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Introduction

Honey is a sweet and flavourful natural product 
produced by honey bees, Apis mellifera, and which is 
consumed for its high nutritive value and its contri-
bution to consumer health (Habib et al., 2014). The 
composition of honey is variable and depends on its 
floral source or botanical origin and geographical re-
gion (Ivanovic et al., 2015; Matovic et al., 2018). 
The quality of honey is mainly determined by phys-
ico-chemical and microbiological characteristics. 
The physico-chemical quality criteria of honey are 
well specified by the EC Directive 2001/110 (EU, 
2002) and national regulations (Official Gazette, 
2009; Official Gazette, 2011). The major criteria of 
interest are moisture content, electrical conductiv-
ity, ash, reducing sugars, free acidity, diastase ac-
tivity and hydroxymethylfurfural (HMF) content 
(Alvarez-Suarez et al., 2010; Lazarevic et al., 2012). 
The manipulation of honey (heating) and its possible 
adulteration is reflected by many of these parameters 
(Celechovská and Vorlová, 2001; Karabagias et al., 
2017). Damage caused by heating can be evidenced 

by measuring quality control parameters, such as di-
astase activity and hydroxymethylfurfural (HMF) 
content (Bodganov et al., 1997; Tosi et al., 2008). 
HMF is usually absent in fresh and untreated hon-
ey (Matovic et al., 2018), but its concentration is re-
ported to increase as a result of heating processes 
(Fallico et al., 2006) or due to long storage. For this 
reason, HMF is a recognized parameter related to the 
freshness and quality of honey. Also, the activity of 
diastase is related to its structure, which can be mod-
ified by denaturation and heating (Tosi et al., 2008).

Bosnia and Herzegovina produces different 
types of honey, since honey production is a tradi-
tional practice well-implemented in several regions. 
The detailed characterisation of the different honey 
types existent in Bosnia and Herzegovina is impor-
tant, because it will allow the establishment of tech-
nical specifications, thus limiting the possibility of 
adulteration (Grujic and Komic, 2012). Honey qual-
ity must be analytically controlled with the aim of 
guaranteeing its declared specifications. Also, con-
sumers have increasing interest in monofloral hon-
eys (acacia, linden, sunflower etc.) to the detriment 
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of multifloral honeys (blossom honey). According 
to other research, honey has functional properties 
which promote human health (Giorgi et al., 2011).

The information available on the physico-chem-
ical characteristics of honeys of differing botani-
cal origins produced in Bosnia and Herzegovina is 
limited. Therefore, the current study was conduct-
ed to assess the physico-chemical properties compo-
sition of honeys (acacia, sage, linden, chestnut, hon-
eydew and blossom honey) available in Bosnia and 
Herzegovina during 2016−2017.

Materials and methods

A total of 78 honeys (nineteen samples of aca-
cia, three samples of sage, eight samples of lin-
den, three samples of chestnut, three samples of 
honeydew and forty-two samples of blossom hon-
ey) collected from different locations in Bosnia and 
Herzegovina (BiH) (Figure 1) during 2016−2017 
were provided by the Food Safety Agency of BiH 
(http://www.fsa.gov.ba/fsa/bs/). Among the 78 hon-
eys, 26 were imported (from Serbia or Croatia), 
while 52 were produced by local beekeepers, but 
purchased on the retail market. The botanical or-
igin of all honeys was established based on their 

declarations, sensory characteristics and geograph-
ical origins. All honeys were kept in their original 
packages at 20−21°C in the dark before laboratory 
analysis. Triplicate samples of each honey were then 
taken to establish physico-chemical parameters.

All physico-chemical parameters of honey were 
investigated using International Honey Commission 
(2009) recommended standard methods or official 
analysis methods from the Association of Official 
Analytical Chemists (AOAC, 1990). Physico-chemical 
parameters of honey were evaluated according to 
the BiH regulation (Official Gazette, 2009; Official 
Gazette, 2011) and European Council Directive 
2001/110/EC (2002). The minimum quality require-
ments for honey’s physico-chemical parameters ac-
cording to these regulations are presented in Table 1.

The reducing sugar and sucrose contents were 
analysed following Codex Alimentarius Committee 
on Codex standard for honey (2001), using HPLC 
with refractometric detection, with results present-
ed in percent (%). The moisture content was estimat-
ed from the refractive index of all honey samples, us-
ing an ABBE refrectometer (CETI, Medline, UK). All 
measurements were performed at 20°C, after waiting 
for 6 min for equilibrium and results were convert-
ed to percent (%). Electrical conductivity (EC) was 
determined in a 20% (w/v) honey solution using a 

Figure 1.  Map of the geographic origins of examined honeys from Bosnia and Herzegovina
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conductometer (CyberScan, Thermo Scientific). The 
method for the determination of EC is described in 
Bogdanov et al. (1997), and results are presented as 
mS/cm. Determination of HMF was by the Winkler 
method, according to the Harmonised Methods of the 
European Honey Commission (Bogdanov et al., 1997). 
A Shimadzu UV-1800 spectrophotometer was used, 
and results are presented as mg/kg. Diastase activity 
was measured according to the Harmonised Methods 
of the European Honey Commission (Bogdanov et 
al., 1997), expressed as the diastase number, Schade 
units. The free acidity was determined by the titrimet-
ric method (using NaOH and HCl). The solution was 
titrated with 0.05N NaOH at a rate of 5 ml/minute un-
til pH 8.50 was achieved, and results are presented as 
mEq/kg. Water-insoluble content was measured by 
the gravimetric method and is expressed as % of ma-
terial insoluble in water. Twenty grams of honey were 
diluted with water and filtered and washed carefully. 
The presence of sugars was tested by the addition of 
1% phloroglucinol in ethanol to some filtrate and then 

a few drops of concentrated sulphuric acid. The cru-
cible was dried at 135°C for an hour. The following 
equation was used (where m = mass of dried insoluble 
matter and m1 = mass of honey taken):

Insoluble Matter (%) = m/m1  × 100
Analysis of the results was conducted us-

ing GraphPad Prism version 7.00 for Windows 
(GraphPad Software, San Diego, CA, USA, www.
graphpad.com). All parameters are described by 
means±standard deviation. Pearson’s correlation (r) 
was used to determine relationships among different 
physico-chemical parameters.

Results and discussion

Table 2 illustrates the sugar content (reducing 
sugar and sucrose contents) of different honeys. The 
mean reducing sugar content of the examined hon-
eys ranged from 59.57±12.93 g/100g (honeydew) to 

Table 1.  Values of physico-chemical parameters for honey, according national and international regulations 
(Offi  cial Gazette, 2009; Offi  cial Gazette, 2011; Council Directive 2001/110/EC, 2002)

Parameter Criteria*
Glucose and fructose content Blossom honey 60 ≤

Honeydew honey, blends of honeydew honey with 
blossom honey 45% ≤

Sucrose content In general: Not more than 5%
Moisture In general: Not more than 20%
Electrical Conductivity In general: Not more than 0.8

mS/cm
HMF In general: Not more than 40 mg/kg
Diastase activities In general: Not less than 8
Water-insoluble content In general: Not more than 0.1%
Free acidity In general: Not more than 50 meq/kg

* The criteria for physico-chemical parameters of honeys of declared origin are presented in detail in regulations (Offi  cial Gazette, 
2009; Offi  cial Gazette, 2011; Council Directive 2001/110/EC, 2002).

Table 2.  Reducing sugars and sucrose in honeys (n=78) of diff ering botanical origins 
(mean ±standard deviation)

Botanical origin Reducing Sugars (g/100g) Sucrose (g/100g)
Acacia (n=19) 72.26±6.53 2.55±1.06
Sage (Salvia offi  cinalis L.) (n=3) 72.80±2.80 2.63±1.00
Linden (n=8) 73.36±3.99 2.44±1.25
Chestnut (Castanea sativa mill. Fam. Fagacea) (n=3) 73.57±5.62 1.73±0.45
Honeydew (n=3) 59.57±12.93 2.47±0.89
Blossom (n=42) 71.11±6.20 2.95±1.51
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73.36±3.99 g/100g (chestnut). Reducing sugar lev-
els in all honeys was acceptable according to Codex 
Alimentarius (2001), except honeydew honey, 
which had a value (59.57±12.93 g/100g) lower than 
the Codex limit. El Sohaimy et al. (2015) showed 
that fructose and glucose are the dominant sugars in 
honey, and together, they make up the reducing sug-
ars specified in the international standard for hon-
ey established by Codex Alimentarius Commission 
(with a level of not less than 60 g/100 g) (Codex 
Alimentarius, 2001).

The sucrose content of the examined honeys 
was from 1.73±0.45 g/100 g (chestnut) to 2.95±1.51 
g/100 g (blossom). All honeys had acceptable su-
crose content according to national and international 
regulations, which state sucrose should be not more 
than 5 g/100 g (Codex Alimentarius, 2001).

Several previous studies have been published 
on the use of physico-chemical parameters for char-
acterisation of honeys from different production re-
gions (Piazza and Persano, 2004, Mărghitaş et al., 
2009; Grujic et al., 2011; Grujic and Komic, 2012; 
Lazarevic et al., 2012; Matovic et al., 2018). As the 

result of comparing quality characteristics, water 
content, electrical conductivity and free acidity of 
honey were the most important parameters for clas-
sification of analysed honeys according to their ge-
ographical origin. The moisture contents and elec-
trical conductivities of the honeys are presented in 
Table 3. The moisture content in all honeys indicat-
ed a proper degree of maturity, in compliance with 
the national and international regulations, which 
state moisture in honey should be not more than 
20% (Official Gazette, 2009; Official Gazette, 2011; 
Council Directive 2001/110/EC, 2002). This param-
eter is very important for the shelf life of honey dur-
ing storage. The moisture contents of Bosnia and 
Herzegovinian honeys were similar to previously 
reported moisture levels in other European honeys 
(Oddo and Piro, 2004; Lazarevic et al., 2012; Grujic 
and Komic, 2012; Matovic et al., 2018).

The electrical conductivity of the examined 
honeys is shown in Table 3. The lowest mean elec-
trical conductivity was obtained for acacia hon-
ey (0.13±0.15 mS/cm) and the highest mean elec-
trical conductivity was measured in chestnut 

Table 3.  Moisture content and electrical conductivity of honeys (n=78) of diff ering botanical origins 
(mean ±standard deviation)

Botanical origin Moisture (%)
Electrical 

Conductivity (mS/
cm)

Acacia (n=19) 16.00±1.33 0.13±0.15

Sage (Salvia offi  cinalis L.) (n=3) 17.49±0.28 0.17±0.10

Linden (n=8) 16.71±0.98 0.16±0.08

Chestnut (Castanea sativa mill. Fam. Fagacea) (n=3) 16.63±1.00 0.48±0.19

Honeydew (n=3) 15.54±0.75 0.27±0.19

Blossom (n=42) 16.86±1.38 0.31±0.28

Table 4.  HMF and diastase activity of honeys (n=78) of diff ering botanical origins 
(mean ±standard deviation)

Botanical origin HMF (mg/kg) Diastase activity 
(Schade number)

Acacia (n=19) 31.36±33.87 10.19±8.33

Sage (Salvia offi  cinalis L.) (n=3) 44.67±53.61 11.07±10.27

Linden (n=8) 24.25±16.80 18.86±10.53

Chestnut (Castanea sativa mill. Fam. Fagacea) (n=3) 32.37±8.06 14.83±7.25

Honeydew (n=3) 18.37±8.41 12.73±11.03

Blossom (n=42) 30.79±50.68 23.37±14.35
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honey (0.48±0.19 mS/ cm). Electrical conductivity 
is a good criterion for the botanical origin of hon-
ey (Adenekan et al., 2010). The honeys from dif-
ferent botanical and geographical origins in Bosnia 
and Herzegovina were within the standard limit (not 
more than 0.8 mS/cm) (Codex Alimentarius, 2001).

The HMF and diastase activity of honey avail-
able in Bosnia and Herzegovina is reported in Table 
4. HMF concentrations of honeys ranged from 
18.37±8.41mg/kg (honeydew) to 44.67±53.61 mg/
kg (sage honey). However, HMF concentrations of 
some samples of acacia, sage, linden, and blossom 
honey were above the maximum limit of 40 mg/kg 
as recommended by European Union (EU Directive 
110/2001). The high concentration HMF is report-
ed to have genotoxic effects and mutagenic potential 
on humans (Janzowski et al., 2000). Several factors 
have been reported to influence the levels of HMF, 
such as temperature and time of heating, storage 
conditions and floral source (Fallico et al., 2006; 
Anacleto et al., 2009; Vranic et al., 2017; Matovic 
et al., 2018). Also, previous studies on HMF in hon-
ey have reported a considerable increase in its con-
centration when honey is stored at room temperature 
(Khalil et al., 2010). Turhan (2009) demonstrated 

that honey should be consumed within six months 
of harvesting.

The mean diastase activities of the honeys 
were from 10.19±8.33 (acacia) to 23.37±14.35 
Schade units (blossom). The current law stipulates a 
minimum value of 8.00 Schade units (EU Directive 
110/2001). Same samples of all our honeys were less 
than than 8 Schade units. Similar to HMF content, 
the activity of diastase can be used as an indicator of 
heating, if the honey has been subjected to heating 
above 60°C (Matovic et al., 2018). Tosi et al. (2008) 
showed that diastase activity loss occurred as tem-
perature increases, and decrease in diastase activi-
ty was more evident at higher rates of temperature 
increase.

Table 5 shows the water-insoluble content 
and free acidity of our honeys. The honeys ana-
lysed had water-insoluble contents ranging from 
0.01±0.009 g/100g (sage honey) to 0.46±1.15 g/100g 
(linden honey). Acacia, sage, chestnut, honeydew 
and blossom honeys had the greatest water-insoluble 
contents. Linden honey had values higher than the 
maximum limit of water-insoluble contents allowed 
by BiH legislation (0.1 g/100g) (Official Gazette, 
2009; Official Gazette, 2011). This physico-chemical 

Table 5.  Water-insoluble content and free acidity of honeys (n=78) of diff ering botanical origins (mean 
±standard deviation)

Botanical origin Water-insoluble 
content (g/100g)

Free acidity 
(mEq/kg)

Acacia (n=19) 0.02±0.01 12.43±7.13

Sage (Salvia offi  cinalis L.) (n=3) 0.01±0.009 15.87±6.17

Linden(n=8) 0.46±1.15 20.40±6.61

Chestnut (Castanea sativa mill. Fam. Fagacea) (n=3) 0.03±0.02 16.20±3.14

Honeydew (n=3) 0.03±0.02 19.03±12.75

Blossom (n=42) 0.04±0.07 23.56±10.49

Table 6.  Correlations (Pearson’s correlation coeffi  cients – r) between physico-chemical parameters of 
acacia honey

Parameter Free Acidity Electrical 
Conductivity Moisture HMF Diastase 

activity
Free Acidity – 0.65** −0.034 0.19 0.186

Electrical 
Conductivity – – −0.08 −0.12 0.509*

Moisture – – – −0.33 0.226

HMF – – – – −0.594**
* P<0.05; ** P<0.01
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parameter was used when a significant portion of 
the honey collected was harvested by pressing the 
combs. However, nowadays, almost all commer-
cial honey is harvested by centrifugation, although 
wax is a major source of water-insoluble contamina-
tion (Bogdanov et al., 1997; Liberato et al., 2013). 
Similar results for the water-insoluble content in 
honey were reported in a study of acacia and linden 
honeys in Serbia (Vranic et al., 2017; Matovic et al., 
2018).

The mean free acidity values of hon-
ey ranged from 12.43±7.13 mEq/kg (acacia) to 
23.56±10.49 mEq/kg for blossom honey. Free acidi-
ty values of all examined honeys were below the le-
gal limit (lower than 50 meq/kg), and concord with 
results presented in other studies (Lazarevic et al., 
2012; Vranic et al., 2017; Matovic et al., 2018). Free 
acidity is an important parameter for honey. Higher 
values for free acidity can be indicative of fermenta-
tion of sugars into organic acids and is related to the 
deterioration of honey. The variation in free acidi-
ty among different honeys can be explained by their 
diverse botanical origins, the presence of different 
organic acids, and differing geographical origins or 
harvest season (da Silva et al., 2016).

Correlations between different physico-chemi-
cal parameters of acacia and blossom honeys are pre-
sented in Tables 6 and 7, respectively. The regression 
analysis clearly indicated that free acidity content in 
honeys significantly correlated with electrical con-
ductivity. Khalil et al. (2010) showed that storage 
duration, free acid, total acidity, pH and lactone lev-
els significantly correlated with HMF concentration 
in honey. The positive correlation between diastase 

activity and moisture content can be explained by the 
increase of the enzyme activity in water. Similar re-
sults were found by Gomes et al. (2010). HMF con-
tent was strongly negatively correlated with diastase 
activity in acacia honey (r  =  −0.594). Therefore, 
those two parameters are inversely proportionate 
to each other. This is in agreement with other stud-
ies (Thrasyvoulou, 1986; Sahinler and Gul, 2005; 
Kędzierska-Matysek et al., 2016).

A positive correlation occurred between free 
acidity and electrical conductivity in blossom hon-
ey (r  =  0.50; P<0.001). A weak correlation was also 
found between free acidity and moisture content 
(r  =  0.28) in blossom honey (Table 7). Therefore 
data from both honeys (acacia and blossom) com-
bined with statistical analysis indicate that free acid-
ity and electrical conductivity could provide ways to 
assess honey quality. Similar results were presented 
by Khalil et al. (2010) and Celechovská and Vorlová 
(2001). The HMF was negatively correlated with 
moisture content (r  =  −0.16). This is in agreement 
with Meda et al. (2005). A significant negative cor-
relation was found between HMF and diastase activ-
ity in blossom honey (r = −0.384; P<0.05).

Conclusion

Results show that in 2016 and 2017, a great 
number of honeys in Bosnia and Herzegovina were 
of insufficient quality to satisfy regulatory require-
ments. In the future, the quality of honey will need 
to be monitored in order to improve its quality over 
the whole territory of Bosnia and Herzegovina.
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Table 7.  Correlations (Pearson’s correlation coeffi  cients – r) between physico-chemical parameters of 
blossom honey

Parameter Free Acidity Electrical 
Conductivity Moisture HMF Diastase 

activity
Free Acidity – 0.50*** 0.28  −0.06 0.373

Electrical 
Conductivity – –  −0.01 −0.25 0.564***

Moisture – – – −0.16 0.122

HMF – – – – −0.384*
* P<0.05; ***P<0.001
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