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Annotation. The aim of this study was to evaluate bee bread quality.
Bee bread is product with long history; it was used by many civilizations for
centuries. But information and experimental results about bee bread is still
missing nowadays. From this reason, in this work is presented model about
evaluation of basic quality indicators of bee bread.

For important indicators of bee bread quality is considered — locality of bee
bread harvesting, harvesting period, technology of harvesting, storing of bee bread,
plant ongin, morphology characteristic, chemical composition, content of heavy
metal, residues of pesticide content, presence of microorganisms and others.
These indicators are very important for determining of complex bee bread quality
and also give information about economic value and practical using of bee bread.
But nowadays many scientific works are oriented in one direction for evaluating
only one indicator. In this work we presented our results and also results from
scientific literature about bee bread.
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Introduction. The term “bee bread” is reserved for the original bee
pollen stored in the combs. The bee bread has already been processed by the
bees for storage with the addition of various enzymes and honey, which
subsequently ferments. This type of lactic acid fermentation is similar to that in
yoghurts (and other fermented milk products) and renders the end product
more digestible and enriched with new nutrients. One advantage is almost
unlimited storability of beebread in comparison with dried or frozen pollen in
which nutritional values are rapidly lost. The natural process carried out by the
bees can more or less be repeated artificially with dry or fresh bee-collected
pollen. It is important however, to provide the correct conditions during the
fermentation process (Krell, 1996).
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According to Zuluaga, et al. (2015) "bee bread" is a product of the hive
obtained from pollen collected by bees, to which they added honey and
digestive enzymes and subsequently stored in the combs, starting a lactic
fermentation which gives it greater power conservation. A proper hive
management promotes bee-bread collection, aimed at marketing it for human
consumption since it can be considered as food supplement due to its content
of a wide range of nutrients. One of the contributions to their high nutritional
value is the presence of significant amounts of proteins, vitamins and phenolic
compounds as natural antioxidants. The potential application of "bee bread" as
a food and as a nutraceutical supplement depends in large part on its chemical
composition which varies directly with the flora of the region and the time of
collection by the bees.

The process of bee bread formation starts with gathering of pollen, then
a bee mixes it with flower nectar or honey and saliva, and carries to the
beehive, where non flying bees fill the mixture into honeycomb cells for % of
the cell volume. Residual cell volume is filled with honey, thus protecting the
pollen mass from oxygen. An anaerobic lactic fermentation process takes
place and bee bread is forming. Bee bread differs from pollen by lower pH
(3.8—4.3), it contains less proteins and fats, but more carbohydrates and lactic
acid. Bee bread has a better bioavailability because the walls of pollen, which
cannot be destructed by gastrointestinal liquids, have been partly destructed
by fermentation and the functionally and energetically rich content of pollen
can be assimilated and used easier (Mizrahi and Lensky, 1997).

The chemical composition of pollen is multiform. It contains about 24 % of
water and different organic and inorganic substances. It contains proteins, amino
acids, carbohydrates, fats, vitamins, carotenoids, flavonoids, phenolic acids,
enzymes, phytohormones, growing stimulators, micro and macro elements.

The content and variability of components can be different not only in
pollen from different plants, but also from one and the same plant, which
grows in different places and from the gathering time. In bee bread, proteins
are partly cleaved to amino acids, fats are destructed, the content of
carbohydrates and lactic acid increases, changes of other components are not
significant (Shapiro and Shemetkov, 2012).

The activity of pollen (content of vitamins and enzymes) decreases after
2 or 3 months of storage. Bee bread keeps its activity longer. Pollen has
antimicrobial, antioxidant  hepatoprotective, = immuno-modulating and
antiradiation activity, adaptogenic properties. It stimulates protective forces of
a human body, normalizes metabolism, has a positive influence on the liver,
nervous and endocrine system functions, and enhances regeneration of
tissues, physical and mental persistence of a human body. The effects of bee
bread are similar, moreover the use of bee bread is more effective and
valuable, because the components in bee bread are partly fermented and can
be easier assimilated in the organism (Bogdanov, 2011). The main objective of
this study was to prepare model for evaluate of bee bread quality.

Model for evaluation of bee bread quality. For recognition of the
economic value of bee bread is necessary to evaluate the following indicators:
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1. Locality of bee bread harvesting. A characteristic of the area in which
was created bee bread by bee colonies is very important — emissions of
volatile organic components, heavy metal contamination, contamination of
soils by hazardous substances and other major indicators.

2. Harvesting period of bee bread. For quality assurance of bee bread is
also important harvesting period from honeycomb cells. The highest quality is
achieved if bee bread is removed after completion of the fermentation process.
Later harvesting period can causes a certain degree of bee bread degradation
by aging. Many beekeepers are taken bee bread from honeycomb cells in the
winter season with freezing.

3. Quality of fermentation process. Bee bread is formed by lactic acid
fermentation of pushing bee pollen pellet with honey in honeycomb cells. Lactic
acid formed in the fermentation process preserves the pollen pellet that bees use
for their nutrition. For the quality of bee bread is considered when pollen pellet by
fermentation process coalesced into a compact form (Figure 1). If the pollen pellet
separate — fermentation process was not yet completed (Figure 2).

Fig. 1. Bee bread after lactic acid fermentation process
(Photo: A. Oravec, 2015)

Fig. 2. Bee bread with not-completed lactic acid fermentation
(Photo: A. Oravec, 2015)

4. Technology of bee bread harvesting. Technology of bee bread
harvesting from honeycomb cells significantly affects the quality of the bee
bread peaces and their integrity, which is documented by Figure 3.

Fig. 3. The shape of bee bread after good quality harvesting from
honeycomb cells technology by Brovarsky, (2012) (Photo: A. Oravec, 2015)
One of the oldest methods of bee bread harvesting from honeycomb
cells is freezing and gradual harvesting with needles (Figure 4).
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Fig. 4.The shape of bee bread after bad quality harvesting from
honeycomb cells (Photo: A. Oravec, 2015)

5. Storing of bee bread. The bee bread can be storing in fresh, dried and
frozen form. Bad storage condition significantly reduces the nutritional value of
bee bread, increase microorganism content and can significant change colors.
Long-term storage of bee bread causes unsuitable dark color (Figure 5)
Unsuitable storage conditions of bee bread significantly changes the dry
matter content, which is documented in Figure 6. The significant differences in
dry matter content between samples are conditioned by the chemical
composition (Figure 6).

Fig. 5. Long-term storage of bee bread in honeycomb cells causes
unsuitable dark color (Photo: A. Oravec, 2015)

6 7 8

# samplel Il sample2 = sample3 8B sample 4

SEREE8N LA

1 2 3 4 5

Fig. 6. The changes of dry matter content (%) in 4 samples of bee bread
storing in laboratory conditions during 8 days

1. Plant origin of bee bread. Determination plant origin of bee bread is
very difficult but very important. Obtaining process of monofloral bee bread is very
difficult, but it is not impossible (Figure 7); if we have monofloral bee bread is easy
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to determine plant origin. In the case of polyfloral bee bread (Figure 8) is
identification of representative species possibly with the help of a microscope and
pollen atlases, but it is not easy because in some cases, the similarity between the
types of pollen grains in the form is very high. The second problem is that, within
each category, there is a wide intra-shaped variation (Figure 9) and also variation
in the surface of pollen grains (Figure 10).

Fig. 7. Monofloral bee bread (Photo: A. Oravec, 2015)

Fig. 8. Polyfloral bee bread (Photo: A. Oravec, 2015)

ki

of wild cherry (Photo: R. Ostrovsky, 2013)

2. Morphology characteristic of bee bread. The important quality
indicators of bee bread are shape, uniformity in shape and size of bee bread
(Figure 3 and 4). Between the samples of bee bread may be smaller or larger
differences in the basic indicators such as weight, height and width of bee
bread (Table 1).

lected upviti o
apple tree (Photo: R. Ostrovsky, 2013)

3. Chemical composition of bee bread. Chemical composition of bee
bread is very important, because give us information about nutritional value.
For this purpose, it is important to know the basic content of protein,
carbohydrate, fat, and the essential vitamins and minerals in bee bread. For
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practical use of bee bread it is necessary to know the variability of the content
of these components. Nowadays is bee bread also using as dietary
supplement, but in this case it must be declared on the label content of basic
nutritional components. The results in Table 2 demonstrates that the number
of components, we have found a very important variation — we determined the
value of coefficients of variation from 6.10% (dry matter) to 65.26%
(carbohydrates). The significant differences in the chemical composition are
related to the plant species. It is well known that the chemical composition of
pollen which forms bee bread is specific for plant species.

1. The variability of basic morphological indicators of bee bread*

| Genotypes [n [ min | max X IE | V% |
Weight of bee bread (mg)
FE-1 30 275 405 341.66 39.64 11.60
FE-2 30 276 390 357.10 22.79 6.38
FE-3 30 252 363 305.10 28.19 9.24
FE-4 30 260 392 323.80 23.79 7.35
FE-5 30 181 300 239.90 31.56 13.16
Height of bee bread (mm)
FE-1 30 8.50 13.12 11.18 1.00 8.99
FE-2 30 10.38 12.88 11.79 0.61 5.19
FE-3 30 7.96 12.54 10.25 1.00 9.84
FE-4 30 8.25 11.12 10.18 0.61 6.07
FE-5 30 7.80 12.37 10.03 1.33 13.35
Width of bee bread (mm)0
FE-1 30 3.38 6.03 5.33 0.60 11.33
FE-2 30 472 6.04 5.46 0.30 5.54
FE-3 30 3.22 6.26 5.36 0.57 10.54
FE-4 30 5.20 6.15 5.74 0.24 4.21
FE-5 30 3.30 5.89 5.19 0.47 9.08

*Source: Results of authors.

2. Variability in basic chemical content of bee bread*

| Component [N [ Unit |Minimum [Maximum | Mean V% |
Dry matter 7 g/100g 71.28 83.65 73.61 6.10
Proteins 7 g/100g 13.99 20.03 16.90 14.24
Fats 7 g/100g 6.48 8.32 7.03 8.47
Carbohydrates 7 9/100g 2.09 17.03 8.54 65.26
Ash 7 g/100g 2.16 4.31 2.87 24.91
Dietary fiber 7 g/100g 26.43 43.75 38.26 14.70
Phosphor 7 mag/kg 4346.00 7440.00 5210.71 20.68
Potassium 7 mag/kg 4536.00 9892.00 615243  31.25
Magnesium 7 mag/kg 768.00 3332.00 1735.00 54.51
Calcium 7 mag/kg 1116.00 2064.00 1648.00 17.83

Natrium 7 mg/kg 50.00 76.00 58.29 15.14
*Source: Results of authors.

4. Secondary metabolites content. It is well known that practical using
of bee bread in pharmacy, cosmetics and other areas is related to the content
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of bioactive components. It is well known that the pollen grains from each
species are rich for biological active substances. This finding is significant on
the one hand for the specific use of bee bread, but on the other hand, it is also
disadvantageous because sometimes of the processing industry is not suitable
bee bread from each plant species or polyfloral bee bread.

5. Heavy metal content. The heavy metal content can be determined in a
bee organs, plant parts, and therefore also in bee products (Table 3). The
quality of bee bread significantly reduces excessive content levels of heavy
metals. It is very important for each bee bread sample determine the essential
content of heavy metals.

3. Content of trace elements and metalloids in bee body and bee
products (Zhelyazkova et al. 2010)
Parameters Trace elements and metalloids; mg/kg

Cu | Zn | Pb | Cd | Ni | Co
Whole bees 15.23+0.88 84.08+8.41 242+0.32 0.11+0.01 1.21+0.11 1.29+0.17
Fecal mass 28.70+1.44 98.01+1593 9.59+2.04 0.17+0.02 5.1940.32 2.05+0.19
Bee honey 0.36+0.01 1.96+0.04 0.05+0.001 0.03+0.001 0.17+0.01 0.09+0.004
Pollen  11.54+0.76 10.00+0.21 0.92+0.04 0.16+0.03 0.69+0.05 0.80+0.04
Wax 2.03+0.14 12.2440.73 0.2840.01 0.27+0.01 0.57+0.10 0.25+0.02

6. Residues of pesticide contentro. The quality of bee bread significantly
decreases the levels of residues of agropesticide. Only a small number of
laboratories in the world are able to determine all that may contain residues
after agropesticide. It shows the transparent work by the team of authors
Johnson et al. (2010), which describe in pollen, honey, bees wax and the
contents of more than 120 agropesticide. In Table 4 we present only selected
part of their results.

7. Radionuclides content. The radioactivity in other bee products has
been less investigated. Measurements of '*’Cs radioactivity in the Ukraine
showed very high averages for products harvested between 1986 and 1989:
pollen: 11070 Bq/kg, propolis: 34310 Bg/kg. In France considerably lower
values were measured at the same time: honey, 29 Bqg/kg; pollen, 283 Bqg/kg
(Canteneur, 1987). In Italy, measurements of honey and pollen harvested in
1986 showed '*'Cs values in honey between 30 and 360 Bqg/kg, while those in
pollen varied between 1000 and 2500 Bqg/kg (Porrini et al., 2002). Pollen and
propolis are considered to be better indicators for radioactive contamination
than honey (Alexenitser and Bodnarchuk, 1999).

8. Microbiological characteristic of bee bread. There is no pollen from
plant, bee pollen pellet or bee bread, which did not contain any
microorganisms. The question is which this is, whether pathogenic or not
pathogenic if they are used by human. Unfortunately many microorganisms
significantly reduce the quality of bee bread. It is therefore necessary
microbiological characteristics of each sample of bee bread and knows the
presence of the species. Identification is sometimes very complicated. In Table
5 we present the number of bacteria and fungi provided on bee pollen pellet
derived from different plant species. In table 6 we presented some types of
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microorganisms in the evaluation samples of bee pollen pellet. The results
clearly confirm the significant differences between the samples.

4. Determine of selected residues of agropesticide in bee products
according to Johnson et al. (2010) results

Maximum detection in ppb

Total pesticide CLASS Wax | Pollen | Beo [ Honey
Allethrin PYR 139 11 24 n.d.
Amicarbazone HERB n.d. 98 n.d. n.d.
Amitraz FORM 46060 1117 13780 555
Atrazine S HERB 31 49 15 81
Azinphos methyl OP 817 643 91 n.d.
Azoxystrobin S FUNG 278 107 n.d. 4
Bifenthrin PYR 56 13 12 3
Boscalid S FUNG 388 962 33 n.d.
Bromopropylate MITI 135000 11 2245 245
Captan PS FUNG 400 10000 1740 1
Carbaryl PS CARB 820 94000 5800 42
Carbendazim S FUNG 133 149 14 27
Carbofuran S CARB 22 1400 669 645
Chlorothalonil FUNG 53700 98900 878 10
Chlorpyrifos OP 890 830 57 15
Coumaphos OoP 94131 5828 2777 2020
Cyfluthrin PYR 45 34 14 9
Cyhalothrin PYR 17 1672 2 0.8
Cypermethrin PYR 131 1900 26 92
Cyprodinil S FUNG 106 344 19 n.d.
DDT-p,p" oC >40 45 7 658

5. Number of bacteria and microscopic fungi detected on pollen samples
(Brindza et al. 2010)

Pollen sample No.

Bacteria: CFU/g

Microscopic fungi: Ranges

of pollen of CFU/g of pollen
1 300 630 - 1089
2 1100 566 - 1100
3 13125 2761 - 4688
4 1125 112 - 664
5 1250 606 — 911
6 1000 3733 -3978
7 100 165 - 690
8 1200 107 - 343

9. Color of bee bread. The bee bread quality increases natural color
from pollen pellet which form bee bread. Dark colors of bee bread in many
cases already indicate bad storage or late harvesting from honeycomb cells.

10. Smell of bee bread. The significant quality indicator of bee bread is
smell. Bee bread with excellent quality characterizes typical fruit and natural

odors.
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6. Bacterial and fungal species and groups detected on pollen samples
and on bumble bee individuals

| Samples of |Bacteria | Microscopic fungi |
. Alternaria chartarum
ie; . if;acgfiz COSCens  Aspergillus flavipes
r a%i obacter Aureobasidium pullulans (De Bary) Arnaud
Pollen Fermentin and  non- Cladosporium sphaerospermum Penz.
no. 1 fermentin 9 Humicola grisea Traaen
Gram-ne gative rods Monodictys castanae (Wallr) Hughes
9 Mucor racemosus Fres.
Penicillium sp.
, Aspergillus repens (Corda) De Bary
ig;g?‘;acg%cnfscens Cladosporium sphaerospermum Penz.
. , Mucor spinosus Tiegh.
PO“Z” ra%/ob acter Fermenting Paeci/oneyces variog Bainier
no. an '

Penicillium sp.
Rhizopus  arrhizus A.  Fisher
Rhizopus nigricans Ehrenb.

non-fermenting  Gram-
negative rods

Conclusion

Bee bread is considered as very important and major bee product. Most
of bee bread is used in folk medicine in almost all countries and as a dietary
supplement. Its production has not been sufficient in the past, mainly because
of the complicated process of its harvested from the honeycomb cells. At
present, the production of bee bread increased mainly due to the use of new
technologies in its collection. Bee bread can therefore become a major product
for pharmaceutical, cosmetic and food industry applications. For potential
customers and fixing prices of bee bred is necessary to have elaborated a
baseline standard for the assessment of its economic value based on its basic
indicators of quality. In this work we described some important indicators of the
quality of bee bread as a proposed model for the processing of a basic bee
bread quality standard.
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OUIHKA AKOCTI NEPIU BAXOJIMHOI

A. bpind3a, 3. LLly6epmosa, B. bposapckkul, C. Benu4ko,
. Kpegpm, E. leaHiwoea

AHoTauis. BusHayeHo HeobxiOHICMb OUWHKU sikocmi nepau 60xonuHor. Lied
npodykm gidomMuli i sukopucmosyemscsi bazambma UusinizauissMu exe rnpomsi2om
6azcambox cmonimb. Ane, He3gaxarudu Ha Ue, 6 Haykosill snimepamypi
HedocmamHbO eKcriepuMeHmarsnbHuUx pesynbmamie i 3HaHb rpo yel npodykm
60xinbHUYmMea. Tomy e OaHiti pobomi npedcmaesnsiemo Modesib OUHKU OCHOBHUX
rnokasHukie sikocmi nepau 60XKonuHoI Halisaxnusiwumu rokKasHukamu sikocmi
geaxxaeMo micyesicmb 360py nepau, nepiod 36opy, mexHonoeito 36opy, crocié
36epicaHHs1, POCIUHHE NMOXOOXEHHS, MOP@hOsI0eiHHY XapakmepucmukKy, OCHOBHUL
XiMidHUl cknad, eMicm 8axkKKux memaris, 3anuwkie necmuyudis, rpucymHicms
MiKpoopaaHiamie ma iHuWii.

HeobxiOHo, w06 Onsi KoxHo20 3paska Oyrno OUHEHO 6Ci MOKa3HUKU.
KomninekcHa oujiHka 003607515i€ eU3Ha4YumuU eKOHOMIYHY UiHHICMb 3pa3ka ma (io2o
npakmu4He 3acmocyeaHHs. baeamo Haykosux pobim opieHmosaHi nuwe 8
O0HOMY Hanpsimi, wob ouiHumu minbku OOUH rnoka3sHuk. [1i0 4Yac npe3eHmaujr
moleni 6yno eukopucmaHo enacHi pesynbmamu | eUCHO8KU 3 JlimepamypHux
Oxepern.

KntouyoBi crnoBa: nepaa, Modesib OYiHKU, SIKiCMb, MOKa3HUKU SIKOCMI.
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OLIEHKA KAYECTBA NEPI'Y NYENUHON

A. BpuHd3a, 3. Llly6epmoea, B. Bpoeapckoli,
C. Benuuko, N. Kpegpm, 3. MeaHUwoea

AHHOTauua. OnpedeneHa Heo6XO00UMOCMb OUEHKU Kayecmea nepau
nyenuHol. dmom npodykm u3eecmeH U UCMOoNb3yemcsi MHO2UMU yusuru3a-
UUSIMU Y)Ke Ha MpomsiKeHUU MHo2ux e8ekos. Ho, HecMompsi Ha amo, 8 Hay4yHoU
Jnumepamype Hedocmamo4HO 3KCNepUMEeHMarbHbIX Pe3ynbmamos U 3HaHuli 06
amom npodykme n4yenoeodcmea. Moamomy e daHHOU pabome npedcmasnsem
Moderib OUEHKU OCHOBHbIX rokasamerieli kadecmea nepau n4yesuHod.

BaxHeliwumu rnokazamensaMu Kadyecmea cHumaem MecmHOCcmb cbopa
nepau, nepuod cbopa, mexHonoau cbopa, crocob xpaHeHus, pacmumesibHoe
npoucxoxoeHue, Mopghonoaudeckue xapakmepucmuku, OCHOBHOU XUMU4YecKul
cocmas, coldepxaHue msKenblX Memarssos, O0cmamkos necmuyudos,
npucymecmeue MUKpoopaaHuamos u Opyaue. Heobxodumo, 4mobbi O kaxx0020
obpa3ya b6bInu OUeHeHbl ece rnokaszamesnu. KomrnekcHasi oueHka rosgossem
onpedenums 3KOHOMUYECKYIO UEHHOCMmb obpasuya U €20 [pakmu4yecKkoe
npumeHeHue. MHoaue Hay4dHble pabombl OpueHMuUpPosaHbl MOSIbKO 8 OOHOM
HarnpasneHuu, 4mobbl oueHUmb mosibkoO O0OUH roka3amesnb. Bo epewms
npeseHmayuu modenu bbinu  ucrosib308aHbl CobCMeeHHbIe pe3ysribmambl U
8b1800bI U3 flUMepamypHbIX UCMOYHUKOS.

KniouyeBble crioBa: rnepeaa, Modesib OYeHKU, Ka4ecmeo, rnokasamesnu
Kayecmea.
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POLLEN AND BEE POLLEN FEATURES OF SWEET CHESTNUT
(CASTANEA SATIVA MILL.)

O. Grygorieva, PhD., M. M. Gryshko National Botanical Garden National
Academy of Sciences of Ukraine
N. Nikolaieva, PhD. student, National Aviation University
J. Brindza, assoc. prof., head of Institute of Biodiversity Conservation
and Biosafety of Slovak University of Agriculture in Nitra
S. Klymenko, prof., head of Department of Fruit Plants Acclimatization
of M. M. Gryshko, National Botanical Garden
National Academy of Sciences of Ukraine

Annotation. The aim of this work was to study general morphological
characteristics of pollen grains and bee pollen of sweet chestnut (Castanea
sativa Mill.). The studies were carried on pollen extracted from genotypes,
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