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DETERMINATION OF POLYPHENOLIC COMPOUNDS IN HONEY SAMPLES
OF DIFFERENT OTANICAL ORIGIN

V. M. Ischenko!, N. P. KvitkovskaZ, I. V. Popova®, M. V. Ischenko*, V. S. Tanchyn®

A study was conducted on the quantitative determination of biologically active components of Ukrainian
honey, in particular polyphenols and flavonoids, which are responsible for its antioxidant, antibacterial,
and anti-inflammatory properties. Thirteen honey samples harvested in 2023-2024 from different regions
of Ukraine were analyzed, including monofloral (sunflower, linden, rapeseed, black locust), polyfloral
(wildflower), and blended varieties. The primary method for quantitative analysis of total polyphenol
content was the Folin—Ciocalteu colorimetric assay (measured at 750 nm), while flavonoid determination
was carried out using a photometric reaction with AlCl, in an alkaline medium (measured at 510 nm).
The total phenolic content in the domestic samples was found to range from 108 to 770 mg GAE/ kg.
The highest values were characteristic of wildflower honey, while the lowest values were recorded in
acacia and linden honeys. No direct correlation was found between polyphenol content and botanical
origin for monofloral and polyfloral varieties. The flavonoid content in the studied samples ranged
from 3 to 28 mg/ kg. For rapid approximate estimation of total polyphenol content, spectrophotometric
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analysis of the samples was performed. It was established that absorbance at 280 nm (A?%°) exhibits
an insufficiently strong correlation with total polyphenol content due to possible interference from non-
phenolic components, and therefore it is not recommended for express analysis. In contrast, a strong
correlation was found between optical density at 450 nm (A**°) and flavonoid content, which allows this
parameter to be used for rapid assessment of the antioxidant potential of honey. The obtained data
underscore the high competitiveness of Ukrainian honey on the international market.

Key words: honey, polyphenols, flavonoids, spectrophotometry.

BH3HAYEHHS IIOAIPEHOABHHX CIIOAYK ¥ SPASKAX MEAY PISHOI'O
BOTAHIYHOTI'O ITIOXO/AXXEHHS

B. M. Imenko, H. II. KBiTKOBCBKa, I. B. Ilonmosa, M. B. Imenko, B. C. Tauuuu

IIposedero 00CniOIKEHHS NO KLIbKICHOMY 8U3HAUEHHIO O10102IUHO AKMUBHUX KOMNOHEHMI8
YKPAiHCbK020 MedY, 30Kpema NoaiheHonie ma aa8oH0oi0i8, KL 3YMO810I0Mb 11020 AHMUOKCUOAHMHI,
aHmubaxmepianbHi ma nPomu3ananbHi enacmueocmi. Y pobomi npoaHanizosaro 13 3paskie medy
gposxcaro 2023-2024 poxis i3 pi3HUX pe2ioHie YKpaiHU, U0 8KI0UANIU MOHOIOPHL (COHAWHUKOBUL,
aunosull, pinarxosutl, aKayiesuil), nonihiopti (pisHompae’s) ma kynaxcosari copmu. OCHOBHUM
MemMOoO0OM KLNbKICHO20 AHAIZY 3020/1bHO20 8MICMY NONIGEHONIE 00PAHO KOJOPUMEMPUUHUT MEMOO
PoniHa-Yorkanemey (sumiprosarHs npu 750 HM), a Onst BUSHAUEHHSL (P/LABOHO0I0I8 — (POMOMEMPUUHY
pearuio 3 AlCL, y nyskHomy cepedosuwyi (8umiptosarHs npu 510 Hm). BcmaHoeneHo, wo 3a2ab-
HUTL emicm (peHONbHUX PeUOBUH Y 8IMUUSHSHUX 3pasKkax cmaHosump 8i0 108 do 770 me GAE/ ke.
Hatisuui nokasHuKu xapaKxmepHi 05t medy 3 pisHOmMpae’st, mooi ik MIHIMAIbHI SHAUEHHS 3agicO8AHO
8 aKauiesomy ma AUN08omMy meoax. s MOHOPAOPHUX MA NOSIPIOPHUX COPMI8 He 8USLBNEHO
NPSMOi 3071eHHOCMI NOKA3ZHUKIE BMICMY NOJligheHoi8 8i0 IXHb020 BOMAHIUHO20 NOX00IKeHHsl. Bmicm
prasoroidi8 Yy 0ocaidKysaHux 3paskax cmarHosums 8i0 3 00 28 me/ Kke. [ns weuorxoi HabaurxeHoi ouiHKu
30201bH020 8Micmy NOAIheHONI8 Y 3pas3Kkax nposedeHo ix cnekmpogomomempuuHe 00CAIONEHHSL.
Bcmarosnero, wo ceimaonoenuHaHHs npu 280 Hm (A?80) mae HedocmamHbo CUNbHY KOPENUiio i3
30201bHUM 8MICTNOM NONIPEHONI8 uepe3 MOIKAUBUT 8NtU8 HePEHONbHUX KOMNOHEHMI8, MOMY SOHO
He pekomeHdosaHe 0Nsl eKcnpec-aHanisy. Hamomicms 8usieneHo CuibHy KOPessyilo MK OnmuuHo0
2ycmuHoro npu 450 Hm (A*°) ma emicmom paagoH0idi8, w0 00380.151€ BUKOPUCMOBYEAMU Uell NOKAZHUK
0151 onepamueHoOi OUIHKU AHMUOKCUOAHMHO020 nomeHyiany medy. OmpumaHi OaHi ni0Kpecaoroms 8UCOKY
KOHKYPEHMOCNPOMOIKHICMb YKPATHCHIK020 Me0Y HA MIKHAPOOHOMY PUHKY.

Knrouoei cnoea: meo, nonicheHonu, paasaHoiou, cnekmpogomomempisi.

Introduction

Honey, consumed by humans since ancient
times, is one of the most valuable dietary com-
ponents. It is a unique natural product made
by bees from flower nectar or plant secretions,
yielding nectar or honeydew honey. Although
the therapeutic potential of honey is still being
investigated, numerous researchers confirm its
exceptional biological value (Samarghandian et
al., 2017; Hanif et al., 2025). Honey is known to
possess antibacterial, anti-inflammatory, anti-
oxidant, antidiabetic, and antitumor effects, as
well as to regulate digestion and cardiac func-
tion. These properties are attributable to the
complex chemical composition of honey, which
includes volatile and non-volatile compounds:
phenolic substances, amino acids, enzymes,
essential oils, etc. (Bobis et al., 2020; Kiran
& Riyaz, 2026). In recent years, a substan-
tial body of literature has emerged describing
the mechanisms of action of individual honey

compounds at the molecular level. The study
by Wilczynska & Zak (2024) (Wilczynska &
Zak, 2024), recommends dividing these com-
pounds into two main groups: those with anti-
microbial activity and those with antioxidant
activity. The antioxidant properties of honey
are primarily attributable to the presence of
polyphenols, represented by flavonoids, phe-
nolic acids, and their derivatives. The content
of these compounds depends primarily on the
botanical origin (nectar source), which deter-
mines the type and concentration of active
substances (Mustafa et al., 2025). Other key
factors include: geographical origin and cli-
matic conditions, harvest time, processing
methods, and storage conditions (Kedzierska-
Matysek et al., 2021; Nyarko et al., 2023).
Furthermore, a number of studies (Ibrahimi
& Hajdari, 2020; Mendoza Bacilio et al., 2022)
confirm a direct correlation between phenolic
compound content and honey color intensity —
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typically, darker varieties exhibit higher anti-
oxidant activity.

Spectrophotometry is one of the most
accessible and widespread methods for quan-
titative determination of certain honey com-
ponents. In particular, the determination of
total polyphenol content is predominantly
based on the Folin—Ciocalteu colorimetric
method (Goslinski et al., 2021). This method
employs the eponymous reagent, which con-
sists of phosphotungstic acid H,PW,,0,, and
phosphomolybdic acid H,PMo,,0,, hetero-
polyacids. The reduction of these hetero-
polyacids by reducing agents in an alkaline
medium yields a blue coloration measured at
750 nm. However, since this assay is based on
a redox reaction, compounds other than phe-
nols, such as reducing sugars and ascorbic
acid, may also react with the heteropolyacids
(Truchado et al., 2008). Standard solutions of
gallic acid are used for calibration curve con-
struction; therefore, the quantitative phenol
content values obtained are expressed in gal-
lic acid equivalents (mg GAE/kg). Depending
on the aforementioned factors, the polyphe-
nol content in Polish honey ranged from 71.7
to 202.6 mg GAE/kg (Pyrzynska & Biesaga,
2009), while in Croatian honey this parame-
ter was 56-500 mg GAE/kg (Kenjeri¢ et al.,
2007). Meanwhile, the average total polyphe-
nol content in Ethiopian honey samples var-
ied from 170.3 to 420.4 mg GAE/kg (Yayinie
et al., 2022). A study of honey from Colorado
(USA) recorded total phenolic content levels of
816-1057 mg GAE/kg (Nyarko et al., 2023).

Photometry can also be applied for the
determination of flavonoids (a subclass of
polyphenols); the method for their determi-
nation in honey is described by Paula et al.
(2024). The principle of the photometric deter-
mination of flavonoids involves the nitrosation
of ring B of flavonoids followed by a reaction
with AICl; in an alkaline medium to form a
colored product. The absorbance is mea-
sured at 510 nm. A calibration curve is con-
structed using a standard catechin solution,
and accordingly, the results are expressed
in mg catechin equivalents per kg of honey.
Compared with the total phenolic content, the
flavonoid content in honey is lower. For exam-
ple, for Brazilian honey (Al-Farsi et al., 2018),
the total phenolic content determined using
the Folin—Ciocalteu reagent ranged from 250
to 548 mg GAE/kg, while the total flavonoid
content determined using aluminum chloride
was 9 to 48.6 mg catechin/kg of honey. For
quantitative determination of the compre-

hensive phenolic profile of honey, high-per-
formance liquid chromatography (HPLC) and
capillary electrophoresis (CE) are employed,
most commonly in combination with diode
array detection (DAD) and mass spectrometry
(MS). In the study by Badjah Hadj Ahmed et
al. (2014), carbon nanotubes were proposed
as a solid-phase extraction adsorbent for the
simultaneous determination of phenolic acid,
flavonoid, and other phenol content in var-
ious honey samples by HPLC. According to
the studies by (Akbari et al., 2020; Soares et
al., 2017), the phenolic profile of honey can
be used as a «fingerprint» for determining its
geographical origin and detecting adultera-
tion. However, a significant limitation of these
methods is the high cost of equipment and
reagents, the need for a large number of ana-
lytical standards of phenolic compounds, and
complex sample preparation.

The high export potential of Ukrainian
honey (3rd place in the world ranking for
2024) imposes stringent certification require-
ments. Despite the fact that the current
DSTU 4497:2005 standard regulates basic
organoleptic and physicochemical characteris-
tics, it does not account for the concentration
of secondary metabolites, in particular poly-
phenols. Therefore, studying the polyphenolic
composition of domestically produced honey is
arelevant and strategically important issue that
will enhance the competitiveness of Ukrainian
products on the international food market.

Materials and Methods

The objects of investigation were 13 honey
samples harvested in 2023-2024, selected
based on the principle of diversity in botan-
ical and geographical origin. The sample set
included monofloral varieties (sunflower, lin-
den, rapeseed, black locust), polyfloral wild-
flower honey, and two blended samples (No. 4
and No. 6). The detailed characteristics of the
samples are presented in Table 1.

All reagents used in the analysis were
of analytical grade. Standard solutions of
1.0 g/L catechin and 1.0 g/L gallic acid
were prepared by dissolving an accurately
weighed amount of the substance in ethanol.
The Folin-Ciocalteu reagent was prepared
according to the standard procedure (Pérez et
al., 2023). Into a 1000 mL round-bottom flask
containing 350 mL of distilled water, sodium
tungstate weighing (50.00 £ 0.01) g and
sodium molybdate weighing (12.25 + 0.01) g
were introduced. To the mixture, 25 mL of
concentrated orthophosphoric acid and 50 mL
of concentrated hydrochloric acid were added.

98



Ukrainian Journal of Natural Sciences Ne 17

Yrpainceruil okypHan npupooHuuux Hayk Ne 17

Table 1
Characteristics of the investigated samples

Sample No. Geographical origin Botanical origin Color
1 Dnipropetrovsk region Polyfloral (wildflower) Golden
2 Dnipropetrovsk region Sunflower Light yellow
3 Dnipropetrovsk region Sunflower Bright yellow
4 Dnipropetrovsk region Blend (Sunflower + wildflower) Yellow
S Dnipropetrovsk region Rapeseed Yellow
6 Dnipropetrovsk region Blend (Wildflower + rapeseed) Yellow
7 Cherkasy region Linden Light yellow
8 Kyiv region Sunflower Light yellow
9 Kyiv region Black locust Pale yellow
10 Kyiv region Polyfloral (wildflower) Light brown
11 Kyiv region Polyfloral (wildflower) Amber
12 Cherkasy region Buckwheat Amber
13 Cherkasy region Black locust Pale yellow

The flask was connected to a reflux condenser
and heated on a water bath for 10 hours.
Subsequently, lithium sulfate weighing
(75.00 + 0.01) g and 25 mL of distilled water
were added to the solution, thoroughly mixed,
and 5 drops of liquid bromine were introduced.
To remove residual bromine, the mixture was
boiled for 15 min without a condenser under
constant stirring. The resulting reagent was
cooled to room temperature, filtered through
filter paper into a 500 mL volumetric flask,
and the volume was adjusted to the mark with
distilled water. Absorbance measurements
were performed on a Shimadzu UV2100 PC
spectrophotometer (Shimadzu, Japan) in the
UV and visible spectral ranges.

for

Preparation of honey
measurement

A 5.000 g aliquot of honey was weighed
in a graduated beaker and dissolved in
approximately 10 mL of deionized water. The
solution was quantitatively transferred into a
25 mL volumetric flask and diluted to the mark
with deionized water. The resulting sample
was filtered through a 0.45 pm regenerated
cellulose syringe membrane filter to eliminate
turbidity.

Procedure for the determination of total
polyphenol content

Into a 50 mL volumetric flask, 5 mL of the
honey filtrate was introduced, 4.0 mL of the
Folin-Ciocalteu reagent was added, followed
by 6.0 mL of a 20% Na,CO, solution, and the
flask was made up to volume with distilled
water. The mixture was thoroughly mixed and,
after 2.5 hours, absorbance measurements
were taken at a wavelength of 750 nm with an
optical path length of 0.5 cm. The reference

samples
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solution contained all reagents except honey.
The calibration curve for total polyphenol
content determination was constructed
using standard gallic acid solutions in
the concentration range of 1-15 mg/L,
prepared as described above. The polyphenol
concentration in terms of gallic acid was
determined from the calibration curve equation
A™° = (0.008 £ 0.002) + (0.0707 £ 0.0008)
x C (mg/L) and recalculated to gallic acid
equivalents (mg GAE/kg) taking into account
the honey sample weight. The limit of detection,

calculated wusing the 3S criterion, was
0.1 mg/kg.
Procedure for the determination of

flavonoids in honey samples

Into a test tube, 2 mL of the honey filtrate
was added, followed by 3 mL of distilled water
and 0.5 mL of a 15% NaNO, solution; the
mixture was left to stand for 6 minutes, then
0.5 mL of a 5% AlL,(SO,), solution was added,
the mixture was stirred, left for another
6 minutes, and 4.0 mL of a 4% sodium
hydroxide solution was added. The mixture
was thoroughly stirred and subsequently left
to stand for an additional 10 minutes at room
temperature. Absorbance measurements
were taken at a wavelength of 510 nm with an
optical path length of 1.0 cm. The reference
solution contained all reagents except honey.
The calibration curve for total flavonoid content
determination was constructed using standard
catechin solutions in the concentration range
of 0.5-10 mg/L. The flavonoid concentration

in terms of catechin was determined
from the calibration curve equation:
AS1% = (0.039 + 0.006) + (0.0436 + 0.0010)

x C (mg/L) and recalculated to catechin
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equivalents (mg/kg) taking into account the
honey sample weight. The limit of detection,
calculated using the 3S criterion, was
0.05 mg/kg.

Spectrophotometric studies in the visible
and UV regions

For the analysis, honey solutions with
different mass fractions were prepared and
pre-filtered through a 0.45 pm membrane fil-
ter. The absorbance of 50% honey filtrates was
measured in the 400-600 nm range (1.0 cm
cuvette), recording values at a wavelength of
450 nm. The optical density of 20% filtrates
was determined in the 250-450 nm range
with the same optical path length.

Results and Discussion

It is known that in the absorption spectra of
polyphenols, a characteristic band is present at

A 4
1,04
QSL
Q6:
Q4:

0,2

0,0

280 nm (Harbertson & Spayd, 2006). Although
such a determination is not absolutely selective,
absorbance at this wavelength can be used for a
rapid approximate estimation of total polyphe-
nol content in various matrices. The absorption
spectra of the investigated honey solutions in
the 250-450 nm region are shown in Fig. 1.
Table 2 presents the total polyphenol content
determined by the Folin—-Ciocalteu method, as
well as the absorbance values at 280 nm (A%
for the investigated samples. According to the
presented data, the total phenolic compound
content in the investigated samples (deter-
mined by the Folin—Ciocalteu method) varies
from 108 to 770 mg GAE/kg. The minimum
value was recorded in acacia honey, while the
maximum was found in wildflower honey. It is
noteworthy that buckwheat honey, which tra-

" 250 300

350

400

A, nm

Fig. 1. Absorption spectra of the investigated solutions with a honey mass fraction of 20%,
optical path length 1.0 cm (samples Nos. 7 and 12 are not shown)

Table 2
Total phenolic content in the samples and optical density of the solutions
Total phenolic content, mg GAE/k
Sample No. § X +AX (P=95%, n=§) e A
1 185+ 13 0,6685
2 165+ 3 0,6158
3 244 +7 0,3853
4 174 £ 17 0,3114
5 3324 0,4363
6 241+ 13 0,3779
7 146 £ 3 3,9282
8 123+ 3 0,4743
9 165 = 24 0,4595
10 365 + 24 0,8611
11 770 + 42 1,0396
12 543 +£5 3,7441
13 108 +5 0,2921
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ditionally leads in polyphenol content, showed
a lower value of 543 mg GAE /kg. No direct cor-
relation was found between polyphenol content
and botanical origin for monofloral and polyflo-
ral varieties.

It was established that honey absorbance
at 280 nm (Fig. 2) correlates with the total
polyphenol content (R = 0.7671). However,
the correlation is not sufficiently strong to use
the A%° value for estimating total polyphenol
content, and for two samples (Nos. 7 and 12)
anomalously high A28 values were observed,
which may be attributed to the presence of other
organic substances with strong absorption in
the ultraviolet region of the spectrum. Thus,
the A28 value is not recommended for rapid
estimation of total polyphenol content.

A280
1.0

0.8+
0.6+

0.4+

Honey absorbance at 450 nm is commonly
used to characterize honey color (Beretta et
al., 2005; Moniruzzaman et al., 2013). The
major contributors to absorbance at this
wavelength are pigments and compounds with
pronounced antioxidant activity. The results
of flavonoid determination in the investigated
honey samples by the method described above,
as well as the A*° values, are presented in
Table 3. The absorption spectra of the honey
samples in the 350-600 nm range are shown
in Fig. 3. The dependence of A*° on total
flavonoid content is presented in Fig. 4. From
the presented data, it is evident that a strong
correlation exists between flavonoid content
and A*°, and this correlation is substantially
stronger than that between total polyphenol

R=0,7671

21— T T T T T —
100 200 300 400 500 600 700 800

Total polyphenol content, mgGAE/kg

Fig. 2. Dependence of absorbance at 280 nm on the total polyphenol content
(samples Nos. 7 and 12 are not shown)

Table 3

Results of honey analysis for total flavonoid content

Total flavonoid content, mg/kg
Sample No. X *AX (P=95%, n=3) A%50
1 76+0,7 0,1027
2 6,2+1,9 0,1385
3 10,2 £ 0,4 0,1567
4 7,6 1,5 0,1304
5 7,6+0,8 0,1062
6 6,8+ 1,2 0,0837
7 6,8 +0,4 0,0654
8 5,6 0,4 0,0539
9 6,7+ 1,2 0,0662
10 15,5+ 0,4 0,2112
11 26,2+ 2,4 0,3703
12 28,2 £ 1,2 0,5595
13 3,3+1,2 0,0357
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A
2,5

530 3 mm

Fig. 3. Absorption spectra of the investigated solutions with a honey mass fraction of 50%,
optical path length 1.0 cm

0.6

0.4

0.2

0.0 r T

20 25 30

Flavonoid content, mg/kg

Fig. 4. Dependence of absorbance at 450 nm on flavonoid content

content and A?%, Therefore, the use of the A*°
value for the overall assessment of antioxidant
activity of honey is more appropriate than
absorbance at 280 nm, where other non-
phenolic components of honey, which exhibit
weaker antioxidant activity, likely contribute
to the absorption.

Conclusions

The total phenolic content in 13 Ukrainian
honey samples obtained from different regions
and different botanical sources was determined
by the Folin—Ciocalteu method. The total
phenolic content ranged from 108 to 770 mg
GAE/kg. The highest polyphenol content was
found in wildflower honey, while the lowest was
observed in linden honey. No direct correlation
was found between polyphenol content and
botanical origin for monofloral and polyfloral

varieties. The flavonoid content, determined
photometrically by the formation of a colored
complex with aluminum, ranged from 3 to
28 mg/kg.

Overall, the phenolic content in Ukrainian
honeys is generally consistent with values
reported for honeys from other countries,
and in some cases exceeds them. It was
established that honey absorbance at
280 nm, as a method for express estimation
of total phenolic compound content, does
not correlate sufficiently strongly with total
polyphenol content and is not recommended
for use. In contrast, the correlation between
absorbance at 450 nm and total flavonoid
content is strong and can be used for rapid
assessment of the antioxidant properties of
honey.
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