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Abstract. The pollen spectrum of honey reflects the regional crops,
forest plantations, all the diversity of the plant species near the apiary.
That is why the use, adaptation, and improvement of various methods of
pollen analysis and interpretation of its results are topical questions in
the countries which produce original varieties of honey on the
international market. Ukraine is a leader in manufacturing and exporting
honey in Europe and worldwide. Usually, Ukrainian honey is exported
not as a finished food product, but as a raw material. This is because the
pollen spectrum of Ukrainian honeys is provided with no description
characterising their botanical and geographical origin, which, in turn, is
because there are no pollen analysis methods implemented in
production laboratories. The purpose of this study was improving the
pollen analysis method to identify the botanical origin of Ukrainian
honeys. The research was conducted in the laboratory of the Department
of Standardisation and Certification of Agricultural Products in the
National University of Life and Environmental Science of Ukraine, and
in the production laboratory of Ascania-Pack Company. The analysis of
harmonised methods of melissopalynology and standardised pollen
detection methods has allowed developing a botanical method of honey
identification adapted to be introduced in Ukrainian laboratories. The
method suggested is a complex of individual procedures, operations,
and techniques. It has been detailed how to prepare solution to fix and
stain pollen preparations obtained from honey. The method of preparing
a suspension of pollen grains from honey has been improved: extra
dissolution of crystals and a lower speed of the centrifuge reduce the
time of making the preparation and improve its quality. The method of
obtaining preparations of pollen grains from honey has been adapted to
harmonised international melissopalynological methods. New methods
have been developed to count pollen grains in prepared monofloral and
polyfloral honey samples. It has been detailed how to identify step-by-
step the botanical origin of honey by pollen grains using international
databases. The method has been implemented in the production
laboratories of leading enterprises in Ukraine and Belarus.

Key words: pollen analysis method, pollen grain, monofloral
honey, polyfloral honey, botanical identification, melissiopalynology.

Introduction. Formulation of the problem

melissopalynological methods adapted to the

Ukraine is a leader in manufacturing and exporting

technological possibilities of their own laboratories.
So, it is necessary to take into account the regional

honey in Europe and worldwide. Usually, honey is
exported not as a finished food product, but as a raw
material. First of all, this is because the pollen
spectrum of our honeys is provided with no description
characterising their botanical and geographical origin.
As far as export to EU countries is concerned, the
current regulatory and technical documentation lacks
characteristics for the types of monofloral Ukrainian
honey. That is why they are sold as raw honey at a low
purchase price, since there are no practically
implemented methods of botanical identification of
honey.  Different  countries use  harmonised
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differences in the percentage of dominant grains in
monofloral honey varieties and different quantities of
gametophytes of anemophilous plants. Improving the
method of botanical identification of Ukrainian honeys
and applying it in laboratory research will expand
scientific knowledge in this field and have an
economic effect on the product’s export potential.

Analysis of recent research and publications

Pollen grains of plants are always present in raw
honey produced by the commonly used technology.
The pollen spectrum of honey reflects the regional
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crops, forest plantations, all the diversity of the plant
species near the apiary [1]. That is why the use,
adaptation, and improvement of various methods of
pollen analysis and interpretation of its results are
topical questions in the countries which produce
original varieties of honey on the international market.

Egypt exports honey made from Brazilian
peppertree and cotton blossom honey. In 2016-2017,
significant nonconformities were revealed during
research of the pollen spectrum to confirm the
botanical origin of Egyptian honey varieties and label
them. Thus, 69% of cotton blossom honey (Gossypium
hirsutum L.) was contaminated with pollen from
maize, an anemophilous plant (Zea mays L.). 79% of
pollen of melons (Cucurbitaceae) was found in
sunflower honey, and 52% of eucalyptus pollen
(Eucalyptus spp.) in honey from Brazilian peppertree
(Schinus terebinthifolia Raddi). According to the
results obtained, the authors are convinced that these
honey varieties should be renamed maize, pumpkin,
and eucalyptus honey. Scientists also point out that
pollen grains of Echium spp. and Trifolium
alexandrinum L. can be markers of geographical
origin, as they are present in most of the honeys
examined and are widespread in Egypt [2].

A. Mannapov, O. Legochkin, and A. Skachko
adapted the pollen coefficient and Sawyer’s method of
botanical identification so that they could be used for
honey produced in the Russian Federation. The method
suggested consisted in comparing the botanical
composition of honey obtained from the control hive
and the data from Sawyer’s pollen coefficient [3].
Besides, in the Russian Federation, for industrial
purposes, there is an atlas of pollen grains created and
used to identify them in honey [4].

V. lvanova’s works [5,6] present the results of
comparative pollen analysis applied to white honey
made in the Chuvash Republic and Bashkortostan. The
nectar coefficient of the honey samples researched
indicated the predominance of the lime tree, but the
content of its pollen grains was less than 45%. This
means that there are not enough pollen grains of this
species in monofloral honeys. That is why for some
honey varieties (lime, acacia), European Council
Directive 2001/110 only allows a 20% content of
pollen grains, which indicates that these varieties are
monofloral. However, the author [5,6] concludes that
these honeys cannot be classified as monofloral lime
honey from the above-noted regions, but only as
polyfloral. Today, in Bashkortostan, Kumanov’s atlas
of pollen grains is used [7].

In Turkey, pollen analysis of honey was used to
study honey from different regions in Beypazari, a
district of Ankara Province. Nine samples of honey
were established to be monofloral, others were classed
as polyfloral. This method allowed identifying the
pollen spectrum of 24 taxa, including 11 families and
13 genera of plants. The genus Astragalus (Astragalus
spp.) was the predominant one. So, plants of this genus
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were recognised as the main source of nectar and
pollen for honey in Turkey [8]. For the botanical
identification of Turkish honeys, an atlas of honey
plants was developed, indicating the geographical
distribution of plants in different regions [9].

The pollen spectrum of Argentinian honeys was
determined by the contents of honey sacs (organs in
which bees transfer nectar to honeycomb for
processing into honey) of honey bees (Apis mellifera).
The polyflora used by bees in the western part of the
Yungas sector in Jujuy (Argentina) was studied during
the spring and summer of two consecutive production
periods. A total of 46 pollen species belonging to 25
botanical taxa were identified. The predominant
families, %: Euphorbiaceae (35.54), Fabaceae (26.27),
Asteraceae (20.77), Vitaceae (16.14), and Myrtaceae
(9.13). Less common were pollen grains of plants of
the genera Eucalyptus, Eupatorium, Mimosa,
Parapiptadenia  excelsa,  Sebastiania,  Viguiera,
Zanthoxylum, Cissus, and members of the families
Cactaceae and Euphorbiaceae [10].

Brazil mainly exports eucalyptus honey. Using
pollen analysis, the pollen spectrum was determined
for honeys from the northwest of the state of Minas
Gerais (Brazil). The pollen grains most common in the
product obtained during the rainy season were of
Trema micrantha, Copaifera langsdorffii, Poaceae,
Asteraceae-2, Cecropia spp., and Eupatorium spp. In
the honey obtained during the dry season, the most
common were grains of Acosmium dasycarpum,
Cecropia spp., and Eupatorium spp. Pollen grains of
plants of the genus Baccharis spp. were detected in
honey samples throughout all the research period,
which may be indicative of the geographical origin of
honey [1,11]. Along with that, in the state of Parana
(Brazil), studies of the pollen spectrum of honey
revealed that it contained pollen of plants of the genera
Casearia, Eucalyptus, Galactia, Miconia, Morus,
Myrcia, Syagrus, and members of the family
Rubiaceae. The pollen spectrum of the honey analysed
was diverse. The predominant pollen was that of the
families Fabaceae, Asteraceae, and Myrtaceae. They
are considered the most effective honey plants for
western honey bees (Apis mellifera) in this area [12].

Another group of studies on the topic considers
botanical identification methods. Palynological
analysis by means of light microscopy is the most used
method to identify pollen in honey. Its advantages
include the reliability of estimating the relative sizes
and morphology of pollen grains of different taxa in
the general pollen spectrum of honey. However, this
method has several disadvantages: it is laborious,
requires a lot of expertise and a database of standard
samples (templates) of pollen grains from different
regions. These disadvantages result in low taxonomic
resolution for many plant taxa, which allows them to
be identified only at the family level [13].

This leads to the search for new methods. They
seldom become widely used, though. An example is
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molecular detection of the botanical origin of pollen in
bees’ pollen load. This method is intended for studying
the diversity of plant species visited by honey bees
and, indirectly, the botanical origin of honey and its
geographical traceability [14]. However, in our
opinion, this method will prove ineffective in Ukraine,
due to a lot of entomophilous pollen-bearing plants that
do not produce nectar. From them, bees only collect
pollen load, not honey, so the pollen spectrum of these
products is significantly different.

In scientific laboratories, DNA identification
methods are researched. However, they are not widely
used in laboratories at enterprises. As a promising
effective alternative to microscopic analysis, the
scientists [15-17] suggest DNA metabarcoding using
next-generation sequencing (NGS). Other authors [18]
support the DNA barcoding method using the traditional
Sanger sequencing. Nevertheless, this method is
ineffective for identifying the mixed spectrum of pollen,
as is most common in honeys. The DNA barcoding
method requires isolating and sequencing individual
pollen grains from mixtures or using methods of cloning,
which is laborious and fraught with possible
errors [19-20]. According to the results of Consortium for
the Barcode of Life (CBOL) [21], an ideal DNA barcode
should be regularly renovated with a pair of primers,
provide  bidirectional  sequencing, and allow
distinguishing most species. Among the different loci of
the chloroplast genome, a group with rbcl, matK, rpoB,
rpoC1, atpF — atpH, trnH-psh, and psbK — psbl, were
suggested to evaluate plant products [22]. On the basis of
the criteria of universality, quality of sequencing, and
levels of species discrimination, each individual locus
trnH — psbA, rbcl, and matK must correspomd to the
plant DNA barcoding system, although none of them
corresponds to the ideal DNA barcode marker [19]. That
is why many researchers search for a universal barcode
suitable to identify plant species, including other parts of
the genome of non-chloroplasts (nuclear sites) [23].
However, at present, there are technical difficulties with
these technologies, though they are improved regularly.
The common ones include searching for methods of DNA
extraction of homogenised mixed pollen samples (for
example, NucleoSpin, GF-1 Plant, HigherPurity, and
CTAB-PVP) [22]. These methods have become more
widely used in analysing air mixtures of pollen for the
study of allergens.

So, research by different groups of scientists
aimed at identifying pollen grains of plants includes
evaluation of the interaction between a plant and its
polliniser, considers the pollen spectrum of honey for
its botanical identification, monitors pollen sources in a
particular region.

In Ukraine, botanical identification of honey is
performed by the method of pollen analysis, which is
described in paragraph 10.3 of DSTU 4497:2005
“Natural honey. Specification requirements”. This
method involves the use of acetic anhydride, acetic
glacial acid, concentrated sulphuric acid, and fourfold
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centrifugation during sample preparation, which
significantly complicates it. Determining the species
composition of pollen grains involves counting them
on the grid of a haemocytometer, and not in the
microscope field of view. This increases the counting
area and causes its error, because pollen grains smaller
than 25 pum get into the grooves of the haemocytometer
together with  excessive liquid. Besides, the
standardised method allows botanical determination of
honey by counting not less than 200 grains, which
contradicts the international harmonised method.
Consequently, honey exporters have to re-analyse
honey in foreign laboratories. Therefore, there is a
need to simplify the method of pollen analysis and
harmonise it with international ones.

Harmonised methods of melissopalynology [24]
include initially estimating the proportional frequency
of types of pollen grains, then identifying them, with
their re-counting of 300, 500, and up to 1000. Further,
the botanical and geographical origin of honey is
determined. This method involves quantitative and
qualitative determination, and interpretation of the
results depends on the pollen spectrum of the dominant
species in a particular region. Therefore, leading
European laboratories have adapted these methods for
their market segment. Thus, there is a need to adapt
harmonised methods of melissopalynology to the study
of the pollen spectrum of Ukrainian honeys.

The purpose of the work is to improve the
method of pollen analysis to identify the botanical
origin of Ukrainian honeys. To achieve this purpose,
the objectives were set:

— to analyse theoretically and test practically
harmonised methods of melissopalynology [24] and
the standardised method according to DSTU 4497:
2005 “Natural honey. Specification requirements”;

— to develop a method of botanical identification
of honey adapted for practical implementation in the
conditions of Ukrainian laboratories;

— to implement practically the improved method of
pollen analysis for identification of the botanical origin
of Ukrainian honeys in a production laboratory.

Research materials and methods

The materials used to test the methods were
purchased from the company Khimlaborreaktyv
(Ukraine). These were: a laboratory funnel Labexpert
B-25-38 TC, a graduated low-form beaker Labexpert
H-1-100 TC (GOST 25336-82); a measuring cylinder
1-50-2 Labexpert (GOST 1770-74); ashless tape filters
(d=90mm, EKSIMKARGOTRADE, Ukraine): glass
rods (L=220mm, d=5mm); a microscope slide SP-7101
with polished edges; a cover glass (24x24mm). The
following  reagents  were  purchased  from
Khimlaborreaktyv (Ukraine) and used in the work:
glycerine pharm. p.a. (import, Germany); basic
fuchsine for MBP (microbiological purposes) p.a.;
edible gelatine bloom 200 (import, Germany) puriss.;
phenol p.a (Lachema, Czech Republic).
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The samples were prepared in the laboratory of
Ascania-Pack Company. Its technical competence is
certified according to the requirements of DSTU
ISO/IEC 17025:2006. The equipment used to prepare
the samples was: laboratory scales Scout SPX
223 (China); a laboratory centrifuge AFI-C300R-E for
50 ml test tubes (France); a multi-sample heated bath
BB-10-MICROmed (China); a rotary mixer RM-
1L/1S/M/L (ELmi ltd., Latvia). The botanical origin of
honey was identified and the suitability of the method
was checked in the scientific training laboratory of the
Department of Standardization and Certification of
Agricultural Products of the National University of
Life and Environmental Sciences of Ukraine. The
equipment used for the purpose was a digital
microscope Sigeta Biogenic LED Trino Infinity
(China), a microscope camera Sigeta M3CMOS 16000
(China), and the related software ToupView. The
improved method of pollen analysis was implemented
in the laboratory of Ascania-Pack Company, the largest
honey exporter in Ukraine. For this, the above
equipment was used, as well as a digital microscope
Carl Zeiss Primo Star (Germany) and the related
software.

At the first research stage, the harmonised
melissopalynological methods [24] and the
standardised method of pollen analysis (DSTU
4497:2005 “Natural honey. Specification
requirements”) were used. The second stage, consisted
in developing an improved pollen analysis method to
identify the botanical origin of honey and introducing
it into production. The research was conducted during
the years 2018-2020. To hone the method, 11 samples
of honey were used in 2018 (polyfloral flower honey —
4; honeydew honey — 1; monofloral: acacia — 1,
sunflower — 1, buckwheat — 1), 19 samples in 2019
(polyfloral flower honey — 9, monofloral: sunflower —
3, buckwheat — 1, amorpha — 1, phacelia — 1, bird’s
foot trefoil — 1, goldenrod — 1), 27 samples in 2020
(polyfloral flower honey — 16, polyfloral with a
predominance of blueberry grains — 1, echinacea — 1,
monofloral: sunflower — 5, buckwheat — 1, rapeseed —
1, lime — 1). The pollen grains in the prepared samples
were calculated in duplicate. The honey samples were
obtained from different regions of Ukraine.

Preparation of the solution to fix pollen
specimens.

Preparation of glycerol gelatine: in a reagent jar
with a screw cap, 10% of gelatine, 30% of glycerol,
and 60% of distilled water were mixed, depending on
the container volume. The accuracy of weighing was
0.1g. The solution was stirred to a uniform consistency,
and, if necessary, filtered through a sieve with the
mesh size 0.5-1 mm. The solution was stored at 0 to
+5°C, in pure form or stained with ethanol fuchsine
solution. The pure form of the solution was used to fix
specimens from monofloral honey samples.

Preparation of ethanol fuchsine solution: for
pollen analysis, it is best to use weak solution of
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ethanol fuchsine. It allows staining pollen grains with
different intensity and makes them easier to identify.
To prepare fuchsine solution, 100ml of 96° ethanol and
0.04g of basic crystalline fuchsine were mixed in a
200ml beaker and stirred with a glass stick until evenly
coloured. The solution was stored in a dark glass
reagent jar with a screw cap with a capacity of 250ml.

Preparation of stained glycerol gelatine with
phenol for fixation. One part of chemically pure
gelatine was dissolved in six parts of distilled water for
2 hours. Seven parts of chemically pure glycerol were
added to the gelatine solution, and it was weighed.
Then, per every 100g of the mixture obtained, 0.5g of
crystalline phenol was added. Repeatedly stirred, it was
kept in a heated bath for 10-15 minutes until a uniform
mixture without flakes was formed. If necessary, it was
filtered through a sieve with the mesh size 0.5-1mm.
The ethanol fuchsine solution was added to the heated
glycerol gelatine until it acquired a rich crimson colour
(0.5ml of fuchsine solution per 10ml of glycerol
gelatine).

Preparation of a specimen to be studied:

1. Coloured glycerol gelatine with fuchsine was
heated to 40°C in a heated bath or in a heating chamber
and left there until used.

2. The cover glass was placed on the clean dry
microscope slide and contoured with a moisture-proof
marker pen, thus highlighting the area (22x22mm) for
the suspension to be applied. In this way, the required
number of microscope slides was prepared. The slide
was turned over to avoid staining the pollen grains
suspension with the paint from the marker pen or
washing off the edges of the square contour.

3. Before collecting the pre-prepared suspension of
pollen grains from the centrifuge tube, it was carefully
mixed by drawing it up, dispensing, and stirring it with
a disposable tip of a laboratory dispenser (100 pl) or a
disposable Pasteur pipette.

4. Using a laboratory dispenser (or a disposable
pipette), all the suspension was transferred to the
selected area of the slide and evenly distributed to
cover all of it. Care was taken to avoid the formation of
pollen grain clots visible to the naked eye. In this way,
all the suspensions prepared were applied on individual
microscope slides. It is important that an individual
disposable tip of the laboratory dispenser should be
used for each honey sample, and that first the capped
test tube with the suspension and then the glass slide
should be labelled with a code containing information
about the honey sample to be tested.

5. The microscope slides with the suspension were
placed in a heating chamber and dried at up to 40-45°C
for 10-20min (different evaporation time for different
amounts of liquid).

6. Preheated stained glycerol gelatine with
fuchsine was applied diagonally (crosswise) on a clean
dry cover glass. Then slowly, so that no air remained,
the cover glass was placed onto the contoured area of
the slide with the dried suspension within. Thus, the
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suspensions of pollen grains and other prepared
samples were fixed.

7. To allow the glycerol gelatine to spread evenly
and the pollen grains to swell and get stained, the
preparations were first left in the laboratory for 10
minutes, then transferred to the heating chamber and
kept for 5 minutes at 40-45°C. After that, the pollen
grain preparations were ready for identification.

Then, these specimens were examined or stored so
that the surfaces of different microscope slides,
especially on the cover glass side, did not come into
contact. If necessary, for long-term storage, the slides
were wrapped in parchment paper and stored in tightly
closed containers for up to five years at 0 to +5°C.

Results of the research and their discussion

Theoretical analysis and practical testing of the
harmonised melissopalynological methods [24] and of
the standardised method (DSTU 4497:2005 “Natural
honey. Specification requirements”) have allowed
developing an improved method of pollen analysis to
identify the botanical origin of Ukrainian honeys.

The improved method includes several stages: the
technique for preparing solution to fix pollen
specimens; preparing a suspension of pollen grains
from honey; the method of preparing a specimen for
testing; the method of counting pollen grains in
preparations from a monofloral honey sample; the
method of counting pollen grains in preparations from
a polyfloral honey sample; identifying the botanical
origin of honey.

Particular attention should be paid to the technique
for preparing solution to fix a pollen specimen. Our
tests have shown that wrong concentrations lead to
short-term storage of finished specimens with pollen
grains, the latter being stained with ethanol fuchsine
unevenly or indistinctly. For this stage of the method, it
has been determined that excessive saturation of the
fixing solution with ethanol fuchsine results in
darkening of the pollen grains in a specimen, which
makes it impossible to identify them by the exinal
pattern and complicates botanical determination within
one genus of plants. The method of preparing solution
for fixation is described in the section Materials and
Methods.

Improving the procedure of preparing a
suspension of pollen grains from honey. For pollen
analysis of honey, a suspension of pollen grains
contained in it was prepared. To this end, honey was
twice dissolved in distilled water at 20-26°C and
centrifuged for 5-10 min at 2000-2000 rpm.

Stages of preparing pollen grain suspension:

1. In a 50ml conical centrifuge tube, 10g of honey
were weighed with an accuracy of 0.1g. If there were
several samples, the scales were calibrated with the test
tube stand placed on them. Honey was added to one of
the test tubes, calibration was repeated, then another
weighed sample was placed in the next test tube.
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2. The tubes with honey were placed in the heated
bath with the temperature 45-60°C to dissolve honey
crystals completely. Honey can look liquid, but contain
crystals, which make the results of pollen analysis less
accurate because of contamination of the tested area.

3. 20ml of distilled water with the temperature 20—
26°C was added to each tube, and the honey was
dissolved with a glass rod. It is important to use a clean
dry rod for each honey sample. The tubes were again
placed in the heated bath at 45-60°C for 5-10 minutes.

4. The tubes were capped and transferred to the
centrifuge. The solution was centrifuged for 10 min at
1000-2000 rpm. The supernatant liquid was drained,
and 20ml of distilled water were added to each tube
again. For this, disposable Pasteur pipettes were used,
with the stream of water being directed into the
narrowed bottom of the tube. Residual honey crystals
were dissolved by drawing up and dispensing the
solution and stirring it with the Pasteur pipette. It is
important to use an individual disposable pipette for
each honey sample.

5. The tubes were centrifuged again for 5-10min
at 1000-2000rpm.

6. The supernatant liquid was drained, except for
the last drop, which was absorbed with bibulous paper
at the angle 45°. Then the suspension is ready.

Unlike the way of preparing the suspension in the
standardised method, we suggest reducing the weight
of a honey sample (from 20 to 10g), dissolving the
crystals both before and after honey is diluted with
distilled water (instead of single dilution), and reducing
the centrifugation time and speed from 3000 to 1000—
2000rpm. All this makes it unnecessary to fix pollen
grains further on using acetic anhydride, glacial acetic,
and concentrated sulphuric acids, but their shape and
structure remain unchanged. Another stage also
excluded is merging the contents of several centrifuge
tubes into one. Thus loss of part of the pollen grains
and identification errors have become impossible. In
general, preparing a pollen grain suspension now takes
less time due to double centrifugation and changing its
duration from 15 to 10 minutes.

The improved method of preparing suspension of
pollen grains from honey differs from the harmonised
international methods [24], as it involves the crystal
dissolution stage due to regional features of Ukrainian
honeys (fast crystallisation, a lot of dextrins). Other
test parameters (sample weight, centrifuge velocity,
distillate temperature) are included in the method we
suggest, which allows using it when exporting honey.

Based on the results of testing the suggested
improved method of preparing suspension of pollen
grains from honey, we have drawn the following
conclusions. The suspension can be stored in tightly
closed tubes at 0 to +5°C for no longer than one month.
Transferring the suspension from centrifuge test tubes
to other tubes should be avoided so as not to lose part
of the pollen grains (which can affect the results of the
analysis). For longer storage, the specimen was
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prepared from pollen grain suspension on a microscope
slide. Properly prepared suspension should be clear,
without clots and honey crystals. However, whether it
is so or not can already be seen from the specimens. It
is especially difficult to prepare suspensions of dark
honeys (buckwheat, honeydew). They require
additional centrifugation, with stages 4 and 5 repeated
until a satisfactory result is obtained.

The method of preparing specimens for research
has been adapted to the harmonised international
methods [24]. The main difference from how it is done
by the standardised method is the use of microscope
slides (instead of a haemocytometer) and clearly
defined research  techniques and parameters
(temperature, time). Preparation of the specimen by the
adapted method is based on transferring the suspension
of pollen grains onto a microscope slide, fixing, and
staining it. All work should be performed in disposable
gloves, changing them with each individual honey
sample. The stages of preparing the suspension for
research by the adapted method are given in Materials
and Methods.

The results of testing the suggested method showed
that it was necessary to monitor how a specimen dried.
In the first seconds after evaporation of the liquid, the
specimens are taken out for staining. If the wet spot
glistens and is visible even after drying, it may indicate
insufficient dissolution of sugars in the suspension. This
can result from a comparatively high content of sugars
(especially sucrose) in the honey under study. These
specimens are reprepared using additional dissolution of
honey crystals after dilution and re-centrifugation. While
developing the adapted method, it was found that when
glycerol gelatine (solution for fixation) was drawn up
slowly, no air bubbles were formed in it, so this should
be done but once, carefully, using a laboratory dispenser
or a Pasteur pipette. On the other hand, if glycerol
gelatine is applied very slowly, it will congeal too early
and spread on the slide unevenly. This can result in
uneven staining of pollen grains of one plant species,
thus making it difficult to identify them.

The method of counting pollen grains in specimens
from a monofloral honey sample developed by us is
based on studying the dominant botanical species and
confirming or refuting its monoflorality.

Before examining the specimens, the microscope
was adjusted to our eyes. A data table was prepared for
primary records of the identification results. For the
study of monofloral honeys, we recommend that it
should have the following arrangement (Table 1).
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The additional data column was used to register
excessive amounts of yeast and other inclusions of
biological origin (OI), which indicate contamination of
honey; the presence of destroyed grains that cannot be
determined; the presence of mechanical impurities of
natural (wax, bee hairs) and non-natural origin (starch
grains, dust).

To identify honey as monofloral, the specimen
was first examined under the magnification x100-200.
The presence of the pollen grains declared as dominant
(PGY), and then of all the others (PG? PG®) was
visually determined. On detecting them, the
magnification was increased to x400 for further study
and calculation of individual species (Fig.1m, 2m). To
determine the botanical origin of pollen grains, the
magnification was changed to x1000 or x2000 if this
was possible, and if it was not, the origin was
established at lower magnification. Also, to facilitate
identification within a plant genus (for example, with
different species of clover or cornflowers), special
software was used to measure the size of pollen grains.

A specimen was studied starting from the upper
left edge and moving down, making sure that the first
field of view of the microscope did not overlap the
other one. In each field of the microscope, all
determinable grains and inclusions were counted,
except for those at the right and the lower limits of the
visual field to prevent counting them twice.

Table 1 — Results of honey pollen analysis, sample
no. of _/ /20

No. of the
microscope
field
1
2
3

Additional

3
PG data

PG! | PG2 Ol

n
Total PG by
type
Note. PG! is the type of pollen grains for which the honey is
declared as monofloral, under the magnification x100 — x200; PG?
are all pollen grains of entomophilous nectar-producing plants found
in the specimen except for PG!; PG® are pollen grains of
anemophilous (other) and entomophilous plants that do not produce

nectar; Ol are other inclusions, such as spores, fungi, yeast, algae.

On reaching the lower edge of the selected area of the
microscope slide, the examination went on in the field of
the microscope, moving to the right through one field and
then upwards. On reaching the upper edge of the selected
area of the slide, the examination went on through one
field to the right and then moving down.
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Fig. 1. Specimens for studying the pollen spectra from monofloral and polyfloral honeys:
1m — monofloral sunflower, x400; 2m — monofloral thistle, x400;
3p — polyfloral meadow, x400; 4m — monofloral clover, x200.

Pollen grains were counted according to this scheme
until the PG' count reached 300 pollen grains for the
acacia and lime honeys (Robinia spp. and Tilia spp. as
underrepresented species) or 600 for all other honeys.

The total amount of all the elements researched
(PG*+PG?+PG3+0I) should range from 500 to 1000
units. The monoflorality of honey by the dominant
pollen grains was determined as follows:
(PGY(PG+PG?)) x 100, where PG! is the dominant
pollen grain type by which a honey is declared to be
monofloral, and PG? are all other pollen grains of
entomophilous nectar-producing plants. The specimens
of monofloral honeys are shown in the figure. If
PG>30% (and for acacia and lime 20%), honey is
considered monofloral by this type of pollen grains. If
while examining a specimen, a lot of pollen grains of a
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PG? type are detected, this honey is treated in the
further research and calculations as polyfloral.

Unlike the formula for calculating the species
composition of pollen grains given in DSTU
4497:2005 “Natural honey. Specification
requirements”, our method of counting pollen grains in
specimens from monofloral honey samples is more
accurate. It allows the researcher to focus on the
dominant species, which saves time that could be spent
on counting other ones. Besides, our method allows
taking into account some quantity of pollen grains of
anemophilous plants that could get from the air, as well
as honeydew elements (fungi, algae).

The method of calculating pollen grains in
specimens from polyfloral honey samples developed by
us includes the two basic stages: 1) general pollen
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analysis of polyfloral honey by families
and 2) complete pollen analysis of honey.

General pollen analysis of polyfloral honey by
families. Before studying a specimen, the microscope
was adjusted to our eyes. First, a data table was
prepared for primary records of the results of
identification by families (Table 2). To identify of
pollen grains more easily, one should know which
period of the beekeeping season the honey originates
from. In the early spring, the prevailing plant species
are those from the sage family (Lamiaceae) and rose
family (Rosaceae), later in the spring, it is the cabbage
family (Brassicaceae), in the early summer, it is the
bean family (Fabaceae), and in the late summer, it is
the aster family (Asteraceae).

The additional data column was used to record
information of the same kind as when researching
monofloral honey specimens. A preparation was first
examined under the magnification x100-200, and the
present pollen grains from plants of individual families
were visually determined. In this way, it was
determined how many columns Table 2 should have.
After all families were included in the table, the grains
were calculated under the magnification x400
(Fig.: 3p). This magnification is enough to determine
which plant family the pollen grains belong to.

One starts calculating from the upper left corner,
gradually descending along a diagonal line towards the
right corner (moving in stairlike angles: down, to the
right — calculating — down, to the right — calculating).
This allows covering all the variety of pollen grains
over the entire area of the specimen as quickly as
possible. Besides, the calculation method used for
monofloral honey specimens is applicable here, too.

As it can be seen from the figure, the saturation of
a specimen with pollen grains is different, which can
also be due to a honey’s varietal characteristics. When
developing the method, it was found that it was better
to form Table 2 immediately using MS Excel with
formulae incorporated into it for calculating the total
number of pollen grains (total PG by families). The
SUM function can be used to this end.

This allows seeing the total of pollen grains
calculated. On reaching the lower edge of the selected
area of the microscope slide, the examination went on
in the field of the microscope, moving to the right and
up through one field and then moving up along a
diagonal line to the upper left corner. It is important
that one step should be equal to one field of view of the
microscope. This makes it impossible to calculate the
same grains twice. On reaching the upper edge of the
selected area of the slide, the examination went on
through one field to the right and then moving down.
The calculation continued until the total of all the
elements under study was at least 1000 (usually, it is
about 10 diagonals).

The botanical composition of honey was
determined as a percentage of pollen grains of each
family to their total number. We recommend using
Table 3 formed by means of MS Excel with integrated
formulae listed in the table.

To study the pollen composition of honey in
detail, its complete pollen analysis was performed. To
this end, pollen grains were identified within each
family by genera or species under the magnification
x1000 or x2000, and special software was used that
allowed measuring the size of pollen grains and
examining the features of their exine. Complete pollen
analysis was used for honeys with geographical
indication.

If honeydew elements occurred in a specimen,
they were calculated individually, and their number
was determined as a percentage. According to the
harmonised method [24], a honey is classed as
honeydew if its specimen contains at least 50% of
honeydew elements, and if there are more than 30% of
them, a honey is termed honeydew-floral.

The suggested methods of calculating pollen
grains comply with the current Ukrainian legislation on
determining the origin of monofloral and polyfloral
honeys (Directive No. 330 of 19.06.2019 “Approval of
the requirements to honey”) and are in accordance with
the technical parameters of international harmonised
melissopalinological methods.

Table 2 — Results of honey pollen analysis by family, sampleno. ___ of _/ /20

. ' PG! | PG? | PG® | PG* | PGS n | PG .
No. of the microscope field Aster | Bras | Fab | Lam | Ros PG Pol Ol | Additional data
1
2
3
n

Total PG by family

Note. PG Aster are pollen grains of plant species and genera belonging to the aster family (Asteraceae); PG? Bras are
pollen grains of plant species and genera belonging to the cabbage family (Brassicaceae); PG3 Fab are pollen grains of plant species and
genera belonging to the bean family (Fabaceae), PG* Lam are pollen grains of plant species and genera belonging to the sage family
(Lamiaceae); PG® Ros are pollen grains of plant species and genera belonging to the family of roses (Rosaceae), PG" are pollen grains of plant
species and genera belonging to another plant family (there can be several of them); PG Pol are pollen grains of anemophilous (other) and
entomophilous plants that do not produce nectar; Ol are other inclusions, such as spores, fungi, yeast, algae.
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Table 3 — Botanical composition of honey by family, sampleno.___of _/ /20

Element to be counted | Number of elements, pcs. | Number of elements, %
PG Aster Xt = (X2x100) / X!
PG2Bras X? = (X?x100) / Xl
PG3Fab X3 = (X®x100) / X®H
PG*Lam X* = (X*x100) / Xl

PG®Ros X5 = (X5x100) / X®®

PG" X" = (X"x100) / Xl

Honeydew elements X! = (X'x100) / Xbo@!
Total number = SUM(X? : X7) = Xboul 100

Identification of the botanical origin of honey is
the final stage of pollen analysis. It should be noted
that the method of pollen analysis of honey cannot be
used properly without good knowledge of plant species
and of their Latin names. Primarily, it is necessary to
study the biological diversity of plant species that form
the flora of the region from which honey originates. A
variety of well-illustrated atlases and plant
identification guides can help learn when plants bloom,
how they are distributed geographically, what their
pollination types are, whether they produce nectar, and
how much of it if they do, etc.

To find a plant’s correct botanical name, we
recommended the resource The Plant List [25]. It
allows checking whether the name of a plant in the
guide (atlas) is actually in use, before searching
through international databases for information on its
pollen grains.

The name of plant species considered is typed in
the search line of the resource The Plant List. The
resource shows the result in a tabular form. The table
contains columns for the name of the species, the status
of this name, the scientific community’s confidence in
this name, a reference to a source (in most cases, it is
the World Checklist of Selected Plant Families), date
of validation. Accordingly, “accepted” means the
established name of a species, “synonym” denotes a
synonym for the established name, and “unresolved”
means that the name is still being decided upon. Then,
pollen grain types classified by plant family are studied
along with the main sources of nectar for monofloral
honeys. Usually, this knowledge comes with
professional experience.

To identify pollen grains, we recommend using
printed atlases (for example, Amnac neirvyesvix 3épen
by Karpovich et al., 2015 [4]) or different databases of
pollen grains. On top: PalDat - Palynological Database,
an online publication on recent pollen [26], PollenAtlas
[27], PollenWarnDienst [28], Discover Life [29], The
Global Pollen Project [30], The Open Platform for
Pollen Identification, Science & Plants for Schools
[31]. We have also developed a method for creating
standard samples of pollen grains depository for their

botanical identification in honey, which is confirmed
by patents UA 144626 U [32] and UA 144627 U [33].

Approbation of results

The improved method of pollen analysis for
identification of the botanical origin of Ukrainian
honeys has been implemented and successfully used
during the years 2019-2020 in a laboratory of Ascania-
Pack Company. Since November 2019, the method has
been used in the laboratory of the Honey Family Farm
(Grodno, Belarus). The method was also tested during
research of the pollen spectrum of acacia honey from
different regions of Ukraine [34].

Conclusion

Studying  the  harmonised methods  of
melissopalinology and the standardised method of
pollen analysis has allowed developing a method of
botanical identification of honey adapted for practical
implementation in Ukrainian laboratories.

The method suggested includes: detailed technique
of preparing solution to fix pollen specimens; an
improved method of preparing suspension of pollen
grains from honey; a specimen preparation method
adapted to international harmonised methods; new
methods of counting pollen grains in specimens from
monofloral and polyfloral honey samples; detailed
step-by-step identification of the botanical origin of
honey by pollen grains.

The method has been implemented in production
laboratories of the leading enterprises in Ukraine and
Belarus.

The direction for further research is creating
databases of pollen spectra of polyfloral honeys from
different regions of Ukraine and developing a system
of their geographical labels, such as Polisian, Podilian,
Slobidian, and other honey varieties.
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YIOCKOHAJEHHSI METOIWKH BOTAHIYHOI ITEHTH®IKALI MEJLY

JILO. Axamuyk, KaHIuIaT ClIbCHKOTOCTIONapChKUX Hayk, jgoreHt, E-mail: leonora.adamchuk@gmail.com
Kagenpa cranpapruzanii Ta ceprudikaii ciIbcbKOrocnofapchkoi MpoayKIii

Hamnionansauit yHiBepcuteT GiopecypciB i pHUpOOKOpHCTYBaHHs YKpainu, Byn. I'epoiB O6oponn, 15,

M. KuiB, Ykpaina, 03041

Anortauin. [InnkoBuit crexTp Memy BimoOpaskae perioHajbHI CUIBCHKOIOCIIONAPCHKI KYJIBTYPH, JIICOBI Haca/pKEHHS,
PI3HOMAHITHICTh Ta BUIOBHH CKJIaJ POCIHMH HasBHHX MOONM3y maciku. ToMy BUKOPHCTAaHHS, aJanTailisi i yIXOCKOHAIECHHS
PI3HMX METOJIB TMMJIKOBOI'O aHAII3y Ta iHTEpIpeTalil HOoro pe3yibTaTiB MOMINPIOETHCSA Y KpaiHaX CBITY, SKi € BUPOOHHKAMH
OpHT'iHAIBHHUX COPTIB Mey Ha MDKHApOIHOMY PHHKY. YKpaiHa 3aliMae JIiUpyIodi ITO3HII1 3 BUPOOHHIITBA Ta EKCIIOPTY MEIy
y €Bpomi Ta cBiTi. 3a3BHYail Ha €KCIOPT Mex ife, He SIK TOTOBHI XapyoBHH INMPOIYKT, a sIK cHpoBHHA. Lle moB’s3aHO 3
BiJICYTHICTIO OITHCY ITHJIKOBOT'O CITEKTPY YKPaiHCBKUX MEJiB, SIKHI XapakTepHu3ye iXHe OoTaHiuHe Ta reorpadigHe MOXOKEeHHS
4yepe3 BiJCYTHICTb BIPOBA/DKEHHX Y BHUPOOHMUMX JIaOOpaTOpisiX METOMHMK ITMJIKOBOrO aHaiizy. Metoro pobotu Oyio
YIIOCKOHAJICHHST METOIWKH ITMJIKOBOTO aHami3y Juid igeHTH¢ikamii OOTaHIYHOrO TOXOMKEHHS YKPaiHCBKUX MeJiB.
JocmipkeHHsT TpoBoAMIN Ha 6a3i mabopatopil kadenpn crangaptusamnii Ta cepTudikamii ClTbCHKOroCofapchKol MpOIyKIIii
HamnionansHoro yHiBepcuTeTy Ta GiopecypciB IPHPOIOKOPHUCTYBaHHS YKpaiHU Ta BHpoOHMUil madoparopii TOB «Ackawis-
[Max». Ha migcraBi aHami3sy rapMOHI30BaHHX METO[IB MeJiCOMaIiHONOTIT Ta CTaHIapTH30BAHOTO METOMY IIJIKOBOTO aHANi3y
pO3pOOMIIM  aJaNTOBaHy [0 TNPAKTHYHOTO BIPOBA/DKEHHS B YMOBaX YKpaiHCBKUX JabopaTopiifi MeTomuKy OoTaHIYHOI
imeHTHQIKAil Mexy. 3alpoIIOHOBaHa METOAWKA BKIIOYAE CYKYIHICTh OKPEMHX TEXHIK, METOMIB Ta CrocodiB. JleranizoBaHO
TEXHIKy TOTYBaHHS po3uMHy 11 ¢ikcanii Ta ¢apOyBaHHS HMJIKOBOrO Ipemapary 3 Mely. YIOCKOHAJICHO CHOcCi0
MIPUTOTYBAHHS CYCHEH3ii MWIKOBHX 3€peH 3 MelIy, 3aBISKH YOMY 3MEHIIYIOTHCS BHTPATH 4acy Ta IOKPAIIyeThCS SKICTh
TIpernapaTy BHACIIIOK 3aCTOCYBaHHS JIOAATKOBOI'O PO3YMHEHHs KPHCTAJIB Ta 3MEHILEHHS BUAKOCTI 0OepTaHHs LEeHTPUDYTH.
AJnanToBaHWi 10 rapMOHI30BaHMX MIKHApOAHMX METOAMK MEJiCOMaiHONOri Crocid MpUroTyBaHHS NpenapaTry HMHIKOBHX
3epeH 3 Memy. Po3poOiieHO HOBI MeTOAM MiJpaxyHKy NHJIKOBHX 3€peH y Mperaparax 3i 3pa3kiB MOHOGIOPHOro i
noniiopHoro MexiB. HaBeneHO pO3ropHYTY IOKPOKOBY ieHTH(]IKaIil0 OOTaHIYHOTO TMOXOKEHHS MeAy 3a IHIKOBUMH
3epHAaMH 3 BHKOPHCTaHHSAM MDKHapOIHUX Jarta-0a3. HaBeneHy MeTONWKY BIPOBaIWIM Y BHPOOHHYHX JIaDOpaTOpisX
MPOBiTHUX MiANPHEMCTB YKpainu Ta binopyci.

KirouoBi ciioBa: Meron NWIIKOBOrO aHamizy, MHJIKOBE 3€pHO, MOHOGIIOPHHI Men, MOnmiuiopHUi Men, OoTaHiyHa
ineHTr(IKaLis, MeJiconaaiHOIOTIs.
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