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A B S T R A C T   

Honey adulteration generates low quality products on the market. The study aimed to find a simple, specific and 
less time-consuming method than standard melissopalynology only, for monitoring honey botanical and 
geographical origin. In this study 42 honey samples from different sources were examined for their botanical 
origin by using melissopalynology and their specific protein patterns by electrophoresis on SDS polyacrylamide 
gels (SDS-PAGE). The melissopalynological analysis consisted of counting all melliferous pollen, non-melliferous 
pollen and honeydew elements to identify the species of pollen present in each sample. The honey samples had 
predominant pollen from Apiaceae, Boraginaceae, Brassicaceae, Compositae H, Fabaceae (Trifolium sp.) and 
Fagaceae family. From the Fagaceae family, the most important species was Castanea sativa Mill., while the 
Boraginaceae was represented by Echium sp. and Myosotis sp. SDS-PAGE showed that the different origin honeys 
shared protein bands between 45 and 85 kDa (animal origin proteins, i.e. major royal jelly proteins, enzymes) 
and that specific proteins (presumably plant origin proteins) can be attributed to individual honey types. This 
study shows that the combination of melissopalynology and SDS-PAGE is a useful tool for modern discrimination 
between different kinds of honey, even without performing specific protein identification.   

1. Introduction 

The Food and Agriculture Organization (FAO) estimated worldwide 
honey production at 1.9 million tons in 2018 (FAOSTAT, http://faostat. 
fao.org). The 2001/110/EC defined honey as a natural sweet substance 
made by honey bees by combining plant nectar or honeydew to which 
they add their own secretions (EC, 2001). Monofloral honey is based on 
a single major plant nectar that is processed into honey, while multi-
floral honey is a combination of several different nectar types that are 
combined by honey bees while converting stored nectar into honey. 
Melliferous plants are divided into: nectariferous, polleniferous and 
mixed plants, from which nectariferous plants are the ones with 
under-represented pollen, and polleniferous plants are plants with 
over-represented pollen. The number of pollen grains in honey is 
influenced by flower morphology and physiology (Louveaux, Maurizio, 
& Vorwohl, 1978; Todd & Vansell, 1942), the behavior of foraging bees 
(Molan, 1998), and contamination in the hive. Melissopalynological 

analysis allows the detection of its botanical and geographical origin 
based on the vegetation types that form the honey matrix (von der Ohe, 
Oddo, Piana, Morlot, & Martin, 2004). Relative percentage of the main 
pollen types in various unifloral honeys, such as Citrus (10–20%), Lav-
andula (10–20%), Medicago (20–30%), Robinia (20–30%), Rosmarinus 
(10–20%), Salvia (10–20%) and Tilia (20–30%), are honey types with 
under-represented pollen, whereas Castanea sativa (>90%) and Myosotis 
sp. honey are derived from highly melliferous plants with 
over-represented pollen (von der Ohe, Oddo, Piana, Morlot, & Martin, 
2004). 

Honeydew honey is a specific type of honey, which derives from 
plant secretions (mostly Coniferous and Latifoliae trees) or excretions of 
plant-sucking insects (aphids and scale insects) (Directive 2014/63/EU 
and Council Directive 2001/110/EC relating to honey, 2014). The main 
Coniferous honeydew honeys are produced from Abies sp. (fir), Picea sp. 
(spruce) and Pinus sp. (pine) trees. They are marketed with specific 
denominations and are highly valuable in different European countries. 
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Most of Latifoliae honeydew honeys are not characterized, being mar-
keted as “forest” honey and mixed with honeydew honeys from Conif-
erous trees. Nonetheless, besides the melissopalynological analysis, 
careful attention should be given when selecting monofloral honeys, as 
other under-represented pollens may affect their classification as mon-
ofloral. The honey composition and nutritional quality depend on 
environmental conditions, plant source, geographic location and bee 
species (Kaškonienė & Venskutonis, 2010). 

Due to its health benefits, honey has been consumed by humans since 
ancient times. Multiple recent studies have shown its antimicrobial, 
anti-inflammatory, anti-carcinogenic and antioxidant effects, as well as 
its analgesic activity in the human organism (Nguyen, Panyoyai, Kasa-
pis, Pang, & Mantri., 2019; (Pasupuleti, Sammugam, Ramesh, & Gan., 
2017) Siddiqui, Musharraf, & Choudhary, 2017). Since adulterated 
honey is commonly reported worldwide, one of the main reasons for 
analysing honey and its properties is the authenticity (Osés et al., 2017). 
The high nutritional value and distinct flavors of honey determine its 
monetary value to be usually higher than those of other sweeteners, thus 
attracting counterfeiter’s attention. In multiple countries, honey is 
adulterated with sugar, sweeteners derived from beet or corn (glucose), 
invert sugar, saccharose syrups and high fructose corn syrup (HFCS) 
(Fakhlaei et al., 2020). Currently, honey authenticity is detected by 
tracing its botanical and/or geographical origin, and by the detection of 
certain compounds (carbohydrates, proteins, organic acids, amino acids, 
minerals, polyphenols, vitamins and volatile compounds) (Chin & 
Sowndhararajan, 2020, pp. 1–33; Nayik, Suhag, Majid, & Nanda, 2018). 
The widely known standard method for honey authenticity is melisso-
palynology (i.e. the analysis of pollen grains contained in honey sedi-
ments by light microscopy) (Louveaux et al., 1978). Many factors can 
influence the results of melissopalynological analysis: plant 
morphology, contamination of the hive with pollen unrelated to the 
nectar source, and contamination during uncapping and processing. 
Many pollen types are over-represented (e.g., chestnut, eucalyptus) or 
under-represented (e.g., citrus, asphodel) in different types of nectar 
(Corvucci, Nobili, Melucci, & Grillenzoni, 2015). This method has the 
disadvantages that it is time-consuming, requires experts with adequate 
skills and experience, and cannot be applied in filtered honeys or honey 
adulterated by pollen addition. In contrast, melissopalynology is 
important for identifying unifloral honeys with a high percentage of 
identical pollen and for allowing suitable species identification and 
differentiation (von der Ohe et al., 2004). 

Nowadays, experts are seeking new techniques with low difficulty 
and fast analysis, compared to the melissopalynological method. In their 
extensive reviews, Puścion-Jakubik, Borawska, and Socha (2020) and 
Balkanska, Stefanova, & Stoikova–Grigorova (2020) summarized the 
latest methods for assessing the quality of natural bee honey. The newest 
approaches used to distinguish between honey samples are the electric 
tongue in combination with optical spectroscopy, Ultra-
violet–Visible-Near Infrared (UV-VIS-NIR), DNA-metabarcoding and 
several statistical analysis: cluster analysis and principal component 
analysis (PCA) (Geana & Ciucure, 2020). The combination of these 
techniques resulted in a more precise classification of honey samples. 
PCA is one of the methods most used for performing multivariate 
analysis (Corbella & Cozzolino, 2006; Corvucci et al., 2015; di Bella 
et al., 2015; Pauliuc, Dranca, & Oroian, 2020). Cluster analysis is 
another statistical method performed in few studies for determining the 
geographical (de Alda-Garcilope, Gallego-Picó, Bravo-Yagüe, Garcinu-
ño-Martínez, & Fernández-Hernando, 2012) and botanical origin of 
honey (Ansari et al., 2018; de Alda-Garcilope et al., 2012; Gok, Sev-
ercan, Goormaghtigh, Kandemir, & Severcan, 2015). 

Proteins are minor constituents in honey and were first shown to be 
present in honey by colour tests (Moreau, 1911). White and Kushnir 
(1967b) discovered by starch-gel electrophoresis that the protein 
pattern from honey of different floral origin included four to seven 
proteins from which four were believed to be of bee origin. In the 
following decades, more sensitive methods were developed for studying 

honey protein patterns: two-dimensional gel electrophoresis (2-DE), 
mass spectrometry (MS), immunoblotting, etc. (for references see Sup-
plementary Table S1). Recently, Erban, Shcherbachenko, Talacko, & 
Harant (2021) demonstrated a proteomics approach employing 
LC-MS/MS that is useful for proving honey adulteration and assessing 
honey quality. 

The most relevant genuine proteins in honey are the ones belonging 
to the Major Royal Jelly Protein family that is composed of nine ho-
mologous members (MRJP1-9) secreted by the hypopharyngeal glands 
of nurse bees taking care of the brood in the hive (Buttstedt, Moritz, & 
Erler., 2014). MRJP1-5 have a theoretical molecular weight (MW) be-
tween 46 and 68 kDa (Buttstedt, Moritz, & Erler, 2014). The major 
honey protein is MRJP1 (Chua, Lee, & Chan, 2015), which in honey is 
found in N-glycosilated or glycated form with different MW of 56, 
respectively 59 kDa, depending on the number of N-linked oligosac-
charides characteristic to the bee species: Apis cerana, respectively Apis 
mellifera (Won, Lee, Ko, Kim, & Rhee, 2008). 

Other honey bee-added honey proteins are specific enzymes: di-
astases (α- and β-amylase), invertases (sucrase, saccharase or glucosi-
dase), glucose oxidase (oxido-reductase), acid phosphatase, catalase, 
transglucosylase, phosphorylase, SOD1 and proteolytic enzymes (Alon-
so-Torre et al., 2006; Gillette, 1931; Rossano et al., 2012; Schepartz, 
1965; Schepartz & Subers, 1966; White & Kushnir, 1967a,b). The honey 
proteases activity is associated with honey type and they were identified 
as serine enzymes, which can degrade MRJPs, especially MRJP1, found 
in honey (Rossano et al., 2012) or the original specific pollen proteins 
(Baroni, Chiabrando, Costa, & Wunderlin, 2002). These proteolytic en-
zymes can be of bee, nectar or pollen origin and are different forms of 
trypsin and chymotrypsin (Rossano et al., 2012). 

Most of the previous studies (for references see Supplementary 
Table S1) investigated the honey proteome to differentiate the floral 
origin or honey bee species origin, and were realized mainly on honey, 
some on nectar and pollen, while a few analysed and discussed the 
correlation of individual honey proteins with its floral diversity (Baroni 
et al., 2002; Baroni, Chiabrando, Costa, Fagúndez, & Wunderlin, 2004; 
Bauer et al., 1996; Bilikova & Simuth, 2010; Lewkowski, Mureș;;an, 
Dobritzsch, Fuszard, & Erler, 2019). Still, each approach has its ad-
vantages and disadvantages. Although mass spectrometry-based prote-
omics is a powerful method, it has limitations in terms of costs, sample 
processing (protein extraction, digestion and fractionation), protein 
detection and/or identification, and demand for highly specialized ex-
perts. As for immunoblotting, the disadvantages would be the 
time-consuming character, the risk of false-positive results, its high costs 
(for antibodies, equipment) and demand for skilled analysts. Also, the 
load ability, the membrane and hydrophobic proteins’ fractionation are 
challenging when using 2-DE analysis. Therefore, compared to these 
methods, SDS-PAGE is a reliable, simple and cost-effective method 
preferred by most scientists for analyzing honey proteins. 

The aim of the study was to examine diverse botanical origin honey 
samples in terms of their protein patterns by using SDS-PAGE, in com-
bination with melissopalynology, and their authenticity by multivariate 
analysis. This new approach is needed to offer a simple, inexpensive 
method for honey source identification and provides new opportunities 
to identify honey adulteration. 

2. Material and methods 

2.1. Honey samples 

Forty-two honey samples from five European countries (Belgium, 
France, Italy, Romania and Spain), produced by local beekeepers were 
assessed. Each sample was taken directly from the apiaries of the 
beekeeper (Table 1). 
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2.2. Melissopalynological analysis 

For the melissopalynological analysis the method of Louveaux et al. 
(1978) was used without acetolysis. A sample of 10 g honey, from each 
sample, was prepared by dissolving the honey in 20 mL H2SO4 (5 mL/L) 
followed by centrifugation for 15 min (4500×g). The supernatant was 
discarded and the method was repeated with bidistilled water, for the 
complete elimination of honey sugars. The remaining pellet was 
mounted on a slide using Kaiser’s glycerol gelatine (Merck KGaA, 
Dramstadt, Germany)and a few drops of fuchsin (optional) for perma-
nent fixation. Slide examination was performed using an Olympus BX51 
optical microscope at 1000 × magnification (for identification) and 400 
× magnification for counting. Five hundred pollen grains were counted 
from every slide and percentages of different botanical species were 
calculated. The appearance frequency of the different pollen types was 
divided into the following four classes: predominant pollen (>45% of 
the total pollen detected in honey); secondary pollen (16–45%); minor 
important pollen (3–15%); minor pollen (<3%) (Louveaux et al., 1978) 
(Supplementary Table S2). 

2.3. Colorimetric protein quantification by the Bradford method 

The protein content of each honey sample was estimated by using the 
Quick Start™ Bradford protein assay (Bio-Rad Laboratories Inc., Her-
cules, California, USA) in a microplate assay. A quantity of 0.5 g of each 

honey sample was mixed with 0.5 mL distilled water and vortexed for 5 
min at 50 ◦C. A calibration curve was obtained by serial dilution of the 
protein standard solution (0.125, 0.25, 0.5, 0.75, 1.0, 1.5, and 2.0 mg/ 
mL), bovine serum albumin (BSA), as described by the manufacturer. 
From each sample a volume of 10 μL was mixed with 200 μL of Bradford 
reagent. The absorbance was measured at 595 nm on a BioTek Synergy 
HT microplate reader (BioTek Instruments, Winooski, VT, USA) after 
incubation in darkness for 5 min. 

2.4. Honey protein separation by SDS polyacrylamide gel electrophoresis 
(SDS-PAGE) 

A volume of 10 μL from each diluted with water honey sample was 
mixed with 5 μL Laemmli sample buffer and incubated at 70 ◦C for 10 
min (Lewkowski, Mureșan, Dobritzsch, Fuszard, & Erler, 2019). 
Following centrifugation at 12,000×g for 1 min, the supernatant was 
loaded on 12% SDS-PA gels and the proteins were separated by 
SDS-PAGE (Laemmli, 1970). The molecular weight marker used was the 
BLUEye Prestained Protein Ladder (range 10–245 kDa, GeneDireX, Inc.). 
Electrophoresis was performed at 90 V for 10 min for protein concen-
tration and after that at a constant voltage of 175 V for 60 min for 
protein migration. Protein gels were stained either with Colloidal Coo-
massie Brilliant Blue G-250 according to Neuhoff, Arold, Taube, and 
Ehrhardt (1988) or with Silver Stain kit (Bio-Rad Laboratories Inc., 
Hercules, California, USA) according to the manufacturer instructions. 

Table 1 
The origin, year of sampling and beekeeper labeling of the honey samples. Italicized labels were not confirmed.  

Sample ID Country Bee species Harvesting Year Labeling Geographical origin 

H1 Belgium Apis mellifera summer 2018 Canola Villers-le-Gambon 
H2 Belgium A. mellifera summer 2018 Canola  
H3 Belgium A. mellifera summer 2018 Raspberry Liege (Rue de Sendrogne) 
H4 Spain A. mellifera iberica in the year 2019 Multifloral  
H5 Spain A. mellifera in the year 2019 Sunflower  
H6 Spain A. mellifera in the year 2019 Multifloral  
H7 Spain A. mellifera in the year 2019 Multifloral  
H8 Spain A. mellifera iberica in the year 2019 Multifloral  
H9 Spain A. mellifera in the year 2019 Eucalyptus  
H10 Spain A. mellifera in the year 2019 Coriander  
H11 Spain A. mellifera in the year 2019 Coriander  
H12 Spain n.i. in the year 2019 Multifloral  
H13 Spain n.i. in the year 2019 Eucalyptus  
H14 Spain n.i. in the year 2019 Eucalyptus  
H15 Spain n.i. in the year 2019 Multifloral  
H16 France A. mellifera summer 2018 Multifloral Sainte Marguerite sur mer 
H17 Belgium A. mellifera spring 2018 Canola Uccle 
H18 Romania A. mellifera summer 2018 Canola Bucov 
H19 France n.i. summer 2018 Chestnut Issoire 
H20 France n.i. summer 2018 Chestnut Saint-Nom-la-Bretèche 
H21 France n.i. summer 2018 Lime tree Saint-Nom-la-Bretèche 
H22 France n.i. summer 2018 Chestnut Brest 
H23 France n.i. in the year 2019 Multifloral Combourtille 
H24 France n.i. in the year 2019 Multifloral Combourtille 
H25 France n.i. in the year 2019 Sunflower Combourtille 
H26 Italy A. mellifera ligustica in the year 2019 Black locust  
H27 France A. mellifera in the year 2019 Multifloral Provence 
H28 France A. mellifera in the year 2019 Citrus Provence 
H29 France A. mellifera in the year 2019 Coriander Arboussols 
H30 France A. mellifera in the year 2019 Multifloral Arboussols 
H31 France n.i. in the year 2019 Clover Marvejols 
H32 France n.i. in the year 2019 Multifloral Montadet 
H33 France n.i. in the year 2019 Alder buckthorn Andernos les bains 
H34 France n.i. in the year 2019 Multifloral Ortaffa 
H35 France n.i. in the year 2019 Multifloral Chatearoux les Alpes 
H36 France n.i. in the year 2019 Chestnut Plemy 
H37 France n.i. in the year 2019 Oak Alpes de Haute Provence 
H38 France n.i. summer 2018 Buckwheat Benassay 
H39 France n.i. summer 2018 Chestnut Scrignac 29,640 
H40 France n.i. spring 2018 Multifloral Toulon sur Arroux 
H41 Italy n.i. in the year 2019 Honeydew  
H42 Romania A. mellifera in the year 2019 Honeydew Sibiu 

n.i., no information, but presumably A. mellifera sp. 
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Each honey protein sample was stained with both methods seperatly. 

2.5. Gel imaging and analysis 

Electrophoresis gels were scanned using a GS 800 calibrated imaging 
densitometer (Bio-Rad Laboratories Inc., Hercules, California, USA) 
with dimensions of 10,200 × 14,031 pixels (width × height), a 1200 dpi 
resolution, 24 bit depth, RGB and saved as TIFF images. All images were 
further analysed with ImageJ 1.48v and GelAnalyzer 2010a as described 
in Mureş;an, Schierhorn & Buttstedt (2018). The GelAnalyzer software 
was used to estimate the raw volume for the most abundant protein 
bands of each sample (Supplementary Fig. S1). 

2.6. Statistics 

Samples were analysed in triplicate for protein quantification and in 
duplicate for electrophoresis gel densitometry. Statistical significance 
was tested by one-way analysis of variance (ANOVA) using the Kruskal- 
Wallis test using GraphPad Prism 8.2.1.441. Results were given as 
average ± standard deviation. To reduce the pollen dataset to a lower 
number of dimensions, cluster analyses were performed using the 
Paleontological Statistics (PAST) software (Hammer, Harper, & Ryan, 
2001). Cluster analyses were performed on a Bray-Curtis similarity 
matrix using complete linkage. Heatmap and dendrograms were 
generated using the Euclidean distance based on Ward’s algorithm for 
clustering (Ward, 1963). 

3. Results 

3.1. Melissopalynological analysis 

Across all honey samples 66 pollen types were identified. Pollen type 
diversity ranged from 5 to 25 per sample. The highest diversity was 
observed for sample H35 (multifloral) and the lowest for sample H19, 
with Castanea sp. as predominant pollen. The pollen assemblages of the 
42 honey samples are shown as a pollen percentage diagram arranged in 
a sequence determined by their sample ID and geographic origin (Fig. 1). 
The distribution of pollen types showed that the majority of the honey 
samples were palynologically dominated by Apiaceae, Boraginaceae, 
Compositae, and Fagaceae, followed by Fabaceae and Myrtaceae, being 

observed in almost all tested samples. According to the palynological 
analysis, nine plant families were found in the 42 honey samples as 
predominant pollen constituents (>45%): Apiaceae, Boraginaceae 
(Echium sp., Myosostis sp.), Brassicaceae (Brassica sp.), Compositae 
(Helianthus annus), Fabaceae (Trifolium sp.), Fagaceae (Castanea sp.and 
Quercus sp.), Myrtaceae (Eucalyptus sp.), Rhamnaceae (Rhamnus sp.) and 
Rosaceae (Rubus sp.) (Fig. 1, Supplementary Table S2). The Fagaceae 
family was found to be predominant (>45%) in eight samples (e.g. H16, 
H19, H20, H22, H27) with Castanea sp. and in H37 with Quercus sp. With 
the exception of H16 and H27, which were classified as multifloral, the 
other samples corresponded to Castanea sp. labeling. Another twelve 
families were found as secondary pollens (Fig. 1, Supplementary 
Table S2). The Fagaceae family was also present as secondary pollen 
(16–45%) for another six samples (H12, H30, H31, H34, H38 and H41, 
respectively), whereas the Apiaceae family was predominant in three 
samples (H10, H11, H29), and secondary in another three (H4, H5, 
H15). Samples H1, H3, H18 proved to be multifloral, not corresponding 
to the canola and raspberry labeling. The same was noticed for samples 
H5, H9, H26, H31, and H38, labeled as sunflower, eucalyptus, black 
locust, clover and buckwheat, respectively. The Boraginaceae family 
was predominant with Echium sp. in samples H7, H8 and H24, and 
secondary in H5, H9, H12, which was not consistent with the multifloral 
labeling. In the case of Rosaceae family, Rubus sp. was found predomi-
nant in sample H3 and secondary in four samples (H1, H16, H31, H39). 
From the analysed honey samples, 13 samples (H1, H2, H5, H7-9, H17, 
H21, H24-26, H31, H38) were not labeled correctly for their botanical 
origin, suggesting that the melissopalynolgy analysis proved to be sig-
nificant for accurate labeling. Among the reasons for the nonconformity 
of the beekeeper’s declaration in comparison with the results of the 
melissopalynology analysis might be incorrect labeling, secondary 
contaminated honey in honeycombs and/or accidental pollen addition 
during harvesting of the final product. 

A cluster analysis was performed to differentiate the floral origin of 
honeys based on specific pollen types and compositionally similar 
samples (Fig. 2, r = 0.82). The hierarchical clustering organized the 
samples in two main clusters except samples H25 and H26, which are 
considered ‘outliers’, not being grouped with the others, which might be 
based on the predominant pollen in Compositae H (Helianthus sp.), 
secondary in Brassicaceae (Brassica sp.) and only few minor pollen for 
H25. The same was noticed for sample H26, which is mainly multifloral. 

Fig. 1. Percentage pollen diagram, illustrating the pollen content of the honey samples (bottom line). Dots represent minor pollen (<3%). Colored bars indicate 
sample geographic origin. 
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The first major branch of the dendrogram includes five sub-clusters. The 
first and second sub-clusters comprise the samples from Belgium and 
Romania, as well as a sample from Italy (H41) and one from France 
(H16). Noticeable, in the third sub-cluster, the polyfloral samples H17, 
H18 and H2 are closely related which may be due to their similar plant 
families in Brassicaceae, Rosaceae (Prunus sp.) and Salicaceae. The 
following sub-clusters (B.2b, B.3a, B.4a) mainly group the samples from 
France. Cluster B2.b comprises the Western French samples (atlantic 
climate, fairly wet and cool), followed by B.3.a which grouped the 
Southern samples (H31, H32 and H33) from Marvejols, Montadet and 
Andernos les bains, respectively. The second major branch, including 
three sub-clusters (C.1a, C.2a, C.2b), consists of Spanish honey samples 
(from H4 to H15) and few Southern French (mediterranean climate) 
samples (H29, H30, H34) from Arboussols and Ortaffa, respectively. 
These groups are based on similar plant families, particularly in the 
secondary pollen constituents. According to the pollen diagram (Fig. 1), 
these samples showed similar predominant plant families, as follows: 
Brassicaceae (Brassica sp.), Boraginaceae (Echium sp.) and Fagaceae 
(Castanea sp.). This shows that the hierarchical cluster analysis can 
discriminate the honey samples based on their geographic and botanical 
origin, even though few samples (from Italy and Romania) were not 
clustered correctly. This might be explained by the botanical origin of 
the samples that in these cases are more important than the geographical 
origin, as seen by the mixed colours per cluster (Fig. 2). Multiple samples 
are needed to better discriminate honeys based on their geographic and 
botanical origin. One of the study’s purpose was to show that based on 
melissopalynological analysis the geographic origin can be discovered. 
This is important when analyzing honey samples of unknown prove-
nance. With this, the study demonstrated that honeys from France and 
Spain can be discriminated by the combination of melissopalynology 
and cluster analysis. 

Investigating the botanical and geographical origin is a crucial step 
to ensure the authenticity of honey, which is a natural product 
commonly targeted for adulteration due to its high market value in 
comparison to other sweeteners. Furthermore, there are countries that 

produce honey with lower prices, which is afterward sold with a 
different provenance and a higher price (like honeys labeled as: EU 
provenance, mixed honey from EU and non-EU countries without a 
specific geographical origin). Multivariate data analysis and machine 
learning techniques proved to be efficient tools for the botanical and 
geographical origin determination of honey samples, presenting high 
discrimination accuracy when applied to various descriptive parameters 
of honey. 

In order to declare specific honeys as monofloral, the national leg-
islations in different European countries have established minimal limits 
for specific pollen (Bobiş et al., 2020; Oddo, Piazza, Sabatini, & Accorti, 
1995; Oddo et al., 2004a,b; Thrasyvoulou et al., 2018). Using only the 
monofloral honey samples (n = 19) and their specific pollen spectra, the 
hierarchical cluster analysis revealed two main clusters corresponding 
to Spain (including two french samples) and France (mixed with Italy, 
Belgium and Romania) (Supplementary Fig. S2). 

3.2. Protein quantity 

Some honey samples had low protein quantities (H14, H23, H25, 
H27, H28, H37, H40) and a few had high protein quantities (H10, H22, 
H36, H38, H39). The protein content ranged from 0.16 (H25) to 2.15 
mg/mL (H22) (Supplementary Table S2). As expected from the variance 
in pollen quantities and floral origin, the protein content differed 
significantly among samples (Kruskal-Wallis ANOVA, H = 113.4, dF =
41, n = 126, p < 0.0001). 

3.3. SDS-PAGE 

The SDS-PAGE analysis showed typical protein bands known for 
different honey types, with clearly detectable protein bands in the range 
45–85 kDa (Supplementary Fig. S1). These results are in accordance 
with Bilikova, Kristof Krakova, Yamaguchi, and Yamaguchi (2015) and 
Lewkowski et al. (2019). The most intensive protein band was always a 
protein product in the range 50–60 kDa (denominated as 57 kDa in 

Fig. 2. Hierarchical clustering of the 42 honey samples (H1-H42) based on melissopalynological analysis (Bray-Curtis similarity, r = 0.82). Colored bars indicate 
sample geographic origin. 
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Supplementary Fig. S1). A further common protein band was the protein 
product between 15 and 20 kDa (denominated 18 kDa in Supplementary 
Fig. S1). These proteins could be of bee-origin (50–60 kDa, namely 
MRJPs; Lewkowski et al., 2019), however the lower one (15–20 kDa) is 
of unknown function (XP_397512.1; Lewkowski et al., 2019). The hon-
eys from France, H32 and H33, which have abundant pollen from 
Rhamnaceae, had higher molecular weight (MW) protein products. H37 
with predominant Fagaceae pollen and H42, a honeydew honey, had 
high MW protein bands of around 130 kDa. Generally, the honeys 
containing Fagaceae pollen had high MW protein products (Supple-
mentary Fig. S1). 

A clustering analysis based on the complete protein spectra (bee and 
plant proteins) of all honeys revealed that the samples were grouped into 
several clusters including subclusters, which are mostly not based on 
their geographic origin. The 1st cluster (A1.a.) comprises the samples 
that mainly had bee-derived proteins, mostly multifloral honeys, except 

H7 (Boraginaceae, Echium type), H10 and H11 (Apiaceae) and H39 
(Castanea sp.) (Supplementary Fig. S3). The 2nd cluster (B.1a) comprises 
the honeydew samples (H41, H42), followed by the Fabaceae with 
Robinia sp. (H26, H40) and Fagaceae with Quercus sp. (H37). The last 
major cluster (C) comprises the Oleaceae with Olea sp. (H6), Fagaceae 
with Castanea sp. (H19, H22), Ericaceae (H30, H34) and Tiliaceae (H21) 
(C1.a), followed by mainly multifloral samples (C2.a) and lastly (C2.b) 
with Compositae H (H5, H23, H25), Brassicaceae (H18) and Fagaceae 
(Castanea sp.) (H16, H36) (Supplementary Fig. S3). This shows that the 
floral origin and its associated proteins can be used as a method for 
honey identification. Comparing the cophenetic correlation coefficients 
of HCA dendrograms for the plant-derived proteins (r = 0.91) vs. the 
overall protein pattern (r = 0.81), showed that the plant-derived pro-
teins have higher explanatory power. Therefore, in order to avoid 
inconsistent results, the bee-originated proteins were removed for 
further analysis. 

Fig. 3. Hierarchical clustering and heatmap visualization of the 42 honey samples based on their protein and melissopalynological profiles. Columns indicate the 
honey samples and rows the protein pattern and melisopalynological analysis. Cells are colored based on the quantity in each honey sample, where purple represents 
a strong positive correlation and green a strongly negative correlation. The row dendrogram resulted from the correlation between the protein pattern and pollen 
content; the column dendrogram showed the correlation between honey samples. Strong positive correlations, based on the honey’s geographical origin, are 
highlighted in colored frames (France-violet; Spain-light pink; Belgium-light green; Italy-yellow; Romania-blue). (For interpretation of the references to colour in this 
figure legend, the reader is referred to the Web version of this article.) 

C.I. Mureșan et al.                                                                                                                                                                                                                              



LWT 154 (2022) 112883

7

3.4. Relationship between the melissopalynological analysis and the 
protein pattern 

Hierarchical clustering was used to visualize similarities and differ-
ences between protein composition and melissopalynological analysis 
(Fig. 3). The 1st and 2nd sub-clusters (A1.a and b) mainly contain honey 
samples from Spain (highlighted in light pink), along with samples H24, 
H29, H30 and H34, respectively. Following the importance score, 
sample H28 predominant in Rutaceae and sample H29 predominant in 
Apiaceae are strongly correlated to the 50(47) kDa protein band. The 
protein band with a MW of 26 kDa was found to correspond to the honey 
samples containing as major pollen the families of Oleaceae (Olea sp.), 
Cistaceae and Boraginaceae (Symphytum sp.), for example H30. The 3rd 
and 4th sub-clusters (B1.a and b) contain several samples from France, 
Belgium (H2, H17) and Romania (H18, H42). Several higher molecular 
weight protein bands corresponded to the honeydew honeys (H41 and 
H42). Sample H41 with secondary and important minor pollen in 
Compositae A, Gramineae, Gramineae (Zea mays) and Vitaceae grouped 
with the protein band of 83 kDa, whereas sample H42 with secondary 
pollen in Amaranthaceae, Compositae (Artemisia sp.) and Loranthaceae 
corresponded to the 130(126) kDa protein band. The protein band of 25 
kDa corresponded to the honey samples H5, H23 and H25 (B1.a) con-
taining as major pollen Compositae H (Helianthus sp.), and important 
minor pollen in Malvaceae and Boraginaceae (Phacelia sp.). Samples 
H17 and H18 corresponded to the 85 kDa protein band, whereas 
Rosaceae (Prunus sp.) grouped with a protein band of 37(35) kDa, found 
as secondary and important minor pollen in samples H17 and H18. 
Honey samples H2, H4, H27, H28, and H35, grouping in the same 
cluster, might have similar protein patterns and pollen families. Inter-
estingly, following the importance score, these samples contained sec-
ondary and minor pollen from Lamiaceae, Papaveraceae and 
Plantaginaceae, highlighting the importance of minor pollen in influ-
encing clustering levels. The 5th sub-cluster (B2.a) comprises samples 
from France collected in summer (H16, H19-22, H38, 39) with the 
Aceraceae, Oleaceae (Olea sp.) and Tiliaceae family as predominant 
families in sample H21, corresponding to the 22 kDa protein band. 
Samples H19-22 predominant in Fabaceae (Castanea sp.) grouped with 
the 47, 48(49) kDa and 111 kDa protein band. The 6th sub-cluster (B2.b) 
comprises the Fabaceae, Liliaceae, Polygonaceae and Caryophyllaceae, 
which grouped with a 17 kDa protein band (sample H26), whereas the 
Fabaceae (Trifolium sp.), Rosaceae (Filipendula sp. and Rubus sp.) and 
Compositae C families (H1, H3, H31) were found to be similar to sam-
ples H16, H36, H38 and H39 from sub-cluster B2.a. Most protein bands 
were detected for H32 and H33 with 29, 43, 80 and 149 kDa, grouping 
together with Fabaceae (Vicia sp.) and Rhamnaceae (Rhamnus sp.). 
Further details can be seen in Fig. 3. To reduce heterogeneity of the 
results, further investigation on these families found in monofloral 
honeys is required to group them to species-specific proteins. 

The protein profile can be associated with the palynological analysis. 
This relationship might help estimate the protein pattern of a pollen 
collection if the palynological analysis has been done. This means that 
the palynological analysis is still an important step in the botanical and 
geographical origin determination of honey. Further steps are required 
to optimize this new method as a mean to assist in identifying adulter-
ated honey. Adulteration by adding foreign pollen or diluting honey 
with artificial sweeteners might nevertheless be detectable with the 
method proposed here. 

4. Discussion 

Melissopalynology has been extensively used to determine the pu-
rity, geographical and floral origin of honey. It is also used to assess 
correlations with in situ climatic parameters such as rainfall and tem-
perature (Bilisik, Cakmak, Bicakci, & Malyer, 2008; Jato, Iglesias, & 
Rodriguez-Gracia, 1994), important external factors influencing polli-
nators and pollination networks (Abrol, 2013; Vicens & Bosch, 2000). 

Newly developed pollen identification methods, based on 
high-throughput multispectral imaging flow cytometry, might help 
reducing time for pollen identification (Dunker et al., 2021) to get an 
even more precise picture on what pollen profiles can tell us about the 
honey’s origin. Statistical analyses, mainly ordination (PCA, cluster 
analysis), have been conducted on melissopalynological data in quan-
titative studies to obtain more robust characterization of honey in terms 
of their geographic and botanical origin (Aronne & De Micco, 2010; 
Corbella & Cozzolino, 2008; Herrero, María Valencia-Barrera, San 
Martín, & Pando, 2002; Oroian, Amariei, Rosu, & Gutt, 2015). Such 
pollen-frequency dependent analysis is still the most commonly used 
multivariate method and can now be extended by including protein 
profiles. Future approaches can also try to include polyphenolic spectra 
data describing the olfactory and gustatory bouquet of honey. 

The results of the pollen diagram and the following cluster analysis 
clearly showed the geographical origin of the tested honey samples, with 
some exceptions that are probably based on similar botanical origin 
species in different geographical regions (Figs. 1 and 2). As for the future 
studies, an increasing number of samples from the same country is 
mandatory for a better honey discrimination based on their geographic 
origin, especially for Italy and Romania. Endemic plant species, present 
as minor pollen, might help in discriminting the samples based on their 
geographic origin, which can be demonstrated by cluster analysis. In this 
aspect, Sniderman, Matley, Haberle, and Cantrill (2018) analysed the 
pollen content of 173 unblended honey samples sourced from Western 
and South-Eastern regions of Australia. Based on their cluster analysis, 
the Western and Southern honey types could not be discriminated by 
palynological analysis, mainly due to the presence of secondary and 
important minor pollen species. They further showed that Myrtaceae 
morphotypes, as endemic or highly specific pollen, may be a feasible 
criterion for authenticating the origin of Australian honeys. 

The seven plant families in the French honey samples (Apiaceae, 
Boraginaceae (Echium sp.), Compositae H, Fagaceae (Castanea sp. and 
Quercus sp.), Rosaceae (Prunus sp. and Rubus sp.), Rhamnaceae and 
Rutaceae) are very well known for typical honey from France (Piroux 
et al., 2014). The latter examined the correlation between pollen di-
versity and landscape features by palynological analyses of honey 
collected from sixteen apiaries in Western France. Their results showed 
that the dominant plant families were Asteraceae, Brassicaceae, Faba-
ceae, Fagaceae, Poaceae, and Rosaceae, respectively. In the samples 
from Spain (H4-H15), the predominant families were Apiaceae, Bor-
aginaceae (Echium sp.and Myosotis sp.), Myrtaceae (Eucalyptus sp.), 
Oleaceae (Olea sp.) and Rosaceae (Rubus sp.). Interestingly, except 
Myrtaceae and Oleaceae families, the others strongly correspond to the 
predominant families found in the samples from France, but resulted in a 
separate major cluster for Spain (Fig. 2, Supplementary Fig. S2). The 
composition and not only the most dominant plant families contributed 
to the differences between honey samples of the two countries. The same 
effect can be seen in Fig. S3, which means that the method proposed here 
showed that honeys with similar plant families can be differentiated 
based on their protein pattern. However, future work is needed on 
protein identification. For instance, samples H5, H23, and H25 with 
Compositae H (Helianthus type) as predominant and secondary plant 
family corresponded to a 25 kDa protein band. Previous studies showed 
contradictory results for sunflower honey. Baroni et al. (2002) reported 
that sunflower pollen in honey is characteristic to 33–36 kDa proteins, 
whereas Marshall and Williams (1987) revealed that honey protein 
constituents mainly originate from bees and that sunflower corresponds 
to a 17 kDa protein band. Lewkowski et al. (2019) identified sunflower 
proteins of 13.5 and 27–29 kDa in a honey sample. Such discrepancies 
will be solved with the availability of plant specific protein profiles. 

Belgian honeys were predominant in Rosaceae (Prunus sp.), also 
present in other samples, corresponding to 37(35) kDa, along with 
Brassicaceae, Fabaceae (Trifolium sp.), Lamiaceae, Rosaceae (Rubus sp.) 
and Salicaceae, which grouped with an 85 kDa protein band. As there 
are no published studies regarding the palynological and/or protein 
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pattern of honey samples from Belgium, these results extend our un-
derstanding of honey identification from this particular region. 

Generally, protein content of the studied honeys varied strongly 
among honey types, with having a range of two orders of magnitude 
variance. Honey bees processing nectar to honey seem to add constant 
quantities and quality of bee-specific proteins into the final product 
(Lewkowski et al., 2019). This means that the variance observed here is 
mainly driven by proteins of floral origin, added from pollen or secreted 
in nectar. Conti et al. (2018) showed that the sample’s (corbicular pol-
len) palynological traits, for the identification of foraging season, are 
characterized by different protein content in pollen. An overview on 
variance in protein content of pollen may extent the protein profiling of 
honey. Even though it is presently incomplete, Conti et al. (2016, 2018) 
and Roulston, Cane, and Buchmann (2000) are constructing such a 
database to estimate the protein content of a pollen stock, if the family 
and pollen type are known. 

According to the heatmap and hierarchical clustering, the botanical 
origin of pollen samples was correlated with the protein profile. How-
ever, plant protein databases are currently lacking protein profiles of 
many melliferous plant genera and species, therefore single protein 
identification is the major task of future studies. Only a hand full of 
studies identified monofloral honey protein profiles, such as buckwheat, 
eucalyptus, sunflower and canola honey (Baroni et al., 2002; 
Borutinskaitė et al., 2017; Lewkowski et al., 2019). Improvement in 
plant genome sequencing will fill this knowledge gap, which might help 
for a clear identification of each protein band that was associated with 
specific, plant genera or families. Nevertheless, the analysis showed that 
protein profiles and even specific products are useful candidates for 
future studies to improve honey identification. 

This study is an example of monitoring research where the rela-
tionship between the palynological spectra and protein pattern in honey 
samples was explored. This approach attempts to apply the palynolog-
ical analysis of honey samples as a tool for their separation in homog-
enous groups in terms of protein profiles. It is also a first step toward 
developing a protein-plant database for honey. Further methodological 
research for honey quality assessment should focus on developing 
techniques for rapid evaluation of the botanical origin of honey (like 
high-throughput pollen identification; Dunker et al., 2021) since the 
principal method currently used, the melissopalynological method, is 
highly demanding and time consuming, requires considerable experi-
ence and botanical knowledge. The pollen analyst’s experience occa-
sionally generates inconclusive results that can be difficult to interpret. 
Moreover, it is necessary to devise quick, reliable, and inexpensive 
methods for detecting honey adulteration. 

5. Conclusions 

The combination of two widely established reliable methods, 
melissopalynology and SDS-PAGE, is a useful tool for discriminating 
between different kinds of honey, even without performing advanced 
protein identification. The honey protein distribution analysis by SDS- 
PAGE is a simple and less time-consuming method than MS, which 
could be useful for monitoring honey authenticity and adulteration 
together with melissopalynology. The 2D heatmap demonstrates the 
relationship between melissopalynological analysis and protein pattern 
for a better authentication of honey. The proposed two-step workflow 
enables (i) comparison of protein profiles by SDS-PAGE, an easy and fast 
method, along with melissopalynolgical analysis, and (ii) clustering and 
visualization of the results as a pollen-protein diagram and a 2D heat-
map for data interpretation. Further research is required on honey and 
pollen protein patterns, and on bee-origin proteins, to get a better un-
derstanding of behavior, development and role of honey bees while 
processing nectar into honey. 
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