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ABSTRACT

In this study, it was performed identification and quantification of flavonoids (apigenin, chrysin, hesperetin, kaempferol, luteolin, naringenin,
and quercetin) and flavonoid glycosides (rutin and vitexin) in total 49 samples of five different honey types from Bosnia and Herzegovina:
meadow honey (MH, 22 samples), forest (FH, 10), acacia (AH, 7), chestnut (CH, b), and heather honey (HH, 5). Additionally, evaluation
of correlations between FC and total hydrophilic antioxidant score (antioxidant activity against both: ROO* + OH®) in supernatants (s)
and in bulk (noncentrifuged) solution (b) of these honey types was performed. Moreover, correlations between flavonoids content (FC)
and previously reported antioxidant activity against both peroxyl and hydroxyl free radicals (AC .., and AC) for the same honey
samples was examined. High performance liquid chromatography with photodiode array detector (HPLC-DAD) and isocratic elution mode
was used as method of analysis. Flavonoids were extracted by solid phase extraction (SPE). The average contents of three flavonoids

(chrysin, naringenin, and luteolin) in MH were statistically higher than in AH (p** <0.01). Also, the average content of naringenin in FH

was statistically higher than in CH (p* <0.05). We observed a high (positive) linear correlation between FC and AC

types (FH, AH, HH, CH) (R?=0.920). If we correlate FC and AC

The correlation does not exist between FC and AC{OH)

oo IN' s of four honey

* of three honey types (FH, AH, HH), linearity is very high (R?=0.968),

(ROO )s
and for FH, AH, CH linearity is complete. The correlation between FC and AC

neither in s nor in b of five or four honey types, but for FC to both (AC_ ° and

oo ) IN b of the same honey types is similar, but lower.

(OH )s

AC_ ° ) of three honey types (FH, AH, CH), linearity is moderate (R?=0.732 and R2=0.696, respectively).

(OH )b
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INTRODUCTION

Flavonoids are a class of natural products that more
impresses by their great variety and the number of their
members than by the complexity of the constituents
in the structure (Maleki et al., 2019). The multiplicity
of possible modifications of flavonoids result in more
than 7.000 different compounds (Akimoto et al., 2017,
Ginwala et al., 2019). These compounds exhibit a wide
range of biological effects, including antioxidative (Zheng
& Wang, 2001; Gheldof et al., 2002), anti-inflammatory
(Wu et al., 2000), anti-carcinogenic (Brusselmans et al.,
2005; Angst et al., 2013), anti-microbial (Cushnie and
Lamb, 2005) and other usefulness effects (Lépez-
Lazaro, 2009; Johnston, 2015; Kedika et al., 2016; Panche
et al., 2010).

Study has shown that there is a connection between the
individual flavonoids structural components and properties
of scavenging, creating chelate complexes and antioxidant
activity (Adekunle et al., 2012). Ivey et al. (2017) showed
that higher intakes of specific flavonoids, and flavonoid-rich
foods, was associated with reduced risk of total and cause-
specific mortality. However, it is important to note that
many of phenolic compounds, at specific concentration
and conditions, can have harmful effects (Boots et al., 2007;
Loépez-Lazaro, 2009). Analysis of phenolic compounds in
the honey is also used to test the honey type as well as its
geographic origin (Ferreres et al., 1994).

The main groups of flavonoids in honey are flavones,
flavonols and flavanones that differ in structural formulas
and in the position of substituents in rings A, B and C
(Pyrzynska and Biesaga, 2009; Lachman et al., 2010).
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Nowadays, the various methods have been developed
for the determination of flavonoids and other phenolic
compounds in honey product, such as reversed phase
high-performance liquid chromatography (RP-HPLC) (Yao
et al., 2004; Kurtagi¢ et al., 2013), gas chromatography
(Sanz et al.,, 2005) and capillary electrophoresis with
different detectors (Aljadi and Kamaruddin, 2004). Two
UV absorption bands are characteristic for flavonoids,
one band with maximum in the range of 240-285 nm, is
believed to arise from (A) ring in the flavonoid structure,
and the other band with maximum in the range of 300-
380 nm, probably come from the (B) ring:

Of all listed methods, the most used is HPL.C method. It
gives the opportunity of simultaneous identification and
determination of flavonoids in different honey samples
(Stefova et al., 2003; Petrus et al., 2011; Moniruzzaman,
et al., 2014).

In the study of Al-Farsi et al. (2018) it was performed
analysis and correlation between flavonoids and phenolic
content, their color as well as antioxidant activity (AA) in
26 samples of the honey. It was found that Omani honey
has richness in its color and phenolics compated to the
other tested honey samples and that represent a good source
of antioxidants. Ibrahimi and Hajdari (2020) investigated
100 honey samples from the various Kosovo region and
examined the content of flavonoids and phenolics, but
as well as the AA of these samples. Correlation analysis
revealed that there is a positive correlation of phenolic
and flavonoid contents with AA (Ibrahimi and Hajdari,
2020). Ciucure and Geana (2019) in their study found that
all investigated honey samples had very similar qualitative,
but different quantitative profile of flavonoids and phenolic
acids, and bioactive characteristics, which is related with the
honey floral source. Furthermore, honeys with rich color,
such as honeydew, showed high composition of phenolics
and bioactive characteristics which further implicated
a potential therapeutic property compared to the other
investigated floral honeys.

Furthermore in the study of Tkac et al. (2022) was
found that the origin and botanical source of honeys had
significant effect on the biological value and quality of
honey.

Due to the very valuable properties of the honey, there are
a lot of studies due to their biological properties (Maleki
et al., 2019), as mentioned before in this section. But there
is still a lack of this kind of researchers for honey from
various regions. One of the region in which is important to
determine correlation of antioxidant activity and flavonoids
content is Bosnia and Herzegovina. Bosnia and Herzegovina
is a country with a various local beekeepers which are
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producing a honey. But there is not enough studies focusing
on honey research and determination of its quality.

With purposes to give more information on Bosnian-
Herzegovinian honey quality, objectives of this were
identification and quantification of targets flavonoids
apigenin, chrysin, hesperetin, kaempferol, luteolin,
naringenin, and quercetin in even 49 samples of honey
trom different regions in B&H by high performance liquid
chromatography with diode array detector (HPLC-DAD).
Furthermore, content of flavonoids was compared to
the antioxidant activity determined in previous study of
Tahirovi¢ et al., (2017), which have used the same honey
samples as in this research. In that research was found that
analyzed honey samples showed significant antioxidant
activity against hydroxyl and peroxyl free radicals (Tahirovi¢
etal., 2017). Considering results from mentioned research
and current research the correlations between flavonoids
content and antioxidant activity for the same honey samples
was examined and evaluated by statistical analysis.

MATERIALS AND METHODS

Chemicals: All pure, standard flavonoids were purchased
from the same manufacturer (Sigma Aldrich), and they were
of the following purity: apigenin, =95% (HPLC), chrysin,
298% (HPLC), hesperetin, =295% (HPLC), kaempferol,
97% (HPLC), luteolin, 298% (TLC solid), naringenin,
98% (HPLC), quercetin, 294%, rutin, =294% (HPLC),
vitexin, 295% (HPLC). Acetonitrile, methanol HPLC
grade (purity 299.9%) and acetic acid, 99.8% p.a. were
also obtained from Sigma Aldrich. Deionized water was
produced on the instrument Milli-Q Water Purification
System (Millipore Corporation). SPE-C18 cartridges for
extraction (6 mL/500 mg), were purchased from Agilent
Technologies, and 0.45 wm pore filter of regenerated
cellulose obtained from Macherey - Nagel (Lot 8301).

Instrumentation
Chromatographic system Agilent Technologies LC 1200
(Fig. 2).

Preparation of standard solutions

Stock solutions (200 pug/ml) of flavonoids apigenin,
chrysin, kaempferol, luteolin, hesperetin, naringenin,
quercetin, and flavonoid glycosides rutin and vitexin
were prepared in methanol. The working solutions in
concentrations 2.5, 5, 10, 25 and 50 pg/ml were prepared.

Sampling

In the period from 2013 to 2015, 49 samples of bee honey
were collected from different locations in Bosnia and
Herzegovina. Because the impact of botanical origin on
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Fig 1. Basic structure of flavonoids.

Fig 2. HPLC chromatographic system.
(Agilent Technologies LC 1200)

honey’s quality was not the subject of this study, we did not
specify the exact locations. A sample collection has been done
randomly after a period of honey ripening, Various types of
honey declared by the manufacturer namely meadow honey
(22 samples), forest honey (10), acacia honey (7), chestnut
honey (5), and heather honey (5 samples) were collected.

Sample preparation

The method of honey samples preparation for determination
of content of flavonoids apigenin, chrysin, kaempferol,
luteolin, hesperetin, naringenin, quercetin, and flavonoid
glycosides rutin and vitexin was performed according to
Kurtagic¢ et al. (2013): 5 g of honey sample was dissolved in
10 ml of deionized water and then stirred vigorously. pH
values of obtained honey solutions were measured at 25 °C.
All pH values of samples were adjusted to 2.0 with HCI
solution 1 mol/dm’. The solutions are then passed through
the pre-prepared solid phase extraction (SPE) - C18/500 mg
column with a flow rate of 1 ml/min (Fig. 3). SPE columns
are activated according to the confirmed procedure. Samples
were extracted with 2.0 ml of methanol and 1.0 ml of
acetonitrile with the same flow rate of solvent (1 ml/min).
All prepared solutions for HPLC analysis were previously
filtered through 0.45 um pore filter of regenerated cellulose.

Conditions of chromatography
Isocratic chromatography was performed on the column

Eclipse XDB - C18 with reversed phase (4.6 mm x 250 mm,
5 um). Mobile phase consisted of the following components:
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Fig 3. Apparatus for solid phase extraction (SPE).

5% aqueous solution of acetic acid and 99.9% methanol, in
volume ratio 65: 35. Mobile phase was filtered through 0.45
um pore filter. The following experimental parameters were
used: flow rate of mobile phase was 0.5 ml/min, injection
volume 20 pl and column temperature 35 °C. Quantitative
and qualitative analysis of flavonoids after separation
were done with DAD detector at 370 nm for kaempferol,
quercetin, and its glycoside rutin, 340 nm for chrysin, luteolin
and apigenin, and 290 nm for hesperetin, naringenin, and
vitexin. After confirmation of the retention time (t,) and
UV spectra of standard substances, calibration curves
with 5 points in the concentration range 2.5-50 mg/1 were
established. Linearity coefficients for the most of standard
substances were R* > 0.99. All solutions were measured in
triplicate. The stability of the two-month standard solutions,
which were stored in the datk at +4 °C, wete confirmed by
HPLC analysis. Quantification of the target flavonoids was
performed using method of external standard. The method
used in this research was adapted in accordance with method
used in the research of Chan et al. (2013).

Statistical analysis

Each sample of honey analysed in triplicate. The content
of each flavonoid expressed in flavonoid mass per mass
of honey (mg/kg . honey) A8 average T standard deviation,
(S8.D.). As statistical method, the Student’s t-test was used
in Microsoft Office Excel 2007. In case t-test value was
<0.05, difference between flavonoid content for honey
samples was statistically significant. For assessment of
the correlations between total flavonoids content and
antioxidant activity, coefficient of linearity (R? was used.

RESULTS AND DISCUSSION

a) ldentification of flavonoids and glycosides
Flavonoids (kaempferol, naringenin, chrysin, apigenin, and
luteolin) and glycosides (rutin and vitexin) were successfully
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separated under the optimum chromatographic conditions.
HPLC chromatogram of flavonoid standards is shown in
the Fig. 2. The chromatograms of the samples showed a
distinctly separation of flavonoids.

The retention times (t,) of the flavonoids (kaempferol,
naringenin, hesperetin, chrysin, apigenin, and luteolin)
and flavonoid glycosides in standard solution and in honey
samples are shown in the Table 1.

Naringenin, chrysin and luteolin were detected in all
(five) types of analyzed honey (meadow, acacia, forest,
heather, and chestnut). Naringenin was identified in
31 of 49 samples of honey, chrysin in 29, and luteolin
in 15 samples of honey. Apigenin showed the lowest
presence of the analyzed flavonoids. It was detected
in 5 of 49 samples of honey, in 4 different types of
honey (meadow, acacia, chestnut, and heather), but its
glycoside vitexin was detected in most of the analyzed
samples. Kaempferol was detected in 3 of 49 samples
of honey, only in meadow honey. Hesperetin was
detected in only one analyzed sample of honey (in
acacia). Quercetin was not detected in any analyzed
sample of honey by the used experimental conditions,
but its glycoside rutin was detected in one third of the
analyzed samples.

b) Quantification of flavonoids and glycosides

For the quantification of flavonoids, it was used area of
the integrated peak in HPLC chromatogram of samples,
and equation of calibrated curve for each flavonoid. For
comparison of average content of flavonoid by the type of
honey, we used only those with minimum three samples by
the same type of honey. As statistical method, the Student’s
t-test was used.

By the total content (mg/kg . ) of five flavonoids
(chrysin, naringenin, luteolin, kaempferol, and apigenin)
and two glycosides found in analyzed honey samples the
list was as in Table 2:

Chrysin
The highest average content of chrysin (mg/kg ., )
was found in six samples of forest honey (2.57+1.706),
followed by 13 samples of meadow honey (1.72£0.90),
and six samples of acacia honey (1.10+0.74). The total
content of chrysin, found in 25 of 49 samples of honey,
was 5.39 mg/kg

of honey’

Naringenin

The highest average content of naringenin (mg/kg ., )
was detected in 14 samples of meadow honey (1.58+1.25),
followed by six samples of forest honey (1.06£0.706),
five samples of chestnut honey (0.88£0.54), and four
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Table 1: The retention times of flavonoids and flavonoid
glycosides in standard solution and in honey samples

Flavonoid/ Standard solution Sample solution
glycoside (t;) (min.) (t;) (min.)
Vitexin 8.12 7.98
Rutin 10.18 10.61
Quercetin 28.18 -
Naringenin 30.88 31.15
Luteolin 35.33 33.99
Hesperetin 40.13 40.60
Kaempferol 53.05 52.85
Apigenin 59.70 60.31
Chrysin 86.70 86.75

Table 2: Total content of flavonoids and flavonoid glycosides
in all analyzed honey samples

Flavonoid Total content (mg/kg)
Chrysin 5.39

Vitexin 4.72
Naringenin 4.27

Luteolin 3.08

Rutin 1.37
Kaempferol 0.47
Apigenin -

*Apigenin was found in only five samples of analysed honey:

In one sample of chestnut honey, in one sample of acacia honey, in one
sample of meadow honey, and in two samples of heather honey. These
values were not included in the statistical analysis.

samples of acacia honey (0.75+0.77). The total content
of naringenin, found in 29 of 49 samples of honey, was

5.27 mg/kg (Table 2).

of honey

Luteolin

The highest average content of luteolin (mg/kg )
was found in four samples of meadow honey (1.6410.84),
followed by four samples of acacia honey (0.90%£1.04),
and four samples of forest honey (0.5410.73). The total
content of luteolin, found in 12 of 49 samples of honey,
was 3.08 mg/kg (Table 2).

of honey

Kaempferol

Kaempferol was found only in three samples of meadow
honey with average content of 0.47+0.27 mg/kg . and
this value included in the Table 2 as the total content for
kaempferol (0.47 mg/kg . ).

Hesperetin

Hesperetin was detected in only one analyzed sample
(acacia honey) with high content of 5.12mg/kg . but

it was not taken in the statistical analysis.

Apigenin
Apigenin was found in only five samples of analysed honey:
in one sample of chestnut honey (0.71 mg/kg . ) in

one sample of acacia honey (0.34 mg/kg hone)» 10 ONE
sample of meadow honey (0.31 mg/kg ), and in
265
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two samples of heather honey (0.28%0.15 mg/kg ., .
These values were not included in the statistical analysis.

Because apigenin is flavon-aglycon of vitexin, which
represented in most of the analyzed samples of honey
(35 of 49), we supposed that in the period of harvesting
of honey samples (May for acacia, and July-August for
the other samples), biosynthesis of glycosides was very
significant.

Vitexin

The highest average content (mg/kg ., ) of vitexin was
in 17 samples of meadow honey (1.6712.05), followed by
four samples of acacia honey (1.15£1.50), four samples of
heather honey (0.841+0.97), four samples of forest honey
(0.77%0.22), and the lowest average content of vitexin was
found in three samples of chestnut honey (0.42£0.23).
Total content of vitexin in all analysed honey sample was

4.72 mg/kg (Table 2).

of honey

Quercetin

Quercetin was not detected in either sample of analyzed
honeys at used experimental conditions. This compound is
flavonol aglycon of rutin, which identified in 10 of 49 samples
of honey (discussed in the next part of the manuscript).

Rutin

The highest average content of rutin (mg/kg . ) was
found in four samples of acacia honey (0.57%0.64),
followed by the average content of rutin in three samples
of chestnut honey (0.52£0.30), and the average content of
three sample meadow honey (0.2810.27). The total content
of rutin was 1.37 mg/kg ., (Table 2).

Flavonoids in the honey samples were investigated by
many authors. Lachman et al. (2010) were found that the
main groups of flavonoids in honey samples were flavones,
flavonols and flavanones. In our study, we analyzed the
honey samples in Bosnia and Herzegovina to the presence
of three flavones (apigenin, luteolin, and chrysin), two
flavonols (quercetin and kaempferol), and two flavanones
(hesperetin and naringenin). The most abundant were
flavones: chrysin > luteolin > apigenin (Table 2). Flavonols
and flavanones had a similar abundance (Table 2). The
content of flavonoids, found in the investigated honey
samples in our study, was very variable, according to the
types of flavonoids and their quantities. Because quercetin
was not detected in either sample of analyzed honey,
we suggest other experimental conditions like gradient
chromatographic elutions (Makawi et al., 2009; Kurtagi¢
etal., 2013), or using the other detection system like HPL.C
coupled with coulometric electrode array detection and
electrospray ionization mass spectrometry (HPLC/CEAD-
ESI MS) (Petrus et al., 2011; Akimoto et al., 2017).
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¢) Comparison of flavonoid contents by the type of honey
Total contents of analysed flavonoids and flavonoid
glycosides by the type of honey are shown in Table 3a
(flavonoids: chrysin, naringenin, luteolin, kaempferol, and
apigenin) and Table 3b (two flavonoid glycosides: vitexin
and rutin). (it was taken in account only flavonoid/glycoside
detected in minimum two samples of honey).

The average contents of three flavonoids (chrysin, naringenin,
and luteolin) in meadow honey were statistically higher than
in acacia honey (p**<0.01). The average content of chrysin in
forest honey was higher than chrysin content in acacia honey,
but at the limit of statistical significance (p=0.05; Student’s
t-test). Naringenin content in forest honey was statistically
significantly higher than naringenin content in chestnut
honey (p*<0.036; Student’s t-test), and was higher than
naringenin content in acacia honey, but at the limit of statistical
significance (p=0.05; Student’ t-test). The average content of
luteolin in meadow honey was higher than luteolin content in
forest honey, but at the limit of statistical significance (p=0.05).

The average content of rutin in four samples of acacia
honey was similar to that of three samples of chestnut
honey, but higher (non statistical) than the average content
of rutin in three samples of meadow honey.

d) Correlations between flavonoid content and antioxidant
activity of bee honey samples

Total flavonoid contents in five types of honey [meadow

honey (MH), forest (FH), acacia (AH), heather (HH),

Table 3a: Total content of analysed flavonoids by the type of
honey

Type of honey Total flavonoids content (mg/kg)
MH 22[13(C), 3(K), 4(L), 14(N)] 5.41
FH 10[6(C), 4(L), 6(N)] 417
AH 7[6(C), 4(L), 4(N)] 2.75
HH 5[2(A), 2(C), 2(N)] 1.80
CH 5[2(C), 5(N)] 1.33

MH - meadow honey, FH — forest honey, AH — acacia honey, HH — heather
honey, CH — chestnut honey. The number in front of the middle bracket
indicates the total number of honey samples; The numbers in front of

small brackets indicate the numbers of honey samples in which flavonoids
apigenin (A), chrysin (C), kaempferol (K), luteolin (L), and naringenin (N)
were detected and quantified.

Table 3b: Total content of two flavonoid glycosides by the
type of honey
Type of honey

Total flavonoid glycosides (mg/kg)

MH 22[17(V), 2(R)] 2.04
AH 7[4(V), 4(R)] 1.72
FH 10[4(V), 2(R)] 0.99
CH 5[3(V), 3(R)] 0.94
HH 5[4(V)] 0.84

MH - meadow honey, AH — acacia honey, FH — forest honey, CH —
chestnut honey, HH — heather honey. The number in front of the middle
bracket indicates the total number of honey samples; The numbers in front
of small brackets indicate the numbers of honey samples in which flavonoid
glycosides vitexin (V), and rutin (R) were detected and quantified.
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and chestnut (CH) honey] and belonging antioxidant
capacity against peroxyl free radicals of both: hydrophilic
low molecular fraction (supernatants, ) (AC ®00 ) and in
bulk (noncentrifuged, 4) (AC oo ) solution are shown in
Table 4.

The correlations between total flavonoid contents (TFCs) in
3-5 types of honey and antioxidant capacity against peroxyl
free radicals of both: hydrophilic low molecular fraction
(supernatants) (AC(ROO')) and of bulk (noncentrifuged)
solution (AC ") are shown in Table 5.

It is observed to exist low linear correlation between
flavonoid content (FC) in five types of honey (MH, FH,
AH, HH, CH) and antioxidant capacity against peroxyl free
radicals in supernatants (AC ®00 ) of the same types of
honey (R*=0.308). If we omit MH, in that case linearity is
high (R*=0.920). If we correlate FC in only three types of
honey (FH, AH, HH) and AC (ROO') in supernatants of the
same types of honey, linearity is very high (R*=0.968), and
for FH, AH, CH linearity is complete (R*=1.000).

Table 4: Total flavonoid contents in five types of honey:
meadow, forest, acacia, heather, and chestnut honey and
belonging antioxidant capacity against peroxyl free radicals
of both: hydrophilic low molecular fraction (supernatants, s)
and in bulk (noncentrifuged, b) solution

Type othoney fla\.:-:rtl?)lids AC oa)  AC o)
content -ls-Er/n Ni "I"I(ET Ni
) 9) 9)
MH 22[13(C), 3(K), 4(L), 14(N)] 5.41 5.62 7.61
FH 10[6(C), 4(L), 6(N)] 4.17 10.56 21.14
AH 7[6(C), 4(L), 4(N)] 2.75 7.16 7.87
HH 5[2(A), 2(C), 2(N)] 1.80 2.89 7.40
CH 5[2(C), 5(N)] 1.33 3.94 4.89
AC (HOO'S -antioxidant capacity against peroxyl free radicals in supernatants

(R00)5 -antioxidant capacity against peroxyl free radicals in bulk
(noncentnfuged) solution mM TE-millimole trolox equivalents *data
previously reported (Tahirovic¢ et al., 2017) MH-meadow honey, FH-forest
honey, AH-acacia honey, HH-heather honey, CH-chestnut honey. The
number in front of the middle bracket indicates the total number of honey
samples; The numbers in front of the small brackets indicate the numbers
of detected and quantified flavonoids: C-chrysin, K-kaempferol, L-luteolin,
N-naringenin, A-apigenin.

Table 5: The correlations between total flavonoids content
(TFC) in 3-5 types of honey and antioxidant capacity against
peroxyl free radicals of both: hydrophilic low molecular
fraction (supernatants) (AC ) and in bulk (noncentrifuged)
solution (AC )

(F‘Oo )s

If we correlate TFC and antioxidant capacity against
peroxyl free radicals in bulk (noncentrifuged) solution
(AC(ROO'N) of the same types of honey, we have similar,
but lower linearity (third column of the Table 5).

Total flavonoid contents in five types of honey: MH, FH,
AH, HH, and CH and belonging antioxidant capacity
against hydroxyl free radicals of both, hydrophilic low
molecular fraction (supernatants, s) (AC(OH')) and in bulk
(noncentrifuged, ) (AC ) solution are shown in Table 6.

The correlations between TFCs in 3-5 types of honey
and antioxidant capacity against hydroxyl free radicals of
both' hydrophilic low molecular fraction (supernatants)

C i) and in bulk (noncentrifuged) solution (AC
are shown in Table 7.

(()H')/})

The correlation does not exist between TFC and antioxidant
capacitv against hydroxyl free radicals either in supernatants
C o)) nor in bulk (noncentrifuged) solution (AC(OH')/)
ve types of honey, but if we correlate TFC in only
three types of honey (FH, AH, CH) and both antioxidant

Table 6: Total flavonoids content in five types of honey:
MH, FH, AH, HH, and CH and belonging antioxidant capacity
against hydroxyl free radicals of both: hydrophilic low

molecular fraction (supernatants) (AC(OH )s) and in bulk
(noncentrifuged) solution (AC(OH')b)
Type of honey Total
flavonoids (m|v| SI'EIg)* (mM SI'EIg)*

content

(mg/kg)
MH 17[13(C), 3(K), 5.41 4.51 4.29
4(L), 14(N)]
FH 10[6(C), 4(L), 417 7.59 5.5
6(N)]
AH 7[6(C), 4(L), 4(N)] 2.75 4.65 7.38
HH 5[2(A), 2(C), 2(N)] 1.80 8.46 11.94
CH 5[2(C), 5(N)] 1.33 4.72 1.66

MH-meadow honey, FH-forest honey, AH-acacia honey, HH-heather
honey, CH-chestnut honey. mM TE-millimole trolox equivalents *data
previously reported (Tahirovi¢ et al., 2017) The number before the middle
bracket indicates the total number of honey samples; The numbers before
small brackets indicate the numbers of detected and quantified flavonoids:
A-apigenin, C-chrysin, K-kaempferol, L-luteolin, N-naringenin.

Table 7: The correlations between total flavonoids content
(TFC) in 3-5 types of honey and antioxidant capacity against
hydroxyl free radicals — hydrophilic low molecular fraction

Number of the Coefficient Coefficient

types of honey of linearity R? of linearity R?
(TFC to AC 0 (TFC to AC..',)

5(MH, FH, AH, HH, CH) 0308 0205

2 Epp—— 0.920 0.881

S 0.968 0.863

e mmay 1.000 0.882

MH-meadow honey, FH-forest honey, AH-acacia honey, HH-heather
honey, CH-chestnut honey.
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(supernatants) (AC(OH’)S) and bulk (noncentrifuged) solution

(ACuu)p

Number of the Coefficient Coefficient

types of honey of linearity R? of linearity R?
(TFCto AC,,\) (TFCto AC,,)

B, . v e @ 0.023 (negativelly) 0.039 (negativelly)

A, . @) 0.079 0.113

ey anay 0.732 0.696

MH-meadow honey, FH-forest honey, AH-acacia honey, HH-heather
honey, CH-chestnut honey.

267



Tahirovi¢, et al.

2 YU 202000 kvwreotin

2

e

== 30 940 - narngenin

3 144
R 7 2 O 187371 rutin

2700 72
D,

14.401
son
am

e | ST - G——

hesperetin

:

3

8 : :

§ g §

|K‘ ‘\ g é
y H )j‘ / fl\
iy Z/ A\ 78
A _____‘3_;;;—/ =3 = 4

Fig 4. HPLC chromatogram of standard solution mixture containing rutin, kaempferol, quercetin, hesperetin, naringenin, vitexin, chrysin, apigenin
and luteolin. The concentration of flavonoids and flavonoid glycosides were in the range 2.5-50 mg/l. (tR for chrysin was 86.70 min).

Table 8: Total flavonoids content in five types of honey:

MH, FH, AH, HH, and CH and belonging total (against both,
peroxyl and hydroxyl free radicals) hydrophilic antioxidant
score of supernatants (THAS (s)) and bulk (noncentrifuged)

solution (THAS (b))

Type of honey Total THAS THAS
flavonoids  (mMm TE;E))* (mM TEIE;)*
content
(mg/kg)
MH 17[13(C), 3(K), 5.41 10.13 11.90
4(L), 14(N)]
FH 10[6(C), 4(L), 6(N)] 417 18.15 26.49
AH 7[6(C), 4(L), 4(N)] 2.75 11.81 15.25
HH 5[2(A), 2(C), 2(N)] 1.80 11.35 19.34
CH 5[2(C), 5(N)] 1.33 8.66 6.55

MH-meadow honey, FH-forest honey, AH-acacia honey, HH-heather
honey, CH-chestnut honey. mM TE-millimole trolox equivalents *data
previously reported (Tahirovi¢ et al., 2017) The number before the middle
bracket indicates the total number of honey samples; The numbers before
small brackets indicate the numbers of detected and quantified flavonoids:
(A)-apigenin, (C)-chrysin, (K)-kaempferol, (L)-luteolin, (N)-naringenin.

s — supernatant fraction. b — bulk (noncentrifuged) solution

capacity (AC ., and AC " ) of the same types of honey,
linearity is moderate (R*=0.732 and R*=0.696, respectively).

Total flavonoid contents in five types of honey: MH, FH,
AH, HH, and CH and belonging total (against both, peroxyl
and hydroxyl free radicals) hydrophilic antioxidant score of
supernatants (THAS) and bulk (noncentrifuged) solution
(THAS), are shown in Table 8.

The correlations between TFCs in 3-5 types of honey
and total hydrophilic antioxidant score of supernatants
(THAS) and bulk (noncentrifuged) solution (THASC)
are shown in Table 9.

If we correlate TFC and total hydrophilic antioxidant score
(antioxidant activity against both: peroxyl and hydroxyl
free radicals) in supernatants and in bulk (noncentrifuged)
solution (AC THAS): and AC rAs))
honey, linearity is low for five types of honey (R*=0.137

of the same types of
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Table 9: The correlations between total flavonoids content
(TFC) in 3-5 types of honey and total hydrophilic antioxidant
score of supernatants (THAS(S)) and bulk (noncentrifuged)
solution (THAS (b))

Number of the Coefficient of Coefficient of

types of honey linearity R? (TFC linearity R? (TFC
to THAS(S)) to THAS(b))

S, FH, A, Hi, CH) 0.137 0.080

A e, A, Hi, CH) 0.929 0.200

e A, Hi) 0.883 0.508

3(FH, AH, CH) 0.964 0.995

MH-meadow honey, FH-forest honey, AH-acacia honey, HH-heather
honey, CH-chestnut honey.

and R*=0.080, respectively). If we omit MH, linearity is
high for supernatants (R*=0.929) and low for bulk solution
(R*=0.200). If we correlate TFC to AC (rHAS)Iand AC A
for only three types of honey (FH, AH, HH), linearity
is also high for supernatants (R*=0.883), moderate for
bulk solution (R*=0.508), and very high for FH, AH,
CH (R*=0.964 for supernatants, and R*=0.995 for bulk

solution).

CONCLUSION

In this study, it was performed identification and
quantification of flavonoids (kaempferol, quercetin,
hesperetin, naringenin, chrysin, apigenin, luteolin) in
49 samples of honey using HPLC-DAD as a method of
analysis to separate, identify and to quantify flavonoids
from honey samples. Also, we examined correlations
between flavonoids content, determined in this experiment
and antioxidant activity against both: hydroxyl and peroxyl
free radicals, reported earlier for the same samples. Namely,
it was established that B&H honey contains significant
amounts of chrysin and luteolin (as flavones), and
flavanone naringenin which is characteristic also for citrus
honey. Flavonol quercetin was not detected in free form,
but as a glycoside rutin in one third of the analyzed samples.
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The most abundant flavonoid according to the type of
analyzed honey samples was naringenin, then followed
chrysin, luteolin, and the small abundant were apigenin, and
kaempferol. Apigenin was significantly present in the form
of glycoside vitexin (in most of the analyzed samples). The
highest total content in all analyzed honey samples had
chrysin, then followed naringenin, luteolin, and the smallest
total content had kaempferol, and apigenin. The total
average content of three flavonoids (chrysin, naringenin,
and luteolin) in meadow honey was statistically higher than
their content in acacia honey. The total average content of
naringenin in forest honey was statistically higher than its
content in chestnut honey.

Because we observed a high positive linear correlation
between flavonoid content and both: antioxidant activity
against peroxyl free radicals and total hydrophilic
antioxidative score (antioxidant activity against both:
peroxyl + hydroxyl free radicals) in supernatants of four
honey types (forest honey, acacia, heather, and chestnut
honey), it may be recommended to consume bee honey

from B&H as a dietary supplement in order to preserve
health.
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