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Abstract

The composition of honey depends on the plant spe-
cies, climate conditions, environmental conditions,
and good beekeeping practice. Honey mainly consists
of: carbohydrates, water, proteins, free amino acids, en-
zymes, vitamins and minerals, flavorings and fragranc-
es, and the phenol compounds alongside 200 other
compounds. During the process of honey labelling, the
product name may be supplemented with information
referring product origin.

In order to determine the geographical origin of hon-
ey, a variety of analytical techniques and control pa-
rameters in combination with statistical techniques
are used. Therefore, the purpose of this paper is to
describe the application of the statistical method of
Principal Component Analysis - PCA to determine the
geographical origin of honey for five Croatian regions
(Varazdin, Krapina-Zagorje, Bjelovar-Bilogora, Eastern
Croatia and Istria) based on the defined share of mi-
cro and macro elements and physicochemical param-
eters obtained from 200 samples during two seasons.
Upon conducting the melissopalynological analysis
to confirm the botanical origin of honey declared by
the manufacturer, the congruence of physicochemical
parameters (electrical conductivity, free acids, diastase
activity, water content, reducing sugars, sucrose and
HMF) has been checked with literature data and the
requirements of regulations. Twelve elements (Ca, Na,
K, Mg, Zn, Fe, Cu, Mn, Al, Ni, Pb and Cd) have been de-
termined and compared with literature data.

Obtained results have been used in the application
of PCA method for determining the geographical or-
igin of honey for five Croatian regions. The graphic
overview is made for the first two factors, where each
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variable is shown by the current combination of fac-
tors: the projection of the physicochemical parameters
and macro and micro elements.

As conclusion after the PCA analysis we could talk
about the characteristic parameters: electrical conduc-
tivity, free acids, water and sucrose, as well as the share
of Al, K, Fe, but only Cu could characterize the region of
east Croatia, season .

Key words: Honey, Geographical origin, PCA.

1. Introduction

The composition of honey depends on the plant spe-
cies, climate conditions, environmental conditions,
and good beekeeping practice. Honey mainly consists
of: carbohydrates, water, proteins, free amino acids,
enzymes, vitamins and minerals, flavourings and fra-
grances, and the phenol compounds present in a far
smaller proportion alongside 200 other compounds
[31]. Leading experts dealing with these issues along-
side the melissopalynological determination of the
pollen type and count, combine sensory analyses
and physicochemical analyses such as determination
of the: water content, HMF (hydroxymethylfurfural),
electrical conductivity, diastase activity, pH values,
and sugar content (fructose, glucose, sucrose, erlose,
raffinose, melezitose) ([3], [23]). Since the distinctive
composition of the soil of a given region is reflected
in the mineral composition of honey producing plants,
i.e. their nectar and produced honey, the share and
composition of minerals is often used in determining
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the geographical and/or botanical origin of honey
[30]. Consequently, Lachman et al,, [15], tried to find a
connection between the composition and the origin
or type of honey by determining minerals in 24 sam-
ples of authentic Czech nectar honey and honeydew
honey. Just like the Slovakian and Polish, samples of
Czech honey samples had higher levels of nickel than
the honey originating from other parts of the world
[15]. In the international scientific literature this kind
of characterization of honey is not a novelty ([1], [6],
[71, [9], [14], [16], [18], and [22]), but there have not
been many papers of this kind regarding the Croatian
honey. Therefore, this paper represents a significant
contribution to all previous research on honey of our
region and complements the existing data that char-
acterize the Croatian black locust honey ([4], [13], [27],
[28], [29], [30], and [31]). Black locust honey is one of
the most valuable types of honey on the European
market. Its features are very valued by the consumers
([20], [23]). In Croatia, the largest production pertains
to the production of black locust honey. During the
process of honey labelling, the product name may be
supplemented with information referring to its floral
or vegetable origin, if the product is entirely or mostly
of that plant source. It can also be supplemented with
the data that refer to the regional, territorial or topo-
graphical origin, if the product is entirely of that ori-
gin ([8], [20]). Consumers are ready to pay more for a
product from specific area, while they do not wish to
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buy products from some other areas. Therefore, many
analytical techniques and parameters combined with
statistical techniques are used to determine the geo-
graphical origin of honey.

2. Materials and Methods

This research included 200 honey samples in total.
They were collected by the beekeepers (during two
seasons: season |: KZ-9,VZ-9, BB-9, IH-9, -9 and season
Il: KZ-10,VZ-10, BB-10, IH-10, I-10 ) (Figures 2, 3, 4, 5) in
5 regions of Croatia: Varazdin, Krapina-Zagorje, Bjelo-
var-Bilogora, Eastern Croatia, and Istria, marked with
appropriate labels: Varazdin (VZ), Krapina-Zagorje (KZ),
Bjelovar-Bilogora (BB), Eastern Croatia (IH), and Istria (1)
(Figure 1).

In order to prove the botanical origin of honey, and
whether samples meet the general quality require-
ments stipulated under the Croatian Regulations, me-
lissopalynological and physicochemical analyses were
carried out (water content, free acids, electrical con-
ductivity, reducing sugars, diastase activity, sucrose,
and HMF - [20], [21]). Additionally, the share of 12 micro
and macro elements - calcium (Ca), sodium (Na), potas-
sium (K), magnesium (Mg), zinc (Zn), iron (Fe), copper
(Cu), manganese (Mn), aluminium (Al), nickel (Ni), lead
(Pb) and cadmium (Cd) - were determined. The values
obtained were compared with literature data.
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Figure 1. The map of geographical origin of hoey
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A statistical method Principal Component Analysis -
PCA was applied to determine the geographical origin
of honey for five Croatian regions based on the physi-
cochemical parameters and micro and macro elements.
The number of corresponding factors that is interpreted
has been obtained by including all factors with eigen-
values greater than 1 and which comprise 84.26% of the
initial data variability (Kaiser-Guttman criterion). The first
three factors comprise a large percentage of the cumu-
lative variance ([12], [19]). The first three factors are cho-
sen for interpretation, as the first two factors explained
68.36% of the total variability of the original data. The
third factor contributes with additional 9.78% [26].

3. Results and Discussion

By conducting pollen analysis of the black locust hon-
ey samples over both seasons from all the five regions,
pollen grains of 36 plant species were detected. The
most common are the ones from the families of Rob-
inia (black locust family), Rosaceae (rose family), Bras-
sicaceae (cabbage family) and Fabaceae (bean family).
In the tested samples, Rosaceae pollen grains are more
present in the Varazdin and Krapina-Zagorje region.
The already mentioned pollen grains of Brassicaceae
and Fabaceae are the most present in Varazdin and
Eastern Croatia region - this has been expected since
these are agricultural regions.

The obtained values of tested physicochemical param-
eters were compared with the literature data and meet
the criteria stipulated by the Regulations [20] (Table 1).

Water share according to the mean values ranges from
15.99% to 18.03%, and thus are in accordance with the

results obtained by other researchers on the samples
of black locust honey from Croatia (from 15.40% to
16.30%) and Romania (17.90%) ([17], [27]). The mean
values are shown to be in accordance with the per-
mitted values of free acids ranging from 8.16 to 12.94
mEqg/1000 g. Literature data show various values that
are the same, higher or lower than the studied ones (7.3
- 8.4 mEq/1,000 g; 6.45 mEq/1,000 g, 11.2 mEg/1,000
g) ([10], [13], [17]). The mean values of electrical con-
ductivity range from 0.12 to 0.22 mS/cm, which makes
these results the same as the results obtained on 513
samples of the European black locust honey (0.16 mS/
cm), but lower than the mean values of the Slovenian
black locust with 0.26 mS/cm ([10], and [23]). The sum
of the glucose and fructose, or reducing sugars, at the
level of the European research on 454 samples of black
locust honey gives the mean value of 69.2 g/100 g [23],
in the range of which are the values obtained in this
study, from 70.55 to 70.68 g/100g. All the samples test-
ed show the sucrose share is from 0.10 to 2.90 g/100
g and is equal to the obtained range in the samples
of black locust honey tested by other researchers from
Romania (1.55 g/100 g), Croatia (2.8 g/100 g) and Italy
(2.19/1009) ([17],[23], and [24]). The obtained average
for mean values of diastase activity range from 9.07 to
15.14 DN and are in accordance with the European
(10.5 DN) and other Croatian results for black locust
honey ([23], [27]).The share of HMF is low - a very large
percentage of honey samples had less than 10 mg/kg
(calculated as the upper limit for a first-class honey),
and are in the range of 2.26 to 8.10 mg/kg and are be-
low the mean values obtained by Sari¢ et al,, also on
the samples of the Croatian black locust honey (4.7 -
36.5 mg/kg) [27].

Table 1. The range of mean values of physicochemical parameters in black locust honey in five Croatian regions over

two seasons

ANALYSIS Water Free acids coEI:?jcutcnt?\?ilty Res(i:;cal?g Sucrose Diastase HMF
0
(%) (mEqg/1000g) (mS/cm) (g/100g) (g/1009) (DN) (mg/kg)
max max max min max min. 8 max
REGULATIONS| 509, |50 mEq/100g| 0.8mS/cm | 60g/100g | 10g/100g | MM 3HMF< 40 mg/kg
15mg/kg)
RANGE
" _ 15.99-18.03| 8.16-1294 | 0.12-0.22 [66.94-7068| 0.10-290 | 9.07-15.14 | 0.50-18.99
X
5
o)
(%]
i =
oc =
LITERATURE * = < = = = <
>
Legend:

Values according literature references:
= equally; < less; > larger.
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The share of mineral substances in honey depends
mostly on its botanical origin, but also on the climate
conditions and soil composition [25]. Table 2 shows the
results of the share of 12 micro and macro elements,
expressed in mg/kg of all the five regions over season
| and season Il and are compared with the literature
data. The dominant mineral in samples of black locust
honey analysed in this study is K (31.69 - 81.34%), fol-
lowed by Ca (6.51 - 35.56%) and Na (7.36 - 23.65%).

The lowest average share of Ca expressed in mg/kg
is 33.526 mg/kg, while the highest is 329.327 mg/kg.
These results are higher than the average results ob-
tained in the Slovenian (9.40 mg/kg) and the Romanian
honeys (3.05 mg/kg) ([11], and [17]). The highest mean
value of the Na share amounts to 218.042 mg/kg, and
the lowest value is 23.343. The obtained mean value in
samples of the Romanian black locust honey is lower
(13.02 mg/kg) [17]. The maximum average share of K
is 428.050 mg/kg and the minimum is 205.571 mg/kg.
The available literature data on the samples of the Slo-
venian (390.00 mg/kg) and the Romanian black locust
honeys (187.10 mg/kg) are approximate to the values
of this study ([11], [17]). The largest average share of
Mg in the analysed samples is 49.072 mg/kg while the
lowest is 12.295 mg/kg. Lower mean value of 5.7 mg/
kg of the ones obtained in this study on the samples
of black locust honey were measured the Marghitas et
al, [17]. The maximum value of 30.875 mg/kg of the
average share of Zn is very high, while 0.937 mg/kg is
the lowest. The average share of Zn in the European
honeys ranges as follows: in the Italian 0.178 mg/kg
and the Romanian 1.85 mg/kg, while in the samples of
the Swiss black locust honey (0.217 mg/kg) the values
are slightly lower than the interval of this study ([2],
[5], and [17]). The lowest 0.495 mg/kg and the highest
2.268 mg/kg mean values of Feare equal to the values
obtained with the samples of the Romanian black lo-
cust honey (1.30 mg/kg) [17]. However, the mean val-
ues of the shares of Fe in the Swiss (0.278 mg/kg) and

in the sample of the Italian black locust (0.209 mg/kg)
were lower than the values obtained in this study ([2],
[5]). The largest average share of Cu stands out with
0.951 mg/kg, and the lowest with 0.068 mg/kg. With-
in these values are the values of 0.52 mg/kg obtained
by: Marghitas et al,, 0.18 mg/kg Bogdanov et al,, and
0.0576 Caroli ([17], [2], [5]).

The average share of Mn by regions and seasons is of
the same approximate values of 0.229 mg/kg to 0.090
mg/kg, as well as the value obtained in the studies of
the Romanian (0.16 mg/kg), the Swiss (0.453 mg/kg)
and the Italian black locust (0.09 mg/kg), while in the
Slovenian study the share is bigger (1.5 mg/kg) ([2],
[5], [11], and [17]). The study records the lowest mean
value of Al with 0,859 while the highest is 3.376 mg/
kg. The value for Ni of 1.861 mg/kg stands out as the
highest, and 0.086 mg/kg as the lowest. Average share
for Ni of 0.056 mg/kg was recorded in the samples of
the Swiss black locust honey whereas 0.018 mg/kg in
the samples of the Italian black locust honey, which are
lower values than the values obtained in this study ([2],
[5]). The mean value of the share of Pb in all the regions
over both seasons is of equal values and ranges from
the lowest of 0.024 mg/kg to 0.107 mg/kg. Compliance
with these results is reflected in the Swiss (0.013 mg/
kg), but not in the Italian black locust honey (0.0028
mg/kg) ([2], and [5]). The lowest and the highest mean
values of Cd are from 0.003 to 0.011 mg/kg. The results
of the Italian researchers show lower values in relation
to this study (0.0006 mg/kg) [5].

Graphic presentation is made for the first two factors,
where each variable is shown by the current combina-
tion of factors: the projection of the physicochemical
parameters and micro and macro elements.

Physicochemical parameters and macro and micro
elements are grouped on the right side of the unit
circle, which means that they are positively correlat-
ed with PC1 (minerals - K, Fe and Al; physicochemical

Table 2. Mean value of the mineral content in black locust honey in five Croatian regions over two seasons

MINERAL Ca Na K Mg Zn Fe Cu Mn Al Ni Pb cd
SUBSTANCES | (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg)
Qw o
<= < 33526-(23.343-(205571-12295- | 0.937- | 0.495- | 0.068- | 0.090- | 0.859- | 0.086- | 0.024- | 0.003-
9T 2 329327 (218042428050 | 49.072 | 30.875 | 2268 | 0951 | 0229 | 3376 | 1.861 | 0.107 | 0.011
<C
il
o<
D
£ > > = > = > = =;< / > =;> >
oc
w
E
-

Legend:
Values according literature references:
= equally; < less; > larger.

71



Journal of Hygienic Engineering and Design

parameters - electrical conductivity, free acids, water
and sucrose), but also show a negative correlation with
PC1 on the left side and (all other minerals and physi-
cochemical parameters) (Figure 2).

Figure 3 shows the results of grouping of honey sam-
ples from all the regions and both seasons according
to the mean values of physicochemical parameters
and macro and micro elements. It is noticeable that
all of the regions of season Il are grouped on the right
side and that with PC1 they show high positive values,
as well as in Varazdin and Bjelovar-Bilogora region of
season |. One can talk about the characteristic electri-
cal conductivity, free acids, water and sucrose, as well
as share of Al, K, Fe, but only Cu may characterize IH-9
(Eastern Croatia region, season I).

By comparing Figures 4 and 5 it can be noticed that Fe
is positioned in the coordinate system like the Bjelo-
var-Bilogora region of season |, and Al in the coordi-
nate system as the Bjelovar-Bilogora region of season
II. Potassium is on the same right side of the coordinate
system like different regions/season so we cannot talk

Factor 2. 24.01%

-1.0 05 0.0 0.5 1.0
Factor1:44.35%

Figure 2. The projection of physicochemical parameters
and macro and micro elements in the areaof
the first two factors (PC1vs.PC2)
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Figure 3. The projection of samples of honey
from all the regions over both seasons in the
area of the first two factors (PC1 vs. PC2)
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about K as an element typical of a particular region and
the season, perhaps for |-9 (Istria region - season ).

4, Conclusions

- The conducted pollen analysis shows that the sam-
ples meet the requirements to be classified as unifloral
black locust honey.

- The analysed samples met the physicochemical pa-
rameters of the quality criteria stipulated by the Honey
Regulations [20].

-The share of most of the 12 macro and micro elements
in the analysed black locust honey samples has wide
ranges and the obtained results are in accordance with
the ranges mentioned in the literature data. K appears
in the highest share regarding the macro elements, fol-
lowed by Ca and Na.

-In order to gain an insight into whether physicochem-
ical parameters and the share of micro and macro ele-
ments can characterize a specific region, the first three

0.5

0.0

Factor3: 978%

0.5

-1.0 0.5 0.0 05 1.0
Factor 1:4435%

Figure 4. The projection of physicochemical parameters

and macro and micro elements in the area of the first
and the third factors (PC1 vs. PC3)
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Figure 5. The projection of samples of honey from all the
regions over both seasons in the area of the first and the
third factors (PC1 vs. PC3)
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factors were taken into consideration in the interpre-
tation. One can speak of the characteristic electrical
conductivity, free acids, water and sucrose, as well as
the share of Al, K, Fe, but only Cu may characterize IH-9
(Eastern Croatia region, season I).

- One can speak of the characteristic physicochemical
parameters: electrical conductivity, free acids, water
and sucrose, as well as the share of macro and micro
elements AL, K and Fe, but only Cu may characterize a
specific region which would be Eastern Croatia region,
season .
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