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Abstract
Data on elemental and isotopic content as well as physico-chemical parameters
together with chemometrics were applied for classification of multifloral and forest honey
samples according to their geographical origin i.e. Slovenian regions. Slovenia is
divided into four natural-geographic macroregions and to nine submacroregions.
Elemental contents were determined with a total reflection X-ray fluorescence
spectroscopy (TXRF). Isotopic parameters, such as '*C value in honey and 'C and
N values in protein fraction isolated from honey, were determined with an isotopic
ratio mass spectroscopy (IRMS). Along this, physico-chemical parameters: content of
water, ash, free and total acids, lactones, proline and protein and also electrical
conductivity, pH value, specific rotation and colour (L', a’, b’) were determined. Various
statistical methods were used to examine differences among honey samples of the
same honey type but from different geographical regions. The parametric tests pointed
out some statistically significant differences, nonparametric tests showed even more
differences, since they are less sensible. Multivariate tests showed different results. No
differences among regions were detected with the principle component analysis (PCA).
On the other hand, with the linear discriminant analysis (LDA) differences among
regions were found for both honey types. It was concluded that analysed parameters
are applicable for characterization of the honey type from certain region. The research
proved that it would be possible to determine and verify geographical origin of multifloral
and forest honey from Slovenia by use of elemental and isotopic composition of honey
in combination with chemometrics.

Keywords: honey; geographical origin; elemental content; isotope ratio; statistical
analysis

Introduction

Honey is a sweet natural product, produced by honeybees. Honeybees forage on plants
over a relatively large area, each of them visiting thousands of flowers per day and
therefore honey is usually a mixture of different kinds of nectars and/or honeydews.
Multifloral honey is a mixture of nectars where no specific flower prevails in sensory and
pollen characteristics. Forest honey is a mixture of various types of honeydew where
none of the plants prevails in sensory characteristics of honey.
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As already demonstrated, multifloral and forest honey greatly differ in elemental content
[1-4]. These honey types also differ in their physico-chemical parameters [5-8]. These
are the main reasons why honeys of different botanical origin must not be equated
when controlling and verifying the geographical origin of honey. The latter statement
was also confirmed by Bogdanov et al. [7], who ascertained that botanical factors have
the greatest influence on the trace element content of honey when studying
environmental, geographical and botanical aspects of the mineral content in honey. The
geographical origin of honey was previously studied by many researchers around
Europe [9], especially in Spain [10-16]. But in most of these cases the authors
neglected the botanical influence on the composition of honey and tested only the
differences among regions, although discrepancies observed derived from different
nectars and/or honeydews [10,11,13].

Chemometrics is usually used for the determination of the geographical origin of honey
in combination with physico-chemical data on honey composition and other properties
that include basic parameters such as water content and electrical conductivity [10-11],
the content of chemical elements, antioxidants and many others factors. The natural
stable isotopes of carbon and nitrogen were already used in this manner. The carbon
isotope ratio can also be determined in honey. White and Doner [17] developed a
method called stable carbon isotope ratio analysis (SCIRA) that evolved into the method
named internal standard carbon isotope ratio analysis (ISCIRA) [18-20], which is also
an AOAC method for detecting sugars from C4 plants in honey that indicate honey
adulteration or forgery. Differences in the 'C values were found among different honey
types [21-22]. Some authors claimed that differences in this value also depend on the
geographical origin of the honey [23-24]. Romero-Arauco et al. [25] found differences in
the "N values of honeys that depended upon both the botanical and the geographical
origin. The latter effect was due to the different fertilization status of soil.

The content of elements in honey can be determined by different methods. For
determination of geographical influence on honey composition numerous honey
samples must be tested. Consequently only fast, inexpensive and repetitive methods
are appropriate for this kind of research. As such, total reflection X-ray spectrometry
(TXRF) was proven to be suitable in our preliminary researches [1,4]. Elemental
contents often had the main impact on successful discrimination between honey
samples regarding to their geographical origin [12-16].

To date, no research study to examine the geographical origin of honey from one whole
country was reported. The regionalization of Slovenia into the four natural-geographical
macroregions Alpine, Dinaric, Pannonian and Mediterranean [26] was used to
determine the geographical origin of selected honey samples. Two honey types from
Slovenia were included in this work: multifloral and forest. Elemental contents and
isotopic parameters, including natural stable carbon and nitrogen isotopes, along with
some basic physico-chemical parameters were determined. To our knowledge there are
few studies where stable isotope nitrogen analysis of honey proteins was included and
therefore this study represents one of the first systematic researches in this area. The
distribution of the honey samples analysed into different Slovenian natural-geographical
regions regarding these parameters was done by various statistical methods
(chemometrics).
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Materials and methods

Sampling. Honey samples were collected directly from beekeepers in different natural-
geographical regions of Slovenia and were stored in plastic containers at room
temperature prior to analyses. The type of honey was determined by means of sensory
analysis [27] and melissopalynology [28]. In total 83 honey samples were included in
this work: 43 samples of multifloral honey and 40 samples of forest honey.

Table 1. Year of production of the analysed mulifloral and forest honey samples from Slovenia

Number of samples

Honey type
year 2004 year 2005 year 2006 together
multifloral 14 16 13 43
forest 15 15 10 40
together 29 31 23 83

Honey samples were obtained from three production years (Tab. 1) and from different
natural-geographical macroregions of Slovenia (Fig. 1). The latest and most complete
regionalization of Slovenia into four natural-geographical regions [26] is primarily based
on the analysis of geology, surface relief, climate, vegetation, and land use, and is
shown in Fig. 1.
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Figure 1. Distribution of multifloral and forest honey samples among four Slovenian regions

Samples of each honey type originated from two or four different macroregions.
Multifloral honey samples originated from all four Slovenian macroregions, while forest
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honey samples originated only from the Alpine and Dinaric macroregion of Slovenia.
This honey type is not common for the Mediterranean and the Pannonian region, since
there are no large condensed forests there.

Sample preparation. All samples were liquefied at 40 °C and homogenised in an
ultrasonic bath for half an hour prior to analyses.

Elemental analysis by the TXRF method. Approximately 0.3-0.7 g of honey was
weighed in a 30 ml plastic tube (Sarstedt), 1 ml of a solution of Ga (Merck, Certipur®,
Germany) (0.01 g/l) as an internal standard was added and diluted to 10 ml total volume
with MilliQ water. The solution was shaken until all the honey was dissolved and then
homogenised in the ultrasonic bath for 1 hour. 10 pl of the obtained solution was
transferred onto a quartz (reflector) substrate, dried in a desiccator for at least 12 hours
(overnight) and then the sample was measured by the TXRF as a thin dry residue on
the flat quartz reflector.

The TXRF method was described in details by NeCemer et al. [4]. The evaluated
uncertainty of this procedure included the statistical uncertainty of measured intensities
and the uncertainty of the mathematical fitting procedure. The overall uncertainty of the
spectral measurement and analysis was in most cases lower than 1%.

The measured X-ray spectrum in the TXRF mode of excitation contained the fluorescent
lines of most of the elements above Si, which were present in the sample, including the
lines of the internal standard (Ga). Quantitative analysis based on the internal standard
of known concentration was straightforward because the sample was thin and matrix
corrections could be neglected. As already mentioned, the TXRF technique requires
only very simple and contamination-free sample preparation, is multielemental, and
allows fast analysis of at least 6 to 10 samples per hour.

Isotopic analysis by IRMS. The SCIRA method (AOAC 998.12) was used for
determination of 'C in honey and the ISCIRA method for determination ™C in
proteins isolated from honey [18,20]. Honey (0.6 mg) was transferred directly into a tin
capsule (SerCon, Great Britain), closed with tweezers, and put into the automatic
sampler of the elemental analyser. Proteins from honey were isolated according to the
AOAC Official Method 998.12. Briefly, a 10 g sample of honey was placed in a 50 ml
centrifuge tube and 4 ml of distilled water was added and mixed. 2 ml of 10% sodium
tungstate solution was mixed thoroughly with 2 ml of 0.7 N sulphuric acid. The solution
was added to the centrifuge tube and mixed with the honey solution. The tube was
agitated in a water bath at 80 °C until visible flocks were formed, after about 45 min.
The sample was then centrifuged and the supernatant removed. The precipitate was
washed with distilled water and agitated, and then the precipitate was separated. The
washing was repeated at least five times, until the supernatant was clear. The
precipitated protein was transferred into the eppendorff tube, centrifuged and the
supernatant removed. The sample was then dried on a freeze dryer or in a speed
vacuum. 2-4 mg of dried protein was placed into a tin capsule and separately run for &
3C and 5'°N measurements.

All analyses were performed on an Europa Scientific 20-20 continuous flow mass
spectrometer with an ANCA-SL solid-liquid preparation module. The *C/*?C and ">N/™N
ratios were expressed in the delta notation, 3'°C and 5'°N, as the deviation in per mil
(%0) from the V-PDB standard for carbon and the AIR standard for nitrogen. The
reproducibility of measurements was +0.2%o for 8'°C and +0.3%. for 3'°N. Analyses
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were calibrated against international standards: IAEA-NBS22 (oil), IAEA-CH-7 and
IAEA-CH-6 with 8'°C values of -29.7 + 0.2%o, -31.8 * 0.2%0 and -10.4 % 0.2%s,
respectively, for carbon and IAEA-N1 and IAEA-N2 with '°N values of +0.4 + 0.2%o and
+20.3 + 0.2%o, respectively, for nitrogen.

Physico-chemical analysis. In all honey samples the content of water (AOAC 969.38),
content of ash (AOAC 920.181), content of total and free acids and lactones (AOAC
962.19), content of proline [29] and protein content (Kjeldahl method, AOAC 962.18,
f=6.25) were determined, accompanied by determination of the electrical conductivity
[30], pH value (AOAC 962.19), specific rotation [29] and CIE L, a, b colour parameters
[6].

Statistical analysis. The statistical calculations were obtained using the StatistiXL
statistical software package (1.8) and SPSS 15.0 for Windows, Evaluation Version.
Basic statistics included means (median, arithmetic), analysis of variance (ANOVA),
Students t-test and Kruskal-Wallis one-way analysis of variance by ranks (Kruskal-
Wallis test) and Wilcoxon-Mann-Whitney test. Multivariate analysis included principle
component analysis (PCA) and linear regression analysis (LRA).

Results

The average values of all analysed parameters regarding the honey type and
geographical origin are shown in Tab. 2 and 3.

The data were not normally distributed (data and graphs not shown). Furthermore, in
many cases groups tested with ANOVA were not homoscedastic, nor were the residuals
normally distributed. These observations indicate that in most cases only non-
parametric statistical comparisons among groups are adequate. Only some parameters
were analysed using ANOVA and these are specified in Tab. 2 and 3.

Outliers and extreme outliers of certain parameters for individual honey types were
eliminated prior to calculation of averages. The missing values were later (after basic
statistics) replaced because the mean values of individual parameters for the relevant
honey type from a distinct region because multivariate methods demand full matrix of
data (all samples and parameters).

Samples of multifloral honey were obtained from Alpine, Dinaric, Pannonian, and
Mediterranean macroregions (Tab. 1). The analysis of variance (ANOVA) showed
differences among multifloral honey groups produced in the different natural-
geographical regions in the content of Cl and in colour parameter b  (Tab. 2). Multifloral
honey from Dinaric region differentiated from the other three regions in a lower Cl
content. Samples from Dinaric region had lower values of parameter b, which
represents yellow tones in honey, therefore this samples had less yellow component in
the colour than samples of multifloral honey from the Alpine and Pannonian regions.
The Kruskal-Wallis test among multifloral honey groups revealed significant differences
beside parameter b* also in the content of protein and in values &"*Choney (Tab. 2).
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Table 2. Average values of all analysed parameters in multifloral honey samples from different Slovenian

macroregions

Analyis  Kruskal-
p . Geografical macroregion of Slovenia of Wallis
arameter Unit .
variance test
Alpine Dinaric Pannonian  Mediterranean p<0.05 p<0.05
No. samples 11 6 18 8
electrical g iom 0.547 0.480 0.541 0.576
conductivity
ash g/100 g 0.18 / 0.24 0.22
pH 4.34 3.39 4.48 4.29
total acids meqg/kg 26.89 25.67 20.26 24.90
lactones meqg/kg 4.11 4.10 3.73 3.17
free acids meq/kg 21.50 21.57 16.59 22.15
proline mg/kg 430 467 406 518
protein g/100 g 0.294 0.257 0.294 0.338 0.041
L 55.72 55.40 56.19 55.90
a 0.48 0.44 0.66 0.59
b’ 44.69° 37.86° 42.65° 41.61°° 0.049 0.041
specific rotation -16.5 -14.8 -17.3 -15.6
S mg/kg 66.0 n.d. 60.5 26.4
Cl mg/kg 270° 166° 276° 299° 0.032
K mg/kg 1090 1070 1110 1220
Ca mg/kg 59.6 54.8 56.8 77.3
Mn mg/kg 3.06 3.80 2.81 3.34
Rb mg/kg 2.65 4.16 2.52 3.48
5" Choney %o -26.2 -25.2 -25.8 -26.2 0.029
5" Cprotein %o -25.0 -24.5 -24.6 -25.4
5"N %o 2.2 2.6 1.8 25

n.d. not detected

Samples of forest honey originated from Alpine and Dinaric regions of Slovenia (Fig. 1).
The Student’s t-test and Wilcoxon-Mann-Whitney’s test showed differences between
forest honeys from the two regions in the contents of ash, total and free acids, and
lactones as well as in the pH values (Tab. 3). Forest honey samples from Dinaric region
contained less ash, and total and free acids, but higher amount of lactones and had
higher pH values.
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Table 3. Average values of all analysed parameters in forest honey samples from different Slovenian
macroregions

Geografical macroregion of ttest Wilcoxon-Mann-
Parameter Unit Slovenia Whitney test
Alpine Dinaric p <0.05 p <0.05
No. samples 27 13
electrical mS/cm 1.230 1.226
conductivity
ash g/100 g 0.56 0.45 0.022 0.018
pH 4.77 5.08 0.000 0.000
total acids meq/kg 29.82 23.49 0.004 0.005
lactones meq/kg 0.64 2.11 0.000 0.007
free acids meq/kg 29.18 21.38 0.001 0.001
proline mg/kg 444 434
protein g/100 g 0.296 0.274
L 43.20 45.12
a 9.42 8.99
b 34.46 35.27
specific rotation 10.2 8.1
S mg/kg 54.0 60.4
Cl mg/kg 313 304
K mg/kg 2950 2900
Ca mg/kg 62.0 53.7
Mn mg/kg 6.68 6.86
Rb mg/kg 11.8 18.4 0.016 0.048
3"°Choney %o -25.8 -25.2
5"°Cprotein %o -25.6 247
5"°N %o 0.4 1.4
Discussion

In an attempt to establish differences among Slovenian multifloral and forest honeys
from different natural-geographical macroregions of Slovenia, some chemometric tools
were applied to the analysed parameters: principle component analysis (PCA) and
linear discrimination analysis (LDA).

PCA was performed to provide a data structure study in a reduced dimension, covering
the maximum amount of the information present in the basic data. Separation of the
honeys with the same geographical origin was not achieved by this method. Therefore,
no numerical or graphical results of PCA are shown in this paper.

All parameters analysed were included in the LDA, where parameters with the highest
discriminant power were chosen with a forward iteration. The first canonical variable
(that accounted for the highest variability among honey groups) was the one that the
best discriminated among honey groups. The second was the next best linear function
orthogonal to the first canonical variable and accounted as well as possible for
differences among honey groups not shown by the first one, etc.

Fig. 2 shows plot of the first two functions obtained by LDA for Slovenian multifloral
honeys. Groups of honey samples from specific macroregions are very well separated.
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Function 1 explained 58.8% of the total variance and function 2 32.3%. Multifloral
honeys differed mostly because of the differences in Rb content and pH values.
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Figure 2. LDA plot for Slovenian multifloral honey samples

Fig. 3 shows plot of the first two functions obtained by LDA for Slovenian forest honeys.
The major contributions to discriminating forest honeys according to their geographical
origin were contents of Rb and ratio Mn/Rb.
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Figure 3. LDA plot for Slovenian forest honey samples

By applying classification functions to the samples, their validity can be verified
according to the percentage accuracy of each case into its corresponding group (Tab.
4). It can be observed that all multifloral honey samples were correctly classified (100%)
into their original groups (Alpine, Dinaric, Pannonian and Mediterranean), while for
forest honeys a 95% correct classification was achieved (two samples out of fourty were
misplaced).
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Table 4. Classification of Slovenian multifloral and forest honey samples according to their geographical
origin

Predicted group membership Correctly
Htongy Original group classified -I;E’)/t?l
yp Alpine Dinaric Mediterranean  Pannonian sar(w;/p)les °
(o]
Alpine 11 100
multifloral Dinaric 6 100 100
Mediterranean 8 100
Pannonian 18 100
Alpine 26 1 96.3
forest 95
Dinaric 1 12 92.3

Conclusions

The parameters analysed enabled differentiation of samples regarding the geographical
origin within particular honey type, namely multifloral and forest honeys. The PCA did
not give satisfactory results, while LDA proved to be the most suitable method.
Grouping of multifloral honey samples was based on the Rb content and the pH value,
while grouping of forest honeys based on the Mn/Rb ratio and the Rb content.
Completely correct classification of multifloral honey samples was achieved with the
LDA method, while for forest honey samples two samples out of 40 were misplaced,
resulting in a 95% correct classification.

The results of this study indicate that the geographical origin of honey can be
determined on the basis of selected physico-chemical parameters. This is of great
importance for the protection and verification of the geographical origin of authentic
Slovenian honeys.
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