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Abstract. Purpose: Considering the significant biodiversity of polliniferous
plants in natural-climatic zones of Ukraine, the purpose of our research was to
define morphological characteristics monofloral bee pollen of Acer L. common
species in Ukraine. Methods: The measurements were performed in laboratory
of Institute of Biodiversity Conservation and Biosafety, Slovak University of
Agriculture in Nitra. We were used the method of pollen analysis, weighing (on
the scales 100C), method of constructing a Lab color model. Software
Ascension Waves Vision, microscope Zeiss SteREO Discovery V20, Nicolet
6700 FT-IR, spectrometer and Lovibond SP62 S/N 044929 were used.
Results: In our researches we have established spectrometric and
morphological parameters for monofloral bee pollen lumps, which were
obtained from A. platanoides L. (length 3.07 = 0.048 mm, width 2.49 %
0.055 mm, weight 8.04 + 0.314 mgq; indicators of spectrometry, units: L* 57.94
+ 0.131, a* 3.52 £ 0.057, b* 23.07 £ 0.157, C* 23.34 + 0.157, h° 81.30 %
0.140); from A. negundo L. (length 2.85 £ 0.046 mm, width 2.40 + 0.051 mm,
weight 5.73 £ 0.207 mg; indicators of spectrometry, units: L* 60.47 + 0.119, a*
7.80 + 0.062, b* 30.72 £ 0.145, C* 31.69 % 0.145, h°75.74 + 0.109); from
A. tataricum L. (length 3.87 + 0.062 mm, width 3.35 £ 0.071 mm, weight 10.88
+ 0.41 mg; indicators of spectrometry, units: L* 63.96 + 0.119, a* 2.69 + 0.023,
b* 23.98 £ 0.081, C* 24.13 £ 0.082, h° 83.59 + 0.053); from A. campestre L.
(length 3.54 + 0.061 mm, width 2.94 + 0.067 mm, weight 9.78 + 0.334 mg;
indicators of spectrometry, units: L* 64.34 + 0.093, a* 2.95 + 0.034, b* 23.81
0.128, C* 23.99 £ 0.126, h° 82.93 + 0.096). Discussion: All parameters of bee
pollen from different Acer L. species were determined by spectrometry and a
low variability was characterized. The most stable indicators were h° (C, in the
range from 0.201% to 0.547%) and L.* (C, in the range from 0.461% to
0.715%). Obtained results suggest about possibility to apply these parameters
for pollen identification the certain types of Acer L. family with use the Lab
color space.
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Introduction. Bee pollen is one of the products of beekeeping industry, which
has a plant-animal origin and due to its broad range of properties and composition.
It is main source of protein feed for bees and brood. The lack or absence of pollen
in nature can lead to protein degeneration bees, slowing the development of family
and death. Production technology of bee pollen envisages sampling of bees by
using pollen traps, removing of impurities and primary processing for long-term
storage [3]. The value of this product is for people in its preventive and therapeutic,
dietary, diabetic, immune properties. This effect is caused by complex of
biochemical composition. Bee pollen contains the essential amino acids, macro-
and micronutrients, vitamins, plant hormones, pheromones and other valuable
substances for the human body [11].

However, the properties of bee pollen aren’t constant. They depend from
nature, climatic and environmental conditions, harvesting period, and the
greatest caused by botanical type of plant, from which bees collected
pollen [1]. Significant honey-polliniferous resources and climate of Ukraine
contribute for obtaining bee pollen at industrial level. Now, an increase in
production monophlal bee pollen that is one, that comes from one plant
species. Monofloral types of bee pollen characterize by relatively stable
biochemical composition, and thus the impact on the human body. So
nowadays, scientists are actual in-depth study of technological, biochemical
and morphological characteristics of monofloral bee pollen.

Analysis of recent research and publications. Scientists [10, 11, 15, 18]
have studied biochemical and morphometric features of some species of bee
pollen. Moreover, scientists [4, 8] have solved the problem of classification of
pollen grains, its morphological features for identification bee pollen. Also, new
methods for identifying bee pollen were developed by use the spectrometry [13].
Skrypka and Kasianchuk (2015) determined the content of organochlorine and
organophosphorus pesticides in bee pollen of some species [7].

Studies are under antioxidant activity of pollen and bee pollen [16, 17]. Were
investigated the quality characteristics of bee pollen, depending on the botanical
and territorial origin, production conditions [1, 5]. Pollen productivity Acer L. species
studied during its pollination by bees and bumble bees [14]. Campana and Moeller
(1977) have determined nutritional value of A. negundolL. pollen for bees
feeding [12]. Batra (1985) explored the role of A.rubrumL. in spring bees’
nourishment and other insects [9]. Pollen productivity of some Acer L. species was
studied, which consist to the ecological community [6].

Purpose. Considering the significant biodiversity of polliniferous plants in
natural-climatic zones of Ukraine, the purpose of our research was to define
the morphological characteristics of monofloral bee pollen of Acer L. common
species in Ukraine. The purposes of scientific work are by tasks: to collect bee
pollen of Acer L. common species in Ukraine; to define the botanical origin of
bee pollen from particular species with using pollen analysis; to explore
morphometric parameters and bee pollen weight of specific types of Acer L.; to
carry out spectrometric analysis of bee pollen with specific types of Acer L.

Materials and methods. Bee pollen collected by using the hanging
pollen traps from the local population of bees from different regions of Ukraine
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in April 2016. For further studies were sampled monofloral bee pollen,
received from Rokitne and Skvira (Kyiv region) and Donetsk (Donetsk region).
Identification of bee pollen carried out by method of pollen analysis [4].

Morphometric measurements were performed in laboratory of Institute of
Biodiversity Conservation and Biosafety, Slovak University of Agriculture in
Nitra. For the analysis was taken sample of bee pollen with weight of 100 g.
The weight of individual lumps of bee pollen was determined on an analytical
balance ANG 100C (Axis). The length and width of lumps bee pollen were
measured with using software Ascension Waves Vision and have made
photos on electron microscope Zeiss SteREO Discovery V20. Pollen color
determined by the building Lab color model with using spectrometry devices
(Nicolet 6700 FT-IR Spectrometer and Lovibond SP62 S/N 044929). The
shape level of lumps of pollen was determined by the method, which was
developed at the Department of beekeeping NULES Ukraine [2].

After obtaining numerical data, the statistical research results conducted
by computer using Microsoft Office Excel — 2010.

Results. Were explored the general bee pollen from four AcerL. species:
A. platanoides L., A. negundo L., A. tataricum L., A. campestre L. Installed shape
level of pollen lumps within 3—5 points. Organoleptic analysis of bee pollen had a
rounded shape grayish-beige (A. negundo, A. tataricum), light brown
(A. platanoides) and amber colors (A. campestre). Pollen lumps of bee pollen had
tightly shape, without splits and destruction. The length, width and weight were
determined, as a result after measurement of 50 pollen lumps (Tab. 1).

1. Bee pollen morphological parameters of the Acer L. species (n=50)

Species of Acer L.

Indicator = platanoides L. | A.negundoL. | A. tataricumL. | A campestre L.

length, mm

Min 2.50 2.39 3.23 3.01

Max 3.60 3.28 4.68 4.18

Mtm 3.07 £0.048 2.85+£0.046 3.87 £ 0.062 3.54 £ 0.061

o 0.26 0.25 0.34 0.33

Cy (%) 8.60 8.84 8.77 9.42
width, mm

Min 1.65 1.95 2.61 2.27

Max 3.02 3.19 4.05 3.77

Mtm 2.49 £ 0.055 2.40 £ 0.051 3.35+0.071 2.94 £ 0.067

o 0.30 0.28 0.39 0.37

C. (%) 12.09 11.60 11.68 12,50
weight, mg

Min 4.6 3.3 5.5 1.7

Max 13.0 10.8 19.7 14.5

M+m 8.04 +0.314 5.73 £ 0.207 10.88 £ 0.41 9.78 £ 0.334

o) 2.22 147 2.92 2.37

Cy (%) 27.60 25.58 26.86 2419
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After defining the length, which is a straight line that connected two distant
points. So, the moon hole on pollen clumps was located on the left side, and the
most convex part was on the right. The length of the studied bee pollen was in the
range from 2.85 + 0.046 mm to 3.87 £ 0.062 mm depending from species. Thus,
the greatest value of parameter length was in A. tataricum, which is 20.67%,
26.36% and 8.53% more, than in A. platanoides, A. nequndo and A. campestre,
respectively. Indicator of length variation of pollen clumps is weak (<10%) and,
relatively, stable for all species Acer L., which were studied. By defining the width
of pollen clumps, it's a straight perpendicular line, which connects two farthest
points on the area of bee pollen (Fig.).

a : [«

Fig. Bee pollen morphological parameters of Acer L. species:
a— A. platanoides L.; b — A. negundo L.; c — A. tataricum L.;
d — A. campestre L.; e — length measurement; f — measurement the width;
g — perpendicular angle, forming by straight lines of length and width.

Width of bee pollen is in the range from 2.40 + 0.051 mm to 3.35 + 0.071 mm
depending from the species. Thus, the most important parameter had the
A. tataricum, which is 25.67%, 28.36% and 12.24% more, than in A. platanoides,
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A. negundo and A. campestre, respectively. The coefficient of variation (Cv, %)
was the width of parameter at the middle level and in the range from 11.60% to
12.50%, that characterize this sign as a variable. Weight bee pollen of the Acer L.
species was in the range from 55.73 + 0.207 mg to 10.88 + 0.41 mg. Thus, the
most of weight were in the A. tataricum, which is 26.10%, 47.33% and 10.11%
more, than in A. platanoides, A. negundo and A. campestre.

Variation of weight A. platanoides, A. negundo and A. tataricum bee
pollen was large (C,>25%). This confirms, that bee pollen weight is variable
within a single Acer L. species, and cannot use as a factor for identification.

High variation in an indicator of bee pollen weight may be due to
carbohydrate feed, so bees back into the nest without complete level of shape.
The morphological parameters of A. negundo bee pollen we classified as small
and in other studied species — medium size. Were determined, that bee pollen
from Acer L. species appropriated for identification of morphological features,
and the most stable indicator is length of pollen clumps.

Color bee pollen was determined with using system Lab color space in
the parameters: lightness (L*); the ratio from green to red color (a*); the ratio
from blue to yellow color (b*); relative saturation (C*); hue angle (h°) (Tab. 2).

2. Bee pollen spectrometric parameters of the species of Acer L. (n=10)

. Spectrometric parameter
Indicator L* ‘ a* ‘ b* | C* | h°
A. platanoides L.

Min 57.324 3.228 22.220 22.454 80.581
Max 58.524 3.759 23.719 23.971 81.732
Mtm 57.94+0.131 3.52+0.057 23.07+0.157 23.34+£0.157 81.30 +0.140
é 0.414 0.182 0.496 0.497 0.445
Cy (%) 0.715 5.176 2.153 2.131 0.547

A. negundo L.
Min 59.942 7.445 29.642 30.639 75.345
Max 59.942 8.005 31.300 32.292 76.392
Mzm 6047 +£0.119 7.80+0.062 30.72+0.145 31.69+0.145 75.74 +0.109
g 0.378 0.197 0.458 0.461 0.346
Cv (%) 0.626 2.535 1.492 1.455 0.457

A. tataricum L.
Min 63.431 2.554 23.419 23.562 83.415
Max 64.490 2.791 24.316 24476 83.969
Mtm 63.96+0.119 269+0.023 23.98+0.081 24.13+0.082 83.59 +0.053
d 0.376 0.074 0.259 0.260 0.168
Cv(%) 0.588 2.776 1.080 1.078 0.201

A campestre L.
Min 64.063 2.703 23.276 23.471 82.603
Max 65.043 3.064 24.419 24.569 83.682
Mtm 64.34 £0.093 2.95+0.034 23.81+0.128 23.99+0.126 82.93 + 0.096
é 0.297 0.109 0.404 0.399 0.304
Cy (%) 0.461 3.719 1.700 1.664 0.366

151



We defined differences of bee pollen parameters between Acer L.
species by spectrometry. Lightness is in the range from 57.94 + 0.131 to
64.34+0.093 units. Thus, the highest ratio of real illumination to image
brightness of pollen clumps, characterized bee pollen from A. campestre. This
indicator was 9.95%, 6.15%, 0.59% and higher, than in of A. platanoides,
A. negundo, A. tataricum, respectively. Colorfulness of parameters (a*, b*) is
close in value for bee pollen from A. campestre and A. tataricum. Thus, the
ratio levels of green color and red color are component of A. campestre bee
pollen. It was at 8.81 % higher, than in A. tataricum, but at 16.19% and
62.18%, which lowers in A. platanoides and A. negundo, respectively. The
ratio levels of blue color and yellow color were the highest in A. negundo bee
polen and amounted to 30.72 £ 0.145 units, which are 24.90%, 21.94%,
22.49%. They are higher, than in A. platanoides, A. tataricum and
A. campestre, respectively. This significant difference was not noticeable
visually. Probably, due to relative saturation parameter (C*), which has a
similar meaning. Thus, bee pollen from A. negundo was 31.69 £ 0.145 units,
which are 26.35%, 23.86%, 24.30%. They are higher, than A. platanoides,
A. tataricum and A. campestre, respectively. Hue angle (h°) describes vector
direction for color saturation that is an angle of shade. The smallest value was
for A. negundo and amounted to 75.74 + 0.109 units, which are 7.34%,
10.36%, 9.49% and higher, than in A. platanoides, A. tataricum and
A. campestre, respectively.

In our research were determined all parameters of Acer L. bee pollen
from different species with using spectrometry. They were characterized by
low variability. The most stable indicators were h° (Cv is in the range from
0.201% to 0.547%) and L* (Cv is in the range from 0.461% to 0.715%).
However, the variation coefficient from other parameters didn’t exceed 3%.
Obtained results suggest about possibility to apply these parameters for pollen
identification the certain types of Acer L. family with use the Lab color space.

Conclusions and prospects. Researched spectrometric and
morphological parameters of monofloral bee pollen lumps obtained from
A. platanoides (length 3.07 + 0.048 mm; width 2.49 £+ 0.055 mm; weight 8.04 +
0.314 mg; indicators of spectrometry, units: L* 57.94 + 0.131, a* 3.52 £ 0.057,
b* 23.07 + 0.157, C* 23.34 + 0.157, h° 81.30 = 0.140), from
A. negundo (length 2.85 + 0.046 mm; width 2.40 + 0.051 mm; weight 5.73 %
0.207 mg; indicators of spectrometry, units: L* 60.47 + 0.119, a* 7.80 £ 0.062,
b* 30.72 £ 0.145, C* 31.69 + 0.145, h°75.74 £ 0.109), from A. tataricum (length
3.87 £ 0.062 mm; width 3.35 + 0.071 mm; weight 10.88 £ 0.41 mg; indicators
of spectrometry, units: L* 63.96 + 0.119, a* 2.69 £ 0.023, b* 23.98 + 0.081, C*
24.13 £ 0.082, h° 83.59 £ 0.053), from A. campestre (length 3.54 £ 0.061 mm;
width 2.94 £ 0.067 mm; weight 9.78 + 0.334 mg; indicators of spectrometry,
units: L* 64.34 £ 0.093, a* 2.95 £ 0.034, b* 23.81 £ 0.128, C* 23.99 £ 0.126, h°
82.93 £ 0.096).

Further researches of bee pollen obtained from Acer L. species are
perspective for biochemical composition, studying the antioxidant activity,
microbiological contamination and elements of technogenic pollution.
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MOP®OJI0IN4YHI OCOBJINBOCTI BAXOJIMHOIO OBHIXXKA
OTPUMAHOI'O 3 ACERL.

A. HoBuubKa, J1. Agamuyk, H. HikonaeBsa
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AHOomauyisi. 3eaxaryu Ha 3Ha4yHe O6iopi3HOMaHIMMSs MUIKOHOCHUX
POCIUH npupodo-KriMamu4yHUx 30H YKpaiHu, Hamu 6yna eu3HayeHa Mema
oocnioumu Mopghosio2iuHi  XapakmepucmuKku MOHOGIIOpPHO20 60XX0MUHO20
OBHIXKS nowupeHux 6 YkpaiHi eudie AcerL. Memodu: BumiprogaHHs
nposodunu 8 nabopamopii iHcmumymy 36epexeHHs1 agpobiopi3HOMaHImMms
ma 6ionoeiyHoi 6earneku, npu CriogaubKoOMy azpapHoOMy yHieepcumemi 8
Himpi. 3acmocosysanu memoodu rnuiKkog8o2o aHarli3y, 3eaxyeaHHs (Ha eazax
ANG 100C), memod nobydosu KonipHoi moleni Lab. Bukopucmosysasu
npoepamHe 3abesne4yeHHs Ascension Waves Vision, mikpockon Zeiss SteREO
Discovery V20, Nicolet 6700 FT-IR Spectrometer ma Lovibond SP62 S/N
044929. Pesynbmamu: ecmaH0o8/IeHO CreKmpoMempuyHi ma MopghosioaivHi
napamempu 071 NUSIKo8UX 2pyd040K MOHOGIIOPHO20 B6OXOUHO20 OBHIKXS,
ompumaHoz20 3 A. platanoides L. (QoexuHa 3,07 = 0,048 mm, wupuHa 2,49 +
0,055 mm, maca 8,04 + 0,314 me; nokasHUKU criekmpomempi, oOuHuUupb: L*
57,94 + 0,131, a* 3,62 + 0,057, b* 23,07 £ 0,157, C* 23,34 £ 0,157, h°81,30 %
0,140); 3 A. negundo L. (doexuHa 2,85 + 0,046 mm, wupuHa 2,40 £ 0,051 mm,
maca 5,73 + 0,207 me; nokasHuku criekmpomempii, oOuHuupb: L* 60,47 £ 0,119,
a* 7,80 £ 0,062, b* 30,72 + 0,145, C* 31,69 % 0,145, h°75,74 + 0,109); 3
A. tataricum L. (GoexuHa 3,87 * 0,062 mm, wupuHa 3,35 = 0,071 mm, maca
10,88 + 0,41 me; nokasHuku criekmpomempii, oduHuyb: L* 63,96 + 0,119, a*
2,69 + 0,023, b* 23,98 + 0,081, C* 24,13 + 0,082, h° 83,59 * 0,053); 3
A campestre L. (OoexuHa 3,54 + 0,061 mm, wupuHa 2,94 + 0,067 mm, maca
9,78 = 0,334 me; nokasHuku criekmpomempii, oOuHuub: L* 64,34 + 0,093, a*
2,95 + 0,034, b* 23,81 = 0,128, C* 23,99 + 0,126, h°® 82,93 % 0,096).
Ob62080peHHsA: 8U3Ha4Yunu, wo Ons ecix napamempie criekmpomempii
60)X0n1uH020 OBHKXS pi3HUx eudie Acer L., 6yna xapakmepHa HU3bKa
gapiaberibHicmb. 3a uboz2o, HalticmabinbHiwum rnokasHukamu 6ynu h° (C, y
mexax 8i0 0,201% 0o 0,547%) ma L* (C, y mexax 8i0 0,461% 0o 0,715%).
OmpumaHi pesynbmamu ceid4amb PO MOX/IUBICMb 3acmocy8aHHs UuX
napamempie 0551 ideHmucpikauii okpemux eudie 0bHRKXS1 poOuHuU Acer L., 3
sukopucmaHHsM cucmemu Lab color space.

Knro4yoei cnoea: 60xxonuHe OOHIXOKsl, nusikoea 2pydoyka, Maca,
MopdgosiocivyHi napamempu, cnekmpomempisi, Acer L.

MOP®ONOIMrM4YECKME OCOBEHHOCTH MYEJIMHOW OBHOXKWN
NONYYEHHOU U3 ACERL.

A. HoBuukas, J1. Apamuyk, H. HukonaeBa

AHHOMauus. lNMpuHumas 80 8HUMaHue 3Ha4yumersibHoe
buopa3Hoobpasue rblfibUEHOCHbIX pacmeHul rpupoOHO-KIUMamu4ecKkux 30H
YKpauHbl, Hamu bbina ornpedesieHa uerb, uccriedosame MopghosiocuvecKue
XapakmepucmuKku MOHOGIOPHOU MYesIUHOU OBHOXKU, pacrpocmpaHeHHbIX 8
YkpauHe eudoe Acer L. MemoOdbi: usmepeHus rpoesoousiu 8 rabopamopuu
UHcmumyma  coxpaHeHuss  agpobuopa3Hoobpasuss U  buonoaudyeckou
6esonacHocmu, npu CrosaukoM azpapHoM yHugsepcumeme 6 Humpe.
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lMpumeHsnu mMemoOb! MblIbUEBO20 aHasu3a, e3eewusaHusi (Ha eecax
ANG 100C), memod nocmpoeHusi ysemosou Mmodenu Lab. Wcrionb3oeanu
npoepammHoe obecriedeHue Ascension Waves Vision, mukpockorn Zeiss
SteREOQO Discovery V20, Nicolet 6700 FT-IR Spectrometer ma Lovibond SP62
S/N  044929. Pesynbmambi: ycmaHOB/IEHO, CrieKmpoMempuyeckue U
Mopcgbosioaudeckue napamempnl Oris Mbl1bUEB8bIX KOMOYKO8 MOHOQIOPHOU
nyesnuHou obHOXKU nosny4eHHou: ¢ A. platanoides L. (OnuHa 3,07 £ 0,048 mm,
wupuHa 2,49 £ 0,055mm, macca 8,04 * 0,314 me; nokazamersnu
criekmpomempuu, eouHuy: L* 57,94 + 0,131, a* 3,52 + 0,057, b* 23,07 *
0,157, C* 23,34 £ 0,157, h° 81,30 = 0,140); 3 A. negundo L. (0nuHa 2,85 *
0,046 mm, wupuHa 2.40 = 0.061 mm, macca 5,73 = 0,207 me; rnokazamersu
criekmpomempuu, eOuHuy: L* 60,47 + 0,119, a* 7,80 + 0,062, b* 30,72 *
0,145, C* 31,69 £ 0,145, h°75,74 + 0,109); 3 A. tataricum L. (0nuHa 3,87 %
0,062 mm, wupuHa 3,35 + 0,071 mm, macca 10,88 + 0,41 me; nokazamersu
cnekmpomempuu, eduHuy: L* 63,96 £ 0,119, a* 2,69 £ 0,023, b* 23,98 +
0,081, C* 24,13 + 0,082, h° 83,59 + 0,053); 3 A campestre L. (OnuHa 3,54 +
0,061 mm, wupuHa 2,94 + 0,067 mm, macca 9,78 = 0,334 m2; rnokaszamersnu
criekmpomempuu, eouHuy: L* 64,34 + 0,093, a* 2,95 + 0,034, b* 23,81 %
0,128, C* 23,99 £ 0,126, h° 82,93 + 0,096). ObcyxdeHue: onpedenunu, 4mo
Ornisi ecex napamempos criekKmpoMempuu nyYyessuHol OOHOXKU pa3fiuyHbIX
gudos Acer L., bbina xapakmepHa Hu3kas eapuaberibHocmb. [lpu 3mom,
Haubonee cmaburnbHbIMU okazamensamu 6biiu h® (C, e npedenax om
0,201% 0o 0,547%) u L* (C, e npedenax om 0,461% 0o 0,715%).
lMony4yeHHble  pe3ynibmambl  ceudemerniscmeyrom 0  803MOXHOCMU
rNpUMeHeHUsT amux rnapamempos 0515 udeHmugbukayuu omaoesibHbIX 8Ud08
0bHOXKU cemelicmea Acer L. ¢ ucnonb3oeaHuem cucmembi Lab color space.
Knrodyeeblie cnoea: nyesnuHasi OOGHOXKa, nNblbUeeble KOMOYKU,
Macca, Mmopghosiocuvyeckue napamempsnl, cnekmpomempusi, Acer L.
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