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SUMMARY 

Sixty honey samples from different parts of the north-eastern Croatia were exam-
ined for pollen content and pollen share. In total, 84 different pollen grains were 
identified belonging to 40 families. The most represented families in the honey are: 
Asteraceae, Fabaceae and Rosaceae. Forty samples are unifloral and twenty are 
multifloral. Twenty six samples of unifloral honey are from Black locust, twelve 
from Rapeseed, and two from Lime tree. Honey samples contain 9-25 different 
types of pollen. Dominant pollen types are Brassicaceae and Robinia pseudacacia.  

Key-words: melissopalynological analysis, botanical origin, honey, north-eastern 
Croatia 

INTRODUCTION 

The pollen content of honey reflects regional agri-
cultural practices, forest vegetation and floral diversity 
of plants. The variability of honey types produced in a 
region depends on the diversity of nectar source pre-
sent in the region. The microscopic analysis of honey 
sediment was the first method used for determining 
the botanical origin of honey. Pollen analysis was used 
to determine honey as unifloral or multifloral. The char-
acterization of unifloral honey is necessary for scientific 
and commercial interests. According to Croatian legisla-
tion (Ministry of agriculture, fisheries and rural develop-
ment, 2009) unifloral honey has at least 45% its pollen 
grains deriving from the same plant species. Honey can 
also be unifloral, if the content of the pollen grains in 
honey sediment is for example: Tilia spp. 25%, Robinia 
pseudacacia L. 20%, Brassica napus var. oleifera DC. 
60%. Multifloral honey is a mixture of unifloral one from 
different species. 

Melissopalynological studies are helpful in bee 
management and in promoting beekeeping development. 
Botanical properties are important for the honey quality 
(Ramos et al., 1999; Valencia et al., 2000). Croatia has 
a long beekeeping tradition, and north-eastern Croatia 
has favourable climate and vegetation for beekeeping. 
Most of the beekeepers are semi-professional and keep 
bee colonies for extra income. The aim of the study is to 

inform about the results of qualitative melissopalynologi-
cal analysis honey samples collected in north-eastern 
Croatia (Osijek-Baranja County, Vukovar-Srijem County). 
The focus is on the identification of the most important 
plant source which produced nectar. The knowledge 
about flora can be of apicultural interest in this area. For 
this reason, pollen analysis in honey from this part of 
Croatia, aims at improving their quality and commercial-
ising unifloral honey in order to achieve a higher price in 
the market. 

MATERIAL AND METHODS

Sixty honey samples were collected from north-
eastern Croatia (Osijek-Baranja County - 34 samples, 
Vukovar-Srijem County - 26 samples), directly from bee-
keepers in 2015. The climate in the north-eastern Croatia 
is mildly continental with warm, dry summers and cold, 
snowy winters (Köppen classification - Csb). Meadows, 
cultivated fields and forests prevail in this area. Forests, 
which prevail in this area, are Galio-Salicetum alboe, 
Salici-Populetum nigrae, Carpino betuli-Quercetum robo-
ris, Leucoio-Fraxinetum (Alegro et. al., 2010). Dominant 
plants in the forest are: R. pseudacacia, Fraxinus spp., 
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Table 1. Pollen types in honey samples and their frequency 
Tablica 1. Vrste peludi u uzorcima meda i njihova učestalost

Family 
Porodica

Plant species
Biljna vrsta

D S IM M P
Frequency 

Učestalost (%)

Aceraceae Acer spp.   0   0   0   1   2   3

Apiaceae 
Anthriscus sylvestris 
Daucus carota 
Heracleum sphondylium 

  0
  0
  0

  0 
  0
  0

  0
  0
  0

  2
  6
  1

  5
  4
  1

13
26
  1

Asteraceae 

Achillea millefolium 
Ambrosia artemisiifolia 
Artemisia spp.
Aster spp.
Bellis perenis 
Centaurea spp. 
Chrysanthemum spp.
Erigeron spp.
Helianthus annuus
Matricaria spp. 
Silybum marianum 
Taraxacum officinale

  0
  0
  0
  0
  0
  0
  0
  0
  2
  0
  0
  0

  0
  0
  0
  1
  0
  0
  0
  0
  7
  0
  0
  0

  0
  0
  0
11
  0
  0
  0
  0
18
  0
  0
  0

  3
  0
  0
23
10
  1
  1
  1
  6
  1
  1
20

  4
  1
  2
  5
  6
  2
  0
  0
  6
  0
  2
  5

11
  1
  5
70
26
  5
  1
  3
65
  1
  5
53

Balsaminaceae Impatiens spp.   0   0   0   0   1   1

Betulaceae 
Alnus spp.
Betula pendula 

  0
  0

  0
  0

  0
  0

  0
  0

  5
  1

  8
  1

Boraginaceae 
Anchusa spp. 
Symphytum officinale  

  0
  0

  0
  0

  0
  0

  0
  0

  1
  3

  1
  3

Brassicaceae 
Brassica napus ssp. oleifera 
Raphanus spp. 
Sinapis spp. 

24
  0
  0

13
  0
  0

13
  0
  5

  6
  0
15

  0
  3
  1

93
  5
38

Caprifoliaceae Sambucus spp.   0   0   0   3   0   5

Caryophyllaceae Lychnis spp.   0   0   0   0   2   3

Chenopodiaceae 
Atriplex spp. 
Chenopodium spp. 

  0
  0

  0
  0

  0
  0

  0
  1

  1
  1

  1
  3

Cornaceae Cornus spp.   0   0   0   0   1   1

Cupressaceae Juniperus spp.   0   0   0   0   2   5

Quercus spp, Salix spp. and Castanea sativa. Amorpfa 
fruticosa and Rubus spp. can be found in the bush layer. 
Species from the Poaceae family (Zima and Štefanić, 
2009), Daucus carota L., Aster spp., Taraxacum offici-
nale Web., Sinapis spp., Lotus spp., Trifolium repens 
L., Plantago spp. etc. can be found in the ground layer. 

The preparation of honey samples followed the 
standardized method which was developed and pro-
posed by the International Commission for Bee Botany 
(Louveaux et al., 1978). This method was validated in 
2004 (von der Ohe et al., 2004) and it is widely used. 
The examination of honey sediment was carried out with 
an optical microscope at 400x to make identification of 
the pollen types. Pollen grains were identified with our 
reference collection and with the relevant literature (von 
der Ohe, 2003; Bucher et al., 2004). When possible, the 
pollen grains were identified to species level. The fre-
quency of occurrence denotes the relative amount (%) 
of samples in which certain pollen type appeared. Pollen 
grains were placed into one of the following pollen 
frequency classes: predominant pollen (more than 45% 

of pollen grains content), secondary pollen (16-45%), 
important minor pollen (3-15%), minor pollen (1-3%) and 
present pollen (p: <1%) (Louveaux et al.,1978). The 
Shannon-Weaver diversity index (Shannon and Weaver, 
1949) was used to calculate the pollen diversity in each 
sample.  

RESULTS AND DISCUSSION

During this study, 60 honey samples from north-
eastern Croatia were analysed. A total of 84 pol-
len types were recorded. These types belong to 40 
botanical families. The most represented families are 
Asteraceae with twelve taxa of pollen grains, Fabaceae 
with ten and Rosaceae with eight taxa. Brassicaceae, 
Oleaceae, Fagaceae, Apiaceae and Papaveraceae are 
represented with three pollen types. Boraginaceae, 
Chenopodiaceae, Primulaceae, Salicaceae, Betulaceae, 
Poaceae and Pinaceae are represented with two pollen 
types. Twenty-five families are represented with only 
one type. The results are shown in Table 1.
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Family 
Porodica

Plant species
Biljna vrsta

D S IM M P
Frequency 

Učestalost (%)

Cyperaceae Carex spp.   0   0   0   0   3   5

Ericaceae Erica spp.   0   0   0   0   1   1

Fabaceae 

Amorpha fruticosa 
Lotus spp.
Medicago spp. 
Melilotus spp.
Ononis spp. 
Robinia pseudacacia 
Trifolium incarnatum
Trifolium pratense
Trifolium repens 
Vicia spp.

  0
  0
  0
  0
  0
10
  0
  0
  0
  0

  2
  0
  0
  0
  0
24
  0
  0
  0
  0

23
  1
  0
  0
  0
21
  0
  0
  1
  0

14
13
  1
  0
  0
  4
  1
12
27
  0

  4
  4
  2
  1
  1
  0
  1
  4
  4
  1

71
30
  6
  1
  1
98
  3
30
56
  1

Fagaceae 
Castanea sativa 
Fagus spp.
Quercus spp. 

  0
  0
  0

  3
  0
  0

  0
  5
  2

  6
  1
23

  7
  8
16

26
25
73

Hippocastanaceae Aesculus hippocastanum   0   0   0   3   1   6

Hydrophyllaceae Phacelia tanacetifolia   0   0   1   0   1   3

Juglandaceae Juglans regia   0   0   2   7   1 16

Lamiaceae Salvia spp.   0   0   0   2   3 10

Liliaceae Aspagarus spp.   0   0   0   0   1   1

Loranthaceae Loranthus europaeus   0   0   0   0   1   1

Moraceae Morus spp.   0   0   0   8   7 23

Oleaceae 
Fraxinus spp. 
Ligustrum spp. 
Syringa vulgaris 

  0
  0
  0

  1
  0
  0

27
  0
  0

26
  0
  1

  4
  1
  2

90
  1
  5

Papaveraceae 
Chelidonium majus 
Fumaria spp.
Papaver spp.

  0
  0
  0

  0
  0
  0

  0
  0
  0

  0
  1
  0

  1
  1
  1

  1
  5
  1

Pinaceae 
Picea spp.
Pinus spp. 

  0
  0

  0
  0

  0
  0

  1
  2

  0
  3

  1
10

Plantaginaceae Plantago spp.   0   0   0 23 12 58

Poaceae 
Poaceae 
Zea mays 

  0
  0

  0
  0

  2
  0

43
  9

10
  5

95
25

Polygonaceae Rumex spp.   0   0   0   0   2   3

Primulaceae 
Primula spp. 
Lysimachia spp. 

  0
  0

  0
  0

  0
  0

  0
  0

  1
  1

  1
  1

Ranunculaceae Ranunculus spp.   0   0   0   0   1   1

Rosaceae 

Filipendula spp. 
Fragaria spp.
Malus spp.
Potentilla spp. 
Prunus spp.
Rosa spp. 
Rubus spp. 
Spirea spp. 

  0
  0
  0
  0
  0
  0
  0
  0

  0
  0
  0
  0
  0
  0
  0
  0

  0
  0
  0
  0
15
  0
  0
  0

  5
  0
  1
  0
26
  0
  1
  1

  2
  1
  1
  1
  4
  1
  3
  0

13
  1
  1
  1
75
  1
  6
  1

Rubiaceae Gallium spp.   0   0   0   2   6 13

Salicaceae 
Populus spp.
Salix spp.

  0
  0

  0
  3

  0
42

  1
12

  1
  0

  6
93

Saxifragaceae Ribes spp.   0   0   0   0   1   1

Scrophulariaceae Verbascum spp.   0   0   0   0   1   1

Simaroubaceae Ailanthus altissima   0   0   0   0   2   3

Solanaceae Solanum spp.   0   0   0   2   2   3

Taxaceae Taxus spp.   0   0   0   0   1   1

Tiliaceae Tilia spp.   1   2   0   3   4 20

D - predominant pollen (>45%), S - secondary pollen (16-45%), IM - important minor pollen (3-15%), M - minor pollen (1-3%), P - present pollen (<1%), frequency (%) 
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The number of taxa (pollen types), present in each 
honey sample that has been studied ranged from 9 to 
25. The Shannon-Weaver index increases as the species 
richness increases. The Shannon-Weaver index ranged 
between 0.75 (sample with 9 taxa) and 2.53 (sample 
with 25 taxa). None of pollen types was present in all 
honey samples. Thirty pollen types are found out in only 

one honey sample. Nectariferous pollen types, which 
are found in more than 90% of the honey samples, are: 
Robinia pseudacacia L. (98%), Brassica napus ssp. oleif-
era DC. (93%) and Salix spp. (93%) (Figure 1). Pollen 
types are present with the highest frequencies (Figure 2) 
between non-nectariferous plants, Fraxinus spp. (90%) 
and Poaceae (95%).
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The families that occur in more than 50% of the samples are Fabaceae, found in 95% (n=57) of the 
samples, Brassicaceae 83.33% (n=50) and Salicaceae 68.33% (n=41) (Figure 3).  
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The families that occur in more than 50% of the 
samples are Fabaceae, found in 95% (n=57) of the 

samples, Brassicaceae 83.33% (n=50) and Salicaceae 
68.33% (n=41) (Figure 3). 
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According to pollen spectra most of the samples 
(40) are unifloral and 20 samples are multifloral. We 
found out 26 unifloral Black locust, twelve unifloral 
rapeseed and two lime tree unifloral samples. The 

share of unifloral R. pseudacacia, Brassica napus ssp. 
oleifera and Tilia spp. honey were 43.3%, 20%, 3.3% 
whereas the share of multifloral honey type was 33.3% 
(Figure 4). 
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Slika 4. Udjeli vrsta meda

Pollen composition of honey is important informa-
tion on the nectariferous flora of the examination area. 
The examination describes characteristic flora being a 
source of nectar flow to honey bees. Pollen grains from 
dominant and secondary groups are important for honey 

formation (Kaya et al., 2005). According to the results 
pollen grains of Brassicaceae family are dominant in 
24 honey samples and secondary in 13 honey samples. 

Brassicaceae pollen is present in almost all sam-
ples (93%) and comes from cultivated members of 
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the family, such as Brassica napus ssp. oleifera DC. 
Raphanus raphanistrum L. is present only in three 
samples (5%). Pollen type is important In Spanish 
(Cabrerra-Ruiz et al., 1997) and Anatolia honey (Silici 
and Gökceoglu, 2007) R. raphanistrum. The members 
of Brassicaceae families are also frequently observed in 
honey from Central Anatolia (Sorkun and Yulug, 1985), 
and in Finland (Salonen et al., 2009). The Brassicaceae 
are also a valuable nectariferous source in east, central 
and north-eastern Poland (Wroblewska et al., 2006).

In north-eastern Italy (Gambon et al., 1995), as 
well as in Greece (Karabournioti et al., 2006) and Croatia 
(Štefanić et al., 2012) the most frequent occurrence of 
pollen is provided by plants of the families Asteraceae, 
Fabaceae and Rosaceae. 

Pollen of R. pseudacacia, Amorpha fruticosa and 
Trifolium repens is present in significant amount in ana-
lysed honey samples. R. pseudacacia is dominant in ten 
and secondary in 24 honey samples within Fabaceae 
family. In Hungary (Farkas and Zajacs, 2007) R. pseu-
dacacia is one the most important nectariferous plant. 
According to Primorac et al. (2008), in southern Croatia 
contribution of Trifolium spp. pollen in multifloral honey is 
significant. Štefanić et al. (2005) emphasizes the impor-
tance of A. fruticosa as nectar flow for honey bees.  

Rosaceae family is another important nectariferous 
source in Croatia. In Ireland, plants of the Rosaceae fam-
ily are also significant (Coffey and Breen, 1997) so as in 
Estonia (Puusepp and Koff, 2014).

Alos, plants of Asteraceae family is important 
nectariferous source in the examination area. Similar 
results are reported by Terrab et al. (2001). Pollen of 
Helianthus annus comes in a very significant amount in 
seven samples, from 16-48%. Some authors consider it 
as unifloral honey (Perez-Arquillué, 1986). According to 
Valencia-Barrera et al. (2000), in Leon province (Spain) 
sunflower honey is as common as in the north-eastern 
Bulgaria (Shumen region) (Lazarova et al., 2010). 

Fraxinus spp. and Salix spp. pollen occurs com-
monly in honey samples, but never in high proportions. 
Similarity can be seen in Varaždin County, Croatia as 
well (Sabo et al., 2011). Pollen of Salix spp. is found out 
in unifloral and multifloral Lithuanian honey (Čeksteryte 
et al., 2013). 

Poaceae pollen types are present with the highest 
(95%) frequencies in north-eastern Croatia; similar is in 
Finland (Salonen et al., 2009).

CONCLUSION

Eighty-four pollen types are established in honey 
samples. These types belong to 40 botanical families. 
The most important sources of pollen are plants from 
Asteraceae, Fabaceae and Rosaceae families. Dominant 
pollen types are Brassica napus ssp. oleifera, R. pseu-
dacacia, H. annuus and Tilia spp. The most significant 
important minor pollen types are Salix spp. and Fraxinus 
sp. 

Fourthy unifloral and 20 multifloral samples of 
honey were established on the botanical origin. The 
abundance of unifloral Black locust honey samples 
reflects the importance of this species in north-eastern 
Croatia. Black locust is invasive species and can be a 
threat to native flora but has a strong economic effect 
for beekeepers. 
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PELUDNA ANALIZA MEDA SJEVEROISTOČNE HRVATSKE 

SAŽETAK

U istraživanju je analizirano 60 uzoraka meda s različitih područja sjeveroistočne Hrvatske na sadržaj i udio 
peludi. Ukupno je determinirana pelud 84 biljnih vrsta koje pripadaju u 40 porodica. Najzastupljenije su 
porodice u analiziranim uzorcima meda bile Asteraceae, Fabaceae i Rosaceae. Od analiziranih uzoraka meda, 
za 40 je uzoraka utvrđena uniflornost, dok ih je 20 svrstano u multiflorni med. Od uniflornih vrsta meda 26 
je uzoraka deklarirano kao bagremov med, zatim 12 kao med od uljane repice te dva uzorka kao lipov med. 
Uzorci meda sadržavali su 9-25 vrsta peludi, a prevladavajuće vrste peludi bile su od biljaka iz porodice 
Brassicaceae i Robinia pseudacacia.  

Ključne riječi: melisopalinološka analiza, botaničko podrijetlo, med, sjeveroistočna Hrvatska
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