
1  Corresponding author: Gulsah Yil 

 Email: gulsah.saatcioglu@ozal.edu.tr 2029 

 

Vol. 08, No. 3 (2026) 2029-2040, doi: 10.24874/PES08.03A.015 

 

Proceedings on Engineering  

Sciences 
 

www.pesjournal.net 

 

 

 

DO HONEYBEES USE THE FUNGAL SPORES AS 

NUTRITIONAL SUPPLEMENTS? AN ANATOLIAN 

SAMPLE 

 

 

Gulsah Yil 1  

Received 25.05.2026. 

Revised 13.08.2026. 

Accepted 02.09.2026. 
 

Keywords: 

Honey, Fungal Spore, 

Malatya, Anatolia 

A B S T R A C T 

Honey is one of the most requested food products worldwide. The beneficial biochemicals are 

primarily provided by plants that honeybees visit to collect nectar and pollen. Pollen was 

considered to be the most important nutritional source of honey but in studies conducted in 

recent years fungal spores are accepted as supplement of bee products. When fungal spores are 

added to the pollen diet, they increase the nutritional value and ensure that the bee colony lives 

longer. Additionally it is possible to utilize bees in engineering applications-as spatially 

distributed bioindicators- to interpret ecological conditions. . For this reason this study was 

conducted in 13 districts of Eastern Anatolia (Malatya) during 2020. The 35 honey samples were 

provided from local stationary beekeepers. The honeys were prepared to examine microscopic 

for determining the diversity of fungal spores. 35 fungal spore type and hypha fragments were 

specified. Cladosporium (13.484 %), Aspergillus/Penicillium (6.682 %), Uredinales (6.592 %), 

Metschnikowia (5.692 %), Puccinia (5.649 %) spores were determined as most frequent spore 

types in samples. Kuluncak (KC-1) sample represented with the highest percentage (4.891%), 

Puturge (PT-3) sample represented with the lowest percentage (1.985%) in all districts of study 

area. 
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1. INTRODUCTION  
 

Honey is known as the oldest sweet historically and has 

already been demanded around the world. Because of this 

request honey standardization has gained importance. 

The physical characteristics like colour, taste, pH, 

viscosity are affected substantially by pollen and spore 

chemicals (Anklam, 1998; Shaw, 1990). 

Melissopalynological studies have been carrying out for 

years all around the world for identifying microscopic 

elements (fungal spores, yeasts, pollen … etc.) in honey 

to determine the ecological, botanical and geographical 

origin of honey. 

 

Fungal spores come into honey in three ways. The first 

way is originated airborne with contamination (Pérez-

Atanes et al., 2001). Weather conditions such as air 

humidity, air velocity, temperature, precipitation could 

affect the fungal spore concentration and composition in 

the air (Grinn-Gofroń & Bosiacka, 2015; Modro et al., 

2009; Pasanen et al., 1991). The seconder way is the 

reason of honeydew in beehives (Pérez-Atanes et al., 

2001). The last way is “active” mode; the bees collect the 

fungal spores vice polen grains (Parish et al., 2020). The 

bees collect the fungal spores instead of pollen could be 

explained by scarcity of botanical sources, wealthy 

nutritional compounds of fungal spores, the attractive 

fragrance and appearance and the morphological 
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similarity of some fungal spores and pollen grains (Parish 

et al., 2020; Shaw, 1990). 

 

The bees utilize the fungal spores in lieu of pollen grains 

at the lack of flowering period for nutritional value 

(Lang, 1901; Parish et al., 2020). The fungal spore 

supplemented pollen diet of honey bees had shown the 

nutritiousness of fungal spores prolong the life of the 

worker bees (Parish et al., 2020). According to Modro et 

al. (2009) the crude protein, organic material and total 

carbohydrate values of fungal spores are quite rich. The 

bees can collect the fungal elements from vegetative parts 

of the plants while foraging for nectar (Seijo et al., 2011). 

The fungal spores as pellets are transported by pollen 

baskets on the honey bee legs like pollen grains and the 

spores that carried by this way, could be on honeycomb 

cells and all other surfaces (Lang, 1901; Modro et al., 

2009; Seijo et al., 2011). The filamentous fungi is, by the 

virtue of its high nutrient content, accepted as future food 

and many studies has carried through on this trajectory 

(Barzee et al., 2021). 

 

Metschnikowia T. Kamienski is yeast as a member of 

ascomycetes and in anaerobic conditions it shows pseudo 

hyphal growth (Vicente et al., 2020). Metschnikowia taxa 

could be observe on flowers or fruits and disperse to new 

habitats entomologically especially by honey bees (Apis 

mellifera L.) (Gruß, 1917–1918; Hong et al., 2001). The 

existence of this taxon in honeys was indicated by 

Magyar et al. (2005) firstly. Metschnikowia cells are a 

useful tool for distinguish blossom honey and honeydew 

honey (Escuredo et al., 2012; Seijo et al., 2011). 

 

The studies about determining of fungal spores in honey 

samples are less by the side of pollen studies (Dimou et 

al., 2006; Escuredo et al., 2012; Mura-Mészáros & 

Magyar, 2017; Seijo et al., 2011; Terrab et al., 2019). 

This examination is conducted for defining the fungal 

spore content of Malatya (Southeast Anatolia) honeys to 

approach the ecological sources of honeys. 

 

The filamentous fungi is, by the virtue of its high nutrient 

content, accepted as future food and many studies has 

carried through on this trajectory (Barzee et al., 2021). 

Various organisms serve as bioindicators in fields such 

as environmental monitoring and ecotoxicology, and this 

data has been utilized for many years, particularly within 

framework of environmental engineering. These 

organisms include lichens (Frati et al., 2007), mussels 

(Nguyen Thanh Kim et al., 2025), and earthworms 

(Fründ et al., 2010). Honey bees can also serve as 

bioindicators for identifying environmental markers. 

They provide insight into the botanical, geographical and 

ecological characteristics of the areas where they forage 

for nectar, pollen, resin and fungal spores to produce bee 

products (Cunningham et al., 2022; Shindler et al., 2013). 

 

2. MATERIALS AND METHODS 
 

2.1 Study Area 
 

Malatya is located in the Eastern Anatolia Region. There 

are 13 districts of Malatya and Arapgir, Arguvan, 

Hekimhan, Kuluncak are located in northern, Darende, 

Akcadag, Dogansehir are located in western, Dogansehir, 

Yesilyurt, Battalgazi and Puturge are located in southern, 

Doganyol, Kale and Yazihan are located in eastern of the 

city (Figure 1). Karakaya Dam surrounds the east of city 

and Akcadag Plataeus from west. Yama Mountain is in 

north, Nurhak Mountains places in south of Malatya.  

 

The phytogeographical regional features of Malatya flora 

included Irano-Turanian (42.18%), Mediterrannean 

(7.82%) and Euro-Sibirian (3.84%) elements and In 

terms of species wealthy the largest families are analysed 

as Asteraceae, Fabaceae, Brassicaceae, Lamiaceae, 

Poaceae (Karakuş, 2016). According to previous studies 

some of fungal genera in the study area had been 

recorded as; Peronospora, Pleospora, Puccinia, 

Uromyces, Ustilago, Botrytis, Cladosporium, 

Helminthosporium (Bahçecioğlu & Gjærum, 2004; 

Bahçecioğlu & Yıldız, 2001; Kabaktepe et al., 2015; 

Tamer et al., 1987). 

 

 
Figure 1. Study area and the sample quantities, provided of districts. 

(https://en.wikipedia.org/wiki/File:A_general_map_of_Eastern_Europe.svg) 
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2.2 Microscopy 
 

The 35 honey samples were collected from local 

beekeepers of all 13 districts of Malatya (Eastern 

Anatolia) in 2020. The districts and the sample numbers 

are Akcadag (AK)/4, Arapgir (AP)/1, Arguvan (AR)/1, 

Battalgazi (BG)/5, Darende (DR)/2, Dogansehir (DS)/4, 

Doganyol (DY)/2, Hekimhan (HK)/3, Kale(KL)/1, 

Kuluncak (KC)/1, Puturge (PT)/6, Yazıhan (YZ)/1, 

Yesilyurt (YY)/4. Louveaux et al. (1978) methodology 

was used for preparing to honey samples for prepare to 

examination. According to the procedure a ten gram 

sample taken from each honey was dissolved in distilled 

water at 450C and centrifuged for 10 minutes at 3500 rpm 

using Nüve NF200 desktop centrifuge. The supernatant 

was then removed. Basic fuchsin-stained glycerin-gelatin 

was added the sample. The sediment was transferred to a 

slide in this state, covered with a 22X22 lamella, and 

prepared for examination. In each sample, fungal spores 

were counted by scanning the entire area of the 22X22 

mm lamella under a Nikon Eclipse E100 microscope 

using a 100X magnification oil-immersion objective. The 

morphological spore identification was based on 

(Domsch et al., 1980; Ellis & Ellis, 1998; Grant Smith, 

2000; St-Germain & Summerbell, 1996; Watanabe, 

2002) and our references. The statistical analysis of 

dominant fungal taxa has done according to One-Way 

Anova Test (Figure 5-6, Table 2-3). 
 

3. RESULTS 
 

Accordingly the districts of Malatya city 35 fungal taxa 

and hypha fragments determined in 35 honey samples 

examined in 2020 (Table 1). Kuluncak (KC-1) sample 

represented with the highest percentage (4.891 %), 

Puturge (PT-3) sample represented with the lowest 

percentage (1.985%) in study area, Eastern Anatolia 

(Malatya) (Table 1, Figure 2). Undetermined fungal 

spores, with 1.717% percentages, shown as “Others” in 

Table 1. 

 

Table 1. The fungal spore concentrations according to the locations (%) 

TAXA/SAMPLE KC1 KL1 AR-1 AP1 AK1 AK2 AK3 AK4 HK1 HK2 HK3 DS1 DS2 DS3 DS4 YZ1 DY1 DY2 

Agrocybe 0.025 0.036 0.036 0.016 0.005 0.008 0.030 0.030 0.044 0.038 0.014 0.033 0.008 0.003 0.003 0.005 0.019 0.036 

Alternaria 0.183 0.090 0.128 0.033 0.139 0.107 0.074 0.049 0.098 0.115 0.041 0.145 0.046 0.063 0.071 0.303 0.120 0.074 

Anthrinium 0.008 0.000 0.011 0.000 0.033 0.030 0.016 0.025 0.027 0.033 0.014 0.019 0.008 0.003 0.030 0.016 0.030 0.011 

Asp./Pen. 0.435 0.213 0.170 0.202 0.159 0.336 0.183 0.030 0.123 0.066 0.254 0.323 0.107 0.126 0.098 0.623 0.046 0.057 

Botrytis 0.413 0.172 0.139 0.038 0.060 0.049 0.098 0.046 0.033 0.391 0.120 0.197 0.052 0.131 0.090 0.139 0.074 0.044 

Chaetomium. 0.011 0.030 0.022 0.016 0.033 0.005 0.016 0.011 0.019 0.003 0.036 0.074 0.057 0.044 0.066 0.036 0.014 0.030 

Cladosporium 1.195 0.435 0.049 0.339 0.044 0.984 0.703 0.254 0.046 0.514 0.235 0.079 0.046 0.489 0.585 0.049 0.052 0.036 

Coprinus 0.085 0.022 0.036 0.046 0.025 0.016 0.057 0.038 0.019 0.030 0.022 0.063 0.049 0.027 0.044 0.033 0.066 0.079 

Curvularia 0.044 0.057 0.038 0.033 0.044 0.038 0.036 0.027 0.049 0.060 0.041 0.085 0.074 0.077 0.063 0.060 0.036 0.030 

Drechslera 0.077 0.052 0.036 0.060 0.063 0.044 0.049 0.030 0.044 0.038 0.036 0.044 0.030 0.060 0.071 0.038 0.074 0.033 

Epicoccum 0.033 0.038 0.041 0.030 0.038 0.044 0.038 0.030 0.033 0.036 0.030 0.030 0.041 0.044 0.033 0.030 0.044 0.033 

Fusarium 0.038 0.049 0.060 0.046 0.025 0.038 0.011 0.016 0.005 0.025 0.044 0.057 0.052 0.044 0.049 0.066 0.019 0.036 

Ganoderma 0.060 0.052 0.063 0.057 0.066 0.060 0.071 0.071 0.068 0.063 0.057 0.060 0.074 0.071 0.057 0.063 0.057 0.074 

Geotrichum 0.112 0.071 0.090 0.046 0.098 0.036 0.066 0.101 0.068 0.120 0.115 0.057 0.079 0.074 0.085 0.098 0.093 0.090 

Myxomycetes 0.150 0.044 0.063 0.101 0.041 0.052 0.036 0.049 0.074 0.066 0.079 0.060 0.085 0.090 0.057 0.038 0.046 0.066 

Helminthosporium 0.090 0.085 0.104 0.087 0.101 0.079 0.063 0.098 0.115 0.057 0.077 0.071 0.101 0.057 0.107 0.066 0.090 0.082 

Hypha 0.142 0.118 0.022 0.033 0.049 0.038 0.057 0.052 0.074 0.090 0.104 0.046 0.131 0.098 0.139 0.118 0.052 0.044 

Leptosphaeria 0.120 0.139 0.090 0.170 0.183 0.213 0.194 0.202 0.085 0.079 0.068 0.098 0.090 0.085 0.093 0.109 0.079 0.057 

Melanospora 0.000 0.027 0.005 0.000 0.008 0.030 0.025 0.011 0.019 0.014 0.003 0.025 0.016 0.008 0.022 0.019 0.011 0.025 

Metschnikowia 0.703 0.380 0.077 0.457 0.049 0.484 0.416 0.052 0.202 0.208 0.224 0.178 0.134 0.115 0.090 0.093 0.074 0.087 

Nigrospora 0.038 0.057 0.071 0.068 0.044 0.033 0.033 0.041 0.052 0.044 0.060 0.063 0.052 0.057 0.060 0.046 0.036 0.036 

Paecilomyces 0.005 0.046 0.036 0.057 0.077 0.025 0.049 0.038 0.052 0.060 0.623 0.016 0.030 0.038 0.036 0.049 0.057 0.074 

Peronospora 0.036 0.057 0.046 0.041 0.033 0.049 0.055 0.038 0.052 0.057 0.044 0.063 0.060 0.055 0.038 0.044 0.041 0.057 

Phytomyces 0.066 0.041 0.057 0.044 0.060 0.057 0.055 0.046 0.055 0.057 0.066 0.052 0.057 0.060 0.046 0.057 0.060 0.052 

Pleospora 0.057 0.046 0.090 0.066 0.052 0.046 0.057 0.049 0.046 0.036 0.038 0.087 0.093 0.082 0.090 0.079 0.071 0.057 

Fern  0.066 0.044 0.000 0.057 0.052 0.041 0.057 0.049 0.254 0.385 0.375 0.052 0.063 0.049 0.052 0.060 0.093 0.112 

Puccinia 0.336 0.052 0.074 0.090 0.131 0.178 0.224 0.591 0.044 0.049 0.066 0.172 0.153 0.131 0.107 0.202 0.052 0.038 

Stemphylium 0.038 0.044 0.036 0.044 0.038 0.041 0.052 0.046 0.038 0.049 0.046 0.036 0.055 0.038 0.049 0.044 0.036 0.049 

Torula 0.033 0.057 0.038 0.049 0.093 0.090 0.071 0.038 0.060 0.068 0.066 0.077 0.085 0.063 0.071 0.033 0.085 0.074 

Trichothecium 0.003 0.011 0.003 0.005 0.003 0.008 0.011 0.016 0.005 0.008 0.005 0.016 0.005 0.003 0.014 0.005 0.019 0.011 

Ulocladium 0.074 0.148 0.115 0.172 0.046 0.038 0.057 0.060 0.093 0.071 0.079 0.087 0.077 0.101 0.052 0.118 0.126 0.139 

Uredinales 0.030 0.049 0.238 0.254 0.044 0.087 0.126 0.046 0.235 0.213 0.189 0.457 0.503 0.369 0.391 0.470 0.153 0.224 

Ustilago 0.085 0.046 0.071 0.087 0.071 0.052 0.066 0.077 0.063 0.049 0.052 0.041 0.052 0.074 0.066 0.079 0.068 0.044 

Venturia 0.030 0.049 0.066 0.060 0.044 0.052 0.038 0.060 0.071 0.036 0.036 0.038 0.046 0.033 0.052 0.057 0.049 0.066 

Xylaria 0.005 0.003 0.016 0.014 0.008 0.005 0.011 0.003 0.008 0.014 0.008 0.003 0.005 0.016 0.011 0.008 0.000 0.000 

Zygophiala 0.030 0.027 0.041 0.033 0.036 0.044 0.036 0.049 0.038 0.030 0.033 0.033 0.030 0.036 0.033 0.030 0.027 0.049 

Others 0.036 0.011 0.057 0.014 0.030 0.019 0.025 0.011 0.016 0.036 0.098 0.052 0.066 0.060 0.041 0.085 0.077 0.068 

Total 4.891 2.901 2.335 2.969 2.124 3.560 3.262 2.485 2.431 3.308 3.497 3.089 2.715 2.975 3.062 3.472 2.146 2.174 

 



Yil., Do honeybees use the fungal spores as nutritional supplements? An Anatolian sample 

 2032 

Table 1. The fungal spore concentrations according to the locations (%) (Continued) 

TAXA/SAMPLE PT1 PT2 PT3 PT4 PT5 PT6 YY1 YY2 YY3 YY4 DR1 DR2 BG1 BG2 BG3 BG4 BG5  TOT. 

Agrocybe 0.022 0.005 0.046 0.044 0.030 0.038 0.036 0.011 0.022 0.008 0.036 0.030 0.027 0.019 0.038 0.014 0.005 0.820 

Alternaria 0.077 0.167 0.038 0.066 0.049 0.063 0.087 0.071 0.077 0.057 0.066 0.041 0.052 0.230 0.208 0.186 0.079 3.494 

Anthrinium 0.005 0.003 0.003 0.011 0.003 0.005 0.011 0.019 0.011 0.022 0.005 0.008 0.033 0.003 0.011 0.022 0.005 0.495 

Asp./Pen. 0.090 0.197 0.126 0.066 0.128 0.243 0.131 0.339 0.235 0.167 0.046 0.036 0.148 0.101 0.517 0.254 0.306 6.682 

Botrytis 0.060 0.148 0.066 0.090 0.049 0.044 0.057 0.060 0.074 0.126 0.090 0.175 0.055 0.156 0.118 0.107 0.194 3.956 

Chaetomium. 0.008 0.003 0.008 0.038 0.030 0.060 0.005 0.025 0.033 0.003 0.016 0.005 0.057 0.041 0.033 0.071 0.052 1.012 

Cladosporium 0.880 0.476 0.189 0.796 0.044 0.090 0.828 0.265 0.481 1.096 0.342 0.049 0.241 0.262 0.249 0.320 0.741 13.484 

Coprinus 0.060 0.036 0.044 0.036 0.038 0.022 0.033 0.022 0.046 0.016 0.055 0.038 0.063 0.068 0.052 0.030 0.022 1.438 

Curvularia 0.052 0.033 0.046 0.049 0.055 0.044 0.038 0.041 0.033 0.027 0.087 0.030 0.049 0.063 0.074 0.052 0.071 1.736 

Drechslera 0.046 0.057 0.036 0.033 0.044 0.046 0.033 0.030 0.052 0.041 0.066 0.057 0.044 0.038 0.046 0.036 0.052 1.635 

Epicoccum 0.038 0.030 0.044 0.033 0.030 0.038 0.033 0.033 0.030 0.036 0.036 0.030 0.038 0.044 0.033 0.036 0.030 1.236 

Fusarium 0.046 0.030 0.016 0.049 0.055 0.044 0.046 0.060 0.052 0.057 0.033 0.027 0.022 0.011 0.025 0.008 0.014 1.277 

Ganoderma 0.060 0.055 0.068 0.066 0.057 0.063 0.060 0.060 0.068 0.066 0.057 0.066 0.055 0.063 0.060 0.063 0.066 2.198 

Geotrichum 0.079 0.071 0.057 0.052 0.046 0.060 0.096 0.090 0.087 0.079 0.071 0.085 0.109 0.104 0.098 0.079 0.090 2.857 

Myxomycetes 0.077 0.071 0.085 0.098 0.096 0.090 0.060 0.082 0.079 0.098 0.093 0.115 0.079 0.109 0.085 0.098 0.077 2.690 

Helminthosporium 0.104 0.071 0.063 0.066 0.057 0.112 0.115 0.068 0.077 0.057 0.063 0.090 0.101 0.098 0.079 0.093 0.085 2.931 

Hypha 0.066 0.107 0.036 0.046 0.085 0.066 0.153 0.126 0.118 0.030 0.041 0.074 0.055 0.060 0.090 0.101 0.068 2.729 

Leptosphaeria 0.049 0.060 0.052 0.052 0.090 0.079 0.112 0.126 0.107 0.142 0.134 0.172 0.123 0.104 0.156 0.085 0.120 3.921 

Melanospora 0.003 0.011 0.008 0.019 0.011 0.019 0.016 0.011 0.025 0.019 0.005 0.008 0.014 0.016 0.014 0.022 0.022 0.511 

Metschnikowia 0.077 0.079 0.101 0.038 0.205 0.336 0.060 0.046 0.085 0.079 0.131 0.066 0.079 0.085 0.074 0.068 0.060 5.692 

Nigrospora 0.038 0.052 0.060 0.071 0.066 0.063 0.030 0.041 0.038 0.052 0.049 0.066 0.057 0.068 0.060 0.071 0.055 1.829 

Paecilomyces 0.025 0.016 0.030 0.036 0.025 0.033 0.038 0.057 0.071 0.036 0.049 0.041 0.036 0.052 0.046 0.038 0.041 2.040 

Peronospora 0.046 0.063 0.060 0.041 0.049 0.063 0.060 0.049 0.057 0.060 0.046 0.030 0.044 0.038 0.063 0.057 0.066 1.761 

Phytomyces 0.057 0.066 0.060 0.055 0.041 0.052 0.046 0.038 0.049 0.052 0.057 0.055 0.041 0.030 0.046 0.036 0.044 1.815 

Pleospora 0.085 0.098 0.104 0.079 0.057 0.038 0.074 0.079 0.063 0.057 0.066 0.068 0.060 0.079 0.055 0.068 0.063 2.340 

Fern  0.041 0.057 0.071 0.077 0.104 0.118 0.208 0.189 0.200 0.224 0.216 0.060 0.052 0.068 0.036 0.066 0.046 3.694 

Puccinia 0.057 0.052 0.063 0.230 0.046 0.429 0.085 0.150 0.118 0.131 0.071 0.391 0.265 0.186 0.227 0.208 0.249 5.649 

Stemphylium 0.049 0.038 0.057 0.052 0.052 0.049 0.038 0.046 0.041 0.052 0.044 0.036 0.038 0.049 0.049 0.038 0.044 1.553 

Torula 0.052 0.077 0.046 0.036 0.044 0.082 0.057 0.066 0.077 0.068 0.041 0.071 0.046 0.044 0.052 0.085 0.055 2.149 

Trichothecium 0.003 0.008 0.016 0.005 0.008 0.003 0.011 0.005 0.014 0.005 0.014 0.005 0.003 0.011 0.003 0.003 0.003 0.273 

Ulocladium 0.063 0.049 0.046 0.071 0.066 0.057 0.057 0.041 0.063 0.060 0.052 0.044 0.049 0.038 0.055 0.036 0.046 2.548 

Uredinales 0.071 0.101 0.038 0.112 0.098 0.118 0.052 0.044 0.063 0.131 0.107 0.265 0.254 0.235 0.271 0.295 0.257 6.592 

Ustilago 0.036 0.052 0.055 0.066 0.060 0.074 0.041 0.049 0.066 0.071 0.041 0.049 0.036 0.057 0.060 0.074 0.038 2.067 

Venturia 0.066 0.052 0.071 0.052 0.036 0.030 0.046 0.066 0.038 0.046 0.041 0.049 0.036 0.033 0.041 0.046 0.038 1.670 

Xylaria 0.008 0.011 0.014 0.008 0.008 0.005 0.005 0.005 0.003 0.005 0.003 0.005 0.005 0.003 0.003 0.005 0.005 0.243 

Zygophiala 0.038 0.046 0.036 0.052 0.030 0.038 0.041 0.033 0.036 0.030 0.036 0.033 0.038 0.033 0.049 0.033 0.030 1.266 

Others 0.016 0.033 0.025 0.019 0.036 0.033 0.057 0.077 0.087 0.090 0.079 0.060 0.071 0.057 0.066 0.046 0.063 1.717 

Total 2.652 2.581 1.985 2.808 2.029 2.849 2.961 2.622 2.873 3.401 2.485 2.532 2.575 2.759 3.240 2.950 3.303 100 

 

 
Figure 2. The fungal spore percentages according to localities 
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Most frequently fungal taxa were determined as 

Cladosporium (13.484%), Aspergillus/ Penicillium 

(6.682%), Uredinales (6.592%), Metschnikowia 

(5.692%), Puccinia (5.649%). The taxa with more than 

5% were accepted as most frequent taxa. Anthrinium in 

Kale (KL-1) and Kuluncak (KC-1) samples, 

Melanospora in Kuluncak (KC-1) and Arapgir (AR-1) 

samples, Fern spores in Arapgir (AR-1) samples, Xylaria 

in Doganyol (DY-1, DY-2) samples, were not 

determined. Most frequent taxa, Cladosporium,exceeded 

1% in Kuluncak (KC-1) and Yesilyurt-4 (YY-4) samples. 

Metschnikowia cells, blossom honeyindicator, were 

counted all samples (Figure 3, 4). 

 

 
Figure 3. The fungal spore taxa with more than 5% 

percentages 

 

 
Figure 4. Metschnikowia cells in honey sample 

 

In Kuluncak sample the spores with concentrations over 

0.100 were calculated as; Alternaria, Aspergillus / 

Penicillium, Botrytis, Cladosporium, Geotrichium, 

Myxomycetes, Leptosphaeria, Metschnikowia, Puccinia 

and Hypha fragments (Table 1). When the total 

percentages of the samples belonging to the districts are 

evaluated, it could be analyzed that Hekimhan (HK-1-2-

3) district has the highest concentration totally (Figure 2). 

Taxa with a rate above 0.100 in these districts were listed 

as; Alternaria, Helminthosporium, Metschnikowia, Fern 

spores, Uredinales, Geotrichium, Cladosporium, 

Aspergillus/Penicillium, Botrytis, Paecilomyces, Hypha 

fragments.  

 

3.1 Statistical Analysis 
 

The statistical analysis has done according to One-Way 

Anova Test (Figure 5, Table 2). Cladosporium was 

parted at first. Polynomial linear test was performed the 

rest dominant fungal spore taxa (Aspergillus/Penicillium, 

Uredinales, Metschnikowia, Puccinia). The results 

showed in Figure 6, Table 3. All of statistic values are 

greater than 0.5. Consequently the statistical data are 

compliant with total counts and places.  

 

 
Figure 5. Graphical range of statistical data 

 

 
Figure 6. Graphical range of deviation data 
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Table 2. Statistical data according to One-Way Anova Test 
Taxa Cladosporium Aspergillus/Penicillium Uredinales Metschnikowia Puccinia 

r 3.815 0.639 0.610 0.814 0.531 

 

Table 3. Deviation data according to Polynomial Linear Test 

Taxa Aspergillus/Penicillium Uredinales Metschnikowia Puccinia 

Deviation 0.639 0.606 0.542 0.523 

 

4. DISCUSSION 
 

Fungal organisms are heterotrophs and termed as 

biotrophs, saprotrophs and necrotrophs (Carris et al., 

2012). Fungi are wide diverse taxa in ecosystem and 

effects humankind health (Abrego et al., 2020). With 

urbanization the fungal communities are disturbed so 

both airborne and soil fungus are rare in urban than 

natural areas (Abrego et al., 2020). Soil fungi involved in 

biological cycling in terrestrial systems via remnants, 

pathogens and symbiosis with plant organisms (Peng et 

al., 2020; Smith & Read, 2008; Zeilinger et al., 2016). 

 

In beehives habitat (honey, bee pollen, bee bread) fungus 

are living as saprophytes with all kind of bees and it is 

accepted that the entry of fungus in the beehive occurs 

mostly with collection of pollen by bees (Barbosa et al., 

2018). Honey bees prefer fungus when the nutritional 

sources (pollen and nectar) insufficient because the 

fungal pellets have high protein content (Modro et al., 

2009). The fungal spores’ nourishment value is below 

than pollen but fungal spores could be used as 

supplemented food for bees because of simple 

accessibility (Eltz et al., 2002; Oliveira & Morato, 2000). 

According to another hypothesis; some fungal spores; 

like Puccinia, Uromyces; collect by bees because of 

yellow-orange colours and size that appears similar 

pollen grains (Shaw, 1999).  

 

There are some similar studies about fungal spore content 

of honey around the world. In Galicia- Spain, 30 honey 

samples were analysed and founded that Cladosporium, 

Aspergillus/Penicillium, Basidiospores were constituted 

80% of the total fungal spore count (Pérez-Atanes et al., 

2001). In Greece, Dimou et al. (2006) examined Abies 

cephalonica and Pinus sp. honeys and identified six 

fungal genera; Alternaria, Cladosporium, Coleosporium, 

Fumago, Heterosporium, Stemphylium. In Northwest 

Spain Metschnikowia spores was found more than 50% 

in of microscopic analyses of honeys and some plant 

pathogens as Leptospheria, Stemphylium and 

Urediniospores were examined (Seijo et al., 2011). 

Another study in same area was conducted for distinguish 

blossom and honeydew honeys, Metschnikowia cells, 

Cladosporium, Penicillium spores were identified as 

most common spores in honeys (Escuredo et al., 2012). 

Mura-Mészáros and Magyar (2017) examined honey 

samples mostly provided from Italy and Greece and 

found 34 fungal spore types. Terrab et al. (2019) analysed 

oak honeydew honeys in Spain and identified Alternaria, 

Cladosporium, Drechslera, Geotrichium, Phithomyces, 

Stemphylium, Torula, Ulocladium and Venturia spores.  

 

Cladosporium; is a saprobic and ubiquitous fungi, spread 

out all around the world and isolated from any organic 

items, mainly plant material and soil (Bensch et al., 2012; 

Ellis, 1971; Ellis, 1976). Cladosporium is accepted as 

plant pathogen, secondary invader, on necrotic parts of 

herbal fragments but according to former studies 

Cladosporium species defend plants by secondary 

metabolites to biotic and abiotic stresses (Ellis, 1971; 

Răut et al., 2021). This fungus exists on leaves, stems, 

fruits of different plants like Asteraceae, Fabaceae, 

Poaceae (Bensch, 2015; Bensch et al., 2012; Marin-Felix 

et al., 2017; Schubert, 2005; Xu et al., 2021). These taxa 

occurs prevalence in Malatya provinces (Karakuş, 2016). 

In a study conducted in Minas Gerais, Brazil, it was 

shown that the fungus Cladosporium was collected for 

honey by Apis mellifera L. (Modro et al., 2009). 

Cladosporium spores had also isolated from Turkish 

(Çınar, 2020), Polish (Felsöciová et al., 2012), Crotian 

(Kiš et al., 2018) honey samples. Research findings have 

been published indicating that adding Cladosporium and 

Botrytis spores to a diet extends the lifespan of bees 

(Parish et al., 2020). It has been found that Ganoderma 

fungal extracts exhibit therapeutic properties in lesions in 

the midgut of bees (Ansaloni et al., 2026). 

 

Aspergillus/Penicillium; are saprophytic, cosmopolitan 

taxa and exist in air, soil and other materials like bees, 

ants, flowers, leaves, shells (Leite Júnior et al., 2012; Pitt, 

1994; Taniwaki et al., 2015). Bees cannot procure some 

sterols thus they are obliged to take sterols exogenously 

(Ferreira-Caliman et al., 2012). According to Peterson et 

al. (2003), P. brocae synthesizes exogenous sterols; 

hence the bees and Penicillium fungi maintain a 

mutualistic habit. 

 

Uredinales; are obligate parasites, phytopathologic fungi 

live on Pteridophyta, Pinophyta, Magnoliophyta (Pardo-

Cardona, 2000; Yepes & De Carvalho Júnior, 2013). 

These spores evolve mostly humid areas (Mendgen, 

1997) likely this study. In Dogansehir samples this taxon 

reached the higher concentration with the climatic 

conditions of the district. According to According to 

Maurizio (1950) Uredineae spores increase life 

expectancy by using as a varied nutriment for broods. 

Uredinales spores had examined by Pérez-Atanes et al. 

(2001) in Galicia honeys.  

 

Metschnikowia; ascomycetous yeast disperse on flowers 

and fruits and is transported by insects to new niches 

(Hong et al., 2001). To Brysch-Herzberg (2004) there is 

a mutualistic relationship between Metschnikowia cells 
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and bees, the essence of Metschnikowia cells enhances 

the attractiveness of nectar for bees.  

 

Puccinia; is a pathogenic fungi and Leguminosae, 

Liliaceae, Orchidaceae, Gymnosperms and ferns host this 

taxon (Hiratsuka & Sato, 1982). Puccinia spores 

examined in Galicia honeys as well (Pérez-Atanes et al., 

2001). Puccinia fungus infects Brassica flowers and the 

infection causes pseudoflowers with yellowish and 

clumped leaves, these pseudoflowers has a mellifluent 

excretion that appeal to bees (Raguso & Roy, 1998). 

Brassicaceae family is prevalent plant group of the study 

areas and this taxon with rust infected individuals would 

increase its pollination by enhanced bee foraging.  

 

Bees primarily collect fungal spores in the lack of pollen 

grains, but for now known that they also collect fungal 

spores in the presence of pollen grains (Shaw, 1999). The 

protein content of pollen grains is not sufficient for bee 

requirements occasionally and they need the fungal spore 

ingestion as a complementary food because of the high 

protein substance (Huang et al., 2015; Kleinschmidt & 

Kondos, 1976; Shaw, 1999; Shu et al., 1954). Relatively 

high protein content of spores provides resistance to 

abnormal conditions (Huang et al., 2015; Wyatt et al., 

2013). Cladosporium produces protein form metabolites 

for adaptation new habitats (Răut et al., 2021). According 

to a Single Cell Protein study Aspergillus has 24.49%, 

Penicillium has 35% crude proteins (Amar et al., 2017). 

Enzymes that break down the host plant cell wall and 

protein substances related to plant defence were isolated 

from Uredinales (Deising et al., 1995; D'Silva & Heath, 

1997). In a study about Metschnikowia presents the 

protein content of this cell connected with protect the 

structure against environmental stress like temperature, 

osmotic pressure…etc (Ariño, 2002; Pawlikowska et al., 

2020). Yuan et al. (2021) revealed that some enzymes 

found in Puccinia increase virulence by inducing 

oxidative stress of the host. 

 

Fungal spores found in agricultural lands are also directly 

transported by pollinators; in particular, when carried by 

bees, they end up inside the hive and also found in bee 

products (Belhadj et al., 2015). From this perspective, the 

identification and quantification of fungal spores in bee 

products support the thesis that bees are important 

bioindicators from an environmental engineering 

standpoint. Fernandes et al. (2023), has shown that 

Alternaria and Cladosporium fungal spores are present in 

large quantities not only in the air but also in the soil, and 

it is known that these fungi are highly damaging to 

agricultural crops. According to Sobieraj et al. (2026) 

Alternaria and Cladosporium spores was found at ground 

level approximately airborne in agricultural areas. Fungal 

spores such as Aspergillus/Penicillium, Alternaria, 

Drechslera and Verticillium have been isolated from bee 

pollen collectedby bees from agricultural fields (Belhadj 

et al., 2015). 

 

5. CONCLUSIONS 
 

The fungal spores increase the nutriment value of honeys 

as a aliment supplement. Determining the fungal 

diversity of honeys is an important approach to know 

ecological origin of honey. In this study Eastern Anatolia 

(Malatya) honeys were examined for fungal spores. 35 

fungal spores and hypha elements were determined. 

Cladosporium, Aspergillus/Penicillium, Uredinales, 

Metschnikowia and Puccinia spores were found 

dominant. This study constitutes a preliminary 

investigation conducted on honey collected from a 

limited region. The scope of the study can be expanded, 

the range of bee products examined can be broadened, 

and bees, when approached from an environmental 

engineering perspective, are among the organisms that 

function as bioindicators in nature. Given these 

characteristics, they can utilized in numerous future 

studies, and this approach could also serve as a stepping 

Stone toward biosensor technologies. 
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