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Abstract 

 

Honey is the natural sweet substance produced by honeybees through a process of digestion and 

regurgitation after foraging on floral nectar or on the sweet secretions of sap- sucking insects. The 

honey produced in Nepal has very diverse characteristics due to the floristic richness and the 

several species of native and introduced honeybees involved in honey production. A 

melissopalynological study was conducted on 27 honey samples from Nepal in order to determine 

their floristic and geographical origin and evaluate their quality, using low-tech methods which 

would be available to researchers in Nepal. Different pollen extraction techniques were examined 

and refined. A total of 72 pollen types were characterized using Light Microscope and Scanning 

Electron Microscope. 52 pollen types were identified to the lowest possible taxonomic level and 

described using standard terminology. Geographical origin and altitudinal distribution were 

inferred from spectra of the pollen species found in the honey. 2 main origins of honey were found:  

from Mid-Hills (1000- 1500m) and from Upper Mid- Hills (1500-2000m). Honey quality was 

examined by sensory evaluation, evaluation of the amount of sediment present in the honey and 

debris found by microscope examination. This study has shown the value of melissopalynological 

analysis for Nepalese honey and revealed a great diversity of bee foraging plants. A distinct 

differentiation pattern between high and lower altitude honeys has been observed but also problems 

have been detected regarding extraction, processing and packaging of honeys in Nepal. 
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1. Introduction 

1.1 Bees and honey 

 

Codex Alimentarius Commission (CAC, 2001) 1 defines honey as ‘the natural sweet substance 

produced by honeybees from the nectar of blossoms or from secretions of living parts of plants or 

excretions of plant sucking insects on the living parts of plants, which honeybees collect, transform 

and combine with specific substances of their own, store and leave in the honey comb to ripen and 

mature’.  

Bees forage nectar, secreted in floral and extrafloral nectaries on plants and they also forage 

from honeydew. Honeydew is the sweet secretion that sap- sucking insects produce and bees can 

also produce honey when they feed on this material (Crane, 1975). During foraging, bees use part 

of the nectar collected to support metabolic activity of their flight muscles, with the majority of 

collected nectar destined for regurgitation, digestion and storage as honey (Crane, 1980). Bees tend 

to be selective regarding their nectar sources, so if the nectar is not sweet enough to attract them or 

it is inaccessible or tiring to collect due to the flower’s morphology, then it is unlikely that this 

nectar will be used for honey (Crane, 1980). The bees’ manipulation of the liquid in the hive, 

between the initial stage when it is nectar or honeydew and the final stage when it is honey, 

introduces an enzyme that causes chemical changes that lead to a higher sugar content. That 

enzyme is called invertase and is produced together with diastase and glucose oxidase in the bees’ 

hypopharyngeal glands (Crane, 1975). The bees work together as a group, regurgitating and 

digesting the honey for as long as 20 minutes until it reaches storage quality (Sawyer, 1988). The 

honey is then placed in honeycomb cells which are left unsealed while there’s still has a high 

content of water (about 20%) and natural yeasts, which can cause the sugars in the newly formed 

honey to ferment. The bees flutter their wings constantly to circulate air and evaporate water from 

the honey to a content of about 18%, raising the sugar concentration and preventing fermentation 

                                                 
1 The Codex Alimentarius Commission was created in 1963 by the Food and Agriculture Organization (FAO) and 

the World Health Organization (WHO) to develop food standards, guidelines and related texts such as codes of practice 

under the joint FAO/WHO Food Standards Programme. The main purposes of this Programme are to protect the health 

of consumers and ensuring fair trade practices in the food trade, and to promote the coordination of all food standards 

work undertaken by international governmental and non-governmental organizations. 
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(Crane, 1980). The honeycomb cells are then sealed with wax and the honey is stored as a primary 

food source for the young and adult bees (Pokhrel et al., 2014).  

The nectar of a flower usually contains pollen grains of that flower which may fall into it by any 

disturbance of the open anthers from wind or insects. From the released pollen, a significant amount 

falls into the nectar and is then extracted by the bee’s proboscis when it’s foraging on the nectar 

(Sawyer, 1988). The amount of pollen that may fall into the nectar depends on the pollen producing 

capacity of each plant species and also on its floral morphology and position of its nectaries in 

relation to its anthers. Bees, however, also collect pollen from entomophilous and anemophilous 

plants in search of proteins, lipids, vitamins and minerals, which is the food required for 

reproduction and larval feeding. The largest load of pollen though, is transferred in the hive on the 

hind legs and body of the bee.  These pollen loads are primarily responsible for pollination of plants 

as the bees continue foraging and when they arrive in the hive the pollen grains are stored separately 

from the honey. Honey and pollen are mixed by the bees only to feed the larvae, but a large 

proportion of that pollen is finally packed away with the ripened honey (Crane, 1975, 1980). Larvae 

and eggs are kept in the brood chamber or hive body (Figure 1). The surplus of the honey produced 

is stored in a separate section of the hive, the honey super (Figure 1), which is where the beekeeper 

can harvest the honey from.  

The performance of bees is astounding. The fuel consumption of a flying bee is about ½ mg of 

honey per kilometer. In order to provide 1 kg of surplus honey, a colony has to consume about 8 

kg of honey to sustain themselves and cover a foraging distance equal to six orbits around the Earth 

(Crane, 1975). A colony is usually comprised of a single female queen bee, a seasonally variable 

number of male drone bees to fertilize new queens and 20,000 to 40,000 female worker bees (Crane, 

1975, 1980). The majority of the honey produced in a hive is used by the bees and the beekeeper 

should only harvest the surplus they do not require in order to maintain the colony’s sustainability. 

The honey is of major importance for the bees to live through the winter and the dearth period2. If 

the honey left in the hive after harvesting is not enough, sugar must be fed to the bees for them to 

survive; a practice that can compromise the quality of the produced honey and the wellbeing of the 

bee colony. 

                                                 
2 A period of time when there is no available forage for bees, due to weather conditions (rain, drought) or time of 

year. 
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Figure 1: The parts of a common frame hive 

(http://www.ivegothives.com) 

http://www.ivegothives.com/
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1.2 Honeybees of Nepal 

 

Most of the world’s honey production is obtained from the European or western honeybee Apis 

mellifera L. The European honeybee A. mellifera, naturally occurs in Europe, the Middle East, and 

Africa (Sawyer, 1988). This species has been subdivided into at least 20 recognized subspecies (or 

races), none of which are native to the New World. However, subspecies of the western honey bee 

have been spread extensively beyond their natural range due to economic benefits related to 

pollination and honey production (Crane, 1980).  

There are, however, more species of social bees 3 that also produce and store honey. The species 

Apis cerana F., known as the Asian honeybee, is endemic to most of Asia where it has been used 

for honey production and pollination for thousands of years. A. cerana has diversified widely in 

Asia, producing many races adapted to different environmental conditions (Koetz, 2013). Apis 

dorsata F., the tropical giant honey bee and Apis florea F. known as the dwarf honeybee are the 

other two common bee species indigenous to tropical south-east Asia (Aryal et al., 2015). Apis 

laboriosa S., the Himalayan cliff bee is the largest honeybee in the world. It can reach up to 3 cm 

in length and it has been recognised as a separate species to A. dorsata due to its different size, 

morphology and habitat (Thapa, 2001; Aryal et al., 2015).  

In Nepal five species of honeybees can be found, out of which A. cerena, A. dorsata, A. florea 

and A. laboriosa are native, whereas A. mellifera was introduced and is being reared commercially. 

Three sub-species of A. cerana, A. cerana indica, A. cerana himalaya and A. cerana cerana are 

also distributed in different regions of Nepal (Thapa, 2003). 

A. cerana is the most widespread bee species of Nepal and can be found all over the country up 

to an altitude of 3500 m. Their honey yield has been reported to be up to 20 kg per hive per year 

(Gurung et al. 2012). This species, much like its European relative A. mellifera, builds its combs 

in the dark and can therefore be kept in hives (Crane, 1980, Figure 1). Being a domesticated species, 

their hives can be transported; a particularly useful feature for pollination of high mountain plants 

and crops (Gurung et al. 2012). In traditional Nepalese beekeeping hollow tree trunks, rock voids, 

and walls are also used for A. cerana colonies (Gurung et al. 2012; Thapa, 2012). Three sub-

species/tribes of the A. cerana have been reported in different habitats: A. cerana indica can be 

                                                 
3 Social bees: Bees that live together in organized colonies 
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found in lowland plain areas, A. cerana himalaya in valleys and hills and A. cerana cerana in high 

hills (Aryal et al., 2015). These bees are excellent pollinators of fruit trees, field crops and wild 

plants. Especially A. cerana cerana has the highest honey production potentiality and domesticated 

behaviour similar to A. mellifera. However, it is under exploited (Pokhrel et al., 2014).   

The giant honeybee A. dorsata, has a length of 17–20 mm and is native to Nepal. It can be found 

in hills and plains at altitudes up to 1000 m (Thapa, 2012; Aryal et al., 2015). Their honey 

production can be as high as 30–50 kg per colony per year (Gurung et al. 2012). A. dorsata is an 

open nesting honeybee that builds single large comb nests usually on the top of tall trees, tall 

buildings, or water towers. These bees migrate seasonally to the hills in the summer and to plains 

during the winter (Pokhrel et al., 2014). They are excellent pollinators of field crops, fruit, and 

native flora (Gurung et al. 2012). 

 The dwarf honeybee A. florea is the smallest of the Apis species, with a length of 7–10 mm. It 

can be found up to 1200 m, especially in plain areas (Gurung et al., 2012). It is also an open nesting 

honeybee that builds single small comb nests under small tree branches or bushes and can migrate 

frequently if the nesting site and forage area is inappropriate (Thapa, 2003). It yields a very small 

amount of honey (1kg/colony/year) which is considered to have medicinal value. It is an efficient 

pollinator of crop plants and wild flora in the Himalayan foothills (Gurung et al., 2012). 

The Himalayan cliff bee, Apis laboriosa, is generally found in high altitudes ranging from 1200 

to 3600m and forages at up to 4100 m in the Himalayan mountains of northern Nepal (Thapa, 2003). 

A. laboriosa bees build single, large, open comb nests, with many colonies nesting close together, 

mainly on large steep cliffs (Gurung et al., 2012). They have been reported to yield 25- 60 kg of 

honey per colony per year (Gurung et al., 2012; Pokhrel et al., 2014). Apis laboriosa migrates 

seasonally following available plant resources and avoiding the harsh winter in the high altitudes. 

In winter, A. laboriosa colonies migrate from the high mountains in the cool temperate regions 

towards the south, low mountain regions (up to 1200 m). During that period they forage especially 

on Brassica L. species (Brassicaceae) that are in bloom during November–January. In the summer, 

when the temperature rises above 28°C in the warm temperate regions, the colonies migrate back 

to the cooler northern temperate Himalayan mountain areas and forage on the Rhododendron 

species (Ericaceae) that are in bloom (Thapa, 2001).  
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A.mellifera has been introduced to Nepal in the early 1990s through commercial beekeepers and 

is, therefore, an exotic species. It has been reported to yield 50-100 kg of honey per colony per year 

(Thapa, 2003; Gurung et al., 2012) which is more than double in comparison to the native species. 

However, the bees need to be purchased from bee apiaries or certified bee breeders and sustaining 

a healthy colony requires intensive management practices, standardized equipment such as frame 

hives, warm climate and larger foraging grounds. A. mellifera bees are also susceptible to brood 

diseases and mites which require treatment with chemicals that may contaminate the honey. Native 

species are resistant to these diseases and parasites, adapted to the local environmental conditions 

and flora and do not require a large capital investment or technical skills as colonies can be caught 

in the wild and maintained in simple log or wall hives with a minimum of inputs (Thapa, 2001, 

2003; Gurung et al., 2012). 

1.3 Honey composition and quality 

 

Honey is a combination of about 200 substances and chemical components (Ferreira et al., 2009). 

The major constituents of honey are sugars including fructose, glucose, sucrose, maltose and other 

di- and trisaccharide sugars (Lazarević et al., 2012). Besides sugars, honey contains a complex 

mixture of chemical components such as proteins, fats, vitamins, minerals, enzymes, amino acids, 

aroma compounds, vitamins, pigments, waxes, pollen grains, several enzymes and other 

phytochemicals (Joshi, 2008; Ferreira et al., 2009; Lazarević et al., 2012).  

The content and concentration of these chemical components can influence several quality 

parameters of honey such as its storage quality and life expectancy, its texture, by causing 

granulation, as well as its nutritional and medicinal value (Joshi, 2008). The concentration of some 

of those chemicals can also point to honey adulteration; either by adding syrups in the final product 

or by feeding sugar to the bees, overheating of the product while removing it from the combs, thus 

destroying many of its nutrients and improper handling during packaging. All of these parameters 

can be detected during simple or more elaborate quality controls. Honey quality standards for 

Europe are specified in the Directive of the European Parliament and of the Council Directive 

Relating to Honey (2001, amendment 2014) while international quality standards are included in 

the Codex Alimentarius Commission for Honey (2001).  
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Following the suggestions of the International Honey Commission (IHC) (Bogdanov et al., 

1999) the European and International Directives require determination of the following quality 

factors in order to certify good quality honey:  

 Moisture and ash content 

 Acidity 

 Hydroxymethylfurfural content (HMF) 

 Apparent reducing sugars and apparent sucrose  

 Fructose/glucose content 

 Diastase activity  

 Water-insoluble matter.  

 Electrical conductivity 

 Invertase activity 

 Proline content 

 Specific rotation 

 

The determination of each factor can provide answers from botanical and geographical origin 

to mishandling, adulteration and storage conditions. However, a conclusive answer about a certain 

quality aspect (e.g. nectar or honeydew honey) cannot be extracted performing just one of the above 

tests as it is more of a combination of results and indications from a set of tests that can produce a 

confident result. 
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1.4 Honey in Nepal 

 

Honey can be categorized according to its floral source, geographical origin, mode of processing, 

consistency and appearance (Joshi, 2008). Honey available in Nepal is usually categorized as one 

of the following types: 

1. Plant specific honey 

2. Honeybee species specific honey 

3. Location specific honey 

4. Commercial honey 

The majority of the honey found in Nepal is of multi-floral origin. However, the most common 

honeys marketed as unifloral, include chiuri or Indian butter tree (Diploknema butyracea (Roxb.) 

H.J.Lam), mustard (Brassica spp.), buckwheat (Fagopyrum esculentum L.), rudhilo (Pogostemon 

spp.) and litchi honey (Litchi chinensis Sonn). Honeydew honey, collected from pine, spruce and 

oak trees from the mountain areas of Nepal is also found in the market (Joshi, 2008). 

Honey in Nepal can be marketed according to the bee producing species, with honey produced 

by native bees such as A. cerana and by wild bees such as A. dorsata, A. florea and A. laboriosa 

commanding a significantly higher price. Such honey is often sold as Wild, Organic, or Rock honey 

and each of those characterizations may imply a bee species or a specific plant the honey is made 

from. Wild and Organic honeys are produced by bees who forage on wild plants and are, therefore, 

organic and free of pesticides. Honey made by the Himalayan cliff bee (A. laboriosa), the giant 

honeybee (A. dorsata) and the dwarf honeybee (A. florea) is also referred as wild honey as these 

bees cannot be kept in hives and their honey is acquired by the infamous honey hunters of Nepal 

(Valli & Summers, 1988). Rock or Red honey is produced by A. laboriosa during spring from the 

nectar of rhododendrons (Rhododendron spp, Ericaceae). Honey containing rhododendron pollen 

is considered to be medicinal, with relaxing properties in small quantities and intoxicating with 

hallucinogenic effects when a large quantity is consumed, which is why it is also called “Mad 

honey” (Kurtoglu et al., 2014). Those properties derive from a toxic substance called grayanotoxin, 

which is present in rhododendron leaves, flowers and pollen. Grayanotoxins are quite common in 

members of Ericaceae and in Nepal they are also present in Pieris sp. (Jansen et al., 2012). Other 

taxa in Nepal that are known to contain these toxins and produce intoxicating honey are Aconitum 
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spp. and Entada spp. (Aryal et al., 2015). Consumption of 5–30 g of honey with grayanotoxins was 

reported to result in poisoning (Yilmaz et al., 2006). However, there is limited information 

available on intoxicating honey and its precise floral origin, medicinal, nutritional and commercial 

value for Nepal (Joshi, 2008). 

Honey can be also categorized according to the geographical area in which it is produced and 

the harvesting season. However, confirming such information requires a melissopalynological 

analysis of the pollen spectrum of each honey sample. Also in cases that common and widespread 

plants participate in the honey’s composition it is hard to define its origin in terms of a specific 

area or district. Some honey brands sold according to geographic location are: Karnali honey, 

Himalayan honey, Annapurna honey, Chitwan honey, Rapti honey, Rukum honey and Mountain 

honey (Joshi, 2008). The harvesting season can be confirmed by accurate pollen identification, so 

a melissopalynological analysis is also required for that. 

Liquid, clear, light coloured honey is the most preferable type of honey for the international 

market. Consumers tend to not prefer granulated honey as they consider it more possible that such 

a honey has been adulterated with sugar. This conception is usually erroneous as granulation has 

been proven to be caused by the other factors, such as botanical origin, water content and storing 

conditions (Crane, 1980; Belay et al., 2015). A high pollen content usually causes opaqueness in 

the honey, but this also indicates that it has not been over processed or filtered and is therefore 

more natural. Most honey in Nepal is extracted by squeezing the combs by hands, a very common 

practice in the mountain areas of Nepal with A. cerana combs in tree logs and wall hives. Some 

honey, mainly from A.mellifera frame combs, is extracted by centrifugation (Joshi, 2008). In Nepal, 

liquid honey is primarily preferred by consumers. Nonetheless, finely granulated honeys like chiuri 

(Diploknema butyracea) and litchi (Litchi chinensis) and cold pressed multifloral honeys are 

regarded as the best tasting honeys. Chunk and comb honeys are not very common in Nepal, but 

in the last years they have started to emerge in the Nepalese market (Joshi, 2008; Pokhrel et al., 

2014). 
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2. Past Research on Nepalese Honey and Project Aims 

 

The most common subjects in the literature on Nepalese honey, include honeybee diversity, 

honey production and quality control, pollination and constraints of apiculture in Nepal and pollen 

analysis from bee foraging plants and honey. The Asian and Nepalese bee species are thoroughly 

examined with regards to their morphology and habitat (Crane 1975, 1980; Shrestha and Shrestha, 

2000; Thapa, 2003, 2012; Koetz, 2013; Aryal et al., 2015), the physicochemical characteristics and 

quality of their honey (Joshi, 1999, 2008; Joshi et al., 2000; Yilmaz et al., 2006; Kurtoglu et al, 

2014; Pokhrel et al., 2014; Pasini et al., 2016) and their foraging behaviour and role as pollinators 

(Kafle, 1984; Partap, 1997; Thapa, 2001 ; Sarma & Saharia, 2011; Aryal et al., 2016). Constraints 

in apiculture and suggested management policy are addressed in several reports for Nepal (Shrestha 

& Shrestha, 2000; Gurung et al., 2012; Pokhrel et al., 2014; Aryal et al., 2015). 

Melissopalynology is recognised as an important tool for the determination of geographical 

origin of honey, the bee foraging plants, the general flora of an area and the evaluation of various 

quality characteristics of honey. Not much work is reported from Nepal regarding pollen analysis. 

The bee flora of Nepal has been studied, but mostly on the basis of field surveys (Partap, 1997), on 

the diverse bee forage plants being also used in horticulture, crops and ornamentation. Pollen 

analysis by bee foraging observation was conducted by Shrestha et al. (1994). In their study, the 

pollen of 84 major foraging plants was photographed by Light Microscope (LM). Pollen studies 

were conducted using LM for 200 plants that were proved to be significant for forage (Partap, 

1997). Joshi (1999) identified 51 pollen types from honeys from different areas of Nepal and 

provided LM photographs and pollen type descriptions. He also analysed the pollen spectra from 

the honeys. Paudayal & Gautam (2012a) identified over 19 species of pollen from the pollen loads 

of A. cerana using LM and SEM, and 44 pollen types from 8 different honeys from Nepal (Paudayal 

& Gautam 2012b). 

Regarding pollen extraction techniques from honey, the protocol used most frequently in Nepal 

involves washes and centrifugation with water, followed by acetolysis (Erdtman, 1969). Another 

version of the same protocol suggests washes with glacial acetic acid before and after acetolysis to 

prevent the pollen grains from clumping together (Erdtman, 1960). There are more elaborate 

treatments in the literature, based on the initial condition of the honey or pollen samples where 
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washes with various chemicals are suggested in order to remove sugars (Lieux, 1980), colloidal 

matter and other foreign materials (Faegri et al., 1989). 

Acknowledging the gap in the literature regarding melissopalynology in Nepal, this project is 

aiming to:  

 Refine pollen extraction techniques from 27 honey samples from Nepal and device a 

technique which is as simple as possible, in order to enable easy operation of the 

procedure in Nepal 

 Identify pollen types, describe them and produce an image archive including SEM and 

LM photographs of bee foraging pollen species from Nepal 

 Characterize the pollen content and the botanical and geographical origin of the honey 

samples based on melissopalynological analysis. 
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3. Materials and Methods 

3.1 Labelling the honey samples 

 

A total of 27 different honeys were acquired from Nepal (Figure 2). The honeys were purchased 

mostly from shops and some were purchased in local markets. The floral and geographical origin 

and the harvesting season were also variant, therefore the honeys were initially sorted out in 

categories based on the information on their labels. All the samples were given a code based on 

their stated floral origin (Appendix I). The categories created were:  

1. Buttertree Honey (Diploknema butyracea) 

2. Mustard Honey (Brassica sp.) 

3. Mixed flower/ Pure/Herbal Honey (Unknown/mixed origin) 

4. Buckwheat Honey ( Fagopyrum esculentum Moench) 

5. Wild/ Rock Honey ( High altitude origin) 

6. Rudhilo Honey (Pogostemon spp.) 

7. Litchi Honey (Litchi chinensis) 

 

The honeys marketed as Wild/ Rock honeys command a significantly higher price as they are 

claimed to be harvested from wild hives, located in cliffs, in high altitude and they are also 

marketed to have medicinal/hallucinogenic properties due to the presence of Rhododendron sp. 

pollen. Some Herbal honeys also had a high price due to alleged medicinal properties but they were 

included in the 3rd category since there was no indication that they originate from the rock hives in 

the mountains. 
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3.2 Organoleptic properties of honey 

 

The organoleptic properties of honey include colour, aroma and taste. Sensory evaluation was 

used to identify and quantify those properties and possible defects such as fermentation, impurities, 

off-odours and flavours in 27 samples of Nepalese honey. The colour characterization was based 

on the Pfund colour grading system which is a scale that is used in the honey industry to describe 

the colour of honey (Crane, 1980; Sawyer, 1988). Measurements were originally made with an 

instrument called the Pfund colour grader. This instrument measures the optical density of honey 

and gives a reading, expressed in millimetres, in a scale of 0 to 140. In this project, a standardized 

colour guide with the seven colour types of the Pfund scale was used to compare the honeys (Figure 

3) (Marchese and Flottum, 2013).  

The participants in the sensory evaluation did not know the origin of each honey and were asked 

to smell and have a taste of each honey. To evaluate the aroma, the honey was stirred and then 

smelled and for the tasting evaluation wooden sticks were used. The participants characterised the 

odour and taste of each sample using an Aroma and Tasting wheel (Figure 4) (Marchese and 

Figure 2: The Nepalese honey samples 
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Flottum, 2013). This is a more elaborate version of the “Odour and Aroma wheel for honey” 

(Bureau et al., 2000) and is similar to models previously developed for wine, beer and cheeses. 

 

Figure 3: The Pfund colour scale system (Marchese and Flottum, 2013) 
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Figure 4: Aroma and Tasting Wheel (Marchese and Flottum, 2013) 
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3.3 Determining the contents of the sediment in honey 

 

The amount of solid constituents of the honey can be characteristic of the extraction method that 

was used and of the packaging conditions. Honeys extracted by centrifugation contain little 

sediment. In general, 10 gr of honey yields 0.0015-0.0035 ml of insoluble matter (Louveaux et al., 

1978). Carelessly produced pressed honey, honey extracted by heating the combs, or honey that 

was squeezed from a cloth containing loose combs contains substantially more sediment than 

honeys processed and packaged in hygienic conditions, following a standardized food processing 

system (Crane et al., 1980). A high amount of sediment (>0.01 ml) usually indicates a pressed 

honey. However, the sediment may be comprised to a great extent by material not usually present 

in honey (dirt, pollen substitutes, yeasts, etc.), which can be detected by microscope analysis. A 

low amount of sediment may indicate honey naturally poor in pollen due to low pollen production 

of the floral source (e.g. orange honey), excessive filtering, or falsification (e.g. by feeding sugar 

to the bees) (Louveaux et al., 1978). 

 In order to determine the sediment in the honey samples, 20 gr. of each honey were placed in a 

test tube and mixed with 20 ml. of warm distilled water. Warm water helps dissolve even 

crystalized honey. The tubes were stirred in a vortex mixer until the honey was dissolved in the 

water and then placed into a centrifuge, at 3000 rpm (rotations per minute) for 30 minutes. After 

the centrifugation, the supernatant was decanted carefully so there was no pollen loss and another 

20 ml. of warm, distilled water were added. The same process was repeated 2 more times for 15 

minutes per centrifugation, until the water in the tube was clear. The tubes were left to dry overnight 

and then the amount of material present in the form of sediment was graded in a scale from 1-4.  

1: very little material, uncertain if pollen present 

2: little material, pollen observed 

3: enough material, pollen observed in quantity 

4: a lot of material, sediment very thick 
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3.4 Extracting pollen from honey 

 

A variety of pollen extraction techniques were tested in order to extract clean, unruptured pollen 

from the honeys and find the most appropriate technique for use by labs in Nepal.  

Lutier & Vaissière (1993) suggested filtration as a first step to extract pollen and spores from 

honey, followed by acetolysis in microcentrifuge tubes. However, in their method the pollen 

content and size classes were previously calculated by examining pollen loads from pollen traps 

placed in the bee hives. This approach would not be appropriate with my honey samples as the 

pollen content and, more importantly, the range of pollen grain sizes was not known in the 

beginning and there was no way of inferring it.  

Time efficiency was an important parameter taken into consideration, therefore, simple washes 

with water (Louveaux et al. 1978) and with ethanol (Moore and Webb, 1978), without acetolysis, 

were also attempted. A total of four different extracting methods were used and the results were 

compared. 

3.4.1 Washes with water 

 

Four samples of honey were used in this method in order to determine if a good amount of clean 

pollen could be extracted just by washing and centrifuging the honey with distilled water. The 

honeys used were 3e, 3g, 3j, 8a (Appendix I). Twenty grams of each honey were placed in a test 

tube and mixed with 20 ml of warm, distilled water. The process followed was the same as for 

sediment determination. The pollen that was collected in the bottom of each tube was then mounted 

in glycerine jelly, sealed with a coverslip and placed on a heating block to melt the glycerine. Three 

slides were produced for each sample. Once the glycerine was dry, the samples were studied using 

Light Microscopy. 

3.4.2 Washes with ethanol 

 

This method suggested by Moore & Webb (1978) is normally used when pollen is extracted 

directly from anthers to be seen under scanning electron microscope. However, being very simple, 

time efficient and having a minimum cost and interaction with chemicals it was attempted in two 

different honey samples. Sample 7a, a clear, light coloured honey was one and sample 4a an opaque, 

dark honey was the other (Appendix I). These two different types of honey were used to examine 
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whether colour and consistency of honey have any effect on its solubility in ethanol and on the 

amount of extracted pollen. For this method 0. 7 ml of each honey sample were placed in a small 

test tube and mixed with the same amount of distilled water. The tubes were put in a transonic bath 

with hot water for 15 min. for the honey to melt and lighter pollen to mix with water. The 

supernatant from each sample was then transferred with a pipette into new tubes and topped up 

with 95% ethanol. The tubes were placed in the transonic bath for another 15 min.  Finally the mix 

was transferred into new tubes and topped up with 100% ethanol. After staying in the transonic 

bath for 15 min. a drop of each sample was placed on top of a coverslip on a stub. For the 

preparation of the SEM stubs, a carbon sticker was placed on the stub, using forceps to avoid 

contamination. Then a round coverslip was also placed on top and after adding a drop of the sample 

the stubs were left to dry. The stubs were then examined in SEM. 

3.4.3 Acetolysis  

 

Acetolysis is the best technique for recovering pollen because plant tissue, lipids and organic 

matter debris are dissolved and removed from the sample and the pollen grains (Erdtman, 1960). 

This makes the diagnostic characteristics of the pollen grains more visible so that accurate pollen 

identification can be made. The acetolysis protocol followed was according to Erdtman, (1969) but 

some adjustments were needed, based on the examination of the recovered pollen after each 

acetolysis session. A total of 3 sessions took place. 

3.4.3.1 First acetolysis session 

 

In the first session 6 honey samples went through acetolysis. The samples used were 1a, 2a, 4a, 

5a, 6a and 7a (Appendix I).  

Prior to the acetolysis, the honey samples were washed, using the following protocol. Two ml 

of each honey were placed in 15ml Pyrex tubes. All tubes were labelled in two sides. Distilled 

water was added to each sample up to 2/3 of the tube. The tubes were then put in a heating block 

at 45°C for 10 minutes for the honey to dilute in water. Any honey residues were dissolved by 

placing the samples in the vortex mixer. The tubes were then centrifuged for 10 minutes at 3000 

rpm and the supernatant was decanted. The tubes were filled again with distilled water and reheated 

in the heating block, at 45°C for 10 minutes. Then they were centrifuged for 10 minutes at 3000 
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rpm and the supernatant was decanted. The recovered sediment in the tubes was left to dry before 

acetolysis.  

For the acetolysis, all material should be in the fume cupboard. The acetolysis mixture is 

exothermic, highly corrosive to human tissue and reacts violently with water. It is advised that 

double gloves and protective goggles are worn throughout the process. The heating block should 

be set at 90°C. In order to prepare the acetolysis mixture, concentrated sulphuric acid (H2SO4) is 

slowly dripped into acetic anhydride ((CH3CO) 2 O), using glass pipettes, in a ratio of 9:1 (Erdtman, 

1969). The mixture is swirled gently to mix. Two ml are sufficient for each sample (= 0.2ml 

sulphuric acid per sample: 1.8 ml of acetic anhydride). The acetolysis mixture was slowly pipetted 

into the tubes, to minimize a violent reaction with any water left in the sediment. The tubes were 

then placed into the heating block for about 10 minutes, depending on how robust the pollen grains 

were and also on how much external material was present in the samples. Thicker sediments with 

particles were acetolized for 15 minutes.  The samples were mixed using a glass rod (one per tube), 

while the tubes were heating.  

The tubes were then centrifuged for 5 minutes at 3000 rpm and then the acetolysis mixture was 

decanted carefully into an acetolysis waste bottle. About 2ml of distilled water were added slowly 

in each tube and centrifuged for 10 minutes at 3000 rpm. The supernatant was decanted and the 

washes with the distilled water were repeated two more times, mixing the contents in the vortex 

mixer before each centrifugation.  

The tubes with the recovered pollen were left uncovered in the fume cupboard for 2 hours to 

dry before preparing slides for LM and stubs for SEM. During this session only the sample 5a had 

a copious amount of recovered pollen. Samples 1a and 6a had a small amount of visible pollen 

while 2a, 4a and 7a had no visible pollen grains in the tubes (Appendix I). Further examination of 

the samples in both microscopes revealed that there were almost no pollen grains in all of the 

prepared samples except for 5a. Therefore acetolysis was repeated adjusting some parameters. 

3.4.3.2 Second acetolysis session 

 

In the second acetolysis session a larger amount of honey, from all 27 honey samples (Appendix 

I) was used to ensure that there would be enough pollen present. Furthermore, I added distilled 

water that had already been heated to dilute the honey and extended the centrifugation and 
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acetolysis time. 20 ml of each sample were placed in sealable polypropylene tubes. All tubes were 

labelled on two sides and on the lid. Washes with water and centrifugation preceded the acetolysis. 

20 ml of distilled water that had been heated up to about 40°C were added in each tube to dilute 

the honey. Any honey residues were dissolved by placing the samples in the vortex mixer. Samples 

were then centrifuged for 30 minutes at 3000 rpm. The supernatant was decanted and the washes 

with the warm, distilled water were repeated 2 more times for 15 minutes each time, mixing the 

contents in the vortex mixer before each centrifugation. The tubes with the samples were left to 

dry overnight in room temperature, covered with paper to avoid contamination. 

The pollen pellet from each polypropylene tube was transferred in Pyrex tubes to go through 

acetolysis. The acetolysis mixture was prepared in the same way as in the first session and 2 ml of 

the mixture were added in each sample. The tubes were left in the heating block, in 90° C for 15 

minutes and were mixed occasionally with glass rods. They were then centrifuged for 15 minutes 

at 3000 rpm and then the acetolysis mixture was decanted carefully into an acetolysis waste bottle. 

Distilled water was added in each sample up until 2/3 of the tube and the samples were centrifuged 

for 25 minutes. The supernatant was decanted and replaced by distilled water. Centrifugation was 

repeated for two cycles of 15 minutes, mixing the contents in the vortex mixer before each 

centrifugation. After examination of the recovered pollen, the last session of acetolysis took place 

just on samples with clumped and, therefore, unidentifiable pollen and samples with a lot of 

extraneous material. 

3.4.3.3 Third acetolysis session 

 

During the third acetolysis session, the centrifugation time during the water washes and after 

the acetolysis was reduced again and the samples were washed and centrifuged with glacial acetic 

acid before and after the acetolysis. This method, as suggested by Erdtman (1960), minimizes the 

violent reaction of the acetolysis mixture when it first comes in contact with the moist sediment 

after the washes with water and also prevents the pollen grains from clumping after the acetolysis. 

During this session, 20 ml of samples 3e, 3j, 8a and 5e (Appendix I) were put in polypropylene 

tubes. The samples were centrifuged at 3000 rpm for 3 minutes after adding 20ml of distilled, warm 

water. The supernatant was decanted and 20 ml of more honey from samples 3e and 3j were added 

in order to collect more pollen. Distilled, warm water was added again, the sample was mixed in 

the vortex mixer and the centrifugation was repeated for two more cycles of 3 minutes each. 2ml 
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of glacial acetic acid was added in each sample and centrifuged for 3 minutes in 3000 rpm. The 

supernatant was partially decanted, leaving a small amount of acid so the sediment could be 

transferred easily in Pyrex tubes using plastic pipettes. 2, 5 ml of acetolysis mixture were added in 

each tube. The tubes were left for 5 minutes in the heating block at 90° C mixing occasionally with 

glass rods. The samples were then centrifuged for 3 minutes at 3000 rpm and the acetolysis mixture 

was decanted. 2ml of glacial acetic acid were added to each sample and samples were centrifuged 

for 3 minutes. The acid was decanted and distilled water was added to the samples. Centrifugation 

was repeated for 3 cycles of 3 minutes each. 

3.5 Preparation of stubs for SEM and slides for LM 

3.5.1 Stubs preparation 

 

Preparing stubs for SEM was the first priority after recovering the pollen. This is because if the 

amount of recovered pollen is little, taking an SEM sample first, maximizes the chances of having 

a clear picture of the pollen present in each honey. 

A small amount of the pollen was transferred in a 5ml Eppendorf tube. If the pollen pellet is dry, 

a small piece is cut and transferred in the tube, but for moist specimens a Gilson P10 pipette was 

used, with a filter tip for 10µl. 0.2ml of 95% ethanol was added to the tubes and mixed using a 

vortex mixer. 

To prepare the stubs, a carbon sticker was placed on the stub using forceps to avoid any 

contamination and mounted with a 13mm coverslip . The stubs were labelled with the code of each 

sample on the bottom and with a sticker on the top of the box.  

A pollen suspension was pipetted onto a stub using a Gilson P10 pipette with a filter 10µl tip. 

The stubs were left to dry overnight with the stub box lid partially closed. 

Two dots of Electrodag silver paint were drawn in the margins of each coverslip to increase 

conductivity of the samples and then stubs were sputter coated with platinum in a sputtering 

chamber (Quorum Emitech) for 1 minute. 
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3.5.2 Slides preparation 

 

A small amount of glycerine jelly was transferred into a glass block. All microscope slides were 

labelled.  If the pollen in the tube is dry then it can be picked up using a tiny cube of glycerine jelly 

on the end of a mounted needle and placed in the centre of a clean slide. However with this method 

some glycerine may stay in the tube and mix with the pollen, which is not good when returning to 

get more pollen samples.  

It is suggested that an amount of glycerine jelly is placed on the centre of the slide and then a 

pollen suspension can be mounted on the jelly. If the pollen is dry, a mounted needle can be used 

to take some pollen from the bottom of the tube. If the pollen is still a bit wet, then a Gilson pipette 

with a filter tip can be used to extract the desired amount and place onto the glycerine jelly. 

A coverslip was placed onto the sample and the slides were placed briefly over the hot block, 

until the jelly melted and spread. The slides were left overnight to dry. 

3.6 Photographing pollen using a Light Microscope (LM) and a Scanning 

Electron Microscope (SEM) 

 

The examination of slides and photographing of the pollen grains was done in a research grade 

light microscope (Zeiss Axioskop). The Zeiss AxioVision software was used for image capture, 

processing and annotation. All single pollen grain photographs were captured using x40 

magnification. General photos of pollen content were captured using x20 magnification. 

The examination of the stubs was done in LEO Supra 55VP Scanning Electron Microscope. The 

working distance was 6mm and photographs were captured using Zeiss SmartSEM software. 

3.7 Pollen identification techniques 

 

In order to identify the palynomorphs present in each honey to the lowest taxonomic level, a 

number of methods were used. Due to lack of pollen reference slides and pollen Atlases of species 

from the Nepalese flora some alternative methods were attempted. 
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Browsing through Pollen Atlases (Hyde, 1958; Gupta & Sharma, 1986; Kiew, et al., 1991; Fujiki 

et al., 2005; Li, 2011) from neighbour countries, initially, and from other countries and continents 

helped in identifying some pollen grains from taxa with wider distribution. Going through books 

of palynology and pollen morphology (Erdtman, 1969; Blackmore, 1991, 1986; Iwanami et al., 

1988; Kesseler et al., 2004; Hesse et al., 2008; Agashe & Caulton, 2009; Raju Solomon, 2012) 

searching for some consistent pollen characters of stenopalynous families helped to identify 

palynomorphs up to family level. Consulting with the online Annotated Checklist of the Flowering 

Plants of Nepal about the taxa of each family in Nepal led to literature research about pollen 

morphology of these taxa. For palynomorphs with distinct characteristics a plain Internet research 

describing their morphology was also helpful. The use of online palynological databases (PalDat – 

a palynological database, 2000 onwards) and online pollen atlases (The Australasian Pollen and 

Spore Atlas, 2007) was particularly helpful in comparing SEM and LM photographs and reading 

descriptions. In order to ensure correct identification it was crucial to have access in good quality 

SEM photographs of palynomorphs, from more than one sources, in combination with descriptions 

of each pollen type and LM photographs, if available. SEM photographs provide a great level of 

detail on pollen morphology which is invaluable when compared with blurry LM photographs and 

subjective descriptions.  

Finally, personal communication with pollen experts was key to validating identifications and 

exchanging ideas about unidentified palynomorphs. 

3.8 Counting and calculating percentages of palynomorphs 

 

In order to calculate the percentage composition of each honey, in terms of their floral sources, 

a calculation system according to the guidelines of the International Commission for Bee Botany 

(Louveaux et al., 1978) was used. For each sample slide, 200-300 pollen grains were counted and 

identified using a light microscope. For honeys with few pollen types and for honeys poor in pollen, 

approximately 200 grains were counted. The honeydew elements (fungal spores, hyphae, plant 

tissue and algae) were also noted. Pollens of wind-pollinated or nectarless plants were noted 

separately as they can be indicators of geographical origin. 
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The determination of floral origin was based on the following frequency classes: 

Predominant pollen: more than 45% of the pollen grains counted 

Secondary pollen: 16-45% 

Important minor pollen: 3-15% 

Minor pollen: less than 3% 
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4. Results 

 

"Owing to the heterogeneity of the subject, there will probably never be a comprehensive textbook 

of palynology"  

Knut Fægri,  

Botanical Review, 1956 

4.1 Pollen identification 

 

The term palynology derives from the combination of the Greek words πάλυνος (palynos: dust, 

fine grain) and λόγος (logos: word). Palynology is the science of pollen grains which are the point 

of origin and the carrier of sperm cells (male gametes) (Hesse et al., 2008).  

The pollen grain of flowering plants (angiosperms) consists of three distinct parts (Figure 4). 

The central cytoplasmic part contains two or three cells and the pollen tube. The two other parts 

comprise the wall of the grain which consists of an inner layer, the intine, and an outer layer, the 

exine. The intine consists, at least in part, of cellulose. The outer and most durable layer is the 

exine.  Exine is the contact point of the pollen grain with the environment during its transfer to the 

female flower and resistibility to harsh conditions is part of that role. The composition of the exine 

makes it resistant to disintegration, treatment with intense heat and strong chemicals. Furthermore, 

while the internal parts of the pollen grain collapse after some time, the exine layer can remain well 

preserved in various sediments, a feature that is very important for paleobotanical studies.  

 

 

 

 

 

 

 

 

 

 

 

  
Figure 5: Pollen grain structure (http://www.pnas.org) 
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The shape and size of pollen grains, the position and type of their apertures and the different 

forms of structure and ornamentation are comparative characters that can be used to determine and 

categorize pollen just as much as any other character of a plant’s morphology. A pollen grain can 

be perceived as the fingerprint of each plant, since great differentiation can occur even between 

forms of the same species (i.e. heterostylous plants can produce morphologically different pollen 

types) (Hesse et al., 2008). 

The terms used to describe all of the above features of the pollen have changed and transformed 

through the years, especially since the use of advanced equipment such as the Scanning Electron 

Microscope which has introduced a three- dimensional, detailed perception of the pollen 

morphology. In addition, different authors may use different terminology which can lead to quite 

subjective descriptions, sometimes far from what is widely accepted.  In the following 

palynomorphs descriptions, the terminology used is based on the book “Pollen Terminology” by 

Hesse et al. (2008) and the corresponding pollen database PalDat (2000 onwards, www.paldat.org). 

These two sources provide SEM and LM photographs of more than 2.600 species, followed by 

detailed descriptions. Furthermore, the book provides photographic examples of each term as it 

seen in various pollen grain species, so there is no room for subjective interpretations. 

The features used in this project to describe each pollen type are: size, shape, aperture condition, 

and ornamentation. In general, further details can be provided with regards to infoldings in dry 

condition, polar outline in dry and hydrated condition, pollen coatings, microtome characteristics 

and more, which were not taken into consideration for the purposes of this project. Size can be 

quite variable even in the same pollen grain due to processing methods (i.e. acetolysis, drying 

methods) that can cause harmomegathic effects.  Harmomegathic effect or Wodehouse effect, 

involves changing turgor pressure of the cytoplasm during hydration or dehydration of the pollen. 

The degree of hydration is responsible for the actual shape and size of the pollen grain (Halbritter 

& Hesse, 2004).  

  

http://www.paldat.org/
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The size in the following descriptions refers to the biggest dimension of the pollen grain 

according to which each pollen type was categorized within the following pollen classes (Hesse et 

al. 2008): 

Very small: < 10μm 

Small: 10-25 μm 

Medium: 26-50 μm 

Large: 51-100 μm 

Very large: >100 μm 

The shape was determined according to Figure 6. All pollen samples were air-dried. All the 

photographs of pollen types present in the honey samples are arranged in plates, in Appendix II 

while the descriptions of the palynomorphs are presented here. Descriptions of the unidentified 

palynomorphs are not included in the following section as an accurate description could not be 

confirmed. The photographs from LM and SEM of the unidentified types are included in the last 

pages of Appendix II. 

A total of 72 pollen types were detected and photographed in the 27 honey samples. A pollen 

type may represent a family, a genus or a species. Altogether, 52 pollen types were identified from 

SEM and LM photographs. A total of 18 pollen taxa were identified to family level, 21 to genus 

level and 13 to species level. The number of pollen taxa that remained unidentified was 20. 

The identifications to species level were made possible by going through pollen Atlases, books 

of palynology and pollen morphology, pollen databases and papers on pollen types’ morphology 

and melissopalynological analyses, where I managed to find SEM photographs and descriptions of 

the exact same pollen types that I had, or of types very similar to them. A check  for the genus of 

each pollen type in the online version of the Annotated checklist of the flowering plants of Nepal 

(http://www.efloras.org/) (Press et al., 2000) in these cases, revealed only one species in Nepal 

which had to be the species of my pollen type. Specifically, I managed to identify Prunus 

cerasoides D. Don (Appendix II, Plate 11, Fig.5) based on the paper by Tiwari et al.(2009) and 

Tsuga dumosa (D.Don) Eichler (Appendix II, Plate 8, Figs. 6-8) , Juglans regia L. (Appendix II, 

Plate 7, Figs. 2-4) and Syzygium jambos (L.) Alston ( Appendix II, Plate 8, Figs.8,9 & Plate 9, Fig. 

5) by finding the exact same species in Pollen Flora of China woody plants by SEM  (Li , 2011). 

In the same book I found some species of Alnus Mill. and Aesculus L. that looked very similar to 

http://www.efloras.org/
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my pollen types but were not present in Nepal. There are two species of Alnus recorded in Nepal, 

A. nitida (Spach) Endl., which has very limited distribution and A. nepalensis D.Don which is very 

common (M. Watson, RBGE, 2016, pers. comm.). Judging by the frequency of Alnus pollen in my 

honey samples (Table 3) it is most likely that the pollen derives from A. nepalensis (Appendix II, 

Plate 3, Figs.7-9 & Plate 4, Figs. 1, 2). 

There have been some cases when misidentifications occurred due to resemblance between 

pollen types. One such case was the Melastomataceae type pollen (Appendix II, Plate 8, Figs. 4-7). 

The ornamentation of this pollen type resembles the ornamentation of Diploknema butyracea as 

they are both perforate and microrugulate. The pollen type of D. butyracea belongs in “Mimusops” 

pollen type group which includes also Madhuca Ham. ex J.F. Gmel., Manilkara Adans., Mimusops 

L. and more (Harley, 1991). Pollen grains in this group are prolate-spheroidal or subprolate and 

they present morphological variations regarding their apertures, which can be 3, 4, 5 or 6-colporate. 

Initially, I considered my pollen type to be a variation with 6 apertures which was not strange since 

I had already recorded D. butyracea types with 4 and 5 apertures (Appendix II, Plate 14, Figs. 1-

8). However looking closer at this pollen type I realized that it only had 3 apertures (3-colporate) 

and the rest of the furrows were intercolpar concavities with no apertures, but almost as long as the 

colpori. Based on the above, and according to Chantaranothai (1997) my pollen type belongs in the 

“Blastus” pollen type group, which includes Blastus Lour., Medinilla Gaudich. ex DC., Oxyspora 

DC., Phyllagathis Blume and Sarcopyramis Wall., out of which only the first three have been 

recorded in Nepal. For a further level of identification (to genus or species level) direct comparison 

with pollen from these genera is required. 

Another case of uncertainty occurred with the Lonicera L. pollen type (Appendix II, Plate 5, 

Figs. 1-3). Using the “Combined search” tool in PalDat (2000 onwards, www.paldat.org) where 

one can insert the characteristics of a pollen grain and get some matching suggestions, I found a 

resemblance between my pollen type and the pollen from Adansonia L. Looking at the SEM 

photographs and descriptions from Rasoamanana et al. (2014) and confirming that the genus exists 

in Nepal, Adansonia appeared to be a valid identification. However there was one consistent 

character in all the Adansonia species mentioned in all the literature I found; the perforate exine, 

which was not a character in my pollen type. Going through a paper on modes of infoldings on dry 

pollen (Halbritter & Hesse, 2004) I recognised some similarities of my pollen type with 

Caprifoliaceae pollen, and more specifically Lonicera L. I confirmed the identification through 

http://www.paldat.org/
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Donoghue (1985) and Perveen & Qaiser (2008). Also through personal communication with M. 

Watson (RBGE, 2016) who said that although Adansonia has been recorded in Nepal, is quite rare 

to find, in comparison to widely spread Lonicera species. 

 

  

Figure 6: The shapes of pollen grains 

(http://www.biologydiscussion.com/, accessed: 2 August 2016) 

http://www.biologydiscussion.com/
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4.2 Morphological descriptions of individual palynomorphs 

 

The terminology used in the following descriptions of pollen types is according to “Pollen 

Terminology” (Hesse et al., 2008). The definitions of terms provided as footnotes derive from the 

Glossary of the same book unless otherwise stated. Relevant literature on pollen morphology is 

also cited when available. 

The prefix ‘micro’- is used for features smaller than 1μm. The size measurement is equivalent 

to the pollen type’s longest dimension.  

All measurements to determine pollen classes were performed using ImageJ (Schneider et al., 

2012).  

The Plate numbers refer to the plates in Appendix II. 
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PLATE 1 

Acanthaceae  

Strobilanthes sp. (Tiwari et al., 2010) 

Figures 1-3 

Size: medium sized (47μm) 

Shape: Prolate 

Aperture type: 3-colporate 

Ornamentation: Bireticulate with pseudocolpi forming longitudinal stipes. Exine between 

pseudocolpi formed of a coarse reticulum with a depressed reticulated tectum between (Blackmore, 

1991). 

 

Adoxaceae  

Viburnum sp. 

Figures 4-6 

Size: small (21 μm) 

Shape: Oblate to spheroidal 

Aperture type: 3-colporate. 

Ornamentation: Semitectate, reticulum cristatum 4 with elevated muri ending in irregularly 

shaped, spinelike processes; the lumina containing free standing columellae5 (Donoghue, 1985).  

 

Aquifoliaceae 

Ilex sp. (1) 

Figures 7-9, PLATE 2:Fig. 1 

Size: medium sized (36 μm) 

Shape: Prolate 

Aperture type: 3-colporate. 

Ornamentation: Clavate with striae on clavae 

 

                                                 
4 Special type of reticulum with muri bearing prominent sculpture elements 
5 Collumellae in the infratectal layer, not covered by a tectum. 
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PLATE 2 

Ilex sp. (2) 

Figures 2-3 

Size: medium sized (28 μm) 

Shape: Prolate 

Aperture type: 3-colporate 

Ornamentation: Clavate with psilate clavae 

 

Asteraceae  

Artemisia sp. 

Figures 4-6 

Size: small (20 μm) 

Shape: Prolate 

Aperture type: 3-colporate, colpi nearly meeting at poles 

Ornamentation: Microechinate; echinae with broad bases. Tectum granulate (Hayat et al., 2010) 

 

Type Asteroideae (1) 

Figures 7-9 

Size: small (25 μm) 

Shape: Subprolate to prolate 

Aperture type: 3-colporate 

Ornamentation: Echinate and perforate symmetrically in the base of the echinae 
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PLATE 3 

Type Asteroideae (2) 

Figures 1-3 

Size: medium (28 μm) 

Shape: Oblate- spheroidal 

Aperture type: 3-colporate, large colpus 

Ornamentation: Echinate and perforate 

 

Type Cichorioideae  

Figures 4-6 

Size: medium sized (33 μm) 

Shape: Spheroidal 

Aperture type: 3-colporate 

Ornamentation: Echinolophate, exine perforate 

 

Betulaceae 

Alnus nepalensis D.Don (1) 

Figures 7 & 9, PLATE 4: Figure 1 

Size: small (17 μm) 

Shape: Oblate, polygonal in polar view 

Aperture type: 5-porate with arci6 and annulus7 

Ornamentation: Granulate, rugulate  

Alnus nepalensis (2) 

Figures 8 & 9, PLATE 4: Figure 2 

Size: small (21 μm) 

Shape: Oblate, quadrangular in polar view, with arci and annulus 

Aperture type: 4-porate  Ornamentation: Granulate, rugulate  

                                                 
6 Ring-like thickening of the pollen wall surrounding a porus or ulcus 

7 Bowlike exine thickenings between apertures 
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PLATE 4 

Betula sp. 

Figures 3, 4 

Size: small (20 μm) 

Shape: Spheroidal, sub-prolate, outline convex triangular in polar view, irregularly infolded, 

interapertural area sunken 

Aperture type: 3-porate with annulus  

Ornamentation: Rugulate, microechinate 

 

Brassicaceae 

Brassica sp. 

Figures 5-8 

Size: Medium (28 μm) 

Shape: Prolate. 

Aperture type: 3-colpate 

Ornamentation: Reticulate 

 

Chenopodiaceae type 

Figure 9 

Size: Medium (35 μm) 

Shape: Spheroidal 

Aperture type: Pantoporate 

Ornamentation: Microechinate, perforate, aperture membrane ornamented 
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PLATE 5 

 

Caprifoliaceae 

Lonicera sp. 

Figures 1-3 

Size: Large (60 μm) 

Shape: Spheroidal 

Aperture type: 3-colpate 

Ornamentation: Echinate with scarce echinae (Donoghue, 1985; Perveen & Qaiser, 2008; 

Halbritter and Hesse, 2004) 

 

Elaeocarpaceae type 

Figures: 4-6 

Size: Small (12μm) 

Shape: Oblate- spheroidal 

Aperture type: 3- colporate 

Ornamentation: Smooth-perforate in equatorial view, rugulate- perforate near the poles 

 

Ericaceae 

Rhododendron sp. 

Figures 7-9, PLATE 6: 1, 2 

Size: Large (58 μm) 

Shape: Oblate 

Aperture type: 3-colporate 

Ornamentation: Fossulate8, granulate. Viscin threads present 

 

 

  

                                                 
8 Irregularly shaped grooves in the surface of the pollen wall 
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PLATE 6 

 

Crassulaceae  

Sedum sp. (dry pollen grain) 

Figure 3 

Size: Small (18μm) 

Shape: Prolate (in dry pollen grains), Oblate- triangular in hydrated grains 

Aperture type: 3- colporate, apertures sunken in dry condition  

Ornamentation: Striate 

 

Fagaceae type 1 (Denk & Grimm, 2009; Grímsson et al., 2015) 

Figures: 4-6, PLATE 7: 1 

Size: Small (22μm) 

Shape: Prolate to spheroidal 

Aperture type: 3- colporate 

Ornamentation: Rugulate, fossulate, granulate 

 

Fagaceae type 2 (Denk & Grimm, 2009; Grímsson et al., 2015) 

Figures: 7-9, PLATE 7: 1 

Size: Small (21μm) 

Shape: Prolate to spheroidal 

Aperture type: 3- colporate 

Ornamentation: Rugulate 
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PLATE 7  

Juglandaceae 

Juglans regia  

Figures: 2-4 

Size: Medium (35μm) 

Shape: Oblate 

Aperture type: Pantoporate, aperture membrane ornamented, pores with annuli 

Ornamentation: Microechinate 

 

Lamiaceae 

Pogostemon sp. (Abu-Asab & Cantino, 1994) 

Figures: 5-7 

Size: Small (13 μm) 

Shape: Oblate to spheroidal 

Aperture type: 3- colporate 

Ornamentation: Bireticulate 

 

Hyptis suaveolens (L.) Poit 

Figure 8 

Size: Medium (38 μm) 

Shape: Spheroidal 

Aperture type: 6- colporate 

Ornamentation: Bireticulate 

 

Acanthaceae type 

Figure 9 

Size: Medium (48 μm) 

Shape: Prolate 

Aperture type: 3- colporate 

Ornamentation: Reticulate 
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PLATE 8 

Malvaceae  

Bombax ceiba L. (Tiwari et al., 2010) 

Figures: 1-3 

Size: Medium (44μm) 

Shape: Oblate, polar view triangular 

Aperture type: 3- colporate, planaperturate 9 

Ornamentation: Heterobrochate10  

 

Melastomataceae type 

Figures: 4-7 

Size: Small (24μm) 

Shape: Prolate spheroidal 

Aperture type: 3- colporate, with intercolpar concavities (Chantaranothai, 1997) 

Ornamentation: Perforate, microrugulate 

 

Myrtaceae  

Syzygium jambos (Thornhill et al., 2012b) 

Figures: 8, 9, PLATE 9: 5 

Size: Small (24μm) 

Shape: Oblate, polar view triangular, with slightly convex sides 

Aperture type: 3- syncolporate 

Ornamentation: Verrucate to granulate in the marks around interapertural area. Triangular 

apocolpial field 11(Punt et al. 1974)  

       

 

                                                 
9 Pollen grain with an angular outline where the apertures are situated in the middle of the sides. 
10 Reticulate pollen wall with lumina of different sizes 

11 A region at the pole of a syncolpate pollen grain, delimited by the margins of the anastomosing colpi. 
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PLATE 9 

Myrtaceae  

Eucalyptus sp. (Thornhill et al., 2012a) 

Figures: 1-4 

Size: Small (22μm) 

Shape: Oblate, polar view triangular or quadrangular 

Aperture type: 3, 4- syncolporate 

Ornamentation: Psilate to rugulate towards the polar area 

 

Pinaceae  

Tsuga dumosa 

Figures: 6-8 

Size: Large (65 μm) 

Shape: Prolate- spheroidal 

Aperture type: Leptoma12 

Ornamentation: Rugulate 

  

Pinus sp. 

Figure: 9 

Size: Large (76 μm) 

Shape: Saccate 

Aperture type: Leptoma 

Ornamentation: Scabrate13 

 

 

                                                 
12 Thinning of the pollen wall at the distal pole of a pollen grain in conifers, presumed to function as 

germination area 
13 A term only used for light microscopy, describing minute sculpture elements of undefined shape and of a 

size close to the resolution limit of the light microscope 
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PLATE 10 

Poaceae type 1 

Figures: 1-3 

Size: Large (74μm) 

Shape: Prolate 

Aperture type: Ulcus14 with annulus and operculum15 

Ornamentation: Microechinate 

 

Poaceae type 2 

Figure: 4 

Size: medium (27μm) 

Shape: Prolate- spheroidal 

Aperture type: Ulcus with annulus and operculum 

Ornamentation: Psilate 

 

Poaceae type 3      

Figure: 5 

Size: medium (42 μm) 

Shape: Prolate 

Aperture type: Ulcus with annulus and operculum  

Ornamentation: Psilate 

 

Polygonaceae 

Fagopyrum esculentum  

Figures: 6-9 

Size: medium (30 μm) 

Shape: Prolate   Aperture type: 3- colporate  Ornamentation: Reticulate 

                                                 
14 More or less circular aperture situated distally 

15 Coherent exine structure covering an aperture 
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PLATE 11 

Proteaceae 

Grevillea robusta A.Cunn. ex R.Br. 

Figures: 1-4 

Size: Medium (33μm) 

Shape: Oblate, triangular in polar view 

Aperture type: 3-colporate 

Ornamentation: Rugulate 

 

Rosaceae 

Prunus cerasoides 

Figure: 5 

Size: Medium (38μm) 

Shape: Sub-prolate 

Aperture type: 3-colporate 

Ornamentation: Striate 

 

Rosaceae type 1 

Figures: 6, 7 

Size: Medium (35μm) 

Shape: Oblate 

Aperture type: 3-colporate 

Ornamentation:  Finely striate 

 

Rosaceae type 2 

Figures: 8, 9, Plate 12: Fig. 1 

Size: Small (22 μm) 

Shape: Prolate 

Aperture type: 3-colporate,  

Ornamentation: Striate, granulate on the aperture membranes 
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PLATE 12 

 

Rosaceae type 3 

Figures: 2- 4 

Size: Medium (31 μm) 

Shape: Oblate-spheroidal 

Aperture type: 3-colpate with operculum  

Ornamentation: Finely striate, perforate, granular aperture membrane 

 

Sabiaceae 

Meliosma sp. 1 

Figure: 5, 6 

Size: Medium (36μm) 

Shape: Sub-prolate 

Aperture type: 3-colporate 

Ornamentation: Perforate, psilate adjacent to the apertures, granular aperture membrane (Furness 

et al., 2006) 

 

Meliosma sp. 2 

Figure: 7-9 

Size: Medium (23μm) 

Shape: Oblate- spheroidal 

Aperture type: 3-colporate 

Ornamentation: Perforate to microperforate adjacent to the apertures, granular aperture 

membrane (Furness et al., 2006) 
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PLATE 13 

Sapindaceae 

Litchi chinensis 

Figures: 1-3 

Size: Small (23 μm) 

Shape: Sub- oblate, triangular in polar view 

Aperture type: 3-colporate  

Ornamentation: Striate, perforate and granular aperture membrane 

 

Acer sp. 

Figures: 4-5 

Size: Small (23 μm) 

Shape: Prolate 

Aperture type: 3-colpate  

Ornamentation: Striate, granulate on the aperture membrane 

 

Aesculus indica (Wall. ex Cambess.) Hook 

Figures: 6, 7 

Size: Medium (26 μm) 

Shape: Prolate 

Aperture type: 3-colporate  

Ornamentation: Striate, perforate, microechinate aperture membrane. (Pozhidaev, 1995) 

 

Schleichera oleosa (Lour.) Merr.  

Figures: 8, 9 

Size: Small (24 μm) 

Shape: Oblate, triangular in polar view 

Aperture type: 3-syncolpate  

Ornamentation: Striate, perforate, microechinate aperture membrane, triangular apocolpial field. 

(Upadhyay et al., 2014) 
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PLATE 14 

Sapotaceae 

Diploknema butyracea (4-aperturate form) (Harley, 1991, 2011) 

Figures: 1-4 

Size: Medium (41μm) 

Shape: Sub- prolate 

Aperture type: 4-colporate  

Ornamentation: Rugulate, perforate, granular aperture membrane 

 

Diploknema butyracea (5-aperturate form) (Harley, 1991, 2011) 

Figures: 5-8 

Size: Medium (45μm) 

Shape: Prolate- spheroidal 

Aperture type: 5-colporate  

Ornamentation: Microrugulate, perforate, granular aperture membrane 

 

Apiaceae type 

Figure: 9 

Size: Small (22 μm) 

Shape: Perprolate 

Aperture type: 3-colporate  

Ornamentation: Rugulate, scabrate 
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PLATE 15 

Ulmaceae type 

Figures: 1-4 

Size: Medium (27μm) 

Shape: Spheroidal 

Aperture type: 6 porate with operculum and annulus 

Ornamentation: Rugulate, granulate 

 

Loranthaceae 

Loranthus sp 

Figure: 5 

Size: Medium (27μm) 

Shape: Oblate, triangular in polar view 

Aperture type: 3-syncolpate  

Ornamentation: Not visible 

 

Amaryllidaceae 

Allioideae type 

Figure: 6 

Size: Medium (42μm) 

Shape: Oblate, hemispherical in polar view 

Aperture type: Monosulcate 

Ornamentation: Psilate 

 

Fabaceae 

Mimosoideae type  

Figure: 7 

Size: Large (51μm) 

Shape: No appropriate term 

Aperture type: Inaperturate   Ornamentation: Psilate 
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PLATE 15 (continue) 

Oleaceae 

Fraxinus sp. 

Figures: 8, 9 

Size: Small (18μm) 

Shape: Not visible 

Aperture type: 3 colporate  

Ornamentation: Scabrate
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4.3 Sensory evaluation of honey 

 

The colour of honey can reveal information about its floral origin and processing methods. In 

order to determine the chemical components responsible for the hue of each honey a 

spectrophotometric analysis is required. The use of such technology might not be available in Nepal, 

therefore the honey samples were compared to the Pfund colour grading scale (Figure 3). 

 Honey darkens in colour during storage since it can get affected by light and temperature (Crane, 

1980). Elevated temperature during storage can cause yeasts to develop which they ferment and 

darken the honey. When honey is overheated during pasteurization, hydroxymethylfurfuraldehyde 

(HMF) is produced (Sawyer, 1988). HMF is not a harmful substance but in high levels indicates 

that natural honey has been overheated during processing or storage. It was also used as an indicator 

of adulteration with sugar derived substances. Heating of honey also accelerates the loss of 

thermolabile, aromatic substances and losses are proportional to temperature and heating time (Tosi 

et al., 2008). Honeydew honey tends to be darker in colour in comparison to floral honeys, but 

some floral honeys such as buckwheat (Fagopyrum esculentum), Carob honey (Ceratonia siliqua 

L.) , Chestnut honey (Castanea sp.), and many Heather honeys (Erica, Calluna) (Andrade et al., 

1999; Estevinho et al., 2012; Pasini et al., 2016) are also known to be quite dark. When brood cells 

are included in the squeezing of the honey, they can cause a darker colour. The brood cells, where 

the larvae of the bees are hatched and fed with a mix of honey and pollen (Figure 1), become a 

little darker when the comb has had at least one cycle of brood laid in it and the bees have emerged 

(Crane, 1980). The comb becomes darker due to the bees coating the cells with a wax-like 

substance before the queen lays the next eggs in the cells (Crane, 1975). Using the brood cells for 

honey extraction is illegal and unhygienic since they can contain larvae eggs and bee parts.  

 The aroma and taste of honey can be a distinctive characteristic for some types of honey, such 

as orange blossom honey where aroma is very pronounced. However, these two parameters are 

highly influenced by the general floristic composition of each honey. If the honey has fermented, 

aroma and taste can be altered to phenolic or medicinal (Sawyer, 1988).  

The colour of the 27 samples of honey was graded from Extra White to Dark Amber (Table 1). 

Only one was evaluated as Extra White (2a, Appendix I), three as White (1b, 3f, 3l, Appendix I), 
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two as Extra Light Amber (3b, 5g, Appendix I), eleven as Light Amber (1a, 3a, 3c, 3e, 3g, 3i, 3k, 

5d, 5e, 7a, 8a, Appendix I), five as Amber (3d, 3h, 3j, 5f, 6a, Appendix I) and four as Dark Amber 

( 4a, 5a, 5b, 5c Appendix I). 

With regards to aroma and taste, most of the honeys had a warm or fruity aroma, and pleasant 

taste (Table 1). Honey sample 3i (Appendix I) had a lactic taste and 4a (Appendix I) had an animal 

odour and gamey taste but this is something common for buckwheat honey, as mentioned in the 

literature (Pasini et al., 2016). There was no conclusive answer for the aroma of honey samples 5a, 

5b, 5c (Appendix I) as the tasting participants evaluated them between woody and chemical aroma 

with resinous or medicine smell. Finally, honey sample 6a appeared to have fermented and had a 

spoiled aroma and a taste of yeast. 
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Table 1: Sensory evaluation of the colour, aroma and taste of the honeys 

 

Honey 

code 
Colour Aroma and taste 

Honey 

code 
Colour Aroma and taste 

1a Light amber Warm, burned 3f White Warm, confectionary 

1b White Warm, caramel 3g Light amber Warm confectionary 

2a Extra white Vegetal, dry 3h Amber Woody, resinous 

3a Light amber Fruit, dried 3i Light amber Warm, lactic 

3b 
Extra light 

amber 
Fruit, dried 3j Amber Warm, confectionary 

3c Light amber Fruit, fresh 3k Light amber 
Floral, flowers/ Warm, 

caramel 

3d Amber Fruit, dried/ Warm, caramel 3l White Fruit, dried 

3e Light amber 
Warm, confectionary/ Fruit, 

citrus 
4a Dark amber Animal, gamey 
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Honey 

code 
Colour Aroma and taste 

Honey 

code 
Colour Aroma and taste 

5a Dark amber Woody, resinous 5f Amber Fruit, fresh 

5b Dark amber 
Warm, burned/Chemical, 

medicine 
5g 

Extra light 

amber 
Warm, confectionary 

5c Dark amber Woody, resinous/spicy 6a Amber Spoiled, yeast 

5d Light amber Fruit, citrus 7a Light amber Floral, flowers 

5e Light amber Warm, caramel 8a Light amber Warm, caramel 
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4.4 Sediment in honey 

 

The amount of solid constituents of honey can be characteristic of the method of extraction that 

was followed. Since extraction by squeezing the combs is a very common practice in Nepal this 

can lead to a great amount of sediment comprising by foreign material that exist in the comb or at 

the extraction site. If the extraction is happening on the site where the combs are collected 

(especially combs from wild bees’ hives) then hygienic and food processing standards are highly 

unlikely to be maintained.  Furthermore, when honey derives from wild honeybees that yield a 

small amount of honey/hive/year the honey hunters may include brood combs when harvesting the 

honey. Brood honey may contain bee parts, larvae or eggs and wax, thus increasing the honey 

sediment. Honey that derives from wild bees that construct open hives can also contain dust, soil, 

and grit that may have been transferred in the hive by wind. Finally, honeydew honey containing 

honeydew elements (fungal spores, hyphae, plant tissue, algae) can increase the sediment volume.  

The honey samples were mixed with warm, distilled water and went through centrifugation to 

dissolve the sugars and the sediment present was graded in a scale from 1 to 4 as described in 

chapter 3.3. The sediment values are presented on Table 2, below: 

 

Table 2: Honey sediment 

Sediment scale Honey samples (Appendix I) 

1: very little material, uncertain if pollen 

present 

1b, 2a,3a,3b,3c, 3d, 3f, 3g, 3i, 3j, 3k, 4a,7a 

2: little material, pollen observed 

 

1a, 3e, 6a 

3: enough material, pollen observed in 

quantity 

3h, 5d, 5e, 8a 

4: a lot of material, sediment very thick 

 

3l, 5a, 5b, 5c, 5f, 5g 
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The majority of the honeys had very little material present as sediment (Table 2). This can infer 

that either the remaining sediment is just the pollen contained in the honey, or that the honey has 

been filtered and is therefore clean of foreign material but it might be also free from pollen. The 

latter can also suggest adulteration of the honey by mixing it with sugar syrup, but such a case can 

only be confirmed through quality control tests.  

All of the honey samples characterized as Wild/ Rock Honey, that have the code 5 (Appendix 

I), have been noted to have the greatest amount of sediment, 3 or 4 (Table 2). This can infer that 

they are either full of pollen or full of foreign material that may have entered the exposed cliff hive 

by wind or the honey during bad processing. In addition, all of the honeys with the code 3 

(Appendix I), labelled as Mixed flower/ Pure/Herbal honeys, have very little or little sediment 

present (Table 2). From this group of honeys, only 3h (Appendix I) yielded a significant amount 

of sediment. 

The content and the origin of the sediment were identified through microscopic analysis. 

Observing the slides of the honey samples with the lowest sediment levels under the light 

microscope the following results were obtained:  

 Honey sample 3g contained no pollen at all and no other kind of material. I repeated the 

pollen extraction methodology with and without using acetolysis, but the sample had a 

complete lack of pollen. 

 Honey samples 1b, 2a, 7a and 6a contained few, but clean pollen grains. 

 Honey samples 3a and 4a had a lot of clean pollen. 

 Honey samples 1a, 3b, 3c, 3d, 3e (Figure 7), 3i, 3j (Figure 8), and 3k had a lot of foreign 

material, soot particles and plant tissue. There was little amount of pollen which was in 

many cases clumped, or appeared to be tangled in a “cloud” of dirt. This material appeared 

to be gelatinous or to contain dirt particles but I was not able to identify its origin. Personal 

communication with mycologist Dr. Stephan Helfer (RBGE, 2016) did not confirm this 

material to be of fungal origin (hyphae or spores). I believe that this material is possible to 

be soil that was transferred in the hive by wind and that it was not removed or filtered during 

packaging due to poor honey extraction techniques. Analysis with a spectrophotometer may 

provide further insight on the constituents of this material.  
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Figure 8: Pollen tangled in foreign material in honey sample 3j (Appendix I) 

Figure 7: Pollen tangled in foreign material in honey sample 3e (Appendix I) 
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After observing the slides of the honey samples with the highest sediment levels under the 

light microscope, the following results were obtained:  

 Honey samples 3l, 5a, 5b and 5d contained a large amount of clean pollen. Honey 

sample 5c contained some bee hairs (Figure 9) but the pollen was clean and the sample 

free from other foreign material in general. 

 Honey samples 3h, 5e, 5f, 5g and 8a were heavily contaminated with foreign 

material, fungal spores, algae and soot and contained little pollen.  

Honey sample 5g might be a mixture of honeydew and nectar honey, based on the presence of 

honeydew elements. Samples 5c and 5f might include some honey extracted from brood comb due 

to the presence of bee hairs in their composition. 

 

 

 

 

 

 

 

 

 

 

Figure 9: Honey sample 5c (Appendix I). Clean 

pollen with a bee hair 

 

Figure 10: Heavily contaminated honey sample 8a 

(Appendix I) 
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Figure 11: Heavily contaminated honey sample 5g 

with plant tissue, soot particles bee hairs and algae 

(Appendix I) 

Figure 12: SEM photograph of honey sample 5g with 

cloth or wood pieces, stones and a lot of debris 
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4.5 Pollen extraction techniques and pollen content in honey 

 

After experimenting with different pollen extraction techniques, washing the honey samples 

with glacial acetic acid before and after the acetolysis proves to be the most effective and time 

efficient method. Three out of four of the most problematic honey samples (3j, 5e and 8a) which 

presented clumped pollen that could not be identified (Figures 8, 10) cleared out and the pollen 

separated from this “dirt cloud” that was tangled in. Honey sample 3e (Figure 7) remained the same. 

No pollen was recovered after washes with water or ethanol. Honey sample 5e (Appendix I) 

presented a problematic behaviour in SEM stubs and no photographs could be acquired. The pollen 

suspension on the stub turned white, like mould, once the ethanol evaporated and the pollen grains 

appeared completely collapsed in the SEM (Figure 13). The pollen slide of 5e examined under LM 

had a little amount of identifiable pollen mixed with foreign material. 

 

 

The pollen grains from all honey samples were photographed in SEM and LM (Appendix II) 

and identified (Chapter 4.1). Pollen types were counted and arranged in frequency classes, 

according to Louveaux et al. (1978). The pollen spectrum of each honey was recorded in Table 3. 

Unidentified pollen types are also included in the ‘Minor pollen’ class, as most times they consisted 

single pollen observations from one honey sample. Pollen from anemophilous species that yield no 

Figure 13 : SEM general view of honey sample 5e (Appendix 

I) 
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nectar was recorded separately in the comments section. Such species do not participate in the 

manufacturing of honey but their pollen can be part of the bees’ diet, providing them with protein. 

It is worth mentioning that in honey samples 5a, 5b, 5c and 5d (Table 3) the most abundant 

pollen was the Fagaceae type. This indicates that these honeys derive from wild bees in open hives 

were pollen of these anemophilous species could be transferred by wind, in such great numbers. 

Finally, Bombax ceiba although being a bat pollinated species, was recorded within the pollen 

spectra of the honeys as it is a nectariferous plant, thus participating in the honey composition. 
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Table 3: Pollen content of honey 

 

Honey 

code 

Honey 

Label 

Predominant 

pollen type (> 

45%) 

Secondary 

pollen (16-

45%) 

Important Minor 

pollen (3-15%) 
Minor pollen (<3%) Comments 

1a 
Buttertree 

(Chiuri) 

Diploknema 

butyracea 

Asteroideae 

type 1 
Asteroideae type 2 

Fagopyrum 

esculentum,  Fraxinus 

sp., 

Pogostemon spp. 

Wind pollinated 

species’ pollen:  

Betula sp., 

Poaceae type. 

1b 
Pure Chiuri 

honey 
Rosaceae type 

Diploknema 

butyracea 

Type Asteroideae 2 

(Asteraceae), 

Fagopyrum 

esculentum, Litchi 

chinensis 

Brassica sp., Fraxinus 

sp., Melastomataceae 

type, Asteroideae type 

1, Type 1 

A little pollen 

present. Wind 

pollinated species’ 

pollen:  Poaceae type. 

2a 
Mustard 

honey 
Brassica sp. Fraxinus sp Asteroideae type 2 

Apiaceae sp. 

Bombax ceiba 

Diploknema 

butyracea, 

Hyptis suaveolens, 

Myrtaceae type 

A little pollen present 
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Honey 

code 

Honey 

Label 

Predominant 

pollen type (> 

45%) 

Secondary 

pollen (16-

45%) 

Important Minor 

pollen (3-15%) 
Minor pollen (<3%) Comments 

3a 
Pure Jungle 

honey 
Eucalyptus sp. 

Syzygium 

jambos 

Rosaceae type 

Melastomataceae 

type 

Brassica sp.,  

Diploknema 

butyracea, Ilex spp., 

Rhododendron spp., 

Sabiaceae type, 

Schleichera oleosa, 

Asteroideae type 1, 5b 

Type 9 

Wind pollinated 

species’ pollen:   

Betula sp., Fagaceae 

type, Poaceae type, 

Ulmaceae type. 

3b 

Mixed 

flower 

honey 

Brassica sp. 

Diploknema 

butyracea, 

Litchi chinensis 

Type 1 

Bombax ceiba, 

Apiaceae type, 

Fraxinus sp., 

Asteroideae type 1, 

Myrtaceae type, Type 

1 

Wind pollinated 

species’ pollen:  

Poaceae type. 

3c 
Organic 

honey 

Diploknema 

butyracea 
Brassica sp. 

Fagopyrum 

esculentum, 

Fraxinus sp. 

Type 1 , Asteroideae 

type 1, Rhododendron 

spp. Type 1 

A little pollen 

present.  Wind 

pollinated species’ 

pollen: Alnus spp., 

Poaceae type. 

3d Pure honey X X X X 

Clumped pollen in 

small amounts and 

soot. Heavily 

contaminated. 
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Honey 

code 

Honey 

Label 

Predominant 

pollen type (> 

45%) 

Secondary 

pollen (16-

45%) 

Important Minor 

pollen (3-15%) 
Minor pollen (<3%) Comments 

3e Pure honey X X X X 

A little pollen 

present. 

Contaminated. 

3f 

Beyond the 

bee Raw 

honey 

Diploknema 

butyracea 

Lamiaceae 

type 

Asteroideae type 

1 

Bombax ceiba, 

Brassica sp, 

Fagopyrum 

esculentum, Rosaceae 

type 

Wind pollinated 

species’ pollen:   

Pinus sp., Poaceae 

type 

3g 
Dabur 

Honey 
X X X X No pollen present. 

3h 

Mt. Everest 

Herbal 

Honey 

X X X 3h Type 1 

Honeydew elements 

are predominant. 

Some Diploknema 

butyracea pollen 

present. Probably a 

honeydew honey, or 

contaminated during 

processing. 
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Honey 

code 

Honey 

Label 

Predominant 

pollen type (> 

45%) 

Secondary 

pollen (16-

45%) 

Important Minor 

pollen (3-15%) 
Minor pollen (<3%) Comments 

3i 
Mt. Everest 

Honey 
Brassica sp. 

Diploknema 

butyracea 
Fraxinus sp. 

Strobilanthes sp., 

Lamiaceae type, 

Myrtaceae type, 

Asteroideae type 1 

(Asteraceae), 

Mimosoideae type, 3i 

Type 2 

Wind pollinated 

species’ pollen:   

Alnus spp., 

Chenopodium sp. 

Poaceae type. 

3j 

Gandaki 

Herbal 

honey 

Diploknema 

butyracea 
Brassica sp. 

Bombax ceiba, 

Fagopyrum 

esculentum 

Fraxinus sp., Litchi 

chinensis, Asteroideae 

type 2, Myrtaceae type 

Wind pollinated 

species’ pollen:   

Alnus spp., Betula sp. 

Poaceae type. 

3k 
Gandaki 

honey 

Diploknema 

butyracea 
Brassica sp. Myrtaceae type 

Fraxinus sp., 

Strobilanthes sp., 

Viburnum sp., 

Apiaceae type, 

Lamiaceae type 

Wind pollinated 

species’ pollen:   

Alnus spp. Honeydew 

elements present, 

clumped pollen, 

Loranthus sp. pollen 

present. Mix of 

honeydew and nectar 

honey. 

3l 

Pure honey 

from local 

beekeeper 

Elaeocarpaceae 

type 
Sabiaceae type 

Brassica sp., 

Rosaceae type 

Grevillea robusta, 

Asteroideae type 2, 3l 

Type 2 

Wind pollinated 

species’ pollen:  

Alnus spp., Betula sp. 
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Honey 

code 

Honey 

Label 

Predominant 

pollen type (> 

45%) 

Secondary 

pollen (16-

45%) 

Important Minor 

pollen (3-15%) 
Minor pollen (<3%) Comments 

4a 
Buckwheat 

honey 

Fagopyrum 

esculentum 

Brassica sp. 

Pogostemon 

spp. 

Asteroideae type 1, 

Rosaceae type 

Fraxinus sp., 

“Deathstar” type 

Wind pollinated 

species’ pollen:   

Poaceae type. 

5a 

Himalayan 

Apis 

laboriosa 

wild natural 

honey 

Rosaceae type 

Grevillea 

robusta, 

Viburnum sp. 5a 

Type 9 

Rhododendron spp. 

Crassulaceae type, 5a 

Type 12, 5a Type 13, 

5a Type 8, “Floral 

diagram” type, “Ball 

of fire” type, 

“Verruca” type 

Wind pollinated 

species’pollen:  

Fagaceae type, 

Chenopodium sp. 

5b 

 

 

 

 

Honey from 

Nepal 

Ilex spp., 

Rhododendron 

spp. 

Viburnum sp., 

Rosaceae type 
Aesculus indica 

Grevillea robusta, 5b 

Type 9 

Wind pollinated 

species’pollen:  

Fagaceae type, Betula 

sp., Juglans regia, 

Pinaceae type, 

Loranthus sp. pollen 

present. 

5c Wild honey 

Brassica sp., 

Rhododendron 

spp. 

Viburnum sp. 
Chichorioidae type, 

Rosaceae type 

Grevillea robusta, 

Asteroideae type 2, 5c 

Type 5 

Wind pollinated 

species’pollen:  

Fagaceae type, 

Juglans regia 
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Honey 

code 

Honey 

Label 

Predominant 

pollen type (> 

45%) 

Secondary 

pollen (16-

45%) 

Important Minor 

pollen (3-15%) 
Minor pollen (<3%) Comments 

5d 
Pure Wild 

Rock honey 

Rhododendron 

spp. 

Rosaceae type, 

5a Type 12 

Grevillea robusta, 

Viburnum sp., 

Sabiaceae type 

Artemisia sp., 

Brassica sp., Fraxinus 

sp., Lonicera sp., Ilex 

spp., Chichorioidae 

type,  Asteroideae type 

2, 5a Type 13 

 

Wind pollinated 

species’pollen:  

Fagaceae type,    

Juglans regia 

Poaceae type, 

Ulmaceae type. 

5e 

Hare 

Krishna 

honey 

Lamiaceae type Brassica sp. 
Fagopyrum 

esculentum 

Asteroideae type 2, 

Elaeocarpaceae type, 

5e Type 3 

Wind pollinated 

species’pollen:   

Alnus spp. 

Little amount of 

pollen present in LM, 

only debris visible in 

SEM. Not a wild 

honey. 

5f Wild honey 

Rhododendron 

spp., Rosaceae 

types, Prunus 

cerasoides 

Brassica sp. Viburnum sp. 
Ilex spp., Diploknema 

butyracea 

Wind pollinated 

species’pollen: 

Artemisia sp., Betula 

sp., Corylus sp. 

Juglans regia, 

Pinaceae type 

Tsuga dumosa. 
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Honey 

code 

Honey 

Label 

Predominant 

pollen type (> 

45%) 

Secondary 

pollen (16-

45%) 

Important Minor 

pollen (3-15%) 
Minor pollen (<3%) Comments 

5g 

Wild honey 

from local 

beekeeper 

Brassica sp. X X X 

Honey dew elements 

present. Mix of 

honeydew honey and 

Brassica sp. honey. 

6a 

Rudhilo 

Nectar 

honey 

Pogostemon spp. 
Rosaceae 

type 
Bombax ceiba 

Brassica sp., 

Fagopyrum 

esculentum, Litchi 

chinensis, 7a Type 4, 

6a Type 2, 6a Type 2b, 

6a Type 3 

Wind pollinated 

species’pollen: 

Poaceae type.  Little 

amount of pollen 

present. 

7a 
Litchi 

Honey 
Litchi chinensis Rosaceae type 

Brassica sp. 

Pogostemon spp., 

Myrtaceae type 

Bombax ceiba, 

Fagopyrum 

esculentum, Myrtaceae 

type, 7a Type 4, 7a 

Type 7 

Wind pollinated 

species’pollen: 

Poaceae type. 

8a Unlabelled 
Diploknema 

butyracea 
Brassica sp. Asteroideae type 2 Lamiaceae type, 

Wind pollinated 

species’pollen: Alnus 

spp. Little amount of 

pollen present. 
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4.6 Geographical origin of the honeys based on botanical composition 

 

Nepal is a mountainous country situated in the central part of the Himalayas between 26° and 

31° N latitudes and 80° and 89° E longitudes, covering an area 147,181 sq. km. The country can 

be divided into five distinct physiographic zones, that include Terai (0-500 m), Low Mid-Hills, 

also known as the Siwaliks or Chure hills (500-1000 m), Mid- Hills (1000-1500 m), Upper Mid-

Hills (1500-2000 m) and High Himalayas (>2000 m) (Figure 14). 

 

  

Figure 14: Map of Nepal with physiographic zones (United Nations Nepal Information Platform, 

http://un.org.np/) 
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According to the altitudinal range of the taxa of each honey’s pollen spectrum, as recorded by 

Press et al. (2000), I tried to determine the honeys’ geographical origin. Honey samples that were 

heavily contaminated or did not have a pollen spectrum were not included. The predominant  and 

secondary pollen types of each pollen spectrum was primarily taken into consideration, but at times  

the presence of a minor pollen type was the catalyst to determine the  honey’ s origin. The pollen 

of anemophilous species can also act as a geographical indicator, as many of these species such as 

conifers are restricted above a certain altitudinal zone. When pollen types were identified to genus 

level, the genus’ general distribution in Nepal was taken into consideration, as well as the 

altitudinal range of the majority of its species. Families that are widespread crop plants in Nepal, 

such as Brassicaceae, could not give a specific geographical signal. Mixed signals from taxa that 

were found in one honey sample but belong in different zones also came up. 

 

 

Table 4: Geographical origin of honey samples based on pollen spectra 

 

Honey 

type 

(Appendix 

I) 

Geographical origin 

1a 
Mid-Hills (1000- 1500m). Diploknema butyracea not found above 1500m but 

Fraxinus and Betula not found below 1500 m. 

1b 
Mid-Hills (1000- 1500m). D. butyracea not found above 1500m but Fraxinus 

and Melastomataceae are found in higher altitude. 

2a 
Mid-Hills (1000- 1500m) due to Fraxinus and Myrtaceae above 1500 m but 

Bombax ceiba and D. butyracea lower. 

3a 
Mid-Hills (1000- 1500m). Mixed signal due to Fagaceae, Betula and 

Melastomataceae (>1500) but Schleichera oleosa only found in 300-500m. 

3b Low Mid-Hills (500-1000 m). B. ceiba (200-1000m) 

3c Mid-Hills (1000- 1500m). Due to Alnus nepalensis and Fraxinus 

3f 
Low Mid-Hills/ Mid-Hills. Mixed signal due to B. ceiba (200-1000m) and Pinus 

(>1000) 

3i 
Mid-Hills (1000- 1500m). Due to D. butyracea (<1500m) and Fraxinus 

(>1500m) 

3j 
Mid-Hills (1000- 1500m). Due to D. butyracea (<1500m) and Fraxinus 

(>1500m) 
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3k 
Mid-Hills (1000- 1500m). Due to D. butyracea (<1500m) and Fraxinus 

(>1500m) 

3l Mid-Hills (1000- 1500m). Due to Elaeocarpaceae and Betula (>1500m) 

4a Mid-Hills (1000- 1500m). Due to Fagopyrum esculentum and Betula (>1500m) 

5a Upper Mid-Hills (1500-2000 m). Due to Fagaceae and Crassulaceae (>1500m) 

5b 
Upper Mid-Hills (1500-2000 m). Of Western origin due to Aesculus indica and in 

this altitude due to Ilex (>1500m). 

5c Upper Mid-Hills (1500-2000 m). Due to Juglans regia (>1500m). 

5d 
Mid-Hills/ Upper Mid-Hills. Depends on Rhododendron species (1500-3300m), 

but Grevillea robusta only found up to 1500 m. 

5e 
Mid-Hills (1000- 1500m). Due to Elaeocarpaceae and Alnus nepalensis 

(>1500m) 

5f 
Upper Mid-Hills (1500-2000 m). Mixed signal cause of Tsuga dumosa (>2000m) 

and D. butyracea (<1500m) 

6a Low Mid-Hills (500-1000m). Due to Pogostemon and B. ceiba (<1000m) 

7a Low Mid-Hills/ Mid-Hills. Litchi chinensis and Myrtaceae found above 1500m 

8a Low Mid-Hills/ Mid-Hills.  Due to Alnus nepalensis (>1500m) 

 

From a total of 27 honey samples, 21 had pollen spectra with sufficient information that could 

indicate geographical origin. Eleven honey samples were from Mid-Hills area (1000- 1500m), four 

from Upper Mid- Hills area (1500-2000m) including one that is from the Western part of Nepal on 

this zone and two from Low Mid- Hills area (500-1000). Four honey samples are giving mixed 

signals due to taxa from different zones it their pollen spectra.  

Due to both its pollen assemblage (Table 3) and the geographical origin of its pollen species 

(Table 4), honey sample 5e (Appendix I) cannot be considered a Wild/ High altitude honey. Honey 

sample 1b (Appendix I) is labelled as ‘High mountain organic honey from endangered Himalayan 

honeybee or remote western Nepal’. Based on the species in its composition and their distribution, 

it might be from the high mountains, but the few pollen grains in its general composition and the 

lack of airborne pollen introduces some scepticism about the ‘endangered Himalayan honeybee’ 

Apis laboriosa, whose habitat ranges from 1200- 3600 m. In addition there is no sign of any 

exclusively western pollen type; on the contrary its pollen spectrum is fairly common. Pollen 

sample 3f, is labelled with an origin of Terai hills and Himalayas, which is the reason of its mixed 

composition from lowland B. ceiba and high altitude Pinus sp. It is either a mixture of honeys or 

different origin, or a result of the beekeeper moving the hive in different areas.
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5. Discussion 

 

The palynological analysis of 27 Nepalese honey samples, combined with the sediment 

determination and sensory evaluation has revealed valuable information about the bee flora of 

Nepal, the geographical origin of a number of honeys available on the market and the processing 

methods used before the honeys reach the consumer. 

Altogether, 72 pollen types were detected in the honeys’ composition and 56 were identified to 

the lowest possible taxonomic level. A clear pattern in the composition of the pollen spectra has 

been observed, forming two main groups; the multifloral and unifloral honeys from Mid-Hill areas 

(1000-1500 m) and the Wild or Mountain honeys from the Upper Mid-Hill areas (>1500m). The 

Wild honeys group includes honey samples 5a, 5b, 5c, 5d and 5f (Appendix I; Table 3) while the 

other group basically includes all the rest, based on results on their pollen assemblages (Table 3) 

and the altitudinal range of their pollen species (Table 4).  

Regarding the composition of the multifloral honeys, the most common pollen spectra comprise 

a combination of Diploknema butyracea - Brassica sp. - Fagopyrum esculentum with variations 

regarding their quantitative percentage. Specifically, Brassica sp. is a major constituent of 

Nepalese honey, being present in 70% of the honey samples and recorded as the predominant or 

secondary pollen type in 48% of them. In addition, D. butyracea is present in 44% of the honey 

samples, being the predominant or secondary pollen type in 29 % of the samples. Crops of various 

species of Brassica are very common in Nepal, as well as crops of F. esculentum.  Commonly 

known as Buttertree, D. butyracea, produces a prolific amount of nectar and is a multipurpose tree 

cultivated for its fruits, seeds, leaves and for timber wood (Partap, 1997). The abundance of the 

pollen types of these widespread species in the honey samples suggests that these honeys derive 

from domesticated bee species, situated next to crops. The domesticated bee species in Nepal 

include Apis mellifera, usually kept in frame hives, and A. cerana which can be kept in log and 

wall hives. This beekeeping practice provides the farmers with bee pollination, which increases the 

yield and quality of their crops, and the beekeeper with a healthy bee colony that can survive though 

winter and dearth periods as the crops alternate. Moreover, beehives located near crops or floristic 

zones of important bee foraging plants, can produce unifloral honey, which can be marketed by its 

floral origin and any properties that this implies, in a significantly higher price. Being able to certify 
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a unifloral honey requires knowledge of the plants that bees forage and a palynological analysis to 

confirm the alleged botanical origin. Many of the honey samples in this project that were labelled 

according to their floral origin had indeed that species as their predominant pollen type. Honey 

sample 1b, however, although labelled as Pure Chiuri honey (Appendix I) had Rosaceae pollen 

type as its predominant pollen source (Table 3).  

With regards to the Wild honey group, the main pattern of pollen composition is Rhododendron 

sp. - Viburnum sp. and Rosaceae, as Prunus cerasoides. In addition, Fagaceae pollen, an airborne 

pollen type, is the most common pollen in all of the honey samples in this group, except for 5f. 

This composition reveals that these honeys were produced by plants from an altitude above 1500m, 

which is also the habitat of the giant Himalayan cliff bee, A. laboriosa, which builds open cliff 

hives thus catching a large amount of airborne pollen. Another common character that groups these 

honey samples together is their intoxicating properties due to the presence of Rhododendron sp. 

pollen. 

A total of 7 honeys presented with some sort of contamination, where there was a lot of 

extraneous material and pollen was not clean; in 4 cases this was to the point of being unidentifiable. 

From those 7 honey samples, 3h, 3k and 5g (Appendix I) presented with little amount of pollen 

and honeydew elements were present (fungal spores and hyphae, algae, plant tissue). Honey sample 

3h, is marketed as ‘Mt. Everest Herbal honey’ and has the same package as 3i ‘Mt. Everest honey’, 

the only difference being a sticker with the word ‘Herbal’ and a significantly higher price 

(Appendix I). These findings in the honey samples indicate honeydew origin. However, this 

indication cannot be confirmed without a quality testing. Honeydew honeys have higher values of 

pH, moisture content, ash content, HMF, electrical conductivity and darker colour in comparison 

to nectar honeys. The electric conductivity depends on the ash and acidity content of the honey. 

There are fairly simple ways to determine whether a honey is nectar honey or honeydew, using 

some instruments such as a conductometer, which is a portable instrument that measures electrical 

conductivity and usually has an incorporated pH meter. The higher the electric conductivity is, the 

more likely for the honey to be honeydew honey. A refractometer is also a small, portable 

instrument that determines the moisture content of honey. Being easy to use and the size of a small 

telescope, it is also useful for beekeepers as they can check for themselves the moisture content of 

their honey and predict its life expectancy in certain storage conditions. The higher the moisture 
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content the more likely it is for a honey to crystalize during storage and to ferment under high 

storage temperatures. 

The remaining four contaminated samples (3e, 3d, 3j and 5e, Appendix I) were found to have 

clumped pollen and a large amount of extraneous material like dust, grit and gelatinous masses as 

observed under LM and SEM. This is the result of bad processing techniques during the extraction 

or packaging of the honey. Squeezing the honeycombs by hand is the most common extraction 

method in Nepal, as not many beekeepers have a centrifugal extractor. This technique, if applied 

in a clean and hygienic way and the honey is packaged in airtight glass or food grade plastic jars, 

can yield a very high quality honey. But when the extraction is performed on a site that is not proper 

for food processing (e.g. in the field) using unsanitary utensils and containers, the honey quality 

can really be compromised by organic and inorganic contaminants. 

Intensive processing methods use filters to remove all fine particles, including some natural 

ingredients such as pollen. This process involves heating the honey up to 78 °C which can also 

increase the HMF content of the honey. Honey that is processed in this way is preferred by 

supermarkets that want a product with a long shelf-life in a homogeneous liquid state and is usually 

sold as bulk honey. One of my honey samples (3g, Appendix I) belongs in this category since there 

was no pollen at all, even after mild processing to produce microscope slides. The origin of such 

honey products cannot be determined and quality control testing is advised to verify if they even 

have a floral origin or they have been adulterated with sugar syrup.  

Honey samples 5c and 5f included some bee hairs in their composition. Their pollen spectra 

indicate that they are high altitude honeys, produced by wild bees. Populations of wild bees, such 

as A. dorsata and A. laboriosa were in decline due to habitat destruction, honey hunting and 

pesticide poisoning (Pokhrel et al., 2014). Removing the whole hive to extract honey is a 

destructive and unsustainable practice as the bees have to build another hive from scratch after 

harvesting. Furthermore, including brood combs in a honey is against every quality regulation and 

compromises the quality of an otherwise valuable, organic product from the Himalayan Mountains.  

Nepalese honey has a unique composition that reflects the country’s floristic and honeybee 

diversity. Pollen analysis can provide invaluable insights to the plant species preferred by bees thus 

leading to improvement of conservation and management of the bees and their natural habitat. 

Being excellent crop pollinators bees have a lot more to offer than their honey.  
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However, the honey’s high quality is often undermined by poor handling. Raising awareness 

about quality and improving honey production potential through training and education at every 

step of the process; from bee colony management to honey harvesting, processing, packaging and 

storage, is the next step for Nepal in order to enhance opportunities of receiving quality 

accreditations and to promote honey in a national and international level. 
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6. Conclusions 

 

Nepal produces a wide variety of honeys with unique characteristics due to the richness of local 

flora and the diversity of climatic conditions but also due to the indigenous honey bee species. This 

project aimed to investigate the pollen content of 27 honeys from Nepal and characterize their 

quality and origin, both botanical and geographical, through methods of melissopalynology that 

are possible to apply in Nepal. 

During this project an optimal technique for pollen extraction from honeys was developed after 

several attempts with other pollen extraction methods. This low- tech and time efficient technique 

involves short time washes and centrifugation with distilled water and one wash with glacial acetic 

acid before and after the acetolysis. The whole process lasts 30 minutes in total and requires only 

a centrifugation machine and a small quantity of low cost chemicals for the washes and the 

acetolysis. The recovered pollen from the honeys is clean from foreign material that may be 

included in the initial sediment and the pollen grains do not clump together forming masses thus 

being easier to observe their morphology. Simpler approaches for extracting pollen, such as washes 

with water or ethanol and recovering a suspension from the sediment proved insufficient in 

recovering pollen for microscope observation. This general method of pollen preparation that I 

have refined has given good results across several honey types. However some pollen types have 

fragile pollen wall which can be damaged or collapse when using the general method, thus 

eliminating them from the final pollen spectrum. Therefore, further research on pollen extraction 

techniques is needed when these pollen types are expected. Knowing the bee foraging flora for an 

area can help refine the pollen extraction technique to give optimum results. 

The usual process of identifying unknown pollen types involves the use of a pollen Atlas of the 

area combined with good knowledge of the pollen flora and bee foraging plants. In many cases a 

pollen archive with reference slides or SEM photographs is available for use to confirm 

identifications. At the start of this project the available literature for pollen of Nepal was very 

limited and mostly consisted of LM microphotographs which were not always of good quality, and 

descriptions that followed a non-unified terminology. The only melissopalynological study that 

included SEM and LM photographs of Nepalese bee foraging plants is by Paudayal & Gautam 

(2012a, b) and has been of great assistance in confirming many of my identifications. My research 
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approach was mainly targeted in finding consistent morphological characters of palynomorph 

groups, in a family or generic level, and then confirm the identification through literature from 

other countries on taxa that also exist in Nepal. Many bee foraging plants are common throughout 

East Asia and research on palynology and melissopalynology is more advanced in surrounding 

countries such as India and China. Pollen diversity and morphology still remains a vast, unexplored 

field at least with current means of technology, such as SEM. While working on this project I 

realized that comparison between SEM photographs and descriptions that follow an established 

terminology is all one needs to confirm an identification and understand pollen morphology. 

Development of pollen databases such as PalDat (2000 onwards, www.paldat.org) that include 

accurate descriptions based on SEM and LM pollen data should be promoted in an international 

level. Though collaboration between Institutions from developed and developing countries, such 

as Nepal, the results of research on pollen flora from the latter could be made available to everyone 

and a global pollen archive can start building up. The results of my project have expanded 

knowledge for pollen from Nepal and I it is my intention to contribute the pollen descriptions and 

photographic material from this project to PalDat to further this new findings. 

The pollen content and botanical and geographical origin of my honey samples were 

characterized using a number of low tech evaluation methods. A combination of sensory evaluation 

of the colour and taste of the honeys, with the presence of sediment and its origin, revealed poor 

processing techniques at some point of the honey production thus resulting in contaminated honey 

samples. The other end of the spectrum, was an over processed honey sample with no sediment 

and no pollen content, presumably due to filtration. The majority of the honeys had rich pollen 

spectra that allowed a quantitative analysis by counting the pollen types and determining frequency 

classes. Based on the predominant pollen type but also on signals from minor pollen types and 

airborne pollen species I managed to infer the geographical origin of each honey in the range of an 

altitudinal zone which in some cases was also indicative of the honeybee species. In order to 

determine geographical origin in a more specific way (district or area level), pollen identification 

to species level is required. Plant specific, honeybee specific and geographic specific honey can 

yield a high marketing value. However, assurance of quality, through quality control testing and 

by creating a product that is in line with international regulatory standards (i.e. Codex 

Alimentarius) is the first prerequisite for either investing in a niche market in Nepal or expanding 

beyond national boundaries.  
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Appendix I 
 

Honey samples from Nepal 
 

 



 Date Code Company 
Name on the 

label 

Weight 

gr 

Price in 

Nepalese 

Rupees 

(NPR) 

Price 

in 

GBP 

(£) 

Comment Website 

1 Mar-16 1a 

Beekeeping 

and Research 

Centre, The 

Beekeeping 

Shop 

Buttertree 

(Chiuri) 
500 315 2.29 A. mellifera beekeepingshop.50megs.com 

2 Mar-16 1b 

Karnarli 

Organic, Jumla 

Nepal 

Pure Chiuri 

Honey 
250 240 1.74 

Organic high 

mountain from 

endangered 

Himalayan honey 

bee of remote 

western Nepal 

www.karnaliorganic.com 

3 Mar-16 2a 

Beekeeping 

and Research 

Centre, The 

Beekeeping 

Shop 

Mustard 500 315 2.29 A. mellifera beekeepingshop.50megs.com 

5  3a 
N. Stone Bee 

Concern 

Pure Jungle 

Honey 500 - - - - 



 Date Code Company 
Name on the 

label 

Weight 

gr 

Price in 

Nepalese 

Rupees 

(NPR) 

Price 

in 

GBP 

(£) 

Comment Website 

6 Mar-16 3b 

Beekeeping 

and Research 

Centre, The 

Beekeeping 

Shop 

Mixed flower 500 315 2.29 A. mellifera beekeepingshop.50megs.com 

7 Mar-16 3c 
Stone Bee 

Concern 

Organic 

Honey 
500 300 2.18 No origin given - 

8 2015 3d 

The 

beekeeping 

workshop 

Godawari 

Pure Honey 500 - - From Terai villages - 

9 2016 3e 

The 

beekeeping 

workshop 

Godawari 

Pure Honey 500 - - From Terai villages - 

10 Mar-16 3f 
Mt Everest 

Honey Concern 

Beyond the 

Bee Raw 

Honey 

100 130 0.94 
From Terai, hills and 

himlayas of Nepal 
www.ehoney.com.np 



 Date Code Company 
Name on the 

label 

Weight 

gr 

Price in 

Nepalese 

Rupees 

(NPR) 

Price 

in 

GBP 

(£) 

Comment Website 

11 Mar-16 3g Dabur Honey 250 190 1.38 Packaged in Nepal QR code on jar 

12 Mar-16 3h 
Gandaki Bee 

Concern 

Mt. Everest 

Herbal Honey 
500 450 3.27 

Indentical packaging 

to their regular 

honey (3i) but 

'Herbal Honey' 

sticker added 

www.gandakibee.com.np 

13 Mar-16 3i 
Gandaki Bee 

Concern 

Mt. Everest 

Honey 
500 300 2.18 

Natural Nepalese 

honey 
www.gandakibee.com.np 

14 
produced 

2015 
3j 

Gandaki Bee 

Concern 

Gandaki 

Herbal Honey 
500 450 2.27 

Same packaging as 

Gandaki honey (3k) 

but with "Herbal 

honey" sticker added 

- 

15 
produced 

2016 
3k 

Gandaki Bee 

Concern 

Gandaki 

honey 
500 300 2.18 - - 

16  3l 
Local 

beekeeper 

Pure honey 

from local 

beekeeper 

1000 - - - - 



 Date Code Company 
Name on the 

label 

Weight 

gr 

Price in 

Nepalese 

Rupees 

(NPR) 

Price 

in 

GBP 

(£) 

Comment Website 

17 Mar-16 4a 

Beekeeping 

and Research 

Centre, The 

Beekeeping 

Shop 

Buckwheat 500 315 2.29 A. mellifera beekeepingshop.50megs.com 

18  5a 
Gandaki 

Export 

Himalayan 

Apis 

Laboriosa 

wild natural 

honey 

500 - - - - 

19  5b 
N Stone Bee 

Concern 

Honey from 

Nepal 
500 300 2.18 - - 

20 2008 5c Fuji Bakery Wild honey 700 1000 7.26 - - 

21 Mar-16 5d 
Moenwa P. 

Industry 

Pure Wild 

Rock Honey 
100 500 3.63 

Natural Jungle and 

Herbs, supposed 

from Gulmi - sold as 

honey hunter honey 

- 



 Date Code Company 
Name on the 

label 

Weight 

gr 

Price in 

Nepalese 

Rupees 

(NPR) 

Price 

in 

GBP 

(£) 

Comment Website 

22 Mar-16 5e 
Hare Krishna 

Pvt Ltd 

Hare Krishna 

Honey 
500 320 2.32 

Forests of Nepal, 

organic 
www.harikrishna.com.np 

23 Mar-16 5f 

Beekeeping 

and Research 

Centre, The 

Beekeeping 

Shop 

Wild Honey 100 300 2.18 

Wild honey, mixed 

flowers, Rukum 

District 

beekeepingshop.50megs.com 

24  5g Local market 

Wild honey 

from Central 

West Nepal 

1000 - - Apis cerana - 

25 Mar-16 6a Gorkha Bee 
Rudhilo 

Nectar Honey 
250 400 2.9 

Pogostemon 

benghalensis 
www.gorkhabee.com 

26 Mar-16 7a 

Beekeeping 

and Research 

Centre, The 

Beekeeping 

Shop 

Litchi Honey 500 360 2.61 A. mellifera beekeepingshop.50megs.com 



 Date Code Company 
Name on the 

label 

Weight 

gr 

Price in 

Nepalese 

Rupees 

(NPR) 

Price 

in 

GBP 

(£) 

Comment Website 

27 Mar-16 8a 

The 

beekeeping 

workshop 

Godawari 

Unlabelled 500 350 2.54 - - 

 



Appendix II 
 

SEM and LM photographs of all the pollen types recovered from 

honey 



 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

PLATE 1 Figs. 1-3: Strobilanthes sp. (Acanthaceae). SEM (1, 2) showing oblique equatorial view (1) and ornamentation (2). LM (3) oblique 

equatorial view. 

Figs.4-6: Viburnum sp. (Adoxaceae). SEM (4, 5) showing oblique polar and oblique equatorial view (4) and ornamentation (5). LM (6) polar view. 

Figs. 7-9: Ilex sp. 1 (Aquifoliaceae). SEM (7, 8, 9) showing equatorial view (7), polar view (8) and ornamentation detail (9). 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

PLATE 2 Fig. 1: LM polar view Ilex sp. 1 (Aquifoliaceae). Figs. 2-3: Ilex sp. 2 SEM showing oblique equatorial view (2) and ornamentation (3). 

Figs.4-6: Artemisia sp. (Asteraceae). SEM (4, 5) showing polar view (4) and ornamentation (5). LM (6) equatorial view. 

Figs. 7-9: Type Asteroideae 1 (Asteraceae). SEM (7,8) showing polar view (7) and ornamentation detail (8). LM polar view (9). 

 



 

  

PLATE 3 Figs. 1-3: Type Asteroideae 2 (Asteraceae). SEM (1, 2) showing oblique equatorial view (1) and ornamentation (2). LM (3) oblique equatorial view. 

Figs. 4-6: Type Chichorioidae (Asteraceae). SEM showing equatorial view (4), pore (5) and ornamentation (6). 

Figs. 7-9: Alnus nepalensis. 1 and 2 (Betulaceae). SEM showing oblique equatorial view of 5-porate type (7), oblique polar view of 4-porate type (8) and ornamentation 

(9). 

 



 

  

PLATE 4 Figs. 1-2: Alnus nepalensis 1 and 2 (Betulaceae). LM showing polar view of 5-porate type (1), polar view of 4-porate type (2) Figs.3-4: Betula sp. (Betulaceae). 

SEM showing equatorial view (3), LM showing equatorial view. 

Figs.5-8: Brassica sp. (Brassicaceae). SEM showing polar (5) and equatorial view (6) and ornamentation (7). LM (8) showing equatorial and oblique polar views. 

Fig. 9: Chenopodiaceae type. SEM view. 

 



 

  

PLATE 5 Figs. 1-3: Lonicera sp. (Caprifoliaceae). SEM showing equatorial view (1) and ornamentation (2). LM showing oblique equatorial view. 

Figs.4-6: Elaeocarpaceae type. SEM showing equatorial view and polar view (4) and ornamentation (5), LM showing polar and oblique polar view (6). 

Figs.7-9: Rhododendron sp. (Ericaceae). SEM showing polar (7) and equatorial view (8) and ornamentation (9).  

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

PLATE 6 Figs. 1-2: Rhododendron sp. (Ericaceae). LM showing equatorial (1) and polar view (2).  Fig.3 (left): Sedum sp. (Crassulaceae). SEM showing oblique equatorial 

view.  

Figs.4-6: Fagaceae type 1. SEM showing oblique equatorial view (4), polar view (5) and ornamentation (6). Figs.7-9: Fagaceae type 2. SEM showing equatorial view (7), 

polar view (8) and ornamentation (9).  

 



 

  

PLATE 7 Fig. 1: LM showing polar views of Fagaceae type 1 (top) & Fagaceae type 2(bottom right).Fig.2-4: Juglans regia.(Juglandaceae) SEM showing polar view (2) 

&ornamentation (3). LM view (4). Figs. 5-7: Pogostemon sp. (Lamiaceae) SEM showing oblique polar view (5), and ornamentation (6). LM showing oblique equatorial view 

(7). 

Fig. 8: Hyptis suaveolens (Lamiaceae). LM showing polar view and ruptured apertures. Fig. 9: Acanthaceae type. LM showing oblique equatorial view 

 



 

  

PLATE 8 Figs. 1-3: Bombax ceiba (Malvaceae). SEM showing equatorial view (1) &ornamentation (2).LM showing equatorial view (3) 

Figs.4-7: Melastomataceae type. SEM oblique equatorial (3), polar (4) view &ornamentation (5). LM polar view (7).  

Figs. 8-9: Syzygium jambos (Myrtaceae). SEM showing polar view (8) and ornamentation (9). 

 



 

  

PLATE 9 Figs. 1-3: Eucalyptus sp. (Myrtaceae). SEM showing polar view (1), collapsed& hydrated view (2) & ornamentation (3). Figs.4-5: Myrtaceae types LM. Myrtaceae 

type 2 (4) presenting pollen differentiation of the same species& Myrtaceae type 1(5) polar view. Figs. 6-8: Tsuga dumosa (Pinaceae) SEM view (6) and ornamentation (7). 

LM view (8).  Fig. 9: Pinaceae type. LM polar view. 

 

 



 

 

 

  

PLATE 10 Figs. 1-5: Poaceae types 1, 2 & 3. Poaceae type 1: SEM showing equatorial view (1) &ornamentation (2).LM showing equatorial view (3). LM showing equatorial 

view of Poaceae type 2 (4) and oblique equatorial view of Poaceae type 3 (5). 

Figs. 6-9: Fagopyron esculentum (Polygonaceae). SEM showing oblique equatorial view (6) &ornamentation (7). LM showing equatorial (8) & polar view (9). 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

PLATE 11 Figs. 1-4: Grevillea robusta (Proteaceae) SEM showing polar view (1) &ornamentation (2).LM showing polar view (3). LM showing equatorial view (4). 

Fig. 5: Prunus cerasoides (Rosaceae). SEM showing polar view. Figs. 6, 7: Rosaceae type 1. SEM showing oblique equatorial view (6). LM showing oblique polar view (7). 

Figs. 8, 9: Rosaceae type 2. SEM showing oblique equatorial & polar view (8) & ornamentation (9). 

 

 

 



 

  

PLATE 12 Fig. 1: Rosaceae type 2. LM showing equatorial view. Figs. 2-4: Rosaceae type 3. SEM showing oblique equatorial view (2) & ornamentation (3). LM showing 

equatorial view (4).  

Figs. 5, 6: Meliosma sp. 1 (Sabiaceae). SEM showing equatorial view (5) & ornamentation (6). Figs. 7-9: Meliosma sp. 2 (Sabiaceae). SEM showing oblique polar view (7) & 

ornamentation (8). LM showing oblique polar view (9). 

 



 

  

PLATE 13 Fig. 1-3: Litchi chinensis (Sapindaceae). SEM showing polar view (1) &ornamentation (2). LM showing oblique polar view (3). Figs. 4, 5: Acer sp.(Sapindaceae) 

SEM showing equatorial view (4). LM showing oblique equatorial view (4).  

Figs.6, 7: Aesculus indica (Sapindaceae). SEM showing oblique equatorial view (6). LM showing oblique equatorial view (7). Figs. 8, 9: Schleichera oleosa (Sapindaceae). 

SEM showing polar view (8) & ornamentation (8). LM showing oblique polar view (9). 

 
 



 

  

PLATE 14 Figs. 1-4: Diploknema butyracea (Sapotaceae) 4-aperturate form. SEM showing polar and equatorial view (1) &ornamentation (2). LM showing oblique 

equatorial (3) & oblique polar view (4). Figs.5-8 : Diploknema butyracea (Sapotaceae) 5-aperturate form.SEM showing polar view (5) &ornamentation (6). LM showing 

oblique polar (7) & oblique equatorial view (8).  

Fig. 9: Apiaceae type. LM showing equatorial view. 

 
 



 

  

PLATE 15 Figs. 1-4: Ulmaceae type. SEM showing polar (1), oblique equatorial view with pores (2) &ornamentation (3). LM showing oblique polar view (4). 

Fig.5:  Loranthus sp. (Loranthaceae). LM showing polar view of dry pollen grain. Fig.6:  Allioideae type (Amaryllidaceae). LM showing oblique equatorial view.  

Fig. 7: Mimosoideae type (Fabaceae). LM view. Figs. 8,9: Fraxinus sp. (Oleaceae). LM view of ornamentation detail (8) and polar view (9) 

 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 PLATE 16: Unidentified pollen types  Figs. 1-3: Type 1. Found in honey samples 1b, 3b and 3c Figs.4-6:  5b Type 9. Found one in pollen sample 5b and another in 3a. 

Figs.7-9: 5a Type 9. Found in honey sample 5a. Possibly Ranunculaceae but not enough supporting literature was found. 

 
 

 



 

  

PLATE 17: Unidentified pollen types  Figs. 1, 2: 6a Type 2b. Figs.3-5: 6a Type 3, Figs 6, 7: 6a Type 2. Three different pollen types all from honey sample 6a. All were 

single observations. 

 
 



 

  

PLATE 18: Unidentified pollen types: Figs. 1-3: 5e Type 3. Single observation of pollen type on honey sample 5e Fig. 4: 3h Type 1. Single observation in pollen sample 

3h. Figs.5, 6:  3i Type 2, Single observations from honey sample 3i. Figs.7-9:  3l Type 2. Single observation in pollen sample 3l. 

 
 



 

  

PLATE 19: Unidentified pollen types: Figs. 1-3: 5a Type 12. Pollen type in honey sample 5a. Figs. 4-6 :  5a Type 13. Pollen type in honey sample 5a. One of the largest 

pollen types encountered (57 μm).  Figs.7-9: 5c Type 5. Single observation from honey sample 5c.  

 
 



 

  

PLATE 20: Unidentified pollen types: Figs. 1-3: 7a Type 4. Pollen type in honey sample 7a. Figs. 4-6 : 5a Type 8. Single observation of pollen type in honey sample 5a. 

Figs.7,8: 7a Type 7. Single observation from honey sample 7a.  

 
 



 

PLATE 21: Unidentified pollen types: Fig. 1:  “Deathstar” type. Single observation of pollen type in honey sample 4a. Fig 2: “Floral diagram” type. Single observation of 

pollen type in honey sample 5a. Fig. 3: “Ball of fire” type. Single observation of pollen type in honey sample 5a. Figs. 4 : “Verruca” type. Single observation of pollen type 

in honey sample 5a 
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