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Introduction

“Let food be thy medicine and medicine be thy food” was first 
voiced by Hippocrates, the father of modern medicine, nearly 
2500 years ago, indicating that a food of sufficient nutritive 
value promotes and maintains health. Many plant-based foods 
contain bioactive compounds that may have specific functions 
within the human body that maintain health or prevent disease.

 Naturally occurring compounds, known as phytochemi-
cals, are thought to be largely responsible for the protective 
health benefits of these plant-based foods and beverages, 
beyond those conferred by their vitamin and mineral con-
tents. Such phytochemicals, which are part of a large group 
of chemical compounds, also are responsible for the colour, 
flavour, and odour of many plant foods. Approximately ten 
thousands phytochemicals are already known and research-
ers speculate that there are likely many more that have 
not been identified yet in the foods we eat. Even though 
the broadest groups of phytochemicals such as flavonoids, 
isoflavones, or anthocyanidins, are often referred to as a 
homogenous group, it is well documented that individual 
compounds within each group are metabolized differently 
by the body and may have different health effects [1].

Honeybee honey is produced by Western or European 
honey bees (Apis mellifera) from carbohydrate-containing 
exudates produced by plants (blossom or nectar honeys) or 
from excretions of plant-sucking insects (Hemiptera) on the 
living parts of plants or secretions of living parts of plants 
(honeydew honeys). Honey is a highly concentrated solu-
tion of a complex mixture of sugars. It also contains small 
amounts of other nutrients such as minerals, proteins, vita-
mins, organic acids, flavonoids, phenolic acids, enzymes and 
other phytochemicals. The components which are responsible 
for the antioxidative activity in honey are flavonoids, phe-
nolic acids, ascorbic acid, catalase, peroxidase, carotenoids, 

Abstract The present study was designed to investigate 
the antioxidant properties [selected polyphenol content 
(SPC), radical scavenging activity] and colour intensity 
of Greek unifloral honeys. For this purpose, one hundred 
and seventy honey samples of different botanical origin 
(thyme, pine, orange blossom, and fir) were collected dur-
ing the harvesting period 2011 and 2012 from thirteen dif-
ferent regions in Greece. The phenolic profile was evalu-
ated based on the quantification of syringic acid, myricetin, 
quercetin, kaempferol, and chrysin using high performance 
liquid chromatography. Radical scavenging activity and 
colour intensity were estimated using spectrometric assays. 
Honey samples analysed showed variations in the SPC 
(3.86 ± 0.67 to 65.79 ± 8.08 mg/kg), colour intensity 
(164 ± 49 to 517 ± 110 mAU) and % radical scavenging 
activity (% RSA) (17.24 ± 5.50 to 50.38 ± 19.17), depend-
ing on botanical origin. On the basis of results obtained, the 
tested honey samples may be considered as easily acces-
sible natural sources of antioxidants and valuable supple-
ments to the daily diet.

Keywords Honey · Polyphenols · Radical scavenging 
activity · Colour intensity · Chemometrics

 * Ioannis K. Karabagias 
 ikaraba@cc.uoi.gr

1 Laboratory of Food Chemistry, Department of Chemistry, 
Section of Industrial and Food Chemistry, University 
of Ioannina, University Campus, 45110 Ioannina, Greece

2 Department of Social Administration and Political Science, 
Democritus University of Thrace, 69100 Komotini, Greece

3 Department of Chemistry, American University in Cairo, 
New Cairo 11835, Egypt

http://crossmark.crossref.org/dialog/?doi=10.1007/s00217-015-2624-6&domain=pdf


1202 Eur Food Res Technol (2016) 242:1201–1210

1 3

and products of the Maillard reaction. The quantity of these 
components varies widely according to the botanical and geo-
graphical origin of honey. In addition, processing, handling, 
and storage of honey may influence its composition [2–5].

Over the past 15 years, a number of studies have 
reported enhanced antioxidant properties of human serum 
after honey consumption in vivo. These indicate that con-
sumption of honey alone or in combination with other 
antioxidant beverages significantly increases the antioxi-
dant capacity of human serum [6, 7]; honey has potential 
therapeutic value in the treatment of heart disease, cancer, 
antiatherogenic, cataracts, and several other inflammatory 
diseases as reported previously [8–11].

The scientific community has recently focused on deter-
mination of various honey components such as amino 
acids, protein content, trace elements, sugars, pollen, vola-
tile compounds [12–15], as well as antioxidants [16–20] in 
an effort to evaluate product quality and authenticity.

In the EU honey regulation [21], it is stated that both botan-
ical and geographical origin of the product must be declared 
on the package label. However, it does not mention any spe-
cific chemical marker(s) characteristic of the geographical and 
botanical origin or the antioxidant properties of honey.

More recently, the international honey commission (IHC) 
in its 2013 annual meeting [22] in Ukraine, set the need for the 
development of new techniques for characterizing and testing 
the authenticity of bee products (honey, beeswax, royal jelly).

Based on the above, the aim of the present work was to 
evaluate the phenolic profile, the antioxidant activity of Greek 
honeys, and pigment content, in an effort to highlight the pro-
spective health benefits of unifloral honey through regular 
consumption. This was carried out by setting up a relatively 
simple procedure for: (a) the determination of radical scav-
enging activity of an aqueous honey solution and (b) the esti-
mation of pigment content, along with the selected phenolic 
compounds determined in the ethyl acetate extract of honey.

To our knowledge, this is the first study in Greece using 
such a large number of honey samples, to highlight the 
potential of water-soluble antioxidants of Greek honeys as 
a source of food antioxidants in relation to honey botanical 
origin.

Experimental

Honey samples

One hundred and seventy unifloral honey samples were 
collected; 83 thyme [Thymus capitatus (L.)], 13 orange 
blossom [Citrus sinensis (L.)], 47 pine (Pinus spp.), 
and 27 fir (Abies cephalonica Loudon, Pinaceae or 
Greek fir) from ATTIKI Honey S.A. and local beekeep-
ers’ associations, during the harvesting periods 2011 
and 2012, from 13 different regions in Greece (Irak-
leio, Hania, Kefalonia, Symi, Kos, Lakonia, Halkidiki, 
Thassos, Samos, Arta, Messinia, Arkadia, Karditsa) 
known to produce good quality honey, according to the 
standards set by the 2001/110/EC regulation [21]. All 
honey samples were stored in glass containers, shipped 
to the laboratory and maintained at 4 °C until analysis.

Reagents and solutions

Quercetin (3,5,7,3′,4′-pentahydroxyflavone) ≥95 %, myri-
cetin (3,5,7,3′,4′,5′-hexahydroxyflavone) ≥95 %, kaemp-
ferol (3,5,7,4′-tetrahydroxyflavone) ≥97 %, chrysin 
(5,7-dihydroxyflavanone) 97 %, syringic acid (4-hydroxy-
3,5-dimethoxybenzoic acid) ≥95 %, 2,2-Diphenyl-1-picryl-
hydrazyl (DPPH), and ethyl acetate anhydrous 99.8 % were 
purchased from Sigma-Aldrich (Germany). Methanol and 
acetate buffer (CH3COONa*3H2O) were purchased from 
Merck (KGaA, 64271, Darmstadt, Germany).
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In vitro estimation of radical scavenging activity 
(% RSA) of Greek unifloral honeys

Preparation of DPPH free radical standard solution

A standard solution of DPPH 1.12 × 10−4 mol/L (M) was 
prepared by dissolving 0.0044 g of the radical DPPH in 
100 mL methanol. The volumetric flask was wrapped in 
foil and stirred in a vortex apparatus. The solution obtained 
(pH 7.02) had a deep purple colour and was left in the 
refrigerator for 2 h in order to stabilize.

Preparation of DPPH free radical calibration curve

A calibration curve of concentration versus absorbance of 
DPPH was prepared as follows: The 1.12 × 10−4 M solu-
tion of DPPH was diluted with the addition of methanol. 
The resulting solutions were vortexed, left in the dark (until 
measurements were made), and their absorbance was meas-
ured in a UV/VIS Spectrometer (PerkinElmer, Lambda 25, 
USA) at λmax of 517 nm. The calibration curve of absorb-
ance (y) versus concentration (x) of [DPPH·] was expressed 
by the following equation:

Parameters such as the % decrease in [DPPH·] free radi-
cal absorbance (% RSA), % decrease in [DPPH·] free radi-
cal concentration, % [DPPH·] remaining after the addition 
of the honey solution to the [DPPH·] radical at the point 
where the reaction reached plateau, were estimated using 
the above calibration curve.

Determination of radical scavenging activity of Greek 
unifloral honeys

The radical scavenging activity of honey samples was cal-
culated in vitro using the DPPH assay according to the 
method of Beretta et al. [17] with some modifications. All 
honeys were dissolved in distilled water to obtain a con-
centration of 0.12 g/mL (solution simulating the daily con-
sumption of 30 g of honey), equal to a soup spoon of honey 
dissolved in a glass of water (250 mL) (mother solution, 
(w/v)). Additionally, 1:2, 1:4, 1:10 dilutions were prepared 
from the mother solution in order to estimate concentra-
tions of the honey solution causing 50 % inhibition of the 
DPPH free radical (EC50). Volumes of 1.9 mL of methanol 
solution of [DPPH·] (0.044 mg/mL, 1.12 × 10−4 mol/L) 
and 1 mL of acetate buffer 100 mM (pH 7.10) were placed 
in a cuvette, and the absorbance of the [DPPH·] radical was 
measured at t = 0 (A0).

Subsequently, 0.1 mL of each of the tested honey solu-
tions was added to the above medium (final DPPH· concen-
tration of 70.9 μmol/L) and the absorbance was measured 

(1)y = 0.0243x − 0.0004; R2
= 0.9985

every 30 min (regular time periods) until the absorbance 
value reached a plateau (steady state, At). The reaction was 
completed in 4 h. The absorbance of the reaction mixture 
was measured at 517 nm.

The [DPPH·] radical scavenging activity was calculated 
using the following equation:

where A0 is the initial absorbance of the DPPH free radi-
cal standard solution and At is the absorbance of remain-
ing [DPPH·] free radical after reaction with honey antioxi-
dants, at steady state (t, plateau). Each analysis was run in 
triplicate. For this antioxidant test, methanol and acetate 
buffer (2:1, v/v) were used as the blank. EC50 (concentra-
tion of the honey solution required to decrease the [DPPH·] 
concentration by 50 %) was estimated from graphs of the % 
[DPPH·] remaining free radical concentration = [DPPH·]t/
[DPPH·]0 × 100 (Fig. 1) versus concentrations of honey 
prepared dilutions 1:1, 1:2, 1:4, 1:10 (w/v).

At this point it should be mentioned that a model honey 
simulant containing the predominant sugars in honey: fruc-
tose and glucose did not exhibit any antioxidant activity [2, 
17, 23].

Determination of selected polyphenol content (SPC) 
of Greek unifloral honeys

Syringic acid, myricetin, quercetin, kaempferol and chry-
sin were determined according to the validated method of 
Karabagias et al. [20].

Determination of colour intensity of Greek honeys: 
ABS450

The colour of honey usually reflects the content of pig-
ments with antioxidant properties (carotenoids, flavonoids, 
etc.). Such pigments are related to its botanical origin 

(2)%RSA = [A0 − At/A0] × 100

y = -0.0001x + 76.63
R² = 0.9596
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Fig. 1  Radical scavenging activity (% RSA) of thyme honey aqueous 
solution from Kos island
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[17]. The colour intensity (ABS450) was used to evaluate 
the contribution of coloured phytochemicals (carotenoids, 
flavonoids) to the overall antioxidant capacity of honey. 
Honey was diluted to a 50 % (w/v) with warm water (fixed 
temperature 45◦C) (AREX Heating Magnetic Stirrer, VTF 
Digital Thermoregulator, VELP Scientifica, Italy) sonicated 
(Elma, Elmasonic model S 10H, Germany) for 5 min and 
filtered using Whatman filters (CAT. No. 6780-2504, UK) 
with a pore size of 0.45 μm, to remove any solid particles. 
The net absorbance was defined as the difference between 
spectrometric absorbance at 450 and 720 nm. Results were 
expressed as mAU [17].

Statistical analysis

In order to test any differences in parameter values deter-
mined in relation to differences in honey botanical origin, 
one-way analysis of variance (ANOVA) was conducted, 
for each one of the seven dependent variables, used in the 
analysis (syringic acid, myricetin, quercetin, kaempferol, 
chrysin, colour intensity, radical scavenging activity). The 
botanical origin was taken as the independent variable, with 
4 levels (treatments) (thyme, orange blossom, pine and fir). 
The adjusted model used was of the form:

where Yij is the j value (from Ji) of the dependent variables, 
which arises from i botanical origin, ai is the effect of the 
i botanical origin on the value of the dependent variable, 
μ is a true mean value common to all treatments, and εij is 
the random error. The homogeneity of variances was tested 
by the Levene’s test, where all the ANOVAs seem to sat-
isfy this requirement (p > 0.05). In case, where differences 
among mean values were observed, post hoc tests were 
used, since no specific hypotheses exist, for the testing of 
different botanical origin. From these tests, Tukey’s multi-
ple comparison tests were used, since they are reliable in 
case of homogeneity of variances. All the statistical treat-
ment of data was performed using the SPSS v.22.0 Statis-
tics software [24].

Results and discussion

Polyphenol content of Greek unifloral honeys

In the present study variations in the phenolic content of 
thyme, orange blossom, pine and fir honey were observed, 
among the 170 honey samples tested. Mean values of each 

Yij = µ+ ai + εij, i = 1, 2, 3, 4, j = 1, . . . ji

Table 1  Polyphenol content (mg/kg), colour intensity (mAU) and % radical scavenging activity (% RSA) of Greek unifloral honeys

N = number of honey samples, Mean = average value, SD = standard deviation, Min = minimum value, Max = maximum value, 
Range = maximum value − minimum value. ANOVA in comparison of values (p < 0.05). The reported values are the mean of three replicates 
(n = 3)

Botanical origin Data Syringic acid Myricetin Quercetin Kaempferol Chrysin Colour intensity (% RSA)

Thyme Mean 20.25 19.60 11.17 14.44 0.35 209 25.84

N = 83 SD 38.26 45.00 20.14 23.79 1.00 71 11.24

Min 0.06 0.74 0.04 0.10 0.01 10 7.07

Max 195.04 244.67 129.55 61.38 5.60 449 67.14

Range 194.98 243.93 129.51 61.28 5.59 348 60.06

Pine Mean 0.94 1.87 0.47 0.32 0.13 405 50.38

N = 47 SD 1.54 5.54 1.69 1.25 0.33 135 19.17

Min 0.12 1.54 0.21 5.04 0.73 196 13.77

Max 9.10 26.64 11.36 5.07 1.27 494 79.59

Range 8.98 10.22 11.15 0.03 0.54 690 65.82

Orange blossom Mean 1.57 0.57 1.71 2.82 0.37 164 17.24

N = 13 SD 2.93 0.96 1.50 2.73 0.92 49 5.50

Min 0.01 0.11 0.03 5.00 2.11 100 10.65

Max 9.50 3.00 5.07 5.76 2.73 248 28.00

Range 9.49 2.89 5.04 0.76 0.62 148 17.35

Fir Mean 1.75 9.67 1.21 0.56 0.003 289 38.39

N = 27 SD 2.82 22.90 5.60 1.61 0.014 89 18.34

Min 0.12 2.23 0.04 5.04 0.04 173 17.85

Max 15.05 93.11 29.22 5.05 0.06 621 73.70

Range 14.93 90.88 29.18 0.01 0.02 448 55.85
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determined phenolic compound (mg/kg) as well as the 
minimum, maximum, SD, and range values are given in 
Table 1. Figure 2a, b show a typical HPLC–DAD chroma-
togram of fir honey sample (no. 3) from Messinia, pointing 
out the phenolic compounds quantified.

Figure 3 presents the sum (mg/kg) of the five phenolic 
compounds (SPC) for honeys of different botanical origin. 
Respective order was thyme (65.81) > fir (13.22) > orange 

blossom (7.04) > pine (3.73). It is clear that thyme honey 
is substantially richer in the selected polyphenolic com-
pounds as compared to the rest of the honeys.

Using ANOVA, significant differences (F(3, 169) = 7.157,  
p = 0.000 < 0.05) were observed in the syringic acid con-
tent (mg/kg) of unifloral honey samples. Tukey’s multi-
ple comparison tests showed that thyme honey samples 
differ significantly in syringic acid content, among pine, 
orange blossom and fir honey samples that possessed lower 
mean values. Syringic acid values were 20.25 ± 38.26, 
0.94 ± 1.54, 1.57 ± 2.93, and 1.75 ± 2.82 for thyme, pine, 
orange blossom, and fir honey, respectively.

Furthermore, myricetin (F(3, 169) = 3.819, 
p = 0.011 < 0.05) varied significantly according to botani-
cal origin. Tukey’s multiple comparison tests showed 
that thyme honey samples possessed the higher myrice-
tin mean value (mg/kg), followed by fir honey samples. 
Pine and orange blossom honeys possessed lower mean 
values and did not differ significantly. Myricetin val-
ues were 19.60 ± 45.00, 1.87 ± 5.55, 0.57 ± 0.96, and 
9.67 ± 22.90 for thyme, pine, orange blossom, and fir 
honey, respectively.

Fig. 2  a A typical HPLC–DAD chromatogram at λ = 254 nm of fir honey (no. 3) from Messinia. Peak 1 myricetin, peak 2 quercetin, peak 3 
kaempferol, peak 4 chrysin. b A typical HPLC–DAD chromatogram at λ = 280 nm of fir honey (no.3) from Messinia. Peak 5 syringic acid
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Fig. 3  Sum of polyphenol content (mg/kg) of Greek honeys accord-
ing to botanical origin, in the ethyl acetate extract of honey. Different 
letters (a, b, c, d) indicate statistical significant differences (p < 0.05)



1206 Eur Food Res Technol (2016) 242:1201–1210

1 3

Significant differences in quercetin content (F(3, 
169) = 7.372, p = 0.000 < 0.05) were observed, using 
ANOVA and Tukey’s multiple comparison tests, 
between thyme honey samples and all the rest which 
did not differ significantly among them. Quercetin val-
ues were 11.17 ± 20.94, 0.47 ± 1.69, 1.71 ± 1.50, and 
1.21 ± 5.60 for thyme, pine, orange blossom, and fir honey, 
respectively.

Kaempferol differed significantly among the hon-
eys tested of botanical origins (F(3, 169) = 9.496, 
p = 0.000 < 0.05). The higher kaempferol values (mg/
kg) were recorded for thyme honey samples, followed by 
those of orange blossom honey samples, while pine and 
fir honey samples possessed lower mean values and did 
not differ significantly between them. Kaempferol val-
ues were 14.44 ± 23.79, 0.32 ± 1.25, 2.82 ± 2.73, and 
0.56 ± 1.61 for thyme, pine, orange blossom, and fir honey, 
respectively.

Finally, chrysin did not differ significantly for 
all the tested botanical origins (F(3, 169) = 1.911, 
p = 0.130 > 0.05). Chrysin values were 0.35 ± 1.00, 
0.13 ± 0.33, 0.37 ± 0.92, and 0.003 ± 0.014 for thyme, 
pine, orange blossom, and fir honey, respectively.

As shown in previous studies [9, 11, 20], in very good 
agreement with present results, the polyphenol content of 
Greek unifloral honeys may vary according to botanical 
and geographical origin.

For instance, Tsiapara et al. [9] using the Folin-Ciocal-
teu assay, reported variations in the total phenolic content 
of 15 Greek unifloral honeys. The respective order regard-
ing total phenolic content (average values, mg/kg) among 
the honey types investigated was thyme (300 mg/kg) > pine 
(292 mg/kg) > fir (114 mg/kg).

Spilioti et al. [11] analyzing 11 honey samples of dif-
ferent botanical origin (pine, fir, thyme, forest, commercial 
fir, citrus) by using high performance liquid chromatogra-
phy indicated that protocatechuic acid, p-hydroxybenzoic 
acid, vanillic acid, caffeic acid and p-coumaric acid were 
the major phenolic acids among honeys analysed. Coni-
fer tree honey (from pine and fir) contained significantly 
higher amounts of protocatechuic and caffeic acid (mean 
values of 6.64 and approximately 0.40 mg/kg, respec-
tively) than thyme and citrus honey (mean values of 0.44 
for protocatechuic and approximately 0.12 mg/kg for caf-
feic acid, respectively), while p-hydroxybenzoic acid was 
the dominant phenolic acid in thyme honeys (mean value 
of 1.25 mg/kg).

Furthermore, Karabagias et al. [20] using high perfor-
mance liquid chromatography reported significant vari-
ations in the phenolic content (syringic acid, quercetin, 
kaempferol, myricetin, chrysin) of 35 Thymus capitatus L. 
honeys according to geographical origin. Those reported 
values (mean ± SD) for syringic acid (45.25 ± 47.96), 

myricetin (40.45 ± 61.82), quercetin (20.96 ± 19.59), 
kaempferol (31.25 ± 26.89) and chrysin (0.87 ± 1.41) are 
in general agreement with the results of the present study.

In a study dealing with the antioxidant activity of 7 
honey samples of different floral and geographical origin 
(3 commercial honeys, Langenese brand, German (acacia 
1, polyfloral forest and meadow), 3 artisanally produced 
from beekeepers in Serbia (Urtica dioica, Tilia platyphyl-
los and acacia 2) and 1 pine (Pinus spp., Thassos island, 
Greece), using the Folin-Ciocalteu assay, Gorjanović et al. 
[19] reported, in very good agreement with the results of 
the present study, significant variations in the total phenolic 
content for honeys of different botanical origin. Respective 
average ± SD values (μg/mL) for total phenolic content 
ranged between 94.00 ± 3.10 for acacia honey (no. 2) to 
620.70 ± 0.8 for polyfloral forest honey. The trend clearly 
shows the impact of botanical origin on honey’s phenolic 
profile.

Sergiel et al. [25] used high performance liquid chro-
matography in combination with electro-spray ionization 
tandem mass spectrometry (HPLC–ESI–MS) detection to 
investigate the phenolic profile of 12 Polish honey samples 
corresponding to six different botanical origins (acacia, 
buckwheat heather, linden, multiflower, and rape). These 
authors reported significant variations in the content (ng/g) 
of phenolic acids (caffeic, chlorogenic, p-coumaric, ferulic, 
homogentisic, p-hydroxybenzoic, and vanillic acid), and 
flavonoids (apigenin, genistein, hesperetin, kaempferol, 
luteolin, rhamnetin, rutin, tricetin and quercetin) for differ-
ent floral types of honey.

More specifically, the reported average value for 
quercetin content (converted to mg/kg) regarding 2 buck-
wheat and 1 heather honey sample (3.37, 3.95, 3.83 mg/kg 
respectively) was higher than our results for pine, orange 
blossom and fir honeys (0.47, 1.21 and 1.71 mg/kg, respec-
tively), but significantly lower than present results dealing 
with thyme honeys (11.17 mg/kg) (Table 1). Furthermore, 
the reported quercetin content for the 2 acacia, 2 linden and 
2 multifloral honey samples, was lower than the results of 
the present study for thyme, pine, orange blossom and fir 
honey.

Regarding kaempferol content, the reported average 
values (mg/kg) for 1 linden (3.96 mg/kg) and 1 multifloral 
(4.37 mg/kg) honey sample were higher than our results 
for pine (0.32 mg/kg), fir (0.56 mg/kg) and orange blos-
som honey samples (2.82 mg/kg), but much lower than 
our results for thyme honeys (14.44 mg/kg); in the case 
of 1 buckwheat honey, the reported average content of 
quercetin was in very good agreement with our results 
for orange blossom honey samples (1.92 vs 2.82 mg/kg, 
respectively).

It is worth mentioning that in the rest 9 honey samples 
(2 acacia, 1 buckwheat, 1 linden, 1 multifloral, 2 heather, 
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and 2 rape) investigated by Sergiel et al. [25], kaempferol 
content was lower (<0.05 mg/kg) compared to results of the 
present study (Table 1), whereas data for myricetin, chrysin 
and syringic acid were not reported.

Finally, in a similar study carried out on Spanish honey 
samples from different harvesting periods Escriche et al. 
[26] reported, in very good agreement with the results of 
the present study, variations in the content of myricetin, 
quercetin, kaempferol and chrysin depending on the flo-
ral type of honey. Myricetin was not detected in citrus and 
rosemary honeys, whereas it was determined in polyfloral 
and honeydew honeys [average values (mg/kg) 13 and 26, 
respectively]. Quercetin recorded higher average values in 
honeydew honeys (9 mg/kg) followed by rosemary (5 mg/
kg), polyfloral (4 mg/kg), and citrus (3 mg/kg) honeys. 
Respective average values (mg/kg) for kaempferol fol-
lowed the order: rosemary honeys (27) > polyfloral honeys 
(12) > citrus honeys (7) > honeydew honeys (4). Chrysin 
recorded higher average values in rosemary honeys (23), 
followed by honeydew (19), polyfloral (15), and citrus 
honeys (9), respectively. These reported values (mg/kg) for 
myricetin are in general agreement with the results of the 
present study dealing with thyme and fir honeys, whereas 
quercetin content was lower than present results regarding 
thyme honey, and higher than our reported results for pine, 
orange blossom, and fir honey, respectively.

Results of the present study dealing with the kaempferol 
content (mg/kg) of thyme and orange blossom honeys are 
in general agreement with the results reported for polyfloral 
and honeydew honeys by Escriche et al. [26], while chrysin 
content reported in the present study is significantly lower 
in all botanical origins as compared to Escriche et al. [26]. 
It should be mentioned that these authors did not detect 
syringic acid, while other phenolic acids such as caffeic 
and p-coumaric were identified in honey samples tested.

It should also be noted that factors such as altitude, tem-
perature, rainfall, sunlight, harvesting period, geographical 
origin or even different contribution of nectar/pollen per-
centage (genotype) owed to different flowers present in the 
greater area may affect the phenolic profile of honey, i.e. 
Karabagias et al. [20] reported significant differences of 
polyphenol content of thyme honeys collected from differ-
ent geographical regions in Greece. The systematic study 
of these factors in combination with chemometric tech-
niques may open a new field in future research regarding 
honey’s phytochemicals.

Colour intensity of Greek unifloral honeys

Significant variations (F(3, 169) = 48.750, p = 0000 < 0.05)  
in colour intensity of Greek honeys (thyme, pine, orange 
blossom, fir) were observed for samples of different botani-
cal origin (Fig. 4), using ANOVA and Tukey’s multiple 

comparison tests. More specifically, mean value ± SD of 
colour intensity ranged from 164 ± 49 (orange blossom 
honey) to 405 ± 135 mAU (pine honey) (Table 1).

Colour intensity (mAU) followed the order: pine 
(405 ± 135) > fir (289 ± 89) > thyme (209 ± 71 > orange 
blossom (164 ± 49) (Fig. 4). This is the first ABS450 report 
for Greek unifloral honeys. That is, honeydew honeys 
such as pine and fir are usually darker than blossom hon-
eys such as thyme and orange blossom honey. Castro et al. 
[27] stated that colour assessment using visual compari-
sons, spectrophotometric measurements and CIE L*a*b* 
parameters can be a useful complementary tool for dis-
tinguishing the botanical origin of honey. Additionally, 
González-Miret et al. [28] classified honey samples into 
two groups based on their lightness value: light honeys 
(citrus, rosemary, lavender, eucalyptus and thyme) with 
L* > 50 and dark honeys (honeydew, heather, chestnut and 
avocado) with L* < 50.

Beretta et al. [17] reported significant variations in the 
colour intensity for 11 commercial honey samples from dif-
ferent regions in Italy belonging to 11 different botanical 
origins (strawberry tree, buckwheat, chestnut, sulla, clover, 
dandelion, chicory, acacia, mountain multifloral, honey-
dew) as well as in 3 tropical honey samples from Burkina 
Faso (Africa). Respective average values (mAU) ranged 
from 25 for the pale-white honey (acacia honey) to 3413 
for the dark-brown honey (strawberry tree honey). This 
finding is in excellent agreement with the results of the 
present study, since light blossom honeys (i.e. thyme and 
orange blossom) had significantly lower average values 
than dark-coloured honeys (i.e. pine and fir) (Table 1). Fur-
thermore, the obtained results for thyme honeys (average 
value of 209 mAU) match better with the results of sylia 
(average value of 222 mAU) and dandelion (average value 
of 225 mAU) honeys, as reported by Beretta et al. [17]; 
the respective average values of multifloral and honeydew 
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samples (415 and 466 mAU) match better with our results 
dealing with pine honey samples (405 mAU) (Table 1).

Additionally, Bertoncelj et al. [5] reported significant 
variations in colour intensity of 70 Slovenian honey sam-
ples belonging to 7 different botanical origins (acacia, lime, 
chestnut, fir, spruce, multifloral, forest). Colour intensity 
(average values) varied from 70 mAU (in acacia honey) to 
495 mAU (in chestnut honey). These results are in excel-
lent agreement with the results of the present study, since 
light-coloured honeys (i.e. acacia and lime) had lower col-
our intensity values than dark-coloured honeys (i.e. chest-
nut, spruce, fir, forest and multifloral). The reported values 
(average, mAU) for fir (405), spruce (417), and forest hon-
eys (467) match better with the present results for pine hon-
eys (405), while the reported values for lime honeys (123) 
are in good agreement with present results dealing with 
orange blossom honeys (164) (Table 1).

The same significant variations in colour intensity [net 
absorbance (Abs560 − Abs720)] were reported by Vela et al. 
[29] in a study involving 36 Spanish honeys of different flo-
ral origins (nectar and honeydew). Respective average val-
ues (mAU) were lower in nectar honeys (270) and higher 
in honeydew honeys (680), in excellent agreement with the 
results of the present study.

Finally, the reported ABS450 values for 7 commercial 
Indian, 9 Malaysian, and 4 Algerian honey samples, of dif-
ferent botanical origin, ranged from 524 to 1678, 170 to 741, 
and 724 to 1188 mAU, respectively [30–32]. The average val-
ues of colour intensity reported by Khalil et al. [31] were: 170 
mAU for 1 Borneo tropical honey, 298 and 301 mAU for 2 
Tualang honeys (nos. 2 and 3 respectively), and 283 mAU for 
1 multifloral honey (referred as “Honey B”). These reported 
results are in good agreement with present results regard-
ing orange blossom honeys (164 mAU) and fir honeys (289 
mAU), respectively. Likewise, Indian and Algerian honeys 
showed higher colour intensity values compared to results of 
the present work [30, 32]. All the above research studies were 
carried out in different parts of the world and point out the 
impact of botanical origin on the colour intensity of honey.

Radical scavenging activity (% RSA) of Greek 
unifloral honeys

Radical scavenging activity varied significantly for hon-
eys of different botanical origin, based on ANOVA (F(3, 
169) = 33.128, p = 0.000 < 0.05). Tukey’s multiple 
comparisons in the data set showed that the 4 botanical 
origins (thyme, pine, orange blossom, fir) differed sig-
nificantly in the mean value of % RSA (Fig. 5). % RSA 
values followed the order: pine (50.38 ± 19.17) > fir 
(38.39 ± 18.34) > thyme (25.84 ± 11.24) > orange blos-
som (17.24 ± 5.50) (Table 1).

This is the first systematic [DPPH·] free radical scaveng-
ing activity report for 170 Greek unifloral honeys using an 
aqueous honey solution. It was found that all the aqueous 
honey solutions were able to scavenge the [DPPH·] free 
radical. This finding is in excellent agreement with the 
results of Vela et al. [29] who reported higher radical scav-
enging activity (% RSA) for the darkest coloured honeys 
(honeydew honeys) (66.80 ± 18.10) compared to light-
coloured honeys (nectar honeys) (28.70 ± 16.60). In our 
case light-coloured honeys are thyme and orange blossom, 
whereas honeydew honeys are pine and fir.

In a similar study, dealing with 35 Lithuanian honey sam-
ples of different botanical origin (multifloral, willow, spring 
rape, pine extract, linden), Baltrušaitytė et al. [33] reported 
significant variations in the % RSA for honey samples of 
different botanical origin. Respective values ranged from 
31.10 ± 4.50 for linden honey to 93.00 ± 1.00 for pine 
extract honey. Pine extracts had higher radical scavenging 
activity than the present pine honey samples (Table 1).

In a study dealing with 9 Malaysian honey samples, 
Khalil et al. [31] reported significant variations in % radi-
cal scavenging activity for honey samples of different flo-
ral origin. Respective values ranged from 26.79 ± 1.90 for 
Borneo tropical honey to 81.64 ± 1.59 for Tualang honey 
(no. 2). The reported values for Borneo tropical honey are 
in very good agreement with the results of the present work 
regarding thyme honeys.

Furthermore, the EC50 values (mean ± SD, mg of water-
soluble antioxidants present in/0.1 mL of honey solution added 
to the [DPPH·] free radical solution) were obtained from 
graphs (i.e. Figure 1). Respective values were: 8.56 ± 3.57, 
28.54 ± 7.86, 32.28 ± 13.51, 40.88 ± 12.31 for pine, fir, 
thyme, and orange blossom honeys. It should be noted that the 
lower the EC50 value, the higher the antioxidant activity.
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Beretta et al. [17], using a similar aqueous honey solu-
tion (1 g/10 mL vs 1.2 g/10 mL in the present study) 
and reaching a final [DPPH·] concentration in the reac-
tion medium equal to 83.3 μmol/L, reported EC50 values 
for chestnut and honeydew honey to be 7.93 ± 0.04 and 
8.48 ± 0.24, respectively. These values are in very good 
agreement with those obtained for pine honeys in the pre-
sent study.

Additionally, in a study carried out on 20 Portuguese 
honey samples produced from nectar of Lavandula, Echium 
and Erica plants, Estevinho et al. [34] using a methanolic 
honey extract (50 mg/mL) and reaching a final [DPPH·] 
concentration in the reaction medium equal to 54 μmol/L 
reported different EC50 values (mg/mL) for samples of dif-
ferent floral origin (i.e. 68.17 for Lavandula honeys and 
27.24 for Erica honeys). The reported values for Erica hon-
eys (dark honeys) are in good agreement with our results 
regarding fir honeys (28.54 ± 7.86). Even though floral ori-
gin of above honeys is different, they both belong to dark-
coloured honeys show similarities regarding EC50 values.

More recently, Sant’Ana et al. [23] evaluated the antiox-
idant activity of 21 honey samples from 3 different regions 
in Brazil using the DPPH assay. These authors using an 
aqueous honey solution (0.025 g/mL) and reaching a final 
[DPPH·] concentration equal to 87 μmol/L reported sig-
nificant variations in the EC50 values (mg/mL). Respective 
values ranged from 10.19 ± 1.65 for Eucalyptus honey to 
67.69 ± 1.24 for morráo candeia honey. The same applies 
here with regard to dark-coloured honeys stated above.

Taking into consideration, the EC50 values for commer-
cial antioxidants (i.e. BHA = 3.6 mg/mL and a-tocoph-
erol = 8.6 mg/mL, respectively) [34] present results mark a 
satisfactory antioxidant activity for Greek unifloral honeys 
and highlight their prospective health benefits as part of a 
regular diet.

Conclusion

The present study demonstrates remarkable variations in 
antioxidant properties of Greek unifloral honeys of differ-
ent botanical origin. These variations should be considered 
when using honey as a source of natural dietary antioxidants, 
especially in a simple aqueous medium. Because of the 
health benefits of natural dietary antioxidants, floral origin 
should comprise an important factor in evaluating the poten-
tial of honey as an antioxidant agent. The in vitro antioxidant 
activity of a simple simulant (aqueous honey solution), the 
pigment and polyphenol content, highlight the prospective 
health benefits of Greek unifloral honey and support previ-
ous work in the literature by Gheldof et al. [2], who reported 
that the water-soluble fraction of honey contained most of 
the antioxidant components (protein, gluconic acid, ascorbic 

acid, and the combined activities of the enzymes glucose 
oxidase, catalase and peroxidase), compared to non-polar 
fraction (i.e. phenolic). Along the same line of reasoning, 
Bogdanov et al. [35] reported numerous beneficial nutri-
tional and health effects of honey through daily consumption 
(antimicrobial, antioxidant, antiviral, antiparasitic, antiin-
flammatory, antimutagenic, anticancer and immunosuppres-
sive activities or even enhanced gastroenterological and car-
diovascular health), depending on its botanical origin.

Based on the present data, we propose the daily con-
sumption of 30 g of honey, especially dark-coloured honey 
(i.e. pine or fir) as a part of a well-balanced diet.

To our knowledge, this is the first study in Greece car-
ried out on such a large number of honey samples, provid-
ing analytical data on antioxidant properties in a simple/
and or reproducible way for unifloral honeys; this constitut-
ing the novelty of the present work.

Finally, this approach is the first step (physico-chemical 
analysis) that may provide a trace for further analytical 
investigations on the profile of selected phytochemicals and/
or the water-soluble antioxidants of Greek unifloral honey 
so that more rigorous in vivo studies can be carried out.
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