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Annotation. The present work is devoted to the vibration spectroscopic
analysis of the distribution of bee pollen granules of four botanical species:
Trifolium repens, Papaver somniferum, Brassica napus and Phacelia
tanacetifolia. The suitability of FTIR spectroscopy in the near (NIR) and mid
(MIR) infrared regions as well as FT Raman spectroscopy for the analysis of
bee pollen granules and their classification according to botanical specie was
evaluated.

The spectroscopic data obtained were statistically processed using
principal component analysis (PCA). Each of these methods proved to be
suitable for bee pollen classification on the basis of spectral differences. FT
Raman spectra confirmed that the presence of carotenes significantly affected
the colour of poppy bee pollen.

Key words: spectroscopic analysis, bee pollen, Trifolium repens,
Papaver somniferum, Brassica napus, Phacelia tanacetifolia.

Bee pollen is an interesting and promising product from beekeeping. It
is a mixture of flower pollen and nectar with bee excreta. This bee product was
characterised as the source of free amino acids, proteins, fats, fatty acids,
mono- and polysaccharides, antioxidants, vitamins and pigments [1, 2]. For
high nutritional value and balanced ratio of healthy substances it is suitable for
therapeutic applications [3]. Chemical and biochemical composition of bee
pollen depends mainly on its botanical origin, but also on the time of
harvesting, soil and climatic conditions. Identification and classification is
required for the appropriate and effective use and quality evaluation of this
beekeeping product.

Bee pollens of various origins have specific botanic and chemical
composition, so it is important to identify them and discriminate from each
other. Bee pollen granules of unifloral botanical origin commonly have uniform
chemical composition, while those of heterofloral origin have variable
composition depending of the ratio between the botanical sources.
Fractionalisation of bee pollen permits to separate specific chemical
components. Chromatographic methods (HPLC, GC) are useful for their
identification in the fractions, and some of these compounds (fatty acids,
flavonoids, etc.) are markers of botanical origin [4, 5].
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However, these methods often need destructive and time consuming
sample preparation, and it is necessary to establish specific method for each
kind of chemical compounds. By contrast, vibration spectroscopic methods
(FTIR, Raman, and NIR) are non-destructive, universal and need no invasive
sample preparation. Thus vibration spectroscopy excludes destructive factors
like chemical and thermal degradation, migration of components during
extraction and purification etc. FTIR and Raman spectroscopy have been
applied to structural analysis and discrimination of bee pollens [6-9].

Aim and tasks. The aim of this work is evaluation of in analysis of
distribution and homogeneity bee pollen granules in defined unifloral bee
pollen material by the use of vibration spectroscopic (FTIR, Raman) and
multivariate statistical methods. Following task will be solved: (a) random
selection of bee pollen granules from bee pollen material, (b) recording of FT
MIR ATR, diffuse reflektance FT NIR and FT Raman spectra of each granule,
(c) IR/Raman spectral band assignment and search of spectroscopic markers
of chemical components, (d) statistical evaluation of the obtained
spectroscopic data.

Materials and methods. Bee pollen samples originated from four
botanical species (Trifolium repens, Papaver somniferum, Brassica napus and
Phacelia tanacetifolia) were used for the analyses (Table 1). One hundred
randomly selected pollen granules of each botanical species were randomly
chosen for recording of the FTIR (MIR) ATR and diffuse reflectance FT NIR
spectra. Similarly, 8 groups defined as 1-3 specifically coloured fractions of
four species (10 granules in each group) were collected for recording of the FT
Raman spectra.

1. Sample description

Number of granules
Botanic origin FT MIR ATR
FT NIR FT Raman
Trifolium repens 100 10 (brown), 10 (yellow)
. 10 (brown), 10 (yellowish brown),
Papaver somniferum 100 10 (yellow)
Brassica napus 100 10 (yellow), 10 (greenish)
Phacelia tanacetifolia 100 10 (violet)

FT MIR ATR spectra (range 650-4000 cm™, 64 scans, resolution 2 cm™)
were recorded on FTIR spectrometer Nicolet 6700 (Thermo Scientific, USA)
using smart MIRacle holder and Omnic 7.0 software. Diffuse reflectance FT
NIR spectra (range 10000-4000 cm™, resolution 2 cm™, 64 scans) were
recorded on the same spectrometer using smart NIR UpDRIFT holder. FT
Raman spectra (range 150—4000 cm™, 1054 scans, resolution 4.0 cm™) were
recorded on FT Raman spectrometer Equinox 55/S (Bruker, USA) with
Nd:YAG laser (A,=1064 nm, power 250 mW), silicon beam splitter and Ge
detector cooling with liquid N,. All the spectra were exported to Origin 6.0
(Microcal Origin, USA) software for further processing (smoothing, baseline
correction) and preparation of the graphs. Spectra were exported in table to
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Statistica 9.0 (Statsoft, USA) software for statistical evaluation. Principal
component analysis (PCA) of the spectra was made based on covariation and
using TQ Analyst 8.5.21 (Microcal Origin, USA) software.

Results and discussion. FT MIR ATR spectra (3800-650 cm™) of
randomly chosen bee pollen granules from each supposedly unifloral samples
are demonstrated in Fig. 1. Spectral differences represent non-similarities in
composition and ratio between main constituents, i.e. proteins, sugars, fats,
aromatics etc. Fig. 2 represents medians of these sets of spectra, and band
assignments are summarised in Table 2 [9]. According to the spectra, granules
from Phacelia tanacetifolia contained more sugars (1200-950 cm™, CO and
CC stretching), proteins (1653 and 1549 cm™, amide vibrations) and phenolics
(1516 cm™, C=C stretching) [10]. By contrast, granules from Trifolium repens
contained more fats (2925, 2855 and 1739 cm™”, CH, and C=0 stretching),
granules from Papaver somniferum contained more organic acids (1710 cm™,
C=0 stretching).
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Fig. 1. FT MIR ATR spectra (top) of bee pollen granules (4 sets per 100)
and statistical evaluation of the spectra (bottom): Trifolium repens (A),
Papaver somniferum (B), Brassica napus (C) and Phacelia tanacetifolia (D).
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Fig. 2. FT MIR ATR median spectra of bee pollen granules (4 sets per 100).

However, there was a significant diversity in intensities of some bands for
granules that is evident from comparing of extremal values in graphs (Fig. 1). All
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spectra demonstrate several bands in the region of 921-780 cm” assigned to
amorphous fructose, the main sugar component of nectar [11]. The narrower
region (1832-664 cm™) of FT MIR ATR spectra was chosen for PCA. Loading
graph (Fig. 3, top) shows curves of three main components in this region, and 3D
component score graph (Fig. 3, bottom) demonstrate different space location of
dots corresponding to specific samples. However, the regions of each sample are
partially overlapped by the others. There are several outliers in these groups that
could be explained by specific composition of some granules (unknown
components or another botanic origin).

2. IR band assignment for bee pollen granules of four botanic species

g 2
e | 5 | g |8
& | g | 8 Vibrati Assi t
© £ S & ibration ssignmen
|\ 3 m S
Q. Q.
3383br 3391br 3387br 3355
3313 v(OH) water, sugars
3014 v(=CH) unsaturated FA
2925 2928 2925 2925 Vas(CH2) - .
2855 2855 2855 2855 vo(CH,) lipids, proteins, sugars
1739 1739 1735 v(C=0) fats
1707 1710 v(C=0) organic acids
1650 1650 1653 amid | proteins
1642 6(H20) water
1633 v(C=0) aromatics
1548 1549 1549 amid Il proteins
1517 1516 v(C=C) aromatics
1453 1452 1455 Bas(CHa) proteins, lipids
1417 1415 1422 1424 J(COH), 3(CCH) sugars
1375 1376 1376 8s(CHs) proteins, lipids
13371343 amid Il proteins
1279 1278
1256 1246 1249 1241 esters, sugars
1148 1154 1152 V(COC) O(OH) Fru, sugars
1102 1102 1108 1107
1080 1081 1080 1080 v(CO)(CC), SUQArS
1063 1065 1064 1052 6(COH) 9
1034 1033
921 921 917 919
887 868 865
853 854 Fru
819 820 820 819 skeletal
780 781 781 780
772 . .
719 sugars, proteins, aromatics
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Diffuse reflektance FT NIR spectra (1000-4000 cm™) of randomly
chosen bee pollen granules from each supposedly unifloral samples are
demonstrated in Fig. 4. Like in the previous case, spectral differences clarify
variability in chemical composition of granules. Fig. 5 represents medians of
these sets of spectra, and band assignments are summarised in Table 3. Band
assignment in NIR region is very complicated because of combination and
overtone bands overlapping [9].

The spectra are sensitive to fat to sugar ratio, probably to protein
contribution as well. The narrower region (5960-5830 cm™) of FT NIR spectra
was chosen for PCA. Loading graph (Fig. 6, left) shows curves of three main
components PC3, PC4 and PCS5 in this region, and 3D component score graph
(Fig. 6, right) demonstrate that the dots (with some exceptions) create several
more or less diffused clusters, which were less overlapped than those of FT
MIR ATR spectra. Comparing these clusters, it is evident that bee pollen from
Phacelia tanacetifolia is the most homogeneous, while bee pollen from
Brassica napus contained some inclusions from other botanic species.
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Fig. 3. Loading and 3D component score graphs for FT MIR ATR spectra
of bee pollen granules (4 sets per 100)
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Fig. 4. Diffuse reflectance FT NIR spectra (top) of bee pollen granules (4
sets per 100) and statistical evaluation of the spectra (bottom): Trifolium
repens (A), Papaver somniferum (B), Brassica napus (C) and Phacelia
tanacetifolia (D)
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Fig. 5. Diffuse reflectance FT NIR spectra (top) of bee pollen granules
(4 sets per 100)
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3. Summary table assignment NIR bands of four botanical species
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8281 8281 8281 8281 3Vas(CHy) fats
6815 6815 6815 6815 2v(OH) water, sugars
5782 5782 5782 5782 2Vas(CHy) fats
5157 5157 5157 5157 2v(C=0) fats, organic acids
4729 4729 4729 4729 v(OH) + 8(H20) water
4331 4331 4331 4331 Vas(CH2) + 3(CH>) fats
4258 4258 4258 4258 vs(CH,) + 5(CHy)
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FT Raman spectra (1750-350 cm™) of randomly chosen bee pollen
granules from each supposedly unifloral samples (1-3 fractions of the same
colour per each sample) are demonstrated in Fig. 7. Spectral differences
represent non-similarities in composition and ratio between main constituents
and pigments, i.e. proteins, sugars, fats, aromatics and carotenes. Band
assignments are summarised in Table 4.

4. Raman band assignments for bee pollen granules

| Wavenumber (cm™) | Vibration Assignment |
1728 v(C=0) lipids, organic acids
1654 amide | proteins
1605 Vas(COO") amino acids
1525 v(C=C) B—carotene
1514 v(C=C) polyfenoly
1454 O(CHy) lipids, Fru
1440 O(CHy2), 8as(CHg)
1362 05(CHs) proteins
1340 amide I
1308
1263 v(COC), 5(COH) lipids, Fru
1173 v(COCQC) sugars
1155 C-CHs B—carotene
1128
1080 v(CC), v(CO), v(CN) proteins, lipids, sugars
1065
1005 skeletal B—carotene, Phe
980 v(CC), v(CO), v(CN) proteins, lipids, sugars
918
866
820
710 skeletal Fru
629
519
420

The carotene bands at 1520, 1155 a 1005 cm™ demonstrate maximal
variability [12]; the last one is overlapped by the protein band near 1004 cm™
(ring breezing of Phe). These bands were intense only for brown granules of
pollen from Papaver somniferum (Obr. 8), so these is a tight dependence
between carotene level and colour.

Next intense bands at 1654, 1605 a 1440 cm™ were assigned to
proteins, aromatics and lipids; several bands at 1454, 1263, 1075, 916, 868,
821, 707, 630, 519 and 421 cm™ are typical for amorphous fructose [13].

Two spectral regions were chosen for PCA of FT Raman spectra and
their 1% derivatives: (a) 1700-1400 cm™ (C=0 and C=C stretching in proteins,
carotenes, lipids and aromatics) and 1190-980 cm™ (CC and CO stretching in
sugars, lipids and proteins).Two sets of principal components were used (PC1,
PC2 and PC6 for spectra; PC1, PC2 and PC3 for 1% derivatives). These
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components demonstrated maximal discrimination of granules according to
their colour and botanic origin. Loading graph demonstrates PC1-PC6 curves
at 1700-980 cm™; 3D graphs of component score for spectra and 1%
derivatives demonstrate discrimination of the clusters. As in case of FTIR, the
set of granules from Phacelia tanacetifolia showed maximal homogeneity.
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Fig. 6. Loading and 3D component score graphs for diffuse reflectance
FT NIR spectra of bee pollen granules (4 sets per 100)
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Fig. 7. FT Raman spectra (A) of all bee pollen granules Papaver
somniferum (n=30) and statistical evaluation of the spectra (B);
corresponding median spectra of the fractions (C); arrows indicate
carotene bands
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Fig. 8. Loading and 3D component score graphs for FT Raman spectra
of bee pollen granules

Conclusions
Obtained results confirmed that vibration spectra of bee pollen granules
are suitable for evaluation of bee pollen heterogeneity and detection of
fractions originated from other botanical species. These methods are very
sensitive to chemical composition of bee pollen. In addition, FT Raman spectra
are able to detect differences in pigment composition that correlate with colour.

15



References

1. Campos M. G. R,, Bogdanov S., Bicudo de Almeida-Muradian L., Szczesna T.,
Mancebo Y., Frigerio C., Ferreira F. / J. of Apicult. Res. Bee World, 2008. — Vol. 47. —
P. 156-163.

2. Yang K, WuD.,, Ye X, LiuD., Chen J., Sun P. / J. Agric. Food Chem., 2013. —
Vol. 61. — P. 708-718.

3. Komosinska-Vassev K., Olczyk P., Kazmierczak J., Mencner L., Olczyk K. /
Evid.-Based Complem. and Altern. Med., 2015. — ID 297425 -6 p.

4. Bianchi G., Murellia C., Ottaviano E. : Phytochemistry, 1990. — Vol. 29. —
P. 739.

5 XuX.,GaoY., SunlL.:FoodRes. Int., 2012. — Vol. 48. — P. 650.

6. Gonzalez-Martin |., Hernandez-Hierro J. M., Barros-Ferreiro N., Corddn
Marcos C., Garcia-Villanova R. / J. : Talanta, 2007. —Vol. 72. — P. 998.

7. Gottardini E., Rossi S., Cristofolini F., Benedetti L. : Aerobiol., 2007. — Vol. 23.
-P. 211.

8. Synytsya A., Synytsya A., Bleha R., Grof J., Nozkova J., Ostrovsky R.,
Copikové J., Brindza J: Potravinarstvo, 2010. — Vol. 4. — P. 236— 245.

9. Synytsya A., Synytsya A., Bleha R., Brindza J., Ostrovsky R., Copikova J.,
Nozkova J. Potravinarstvo, 2011. — Vol. 5. — P. 308-313.

10.lbrahim M., Alaam M., El-Haes H., Jalbout A. F., De Leon A. Eclétic Quimica,
Sé&o Paulo, 2006. — Vol. 31. — P. 15-21.

11.Barth A. Biochim.Biophys. / Acta, 2007. — P. 1767, 1073-1101.

12.Schulz H., Baranska M., Baranski R. Biopolym., 2005. — Vol. 77. — P. 212—
221.

13.Soderholm S., Roos Y. H., Meinander N., Hotokka M. J. Raman
Spectrosc.,1999. — Vol. 30. — P. 1009-1018.

BU3SHAYEHHA NMOXOMXKEHHA NMUITKOBUX TPYAOYOK
3A BIBPALIEIO CMNEKTPOCKOMIYHUX MAPKEPIB

P. bneea, M. Bomoukoea, A. CuHuys, 1. bpiHd3a

AHoTauisi. Poboma npucesiyeHa 8U3HAYEHHIO po3maimms ma po3nodiny
nunkosux epydoqoK y OBHIXOKI Yomupbox 6omaHiyHux eudie pocnuH. Trifolium
repens, Papaver somniferum, Brassica napus ma Phacelia tanacetifolia. 3a
doriomoeor I4-®yp'e-cnekmpockonii & 6nuxHiti (NIR) ma cepedHiti (MIR)
iHgbpayepsoHux obnacmsx, a makox FT-Raman-crnekmpockonii KombiHaujiliHo20
po3citogaHHs ceimna, nposoousniu aHasia epyOoqok 60OXKO0NUHO20 MUKy |
ecmaHoeJsrosanu ix knacuegpikaujro 8idrnosioHo 00 60maHiHHO20 MOXOOXKEHHSI.

OmpumaHi cnekmpocKkoniyHi daHi cmamucmu4yHoO ornpaubosaHi 3
guKkopucmaHHaM memody 205108HUX KomroHeHmie (PCA). BcmaHoeneHo, wo
KoxeH 3 memodie criekmpockonii eusisuscs npudamHum 01 Knacupikauyir
60)X0/1UHO20 OBHIKXS Ha OCHO8I criekmparsnbHUX giOMiHHocmedl. FT cnekmpu
KombiHauiliHo2o po3citogaHHs nidmeepounu, W0 HasieHicmb KapomuHy
icmomHo ensueae Ha Kosip 60)XK0nIUHO20 OBHIXXS 3 MaKy.

KniouoBi cnoBa: cneKmpockoniyHull aHasni3, 60)XosuHull NuJioK,
Trifolium repens, Papaver somniferum, Brassica napus, Phacelia
tanacetifolia.
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OMPEAENEHUE NMPOUCXOXAEHUA MNbINIbLUEBLIX KOMO4YKOB
C NMOMOLLbLIO BUBPALIMU CIMEKTPOCKOIMNYECKUX MAPKEPOB

P. bneea, M. Bomoukoea, A. CuHuya, 5. bpuHO3a

AHHOTauuss. Paboma noceswieHa onpedeneHuro pa3Hoobpasus U
pacnpedeneHusi nblfibUesbIX KOMOYKO8 8 OOHOXKe 4Yembipex 60maHU4YecKux
gudoe pacmeHull: Trfolium repens, Papaver somniferum, Brassica napus u
Phacelia tanacetifolia. C nomowbto VIK-®ypbe-cniekmpockonuu e bnuxHed (NIR) u
cpedHuli (MIR) uHgbpakpacHbix obnacmsx, a makxe FT-Raman-criekmpockonuu
KOMOUHaUUOHHO20 paccesiHusi ceema, npoeodunu aHanu3 KOMOYKO8 MblfbUbl U
ycmaHaenueanu ux Kraccugpukauyuro e coomeemcmeuu ¢ 6omaHu4yecKkum
MPOUCXOXOEHUEM.

[Mony4eHHbIe criekmpocKonu4yeckue daHHbIe cmamucmu4ecku
obpabomaHbl C ucrnonb3ogaHuem memoda efiasHbiX KomroHeHmos (PCA).
YcmaHoeneHo, Ymo KaxoObili U3 Memodo8 CreKmpOoCKONuUU OKa3arscsi rnpu2o0eH
0ns Knaccugbukauuu n4yenuHoll 06HOXKU Ha OCHO8e crieKmpalsibHbIX pasnuyud.
FT cnekmpbl KOM6UHAUUOHHO20 paccesiHuss rnodmeepousnu, 4Ymo Hanu4ue
KapomuHa Cyw,ecmeeHHO efiusiem Ha yeem nyesiuHol 0OHOXKU U3 Maka.

KnioyeBble crioBa: crreKmpocKornu4yeckull aHanau3, nyesiuHas nbiib-
ya, Trifolium repens, Papaver somniferum, Brassica napus, Phacelia
tanacetifolia.
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Annotation. The aim of this study was to document the morphological
characteristics of pollen grains and bee pollen of common buckwheat. Pollen
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