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1. Project team

University of Veterinary Sciences Brno

associate professor DVM. Matej Pospiech, Ph.D.

Born on 31" January 1980 in Bratislava. He is specialised on microscopic techniques in the field of food
analysis including Melissopalynology. During his career, he has worked on the development of new
methods for detecting food adulteration and methods for food quality analysis.

Mgr. Zderika Javarkova, Ph.D.

Born on 2™ February 1979 in Svitavy. She graduated from the University of Veterinary and
Pharmaceutical Sciences in Brno. Since graduating until now, she has been working at the University
of Veterinary Sciences in Brno. She is specialised on food microscopy and image analysis, food
laboratory management and food quality and safety management.

Mgr. Marie Bartlova, Ph.D.

Born on 15™ July 1991 in T¥ebi¢. She has been working at Department of Plant Origin Food Sciences at
the University of Veteriany Sciences Brno since 2017. She focuses on the use of microscopic methods
in food analysis.

Ing. Simona Ondruchova
and product development engineer in various food companies. Currently, she is an assistant at the
Faculty of Veterinary Hygiene and Ecology and a Ph.D. student specializing in honey analysis.

University of Chemistry and Technology, Prague

associated professor Ing. Helena Cizkova, Ph.D.

Born on 14" September 1973 in Prague. She specializes in identifying causes of sensory defects in food
products, predicting shelf life, and developing methods for evaluating food authenticity. She is actively
involved in teaching courses Principles of Food Preservation and Food Authenticity and Fraud
Detection.

Ing Vojtéch Kruzik, Ph.D.

Born on 3™ December 1988 in Jihlava. He specializes in food analysis, optimization and development
of methods for evaluating food authenticity. Main fields of interest: quality of honey and other bee
products, gas chromatography, food chemistry.

Bee Research Institute

Ing. Dalibor Titéra. CSc

Born in Prague on 4™ December 1955. Researcher, head of accredited testing laboratory. Reearch
interest: Honeybee biology, beekeeping, honeybee genetics, artificial insemination of queenbees;
honeybee pathology, control of Paenibacillus larvae and Varroa destructor.
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University of Agriculture in Krakow

professor Ing. J6zef Hernik, Ph.D.

He is researcher in the Department of Land Management and Landscape Architecture, Faculty of
Environmental Engineering and Land Surveying, at the University of Agriculture in Krakow. His main
fields of interests and studies are cultural landscapes, land use and environmental development. He
specialises in the role of environmental policy, including risk reduction and the role of climate change.

associate professor Ing. Barbara Prus, Ph.D.

Graduated the Faculty of Environmental Engineering and Land Surveying of the Academy of Agriculture
in Krakéw. She was awarded a PhD in land surveying and cartography, speciality real estate
management. Her engineering and technical postdoctoral qualifications in civil engineering and
transport, speciality geoinformation systems, land surveying, and spatial engineering.

The University of Veterinary Medicine and Pharmacy in KoSice

professor DVM. Slavomir Marcin¢ak, Ph.D.

Born on 28™ March 1975 in Humenné. He is specialised on improving quality of produced foods of
animal origin using natural feed additives. During his career, he has worked on the development of
new fermented feeds for chickens prepared from cereals by-products by solid state fermentation and
filamentous fungi.

associate professor DVM. Dana Marcin¢akov3, Ph.D.

Born in KoSice 27" May 1978. Graduated in field of Food Hygiene in 2002. She is specialised on
chemical and biological properties of natural substances, evaluates antioxidant and biological activity
of honey, honey bee products and plant extracts.

Semmelweis University, Faculty of Health Sciences

associate professor Csilla Benedek, Ph.D.

Born in Timisoara on 3" March 1971. She obtained an MSc in chemical engineering in 1994 and
obtained a PhD. degree in Chemistry in 2001. Main skills and fields of professional interest: analytical
chemistry (especially gas chromatography, spectrophotometry), general food chemistry, food
adulteration with honey as the main target, quality management.

Dr. Zsanett Bodor, Ph.D.

Dr. Zsanett Bodor was born 15™ August 1993 in Hungary and graduated as dietitian, and nutritionist
then obtained a PhD degree in Food Science. Dr. Zsanett Bodor is specialised in honey analysis,
especially quality parameters, NIRS and electronic tongue. During her career she was working with the
aforementioned methods to check their performance in adulteration detection, origin identification,
and revealing overheating.
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Beekeeping is an important kind of agricultural production with significant social and environmental
impact. Currently, bees face many problems, for example Colony Collapse Disorder (CCD) with
unknown etiopathology. The impact of nutrition sources will be monitored by geographic information
systems and honey quality evaluation. The knowledge will be shared with national authorities with
possibility to set measures to predict optimal hive position to reach sustainable beekeeping in Visegrad
Countries (VAG).

One of the hypotheses is nutrition misbalances of bee colony in current ecosystem. For bees feeding
not only wild plants are an important source of nutrients, but to much larger extent also plants from
intensive agriculture. In all V4G countries the agricultural area is higher than wild country area, which
can cause misbalanced bees nutrition and CCD. The impact is given also by anthropogenic land using
where some of the localities suffer environmental pollution (mining, extraction), some are highly
industrialised, producing pollution sources with different toxicity grades.

Honey quality may be one of indicators to monitor nutrition of bees in V4G countries. Honey is an
important source of carbohydrates and source of antioxidants, proteins, and minerals used in bees’
nutrition. Modern geographic information systems, able to collect agricultural information from map
sources and compare them with honey parameters, can be used for the evaluation of the impact of
the current ecosystem to honey quality.

In recent years, geographic information systems have also been used for communication between
national authorities and the public. The combination of GIS with analytical information from honey
and bee products is a way can help to increase productivity and efficiency of beekeeping practice and
ultimately sustainable beekeeping. This project demonstrates the potential of GIS in beekeeping and
shows that the combination of GIS and analytical parameters of bee products can predict the potential
of hive locations.
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3. Aims

The project combined analytical honey investigation methods with geographical information systems.
This unique evaluation shows very precisely the impact of agricultural production on bee nutrition as
one of possible factor acting CCD and also shows the effect of soil type on the mineral profile of the
honey.

The project compared data sets from semiautomated melissopalynology analysis, spectral analysis,
mineral profile analysis and physico-chemical analysis with geographical information systems. The
melissopalynology is an important part because pollens are the main sources of proteins which have
an important role in honeybee’s larvae feeding. In total, 80 honey samples from all over the Visegrad
region were used, for some of the scientific interpretation also independently obtained laboratory
results were used. More than 720 unique analytical results were obtained in the project. For GIS it was
used map sources from:

(1) Vector land cover models from the Copernicus Land Monitoring Service database for the V4
countries were used for the analysis (in shp format) (ISO 19144-2:2012. CORINE Land Cover).

(2) To analyse the quality and agricultural suitability of soils in Poland, vector data obtained from the
Provincial Centre for Geodetic and Cartographic Documentation in the form of a soil and agricultural
map (shp) was used, presenting the complexes of agricultural suitability of soils, types and subtypes of
soils, and the mechanical composition of soils.

(3) To analyse the quality of soil in the Czech Republic, Slovakia and Hungary, data provided by the
European Soil Data Centre (ESDAC), esdac.jrc.ec.europa.eu, European Commission, Joint Research
Centre in the form of European Soil Database v2.0 (vector and attribute data) using ESDAC Dataset
Access (ID: 80476, Figure 1), (Panagos et al. 2012, 2022).

Dataset References Submitted Form
m Joint Research Centre - European Soil Data Centre (ESDAC)
E_u opean
Comm C

ID 80476

Date - Time Thu, 07/18/2024 - 15:13

Name of User Barbara Prus

Organization University of Agriculture in Krakow

Type of Organization University

-- Other

E-mail b.prus@urk.edu.pl

Purpose The data will be used for research and educational purposes.

Figure 1: Access to ESDAC Dataset

(4) Vector layers with the spatial locations of apiaries and generated buffers with a radius of 3 km from
the location of the apiary were used for the analyses.

[ ]
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(5) Country borders were obtained from the layer CNTR_RG_01M_2020 3035 from https://gisco-
services.ec.europa.eu/distribution/v2/countries/countries-2020-files.html .

These systems can be supplemented by automatic systems showing places that are the most suitable
for bee feeding. Our project is not aimed to incorporate this system to the national system but to draw
attention and show benefit from this implementation and start discussion with national authorities to
the innovation and update of current map agricultural systems.

Gathered information and new knowledge was shared with students, national authorities, beekeepers
from each country and researchers from around the world.

®

9 Sustainable beekeeping in Visegrad group - Final Report, Brno, 2024 . Visegrad Fund

-


https://gisco-services.ec.europa.eu/distribution/v2/countries/countries-2020-files.html
https://gisco-services.ec.europa.eu/distribution/v2/countries/countries-2020-files.html

University of Veterinary Sciences Brno

4. Project output

Beekeepers locality prediction

One of the ways how to predict beehive locality is deep knowledge about nearby vegetation and land
usage. In the case that bees are able to fly long distance, around 3-10km, the evaluation of the area is
time consuming. During time beekeepers who keep beekeeping practices in the same region, gain good
knowledge about richness and usability of the region. For young beekeepers and also in case of the
countryside changes the usability of the country can be different. Not only country usability is
important for sustainable beekeeping. The other important point is also to produced enough bees
products, mainly honey. The quantity as well as quality is important for rentable beekeeping. It is
mainly the quality that impacts the financial returns. Considering the climatic and botanical conditions
in the Czech Republic, it is not easy to produce monofloral honey with specific quality. There is no
honey in the Czech Republic that is protected by any of the international quality marks, nor by a
national mark that protect the region of origin of the honey. At the national level, regional delimitation
is provided by the national standard “Cesky med” (the Czech Honey, in Czech), that defines stricter
physical and chemical conditions for traditional Czech honey and mainly narrows the origin of honey
down to the territory of the Czech Republic. Currently, the consumer can choose of a whole range of
kinds and types of honey, which are defined in the Czech Republic in Decree No. 76/2003 Coll. (Czech
2003) which incorporates European Directive No. 110/2001 (Union 2002). In Poland and Slovakia
honey are protected also by European quality label (Protected Geographical Indication and Protected
Designation of Origin). Hungary and Poland have also national protection where some honey types are
included in the list of the Ministry of Agriculture and Rural Development (Organic honey and Honey
with Polish agricultural quality mark). Meanwhile, in the European Union (EU) there are 8 honeys with
the quality mark of Protected Geographical Indication and 30 with the mark of Protected Designation
of Origin.

For identification of the beekeepers predictive ability 336 honeys were evaluated from hobby
beekeepers. Data on the botanical origin of honey came from a questionnaire survey and they were
compared with melissopalynology and physico-chemical parameters.

The results were described in the study: Pospiech, M., Javlrkova, Z., Ljasovska, S., Titéra, D., Cizkova,
H., Kruzik, V., Bartlova, M., Tremlova, B. and Marcincak, S. BKB23 COMPARISON OF BEEKEEPERS’ AND
ANALYTICAL DETERMINATIONS OF HONEY ORIGIN. Journal of microbiology, biotechnology and food
sciences. 13, 6 (2024), e9887. DOI:https://doi.org/10.55251/imbfs.9887. (Annex 1.)

The statistically significant differences were confirmed between beekeepers’ and analytical
identification of the honeys. There were differences according to the origin of the honey (blossom,
honeydew as well as blended honeys). Overall, results are described in the Figure 2. The results show
that combined analytical methods should be used for correct determination of honey origin. The
correct determination of honey origin is also important for honey quality protection and is commonly
controlled by national authorities. Non-compliance with legislation is also reason for financial penalty
from national authorities. On the other hands the results show that there are 23 % more monofloral
honey than were declared by the beekeepers. The disagreement in the declaration of monofloral
honeys shows that the classification of the origin of honeys is still problematic. Therefore, new
methods or a better characterised distinction for monofloral honeys are needed, in conformity with
European Committee and the amendment to the Directive 2001/110/ES (Union 2002), respectively
directive EU 2024/1438 (Union 2024). On the other hand, further research is needed to identify the
environmental, agricultural and behavioural conditions that can lead to the production of monofloral
honeys.
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Figure 2: Agreement of beekeepers’ declaration on honey origin verified with analytical parameters
(%)
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Relationship of landscape cover and bee hive population

Remote sensing as part of GIS allows the collection of large amounts of data that can be interpreted in
different ways, depending on which satellites and which detectors have been used. European space
research provides access to different data. The data are collected as image data, binary data and also
in the processed information form. The bee hive locations seem to be connected mainly with land
cover. Land cover including information about country side using at in different levels is presented in
Table 1. For land cover monitoring, Sentinel-2 satellites are used to image land cover in the visible RGB
spectrum (red, green, blue), NIR, near-NIR spectra (Phiri et al. 2020), SWIR and Landsat-8 using VNIR
and SWIR (with wavelengths of 443, 865 and 2201 nm) are used (Gorrofio et al. 2017). Images satellite
data are processed by mathematical models to generate land cover characteristics(Dusek and
Popelkova 2017), which are freely available as CORINE land cover (CLC).

Honey bee colonies are part of the landscape and their health status, as well as honey production
depends on nectar and pollen sources around the habitat of a given colony. Nectar is a source of
carbohydrates for the colony, while pollen is a source of protein(Brys, Skowronek, and Strachecka
2021). Both sources are used in the form of bee products, namely honey and dried pollen. On the other
hand, proximity to areas of intensive agricultural activity can be a source of pollution in the form of
pesticides, which is one of the causes of CCD (Colony Collapse Disorder) (VanEngelsdorp et al. 2009).

For relationship discovering, 33 hive location and 28,3 km? habitat around each bee
colonies were evaluated. There were also made comparisons on the level of land
cover, which should be used for further studies. Statistically significant
correlation between CLC dates and pollen profile determined by
melissopalynology analysis was also checked.

The results were described in Czech in the study: Pospiech, M., Bartlova,
M., Javlrkova, Z., Tremlova, B., Cizkova, H., Prus, B., Marcin¢ak, S., Bodor,
¢ Z. 2023. Vztah pokryvu krajiny k pylovému profilu medu. In: Hygiena a
% technologie potravin LIl. Lenfeldovy a Héklovy dny: sbornik pfednasek a
: | posterd, Brno: Veterinarni univerzita Brno, pp. 59 - 66. (Annex 2.)

In summary the relationship between the occurrence of pollen taxa in
honey and some types of land cover (Table 1), the European CORINE
! land cover system, was confirmed. The correlation of pollen taxa of land
cover with the proportion of native landscape features and urban green
| areas was most frequently confirmed. The highest degree of
| correlation was found for the taxa Aruncus sp., Hipericum sp.,
Trifolium sp. (R=0.99, R=0.99, R=0.95), for the type 3 classification and
for the taxa Brassica sp., Echium sp., Rubus sp. (R=0.99, R=0.96,
R=0.96) for the type 2 classification. Type 1 classification confirmed
only a weak correlation and is not a suitable classification for this
comparison. For this reason we work in further study with more
precise classifications as is Type 1. The type 3 classification
were commonly used in further study. The correlation
patterns are shown in Figure 3 to Figure 14 for specific land
cover and all identified pollen taxa.
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Table 1: Land cover unit in CORINE land cover system

Code 18 Typel Type 2 Type 3
111 Urban fabric Continuous urban fabric
112 Discontinuous urban fabric
121 Industrial or commercial units
122 Industrial, commercial and Road and rail networks and associated land
123 transport units Port areas
Artificial .
124 Airports
surfaces ) ) )
131 Mineral extraction sites
132 Mine, dump and construction sites  Dump sites
133 Construction sites
141 Artificial, non-agricultural vegetated Green urban areas
142 areas Sport and leisure facilities
211 Non-irrigated arable land
212 Arable land Permanently irrigated land
213 Rice fields
221 Vineyards
222 Permanent crops Fruit trees and berry plantations
223 Agricultural Olive groves
231 areas Pastures Pastures
241 Annual crops associated with permanent crops
242 Complex cultivation patterns
243 Heterogeneous agricultural areas Land principally occupied by agriculture, with
significant areas of natural vegetation
244 Agro-forestry areas
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Figure 3: Correlation matrix of botanical taxa for broad-leaved forest.
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Figure 6: Correlation matrix of botanical taxa for discontinuous urban fabric.
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Figure 7: Correlation matrix of botanical taxa for fruit trees and berry plantations.
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Figure 8: Correlation matrix of botanical taxa for industrial or commercial units.
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Figure 9: Correlation matrix of botanical taxa for land mainly occupied by agriculture, with significant
areas of natural vegetation.
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Figure 10: Correlation matrix of botanical taxa for mixed forest.
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Figure 11: Correlation matrix of botanical taxa for non-irrigated arable land.

Helianthus sp.
Castanea sp.
Trifolium sp.
Tilia sp.
Phacelia sp.
Rhamnus sp.
Umbelliferae sp.
Achillea sp.
Viciasp.
Taraxacum sp.
Myosotis sp.
Amaryllidaceae
Pinus sp.
Betula sp.
Campanula sp
Echium sp.
Sinapis alba
Asteraseae
Abies sp.
Aesculus sp.
Lythrum sp.
Balsaminaceae
Loranthus sp.
Phagopyrum sp.
Piceasp.
Salvia sp.

Lotus sp.

Thymus sp. .
Aruncus sp.

Hypericum sp.

Solidago sp.

]
g
3
s o g g
2 ] . g ; o o 5 .
§ . g g .. o g . [ 85 I
= B . ;.8 . &
P F 2 ] aa abey g5 © o 5a395 dagdgg
Ba2o o%g8 5 dasa EJ8 .43 §. 02838 S G0t~
o2 gaBags O S 2E g gOBEG oL 2235 EEE8a222338
CE8EL8EgnagEc $cc8588% 208 EoS3EE0rang2os ®
855338532588 SEo=eo5858383 ¢ s82ESE®23ECSD
c8z82§ S2 EESESE32 gL2caoRg>25582
5CG6EE883 S B 22ESS E8 s 508S 858582250
a0t el ITO TxS5<I>FE3<a o0 <<<FalaafSESTA

Percentage landcover

Brasica sp

Corylus sp

Artemisia sp [ |

Alnus sp

Rosaceae sp.

Robinia sp

Rubus sp.

Salix, Salicaceae

Bellis sp.

Acer sp.

=

e H
Dk SMEfilc
R B JE LA I E

=
|
3
=
"
L

-1->-0,818
-0,818 ->-0,636
-0,636 ->-0,455
-0,455 ->-0,273
-0,273 ->-0,091
-0,091 -> 0,091
0,091 ->0,273
0,273 -> 0,455
0,455 -> 0,636
0,636 ->0,818
0,818->1

Figure 12: Correlation matrix of botanical taxa for pastures.

18 Sustainable beekeeping in Visegrad group - Final Report, Brno, 2024

[ ]

e Viseqr

-

=
- |

d Fund



University of Veterinary Sciences Brno

Percentage landcover

Brasica sp
Salix, Salicaceae

Bellis sp.
Phagopyrum sp.

Corylus sp
Alnus sp
Acer sp.
Helianthus sp.
Castanea sp.
Trifolium sp.
Tilia sp.
Phacelia sp.
Rhamnus sp.
Achillea sp.
Vicia sp.
Taraxacum sp.
Myosotis sp.
Amaryllidaceae
Pinus sp.
Betula sp.
Campanula sp
Sinapis alba
Asteraseae
Abies sp.
Aesculus sp.
Lythrum sp.
Balsaminaceae
Loranthus sp.
Picea sp.
Salvia sp.
H'E B BN "E EEE Pl
Thymus sp.
Aruncus sp.
Hypericum sp.
Solidago sp.

- . . . -Rosaceaesp_

Percentage landcover
Brasica sp
Corylus sp
Artemisia sp
Alnus sp
Rosaceae sp.
Robinia sp
Rubus sp.

Salix, Salicaceae
Bellis sp.
Acersp.
Helianthus sp.

Castanea sp.
Trifolium sp.
Tilia sp.

Phacelia sp.

Rhamnus sp.

umbelifersesp. [l I H H HE EEET & TEE

Achilleasp.

Vicia sp.
Taraxacum sp.
Myosotis sp.

Amaryllidaceae

Pinus sp.

Betula sp.

Campanula sp

Echium sp. [ B e N N BN
Sinapis alba

Asteraseae

Abies sp.

Aesculus sp.

Lythrum sp.

Balsaminaceae

Loranthus sp.

Phagopyrum sp.

Piceasp.

Salviasp.

Lotus sp. EN BN E NN NN EEE L
Thymus sp.

Aruncus sp.

Hypericum sp.

Solidago sp.

-1->-0,818
-0,818 ->-0,636
-0,636 -> -0,455
-0,455 ->-0,273
-0,273 ->-0,091
-0,091 -> 0,091
0,091 ->0,273
0,273 -> 0,455
0,455 -> 0,636
0,636 -> 0,818
0,818 ->1

- . . . -Artemisiasp
Bl H H N Eunbeliferacsp.

I B BEE BN O E N EEcns

Figure 13: Correlation matrix of botanical taxa for sport and leisure facilities.
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Figure 14: Correlation matrix of botanical taxa for transitional wood land — shrub.
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Relationship of landscape cover to the honey parameters

The previous results confirm the impact of the habitat surrounding to bee hive position. The
parameters of honey influenced by land cover were evaluated in this project. The impact of bee habitat
is known and also used for determination of geographical origin of the honey. The parameters which
change the habitat or geographical location are isotope profile of the honey(Kawashima, Suto, and
Suto 2018), 'H NMR spectrum (Zheng et al. 2016), or the content of honey components such as
minerals, polyphenols or pollen (Karabagias et al. 2014; Ohmenhaeuser et al. 2013; Pasquini et al.
2014). The reason for the numerous methods applied for the geographical identification is the
complexity of this identification. Many habitat and environmental factors influenced to the honey
characteristic. However, not only the natural country has impact on the bee colony. The anthropogenic
factors also have a strong impact. These include, for example, land irrigation, selection of particular
botanical species, construction. The human-managed landscape therefore provides a specific source
of grazing, but the grazing itself is also influenced by anthropogenic activity. The main aim of this work
is to determine the effect of land cover (land use) on the basic composition of honey.

For relationship discovering, 14 different types of land cover were evaluated (Table 2) representing
28,3 km? habitat around each bee colony. This data was collected from CLC. The physico-chemical
analysis and melissopalynological analysis were performed according to International Honey
Committee (IHC) (Bogdanov 2009).

The results were described in Czech in the study: Pospiech, M., Ljasovska, S., Bartlova, M., Cizkova, H.,
Kruzik, V., Titéra, D., Prus, B., Tremlova, B. In: Bezpecnost a kvalita potravin, Nitra 2024: Garmond Nitra.
Vliv plGdniho pokryvu na zakladni  parametry medda. 2024, p. 147-151.
https://doi.org/10.15414/2024.sqgf24-psp (Annex 3.)

In summary, water content, acidity, HMF, diastase activity were not related to land cover. This result
is not surprising, as these are parameters that are mainly related to honey processing. Also, diastase
activity can be low in some monofloral honeys, on the contrary, HMF content can be high, especially
in honeys from tropical areas. Carbohydrates, sucrose, fructose, turanose, maltose, melecitose
quantity were without a clear relationship to the land cover. In the case of sucrose, turanose, maltose,
and melezitose, this was expected, mainly because the content of these carbohydrates is low and does
not vary over the years. On the other hand, differences between land cover for glucose and trehalose
are an interesting finding. The highest value of glucose was recorded for sites with coniferous forest
(36.01%). For trehalose, the value was statistically highest in the mineral extraction sites (1.11%) and
lowest in coniferous forest (0.18%). Melissopalynological analysis determinated high incidence of rape
pollen (56%) in areas with coniferous forests. On the other hand, the presence of flowers and dry-
loving plants (genera: Helianthus, Echium, Thymus) and willow pollen willow (3.12%) in areas with vine
yards is expected. The occurrence of acacia (11.36 %) in areas with fruit trees and berry plantations
was also determinated. Willow pollen is typical of spring honeys and more typical of south-eastern
regions of Europe, i.e. areas with a warm climate. The prediction of the land cover is show in Figure
15. The linear discrimination analysis was used. The correction coefficient rate (CCR) (Table 3) was only
45%. Further research is needed to confirm or reject the land cover relationship between.
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Table 2: Representative land cover for the bee colonies

Categories Abbreviation Frequencies Area (km?) I-};:)a
Coniferous forest Coni 6 73.58 5.45
Complex cultivation patterns Comp 7 56.76 6.36
Broad-leaved forest Broa 10 88.45 9.09
Continuous urban fabric Cont 15 0.89 13.64
Non-irrigated arable land Non- 17 508.34 15.45
Fruit trees and berry plantations Frui 3 14.57 2.73
Pastures Past 6 136.14 5.45
Industrial or commercial units Indu 7 74.19 6.36
Land principally occupied by agriculture, with
significant areas of natural vegetation Land 19 239.3 17.27
Road and rail networks and associated land Road 2 15.76 1.82
Mixed forest Mixe 10 178.41 9.09
Mineral extraction sites Mine 2 7 1.82
Vine yards Vine 2 14.63 1.82
Sport and leisure facilities Spor 4 14.1 3.64
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Figure 15: Plot of linear discrimination analysis for land cover.
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Table 3: Confusion matrix of the training samples for land cover

fr:)on: \ Broa Comp Coni Disc Frui Indu Land Mine Mixe Non- Past Road Spor Tran Vine | Total CCR %
Broa | 53 O 0O 0 1 0 14 8 0 O 0O O O O 0| 76 |69.74%
comp| O 33 0 O O O 4 4 0O 10 0 O O O O | 51 [64.71%
Coni 0 0O 48 0 0 0 12 o© 0O 13 0 0O O 0 0| 73 [6575%
Disc |15 19 0 53 0 42 24 4 0 56 0 0O 0O 0 O |213 [24.88%
Frui 0 0 0O 0 10 O 0 0 0 1 3 0 0 0 0| 14 [71.43%
Indu | O 0 0O 20 0 38 2 2 0 12 0 0 O 0 O | 74 |51.35%
Land | O 0 0O 13 212 5 78 28 0 30 25 0O O O O | 200 |39.00%
Mine | O 0 0O 0 O oO 4 4 0 0 0O 0 o0 O 8 |50.00%
Mixe | 41 O 0O 0 22 0 39 o0 0O 13 0 0O O O O | 114 0.00%
Non- |45 38 0 7 46 0 30 3 0 313 26 0 O O O |508 61.61%
Past 9 0 0O 0 0o o0 17 17 O 0O 25 0 0O O 0| 68 |36.76%
Road | O 0 0O 5 0 10 O 0 0 O 0 O O O 0| 15 | 0.00%
spor | O 0 0O 0 O oO 5 5 0 4 0 O O 0 0] 14 | 0.00%
Tran | O 0 0O 0 O 5 0 0 0 5 4 0 0 0 0] 14 | 0.00%
vine | O 11 0 O O O 0 0 0 4 0 O O 0 0| 15 | 0.00%
Total |163 101 48 98 99 100 229 75 O 461 83 0O O O O |1457|44.96%
*abbreviations are explained in Table 2
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Relationship between soil type and honey parameters

The geographical origin of honey is related not only to the botanical taxa characteristic of the area, but
also by the type of soil where are plans grooving. In the case that honey should be produced without
direct human influence on its composition the mineral content of honey reflected the soil and plants
in the habitat of bee colony. For this reason, the mineral profile of honeys is used to demonstrate the
geographical origin of the honey (Chudzinska a Baralkiewicz 2010).

World wilde scientist describe the possibility of classifying of the honeys according to their mineral
content. For this different trace elements are used (Solayman et al. 2016). Cd, Pb, Fe, Mn, Cu, Ni, Cr,
Zn, Al and Se were determined in a Turkish study (Tuzen et al. 2007), Al, As, Ba, Ca, Cd, Co, Cr, Cu, Fe,
Hg, K, Mg, Mn, Na, Ni, Pb, Sb, Se, Sr, Th, Tl, U and Zn were determined in an Italian study (Pisani,
Protano, and Riccobono 2008), Co, Cu, F, Fe, |, Mn, Ni, Sr, Zn, Cl, Na, K, Mg, Cd and Pb were determined
in Egypt (Rashed and Soltan 2004).

For discovering relationship between honey and the analytical parameters of soil 31 samples of honey
were evaluated. For soils the organic carbon content (%), humus (%), CaCOs, pH activity (H.0), pH
exchange (KCl), titration activity (mval/100 g), H*'}, contents of exchange bases (S, mval/100g),
maximum sorption capacity (T, mval/100g), degree of sorption saturation (V %, P,Os and K;O) were
used for evaluation. Soil profile characteristics were taken from a systematic soil survey
(Comprehensive Soil Survey) from Czech national database (Czech 2024). Data obtained from probes
within the range of the sites (3 km) from which honey samples were obtained were used for the
evaluation.

The results were described in Czech in the study: Javirkova, Z., Starha, P., Schmidlova, S., Tremlova,
B., Pospiech, M., Bartlovd, M. Vliv mineralniho sloZeni pldy na vlastnosti medu. In: Hygiena
Alimentorum XLIV, KoSice: Univerzita veterinarskeho lekarstva a farmadcie v KoSiciach, 2024, pp. 351-
354, ISBN 978 80 8077 822 4. (Annex 4.)

In summary, a strong correlation was confirmed between the minerals Mg, Ni, Cu, Cd, As contained in
honey and organic carbon, humus and titration acidity (Figure 16). The correlation was further
confirmed between Mn, K in honey and organic carbon, soil humus and acidity. The correlation
between Ca in honey and CaCO3 was not confirmed, nor was the correlation between K in honey and
K50 in soil. This may be due to the input of these elements into the soil by human activity, which is
dependent on the crops grown and their mineral requirements and is changed during the years.
Therefore, minerals that are not classified as essential plant nutrients and therefore not used as
fertilisers have a more significant influence on the determination of the geographical origin of honey
than minerals commonly used as fertilisers. So for predictive mechanism correlation between organic
carbon, humus and titration acidity the Ni, Cu, Cd, As is most relevant. The predictivity power is also
documented in Figure 17 where 4 clusters in 95% probability was confirmed. The samples S20 and S24
were different in comparison with other samples and rest of the samples form two clusters. The further
research is possible, but it needs laboratory analysis of the soil, so it is not usable for GIS systems and
automatic predictive mechanism.
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Figure 16: Correlation matrix of soil analytical parameters.
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Figure 17: Agglomerative hierarchical clustering dendogram based on analytical parameters of soil.
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Bee hive differences from one locality corresponding with one habitat

Not only habitat has impact to the honey bee colony. It is also known, that bee colony have different
preferences in collected nectar, pollen (Khan and Ghramh 2021), water source and flying distance. In
general speaking the physico-chemical parameters of honey are influenced by several factors. In
particular, water content is related to the degree of maturity of honey, honey processing and, in rare
cases, climatic conditions (Manickavasagam, Saaid, and Osman 2022; Uran, Aksu, and Dilger Altiner
2017). The acidity of honey is determined by the organic acid content. This parameter increases in
time, but also with the fermentation of honey, where yeasts ferment sugars to organic acids. Among
the chemical parameters, carbohydrates also characterise the site, since the nectar of the plants has
different glucose and fructose contents. However, the content of other carbohydrates such as
trehalose, maltose, raffinose, etc. can also be observed (Machado De-Melo et al. 2018). The colour is
influenced by the content of phenolic substances dissolved in the honey. The colour is also influenced
by the amount of pollen and last but not least by the mineral content, the amount of carbohydrate
crystals and the water content.

For discovering differences in bee colonies in one the localities were used 60 honey samples. Physico-
chemical parameters (water content, conductivity, and fructose, glucose, sucrose, turanose, maltose,
trehalose, melibiose, and melezitose content) and colour parameters (CIE Lab) were analysed.

The results were partially published in Czech in the study: Bartlova, M., Marcinéakova, D., Kruzik, V.,
Cizkova, H., Bodor, Z., Benedek, C., Tremlovd, B., Pospiech, M., Javlrkova, Z. Rozdily fyzikdlné
chemickych parametrl medd z vice Ul jedné lokality. KONFERENCE HYGIENA ALIMENTORUM XLIV.
Strbské Pleso, Slovenska republika, 2024. (Annex 5.)

In summary, in this work was confirmed that individual bee colonies produce honey with different
physico-chemical composition and colour characteristics, which is in accordance with the beekeepers'
claims. In Slovakia the highest results agreement was 43 % for light flower honey from the Stakcin. The
lowest agreement was 25 % for dark flower honey from the Beld nad Cirochou. In Poland the highes
agreement was 36 % for solidago honey (C1 and C2) from

the tazy, the lowest agreement was 7 % for corn

flower honey from Kusmierki. In Hungary the

highest agreement was 36 % for bastard indigo

and chestnut honeys (C1 and C4) from the

Tiszaszentmarton and Velem, the lowest

agreement was 29%, surprisingly across all PL

regions and most honey types Table 4.

The differences in the agreement of the results

could be due not only to different preferences 3
of the bee community, but also to different e = ®
stages of colony development during honey- ° o4 ®
laying, which is multifactorially influenced by a P’y
number of factors ranging from diseases to SK
beekeeping practices. @
14 HU °
@
< 0
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Table 4: Percent agreement of physico-chemical parameters of honey from Poland and Hungary

Poland Hungary
Zawiercie Bacs Kerekegyhdaza
I\
Cc1 Cc2 C3 oy} © Cc1 Cc2 C3 ca
o )
£ C1 9
= [}
2 C2 5]
S ~
C3 9
i om0 oas 5
Podlesice Szolnok
(o} Cc2 C3 oy} Cc1 Cc2 C3 ca
8 4
e Cl § Cc1 0.29 0.29
3 C2 g c2 029 029
a (%]
C3 C3 0.29 0.29 0.29
ca C4 0.29 0.29 0.29
tazy Tiszaszentmarton
Cc1 Cc2 C3 (og} 2 Cc1 Cc2 C3 ca
- C1 0.21 0.21 g C1 0.29 0.29
_:J’B‘ Cc2 0.21 0.21 § Cc2 0.29 0.29
C3 0.21 0.21 § C3 0.29 0.29 0.29
c4 o021 o021 [ o3 | 2 C4 029 029 029
Kusmierki Velem
C1 C2 C3 C4 C1 Cc2 C3 Cc4
% c1 e C1 0.29 0.29 0.29
E C2 < €2 029 0.29 0.29
2 c3 = C3 029 0.29
c4 C4 0.29 0.29
Rogaczew Kaposvar
C1 C2 C3 C4 C1 c2 C3 Cc4
2 C1 0.14 0.14 0.14 &
N
§ C2 014 014 | 021 g
g C3 014 0.14 0.14 2

C4 0.14 - 0.14

* green: more agreement, yellow: less agreement
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Impact of the region on the honey parameters

The region has a strong influence on the bee colony and the bee products. It is also known that the
regional label or quality standard is one of the important points for sustainable beekeeping. The main
reason for this is that beekeepers can sell regional honey with higher added value. Higher profits allow
beekeepers to invest more in veterinary care, breeding practices and generally better care for their
colonies. In our research, we confirmed the worldwide knowledge about regional determination of
honey by multivariate statistical methods for different parameters and show that these models work
also for honey in the Visegrad Four countries. The advantage is also that the designation of a honey
region also prevents the adulteration of honey and the import of honey from abroad. All these issues
are important for sustainable beekeeping in the Visegrad region.

To evaluate the regional impact of different Visegrad countries on honey parameters, 80 honeys were
evaluated, 20 from each participating country. Physico-chemical parameters (water content,
conductivity and fructose, glucose, sucrose, turanose, maltose, trehalose, melibiose and melezitose
content), colour analysis (CIE Lab), trace element analysis (B, Na, Mg, Al, Ca, K, Cr, Mn, Fe, Ni, Cu, Zn,
Pb, Cd, As) and melissopalynological analysis were carried out.

The results were partially published in the studies: Benedek. C., Marciné¢akova, D., Marcinéak S.,
Pospiech, M., Prus, B., Hemik, J., Bodor, Z. Application colour measurements in honey authentication
- a case study. In: Apidologickd konferencia BeeConnected 2024, KoSice: Univerzita veterinarskeho
lekarstva a farmacie v KoSiciach, 2024, pp 3. ISBN 978-80-8077-819-4. (Annex 6.)

Marcincakovd, D., Marcin¢dk S., Pospiech, M., Prus, B., Bodor, Z. Uréenie krajiny povodu na zaklade
mineralneho profilu medu. In: Apidologickd konferencia BeeConnected 2024, KoSice: Univerzita
veterinarskeho lekarstva a farmacie v KoSiciach, 2024, pp 18. ISBN 978-80-8077-819-4. (Annex 7.)

Kruzik, V., Cizkova, H., Pospiech, M., Titéra, D., Hernik, J., Benedek, C. Kvalita a autenticita medu v
zemich visegradské ctyrky. In: Apidologickd konferencia BeeConnected 2024, KoSice: Univerzita
veterinarskeho lekarstva a farmacie v KoSiciach, 2024, pp 18. ISBN 978-80-8077-819-4. (Annex 8.)

In summary, this work confirmed differences between honey parameters in the four Visegrad
countries. Also, in our research we first characterised honey differences in term of physico-chemical
and melissopalynological parameters. The characterisation of Visegrad honey is important for the
protection of the designation of origin and for sustainable apiculture. The multivariate analysis for
physico-chemical parameters (Figure 18), mineral profile (Figure 19), colour (Figure 20) and
melissopalynology (Figure 21) demonstrate the potential of these methods in regional differentiation.
The agreement rate was 89% for physico-chemical, 86.5% for mineral profile, 66.2% for colour and
100% melissopalynology. The results show the differences between analytical parameters and
agreement. The highest agreement with melissopalynology analysis is not surprising because in each
country there are different sources of nectar and pollen. The highest similarity is found in Slovakia and
Poland (Figure 21), where the climate of the sampling habitat is most similar.

[ ]
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Figure 19: Plot of linear discrimination analysis for mineral profile.

28

Sustainable beekeeping in Visegrad group - Final Report, Brno, 2024

e Visegrad Fund



University of Veterinary Sciences Brno
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Figure 21: Plot of linear discrimination analysis for melissopalynology.
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Quality location prediction through GIS

The influence of the location is reflected in the bee product, especially honey. The area from 7 to 28
km? is representative for the bee colony and is given by the average flight distance. Previous studies
have confirmed that bee colonies accumulate different matrices in the product depending on the
habitat. In the past it has been used to predict environmental pollution from anthropogenic or natural
sources (Crane 1984; Svoboda 1961). It has also been confirmed that there is a relationship between
the mineral composition of the soil and plants (Joy et al. 2015; Kaiser et al. 2012; Pongrac et al. 2019).
For sustainable beekeeping it is also important that soil type has an effect on nectar production, which
is an important source of carbohydrates (source of energy) for the bee. The positive effect on nectar
production has been confirmed for Ca, Mn and Fe (Cardoso et al. 2012; Wielgolaski 2001). The
important effect of soil is also on pollen production, where calcium, phosphorus, humus, K, Fe and Mn
increase the number of flowers on the plants. The higher number of flowers is a prerequisite for a
higher amount of pollen collected by the bee, which is an important source of protein for the bee
colony. The great advantage of using GIS is also the possibility to predict the botanical sources in the
bee habitat. For this, it is possible to use land cover information freely available in national or
international databases such as Corine Land Cover (EEA 2018). The predictable botanical taxa are
Helianthus sp., Robinia sp., Campanula sp., Brasica sp., Aesculus sp., Rhamnus sp., Lotus sp., Thymus
sp., Lythrum sp., Phacelia sp., Phagopyrum sp., Aruncus. These botanical taxa are sources of both
nectar and pollen. Some flower in spring, others in autumn. The longer period of nectar and pollen
sources during the year is also important for sustainable beekeeping. Minimal periods without food
sources also have an impact on the health status of the bee colony.

For the determination of the predictive parameters, 32 honey samples were used.
Melissopalynological analysis and mineral profile were measured. The area of land use and soil type
was analysed in 28 km? around each colony.

The results were partially published in the studies: Schmidlov3, S.; Javirkova, Z.; Tremlova, B.; Hernik,
J.; Prus, B.; Marcinéak, S.; Marcin¢akova, D.; Starha, P.; Cizkova, H.; Kruzik, V.; et al. Exploring the
Influence of Soil Types on the Mineral Profile of Honey: Implications for Geographical Origin Prediction.
Foods 2024, 13, 2006. https://doi.org/10.3390/foods13132006. (Annex 9.)

Pospiech, M., Bartlova, M., Prus, B., Titéra, D., Kruzik, V., Cizkova, H. Predikce zdrojd snti$ky véel pomoci
geografickych informacnich systému. In: Apidologickd konferencia BeeConnected 2024, KoSice:
Univerzita veterindrskeho lekdrstva a farmacie v KoSiciach, 2024, pp 18. ISBN 978-80-8077-819-4.
(Annex 10.)

In summary, this work has confirmed the ability of the GIS system to predict the location of bee hives.
In our research we confirmed the importance of pasture and non-irrigated arable land as a source of
botanical taxon able to ensure the amount of nutrition for bee colony during the year. However, the
spring source of nectar and pollen is based on sowing procedure and it can change annually and also
depends on agricultural policy in each Visegrad country. The detailed correlation between land cover
and botanical taxa is shown in Figure 26 and Figure 27. Soil type had influence on B, Ca, Mg, Ni, Mg
and Mn in honey. From the mentioned mineral compounds the Ca, Mn and Fe is predictable also for
nectar and pollen production in bee habitat. Our results show that high amounts of these minerals
corresponded with anthrosol, kastanozem soil type. In this reason they challenge in bee habitat is
prerequisite for good nectar and pollen production.

[ ]
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The predictive model was calculated using the following algorithm (calculations and analyzes were
performed in QGIS):

(1) Loading input layers and pre-processing data.
a. loading country borders CNTR_RG_01M_2020 3035
b. designation of the countries participating in the project (CZ; HU; PL; SK)

c. loading Corine Land Cover layers in shp format: U2018 CLC2018 V2020 20ul_PL;
U2018_CLC2018_V2020_20ul_HU; U2018_CLC2018_V2020_20ul_SK;
U2018_CLC2018_V2020_20ul_Cz

d. loading vector layers European Soil Database v2.0 (vector and attribute)
(2) Loading the coordinates of the apiary locations, coordinates in the WGS84 system.

(3) Generating buffers at a distance of 3 km from the apiary locations using geoprocessing tools, buffer
command (Figure 23).

(2 *pasiel_analiza uzykowania - GGIS - o F4
Projeit Edvcja Mifidok  Wae

" Bufor

v CNTR_RG_01M_2020_ 3035 [ ] .

2,000000

Figure 22: Buffers generating.

(4) Preparation of the spatial product between buffers designated at a distance of 3 km from the
locations of apiaries and the land cover layer for Corine Land Cover data, for each of the countries
participating in the project.

(5) Calculation of reclassified areas using the area calculator (Figure 23) for land cover data in zones
related to the location of apiaries (3 km).
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Figure 23: Area calculation for bee hive location.
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(6) Calculation of the land cover area based by classified land cover types in Corine Land Cover using
the GroupStats plug-in, for each of the analyzed countries (Figure 24).

(= Group Stats
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2 Function  sum sum sum sum sum sum sum sum sum sum sum sum sum
3 nazwa
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Figure 24: Land cover area calculation.
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(7) Calculation of land cover statistics in the countries participating in the project in Microsoft Excel
and classification of land cover forms into: built-up areas, forests, green areas, arable lands, waters,

roads, waste lands.
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(8) Preparation of the spatial product between buffers designated at a distance of 3 km from the
locations of apiaries and the European Soil Database v.20 layer, for each of the countries participating
in the project (Figure 25).

PL 1 - Zawiercie

5 Lup . 7,
o

Figure 25: Example of image data preparation with selected buffer.

(9) Calculation of reclassified areas using the field calculator for soil bonity data in zones related to the
location of apiaries (3 km)

(10) Calculation of the soil bonity area using the GroupStats plugin, for each of the analyzed countries

(11) Calculation of soil bonity statistics in the countries participating in the project in Microsoft Excel
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Figure 26: Dendograph of land cover and botanical taxa.
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5. Conclusion

o Differences between declared and analytically confirmed honey origin : Significant differences
were observed between beekeepers’ declarations and analytical identification of honey origins,
highlighting the necessity of analytical methods for accurate determination. This discrepancy
affects honey quality protection and compliance with legislation. Notably, there is a 23% higher
identification of monofloral honey analytically than by beekeepers, indicating the need for better
methods to classify monofloral honeys in line with the European Directive 2024/1438. Further
research should explore the environmental and agricultural factors influencing monofloral honey
production.

o  Relationship between pollen taxa and land cover: A correlation between the occurrence of
pollen taxa in honey and specific types of land cover, as per the European CORINE system, was
confirmed. Strong correlations were found for certain pollen taxa with native landscapes and
urban green areas. Type 3 classification (according to CLC classes) showed the highest correlation,
making it suitable for further studies, unlike Type 1 (according to CLC classes).

e Impact of land cover on honey components: Water content, acidity, HMF, and diastase activity
in honey showed no relation with land cover, as these are processing-related parameters.
Carbohydrates, like sucrose, fructose, turanose, maltose, and melezitose also lacked clear land
cover relationships. However, glucose and trehalose showed interesting variations with land
cover. Melissopalynological analysis indicated specific pollen types' presence in different land
covers. The prediction of land cover from honey components showed a low correlation coefficient
rate (CCR) of 45%, this aspect necessitating further research.

e Mineral correlations in honey and soil: Strong correlations were found between minerals in
honey (Mg, Ni, Cu, Cd, As) and soil properties (organic carbon, humus, acidity). This correlation
was not revealed for essential plant nutrients such as Ca and K, due to human agricultural
activities where these minerals are used as fortifiers.

e  Variability in honey composition: Individual bee colonies produce honey with varying physico-
chemical compositions and colour characteristics, aligning with beekeepers' observations. In
Slovakia, the highest agreement in results was 43% for light flower honey from Stakcin, while
Poland and Hungary showed similar variability in maximum 36%. Differences could be attributed
to bee community preferences and colony development stages influenced by multiple factors.

e Characterization of Visegrad honeys: Differences in honey parameters among Visegrad countries
were confirmed, with a detailed characterization of physico-chemical and melissopalynological
parameters. This characterization aids in protecting the designation of origin and supporting
sustainable beekeeping. Multivariate analyses demonstrated high regional differentiation ability
for physico-chemical parameters (89%), mineral profile (86.5%), and colour (66.2%).

e GIS System for beehive location prediction: The GIS system effectively predicted beehive
locations, emphasizing the importance of pasture and non-irrigated arable land for year-round
bee nutrition. Nectar and pollen sources vary annually due to agricultural policies. It was also
confirmed that soil type influences the mineral content of honey. Higher levels of Ca, Mn and Fe
with specific soil types such as anthrosol and kastanozem being crucial for good nectar and pollen
production.

These conclusions highlight the importance of accurate honey classification, the significant impact
of land cover and soil on honey composition, and the potential of advanced analytical and GIS
methods in apiculture research and practice.
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ARTICLIL INFO ABSTRACT

Honey 1s a natural swestener evaluated in accordance with Council Directive 2001/110/EC. 336 honeys from Czech hobby beckeepers
were evaluated in this work. The honeys were classified by the beckeepers using questionnaires, and all samples were subjected to
laboratory analysis using physico-chemical and melissopalynological methods. The honey samples were categorized by the beckeepers
into blossom honeys (n=272), honeydew honeys (n=32), and blended honeys (n=32). Statistically significant differences between
beekeepers” and analytical determinations of honey origin were confirmed. I'or blossom honey, incorrect classification was due to hight
clectric conductivity (39%), hight moisture {29%), low F+G (14%). and high sucrose content {0,4%). For honeydew honey, incorrect
classification was mainly due to low electric conductivity (100%). FFor blended honey due fo high electric conductivity (3 and high
acidity (3.2%). Our results show that although the beckeeper has a greal deal of information at his disposal for the proper classilication of
honey. the determination of a wide range of honey contfents and propertics is always crucial. The cumulative assessment of blossom honeys
also showed thal there are more monofloral honeys in the couniry than beekeepers themselves identify. The 6.8% and 23.0% of blossom
honey was in compliance with the definition for monofloral honeys for upper and lower limit according 1o Czech and German regulation.
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INTRODUCTION

Currently, the consumer can choose of a whole range of kinds and types of honey,
which are defined in the Czech Republic in Decree No. 76/2003 Coll. (Decree,
2003) which incorporates uropean Directive No. 110/2001 (Directive, 2001}
‘Ihe Directive describe honeys depending on their origin into blossom, honeydew
and their combination, i.e. blended honevs. Blossom honeys can be classified
according 1o the botanical faxa [rom which they come, then we talk about
monofloral honeys. Based on honey origin the direetive classifics honevdew honey
from abroad, however. in the Czech Republic honeydew honey are not divided
according to the type of aphids from which it comes. Considering the climatic and
botanical conditions i the Czech Republic, if is said that it is not easy to produce
monofloral honey. There is no honey in the Czech Republic that is protected by
any of the intermational quality marks, nor by a national mark that protect the region
of origin of the honey. Meanwhile, in the Furopean Union (ELT) there are 8 honeys
with the quality mark of protected geographical indication and 30 with the mark of
protected designation of origin. At the national level, regional delimitation is
provided by the national standard “Cesky med” (translated as “the Czech Ioney™)
that defines stricter physical and chemical conditions for traditional Czech honey
and mainly narrows the origin of honey down to the ferritory of the Czech Republic
(Kamler et al, 1999). From the point of view of Regulation No. 11692011, the
designation by the name of the country is also binding and such labelling of the
food must not be misleading, so the honey must come from the given couniry if it
bears its name (Regulation, 2011). The amount and type of pollen present in the
honey is important for determining its botanical origin. But the dominant taxon is
not necessarily the defining faxon — i.e. the specific faxon — of the monofloral
honey. The reason is the different pollen-producing capacity of botanical taxa, as
well as the ability of pollen to get on the body of the bees and then into honey.
Pollen-producing capacity of the main taxa imporfant for bees is summarized in a
Polish study (Demianowicz, 1964) which is still used today. During a nectar
collection period, bees utilize all available botanical taxa within a reachable range.
Therefore, honey with a specific taxon content of more than 45% is generally
considered 1o be monofloral honey. However. this rule is not accurate for faxa that
are characterized by high (Brassica sp.) or low (Robinia psendoacaciay pollen-
producing capacity (Anklam, 1998). Therefore, the basic assumption is (o examine
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a minimum amount of pollen prains in honey in order to climinate sampling crror
by systematic examination as deseribed in an Furopean study (Ohe ef el, 2004).
Identifying botanical taxa microscopically is difficult, although many botanical
taxa are identified to genus level based on the morphological structure of the pollen
erain. ['or this reason, taxa are classified according to their frequency of occurrence
as predominant pollen, secondary pollen. important minor pollen, minor pollen,
and present pollen (Louveaux et al. 1970). Generally, the first two groups
determing the origin of the honey. Important minor pollen can determine the origin
of honey in some exceptions, such as Robinina pscudoacacia or Citrus spThe
expected abundance of the main taxon may vary according io the data of different
authors (Beckh & Camps, 2009; El-Labban, 2020; Persano Oddo ef al , 1995;
Persano Oddo & Piro, 2004), as well as according to national standards. For the
Czech Republic, a national standard has not et been established. however, values
taken from the German specitication are mainly used (Beckh & Camps, 2009) and
a range of specific pollen taxa included in the Czech National Methodology for
Pollen Analysis is also available (Pospiech ef ¢l 2021). . In view of the above, it
is important not only to identify pollen grains, but also to interpret the results
correetly. In addition to the pollen representation of specific taxa. monofloral
honevs must also be in aceordance with physico-chemical parameters and sensory
characteristics, I'rom the physico-chemical characteristics, the most important for
determining the origin of honey is the electric conductivily (el. cond.)and the sum
of fructose and glucose (I7143), which divides honeys into blossom and honeydew
honeys. The ratio of fruclose and glucose (F/G) is also an imporfan! parameter
especially for determining its botanical origin. Of the sensory parameters, colour,
tasle and aroma are important. In addition to the verbal description. the colour is
also expressed analytically in the PFUND unit. The mentioned physico-chemical
and sensory parameters for some monofloral henays are described in the German
specification, recommendations of the International Honey Commission and in
professional literature (Beckh & Camps, 2009; Persano Oddo e al, 2004;
Persano Oddo & Piro, 2004; Piana ef al, 2004).

The aim of this study was the comparison of the botanical origin of honey by
beekeeper's declaration and on the basis of physico-chemical parameters and
melissopalynological analysis of honey. All the honey samples were from the
Czech Republic and collected by hobby beckeepers.
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MATERIAL AND METHODS

As part of this work, 330 honey samples from hobby beckeepers from the Czech
Republic were evaluated. The honey was taken in the form ol mature honeveombs
and individually extracted under controlled conditions 1o prevenl any cross-
contamination between the processed samples.. [t was mainly the first and second
collection periods, in some localities the third collection was also included. The
honevs were collected and analysed in 2019 to 2021, The honey came from hobby
beckeepers, who voluntarily participated in this study. Data on the botanical origin
of honey came from a questionnaire survey where each beckeeper was asked the
questions below:

1. Isthis blossom or honevdew honey?

2. Ifblossom honey, is it a polyfloral or monofloral honey? If monofloral
honey. what is the dominant botanical taxon?

3. Uneclassified honey samples were ranked as blended honey.

To confinm the questionnaire survey, the honeys were further analvsed in order o
confirm the beekeepers statements, The limit for the analvtical method used was
taken from the Furopean Directive No. 110:2001 ((Dircetive, 2001). For
monofloral honey upper and lower limit was used. These limits are taken from
(Beckh & Camps, 2009; Pospiech ef al., 2021)

The following analyses were performed.

Determination of water content
honey was applied to the optical prism of a digital Abbe refractometer RM 40
(Mettler-Toledo, CH) with the whole tempered to 20 “C. The refractometer was
calibrated using the refractometric index of distilled water before use. Each sample
was measured in duplicate, The method was paformed according lo the
TC dations of the 1 tional [oney C ittee (THC) (Bogd, 4 2009).
This parameter was only used for quality determination and was not used for
determination of honey origin,

Determination of electrical conductivity (el.cond.) — the honey sample was

weighed to represent 20g of honey dry matter. The sample was added to 100 ml of

distilled water at a temperature of 20 °C. The ¢l. cond. was determined in the
conductivity eell of the conductometer Multi 9310 IDS (WTW Gmbl1, GER. The
¢lectrode used was IDS Tetra Con 925 (WTW GmbH. GER). The method was
performed according to the approved THC procedure (Bogdanov, 2009),

Determination of free acidity was provided by alkalimetr on 1o a linal pH
of 83, An antomatic titrator T3 (Mettler-Toledo, CHE) and cetrode DGill5-
SC (Mettler-Toledo, CHE) The method was performed according 1o the approved
IHC procedure (Bogdanov, 2009),

Deter of di diastase activity (DON) was determined by Phadebas
method using a commercially available kit. The method was carried out according

to the instructions supplicd with the kit (Bogdanoy, 2009; Phadebas, 2008).

Determination of saccharides content — a sample of honey weighing 2.5 g was
dissolved in 12.5 ml of a 25% aqueous methanol solution and made up to 50 ml in
a volumetric flask. Before analyvsis, samples were filtered with a 0.45 um
membrang filter. The content of mono- and di-saccharides was determined by the
HPLC method (high performance liquid chromatography) with RI detection
{detection based on changes in the relactive index). The Mow rate ol the mobile
phase was 1.2 ml'min, the temperature of the detector was 35°C, the temperature
of the column 35°C, the volume of the dosing loop 10 pl. The method is based on
the approved THC methodology (Bogdanov, 2009),

Melissopalynological analysis — before analysis, the samples were homogenized
and tempered at a temperature of 40°C until complete dism]uii:m 3 g ofthe sample
was weighed into 20 ml of't d water. The ve method of fillering
honey according 1o (von der Ohe er al,, 2004). ]3n=1'|\, a filter of 3um. O 25mm
(Millipore, Mere., USA) was applied. filtration was performed by Eisco™ Glass
Filtration Assembly (Fisherscientific, USA). After drving, the filter was mounted
ng solacryl on a 76 % 26 mm glass slide. The samples were analysed under the
ipse Ci-L microseope (Nikon, JPN) with motorized stage of Proscan 111 (l’rlor
USA). Images were captured by the DFK 230274 camera (Imag
GER). The pollens were classified by an expert [rom super resolution piclures.

Statistical analysis - nonparametric McNemar's test (Contingency table test) was
used for comparison, significance level was alpha 0,05, MeNemar's test compared
2 values with binary responses for randomized complete blocks, Xlstat
2022.4.1.1370 softwarc was applied. Results which are not in agreement between
beekeepers declaration and analvtical results (inconsistent results) are inferpreted
as relative value caleulated from inconsistent results, not from all evaluated
samples.
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the tempered and homogenized sample of

RESULTS AND DISCUSSION

According to legislative requirements, honey can be divided into blossom honey
and honeydew honev. The division rellects the origin of honey, 1.¢. the source from
which a significant part of the nectar comes. Blossom honey is honey produced
from the nectar of plants. Honevdew honey comes mainly from the exeretions of
aphids (Femiprera sp.) sucking on plant tissue, Honey can also be further labellad
by its origin as monofloral and polyfloral (Deeree, 2003; Regulation, 2001). The
third category defined by national legislation (Deeree, 2003) i blended honey that
represents honey containing an undefined ratio of nectar and honevdew. It could
also be said that it is a transition between blossom and honevdew honev. Such
honey has different characteristics and, given the diversity, it is not easy o be
defined. therefore both, the national legislation as well as the professional
literature, do not define a specific parameter that would be typical for this type of
honey. Furopean Directive (Regulation, 2001) considers “blends of honeydew
honey with blossom honey™ to be honeydew honey and it must meet its minimum
requirements. To identify the origin ofhoney, the beckeeper applies his knowledge
of nectar-producing plants in the vicinity of the hives, but commercially delined
physico-chemical parameters and melissopalynological analvsis are used 1o
determine/confirm the origin of honey nectar. A comparison of blossom honey
origin indicated by beckeepers and results based on physico-chemical parameters
and melissopalynological analysis is presented in Table 1.

Blossom Honey

MeMNemar’s test confirmed a statistically significant difference (p < 0.03) between
the honey samples determined by the beekeeper and the laboratory analysis. The
result clearly confirmed that sensory evaluation. knowledge of the location,
observing the Might of bees, a mmonly done by beckeepers, does not allow a
clear identification of the ¢ of honey. Relatively speaking, 20% of blossom
honeys were not correctly identified by beckeepers.

Table 1 Comparison of beekeepers” and analytical determinations of blossom
honey

Results of analysis
Blossom Non-Blossom Total
Beekeepers Blossom 205 (61.0%)* 67 (19.9%) 272 (R1.0%)
declaration  Nop-Blossom 27 (8.0%) 37(11.0%) 64 (19.0%0)
Total 232 (69.0%) 104 (31.00%) 336 (100)

Frelative expression of the frequencies

Inconsistency with analytical values was most oflen (39% of inconsistent results)
due to the high el. cond. of honey, which is a maximum of 0.8 m&/em for blossom
honev (Regulation, 2001), Other reasons were the low F+G content (14%), which
is legislatively limited to a minimum content of 60% for hlossom honeys and high
water content of 29%6 honey, which is legislatively limited to a maximum of 20%
(Decree, 2003; Regulation, 2001). The physico-chemical parameters of blossom
and non-blossom honey are shown in table 2.

Table 2 Physico-chemical

ameters of blossom honey

Physico-chemical p Blossom Non- Blossom
Water content {%a) 17.7=1.5 18.0£2.7
Il-,::ocrncnl conductivity (mS.cm- 0.4:02 08104
Free acidity (megke) 19.6:7.7 2851102
Diaslase (DN) 25685 24.246.9

G (%) 73.0:4.9 65.517.9

DM - diastase number

In 16% of honeys, more than two parameters were inconsistent with the analvtical
values. In one case only a high sucrose content was recorded (9.5 g/100g). The
hotanical profile of this honay (45% lime. 0% acacia) did not correspond to
Robinia psendoacacia honey and cannot be idered Hobinia p k i
honey from the legislative point of view, where an exception of 10 g/100g ol
sucrose content is allowed (Regulation, 2001).

For blossom honey, legislative allow the labelling as floral or vegetable origin in
case that honey comes mainly from the indicated source with condition that
sensory. physico-chemical and microscopic characteristics are in accordance with
hotanic source. For blossom honey, the heekeapers were also asked to determing
its botanical origin in the case of the assumption of monofloral honeyv. The
agreement with the beckeepers™ stalements is shown in Table 3. Determining
monofloral honeys is not easy. and therefore, both in the literature and in national
ree Iations or standards, a certain range of achievement values is allowed
for them. In particular, this applies to the range in the pollen content, but the range
can also be for some physico-chemical parameters. Therefore, the agreement
between the detenmination of honey by the beckeeper and the analviical values is
expressed scparately for the upper limit and lower limit (Table 3.).
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rison of beckeepers” and analvtical determinations of monofloral honey

Result of analysis

Upper Limit Lower Limit
Agreement  Disagreement Total Agreement  Disagreement Total
Beekeepers Agreement 0 7 7 2 5 7
declaration oy oreement 18 311 329 6l 268 329
Total 18 318 336 63 273 336

Upper and lower limits of pollen content and phyvsico-chemical parameters (Beckh & Camps, 2009; Pospiech et al., 2021)

MeNemar's test confirmed a statistically significant difference between the
maonofloral honeys determinad by the heckeeper and the laboratory analvsis (p <
0.05) for the lower as well as upper limit. The caleulated value of the test was (p
0.045} for the upper limit and (p = 0.0001) for the lower limit. But it should also
be mentioned that there can be differences even between laboratory methods,
especially with regard to non-harmonized melissopalynological analysis. In
Furope, different lahoratories may achieve different results on pollen content, For
example. in a Spanish study, interlaboratory differences reached 5-54% for
Brassica sp., 8.7-31% for Coriandrum sativim, 0-17% for Castanea sativa and
T5.7-99% for Lwcalypius sp. (Escriche ef al., 2023). In order 1o minimize crrors,
several  studies have been developed that deal with the issue of the
melissopalynological method (Bogdanov, 2009; Jones & Bryvant, 1992, 2001;
Louveaux ef al, 1970; Low ef al., 1989). One recommendation is to count at least
300 pollen grains, or better 500-1000 pollen grains per sample (Silici &
Giikeeoglu, 2007; Stawiarz & Wroblewska, 2010; Terrab ef al, 2004). In order
o verify the method, it is then advisable 1o al least meet the repeatability and
reproducibility of the results, as defined i in the IHC recommendation (Ohe ef al,
2004). Or it can also be use matl I models that all possible
combinations of fields of view of the examined honey sample (Pospiech er al,
2021).

An important fact resulting from this assessment is that there is potentially a larger
amount of mmnﬂnml honey in the Czech Republic than beckeepers estimate for
blossom honevs, In relative terms, 6.8% of blossom honeyvs with an upper limil
and 23.0% of blussum honevs \\nh a lower limit of specific taxa pollen content
and compliance with physi i could be idered as
maonofloral, Their representation is shown in Table 4 including the specific taxon
for monofloral honey.

I par 1

Table 4 Monotloral honey classified according to upper and lower limit of pollen
content

Total

Limit Upper Limit Lower Limit
Acacia honey 0 1
Clover honey 0 6
Lime honey 13
Mustard honey 1 1
Honey from [ruit trees 2 2
Dandelion honey 0 1
Buckwheat honey 0 |
Rapeseed honey 10 34
Sunflower honey 0 1
Goldenrod honey 1 1
Total 18 ol

Of the analysed blossom honeys from the Czech Republic, rapeseed honey was
most often confirmed. Another monofloral honey with a greater occurrence was
lime honey. Ahout half of that amount was clover honey, which is not often
deseribed but is commen in countries with more grassland. such as Ircland
(Downey er al, 2005), Clover honey may increase in the future in the Czech
Republic with regard 1o the recognition of clover incamate ( Trifolinm incarnatnt)
among registered agricultural \'anclm since 2018 (Mezlik, 2019). The reason for
ing clover i in ion with honey-producing blue tansy
{P!hu.z..n’m tanacetifolia) and non-honey-producing annual ryeerass (Lolium
wmeltifloriem), is that they represent a combination with the lowest erosion factor,
and on the contrary, they cnrich the soil with atmospheric nitrogen and thus
improve the vields of the later crops (Kinel er al., 2022).
Monofloral rapeseed honey was confirmed in 34 cases, While the upper limil, i.e.
80% or more rapeseed pollen, would correspond to 10 honey samples, the lower
limit, i.e. more than 60%. In addition to the pollen profile, this honey must also
meet physico-chemical parameters. Specifically, it is a ¢l. cond. lower than 0.23
mS/em and F/'G ratio lower than 1.05 (Beckh & Camps, 2009; Persano Oddo &

Piro, 2004). The rapeseed honey samples in this study had an average ¢l cond. of’

0.21 mS/cm and the F/G ratio was 1.00.

Acacia honey has been confinmed in one case. This honey was declared by the
heekeeper as floral, but the beekeeper did not provide a botanical definition. In
addition to the minimum pollen content (10%), acacia honey must have an F/G
ratio greater than 1.5 and a ¢l cond. less than 0.20 mS/em. For this honey, the ¢l

cond. was 0.20 mS’em and the F'G ratio was 1.5, Both values were borderline. OF

the analvsed heney samples, three more met the requirement for the minimum
amount of acacia pollen grains. However, these honeys did not meet the physico-
chemical parameters for acacia honey.
Lime honey is a tvpical monofloral honey for the Ceech Republic, This honey is
characterized by a strong aroma and is popular for many consumers. From the point
of view of lime honey production, however, compared to other monofloral honeys,
there is a difference in the source of sweet secretions. Lime tree is not only a nectar-
producing tree. but is also a good source of honevdew. A higher acidity of 23.5
megkg, or a pH of 4.4, 1s theretore tvpical for these honevs, With regard o
honeydew, this honey is also characterized by a higher cl. cond., with an average
ol around 0.63 mScm (Persano Oddo & Piro, 2004). According 1o the Gennan
standard, the minimum 1. cond. is 0.20 mS/em, and an F/G ratio of 1.0 and above
(Beckh & Camps, 2009). Interestingly. these values are not in accordance with
the already mentioned German standard. which is more liberal in this case. All
analysed honeys in this study with a lime tree pollen content above 10% also met
the physico-chemical parameters, They can therelore be considered monolloral
honeys, if the sensory propertics arc suitable. For lime honey in this study, the
average el cond. was 0.65 mS'em and F/'G ratio was 1.2, acidity was 26.98 meqg/kg.
The pollen content of the honeys in this study was above 20% in only four honeys,
which confirms the lower pollen-producing capacity of lime rees.
‘The situation is complicated with clover honey. There is no clearly defined pollen
content for this monofloral honey, or the German trade standard states 60-70%.
Compared 1o 11, other Iiterary sources report dillerences according 1o the tvpe ol
clover, for example white clover (Trifolionm repens) 5-78% md red clover (I%
pratense) 18%,. and. in contrast, a Turkish study reports a range of 10-72% (Dogan,
2008; Downey er al, 2005). There are also differences in the physico-chemical
parameters, where the German standard states el. cond. less than 0.40 mS/em and
F/G less than 1.25 (Beckh & Camps, 2009), and literature reports ¢l. cond. in the
range 0.16-1.09 mS/em, F'G in the range 1.1-1.5 (Dogan, 2008). In the case of
honeys from the Czech Republic, the average pollen content was 49%, the average
el. cond. was 0.61mSem, I'G 1.16. The lower content of pollen in honey is most
likely caused by different types of clover, when the German standard specifies
them together for all. which does not appear to be an optimal limiting factor with
respect to the literamre.
Sunflower, buckwheat, and dandelion honeys were also occasionally recorded. For
these honevs. there is a specification ffom a German standard, and a European
deseriptive study (Beckh & Camps, 2009; Persano Oddo & Pire, 2004). For
sunflower honey, a minimum pollen content of 30%, el. cond. 0.2 -0.4 mS/cm, /G
1.2 is allowed. In the Furopean deseriptive study. however, a large variability in
pollen content is allowed, ranging hetween 20-90% (Persano Oddo & Piro,
2004). The recorded honey had a pollen content of 339, a l. cond. of 0.22 mS/cm
and an F'G of 1.0, Buckwheat honey is characterized by its specific sensory
properties and is plable to some ¢ (Kortesniemi ef af.. 2017). The
pollen content should be over 30%, el. cond. up 10 0.3 m8/em. The F/G ratio is not
defined in the German standard(Beckh & Camps, 2009), in the Serbian studv. F/'G
in six samples was 1.4 (Nefovié ef al, 2020). The honey in this study had a pollen
comtent of 49%, a ¢l. cond. of 0.4 mS/em. and an F'G of 1.1, With regard to its
sensory propertics, itis classilicd among monofloral honevs, the diflerent el. cond.
can be justified by the admixture of other taxa and honevdew. Fast erystallization
and light colour are tvpical for dandelion honey. Dandelion honey has a mini
dandelion pollen content of 15% (Beckh & Camps, 2009; Persano Oddo & Pire,
2004). Physico-chemical parameters for dandelion honey differ in the literature,
similarly to lime honey, according to the German standard, the minimum el. cond.
is greater than 0.40 mS‘cm, the VG ratio is less than 1.05. The European
deseriptive study reports an average ¢l cond. ol 030 mS/em and /G ratio of 0,99
(Beckh & Camps, 2009; Persano Oddo & Piro, 2004). The honey confinmed in
this study did not meet the parameter of the F/G ratio, which was 1.07. However,
we consider the honey to be monofloral due to ambiguous data in the 1i and
also due to the fact that differences in individual physico-chemical parameters have
been confirmed between individual states for species honeyvs (Juan-Borras ef al.,
2014).
Monofloral heneys from the Dowers of fruit trees, goldenrod or mustard are less
commonly described in the Czech Republic. For these types of honey, there is no
officially or pan-European defined characteristic. When detenmining, we therefore
apply the general assumption that more than 45% of the honey (nectar) comes
primarily from this taxon (Ohe ef af, 2004). Honey from fit trees with regard to
I in the Ceech Republic was expected, but the oceurrence is relatively small
and is due to the fact that n 1d pollen from carly spring plants arc used more
for the development of the bee colony than for the creation of honey reserves.
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However, in some regions and countries. the migration of bee colonies is used ina
targeted manner in order fo increase the vield of fruit trees (Cunningham er afl,

Table 7 Comparison of beekeepers” and analvtical determinations of blended
honey

2016). It is then easier to obtain monofloral honey from fruit trees from these bee
colomes, Goldenrod honey is characterized by a relatively high pollen content,
ranging from 40 1o $4%. This honey is typically light 1o watery white or amber.
There are certain differences between the regions where this honey comes from
(Czigle er al, 2022). A lower amount of goldenrod pollen in monofloral honey is
admitted by a Croatian study {28%), this study also reports the el. cond. of this
honey as 0.39 mS/em, the F/G ratio is 1.3 according to another study (Ziclinska e
al, 2014). The goldenrod honey in this study had a pollen content of the main
taxon in the amount of 64%, a ¢l. cond. of 0.45 mS/em, and an F'G of 1.3, Honey
from mustard is also not ordinary honey and only a general rule can be applied 1o
it. which is to meet the requirements for blossom honey and a minimum mustard
pollen content of 43%. In this study, the pollen content reached 695, ¢l cond. 0.27
mS/em, FAG 1.0, F=G 7279 g/ 100g,

Honeydew Honey

As in blossom honey, a comparison of the determinations of the origin by the
heekeepers and analytical methods in honevdew honey samples confirmed a
statistically significant difference by McNemar's test (p < 0.05). The result of the
analytical determination and determination by the beckeepers is shown in Table

=N

Table 5 Comparison of beckeepers” and analytical determinations ol honevdew
honey

Result of analysis
Beekeepers o Non- .
declaration Honeydew Honeydew Total
Honeydew 16 (4.8%)* 16 (4.8%) 32(9.5)
Non- 0 "
Honevdew 30(11.6%) 265 (TR9%) | 304 (90.5)
Total 55 (16.4) 281 (83.6) | 336 (100)

*relative expression of the frequencies

Determination by heskeepers was incorrect in 50% of honey samples, as confirmed
analytically. The reason for non-compliance with the legislative limit was always
low el. cond. (100% non-compliant results) (Directive, 2001). In the case of the
analytical methods, it was also a question of low ¢l. wnd (99.7%6), which is duc
to the fact that el. cond. is the decisive eriterion for determining honey origin. Two
honey samples (0.3%) did not meet the requi t for the i value of total
acidity, which was above 50 meqg/kg. The legislative parameter for the analytical
determination ol honevdew honey is also FHG, which is st al a minimum content
of 45g/100g (Directive, 2001). The Physico-chemical parameters of honevdew
and nen-honevdew honey are shown in table 6.

Table 6 Physico-chemical parameters of honevdew honey

Result of analysis
Blended Non-Blended Total
o ¥ o, E o
Beekeepers n;:nded 30 (8.97%) 2(0.6%) 32(9.5%)
declaratis on- y 4 R07 '
eclaration Rlended 288 (85.7%) 16 (4.8%) 304 (90.5%)
Total 318 (94.6%) 18(5.4) 336 (100%)

Frelative expression of the freque

Heney incorreetly categorized by the beckeeper had high el. cond. (20.9 g/100ml)
in one case and high acidity (62.8 meqkg) in the other case. so the beekeeper
incorrectly classified 6.3% of the honey in the blended honey category. From the
legislative point of view, these honey ples cannot be considered as honey, but
they could be used as baker’s honey, wherz up to 25 ¢/100 ml of water and total
acidity above 50 meqgke are allowed. (Directive, 2001). The physico-chemiecal
parameters of blended and non-blended honey are shown in table 8.

Table 8 Phvsico-chemical parameters of blended honey

Physico-chemical parameters Blended Non-Blended
Water content (g 100ml} 16.8=1.5 19.7=1.2
Eleetrical conductivity (mS.cm-1) (.8=0.4 0.7£0.3

Free acidity {megke) 293297 41.9:21.0
Diastase (IDN) 27.749.7 29.9:98

[ G (2/100ml) 67.147.5 T0.8 4.8

DM — diastase number

An interesting fact about the blended honeys was that six of these honeys could be
considered monofloral honevs. Rapeseed was the dominant taxon in four honeyvs,
in varving pollen content {60-91%), and two honey samples contained a high
amount of clover pollen reaching 45% and 33%. Honey samples with a rapeseed
pollen content of more than 60% cannot be considered blended. Rapesead is a
nectar- ind pollen-producing crop. The high pollen content thercfore also in
a large amount ol rapesced nectar in this hulw\f The situation is difle ¢
with the presence of clover pollen, Clover pollen is also an accompanying taxon
for honeydew honeys, and for these honeys, the judging eriterion would be the el.
cond. of the honey. In our case, the el. cond. of honey with a pollen content of 33%,
(.84 mS/cm, which points to honavdew honey. Honey with a higher clover pollen
conlent of 45% had a ¢l. cond. of 0.66 mS which on the other hand points o
blossom honey. These results confirmed that both honeydew and clover neetar
coniributed to the honey production in this sample. This linding is not surprising,
as pollen is the main source of protein for bees and therefore, if it is available in
the area. bees flv to pollen-producing plants even in the case of abundant
honevdew. Primarly, pollen 15 stored by bees in special honeveomb cells, not in
honeyeomb cells with honey. However, pollen often gets into the honey, from the
surlace ol the bees” bodies and also from the bees that process and thicken the
nectar. lhe amount of pollen in honey can also be influenced by technological

in the hive, when pollen from the pollen cells is then also stored in
the honey (da Fernandez & Ortiz, 1994). Other taxa detected in this honey were
lime tree 10% and forget-me-not 35%. Also, these taxa point to a collection from

Physico-chemical parameters  Honevdew Non-Honevdew

Water content (%) 17.0=1.2 17.6£1.3

Electrical conductivity (mS/em)  1.1=0.2 0.5:0.1

Free acidity (meygkg) 322273 27875 S .
Diastase (DN) 25.5:6.6 29.619.9 forest arcas.
FHG (%) [ T0.1+£5.0

DN - diastase number

The lower permitted value of the sum of T'+ G in honevdew honevs than in blossom
honevs is due to the different carbohydrate composition. Sucking insects. which
make up a significant part of the sugar solutions used by bees for the production of
honevdew honay, produce in addition to glucosz and fructose other carbohydrates
that subscquently become part of the honey, Honevdew honey can therelore
contain 16 other carbohvdrates in addition 1o glucose and fructose. The most
rep ted include di harides (but not sucrose), Irisaccharides and a certain
percentage of tetrasaccharides, Al the same fime, it is not possible 1o say
unequivocally which carbohydrates could be used to differentiate honevdew
honeys. b they differ depending on two basic conditions. The first condition
is the botanical species (Pita-Calvo & Vizquez, 2018), on which the insect sucks,
and the second condition is the specics of the inscet itsell (Shaaban e al., 2020).

Blended Honey

Blended honey forms a transition between blossom and honeyvdew honey, hoth in
terms of origin and variable analytical values. This group is the most difficult to
charactenze, and beckeepers rank here honeys [or which they are not able estimate
the source of the honey based on their practice. MeNemar's test confirmed a
statistically  significant difference (p < 0.03) between the honev 1

CONCLUSION

i a1 h

Statistically significant diff: Were o heekeepers” and
analytical determinations of honey origin for all, blossom, honeydew as well as
blended honeys. Overall, for blossom hnnc\ honey dew honey and blended honey
the results were inconsistent, reaching 24.6% 30%, 6.3%, respectively. Our results
show that analvtical methods should be used for correct determination of honey
origin, For most of the honeys, the beckeepers’ classification was diflerent from
the measured electrical conductivity, whose legal limit is one of the criteria for
determining the origin of the honey. For hlossom honey, incorrect classification
was Ei\cn by ¢l eond. (39%a). F+G (14%), moisture (296}, and by high SUCrose
content in one case. For honeydew honey, incorreet classifi
low el. cond. (100%5). For blended honey, beckeepers did not classify I\\\: ﬁamplcs
correctly, where high el. cond. and tofal acidity was detected. Our results also show
that there is more monofloral honey in Czech Republic than it was determined by
the beckeepers. 6.8% or 23.0% of blossom honey was in compliance with the
definition for monofloral honey for upper or lower Timit respectively. In this study,
the beckeepers suppnwd 2(: Yo uf monofloral honeys but most of them were
actually classilicd mcorrectly 1i v in the d of monofloral
honeys shows that the dasuhcahm of the origin of honeys is still problematic.
Therefore, new methods or a better characterised distinction for monofloral honeys
are needed ()n the other hand, further research is needed to identify the

[é

determinad by the beckeeper and the lahoratory analysis also for blended honey.
“The comparison results are presented in Table 7.
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envi i al and behavioural conditions that can lead to the
production of monofloml honey
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Annex 2: Vztah pokryvu krajiny k pylovému profilu medu
(Pollen profile relation to country land cover)

Vztah pokryvu krajiny k pylovému profilu medu
Pollen profile relation to country land cover
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Souhrn

Monitoring ptidniho pokryvu je v souCasnosti provadén automatickymi geografickymi
systémy, které na zakladé analyzy viditelnecho a blizkého infracerveného spektra
poskytuji informace o zptisobu vyuziti pidy. V praci je ovéfovan vztah pylového profilu
medu k pokryvu krajiny v regionu Morava, Ceska republika. Analyzovano bylo 17
stanovist, krajinny pokryv byl hodnocen jako 3 km polomér od stanoviité. Celkem byla
vyhodnocena plocha 48 042 Ha v navaznosti na jednotliva stanovisté. Z toho 57 %
zabirala zemédélska pada, 22 % urbanizované tuzemi, 21 % lesy a 0,1 % vodni plocha.
Vysledky prokazaly silnou korelaci pro nékteré botanické taxony a typy pokryvu
identifikované pomoci CORINE land cover, konkretné Aruncus sp., Hipericum sp.,
Trifolium sp. (R=0,99, R=0,99, R=0,95) u klasifikace 3 typt a s Brassica sp., Echium sp.,
Rubus sp. u klasifikace 2 typu (R=0,99, R=0,96, R=0,96) (p < 0,05).

Klicova slova: melissopalynologie, GIS, pokryv krajiny Corine, CLC

Abstract

Land cover monitoring is currently carried out by automated geographic systems. These
provide information on land use based on the analysis of the visible and near-infrared
spectrum. This article examines the relationship between honey pollen profile and land
cover in the region of Moravia, Czech Republic. Seventeen hive location were analysed
and land cover was assessed as a 3 km radius around the site. In total, an area of 48,042
ha was evaluated in relation to individual hive location. Of this, 57% was agricultural
land, 22% urban land, 21% forest and 0.1% water. The results showed a strong correlation
for some botanical taxa and cover types identified by CORINE land cover. Specifically,
Aruncus sp., Hipericum sp., Trifolium sp., (R=0.99, R=099, R=0.95) for type 3
classification and with Brassica sp., Echium sp., Rubus sp. for type 2 classification
(R=0.99, R=0.96, R=0.96) (p < 0.05).

Key worlds: melissopalynology, GIS, Corine land cover, CLC

Uvod

Dalkovy prizkum zemé umoznuje sbér velkého mnozstvi dat, které lze interpretovat
ruznymi zpusoby podle toho jaké druZice a jaké detektory, prevazné ruznych formé
zatenti, byly analyzovany. V ramci evropského vesmirného vyzkumu, je umoznén piistup
k témto datim, jak v binarni podobé, tak v podobé vyhodnocenych informaci. Pro
sledovani pokryvu pudy se vyuZivaji satelity Sentinel-2 snimajici zemsky povrh ve
viditelném spektru RGB (Cervena, zelena, modra), NIR, spektra blizka NIR(Phiri et al.,
2020), SWIR a Landsat-8 vyuzivajici VNIR a SWIR (vyuZzivajicich vinové délky 443,
865, and 2201 nm) (Gorrofio et al., 2017). Takto ziskana satelitni data jsou zpracovany
pro vytvoreni charakteristiky krajinného pokryvu matematickymi modely (Dusek
a Popelkova, 2017) a jsou volné dostupné jako CORINE land cover (CLC).
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Kolonie véely medonosné jsou soucasti krajiny a jeji zdravotni stav a také produkce medu
je zavisla na nektarovych a pylovych zdrojich v okoli stanovisté dané vceli kolonie.
Nektar piedstavuje zdroj sacharidd pro veelstvo, pyl je zdrojem proteint (Bry$ et al.,
2021). Oba tyty zdroje piitom nachazi uplatnéni v podobé v&elich produktt a to ve formé
medu a suSenych pylovych rousek. Blizkost oblasti s intenzivni zemédélskou €innosti,
mize byt na druhou stranu zdrojem zne€isténi v podobé pesticidi, které jsou jednou
z pii¢in CCD (nahly kolaps kolonie veelstva) (VanEngelsdorp et al., 2009).

Cilem prace bylo ovéfit v regionu Morava, Ceska republika vztah mezi daty ziskanymi
s CLC a vysledky melissopalynologické analyzy medu.

Material a metodika

Byly pouzity data z CLC 2020 ziskané z Evropské agentury zivotniho prostiedi
(European Environment Agency’s Copernicus Land Monitoring Service). Data byla
zpracovana v programu QGIS 3.28 (QGIS Development Team, 2023). Kolem kazdého
stanovisté byla vyhodnocovana plocha o poloméru 3 km. Vyhodnoceni ptidniho pokryvu
bylo provedeno podle klasifikace k CLC a to samostatné pro typ 1 (5 skupin), typ 2 (15
skupin) a typ 3 (44 skupin), viz také tabulka 1. Vyhodnoceni bylo jako soucet celkové
plochy jednotlivych skupin pro jedno stanovisté s naslednym procentualnim vyjadienim.
Medy byly vySetfeny semiautomatickou analyzou podle Pospiech a kol. (Pospiech et al.
2021). Autentické medy byly odebrany pfimo od hobby véelaii a v medech bylo
stanoveno relativni zastoupeni botanickych taxont.

Statisticka analyza byla provedena ve statistickém software Xlstat (Adinsoft, USA) a jako
statistickd metoda byl pouzit Pearsaniv korelaini koeficient na hladiné vyznamnosti
p<0,5. Korelace byla provedena mezi celkovou plochou hodnocené skupiny
a procentualnim zastoupenim daného botanického taxonu.

Vysledky a diskuse

Vysledky z CLC lze pro jednotliva stanovi§té klasifikovat do rizné podrobnych tiid.
Nejhrubsi klasifikaci (oznaované jako typ1) zahrnuje 5 skupin, dalsi klasifikace typ 2 15
skupin a nejpodrobngjsi klasifikace je typ 3 ktera zahrnuje 44 skupin. Volba jednotlivych
typt pro analyzu tedy upravuje celkovou plochu v dané t¥idé, se kterou je srovnavan
pylovy profil, na druhou stranu hruba klasifikace nemusi nutné odpovidat charakteru
krajiny. Vysledky pro typ 1 potvrdil statisticky vyznamnou korelaci pro Campanula sp
R=0,52 v urbanizovanych Uzemich a pro Thymus sp. R=0,55 ve skupiné zemédélské
plochy. Ve skupiné lesy a polopfirodni oblasti byla potvrzena pouze negativni korelace
pro Salix sp. R=-0,634 a pro Helianthus anus R=-0,586. Toto zji§téni neni prekvapivé,
protoze tato klasifikace zahmuje oblasti, které zahrnuji riizné vyuZivanou plochu a tim
padem dochazi k velkému rozptylu také v mnozstvi a pfitomnosti pylovych zrn pro
jednotlivé klasifikaéni tfidy. Souhrn klasifikaénich typt je uveden v tabulce 1 spolu
s procentualnim zastoupenym v analyzovanych stanovistich.
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Tabulka 1: Klasifikace pudniho pokryvu s CLC 2020 s procentualnim zastoupenym
plidniho pokryvu (klasifikaéni skupiny).
Typ | Typ 2 Typ3
Meéstska souvisla zistavba (0.1 %)
Obytné plochy (15 %) Meésiska nesouvisla zistavba (15 %)
Priumyslové nebo obchodni zony (4 %)
Prumyslové a obchodni zony, Silniéni a Zelezniéni sit’ a pfilehlé prostory (1 %)

Urbanizovang  komunikacni sit (5 %) Pristavni 76ny
uzemi Letiste
(22 %) ) X Té&7ba hornin (0.4 %)
I(J(‘fiy‘;mskladky a stavenise g\ dk_y
Stavenisté
Plochy umélé, nezemédélské Plochy méstské zeleng (0.1 %)
zelene (1 %) Zatizeni pro sport a rekreaci (1 %)
Ornid puda mimo zavlazovanvch ploch (30 %)
Oma puda (30 %) Plochy stile zavlazované
RyZova pole
Vinice (1 %)
Zemadilské Stilé kultury (2 %) Ovocné sady a kefe (1 %)
plochy Olivové porosty
(57 %) Pastviny (8 %) Pastviny (8 %)
Roéni kullury piidané ke stilym kulturim
Riznorodé zemédélské Komplexni systémy kultur a parcel (3 %)
plochy (18%) Prevazné zem&délska dzemi s piimési prirozené vegelace(14 %)

Uzemi zemédélskolesnicka
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50

Pro klasifika¢ni tiidu typ 2 je uz rozdéleni vice podrobné a z naméfenych dat lze vidét,
ze podrobnéjsi kategorizace ma vétsi vztah k botanickym taxonim, které byli potvrzené
v medech pro stanoviité s danym typem pudniho pokryvu. V sledované blizkosti
stanovist bylo zastoupeno jen sedm skupin. Nejveétsi zastoupeni pfitom méla orna puda
(30 %, a nejmensi 0.1 % pevninské vody). Shrnuti vysledki s potvrzenou korelaci je
uvedeno v tabulce 2, kde jsou uvedeny pouze hodnoty statisticky vyznamné (p < 0,5).
Vysledky analyzy tfidy typu 2 pro klasifikaéni skupinu lesy, a riizné zemédélské plochy
potvrdila pouze negativni korelaci s taxony Salix sp., a Lotus sp. (p < 0,5). Vysledek
ukazuje, ze tyto taxony se nachazi v malo Cetném zastoupeni pro danou skupinu
zemédeélského pokryvu pady. Divodem je nizky vyskyt téchto taxon v danych biomech.
Kdy vrba je typicka pro blizkosti vodnich tokt (Celemli, 2012) a Lotus sp. pro oblasti
s nizkou zemédélskou Cinnosti, respektive je to typicky taxon pro pastviny (Winkler et
al., 2022). Pro oblasti s méstkou zastavbou (obytné plochy) byla potvrzena pozitivni
korelace s vyskytem taxonu Aescufus sp., ktery zahrnuje oblibeny strom parkovych
vysadeb Pakastan kofisky (Kopacka a Zemek, 2023), ktery je kvétem atraktivni nejen pro
obyvatele, ale také pro v&ely a slouzi jako zdroj pylu a nektaru ((Demianowicz, 1964)).
Podobné vyuziti maji zelené plochy nevyuzivané pro zemédélské ucely (méstska zelen
a sportoviste), kde byla potvrzena vysoka pozitivni korelace s taxony Echium spi, Rubus
sp. a Trifolium sp. (p < 0,05), tedy taxony vyskytujicimi se v pfirozené zelené krajiné
nebo na pastvinach ( Trifolium sp.).
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Tabulka 2: Vztah botanickych taxont ke klasifikaéni tiid
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Aesculus sp. 0,6
Betula sp. 0,92
Brasica sp. -0,53 | 099
Campaniila sp 0,87
Echium sp. 0,96
Hypericum sp. 0,92
Lotus sp. 0,61 0,98 -0.6
Phacelia sp. 0,91
Rhamnus sp. 0,92
Rubus sp. 0,96
Salix, Salicaceae | -0,54 0,48
Trifolium sp. 0,9

Piekvapiva je pozitivni korelace v oblastech s primyslovym vyuzitim, kde byl potvrzen
pyl taxont Camparmula sp. a také negativni korelace u taxonu Brassica sp., ktera je v CR
zastoupena pfevazné ozimou fepkou (Pospiech et al., 2021). Tento vztah vysvétlujeme
s ohledem na negativni korelace v tiidé typu 3 dle CLC (p =0,5), ktera blize specifikuje

-~
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charakteristiku této skupiny na prevazné zemédélska izemi s piimési pfirozené vegetace.
Jsou to tedy oblasti nevyuzivajici ornou piidou pouze intenzivni zemédélskou ¢innosti,
ale podil piirozené vegetace poskytuje také daldi zdroje snGsky, coz vede k poklesu
v obsahu pylu fepky v medech vtéchto oblastech. Pudy s nejvy3sim stupném
zemédélského obdélavani (orné pidy) potvrdily pozitivni korelaci k pylu taxonu Lofus
sp. a Salix sp. (p > 0,5). A nejvice taxont s pozitivni korelaci k pldnimu pokryvu byly
potvrzeny u taxonl Betula sp., Brassica sp., Hypericum sp., Lotus sp., Phacelia sp.
a Rhamnus sp. Tento vysledek potvrzuje, ze pastviny jsou pestré na pivodni botanické
taxony, které jsou pro véely tradiéné dobrym zdrojem jak pylu, tak nektaru nezbytného
pro rozvoj véeli kolonie a také produkci véelich produkth. Piitomnost Lotus sp. na
pastvinach byl potvrzen také na vysociné (Winkler et al., 2022). Ve srovnani s klasifikaci
podle 2 typu nebyla u taxonu Brassica sp. potvrzena statisticky vyznamna korelace,
i kdyZz korelace taxonu k padnimu pokryvu byla vysoka (R = 0,87).

Klasifikaéni tfida typ 3 ma nejpodrobné&jsi klasifikaci, coz vedlo také k nejcast&jsimu
potvrzeni zavislosti v botanickych taxonech prokazanych v medu s danym typem lokality
klasifikovaného podle CLC. Pro tento typ byla nejvice zastoupena orna piida mimo
zavlazovanych ploch (30 %), negjméné byly, jako u predeslého typu, zastoupeny vodni
plochy (0,1 %).

U klasifikaéniho typu 3 byla potvrzena zavislost spadnim pokryvem nejvétsi
z analyzovanych typt (Tabulka 3). PricemZ vysledek klasifikace je vétiinou v souladu
s vysledky pro kategorizaci 2 typu, jak bylo popsano vyse. Lesni porost je pro tuto
klasifikaci rozdélen na listnaté lesy, smiSené lesy a pfechodova stadia lesa a kioviny a pro
jednotlivé skupiny. Ve srovnani s piedeSlymi klasifikacemi bylo potvrzeno vice
botanickych taxonG korelujich s pudnim pokryvem. Potvrzeny byly Aruncus sp.,
Phagophyrum sp., Trifolium sp. alLotus sp. Pfitomnost Lotus sp. v prechodovych
oblastech lesa lze vysvétlit vysokou adaptovatelnosti tohoto taxonu k riznym typtum puidy
(Zednikova et al ., 2023).

Prekvapivym je obsah druhu pohanky ve skuping listnaté lesy. V CR se vyskytuji dva
druhy Pohanka obecna a tatarska, oba druhy jsou neofyty a od 19 stoleti jejich vyskyt byl
potvrzen i v krajinnych biotypech (Mabberley, 2023) a bylo potvrzeno jejich osidlovani
v neudrzovanych loukach (Hadrava et al., 2022). Pro ovéfeni tohoto vztahu by bylo
vhodné provést blizsi botanicky prizkum danych lokalit a vyvratit nepfesné urceni
dan¢ho taxonu podrobnéjsi klasifikaci, jestlize pyl nepochazi z jiné pro CR plvodni
byliny ¢eledé rdesnovitych. S ohledem na vysokou atraktivitu pohanky se ale mize jednat
také o preferovany botanicky taxon (Tschumi et al., 2015; Hadrava et al., 2022). Méstska
nesouvisld zastavba, pramyslové nebo obchodni zény a zafizeni pro sport a rekreaci
kopiruji vysledky z klasifikace, jak byla u 2 typu. Potvrzena byla pozitivni korelace
s taxony Aesculus sp., Campanula sp. a Trifolium sp. (Tabulka 3).

Ve srovnani s piedchozimi typy klasifikace dle CLC, bylo pro zemédélské pudy
potvrzeno v tomto typu nejvice vzajemnych vztahi, celkem bylo potvrzeno 11 taxont ve
vztahu k ptdnimu pokryvu. Kategorie ovocené sady a kefe poskytuje prekvapivé zjisténi,
Ze tato oblast koreluje s obsahem pylu lipy v medech s ohledem na rozsahu této kategorie
v okoli stanovisté vEelstva. Vysledek nebyl ofekavan a pro potvrzeni nebo vyvraceni je
vhodné zahrnou do analyzy dalsi takto klasifikované oblasti. Nejvice taxont pozitivné
korelyjicich k pidnimu pokryvu bylo pro pastviny Betula sp., Brassica sp., Hypericum
sp., Losus sp., Phacelia sp., Rhamns sp. a dale pro komplexni systémy kultur a parcel kde
byly zastoupeny taxony Aruncus sp., Helianthus sp., Hypericum sp., Lythrum sp. a Salix
sp. Toto zjisténi je v souladu s obecnym tvrzenim, Ze pro rozvoj véelstva je duleZity
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pestry zdroj pvlové a nektarové snisky, ktery podle nasich vysledk jsou schopny
dosahnout praveé pudni pokryvy, které maji pestiejsi zastoupeni taxont podilejicich se na
snasce véelstva. 1 kdyz podle literarnich zdroji dochazi i u trvalych travnich porostt
k postupnému ubyvani botanickych druhti (Harasek et al., 2023).

Tabulka 3: Vztah botanickych taxont ke klasifikac¢ni tfidé typu3 dle CLC
HETIEERREEEEBRE
EE| E |E2|E5| 8 | 2 |E2|=2| & |3}
SRl E|EE|s | 2| 2 |BR|5E| = a8
= B, ] == = N = = = @
a Z = |28 | & s | 5= 2 o
& g |2 : Z 2 3
2 g |2 = :
@ CR =] & = o w
g =85 | @ g £ 3
= = |3 =] = S
Aescilus sp. 0,59
Aruncus sp. 0,83
Aruncus sp. 0,99
Betula sp. 0,92
Brasica sp. 0,87
Campanula sp. 0,86
Helianthus sp. | 0,86
Hypericum sp. | 0,99 0,92
Lotus sp. 0,59 0,91 0.82
Lythrum sp. 0,93
Phacelia sp. 0,91
Phagopyrum sp. 0,80
Rhamnus sp. 0,92
Salix,
Salicaceae 0,77
Tilia sp. 1,00
Trifolium sp. 0,69 | 0,95
Zavér

Byl potvrzen vztah mezi vyskytem pylovych taxoni v medu a mezi nékterymi typy
padniho pokryvu CR mapovaného pomoci druzicového systému a vyhodnoceného
evropskym systémem CORINE Land cover. Nejcastéji byla potvrzena korelace pylovych
taxont krajinného pokryvu s podilem pavodnich krajinnych prvka a méstské zelené.
Nejvyssi stupen korelace byl pro taxony Aruncus sp., Hipericum sp., Trifolium sp.,
(R=0,99, R=0,99, R=0,95) u klasifikace 3 typu a s Brassica sp., Lchium sp., Rubus sp.
u klasifikace 2 typu (R=0,99, R=0,96, R=0,96) (p < 0,05). Klasifikace | typu potvrdila
pouze slabou korelaci a neni pro tento Gcel srovnani vhodnym stupném klasifikace. Pro
nékteré druhy (Brassica sp., Lotus sp., Safix sp.) byl naopak potvrzen negativni vztah
v né&kterych krajinnych typech.
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VLIV PUDNIHO POKRYVU NA ZAKLADNI PARAMETRY MEDU
INFLUENCE OF LAND COVER ON THE HONEY PARAMETERS

Matej Pospiech, Simona Ijasovskda, Marie Bartlovd, Helena Cizkovd, Vajtéch Kruiik,
Dalibor Titéra, Barbara Prus, Bohuslava Tremlova

Abstract: The geographical origin of honey can be identified through physic-chemical
composition or pollen analysis. This is based on the assumption that the natural resources are
unique to the region. The aim of this research was to investigate the potential correlation
between physicochemical parameters, pollen profile, and land cover identified through remote
sensing. Moisture, acidity, HMF, diastase, conductivity, carbohydrates, and the presence of
pollen taxa were analysed using melissopalynology. Statistical significance (p<0.05) was
observed in the differences between the measured parameters and land cover. The variability
was higher for pollen taxa compared to physicochemical parameters. The findings indicate
that no single variable could accurately distinguish all types of land cover. Utilizing a
combination of multiple variables and advanced statistical methods will be necessary for

differentiation.
Keywords: melissopalynology, CORINE Land Cover, geographic information system,
prediction

uvoD

Med je oblibenym sladidlem s dlouhou tradici mezi konzumenty. Tradice konzumace
medu saha hloubko do minulosti a predstavuje prvni z dostupnych zdroji cukrd. Tradice,
obliba avyssi cena medu vede Casto k falSovani tohoto produktu. FalSovani muze byt
provadéno rhznymi zplsoby. Jednim z nich je zaména geografického ptvodu medu. Pro
prikaz geografického plvodu medu existuje vice metod, které jsou zalozeny na urleni
botanického pivodu (Kaskoniené et al., 2010), izotopového profilu (Kawashima et al., 2018),
magnetické rezonance (Zheng et al., 2016) nebo obsahu latek, jako jsou napf. mineralni latky,
polyfenoly nebo pyl (Ohmenhaeuser et al., 2013; Karabagias et al., 2014; Pasquini et al,,
2014). Divodem velkého spektra metod vyuzivanych pro geografickou identifikaci medu je
komplikovanost tohoto prikazu. Definovat geograficky plivod je sice snadné, protoze je dana
stanovi§iém, ale definovat charakteristiku medu specifickou pro konkrétni lokality je obtizné.
Na charakteristiku medu, ktera je dana slozenim medu ma vliv mnoho faktorti, zejména zdroj
snusky, klimatické podminky, botanické zastoupeni a pro izotopové metody a magnetickou
rezonanci také mnoZzstvi srazek (Kawashima et al., 2018). Na viechny tyto &initele ma vliv
vyuziti pady v danych lokalitach, které je vyznamné ovlivnéno antropogennimi faktory. Za
klicové lze povazovat zavlazovani, selekci konkrétnich botanickych druht, vystavbu budov a
podobné. Lidmi upravena krajina poskytuje tudiz specificky zdroj pastvy, ale i na samotnou
pastvu ma antropogenni ¢innost vliv, Cilem prace je uréit vliv padniho pokryvu (vyuziti
pudy) na zakladni slozeni medu.

MATERIAL A METODIKA
Ve studii bylo analyzovano 32 vzorki medu, které byly ziskany od hobby véelait
zriznych lokalit Ceské republiky. Medy byly analyzovany podle doporudenych postupii
mezinarodni medové komise (Bogdanov, 2009). Analyzovany byly parametry: obsah vody
(%), kyselost (meq.kg!), hydroxymethyl furfural (HMF, mgkg), aktivita diastazy (DN),
vodivost (mS.m™), barva medu (mm pfund), sacharoza, fruktoza, glukoza, turandza, maltoza,
trehaloza, melezitoza (%). Pylova analyza byla provedena podle standardniho postupu
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(Pospiech et al , 2021). Navazka vzorkt medu byla 5 gram. Vzorky byly filtrovany (velikost
porti S um) (MERK, CZE) a po vysuleni byly vzorky zality syntetickou pryskyfici Solakryl
(VWR, CZE). Snimani nahodnych zornych poli bylo pii dvé st& nasobném zvétSeni. Byl
pouzit in-home zobrazovaci systém zahrnujici mikroskop Eclipse (Nikon, JPN), kameru
(Imagine source, GER) a snimaci software (Laboratory imagine, CZE).

Data dalkového prizkumu zemé byla ziskana ze systému CORINE Land Cover (CLC)
v ramci volné licence, Zpracovani dat probéhlo za pomoci mapového softwaru QGIS (A Free
and Open Source Geographic Information Systém, 3.28.15 LTR). Pro kazdé véeli stanovisté,
od kterého byl odebran vzorek medu, byla vypoctena plocha krajinneho pokryvu stanovena
dle metodiky CLC. Analyzovana plocha byla 3 km v poloméru. Tii kilometry byly zvoleny
jako prumérna letova vzdalenost vcel.

Data byla srovnana pomoci statistického software XLSTAT (Addinsoft, USA). Byl
pouzit test ANOVA s mnohonasobnym porovnanim Tukey HSD na hladiné vyznamnosti
p<0,05.

VYSLEDKY A DISKUSE

V této praci bylo zastoupeno 14 typt padniho pokryvu. Ne viechny byly ve stejném
procentualnim zastoupeni, z toho divodu byla u viech statistickych testli pouZita vahova
korekee, ktera byla definovana jako celkova plocha pudniho pokryvu pro dané stanovisté.
Konkrétné byly hodnoceny typy pldniho pokryvu, které jsou uvedeny s pouZitou zkratkou a
procentualnim podilem v hodnocené rozloze. Listnaté lesy (Lis, 5,22 %), komplexni systémy
kultur a parcel (Kom, 3,35 %), jehli¢naté lesy (Jeh, 4,34 %), méstska nesouvisla zastavba
(Més, 14,93), ovocné sady a kefe (Ovo, 0,86 %), primyslové nebo obchodni zony (Pri, 4,38),
prevazné zemédélska uzemi s pfimési piirozené vegetace (Pre, 14.2 %), téZzba hornin (Tez,
0,41), smisené lesy (Smi, 10,52 %), ormna puda mimo zavlazovanych ploch (Orn, 29,98),
pastviny (Pas, 8,03), silniéni a Zeleznicni sit’ a prilehlé prostory (Sil, 0,93), zafizeni pro sport a
rekreaci (0,83) a vinice (Vin, 0,86).

Pudni typy byly srovnany s fyzikalné-chemickymi parametry (Tabulka 1) a pylovym
profilem medu (Tabulka 2) s hodnocenych stanovist’,

Z uvedenych vysledki je ziejmé, ze obsah vody, kyselost, HMF, aktivita diastazy
neméli souvislost s typem padniho pokryvu. Tento vysledek neni piekvapivy, protoze jsou to
parametry, které souvisi zejména manipulaci s medem. Aktivita diastazy mize byt také nizka
u nékterych jednodruhovych meda (Persano Oddo & Piro, 2004) a naopak obsah HMF mize
byt vysoky zejména u medua z tropickych oblasti (Juan-Borras et al., 2014). Ze sacharidi
sacharoza, fruktoza, turanoza, maltdza, melecitoza byla bez zietelné souvislosti k pudnimu
pokryvu. V pfipad€ sacharozy, turandzy, maltozy a melecitozy to bylo ofekavané zejména
z divodu, Zze obsah téchto sacharidd je nizky a nelisi se ani v prubéhu let (Cizkova et al,,
2022). Naopak zajimavym zjisténim jsou rozdily mezi jednotlivymi typy ptadniho pokryvu u
glukozy a trehalozy. Nejvyssi hodnota glukozy byla zaznamenana u lokalit s vyskytem
porostl jehliénanl (36,01 %) a tato hodnota se statistiky lisila od ostatnich typl pidniho
pokryvu (p<0,05). U trehalozy byla statisticky nejvyssi hodnota u lokalit s tézebni innosti
(1,11 %) a nejnizsi u jehli¢nant (0,18 %). Toto zjisténi je v rozporu se Spanélskou studii
(Bentabol Manzanares et al., 2011), kde byl obsah trehalézy vy38i u medovicovych meda
(1,89 %) ve srovnani s kvétovymi (1,67 %). V nasem piipadé byl obsah trehalozy nizsi (1,11
%) nez by odpovidalo medovicovému medu (Tabulka 1). Trehaloza viak muze byt také
v kvétovych medech, kdy se jeji obsah pohybuje od 1,5 do 2 % (Bentabol Manzanares et al.,
2014).
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Tabulka 1 Srovn:ani fyzikalné chemickych parametru medu
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Orn 1729 2083 303° 2438 4548%% 0,93 37,32° 32270 196 3,73 0355% (420 44,08
Meés 1697 1975 22% 26,12° 37374 078 376 388D 2150 4020 068 0340 46640
Pi¢ 1648 22.16* 3,11 23,12* 6834% 069 36615 308" 227* 3964 089" 065 3984
Smi  1671* 22,18 185 2325 7.5 041° 3675 3084Y 229° 401* 085 (.71¢ 4399
Lis 1638 285" 455 2356° 6028 031" 3696° 3044" 2540 406° 077 080" 56,83
Pas 15.80% 20,94° 10,19* 1949 67,750 045° 364° 31670 235" 344° 0,923 0.72° 3815
Kom 17,69* 22,61° 1,36* 2493* 42411%¢ 1,020 37,92¢ 3118" 1,73* 347° 036" 0,63 4024°
Vin 17,720 26970 121* 2595 33489 222% 3791° 3054° 149 321° 043 (35 3953
Pru 1700 21210 1,160 26,36° 67364 0490 3792« 320060 [ 990 396 0779 19 41,120
Ovo 1665 27.71° 246° 2356° 580404 (790 3736° 31.16° 180" 3.61° 069% 0400 3674
Sil 16,73 2243 (L83* 27,000 7397 042 3805 31740 2060 40100 078 (170 4333
Jeh 17.1% 1363 515 147 3526% 0,16* 3813 36,01* 1.77* 39 0,18 026° 4683
Zar 1604 17.86* 2,12* 21.07* 69004 022* 3653 30095" 253 478 088" 1.11* 3674
Téz 15,830 1908 1.44* 2280° 82,200 021" 36,1° 3044 2420 447 1,010 1,15 33,17
Rozdilny horni index indikuje statisticky vyznamné rozdily ve sloupcich.

Tabulka 2 Srovnani pylového profilu medu s typem pudniho pokryvu

o . = ] =] - =
=2 8 £ 3 & £ S Eg4 E g 3 5 5
LR = ] = = - =" = . ‘=
55 s £3 580 £ 8% 25 §5 E% 24 E4 3@
: = S £ 8 = .
=2 & ] = P 5 @ Eg £ & §° 3 = = E
7] m T = < O fu s

Om 20,12 223  138% 013" 049 6250 02> 0,32 017 064" 052
Més 30.08% 0.25° 085 0128 045 569  0,06° 035 0,13%¢ 034%  0.46°
Pic  9.99® 250° Q81% 040° 009 480® 03 0359 016% 065 006
Smi 892" 2,728  0,68™ 033" 000° 524® 031" 0460 0,14% 0480 0,11
Lis  5,19° 028 013 005" 0.00° 4570 002° 017° 009 001" 045
Pas 7.12° 243 054% 035 000° 423® (150 074%  014% 070 035
Kom 2392 0,00° 3320 (03 222 4.06° 000" 000° 0353 120% 3,16*
Vin  2491% 000" 483 000" 3,020 499 000° 000" 074 1,95 4.0
Pri  32.07% 0,00° 062 001° 005 44®°  000° 102 005 005 000°
Ovo 21.14" 11,36* 407 071* 014 914 143 186" 007 150 000
Sil  3333% 0,000 067 000b 0.00° 467" 000° 133 000¢ 0000 000
Jeh 56,71 0.00°  o11c  0.11° 0.00° 479® 006" 011 0000 0.06° 0.11°
Zai 753 0,00°  0,00° g5t 0,00°  p99® 000" 000" p3s50 opob  0,00°
Téz  0.00°  0.00°  000° 2% 000° 720 000°  000°  p350"% 000 0,00°
Rozdilny horni index indikuje statisticky vyznamné rozdily ve sloupcich.

Kromé zakladnich fyzikalné-chemickych parametri medu byly srovnany také rozdily
procentualniho zastoupeni botanickych taxonu v oblastech s riznym zastoupenim pudniho
pokryvu. Kromé taxont uvedenych v tabulce 2 byly potvrzeny taktéz taxony rodi Artemisia,
Alnus, Rubus, Betula, Acer, Castanea, Trifolium, Tilia, Phacelia, Rhamnus, Vicia,
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Taraxacum, Aesculus, Lythrum, Phagopyrum, Lotus, Aruncus a zastupci blize neurCenych
celedi Balsaminaceae, Apiaceae, Rosaceae. Mezi témito taxony vSak nebyl potvrzen
statisticky vyznamny rozdil (p=0,05). Mezi taxony uvedenymi v tabulce 2 byly zaznamenany
statistické rozdily (p<0,05) coz vypovida o vlivu pudniho pokryvu k zastoupenym taxontm
na danych lokalitach. Ne vzdy je ale vztah predvidatelny. Pfikladem je vysoky vyskyt fepky
(56 %) v oblastech s vysokym zastoupenim jehliénatych lesi. Na druhou stranu vyskyt kvétin
a suchomilnych rostlin (rody: Helianthus, Echium, Thymus) v oblastech s vyskytem vinic je
ocekavany. Vyskyt akatu (11,36 %) v oblastech s podilem ovocnych sadu lze vysvétlit sbérem
akatu po vycerpani rezerv vlelstev, které vznikly spotiebovani zasob z ovocnych stromi.
Urcitou roli nejspiSe hraje také dana oblast, kdy ovocné sady jsou v oblastech s menSim
podilem intenzivniho zemédélstvi, a tedy mensim podilem pylu fepky, ktera predchazi akatu.
Pyl vrby je typicky pro jarni medy a spiSe jihovychodni oblasti Evropy, tedy oblasti s teplym
klimatem (Persano Oddo et al., 2004). Vysoky podil vrby (3,12 %) v oblastech s vinicemi lze
zdGvodnit specifitou danych regiondl, kdy vinice jsou spise v teplejdi oblastech, a tedy véely
jsou schopny vyuZit také tento pomérné rany zdroj potravy.

U pyla s veétsi frekvenci vyskytu byly potvrzeny statistické rozdily mezi nékterymi
skupinami pudniho pokryvu. Toto zjiténi je v souladu s nasim dfivéj$im vyzkumem, kdy
byly potvrzeny korelace mezi jednotlivymi pylovymi taxony a plochou ptdniho pokryvu na
jednotlivych stanovistich (Pospiech et al., 2023). Zavislost mezi pylovymi taxony a fyzikalné-
chemickymi parametry medu potvrdili také dalsi autofi (Bertoncelj et al., 2011; Karabagias et
al., 2014; Bodo et al., 2020). Na vyhodnoceni vice faktori podobné jako je prezentovano
v této studii je vhodné pouzit metody vyssi statistiky. Pro med byly Uspéiné aplikovany
metody  vazeného  k-nejblizsiho  souseda, penalizovana  diskriminacni  analyza,
mnohodimenzionalni diskriminaéni analyza, smritovaci diskriminaéni analyza, metoda
nejblizdich centroidl, metoda nejmensich ¢tverct a také metody nahodnych linearnich stromu
(Mateo et al., 2021).

ZAVER
Vliv ptdniho pokryvu se projevuje na fyzikalné-chemickych vlastnostech medu a na
jeho pylovém profilu. Z vysledki analyzy viak nevyplynul specificky fyzikalné-chemicky
parametr nebo botanicky taxon, ktery by byl typicky pro padni pokryv. Avsak toto zjisténi je
viak v souladu s ocekavanimi a pro lepsi klasifikaci je vhodné&jsi pouzit nékteré z modeli
vy$si statistiky. Nalezeni konkrétniho modelu pro klasifikaci bude pfedmétem dalsiho
vyzkumu.

LITERATURA
Bentabol Manzanares. A., Garcia, Z. H.. Galdon, B. R., Rodriguez, E. R., Romero, C. D. 2011. Differentiation of
blossom and honeydew honeys using mullivariate analysis on the physicochemical parameters and sugar
composition. Food Chemistry. 126(2). 664—672. Dostupné na: https://doi.org/10.1016/j. foodchem.2010.11.003
Bertoncelj. J.. Golob, T.. Kropf. U., Korosec. M. 2011, Characlerisation of Slovenian honeys on the basis of
sensory and physicochemical analysis with a chemometric approach. International Journal of Food Science and
Technology, 46(8), 1661-1671. Dostupné na: https://doi.org/10.1111/j.1365-2621.201 I.(];ﬁ(ﬂ.x
Bodd. A.. Radvanyi. L.. Koszegi, T.. Cscpregi. R., Nagy. D. U.. Farkas. A. Kocsis. M. 2020,
Melissopalynology, antioxidant activity and multiclement analysis of two types of early spring honeys from
Hungary. Food Bioscience, 35(May 2019), 100587. Dostupné na: https://doi.org/10.1016/.fbio.2020.100587
Bogdanov, 8. 2009. Harmonised methods of the international honey commission.
Cizkovd. H., Titéra, D.. Hrabec, P.. Pospiech, M. 2022. Nine-year statistics of Czech honey carbohydrate profiles
inthc Czech Republic. Czech Jowrnal of Food Sciences. 40(No. 2). 85-92. Dostupné na:
https://doi.org/10.17221/213/2021-CJFS

150

Visegrad Fund

58 Sustainable beekeeping in Visegrad group - Final Report, Brno, 2024



Annex 3: Vliv padniho pokryvu na zakladni parametry med
(Influence of land cover on the honey parameters)

Juan-Borras. M.. Domenech. E. Hellebrandova, M., Escriche, 1. 2014, Effect of country origin on
physicochemical, sugar and volatile composition of acacia. sunflower and tilia honeyvs. Food Research
International, 60, 86-94. Dostupné na: htips://doi.org/10.1016/). foodres. 2013.11.045
Karabagias. 1. K., Badeka. A. V.. Kontakos, S.. Karabournioti. 5., & Kontominas. M. G. 2014. Botanical
discrimination of Greek unifloral honeys with physic-chemical and chemometric analyses. Food Chemistry, 163,
181-190. Dostupné na: https://doi.org/10.1016/).foodchem.2014.05.033
Kagkoniené, V.. Venskutonis, P. R.. Kaskonicne. V.. Venskutonis. P. R., Kadkonicné, V.. Venskutonis. P. R.
2010, Floral Markers in Honey of Various Botanical and Geographic Origins: A Review. Comprehensive
Reviews in Food Science and Food Safetv. 9(6), 620-634. Dostupné na: https:/doi.org/10. 1111/ 1541-
337.2010.00130.X
Kawashima, H.. Suto. M.. & Suto. N. 2018. Determination of carbon isotope ratios for honey samples by means
of a liquid chromatography/isolope ratio mass spectrometry sysiem coupled with a post-column pump. Rapid
Comnumications in Mass Spectrometry, 32(15). 1271-1279. Dostupné na: https://doi.org/10.1002/RCM.8170
Bentabol Manzanares, A., Hemndndez Garcia, 7., Rodriguez Galdon, B.. Rodriguez Rodriguez, E.. & Diaz
Romero, C. 2014, Physicochemical characteristics of minor monofloral honevs from Tenerife, Spain. LHT -
Food Science and Technology. 33(2). 572-578. Dostupné na: https://doi.org/10. 1016/j.1wt.2013.09.024
Mateo, F.. Tarazona, A., Mateo. E. M. 2021. Comparative study of several machine learning algorithms for
classification of unifloral honeys. Foods. 1((7). 1543, Dostupné na: https://doi.org/10.3390/FOODS
10071543/S1
Ohmenhacuser, M., Monakhova, Y. B., Kuballa, T.. Lachenmeier, D. W. 2013, Qualitative and Quantitative
Control of Honeys Using NMR Spectroscopy and Chemometrics. ISRN Analvtical Chemistry, 2013, 1-9.
Dostupné na: https://doi.org/10.1155/2013/825318
Pasquini, B.. Goodarzi, M., Orlandini, S.. Berctta, G., Furlanctto, S., Dejacgher, B. 2014. Geographical
charactlerisation of honevs according to their mineral content and antioxidant aclivily using a chemometric
approach. [nternational Jowrnal of Food Science & Technology. 49(3). 1351-1359. Dostupné na:
https://doi.org/10. 111 1/IJFS.12436
Persano Oddo. L.. Piana. L.. Bogdanov. S.. Bentabol. A.. Gotsiou. P.. Kerkvliet. J.. Martin. P.. Morlot. M.. Ortiz
Valbuena, A., Ruofl. K., & von der Ohe, K. 2004. Bolanical specics giving unifloral honey in Europe.
Apidologie. 35(Suppl. 1), $82--893. Dostupné na: https://doi.org/10.1051/apido: 2004045
Persano Oddo. L.. Piro. R. 2004, Main European unifloral honeys: descriptive sheets. JApidologie. 35(Suppl. 1),
538--581. Dostupné na: https://doi.org/10.1051/apido: 2004049
Pospicch, M., Bartlova, M.. Javiirkovd, Z.. Tremlova, B.. Cizkova, H.. Prus, B., Marcin&ik. S.. Bodor. Zsanctt.
2023. Vztah pokryvu krajiny k pylovému profilu medu. 5966,
Pospicch, M.. Starha, P.. Bedndf. J., Cizkovd, H.. Hrabec, P.. Kmzik. V.. Javurkova, Z.. Titéra, D. 2021.
Metodika semiautomatického stanoveni pvlového profilu — melissopalynologicka analvza medu. VETUNI Bmo.:
https:/fagronavigator.c#/siles/default/files/users/user291/Metodiky/Potravin®eC3 %A1 %C 5%99stv 3 C3 %A D Me
todika%u20semiautomatick®C3%A%ho%20stanoveneC 3% AD%20py lov%6C 3% A%ho%e20profilu. pdf
Zheng, X., Zhao. Y., Wu, H., Dong, 1.. Feng, J. 2016, Origin Identification and Quantitative Analysis of Honeys
by Nuclear Magnetic Resonance and Chemometric Techniques. Food Analvtical Methods, 9(6), 1470-1479.
Dostupné na: hitps://doi.org/10.1007/S12161-015-0325-1/TABLES/2

Podékovini: Projekt byl podpofen vladou Ceské republiky, Mad'arska, Polska a Slovenska grantovou agenturou
Visegrad Grants z International Visegrad Fund. Nazev projekty: Sustainable Beekeeping in the Visegrad Group,
cislo: 22220064,

.

e Visegrad Fund

Kontaktni adresa: Maicj Pospiech, doc.. MVDr., PhD.. Ustav hygieny a technologie potravin rostlinného
puvodu, Fakulta veterinarni hygieny a ekologie. Veterindrni universita Brno. Palackého (i, 1946/1, 612 42 Brno,
Ceski republika. tel. 541 562 704, e-mail: mpospiech@viu.cz

151

Visegrad Fund

59 Sustainable beekeeping in Visegrad group - Final Report, Brno, 2024



Annex 4: Vliv mineralniho sloZeni pady na vlastnosti medu
(The effect of soil mineral composition on honey properties)

HYGIENA ALIMENTORUM XLIV 15. - 17. MAJ, 2024
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ABSTRACT

Honey is a food of variable composition which is affected by various factors. One of the factors
which may affect its composition is the soil type of the area where the honey comes from. The
study tested the relationship between the mineral composition of 31 samples of authentic honey
from the Czech Republic and data obtained from soil probes within the range of the bee habitat
of the hive location (3 km). Both positive and negative correlations were confirmed between
the compared parameters.

Key words: soil type, Apis melifera, calcium, potassium

Uvop

Med se sklada predeviim z fruktozy, glukozy, vody, bilkovin, volnych aminokyselin,
minerald, enzymi a vitamind. Slozeni medu je variabilni a zavisi predeviim na kvétovém
zdroji, geografickém pivodu, sezonnich a environmentalnich faktorech a metodach zpracovani
(Kek et al., 2017). Mineralni latky se do medu dostavaji transportem pfes rostliny produkujici
nektar a jsou v medu stabilni po dlouhou dobu (Pohl, 2009; Chua et al., 2012).

Geograficky ptuvod medu souvisi nejenom s botanickymi taxony charakteristickymi pro
danou oblast, ale také s typem pud, které se v dané oblasti vyskytuji. Med je potravina, ktera je
produkovana bez pfimého vlivu ¢lovéka na slozeni, proto by obsah minerali v medu mohl
odrazet obsah minerall v padé a v rostlinach v dané oblasti pavodu medu. Z tohoto divodu se
mineralni profil medd pouziva na prokézani geografického plivodu medu. Dlivodem je snadné
stanoveni celého profilu mineralnich latek a snadna mineralizace vzorku (Chudzinska and
Baralkiewicz, 2010).

Existuji vyzkumy, ve kterych autofi provedli klasifikaci meda podle obsahu mineralnich

latek. Tuzen et al. (2007) ve své studii sledovali obsah Cd, Pb, Fe, Mn, Cu, Ni, Cr, Zn, Al a Se
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v medu rizného botanického plvodu z Turecka. Jejich vysledky prokazaly korelace
s botanickym a geografickym pivodem medu.
Cilem této prace bylo ovéfit vztah mezi mineralnim slozenim medu a slozenim pudy

ve sniskové vzdalenosti jednotlivych stanovist.

MATERIAL A METODIKA

K hodnoceni bylo pouZito 31 autentickych vzorkit medt z Ceské republiky ziskanych
od véelaiti. Mineralni profil medu byl vy$etien atomovym absorpénim spektrometrem ICP-MS
7900 (Agilent, USA) podle normativniho postupu STN EN 15763, UNI EN 13805, UNI EN
13804. Analyzovany byly mineralni latky: B, Na, Mg, Al, K, Ca, Cr, Mn, Fe, Ni, Cu, Zn, Pb,
Cd, As. Mineralizace vzorkii medu byla provedena mikrovinnym mineralizatorem D — 72800
(Berghot products, GER).

Charakteristika ptudniho profilu byla ziskana z aplikace “Komplexni prizkum pud”
(KPP), coz byl prvni moderni soustavny prizkum pad na uzemi CSSR, ktery probéhl v letech
1961-1970. Aplikace zobrazuje hlavni vystupy KPP prevedené do digitalni podoby. Pro
hodnoceni byla pouzita data ziskane ze sond v doletove vzdalenosti stanovist (3 km), ze kterych

byly ziskany vzorky medu.

VYSLEDKY A DISKUZE

Vztah mezi mineralnim slozenim medu a pidy byl ovéfen na zdkladé korelace mezi
hodnoty ziskanymi z analyzy medu a z datovych podkladi monitoringu padniho profilu
v Ceské republice. Vysledky jsou shrnuty v tabulce &. 1. Intenzita zelené barvy indikuje silu
vztahu téchto hodnot.

Jak je ztabulky & 1 ziejmé, byla potvrzena pozitivni i negativni korelace mezi
srovnavanymi parametry. Pfekvapivy je vysledek obsahu Ca v medu, ktery nekoreluje
s mnozstvim Ca v pudé (R=-0,18, CaCQ3). Neotekavanym vysledkem je také nepotvrzeni
vztahu obsahu K v pudé a K v medu (R=0,07, K20). Tento vysledek neodpovida studii Joveti¢
et al. (2017), ktera prokazala negativni korelaci obsahu Ca a K v medu a padé. Vliv na slozeni
medu ma spoustu faktort, které jsou ovlivnény vyuZzitim pidy v danych lokalitach a také
antropogennimi faktory, které ziejmé natolik ovlivnily mineralni sloZzeni medu a tim byla

ovlivnéna korelace mezi mineralnim slozenim medu a pudy (Pospiech et al., 2024).
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Tabulka ¢. 1, Korelace mezi minerilnim sloZzenim medu a vybranymi analytickymi

hodnotami pudy

= 33 &) -% £ &n
sz |2= . |82 g | ¢
S |8C|2g| & | & |2E|EE| | &S| 5|22
B | 004] 005 015 020] 029] -027] -013] 001] -011] 006] 0.14] 0.12
Na 0.15] -0,15] -0,.25] 0.05| -0.19] 0,07] 0,06 0,22 (0,10 (],(]3 =015 -0,07

| Mg L0220 0.72] -0.22] 0.09] -0.19] 0.26 0,11 002] -026] 005] 017

Al | 001] 001] -0.10] 0.11] 005] -0.04| 0,00 011] 023] 0.13] 0.14] -0.09
K | 036] 036] -034] -008] -027] 023] 043] -0.09] 007] -0.01] -0.03[ 007
Ca | 0.32] -032] 0,18 -0,07] -0.10] 002] 023] 017] 031] 021] 007] 007
Cr | 0.30] 0.31] -0.01] -0.09] -017] 0.12] 0,09 000] -001]| 029] -0.25] 001

Mn 026 0.11] -028] 032 022 -008] -0.16] 005] 003
Fe | 006| 006] -008| 0.12] 004] -0.04| -0,03] 015 028 0.16] 0.13] -0.02
Ni 0.21] 020] -029| 045 029 -0.15] -0.35] -0.13] 0.08
Cu 0.29] 001] -020] 0,24 20,05 002] -028] -0,02] 017

Zn | 014 014] 0.00] 0.07] -0.03] 009] 0.15| -0.05[ 001] -0.05| -0.15] -0.07
04] -0.19] -0.17] -0.20] 0.06] 0,05[ -0.03| 0.02] -0.02| -0.03| -0.23
61| -0.17| 0.07| -0.21| 0.31] 0.19| -021] -0.20| -0.22]| -0.03
0.22] -0.03] -0.32| 030] 0,65 -0.22| -0.09]| -0.22] -0.05| 0.16

amnd korelace ( p = 0,03)

Org. uhlik v % (C) ..........  Obsah oxidovatelného uhliku H' o Vmenny vodik

Humus v %0 (Cy 1,724) .......  Obsah humusu S mval/100g ...... Obsah viménnveh bazi
CaCOs .o Obsah ubliitant Tval/100g ... Maximdlni sorbéni kapacita
pHakt, (H20) ..o Aktivii pilidni reakee pH/H20O V% oreeviennn. Stupen sorbéniho nasyeeni
pHvim. (KCL) ............. Vyménna plidni reakee pH/KCI PO Prijatelnd kyselina fosforeéna
Titraéni acidita mval/ 100 g . Spoticha hydroxidu sodného pii titraci zeminy KoY. Prjatelné draslo

ZAVER

Silna korelacni zavislost byla potvrzena mezi mineralnimi latkami Mg, Ni, Cu, Cd, As
obsazenymi v medu a organickym uhlikem, humusem v padé a kyselosti. Korelace byla dale
potvrzena mezi Mn, K v medu a organickym uhlikem, humusem v padé a kyselosti. Zavislost
mezi Ca v medu a CaCO; nebyla potvrzena a nebyla potvrzena ani zavislost mezi K v medu
a K20 v pudé. Divodem muZe byt vstup téchto prvka do pudy lidskou &innosti, ktera je zavisla
na péstovanych plodinach a jejich potiebach k mineralnim latkam. Mineralni latky, které
nefadime mezi zakladni nutrienty rostlin, a tedy nejsou vyuzivany v podobé hnojiv, maji proto
vyznamngjsi vliv na uréeni geografického puvodu medu nez mineralni latky bézné pouzivané

jako hnojiva.

e Visegrad Fund

62 Sustainable beekeeping in Visegrad group - Final Report, Brno, 2024



Annex 4: Vliv mineralniho sloZeni pady na vlastnosti medu
(The effect of soil mineral composition on honey properties)

HYGIENA ALIMENTORUM XLIV 15.-17. MAJ, 2024

PODEKOVANI

Projekt byl podpofen vladou Ceské republiky, Mad'arska, Polska a Slovenska grantovou
agenturou Visegrad Grants z International Visegrad Fund. Nazev projekty: Sustainable
Beekeeping in the Visegrad Group, &islo: 22220064,

e Visegrad Fund

POUZITA LITERATURA

1. CHUA, LS., ABDUL-RAHAMAN, N L., SARMIDI, M R, AZIZ, R. Multi-elemental
composition and physical properties of honey samples from Malaysia. ["ood Chemistry.
2012, vol. 135, no. 3, p. 880-887.

2. CHUDZINSKA, M., BARALKIEWICZ, D. Estimation of honey authenticity by
multielements characteristics using inductively coupled plasma-mass spectrometry
(ICP-MS) combined with chemometrics. FFood and Chemical Toxicology. 2010, vol. 48,
no. 1, p. 284-290.

3. JOVETIC, M, TRIFKOVIC, J, STANKOVIC, D., MANOJLOVIC, D,
MILOJKOVIC-OPSENICA, D. Mineral content as a tool for the assessment of honey
authenticity. Journal of AOAC International. 2017, vol. 100, no. 4, p. 862-870.

4. KEK, S. P, CHIN, N. L., TAN, S. W, YUSOF, Y. A, CHUA, L. S. Classification of
honey from its bee origin via chemical profiles and mineral content. Food Analytical
Methods. 2017, vol. 10, p. 19-30.

S. POHL, P. Determination of metal content in honey by atomic absorption and emission
spectrometries. TrAC Trends in Analytical Chemistry. 2009, vol. 28, no. 1, p. 117-128.

6. POSPIECH, M., LJASOVSKA, S., BARTLOVA, M., CIZKOVA, H., KRUZIK, M.,
TITERA, D., PRUS, B., TREMLOVA, B. Vliv ptidniho pokryvu na zakladni parametry
medl. Bezpecnost a kvalita potravin. Zbornik vedeckych prac. 2024, p. 174-151.

7. TUZEN, M., SILICL S.1. B. E. L, MENDIL, D., SOYLAK, M. Trace element levels
in honeys from different regions of Turkey. Food chemistry. 2007, vol. 103, no. 2, p.
325-330.

Kontaktni adresa: Zdeiika Javirkova, Ustav hygieny a technologie potravin rostlinného
puvodu, Veterinarni univerzita Brno, Palackého ti. 1946/1, 612 42 Brno, Ceska republika;

E-mail: javurkovaz@vfu.cz

Visegrad Fund

63 Sustainable beekeeping in Visegrad group - Final Report, Brno, 2024



Annex 5: Rozdily fyzikalné chemickych parametrd medi z vice Gl0 jedné lokality
(Differences in physico-chemical parameters of honeys from several hives of one location)

HYGIENA ALIMENTORUM XLIV 15. - 17. MAJ, 2024

ROZDILY FYZIKALNE CHEMICKYCH PARAMETRU MEDU Z VICE ULU
JEDNE LOKALITY
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ABSTRACT

The physicochemical properties and also the colour of the honey vary depending on the
location where it was produced. One reason for this may be climatic conditions or the type of
honey, but last but not least the composition is also influenced by the different preferences of
bee colony in collecting pollen and honeydew. The aim of this work is to compare honey
samples in the same locality by means of a test of identity/difference. Specifically, Slovak
honeys from the areas of Humenné, P&oliné, Cukalovce, Bela nad Cirochou and Stakéin were
analysed. Differences in physico-chemical parameters as well as in the colour of the honey were
found between the samples in the same locality. The highest average compliance value (43 %)
was found for the honeys from the Strakéin site. The lowest average agreement (25 %) was
found for honeys from the Bela nad Cirochou site.

Key words: beecolony, Apis melifera, sustainability, polynation

Uvop
Veeli spolecenstvi je schopné v krajiné zabezpetit plnohodnotné opyleni nejen

kulturnich, ale i plvodnich rostlin. Z pozorovani v¢el se ukazuje, ze jednotliva veeli
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spoleCenstvi (Uly) maji riznou preferenci sbiran¢ho pylu a nektaru, ¢imz je zabezpeéeno
opylovani vice botanickych druhti nez jenom téch s vysokou atraktivitou (Khan a Ghramh
a kol., 2021).

Fyzikalné-chemické parametry medu jsou ovlivnény riznymi faktory. Obsah vody
souvisi zejména se stupném vyzralosti medu, zpracovanim medu a v ojedinélych piipadech také
s klimatickymi podminkami (Uran a kol. 2017; Manickavasagam a kol , 2022). Kyselost medu
je dana obsahem organickych kyselin. Tento parametr se zvySuje jednak Casem, ale také
kvasenim medu, kdy kvasinky zkvaSuji cukry za vzniku kyselin. Kyselost ovliviiuje chut’,
stabilitu vi¢i mikroorganismam a také antioxidaéni aktivitu medu (Cavia a kol., 2007).
Vodivost medu je parametr, ktery obvykle koreluje s podilem medovice v medech. Cim vy3si
je vodivost medu, tim je tvofen vét§im podilem medovice. Existuji viak i kvétové medy, které
maji vysokou vodivost, jako je napfiklad jahodnik (Arbutus unedo), zvonovec (Lrica),
eukalyptus, lipa (7ilia spp.), vies obecny (Calluna vulgaris), medunka (leptospernum) nebo
Cajovnik (Melaleuca spp.) (Pita-Calvo & Vazquez, 2017). Z chemickych parametri
charakterizuji danou lokalitu také sacharidy, protoze nektar rostlin ma ruzny obsah glukézy
a fruktozy. Lze ale pozorovat také obsah dalSich sacharidd, jako jsou napiiklad trehaldza,
maltdza, rafindza apod. (Pascual-Maté a kol., 2018). Narodni legislativa a evropské predpisy
(Vyhlaska 76/2003 Sb., Smémice Rady 2001/110/ES) tento fakt reflektuji, a proto jsou pro
nékteré druhové medy stanoveny vyjimky, napiiklad pro sacharozu u citrusovych medi nebo
levandulového medu.

Barva medu jako fyzikalni parametr nereprezentuje konkrétni latku. Na barvu ma vliv
obsah fenolickych latek, které jsou rozpusténé v medu. Déle je barva ovlivnéna mnozstvim
abarvou pylu a v neposledni fadé také obsahem mineralnich latek, mnozstvim krystall
sacharidi, a obsahem vody. Pro méfeni barvy se bé&zné pouziva stupnice Pfund, i kdyz
v posledni dobé se ukazuje jako lepsi méfeni v barevném spektru CIE Lab (Bodor a kol., 2021;
Smetanska a kol., 2021).

Cilem prace bylo zjistit, jestli rozdilné v&eli spoleCenstvi bude mit vliv na fyzikalné-

chemické slozeni medu, které pochazeji z jedné lokality.

MATERIAL A METODIKA

Analyzovano bylo 20 medl ze Slovenské republiky. Fyzikalné-chemické parametry
byly méfeny podle metodického postupu Bogdanov (2009). Konkrétné se analyzoval obsah
vody, vodivost, a obsah fruktozy, glukozy, sacharozy, turandzy, maltozy, trehalozy, melibiozy
a melezitozy. CIE Lab bylo méfeno podle Bodor a kol. (2021). Medy byly z lokalit Humenné,

Péoliné, Cukalovce, Bela nad Cirochou, Stakéin. Z kazdé lokality byly analyzovany 4 vzorky
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medu, které byly vzajemné srovnany testem shodnosti/rozdilnosti s procentualnim vyjadienim

shody, statistickym softwarem Xlstat 2024 (Lumivero, USA).

VYSLEDKY A DISKUZE

Rozdilnost medi z riznych 0l na jednom stanovisti je mezi véelafi diskutované téma.
Nejsou viak zatim znamé piesné duvody, pro¢ k tomu dochazi. Rovnéz popis rozdilnosti medu
je nejéastéji zaloZen na senzorickém popisu. V této praci jsou fyzikalné-chemické parametry
porovnany sumarné testem shodnosti. Pro lokalitu Humenné (H) je vzajemna shodnost uvedena

v tabulce 1.

Tabulka &. 1, Shodnost fyzikilné chemickych parametru medu z lokality Humenné,

Spoleenstvi HI H2 H3 H4
H1 * 0,429 0,357 0,214
H2 0,429 * 0,429 0,357
H3 0,357 0,429 * 0,214
H4 0,214 0,357 0,214 *

* 1,00 (100 %), H1-H4 véeli stanovisté | az 4.

Vysledky ukazuji, Ze ani v jednom piipadé nebyly medy z jedné lokality totozné,
nejblize byla spole¢enstvi HI a H2, kde byla podobnost 43 % a stejna shoda byla u spolegenstvi
H3 a H2. Vzorek H4 se od ostatnich lisil nejvice a primérna shoda byla jenom 26 %. Primérna
shoda pro lokalitu Humenné byla 33 %. Tento med byl charakterizovan véelafem jako med
kvétovy s piimési akatu. Pravé sniska akatu maze byt divodem rozdili mezi jednotlivymi
spoledenstvy. Akat je pro véely atraktivni, aviak kvete kratsi dobu v zavislosti na teploté (Alilla
a kol., 2022). V¢eli spoleCenstvi z této lokality, které bylo v dobé kveteni akatu v nejvyssim
stupni rozvoje (nejvetsi zastoupeni létavek), bylo schopno zachytit tuto snisku nejvice. Slabé
rozvinuté spoleCenstvi je schopné zabezpedit zdroje nektaru, ale s ohledem na mensi pocet
létavek, rozlozi snisku na delsi obdobi, a ma tedy mensi podil kratkodobé vyznamnych zdroja,
v tomto pripadé akatu.

Dalsi oblasti, ze které byly analyzovany medy, je Pcoline (P). Medy z této lokality byly
oznacené, jako vicedruhové kvétové medy tmavé. Hodnoty shodnosti jsou uvedeny v tabulce

2.
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Tabulka &. 2, Shodnost fyzikilné chemickych parametru medu z lokality Péoliné.

Spolecenstvi Pl P2 P3 P4

P1 * 0,429 0,429 0,429
P2 0,429 * 0,357 0,429
P3 0,429 0,357 * 0,429
P4 0,429 0,429 0,429 *

*-1,00 (100 %), P1-P4 veeli stanoviste 1 az 4.

Z vysledkt medu z lokality Péoliné vyplyva, ze nejvétsi rozdily byly zaznamenany mezi
medy P2 a P3 (36 %). Ostatni vzorky mély totoznou shodu 43 %. Praimérna hodnota shody
pro vzorky medu z lokality P&oliné je 42 %.

Treti lokalitou, ze které byly medy ziskany, byly Cukalovee (C). Medy z této lokality
byly oznaleny, jako vicedruhové kvétové medy tmavé. Shodnost mezi jednotlivymi vzorky je

uvedena v tabulce 3.

Tabulka &. 3, Shodnost fyzikilné chemickych parametri medu z lokality Cukalovce.

Spolecenstvi Cl C2 C3 C4
ClI * 0,429 0,357 0,429
C2 0,429 * 0,286 0,286
C3 0,357 0,286 * 0,357
C4 0,429 0,286 0,357 *

*- 1,00 (100 %), C1-C4 veeli stanoviste 1 az 4.

U medi z lokality Cukalovcee je nejvétsi shoda mezi C1 a C2 (43 %) a také mezi C1
a C4 (43 %). Nejvétsi rozdil byl zjistén mezi C2 a C3 (27 %) a také mezi C2 a C4 (27 %).
Primémna hodnota shodnosti pro medy z lokality Cukalovce je 36 %

Hodnoty shodnosti medl z lokality Bela nad Cirochou (B) jsou oznaeny v tabulce 4.

Tyto medy byly ozna€eny jako kvétové medy tmave.
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Tabulka ¢&. 4, Shodnost fyzikilné

chemickych parametri medu z lokality Beld nad

Cirochou.
Spolecenstvi Bl B2 B3 B4
Bl * 0,286 0214 0,214
B2 0,286 * 0,286 0,214
B3 0,214 0,286 * 0,286
B4 0,214 0,214 0.286 B

*- 1,00 (100 %), B1-B4 v¢eli stanoviste 1 az 4.

Z vysledkt vyplyva, ze mezi medy byly velké rozdily. Nejvétsi rozdil byl zjistén
u vzorku B1 v porovnani se vzorky B3 a B4 (21 %). Nejvétsi shoda byla zjisténa u meda B1
a B2 a také mezi vzorky B2 a B3 (29 %). Pramérna shoda meda ziskanych z lokality Bela nad
Cirochou je 25 %. Slozeni medt od véelstev ze stejné lokality miize byt ovlivnéno mimo jiné
také silou a vitalitou véelstva a také zpusobem sbéru (Tomezyk a kol., 2019). Dalsim divodem
muze byt vybér kvétl véelami. Bylo zjisténo, ze véely si mohou vybirat kvéty na zakladé barvy,
typu kvétenstvi, &i velikost kvétd. Tyto parametry Casto souvisi s mnozstvim nektaru, které
rostlina véelam nabizi (Shrestha a kol., 2020; Giurfa a kol., 1995; Duffield a kol., 1993). Pylova
preference muaze byt také geneticky podminéna (Dag a kol ., 2005).

Posledni lokalitou, ze které byly porovnany medy byl Staké&in (S). Tyto medy byly

oznaceny jako kvétové svétlé. Vysledky jsou uvedeny v tabulce 5.

Tabulka &. 5, Shodnost fyzikilné chemickych parametru medu z lokality Stakéin.

Spolecenstvi Sl S2 S3 S4

S1 * 0,500 0,429 0,429
S2 0,500 * 0,357 0,429
S3 0,429 0,357 * 0,429
S4 0,429 0,429 0.429 *

* 1,00 (100 %), S1-S4 veli stanovisté 1 az 4.

Nejveétdi shoda byla mezi medy S1 a S2 (50 %), nejvice se lisily vzorky medd S2 a S3
(36 %). Primérna hodnota shody je 43 %, coZz je nejvy3si hodnota z analyzovanych vzorka
medu ze viech lokalit. Malé rozdily v obsahu vody medt vyprodukovanych ve stejné lokalité

potvrzuje také Bijlsma a kol. (2006). Autofi také potvrdili rozdily v obsahu vody u medu
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produkovanych bezzihadlovymi v¢elami (maji vyssi obsah vody) ve srovnani s medy od Apis

mellifera v ramei stejné lokality.

ZAVER

Vysledky této prace potvrdily, Ze jednotliva véeli spole€enstvi produkuji med o rizném
fyzikalné chemickém sloZeni, coZ je ve shodé s tvrzenim véelart. Nejvyssi priméma shoda
byla 43 % u kvétového svétlého medu z lokality Stak&in. Nejniz8i praméma shoda 25 % byla
u kvétového tmavého medu z lokality Beld nad Cirochou. Rozdily ve shodnosti vysledkt by
mohly byt zptsobeny nejen riznou preferenci véeliho spoleCenstvi, ale také riznym stupném
rozvoje véelstev v pribéhu medové sniisky, ktera je multifaktorialné ovlivnéna fadou faktort

od nemoci az po véelarskou praxi.
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APPLICATION COLOUR MEASUREMENTS IN HONEY AUTHENTICATION - A CASE
STUDY
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Honey authentication is gaining growing importance in the emerging conditions of current
adulteration trends. As a highly priced products, the value market of honey strongly depends on its origin.
To certify this latter, ususally the combination of three methods, i.e. physicochemical, melissopalynology
and sensory analysis are performed. which include colour analysis too. In general honey colour analysis is
performed by the Pfund colour measurement, This comprises more evaluation classes, based on the
numerical Piund values. However, even within one group there can be great ditferences between tie eaacl
colour parameters. Moreover, this technique is quite subjective. Due to these backdraws, there is a need for
a more precise and accurate method, that possesses a better repeatability as well. Therefore, a self-
developed spectroscopic method was developed, which is easy to use and calculates automatically all the
colour parameters, such as CIEL*a*b* and Pfund. It can also reveal more subtle differences in samples
colours.! For the measurements 4 different honeys from 5 locations in Hungary, Poland and Slovakia were
collected directly from beekeepers. The CIEL*a*b* and Pfund values were determined from the full
transmittance spectra of the 50 % w/V sample solutions in the visible range (380-780 nm). The results were
evaluated by multivariate analysis using PCA. Based on the plots obtained, we can assume that the samples
show a distinct discrimination pattern. It is also visible that the Hungarian and Polish Acacia samples do not
overlap, this suggesting a strong effect of the geographical origin.

Acknowledgment: The project was supported by the government of the Czech Republic, Hungary, Poland
and Slovakia by the grant agency Visegrad Grants from the International Visegrad Fund. Project name:
Sustainable Beekeeping in the Visegrad Group, number: 22220064. Special thanks are dve to the
Hungarian Beekepers Association (Orszdgos Magyar Méhészeti Egyesiilet) for providing the Hungarian
honey samples.
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Annex 7: Urcenie krajiny pévodu na zdkladé mineralneho profile medu
(Determination of the landscape of the basin on the basis of the mineral profile of honey)

URCENIE KRAJINY POVODU NA ZAKLADE MINERALNEHO PROFILU MEDU
Marcinéikovi. D. “ Marcinéik 8. °, Pospiech, M. ¢, Prus, B. %, Bodor, Z. ©
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Vlastnosti medu sii ovplyvnené prostredim, z ktorého pochédza. Niektoré faktory prostredia si pre
Jednotlivé stanovitia premenlivé, niektoré sit pre zmenu ovplyvnené klimatickymi podmienkami. Jednym zo
zakladnych analyz medu, kioré nesii najviac informdcii o geografickom pévode medu je minerdlny ‘profil
medu. Minerdlny profil medu je OVplyvnen)’r aj druhom znésky, kedy vyrazne vatiie zastupeme mmcrﬁlnych
dilok e pri medoch medovicovych, a niddic primedoch bictoyy o', Al nebvale proky are inencj
zastipené sit mineralne latky pri medoch kimenych cukrom a cukrovymi sirupmi. Dovodom ut‘ahu
minerdlneho profilu medu s lokalitou je, #e mnoZstvo a zastipenie minerdlnych litok je silne ovplyvnené
minerdlnym profilom pédy a podloZia. V rimei tejto $tidie bolo vyhodnotenych 20 medov z Ceska,
Mad'arska, Pol'ska a Slovenska. Medzi porovnavanymi krajinami bol potvrdeny rozdiel v minerdlnom profile,
schopnost’ presne uréit’ povod medu bola podTl'a diskriminaénej analyzy 86,5 %. Medy na zaklade minerilneho
zloZenia, vytvorili samostatné skupiny pre slovenské a éeské medy. Pri medoch z Pol'ska a Mad'arska bol
zaznamenany prekryv, ktory je tiez dovodom niZ8ej presnosti uenia krajiny povodu. Odligit' na zaklade
minerdlneho profilu bolo mozné aj lipové a gastanové medy pévodom z Mad'arska. Toto zistenie je v stlade
so zahraniénymi autormi® . Mineralny profil medu teda umoZiuje nielen uréit’ geograficky povod medu ale
aj urdif' botanicky pévod. Svoje uplatnenie minerdlny profil nachidza aj na uréenie ekologicky zataZenych
oblasti. Med z tychto oblasti ¢asto obsahuje stopové mnoZstvo kontaminujicich polutantov, &o na druhej
strane umoZiiuje identifikdciu tychto oblasti aj z medu a analyza medu na minerdlny profil mdze fungovat’
ako monitoring prostredia z ktorého pochédza, ale treba braf’ do tvahy aj vy$Sie zastiipenie kontaminujtcich
polutantoy aj v medovicovych medoch®.

Podakovanie: Projekt bol podporeny viddou Ceskef republiky, Madarska, Polska a Slovenska grantovou
agentirou Visegrad Grants z International Visegrad Fund. Nézov projektu: Sustainable Beekeeping in the
Visegrad Group, cislo: 22220064
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Annex 8: Kvalita a autenticita medu v zemich Visegradské ctyrky
(Quality and authenticity of honey in the Visegrad Four countries)

KVALITA A AUTENTICITA MEDU V ZEMiCH VISEGRADSKE CTYRKY
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Kvalitni a autenticky med je jednim ze zikladnich pfedpokladii udrZitelného véelafeni. Velafeni je sice
pro hobby véelafe konigek a ekonomicky pffjem neni na prvnim misté, pro komer&ni véelafeni je ale numé,
aby vykupni cena medii odpovidala skutenym nakladim. Faktem také je, Ze podle némecké studie’ je
nejvy$si ziskovost u medi s konkrétné deklarovanou zemi plivodu a pfekvapivé bioprodukce vyrazné
nezlepSuje rentabilitu viclafeni. Pro vielafe je proto zivaZnym prohlémem dovaz levnvch medii 7ze zahranii.
Soudsti tohoto problému je také nizka kvalita dovezenych medi, kdy podle zjiSténi EU bylo aZ 66 % meda
z Ciny faljovéno piidavky cizich cukrli, a medy z Ukrajiny byly falSovany cizimi cukry z 13 %. Obé tyto
zemé jsou pfitom majoritnimi dovozci do EU2. DileZitym aspektem je schopnost uréit autentické medy
vramei kontrolni &innosti. Pro tuto analyzu existuje vice metod piistupu. Nejéastéji se setkdvime
s modernimi metodami jako je izotopové analyza®, nebo s piistupem zaloZenym na stanoveni vice parametri.
V rémei této studie bylo analyzovéno 20 medt z Ceska, Mad'arska, Polska a Slovenska. Hodnoceny byly
fyzikélné-chemické parametry medu a pouZitou statistickou metodou byla linedrni diskriminaéni analyza.
Vysledky potvrdily moZnost uréeni zemé& piivodu z analyzovanych parametrii s pravdépodobnosti 89 %.
Vhodnost téchto metod pro diskriminaci potvrdili také v polské studii’. I kdyZ tento vysledek poukazuje na
mo#nost pritkazu plivodu medu na z4kladé fyzikalné-chemickych metod, pro dozorovou Einnost je zapotiebi
dosahnout vy3& presnost metody, idedlné nad 95 %. Pro tisp$nou aplikaci vice- faktorové analyzy pro uréeni
zemé plivodu medu je proto zapotiebi pouZit nékteré z dalSich méfitelnyeh velidin u medu a zvysit tak
piesnost tohoto pritkazu. S ohledem na blizkost téchto zemi miiZe byt suréenim problém, nicméné
charakteristika ndrodnich med& umo#ni odlifit tyto medy od medt, které jsou ze vzdalenéjdich oblasti,
ve kteryich jiné klimatické podminky, véeli pastva &i chovatelské postupy vedou k odlifnym fyzikalng-
chemickym vlastnostem medu.

Podékovani: Projekt byl podporen viddou Ceské republiky, Madarska, Polska a Slovenska grantovou
agenturou Visegrad Grants z International Visegrad Fund. Ndzev projektu: Sustainable Beekeeping in the
Visegrad Group, éislo: 22220064,
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Abstract: Honey contains a wide range of inorganic substances. Their content can be influenced,
i.e., by the type of soil on which the bee pasture is located. As part of this study, the mineral profile
of 32 samples of honey from hobby beekeepers from the Czech Republic wasevaluated and then
compared with soil types in the vicinity of the beehive location. Pearson’s correlation coefficient
was used to express the relationship between mineral substances and soil type. There was a high
correlation between antroposol and Zn (R = 0.98), b (R = 0.96), then between ranker and Mn (0.95),
then regosol and Al (R = 0.97) (p <0.05). A high negative correlation was found between regosol and
Mg (R = —0.97), Cr (K = —0.98) and between redzinas and Al (R = —0.97) (p < 0.05). Both positive and
negative high correlations were confirmed for phacozem. The CART method subsequently proved
that the characteristic elements for individual soil types are B, Ca, Mg, Ni, and Mn. The soil types of
cambisol, fluvisol, gleysol, anthrosol, and kastanozem had the closest relationship with the elements
mentioned, and it can therefore be assumed that their cccurrence indicates the presence of these soil

types within the range of beehive location.

Keywords: traces elements; Czech beekeepers; sustainability; GIS

1. Introduction

Honey is very variable in its composition. In addition to basic substances such as
sugars and water, honey also contains a diverse array of mineral components, including
essential minerals and potentially toxic elements. The composition of honey is strongly
influenced by natural and anthropogenic influences. Although mineral substances and
potentially toxic elements subgroups are less significant components of honey b_v volume,
they play a vital role in evaluating its quality [1,2].

Foods 2024, 13, 2006. https:/ /doi.org /10.3390/ foods13132006
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It is essential that honey is free of potential contaminating substances. It is estimated
that the honey bee forages on plants growing in an area from 7 to 28 km?, depending on
their need for food and its availability [3]. Toney bees collect pollen as a source of amino
acids, fats, minerals, proteins, starch, sterols and vitamins. A diverse selection of floral
sources is required for a bee to get all her nutritional needs [4]. Ioney bees interact with a
variety of matrices that can be measured for contaminant accumulation, such as freshly
collected pollen, honey, stored pollen, and beeswax. Honey composition is the result of
many processes, is useful for gathering information about the environment, and can be a
suitable bioindicator of environmental pollution [5,6].

The idea of using bees and honey in the field of the environment goes back to J.
Svoboda (1961) and E. Crane (1984}, who believed that bees could provide valuable data
on the environmental impact the authors proved that potentially toxic elements such as Cd,
Pb and metalloid As in bees and bee products correspond as indicators of environmental
pollution [7,8]. In research from 1962, |. Svoboda’s team recorded an increase in the content
of the radionuclide strontium 90 in the environment through the monitoring of bees—most
likely as a result of nuclear testing. In the following vears, bees were increasingly used to
monitor environmental pollution by potentially toxic elements in geological and urban
surveys [9,10]. As Leita et al. (1996) [11] suggested, a network of hives located next to
polluted areas can provide data for monitoring heavy metal emissions from specific sources.
Ruschioni et al. {2013) [12] also show that trends in metal contamination correlate with
weather patterns and anthropogenic activities in the region where samples were obtained.
Honey has nutritional, medicinal, and prophylactic properties, which are contributed to
by its chemical components. The concentration of mineral compounds ranges from (.1%
to 1.0%. In comparison with nectar honeys, honeydew honeys are highl?r in minerals,
resulting in higher electrolytic conductivity [13]. Also, the mineral content influences the
color and taste of honeys. The higher the quantity of metals and the darker the color is,
the stronger the taste they will have [14]. The mineral profile is dominated by potassium,
followed by calcium, magnesium, sodium, sulfur, and phosphorus. Trace elements include
iron, copper, zinc, and manganese [15,16]. The main mineral substances come mainly from
soil and nectar-bearing plants but can also come from anthropogenic sources [17,18].

There are relations between the mineral profile of honey and a soil type [19,20]. Ac-
cording to the international soil classification system, soils are divided into different groups,
especially by particle size, texture classes, and mineral composition [21,22].

The Czech Republic has a very diverse spectrum of soil types. The mountains are
dominated by coniferous forests, under which podzol soils are formed. In the lowlands,
which are a very warm region, chernozems are found. The occurrence of different types
of soils is also influenced by altitude, slope, and biota. For example, alluvial soils, for the
formation of which sufficient water is essential, are most often found near watercourses [23].
The Czech Geological Survey provides a detailed map of soil types, of which it is possible to
evaluate the connection with the location of bee colonies. The mutual relationship between
soil type and mineral substances in honey can be used to predict the geographical origin
of honey. The aim of this study was to verify the influence of soil types according to the
international classification on the mineral profile of honey depending on the total area of
the soil type in the beehive location. A partial goal was to verify the correlation dependence
of the mineral composition of honey and soil type and to describe the mineral profile
depending on the soil type.

2. Materials and Methods

In this study, 32 multifloral honey samples were collected and harvested between 2019
and 2020 in the Czech Republic, Moravia. The honeys were collected from hobby beekeep-
ers and harvested at the University of Veterinary Sciences with the same equipment to
eliminate the impact of different harvesters. The pollen profile and locality are summarized
in Table S1 and Figure S1. The quantitative melissopalynology analysis was performed
with semiautomated acquisition according to the previous study [24].
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The World Reference Base for Soil Resources (WRB) classification system [22] was used.
The area of WRB for the beehive location was processed by QGIS 3.28 (QGIS Development
Team, 2023); soil data were taken from the national geoportal https://geoportal.gov.cz/
(accessed on 1st April 2024) [25], where the soils are classified according to new soil
systems [26].

In the collected data, 16 soil types were observed with different area sizes. The area
and frequency of each soil type are detailed in Table 1. In general, hive locations were
represented by more than one soil type, and the same soil type was observed in different
hive locations. The evaluated area of soil type was represented by approximate bee flying
distances of 3 km. In total, the 28.27 km? for each hive location were evaluated. [ loney
samples were collected in situ by the rescarch team directly from the hives. The GPS
coordinates, land use data, and botanical profiles of the surrounding area were documented
in a detailed questionnaire. The GI'S coordinates of each hive served as the central point for
a 3 km radius buffer zone. Within this defined buffer zone, soil-type data were extracted
and analyzed.

Table 1. Soil type frequency and area.

Categories Frequencies Lands Area (km?) Y

Anthrosol B 24147 2.669
Cambisol 26 427149 47.218
Chernozem 7 92.438 10.218
Fluvisol 26 95.405 10.546
Gleysol 21 36.620 4.048
Kastanozem 14 66,888 7.394
Luvisol 13 52.301 5.781
Pararendzina 3 20171 2230
Pelozem 6 31.849 3.521
Phaeozem 2 8.905 0.984
Podzol 2 10.307 1.139
Pseudogley 15 20158 2.228
Ranker 5 1.242 0.137
Regosol 7 11.010 1.217
Rendzinas 4 2.663 0.294
Water Bodies 8 3.388 0.375

The mineral content was determined by Inductively Coupled Plasma Mass Spectrom-
etry ICP-MS 7900 (Agilent, Santa Clara, CA, USA) according to the STN EN 15763 [27],
UNI EN 13805 [28], and UNI EN 13804 [29] in honey samples. The B, Na, Mg, Al K, Ca,
Cr, Mn, I'e, Ni, Cu, Zn, As, and I'b content were determined in each sample. The methods,
including qualitative parameters, are described in Document S1.

The data were statistically evaluated by Xlstat 2024.2.0 (Adinsoft, Denver, CO, USA).
The data follow normal distribution according to the Shapiro-Wilk test. For comparison
of mineral content, ANOVA (post-hoc, Tukey HSD) and Pearson correlation coefficient
were used. Due to the variation in soil types across different locations, statistical analyses
were conducted using weighted correction methods. This approach adjusts for differences
in sample size, ensuring that each observation contributes appropriately to the analysis.
Weighted corrections were applied to ANOVA, Pearson correlation, and Classification and
Regression Trees CART analyses. CART, based on a machine learning algorithm, was used
to distinguish soil type based on mineral profile. The location of the hive positions was
visualized in Excel 356 (Microsoft, Redmond, WA, USA).

3. Results and Discussion

The average mineral profile of Czech honey and its comparison with other Furopean
countries is shown in Table 2. The influence of the habitat of bees on the quality of their
honey has been investigated in many studies [17]. Habitats influence the characteristic
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properties of honey, not only from the point of view of sensory unigueness or the content of
biologically active substances but also from the point of view of the mineral profile of the
substances contained. The mineral composition of honey has been used in several studies,
both for the characterization of bee honey [3(-34] as well as a tool for proof of honey
adulteration [33,35-38]. The mineral composition of honey is related to bee pasture [39]
and is therefore significantly influenced by botanical taxa in the vicinity of the site [40] but
also by geographic location and soil composition [41].

The measured values point to differences in the mineral composition of honey, which
are related to both its botanical and geographical origin. However, it is clear from the
comparison that K (1365.2 mg/kg) is the most represented element, followed hy Ca
(148.8 mg/kg), Na (36.9 mg/kg), and Mg (35.1 mg/kg). The greatest representation of
K agrees with the results of other authors [33,35,39,41]. The representation of Ca and Na
may differ depending on the country where the honey comes from when Italy (Latium
region) and Turkey (Antolia) had a greater representation of Na [41,42]. In other studies,
Ca was more represented, see Table 2, the same finding was confirmed in the Czech Re-
public (Moravia). All of the major mineral elements did not exceed the tolerable upper
intake level (Ul) for the adults, which are for Ca, Mg and “n Fe, 2500, 250, and 25 mg/kg,
respectively. For K, Mn, Mn, and Fe, there is not evidence in the EU for tolerable upper
intake levels [43-45]. Considering the consumption of 1.7 kg [46] in the EU, honey is not a
risk food, even in terms of potentially toxic elements.

Table 2. Comparison of the average mineral profile of honeys from different geographical arcas.

Present

Italy Portugal
Study Ttaly * Y . . Spaint - Turkey ! ) i j
(Moravia  (Siena) l[.atl_um Spain (Galicia) Span"l* (Anatolia) Ireland ® (C:bieluh Poland'  Hungary !
N Region)  (n=40) _ (=) - (n = 50) Branco) {1 =30) (12 =34)
Region) (1 =50) = {n=22) (i =30) _
(n =54) (n = 16)
(it = 32)
K 1365.2 1195 472 1124 1345 1778 29 566 701.87 1585.6 610.2
(mg/kg)
Ca 1488 257 47.7 159 - 113 51 111 28.36 35.52 92.3
(mg/kg)
Na
3 a « .(\ q (2} F 2 (s 08 :.; i 2! Lad
(mg/ke) 369 96, 96 7 115 79 118 08 1.04 )
Mg 35.1 56.7 37 39 77 136 33 31 74.00 A 176
(mg/kg)
Zn 35 1.82 3l 3.9 20 5.65 27 5 123 26 37
(mg/kg)
fm:{;kg} 2.3 1.54 3.0 3.4 5.2 * 1.0 4 2.78 272 21
Fe 07 3.07 15 - 37 9.19 66 s 0.97 38 14
(mg/kg)
B o Lol 543 bl Lad i Ll Ead 5.17 Lad
(me/kg) 11.1 54 5.17
** Not provided, * [41]; ? [34]; € [35]; ¢ [47]; © [29]; F [42]; & [48]; P [49]; * [50);7 [51].

As already mentioned, there can be more reasons for the different representations of
mineral substances. Qur study has shown that one of the factors influencing the mineral
composition, specifically the content of K, Mg, and Mn, is the type of soil on which the
colonies are located. Mineral representation in plants depends on the type of soil and the
density of the root system, the amount of precipitation, and the mineral composition of
the subsoil [52]. The average values of mineral substances in honey with respect to the soil
types of the abserved beehive location are indicated in Table 3. The most K was found in
honey with a majority of podzol; on the contrary, the lowest amount was found in honeys
from phaeozem, chernozem, and pseoudogley (p < 0.05). Higher K values in some types of
soils can be explained by the fertilization of these soils [53]. 'odzol soils also yielded higher
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amounts of Mg in honey (p < 0.05). High amounts of Ca were found in the honeys around
the gleysols and rankers, but no statistically significant difference was found between the
Ca content in the soils.

Table 3. Comparison of the major mineral substance profiles of soil types in honey (mg/kg).

Soil Al B Ca K Mg Mn Na In
Gleysol 39222 972 196,92 16049 3bed 341 182 1.7 38
Cambisol 51312 1032 167.7 1463.3 abed 34.7 20 282 35.6 0 412
Luvisol 431.82 1067 16392 1559.6 abed 323 192 12830 37?
Anthrosol 206 14.7 2 16132 1427 8 abed 359+ b 112 3640 632
Podzol 112 14142 174.7 2 2099 2 4572 282 3270 292
Pelozem 2534 1474 163.9 4 1844 6 2 4372b 254 3240 294
Rendzinas 196° 962 15252 1884.6 a0 33440 412 3180 532
Fluvisol 31812 10.7 12952 1398.6 abed 33.92b 252 3550 292
Ranker 144.6 2 112 189.2° 1272.6 3bed 383 152 332° 282
Kastanozem 55342 11.2° 12762 963.7 abed 29,22b 172 3550 362
Chernozem 31822 1172 12532 665.1 < 28.6 2P 052 45.1 ab 342
Pseudogley 5452 15.14 119.22 666.6 < 297 142 326" 31
Pararendzina  13.1° 13772 115.3° §78.7 bed 327 4b 1.7° 2510 367
Regosol 7192 15.7 13357 9856 abed 30,27 122 284" 272
Phaeozem 3192 972 96,17 47774 26.3 20 039 B 172
Joy e
r‘;::it;:. 3662 1072 1097 2 916.6 abed 245% 182 265" 232

Different letters mean significant differences between raw (p < 0.05).

For B, Al, Ca, Cr, Mn, Fe, Ni, Cu, Zn, As, and Phb, statistical differences in the content of
mineral substances in honey and the types of soil were not confirmed. This finding is due
to the large variability of the measured values, while differences in the mineral composition
of individual soil types were observed (Tables 3 and 4), especially for B, Al, Mn, and Zn
(p > 0.05).

Table 4. Comparison of the minor mineral substances profiles of soil types in honey (mg/kg).

Soil As Cr Cu Fe Ni Pb
Gleysol 0.008 0.151 0.302 0.787 0.211 (1.090
Cambisol 0.006 0.131 0.342 0717 0.224 0.100
Luvisol 0.007 0.141 0.299 0.796 0.200 (1.095
Anthrosol 0.008 0.151 0.370 0.749 0173 0.086
Podzol 0.0049 0.130 (.387 0.576 0.261 (1.059
Pelozem 0.009 0.121 0.361 0.562 0.249 0.060
Rendzinas 0.008 0.130 0.366 0.591 0.184 0.072
Fluvisol 0.007 0.111 0.322 0.662 0.165 0.082
Ranker 0.005 0.128 0.425 0.621 0.144 0.066
Kastanozem 0.008 0.109 0.264 0.863 0.148 0.067
Chernozem 0.006 0.113 0.307 0.698 0.126 0.074
Pseudogley 0.005 0.152 0.183 0.562 0.211 (1.048
Pararend zina 0.005 0.119 0.223 0.606 0.20 0.070
Regosol 0.006 0.092 0.249 0.502 0.165 (1.052
Phaeozem 0.007 0.120 0.256 0.543 0.107 0.055
Water 0.006 0.100 0.172 0.481 0127 0.043
Bodies

Note: As, Cr, Cu, Fe, Ni, and Pb were no significant differences between raw (p < 0.05).

The minor mineral substances such as As, Cr, Cu, Fe, Ni, and Pb are summarized in
Table 4. Potentially toxic elements such as I'b and metalloid As can contaminate honey due
to environmental pollution and Al. Higher concentration in Al in comparison with Pb and
As was also confirmed in the Hungarian study, but the total amount of Al was lower than
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was detected in our study [51]. In our study, statistical differences between soil types and
Pb and As were not determined. Cu, Fe, Ni, and 7n are essential nutrients for organisms,
including bees and plants. Statistical differences with soil type have not been confirmed
(Table 4). Low concentrations of minor mineral substances in honey were also confirmed in
other studies [51,54].

In order to better express the relationship between mineral substances and soil types,
the Pearson correlation coefficient was further used. The correlation between soil type and
mineral substances is shown in Table 5. There was a high correlation between antroposol
area and Zn (R = 0.98), I'b (R = 0.96), then between ranker area and Mn (0.95}), then regosol
area and Al (R = 0.97) (p <0.05). A high negative correlation was between regosol area and
Mg (R = —0.97), Cr (R = —0.98) and between the redzinas arca and Al (R = —0.97) (p < 0.05).

A positive and negative high correlation was also confirmed for phaeozem, but this
result is compromised by an error, which is due to the small representation of this soil in
the analyzed localities, both in terms of total representation (1%) and frequency (number of
occurrences: 2) {Table 5). At the same time, the frequency corresponded to two bechive
locations where the phaeozem represented 20% and 10% of the given locality. Further
research is still needed to define a conclusion for this type of soil so that it is included in
more locations in a wider representation.

The relationship between mineral composition and plants has been confirmed in
various studies, mostly focusing on plant mass, leaves, seeds, and roots [55-58]. Several
studies [59,60] confirmed the effect of soil type on the nectar production of the nectar-
bearing plant called manuka (Leptospermum scoparium). Ca, Mn, and Fe contained in soil
types had a positive effect on production. The amount of Ca also affects the number of
flowers on plants [61,62]. The influence of soil type on the growth of other honey plants
(Salix capren and Prunus padus) was confirmed by [61]. On another honey plant, Alfium
ursinum, the influence of soil mineral composition on nectar production was also confirmed,
where the influence of phosphorus was confirmed. The influence of humus, K, I'e, and
Mn on the number of flowers was confirmed, while Mn also had an influence on the total
nectar content. From the above, we expected that the effect on the mineral substances in
honey is manifested due to higher nectar-producing capacity and the number of flowers on
soils with a suitable mineral composition and a layer of humus. In our study, statistical
differences between the type of soil and the content of Ca, Fe, and Mn in honey were not
confirmed (Table 3), but the correlation dependence with the type of soil was confirmed
{Table 5).

Therefore, methods of higher statistics were applied to verify the relationship between
soil type and mineral composition, which allows for the comparison of several variable
parameters. Classification and Regression Trees (CART) were utilized. CART is a machine
leaming algorithm that recursively splits the dataset based on features to predict a target
variable (response). It constructs a decision tree suitable for classification, where the target
variable represents categories or classes. In regression, the target variable represents a
continuous variable. The CART reaches the best correct classification rate in comparison
with not supervised (PCA) and supervised (LDA and QDA) classification for mineral
substances [36] and for other honey parameters [63].
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Table 5. Correlation between the area of soil type and mineral content in honey in the observed localities.
B Na Mg Al K Ca cr Mn Fe Ni Cu n As o N 1|i,|fy
Anthrosal 0.712 0240 014 0045 0344 0742 0505 0227 082 005 0812 0.982 0375 0.956 8
Cambisol —0.013 0.037 —0.034 0.041 0.087 0.243 0.191 0.018 0031 0.290 0,001 0.263 0.087 —-0.027 26
Chernozem 0134 —0330 —0176 —0263 —0457 0063 —04%  —0370  —0371  —0437  —0291 —0.349  —0J17  —0.35 7
Fluvisol 0329  —0140 —0120  —0139 —0251 —0513 —0387 —0192 —0181 —0337 —0287 —035 0026  —0130 2%
Gleysol —0674 0319 —0343 0163 034 0,296 0574  —0457 0237 0372 —038 0166 0489 0172 2
Kastanozem — —0310 0001 —0594  —0169 —0339 —0479  —0215 0077 —0.199  —0452  —044d  —0301 0140  —0.375 1
Tuvisol 0187 0103 0037 0319 0.403 0753 0573 0488 048 0035 0328 0159 0267 - 0.266 13
Tararndzina  0.385 ~ —0.333 0180  —0.686 —082 —0635 0007  —0517  0.293 019 —0.569 —0.669  —0.081 I
Pelozem —0210  —0.15 0057 —0306 0218 0265 0.239 0138 0027 D062 0050 026 —0.285 6
Thacozem 0.978 0978 0.978 0.978 0.978 2
Podzol 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0000 0.000 0.000 0.000 0.000 0.000 0,000 2
Pseudogley 0458  —0440 —0508 —0448  —0530 —0374  —0238  —053 0047  —0539 —0385 —0520 —0178  —0.761 15
Ranker 0247 0238 0687 059 0709 0818 0.713 0958 0288 0169 0598 0386 0ds0 0.235 5
Regosol 0629  —0741 0978 —o093 —o09s [JEOEEEN o072 —0ss6 0930  —0806 —0.638 0368  —038 7
Rendzinas 0165 0290 0.79 0309 1485 0.704 0139 0304 0471 0,629 0375 0.920 0.387 4
Water Bodies —0.107 —0.233 —0.932 —0.046 —(.366 —i.431 —0.085 —0.484 —0.182 —0.698 —0.684 —0.242 0.512 —0.560 8

Value in bald means sig

95%; and Light blue higher than 90%%,
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According to the CART, the B, Ca, Mg, Ni, and Mn in honey samples are characteristic
of all soil types in our study. The soil types of cambisol, fluvisol, gleysol, anthrosol, and
kastanozem were most closely related to the above-mentioned mineral substances found
in honey and can, therefore, be assumed to have a major influence on the mineral content
of honey (Table 6). An overall summary of the classification is provided in Figure S2.
Cambisol and fuvisol are the most common soils in the Czech Republic. While cambisols
are represented both in hilly areas and uplands and in mountains; fuvisols, on the other
hand, were formed mainly in lowlands, especially along larger rivers [64]. In the Czech
Republic, 58% of agricultural land is of the cambisol type [65]. These soils are poor in
minerals; thus, in order to achieve adequate production, crops grown on them must be
regularly fertilized, which affects their mineral profile [66]. According to CART, therefore,
honeys with a large propartion of cambisol were mainly represented by a low content of B,
Ca, and Mg, with the exception of the Ni content in honey, which increased with a larger
area of cambisol in the vicinity of bee colonies.

Table 6. Regression classification rules for mineral substances.

Nodes Soil (Prediction) Rules
Node 1 Cambisol All cases
Node 2 Cambizol If B < 14.59 then Soil = Cambisol in 62.9% of cases
Node 3 Cambisol If B (14.59; 15.87] then Seil = Cambisol in 8.8% of cases
Node 4 Cambisol If B (15.87; 16.49] then Scil = Cambisol in 10% of cases
Node 5 Gleysol If B (16.49; 17.05] then Soil = Gleysol in 11.8% of cases
Node 6 Fluvisol If B > 17.05 then Soil = Fluvisol in 6.5% of cases
Node 7 Fluvisol If B <0 14.59 and Ca < 162.10 then Soil = Fluvisol in 41.8% of cases
Node 8 Cambisol If B < 14.59 and Ca (162.10; 179.20] then Soil = Cambisol in 5.3% of cases
Node 9 Cambisol If B < 14.59 and Ca (179.20; 189.20] then Soil = Cambisol in 5.3% of cases
Node 10 Anthrosol If B < 14.59 and Ca (189.20; 215.30] then Soil = Anthrosol in 2.4% of cases
Node 11 Cambisol If B < 14.59 and Ca > 215.30 then Soil = Cambisol in 8.2% of cases
Node 12 Cambisol 1f 13(14.59; 15.87] and Mg < 30.22 then Soil = Cambisol in 4.1% of cases
Node 13 Anthrosol If B (14.59; 15.87] and Mg > 30.22 then Soil = Anthrosol in 4.7% of cases
Node 14 Cambisol If B(15.87; 16.49] and Ca < 109.60 then Soil = Cambisol in 8.2% of cases
Node 15 Cambisol If B (15.87; 16.49] and Ca > 109.60 then Soil = Cambisol in 1.8% of cases
Node 16 Kastanozem If B (16.49; 17.05] and Ni <0 0.13 then Soil = Kastanozem in 5.9% of cases
Node 17 Cambisol If B (16.49; 17.05] and Ni {0.13; 0.27] then Soil = Cambisol in 4.1% of cases
Node 18 Cambisol If B (16.49; 17.05] and Ni > 0.27 then Soil = Cambisol in 1.8% of cases
Node 19 Anthrosol If B> 17.05 and Mg < 34.69 then Soil = Anthrosol in 4.7% of cases
Node 20 Fluvisol If B >17.05 and Mg > 34.69 then Soil = Fluvisol in 1.8% of cases
Node 21 Fluvisol If B < 14.59 and Ca < 162.10 and Mg < 31.49 then Soil = Fluvisol in 29.4% of cases
Node 22 Cambisol If B < 14.59 and Ca < 162.10 and Mg (31.49; 37.11] then Seil = Cambisol in 4.1% of cases
Node 23 Cambisol If B < 14.59 and Ca < 162,10 and Mg (37.11; 42.41] then Soil = Cambisol in 4.1% of cases
Node 24 Anthrosol If B < 1459 and Ca < 162.10 and Mg > 42.41 then Soil = Anthrosol in 4.1% of cases
Node 25 Cambisol If B < 14.59 and Ca (179.20; 189.20] and Mg < 37.65 then Soil = Cambisol in 2.9% of cases
Node 26 Cambisol If B = 14.59 and Ca (179.20; 189.20] and Mg > 37.65 then Soil = Cambisol in 2.4% of cases
Node 27 Cambisol If B < 14.59 and Ca > 215.30 and Mn < 2 then Soil = Cambisol in 7.1% of cases
Node 28 Cambisol If B < 14.59 and Ca > 215.30 and Mn > 2 then Soil = Cambisol in 1.2% of cases

The presence of fluvisol in the vicinity of the beehive location was manifested by
a low content of B, Ca, and Mg in honey (29.4% of cases) or a low content of B and Ca
(41.8% of cases) but in some cases, the presence of this type of soil led to a high content
of B (6.5% of cases). These differences are explained by the type of soil, where fluvisol
represents river sediments that can be affected by anthropogenic activity [67]. This fact is
also indicated by the high content of Pb (Table 3), although in the discrimination according
to CART, Pb was not significant, which is caused by the variability of this factor. Another
type of soil that has been confirmed to have an effect on the mineral composition of honey
is anthrosol. This type of soil is significantly transformed by human activity, mostly with
originally less fertile soil [68], which, within the CART discrimination, was manifested by a
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higher representation of Ca and Mg. A high content of Ca and Mg is typical for anthrosol,
while their higher content is due to both anthropogenic activity and sandy or sandstone
subsoil [68,69]. Another type of soil influencing the mineral profile of honey, according to
CART, was kastanozem. This type of soil is typical for pastures, steppes, meadows, and
anthropogenic analogs [70]. Kastanozem was manifested by a high content of B and a
low content of Ni. These soils are characterized by available Ca, Mg, and Na cations. In
our study, only a higher Na content (Table 3) was confirmed in honey in relation to the
amount of kastanozem in the location of the bee colonies. The content of B and Ni can be
affected by anthropogenic activity (fertilization), but there is not enough information in the
scientific literature about its content and availability for plants. Pollution as the reason for
their higher content cannot be assumed because other metals such as Pb, As, Cu, and “n
have not been confirmed in honey.

4, Conclusions

‘The mineral profile of honey can be influenced, among mechanisms, by the type of
soil on which the beehive is located and which occurs within its flying range. In this study,
positive high correlations were confirmed with certain soil types and specific elements,
namely phaeozem with Na and K, as well as ranker with Mn, regosol with Al, and anthrosol
with Zn and ’b, while a negative correlation between phacozem with B, Mg, Al, Ca, Cr,
Mn, Fe, Ni, Zn, regosol with Mg, Cr, and rendzinas with Al (p < 0.05). The higher statistics
methods subsequently proved that some elements are characteristic of the given soil type.
Using CART analysis, the linear regression dependence between Ca, B, Mg, and Mn and the
cambisol, anthrosol, fluvisol, and kastanozem soils was confirmed. The mutual relationship
between soil type and mineral substances in honey can be used to predict the geographical
origin of honey. When working with national map data, soil profiles can be used to predict
the mineral profile of honey using minerals such as B, Ca, Mg, Ni, and Mn and subsequently
authenticate its geographical origin.

Supplementary Materials: The following supporting information can be downloaded at: https:
S Awwwmdpicom/farticle /10,3390 / foods13132006/s1, Table S1: Pollen profile of analyzed sam-
ples; Figure 51: Location of analyzed samples, Figure 52: CART Classification tree of soil types;
Document S1: [CP-MS 7900 methods.
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Annex 10: Predikce zdroji snlsky vcel pomoci geografickych informacnich systémf
(Predicting bee collection resources using geographic information systems)

PREDIKCE ZDROJU SNUSKY VCEL POMOCE GEOGRAFICKYCH INFORMACNICH
SYSTEMU

Pospiech, M. ¢, Bartlovi, M. % Prus, B. %, Titéra, D. ¢, Kruiik, V. ¢, Cizkova, . ¢

¢ Fakulta veterindrni hygieny a ekologie, Veterindrni univerzita, Brno, Ceskd republika

* Faculty of Environmental Engineering and Land Surveying, University of Agriculture in Krakow, Polsko
© Viizkumny tistav véelarsky, Dol, Ceskd republika

¢ Ustav konzervace potravin, Vysokd skola chemicko-technologicks, Praha, Ceskd republika

mpospiechi@vfii.cz

Dillezitym aspektem pro v&elafeni je zabezpetit vhodnou a nutriéné bohatou snilSku pro véely. Lze toho
dosdhnout koovinim v krajin&, vhodn& zvolenym osevnym postupem, vysadbou kefll a stromi v krajing&,
nebo také vhodné zvolenym stanovistém. I kdyZ ne vidy méme na vybér, kde vieli stanovit& umistit, zjistit
vhodnost stanovisté ma své nespomné vyhody. Pro vytvofeni modelu urdujiciho vhodnost stanovidté byla
v prici pouZita data z volné pfistupné evropské databdize CORINE Land Cover!, kterd zahmuji zékladni
rozdEleni a charakterizaci krajiny (pidni pokryv). Analyzovino bylo 32 medii z Ceské republiky. Vztah
k plidnimu pokryvu mély z potvrzenych taxond zejména druhy: Helianthus sp., Robinia sp, Campanula sp,
Brasica sp, Aesculus sp., Rhamnus sp. Lotus sp. Thymus sp,, Lythrum sp., Phacelia sp., Phagopyrum sp.,
Aruncus sp. Jejich vztah byl potvrzen k piidnimu pokryvu typll pastviny a ormnéd plida nezavlaZovana. Déle
slabal vztah téchto taxondt byl potvrzen v pfipade mest, homerémeh plocs, pievazne icncddiakych uzemi
s piimési pfirozené vegetace a smiSenych lesii. S ohledem na uvedené taxony Ize predpoklidat rovnomémou
snliSku jak nektaru, tak pylu a tedy i dostate€nou vyZivu pro véelstvo a pro produkci medu. Zji§téné vysledky
umoZnuji zjistit na zikladé analyzy lokality plinovaného velstva z evropské databdze CORINE Land Cover
zastoupeni tohoto typu plidniho pokryvu v doletové vzddlenosti véel a tedy predikovat vhodnost plnované
lokality. S ohledem na vysiedky této studie by minimalni plocha pitdniho pokryvu v doletové vzdilenosti véel
méla byt pro pastviny 5,5 % a pro ornou piidu nezaviaZovanou 15,5 %. Toto zastoupeni vedlo k dostate&né
snilSce pozdniho jara, kdy zdrojem byla zejména Fepka setd. V pozdé&jSich obdobich se na sniiice podilely
Stirovnik, slunegnice, rostiiny rodu matefidouika. Model byl pfipraven pro doletovou vzdélenost 3 km od
stanovisté, Urgitou variabilitu ize ofekivat i v tomto parametru, doletova vzdalenost podle nejnovéjsich studii
je 2,2 km pro 90 % véel’. Proménlivym faktorem je také osevni postup, kdy lze ofekivat v piipads
zemédélské pldy pfitomnost fepky seté, kterd patfi mezi vyznamny zdroj sniidky vEel v Ceské republice’.

Podékovdni: Projekt byl podporen viddou Ceské republiky, Madarska, Polska a Slovenska grantovou
agenturau Visegrad Grants z International Visegrad Fund. Ndzev projekty: Sustainable Beekeeping in the
Visegrad Group, cislo: 22220064.
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