www.food.actapol.net pISSN 1644-0730

Acta Sci. Pol. Technol. Aliment. 19(1) 2020, 15-24

eISSN 1898-9594 http://dx.doi.org/10.17306/J.AFS.2020.0750

ORIGINAL PAPER

Received: 2.01.2020
Accepted: 21.02.2020

ALLERGENIC PROPERTIES OF POLISH NECTAR HONEYS

Marta Burzynska'™, Dorota Piasecka-Kwiatkowska!, Ewa Springer?

Department of Food Biochemistry and Analysis, Poznai University of Life Sciences

Mazowiecka 48, 60-623 Poznan, Poland

’Diagnostics and Treatment Center for Allergy SNOZ Alergologia Plus in Poznah

Drobnika 12/14, 60-693 Poznan, Poland

ABSTRACT

Background. Small amounts of protein can be found in honey, including well known allergen sources, such
as plant pollen and honeybee secretions. Despite this, there are few case reports describing allergic reactions
following the consumption of honey. The aim of this study was to examine the allergenic properties of nectar
honey collected throughout the entire beekeeping season from different provinces in Poland.

Materials and methods. The immunoreactive properties of 20 Polish nectar honeys were analysed using the
sera of IgE pollen allergenic patients (n = 5). The botanical origins and pollen of the anemophilous plants in
the studied honeys were identified through palynological analysis.

Results. The significant differences in the protein content between the five varieties of honey and the differ-
ences in protein pattern and pollen profiles were observed. All of the honey samples contained immunoreac-
tive fractions reacting with IgE present in the sera of patients allergenic to different pollens.

Conclusions. Although honey allergies are reported relatively rarely, all the tested samples of Polish nectar
honeys contained many protein fractions which reacted with the IgE antibodies of allergenic patients. In all
samples, the immunoreactive protein band with a molecular weight around 60 kDa, probably secreted by
bees, was present. The results do not allow the immunoreactive fractions characteristic for particular honey

varieties to be identified.
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INTRODUCTION

Honey is essentially a highly concentrated water so-
lution consisting of several sugars (which represent
95-99% of the dry mass), where fructose and glu-
cose are the major components. It contains compo-
nents derived from bees (mainly enzymes from gland
secretions and wax), as well as from substances re-
lated to their foraging activity (flower nectar and
grain pollens). The proteins present in honey are in
small amounts ranging from 0.2% to 1.6% in Apis
mellifera honey (Won et al., 2009). They originate
from the nectar and pollen of flowers but also from

the salivary secretions of honeybees. Most authors
(Baroni et al., 2004; Girolamo et al., 2012; Rossano
et al., 2012) have reported a higher contribution of
proteins in honey from the bee’s glands than from
plants, whereas da Silva et al. (2016) identified pollen
as the main protein source. In nectar honey, there are
also airborne pollens that are sprinkled with nectar
and collected by bees, along with pollens from ane-
mophilous plants, which stick to hairs on the body
of a bee during flights to search for food, as well
as sticky nectar (Wang and Li, 2011). The average

*marta.burzynska@up.poznan.pl, https://orcid.org/0000-0003-3211-3563

© Copyright by Wydawnictwo Uniwersytetu Przyrodniczego w Poznaniu


mailto:marta.burzynska%40up.poznan.pl?subject=
https://orcid.org/0000-0003-3211-3563
http://dx.doi.org/10.17306/J.AFS.2020.0750

Burzynska, M., Piasecka-Kwiatkowska, D., Springer, E. (2020). Allergenic properties of Polish nectar honeys. Acta Sci. Pol. Technol.
Aliment., 19(1), 15-24. http://dx.doi.org/10.17306/J.AFS.2020.0750

content of these pollens in polish nectar honey can be
up to 6.5% (Kruczek et al., 2015).

Nectar honey proteins originate from allergenic
sources, suggesting that honey may cause sensitiza-
tion. Nevertheless, allergies to honey are reported
rather rarely. The actual incidence of allergy in the
general population is unknown; it is estimated to be
less than <0.001%, and only few cases have been re-
ported (Aguiar et al., 2017; Cifuentes, 2015). This is
even more surprising, taking into account that 10-30%
of the population in the world are sensitive to aeroal-
lergens (WAO, 2013), whose pollen can also be found
in honey. Additionally, about 90% of individuals are
also allergic to foods which cross-react with pollen
(Osterballe et al., 2005). Cross-reactivity is connected
with the reaction of specific IgE-antibodies present in
allergic sera that recognize, bind and induce an im-
mune response to structurally similar molecules (ho-
mologs), though they are of different origin (Sampson
et al., 2014). Among patients suffering from a respira-
tory allergy, cross-reactivity between aeroallergens
and foods is considered to be one of the causes of food
allergies, which can range from oral syndrome to life
threatening anaphylaxis (Popescu, 2015).

In the presented work, an attempt was made to
characterize the pollen content and allergenic prop-
erties of mono-floral nectar honey varieties collected
throughout the entire beekeeping season in four prov-
inces in Poland.

MATERIALS AND METHODS

Honey samples

The present study was carried out on five different
raw nectar Apis mellifera honey varieties in liquid or
crystallized states collected directly from 4 apiaries lo-
cated in different provinces in Poland (n = 20; Fig. 1).
The selected samples for the experiment were nectar
honeys from Rapeseed (Brassica napus), Acacia (Ro-
binia pseudoacacia L.), Linden (Tilia europeae L.),
Buckwheat (Fagopyrum esculentum) and Heather
(Calluna vulgaris). The beekeepers supplied addition-
al information on the date the honey was collected and
the location of the apiary. The same varieties of nectar
honey were collected in different regions of Poland in
the same month: May — rapeseed, June — acacia, July —
linden, August — buckwheat, September — heather).
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Fig. 1. Locations of the itinerant apiaries from which sam-
ples of different varieties of nectar honey were collected

Classification of the honey varieties was done individ-
ually by the beekeepers. All the samples were stored
in glass jars at 10°C in a dark room until analysis.

Patient sera

The sera of five patients with documented IgE aller-
gies to different pollens were obtained from the SNOZ
Alergologia Plus Center for Diagnosis and Treatment
of Allergy Therapy in Poznan, Poland under the con-
sent of the Bioethics Commission (no. 670/17). An al-
lergy to honey was not observed by any of the patients.
An allergy to inhalants was diagnosed based on skin
tests. The acquired sera were divided into two groups
in accordance with the calendar pollen of plants in Po-
land (Table 1): A — early allergy (suffered due to pollen
dusting from February to May) and B — late allergy
(from June to December). For immunodetection, the
same volume of sera was pooled from each of the two
groups.

Protein extraction

Proteins from the honey were extracted by 0.01M PBS,
pH 7.4; in the proportions of 6 g of sample per 4.5 ml
of buffer. The extraction was carried out for 24 h at
4°C with shaking. The samples were then centrifuged
for 30 min (4°C; 5500 g), the pellet was discarded,
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Table 1. Characteristics of patients’ sera with inhalation allergy specified by the RAST

test, class/kU/L

Groups  Birch and oak Alder and Grass Dust mite Cladosporium
of sera pollen hazel pollen and weeds / Alternaria
Early (A) 3/8.5 2/2.8 2/2.8 - -
3/6.3 - 2/1.5 - -
Late (B) 2/2.6 2/1.4 4/31 6/>100 5/50
2/1.8 1/0.68 1/0.36 - 4/25.0
3/3.8 3/5.9 4/18.0 4/31.0 -

Class 0 indicates no allergy. Class 5 or 6 indicates high allergy.

and the clear supernatant was used for further analysis.
The protein in the extracts was determined using the
Bradford method (1976) and calculated per 1 g of hon-
ey. Measurements were performed in triplicate and the
data were presented as a mean +standard deviations.

Pollen analysis

The honey samples for pollen analysis were prepared
according to the International Commission of Beekeep-
ing Botany (Louveaux et al., 1978), PN-88/A-77626
(1988) and the Regulation of the Polish Ministry of Ag-
riculture and Rural Development from 2009 no. 17 item
94. The honey samples were classified according to their
botanical origin using the method described by Von der
Ohe et al. (2004) and PN-88/A-77626 (1988; Table 2).

Table 2. The minimum percentage of predominant pollen in
nectar honey (Regulation of the Polish Ministry of Agricul-
ture and Rural Development from 2009 no. 17 item 94 and
PN-88/A-77626, 1988)

Minimum
Variety of honey o fierreideélr?iiean "
pollen
Rape (Brassica napus) 45
Acacia (Robinia pseudoacacia) 30
Linden (7ilia sp.) 20
Buckwheat (Fagopyrum esculentum) 45
Heather (Calluna vulgaris) 45
Multifloral without predominant
pollen
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SDS PAGE

Sodium dodecyl sulphate polyacrylamide gel electro-
phoresis (SDS-PAGE) was performed according to the
Laemmli procedure (1970) on 14% acrylamide gels.
The Pre-stained Protein Molecular Weight Marker
(26612, Thermo Fisher) and honey protein extracts
(about 4.5 pg or maximum extract volume — 15 pl)
mixed with the sample buffer (4:1, v/v) and heated for
5 min at 95°C were applied to the gels. Electropho-
resis was run at 90V in stacking gel and at 180V in
separating gel. Next, the gels were stained in Coomas-
sie Brillant Blue solution R250 and analysed using
Totallab CLIQS image analysis software version 1.0.

Western blotting

The proteins separated by SDS-PAGE were transferred
onto 0.45 um polyvinylidene membranes (PVDF;
Merck Millipore) by semi-dry transfer (V10 Semi-Dry
Blotters, Scie-Plas Ltd, 4.5 mA/cm? 30 min, and 0.36
mA/cm? 60 min). Membranes were blocked with 1%
bovine serum albumin in Tris-buffered saline, at pH
7.4 (TBS-BSA). After washing three times with TBS
Tween 20 buffer (TBST), the membranes were incu-
bated with early and late sera diluted 1:20 in blocking
buffer for 16 h at 4°C. They were then washed 5 times
with TBST and incubated for 1 h with diluted 1:1000
mouse anti-human IgE monoclonal antibody conjugat-
ed with alkaline phosphatase (A3076; Sigma). Visuali-
zation was performed using Calbiochem BCIP/NBT
(5-bromo-4-chloro-3’-indolyphosphate and nitro-blue
tetrazolium). The reaction was stopped with water.
Then the membranes were dried and analysed using
Totallab CLIQS image analysis software version 1.0.
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Slot-blot

The crude protein honey extracts (50 pl) were applied
directly onto PVDF membranes (Merck Millipore) in
SLOT-Blot apparatus (BCD48 48-well Dot Blot Man-
ifold, Biocomdirect). Then TBS-BSA was used as the
blocking solution (1 h incubation). For the detection of
the early and late sera of the allergenic patients, dilut-
ed 1:20 in blocking buffer were used. The procedure of
visualization was the same as in the western blotting
described above.

Statistical methods

The data were presented as a mean +standard devia-
tions. An analysis of one-way variance (ANOVA) with
the Tuckey post-test was used to compare quantified
variables in the honey samples. P < 0.05 was consid-
ered statistically significant. Statistica software ver-
sion 13.3 was used for analysis.

RESULTS AND DISCUSSION

Protein content of honeys

The soluble protein content of honey samples was de-
termined using the Bradford method (1976), as was
recommended for honey by Azeredo et al. (2003).
In all the tested samples from the complete beekeeping
season, the soluble protein content varied depending
on the variety and time the honey was collected (Ta-
ble 3). Honeys from the beginning of the beekeeping
season (spring: rapeseed and acacia) had around a five
times lower soluble protein content compared to those
from the end of the season (late summer: buckwheat

and heather) with 0.258 mg/g and 1.309 mg/g respec-
tively (p < 0.05). A similar observation was made by
Rocco Rossano et al. (2012) who found the highest
soluble protein content in eucalyptus honey harvested
at the end of the beekeeping season, and the lowest in
the extracts obtained from orange (Citrus) and chest-
nut honey (Castanea sativa) collected at the begin-
ning. The number of protein compounds in bee honey
is probably related to the development cycle of Apis
mellifera and the protein requirements of bee families
during the season (Bogdanov, 2004). In our research,
surprisingly, a very low protein content was noted in
the samples: HA3, HA4, HB3.

Pollen analysis

In Poland, the variety of honey is declared by the bee-
keepers themselves. The requirements for each vari-
ety are specific in the Regulations of the Ministry of
Agriculture and Rural Development 2009 no. 17 item
94 and PN-88/A-77626 (1988) — the authenticity is
checked using laboratory tools, among other things,
by palynological analysis.

Tables 4 and 5 present the results of the palynologi-
cal analysis. From twenty tested honey samples, only
twelve varieties were correctly classified: all rapeseed
with Brassica napus pollen above 45%, one acacia with
Robinia pseudoacacia pollen 30%, three linden with
Tilia pollen over 20%, two buckwheat with Fago-
pyrum pollen, and two heather honeys with Calluna
pollen above 45%. In addition, samples with a sur-
prisingly low soluble protein content (HA3, HA4 and
HB3) did not contain a predominant amount of pollen.

Table 3. Soluble protein content of different nectar honey varieties, mg/g

Honey variety

Apiary
HR HA HL HB HH
1 0.279:+0024 0.348° +0.028 0.252*+0.019 1.752¢+0.101 0.844* +£0.084
2 0.324% £0.016 0.401¢+0.032 0.395°+0.037 1.913¢+0.011 0.926* £0.037
3 0.292° +0.009 0.090° +£0.020 0.309" +£0.064 0.408* £0.020 1.462° £0.059
4 0.310% +0.025 0.014* +0.038 0.573¢+0.015 1.346° £0.034 1.818°+0.019
Average 0.3024 +0.017 0.2134+0.165 0.3824 +0.121 1.3558 +£0.584 1.2628 £0399

*4The same letter means no statistical differences between apiaries (in column; P < 0.05).
ABThe same letter means no statistical differences between honey varieties (in raw; P < 0.05).
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Table 4. Classification of analysed honey sample type based on PN-88/A-77626 (1988)

Variety according

Type of honey according

Sample to the label Predominant pollen, % Secondary pollen, % to analysis
HR1 rapeseed Brassica napus 59 monofloral
HR2 rapeseed Brassica napus 56 monofioral
HR3 rapeseed Brassica napus 57 monofloral
HR4 rapeseed Brassica napus 46 monofloral
HAL1 acacia Robinia pseudoacacia 30 monofloral

Phacelia 53

HA2 acacia Rubus type 26 multifloral
Robinia pseudoacacia 22

HA3 acacia Robinia pseudoacacia 22 Rubus type 16 multifloral

HA4 acacia Robinia pseudoacacia 16 multifloral

HL1 linden Tilia 45 Asteraceae 11 monofloral

HL2 linden Tilia 23 Anthriscus 30 monofloral
Centaurea cyanus 23

HL3 linden Asteraceae 17 multifloral
Anthriscus type 17

HL4 linden Tilia 26 Phacelia 18 monofloral

HB1 buckwheat Fagopyrum 46 Phacelia 16 monofloral

HB2 buckwheat Fagopyrum 46 monofloral

HB3 buckwheat Fagopyrum 28 multifloral
Brassicaceae 16

HB4 buckwheat Fagopyrum 26 multifloral

HH1 heather Calluna 57 Fagopyrum 16 monofloral

HH2 heather Calluna 46  Fagopyrum 16 monofloral

HH3 heather Calluna 30 multifloral
Brassicaceae 16

HH4 heather Calluna 35 multifloral
Brassicaceae 18

According to microscope analysis, they were classified

as multi-floral.

The average content of Anemophilous plant pollen
grains in relation to the total number of pollens present

www.food.actapol.net/

in the honey samples constituted 8.5%. In early rape-
seed and acacia honey, there were pine, willow and
birch pollens, whereas in summer (linden) and late
honeys (buckwheat and heather), mainly pollen from
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Table 5. Average pollen contribution of anemophilous plants in particular honey varieties

Collection Samples Main anemophilous Range, % Average, % Contribution of anemophilous taxa
month taxa and honeydew elements in honey, %
05/2018 HR1-4 Salix 2-13 4.5 8.25
Pinus 2-8 4.25

06/2018 HA1l-4 Betula 2-3 2 8.25

07/2018 HL1-4 Chenopodium 1 3.25 9.5

08/2018 HB1-4 Artemisia 1-12 4 10.25

09/2018 HH1-4 Artemisia 2 2 6.35

Poaceae 24 2

grass, mugwort, sorrel, plantain, quinoa and spores of
Alternaria and Cladosporium were found. The non-
nectariferous pollens found in the tested honeys were
typical of the pollen season in Poland, hence they can
be the source of inhalation allergens. Therefore, this can
be expected to increase allergic symptoms from people
consuming honey and can be dangerous, especially for
individuals with oral allergy syndrome (OAS). Other
authors have also reported the frequent pollination of
Polish honeys by the pollen of anemophilous plants,
e.g. oak, elm, poplar, plantain, mugwort, grasses, sedge,
walnut, as well as birch and quinoa (Stawiarz, 2009;
Teper, 2011). A palynological analysis of the frequency
of spring honey pollens carried out by Ceglifiska (2008)
showed almost 70% grass, over 50% oak and sorrel, 10%
cereal, hazel and hops, with the lowest percentage (less

than 3%) for pine and mugwort. A similar outcome was
discovered by Sauliené et al. (2015), who analysed Lith-
uanian honey samples and found 10 allergenic morpho-
types and reported that anemophilous allergenic pollen
constituted 44% of all the pollen detected in the honey.
Considering the above, it can be assumed that the con-
sumption of honey can be dangerous for extremely sen-
sitive people, as this may result in an immediate allergic
reaction (Denisow and Weryszko-Chmielewska, 2015).

Protein profiles of honey

The SDS-PAGE pattern of the proteins extracted from
the tested honeys showed that almost all of them con-
tain characteristic cluster band fractions with molecular
weights of around 72, 60 and 55 kDa (Fig. 2). Spring
and summer honeys (rapeseed, acacia and linden) have

Fig. 2. SDS-PAGE pattern of honey extracts. The arrowhead indicates molecular weight of sepa-

rated protein fractions
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a similar protein profile with a dominant fraction of
60 kDa. The protein profiles of late summer honeys
(buckwheat and heather) were different compared to
samples from the beginning of the beekeeping sea-
son. They were noted to have more bands and a larger
contribution of fraction with a molecular weight of
around 26 kDa, especially in the heather honey sam-
ples. Characteristic for this variety were also proteins
with a high-molecular weight of 50, 55, 60, 72, 80
and 100 kDa, whereas the buckwheat honey samples
(HB1, HB2, HB4) contained cluster band fractions of
around 30, 26 and 23 kDa.

The protein patterns of HA3, HA4 and HB3 were
less visible, which was due to the extremely low pro-
tein content (Table 3). The results of the protein con-
tent, pollen analysis and the protein profiles, indicated
that these honey samples had a reduced quality and
were not mono-floral as was declared on the label by
the producer (Table 4).

Immunoreactivity of honey protein

The allergenic properties of the honeys were examined
by slot-blot and western-blot analysis using the sera of
early and late allergenic patients.

In all analysed honey samples slot-blot analysis
confirmed presence of immunoreactive native proteins
beside variety, apiary, harvesting date as well as used
sera (Fig. 3). Grey and black spots on the figure in-
dicate positive samples. The antibodies present in the
sera in an allergenic person recognized the antigenic
determinants which were on the surface of the pro-
tein extracted from all the honey samples. The darkest
spots on the slot-blot images were obtained for honey
extracts: HR2, HR3, HR4 and HL3 with early sera pa-
tients (Fig. 3a) and HR1, HH1, HR2, HL2 with late
sera patients (Fig. 3b). These honey samples were the
most immunoreactive. Differences in the immunore-
activity of the same honey varieties from different api-
aries could be due to the different anemophilous plant
pollen profiles.

Identification of the protein fractions present in the
honey recognized by the sera of allergenic patients
was performed using the western blot method. The
results indicated the presence of immunoreactive pro-
tein fractions in all the honey samples. Regardless of
the place and time the honey was collected, antibodies
present in the sera of allergic patients recognized the
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Fig. 3. Slot blot images of protein extracts in early sera pa-
tients (A) and late sera patients (B)

antigenic determinants found on the surface of the pro-
teins extracted from each honey sample. Membranes
incubated with the sera of early and late allergenic
patients (Fig. 4) recognized almost the same proteins;
fractions with molecular weights around 60, 50 and 55
kDa and 30, 26 and 23 kDa. Nevertheless, differences
between the varieties were observed. The main immu-
noreactive fraction in the spring and summer honey
varieties was 60 kDa, whereas in late summer buck-
wheat it was 25 kDa, and in heather 50 and 25 kDa.
The protein profiles observed on the membrane incu-
bated with two sera was the same but a little weaker
than the immunoreactivity (lighter bands) which was
observed on the membranes with late sera.

Other authors have also identified a lot of immuno-
reactive fractions in honey using the sera of IgE aller-
gic patients. The recognized proteins were: 138, 116,
110, 60 and 54 kDa (Hayashi et al., 2011), 54 and 60
kDa (Yadzir et al., 2011), 57 and 29 kDa (Ibero et al.,
2002), 54, 46, 17 and 16 kDa (de la Torre et al., 1997),
72, 60, 54, 33 and 30 kDa (Bauer et al., 1996), 54, 60,
72 and 30 kDa (Florida-Lopez et al., 1995).

The fact that such a large diversity in the molecular
weight of the protein fractions recognized as allergen-
ic in honey is related to the fact that the results refer
to honey varieties that were collected in different parts
of the world. It should be expected that, in addition
to proteins derived from different nectar pollens and
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Fig. 4. Immunoblots of honey proteins: A — early sera patients, B — late sera patients

honeybees, honey also contains pollen from locally
occurring wind pollinating plants, which may also af-
fect their immunoreactivity (Denisow and Weryszko-
-Chmielewska, 2015).

CONCLUSION

The analysed samples of different nectar honey varie-
ties from the whole beekeeping season varied in pro-
file and soluble protein content. The results confirmed
the presence of allergenic protein fractions in all the
analysed samples. Nearly all the proteins present in
the honey extracts were also recognized by IgE from
the sera of pollen allergenic patients. Despite the dif-
ferences between the samples in all the analysed hon-
eys, protein bands with a molecular weight of around
60 kDa were recognized by both early and late sera.

22

The molecular weight of these fractions suggests that
they can be contained in granular bee secretions so
can be dangerous for people who are sensitive to ma-
jor royal jelly proteins, but this statement should be
checked in further research.

The results were not so evident as to indicate the
particular protein fractions that can be responsible for
the allergic reactions of each nectar honey variety.

The results have shown that nectar honey contain-
ing pollens from nectariferous plants, and also ane-
mophilous plants, should be a very allergenic food,
particularly dangerous for individuals with a pollen
allergy. On the other hand, allergy symptoms after the
consumption of honey are not very common, even in
an allergy to non-nectariferous plants. Such ambigu-
ous results indicate the need of further, more detailed
studies on the immunoreactive properties of honey.

www.food.actapol.net/


http://dx.doi.org/10.17306/J.AFS.2020.0750

Burzynska, M., Piasecka-Kwiatkowska, D., Springer, E. (2020). Allergenic properties of Polish nectar honeys. Acta Sci. Pol. Technol.
Aliment., 19(1), 15-24. http://dx.doi.org/10.17306/).AFS.2020.0750

REFERENCES

Aguiar, R., Cabral Duarte, F., Mendes, A., Bartolomé¢, B.,
Pereira Barbosa, M. (2017). Anaphylaxis caused by hon-
ey: a case report. Asia Pac. Allergy, 7, 1, 48-50. https:/
doi.org/10.5415/apallergy.2017.7.1.48

Azeredo, L. da C., Azeredo, M. A. A., Souza, S. R., de Dutra,
V. M. L. (2003). Protein contents and physicochemical
properties in honey samples of Apis mellifera of differ-
ent floral origins. Food Chem., 80, 2, 249-254. https://
doi.org/10.1016/S0308-8146(02)00261-3

Baroni, M. V., Chiabrando, G. A., Costa, C., Fagindez, G.
A., Wunderlin, D. A. (2004). Development of a com-
petitive ELISA for the evaluation of sunflower pollen
in honey samples. J. Agric. Food Chem., 52(24), 7222—
7226. https://doi.org/10.1021/j049068e

Bauer, L., Kohlich, A., Hirschwehr, R., Siemann, U., Eb-
ner, H., Scheiner, O., ..., Ebner, Ch. (1996). Food allergy
to honey: Pollen or bee products? J. Allergy Clin. Im-
munol., 97, 1, 65-73. https://doi.org/10.1016/S0091-
6749(96)70284-1

Bogdanov, S., Ruoff, K., Persano Oddo, L. (2004). Phys-
icochemical methods for the characterisation of unifloral
honeys: a review. Apidologie, 35, 1, 4-17. https://doi.
org/10.1051/apido:2004047

Bradford, M. M. (1976). A rapid and sensitive method for
the quantitation of microgram quantities of protein uti-
lizing the principle of protein-dye binding. Anal. Bio-
chem., 72, 1-2, 248-254. https://doi.org/10.1016/0003-
2697(76)90527-3

Ceglinska, K. (2008). Anemophilous plant pollen in spring
specific honeys from the Rzeszow area. Acta Agrobot.,
61, 1, 59-64. https://doi.org/10.5586/aa.2008.007

Cifuentes, L. (2015). Allergy to honeybee ... not only stings.
Curr. Opin. Allergy Clin. Immunol., 15, 34, 64-368.
https://doi.org/10.1097/ACI.0000000000000191

da Silva, P. M., Gauche, C., Gonzaga, L. V., Costa, A. C.,
Fett, R. (2016). Honey: Chemical composition, stability
and authenticity. Food Chem., 196, 309-323. https://doi.
org/10.1016/j.foodchem.2015.09.051

de la Torre, F., Garcia, J. C., Martinez, A., Martinez, J., Pala-
cios, R. (1997). IgE binding proteins in honey: discus-
sion on their origin. J. Invest. Allergol. Clin. Immunol.,
7,2, 83-89.

Denisow, B., Weryszko-Chmielewska, E. (2015). Pollen
grains as airborne allergenic particles. Acta Agrobot.,
68, 4, 281-284. https://doi.org/10.5586/a2.2015.045

Di Girolamo, F., D’Amato, A., Righetti, P. G. (2012). As-
sessment of the floral origin of honey via proteomic
tools. J. Proteomics., 75, 12, 3688-3693. https:/doi.
org/10.1016/].jprot.2012.04.029

www.food.actapol.net/

Florida-Lopez, J. F., Gonzalez-Delgado, P., Pedro, B. S.,
Arias de Saavedra, J. M., Marin-Pozo, J. F. (1995). Al-
lergy to natural honeys and camomile tea. Int. Arch.
Allergy Immunol., 108, 2, 170-174. https://doi.org/
10.1159/000237135

Hayashi, T., Takamatsu, N., Nakashima, T., Arita, T. (2011).
Immunological characterizationof honey proteins and
identification of MRJP 1 as an IgE-binding protein. Bi-
osci. Biotechnol. Biochem., 75, 3, 556-560. https://doi.
org/10.1271/bbb.100778

Ibero, M., Castillo, M. J., Pineda, F., Palacios, R., Martinez,
J. (2002). Whole bee for diagnosis of honey allergy. Al-
lergy, 57, 6, 557-558. https://doi.org/10.1034/j.1398-
9995.2002.23666.x

Kruczek, A., Stacewicz, A., Puc, M. (2015). Pytek kwia-
towy w produktach pszczelich [Flower pollen in bee
products]. Alergoprofil, 11, 2, 41-44 [in Polish].

Laemmli, U. K. (1970). Cleavage of structural proteins dur-
ing the assembly of the head of bacteriophage T4. Na-
ture, 227, 680—685. https://doi.org/10.1038/227680a0

Louveaux, J., Maurizio, A., Vorwohl, G. (1978). Methods of
melissopalynology. Bee World, 59, 4, 139-157. https:/
doi.org/10.1080/0005772X.1978.11097714

Osterballe, M., Hansen, T. K., Mortz, C. G., Bindslev-Jens-
en, C. (2005). The clinical relevance of sensitization to
pollen-related fruits and vegetables in unselected pollen-
-sensitized adults. Allergy, 60, 2, 218-225. https://doi.
org/10.1111/j.1398-9995.2005.00674.x

PN-88/A-77626 (1988). Miodd pszczeli [Honey. General
product information]. Warszawa: PKN [in Polish].

Popescu, F. D. (2015). Cross-reactivity between aeroaller-
gens and food allergens. World J. Methodol., 5, 2, 31—
50. https://doi.org/10.5662/wjm.v5.i2.31

Rossano, R., Larocca, M., Polito, T., Perna, A. M., Padula,
M. C., Martelli, G., Riccio, O. (2012). What are the
proteolytic enzymes of honey and what they do tell
us? A fingerprint analysis by 2-D zymography of uni-
floral honeys. PLoS ONE, 7, 11, e49164. https://doi.
org/10.1371/journal.pone.0049164

Rozporzadzenie Ministra Rolnictwa i Rozwoju Wsi z dnia
14 stycznia 2009 r. w sprawie metod analiz zwigzanych
z dokonywaniem oceny miodu 2009. Dz.U. 2009, nr 17,
poz. 94 z p6zn. zm.) [Ministry of Agriculture and Rural
Development 2009, no. 17, item 94] [in Polish].

Sampson, H. A., Aceves, S., Bock, S. A., James, J., Jones,
S., Lang, D., ..., Wood, R. (2014). Food allergy: a prac-
tice parameter update — 2014. J. Allergy Clin. Immu-
nol., 134, 5, 1016-1025.e43. https://doi.org/10.1016/j.
jaci.2014.05.013

Sauliené, 1., Sukiené, L., Noreikaite-Merkeliene, A., Pilec-
kas, V. (2015). The comparison of pollen abundance in

23


http://dx.doi.org/10.17306/J.AFS.2020.0750
https://doi.org/10.5415/apallergy.2017.7.1.48
https://doi.org/10.5415/apallergy.2017.7.1.48
https://doi.org/10.1016/S0308-8146(02)00261-3
https://doi.org/10.1016/S0308-8146(02)00261-3
https://doi.org/10.1021/jf049068e
https://doi.org/10.1016/S0091-6749(96)70284-1
https://doi.org/10.1016/S0091-6749(96)70284-1
https://doi.org/10.1051/apido:2004047
https://doi.org/10.1051/apido:2004047
https://doi.org/10.1016/0003-2697(76)90527-3
https://doi.org/10.1016/0003-2697(76)90527-3
https://doi.org/10.5586/aa.2008.007
https://doi.org/10.1097/ACI.0000000000000191
https://doi.org/10.1016/j.foodchem.2015.09.051
https://doi.org/10.1016/j.foodchem.2015.09.051
https://doi.org/10.5586/aa.2015.045
https://doi.org/10.1016/j.jprot.2012.04.029
https://doi.org/10.1016/j.jprot.2012.04.029
https://doi.org/10.1159/000237135
https://doi.org/10.1159/000237135
https://doi.org/10.1271/bbb.100778
https://doi.org/10.1271/bbb.100778
https://doi.org/10.1034/j.1398-9995.2002.23666.x
https://doi.org/10.1034/j.1398-9995.2002.23666.x
https://doi.org/10.1038/227680a0
https://doi.org/10.1080/0005772X.1978.11097714
https://doi.org/10.1080/0005772X.1978.11097714
https://doi.org/10.1111/j.1398-9995.2005.00674.x
https://doi.org/10.1111/j.1398-9995.2005.00674.x
https://doi.org/10.5662/wjm.v5.i2.31
https://doi.org/10.1371/journal.pone.0049164
https://doi.org/10.1371/journal.pone.0049164
https://doi.org/10.1016/j.jaci.2014.05.013
https://doi.org/10.1016/j.jaci.2014.05.013

Burzynska, M., Piasecka-Kwiatkowska, D., Springer, E. (2020). Allergenic properties of Polish nectar honeys. Acta Sci. Pol. Technol.
Aliment., 19(1), 15-24. http://dx.doi.org/10.17306/J.AFS.2020.0750

air and honey samples. Acta Agrobot., 68, 4, 391-398.
https://doi.org/10.5586/2a.2015.036

Stawiarz, E. (2009). Pollen of non-nectariferous plants in
the microscopic image of honeys of some communes of
the Swi@tokrzyskie Voivodship. Acta Agrobot., 62, 2,
53-58. https://doi.org/10.5586/aa.2009.026

Teper, D. (2011). Analiza pytkowa jako podstawowe badanie
w ocenie nektarowych miodéw odmianowych [Pollen
analysis as the basic research in the assessment of nec-
tar varietal honey]. In Materialy II Lubelskiej Konferencji
Pszczelarskiej. Aktualne problemy nowoczesnego pszcze-
larstwa (s. 151-158) [Materials of the 2nd Lublin Bee-
keeping Conference. Current problems of modern bee-
keeping (pp. 151-158)]. 22-23 January, Pszczela Wola.

Von der Ohe, W., Persano Oddo, L., Piana, M. L., Morlot,
M., Martin, P. (2004). Harmonized methods of melis-
sopalynology. Apidologie, 35, 1, 18-25. https://doi.org/
10.1051/apido:2004050

24

Wang, J., Li, Q. X. (2011). Chemical composition, charac-
terization, and Differentiation of Honey Botanical and
Geographical Origins. Adv. Food Nutr. Res., 62, 89—137.
https://doi.org/10.1016/B978-0-12-35989-1.00003-X

Won, S.-R., Li, C.-Y., Kim, J.-W., Rhee, H.-I. (2009). Im-
munological characterization of honey major protein
and its application. Food Chem., 113, 4, 1334-1338.
http://red.unal.edu.co/cursos/ciencias/2018415/und2/
pdf/3immunological characterization.pdf

WAO (2013). WAO. White book on allergy 2011-2012. Ex-
ecutive summary. Milwaukee, Wisconsin, USA: World
Allergy Organization.

Yadzir, Z. H. M., Misnan, R., Abdullah, N., Arip, M., Murad,
S. (2011) Identification of major allergens of wildflower
honey. Southest Asian J. Trop. Med. Public Health., 42,
2,370-375.

www.food.actapol.net/


http://dx.doi.org/10.17306/J.AFS.2020.0750
https://doi.org/10.5586/aa.2015.036
https://doi.org/10.5586/aa.2009.026
https://doi.org/10.1051/apido:2004050
https://doi.org/10.1051/apido:2004050
https://doi.org/10.1016/B978-0-12-35989-1.00003-X
http://red.unal.edu.co/cursos/ciencias/2018415/und2/pdf/3immunological_characterization.pdf
http://red.unal.edu.co/cursos/ciencias/2018415/und2/pdf/3immunological_characterization.pdf

