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INTRODUCTION 

 

Findings of bee fossils from the Tertiary period found in Baltic amber indicate that 

bees inhabited Europe long ago. The use of bee products by humans is evidenced 

by the oldest evidence discovered so far in the form of cave drawings about the 
taking of honey from bee colonies. This period dates to the period before the 

emergence of agriculture. The age of these cave drawings is estimated to be at least 

eight thousand years. The first evidence of beekeeping comes from ancient Egypt, 
where they were kept in beehives made of clay, already four thousand years before 

our era (Chlebo, 2017). 

Honey can be characterized as a supersaturated solution of carbohydrates with 
properties that are characteristic for each type of honey. Carbohydrates represent 

approximately 80% of honey, on average honey contains 38% fructose, 31% 

glucose and 11% complex carbohydrates. The remaining 20% is made up of water, 

which significantly affects the quality of honey, especially during its storage 

(Chlebo, 2017; Kamler, 2018). 

Vyhláška 41/2012 defines honey as a natural sweet substance produced by the 
honeybee (Apis mellifera) from the nectar of plants, excreta of living parts of plants 

or excrement of insects sucking living parts of plants, which bees collect, transform 

and enrich with their own specific substances, store, thicken, store and they leave 
it in the combs to ripen. 

Blossom honey is obtained from the nectar of plants. Above all, it is nectar from 

meadow or other flowers and various fruit trees (Chen, 2019). Nectar is a sweet, 
sticky and sugary liquid, which is called insectivorous plants secrete by means of 

glandular formations designed to attract insects (Weiss, 2005). Honeydew is made 

by aphids that pierce the soft parts of the trees, digest the nitrogenous substances 
from the sap and excrete sucrose, which they cannot digest. Bees collect the 

secretions remaining on the plant and create honeydew honey (Korošec et al., 

2016; Gonnet & Vache, 2018; Karabagias et al., 2020). Bees bring nectar or 
honey to the hive in honeycombs. In the hive, the bees sell the contents of the 

honeycomb to each other and enrich it with various enzymes contained in their 

saliva. Nectar or honeydew is stored in honeycomb cells where it ripens and at the 
same time evaporates water (Haragsim, 2016). 

Honey contains more than 180 different substances, including carbohydrates, 

proteins, minerals, vitamins, and the like. The chemical composition of honey can 
be different depending on the environment, geographical conditions, and 

especially on the diversity of plants. Sensory and physico-chemical properties are 
mainly influenced by carbohydrates, which are the dominant component in honey 

(Nguyen, 2019). 

Thanks to its properties, honey has been used for centuries: it is one of the oldest 

foods due to its sweet taste and health-promoting properties (Mahattanatawee et 

al., 2014). Honey is also used as a medicine for the treatment of various diseases, 

such as colds, wounds, coughs, diarrhoea, and other diseases (Taleuzzaman et al., 

2020). 
The physicochemical composition of honey is significantly affected by storage 

conditions. At low temperatures, based on studies, there are no significant changes 

in water content, on the contrary, at higher storage temperatures there is an increase 
due to the presence of a high content of metal catalysts and the enzyme 

glucoseoxidase, when glucose units decompose more quickly into gluconic acid 

and hydrogen peroxide. At the same time, hydrogen peroxide decomposes into 
water and oxygen, which increases the water content in honey. Storage at high 

temperatures reduces the water content due to honey maturation. Changes in water 

content (increase/decrease) in honey can also be caused by improper storage of 

honey (Manickavasagam et al. 2024). 

In general, the higher the content of the above components, the higher the electrical 

conductivity of honey, and vice versa. Raweh et al. (2022) reported that it 
increased slightly (non-significantly) during eight months of storage at all storage 

temperatures (0-45°C). At higher storage temperatures (20°C), Zarei et al. (2019) 

found a non-significant increase in electrical conductivity, while Khan et al. 

(2021) found a statistically significant increase. However, Da Silva et al. (2020) 

found a significant decrease. 

Usually, when honey is stored at both low and high temperatures, an increase in 
acidity occurs in most studies. In cases where a decrease in free acidity occurred, 

the authors assumed that it was due to the degradation of organic acids present in 

the honey (Manickavasagam et al. 2024). 
Previous studies have shown that the increase in 5-HMF formation was greater at 

higher storage temperatures than at low storage temperatures. The authors assume 

that the insignificant difference in 5-HMF content at low storage temperatures (−20 
°C and 4 °C) is due to the low reactivity of the reaction pathways of 5-HMF 

formation (Biluca et al., 2014; Manickavasagam et al. 2024). 

The aim of this study was to determine the quality of foreign blossom honeys 
obtained from the trade network in Slovakia during storage. 

 

 

 

 

 

 

The aim of the study was to evaluate the quality of foreign honeys purchased in the Slovak trade network during storage at temperatures 

of 4 and 20 °C. In the study, we monitored pH, electrical conductivity, colour intensity, water content, total soluble solids, free acidity, 

and hydroxymethylfurfural (HMF) content. All honeys met the legislative requirements of the Slovak Republic and the European Union, 
except for the electrical conductivity of avocado honey (1.46 to 1.67 mS.cm-1), while Slovak and European legislation sets a limit of 0.8 

mS.cm-1. The content of HMF in false acacia honey from Hungary reached the threshold value of 39.99 mg.kg-1, while the legislation 

allows a maximum HMF content of 40 mg.kg-1. In Spanish orange blossom honey, the HMF content was found to be from 25.49 to 59.84 
mg.kg-1 during storage. If this honey does not come from a tropical area, it exceeds the permitted limit of 40 mg.kg-1, but if it comes from 

tropical areas, the honey meets the requirements of the legislation (max. 80 mg.kg-1). In general, it can be stated that during storage at 4°C, 

there was a slower increase in HMF content than during storage at 20°C. During storage (3 and 6 months), honey darkened. By comparing 
the colour intensity during storage at different temperatures, it can be stated that when honey was stored at 20°C, it darkened faster than 

when stored at 4°C. During storage, there was a gradual decrease in free acidity and water content. Based on the results of our experiment, 

it is important to emphasize that when including all honey in the trade network, it is desirable that producers and distributors indicate on 

the packaging, in addition to the country of origin, its exact region of origin. 
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MATERIAL AND METHODS 

 

Object of research 

 

For the analysis, 9 types of foreign blossom honeys were used, 5 pcs of each type. 

The honeys were purchased in a commercial network. Subsequently, we monitored 
the development of physico-chemical parameters at the beginning of storage, after 

the 3rd and 6th months of storage. The samples were stored in the dark at a room 

temperature (20°C) and at a temperature of 4°C. 
Honeys (n = 45) of the following species and origin were used for the analysis of 

physico-chemical quality (Table 1). Based on the origin of the honeys, we 
considered honeys from citrus flowers (Italy - Sicily), from coffee tree flowers 

(Brazil), from tropical flowers (Cuba) and avocado flowers (Mexico) to be tropical. 

Other honeys were of non-tropical origin (Czech Republic, Germany, Italy, 
Hungary). Orange blossom honey from Spain could not be determined exactly, as 

it did not have a specific region of Spain listed on the packaging. 

 
Table 1 Honeys used in the experiment (n = 45) 

Type of honey  Origin of honey 

creamed blosoom honey  Czech Republic 

honey from citrus flowers Italy - Sicily 
honey from the flowers of the coffee tree Brazil 

honey from orange blossoms  Spain 

blossom honey  Germany 
chestnut honey Italy 

honey from tropical flowers  Cuba 

false acacia honey (Robinia pseudoacacia L.) Hungary 
avocado honey  Mexico 

 

Chemical analysis 

 

The following indicators were monitored within the physico-chemical analysis of 

honey:  

• pH (desk pH meter Orion Star A211, Thermo Fischer Scientific, Waltham, 

USA) by puncture probe. 

• electrical conductivity (it is expressed as the conductivity of a 20% solution 

of honey in water at a temperature of 20 °C, while 20% refers to the mixture 

without water. We calculated the weight of honey based on the dry matter 

content, determined using the refractometer Mini Digi Conductivity Meter 

OK-113 (Radelkis, Budapest). After preparing the sample, we determined 

the electrical conductivity on a conductometer (Conductivity meter Ok-113, 
Budapest). We calculated the electrical conductivity of the mixture solution 

as follows: 

 
SH (mS.cm-1) = K x G 

 

SH (mS.cm-1) – electrical conductivity of the solution mixture 
K - electric cell constant 

G (mS) – conductivity 

  

• Colour intensity - spectrophotometrically (Spectrophotometer Jenway 7305, 

Cole-Parmer, United Kingdom), the method is based on measuring the 
absorption of radiation by different wavelengths - 450nm and 720nm. We 

diluted the honey in a 1:1 (w:w) ratio. We stirred the samples until the honey 

dissolved, filtered them, and then measured the absorbance on a 
spectrophotometer. 

 

[AU ] = (ABS450 – ABS720) 

 

• Water content - we performed it using an Abbe refractometer (ATAGO 

Japan) according to IHC (2009). At a honey temperature higher or lower 
than 20 °C, we were adjusted the refractometric index using a correction. At 

temperatures above 20 °C we were added a correction of 0.00023 for each 

°C and at temperatures below 20 °C we subtracted a correction of 0.00023 
for each °C.  

• Total content of soluble solids – we performed it using a Re-Po-4 device 

(ATAGO, Japan) at a temperature of 20 °C. 

• Free acidity - we carried out by the titration method, in which the 

consumption of 0.1 mol was monitored. dm-3 NaOH to neutralize the free 
acids (FA) in the samples to the phenolphthalein indicator.  To determine 

acidity, we took 10 g of honey sample, which we dissolved in 75 cm³ of 
distilled water in an Erlenmeyer flask. After adding 2-3 drops of 

phenolphthalein, we titrated with sodium hydroxide solution producing a 

stable pale pink coloration with holding time 30 seconds. 
 

FA [meq.kg-1 ] = C [cm3 ] x 10 

 
FA – free acidity [meq.kg-1] 

C – consumption of 0.1 mol.dm-3 sodium hydroxide 

 

• Hydroxymethylfurfural (HMF) content – we carried out 

spectrophotometrically (Spectrophotometer Jenway 7305, Cole-Parmer, 

United Kingdom). Spectrophotometric determination of HMF is based on 
different absorbance of radiation. To prepare the sample, we dissolved 5 g 

of honey in distilled water in a 50 ml volumetric flask. Then we added 0.5 

ml of Carrez I. solution, mixed, added 0.5 ml of Carrez II. solution, mixed 
again and made up to the mark with water. The solution was then filtered 

through filter paper and the first 10 ml of the filtrate was poured out. We 
prepared 4 test tubes for each sample. We took 5 ml of the filtrate into each 

test tube, 5 ml of distilled water (sample) was added to 3 test tubes and 

0.20% sodium bisulfite solution (control) was added to the remaining 5 ml. 
We measured the absorbance compared to the control in 1 cm wide cuvettes 

at 284 nm and 336 nm. 

 

HMF (mg.kg-1 honey) = (A284 – A336) x 74.87) / m x 10 

 

m = weight of the honey sample 
A284, A336 = absorbance values at the respective wavelengths 

Factor = 126 x 100 x 1000 x 100/16830 x 1000 = 74.87 

126 = HMF molar mass 
16,830 = molar absorptivity of HMF at a wavelength of 284 nm 

 

Statistical analysis 

 

The data obtained were subjected to analysis of variance (ANOVA) using SAS 

software (version 9.3, Enterprise Guide 4.2, USA). Tables show the results as the 
mean with standard deviation (SD) (SAS, 2008). 

 

RESULTS AND DISCUSSION 

 

The results of the physico-chemical properties of foreign blossom honeys are 

shown in Table 2 and Table 3. 

 

Table 2 Physico-chemical properties of foreign blossom honeys during storage at 20 °C (x±SD) and 4 °C (x±SD) 

Type of honey/storage time 

Chemical composition of honey during storage at 20 °C (x±SD) 

Water content 

(%) 

Total content of soluble solids 

(°Bx) 

Free acidity 

(meq.kg-1) 

HMF 

(mg.kg-1) 

0 day 3rd month 6th month 0 day 3rd month 6th month 0 day 3rd month 6th month 0 day 3rd month 6th month 

Czech creamed blossom honey 19.86±0.05 18.26±0.05 17.16±0.05 78.32±0.16 80.08±0.08 80.96±0.11 15.01±0.22 11.98±0.61 12.00±0.35 2.241±0.255 5.178±0.553 15.270±0.284 

honey from citrus flowers, Sicily 17.82±0.08 17.12±0.04 16.88±0.04 80.42±0.13 81.18±0.11 81.44±0.09 27.19±0.22 24.45±0.35 22.70±0.67 10.062±0.068 21.678±0.287 28.974±1.050 

honey from the flowers of the 

coffee tree, Brazil 
17.04±0.05 15.18±0.04 14.9±0.00 82.14±0.19 83.04±0.09 83.34±0.13 22.48±0.96 22.46±0.35 21.80±0.45 1.041±0.096 18.153±0.263 22.970±0.583 

honey from orange blossoms, 

Spain 
16.4±0.07 15.96±0.09 13.38±0.08 81.90±0.19 82.28±0.11 84.76±0.05 17.14±0.27 16.97±0.35 17.00±0.94 25.490±0.173 48.947±1.032 59.838±1.191 

blossom honey, Germany 17.72±0.08 16.02±0.08 16.80±0.07 80.58±0.13 81.46±0.11 82.20±0.20 11.95±0.61 10.98±0.61 10.80±0.76 2.471±0.012 8.654±0.057 11.056±0.965 

chestnut honey, Italy 15.96±0.15 15.6±0.10 13.56±0.09 82.28±0.24 82.56±0.05 84.60±0.10 26.95±0.42 23.45±0.50 23.50±0.61 1.895±0.083 5.662±0.014 11.549±0.531 

honey from tropical flowers, 

Cuba 
17.74±0.05 17.56±0.05 17.92±0.13 82.28±0.15 80.53±0.33 82.66±0.05 22.00±1.63 19.96±0.61 18.20±0.27 14.666±0.110 37.395±1.256 40.158±0.993 

false acacia honey, Hungary  18.28±0.04 17.82±0.04 14.22±0.11 80.00±0.20 80.46±0.19 84.00±0.07 8.33±0.54 9.48±0.50 8.80±0.57 14.730±0.162 34.183±1.007 39.990±1.077 
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avocado honey, Mexico 16.48±0.13 14.9±0.07 13.74±0.09 81.14±0.09 83.42±0.04 84.40±0.10 27.98±0.65 26.45±0.35 26.40±0.42 0.594±0.084 6.822±0.355 10.681±0.821 

 Chemical composition of honey during storage at 4 °C (x±SD) 

Czech creamed blossom honey 19.86±0.05 17.4±0.13 17.3±0.13 78.32±0.16 78.90±0.10 80.98±0.15 15.01±0.22 12.00±0.5 11.97±0.61 2.241±0.255 1.796±0.784 9.055±0.482 

honey from citrus flowers, Sicily 17.82±0.08 16.1±0.13 13.5±0.13 80.42±0.13 82.12±0.13 84.70±0.10 27.19±0.22 24.50±0.35 24.03±0.42 10.062±0.068 11.184±0.045 14.116±0.067 

honey from the flowers of the 

coffee tree, Brazil 
17.04±0.05 15.9±0.08 14.4±0.08 82.14±0.19 82.54±0.05 83.82±0.04 22.48±0.96 21.00±0.61 21.44±0.50 1.041±0.096 6.855±0.993 15.473±0.172 

honey from orange blossoms, 

Spain 
16.4±0.07 16.3±0.13 15.1±0.13 81.90±0.19 81.76±0.05 83.14±0.09 17.14±0.27 18.40±0.42 16.95±0.35 25.490±0.173 29.260±1.143 44.714±1.412 

blossom honey, Germany 17.72±0.08 16.9±0.07 16.7±0.07 80.58±0.13 81.58±0.11 81.42±0.08 11.95±0.61 11.60±0.42 11.47±0.00 2.471±0.012 11.032±0.153 13.119±0.102 

chestnut honey, Italy 15.96±0.15 15.9±0.08 15.8±0.08 82.28±0.24 81.50±0.10 82.32±0.08 26.95±0.42 24.90±0.22 24.53±0.22 1.895±0.083 3.218±0.460 25.206±0.243 

honey from tropical flowers, 

Cuba 
17.74±0.05 17.5±0.12 16.8±0.12 82.28±0.15 81.52±0.13 82.78±0.11 22.00±1.63 20.40±0.96 18.95±0.35 14.666±0.110 29.273±1.042 35.022±0.178 

false acacia honey, Hungary 18.28±0.04 17.6±0.17 14.9±0.17 80.00±0.20 80.78±0.13 83.30±0.10 8.33±0.54 9.50±0.35 8.48±0.35 14.730±0.162 14.452±0.621 23.171±0.103 

avocado honey, Mexico 16.48±0.13 15.9±0.12 12.8±0.12 81.14±0.09 80.70±0.10 85.40±0.10 27.98±0.65 25.49±0.71 30.01±0.89 0.594±0.084 9.107±0.312 14.308±0.602 

 

Type of honey/storage time 

Physical properties of honey during storage at 20 °C (x±SD) 

pH 
Electrical conductivity 

(mS.cm-1) 

Colour intensity 

(AU) 

0 day 3rd month 6th month 0 day 3rd month 6th month 0 day 3rd month 6th month 

Czech creamed blossom honey 4.32±0.02 4.16±0.10 4.16±0.03 0.21±0.05 0.21±0.03 0.22±0.05 0.425±0.086 0.432±0.032 0.465±0.021 

honey from citrus flowers, Sicily 3.48±0.01 3.61±0.17 3.79±0.09 0.35±0.02 0.35±0.03 0.43±0.02 0.473±0.054 0.459±0.071 0.458±0.032 

honey from the flowers of the coffee tree, 

Brazil 
4.22±0.02 4.32±0.09 4.42±0.09 0.45±0.03 0.45±0.02 0.50±0.03 0.692±0.111 0.71±0.049 0.724±0.052 

honey from orange blossoms, Spain 3.98±0.01 3.98±0.06 4.16±0.09 0.25±0.02 0.26±0.04 0.28±0.03 0.521±0.055 0.536±0.087 0.566±0.040 

blossom honey, Germany 4.82±0.12 4.84±0.17 4.76±0.07 0.49±0.04 0.60±0.04 0.50±0.07 0.595±0.123 0.609±0.036 0.589±0.074 

chestnut honey, Italy 5.08±0.14 5.10±0.16 5.36±0.06 1.62±0.04 1.55±0.05 1.65±0.07 1.504±0.147 1.568±0.128 1.651±0.059 

honey from tropical flowers, Cuba 3.93±0.05 3.90±0.03 3.84±0.08 0.32±0.02 0.36±0.01 0.38±0.06 0.601±0.085 0.612±0.035 0.601±0.060 

false acacia honey, Hungary 4.06±0.09 4.01±0.11 4.15±0.11 0.14±0.03 0.15±0.03 0.15±0.05 0.196±0.032 0.218±0.012 0.225±0.012 

avocado honey, Mexico 5.55±0.11 5.51±0.04 5.29±0.03 1.61±0.03 1.37±0.02 1.67±0.08 0.46±0.024 0.753±0.13 1.165±0.164 

 Physical properties of honey during storage at 4 °C (x±SD) 

Czech creamed blossom honey 4.32±0.02 4.10±0.07 3.89±0.06 0.21±0.05 0.19±0.03 0.21±0.03 0.425±0.086 0.423±0.065 0.412±0.022 

honey from citrus flowers, Sicily 3.48±0.01 3.72±0.03 3.69±0.02 0.35±0.02 0.33±0.07 0.37±0.04 0.473±0.054 0.457±0.052 0.449±0.019 

honey from the flowers of the coffee tree, 

Brazil 
4.22±0.02 4.29±0.17 4.25±0.04 0.45±0.03 0.41±0.04 0.47±0.04 0.692±0.111 0.655±0.034 0.637±0.052 

honey from orange blossoms, Spain 3.98±0.01 3.98±0.18 4.07±0.02 0.25±0.02 0.24±0.07 0.27±0.05 0.521±0.055 0.446±0.027 0.519±0.033 

blossom honey, Germany 4.82±0.12 4.88±0.03 4.83±0.03 0.49±0.04 0.45±0.04 0.49±0.05 0.595±0.123 0.497±0.031 0.568±0.027 

chestnut honey, Italy 5.08±0.14 5.20±0.07 5.26±0.02 1.62±0.04 1.49±0.03 1.66±0.16 1.504±0.147 1.738±0.109 1.54±0.169 

honey from tropical flowers, Cuba 3.93±0.05 3.85±0.05 3.95±0.04 0.32±0.02 0.33±0.06 0.36±0.04 0.601±0.085 0.599±0.067 0.595±0.079 

false acacia honey, Hungary 4.06±0.09 3.91±0.03 4.20±0.06 0.14±0.03 0.17±0.03 0.15±0.05 0.196±0.032 0.198±0.012 0.195±0.024 

avocado honey, Mexico 5.55±0.11 5.87±0.04 5.61±0.01 1.61±0.03 1.46±0.03 1.65±0.12 0.46±0.024 0.728±0.046 1.321±0.145 

 

Water content  

 

The water content affects the shelf life of honey (Scripcă, 2019) and depends on 

the beekeeper's ability to estimate the time of honey extraction (Goro, 2020). The 
water content of honey is influenced by many factors, for example the place of 

storage, or time and temperature of honey storage (Balážová, 2014). Our results 

also confirm the statement of Vijayakumar (2021) that the water content by 
storage at a temperature of 20 or 4 °C decreased, while at the beginning of the 

experiment (day 0) Czech creamed honey reached the highest value (19.86%) and 

chestnut honey from Italy (15,96%) the lowest. After storage (6th month) at a 
temperature of 20 °C, the highest value was again achieved by Czech creamed 

honey (17.30%) and the lowest by orange blossom honey from Spain (13.38%). 

By storing honey (6th month) at a temperature of 4 °C, the water content was the 
highest in Czech creamed honey (17.30%) and the lowest in avocado honey from 

Mexico (12.80%). All monitored honey samples met the legislative requirements 

for honey (Council Directive 2001/ 110/EC; Vyhláška 41/2012) Water content is 
an important factor in determining the shelf life and maturity level of honey. Too 

much water in honey leads to fermentation, spoilage and loss of taste, all of which 

reduce the quality of the honey. Certain types of honey can crystallize more quickly 
when the moisture concentration is high, and their water activity can rise to the 

point where some yeasts can function and the fermentation that occurs is brought 

to Ouchemoukh et al. (2007), and Saxena (2010). 
Total soluble solids content 

 
Honey contains approximately 75% monosaccharides and 10 – 15% disaccharides 

with other carbohydrates. The high sugar content in honey causes its texture to be 

more viscous and therefore honey is more hygroscopic. Honey with a high sugar 
content affects the colour, taste, and shelf life of honey (Evahelda et al., 2017). 

The lowest total content of soluble solids in our experiment was at the beginning 

of storage (day 0) 78.32 °Bx (Czech creamed honey) at a temperature of 20 °C. At 
the end of storage (6th month) at a temperature of 20 °C, the total content of soluble 

substances the most increased to 84.76 °Bx in honey from orange blossoms from 

Spain. The highest value of soluble solids was after 6 months of honey storage at 
a temperature of 4 °C (85.40 °Bx) in avocado honey from Mexico. The increase in 

the total content of soluble solids during storage at both observed temperatures (4 

and 20 °C, respectively) is in accordance with the findings of Minhas and 

Dhaliwal (2018). 

 

Free acidity 

 

The free acidity of honey is mainly caused by organic acids, even though their 

content is lower than 0.5%. Gluconic acid, which is the result of the action of honey 
glucose oxidase on glucose, contributes mainly to the acidity of honey. Gluconic 

acid is in equilibrium with gluconolactone. The acidity of honey is also caused by 

other organic acids together with inorganic anions. The content of total free acidity 
can vary considerably. Free acidity contributes to honey flavour, stability against 
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microorganisms, promotes chemical reactions, and has antibacterial and 

antioxidant effects (Cavia et al., 2007). The content of free acidity in honey is 

highly variable and depends on the origin of the honey. The highest acid content 

on day 0 was in avocado honey from Mexico (27.98 meq.kg-1) and after storage (6 

months) at a temperature of 20 or 4 °C was also for this observed honey (26.40, 

respectively 30.01 meq.kg-1), which is by the results of Rodríguez et al. (2019). 
The lowest values of free acidity of honey were achieved during storage by 

blossom honey from Germany (10.80 meq.kg-1), which corresponds to the results 

of Adgab et al. (2020) or Živkov et al. (2020). Higher values of free acidity of 
honey (20.32 - 27.19 meq.kg-1) were achieved by honey from tropical flowers 

(Cuba), honey from coffee tree flowers (Brazil), honey from citrus flowers (Sicily), 
which is also confirmed in their results by Jalili et al. (2023). In the end, all 

monitored honey met the limited values of free acids (50 meq.kg-1) according to 

Council Directive 2001/110/EC, and Vyhláška 41/2012. 
 

HMF 

 
The HMF content is a precursor of honey quality. The formation of the cyclic 

aldehyde 5-hydroxymethylfurfural (HMF) occurs in an acidic environment 

through the Maillard reaction from reducing carbohydrates, possibly also during 
caramelization. A non-enzymatic browning reaction that leads to an increased level 

of HMF can occur during food processing, such as heating or long or improper 

storage. HMF has been attributed to many adverse effects on human and animal 
health, such as cytotoxicity, mutagenicity, carcinogenicity or chromosomal 

aberrations. Increased concentrations of HMF in honey or sugar fed to bees can 

cause dysentery and ulceration of the intestines of bees as well as themselves 
(Sajtos et al., 2024). On day 0, the highest content of HMF (25.49 mg.kg-1) was in 

honey from orange blossoms (Spain) and the lowest in avocado honey from 

Mexico (0.59 mg.kg-1), which agrees with the findings of Rodríguez et al. (2019). 
During storage for 6 months at a temperature of 20 or 4 °C, lower HMF values 

were mostly achieved by storing honeys at 4 °C. 

During storage at 20 °C, honeys reached an increase in HMF from 2.24 to 15.27 
mg.kg-1 in Czech creamed blossom honey, which can be attributed to the method 

of treatment of honey, namely its creaming. The most significant increase in HMF 

during 6 months of storage at 20 °C was recorded with honey from tropical flowers, 
but it did not exceed 80 mg.kg-1 (Council Directive 2001/110/EC, and Vyhláška 

41/2012). In orange blossom honey from Spain, the HMF content during storage 

was from 25.49 to 59.84 mg.kg-1. from tropical areas, meets the requirements of 

the legislation (max. 80 mg.kg-1). From this point of view, it is important that all 

producers and distributors indicate the exact region of origin of honey on the 

packaging, so that the honey can be assessed with certainty according to the 
legislation, as this is not it is possible to determine whether it is honey from a 

tropical area. 

Agave honey after storage at 20 °C reached the threshold value of 39.99 mg.kg-1. 
Based on the obtained results, we can agree with Sajtos et al. (2024), who 

recommend the consumption period of honey from the point of view of HMF 

content between 6 months and up to 1 year. Monitored agave and orange blossom 
honeys pose a potential safety risk from long-term storage due to HMF content. 

Sajtos et al. (2024) state that after 5–6 years of proper storage, e.g. agave honeys 

will reach the consumption limit of HMF concentration, however, they recommend 
the most suitable period of consumption of honey from the point of view of HMF 

content within 6 months and up to 1 year. 

 
pH 

 

Council Directive 2001/110/EC and Vyhláška 41/2012 not determining the pH 

value of honey. However, the pH value of honey is associated with the presence 

and growth of microorganisms, where a low pH prevents microbiological spoilage 

(Ratiu et al., 2020). The pH of honey also depends on ionized acids and the content 
of mineral elements. The pH of honey influences texture and enzymatic activity 

(Cavia et al., 2007). The pH value in our experiment was from 3.48 to 5.87. Similar 

results were also achieved by Ratiu et al. (2020) multi-floral Greece honey with a 
pH of 4.30 or 4.27, false acacia Romania honey pH 3.80, false acacia Poland honey 

pH 3.61 or 3.58; Adgaba et al. (2020) in multi-floral honey from Ethiopia 4.1; 
Albu et al. (2021) in false acacia Romania honey 3.675; Szeles et al. (2006) in 

false acacia Hungarian honey 2.82 – 3.41; Bodor et al. (2019) in false acacia honey 

3.9; Rodríguez et al. (2019) in avocado Spanish honey 4.3 – 6.2. The low pH value 
is caused by a high concentration of organic acids (e.g. gluconic acid). The pH of 

most types of honey is in the range from 3.4 to 6.1, which, in combination with 

high osmotic pressure, eliminates or makes impossible the development of most 
microorganisms (Szweda, 2017). 

 

Electrical conductivity  

 

The electrical conductivity of honey is considered a very good criterion for 

evaluating the botanical origin and purity of honey. In general, it can be said that 
light honey usually has a lower conductivity than dark honey. Electrical 

conductivity is determined by the content of substances that, in an aqueous 

solution, can dissociate into ions or conduct electricity (Kropf et al., 2008; Živkov 

et al., 2018). Honeydew and dark honeys are characterized by a higher content of 

mineral substances, which corresponds to a higher electrical conductivity value of 

such honeys. Blossom honeys are characterized by a lower content of mineral 

substances and thus have a lower final value of electrical conductivity (Čuboň et 

al., 2012). The electrical conductivity of honey has a strong correlation with the 

concentration of mineral salts such as potassium, calcium, copper, iron, 

magnesium. Electrical conductivity also depends on the content of organic acids 
and proteins. The high variability of electrical conductivity enables identification 

of the botanical origin of honeys and their identification into blossom and 

honeydew honeys (Majewska et al., 2019). Tropical avocado honey from Mexico 
(1.61 mS.cm-1) achieved the highest values at different honey storage times and 

temperatures (1.67 mS.cm-1), which is higher than the requirement of Council 

Directive 2001/110/EC and Vyhláška No. 41/2012, which sets a maximum limit 

of 0.8 mS.cm-1. The results of electrical conductivity, which were from 1.46 to 1.67 

mS.cm-1, were also found by Orantes Bermejo & Gómez Pajuelo (2007). Terrab 

&Heredia (2004), and Rodríguez et al. (2019) who reported values in Spanish 

avocado honey of 0.6 – 1.4 mS.cm-1. In agate honey, we found electrical 

conductivity from 0.14 – 0.17 mS.cm-1, like Živkov et al. (2020) in agate honey 
from Serbia (0.18 mS.cm-1). Decree 41/2012 sets a maximum electrical 

conductivity limit of 0.8 mS.cm-1 for blossom honeys, except for chestnut honey, 

where the limit value is at least 0.8 mS.cm-1. When comparing the values of the 
electrical conductivity of the analyzed samples with the legislation of the SR, we 

can conclude that all samples, except for avocado honey, met the requirements of 

the legislation. 
 

Colour intenzity 

 

Kek et al. (2014) state that the colour intensity of honey has a positive correlation 

with the antioxidant potential of honey. The values of honey colour intensity during 

storage (425 – 1738 mAU) found by us were similar to Romanian and Indian 
honeys, which were in the range of 210 to 1228 mAU and 524 to 1678 mAU 

(Saxena et al., 2010; Cimpoiu et al., 2013). In general, it can be concluded that 

storage of honeys at temperatures of 20 °C caused them to darken more 
significantly than when stored at room temperatures of 4 °C.  

 

CONCLUSION 

 

The evaluation of the quality of foreign honeys from the Slovak trade network 

proved that not all honeys meet the requirements of Decree 41/2012 as well as 

Council Directive 2001/110/EC. The examined avocado honeys did not meet the 

requirements of the maximum limit of electrical conductivity of 0.8 mS.cm-1 and 

the agave honeys reached the limit value of HMF content (39.99 mg.kg-1) after 6 
months of storage at room temperature. Such honeys cannot be recommended for 

longer storage. It was not possible to evaluate the HMF content in the case of 

honeys from orange blossoms originating in Spain, as it was not possible to classify 
this honey as tropical or non-tropical honeys. Based on these findings, we would 

recommend that in honeys that come from foreign regions, it should always be 

stated on the label whether it is tropical honey or not, as orange trees in Spain are 
grown in the Mediterranean as well as in tropical regions. In conclusion, it can be 

concluded that physical and chemical properties are the cornerstone on the way to 

assessing the quality of honey and identifying its authenticity and origin. 
 

Acknowledgments: This  work  was  supported  by  the  Slovak  Research  and 

Development Agency under grants KEGA 001SPU-4/2023. 
 

REFERENCES  

 

Adgaba, N., Al-Ghamdi, A., Sharma, D., Tadess, Y., Alghanem, S. M., Ali Khan, 

K., Javed Ansari, M., & Mohamed, G. K. A. (2020). Physico-chemical, antioxidant 

and anti-microbial properties of some Ethiopian mono-floral honeys. Saudi 
Journal of Biological Sciences, 27(9), 2366–2372. 

https://doi.org/10.1016/j.sjbs.2020.05.031. 

Albu, A., Radu-Rusu, C.-G., Pop, I. M., Frunza, G., & Nacu, G. (2021). Quality 
Assessment of Raw Honey Issued from Eastern Romania. Agriculture, 11(3), 247. 

https://doi.org/10.3390/agriculture11030247 
Balážová, Ž. (2014) . Základy biochémie. Nitra: Vydavateľstvo SPU v Nitre. ISBN 

978-80-552- 1166-4. 

Biluca, F. C., Betta, F. D., de Oliveira, G. P. D., Pereira, L. M., Gonzaga, L. 
V., Costa, A. C. O., & Fett, R. (2014). 5-HMF and carbohydrates content in 

stingless bee honey by CE before and after thermal treatment. Food 

Chemistry, 159, 244–249. https://doi.org/10.1016/j.foodchem.2014.03.016 
Bodor, Zs., Benedek, Cs., Kaszab, T., Zaukuu, J.-L. Z., Kertész, I., & Kovacs, Z. 

(2019). Classical and correlative analytical methods for origin identification of 

Hungarian honeys. Acta Alimentaria, 48(4), 477–487. 
https://doi.org/10.1556/066.2019.48.4.9. 

Cavia, M. M., Fernández-Muiño, M. A., Alonso-Torre, S. R., Huidobro, J. F., & 

Sancho, M. T. (2007). Evolution of acidity of honeys from continental climates: 
Influence of induced granulation. Food Chemistry, 100(4), 1728–1733. 

https://doi.org/10.1016/j.foodchem.2005.10.019. 

Cimpoiu, C., Hosu, A., Miclaus, V., & Puscas, A. (2013). Determination of the 
floral origin of some Romanian honeys on the basis of physical and biochemical 

https://doi.org/10.1016/j.sjbs.2020.05.031
https://doi.org/10.3390/agriculture11030247
https://doi.org/10.1016/j.foodchem.2014.03.016
https://doi.org/10.1556/066.2019.48.4.9
https://doi.org/10.1016/j.foodchem.2005.10.019


J Microbiol Biotech Food Sci / Tkáčová et al. 2025 : 15 (3) e11736 

 

 

 

 
5 

 

  

properties. Spectrochimica Acta Part A: Molecular and Biomolecular 

Spectroscopy, 100, 149–154. https://doi.org/10.1016/j.saa.2012.04.008. 

Council Directive 2001/110/EC of 20 December 2001 relating to honey. (2001). 

EURLEX. https://eur-lex.europa.eu/legal-

content/EN/TXT/PDF/?uri=CELEX:32001L0110. 

Čuboň, J., Haščík, J., &  Kačániová, M. (2012). Hodnotenie surovín a potravín 
živočíšneho pôvodu. Nitra: Vydavateľstvo SPU, 2012. ISBN 970-80-552-0870-1. 

Da Silva, P. M., Gonzaga, L. V., Biluca, F. C., Schulz, M., Vitali, L., Micke, G. 

A., Oliveira Costa, A. C., Fett, R., Costa, A. C. O., & Fett, R. (2020). Stability of 
Brazilian Apis mellifera L. honey during prolonged storage: Physicochemical 

parameters and bioactive compounds. LWT - Food Science and Technology, 129, 
Article 109521. https://doi.org/10.1016/j.lwt.2020.109521 

Evahelda, E., Pratama, F., & Santoso, B. (2017). The changes of moisture content, 

pH, and total sugar content of honey originated from the flowers of Bangka rubber 
tree during storage. International Journal of Scientific and Engineering Research, 

5.5: 33-36. https://www.ijser.in/archives/v5i5/IJSER151372.pdf. 

Gonnet, M., & Vache, G. (2018). Degustácia medu. Slovenský zväz včelárov: 
Anders consulting. ISBN 978-80-972725-6-2.  

Goro, J. (2020). Zaviečkovaná 1/3 plástu – med je zrelý! Pravda alebo hoax? 

Dymák.  https://www.dymak.online/zavieckovana-1-3-plastu-med-je-zrely-
pravda-alebo-hoax/ 

Haragsim, O. (2016). Medovice a včely. Praha: Nakladatelství Brázda. ISBN 978-

80-209-0414-0. 
Chen, C. (2019). Relationship between Water Activity and Moisture Content in 

Floral Honey. Foods, 8(1), 30. https://doi.org/10.3390/foods8010030. 

Chlebo, R. (2017). Dejiny medu. In Čermáková, T. et al. Kniha o mede. Bratislava: 
Eastone, 2017. p. 60-83. ISBN 978-80-8109-133-9. 

Jalili, M., Alaii Rouzbahani, Z., & Rahmani, A. (2023). 'To investigate the effect 

of long-term storage on the physicochemical properties of honey', Advances in the 
Standards & Applied Sciences, 1(3), 

https://doi:10.22034/ASAS.2023.390055.1021 

Jiménez, M., Mateo, JJ, Huerta, T. a Mateo, R. (1994). Vplyv skladovacích 
podmienok na niektoré fyzikálno-chemické a mykologické parametre 

medu. Journal of the Science of Food and Agriculture , 64 (1), 67-

74.  https://doi.org/10.1002/jsfa.2740640111 
Kamler, F. (2018). Začíname včelařit. Praha: Nakladelství Brázda. ISBN 978- 80-

209-0426-3. 

Karabagias, I. K., Karabournioti, S., Karabagias, V. K., & Badeka, A. V. (2020). 

Palynological, physico-chemical and bioactivity parameters determination, of a 

less common Greek honeydew honey: “dryomelo.” Food Control, 109, 106940. 

https://doi.org/10.1016/j.foodcont.2019.106940 
Kek, S. P., Chin, N. L., Yusof, Y. A., Tan, S. W., & Chua, L. S. (2014). Total 

Phenolic Contents and Colour Intensity of Malaysian Honeys from the Apis spp. 

and Trigona spp. Bees. Agriculture and Agricultural Science Procedia, 2, 150–
155. https://doi.org/10.1016/j.aaspro.2014.11.022 
Khan, K. A., Ghramh, H. A., Babiker, M., Ahmad, Z., El-Niweiri, M. A. 

A., Ibrahim, E. H., Brima, E. I., & Mohammed, M. E. A. (2021). Tolerance of 
Ziziphus and Acacia honeys to one year storage conditions and altitude. Journal of 

King Saud University—Science, 33(7), Article 

101577. https://doi.org/10.1016/j.jksus.2021.101577 
Korošec, M., Kropf, U., Golob, T., & Bertoncelj, J. (2016). Functional and 

Nutritional Properties of Different Types of Slovenian Honey. Functional 

Properties of Traditional Foods, 323–338. https://doi.org/10.1007/978-1-4899-
7662-8_23  

Kropf, U., Jamnik, M., Bertoncelj J., & Golob T. (2008). Linear regression model 

of the ash mass fraction and electrical conductivity for Slovenian honey. Food 

Technology and Biotechnology, 46, 3, 335-340. 

https://www.researchgate.net/publication/236186259_Linear_Regression_Model

_of_the_Ash_Mass_Fraction_and_Electrical_Conductivity_for_Slovenian_Hone
y. 

Mahattanatawee, K., Ruiz Pérez-Cacho, P., Galán Soldevilla, H., & Rouseff, R. 

(2014). Investigation of Four Tropical Unifloral Honey Aromas using Sensory and 
GC-Olfactometer Analyses. Flavour Science, 257-261. https://doi:10.1016/B978-

0-12-398549-1.00049-0. 
Manickavasagam, G., Saaid, M. a Lim, V. (2024). Vplyv dlhodobého skladovania 

na vlastnosti a zložky medu pri hodnotení kvality: Systematický prehľad. Journal 

of Food Science , 89 (2), 811-833. https://doi.org/10.1111/1750-3841.16921 
Majewska, E., Drużyńska, B. & Wołosiak, R. (2019). Determination of the 

botanical origin of honeybee honeys based on the analysis of their selected 

physicochemical parameters coupled with chemometric assays. Food Sci 
Biotechnol 28, 1307–1314. https://doi.org/10.1007/s10068-019-00598-5. 

Minhas, S. & Dhaliwal, Y. S. (2018). Effect of processing on proximate 

composition of honey during storage. International Journal of Food Science and 
Nutrition, 3(2), 160-165. 

https://www.foodsciencejournal.com/archives/2018/vol3/issue2/3-2-41. 

Nguyen, H. T. L., Panyoyai, N., Kasapis, S., Pang, E., & Mantri, N. (2019). Honey 
and Its Role in Relieving Multiple Facets of Atherosclerosis. Nutrients, 11(1), 167. 

https://doi.org/10.3390/nu11010167. 

Orantes Bermejo, J., & Gomez Pajuelo, A. (2007). Fichas tecnicas: Mieles 

uniflorales de la Peninsula iberica. Consejo regulador D.O.P. Granada. Spain: Miel 

de Granada.  

Ouchemoukh, S., Louaileche, H., & Schweitzer, P. (2007). Physicochemical 

characteristics and pollen spectrum of some Algerian honeys. Food Control, 18(1), 

52–58. https://doi.org/10.1016/j.foodcont.2005.08.007. 
Raweh, HSA, Badjah-Hadj-Ahmed, AY, Iqbal, J. a Alqarni, AS (2022). Vplyv 

rôznych skladovacích režimov na úrovne fyzikálno-chemických charakteristík, 

najmä voľnej kyslosti v mede Talh ( Acacia gerrardii Benth.). Molecules , 27 (18), 
5959. https://doi.org/10.3390/molecules27185959 

Ratiu, I. A., Al-Suod, H., Bukowska, M., Ligor, M., & Buszewski, B. (2019). 
Correlation Study of Honey Regarding their Physicochemical Properties and 

Sugars and Cyclitols Content. Molecules, 25(1), 34. 

https://doi.org/10.3390/molecules25010034. 
Rodríguez, I., Cámara-Martos, F., Flores, J. M., & Serrano, S. (2019). Spanish 

avocado (Persea americana Mill.) honey: Authentication based on its composition 

criteria, mineral content and sensory attributes. LWT, 111, 561–572. 
https://doi.org/10.1016/j.lwt.2019.05.068. 

Sajtos, Z., Ragyák, Á. Z., Hódi, F., Szigeti, V., Baranyai, E., & Bellér, G. (2023). 

Hydroxymethylfurfural Content of Old Honey Samples – Does the Sticky Treat 
Last Forever? 193, https://doi.org/10.2139/ssrn.4606703. 

Saxena, S., Gautam, S., & Sharma, A. (2010). Physical, biochemical and 

antioxidant properties of some Indian honeys. Food Chemistry, 118(2), 391–397. 
https://doi.org/10.1016/j.foodchem.2009.05.001. 

Scripcă, L. A., Norocel, L., & Amariei, S. (2019). Comparison of Physicochemical, 

Microbiological Properties and Bioactive Compounds Content of Grassland Honey 
and other Floral Origin Honeys. Molecules, 24(16), 2932. 

https://doi.org/10.3390/molecules24162932. 

Széles, É., Borbély, M., Prokisch, J., Kovács, B., Hovánszki, D., & Győri, Z. 
(2006). Studying the nutritional properties and quality parameters in Hungarian 

honey samples. Cereal Research Communications, 34(1), 833–836. 

https://doi.org/10.1556/crc.34.2006.1.207. 
Szweda, P. (2017). Antimicrobial Activity of Honey. Honey Analysis. 

https://doi.org/10.5772/67117. 

Taleuzzaman, M., Kala, C., & Gilani, S. J. (2020). Validation, Chemical 
Composition, and Stability of Honey from Indian Himalayas. Therapeutic 

Applications of Honey and Its Phytochemicals, 81–100. 

https://doi.org/10.1007/978-981-15-6799-5_5. 

Terrab, A., & Heredia, F. J. (2004). Characterisation of avocado (Persea americana 

Mill) honeys by their physicochemical characteristics. Journal of the Science of 

Food and Agriculture, 84(13), 1801–1805. Portico. 
https://doi.org/10.1002/jsfa.1888. 

Vijayakumar, K., Bhat, N., Neethu, T., Nayimabanu, T., & Kumar, H. N. (2021). 

Periodical changes in quality parameters of honey during storage and processing. 
International Journal of Chemical Studies, 9(2), 19–24. 

https://doi.org/10.22271/chemi.2021.v9.i2a.11871. 

Vyhláška 41/2012 Z. z. Ministerstvo pôdohospodárstva a rozvoja vidieka 
Slovenskej republiky z 26. januára 2012 o mede. https://www.slov-lex.sk/pravne-

predpisy/SK/ZZ/2012/41/. 

Weiss, K., & Švamberk, V. (2005). Víkendový včelář. Líbeznice: Vydavatelství 
víkend, ISBN 80-7222-368-2. 

Zarei M., Fazlara, A., Alijani, N. (2019) Evaluation of the changes in 

physicochemical and antioxidant properties of honey during storage. Functional 
Foods in Health and Disease  9(9), 593-605. 

https://doi.org/10.31989/ffhd.v9i9.616 

Živkov Baloš, M., Popov, N., Vidaković, S., Ljubojević Pelić, D., Pelić, M., 

Mihaljev, Ž., & Jakšić, S. (2018). Electrical conductivity and acidity of honey. 

Archives of Veterinary Medicine, 11(1), 91–101. https://doi.org/10.46784/e-

avm.v11i1.20. 
Jiménez, M., Mateo, JJ, Huerta, T. a Mateo, R. (1994). Vplyv skladovacích 

podmienok na niektoré fyzikálno-chemické a mykologické parametre 

medu. Journal of the Science of Food and Agriculture , 64 (1), 67-74. 

https://doi.org/10.1016/j.saa.2012.04.008
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32001L0110
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32001L0110
https://doi.org/10.1016/j.lwt.2020.109521
https://www.ijser.in/archives/v5i5/IJSER151372.pdf
https://www.dymak.online/zavieckovana-1-3-plastu-med-je-zrely-pravda-alebo-hoax/
https://www.dymak.online/zavieckovana-1-3-plastu-med-je-zrely-pravda-alebo-hoax/
https://doi.org/10.3390/foods8010030
https://doi:10.22034/ASAS.2023.390055.1021
https://doi.org/10.1002/jsfa.2740640111
https://doi.org/10.1016/j.foodcont.2019.106940
https://doi.org/10.1016/j.aaspro.2014.11.022
https://doi.org/10.1016/j.jksus.2021.101577
https://doi.org/10.1007/978-1-4899-7662-8_23
https://doi.org/10.1007/978-1-4899-7662-8_23
https://www.researchgate.net/publication/236186259_Linear_Regression_Model_of_the_Ash_Mass_Fraction_and_Electrical_Conductivity_for_Slovenian_Honey
https://www.researchgate.net/publication/236186259_Linear_Regression_Model_of_the_Ash_Mass_Fraction_and_Electrical_Conductivity_for_Slovenian_Honey
https://www.researchgate.net/publication/236186259_Linear_Regression_Model_of_the_Ash_Mass_Fraction_and_Electrical_Conductivity_for_Slovenian_Honey
https://doi:10.1016/B978-0-12-398549-1.00049-0
https://doi:10.1016/B978-0-12-398549-1.00049-0
https://doi.org/10.1111/1750-3841.16921
https://doi.org/10.1007/s10068-019-00598-5
https://www.foodsciencejournal.com/archives/2018/vol3/issue2/3-2-41
https://doi.org/10.3390/nu11010167
https://doi.org/10.1016/j.foodcont.2005.08.007
https://doi.org/10.3390/molecules27185959
https://doi.org/10.3390/molecules25010034
https://doi.org/10.1016/j.lwt.2019.05.068
https://doi.org/10.2139/ssrn.4606703
https://doi.org/10.1016/j.foodchem.2009.05.001
https://doi.org/10.3390/molecules24162932
https://doi.org/10.1556/crc.34.2006.1.207
https://doi.org/10.5772/67117
https://doi.org/10.1007/978-981-15-6799-5_5
https://doi.org/10.1002/jsfa.1888
https://doi.org/10.22271/chemi.2021.v9.i2a.11871
https://www.slov-lex.sk/pravne-predpisy/SK/ZZ/2012/41/
https://www.slov-lex.sk/pravne-predpisy/SK/ZZ/2012/41/
https://doi.org/10.31989/ffhd.v9i9.616
https://doi.org/10.46784/e-avm.v11i1.20
https://doi.org/10.46784/e-avm.v11i1.20

