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Abstract

URSULIN-TRSTENJAK N., LEVANIC D., PRIMORAC L., BOSNIR J., VAHCIE N, SARIC G. (2015): Mineral profile of
Croatian honey and differences due to its geographical origin. Czech J. Food Sci., 33: 156-164.

The proportions of twelve minerals were determined in 200 samples of the black locust honey from five Croatian
regions during two seasons. The average proportions were dominated by that of K (205.57-428.05 mg/kg), followed
by Ca (33.53-329.00 mg/kg) and Na (23.34-218.04mg/kg), which was in percentages as follows: K 31.69-81.34%, Ca
6.51-35.56%, and Na 7.36-23.65%. Melissopalynological and physico-chemical analysis of honey confirmed its general
quality requirements and botanical origin. One-factor analysis of variance showed a significant differences between
the regions in each season based on the average proportions of macro and micro elements except for Mn and Cd in
season 2 (P < 0.05). t-Test enabled an insight into the significance of differences between the seasons within each
region based on the average proportions of macro and micro elements. Principal components analysis (PCA) showed
that Al (Bjelovar-Bilogora), Fe (Bjelovar-Bilogora and Istria), Cu (Eastern Croatia), and K (Istria) could present mineral

substances typical for the black locust honey of each region.
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Honey has been used throughout the history of
mankind without any supplements as a nutritional
substitute, a natural food, and in medical therapy. It
is certainly one of the most complex types of food
derived from nature (AZEREDO et al. 2003; IGLESIAS
et al. 2004). The composition of honey depends on
the plant species, climatic conditions, environmen-
tal conditions, and good beekeeping practices. For
the most part, it consists of carbohydrates, water,
protein, free amino acids, enzymes, vitamins and
minerals, flavour and aroma substances, and phe-
nolic compounds present in much smaller amounts
along with 200 other compounds (SiLvA et al. 2009).

Melissopalynological analysis and physicochemical
analysis are used to prove the botanical origin of honey
and its meeting the general quality requirements
set by the Regulations on the quality of monofloral
honey and Honey Regulations.

According to some papers, botanical origin of
honey can be proven by the combined determination
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of the electrical conductivity, pH value, free acids,
and proportions of fructose, glucose, and raffinose
(MATEO & BoscH-REIG 1998; BogpaNovVv 2009).
During the honey labelling, the name of the product
can be complemented with the data regarding its
floral or herbal origin if the product comes entirely
or mainly from the indicated plant source, and the
data regarding its regional, territorial, or topographi-
cal origin if the product is entirely of this origin
(European Commission 2002; MPRRR 2009a). The
latter presents a very effective way of raising the
value or price of the product, but also a method of
counterfeiting. Consumers are willing to pay more
for a product from certain areas, while they do not
want to buy products coming from some other areas.
Therefore, many analytical techniques and param-
eters combined with statistical techniques are used
in determining the geographical origin of honey.
Macro- and micro-elements (expressed in percentages
in ash) can be found in nectar honey in the amounts
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of about 0.2% and in honeydew honey even above
1%. Honey contains mainly the following mineral
substances: potassium, which is the most common
(amounting to % to % of the total amount of mineral
substances), calcium, sodium, magnesium, chlo-
rine, phosphorus, iron, manganese, zinc, copper,
chromium, and others. The proportions of mineral
substances primarily depend on the botanical origin,
climatic conditions, but also significantly on the type
of soil in which the plant that honey is produced
from grows (PRZYBYLOWSKI & WILCZYNSKA 2001).

Darker types of honey are generally richer in mineral
substances. Black locust honey and sunflower honey are
characterised by small proportions of ash, while its higher
proportions can be noticed in the meadow, chestnut, and
honeydew honeys (MuNoz & PALMERO 2005).

The proportions of mineral substances are also
good indicator of the environmental pollution (AN-
KLAM 1998).

The determination of the macro and micro pro-
files of the black locust honey and pointing to the
differences in the mineral composition due to its
geographical origin are not a novelty in the inter-
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national scientific literature (LATORRE et al. 1999;
CELECHOVSKA & VORLOVA 2001; NANDA et al. 2003;
FERNANDEZ-TORRES et al. 2005; CONTI et al. 2007;
OsMAN et al. 2007; BELOUALI et al. 2008; MADEJCZYK
& BarAaLKIEWICZ 2008). Kolayli and her coworkers
believe that the results obtained for the minerals in
the sample of three types of honey produced and
used in the Black Sea region of Turkey are highly
variable and depend on their geographical and bo-
tanical origins (KoLAYLI et al. 2008).

There are not many studies of this kind conducted
on the Croatian honey, which makes this paper a sig-
nificant contribution to all previous studies of honey
in our regions, supplementing the existing data which
characterise the Croatian black locust honey (BuBaLo
et al. 2006; KENJERIC et al. 2007; SARIC et al. 2008).

MATERIAL AND METHODS

This research included in total 200 black locust
honey samples collected by the beekeepers during
two seasons (season 1 and season 2) in 5 regions of
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Croatia, with 20 samples from each region: Varazdin
(VZ), Krapina-Zagorje (KZ), Bjelovar-Bilogora (BB),
Isto¢na Hrvatska (IH) — Eastern Croatia), and Istria
(I) (Figure 1).

After conducting the melissopalynological analysis
of the black locust honey, physico-chemical param-
eters were determined (water, free acids, electrical
conductivity, reducing sugars, sucrose, diastasis, and
hydroxymethylfurfural (HMF), and mineral content
(Ca, Na, K, Mg, Zn, Fe, Cu, Mn, Al, Ni, Pb, and Cd).
Statistical data analysis was conducted — one-factor
analysis of variance (ANOVA), ¢-test and principal
components analysis (PCA).

Melissopalynological analysis was conducted in ac-
cordance with the standard (DIN 10760:2002-05).
The determination of water, free acid, electrical
conductivity, reducing sugars and sucrose in honey
was performed using the method prescribed by the
International Honey Commission, and determined
also the activity of diastase and HMF (IHC 2009;
DIN 10750:1990; SLMB 1995), which was based on
certain standards (HRN EN ISO 17294-1:2008, HRN
EN 15763:2010). The sample preparation was carried
out by wet combustion (concentrated nitric acid and
hydrogen peroxide) in a microwave oven (Anton Paar
Multiwave 3000; Anton Paar, Graz, Austria). Mass
spectrometry method for determining metals in honey
is based on inductively coupled plasma (ICP-MS) which
leads to the ionisation process. Accordingly, mass
spectrometer was used to detect and then identify
ions on the basis of their mass-to-charge ratio (ELAN
ICP-MS 2008; THoMAS 2008). The mean values of
the results were calculated in samples of black locust
honey for all the regions and the two seasons, based
on physicochemical parameters, minerals contents in
honey expressed in mg/kg, and in percentages of all
the mineral substances in the total mass.

The limits of detection (LOD) and quantification
(LOQ) were defined based on 21 measurements (7 =
21) of analytes in the low concentration area.

doi: 10.17221/502/2014-CJES

The statistical data analysis included one-factor
analysis of variance (ANOVA), ¢-test, and PCA using
the software package STATISTICA 9.1 (StatSoft, 2010).

RESULTS AND DISCUSSION

Melissopalynological and physico-chemical
analyses. The confirmation of the botanical origin
of honey, which was declared by the manufacturer,
was conducted using the melissopalynological analysis
(the most common are those of the family Robinia
— the black locust family > 21%, Rosaceae — rose
family, Brassicaceae — cabbage family, and Fabaceae
— bean family) and by determining the compliance of
physico-chemical parameters (water, HMF, electri-
cal conductivity, diastase activity, pH, sugar such as
fructose, glucose, sucrose) with literature data and
with the requirements of the Regulations on the qual-
ity of monofloral honey (Table 1) (MPRRR 2009b).

Recently, a distinguishing combination of quality
parameters was applied which, besides the pollen
number and sensory analysis, includes the determina-
tion of the physico-chemical parameters (PRIDAL et
al. 2002; BoGDANOV et al. 2004; PERSANO ODDO &
BoGpANOV 2004; PERSANO ODDO et al. 2004; Bog-
DANOV et al. 2007; PRIMORAC et al. 2011; URSULIN-
TRSTENJAK et al. 2013)

Micro and micro elements proportions in honey.
The proportions of Ca, Na, K, Mg, Zn, Fe, Cu, Mn,
Al, Ni, Pb, and Cd in the black locust honey in both
seasons and all the five regions studied varied in
wide ranges, both between the regions and inside
the regions (Table 2). The results obtained were
compared with the literature data presenting the
highest and lowest mean values of each mineral
(mg/kg), as well as the percentage of each macro
and micro element in relation to other minerals. The
dominant mineral was K (205.571-428.050 mg/kg)
followed by Ca (33.526-329.00 mg/kg) and Na

Table 1. Physico-chemical parameters of black locust honey (the range of mean values in all the regions during both

seasons)
Water Free acids  Electrical conduc- Reducing sug- Sucrose Diastasis HMF
(%) (mEq/1000 g) tivity (mS/cm)  ars (g/100g) (g/100 g) (DN) (mg/kg)
. . . . lowest 8 .
Regulations hlél:;;St hl(%;]:;;St hgh;)st lo(v6voe)st hlfglkz)e;st (lowest 3 hlé}(l)e;st
' HMF < 15 mg/kg)
Range % 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

X — mean value
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Cd

Pb

Al
1.05+ 045 090+0.80 0.18+0.09 0.23+0.10 1.20+0.32 0.20 +0.18 0.067 £+ 0.04 0.006 + 0.004
7.19+482 082+057 0.26+0.19 0.16+0.09 2.05+148 0.14+0.04 0.05+0.04 0.004 £ 0.002

858 +0.36 0.54+047 0.31+0.05 0.11+0.08 0.86+0.51 0.62+0.17 0.05+0.01 0.006 + 0.005
1.45+0.37 0.13+£0.08 0.04+0.03 0.003 +0.001

1.02+0.78 0.13+0.09 0.03+0.01 0.004 + 0.003

Cu Mn

Fe
1.75+1.12 0.07+0.04 0.16 +£0.07 1.28 +1.24 0.10+0.04 0.04 +0.04 0.005 + 0.007

0.50+0.22 0.17+0.05 0.16+0.14 1.97+0.79 0.09+0.05 0.03+0.02 0.003 + 0.000

1.10+0.89 2.15+1.67 0.09+0.02 0.18+0.12 3.38+2.73 0.09+0.06 0.02+0.01 0.003+0.001
217 £2.13 227+2.14 041+040 0.13+0.10 1.55+0.64 0.24+0.22 0.06+0.05 0.007 £ 0.007

094 +044 0.53+042 0.09+0.04 0.22+0.10

098 £0.43 0.60+040 0.26+0.17 0.09 +0.07
30.88 £23.04 1.01+0.82 0.95+0.65 022+0.13 1.16+046 1.86+1.27 0.11+0.07 0.011 + 0.008

Table 2. Average proportions and the ranges of the average proportions (x + o) of macro and micro elements of black locust honey for each region respectively and
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0.09-1.86  0.02-0.11 0.003-0.011

0.86-3.38

0.09-0.23

23.34-218.04  205.57-428.05 12.30-49.07 0.94-30.88 0.50-2.27  0.07-0.95

33.53-329.33

VZ - Varazdin; KZ — Krapina-Zagorje; BB — Bjelovar-Bilogora; IH — Isto¢na Hrvatska (Eastern Croatia); I — Istria; x — mean value

Minerals range

(23.343-218.042 mg/kg), etc. (Table 3); or if ex-
pressed in percentages, K (31.69-81.34%) followed
by Ca (6.51-35.56%), and Na (7.36-23.65%), etc.

The proportion of Ca ranged from 6.51% to 35.56%,
that is from 33.53 mg/kg to 329.33 mg/kg, which was
higher than those in the Slovenian (9.40 mg/kg) and
Romanian black locust honey (3.05 mg/kg) (GoLoB
et al. 2005; MARGHITAS et al. 2010). The amount of
Na ranged from 7.36% to 23.65% with the range of
mean value from 23.34 mg/kg to 218.04 mg/kg and was
higher than that in the Romanian honey (13.02 mg/kg)
(MARGHITAS et al. 2010). The average proportion of K
ranged from 31.69% to 81.34%, the average amount being
from 205.57 mg/kg to 428.05 mg/kg. The available liter-
ature data obtained with the Slovenian (390.00 mg/kg)
and Romanian samples (187.10 mg/kg) are approxi-
mately equal to those from this research (GoLOB et
al. 2005; MARGHITAS et al. 2010).

Mg ranged from 2.03% to 5.60%, with the average
amount from 12.03 mg/kg to 49.07 mg/kg being
higher than that obtained by MARGHITAS et al. (2010)
(5.7 mg/kg). The portion of Zn ranged from 0.19%
to 3.33% with the average amount from 0.94 mg/kg
to 30.88 mg/kg, which was higher than those in the
Italian (0.18 mg/kg) and the Swiss (0.22 mg/kg) black
locust honeys (CAROLI et al. 2000; BoGDANOV et al.
2007). The proportion of Fe ranged from 0.10% to
0.72% with the amount from 0.50 mg/kg to 2.27 mg/kg,
which is equal (= 1.30 mg/kg) or higher compared to
the European honey (> 0.28, 0.26, and 0.21 mg/kg)
(CaroLI et al. 2000; FORTE et al. 2001; BOGDANOV
et al. 2007; MARGHITAS et al. 2010). The value from
0.01% to 0.10% demonstrates the proportion of Cu.
The average amount from 0.07 mg/kg to 0.95 mg/kg
was equal to the results in the literature (0.52, 0.18,
0.17, 0.08, 0.06 mg/kg) (FORTE et al. 2001; AJTONY
et al. 2006; BoGpANOV et al. 2007; CAROLI et al.
2007; MARGHITAS et al. 2010).

The percentage of Mn ranged from 0.02% to 0.07%
with the average amount from 0.10 mg/kg to 0.23 mg/kg,
the values being approximately equal to those
obtained with the Romanian (0.16 mg/kg), Swiss
(0.45 mg/kg), and two Italian (0.10 mg/kg; 0.09 mg/kg)
black locust honeys (CAROLI et al. 2000; FORTE et
al. 2001; BogpaNovV et al. 2007; MARGHITAS et
al. 2010). The tested samples contained Al in the
proportion from 0.13% to 1.13%, with the average
amount from 0.86 mg/kg to 3.38 mg/kg. Ni was pre-
sent in the samples in the proportion from 0.02% to
0.20% with the average amount from 0.09 mg/kg to
1.86 mg/kg, while the average amounts in the Swiss
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Table 3. Method performance: limit of detection (LOD) and limit of quantification (LOQ) (in mg/kg)

Ca Na K Mg Zn Cu Mn Al Ni Pb Cd
LOD 2 0.08 0.3 0.2 0.03 0.06 0.005  0.008 0.008 0.005 0.03  0.0003
LOQ 5 0.3 1 0.7 0.1 0.03 0.03 0.03 0.03 0.1 0.001

(> 0.06 mg/kg) and the Italian samples (> 0.03 mg/kg
and 0.02 mg/kg) present lower values (CAROLI et
al. 2000; FORTE et al. 2001; BoGDANOV et al. 2007).
The proportion of Pb ranged from 0.01% with the
average amount from 0.02 mg/kg to 0.11 mg/kg,
which resembles that in the Swiss (0.01 mg/kg) and
the Italian black locust honey (0.02 mg/kg) (FORTE
2001; BoGpaNOV et al. 2007). The proportion of
Cd ranged from 0.00058% to 0.00152%. The average
amount ranged from 0.003 mg/kg to 0.011 mg/kg.
The results obtained by Italian researchers are of
lower values (> 0.0004 mg/kg and 0.0006 mg/kg)
(CAROLI et al. 2000; FORTE 2001) (Table 2).

Statistical analysis. Statistical analysis of the re-
sults obtained was used to point out the differences
between the mineral compositions of black locust
honeys due to their geographical origins.

One-factor analysis of variance showed significant
differences between the regions in each season given
by the average proportions of all the macro and micro
elements except Mn and Cd in the second season
(P < 0.05) (Table 5).

The use of the t-test gave an overview of the signifi-
cance of the differences between the seasons within
each region given the average proportion of macro
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Figure. 2. The projection of macro and micro elements of
the first two factors plan (PC1 vs. PC 2)
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and micro elements. A significant difference in the
proportion of Ca between the seasons was reflected
in the KZ and IH, while with Na was it noted only in
the IH region. With K, a significant difference was
found between the seasons in KZ and I regions, and
the proportion of Mg showed significant differences
between the seasons in VZ and IH regions. Mineral
Zn showed a difference between the seasons in four
regions (except for BB), while with Fe was it reflected
in BB and I regions. In two regions, IH and I, the dif-
ference between the seasons was observed with Cu,
while Mn showed a significant difference between
the seasons in VZ region. As regards Al, Ni, and Cd,
significant differences between the seasons were ob-
served in three regions (Al-VZ, KZ and BB; Ni-KZ,
and IH, I; Cd-VZ, IH and I). IH and I regions are the
regions in which a significant difference occurred
between the seasons considering the proportion of
Pb (P < 0.05) (Table 6).

The principal components analysis (PCA) was
conducted using the proportions of 12 minerals from
all the regions and both seasons in order to assess
whether the geographical origin of honey can be de-
termined on the basis of the determined proportions
of macro and micro elements. By comparing Figures 2

3.0
2.0 BB-10
1.0

0.0

Factor 2: 12.30%

-2.0 &

-3.0

-12 -10 -8 -6 -4 =2 0 2 4 6
Factor 1: 61.59%

Figure 3. The projection of honey samples from all the
regions during both seasons of the first two factors plan
(PC1 vs. PC2)
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Figure 4. The projection of macro and micro elements of
the first and the third factors plan (PC1 vs. PC3)

and 3, Al is positioned in the same coordinate system
as well as BB-10 (BB region, season 2). The position of
Fe in Figure 2 would characterise the samples BB-10
(BB region, season 2) and I-9 (I region, season 1) in
Figure 3. When all the regions are compared, IH-9
stands out most (IH region, season 1). If this is com-
pared with Figures 2 and 4, it can be seen that Ca lies
in this point in the coordinate system. In Figures 4
and 5 can be seen that K is positioned on the right
side of the coordinate system as IH-10 (IH region,
season 2). The following mineral substances typical
for the black locust honey of each region could be
potentially taken: Al (BB region), Fe (BB and I re-
gions), K (IH region), and Ca (Figures 2-5).

CONCLUSIONS

The results of melissopalynological and physico-
chemical analyses of honey confirmed the given
botanical origin of honey in all the samples and met
the general quality requirements. The proportions
of most of the 12 macro and micro elements in the
analysed black locust honey samples demonstrated
wide ranges. K appeared in the highest proportion
out of the macro elements, followed by Ca and Na.
One-factor analysis of variance showed significant
differences between the regions either of the two
seasons followed as given by the average propor-
tions of all the macro and micro elements except
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Figure 5. The projection of honey samples from all the
regions during both seasons of the first and the third
factors plan (PC1 vs. PC3)

Mn and Cd in season 2 (P < 0.05). The application
of the t-test gave an overview of the significance
of differences between the seasons within each re-
gion given by the average proportions of macro and
micro elements. Based on the conducted principal
components analysis (PCA), the following mineral
substances typical for the black locust honey of a
particular region could be potentially considered: Al
(BB region), Fe (BB and I regions), and K (I region).
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