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ABSTRACT

Honey is a key product of the traditional agriculture in Hungary and an important export com-
modity of the Hungarian commerce. The content of metals in honeys is essential for food quality
and safety, in addition to which it provides elemental fingerprints about the region where the
honey was collected. The aim of this study was to determine and compare the element content
of black locust, oilseed rape and sunflower honey samples collected from the southern part of the
Hungarian Great Plain. The major (K and Mg), trace (Fe, Zn, Cu, Mn, B, Al, Co, Ni, Se and Mo)
and toxic elements (As, Pb and Cd) of the samples were determined by Inductively Coupled
Plasma-Mass Spectrometry (ICP-MS). Principal Component Analysis (PCA) was performed to
compare the mineral content of the different honey types. Our analyses revealed that K was the
most abundant element in the investigated honey samples. Among the trace elements, B, Fe, Zn
and Cu were found in the highest concentrations. Sunflower honey contained the highest con-
centrations of K, Mg and Mn, while oilseed rape honey showed the highest B content. The mi-
neral content of honeys decreased in order of sunflower, oilsed rape and black locust. There were
no differences among the honey types in the toxic element content (As, Pb and Cd), which was
under the detection limit in many honey samples. According to the multivariate method, the
Mg, B, Al, K and Zn contents are considered to be the most important indicator for distin-
guishing the investigated honey samples and types. The results obtained from the mineral
content analyses showed that differences in major, trace and toxic elements between Hungarian
unifloral honeys as well as a detailed comparison of honeys with different geographic origins can
be used for quality assessment.
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INTRODUCTION

Honey quality has significant economic importance, since it affects food
processing, production and consumer expectations. Owing to the geographic
and climatic conditions, honey production and beekeeping have been impor-
tant agricultural activities for hundreds of years in Hungary and especially
in the Hungarian Great Plain (SztGcs 2010). According to the data given by
the National Hungarian Apiculture Association (Orszagos Magyar Méhészeti
Egyesiilet, OMME), there were 18,782 beekeepers in Hungary in 2011, and
1,065,860 honey bee colonies produced about 20,000 tons of honey per year
(Toéta 2011). There are some regions in Hungary which provide a unique
opportunity for food and honey production activities. One of the most impor-
tant areas, from both a commercial and economic point of view, is the Hun-
garian Great Plain. This area is characterized by a continental climate and
special soil conditions. Many types of unifloral (black locust, rape and sunflo-
wer) and multifloral honeys of this region are produced by about 28,000 ho-
ney bee colonies (ToTH 2011).

Chemical markers based on the analysis of the compositional data of
honey volatile compounds, phenolic acids, flavonoids, carbohydrates, amino
acids and mineral contents, are optimal to investigate the authentication and
characterization of botanical and geographic origins of unifloral honeys
(KaskoniENE, VENSKUTONIS 2010). However, one of the most important indica-
tors of honey quality is the mineral content, which strongly depends on the
geographic origin of honeys and can be used for the classification of honey
samples (TERrAB et al. 2004, HERNANDEZ et al. 2005, BogpaNov et al. 2007,
TuzeN et al. 2007, P1sant et al. 2008, KASKONIENE, VENSKUTONIS 2010, Nowak et
al. 2011, pE ALDA-GARCILOPE et al. 2012, CHEN et al. 2014). The macro- (K, Ca,
Mg and Na), trace (Fe, Cu, Mn, Zn, B, Ni and Co) and toxic elements (As,
Cd, Pb) are taken up by the plant’s root system, transported to flowers via
stems and finally secreted into nectar, which is the source of honey. Thus,
the mineral content of honey mostly depends on the soil composition and also
on the type of plant species (PrzyBYLOwsKI, WILCZYNSKA 2001, STANKOVSKA et
al. 2008, PoHL 2009). Some of the heavy metals (e.g. As, Pb and Cd) can ac-
cumulate in honey as a result of environmental contamination (ConTi, BOTRE
2001, PoHL 2009, CitaK et al. 2012). As well as being an important indicator
of honey quality, the metal content provides elemental fingerprints about the
region where the honey was collected. Trace element analysis by Inductively
Coupled Plasma-Mass Spectrometry (ICP-MS) together with multivariate
analysis are useful tools for identification of honey authenticity using the
mineral content profile; becides, they reveal the relationship between the
distribution of elements and unifloral honey types (CHUDZINSKA, BARALKIEWICZ
2010).

The mineral content of the Hungarian honeys has been studied for just
some species (Czipa et al. 2008, ZajAcz et al. 2008) and no data are available
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on the metal content of unifloral honeys originated from the Hungarian Gre-
at Plain. Our aim was to study the mineral content of unifloral honeys from
the southern part of the Hungarian Great Plain and to compare the macro-,
trace and toxic element content of honey samples from this region using IC-
P-MS, which can help to classify the honeys according to their botanical and
geographic origin.

MATERIAL AND METHODS

Samples

Twenty-seven unifloral honey (black locust, rape and sunflower) samples
were collected in 2013 and 2014 from different locations of the Hungarian
Great Plain (Figure 1). The honey samples were taken directly from beek-
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Fig. 1. Locations of the sampling points in Hungary

eepers. All samples were unpasteurized and were taken no more than three
months after extraction. Samples were stored in tubes and kept at 4-5°C in
dark. Before sampling, the honey tubes were gently heated to 50-60°C. The
declared botanical origin by the producers was considered.
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Instrumentation

Elemental analysis was carried out by XSeries II Inductively Coupled
Plasma-Mass Spectrometry (ICP-MS; Thermo Scientific, Bremen, Germany).
A MarsXpress microwave destructor system (CEM, Matthews NC, USA) of
Teflon reaction vessels was used in all the digestion procedures. The reaction
vessels were cleaned using 10 ml of concentrated nitric acid before each dige-
stion.

Reagents and solutions

All used chemicals were of analytical-reagent grade. Double-distilled
water was used in all dilutions. HNO, (Reanal, Budapest, Hungary) and
H,0, (Merck, Darmstadt, Germany) were of suprapure quality. The element
standard solutions used for calibration were prepared by adequate dilution of
standard solutions (1000 mg L) of each element obtained by Sigma (Sigma
-Aldrich, St. Louis MO, USA). The same procedure was applied to prepare
the solutions of Ga, Pt and Rh (1000mg L™ stock solution, Sigma), which
were chosen as the internal standards for the mass spectrometric technique.

Determination of the elements

Concentrations of macro- and trace elements were determined by ICP
-MS. 250 mg of each honey sample was homogenized and placed for 20 h in
test tubes, which contained 6 ml concentrated nitric acid (HNO,) and 2 ml
H,O,. The samples were digested in a microwave destructor at 200°C for
25 min (1600 W). Samples were then cooled and diluted with 12 ml double-
distilled water. ICP-MS was used to determine the metal content in the ho-
ney samples. The operating parameters are presented in Table 1. Results
were expressed in pg or ng element g! honey. Data are presented as average
values £SD, n = 3.

Table 1
Instrumental characteristics and setting for ICP-MS
Spectrometer Thermo Scientific XSeries II ICP-MS
Nebulizer Micromist
Interface Sampler and skimmer cones in Ni
RF generator 1400 W
Argon flows (L/min) 0.8
Nebulizer pump (rps) 0.1
Scanning condition number of replicate 3, dwell time 0.1 s
Internal standards 5Ga, [Rh, Pt
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Statistical analysis

Different metal contents between distinct unifloral honey groups were
subjected to one-way analysis of variance (ANOVA) to determine the presen-
ce of significant differences (Duncan test, significance level: P < 0.05), using
Sigma plot 11.0 software (Systat Software Inc., Erkrath, Germany). To com-
pare the mineral content of the different honey types, Principal Component
Analysis (PCA) ordination was performed using the matrix of variance—cova-
riance of the log-transformed (logl0(x+1)) data of honey samples (15 ele-
ments X 27 honey samples). PCA is a multivariate method which is an objec-
tive way of addressing the problems of large numbers of variables and which
1s commonly used for clustering datasets (JoLLIFFE 2002). A biplot ordination
diagram, which gives a simultaneous display of both honey samples and ele-
ments, was used to visualize the results. PCA analysis was conducted with
PAST 3.05 (HaMMER et al. 2001).

RESULTS AND DISCUSSION

Differences in mineral content

The mineral content of the studied unifloral honeys is shown in Table 2.
K was the most abundant mineral in all unifloral honey samples. The K con-
centration ranged from 446.30 to 790.17 mg kg in sunflower honey, while
the average was 590.9 mg kg!, which was significantly higher compared to
the oilseed rape (320.06 mg kg') or black locust (282.68 mg kg') honeys
(Table 2). Similar values of K were found in black locust honeys from Slove-
nia (GoLoB et al. 2005, KroprF et al. 2010) and Croatia (BILANDZIC et al. 2014),
in sunflower honeys from India (KamBoJ et al. 2013) and in oilseed rape ho-
neys from Poland (MapEJCzYK, BARALKIEWICZ 2008, CHUDZINSKA, BARALKIEWICZ
2010). However, ALQARNI et al. (2014) found more K in the black locust honey
from Saudi Arabia compared to our results. The average Mg content was si-
gnificantly higher in sunflower honey (30.49 mg kg!) compared to oilseed
rape (17.43 mg kg') or black locust (7.55 mg kg?') honeys (Table 2). The Mg
concentration ranged from 24.23-38.71 mg kg'in sunflower honey. In compa-
rison to our results, MapeJczykK and BaraLkiewicz (2008) found lower Mg
content in oilseed rape honeys from Poland, while ALQARNI et al. (2014) found
higher Mg content in black locust honeys from Saudi Arabia. However,
BiLanpzi¢ et al. (2014) and DevILLERS et al. (2002) found similar Mg content
in black locust honey from Croatia and France.

Both the Mn and B contents showed significant differences in the honey
types (Table 2). The Mn concentration was significantly lower in the black
locust honey (0.13 mg kg?') compared to the sunflower (0.19 mg kg') and oil-
seed rape honeys (0.23 mg kg'). The Mn content in the oilseed rape honeys
from Poland and the black locust honeys from France was similar to that in
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Table 2
Average element contents of unifloral honey samples from the Hungarian Great Plain
Honey type
Parameter
black locust (n = 9) oilseed rape (n =9) sunflower (n = 9)
K (mgkg")
mean + 282.68¢ + 8.88 320.06%+ 9.98 590.91+ 14.23
SD range 195.73-400.70 197.20-473.70 446.30-790.17
Mg (mg kg™)
mean + SD 7.558+1.21 17.43%+1.81 30.494+ 3.57
range 4.94-14.77 5.24-25.65 24.23-38.71
Fe (mg kg)
mean + SD 6.50N+ 1.00 6.18%5+0.95 6.07N+ 1.16
range 2.79-9.67 2.90-9.26 2.71-8.70
Zn (mg kg)
mean + SD 1.80%+ 0.56 1.73%+0.21 2.84N5+ 0.71
range 0.56-4.57 0.34-3.05 1.02-5.00
Cu (mg kg)
mean + SD 1.91%40.10 2.0285+ 0.07 1.94%+0.38
range 0.36-4.47 0.52-3.09 0.57-3.71
Mn (mg kg)
mean + SD 0.132+ 0.02 0.234+ 0.02 0.194+ 0.01
range 0.04-0.25 0.12-0.34 0.14-0.25
B (mg kg™
mean + SD 5.812+0.31 15.984+ 0.56 9.478+ 0.29
range 3.00-8.06 5.19-35.24 8.54-10.89
Al (mg kg™)
mean + SD 1.58%5+0.37 3.278+ 0.30 2.13¥5+0.46
range 0.83-2.34 1.28-11.54 1.30-3.23
Co (mg kg™)
mean + SD 0.006Y+ 0.001 0.008%+ 0.001 0.005%+ 0.001
range 0.002-0.013 0.003-0.016 0.003-0.008
Ni (mg kg!)
mean + SD 0.103%+ 0.025 0.085%5+ 0.008 0.121¥+0.017
range 0.028-0.207 0.058-0.105 0.97-0.160
Se (mg kg)
mean + SD 0.031N+ 0.009 0.019%+ 0.004 0.045%+ 0.007
range 0.008-0.058 0.001-0.070 0.008-0.109
Mo (mg kg?)
mean + SD 0.007%+ 0.001 0.006 N+ 0.001 0.010%+ 0.001
range 0.003-0.011 0.003-0.009 0.004-0.022
As (mg kg?)
mean + SD 0.067N+ 0.009 0.062%+ 0.006 0.034N8+0.009
range 0-0.188 0.006-0.215 0.009-0.082
Pb (mg kg)
mean + SD 0.050N+ 0.009 0.022%5+0.003 0.049%+0.013
range 0-0.161 0-0.063 0.004-0.128
Cd (mg kg)
mean + SD 0.001N%+ 0.001 0.005M+ 0.001 0.005%+ 0.001
range 0-0.006 0-0.012 0.001-0.011

The number of samples of each honey type (n) is given in parentheses.

SD = Standard error of the mean.
Means denoted by different letters indicate significant differences at the 0.05 level (ANOVA,
Duncan’s multiple range test).

NS = not significant.
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the Hungarian samples (MADEJCzZYK, BARALKIEWICZ 2008, DEVILLERS et al.
2002). However, the black locust honeys from Saudi Arabia (ALQARNI et al.
2014) and Slovenia (GoLoB et al. 2005, Kropr et al. 2010) contained more Mn
than those from Hungary. This is also true for the oilseed rape honeys from
Switzerland (Boapanov et al 2007). We found that the B (15.98 mg kg?) con-
tent of the rape honey was higher than that of the sunflower (9.47 mg kg')
and black locust (5.81 mg kg') honey (Table 2). The average B concentration
was higher in the Hungarian oilseed rape honeys than in the Polish ones
(MaprJczyk, BaraLkiEwICcZ 2008, CHUDZINSKA, BARALKIEWICZ 2010). In contrast,
we did not find significant differences between the unifloral honey types con-
sidering their Fe (2.71-9.67 mg kg?), Zn (0.34-5.00 mg kg?), Cu (0.36-4.47 mg
kg?), Al (0.83-11.54 mg kg?), Co (0.002-0.016 mg kg?), Ni (0.028-0.207 mg
kg, Se (0.001-0.109 mg kg') and Mo (0.003-0.022 mg kg') contents (Table 2).
However, a higher Fe content was observed in the black locust honey from
Saudi Arabia (ALQARNI et al. 2014) and a lower content occurred in such
honeys in Slovenia (GoLoB et al. 2005), Croatia (BiLanpzi¢ et al. 2014) and
France (DeviLLERS et al. 2002). The trace element content of the investigated
oilseed rape and sunflower honeys was similar to the trace element content
of honey from Poland (MaDpEJCzZYK, BARALKIEWICZ 2008, CHUDZINSKA, BARALKIE-
wicz 2010), India (KamBoJ et al. 2013) and Switzerland (BoapaNov et al.
2007). The Zn content was higher in the sunflower honey from India (KamBoJ
et al. 2013) and the oilseed rape honey from Switzerland than in Hungarian
samples (Boapanov et al. 2007), but it was similar to the oilseed rape honey
from Poland (MADEJCZYK, BARALKIEWICZ 2008, CHUDZINSKA, BARALKIEWICZ 2010)
and the black locust honey from Saudi Arabia (ALQARNI et al. 2014), Switzer-
land (BoapaNov et al. 2007), Slovenia (GoLoB et al. 2005) and Croatia (BILAN-
Dz1¢ et al. 2014). A study by MabpEJczyk and BArRALKIEWICZ (2008) revealed
similar content of Cu, Al and Ni in the Polish oilsed rape honey compared to
our results. Lower Co and higher Ni content was detected in the black locust
honey from France (DEVILLERS et al. 2002) and Saudi Arabia, compared to the
Hungarian results (ALQARNI et al. 2014). Bocepanov et al. (2007) measured
similar Ni but lower Cu contents in the black locust and oilsed rape honey
originating from Switzerland. However, the Croatian black locust honey con-
tained higher Cu content (BiLanpzi¢ et al. 2014). Moreover, DEVILLERS et al.
(2002) found a lower Al content in the black locust honey from France com-
pared to the Hungarian samples.

We did not find any differences between the honey types considering
their toxic element content (As, Pb and Cd) — Table 2. The average As
(0.067 mg kg!') and Pb (0.050 mg kg') contents were the highest in the black
locust honey and the average Cd content peaked in the oilseed rape honey
(0.005 mg kg?'). On the other hand, we have to mention that the levels
of toxic elements were under the detection limit in many honey samples.
CHupzinska and Baravrkiewicz (2010) found similar levels of Pb and Cd in the
Polish oilseed rape honey and Bocpanov et al. (2007) measured similar levels
of Pb and Cd in Swiss black locust and oilseed rape honey. In the black
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locust honey from Saudi Arabia (ALQARNI et al. 2014) and Slovenia (GoLOB et
al. 2005), the levels of these elements were higher than in the Hungarian
samples. However, BiLanpzi¢ et al. (2012, 2014) found similar As and Cd
contents but higher Pb content in the black locust and oilseed rape honey
from Croatia.

Multivariate analysis of samples
The ordination diagram of PCA also revealed differences among the uni-
floral honey types (Figure 2) and confirmed the results obtained with the
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Fig. 2. Biplot ordination diagram of the first two Principal Component Analysis (PCA) axes
with honey samples and elements (Al-Zn). Four elements (Co, Cd, Mo and Se) have minor
influence on the separation of samples, and therefore are not shown in the figure. Percentage of
variance explained by the PCA axis 1 and PCA axis 2 is 45% and 21%, respectively

ANOVA. The PCA axis 1 explained 45%, while the PCA axis 2 explained
21% of the variance in the mineral content. Axis 1 opposed black locust ho-
ney samples, on the left, and sunflower honey samples, on the right. Four
out of nine oilseed rape honey samples were situated between the black lo-
cust and sunflower samples. One oilseed rape honey sample was very similar
to black locust honey samples. There was considerable variation among the
oilseed rape honey samples, whereas the sunflower honey samples were the
most similar to one another. At the lower end of PCA axis 1, samples shoved
a relatively low content of Mg, K, B and Al, while at the higher end of this
axis samples showed a relatively high content of Mg, K, B and Al. Only two
oilseed rape honey samples were separated clearly from the other samples
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along PCA axis 2, by containing a relatively high content of B and Al, and a
relatively low content of K and Zn. Other elements played a smaller role in
the differentiation of samples. Four elements (Co, Cd, Mo and Se) which had
the lowest influence on the separation of samples are not shown in Figure 2,
although their eigenvector scores can be found in Table 3.

Table 3
Eigenvector scores of elements in two main Principal
Component Analysis (PCA) axes

Elements PCA axis 1 PCA axis 2

(45%) (21%)

Mg 0.7981 -0.2093

K 0.4275 -0.3398

B 0.3636 0.6389

Al 0.1837 0.5322

Zn 0.0755 -0.3454

Cu 0.0670 0.1477

Mn 0.0514 0.0230

Fe -0.0382 0.0686

Pb -0.0073 -0.0130

Ni 0.0066 -0.0164

Se 0.0052 0.0017

As -0.0031 0.0499

Mo 0.0019 -0.0018

Cd 0.0011 -0.0007

Co 0.0010 0.0018

Matrix of 15 elements x 27 unifloral honey samples. Values

are ranked in order of absolute magnitude along PCA axis 1.

Values in parentheses indicate variance accounted for by

each axis.

CONCLUSIONS

The results obtained from the trace element analysis showed that diffe-
rences in major, trace and toxic elements between Hungarian unifloral honey
as well as a detailed comparison of honey samples with different geographic
origins can be used for quality assessment. We can conclude that the investi-
gated honey types were of good quality and contained only very small amo-
unts of toxic elements (As, Pb and Cd). However, their K, Mg, B and Fe
contents were relatively high and the total mineral content decreased in or-
der of sunflower, oilseed rape and black locust. According to the multivariate
method, the Mg, B, Al, K and Zn contents of the samples are considered to
be the most important indicator for differentiating between the investigated
honey samples and types.
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