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Abstract

Consumers are becoming more aware of consumption 
of honey - the food with properties beneficial for health. 

In accordance with The European Union Council Direc-
tive Relating to Honey, as well as with the current leg-
islation in the Republic of Croatia, the requirement for 
labeling the botanical origin of nectar honey is the pres-
ence of the dominant flower pollen as well as sensory 
and physicochemical analysis.

The paper is a confirmation of botanical origin, the pro-
file of physicochemical parameters with differences with-
in the seasons/regions and the consumption of honey.

This research covered 200 samples of black locust 
honey, collected from beekeepers during two seasons 
in five Croatian regions - 20 samples from each region. 
A survey was conducted among 151 students to gather 
information on their honey consumption habits.

The method used in the paper was melissopalynologi-
cal and physicochemical analysis, ANOVA and a survey. 

All the tested samples contain the sufficient number 
of pollen grains >20% of Robinia pseudoacacia. The re-
sults of physicochemical quality parameters are as fol-
lows: mean water 15.99-18.03%; free acids 8.16-12.94 
mEq/1000g; electrical conductivity 0.12-0.22 mS/cm; 
reducing sugars 66.94-70.88 g/100g; sucrose 0.10-2.90 
g/100g; diastasis 9.07-15.14 DN; HMF 0.50-18.99 mg/
kg. Conducted data analysis of variance within phys-
icochemical parameters regarding seasons and regions 
showed statistically significant difference among sea-
sons p < 0.05 for water, while for diastasis activity it 
showed statistically significant difference among re-
gions p < 0.05.

Out of 141 (93%) respondents who consume honey, 63 
(44%) of them consume it in quantities which are small-
er than the Croatian average.
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tion pertains to the production of black locust honey 
with the most generous pastures in the continental parts. 
The underproduction of black locust pastures is very fre-
quent, given the time of flowering, which in continental 
areas happens during adverse weather conditions (cold 
and rainy or very hot and windy).7,8

The large number of European countries have a national 
legislative and reference methods used for local quality 
check, but they are often specific to a particular country 
and may not always be applicable in the commerciali-
zation of honey in international sales. The International 
Honey Comission (IHC) endeavors to harmonize the ref-
erence methods and standards for proving the authen-
ticity of botanical origin of unifloral type of honey.9,10

Leading experts involved in these issues combine melis-
sopalynological determination of the type and number 
of pollen with sensory analysis and physicochemical 
analysis, such as the determination of water content, 
HMF (hydroxymethylfurfural), electrical conductivity, 
diastase activity, pH value, and sugar content (fructose, 
glucose, sucrose, erlose, raffinose, melezitose).11-14

In this research the aims were to confirm the botanical 
origin of honey, which is declared by the manufacturer, 
to determine the profile of physicochemical parameters 
of Croatian black locust honey by seasons and regions, 
and to point out their differences within each analyzed 
season and region. 

2.	 METHODS

2.1.	 Subjects
This study included 200 samples of black locust honey, 
collected from beekeepers through two seasons (season 
1 and season 2) in 5 Croatian regions, 20 samples from 
each region: VŽ (Varaždin), KZ (Krapina-Zagorje), BB 
(Bjelovar-Bilogora), IH (Eastern Croatia) and I (Istria), or 
from eight counties: Varaždin, Krapina-Zagorje, Bjelovar-
Bilogora, Požega-Slavonia, Brod-Posavina, Osijek-Baran-
ja, Vukovar-Srijem i Istria. Until the analysis, the samples 
were stored under controlled conditions, in the dark at 
room temperature (Figure 1). 

The survey was conducted among 151 students of Nurs-
ing at University North (23 male and 77 female students).

1.	 INTRODUCTION

Consumers in Croatia and the region are becoming in-
creasingly aware of food consumption with strong prop-
erties beneficial for health, such as honey and bee prod-
ucts. Average consumption of honey per capita in Croatia 
is very low (400 g) compared to Western European coun-
tries (from 3 to 8 kg). Bee products are directly marketed 
or are purchased by beekeeping companies. These com-
panies create added value through many brands and 
product lines and market the products through the chan-
nels of the wholesale, retail and export. Beekeepers have 
the option of selling bee products ‘at the doorstep’ or the 
household farm. It is even more important to have direct 
contact with customers and indicate the importance of 
using bee products in the daily diet and emphasize the 
beneficial effect bee products have on human health.1 

By chemical composition, honey is a complex mixture 
of over 70 compounds, which come in honey in different 
ways (added by bees, originate from honey producing 
plants or as a result of honey ripening in honeycomb).2 
Variability and non-existence of two honey samples 
that are the same are characteristics that best describe 
chemical composition of honey. Not only that various 
types of honey differ, but even within the same type of 
honey there are differences in composition dependent 
on their geographic origin, climate conditions, breeds 
of bees and work of a beekeeper (the way of honey 
finishing and storage).3-5 The most common ingredi-
ents which represent 99% of honey are carbohydrates 
(mostly fructose and glucose) and water. Other sub-
stances (represent only < 1%) are proteins (including 
enzymes), minerals, vitamins, organic acids, phenolic 
compounds, aromatic substances (volatile) and various 
chlorophyll derivatives which are also responsible for 
sensory and nutritional properties of honey.4,6

Black locust, which originates from the northeastern 
part of the United States, is naturalized and cultivated 
in Europe. Black locust honey is mainly produced in the 
eastern European countries, where the largest amounts 
come from, and outside Europe in China. It is one of the 
most valuable types of honey in the European market 
with the characteristics valued by consumers: it is liquid, 
not prone to crystallization, of a very bright color, with 
floral or of fresh fruit scent, and the taste less pronounced 
and light (medium to strong sweetness, low acidity and 
flavor without bitterness). In Croatia, the largest produc-
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Determination of diastase activity in honey was based 
on the hydrolysis of 1% solution of starch by the en-
zyme from 1 g of honey during one hour at a tempera-
ture of 40°C.16,17

Determination of hydroxymethylfurfural (HMF) in honey 
was conducted using the Winkler method based on the 
reaction of the hydroxymethylfurfural with the barbitu-
ric acid and p-toluidine, to produce a pink color, whose 
intensity is measured at a wavelength of 550 nm.16,17

Statistical analysis includes the mean value, standard 
deviation and coefficient of variability of selected physi-
cochemical parameters in samples of black locust honey. 
To compare the properties of honey across regions and 
seasons, a two-way analysis of variance (ANOVA) was 
performed, using software package STATISTICA 9.1.18

2.3.	 Survey
The students of Nursing were asked to fill in a ques-
tionnaire which included obtaining the data on the 
consumption of honey (the reason, the frequency and 
amount of consumption of honey), on the point of pur-
chase (the place and the criteria of honey purchase), 
and the knowledge of physicochemical parameters of 
honey.

2.2.	 Methods
Determination of the relative content of pollen in the 
honey was conducted microscopically using collection 
of reference pollen preparations, which was used for the 
determination of pollen grains from the specimens.15

The water content of honey was determined by the 
method prescribed by the International Honey Com-
mission, which is based on refractometry.16

Determination of free acids in honey was conducted in 
a way that the prepared sample was titrated with the 
solution of 0.1 M sodium hydroxide to a pH of 8.30, ac-
cording to the method prescribed by the International 
Honey Commission.16

Electrical conductivity of honey was defined as conduc-
tivity of 20% aqueous solution of honey at 20°C, where 
20% refers to the dry matter of honey. Results are ex-
pressed in mS/cm.16

Determination of reducing sugars and sucrose in honey 
was based on the reduction of Fehling’s solution by ti-
tration with a solution of sugar from honey, and with the 
use of methyl blue as an indicator, while the proportion 
of sucrose was obtained from the difference between 
the results obtained after and before the inversion.16

Figure 1. The map of geographic origin of honey
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Table 3. Significance of differences 
(p-values) in certain physicochemical 

parameters regarding season and region 
(two-way data analysis of variance)

  p-value

Seasons Regions

water 0.026* 0.899

free acids 0.287 0.586

electrical conductivity 0.078 0.368

reducing sugars 0.088 0.059

sucrose 0.586 0.702

diastase 0.078 0.017**

HMF 0.057 0.341

* For water there is a statistically significant difference among 
seasons (p < 0.05)
** The activity of diastase showed a statistically significant 
difference between regions (p < 0.05)

The survey results show that 141 students (93%) con-
sume honey (22 men and 128 women). When choosing 
the honey, 25 students (17%, 4 men and 21 women) 
consider the price to be an important criterion. For the 
purchase/procurement of honey, 62 respondents (43%) 
pay attention to the declaration, and only 10 respond-
ents (7%) ask for the Analytical Report. Information on 
the quantity of honey that the students consume when 
compared to the Croatian average (400 g/year) shows 
that 38 (27%) of them consume more, 63 (44%) less, and 
40 (29%) in accordance with the Croatian average.

In accordance with The European Union Council Directive 
Relating to Honey, as well as with the current legislation 
in the Republic of Croatia, the requirement for labeling 
of botanical origin of nectar honey is the presence of 
the dominant flower pollen, either unifloral or multiflo-
ral.11,12,19 Confirmation of the botanical origin of honey 
samples of this study, as declared by the manufacturer, 
was conducted by melissopalynological analysis, with a 
sufficient number of Robinia (black locust families) pol-
len grains > 20%, by which they can be classified into 
unifloral black locust honey. The sample with the least 
of Robinia pollen grains (22%) was from IH region, and 
the one with most (71%) is from I region (Table 1).

In recent years, what has been prominent is the com-
bination of quality parameters that alongside the num-
ber of pollen and sensory analysis includes the deter-
mination of physicochemical parameters.20,21,10,22,5 The 

3.	 RESULTS AND DISCUSSION

This study included a total of 200 samples of black 
locust honey, collected from beekeepers in five Croa-
tian regions: VŽ, KZ, BB, IH and I. From each region, 20 
samples of black locust honey were collected, which 
had been extracted during two seasons, 2009 and 2010 
(season 1 and season 2).

Conducted melissopalynological analysis showed that 
all samples have more than 20% of Robinia pseudoaca-
cia (black locust family) pollen grains. The range of Ro-
binia pollen grains in tested individual samples is from 
22% to 71% (Table 1).

Table 1. Percentage of Robinia pseudoacacia 
pollen grains in the individual samples of 

honey across regions

REGION - SEASON Robinia pseudoacacia %

VŽ 24 - 65

KZ 23 - 68

BB 23 - 59

IH 22 - 60

I 33 - 71

Table 2 gives an insight into the results of analysis of 
seven studied physicochemical parameters (water con-
tent, free acids, electrical conductivity, reducing sug-
ars, sucrose, HMF and diastase) in black locust honey 
by region through two seasons (season 1 and season 
2) on a total of 200 samples collected, with a range of 
mean values for each parameter: water 15.99-18.03%; 
free acids 8.16-12.94 mEq/1000g; electrical conductivity 
0.12-0.22 mS/cm; reducing sugars 66.94-70.88 g/100g; 
sucrose 0.10-2.90 g/100g; diastasis 9.07-15.14 DN; HMF 
0.50-18.99 mg/kg.

Using two-way analysis of variance (ANOVA), the sig-
nificance of differences within certain physicochemi-
cal parameters, depending on the season and region 
of origin of black locust honey, was shown. It is evident 
that there is a statistically significant difference among 
seasons (p < 0.05) for water 0.026, while diastase 0.017 
activity showed a statistically significant difference be-
tween regions (p < 0.05) (Table 3).
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Table 2. Physicochemical profile of black locust honey through two seasons in five regions

REGION
water

(%)

free 
acids
(mEq/
1000g)

electrical 
conductivity

(mS/cm)

reducing 
sugars

(g/100g)

sucrose
(g/100g)

diastase
(DN)

HMF
(mg/kg)

R
E

G
IO

N

1 VŽ

M 16.82 12.94 0.16 68.69 0.70 11.69 3.60

SD 1.04 4.95 0.02 2.00 0.57 2.07 1.84

c.v. (%) 6.16% 38.29% 15.09% 2.91% 80.91% 17.71% 51.22%

2 VŽ

M 16.96 10.60 0.16 69.29 0.69 11.93 2.26

SD 0.90 1.28 0.03 1.35 0.46 1.68 1.17

c.v. (%) 5.30% 12.05% 20.35% 1.95% 67.13% 14.09% 51.75%

1 KZ

M 16.16 8.16 0.12 66.94 1.05 9.07 6.10

SD 0.86 1.47 0.03 1.61 0.92 1.28 3.08

c.v. (%) 5.33% 17.99% 26.16% 2.40% 87.36% 14.15% 50.50%

2 KZ

M 16.97 9.34 0.14 69.05 0.54 10.08 2.26

SD 1.13 1.95 0.03 2.51 0.48 2.27 1.55

c.v. (%) 6.64% 20.89% 23.77% 3.63% 89.34% 22.47% 68.59%

1 BB

M 16.26 9.04 0.14 69.59 0.24 9.67 3.58

SD 0.65 0.71 0.02 2.76 0.22 1.59 1.90

c.v. (%) 3.98% 7.89% 14.33% 3.97% 89.79% 16.47% 53.02%

2 BB

M 17.49 12.63 0.18 70.02 0.51 9.86 3.57

SD 1.59 2.81 0.04 1.23 0.45 2.76 3.12

c.v. (%) 9.11% 22.26% 21.04% 1.76% 89.77% 28.00% 87.55%

1 IH

M 16.39 10.17 0.14 67.77 0.43 10.82 8.10

SD 1.05 1.30 0.03 1.73 0.36 2.68 3.68

c.v. (%) 6.38% 12.76% 20.32% 2.55% 85.16% 24.80% 45.42%

2 IH

M 17.48 10.82 0.16 69.14 0.55 11.83 3.73

SD 1.42 2.60 0.04 3.03 0.45 3.23 2.14

c.v. (%) 8.11% 24.07% 26.23% 4.39% 81.57% 27.27% 57.22%

1 I

M 15.99 9.06 0.14 70.68 0.16 12.36 4.19

SD 0.90 0.93 0.02 0.65 0.16 1.61 1.67

c.v. (%) 5.61% 10.28% 16.64% 0.92% 99.14% 13.04% 39.75%

2 I

M 18.03 12.97 0.22 70.55 0.93 15.14 2.88

SD 1.21 1.37 0.04 1.17 0.85 3.07 4.26

c.v. (%) 6.73% 10.56% 19.66% 1.66% 92.08% 20.29% 147.93%

M – mean; SD – standard deviation; c.v. (%) – variability coefficient
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a maximum of 0.8 mS/cm12. Those are equal to the re-
sults obtained with the 513 samples of European black 
locust honey (0.16 mS/cm), and the average obtained 
by Popek (0.22 mS/cm), Marghitas et al. (0.15-0.20 mS/
cm), Sarco et al. (0.11 mS/cm), Kenjerić et al. (0.12 mS/
cm), but lower than the average of Slovenian black lo-
cust 0.26 mS/cm25, 27, 23, 8, 24, 26. The sum of the glucose and 
fructose (i.e. reducing sugars) shares in honey must be 
at least 60 g/100 g12. At the level of the European re-
search on 454 samples of black locust honey, the aver-
age value obtained was 69.2 g/100g25, in which range 
are also the values obtained in this study, from 66.94 to 
70.68 g/100g. Other literature sources also show the re-
sults matching this research (67.4 to 71.5 g/100 g, 70.5 
g/100 g, 71.13 g/100 g)8, 28, 23. All samples analyzed met 
the requirement of sucrose share (up to 10 g/100 g of 
the sample)12. It ranges from 0.10 to 2.90 g/100g and is 
equal to those obtained in black locust honey samples 
of the researchers from Romania (1.55 g/100g), Croatia 
(2.4-4.9 g/100g; 2.8 g/100g) and Italy (2.1 g/100g)23, 28, 25. 
General requirement for diastase activity value is 8 DN, 
except for types with low enzyme activity (citrus, black 
locust) where the DN can be <8, but the proportion of 
HMF then must be ≤15 mg/kg12. The obtained averages 
are 9.07 to 15.14 DN and follow European (10.5 DN) and 
other Croatian results for black locust honey25, 8. The 
share of HMF is low - a very large percentage of honey 
samples had less than 10 mg/kg (which is considered to 
be the upper limit for the first-class honey) ranging from 
2.26 to 8.10 mg/kg, which are below the average values ​​
obtained by Šarić et al., also on samples of the Croatian 
black locust honey (from 4.7 to 36.5 mg/kg)8. The indi-
vidual values are from 0.50 to 18.99 mg/kg (Table 4). 

obtained mean results of physicochemical parameters 
(water, free acids, electrical conductivity, reducing 
sugars, sucrose, diastasis, HMF) are in conformity with 
the requirements of the regulations on the quality of 
unifloral honey19 and the international literature data 
on black locust honey: water 15.99-18.03%; free acids 
8.16-12.94mEq/1000g; electrical conductivity 0.12-0.22 
mS/cm; reducing sugars 66.94-70.88 g/100g; sucrose 
0.10-2.90 g/100g; diastasis 9.07-15.14 DN; HMF 0.50-
18.99 mg/kg (Table 2). 

The water content in the analyzed samples was below 
20%,12 mean values ranged from 15.99 to 18.03%, which 
is in accordance with the results of other researchers 
on samples of black locust honey from Croatia (15.40 
to 16.30%), Romania (17.90%), results of Kenjerić et al. 
(also from Croatia) in a two-year period (16.50% and 
16.10%), as well as with Italian researchers (17.1%).8,23-

25 Allowed value of free acids in honey is <50 mEq of 
acid/1000g of honey 12, which confirms the accord-
ance of average values in this study ranging from 8.16 
to 12.94 mEq/1000g. Literature data shows different 
values of free acids in samples of black locust honey 
in comparison with this research. The average values 
are less than or equal to those obtained by Golob and 
Plestenjak (24 mEq /1000g) and Kenjerić et al. (10.7 
mEq /1000g; 10.1 mEq/1000g), but equal to or slightly 
higher than the results of Šarić et al. and Marghitas et al. 
(7.3-8.4 mEq/1000g; 6.45 mEq/1000g, 11.2 mEq/1000g), 
as well as those obtained by Italian researchers (11.2 
mEq / 1000g )26,24,8,23,25. The average values of electrical 
conductivity in the samples of this study were 0.12 to 
0.22 mS/cm, which meets the general requirements of 

Table 4. Physicochemical parameters of black locust honey (range of average values of all 
regions from both seasons)

A N A L Y S I S
water

(%)

free acids
(mEq/
1000g)

electrical 
conductivity

(mS/cm)

reducing 
sugars

(g/100g)

sucrose
(g/100g)

diastase
(DN)

HMF
(mg/
kg)

REGULATIONS
at 

most 
20%

at most 
50 

mEg/100g

at most 
0.8 mS/cm

at least 
60 g/100g

at most 
10g/100g

at least
8 

(at least 3 
HMF<15mg/kg)

at most 
40 mg/

kg

R
 E

 S
 U

 L
 T

 S RANGE OF
x
_

15.99 
- 

18.03

8.16 - 
12.94 0.12 - 0.22 66.94 - 70.68 0.10 - 2.90 9.07 - 15.14 0.50 

-18.99

LITERATURE =
= 
< 
>

=
< = = = <
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The analysis of variance of data within the physico-
chemical parameters, regarding season and region, 
shows that, for water, there is a statistically significant 
difference among seasons p < 0.05, whereas the activity 
of diastase showed a statistically significant difference 
between the regions p < 0.05.

Of the total surveyed students, 93% of the respondents 
consume honey. Most consume honey with the purpose 
of prevention and as a sweetener, which confirms they 
are familiar with the importance that honey has for 
health. However, the quantity of consumption corre-
sponds to the Croatian average.
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U radu su primijenjene sljedeće metode istraživanja: me-
lisopalinološka i fizikalno-kemijska analiza, test ANOVA i 
anketa.

Svi ispitani uzorci sadrže dovoljan broj peludnih zrnaca 
> 20 % Robinia pseudoacacia. Rezultati su fizikalno-kemij-
skih parametara kvalitete sljedeći: voda 15,99 – 18,03 %, 
slobodne kiseline 8,16  –  12,94  mEq  /  1000  g, električ-
na vodljivost 0,12  –  0,22  mS/cm, reducirajući šećeri 
66,94 – 70,88 g / 100 g, saharoza 0,10 – 2,90 g / 100 g, 
dijastaza 9,07 – 15,14 DN, HMF 0,50 – 18,99 mg/kg.

Provedena analiza varijance podataka unutar fizikalno-
kemijskih parametara s obzirom na sezone i regije po-
kazuje da postoji statistički značajna razlika (p-vrijed-
nost) među sezonama (p < 0,05) za vodu, dok aktivnost 
dijastaze pokazuje statistički značajnu razliku između 
regija (p < 0,05).

Od 93  % (141) ispitanika koji konzumiraju med, 44  % 
(63) ih konzumira med u količinama manjima od hrvat-
skog prosjeka.

Ključne riječi: bagremov med, fizikalno-kemijski parametri, 
botaničko podrijetlo
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Sažetak

Potrošači postaju sve svjesniji potrošnje meda – hrane 
sa svojstvima korisnima za zdravlje.

U skladu s Direktivom Vijeća Europske unije o medu, 
kao i sa sadašnjim zakonodavstvom u Republici Hr-
vatskoj, zahtjev za označavanje botaničkog podrijetla 
meda nektara jest prisutnost dominantnoga cvjetnog 
peluda te senzorska i fizikalno-kemijska analiza.

Rad je prikaz potvrde botaničkog podrijetla i profila fi-
zikalno-kemijskih parametara meda s razlikama u sezo-
ni/regijama, kao i potrošnje meda.

Ovim istraživanjem obuhvaćeno je 200 uzoraka meda 
bagrema, prikupljenih od pčelara kroz dvije sezone u 
pet hrvatskih regija – 20 uzoraka iz svake regije. Istra-
živanje je provedeno na 151 studentu kako bi se priku-
pile informacije o navikama konzumacije meda među 
studentima.

FIZIKALNO-KEMIJSKI PROFILI HRVATSKOG MEDA S PRIKAZOM POTROŠNJE 
MEĐU STUDENTIMA ZDRAVSTVENOG USMJERENJA


