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Abstract
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In order to provide a general picture of phytochemical characteristics of nectar honey, honeydew, and mixed honeys,
an overall comparison of physicochemical parameters, and phenolic profile as well as antioxidant activity of various
types of honey samples has been made. Among all samples analysed, honeydew samples possess the best quality pa-
rameters in the mean content of hydroxymethylfurfural, proline, and diastase activity. Moreover, the highest content
of phenolic compounds as potential radical scavengers was found in honeydews, then in mixed and multifloral nectar
honeys, while samples of monofloral honeys revealed the lowest, but still considerable amounts of natural antioxidants.

The overall results of this study indicate that the quality parameters as well as the distribution of phenolic acids and

flavonoids are affected by the type of honey.
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Honey is an important natural product that provides
beneficial effects on human health. It has a complex
composition consisting of a high concentration of
sugars, water, minerals, proteins, vitamins, organic
acids, flavonoids, phenolic acids, and enzymes. These
components define both the physical properties
and the nutritional and nutraceutical characteris-
tics of the product itself. According to the present
European law, there are three types of honeys with
regard to their origin: (1) nectar honey — made from
plant nectar that can be monofloral or multifloral,
(2) honeydew — made mostly from the secretion of
insects feeding on plant juices or plant secretion, and
(3) mixed honey of honeydew and nectar honey (EU
2001). In each of the mentioned types of honeys we
may distinguish many varieties depending on their
organoleptic and physicochemical properties as well
as their botanical origin (ANKLAM 1998).

Beside physicochemical characteristics, analysis
of phenolic compounds has also been regarded as
a very promising way of studying floral and geo-
graphical origins of honeys (GoMEs et al. 2010;
BERTONCEL]J et al. 2011; MANZANARES et al. 2011;
JUAN-BORRAS et al. 2014; KARABAGIAS et al. 2014).
For example, hesperetin has been used as a marker
for citrus honey and kaempferol for rosemary honey
as well as quercetin for sunflower honey (THoOMAS-
BARBERAN et al. 2001).

The objectives of this study were to perform a
complete physicochemical analysis, quantify total
flavonoid and phenolic compounds by spectropho-
tometric methods, as well as to determine a detailed
phenolic profile by the chromatographic analysis of
various honeys available in the Czech Republic, and
to evaluate their radical scavenging activity employ-
ing a 1,1-diphenyl-2-picrylhydrazyl (DPPH) assay.
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MATERIAL AND METHODS

Homney samples and chemicals. Honey samples were
purchased in the market or from beekeepers in the
Czech Republic (Table 1). According to their origin, they
were divided into four groups, i.e. monofloral honeys
(group a), multifloral honeys (group b), mixed honeys
(group c), and honeydews (group d). Monofloral honeys
were of black locust, Robinia pseudoacacia L. (sample
1a), rosemary, Rosmarinus officinalis L. (sample 2a), and
linden, Tilia cordata L. (samples 3a and 4a). Voucher
samples are deposited at the Centre of the Region Hand
for Biotechnological and Agricultural Research, Faculty
of Science, Palacky University Olomouc.

All applied reagents were of the highest purity avail-
able and purchased from the Sigma-Aldrich Chemical
Company (Munich, Germany).

Physicochemical analysis. Physicochemical param-
eters were analysed using The Official Methods of Analysis
of the Association of Official Analytical Chemists (AOAC
1990), and The Harmonised Methods of the European
Honey Commission (BOGDANOV et al. 1997). Samples
were analysed in triplicate and during the same time
period to ensure uniform conditions and comparability.

Water content (g/kg of honey) was determined by an
indirect refractometry method by comparison of the
obtained refractive index with standard values from
the literature. The electrical conductivity of honey
was measured as electrical resistance of 20 g of honey
in 100 ml of distilled water, of which the electrical
conductivity is the reciprocal. Free acidity was deter-
mined by titration of 10 g of honey dissolved in 75 ml
of distilled water, using phenolphthalein as indicator
and 0.1 N NaOH as titrator. The results are presented
as milliequivalents (meq) of acid per kg of honey as
10 times the volume of NaOH used in titration. The
diastase activity was determined spectrophotometrically
using a buffered solution of soluble starch and honey
incubated in a thermostatic bath at 40°C. The results
were expressed in Gothe degrees as the amount (ml)
of 1% starch hydrolysed by the enzyme in 1 g of honey
in1h (DE ALMEIDA-MURADIAN et al. 2013).

The content of proline was determined from the
colour developed with ninhydrin at a wavelength of
510 nm according to OUGH (1969). The content of
hydroxymethylfurfural (HMF) was determined by two
different methods, spectrophotometric one and by
HPLC-UV (WHITE 1979; JEURING & KUPPERS 1980)
with absorption maximum at 285 nm. The GraceSmart
RP-C18 column (250 x 4.6 mm, 5 um) was used; water/
methanol mobile phase (90:10, v/v) with flow rate of

1 ml/min and total analysis time of 7 minutes. Injec-
tion volume was 10 pl, and column temperature 30°C.

The analysis of monosaccharides (glucose and fruc-
tose) was performed by HPLC with the evaporative
light scattering detector (PAZoUREK 2010), using a
LiChrospher 100 (125 x 4 mm, 5 um; Merck) column.
The mobile phase was a mixture of water/acetonitrile
(10:90v/v) at a flow rate of 1 ml/min, and total analysis
time was 25 minutes. Injection volume was 10 ml, and
column temperature 31°C. Detector temperature was
40°C with nitrogen flow rate of 2 I/minute.

Total phenolic and flavonoid content. Total phe-
nolic content was measured by the Folin-Ciocalteu
spectrophotometric method (SINGLETON & RoOssI
1965), using gallic acid for a calibration curve. The
data were calculated according to the standard curve
of gallic acid (1-20 pug/ml), and they were expressed as
gallic acid equivalents (GAE) per kilogram of honey.

Total flavonoid content of extracts was measured
by two spectrophotometric methods (CHANG et al.
2002) using quercetin and naringenin as standards
for calibration curves.

Chromatographic analysis of phenolic compounds.
Chromatographic separation was performed using a
Luna C18(2) analytical column (150 x 2 mm; 5 pm;
Phenomenex, Torrance, USA) on Shimadzu LC-2010c.
Temperature of the column thermostat was kept at
40°C, flow rate was 0.4 ml/min, injection volume for
both standards and extracts was 5 ml, and detection
was performed at 270 nm. The mobile phase consisted
of 20 mM formic acid (A) in water and acetonitrile (B)
with elution as follows: 5% B for 4 min, 40% B over
50 min, isocratic 40% B for 6 min, 5% B for 9.5 min-
utes. Phenolic acids and flavonoids were identified
by comparison of the obtained MS/MS spectra from
standards and with data from the literature. The mass
spectra were obtained by electrospray ionisation in
negative mode on Amazon speed ETD IT-MS (Bruker,
Bremen, Germany), with the following operating
parameters: capillary voltage +4500 V; cone voltage
500 V; ultrascan mode; scan 85-900 n1/z; auto MS(2),
desolvation temperature was 350°C and desolvation
gas flow was set to 8 I/minutes. The MS/MS spectra
of quasi-molecular ions were acquired (Table 3),
and they correspond with the mass spectra of major
phenolic compounds found in the literature.

Quantitation of detected phenolic compounds was
done using UHPLC-MS/MS system, ACQUITY Ultra
Performance LC™ system coupled with Quattro mi-
cro™ API (Waters, Manchester, UK) benchtop triple
quadrupole mass spectrometer, equipped with an ESI
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source operating in negative mode. Sample solutions
were injected onto a reversed phase column (BEH C8,
1.7 um, 2.1 x 150 mm; Waters, UK), the temperature
of which was maintained at 30°C. The mobile phase
consisted of the following: 9.5 min sequence of linear
gradients and isocratic flows of solvent B (acetonitrile)
balanced with aqueous; 7.5 mM formic acid (solvent A)
at a flow rate of 0.25 1/min.: 5% B for 0.8 min, 5-10%
B over 0.4 min, isocratic 10% B for 0.7 min, 10-15% B
over 0.5 min, isocratic 15% B for 1.3 min, 15-21% over
0.3 min, isocratic 21% B for 1.2 min, 21-27% B over
0.5 min, 27-50% B over 2.3 min, 50—100% B over 1 min,
and finally 100-105% B over 0.5 minutes. At the end of
this sequence the column was equilibrated under initial
conditions for 2.5 minutes. The pressure ranged from
4000 to 8000 psi during the chromatographic run. The
effluent was introduced into an electrospray source
(source block temperature 100°C, desolvation tempera-
ture 350°C, capillary voltage 2.5 kV, cone voltage 25 V).
Argon was used as collision gas (collision energy 16 eV)
and nitrogen as desolvation gas (500 1/h). The reten-
tion windows used for quantification were as follows:
0.00-3.00 min; 3.00-4.25 min; 4.25-4.70 min; 4.70-
5.15 min; 5.15-5.80 min; 5.80—6.30 min; 6.30—7.30 min;
7.30—7.80 min; 7.80—8.90 min; 8.90-10.00 min (GrRUZ
et al. 2008).

1,1-Diphenyl-2-picrylhydrazyl radical-scavenging
activity. The ability of the extracts to donate an electron
and scavenge 1,1-diphenyl-2-picrylhydrazyl (DPPH)
radical was determined by the slightly modified method
of Brand-Williams (BRAND-WILLIAMS et al. 1995).

The radical-scavenging activity of the tested sam-
ples, expressed as percentage inhibition of DPPH,
was calculated according to the formula:

IC (%) = [(A, — A)/A,] x 100

where: Ao’ At — absorbance values of the blank sample and

the test sample, at particular times

Percent inhibition after 30 min was plotted against
concentration, and the equation for the line was
used to obtain the IC,, value presented as mg of
the tested sample required to reduce 50% of the
used radical within 30 minutes. A lower IC, value
indicates greater antioxidant activity.

RESULTS AND DISCUSSION

Physicochemical analysis. The results obtained
for the determined physicochemical parameters of
analysed honey samples are summarised in Table 1.
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Honey moisture content depends on the environ-
mental conditions and the beekeeper manipulation
in the harvest period (ACQUARONE et al. 2007).
Honey having high water content is more likely to
ferment, making the preservation and storage more
difficult. The water content ranged from 1.54 g/kg to
1.84 g/kg in investigated honey samples, which is in
the acceptable range according to the EC Directive
2001/110 (EU 2011).

Honey pH is affected by the conditions during
processing and storage, which also influences texture,
stability, and shelf-life. Moreover, values of pH to-
gether with conductivity help in distinction between
honeydew and floral honeys. In general, honeydews
tend to have higher values of pH and conductivity
than floral ones (MANZANARES ef al. 2011). As it
is presented in Table 1, monofloral honeys (sample
group a) had the lowest pH values while honeydews
(sample group d) had the highest.

The free acidity of honey may be explained by
taking into account the presence of organic acids
in equilibrium with their corresponding lactones,
or internal esters, and some inorganic ions, such
as phosphate (GoMEs et al. 2010). High acidity can
be indicative of fermentation of sugars into organic
acids. The values of free acidity of the investigated
samples ranged between 9.6 and 17.8 meq/kg, and
they were within the limits of the European legisla-
tion (below 50 meq/kg), indicating the absence of
undesirable fermentation.

Diastase is the common name of the enzyme a-amy-
lase, naturally present in honey, which is logically
weakened and destroyed by heat (WHITE 1994). In
this context, diastase activity is an indicator of the
freshness and is a useful tool to detect heat-induced
defects and improper storage of honey (RAMALHOSA
et al.2011). Diastase activity measured in this study
was in the range of 4.65 to 17.56 units (Table 1). Only
four samples (10b, 11c¢, 12¢, and 17d) were found
to be under limitations of the European legislative
(EU 2011). In general, honey samples from beekeep-
ers showed high activity, which was in the range of
14.87-25.29 units.

The hydroxymethylfurfural (HMF) content is widely
recognised as a parameter of honey sample freshness,
as itis absent in fresh honeys immediately stored by
bees and tends to increase during processing and/or
ageing of the product (GOoMES et al. 2010). In this
study the content of HMF has been determined by
two different methods, spectrophotometric and chro-
matographic. The comparison of these two methods
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indicated similar results (Table 1). Considering the
sample 10b as outlier, the majority of data correlate
around diagonal with correlation coefficient R* =
0.9827. It means that the simple and fast spectro-
photometric method provides as reliable data as
sophisticated, but time-consuming and expensive
high performance liquid chromatography. In general,
honey samples obtained from beekeepers had a sig-
nificantly lower concentration of HMF, with values
ranging from 1.42 mg/kg to 15.58 mg/kg (Student’s
t-test with unequal variances at a = 0.001; without
sample 10b). These results are in agreement with those
published earlier (KuBi$ & INGR 1998; KALABOVA
et al. 2003; KAHOUN et al. 2008; BARTAKOVA et al.
2011). Three samples of honey purchased in the mar-
ket slightly exceeded the allowable limit of 40 mg/kg,
i.e. samples 11c, 12¢, and 17d, while sample 10b
(obtained from beekeeper) exceeds 28 times the
limit value of HMF. Additional information on the
packaging of these purchased honeys indicated that
it is a mixture of honeys from different areas of the
European Union and even from areas with subtropi-
cal climate, where the allowable limit is 80 mg/kg of
HME. Regardless of the possible subtropical origin
of sample 10b, HMF content is far over the allowable
limit, which indicates that processing and/or storage
conditions of this sample were not adequate. The
results of diastase activity and HMF show that these
two factors are closely related. Enzyme activities
combined with low concentration of HMF are the
most important factors for determining the quality
of honey. For example, samples 4a and 8b had low
concentrations of HMF, and high diastase activities,
while sample 10b showed the highest levels of HMF,
and non-detectable enzymatic activity.

Proline is the predominant free amino acid of honey
and it is a measure of total amino acids (IGLESIAS et al.
2004). The proline content of honey is measured as a
criterion for estimating the quality and the antioxidant
activity of the honey and it may be used also for its
characterisation on the basis of botanical origin (MEDA
et al. 2005). Proline originates mainly from the salivary
secretions of honeybees (Apis mellifera L.) during the
conversion of nectar into honey (DA SiLvA et al. 2016).
Generally honeydews have a high content of total amino
acids, unlike floral honeys (IGLESIAS et al. 2004). Pre-
sented results (Table 1) are in agreement with this fact.
Among floral honeys, the lowest content of proline was
found in black locust honey (sample 1a), while the highest
content was found in sample 20d (685.0 + 32.6 mg/kg),
honeydew from a beekeeper.
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Carbohydrates are the major constituents of honey,
corresponding to 95-99% of the dry matter (OLAITAN
et al. 2007). These sugars are composed mainly of
fructose, glucose, and sucrose. The sugars of honey
were determined by HPLC. Presented results (Table 1)
are consistent with MANZANARES et al. (2011), who
reported amounts of fructose in the range 2.9-3.8 g/kg
and of glucose 3.6—4.2 g/kg in floral honeys. In this
study, floral honeys contained fructose in the range
of 3.49-4.37 g/kg and glucose 2.34-3.90 g/kg. Hon-
eydews had lower values of total monosaccharides.
The ratio of fructose/glucose (F/QG) is used to deter-
mine the granulation of honey because glucose is
less soluble than fructose (OJEpA DE RODRIGUEZ et
al. 2004). Honeys with high fructose/glucose ratios
would remain liquid for longer periods. The F/G ratio
may have an impact on honey flavour, since fructose
is much sweeter than glucose (WHITE et al. 1962).

The proportion of fructose and glucose depends largely
on nectar sources (ANKLAM 1998). NOzAL NALDA et
al. (2005) reported an average ratio of F/G of about 1.2,
which is in agreement with the presented results. In
this study, the average ratio of F/G was the lowest for
mixed honeys (1.00-1.11), while monofloral honeys
had an average ratio of F/G of 1.28—-1.65 (Table 1).

Total phenolic and flavonoid content. Total phe-
nolic content as well as flavonoid compounds were
determined using three spectrophotometric meth-
ods: Folin-Ciocalteu method (total phenolics), the
method with aluminium chloride (total flavonols and
flavones), and the method with 2,4-dinitrophenylhy-
drazine (total flavonones and flavanonols) (Table 2).
Folin-Ciocalteu spectrophotometric assay is based
on a chemical reduction of the reagent, a mixture of
tungsten and molybdenum oxides. The colour devel-
opment is due to the transfer of electrons at basic pH
to reduce the phosphomolybdic/phosphotungstic acid
complexes to form chromogens in which the metals
have lower valence (SINGLETON & Ross1 1965). The
principle of the aluminium chloride colorimetric
method is that aluminium chloride forms acid stable
complexes with the C-4 keto group and either the
C-3 or C-5 hydroxyl group of flavones and flavonols.
In addition, aluminium chloride forms acid labile
complexes with the ortho-dihydroxyl groups in the
A- or B-ring of flavonoids, while the principle of
another method lies in the fact that 2,4-dinitrophe-
nylhydrazine reacts with ketones and aldehydes to
form corresponding hydrazones (CHANG et al. 2002).

Among all examined honeys, samples of honeydew
origin revealed the highest amounts of total phenolics,
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Table 2. Phenolic content and antioxidant activity of honey samples

Sample No. TpC T DPPH
(mg GAE/kg) (mg QE/kg) (mg NE/kg) IC;, (mg)

la 238.36 + 10.26 8.73 + 0.00 2.37 + 0.07 100.59 + 2.50
2a 321.59 + 13.43 16.90 + 0.55 3.77 + 0.16 56.41 + 1.95
3a 450.37 + 15.67 18.79 £ 0.55 1.99 £ 0.10 76.82 + 1.71
4a 730.09 + 16.15 35.61 + 0.47 3.41 + 0.09 26.05 + 0.48
5b 723.13 + 20.52 11.10 + 0.47 9.87 + 0.24 40.75 + 1.75
6b 446.49 + 15.67 29.17 + 0.27 9.41 +0.23 56.16 + 1.20
7b 711.99 + 16.15 35.46 + 0.55 3.25 + 0.46 42,57 + 1.24
8b 412.08 + 11.85 17.22 + 0.47 1.11 + 0.18 42.01 + 1.63
9b 679.18 + 28.59 16.27 + 0.82 7.58 +0.12 30.64 + 0.74
10b 363.75 + 16.15 8.41 +0.27 50.62 + 1.70 75.52 + 0.09
11c 530.52 + 17.91 22.09 + 0.72 10.44 £ 0.15 41.19 + 145
12¢ 288.77 + 13.43 8.41+0.27 5.26 + 0.27 64.19 + 1.54
13¢ 836.10 + 39.04 25.10 £ 0.55 7.21 £ 0.12 19.78 £ 0.27
l4c 571.88 + 7.76 33.10 £ 0.72 4.26 +0.24 35.81 + 0.53
15d 804.57 + 15.67 38.60 + 0.55 8.31+0.16 32.16 + 0.11
16d 1465.16 + 11.85 36.71 + 0.55 14.62 £ 0.31 8.66 + 0.28
17d 848.53 + 2.24 25.87 + 0.98 13.13 £ 0.15 43.77 + 0.87
18d 324.97 + 12.47 10.61 + 0.47 10.58 + 0.33 73.72 + 0.23
19d 903.32 + 20.52 40.02 + 0.72 6.75 + 0.29 23.11 + 0.46
20d 841.27 + 33.81 31.84 + 0.82 4.63 + 0.02 23.43 + 0.87

TPC - total phenolic content; TF — total flavonoid content; GAE — gallic acid equivalents; QE — quercetin equivalents;

NE - naringenin equivalents

ranging from 324.97 + 12.47 to 1465.16 + 11.85 mg
GAE/kg, while samples of monofloral origin revealed
the lowest amounts, ranging from 238.36 + 10.26 to
730.09 £ 16.15 mg GAE/kg (Table 2). Similarly, the
highest amounts of flavonols, measured by aluminium
chloride method, were found in honeydew samples,
ranging from 10.61 + 0.47 to 40.02 + 0.72 mg QE/kg,
as well as the highest amounts of flavonons, measured
by 2,4-dinitrophenylhydrazine method, ranging from
4.63 £ 0.02 to 14.62 + 0.31 mg NE/kg (Table 2).
Moreover, according to PILJAC-ZEGARAC et al. (2009),
total phenolic content measured by Folin-Ciocalteu
method can be considered an important determinant
for the antioxidant capacity of the examined honey
samples. Presented results are in agreement with those
published earlier (LACHMAN et al. 2010; JASICKA-
MIiSIAK et al. 2012).

It is known that the levels of phenolic compounds in
honey are greatly influenced by geographical origin,
climatic conditions and plant species (GOMEz-
CARAVACA et al. 2006). However, it is important to note
that spectrophotometric measurements of phenolic

compounds have some disadvantages. The Folin-
Ciocalteu reaction is based on chemical reduction
of the reagent, which can be easily reduced by other
compounds in honey, such as reducing sugars. Moreover,
interferences of HMF with 2,4-dinitrophenylhiydrazine
were noted in this study. Samples 10b, 11c, and 15d
were characterised by a high content of HMF, and they
also showed high values of total flavanones.
Chromatographic analysis of phenolic com-
pounds. Honeys that contained higher amounts of
phenolic compounds were subjected to a detailed
chromatographic analysis of phenolic compounds.
So far, different methods have been developed for
determination of flavonoids in honey (DA SiLva
et al. 2016). Due to the complex matrix of honey
and the low concentration of these compounds,
numerous authors have proposed a sample clean-
up including a preconcentration step (BERTONCEL]J
et al. 2011). The clean-up depends on the decision
whether flavonoid aglycones or glycosides should be
analysed. Then, the flavonoid aglycones are most likely
extracted by the solid phase extraction on reversed
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phase materials. Since the goal of this study was to
determine phenolic acids and flavonoid aglycones,
the honey samples were dissolved in acidified water
(pH 2) and preconcentrated on a polymeric RP
SPE-cartridge with Strata-X and eluted with 100%
methanol, according to BERTONCEL]J et al. 2011.
The representatives of all types of honey, with an
emphasis on monofloral honeys were selected for
these analyses. Using an HPLC-ESI-MS/MS technique,
25 phenolic compounds were identified in 10 samples
(Table 3). Identification of detected phenolics was
accomplished by matching the chromatographic
behaviour and collision spectra with those of
known compounds. Among all detected phenolics,
only p-coumaric acid, ferulic and isoferulic acids
were detected in all samples — Quercetin, luteolin,
naringenin, rhamnetin, and kaempherol as flavonoids
were found in all examined honeys. The same samples
were subjected to a quantitative UHPLC-MS/MS

doi: 10.17221/321/2015-CJES

analysis using 23 standards of phenolic acids and
flavonoids (Table 4). The highest amounts of phenolics
were found in honeydew samples, and the lowest
in samples of monofloral honey. Protocatechuic
acid (PCA), the major acid quantified, was found
in high concentrations in samples of mixed honey
(3.59-8.72 mg/kg) and honeydew (3.23-9.11 mg/kg).
The second most abundant acid was salicylic (SaA),
followed by p-hydroxybenzoic (pHBA), p-coumaric
(pCoA), and caffeic acid (CaA), with concentrations
in a range of 0.22-9.92 mg/kg, 0.69-4.90 mg/kg,
0.23-4.91 mg/kg, and 0.10-5.63 mg/kg, respectively.
Among the examined flaovonoids, pinocembrin was
found to be the most abundant (0.01-6.67 mg/kg).

On the contrary, LACHMAN et al. (2010) found
that ferulic acid and the flavone chrysin are the main
compounds found in Czech honeys. As it was written
above, ferulic acid was detected in all examined samples,
but in lower ranges than described in literature.

Table 3. Qualitative HPLC-ESI-MS analysis of phenolic compounds in the investigated honey samples

o. R.t Compound MRM MS fragments Entry
(min) la 2a 4a 5b 7b 13c 14c 16d 19d 20d

1 4.2 gallic acid 169 > 125 95, 109, 125, 169 + 4+ + o+ o+ o+ o+ +
2 13.9 p-hydroxybenzoic acid 137 > 93 93,137 + +
3 16.4 chlorogenic acid 353 > 191 179, 191, 353 + o+
4 18.2 vanillic acid 167 > 125 125,127,137, 167 + o+ + o+
5 18.5 caffeic acid 179 > 135 135,179 + 4+ + o+ o+ +
6 20.5 syringic acid 197 > 182 153, 182, 197 +
7 22.2 p-coumaric acid 163 > 137 119,137, 163 + + + 4+ o+ o+ o+ o+ o+ o+
8 24.6 trans-cinnamic acid 147 > 119 119, 147 + + 4+ o+ o+ + o+ o+ 4+
9 26.6 m-coumaric acid 163 > 123 123,137, 163 + 0+ o+ o+ o+ o+ + +
10 277 ferulic acid 193 > 149 149,178, 193 + 4+ 4+ o+ o+ o+ o+ o+ o+ o+
11 28.2 sinapic acid 223 > 164 134, 164, 179, 187, 223 + +
12 293 isoferulic acid 193 > 178 134, 149, 178, 193 + o+ + + o+ o+ o+ o+ o+ o+
13 30.6 salicylic acid 137 > 93 93, 137 + o+ 4+ + o+ + o+ 4+
14 357 myricetin 317 > 289 181, 289, 299, 317 + o+ 4+ + 4+ + o+
15 423 quercetin 301 > 179 151, 179, 257, 285 + + + + + o+ o+ + o+ o+
16 436 luteolin 285 > 267 239, 267, 285 + 0+ + + o+ 4+ o+ o+ o+ o+
17 47.0 naringenin 271 > 151 151,177,271 + + + + + + o+ o+ o+ o+
18 475 apigenin 269 > 253 151,197, 215, 225, 253,269  + + 0+ o+ o+ o+ o+
19 47.6 pinobaksin 271 271 + + 0+ o+ o+ o+ o+ o+
20 48.5 rhamnetin 315> 300 165, 300, 315 + + + + o+ 4+ o+ o+ o+ o+
21 487 kaemferol 285 285 + o+ o+ o+ o+ 4+ o+ o+ o+ o+
22 60.6 chrysin 253 253 + O+ o+ o+ o+ 4 + o+ o+
23 62.2 pinocembrin 255 255 + + o+ o+ o+ o+ + o+ o+
24 63.2 galangin 269 > 267 269, 267 + o+ o+ o+ o+ o+ + o+ 4+
25 64.8 pinobaksin-3-O-acetate 313 > 253 253,313 + +
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Table 4. Quantitative UPLC-MS/MS analysis of phenolic compounds (mg/kg) in the investigated honey samples

No. Compound Entry

la 2a 4a 5b 7b 13c l4c 16d 19d 20d
1 gallicacid 0.01 0.16 0.83 1.38 1.20 0.84 0.47 1.33 0.85 0.79
2 protocatechuic acid 0.03 0.43 7.74 0.69 3.41 8.72 3.59 3.23 9.11 5.75
3 gentisic acid 0.02 0.04 0.58 0.05 0.31 0.94 0.22 0.43 0.65 0.24
4 p-hydroxybenzoic acid 0.69 1.16 1.63 0.97 4.90 6.16 3.69 1.65 2.88 4.25
5  chlorogenic acid 0.02 0.04 0.07 0.02 2.07 0.08 0.06 0.22 0.11 0.05
6 caffeic acid 0.65 1.00 0.79 0.10 5.63 1.33 1.30 2.19 1.04 1.25
7 vanillic acid 0.09 0.01 0.31 0.19 1.50 1.28 1.10 0.36 0.43 0.53
8  syringic acid 0.01 0.03 0.10 0.19 0.10 0.39 0.42 0.14 0.16 0.25
9 mHBA 0.01 0.01 0.02 0.01 0.05 0.06 0.03 0.05 0.03 0.04
10 p-coumaric acid 0.38 0.35 1.39 0.23 4.91 2.39 3.07 2.00 3.20 4.78
11 sinapic acid 0.02 0.01 0.01 nd 0.02 0.01 0.03 0.01 0.02 0.02
12 ferulic acid 0.34 0.13 0.71 nd 2.28 1.75 2.34 1.87 1.85 1.51
13 p-coumaric acid nd nd 0.04 nd nd 0.01 nd 0.01 0.03 0.01
14 isoferulic acid 0.35 0.21 0.47 0.06 1.92 0.69 1.04 0.78 0.81 0.88
15 salicylic acid 0.39 0.18 2.22 0.22 1.37 1.98 0.71 9.92 2.29 4.60
16  trans-cinnamic acid 0.07 0.07 0.02 0.27 0.13 0.02 0.31 0.53 0.04 0.12
17  eriodictyol 0.01 0.01 nd nd nd nd nd tr nd nd
18 taxifolin 0.01 0.04 nd nd nd nd nd 0.01 nd 0.04
19 naringenin 0.03 0.02 0.01 nd nd nd 0.02 0.01 nd 0.03
20 pinocembrin 3.33 2.99 0.17 0.42 0.01 0.14 4.66 515 tr 6.67
21 apigenin 0.05 0.06 nd nd 0.01 nd nd 0.02 nd nd
22 rhamnetin 0.01 0.01 nd nd nd nd nd nd nd nd
23 chrysin 0.05 0.08 nd 0.06 nd nd 0.10 nd nd nd

tr — traces (< 0.01); nd — not detected

1,1-Diphenyl-2-picrylhydrazyl radical-scaveng-
ing activity. The antioxidant activity of honey samples
was evaluated by the DPPH radical-scavenging test.
Assessed samples were able to reduce the stable violet
DPPH radical to the yellow DPPH-H form reaching
50% of reduction with IC,  values ranging from 8.66 +
0.28 mg (sample 16d) to 100.59 + 2.50 mg (sample 1a)
(Table 2). These values are comparable with the
amounts of total phenolics measured by the Folin-
Ciocalteu method, i.e. higher content of phenolics
gives better antioxidant activity. Thus, a positive
correlation between antioxidant activity and total
phenolic content was found (R? = 0.686) and this result
evidences that the antioxidant activity of honeys is
caused mainly by the presence of phenolics. Moreover,
presented results are comparable with previously
published results on the antioxidant activity of honeys
from the Czech Republic (LACHMAN et al. 2010)
as well as for honeys of other geographical origin
(BERTONCEL]J et al. 2007; PERNA et al. 2013).

However, in order to compare the antioxidant activity
of honeys with their chemical composition, several
representatives of major classes of components were
tested as well. Gallic acid and ¢rans-cinnamic acid
were chosen as representatives of hydroxybenzoic and
hydroxycinnamic acids found in honeys, and their IC, |
values were 1.72 + 0.02 mg for gallic acid, and 73.27 +
1.78 mg for trans-cinnamic acid. These results prove
the fact that phenolic acids are the main carrier of
antioxidant activity of natural extracts (ZHENG & WANG
2001). Quercetin and naringenin, the representatives of
flavonoid compounds found in honeys, showed similar
antioxidant activity, when IC, values of 3.63 + 0.06 mg
for quercetin and 63.19 + 1.84 mg for naringenin were
found. The IC_ value of proline, the main amino acid of
honey, was 32.17 + 1.06 mg, while hydroxymethylfurfural
revealed IC_ of 3.63 + 0.22 mg. Moreover, main sugars
in honey also possess a weak antioxidant activity, much
lower but comparable with the tested honey samples.
Glucose revealed IC, value of 162.51 + 1.42 mg, while
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fructose showed slightly better activity with IC_; value
of 157.41 + 1.47 mg.

CONCLUSIONS

The results of this study indicate that the quality
parameters as well as the distribution of phenolic
acids and flavonoids are affected by the type of honey.

According to the obtained data, honeydews revealed
the lowest levels of hydroxymethylfurfural, and the
highest levels of proline. Moreover, samples of this
type of honey possess the lowest pH among others
that might be correlated with the content of phenolic
acids. These samples are found to be the richest in
phenolic compounds, as well as they gave the best
results in an antioxidant assay.

In general, among all samples analysed, it might
be stated that honeydew possesses the best quality
parameters and the highest content of phenolic
compounds as potential radical scavengers. Mixed and
multifloral honeys follow, while samples of monofloral
honeys revealed the lowest, but still considerable
amounts of natural antioxidants.

References

Acquarone C., Buera P, Elizalde B. (2007): Pattern of pH
and electrical conductivity upon honey dilution as a com-
plementary tool for discriminating geographical origin
of honeys. Food Chemistry, 101: 695-703.

Anklam E. (1998): A review of the analytical methods to
determine the geographical and botanical origin of honey.
Food Chemistry, 63: 549-562.

AOAC (1990): Official Methods of Analysis. 15 Ed. Virgin-
ia, Association of Official Analytical Chemists: 770-771.

Bartikova K., Drackova M., Borkovcova 1., Vorlova L.
(2011): Impact of microwave heating on hydroxyme-
thylfurfural content in Czech honeys. Czech Journal of
Food Sciences, 29: 328-336.

Bertoncelj J., Dobersek U., Jamnik M., Golob T. (2007):
Evaluation of the phenolic content, antioxidant activity
and colour of Slovenian honey. Food Chemistry, 105:
822-828.

Bertoncelj J., Polak T., Kropf U., Korosec M., Golob T.
(2011): LC-DAD-ESI/MS analysis of flavonoids and ab-
scisic acid with chemometric approach for the classifica-
tion of Slovenian honey. Food Chemistry, 127: 296-302.

Bogdanov S., Martin P., Lullman C. (1997): Harmonised
methods of the European Honey Commission. Apidologie
(Extra Issue): 1-59.

252

doi: 10.17221/321/2015-CJES

Brand-Williams W., Cuvelier M.E., Berset C. (1995): Use
of free radical method to evaluate antioxidant activity.
LW T-Food Science and Technology, 28: 25-30.

Chang C.C., Yang M.H., Wen H.M., Chern J.C. (2002):
Estimation of total flavonoid content in propolis by two
complementary colorimetric methods. Journal of Food
and Drug Analysis, 10: 178-182.

da Silva P.M., Gauche C., Gonzaga L.G., Costa A.C.O., Fett
R. (2016): Honey: chemical composition, stability and
authenticity. Food Chemistry, 196: 309-323.

de Almeida-Muradian L.B., Stramm K.M., Horita A., Barth
O.M.,, de Freitas A.D., Estevinho L.M. (2013): Compar-
ative study of the physicochemical and palynological
characteristics of honey from Melipona subnitida and
Apis mellifera. International Journal of Food Science &
Technology, 48: 1698—-1706.

EU (2001): Council Directive 2001/110 relating to honey.
Official Journal, L 10: 47-52.

Gomes S., Dias L., Moreira L.G., Rodrigues P., Estevinho
L.M. (2010): Physicochemical, microbiological and anti-
microbial properties of commercial honeys from Portu-
gal. Food and Chemical Toxicology, 48: 544—548.

Gomez-Caravaca A.M., Gomez-Romero M., Arrdez-Roman
D., Segura-Carretero A., Fernandez-Gutierrez A. (2006):
Advances in the analysis of phenolic compounds in prod-
ucts derived from bees. Journal of Pharmaceutical and
Biomedical Analysis, 41: 1220—1234.

Gruz J., Novék O., Strnad M. (2008): Rapid analysis of
phenolic acids in beverages by UPLC-MS/MS. Food
Chemistry, 111: 789-794.

Iglesias M.T., de Lorenzo C., Polo M.C,, Martin-Alvarez
P.J., Pueyo E. (2004): Usefulness of amino acids com-
position to discriminate between honeydew and floral
honey. Application to honeys from a small geographic
area. Journal of Agricultural and Food Chemistry, 52:
84-89.

Jasicka-Misiak I., Poliwoda A., Deren M., Kafarski P. (2012):
Phenolic compounds and abscisic acid as potential mark-
ers for the floral origin of two Polish unifloral honeys.
Food Chemistry, 131: 1149-1156.

Jeuring J., Kuppers F. (1980): High-performance liquid
chromatography of furfural and hydroxymethylfurfural in
spirits and honey. Journal Association of Official Analyti-
cal Chemists, 63: 1215-1218.

Juan-Borrds M., Domenech E., Hellebrandova M., Escriche
I. (2014): Effect of country origin on physicochemical,
sugar and volatile composition of acacia, sunflower and
tilia honeys. Food Research International, 60: 86—94.

Kahoun D., Rezkova S., Veskrnova K., Kralovsky J., Holca-
pek M. (2008): Determination of phenolic compounds
and hydroxymethylfurfural in meads using high perfor-



Czech J. Food Sci., 34, 2016 (3): 244-253

Food Technology and Economy, Engineering and Physical Properties

doi: 10.17221/321/2015-CJES

mance liquid chromatography with coulometric-array
and UV detection. Journal of Chromatography A, 1202:
19-33.

Kaldbova K., Vorlova L., Borkovcovd L., Smutnd M., Vecerek
V. (2003): Hydroxymethylfurfural in Czech honeys. Czech
Journal of Animal Science, 48: 551-557.

Karabagias I.K., Vavoura M.V., Nikolaou C., Badeka A.V.,
Kontakos S., Kontominas M.G. (2014): Floral authentica-
tion of Greek unifloral honeys based on the combination
of phenolic compounds, physicochemical parameters and
chemometrics. Food Research International, 62: 753-760.

Kubis I, Ingr I. (1998): Effects inducing changes in hydroxy-
methylfurfural content in honey. Czech Journal of Animal
Science, 43: 379-383.

Lachman]., Orsidk M., Hejtmdnkové A., Kovarova E. (2010):
Evaluation of antioxidant activity and total phenolics of
selected Czech honeys. LW T-Food Science and Technol-
ogy, 43: 52-58.

Manzanares A.B., Garcia Z.H., Galdén B.R., Rodriguez
E.R., Romero C.D. (2011): Differentiation of blossom
and honeydew honeys using multivariate analysis on
the physicochemical parameters and sugar composition.
Food Chemistry, 126: 664—672.

Meda A., Lamien C.E., Romito M., Millogo J., Nacoulma O. G.
(2005): Determination of the total phenolic, flavonoid and
proline contents in Burkina Fasan honey, as well as their
radical scavenging activity. Food Chemistry, 91: 571-577.

Nozal Nalda M.]., Bernal Yague J.L., Diego Calva].C., Mar-
tin Gomez M.T. (2005): Classifying honeys from the Soria
Province of Spain via multivariate analysis. Analytical and
Bioanalytical Chemistry, 382: 311-319.

Ojeda de Rodriguez G., Sulbardn de Ferrer B., Ferrer A.,
Rodriguez B. (2004): Characterization of honey produced
in Venezuela. Food Chemistry, 84: 499-502.

Olaitan P.B., Adeleke O.E., Ola 1.O. (2007): Honey: a res-
ervoir for microorganisms and an inhibitory agent for
microbes. African Health Sciences, 7: 159-165.

Ough C. (1969): Rapid determination of proline in grapes
and wines. Journal of Food Science, 34: 228-230.

Pazourek J. (2010): Monitoring of mutarotation of mono-
saccharides by hydrophilic interaction chromatography.
Journal of Separation Science, 33: 974-981.

Perna A., Intaglietta I., Simonetti A., Gambacorta E. (2013):
A comparative study on phenolic profile, vitamin C con-
tent and antioxidant activity of Italian honeys of different
botanical origin. International Journal of Food Science &
Technology, 48: 1899-1908.

Piljac-Zegarac J., Stipcevic T., Belscak A. (2009): Antioxi-
dant properties and phenolic content of different floral
origin honeys. Journal of ApiProduct and ApiMedical
Science, 1: 43-50.

Ramalhosa E.E., Gomes T.T., Pereira A.P,, Dias T.T., Estevin-
ho L.M. (2011): Mead production tradition versus moder-
nity. Advanced Food Nutritional Research, 63: 101-118.

Singleton V.L., Rossi J.A. (1965): Colorimetry of total phe-
nolics with phosphomolybdic-phosphotungstic acid rea-
gents. American Journal of Enology and Viticulture, 16:
144-158.

Soria C., Gonzélez M., de Lorenzo C., Martinez-Castro I,
Sanz J. (2004): Characterization of artisanal honeys from
Madrid (Central Spain) on the basis of their melissopa-
lynological, physicochemical and volatile composition
data. Food Chemistry, 85: 121-130.

Thomas-Barberan F.A., Martos L., Ferreres F., Radovic B.S.,
Anklam E. (2001): HPLC flavonoid profiles as markers
for the botanical origin of European unifloral honeys.
Journal of Science of Food & Agriculture, 81: 485-496.

White J. (1979): Spectrophotometric method for hydroxy-
methylfurfural in honey. Journal Association of Official
Analytical Chemists, 62: 509-514.

White J. (1994): The role of HMF and diastase assays in
honey quality evaluation. Bee World, 75: 104-117.

White J.W. Jr, Riethof M., Subers M., Kushmir I. (1962):
Composition of American honey. USDA Technical Bul-
letin, 1261: 1-124.

Zheng W., Wang S.Y. (2001): Antioxidant activity and phe-
nolic compounds in selected herbs. Journal of Agricul-
tural and Food Chemistry, 49: 5165-5170.

Received: 2015-06-26
Accepted after corrections: 2016—05-25
Published online: 2016-06—-17

Corresponding author:

Dr Sanja CAvAR ZELJKOVIE, Univerzita Palackého v Olomouci, Piirodovédeckd fakulta, Centrum regionu Hand

pro biotechnologicky a zemédélsky vyzkum, Slechtiteltt 241/27, 783 71 Olomouc-Holice, Ceska republika;

E-mail: sanja.cavar@upol.cz

253



