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INTRODUCTION




INTRODUCTION

“Melissopalynology is the branch of palynology deals with the study of
pollen content in a particular honey sample”.Over hundred years the
literature pertaining to the study of pollen in honey has been termed or
spelled several ways including melissopalynology, Mellittopalynology and
melittopalynology . According to panton’s Botanical dictionary (1868) both
“Melissa” and “ melitta” means a ‘Bee”. The word “melliferous” comes
from the Latin word “melifer” means honey and the suffix-ous meaning
“having full off’ or characterized by (Bryant, 2001). The International
Commission for Bee Research (ICBR) uses the term “Melissopalynology”
for the study of pollen and honey, which is the term used throughout this

thesis.
The Honey

For survival, honey bee require four natural resources, viz., Water, resin,
nectar and pollen (Seedley, 1985). Water is used to cool the hive and to
dilute the honey fed to the young broods. Resin is utilized to repair the
hive e.g., sealing of decaying wood and to plug up holes. Nectar is the
major source of carbohydrates from which honey bee obtain their
energy. According to Winston (1987) it can be fed directly to the brood
or to the adults. The nectar is collected by the workers bees in their honey
stomachs and it is usually transferred to hive workers for processing
into honey. These workers add an enzyme, to this nectar, which is

secreted by their hypopharyngeal glands. This enzyme breaks down the




nectar into simple forms of sugars, which are easier for the bees to
digest. These enzymes protect the stored honey from bacteria. The water
in the nectar is then evaporated off of the worker’s tongue. The nectar
is placed into cells and fanned to further reduce water in it. According
to Winston (1987), this process reduce the moisture content of nectar
less than 18% . Once the evaporation process is complete, the nectar is
considered “ripenedquot “ and is called honey. This honey is stored in
the cells of the honey comb and is capped with wax.

It has been estimated that to make one pound of honey,
honey bees must visit about two million flowers, fly a total of about
50,000 miles and carry about 73,000 loads of nectar back to the hive
According to Teale (1942), during the main blooming periods it 1is
common for the bees from a single hive to visit as many as
2,50,000 flowers during the course of a single day. Winston’s (1987)
studies reveal that each worker bee is able to carry a load of nectar
equal to one - half its total weight and during its lifetime one worker
will collect enough nectar to produce about 1/12 of a teaspoon of honey.
During foraging, z—: honey bee consumes 0.5 mg of ripe honey per
kilometer of flight. Feeding a bee larva from the egg to maturity

requires about 142 mg of honey.
SOURCE OF POLLENS IN HONEY

According to Gary (1975) pollen is the major source of proteins, fatty
substances, minerals and vitamins for honey bees. Pollens are essential

for the growth of larvae and young adult bees (Dietz, 1975). The pollen




grains are collected by honey bees from the anthers of flowers by using
their tongue and mandibles. At the time of nectar and pollen collection,
body parts of honey bee are sprayed with pollen grains. These pollen
grains are combed and mixed with pollen from her mouth and
transferred it to the corbicula, or “Pollen — basket” on her posterior pair
of legs. At hive, worker bees pack the pollen into the comb. To prevent
bacterial growth and pollen germination a phytocidal acid is added to
the pollen as it is packed into the comb. Other enzymes produced by
worker bees are also added which prevent anaerobic metabolism and
fermentation, thereby, enhancing the longevity of the stored pollen. The
completely processed pollen grains for storage kept in comb is referred
to as “bee bread “ and is ready for later consumption by the bees.
According to Alfonsus (1933), the protein source needed for rearing one
worker bee from larval to adult stage require approximately 120 to 145
mg of pollen. An average size bee colony will collect about 20 to 57 kg
of pollen a year (Armbruster 1921, Eckert,1942).

The pollen grains are collected from entomophilous as well as
anemophilous plant}s also. However, according to Bryant (2001) wind
pollinated species of Salix (Willow), Quercus (Oab), Celtis (hach berry)
and many species of grasses (Poaceae) as well as some of the wind —
pollinated type of composites (Asteraceae) are considered important
pollen sources for foraging by honey bees. Airborne pdllen is another
potential source of pollen in honey. Many types of airborne pollen
produced mostly by wind — pollinated plants that are not usually visited

by honey bees can enter a hive through wind currents. But the number




of airborne pollen grains are usually few in number. Mostly the
airborne pollen can settle out in areas where open comb cells are being

filled with nectar.
Importance of Melissopalynological Studies

Pollen is an essential tool in the analyses of honey. The floral nectar
source utilized by honey bees for honey production can be determined
by the identification of pollen taxa (Lieux, 1975, 1978 ; Moar, 1985;
Louveaux et al 1970; Sawyer, 1988; Van Der Ham et al, 1999). Thus, the
relative pollen frequency is often used to verify and label a honey
sample as to the major or minor nectar sources. Identifying and
quantifying the pollen in honey samples is one of the best ways to
determine the range of nectar types used to produce a honey and
therefore label it correctly based on actual foraging resources. Another
most important reason that pollen analysis of honey are often required
is to identify the geographical source of origin as well as assessment of
phytogeography of the region. The combination of anemophiles and
entomophiles found in a honey sample will often produce a pollen
)
spectrum that is unique for the specific geographical region where it
was produced. Trade agreements, import tariffs and legal trade
restrictions require accurate labeling of honey before it can be sold in
the market of leading honey producing nations of the world. However,
in India no such rules and regulations are strictly followed for the

honey trade and lead to the adulteration of the honey with sugar

syrup.




Unifloral and Multifloral honey

After experimental investigation on European honey for thirteen years
Demianowicz (1961, 1964) realized that the relative pollen count in honey
did not always reflect the primary floral and nectar sources.
Demianowicz (1964) attempted to identify the pollen characteristics of 45
different types of unifloral honey that are common to various regions of
Europe. For her experiments she used small bee-hive with one queen
and 300-400 workers. These bees were allowed to feed on the flowers of
only one species of plant. She extracted the honey of each hive and
considered 1t for absolute pollen concentration (APC) for the flower
type being tested. On the basis of her experiments she developed 18
different categories of plants with respect of their APC values in honey
are under or over represented. Thus, for each category she assigned an
“average number” that she called her “ Pollen Co-efficient Classes”.
According to this pollen co-efficient value could be used as a guide for
determining the trlsle unifloral nature of a honey sample , irrespective of
the data represented by the relative pollen concentrations.

Demianowicz’s Class 1 unifloral type should contain not more
than 740 pollen grains per 10 gm of honey. In this class she kept
Asclepias (milkweed) with pollen co-efficient value 32. Each additional
class should have APC values that are upto twice as high as the
previous category. In her Class 2 of unifloral honey types the APC

value should be between 750-1500 per 10 gm of honey. In this category




she kept Rob_ir;?d pseudoacacia (white acacia, locust), Cucumis (cucumber)
and Epilobium (Fireweed). In Class 18 with prolific pollen types she
kept Myosotis (Forget —me-not) which produced nearly 200 million pollen
grains per 10 gm of honey.

A number of scientists have produced tables and charts noting
what they believe should be the “expected” percentages of relative pollen
in unifloral types. In New Zealand, Moar (1985) points out that since
45% of a single pollen type is the universal “ minimal” amount needed
for a honey to be classified as unifloral. However, according to Sawyer
(1981,1988) if the pollen grains of a particular plant species are 45% of
the total pollen count in honey sample, the honey sample should be
called “unifloral” and if none of the plant species, represented through the
pollen in a particular sample, reaches upto 45%, the honey should be

called as “ multifloral”.
Review of Literature

First of all the pollen contents of various Swiss, French and other
Europeans honey )was examined by Pfister (1895). He tried to
demonstrate the possibility of determining the geographical origin of
honey from the pollen within it. The first published report on the
pollen content of honey from United States of America is by W.J.Young
at thei-l)eginning of twentieth century. He published a paper in 1908 to
determine if pollen studies could be used in the future to “-Judge the

adulteration of a sample” ( Young, 9108 ). Based on his work, Young

determined that the range of pollen concentration values varied from a




low of 123 pollen grains/g to a high of 5,410 grains commonly found
in U.S. honey and discussed the importance of protecting honey samples
from airborne contaminants. He also reported the presence of insect
body parts, fragments of the comb, Fungal spores, dust, pollen etc. in
honey. The first European, who published his work on Melissopalynology
was Fehlman. Fehlman (1911 ) published report on the pollen spectra
found in various examples of Swiss honey ( Maurizio, 1951 ; Maurizio
and Louveaux, 1965; Lieux,( 1969 ). He was the first European to use
pollen as a way to identify and differentiate honeydew from nectar
honeys and to demonstrate that pollen contents were the key to
determine the nectar sources in honey samples. In United States it was
Parker (1923 ) who conducted a study of bees and the honey they
collect. He described 28 different kinds of pollen grains collected by
honeybees and included photographs of the 12 most important ones. He
was convinced that the pollen content in honey was a valuable tool for
identifying the foraging sources used to make it.

Betts (1923, 1925 ) worked on English honey and published
sketches of 15 different kinds of pollen sources found in it. She
suggested that flowers from herbarium specimens could be used as a
source of pollen to make comparative reference samples. A few years
later, Allen (1928a ) noted that same pollen grains remain on the
surface of the honey, instead of becoming mixed with the honey like
other types of pollen. He was also the first to report that pollen found
mixed with nectar could come from sources other than the nectar

plant’s own anther and pollen ( Allen, 1928b ). He had also reported




floating pollen grains on the surface of honey and reasoned that due to
their lesser density than honey some pollen grains float on its surface.
Allen (1928, a, b) also noted that air borne pollen grains could easily
contaminate honey when combs were being removed from hives and
also during the subsequent honey extraction process. But according to
him contamination of honey through air borne pollen is a minor
problem and pollen in honey mostly reflects the actual floral sources
used to make the honey. However, Allen (1929) was the first researcher
to focus some of the problems of conducting accurate melissopalynology
analyses. He also emphasized the difficulties of pollen identification in
melissopolynology (Allen, 1928 a, b; 1929 ). His most valuable contribution
'is proposed classification system for English honey. However, his remark
regarding English honey which states that “ One should doubt the origin
of a honey sample as being English if the sample contains six — grooved
pollen grains” has been disapproved by Bryant (2001) on the bases that
many Lamiaceous taxa such as Mentha (mint) , Thymus ( thyme ) and
Salvia (Sage ) are now grow in English garden and foraged by the
honey bees. The fozmdation of melissopalynological research in Europe
was laid down by the five volume work of Zander ( 1935, 1937,
1941,1949,1951). In these volumes he has described descriptions,
drawings and photographs of pollen that he found in various types of
European honey. He also described fungal spores and hyphae from
honey samples. His voluminous work on English melissopalynology has
brought him the honours to be called as “leader in melissopalynology

research in Europe” by Maurizio and Louveaux (1965 ).




In United States, Pellett ( 1930 ) and Pammel et al (1930 )
published “American honey plants and “Honey plants of Iowa “ respectively.
However, there is no other report of melissopalynological research in United
States during this period 1i.e.1930s. Later, Oertel (1939) published the
results of his seven —year study on the sources and blooming periods of
plants though to be principal honey bee nectar sources in various
regions of the United States (Bryant, 2001 ).

Whitcomb and Wilson (1929) studied the cause of dysentery in
honey bees and reported that many of the pollen grains sucked into a
bee’s honey stomach along with nectar were quickly removed through a
process of filtering. These authors reported that once nectar reaches a
bee’s honey stomach it is filtered within 10 minutes and only pure
nectar is left in honey stomach. These authors concluded that the
filtering of nectar in their honey stomach is a device to remove
unwanted pollen and fungal spores so as to prevent future honey from
pollen and spore germination. But, Snodgrass and Erickson (1992) have
described the process of nectar filteration in detail. However, due to
filteration of necta;, lots of pollen grains and fungal spores and other
unwanted plant products e.g. hairs etc., are also defecated by these bees
in bulk which is called “Yellow Rain” and this phenomenon comes in
the form of small yellow spots on cars, buildings, leaves of plant etc.

Todd and Vansell (1942) published their work on the
relationship and importance of pollen in honey at United States
Department of Agriculture (USDA) California. These workers found that

honey bees do not reproduce or lay eggs if feed on sugar syrup only
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but if the pollen were added to the feeding syrup, egg laying in the
hive started within twelve hours. These workers also made qualitative
and quantitative melissopalynological studies of over 2,600 samples of
nectar collected from various apiaries in California.

Recently, hundreds of papers have been published on the
melissopalynological studies in Europe and USA for maintaining the
quality of honey. Although, in India the uses of honey are multifarious
as it 1s used in various rituals by Hindu communities right from the
birth of the child up to the death, yet, the measures taken to control
the quality of honey are not sufficient. The literature on
melissopalynologicél studies in India is also meager.

In India during 1950’s onward Deodikar et al. (1958) and
Chaubal and Deodikar. (1965) have reported melissopalynological data
from Mahabaleshwar and Western ghats respectively. These workers
have reported major honey yielding plants from the invetigatd regions.
However, Chaubal (1980) reported that most of the pollen grains in
honey comes from member of Acanthaceae and Compositae and
emphasized a need g)f preparing a critical palynological data for most of
the members of Acanthaceae (Chaubal Deodikar,1965; Chaubal 1966) and
Compositae (Chaubal and Deodikar. 1966 — 1967; Chaubal, 1976), to
facilitate the identification of pollen from loads and honey samples
especially from Western ghats of India. However, during their studies
Chaubal and Deodikar, 1963; Deodibar et al. 1958 B ,1958 C) have also
reported occurrence of poisonous pollen grains in honey samples

collected from plains of Sayhadri, but such poisonous pollen grains did




not occur in the samples of Sagarmal region of Kolhapur district of
Maharashtra, India (Chaubal, 1980)

During 1970’s the melissopalynological studies have geared
up and at NBRI, Lucknow, Nair, 1964; Sharma, 1970; Chaturvedi, 1973,
1983, 1989; Garg and Nair, 1994; Garg, 1996), have also published a few
reports of melissopalynological studies in that region of India.

At the Department of Botany Allahabad University, Chaturvedi
(1983) have enlisted several plant species visited by honey bees for
pollens only, for nectar only and for pollen and nectar both. His work is
based on the field survey and observations in and around Allahabad
district (Chaturvedi, 1993; Chaturvedi and Chaturvedi,2001). In India,
other centers for melissopalynological studies include North Bengal
University (Department of Botany), Allahabad University (Department of
Botany), Bangalore University (Department of Botany), Dr. B.R.Ambedkar
University, Agra (Department of Botany), Haryana Agriculture University,
Hisar, Manipur Agriculture University, Imphal and certain NGO’s like
Century foundation, Bangalore, Bioved Research And Communication
Society, Allahabad a;'e engaged in similar type of investigations.

In Nagaland, Chaturvedi and Temsunungla (2004) have
published first hand report of melissopalynological studies and concluded
that seasonal honey samples, collected during winter and autumn,from
the bee hive of Apis indica (The native Indian honey bee) kept in the
CTC campus of Ungma village of Mokokchung district, varies in the

frequency of pollen grains and the colour of the honey. Winter samples
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of honey exhibits 50.81 % of Asteraceous pollen, whereas Autumn
samples show maximum number of poaceous pollen grains ie. 23.34 %.

The present investigation deals with the
melissopalynological studies of seasonal honey samples collected from
three villages viz., Khensa, Kubza and Ungma, of the Mokokchung
district in Nagaland State, (Maps: 1 - 3).
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MATERIALS AND METHODS

Melissopalynological studies involves various methodology such as
collection of honey samples, collection of plant species for preparation
of reference slides. Storage of honey samples, extraction of pollen grains,
preparation of slides of pollen-grains, photomicrography and
identification of pollen grain.

These methodologies are described as follows —

Collection of honey samples
Honey samples for the present investigation have been collected from
three different localities, viz., CTC campus of Ungma village, Kubza
village and Khensa village of Mokokchung District, Nagaland. For the
collection of honey samples two seasons were selected, winter (January —
February) and Autumn (August— September).

The samples were collected from the honey comb of the Apiary
directly into the PVC 250 milliliters bottles which are temperature
resistant and autoclavable. These samples were marked for the localities
and date of collection and kept at room temperature in the laboratory
at Botany Department, Nagaland University, Lumami for further

investigation.

Storage of honey samples
The collected samples were stored in laboratory conditions at an
ambient temperature ;anges from 7°C - 16°C during winter months with
RH 20% - 60% and 16°C - 30°C during summer months with RH 60% -
90% .

Extraction of pollen grains and preparation of slides from
honey samples

There are various techniques for pollen extraction from honey samples
as given by Sawyer (1981,1988), Ricciardelli D’Albore(1998), Lieux (1969),
Bryant and Jones(2001), Barth et al (2004), Jones et al (1995), Ohe et al
(2004), Louveaux et al (1978), Herrero et al (2002), Lutier and Vaissiere
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(1993) and others and thus. However, for the present investigation,
Sawyer’s (1981) method has been modified and wused for the pollen
extraction from the honey samples. However, the methodology used for

the present investigation is as follows —

(1). 10 grams of honey is mixed with 20 milliliters of hot water. After
thorough mixing, the Solution 1s placed in two tubes and

centrifuged for 10 minutes at 2500 rpm.

(2). The supernatant solution is decanted and the residue is transferred
to one tube. Both are filled with water (to balance the centrifuge)

and recentrifuged for 5 minutes.

(3). The liquid 1s decanted and the residue is transferred to a microscope
slide using a micro-pipette and spread over two third of microscopic
glass slides and dried. For Qualitative and quantitative
melissopalynological analysis following methods which were used by
Ohe et al (2004), were modified and wused for the present

investigation —

Processing of honey for the preparation of pollen slides

10 grams of honey 'by weight have been taken in a 50 milliliters
capacity pointed Glass centrifuge tube. 20 milliliters of distilled hot
water (20°-40°k) was mixed so as to dissolve the honey. This solution was
centrifuged for 10 minutes at 1000 rpm. The supernatant liquid was
decanted. Again 20 milliliters of distilled water was added to the residue
so as to dissolve the remaining crystals. Again this mixture was
centrifuged for 5 minutes at 1000 rpm. The supernatant liquid was
decanted and removed by placing the tube upside down at 45° angle.

The excess liquid is allowed to be taken up by an absorbent paper.




