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Summary
Honey is the most popular bee product consumed by humans. It is known for its nutritional 
properties and health benefits, which include neuroprotective effects, the support of the 
circulatory system, and the beneficial influence it has on skin and respiratory system disor-
ders. The aim of this study was to determine the influence of water temperature used for the 
preparation of honey solutions on their antioxidant potential. 

Material and methods. The study material included buckwheat honey, black locust honey, and 
rape honey. Honey solutions (1%) were prepared using distilled water with the temperatures: 
25°C, 70°C, 80°C, and 90°C. The antioxidant activity of samples was measured with spectro-
photometric method using synthetic radical DPPH. 

The antioxidant activity of honey was between 0.29 to 78.50% of DPPH inhibition, depending 
on the type of honey and the temperature of water used for the preparation of solutions. Buc-
kwheat honey was characterised by the highest antioxidant potential. A significant, directly 
proportional correlation was observed between the antioxidant potential and the temperature 
of buckwheat and rape II honey solutions. 

In the case of buckwheat honey, rape honey I and black locust honey, the highest antioxidant 
potential was achieved in solutions prepared using distilled water at 90°C, whereas in the case 
of rape honey II, the highest values were observed at 80°C and 90°C. The lowest inhibition of 
the DPPH radical was observed in solutions at 70°C in all of the honey types. In the case of 
the studied honeys, it is even advisable to prepare water solutions at 80°C or 90°C in order to 
increase its antioxidant potential, e.g. by adding honey to tea or milk.
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INTRODUCTION

Honey is the most popular bee product consumed 
by humans. It is known for its nutritional properties 
and health benefits. There are many different types 
of honey on the market, including nectar honey (flo-
wer), honeydew honey, and mixed (nectar-honeydew 
or honeydew-nectar). They are different not only in 
terms of sensory values, but also in how they influ-
ence human health. The most known varieties of 
honey include rape honey, black locust honey, buc-
kwheat honey, heather honey, lime honey, and poly-
flora honey. Honey has many health benefits. It has 
a neuroprotective effect, it supports the functioning 
of the circulatory system [16, 21], and it helps in the 
case of respiratory system disorders [12] and skin pro-
blems [7]. It is a product with complex chemical con-
tent, of which 80% is sugar. Most of the sugar, about 
90%, includes glucose and fructose, which are easily 
assimilated monosaccharides. Oligosaccharides are 
present in honey in small amounts, but thanks to their 
prebiotic properties they have a positive influence 
on the human body [6]. The caloric value of honey in 
100g of product is between 320 and 330 kcal. Bee pro-
ducts are not only a rich source of natural nutrients, 
but they also contain biologically active compounds, 
including antioxidants  [5]. Some of the substances 
that determine honey’s antioxidant potential and play  
a significant role include: enzymes (e.g. catalase), vita-
mins (carotenoids, vitamin C, vitamin E), organic acids, 
amino acids and proteins, as well as numerous poly-
phenol compounds  [32]. In the case of polyphenols, 
which are considered as the most important antioxi-
dants of honey [15], phenolic acids and flavonoids are 
worth mentioning. Their amount depends on the bota-
nic origins of honey [29]. The most important quality 
of antioxidant compounds in food products, inclu-
ding honey, is their ability to inhibit free radical pro-
cesses. An excessive amount of free radicals, which is 
referred to as oxidative stress, is associated with such 
problems as the development of insulin resistance,  
type 2 diabetes [25], circulatory system diseases, auto-
agressive disorders, neurodegenerative diseases, and it 
can also contribute to the process of organism aging 
and the amplification of carcinogenesis [21]. Therefore, 
it seems reasonable to search for resources with strong 
antioxidant properties, which could reduce the forma-
tion of free radicals, potentially taking part in the pre-
vention of the aforementioned diseases. 

The aim of the study was to determine the influence 
of the temperature of water used to prepare honey 
solutions on their antioxidant potential and fluoride 
content.

MATERIAL AND METHODS

The preparation of honey solutions 

The study material included different varieties of honey 
(buckwheat honey, black locust honey, and two varieties 
of rape honey) from the West Pomeranian Voivodeship 
(Poland). Sample of 1.0 g of honeys were weighed and 
quantitatively transferred to a 100.0 ml measuring flask 
which was then filled with 25°C, 70°C, 80°C, and 90°C 
distilled water. The contents were stirred using a magne-
tic stirrer until a homogeneous solution was achieved. 
Subsequently, the solution was left to cool down to 25°C. 
All infusions were prepared in triplicate.

Determining antioxidant activity

The antioxidant activity of samples was measured with 
spectrophotometric method using synthetic radical 
DPPH (2,2diphenyl-1-picrylhydrazyl, Sigma). Antioxi-
dant potential (antioxidant activity, inhibition) of tested 
solutions has been expressed by the percent of DPPH 
inhibition [33]. The antioxidant potential was determi-
ned using UV-Vis spectrophotometer Agilent 8453. All 
assays were performed in triplicate.

Statistical analysis 

In all the experiments, three samples were analysed and 
all the assays were carried out at least in triplicate. The 
statistical analysis was performed using Stat Soft Stati-
stica 13.0 and Microsoft Excel 2010. The results are expres-
sed as mean values and standard deviation. To determine 
the percent of DPPH inhibition, the one-way analysis of 
variance (ANOVA) and Tukey post-hoc were used. Corre-
lation analysis was performed by Pearson coefficient. Dif-
ferences were considered significant at p≤ 0.05. 

RESULTS

The values of antioxidant potential of the studied types 
of honey, expressed as percent DPPH inhibition of radi-
cal, were from 0.29% to 78.50% of DPPH inhibition (Fig. 1). 
At each temperature, statistically significant differences 
occurred between the buckwheat honey antioxidant capa-
city and the others honey solutions (p = 0.000175).

For the solution of buckwheat honey, the range of the 
antioxidant potential was from 33.09% to 78.50% DPPH 
inhibition (Fig. 2).

The buckwheat honey solution prepared with water at 
90°C has the highest antioxidant potential. Differences 
compared to the remaining solutions were statistically 
significant (for 25°C and 70°C p  =  0.000174; for 80°C 
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at 80°C and 90°C; the difference between these values 
was not statistically significant (p  =  0.852). Between 
the values characterizing the remaining solutions the 
differences were statistically significant (p = 0.000175 
for all solutions).

For the solution of black locust honey, the range of the 
potential was from 0.61 to 1.28% DPPH inhibition (Fig. 5).

As for the other honeys, the highest potential was 
seen in the solution of black locust honey prepared 
with water at 90°C; differences between this value and 
the others temperatures were statistically significant 
(p = 0.000175 for all solutions). The statistically insignifi-
cant difference was only between the value for the solu-
tion prepared with water at 70°C vs 80°C (p = 0.5690).

In the case of buckwheat honey, rape honey I and black 
locust honey, the highest antioxidant potential was 
achieved in solutions prepared using 90°C distilled 
water, whereas in the case of rape honey II, the highest 
values were observed at 80°C and 90°C.

p = 0.000194). There was also a statistically significant 
positive correlation (r = 0.623) between the antioxidant 
potential of this honey and the temperature of water 
used to prepare the solutions.

For the solution of rape honey I, the range of the anti-
oxidant potential was from 1.16 to 2.03 % of DPPH inhi-
bition (Fig. 3).

The highest antioxidant potential was found in the solu-
tion prepared with water at 90°C. All differences were 
statistically significant (for 25°C p = 0.000176, for 70°C 
p = 0.000176, for 80°C p = 0.040155). In the case of solu-
tions of this honey, the relationship between antioxidant 
potential and temperature was not statistically signifi-
cant (r = 0.385).

For the solution of rape honey II, the range of the poten-
tial was from 0.29 to 1.38 % of DPPH inhibition (Fig. 4).

In the case of rape honey II, the highest antioxidant 
potential was found in solutions prepared with water 
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Fig. 1. The antioxidant potential of specific honey types depending on temperature. *p ≤0.05

Fig. 2. The antioxidant potential of buckwheat honey solution depending on temperature. *p ≤0.05
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for its production [14]. In many works, authors point out 
the influence that the origin of this resource has on the 
physicochemical properties of honey. The differences 
were particularly visible in the activities of the enzymes, 
ash contents, hydroxymethylfurfural (HMF) contents, 
pH and electrical conductivity.

The values of antioxidant potential of buckwheat honey 
infusions achieved in the study were similar to those 
acquired by Majewska et al. [18, 19], who studied buck-
wheat honey from various regions of Poland. The values 
were in the range from 29.68% to 75.86% of DPPH inhibi-
tion. The study by Wilczyńska showed that the antioxi-
dant properties of buckwheat honey were at the level of 
70.6% inhibition [31], in the range from 56.39% to 100% 
of DPPH inhibition [30]. Hołderna-Kędzia & Kędzia [13] 
labelled the potential in buckwheat honey achieving 57.6 
µg eq. chlorogenic acid/ml. In this type of honey, the 
value of IC50 achieved by Beretta et al. [3] was 4.0 mg/ml, 
whereas the value of ORAC measured by Gheldof et al. [11] 

The lowest inhibition of the DPPH radical was observed 
in solutions at 70°C in all of the honey types. There is a 
tendency for antioxidant potential to rise together with 
the increase in temperature in the range from 70°C to 
90°C (especially in terms of buckwheat honey and rape 
honey I) and to decrease in the range from 25°C to 70°C. 
In most cases, the differences between results achieved 
at different temperatures were statistically significant. 
However, the differences were not significant in the fol-
lowing examples: rape honey II – between temperatures 
80°C vs 90°C, black locust honey – between temperatures 
70°C vs 80°C and buckwheat honey – between tempera-
tures 25°C vs 70°C.

DISCUSSION

Honey may be considered as a biological indicator of 
environmental quality and floral biodiversity. Its com-
position strongly depends on the territory in which it is 
produced and it is closely tied to the flora visited by bees 
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Fig. 4. The antioxidant potential of rape II honey solution depending on water temperature. *p ≤0.05
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the solutions of buckwheat honey prepared at 80°C and 
90°C. However, honey is often used as an addition to tea or 
herbal infusions and in these cases it can enrich the posi-
tive effects of these liquids on human health. Telesiński 
et al. [27] observed a rise in antioxidant potential of infu-
sions made from hypericum after the addition of black 
locust honey, whereas Gheldof et al. [10] noticed the same 
relation between tea and buckwheat honey. The antioxi-
dant potential of the different types of honey analysed in 
this study can be considered low for black locust honey, 
moderate for solutions of rape honey and high in relation 
to some solutions of buckwheat honey. The rising anti-
oxidant potential observed between these honey types 
(black locust honey < rape honey < buckwheat honey) was 
also determined by other authors [3, 9, 10, 13, 19, 21, 29, 
30, 31]. This fact can be explained by the relation between 
the colour of honey and its antioxidant potential that was 
observed by many scientists. It seems that light honey has 
lower antioxidant potential than dark honey [3, 4, 17, 22, 
23, 30]. The results presented in this study confirm the 
aforementioned observations. Black locust honey, which 
is considered a light type of honey, had the lowest antioxi-
dant potential, whereas the highest results were achieved 
in the case of buckwheat honey, which is dark. The con-
tent of honey and the associated health benefits can be 
different depending on the place of origin [30] or the plant 
species of pollen. Differences can also be the result of the 
influence of environmental conditions, the applied pro-
cessing techniques, as well as the time and temperature 
of storage [2]. Šarić et al. [25] observed that after black 
locust honey was stored for a year, the value of IC50 rose 
(44.64 mg/ml before storing, 407.01 mg/ml after one 
year), which proves that the ability to sweep free radicals 
became lower. There are not enough studies that would 
allow for the evaluation of the influence that the prepa-
ration temperature of honey solutions has on their anti-
oxidant properties or polyphenol content. Studies carried 
out on other resources confirm that temperature is an 
important factor for the parameters mentioned above [1, 
33]. Because this relation develops differently depending 

was between 7.47 and 16.95 µmol TE/g. Due to the appli-
cation of a different unit determining antioxidant poten-
tial, it is difficult to compare these results with the ones 
achieved in our study. Despite this fact, on the basis of 
these results it can still be concluded that the antioxidant 
potential of buckwheat honey is from moderate to high. In 
the case of black locust honey types analysed by Majewska 
et al. [18], the antioxidant potential was between 7.18% 
and 13.53% of DPPH inhibition. The results are confirmed 
by this study. Higher values were achieved by Wilczyńska 
et al. [31]. The antioxidant potential of black locust honey 
was in the range between 25.58 and 47%. These differences 
might have been caused by the differences in the origin of 
the honey types. There are also other studies concerning 
the antioxidant properties of black locust honey, which 
make use of a different unit for this parameter. Chua et 
al. [8] achieved the value of antioxidant potential at the 
level of 29.983 mg AAE/100 g, whereas Gheldof et al. [9] 
noted the value for ORAC at the level of 3 µmol TE/g. In 
the studies by Hołderna-Kędzia & Kędzia [13], the poten-
tial for black locust honey was about 25 µg eq. chlorogenic 
acid/ml. The value of IC50 achieved by Bertoncelj et al. [4] 
was 53.8 mg/ml. Similar results were achieved by Šarić et 
al. [25] and Beretta et al. [2] – in those cases, the values 
for IC50 were 44.64 mg/ml and 45.45 mg/ml, respectively. 
In the studies by Meda et al. [20] the value of IC50 indi-
cated stronger antioxidant properties, with the result of 
10.53 mg/ml. In comparison to the remaining 27 types of 
honey studied by these scientists, the result shows that 
black locust honey has a moderate ability to sweep free 
radicals. The antioxidant potential of rape types of honey 
achieved in this study was lower than the values available 
in literature. In the case of rape honey types, Majewska 
et al. [19] achieved DPPH inhibition at the level between 
28.19% and 44.08%. The antioxidant potential of rape 
honey according to Wilczyńska was 50.9%7 and it was in 
the range from 43.14% to 60.59% [32]. When compared 
to resources known for having high antioxidant prop-
erties, such as green tea [35] or coffee [34], the antioxi-
dant potential of honey solutions is not high, excluding 

Fig. 5. The antioxidant potential of black locust honey solution depending on temperature. *p ≤0.05 
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whereas in the case of rape honey II, the highest values 
were observed at 80°C and 90°C. The lowest inhibition of 
the DPPH radical was observed in solutions at 70°C in all 
of the honey types. There is a tendency for antioxidant 
potential to rise together with the increase in tempera-
ture in the range from 70°C to 90°C (especially in terms 
of buckwheat honey and rape honey I) and to decrease in 
the range from 25°C to 70°C. In most cases, the differences 
between results achieved at different temperatures were 
statistically significant. However, the differences were 
not significant in the following examples: rape honey II 
– between temperatures 80°C and 90°C, and black locust 
honey – between temperatures 70°C and 80°C, buckwheat 
honey - between temperatures 25°C and 70°C.

The study confirmed that the antioxidant potential of 
water solutions of honey depend on both the type of 
honey and the temperature of water used to prepare 
the solutions. Regardless of water temperature, buck-
wheat honey proved to have the highest antioxidant 
potential in comparison to other types of honey. A sig-
nificant directly proportional correlation was found 
between antioxidant potential and temperatures for 
buckwheat honey and rape honey II solutions. The stud-
ies have proved that high temperature did not always 
have a negative effect on the health benefits provided 
by honey. Our studies have shown that the highest anti-
oxidant potential had honey solutions prepared with 
water at 90°C. In the case of studied honeys, it is even 
advisable to prepare water solutions at 80°C or 90°C in 
order to increase its antioxidant potential, e.g. by add-
ing honey to tea or milk.

on the resource, it is difficult to be absolutely clear on the 
direction it takes. According to Batu et al. [2] and Turk-
men et al. [28], the increase in the temperature of stor-
ing honey causes a rise in their antioxidant potential, 
which is confirmed by the observed influence of tempera-
ture changes. In this study, the highest value of antioxi-
dant potential was labelled in honeys at 80°C and 90°C. 
This phenomenon might be associated with the higher 
kinetic energy of particles (including antioxidants) in the 
solution, which allows for the acceleration of effective 
collisions leading to the neutralization of DPPH radical. 
Another explanation for the rise in antioxidant properties 
of honey is the creation of antioxidant compounds during 
the Maillard reaction, which takes place at increased tem-
peratures [28]. At the same time, the observed decrease 
between room temperature and 70°C may indicate the 
breakdown of the parts of antioxidant compounds due to 
increased temperature. The ability of honey to neutralise 
free radicals is explained by the presence of compounds 
that have antioxidant properties. The most important 
compounds include the following: vitamin C, enzymes 
(catalase, peroxidase, glucose oxidase), phenolic com-
pounds (coumaric acid, chlorogenic acid, quercetin), 
organic acids (fumaric acid, gluconic acid), carotenoids, 
free amino acids, proteins, or small amounts of minerals, 
especially copper and iron [8, 13].

CONCLUSIONS

In the case of buckwheat honey, rape honey I and black 
locust honey, the highest antioxidant potential was 
achieved in solutions prepared using 90°C distilled water, 
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