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Abstact 

 

This study analyzes the nutritional value of pollen collected by honey bees, focusing on crude protein and fat 

content in relation to bee dietary requirements. Pollen samples were collected from two apiaries situated in 

distinct environments (lowland and semi-mountainous) within the Polog region of the Republic of North 

Macedonia. Bottom pollen traps were placed on five experimental colonies at each site, and collections occurred 

from July 1, 2023, to June 30, 2024. Sampling was conducted biweekly, with traps activated for up to 72 hours. 

During each sampling, pollen from all five colonies per site was pooled, labeled, and stored at −18°C until 

laboratory analysis. Chemical composition was analyzed using monthly pooled samples, which were grouped 

by season (spring, summer, autumn). Crude protein was determined using the Kjeldahl method (MKC EN ISO 

5983-1:2010; MKC EN ISO 5983-1:2010/AC:2010), and fat content was measured according to MKC ISO 

6492:2012. Protein content varied significantly by season, peaking in spring (22.29 ± 2.12%) and summer 

(21.38 ± 2.73%), and declining markedly in autumn (16.61 ± 2.46%). ANOVA confirmed a significant seasonal 

effect on protein content, with post hoc tests indicating that autumn levels were significantly lower than both 

spring and summer. In contrast, fat content showed no significant seasonal differences. 
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1. Introduction 

 

Honey bees (Apis mellifera) play a critical role as pollinators in both natural ecosystems and 

agricultural landscapes, contributing to biodiversity and crop productivity (Klein et al., 2007). 

The health and productivity of bee colonies depend heavily on access to nutritionally adequate 

forage—especially pollen, which serves as the primary source of protein and lipids 

(Brodschneider & Crailsheim, 2010). Proteins are essential for larval development, enzyme 

production, and immune function, while lipids support energy storage, cell membrane integrity, 

and hormonal regulation (Arien et al., 2015; Di Pasquale et al., 2013). 

The nutritional composition of pollen varies widely among plant species and is influenced by 

environmental conditions, geography, and seasonality (Roulston & Cane, 2000). As flowering 

phenology changes throughout the year, both the botanical diversity and nutritional quality of 

available pollen shift, leading to seasonal variations in protein and fat content (Di Pasquale et 

al., 2013; Tasei & Aupinel, 2008). These changes may create periods of nutritional surplus or 

deficit, affecting brood development, overwintering success, and colony resilience (Alaux et 

al., 2010). 

Although the importance of pollen quality is increasingly recognized, relatively few studies 

have quantified seasonal dynamics in macronutrient content—particularly within specific 

regions or climates. Such information is essential for beekeepers to make informed decisions 

about supplemental feeding and for landscape management strategies to ensure adequate floral 

resources throughout the foraging season (Donkersley et al., 2014; Vaudo et al., 2015). 

This study investigates seasonal variation in the protein and fat content of bee-collected pollen 

in the Polog region, aiming to identify temporal nutritional patterns and potential seasonal gaps. 
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By providing insight into macronutrient fluctuations over time, this research contributes to a 

deeper understanding of honey bee nutrition. 

 

2. Materials and methods 

 

Study Area and Sampling Periods 

 

The study was conducted in the Polog region of the Republic of North Macedonia, comprising 

nine municipalities (see Map 1). Pollen was collected from two apiaries in the municipality of 

Zhelino—one in the village of Zhelino (400 m altitude) and the other in the village of Chiflik 

(70 m altitude). Sampling took place from July 1, 2023, to June 30, 2024, excluding the winter 

months. 
 

 
Map 1 Study area (Polog region in of North Macedonia, municipality of Zhelino) 
 

Pollen Collection 
 

Pollen traps were installed at the entrances of five experimental hives at each site. Sampling 

occurred every 14 days, with traps activated for up to 72 hours. A total of 28 samples were 

collected. Due to unfavorable weather in April and May, only one collection was made per 

month. In November, no pollen was collected due to colony inactivity (the final autumn sample 

was collected on October 31, 2024). At each sampling, pollen from all five colonies at a site 

was pooled, labeled, and stored frozen until analysis. 

 

Nutritional Analysis 

 

Pollen samples were dried and homogenized before analysis. Nutritional testing was 

conducted on pooled monthly samples, which were then grouped by season (spring, summer, 

autumn). Crude protein content was determined using the Kjeldahl method (MKC EN ISO 

5983-1:2010; MKC EN ISO 5983-1:2010/AC:2010), and fat content was measured following 

the MKC ISO 6492:2012 protocol. 

 

Data Analysis 

 

Seasonal differences in protein and fat content were analyzed using one-way ANOVA followed 

by Tukey’s post hoc tests. Statistical significance was set at p < 0.05. 
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Results 

 

The results of the protein content in pollen are presented in Table 1, Figure 1 and Table 2. 

 

Table 1. Protein content (%) in bee-collected pollen across seasons 
Season Mean ± SD (Protein %) Min–Max 

Spring 22.29 ± 2.12 18.59–25.61 

Summer 21.38 ± 2.73 16.97–24.34 

Autumn 16.61 ± 2.46 13.06–20.61 

 

 
Figure 1 Protein Content (%) in bee-collected pollen across seasons 

 

Table 2. One-way ANOVA results for protein content (%) in bee-collected pollen 
Source of Variation Sum of 

Squares 

d.f. Variance F p-value 

Between Groups 154.5918 2 77.2959 12.4028 0.0002 

Within Groups 155.8039 25 6.2322 
  

Total 310.3957 27 
   

Post-hoc tests 

Tukey HSD Post-hoc Test... 

Group 1 vs Group 2: Diff=-0.9100, 95%CI=-3.7482 to 1.9282, p=0.7073 

Group 1 vs Group 3: Diff=-5.6800, 95%CI=-8.7891 to -2.5709, p=0.0003 

Group 2 vs Group 3: Diff=-4.7700, 95%CI=-7.6082 to -1.9318, p=0.0009 

 

The results of the fat content in pollen are presented in Table 3, Figure 2 and Table 4. 

 

Table 3. Fat content (%) in bee-collected pollen across seasons 
Season Mean ± SD (Fat %) Min–Max 

Spring 2.80 ± 1.37 1.25-5.08 

Summer 2.25 ± 1.20 1.10-4.66 

Autumn 2.36 ± 1.51 0.89-5.05 

   

 
Figure 2 Fat content (%) in bee-collected pollen across seasons 
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Table 4. One-way ANOVA results for fat content (%) in bee-collected pollen 
Source of Variation Sum of Squares d.f. Variance F p-value 

Between Groups 1.5211 2 0.7606 0.4231 0.6596 

Within Groups 44.9390 25 1.7976 
  

Total 46.4601 27 
   

Post-hoc tests 

Tukey HSD Post-hoc Test... 

Group 1 vs Group 2: Diff=-0.5500, 95%CI=-2.0743 to 0.9743, p=0.6461 

Group 1 vs Group 3: Diff=-0.4400, 95%CI=-2.1098 to 1.2298, p=0.7905 

Group 2 vs Group 3: Diff=0.1100, 95%CI=-1.4143 to 1.6343, p=0.9824 

 

3. Discussion 

 

The results revealed significant seasonal variation in pollen protein content, with the highest 

levels in spring (22.29 ± 2.12%), slightly lower in summer (21.38 ± 2.73%), and a substantial 

decline in autumn (16.61 ± 2.46%). These findings align with studies reporting that spring 

pollen tends to be richer in protein due to the abundance and diversity of floral resources (Di 

Pasquale et al., 2013). Somerville & Nicol (2006) and Tasei & Aupinel (2008) similarly found 

higher protein levels in spring pollen compared to later seasons. 

Radev (2019) demonstrated seasonal protein variation across multiple years, with protein 

content ranging from 13.9% to 27.8% and an average around 21%, consistent with our results. 

Diana et al. (2014) found that pollen protein content exceeded 20% at two of three studied sites, 

meeting bee nutritional needs. Roulston & Cane (2000) noted that early-blooming species 

typically produce higher-protein pollen, supporting our observed autumn decline. Herbert & 

Shimanuki (1978) attributed late-season reductions to limited floral diversity and dominance of 

lower-protein species. 

According to Shaw (1999), as cited by Saavedra-Carhuatocto et al. (2014), a minimum of 20% 

protein is necessary to meet honey bee nutritional requirements. Our findings show that spring 

and summer pollen met this threshold, while autumn pollen fell below it, indicating a potential 

risk for nutritional stress. 

Based on Somerville’s (2001) classification of pollen quality: 

 Poor (<20%) 

 Average (20–25%) 

 Above average (25–30%) 

 Excellent (>30%) 

Spring and summer samples were mostly in the average group, with some spring samples 

reaching above-average levels. Autumn samples were classified as poor quality. The presence 

of high-protein spring samples highlights the need to identify and preserve valuable floral 

sources. 

In contrast to protein, fat content showed no significant seasonal variation (F = 0.7606, 

p = 0.6596). This supports findings by Human et al. (2007) and Somerville & Nicol (2006), who 

reported relatively stable fat levels across seasons. Somerville & Nicol’s study of 172 pollen 

samples yielded a mean fat content of 2.52%, closely matching our average (2.47%). 

Di Pasquale et al. (2013) noted that while protein content varies with floral origin and season, 

fat is more closely tied to plant species. The stable fat content may reflect evolutionary 

constraints due to its role in pollen viability and germination. However, Singh et al. (1999) 

suggested that higher-fat pollen may be more attractive to bees. Lipids play essential roles in 

energy storage, royal jelly production, and nutrient metabolism. 
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4. Conclusions 

 

Our findings confirm significant seasonal variation in the protein content of bee-collected 

pollen, with optimal levels in spring and summer and suboptimal levels in autumn. These 

fluctuations may impact colony health, particularly in autumn when protein needs may exceed 

supply. In contrast, fat content remained consistent across seasons. 

These results emphasize the importance of ensuring continuous access to diverse and nutrient-

rich floral resources. Supplemental feeding and habitat enrichment may be necessary during 

periods of protein scarcity to support colony development and survival. 
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