratrol, daidzein, t-cinnamic acid, epicatechin,
hesperetin, rutin, luteolin, rhamnetin, pinocembrin,
chrysin, CAPE, curcumin, and ellagic acid.

DFT calculations

The molecular geometry and antioxidant
mechanisms of the polyphenols in the pollen extract
were analyzed using density functional theory (DFT)
calculations. The MO06-2X functional, a highly
parameterized method that includes empirical
exchange-correlation, was applied for all
computations, alongside the 6-31+G(d,p) basis set.
Among the approaches used for thermodynamic
calculations of radical reactions, MO06-2X is
considered one of the most reliable (Galano &
Alvarez-ldaboy, 2014). To simulate the effects of
ethanol as a solvent, Truhlar's SMD solvation model

was used. The thermodynamic parameters
associated with the antioxidant mechanisms, such
as bond dissociation enthalpy (BDE) for hydrogen
atom transfer (HAT) and ionization potential (IP) for
single electron transfer (SET), were -calculated
according to the methods outlined by Boulebd et al.
(2022) and Boulebd (2022).

BDE = H(HZ-N") + H(H) — H(HZ)
IP = H(HZ*) + H(e™) — H(HZ)

In this expression, H(HZ), H(HZ-N"), H(HZ "), H(e ),
and H(H?) denote the enthalpies corresponding to
the neutral molecule, radical species, radical cation,
electron, and proton, respectively. All calculations
were performed using Gaussian09 software (Frisch
et al. 2009). The analysis and visualization of the
results were conducted using Multiwfn and VMD
software (Lu & Chen 2012; Humphrey et al. 1996).

Statistical Analysis

The results from three separate experimental
replicates were statistically analyzed using SPSS
20.0 (SPSS Inc., Chicago, IL, USA). To compare the
total phenolic content (TPC), total flavonoid content
(TFC), FRAP, and DPPH parameters across the
different species, one-way ANOVA followed by
Tukey's test was applied.

RESULTS

We studied the content of polyphenols and
antioxidant activity of the pollen of the R.arvensis
plant, common in the Nakhchivan Autonomous
Republic, for the first time. Since methanol is the
best solvent for most polyphenol derivatives, 98%
methanol was used to prepare the extract. Table 1
displays the results of the quantitative analysis of
total phenol and flavonoid concentrations and
antioxidant activity of the R. arvensis pollen.

Table 1. Total phenolic content, total flavonoid content, and antioxidant capacity of the R.arvensis pollen

R.arvensis flower pollen extract (Mean *st)

Total phenolic content (mg GAE/g dw)
Total flavonoid content (mg QUE/g dw)
Total antioxidant capacity

(FRAP) (umol FeSO4 -7H20/g dw)
DPPH SCso (mg/mL)

17.952+0.160
5.660+0.055

179.102+1.591
0.137+0.015

U.Arn D. — U Bee J. 2025, 25 (1): 61-72
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Phenolic compounds in the methanolic extract of
R.arvensis pollen were analyzed using 25
standards. Of these, the amount of 6 substances

was rated quite highly. The results of the RP-HPLC-
PDA analysis are presented in Table 2.

Table 2. Phenolic composition of the R.arvensis pollen based on spectrophotometry and high-performance liquid

chromatography
Phenolic acids (ug/g) Flavonoids (ug/g)
Gallic Acid nd* Resveratrol nd
Protocatechuic Acid 22.377 | Daidzein nd
Chlorogenic Acid nd Luteolin nd
p-OH Benzoic Acid 46.529 | Quercetin nd
t-Cinnamic Acid nd Epicatechin nd
Caffeic Acid 170.119 | Apigenin nd
Syringic Acid nd Hesperidin nd
m-OH Benzoic Acid nd Rhamnetin nd
p-Coumaric Acid nd Chrysin 11.353
Ellagic Acid nd Pinocembrin 10.953
Ferulic Acid 512.163 | CAPE nd
Curcumin nd
Rutin nd
Myricetin nd

nd: Not detected

According to the HPLC chromatogram, the amount
of pinocembrin was lower (10.953 pg/g), while the
amount of ferulic acid was higher (521.163 pg/g).
The antioxidant function of each of the resulting
phenol derivatives has been studied since they are
substances widely used in the food, pharmaceutical,
and cosmetic industries.

In silico studies

The main phenols found in the R.arvensis extract,
which are protocatechuic acid, p-hydroxybenzoic
acid, caffeic acid, ferulic acid, chrysin, and
pinocembrin, were individually investigated for their
antioxidant capacity using DFT calculations.

The molecular geometries of the compounds were
optimized using the M06-2X/6-31+G(d,p) level of
theory, with ethanol (EtOH) as the solvent to
simulate the environment of the in vitro experiments.
The most stable molecular geometries are
presented in Figure 1. Except for pinocembrin, all
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compounds exhibit a planar geometry, reflecting
significant electron delocalization throughout their
molecular structures. Pinocembrin, which differs
from the others by the saturation of the pyran ring,
displays a non-planar geometry. In this case, the
benzene moiety is inclined at an angle of 87° from
the molecular plane. The distribution of HOMO and
LUMO orbitals, also shown in Figure 1, further
highlights the extensive electron delocalization in
these compounds. Analysis of the HOMO energy
levels reveals that caffeic acid and ferulic acid have
the highest values (-7.21 to -7.26 eV compared to -
7.63 to -7.96 eV for other compounds), indicating
superior electron-donating capacities. Additionally,
the  HOMO-LUMO energy gap  analysis
demonstrates that caffeic acid and ferulic acid
exhibit the smallest gaps (6.12-6.16 eV versus
6.38-7.49 eV for other derivatives), suggesting their
higher chemical reactivity relative to the other
compounds.
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Figure 1. Molecular geometry (a), LUMO (b), and HOMO (c) of the main polyphenols of R.arvensis extract obtained at

MO06-2X/6-31+G(d,p) level in EtOH.

The two main mechanisms, hydrogen atom transfer
(HAT) and single electron transfer (SET), which
govern the experimental assays, were investigated
(LG et al. 2010; Spiegel 2022). In the HAT
mechanism, the antioxidant transfers a hydrogen
atom to the DPPH radical, transforming it into a more
stable radical species (Boulebd, 2023). This
mechanism is characterized by the bond
dissociation enthalpy (BDE) of the active OH bond.
For the SET mechanism, the antioxidant donates an
electron to the Fe ion or a free radical, neutralizing it
(Boulebd 2024). This mechanism is characterized by
the ionization potential (IP) of the antioxidant. The
BDE and IP values calculated for the HAT and SET
mechanisms, respectively, of the compounds
studied are shown in Figure 2. Regarding the HAT
mechanism, the lowest BDE value was obtained for
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the 4-OH group of caffeic acid (79.9 kcal/mol),
followed by protocatechuic acid and ferulic acid,
which showed approximately the same values of
83.3 and 83.4 kcal/mol, respectively. These results
indicate that caffeic acid, protocatechuic acid, and
ferulic acid are the most active compounds in the
HAT mechanism. On the other hand, the analysis of
IP values also shows the lowest values for caffeic
acid and ferulic acid (112.4 and 111.7 kcal/mol,
respectively), indicating that these molecules may
also exhibit the highest electron-donating capacity
compared to the other phenolic derivatives. Based
on the findings from both the HAT and SET
mechanisms, we can conclude that caffeic acid and
ferulic acid are the most active antioxidants in the
R.arvensis extract and determine their antioxidant
activity.
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Figure 2. Computed BDE and IP kcal/mol of the main polyphenols and antioxidant mechanisms (d) of the main compounds
of the R.arvensis extract obtained at M06-2X/6-31+G(d,p) level in EtOH.

DISCUSSION

There are no studies on phytochemical analysis of
R.arvensis pollen extract in scientific databases. In
this study, the phytochemical composition of
R.arvensis pollen was compared with the
composition of flower pollens of other plants that are
food sources for bees. Such comparisons help to
better understand the biologically active components
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of different types of pollens for the development of
bee colonies and the benefits of bee products.

Kostic et al. (2021) investigated the phytochemical
profile of pollen collected by honeybees from the
artichoke (Cynara scolymus) plant in the Belgrade
area. This research focused on phenolic compounds
and their concentrations within the pollen. The
findings showed that the Total Phenolic Content
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(TPC) in artichoke pollen was 5.3 mg/g GAE dw, and
the Total Flavonoid Content (TFC) was 0.81 mg/g
QE dw. Using HPLC DAD MS/MS analysis, 10
phenolic compounds were identified, with
Isorhamnetin 3-O-glucoside showing the highest
concentration (49,171 mg/kg), comprising more than
70% of the total phenolic content (Kostic et al.,
2021). In comparison, the analysis of R.arvensis
pollen revealed TPC and TFC values that were 3-5
times higher than those in artichoke pollen. The
predominant phenolic compound in R.arvensis
pollen was ferulic acid, which represented over 60%
of the total phenolic content.

De-Melo et al. (2018) investigated the phenolic and
flavonoid contents as part of their study on, along
with the antioxidant properties, of eight monofloral
bee pollen samples collected from the state of
Brasilia were analyzed. These samples consisted of
more than 90% pollen from a single plant species.
The Total Phenolic Content (TPC) varied depending
on the plant species, ranging from 5.6 to 29.7 mg
GAE/g, while the flavonoid content ranged from 0.3
to 19.0 mg GAE/g. The antioxidant activity,
measured using the DPPH method, showed values
between 10.3 and 110.8 uymol TE/g. HPLC-MS
analysis identified quercetin, kaempferol 3-O-
glycosides, and isorhamnetin flavonoid glycosides
as the major compounds in the samples (De-Melo et
al., 2018).

In the study conducted by Sadeq et al. (2021), the
phytochemical composition, along with the
antioxidant and antibacterial properties of pollens
from Micromeria fruticosa, Achillea fruticosa
grantissima, and Phoenix dactylifera-plants native to
the Palestinian Territory-were thoroughly
investigated. Among the samples, Micromeria
fruticosa pollen exhibited the highest results across
all parameters. Micromeria fruticosa pollen extract
was reported to contain a high level of phenolic
compounds (TPC: 56.78 + 0.49 mg GAE/g) and
flavonoids (TFC: 2.48 £ 0.05 and 8.03 £ 0.01 mg
QE/q). Its antioxidant capacity was confirmed by low
ICs, values of 0.047 mg/mL in the DPPH assay and
0.039 mg/mL in the FRAP assay, indicating potent
free radical scavenging activity (Sadeq et al., 2021).
The study of plant pollens, which serve as food
sources for honey bees, provides valuable insights
into both the growth of bee colonies and the
nutritional and pharmacological benefits of bee
products. Micromeria fruticosa (Lamiaceae) is one of
the key nectar- and pollen-producing plants for
honey bees (Albaba, 2015).
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These analyses show that R.arvensis pollen, a
species of Ranunculus L., which is widespread in
forests and meadows, is a source of phenolic and
flavonoids for honey bees.

Quantum chemical calculations using the DFT
method at the M06-2X/6-31+G(d,p) level revealed
significant differences in the reactivity of the extract's
primary polyphenols. Caffeic acid and ferulic acid
emerged as the most reactive compounds, following
both hydrogen atom transfer (HAT) and single
electron transfer (SET) pathways. These results are
consistent with the potent and well-documented
antioxidant activity of these compounds, making
Ranunculus arvensis L. flower pollen a rich source
of antioxidants.

Ranunculus arvensis L., which has a mass flowering
period in Apri-May in many regions of the
Nakhchivan Autonomous Republic, has been
observed to be used as a food source by honey bees
during the active beekeeping season. X etal. Y et al.
etc. studies indicate that monofloral bee pollen,
which constitutes 90-100% of R.arvensis plant
pollen, is obtained. This shows that R. arvensis is a
plant loved by bees and its pollen is used as food. In
this study, the TPC, TFC and antioxidant content of
R.arvensis flower pollen is studied to understand the
value of this plant for the development of bee
colonies. R.arvensis, which has a higher TPC, TFC
and antioxidant value than most flower pollens, is
antimicrobial for bees. It has anti-inflammatory and
antioxidant effects. This also means the healthy
development of bee colonies.

We have observed the use of Ranunculus arvensis
L., which has a mass flowering period in April-May in
many regions of the Nakhchivan Autonomous
Republic, as a food source by honey bees during the
active beekeeping season. The lack of literature data
on the biochemical analysis of Ranunculus arvensis
flower pollen is a factor that emphasizes the
originality and importance of this study. Thus, the
fact that these analyses were performed by us for
the first time not only presents a new approach
scientifically, but also creates a basic database for
other studies to be conducted in this field in the
future. Such studies are also of particular importance
in terms of their contribution to the development of
plant pollens and the field of beekeeping. The results
of biochemical analyses of Ranunculus arvensis
flower pollen show that, unlike other plant pollens
loved by bees, it has rich phenolic components.
Phenolic components play an important role in the
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healthy development of bee colonies and in leading
a healthy lifestyle in general. Thanks to the
antioxidant properties of phenols, they strengthen
the immune system of bees and increase their
resistance to diseases. The result confirms the idea
that pollen plays an important role in the
development of beekeeping. This also supports the
development of the beekeeping industry and has a
positive impact on its productivity.

This topic opens up an interesting area for further
research into apitherapy and the role of bees in the
ecosystem. A more extensive biochemical analysis
of the relationship between bee health and plant
pollen composition may offer new approaches to
protecting bees in agriculture and natural
ecosystems.

Conclusion: The present study highlights the
significance of Ranunculus arvensis as a valuable
pollen source for honey bees during the mass
flowering period in April-May within the Nakhchivan
Autonomous Republic. Comprehensive
phytochemical, antioxidant, and HPLC analyses
revealed that ferulic acid and caffeic acid are
abundant phenolic components in the pollen. DFT
calculations further identified these compounds as
key contributors to the antioxidant activity of the
extract. The bioactive-rich pollen of R. Arvensis
underscores its potential to support the healthy
development of bee colonies. Furthermore, the
transfer of diverse phenolic compounds from pollen
to bee-derived products enhances their nutritional
and medicinal value, providing a strong foundation
for future applications in apiculture and human
health.
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