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Abstract.

A study of 17 honey samples from five localities - the villages Enina, Buzovgrad and Sahrane and the towns

Kazanlak and Shipka in Central Bulgaria - collected in 2006, 2007 and 2008, is presented. The aim was to
identify the botanical nectar sources important for the bees. Nineteen elements in five honeys were analyzed
by ICP-AES method in a certified laboratory. The results obtained for the elements, water content, pH, and
electrical conductivity were compared with literature data. Fifty-eight pollen types of nectariferous plants
were identified in the analyzed samples, and two monofloral honeys were recognized: Robinia pseudoacacia
honey from Buzovgrad village and Stachys-type honey from Enina village.
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Introduction

Diversity of vegetation near Kazanlak town makes
possible diversification of apicultural production.
In this context, melissopalynological studies are
particularly relevant, because they indicate the re-
sources utilized by honeybees as nectar sources.
Melissopalynological investigations are few in Bul-
garia (Bozilova & Anchev 1969; Bozilova & Chan
1976; Lazarova & Bozilova 2001, 2002; Atanassova
& Kondova 2004; Atanassova & al. 2004). No paly-
nological investigations and studies of the content
of microelements of honey from this region have
been made.

The aim of this work was to establish the botani-
cal origin of honey in the region and to identify the
nectar sources important for the bees. Of interest
are also the intra-annual and inter-annual variation
of the pollen spectra and the detection of differ-

ent sources of nectar during the apicultural period.
The physicochemical parameters — water content,
pH, electrical conductivity, and content of micro-
elements — are important indicators of the quali-
ty of honey. Electrical conductivity is best known
and is one of the most important honey character-
istics (European Commission 2002; Bogdanov &
al. 2004). The different elements among the hon-
ey types may reflect the different geographical or-
igin of honeys. The most pronounced differences,
especially of trace elements, were between honey-
dew and blossom type of honey (Ivanov & Cher-
venakova 1984; Feller-Demalsy & al. 1989; Sevlim-
li & al. 1992). The heavy metals Pb and Cd and the
toxic elements Cr and As could reflect the presence
of contaminants due to environmental pollution,
or pharmacological (anti-parasitical or acaricidal)
treatment of honey, or incorrect procedures dur-
ing the honey-processing and conservation phases
(Pisani & al. 2008).
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Area of investigation

The area of investigation had a radius of about 20 km
around Kazanlak town in Central Bulgaria (Fig. 1),
between the Central Balkan Range and Sredna Gora
Mts. Shipka town and Enina village are located at the
foot of the Central Balkan Range, at 700-800ma.s.1.
Kazanlak town and Sahrane village lie in the lowlands,
and Buzovgrad village is 3 km southwards of the town,
on a hill at about 500-600 ma.s.l. (Fig. 1).

The climate of the region is mildly continental (Ve-
lev 2002). The diversity of vegetation depends on to-
pography and cultivation. The foothills of the Central
Balkan Range are covered by deciduous forests, dom-
inated by Quercus dalechampii and forests and shrubs
of Carpinus orientalis, as well as planted Pinus sylves-
tris and P. nigra forests (Bondev 1991). During the last
20 years Robinia pseudoacacia has expanded in the de-
ciduous forests in that area. The lowlands are covered
by xerothermic grass communities, with prevalence of
Dichantium ischemum, Poa bulbosa and Chrysopogon
gryllus. Mesophylous grass communities with Festuca
pratensis, Poa sylvicola, Alopecurus pratensis, and Lo-
lium perenne are also widespread, replacing the forests
of Ulmus minor, Fraxinus oxycarpa and Quercus pe-
dunculiflora (Bondev 1991). Alnus glutinosa, Fraxinus
oxycarpa, Ulmus minor, and Salix alba grow along the
rivers. Near the apiaries we have collected and identi-
tied many herb species visited by the bees.

® In the meadows and grasslands were: Astra-
galus onobrychis, Dorycnium herbaceum, Lotus cornic-
ulatus, Medicago sativa, Melilotus alba, M. officinalis,

Trifolium arvense, T. patense, T. repens, Vicia grandi-
flora, Arabis turrita, Berteroa incana, Erysimum dif-
fusum, Lepidium perfoliatum, Sisymbrium orientale,
Raphanus raphanistrum, Rorippa prolifera, Thlaspi sp.,
Ajuga chamaepytis, A. reptans, Ballota nigra, Marru-
bium peregrinum, Mentha longifolia, M. spicata, Salvia
verticillata, S. pratensis, Sideritis montana, Thymus
sp., Daucus carota, Orlaya grandiflora, Malva sylves-
tris, M. neglecta, Arctium lappa, Centaurea diffusa, C.
rhenana, Eupatorium cannabinum, Taraxacum offici-
nale, Anchusa officinalis, Linaria vulgaris, etc.

® In the open forest near the apiaries in Enina
village we found: Clinopodium vulgare, Melissa offici-
nalis, Satureja pilosa, Stachys recta, Teucrium chamae-
drys, and on rocky grounds Rhodiola rosea, Sedum
acre, and S. album.

e In the inhabited lands and along roads were:
Carduus acanthoides, Cirsium arvense, Cichorium inty-
bus, Centaurea cyanus, C. solstitialis, Echium vulgare,
E. italicum, Dipsacus laciniatus, Datura stramonium,
Verbascum spp., etc.

All apiaries were close to gardens dominated by
trees and shrubs of Rosaceae (Prunus, Malus, Pyrus,
Rubus etc.)

Material and methods

The seventeen analysed honey samples had been col-
lected once or, if possible, twice during consecutive api-
cultural periods, in most cases from the same locations.
The locations of the apiaries were selected for their dif-
ferent topography and vegetation. Two

apiaries were in Kazanlak town - one of
them (1K) located at the foot of the Ty-
ulbeto Hill had various ornamental trees
and bushes, such as Sophora japonica,
R. pseudoacacia, Spirea spp., and differ-
ent species of Cupressaceae and Pinace-
ae. Another apiary was in an open area

with meadows and uncultivated grounds

X myzpuny

(2K). The apiary in Sahrane village (1Sh)
had the same surroundings: meadows
and pastures. Two apiaries were located
in Enina village, in the vicinity of a de-
ciduous forest and a forest dominated

Fig. 1. Map of Bulgaria with

the region of investigation.
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by P. nigra (3E and 4E). Another apiary was in Ship-
ka town (5S), near a deciduous forest and pasturelands,
and still another one in Buzovgrad (6B) was in a decid-
uous forest dominated by Quercus dalechampii, Carpi-
nus orientalis and Robinia pseudoacacia.

The samples obtained in June and the first half of
July, were considered as spring honeys. Those col-
lected in the second half of July and in August and
September were considered as summer honeys. On-
ly from Enina (sample 3E1 and 3E2) and from Buzov-
grad village (sample 6B1 and 6B2) it was possible to
collect two honey samples in 2007: once in spring and
once in summer, because of the more favourable cli-
matic conditions. The precipitation in spring and the
high temperatures and dry summer in 2008 resulted
in low honey production in the region, and samples
were collected only once: at the end of August and the
first half of September.

For laboratory preparation and qualitative analy-
sis, we have followed the method of Louveaux & al.
(1978): 400-500 pollen grains were counted in each
sample. The frequency of pollen types is expressed
as percentage of the pollen sum (P), which includes
pollen grains only from nectar-producing plants. The
pollen types in each sample were classified into four
groups: dominant pollen (d) (over 45 % of P); second-
ary pollen (s) (16-45%); important minor pollen (i)
(3-15%), and minor pollen (m) (under 3 %). Sporad-
ically presented minor pollen taxa (Campanula, Li-
num, Aesculus, Pedicularis, Solanum, Malva, Hedera,
Cerastium, Fraxinus ornus, and Reseda) are not includ-
ed in the tables. If one pollen type constituted <45 %
of the total number of pollen grains, the sample was
classified as monofloral. Pollen taxa were identified by
comparison, with a reference collection obtained from
the melliferous plants in the vicinity of the investigat-
ed apiaries and with Leitfaden der Pollenbestimmung
(Beug 2004).

For quantitative analysis, the method described by
Moar (1985) was followed. We added tablets contain-
ing a known number of spores of Lycopodium clava-
tum (Stockmarr 1971). Pollen concentration was cal-
culated and compared according to the classification
proposed by Maurizio (1939). The five classes accord-
ing to the pollen-grain content in 1g of honey were:
I - less than 2000 pollen grains; II — 2000 to 10 000
pollen grains; III — 10 000 to 50 000 pollen grains;
IV - 50 000 to 100 000 pollen grains; V - over 100 000
pollen grains.

The ratio of honeydew elements to pollen grains
of nectariferous plants was also calculated (HDE/P)
(Louveaux & al. 1978). Identification of the plant spe-
cies collected in the investigated region followed Jor-
danov (1963-1979), Velchev (1982-1989), and Kozhu-
harov (1992).

Only 5-6 honey samples were used to measure
the additional parameters because of the cost. Rou-
tine physicochemical analysis included water content
(honey refractometer Atago HHR-2N 12-30%, Ja-
pan), electrical conductivity (mS/cm in 20 % solution
at 20°C using MultiLine P3, WTW, Germany), and
pH (20 % solution, Jenway pH-meter 3310, England).
The values of conductivity and pH were calculated on
a dry-weight basis. About 5-6 g of honey was treated
with 15ml of nitric acid (9.67 M) overnight. The wet-
ash procedure was continued with heating in a water
bath, followed by addition of 2 ml hydrogen peroxide
until full digestion. The filtrate was diluted with dou-
bly distilled water (0.06 uS/cm) to 25 ml. All solutions
were stored in plastic flasks. Duplicates of each sam-
ple were prepared independently. The elements Al, As,
Ca, Co, Cd, Cr, Cu, Fe, K, Mg, Mn, Na, Ni, P, Pb, §,
Sr, V, and Zn were determined in a certified laborato-
ry by atomic emission spectrometry with inductive-
ly coupled plasma (ICP-AES) on a VARIAN VISTA-
PRO instrument. The detection limits were 0.002 mg/1
for Mn and Sr, 0.004 mg/1 for Cd, Co, Cr, Cu, and Ni,
0.005 mg/1 for Zn, 0.02 mg/1 for As and V, 0.03 mg/1 for
Pb, 0.04 mg/1 for Al and Fe, 0.5mg/1 for Ca, K, Na, P,
and S, and 1 mg/l for Mg. The analytical precision was
verified by triplicating (deviation was below 5% in all
cases) and by use of blanks and standard stock solu-
tions. Quality control was ensured by reference-plant
material (CRM 281, ryegrass). The measured concen-
trations were in good agreement with the recommend-
ed values. All concentrations are presented in mg/kg.

Results

A total of 73 pollen taxa were identified in the analyzed
honey samples, 59 of them from nectar-producing
plants. Two pollen taxa were dominant: R. pseudoaca-
cia exceeded 45% in sample 6B1-2007 (spring hon-
ey) from Buzovgrad village (Table 1) and Stachys type
in sample 3E1-2008 (summer honey) from Enina vil-
lage (Table 2). The honeys were classified as monoflo-
ral (Louveaux & al. 1978). Secondary pollen (s) came
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from two pollen taxa in spring honey: Brassicaceae and
Prunus type. Brassicaceae had high percentages in the
pollen spectra of honey samples 1K1-2006, 1K1-2007
from Kazanlak town (21.4 % - 39.7 %) and in 3E1-2006,
3E1-2007 (35.5%-39.8 %) from Enina village (Table 3
and 2). Prunus type predominated in the pollen spectra
of sample 4E1-2007 (31.7%) from Enina village. Sec-

Table 1. Pollen content in the honey samples collected in 2007.

ondary pollen taxa in the summer-honey pollen spec-
tra were Brassicaceae, Stachys type, Trifolium, Lotus, C.
cyanus, and Echium. The pollen analyses established
dominance of Trifolium in summer honey from Kazan-
lak town (2K1-2007 with 41.5% and 2K1-2008 with
30.8 %) and in summer honey from Buzovgrad village
(6B2-2007 with 23.5%). Lotus was the dominant pollen

Sample N 1K1 2K1 3E1 4E1 4E2 5S1 6B1 6B2

Spring | Summer | Spring Spring | Summer | Summer Spring | Summer
Pollen taxa % % % % % % % %
Prunus type 15.9 317 1.3 10.8
Rubus type 11.0
Potentilla type 7.7 29 43 8.1
Rosaceae 2.7 5.5 6.7 9.8 10.8
Brassicaceae 39.7 0.4 39.8 18.7 196 11.2 7.5 11.1
Trifolium 0.8 41.5 1.7 5.6 2.2 4.6 23.5
Robinia 14.8 1.2 47.1
Melilotus 13.7 5.9 0.9 7.4
Lotus 2.7 6.7
Vicia type 6.9 2.8 14.5 45 3.1
Helianthus type 9.6 24 3.1
Cirsium type 7.8 0.6 7.6
Centaurea jacea type 1.8
C. cyanus 2.6 16.1
Crepis/Taraxacum type 1.1 7.6
Matricaria/Achillea type 3.1 45 8.1 34 2.5
Echium 4.2 4.8 8.7
Pulmonaria type 0.3 0.4
Apiaceae 24 1.3
Daucus type 2.1 2.7
Heracleum 0.4 1.2
Stahys type 3.7 2.6 22 22 7.0 3.9 18 25
Mentha type 2.0 1.8
Salvia 2.5 1.8
Euphorbia 12.8 1.0 1.3 0.9 10.2
Knautia 1.9
Gentiana 10.0
Ranunculus acris type 4.8
Ranunculaceae 0.6 43
Verbascum 2,5 1.2 7.0 10.7 2.7
Linaria 0.9 0.6 2.4 3.3
Sedum 0.6 6.4
Convolvulus 1.1 0.6 0.8 1.2
Liliaceae 2.6 0.6
Allium 45
Tilia 1.9 1.3 6.2
Acer 1.7 2.2 0.2 1.8
Syringa/Ligustrum 4.0 0.8 2.8
Viburnnum 34 0.6
Salix 1.1 4.1
Rhamnus/Paliurus 6.8
Ailanthus 5.2
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(30.8%) in summer honey from Sahrane village (1Sh1-
2006), and Centaurea cyanus had high percentages in
the pollen spectra of sample 581-2007 from Shipka
town (16.1%). Pollen grains of Echium were found in
most investigated samples, but the highest level (29.6 %)
was established in sample 3E-2008 from Enina village.
The high variety of pollen types (i) in spring honey
came from Rosaceae, (Rubus type, Potentilla type), from

Table 2. Pollen content in the honey samples collected in 2008.

Sample N| 2K1 3E1 4E1 581 6B1
Summer|SummerSummer|Summer|Summer

Pollen taxa % % % % %
Potentilla type 1.2 0.6 1.1 1.3
Agrimonia type 1.2
Rosaceae 0.7 0.6 1.1
Brassicaceae 16.9 3.9 35.1 6.3 10.8
Trifolium 30.8 2.3 22 3.4
Melilotus 10.3 42
Lotus 3.1 1.2 4.8
Vicia type 1.2 1.6 1.3 1.5
Onobrychis 4.6
Helianthus type 3.2 3.7
Cirsium type 10.9 1.2 0.9 1.3
Centaurea jacea type 2.0 0.6 1.8
C. cyanus 0.7 5.5
Crepis/Taraxacum type 0.6
Matricaria/Achillea type| 2.0 1.2 4.0 5.5
Echium 2.0 29.6 10.0 16.3 7.4
Pulmonaria type 0.3 3.7
Apiaceae 1.0
Daucus type 0.9 24
Eryngium 1.6 3.1 1.8
Heracleum 1.6 0.7
Tilia 1.8 0.7 37
Stachys type 7.8 49.8 26.9 12.6 6.8
Mentha type 1.2 4.6 3.7
Salvia 23 1.0 5.1
Euphorbia 0.9 1.2 1.8 1.1
Verbascum 0.6 2.7 12.1 2.8
Linaria 9.3 0.7 1.8
Centaurium
Gentiana 1.8 0.9
Ranunculus acris type 33 1.2 1.3 15.2
Convolvulus L5
Acer 1.2 1.2 1.3 3.7
Syringa/Ligustrum
Viburnum 0.4
Salix
Rhamnus/Paliurus
Ailanthus 2.9
Liliaceae 42 1.0
Galium 1.5

family Fabaceae (Robinia pseudoacacia, Lotus, Melilo-
tus, Vicia type), and from Stachys type, Brassicaceae,
Euphorbia, Syringa/Ligustrum, Salix, Tilia, etc. In sum-
mer honeys, some important minor pollen was that of
Cirsium type, Helianthus type, Crepis/Taraxacum type,
Matricaria/Achillea type, Brassicaceae, Echium, Mentha
type, Salvia, Verbascum, Linaria, Sedum, Euphorbia,
etc. (Tables 1, 2, 3).

All honey samples contained a low content but
high variety of pollen grains from nectarless plants,
such as Pinus, Quercus, Betula, Corylus, Fagus, Rumex,
Plantago, Artemisia, Helianthemum, Papaver, Hyperi-
cum, Chenopodiaceae, Cyperaceae, and Poaceae.

Table 3. Pollen content in the honey samples collected in 2006.

Sample N [ 1K1 3E1 581 7Sh1
Spring | Spring | Summer | Summer

Pollen taxa % % % %
Prunus type 11.2
Rubus type 8.9 14.5
Potentilla type 2,6 1.8 2.4 1.5
Rosaceae 2.9 34
Brassicaceae 214 35.5 16.7 13.6
Trifolium 19.6 43 7.0 3.0
Robinia 8.5 22 7.0
Melilotus 5,6 2.9 1.5
Lotus 3.0 0.6 30.8
Vicia type 6.3 1.2 3.5 3.0
Onobrychis 0.4 2.1
Crepis/Taraxacum type 0.9 0.7
Cirsium type 5,6 0.7
Centaurea cyanus 4.6 7.2 5.9
Matricaria/Achillea type 3.0 0.6 2.0 0.7
Echium 23 0.6 1.6 10.6
Pulmonaria type 0.4 0.3
Lithospermum 5.7
Apiaceae 23 1.2
Daucus type 2,0 1.5
Heracleum 0.7
Ranunculus acris type 1.0
Stachys type 32 6.8 13.7 6.1
Mentha type 1.2 1.2 5.4
Euphorbia 9.3 22
Gentiana 1.8
Polygonum aviculare 0.6 1.6
Convolvulus 0.6 0.6
Tilia 0.6
Acer 33
Syringa/Ligustrum 24
Salix 33
Verbascum 14.3 0.2
Linaria 1.7
Galium 24
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Quantitative analysis has shown low pollen con-
centrations in the studied honey samples: 2 honeys
were assigned to class III, and 15 honey samples were
included in class IT (Maurizio 1939) (Table 4). Honey-
dew indicators were scarce (Table 4).

The water content in honeys was within the
range of 12.2% to 17.8 %, the average pH value was
3.48+0.23, and the electrical conductivity varied in

Table 4. HDE/P ratio and pollen concentration grains/g .

Sample N/ HDE/P Pollen ¢ Class

Year of collection oncentration| (Maurizio 1939)
grains/1g

1K-1, 0.02 4220 II

Spring 2006 Practically none

3E-1, 0.13 5296 11

Spring 2006 Few

55-1, 0.10 5890 I

Summer 2006 Few

7Sh-1, 0.18 4487 11

Summer 2006 Few

1K-1, 0.02 6539 I

Spring 2007 Practically none

2K-1, 0.13 6380 11

Summer 2007 Few

3E-1, 0.05 6671 II

Spring 2007 Practically none

4E-1, 0.07 3884 11

Spring 2007 Practically none

4E-2, 0.10 2845 11

Summer 2007 Few

58-1, 0.10 5890 II

Summer 2007 Few

6B-1, 0.01 4026 1I

Spring 2007 Practically none

6B-2, 0.55 3337 I

Summer 2007 Few

2K-1, 0.36 3800 11

Summer 2008 Few

3E-1, 0.14 11444 I

Summer 2008 Few

4E-1, 0.07 16970 11

Summer 2008 Practically none

58-1, 0.04 6338 II

Summer 2008 Practically none

6B-1, 0.07 3474 11

Summer 2008 Practically none

Table 5. Water content, pH and electrical conductivity in
honey samples from the region of Kazanlak.

Index |Water content, % | pH | Conductivity, mS/cm
2K1-2007 12.2 3.10 0.223
1K1-2007 16.1 3.39 0.217
3E1-2007 15.9 3.77 0.289
551-2007 17.8 3.45 0.428
6B1-2007 16.3 3.58 0.117
6B2-2007 16.2 3.58 0.337

a wide range from 0.117 to 0.428 mS/cm (Table 5).
Heavy metals, such as Cd, Co, Pb, and Ni and tox-
ic elements such as As, Cr, and V in most cases were
under the detection limits (Table 6). Zinc varied for
more than one order of magnitude among the differ-
ent honey samples, followed by K and Mn (4 times),
Al Cu, Fe, P, and S (3 times). The maximum values
of six elements (Cu, K, Mg, P, S, and Zn) were found
in the honey from Shipka town (5S-1). The highest
concentrations of Fe, Ni, and Na were in the honey
produced in the area of Tyulbeto Hill (1K-1), where-
as the highest content of Mn and Sr was in the hon-
ey sample from Enina village (3E-1). Calcium had
maximum value in the sample from Kazanlak dis-
trict (2K-1), and aluminium in the Buzovgrad region
(6B-1). Only the changes in zinc concentrations were
significant.

Table 6. Concentrations of 19 macro- microelements (mg/kg)
in studied honey samples from the region of Kazanlak.

Index| Al | As | Ca [ Cd [ Co| Cr|cu Fe | K
2K1  0.88 <0.1 86.2 <0.02 <0.02 <0.02 0.25 1.47 178
1K1 2.63 <0.1 46.1 <0.02 <0.02 <0.02 0.09 4.31 190
3E1  2.89 <0.1 73.7 <0.02 <0.02 <0.02 0.21 1.24 462
581 2,62 <0.1 752 <0.02 <0.02 <0.02 0.25 1.75 586
6Bl  3.04 <0.1 52.8 <0.02 <0.02 <0.020.15 145 152

Index|Mg |Mn | Na [ Ni [ P [Pb| S |[sr |V |zn
JKI 132 020 146 <0.02441 <02 289 028 <0.1 1.26
IKI 89 011 327 102342 <02 188 0.9 <0.1 023
3E1 194 046 169 <0.02568 <02 373 030 <0.1 0.93
551 199 037 247 <0.02728 <02 403 025 <0.1 391
6Bl 85 0.4 150 008284 <02 135 022 <0.1 0.30

Discussion

The results of qualitative pollen analysis indicate the
diversity of resources utilized by honeybees in the re-
gion of investigation. The main botanical species for
honey production were of the families Fabaceae, Lam-
iaceae, Brassicaceae, and Rosaceae. Robinia pseudoaca-
cia was an important nectar source in spring, together
with Trifolium, Vicia, and different species of Rosaceae
and Brassicaceae. Robinia unifloral honey is common
in Bulgaria, but its production varies greatly, depend-
ing on the climatic conditions in spring (precipitation,
temperature, winds, etc. (Petkov 2006). Besides, Black
Locust is a fine nectariferous plant but has a short
flowering period (10-15 days). In interpreting the re-
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sults of pollen analysis, mention deserves the fact that
Prunus pollen grains have morphological characteris-
tics similar to those of Pyrus, Malus, Mespilus (Beug
2004). The same applies to the pollen grains of Poten-
tilla and Fragaria, and they were included in the gen-
eral pollen types (Prunus type and Potentilla type).
Gardens with cultivated trees and shrubs, predom-
inantly of Rosaceae, are important for supplying the
bees with nectar in spring.

In summer, numerous species of Lamiaceae (Ajuga
chamaepytis, Clinopodium vulgare, Ballota nigra, Mar-
rubium peregrinum, Mentha spicata, Salvia verticilla-
ta, Stachys recta, Thymus sp.), Fabaceae (Lotus cornic-
ulatus, Medicago sativa, Melilotus alba, M. officinale,
Trifolium pratense, T. repens, Vicia grandiflora), Brassi-
caceae (Brassica incana, Erysimum diffusum, Sisymbri-
um orientale, Raphanus raphanistrum), Boraginaceae
(Echium vulgare, E. italicum) etc., which have long pe-
riods of flowering (from May to August-September),
supply the bees with nectar. Because of similar mor-
phological characteristics, the pollen grains of Lam-
ium and Ballota were included in the Stahys type. Pol-
len analysis shows an increase in the summer pollen
spectra of the Asteraceae taxa, especially Centaurea
cyanus and Cirsium. Centaurea cyanus is a weed in-
festing the cereal fields that produces high amounts of
nectar in the dry summer periods (Bizev & al. 2003).
The same applies to E. vulgare and E. italicum, which
are widespread on uncultivated lands and in arid pas-
tures (Ricciardelli dAlbore 1998).

Palynological results show that the honey from eve-
ry apiary has a different composition of pollen spec-
tra in the successive years. The botanical composition
of regional honey depends on the climatic conditions
during the apicultural period. Multifloral honeys were
frequent due to the fact that the common practice in
the study area was to harvest honey only once during
the apicultural period, storing it in the hive and ex-
tracting a mixture of honey at the end of the period.
This made the interpretation of seasonal variations
difficult.

According to the European honey standard (Euro-
pean Commission 2002), the conductivity of honey-
dew type should exceed 0.8 mS/cm. The honey sam-
ples studied by us had low conductivity, on the average
of 0.269+0.108 mS/cm. Values of pH (3.45+0.23) in
these honey samples were generally lower, as com-
pared to the higher values of the honeydew type of
honey (Soria & al. 2004). Water content in the hon-
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ey samples from Kazanlak region was approximate-
ly similar to the ranges given for Slovenian honeydew
honeys: 13.4% and 18.0% (Abramovi¢ & al. 2008),
and close to the average values for the main types of
honeys - Robinia, multifloral, and honeydew (Dink-
ov 2003). The descending order of all analyzed mac-
roelements and microlelements on the average was
as follows: K>Ca>P>S>Na>Mg>Al>Fe>Zn>Mn>Sr>
Cu> Nj, V, As, Pb, Cr, Co, Cd. Potassium was the most
abundant element in all honey samples, with an av-
erage content of 313+198 mg/kg. The Czech, Slo-
vak, and Polish honeys had higher nickel levels (e.g.
0.06-1.53mg/kg in Czech honeys) than the hon-
eys originating from other parts of the world (Lach-
man & al. 2007). The concentrations of Ni (<0.02 up
t01.02 mg/kg) in the studied Bulgarian honey samples
were insufficient to confirm this fact. Data observed
in this study have shown a low content of heavy metals
and toxic elements. A comparison with literature da-
ta of elements in honeys produced in Italy, Spain, Tur-
key, and Ireland (Pisani & al. 2008) has shown lower
content of all analyzed elements, except for calcium in
the Bulgarian samples from the region of Kazanlak.
Besides the botanical origin of honey, the reason for
these differences could be some geological and/or ge-
ochemical features.

Conclusion

The most important nectar-producing plants in the
region of investigation were from the native flora, ex-
cept for the representatives of family Rosaceae (Pru-
nus, Malus, Pyrus, Rubus, Fragaria, etc.). Production
of unifloral Robinia honey is possible under favour-
able climatic conditions in spring. The main nectar-
producing plants belong to Lamiaceae, Brassicaceae
and Fabaceae, distributed in the meadows, pastures,
and uncultivated lands. Of particular importance for
the bees in the region were the numerous species pro-
ducing high quantity of nectar during the dry periods:
Centaurea cyanus, Cirsium, Echium vulgare, E. itali-
cum, etc.

The honeys under study had levels of water con-
tent, pH, and electrical conductivity within the limits
set for European honey standard (European Commis-
sion 2002). Data observed in this study showed a low
content of heavy metals and toxic elements in all hon-
ey samples.
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