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Abstract

This work was designed to determine peroxide and non peroxide antibacterial activity against
Staphylococcus aureus ATCC 6538 P and element spectrum of Nepali honeys from different
bee species and three agro-ecozones: terai, hills and mountains.

To assess peroxide and non peroxide antibacterial activity of honeys from Nepal, a study was
undertaken using 164 honey samples from Apis cerana, 4. dorsata, A. florea, A. laboriosa and
A. mellifera bees obtained from three agro eco-zones (terai, hill and mountain) of Nepal. The
honeys were tested against Staphylococcus aureus ATCC 6538 P using agar (23g/LL 001-7-0
DIFCO) well diffusion methods. Of the 164 honey samples assessed, the effectiveness of Nepali
honeys in inhibiting Staphylococcus aureus ATCC 6538 P was seen across 68% (peroxide)
and 10% (non-peroxide) for A. mellifera honey; 66.66% (peroxide) and 66.66% (non-peroxide)
for A. florea honey; 36.66 % (peroxide) and 10 % (non-peroxide) for Apis cerana honey,
35.55% (peroxide) and 15.55% (non-peroxide) for A. dorsata honey; 33.33% (peroxide) and
33.33% (non-peroxide) for 4. laboriosa honey. 46.34% and 13.41% samples showed peroxide
and non-peroxide antibacterial activities respectively. The antibacterial activities are expressed
in % phenol equivalent. Comparisons between the sensitivity to honey of different locations
showed no significant differences in both activities equivalent to that of % (w/v) phenol
observed among all the locations. Honey from Apis cerana -A. mellifera ( P=0.0009) and 4.
dorsata-A.mellifera (P=0.0010) showed significant difference in peroxide activity, whereas
honey produced by two native bee species 4. dorsata and 4. cerana did not show significant
difference in peroxide activity.

For element spectrum, Li, Na, K, Ca, Mg, Sr, Fe, P, Al, B, Co, Cu, Mn, Ni, V and Zn in 41 and
Cd, Cr, Mo and Pb in 32 Apis cerana honey samples from seven different locations were
determined by means of inductively coupled plasma (ICP) and atomic absorption spectrometry
(AAS) based techniques. The elemental concentrations are expressed in mg/kg and pg/kg for
ICP and AAS techniques respectively. Apis cerana honey samples analysed from seven
locations, elemental concentrations of Li 0.044 mg/kg, P 302.142 ppm, Al 34.39 mg/kg, Co
0.017 mg/kg, Ni 1.19 mg/kg , Zn 7.867 mg/kg and Cr 29.288 pg/kg, in Langtang; Na 39.423
mg/kg, Fe 8.75 mg/kg, B 5.243 mg/kg , Co 0.017 mg/kg , and Pb 122.596 pg/kg in Kathmandu,
Sr 0.226 mg/kg, Cu 1.51 mg/kg, Mn 7.392 mg/kg, Cd 4.136 pg/kg , and Mo 29.347 pg/kg, in
Chitwan; K 4259.50 mg/kg in Palpa; Ca 193.917 mg/kg ,and Mg 149.3 mg/kg in Arghakhachi
found to be highest amongst all. Similarly, K 889.000 mg/kg and V 0.0001 mg/kg in
Kathmandu, Ca 63.637 mg/kg , Mg 31.962 mg/kg , Sr 0.067 mg/kg, Mn 0.001 mg/kg, Zn 0.001



mg/kg in Kathmandu valley; Na 15.101 mg/kg in Chitwan; Fe 1.553 mg/kg, P 44.827 mg/kg,
Al 0.0022 mg/kg, B 0.0025 mg/kg, Co 0.0000! mg/kg, Cu 0.0001 mg/kg, Ni 0.0001 mg/kg in
Arghakhachi; Li 0.0029 mg/kg, Cd 0.312 pg/kg, Pb 7.869 pg/kg, Cr 5.839 pg/kg, and Mo 5.625
pg’kg in Jumla-Jajarkot honey found to be lowest amongst all. K, which accounts on average
for 83.28 per cent, was the most abundant of the elements determined; whereas Cd, accounts on
average 0.0001% was the lowest.

Difference in concentration of Ca, Fe, P, Zn, Cd, and Pb between polluted (Kathmandu,
Kathmandu valley and Chitwan) and clean areas ( Jumla-Jajarkot, Palpa and Langtang) were
compared. Significant difference was found only in total Pb content (P=0.0001).

Similarly, Li, Na, K, Ca, Mg, Sr, Fe, P, Al, B, Co, Cu, Mn, Ni, V and Zn in total 44 and Cd, Cr,
Mo and Pb in 27 representative honey samples were analysed by means of ICP and AAS
respectively from Apis cerana, A. dorsata and A. mellifera collected in Chitwan. The difference
in concentration of Ca, Sr, K (FES), Al, Cu, Mn in Apis dorsata - A. mellifera and Fe, P, K
(FES), Al, B, Cu in Apis cerana —A.mellifera honeys were significant . Li, Na, Mg, As, Be, Cd,
Co, Cr, Mo, Ni, Pb V and Zn in Apis dorsata-A. cerana, Apis dorsata- A.mellifera and Apis
cerana-A. mellifera honeys did not differ significantly in individual groups. Moreover,
comparison showed that the difference in concentration of Mo was significant in Apis cerana
and A. mellifera honeys. The overall element contents of Chitwan honeys showed that K was the
most abundant of the elements determined. Whereas, the lowest concentration noted for Cd.
The highest average concentration detected in Chitwan honeys was K 1728.29 mg/kg followed
by P 125.92 mg/kg, Ca 113.57 mg/kg, Mg 59.79 mg/kg, Na 19.57 mg/kg, Fe 3.88 mg/kg, Mn
2.88 mg/kg, B 2.49 mg/kg, Al 2.34 mg/kg, Zn 2.14 mg/kg, Cu 0.67 mg/kg, Sr 0.17 mg/kg and
Ni 0.11 mg/kg . The overall concentrations in Chitwan honey was limited to 2.41% mg/kg,
0.013 mg/kg, 0.019 mg/kg and 0.029 mg/kg for Cd, Cr, Mo and Pb respectively. Data
presented in this work are part of a study aimed to determine the overall element contents in
honeys as well. The amount of the overall element present in total Chitwan honey samples
found to have 2094.413 (mg/kg) . The results indicated that honeys from different bee species
and produced in different locations of Nepal contain good antibacterial activity, and contain
essential and toxic elements such as Pb. The distribution of the elements in Nepali honeys could
be affected by the surroundings, soil, floral source, foraging range, and honey that comes into
contact with metal equipments. It may be assumed that honey can be alternatively used as a
environmental indicator to obtain information on pollution.

Key Words: Nepal, Different bee species, Honey, Antibacterial Activity, Element Spectrum,

Environmental indicator.
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CHAPTER ONE

1.1 Introduction

Nepal : An Overview

Nepal is roughly rectangular in shape. The country’s landmass stretches 8§85 km from east to
west and has a non-uniform width of 193 km north to south, It lies within the sub-tropical to the
mountainous region at 26° 22" to 30° 27 * N latitudes and 80°4 't0 88° 12' E longitudes, with an
altitude that ranges from 90m to 8,848 m. the country is landlocked and is bordered by India in
the East, West and South, and China in the North. Geographycally, Nepal represents a
transitional mountain area between the fertile Gangetic Plain of India and the arid plateau of
Tibet, China.

It has a total land area of 147, 181 sq.km and the population was estimated to be more than 24
million ( till 2004) with an estimated growth rate at 2.27 %. 7.3 % live in the mountains (land
coverage 35 %), 44.2 % in the hills (land coverage 42 %) and 48.5 % in the Terai (land coverage
23 %).

The ethnically diverse population consists of several races, tribes, languages and cultures.

The country is rich in ecological diversity. Over 80 % of the land covered by rugged hills and
mountains. From the low-lying terai plains in the south, where elevation in some places is less
than 100m above sea level, the landscape rises through a maze of valleys and spurs culminating
in the majestic heights of the great himalayas, including the Mount Everesi-the highest peak in
the world.

The narrow strip of flat alluvial terrin along the southern border, known as the terai, is an
extension of the Gangetic Plain and comprises about 23% of the country, including most of the
fertile and forest areas. Its general slope towards the south is less than 1 per cent ,

The terai: The Churia and Mahabharat Ranges punctuate the terai plains with an approximate
width of 50 km. and has altitudes varying from about 60 m in the plains to about 330 m and
constitutes the fertile with alluvial soil, with a good water holding capacity.Its northern edge is
the Bhabar. The broad flat valleys or Duns found between successive hill ranges.The first
elevation next to the Terai is the Siwaliks (‘also known as Churia Range). Their average altitude
is 900 m ( elevation difference from 120 m 02,000 m ) and is about 8 to 10 km in width. The
Churia range is the youngest member of the Himalayan family. There are a number of terai-like

valleys lying between the Siwaliks and the Mahabharat range, commonly called the Dun Valleys
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(inner terai plains), such as Chitwan and Dang. Sal (Shorea robusia) is dominant toghether with
Semal (Bombox malabricum), Asna (Terminalia termentosa), Dalbergia spp. and other species,
and the Churia hill has Pinus roxburgi. Terai forests contain jasmin, minosa, acceacia reeds
and bamboo, pipal O(icus religiosa), and banyan" (ficus bengalensis)etc.Tall coarse two-metre
high elephant grass originally covered much of the Dun valleys but has now been largely
replaced by agricultural settlements.

Middle hills: Running parallel with the Churia range is the middle mountain zone, also known
as the middle hills or the mahabharat range.This zone also includes the so-called "middle hills "
which extend northwards in a somewhat confused maze of ridges and valleys to the foot of the
great Himalayas. The altitude ranges from 500 m in low-lying valleys and rise to a height of
about 3,000 m and comprises the outer wall of the Himalayan range. The dominant trees of this
zone are Castenopsis indica in association with Schima wallichi, and other species such as
Alnus nepalensis, Acer oblungum and various species of oak and rhododendron, which cover the
higher slopes where deforestation has not yet taken place. Orchids clothed the stems of trees and
gigantic climbers smother their heads. It has great rivers such as the Karnali, Narayani and
Saptakoshi flow through this area into the broad plains of the terai. This maze of valleys and
spurs has been the traditional zone of human occupancy in Nepal. The rapid rise in population,
and consequent problems of ecological degradation have been the most conspicuous feature of
this hill region in the recent years.

Mountain: The high mountain zone, located north of the middle mountain region.This differs
from the previous type in its Northward, on the long, straight and steep slopes, and narrow
valleys which are sensitive to erosion.and spurs of the great Himalayas. The high mountain
zone, located north of the Middle Mountain Region. This zone is rich in forests of oaks and
pines up to an altitude of about 2,400 metres. Higher up, forests of various conifers, especially,
Picea, Tsuga, Larix and Abies spp. tree line occur. Various rhododendron species, bamboo and
maples are common at higher altitudes ranging from 3,600 to 3,900 m and associated with the
coniferous zone. Composition of the forest varies considerably with coniferous predominating in
the west and eracaceous in the east.

The high himal zone occupies about 23 per cent of the kingdom and is mostly snow covered.
The snow line is at 5,000 m in the east and 4,000 m in the west. This zone is an area of rocky ,
ice-covered massifs, rolling uplands, snow-fields, valley glaciers, and sweeping meadow lands.
Rhododendron, juniper scrub and other procumbent woody vegetation may extend to about
4,200 metres where it is then succeeded by a tundra-like association of short gras;;;, sedge

mosses and alpine plants wherever there is sufficient soil. This continues upto the lower limit of
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perpetual snow and ice at about 5,100 metres. It forms the northern boundary of the monsoon
climate and the geo-political border between Nepal and China. This region has over 200 peaks
exceeding 6,000 m . Eight of the ten highest peaks exceeding 8,000 m on earth, including the
Sagarmatha { Mt. Everest), are located in this zone.

Soils in Nepal vary in characteristics from place to place and differ in the physiographic zones.
The terai soils are productive with neutral to slightly high pIl, ranging from low to medium in
organic matter and nitrogen. In the Hills soils are low in pH, and low to medium inorganic
matter, nitrogen and phosphorus. Increasing population pressure on agriculture is causing soil
fertility status to decline.The main causes of soil degradation are deforestation, degradation of
grasslands, poor irrigation and drainage practices, inadequate soil conservation, enroachment of
steep slopes, intensive agriculture and over grazing.

Increased use of chemical fertilisers is also causing soil degradation through change in soil
structure , acidification and nutrient imbalace in the soil and offsite effects from the over-use of
chemicals. In the Terai, the soil is alluvial and usually fine textured, with good water-holding
capacity. Bhabar, which is characterised by boulders and freely drained gravely soil thus
unsuitable for agricultural purposes.The Churia has dry and immature soil. In the Siwaliks, the
dominant soil texture is sandy with pebbles. These soils are poorly developed and prone to
erosion, and cannot retain high-intensity precipitation. In the middle mountains, the soil type
varies from medium to light textured coarse-grained sand, which is also prone to erosion. The
upper region also consists of hard rocks in many places.

Nepal is continuously facing the problem of deforestation, landslide and loss of nutrient-rich
soil due to the overwhelming dependence of rural people on biodiversity resources. Soil
destabilization, cultivation on steep slopes and deforestation have all been leading to the loss of
fertile soil that are naturally deficient in nutrients and receive only small applications of
fertilizer and organic matter. According to American agricultural scientist John Melar, who has
been working in agricultural planning in Nepal since the 1950s, Nepali soil was the most fertile
in South Asia until just twenty five years ago. But it as now become the poorest quality in the
entire region.

Climate

Nepal lies within the subtropical monsoon climatic system. Due to its varried topography
different regions of the country have diverse climatic and floral conditions. The topographical
orientation and its vertical extension largely affect the distribution of rainfall in Nepal. With
altitude being a guiding factor in climatic classification, five different types of climates are

present in Nepal. They include sub-tropical monsoon, warm and cool temperature, alpine, and
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tundra climate. The terai and the Siwaliks experience subtropical climate, while the northern
mountanious regions have cold, dry continental and alpine winter climate. The main source of
precipitation is the summer monsoon ( late june to september) of which 80 per cent falls during
this period, 15 per cent during the post-monsoon (october) and pre-monsoon seasons ( april to
may), and the remaining 5 per cent during the winter ( november to february) periods.

The climatic and physiographic conditions generate environmental problems such as soil
erosion, landslides and loss of nutrient rich to seil in the uplands affects the downstream
ecosystem and the farmlands, indicating a close link between the uplands and the lowlands.
Vegetation:

The vegetation of Nepal has been classified by Swan (1962) into the following seven zones:
1

Approx.Altitudinal Range in m
Type
1. Lower monsoon forest 152-1,066

2. Middle monsoon forest 1,066-1,981

3. Upper monsoon forest 1,981-2,590

4. Deciduous and rhododendro 2,590-3,200
forest

5. Confer and rhododendron  3,200- 4,114

forest
6. Wet alpine zone 4,114-5,029
7. Dry alpine zone 4,876- above

Swan and Leviton ( 1962)

Rice, wheat and maize are the major crops of Nepal followed by millet,oilseeds (mustard),
buckwheat, barley, etc. Horticulture and animal husbandry are also important parts of rainfed
agriculture in Nepal.Agriculture is mailnly based on reainfed (71% of the total cultivated land).
In both rainfed and irrigated agriculture time spent by women is higher relative to that of men.
In rainfed and irrigated areas women devote more time than men do. Food shortages due to
seasonality contribute to malnutrition for children and women. The low consumption of fruit
and fresh vegetables, which is highly dependent on local seasonal availability, contributes to
nutritional disorders such as deficiencies in iron and vitamin A. Micronutrients may have a role
in enhancing reproductive health of women living in the developing world. Two illustrative
micronutrients, zinc and vitamin A, have received some attention in this regard. Data are also

suggestive that adding zinc may negate the beneficial effect of iron and folic acid on birth



weight. Research is needed to further our understanding of nufrient-nutrient interactions (
Christian, 2003). Zinc potentiate the effect of vitamin A in restoring night vision among night-
blind pregnant women with low initial serum zinc concentrations ( Christian et al., 2001). Iron
deficiency is one of the main causes of anemia during pregnancy, although other micronutrient
deficiencies may play a role. Antenatal folic acid-iron supplements modestly reduce the risk of
low birth weight (Christian et al., 2003ab).

Sustainability of conventional agriculture is based upon a high input of agrochemicals, such as
phosphate fertilizers. Continuous fertilization of soils or use of heavy metal contaminated
sewage sludge as a fertilizer could increase the heavy metal contents exceeding natural
abundances in soils, transfer and accumulation of toxic metals from sludge to soil. The
subsequent uptake and accumulation of metals in the edible parts of vegetative tissue results in a
direct pathway into the human food chain ( Sekhar et al., 2002).

The use of pesticide in Nepal dates back to 1955 when paris green, ganunaxene and nicotine
sulphates were imported from the U.S.A for malaria control. Following that in 1960, DDT was
introduced in Nepal and in the same year the Department of Agriculture initiated the application
of chemical pesticides for crop protection. The demand and use of pesticide for plant protection
has steadily increased, consequently to fulfil the demand of the country.

An important consideration when using any agricultural chemical it effect on non-target species.
Only about 4% of insects are pests of economic importance (Heading,1 983) and the problem of
pesticide toxicity to beneficial insects, particularly pollinators, is worldwide (Clemson,1979;
Crane, 1981; Dadant and Sons,1975; Field,1981; Johansen,1979; Mayer et al.,1983; Melksham,
1983; Mel'nichenko,1 980; Metcalfe, 1980; Rhodes et al., 1980; Ware, 1980). Poor farmers in
Nepal are untrained and cannot afford to bear the high cost of the chemical pesticide. Integrated
Pest Management (IPM) is expanding and is in priority for pest management. Bio-pesticides and
bio-fertilizers are low-cost, environment friendly and compatible with the nature (Gautam,
1998; Tamrakar and Gautam, 1999).

Lastly, honey has been used in rural areas as a nutritious food, for medical and pharmacological
purposes since ancient times. And, It has been gaining acceptance as a potential healer in
modern medicine. With the continued emergence of antibiotic-resistance strains of micro-
organisms in today’s society, innovative and effective antimicrobial agents are urgently
required. On the other hand, honey may play an important role as an environmental indicator
and biomonitoring lool for environmental contamination. The country’s stability and consistant
development is that the utilization of the land should accomodate to the functions and activities

suitable for the country’s endowment, which are the topic of the next chapter.



1.2 Objectives

The specific objectives of this study are as follows:

to provide general information on bees and beckeeping in Nepal.

to investigate peroxide and non-peroxide antibacterial activity of Apis cerana honey
against Staphylococcus aureus ATCC 6538 P from different agro-ecozones of Nepal.
to investigate peroxide and non-peroxide antibacterial activity of honey from different
bee species (Apis cerana, A. mellifera, A. dorsata, A. laboriosa, and A. florea )honey
against Staphylococcus aureus ATCC 6538 P in order to identify differences.

to investigate peroxide and non-peroxide antibacterial activity of Apis cerana, A.
dorsata, and A. mellifera honey against Staphylococcus aureus ATCC 6538 P from
Chitwan district , Central Nepal.

to determine distribution of element content of Apis cerana honey as a contamination
indicator from different agro-ecozones of Nepal in order to identify differences.

to determine distribution of element content of Apis cerana, A. dorsata,and A. mellifera
honey as a contamination indicator from Chitwan district, central Nepal in order to
identify differences.

to evaluate the role or effectiveness of honey (from different bee species) as biological
indicators of the presence of different trace elements in the environment, by

comparing data obtained by different sampling sites.
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CHAPTER TWO

2.1 Honeybees: Species and Distribution

The hive bee species present in the Asian countries is Apis cerana. In Europe and Africa the

native species is 4. mellifera. America and Australia did not have any native honeybee

Figure 1a Apis cerana

species. The European hive bee was introduced into America in 1621 and into Australia around
1820.

The four native species of genus Apis found in Nepal are, Apis cerana, Apis dorsata, Apis
JSlorea and Apis laboriosa. Apis mellifera was introduced in 1993.

Ruttner (1986, 1988) classified the different Asian hive bee populations into four groups: of 4.
¢. japonica, A.c. cerana, , A. c. himalaya, and A c. indica . The former three races occur in
Nepal Their distribution is as follows:

The Apis cerana found in a very wide area comprising mainly southern and eastern Asia.In the
west it extends from Afghanistan up to the Philippines in the east and in the north from Ussuria
to Java in the south ( Ruttner, 1985, 1986, 1987).Thus, Apis cerana is found not only in the
tropical and sub-tropical regions of Asia, but also cooler climate such as Siberia, norther China
and higher altitudes of the Asian mountains at altitude of up to 3,600 m ( Koeniger, 1976;
Partap, 1997). Of the A. cerana, three sub-species/races have so far been occur in Nepal: Apis

7



cerana cerana in the high hills, Apis cerana himalaya in the mid hills and Apis cerana indica
in low lands (Verma, 1990; ICIMOD, 1994).

Apis cerana bee builds parallel combs inside a cavity.Colonies are found in forests or
agricultural areas in the plains, and even in urban areas with good vegetation. Bees are larger
than the dwarf bee, but are much small than the rockbee. Natural nests of the these bees occur in
tree trunks, rock crevices, ant hills, underground deserted nests of white ants, or any dark
enclosure, sometimes even in the open, but quite dark spaces in forests or unused rooms in
buildings.

Traditional fixed comb hives made of logs, walls, and earthen pitcher frames and modern,
movable frames hives are the methods of practicing beekeeping. The techniques are of are of old
tradidion. The honey yield of Apis cerana varies between 10-20kg/colony/year, which is much
less than that of Apis mellifera (Partap, 1997). Apiarists produce only honey and dispose their

products on local market.

Figure 1b Apis cerana

The European bee Apis mellifera is similar to the Asian hive bee in its biology, nesting,
foraging, colony defence and other behaviour features, with minor differences.

Apis dorsata ( giant honeybee or rock bee) This bee has been known since ancient times.

It is distributed all over the Hindu-Kush Himalaya region, in the plains as well in the hills up to
a height of 2,222 metres above mean seas level (Verma, 1990). The rock bee builds a single
comb nest in an open air or any terrestrial structure that offers protection from their predators
and enemies. Mostly on branches of tall lofty trees such as Ficus bengalensis (banyan), Ficus
religosa (Pipal), Mangifera indica ( mango) and Syzygium cumuni (jamun); under a roof or rock

cliff; under the water tank; bridges; in shaded places during summer; and in sunny places during
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winter. As soon as the nectar supply in a particular locality depletes, they migrate to other places
(Dhano, 1947;Verma, 1990;Verma, 1994; Partap, 1997). The size of a single open-air comb of
rock bee, depending upon the season and stage of development of a colony measures 1.5 to 2 m
from side to side and 0.6 to 1.2 m from top to bottom. The upper portions of the comb store
honey and pollen and are generally 10 to 25 ¢cm thick. Below this storage area is the brood nest (
Singh, 1962). As many as 70 or more colonies may aggregate on a single tree ( Joshi, 1999).
Rockbee (Apis dorsata) is an important pollinator of several crops and is a good honey gatherer
amongst different honeybee species. Its long proboscis, large flight range, large number of field
workers, and its habit of collecting large quantities of pollen and nectar make it the best among

the honey bees for crop pollination.

Figure 2a Apis dorsata Figure 2b Apis dorsata

The honey is generally collected by tribals in forests, and house holders for their livelihood.
Although bee products from rockbee have not been exploited to the fullest extent due to lack of
proper harvesting techniques. Honeycombs are collected normally at night when bees are most
docile. Since bees need daylight to navigate night harvesting results in bees losing their
orientation, falling in the water and dying and the remaining bees scatter and unable to build
new combs or produce any more honey. Bees are driven from their combs by smoke from
torches with exposed, smouldering embers as a result many bees are burned and die. Honey is
generally extracted from the combs by squeezing entire combs by hand as a result pollen is
mixed with the honey, making it cloudy and less attractive. The use of crude and unhygienic
methods of harvesting indiscriminately killing the bee populations and the community is losing
additional benefits and income from bee products.

Apis florea F.( dwarf honeybee) is found in the plains and rarely live in places higher than 1500

m above sea level (Verma, 1990). This bee is considerably smaller than the true honey bees and
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is called appropriately the dwarf or the little honey bee.This small bee also builds a single comb
nests which are often suspended from the branches of bushes, hedges, trees, caves of buildinds,
house chimneys, empty caves, and piles of dried sticks etc. The annual honey yeild from this

species varies from one to three kg/colony and honey believed to has a medicinal value ( Partap,

1997).

Figure 3a Apis florea Figure 3b Apis florea honey combs

There are three geographic types of Apis florea: one found in Sri Lanka and South India; one
distributed in Iran, Oman and Pakistan and a third in Thailand ( Ruttner, 1988).

Apis florea plays an important role in the pollination and can be utilized also for pollination of
several agricultural and horticultural crops ( Sidhu and Singh, 1961).

The dwarf bee is an important pollinator of crops in hot and dry agricultural plains. Collection of
honey from the dwarf bee, Apis florea, had been done only for immediate consumption er for
use in medicine. Honey of 4. florea as rare and esteemed for its reputed medicinal properties
(Muttoo,1956).

Population of rockbees is quite large in several forests having good bee forage. Rockbee
colonies gather large quantities of pollen and nectar, and in production of honey, they may be
equal to, if not better than, the hive bees. The dwarf bee works thoroughly on small patches of
vegetation to gather pollen and nectar. Unfortuntely the dwarf bee population is declining from
the country.

Apis laboriosa (the himalayan cliff bee): is the world’s largest honeybee measuring up to 3 cm
long and distributed in Nepal, Bhutan, India and China. It may also inhibit other parts of the
Himalayas ( Ahmed et al., 2003ab). It is found at altitudes ranging from 1200 to 3500masl. It
build brood nests under overhangs on vertical cliffs at altitude between 2,500 and 3,200 and
forages upto 4,100m ( Underwood, 1992; Sakagami et al., 1980; Valli and Summers, 1988ab).
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Like 4pis dorsata, 70 or more colonies can be found at a single cliff site. A single comb of A4.

dorsata and A. laboriosa can provide up to 20 kg honey in one harvest ( Joshi, 1999).

Figure 4a Apis laboriosa Figure 4b Apis laboriosa

Apis dorsata/laboriosa and Apis florea, are eratic honey yielders and have provided honey to the
people living near the forest areas ( Verma, 1990).

Apart from Apis cerana, A. dorsata, A. laboriosa and A. florea, Nepal has two stingless bees of
the genera Melipona and Trigona.These are quite small in size and are distributed in tropics
and sub-tropics, and even in temperate regions.They build their nests in dark enclosures like
cavities in branches or trunks of trees, ant hills, termite tunnels in the ground, wall crevices or
any abandoned receptacle like logs, pots and tins.

Melipona spp. are distributed throughout the warmer areas of the region , below 1,000masl. Two
species are known to occur in the terai areas of Nepal. In the Hindu Kush himalayan region,
only a few farmers in the Dang, Rolpa, Surkhet, Dadeldhura, Doti and Dhading districts of
Nepal are keeping Melipona in hollow logs.This species makes its nest within cavities and
stores honey in special honey pots kept seperately from the brood cells. Honey yield is very
low, often 1 to 2 kg per colony per year ( Partap, 1997; Joshi, 1999). It is an important and
efficient pollinator of crops, but ist uses and management as a crop pollinator are largely
unexplored ( Crane, 1990, 1992).

The nests of Trigona, unlike those of Apis, are clusters of smail uniform globular cells of wax.
These pots are the cells in which the young are reared. The pots are closely stacked touching
each other or separated, each cell or cluster of cells being connected with others by girders or
pillars of wax. Pollen and honey are stored in conspicuously large oval cells that are constructed

close to the brood cell clusters or at their periphery quite apart from them. No clear separation of
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honey pots is found. Because of the honey collected from this bee is rich in pollen that gets into
it from pollen pots interspersed among the honey pots.

Unlike the true honey bees, these bees do not have stinging as the defence mechanism, but
developed an equally effective biting behaviour, in defending their nest. When disturbed the
bees attack the enemy in large numbers, usually selecting sensitive organs like eyes, nose
andears as their target. Biting with the mandibles is quite irritating for several of the enemies,
but can be easily protected against by man.

Despite the variety, all the Apis species have a remarkably similar life cycle. The biology of the
stingless bees is also almost the same as that of the Apis. All these bees have a well developed
social organization and have similar caste differentiation, division of labour, foraging, defence
and reproductive behaviours.

Honey from the wild bee species is consumed locally as medicine in Ayurvedic treatments.

In recent years several factors contributed to a reduced production of honey from wild honey
bees. Some of these are : large-scale deforestation, environmental degradation, uses of
insecticides and consequent loss of food sources to honey bees, destruction of their nesting sites,
destruction of bee colonies by improper methods of honey collection, reduction in the numbers
of experienced honey collectors, leaving of this profession by traditional honey collectors for
more remunerative occupations, lack of marketing facilities for the produce and exploitation of
the situation by petty traders or contractors.

Pesticide formulation may offer significant advantages to agriculture and may constitute an
approach to pest control that is in some ways more sound environmentally. Insecticides are
essential for the control of many insect pests, but their use is often criticized adversely because
of the harm it may cause to beneficial insects.

Insecticide poisoning of the immature stages of the honeybee is important to beekeepers and
agriculturalists alike because replenishment of the adult population is involved.

Bee poisoning has increased in importance,with greater use of insecticides and other chemical
materials on a wider range of crops. Exposure of honeybee brood to an insecticide would
appear, in most cases, to be mediated by adult workers. Entry of an insecticide into adult may
occur by respiratory, dermal or oral routes. For example, methyl parathion normally reduces bee
visitation substantially (Sonnet, 1978). Most bee poisoning occurs when insecticides are applied
to crops during the blooming period. Foragers may encounter insecticide contaminated food
sources (pollen, nectar and water), alight on plant or other surfacesbearing residues, or intercept
spray droplets directly (Davis,1989). Reductions in overwintering ability (Winterlin et al.,
1973), honey production and pollination activity (Atkins and Kellum, 1986; Johansen,1979)
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have been observed. It may lead to adverse impact on insect pollination of crops.The intensive

use of insecticides is reducing the populations of honey bees.
2.1.1 Beekeeping in Nepal : Current and Emerging Scenarios

The beekeeping practice harks back to the very oldest civilization in indian sub-continent.
Honey became an essential part of the life and culture of the Hindus since Vaidic period and still
is a traditional household activity, integral to the cultural practices of the mountain people (
Partap et al., 1997, Thapa et al., 2000). Beekeeping is traditional economic activity of Nepal and
has been rooted deeply in immoral past. For the past decades it was progressing steadfastly and
now gained much interest among the people.

A note-worthy feature of apiculture in Nepal through the second half of this century had been
the absence of any bee disease anywhere in the country. In Nepal any serious bee disease and
pest were not found until 1980, when the first outbreak of the sac brood disease caused by the
Thai Sac Brood Virus (TSBV) occured along the eastern boarder areas (Kafle, 1992; Bhandari,
2001). European Foulbrood (EFB) is also causing a threat to the bees in Nepal (Saubolle and
Bachmann, 1979; BDS, 1998; Thapa et al., 2000; Naomi, 2000).

Thai Sac Brood Virus was common widespread in Apis cerana bees whereas European Foul
Brood (EFB), Nosema and Dysentery were observed in Apis mellifera colonies (Bhandari,
2001). The EFB disease has badly affected Apis cerana colonies in the Kathmandu valley
(Verma, 1990).Within Nepal, the disease was prevalent in Apis mellifera colonies in 1994 in
Jumla, the remote area of Nepal (Pechhaker , personal comunication). More than 80% of the
Apis cerana colonies in Jumla district were collapsed due to the outbreak of the disease Thai
Sac Brood Virus after introducing A. mellifera in Nepal (J oshi, 1999). In adition, apiculture in
Nepal received a serious setback due to the appearance of the acarine and European foulbrood
diseases in the indigenous bees. The wild colonies of 4. dorsata and A. Laboriosa were also
found to be infested with the European Foul Brood and American Foul Brood diseases, which
were (also) transfered from the 4. mellifera colonies. More than 50 per cent broods were found
to be infested with European Foul Brood of one Apis laboriosa colony in Barabise (Pechhacker,
personal comunication). Melisococcus pluton was detected from A. laboriosa colonies in Nepal
(Allen et al., 1990).Today these diseases are decimating many appearies in Nepal (Manandhar,
1998).

The appearance of these diseases was attributed to the importations of the exotic bees from
Europe. Infestation due to Thai sacbrood virus and Acarapis woodi triggered in 4. cerana

whereas A. mellifera colonies were found to be susceptible to Varroa jacobsoni and
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Tropilaelaps clareae, the parasites of A. cerana and A. dorsata respectively. Although Varroa
Jjacobsoni is long associated with Apis cerana bees but cause no serious damage as it has done in
Apis mellifera every where in the world (Ahmad, 1984; Kafle, 1992; Bhandari, 2001).
Tropilaelaps clareae is a serious pest of Apis mellifera in tropics, but not dangerous for
apiculture in temperate zones (Woyke, 1985) thus becoming a problem to Apis mellifera
colonies in Nepal. Neocypholaelaps indica is also occur in Nepal ( Kafle, 1992; Bhandari,
2001).

Apis cerana is less susceptible than 4. mellilfera to nosema disease not seriously affected by
Varroa and is less prone to the attach of predatory wasps.

Disesease appear to constitute a major problem to beekeeping in Nepal, the simultaneously is
true of pests and predators. Himalayan yellow throat martin (Martes flavigula), stone beech
marten ( M. fonia), thesus monkey ( Macaca mulatta), himalayan black bear (Selenarctos
thibetanus) and, sloth bear ( Ursus ursinus) are the pests of Apis cerana and Apis mellifera
bees in mid and high hill areas ( Thapa et al., 2000). Bee eaters (Merops orientalis, M.
leschanaulti, M. philoppinus), Drongo (Dicrurus acneus, D. caerulescens, D. annectas), honey
guide ( Indicator xanthonones), Sparrows ( Passer montanus, P. domesticus) and Magpie robin (
Copsychus saularis) are serious predators of apiaries and feral colonies nesting. Among the
insects active are wasps, Vespa mandarina magnifica, V. affinis and V.auraria and the wax
moths, Galleria mellonella and Achroea grisella and sometimes Bradymerus spp. are locally
common and also noticed to damage uncovered combs ( Kafle, 1992; Thapa et al., 2000). The
death head moth, Achrontia spp. known for desertion of the traditional hives, but other insects
phorid fly, Megaselia spp., different ants like Camponotus spp., Dorylus spp., and Oecophyllus
spp. are serious enemies (mainly in the traditional hives) (Kafle, 1992). Pseud scorpion, Chelifer
spp. is commonly seen clinging to the legs of the workers but their role in bee colonies is not
clearly known ( Kafle, 1992). In Nepal pests met with in and around hives in various parts of
the country range through spiders, lizards, snakes and, rodents. They are legion. No data are
available as to what numbers of castes of bees are eaten.

Bee diseases and pests are probably the chief impediment to Nepali beekeeping. Individual
colonies which have dwindled, and some that have died out. Such an event would undoubtedLly
have become incorporated in Nepali beekeeping tradition.

A serious study of the pests and predators of honeybees in Nepal is long overdue.

Beekeeping with the Asian hive bee Apis cerana is centuries old tradition and is a part of

cultural and natural heritage of the mountain communities of Nepal ( Ahmad, 2003). Both Apis
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mellifera and A. cerana are excellent pollinators of mountain crops { Verma and Partap, 1993;
Partap and Verma, 1992, 1994; Partap and Partap, 1997, 2001).

Apis mellifera performs better when daytime temperatures are relatively high, and temperature
fluctuations are low, poor tolerance of cold and requires migration to lower altitudes in winter,
whereas Apis cerana is cold resistance and can perform well even when daytime temperatures
are relatively low, on cloudy days, and at higher altitudes with marked temperature fluctuations.
It thrives on mixed, diverse crops. Apis mellifera has larger population of bees per colony, than
A. cerana, and needs large amounts of pollen and larger foraging grounds with monoculture-
based agriculture for its survival and growth. In addition, it requires intensive management
practices with standardised equipment, external inputs, and is less suitable and often
unprofitable for small-scale and stationary beekeeping ( Crane, 1992). To control diseases,
parasites and predators, beekeeping with A. mellifera requires chemical treatment of colonies. In
mountain areas Apis cerana is a better pollinator of vegetable and fruit crops during spring and
early winter than Apis mellifera. It is more suitable for cross-pollinating entomophilous crops
grown and adjusts well with the mountain characteristics, which include inaccessibility,
fragility, marginality, diversity, niche and adaptation mechanisms ( Ahmad, 2003). The strength
of A. cerana over A. mellifera include low investment and management costs, efficiency in
pollinating mountain crops and flora, resistance to the harsh mountain environments, pests,
diseases and predators. Simple log hives can be used and does not need feeding, fumigating,
migration in winter and is suitable for small scale and stationary beekeeping with minimum
labour for maintenance. These bees are considered as mild and are easy to handle. Its sting
releases half the amount of alarm pheromone as does the sting of the European bee (Morse et al.,
1967). However, the mellifera beekeeping is adequately increased in Nepal in spite of the
wake of the large-scale infestations of diseases, parasitic mites, and wasps into it. Apis certana
populations are declining through out the HKH region. This decline is mainly attributed to the
managed invasive arrangements, that is aggressive introduction and promotion of exotic Apis
mellifera (Ahmad, 2003). When the Apis cerana population is destroyed a native and well
adapted pollinator from both native and agricultural plants will be lost ( Pechhacker and
Juntawong, 1994). Despite the considerable advantages of Apis cerana, it is not to be popular
among beekeepers ( particularly commercial beekeepers), because of its lower honey yield (
Partap and Partap, 2002).The higher honey yield of some races of Apis mellifera is only because
of the long period of domestication and intensive selection and breeding ( Pechhacker et al.
2001).The variety of geographical races/populations of 4. cerana that exists in south and

southeast Asia provides excellent opportunities for the genetic improvement of this native
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species through selective breeding. Through genetic engineering techniques it may be possible to
introduce desirable genes from 4. cerana into A. mellifera. Apis cerana is sympatric in
distribution and can co-exist with the two other species of Asiatic honey bees, 4. dorsata and A.
Sflorea, without any adverse ecological consequences. It has shorter flight range and longer
foraging hours than the European honey bee (Verma, 1989).

Since Apis cerana beekeeping found possible and economically viable, there is a growing
demand for the European species and Ist adaptation is creating numerous problems and
possibilities in Nepal. European honeybee, Apis mellifera, requires a higher capital investment
and higher technological operation if it is to be effective ( Crane, 1992). Beekeeping with Apis
mellifera can only be more economical than Apis cerana when practised on a large scale (
Bradbear and Roy, 1998). Therefore, all possible efforts should be made to improve the

economic value of the native bee, Apis cerana rather than the importation of Apis mellifera (

Pechhacker and Juntawong, 1994).

Nepal is one of the few countries in the world where substantial expansion of beekeeping is still
possible, due to the diverse climate and fertile land with multi-season plants and/or crops.

In addition, it has considerable economic, social and ritual significance but still only partially
exploited by beekeepers. Beekeeping is an integral component of mountain farming system and
one of the economic activities which plays an active part in increasing the income of the
people’s community. It has very high potentials because of abundance of natural resources, easy
integration in crop production, low technology requirements and indegenous knowledge &
skills and a rich variety of bees. It occupies almost no agricultural land, does not involve much
of human labour, and reqires litfle investment. It is the honey bees that do the real work of
collecting pollen and nectar from flowers, the raw material, convert the latter into honey, and
other materials beeswax and royal jelly constitute the products utilize both these for colony
growth and reproduction.The way in which bees get nectar and pollen from different plants can
be highly relevent to their pollinating effectiveness, and thus of economic importance.
Beekeeping could well be a factor in improving the standard of nutrition of the population of
developing countries like Nepal. Bee products such as honey, beewax, pollen, royal jelly, and
propolis benefit people. Honey is a carbohydrate food, and pollen, a source of protein, could
become available as a surplus hive crop. In addition, daily consumption of honey solution also
found to have effect on hematological indices and blood levels of minerals and enzymes in
normal individuals (Al-Waili, 2003).Therefore like sericulture, apiculture is a form of

agriculture that concerns with the efficient use of natural resources to produce natural material

useful to man.
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For rural development against poverty it is proved as a good profitable venture by means of low
cost/high yield enterprise for rural people and provide income with health food without the need
for compulsory land ownership or much capital investment.

Given this fact, it is logical and rational that agriculture coupled with beekeeping are the thrust

of the economic recovery to acheive economic prosperity of the people from crushing poverty.

2.2 Sources of Bee Forage

There are several species of bee flora found in Nepal. Various cultivated as well as wild floral
elements are known to provide a mixed type of bee forage ( Kafle, 1979, 1984; Partap, 1997) in
Nepal. These bee flora have been extensively surveyed. The vegetations have been closely
observed in various places, from the point of view of beckeeping (Kafle, 1984, 1992; Maskey,
1989, 1992; Partap and Verma, 1996; ICIMOD, 1996; Partap, 1997; Joshi, 1999). These
surveys have found that mixed types of bee forage occur in different ecological zones of the
country {Pratap, 1997). Thus, the beekeeping potential indicated for the cultivated vegetation

becomes a part of the potential estimated for the natural vegetation (Suryanarayana, 2002).

2.2.1 Nepali Honey Types

Nepal has a variations in altitude, topography, mountain slopes and climatic factors from
tropical to alpine, enabling a variety of plant communities to be grown. These geographical
features play a dominant role in the determining the topographical, climatic and plant resources
of Nepal and hence of varying degrees of success in beekeeping.

Various cultivated as well as wild floral elements are known to provide a mixed type of bee
forage ( Kafle, 1979, 1984) in Nepal. Except in the plains of southern terai and inner terai the
plant communities in the hills and mountains change markedly within the foraging distances of
the honeybees. Except from mustard and some selective cash crops such as cotton, jute, sugar
cane and tobacco in the terai and innerterai, there does not exist any extensive monoculture of
any crops in Nepal. Also, among wild vegetations the populations of bee forage elements are
sparse and mixed well within the foraging distances of the bees.Under such situations of sparse
bee forage elements, it is not possible to find pure unifloral honeys.

Bees also make honey from the sweet excretions of the insects (such as aphids). This is called

honenydew honey.
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The classification of honey on the basis of plant sources is not possible (Kafle, 1992). However,
Nepali honey may be classified on the basis of bee species, seasonal and geographical
variations.

Therefore, the honey of Nepal will be available in the following types :

- dorsata, florea, cerana and laboriosa honey.

- Spring, summer, autumn and winter honey.

- Terai, hill and mountain honey.
(Kafle, 1992)

2.3 Honey Hunting

Honey collection or honey hunting from wild nests is a very ancient art. Man and his
association with honey bees had been as a hunter for thousands of years. The facets of rock
portraits do give us a bulk of information on the state of honey collecting techniques known to
the prehistoric man in that early stage of cultural development (Crane, 1967).An artistic
impression, creative impulse and inspiration instigated by religious, cultural, social consiousness
and experiences of honey hunting might have motivated the prehistoric men to create an
eternal art on shelter walls and rocks. It may be austerely splendid, the ancient people typified
imperial ambitions and rocks sheened with mythical aura. The artistic fascination must have
forced on most people for ancient-style grandeur and seems to scattered across the world.
The bees* products were of great importance for ancient society, Medicinal use of honey,
beewax and propolis was widespread. There were, therefore, good practical reasons for the
interest shown by the ancients in the honeybee.

The palaeolithic paintings in rock shelters depict the rockbee honey hunting. A bulk of the
Rigvaidic literature on honey and honey bees concerns with the rockbees. The Vaidic Aryans
seftling in the densely forested Himalayan Valleys, literally flowing with milk and honey, not
only knew the social life and the life-history of honey bees, but also practised a fairly developed
form of bee culture. Some of these techniques are still alive even today in entire Hindu Kush-
Himalaya region ( Verma, 1990) and strikingly parallels are found in examples of ancient rock
art ( Strickland, 1982).

Honeyhunting existed in Nepal from very ancient times. Although Apis laboriosa is found in
Nepal, Bhutan, India, and China, traditional honey hunting activities have so far only been
recorded in Nepal and informally in India; in Bhutan people only collect the wax , from nests

abandoned for the winter, not the honey (Ahmad and Roy, 2000). Honey hunting from the cliffs
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of A. laboriosa is an ancient art and still the most important part of apicultural activity in Nepal (
Ahmad et al., 2003ab).

Honey hunting of the Apis dorsata and A. laboriosa is practised by Gurungs, Magars other
members of the community as well (Ahmad et al., 2003ab; Strickland, 1982; Oppitz,1991). In
Kaski district, honey hunting is predominantly the preserve of Gurung villages (Ahmad et al.,
2003). Rajis are highly skilled traditional Apis laboriosa honey hunters; their technique has
evolved over a long period ( Ahmad et al., 2003ab). Their expertise in honey hunting being
passed down from generation to generation within the family. The methods of honey hunting in
the wild, cultural, religious and socio-economic factors involved in this practice have been
described and reviewed (Strickland,1982; Valli and Summers, 1988ab) interestingly .

Methods of honey hunting in the wild along with socio-economic, cultural and religious
aspects involved in this practice have been reviewed and described (Strickland, 1982;Valli and
Summers, 1988a) interestingly. The medicinal values of honey was always appreciated. The
inhabitants still enjoy honey from wild bees.

Nowadays, the social and cultural value of honey hunting is declining (Ahmad et al., 2003b).
Valli and Summers (1988b) say:this autumn, 63-year-old Manilal will hunt the honey for the

last time, and this ageless quest will end, for he has no successor’.

2.4 Looking to the Future

With the favourable ecological conditions, plant biodiversity, an indigenous bees which is
comparatively easily managable, make one very optimistic for the future of beekeeping in
Nepal. The promotion of information and technology transfer, and promotion of beekeeping hold
promise for meeting the present and future requirements of poverty alleviation and
environmental protection. In a quest to stump out poverty in rural areas and create opportunity
for employment beekeeping may be the occupation that answers the quest remained against
poverty. Beekeeping has great importance in the agriculture based economy of Nepal by way
mainly of honey production and pollination. It provide free ecosystem services in the form of
cross pollination and propagation of several cultivated and wildplant species, thereby
maintaining biological diversity (Verma, 1990).

In addition, there is need for a great deal of apicultural research and establishment of genetic
resource centres may open new horizon for Nepali beekeeping. The economic and transport
infrastructure, trained manpower and monetary resources, marketing and the expansion of

products are the essential factors for the improvement of beekeeping industry in the country.
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Gender equality is of importance for a country’s social and economic development. The

implementation of the policies targeting the women & the poor may support poverty alleviation.

Lastly, the environment in which the bees live presents many hazards. During recent years of
composition of natural vegetation at all the agroclimatic belts has been extensively modified by
man due to cutting trees for firewood, by lopping fodder to feed livestock and cleaning out
forests for intensive farming (deforestation). The land left uncultivated around the rural
settlements is also heavily grazed and no surface vegetation has reached the flowering stage

( Kafle, 1992). On the other hand, the medicinal property of honey has always been
appreciated and the rural communities or tribes still harnessing the potential of local honeys

(from different bee species) as a traditional remedy, is discussed in the next chapter.
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CHAPTER THREE

3.1 Honey as a Traditional Medicine: Fact or Fiction ?

Razors pain you;
rivers are damp;
acids stain you;
and drugs cause cramp.
(Dorothy Parker, Not so deep as a well, 1937)

A profound awareness, rooted in the ancient civilizations of the remote pasts, in the dawn of
human cultural evolution, the art of curing was essentially magical and the benefits of local
animal, plant and mineral resources in concoctions applied to wounds must have been learnt by
trial and error, and accumulate wisdom disseminated by word of mouth (Cooper, 2001a). Man
and his association with honey bees had been for thousands of years. Bee keeping can be traced
back to about thousands of years. It's been over 6000 years, now, since people started
keepingbees for honey. The medical use of honey in wound treatment is derived from diverse
ancient civilizations (Jones, 2001).

All through the human history, there has been a conspicious concern for health care and the cure
of the disease, though the concepts themselves took a very long time to develop into a body of
knowledge. The bees products were of great importance for ancient society. Medicinal use of
honey, beewax and propolis was widespread. The art of curing by honey arose with the cultural
evolution. Every human community was conscious of the burden of disease and developed its
own medical system (Dunn, 1976).

The medicinal use of honey originated with ancient civilizations as a remedy for respiratory
tract infections, wound infections, gastrointestinal disorders and eye problems (Forrest,1982;
Cooper et al., 2000). There were, therefore, good practical reasons for the interest shown by the
ancients in the honeybee.

In addition, honey is a world's oldest nourishing foods and has constituted much of the food one
of the, enjoyed in every corner of human civilization for thousands of years. Some of the oldest
pre-literate archaelogical records concern the medicinal use of honeys. Stone Age rock paintings

in several different locations show scenes of honey hunting, and these have been dated to 6000
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BC or earlier.Thus giving between eight and 10 thousand years of evidence that the human race
has recognized honey as a preciuos product (Jones, 2001).

The therapeutic action of honey was mentioned in various studies in traditional ( Molan, 1992 )
and modern medicine ( Vardi, et al.1998) as being effective in the healing of various infected
wounds. Its antibacterial activity is well established (Molan 1992; Cooper et al., 1999; Cooper
and Molan, 1999).

Honey has been widely used in the orient as a nutritious food and for medical and
pharmacological purposes (since ancient times), particularly in Buddhist medicine, in Chinese
pharmacology, and Chinese medicine. In Japan, the use of honeys was adopted from around the
Nara period (mid 8" century) (Watanabe, 1986). In the most ancient scripts we already find
references to honey as a glorified food, an ingredient of favored drinks, a popular medice and
the principal component of liniments and plasters. The congruences in the Bible, the Talmud,
the Kuran, the Ved, and the sacred books of China, Persia and Egypt, all speak of honey in
laudatory terms, as a food, beverage and medicine (Lau,1976; Ali,1989; Jones, 2001).

The holy Koran as well as the Hadith, clearly refers to the efficacy of honey as a healer of
diseases. It has been reported that about 181 substances are present in honey. About 2000 years
ago, honey was listed in the first medical handbook for use in burns, cuts, abscesses and boils
(Lau, 1976 cited in Abu TM M 1989).

Similar are some of the ancient Egyptians in 2000 BC (Gelbart, 1999), in the middle ages, a
document from 1392 details would care practices including the use of honey ( Naylor, 1999).
The Assyrians, Greeks and Romans all used honey, in combination with other herbs and on its
own, to treat wounds and diseases of the gut (Zumla and Lulat, 1989). Some systems of
medicine, like the Chinese medicine, Ayurved, Tibetan medicine, Unani etc. have been well
recorded and developed extensively literature over a ;:ouple of millenia (Goldwater, 1983).
Descriptions of several disease conditions in the earliest works on honey are also found in the
Vaidic hymns of the predecessors of Ayurved. It is in the Ayurved, a part of Atharva ved, that
honey found a place of honour, as a valuable nature's gift to man. Ayurved means "the science
of life" in hindu system of medicine and comes from the ancient Vaidic tradition of hindus,
where it has been practiced for more than 5,000 years, based on solid foundations that are fully
sustained by long experimentation and philosophical propositions. Ayurved encompasses all
aspects of life and disease, such as anatomy, physiology, pathology, symptomatology and
medical prescription to cure a disease. Ayurved was largely responsible for the origin and
development of a well document major trend in medicine. The traditional practices have still

very much alive with the written records. Concomitant with the progress in medicine are far
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reaching successful developments in modern medicine, which also has an important place in
Ayurved.Honey had been variously praised as a nutritious food and valuable medicine in Rigved
and several later works. The acknowledged authorities on medicine in those days, Susrut and
Charak ( believed to have lived during the 15th and 13" centuries B.C.) Sambhitas, the famous
treatises of hindus, written in Sanskrit had described the medicinal uses of honey. Susrut gave
the specific medicinal properties of individual honeys and emphasised the aspect of application
of honey in surgery, particularly its curative properties on wounds, etc. A century or two later,
Charak described in detail the properties and medicinal uses of honey, depending upon its
source, method of collection, storage, etc. He recognised four types of honey. The Sambhitas
recorded four species of honey bees, as also their colour, nest building and characteristics of the
honey produced by them ( Joshi and Godbole,1970; Joshi et al., 1983).

Current day usage of honey in folk medicine are: as a traditional therapy , leg ulcers in Ghana
{Ankara-Badu, 1992) earache in Nigeria (OBI, et al., 1994) and topical treatment of measles in
Mali (Imperato and Traore, 1969). Trigona bee honey is highly prized in Ethiopia for medicinal
use as a panacea for many ills such as cough, stomach disturbance, sore throat, tosillitis,
stomach and intestinal ulcers, cold, disease of the mouth and mucus membrane, and wound
dressing (Garedew et al., 2003). Apis dorsata honey used widely in Thailand to stop bleeding,
prevent scaring, improve skin complexion (Wongsiri et al., 2000) and for good health in
Indonesia (Lahjie and Seibert, 1990).

Reports of investigations of their clinical efficacy have been conclusively demonstrated and is
now acknowledged worldwide. The antibacterial activity of honey appears to have reported first
by von Ketel in 1892 (Cited in Molan, 1992a). The next report was by Sackett in 1919. More
intensive study did not commence until the work of Dold et al., in 1937.

Investigations into the microbial flora of wounds began in the late 19" century. Since then
improvements in techniques have facilitated the recovery, identification and enumeration of a
wide variety of microbial species ( Cooper, 2002 ab). The presence in honey of various amounts
of inhibine as described by Dold et al., (1937) has been reported by several investigators. The
rediscovery of honey in this millenium and its registration as a medical device will turn a 5000 —
year-old remedy into today’s unrivalled wound dressing ( Postmes, 2002). Honey has proved
useful in the treatment of burns, wounds, gastroenteritis, stomach and skin ulcers (McCarthy,
1995), respiratory tract infections, wound infections, gastrointestinal disorders and eye problems
( Cooper et al., 2000) because of its antibacterial properties.

In the following few centuries, more detailed observations on bee behaviour, on plants that

provided food to the bees and more particularly, on the characteristics of honeys produced by
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different honey bees as also their medicinal properties were made. The use of honey as a

therapeutic substance has been rediscovered by the medical profession in more recent times, and

it is gaining acceptance as an antibacterial agent for the treatment of ulcers and bed sores, and

other surface infections resulting from burns and wounds. Ist effectiveness in rapidly clearing up

infection and promoting healing is not surprising in light of the large number of research

findings in its antibacterial activity (Molan, 1992ab). Its efficacy in wound healing remains

largely anecdotal, with claims that it reduces inflammation, debrides necrotic tissue, reduces

cedema and promotes angiogenesis, granulation and epithelialization (Molan, 1998).The effect

of honey on wound healing may in part be related to the stimulation of inflammatory cytokines

from monocytic cells. Such cell types are known to play an important role in healing and tissue

repair (Tonks et al., 2003).

Tablel. Showing types of wound treated successfully with honey.

Type of wounds treated
sucessfully with honey

Refrences

Type of wounds treated
sucessfully with honey

Type of wounds treated
sucessfully with honey

Abrasions Blomfield, 1973; Zaif3, A fistula Liicke, 1935

1934
Amputations Litcke, 1935; ZaiB, 1934 | Foot ulcers in lepers Tovey, 1991;
Abscesses Farouk et al., 1988; Wadi | Infected wounds arising Green, 1988; Hamdy et

etal., 1987

from trauma

al.,1989; Effem, 1988;
Ndayisaba et al., 1993,
Wood et al., 1997

Bed Sores ( pressure sores,
decubitus ulcers)

Somerfield, 1991;
Blomfield, 1973; Hutton,
1966; Hamdy et al., 1989,
Effem, 1988; Weheida et
al,, 1991.

Large septic wounds

Braniki, 1981

Burns

Blomfield, 1973;
Zaif3,1934; Farouk et
al.,1988; Effem, 1988;
Adesunkanmi and
Oyelami, 1994;
Voigtlinder, 1936

Leg ulcers

Yang, 1944; Wood et
al.,1997; Harris, 1994.

Burst abdominal wounds
following caesarean

Phuapradit and Saropala,
1992

Malignant ulcers

Effem, 1988

delivery

Cancrum Effem, 1988 Sickle cell ulcers Effem, 1988:

Chilblains Yang, 1944 Surgical wounds Liicke, 1935; Hamdy et
al.,1989; Ndayisaba et
al.,1993; Mclnerney,
1990; Dumronglert,1983.

Cracked nipples Seymour and West, 1951 | Tropical ulcers Effem, 1988;

Cuts Blomfield, 1973 Wounds to the abdominal | Mclnemey, 1990;

wall and perineum

Diabetis foot ulcers and
other diabetic ulcers

Tovey, 1991; Farouk et
al.,1988; Hamdy et
al.,1989; Effem, 1988;
Wood et al.,, 1997

Varicose ulcers

Hamdy et al., 1989; Wood
et al,, 1997; Bulman,
1955; Bloomfield, 1976.

Cervical ulcers

Seymour and West, 1951

Source: Molan ( 2001)
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Table 2. Some infections caused by some of the species of bacteria that have been found to be
sensitive to the antibacterial activity of honey.

Pathogen Infection caused

Bacillus anthracis Anthrax

Corynebacterium diphtheriae Diphtheria

Escherichia coli Diarrhoea, septicaemia, urinary infections, wound infections

Haemophilus influenzae Ear infections, meningitis, respiratory infections, sinusitis

Klebsiella preumoniae Pneumania

Listeria monocylogenes Meningitis

Mycobacterium fuberculosis Tuberculosis

Pasteurella multocida Infected animal bites

Proteus species Septicaemia, urinary infections, wound infections

Pseudamonas aernuginosa Urinary infections, wound infections

Salmonella species Diarrhoea

Salmanella cholerae-suis Septicaemia

Salmanetla typhi Typhoid

Salmonella typhimurium Wound infections

Serratia marcescens Septicaemia, wound infections

Shigella species Dysentery

Staphylococcus aureus Abscesses, boils, carbuncles, impedigo, wound infections

Streptococcus faecalis Urinary infections

Strepiococcus mutans Dental caries

Streplococcus pneumoniae Ear infections, meningitis, pneumonia, sinusitis

Streptococcus pyogenes Ear infections, impedigo, puerperal fever, rheumatic fever, scarlet
fever, sore throat, wound infections.

Fibrio cholerae Cholera

Molan ( 1992a)

Several authors are of the opinion that the sugar content of honey is exclusively responsible for
its antibacterial affect ( Seymour and West, 1951; White et al.,1963; Keast-Butler, 1980;
Mossel, 1980; Bose, 1982; Chirife et al., 1983; Green, 1988; Somerfield, 1991;Tovey, 1991;
Condon, 1993). It has a natural antibacterial activity, which is lacking in sugar paste of similar
osmolarity (Postmes et al., 1996). Compared with an artificial honey solution of the same

thickness and sugar concentration, natural honey kills bacteria three times more effectively (

Cooper, 2602b).
Limitations to Usage

The popular literature on health and self-treatment of ailments gives the impression that honey
can be taken to cure almost anything, but a rational consideration would suggest that the
antimicrobial activity would be insignificant when an oral dose of honey becomes diluted after
absorption from the gut into the many litres of fluid in the circulation and tissues of the body.
Realistically, the potential agent, although there are some situations such as gastrointestinal

infections or mastitis where the honey could remain localised and thus not become too dilute to

be effectively antibacterial.
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3.2 Staphylococcus aureus: In Brief
Taxonomy

DNA-ribosomal RNA. (rRNA) hybridization and comparative oligonucleotide analysis of 16S
rRNA has demonstrated that staphylococci form a coherent group at the genus level. This group
occurs within the broad Bacillus-Lactobacillus-Streptococcus cluster defining Gram-positive
bacteria with a low G + C content of DNA.

At least 30 species of staphylococci have been recognized by biochemical analysis and in
particular by DNA hybridization. Eleven of these can be isolated from humans as commensals
S. aureus (nares) and S epidermidis (nares, skin) are common commensals and also have the
greatest pathogenic potential. S. saprophyticus (skin, occasionally) is also a

common cause of urinary tract infection. S. haemolyticus, S. simulans, S. cohnii, S. warneri and

S, lugdunensis can also cause infections in man.

Structure

Staphylococci are Gram-positive cocci about 0.5 - 1.0 um in diameter. They grow in clusters,
pairs and occasionally in short chains. The clusters arise because staphylococci divide in two

planes. The configuration of the cocci helps to distinguish micrococci and staphylococci from
streptococci, which usually grow in chains. Observations must be made on cultures grown

in broth, because streptococci grown on solid medium may appear as clumps. Several fields

should be examined before deciding whether clumps or chains are present.

Epidemiology

Because S aureus is a major cause of nosocomial and severe community-acquired infections
(Fakih and Saravolatz, 2003), it is necessary to determine the relatedness of isolates collected
during the investigation of an outbreak. Typing systems must be reproducible, discriminatory,
and easy to interpret and to use. The traditional method for typing S . aureus is phage-typing.
This method is based on a phenotypic marker with poor reproducibility. Also, it does not type
many isolates (20% in a recent survey at the Center for Disease Control and Prevention), and it
requires maintenance of a large number of phage stocks and propagating strains and
consequently can be performed only by specialist reference laboratories.Many molecular typing
methods have been applied to the epidemiological analysis of S aureus, in particular, of

methicillin-resistant strains (MRSA). Plasmid analysis has been used extensively with success,
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but suffers the disadvantage that plasmids can easily be lost and acquired and are thus inherently
unreliable. Methods designed to recognize restriction fragment length polymorphisms (RFLP)
using a variety of gene probes, including rRNA genes (ribotyping), have had limited success in
the epidemiology of MRSA. In this technique the choice of restriction enzyme used to cleave
the genomic DNA, as well as the probes, is crucial. Random primer PCR offers potential for
discriminating between strains but a suitable primer has yet to be identified for S aureus. The
method currently regarded as the most reliable is pulsed field gel electrophoresis, where

genomic DNA is cut with a restriction enzyme that generates large fragments of 50-700 kb.

Clinical Manifestations

S. aureus is capable of causing various infections of the skin and other organs. S. aqureus
infections are common in people with frequent skin injury, particularly if the skin is dry. Staph
skin infections are seen most commonly in pre-pubertal children and certain occupational
groups such as healthcare workers. S aureus is notorious for causing boils, furuncles, styes,
impetigo and other superficial skin infections in humans.It may also cause more serious
infections, particularly in persons debilitated by chronic illness, traumatic injury, burns or
immuno suppression. These infections include pneumonia, deep abscesses, osteomyelitis,
endocarditis, phlebitis, mastitis and meningitis, and are often associated with hospitalized
patients rather than healthy individuals in the community. S, aureus mediates bone destruction
via induction of osteoblast apoptosis ( Alexander et al., 2003)

§ aureus and S epidermidis are common causes of infections associated with indwelling devices
such as joint prostheses, cardiovascular devices and artificial heart valves. About 15-40 per cent
of healthy humans are carriers of S. aureus, that is, they have the bacteria on their skin without
any active infection or disease (colonisation).The site of carriage are usually the nostrils and

fexures, and can be intermittent or persistent.

Antibiotic Resistance

Multiple antibiotic resistance is increasingly common in S. aureus and S. epidermidis.
Staphylococci are becoming increasingly resistant to many commonly used antibiotics including
penicillins,macrolides such as erythromycin, tetracyclines and aminoglycosides.Penicillin
resistance in S. aureus is due to production of an enzyme called beta-lactamase or penicillinase.
Methicillin and flucloxacillin are lactamase-resistant penicillins so are the antibiotics of choice

in most staphylococcal skin infections. These antibiotics have a broad range of action against
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several bacteria and are best reserved for patients with mixed bacterial infections. Patients who
are allergic to penicillin are most reliably treated with vancomycin.

Unfortunately there is now increasing methicillin resistance (MRSA), Methicillin resistance is
indicative of multiple resistance. MRSA is found worldwide, predominantly in hospitals and
institutions such as nursing homes. Much less commonly, MRSA is found in the general
community. There are three main reservoirs (and hence sources of spread and infection) for
MRSA in hospital and institutions: staff, patients and inanimate objects such as beds, linen and
utensils. By far the most important reservoir is patients who may be colonised with MRSA
without evidence of infection. The usual sites of colonisation with MRSA are the nostrils, skin,
groin, axilla,and wounds. Penicillins with a beta-lactamase-inhibitor such as 'amoxiclav"
(amoxycillin with clavulonic acid) may be used to treat S. aureus infections and are sometimes
effective against bacteria resistant to flucloxacillin.Increasing bacterial resistance to virtually all
available antibiotics causes an urgent need for new antimicrobial drugs, drug targets and
therapeutic concepts { Weidenmaier et al., 2003).

There is no mechanism of resistance to either of the types of antibacterial activity in different
honey types ( phytochemical and hydrogen peroxide) present in S. aureus, in which antibiotic

resistance is wide spread.

3.3 Why Test Honey From Nepal

Different types of honey from different bee species and derived from different plants available
in Nepal. On the other hand, Nepal is rich in knowledge about traditional medicine. For health
care rural people depend on local plants and honey based therapy, which is cheap and easily
available. Many people rely on plants collected from the wild localities for food, construction
materials, fuelwood, medicine and many other purposes. Socio-economically, most of the
village people are very poor and the poverty compels the rural people to practice traditional
medical system. Natural plant extracts or products, being indigenous resources (Tamrakar and
Gautam, 1999).

Rural people through out Nepal widely use honey from different bee species with different
herbs to cure several diseases like cough, fever, cold, appetite and gastritis. Honey alone also
used to cure eye diseases,cuts, and burns. Raw honey is fed women after delivery of a
baby.Honey from Apis florea alone is used to cure eye disease and snake bites (Thapa, 2002 )
most others certainly were used in local medicine. Some people use laboriosa honey to make

traditional medicines. Honey from these bees is exported to Korea for traditional medicinal

purposes ( Thapa, 2001).



The herbal resources are playing important role in health care system of rural people. Local
people of different ethnic groups of rural area keep sufficient knowledge about the use of local
herbal resources. In the remote areas of Nepal, where modern transport rarely penetrates even
today, the beehive is looked upon as a self-replenishing medicine chest ( Jones, 2001; Thapa,
2002). There are more traditional practices, of people who until recently have lacked literature
but are effective in handling the health problems of the respective communities. These unwritten
medical cultures play a key role in rural life. Only the unwritten indigenous knowledge of the
tribals and such other small communities, that are not too seriously affected by the onslaught of
modern civilisation, and which knowledge has been passed by the word of mouth, from
generation to generation. As repeatedly emphasised in different context, the importance of bees
and ist products in our lives, in addition to being a source of food, is their immense therapeutic
potential. Every culture in the world developed its own practices of treating the diseases, By all
counts, ancient cultures throughout the world, nurtured till recent times, vast amounts of
knowledge pertaining to uses of their hive products. Traditional culture of disease treatment still
occupies a very important place in the developing world. There has been a considerable revival
of interest during the past few decades. On the other hand, Staphylococci are becoming
increasingly resistant to many commonly used antibiotics such as penicillins, macrolides,
erythromycin, tetracyclines and aminoglycosides. New antimicrobial drugs and medication are
urgently needed.

Comparison with any similar research done only a few decades ago indicates what great
progress is being made in evaluating, understanding and implementing the honey as a medicine,
despite the complexity of the subject.

Honey does not adversely affect human tissue, unlike other topical antimicrobial agents. Not
only has it the potential to limit the growth of wound pathogens, but there is evidence that honey
has the potential to promote healing. No other antimicrobial agent possesses these
characteristics. Considerable contributions have been made by several researchers in this
regard.

The antibacterial potency of honey types specifically selected may vary widely its clinical
efficacy. Test of the potential of honey may provide us with another tool in the management of
S. aureus infections or other microbes. Sufficiently encouraging results may lead to warrant
further investigation into the role of honey (from different bee species) in wound healing and ist
antibacterial activity. Wider use of honey on all wounds and microorganisms will depend on
evidence from clinical research. Honey is consumed locally as medicine and as food in

Nepal.The therapeutic potential of uncontaminated, pure honey is grossly underutilised. Honey

29



that is for consumption and available on the market is not sterilised, irradiated or assessed for
antibacterial potenty and are therefore not intended for application to wounds or recommended
and practiced for clinical use in Nepal. These honeys are still being used as traditional medicine
by local communities but have no proven laboratory or clinical evidence the antibacterial
activity. Tribes using honey as a medicine, modern clinicians remain sceptical.

In Nepal different types of honey from different bee species and derived from different plants
exist. The antibacterial activity of honey, consequently its clinical efficacy, has been shown to
vary with the plant source (Molan, 1992ab) it is therefore , interesting to make further
invesigations such as pollen analysis of each honey types and also identify plant derived
antibacterial substances along with flavonoids. Further research is clearly needed in all of these
areas. This work is also an attempt to warrant further investigation into the role of honey ( from
different bee species) in wound healing and its antibacterial activity. Many studies support the
clinical safety and efficacy of generic and specific honeys. In addition, no toxic effects have
been reported in the literature. There are significant experimental data to demonstrate the
antibacterial properties and histological effects of honey on the healing process. The only
contraindication is known allergy to honey. It is not only antimicrobial, it is non-toxic to human
tissue, and is able to accelerate wound healing without the risk of selecting novel antibiotic-
resistant species.

The aim of this work is to test S. aureus against honey from Nepal from different bee species.
Honey in Nepal is produced from many bees and floral sources, and its antimicrobial activity
and clinical efficacy varies markedly with its origin and processing. There is a possibility that
honey from different bee species used traditionally in Nepal species is likely to be an effective
treatment for a wound infected bacteria and for other treatments. There is also the possibility
that one type of honey thus be more effective than others and when applied directly to a wound,
honey with an average level of antibacterial activity may be expected to be effective in
preventing the growth of S. aureus on the wound surface and possibly deeper into the wound.
The inhibitory effect of the honey is maintained on the wound surface when the honey diluted
more than 10-fold by wound exudate. However, further comparative clinical trials required to
provide evidence for selection of honey type or to find which type of honey gives the best
therapeutic results, and what minimum level of antibacterial activity is necessary in the honey

for it to be effective as a topical antiseptic treatment for infected wounds.
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3.4 Literature Review

Comparison of the text with any similar work done only a few decades ago indicates what great
progress is being made in studying, understanding and using honey for antimicrobial activity
and wound healing, despite the complexity. Considerable contributions have been made by
several workers. Advances has been fostered by the importance of problems associated with
social, legal, medical and ethical issues, for instance.

The literature on apitherapy is very extensive.There are reports of the medical profession turning
back to honey for treatment of ulcers, burns and surgical wounds. Recently honey was re-
discovered as a topical therapy for wound infections, gastroenteritis, stomach and skin ulcers
(Zumla and Lulat 1989; McCarthy, 1995). Many species of bacteria have been recovered from
wounds, but Staphylococcus aureus is the most frequently isolated wound (Meers et al.,1981
cited in Cooper and Molan, 1999).

Staphylococcus aureus has long been recognized as an important pathogen in human disease.
Staphylococci (staph) a common type of bacteria, in the genus Staphylococcus, are pathogens of
man and other mammals. Classified as Gram-positive cocci that live on the skin and mucous
membranes (eg. in nose) of humans. They may occur singly or grouped in pairs, short chains or
grape-like clusters. They are usually facultative anaerobes, that is, they are capable of surviving
at various levels of oxygenation, and are generally very hardy organisms. They are only able to
invade via broken skin or mucous membranes, hence intact skin is an excellent human defence.
Due to an increasing number of infections caused by methicillin-resistant S. aureus (MRSA)
strains, therapy has become problematic. Therefore, prevention of staphylococcal infections has
become more important. Carriage of S. aureus appears to play a key role in the epidemiology
and pathogenesis of infection. The ecological niches of S. aureus are the anterior nares. In
healthy subjects, over time, three patterns of carriage can be distinguished: about 20% of people
are persistent carriers, 60% are intermittent carriers, and approximately 20% almost never carry
S. aureus. The molecular basis of the carrier state remains to be elucidated. In patients who
repeatedly puncture the skin (e.g., hemodialysis or continuous ambulatory peritoneal dialysis
[CAPD] patients and intravenous drug addicts) and patients with human immunodeficiency
virus (HIV) infection, increased carriage rates are found. Carriage has been identified as an
important risk factor for infection in patients undergoing surgery, those on haemodialysis or
CAPD, those with HIV infection and AIDS, those with intravascular devices, and those
colonized with MRSA. Elimination of carriage has been found to reduce the infection rates in

surgical patients and those on hemodialysis and CAPD. Elimination of carriage appears to be an
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attractive preventive strategy in patients at risk. Further studies are needed to optimize this
strategy and to define the groups at risk.

Despite the almost universal administration of antimicrobial agents with good anti
staphylococcal activity for perioperative prophylaxis in patients undergoing clean surgery,
Staphylococcus aureus remains the most common cause of surgical wound infection (Cooper et
al., 2001). While methicillin-resistant S. aureus (MRSA) accounts for some wound infections,

the majority are caused by methicillin-susceptible strains.

3.4.1 Definition and Explanation of Antibacterial Activity

The antibacterial activity of honey refers to the presence of inhibine which acts as an
antibacterial factor (Molan, 1992a).The antibacterial activity of honey appears to have been
reported first by van Ketel in 1892 (cited by Dustmann.1979).

Antibacterial activity of different honeys have been studied by many authors.

The variation of the antibacterial activity of different honey were attributed to the previously
mentioned factors which influenced the antibacterial activity as osmotic properties of honey (
Molan et al., 1988; Molan, 1992a, 1992b ), honey pH or activity of glucose oxidase (Chirief et
al., 1982), hydrogen peroxide (Roth et al., 1986; Dustman, 1987), non-peroxide substances
(Effem, 1988; Bogdanov, 1984) and volatile antibacterial substances (Radwan et al., 1984).
It has been claimed, that honey contains lysozyme, a well known antibacterial agent (Mohrig
and Messner, 1968). However, in an other study it was found that no lysozyme activity was

present in honey (Bogdanov, 1984).

Osmotic effects

The main honey substances are sugars, which by their osmotic effect exert antibacterial action.
Compared with an artificial honey solution of the same thickness and sugar concentration,
natural honey kills bacteria three times more effectively ( Science, Rose Cooper, Nature 19Nov.,
2002).

Honey is a saturated or super saturated solution of sugars, 84% being a mixture of fructose and
glucose. The water content is usually only 15-21% by weight. The strong interaction of these
sugar molecules with water molecule leaves very few of the water molecules available for
microorganisms. The “free’ water is what is measured as the water activity (ay ): mean values
for honey have been reported from m0.562 to 0.62. Although some ycasts can live in honeys
that have a high water content, causing spoilage of the honey, the aw of ripened honey is t00

low to support the growth of any species, no fermantation occuring if thre water content is
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below 17.1%. Many species of bacteria have their growth completely inhibited if the aw is in the
range 0.94-0.99. These values correspond to solutions of a typical honey (aw of 0.6 undiluted)
of concentrations from 12% down to 2%(v/v). On the other hand, some species have their
maximum rate of growth when the aw is 0.99, so inhibition by the osmosis (water —

withdrawing) effect of dilute solutions of honey obviously depends on the species of bacteria

(Molan, 1992a, 1992b).
Acidity

The inhibitory action of honey was shown by its discoverers to be affected by pH.. The
investigation claimed, that the low honey pH was responsible for the antibacterial activity
(Yatsunami and Echigo, 1984).

Honey is a characteristically quite acidic, its pH being between 3.2 and 4.5, which is low enough
to be inhibitory to many animal pathogens. The optimum pH for growth of these species
normally falls between 7.2 and 7.4. The minimum pH values for growth of some common
wound-infecting species is : Escherichia coli, 4.3; Salmonella sp., 4.0; Pseudomonas
aeruginosa., 4.4; Streptococcus pyogenes, 4.5. Thus in undiluted honey the acidity is a
significant antibacterial factor. But if honey is diluted, especiallly by body fluids which are well
buffered , the pH will not be so low and the acidity of honey may not be an effective inhibitor of
many species of bacteria. No correlation between antibacterial activity and the pH of the honeys
found (Bogdanov et al., Daghie et al., 1971; Plachy, 1944; Rachlik and Dolezal, 1961; Stomfay-
Stitz and Kominos, 1960 ).

Hydrogen Peroxide

The inhibitory action was shown by several investigators to be affected by hydrogen peroxide.
Several workers believe that differences in activity is due to hydrogen peroxide produced by
honey glucose oxidase (Gauhe, 1941; White and Subers,1963, 1964ab; Dustmann,1972,1979;
Burgett, 1973; Morse, 1986; Taormina et al., 2001; Schepartz and Subers, 1964), it could be due
to varying levels of other antibacterial compounds coming from the nectar source ( Verge, 1951;
Schuler and Vogel, 1956; Lavie and Grasse, 1963;Gonnet and Lavie, 1960; Mladenov, 1974).
The presence of higher amount of hydrogen peroxide produced enzymatically by the action of
glucose oxidase in honey is extremely effective in statu nascendi and responsible for antibiotic
activity ( Adcock, 1962; White et al., 1963; White and Subers, 1963; Dustmann, 1979; Wakhle
and Desai, 1991; Molan, 1992ab). Aizzawa et al., (1974) studied a specific bio-electrochemical

sensor for hydrogen peroxide. All of the glucose oxidase enzyme and the major part of the
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proline and invertase in honey originated from the hypopharyngeal glands of the honey bees into
the nectar to assist in the formation of honey from the nectar (Greich and Delage-Darchen,

1978; Dustmann,1967; Edelhauser and Bergner, 1984; Von der Ohe et al, 1991; Von der Ohe,
1994; Molan,1992ab).

The hydrogen peroxide and acidity produced by the reaction:

Glucose + H;O + O ; —» Gluconic acid + H, O,

Glucose Oxidase

Glucose Oxidase + Glucose + H, O —> H, O ; + Gluconic acid

Catalase

2H,0, — 2H; 0+0,

Bogdanov and Blumer (2001d)

Gluconic acid was found to be the principal acid in honey. The acid-producing enzyme in honey
is a glucose oxidase producing gluconic acid and hydrogen peroxide from glucose. The
hydrogen peroxide produced in honey by the action of a glucose oxidase on glucose. The
enzymatic oxidation of glucose takes place very slowly in undiluted hone and at much higher
rates as honey is diluted. The addition of catalase remove the hydrogen peroxide and
substantial antibacterial activity remain in many of the honey (see the reaction above).

The hydrogen peroxide produced would be of effect as a sterilising agent only during the
ripening of honey. Full- strenght honey has a negligible level of hydrogen peroxide because this
substance is short-lived in the presence of the transition metal ions and ascorbic acid in honey
which catalyse its decomposition to oxygen and water. The enzyme has been found to be
practically inactive in full-strenght honey, it giving rise to hydrogen peroxide only when the
honey is diluted. This is because the acidity produced in the action of the enzyme drops the pH
to a point. Thus it is important that when honey is to be used as an antimicrobial agent it is
selected from honeys that have been assayed in the laboratory for antimicrobial activity.

The rates of hydrogen peroxide production by honey with respect to honey dilution were
measured by Bang et al., (2003) in eight different samples of honey from six different floral
sources. Concentrations of hydrogen peroxide generated were very low and cytotoxic damage

by hydrogen peroxide was also found to be very low.
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It is important that honey for use as an antimicrobial agent to be stored at low temperature and
not exposed to light, so that none of the glucose oxidase activity is lost. Although all honey will
stop the growth of bacteria because of its high sugar content, when the sugars are diluted by
body fluids this antibacterial action is lost. The additional antibacterial components then become
important.

When many honeys are diluted, a bee derived enzyme ( glucose oxidase) present in the honey is
activated and catalyses the slow generation of hydrogen peroxide which inhibits bacterial
growth (White et al., 1963). The inhibition is very effective in statu nascendi of hydrogen
peroxide. This activity varies markedly from honey to honey (Molan, 1992ab). In some honey,
additional antimicrobial activity following dilution is due to activation of bee-derived glucose
oxidase, which catalyses slow release of hydrogen peroxide from the glucose containes within
honey (Cooper et al., 2002b).There is a possibility that the hydrogen peroxide produced in the

honey contributes to peroxide- antimicrobial activity.

Catalase

Hydrogen peroxide was widely used at one time, but went out of favour also on the theoretical
grounds that some species of bacteria possess the enzyme catalase which decomposes hydrogen
peroxide. However, of the finding that the catalase activity of strains of S. aureus does not
correlate with their sensitivity to hydrogen peroxide (Baird-Parker and Holbrook, 1971).

Some authors have considered that the non-peroxide activity is the more important one (Gonnet
and Lavie, 1960; Mohrig and Messner, 1968; Radwan et al., 1984). The hydrogen peroxide
amount in honey is very small and it can be produced only in after acrobic incubation of diluted
honey solutions, which might mean that it is not very important for the antibacterial activity of
honey ( Bogdanov, 1984). Some of the non-peroxide activity is of floral origin. While honey
acidity, diastase and invertase are known to have a bee origin (Bogdanov, 1996, 1997ab).

The enzyme catalase had long been thought to be present in honey (Schepartz, 1966; Schepartz
and Subers, 1966). Catalase comes from the pollen and nectar of certain plants; more coming
from the nectar (Dustmann, 1971). In the destruction of hydrogen peroxide associated with
floral sources is due to the plants contributing catalase to the honeys (Molan, 1992ab). Honeys
from some floral sources have been found to have very high levels of catalase, and these honeys
accumulate low levels of hydrogen peroxide: the ones accumulating high levels of hydrogen
peroxide had low levels of catalase ( Dustmann, 1971, 1972).

Catalase is active with high concentrations of hydrogen peroxide but is of low activity with

physiological levels ( Cohen and Hochstein, 1962). Unexpectedly high levels of catalase were
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found to be necessary to destroy the antibacterial activity of honey (Adcock, 1962; White et al.,
1963).

Catalase is also present in plasma, at a mean level of 6.9 units/ml (6.9 mmol/litre of hydrogen
peroxide removed per minute). That present in exuding plasma in a wound could be augmented
by catalase released from dead leucocytes. Although this catalase would be considered to
reduce the antibacterial activity of honey by removal of the hydrogen peroxide generated, it
could in the process be itself generating antibacterial activity in the form of free radicals
(Klebanoff, 1980).This, and the possible augmentation of the leucocytes own production of
hydrogen peroxide for the killing of ingested bacteria, could account for the clinical observation
that honey is a more effective bactericide in vivo than in vitro (Effem, 1988). A further
consideration is that myeloperoxidase, the enzyme that generates the active free radicals from
hydrogen peroxide in the leucocytes, is inactivated by excess hydrogen peroxide (Klebanoff,

1980), being denatured by levels above 2 mmol/litre ( Agner, 1963).

The existence of non-peroxide antibacterial factors in honey is seen in the reports of activity
persisting in honeys treated with catalase to remove the hydrogen peroxide (Adcock, 1962;
Allen et al., 1991b; Bogdanov, 1984; Hodgson, 1989; Molan and Russel, 1988; Roth et al.,
1986; Russel, 1983; Willix and Subers, 1964). In the first study in which catalase was added to
remove the hydrogen peroxide, substantial antibacterial activity remained in many of the honey
yet direct assay of the level of hydrogen peroxide present showed that the catalase had been
completely effective (Adcock, 1962). It was reported that the residual activity could be removed
by the addition of higher levels of catalase, greatly exceeding those required to destroy the
amount of hydrogen peroxide present. It was also suggested that the catalase in this case could
be having an effect on components other than hydrogen peroxide.

Although the mechanisms by which honey inhibits bacteria have not yet been completely
explained, osmolarity, hydrogen peroxide generation and phytochemicals contribute to the
antibacterial activity (Molan, 1992ab). In undiluted honey, the osmolarity and acidity
undoubtely limit bacterial growth. Antibacterial activity of honey has been established in vitro

(Molan,1992ab), but the mechanisms involved in wound healing are unexplained (Tonks et al.,

2001).

Other Components

The variation in the antibacterial activity and antioxidant capacity were found from different

floral sources ( Popeskovic et al., 1983; Sabatier et al, 1992; Bogdanov, 1996; Hegazi et al.,
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2001; Frankel et al., 1998). Some of the non-peroxide activity is of floral origin. On the other
hand, honey acidity, diastase and invertase are known to have a bee origin (Bogdanov, 1996,
1997ab).

Although some have concluded that honey from certain plants has better antibacterial activity.
Manuka, kanuka and, penny royal found to be provide honey additional antibacterial
components activity in dilute solutions is linked to plant-derived substances, and hydrogen
peroxide generation is minimal (Molan, et al., 1988). The antimicrobial potency of honey varies
with 1ts geographical, seasonal and botanical source as well as through harvesting, processing
and storage conditions. Thus, only honeys of proven high potency should be used to treat
infected wounds ( Cooper, 2001).

Significance effect of volatile components found in Hungarian honeys against some Gram-
negative pathogens (Klebsiella pneumoniae, Escherichia coli and Candida albicans) (Toth et
al., 1987). Some workers found non-peroxide activity of honey, extracteble by organic solvents,
but were not able to identify the chemical nature of the substances ( Roth et al., 1986; Schuler
and Vogel, 1956).

There have been several studies in which dark honey from the conifer forests of the
mountainous regions of central Europe have been found to have particularly high activity
(Buchner, 1966; Chambonnaud, 1966,1968; Daghie et al.,1971; Dustmann,1979; Ialomiteanu
and Daghie, 1973; Lindner, 1962; Plachy, 1944; Rychlik and Dolezal, 1961; Sedova and
Usmanov, 1973). This honey is not from a nectar source, but from honeydew, produced by
aphids sucking the sap from the leaves of the trees. Honey from sweet chestnut (Castanea
sativa), a nectar source, has also been reported to have high activity ( Buchner,1966; Dustmann,
1979), it is dark in colour and thus is considered to be partly derived from honeydew ( Buchner,
1966). Another dark coloured honey, from manuka (Leptospermum scoparium) in New Zealand,
has also been found to have a high level of activity (Molan et al., 1988; Russell et al., 1990;
Allen et al., 1991ab; Price, 1991; Price, 1991). Roth et al., (1986) comented on the association
of high activity with dark coloured honeys in their study of Canadian honeys. Heather (Erica
spp.) honey, which has a fairly dark colour, has been found to have a high level of antibacterial
activity in one study ( Allen et al., 1991b), but a fairly low ( Buchner, 1966; Rychlik and
Dolezal, 1961) or low ( Dustmann, 1979; Molan et al., 1988) level of activity in others. Rape
(Brassica napus) honey has also been found to have a high level of activity in one study ( Allen
et al., 1991b), but a fairly low { Rychlik and Dolezal, 1961) or low ( Leistner and Rédel, 1975;
Nabrdalik and Skarbek, 1974; Dustmann, 1979) level of activity in others. In several studies

linden (7ilia cordata) honey has also been found to have a fairly high leve] { Turner, 1983;
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Nabrdalik and Skarbek, 1974; Leistner and Rodel, 1975; Rychlik and Dolezal, 1961 ) of
activity, but a fairly low level of activity in others. Clover (Trifolium spp.) honey has been
consistently found to have low activity (Allen et al., 1991b; Buchner, 1966; Molan et al., 1988),
and cotton (Gossypium hirsutum) honey high activity ( Sedova and Usmanov, 1973; Smith et al.,
1969; White and Subers, 1963).

From New Zealand honeys, mainly manuka and viper’s bugloss honey, several aromatic acidic
substances with antibacterial activity have isolated (Molan,1992ab). These substances were
proved to have a floral origin. The paper by Weston et al., (1999) described several methods for
isolation of the antibacterially active phenolic fraction of honey derived from the native New
Zealand manuka tree, Leptospermum scoparium (Myrtaceae). This fraction consists of phenolic
derivatives of benzoic acids, cinnamic acids and flavonoids, all of which have been identified
previously in honeys which do not exhibit non-peroxide residual antibacterial activity. The
flavonoids had not previously been identified in manuka honey.

In addition, antibiotic factors present in honey ( Gonnet and Lavie, 1960; Gonnet, 198 1),
carbohydrates content, enzymatic and antimicrobial activity (Gryuner and Arinkina, 1970), the
occurrence of specific substances (Radwan et al., 1984), antioxidant properties of honey
produced by bees fed with medical plant extracts (Rosenblat et al., 1997), effect of heat (White
and Subers, 1964a), destruction of the peroxide accumulation system by light (White and
Subers, 1964b; Dustmann, 1972) had been studied. The paper by Kerkvliet (1996) discussed the
screening method for the determination of peroxide acumulation in honey and relation with

HMEF content.

3.4.2 Flavonoids

Honey contains a number of flavonoids (Sabatier et al., 1992; Barberan ct al., 1993), many of
which are known to have an antibacterial action.

The flavonoids are polyphenolic compounds possessing 15 carbon atoms; two benzene rings
joined by a linear three carbon chain that are ubiquitous in nature and are categorized, according
to chemical structure, into flavonols, flavones, flavanones, isoflavones, catechins,
anthocyanidins and chalcones. Flavonoids constitute one of the most characteristic classes of
compounds in higher plants. Many flavonoids are easily recognised as flower pigments in most
angiosperm families (flowering plants). However, their occurence is not restricted to flowers but
include all parts of the plant.Over 4,000 flavonoids have been identified, many of which occur
in fruits, vegetables, and certain beverages (tea, coffee, beer, wine and fruit drinks) that have

diverse beneficial biochemical and antioxidant effects. The flavonoids have aroused
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considerable interest recently because of their potential beneficial effects on human health-they

have been reported to have antiviral, anti-allergic, antiplatelet, anti-inflammatory, antitumor and

antioxidant activities (Buhler and Miranda, http://lpi.oregon.state.eduw/f w00/flavonoid.html,
http:/fwww.friedli.com/herbs/phytochem/flavonoids.html).

Flavonoids present in honey could be antibacterially active and may be the markers for the
botanical origin of honeys (Yao, et al., 2004; Yao et al., 2003; Tomdas-Barber4n et al., 2001;
Weston, 1999). The antibacterially active flavonoids of honey from Nepal derived from the

native plants have not identified as yet.

3.4.3 TNF-alpha

The importance of TNF-alpha in the healing process has been stressed by a number of authors (
Moore et al., 1997; Schlenger et al., 1994; Groves et al., 1995). Wound healing comprises both
degenerative and reparative phases of repair (Clarke, 1996). Macrophases remove damaged
connective tissue and cell debris, kill pathogens; initiate new vascularization, and stimulate
fibroblast proliferation, collagen synthesis and remodelling of connective tissue (Tonks et al.,
2001). Macrophages, therefore play a central role in regulating wound healing (Richens,
1996).The primary response of macrophages to inflammatory stimuli involves the release of
cytokines including tumour necrosis factor-alpha (TNF-alpha), the production of reactive
oxygen intermediates (ROIs), hydrolytic enzymes, growth factors and vasoactive agents. TNF-
alpha primes and activates phagocytes (Moore et al., 1991).In macrophages and monocytes,
phagocytosis is associated with an increase in oxygen consumption and ROI generation. The
reduction in ROIs seen in the presence of honey may serve to limit tissue damage by activated
macrophages during the healing process (Tonks et al., 2001). The human monocytic cell line
Mono Mac 6 (MM 6) constitutively or after stimulus expresses many of the properties
manifested by mature peripheral blood monocytes (Zeigler-Heitbrock et al., 1994).

The investigation (Tonks et al., 2001) on effects of honey (manuka and pasture) on the
production of ROI and TNF-alpha release in MM6 cells suggests that honey modulates the
activation of monocytic cells in vitro without affecting viability. This modulation gives
inhibitory and stimulatory effects. Spontaneous release of TNF-alpha from MMG6 cells was seen
with manuka and pasture honey. Both induced production of TNF-alpha from resing MM6
cells, suggesting that component (s) within these honeys may stimulated cells. This result could
explain the suggested therapeutic properties of honey in promoting wound healing (Tonks et al.,
2001).

Honey has been shown to have mitogenic activity on human B and T lymphocytes (Abuharfeil
et al., 1999) and a protein fractionated from royal jelly stimulates U-937, a human myeloid cell
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line (Watanabe et al., 1998). Proteins present in honey will be highly glycosylated because of
high sugar content. Glycosylated proteins have been shown to activate a number of cell types

including monocytic cells (Brownlee, 1995), it is possible that these may effect MM6 activation

(Moore et al., 1997; Schlenger et al., 1994).

3.4.4 Clinical Studies of Antibacterial Activity

In india, Subrahmanyam (1998, 1999) used honey to treat burns, and in the UK, Dunford et al.,
(2000) successfully treated chronic infected meningococcal skin lesions with honey.
Subrahmanyam (1998) carried out a prospective, randomised clinical and histological study of
superficial burn wound healing with honey and silver sulphadiazine. Early tangential excision
and skin grafting of moderate burns found to be superior to honey dressing in a prospective
randomised trial ( Subrahmanyam, 1999).
Subrahmanyam et al., (2001a, 2001b) studied antibacterial activity of honey on bacteria isolated
from wounds.
Natarajan et al., (2001) used manuka honey for a hydroxyurea-induced leg ulcer with sub
clinical MRSA infection and MRSA was eradicated from the ulcer and rapid healing was
successfully achieved.
Effem (1988) made clinical observations on the wound healing properties of honey.
An immunosuppressed patient who developed a hydroxyurea-induced leg ulcer with subclinical
methicillin-resistance Staphylococcus aureus (MRSA) infection was treated with topical
application of manuka honey, without cessation of hydroxyurea or cyclosporin. MRSA was
eradicated from the ulcer and rapid healing was successfully achieved (Natarajan et al., 2001).
Vardi et al., (1998) studied nine infants with large, open, infected wounds that failed to heal
with conventional treatment. All infants showed marked clinical improvement after 5 days of
treatment with topical application of 5-10 ml of fresh unprocessed honey twice daily.
The wound had failed to heal during 3 years of treatment with conventional therapies and
following four surgical procedures. After with dressings impregnated with irradiated manuka
honey was initiated, the patients recurrent Staphylococcal infections ceased, and healing was
achieved within 4 months ( Cooper et al., 2001).
The paper by Haffejee and Moosa (1985) studied the effects of orally or intranvenously
administering dilute honey for the treatment of gastrointeritis compared with a usual treatment
of glucose solution (control). The study revealed that the honey treatment shortened the duration
of diarrhea in patients with bacterial gastrointeritis. Patients with bacterial gastrointeritis who
were treated with honey had a mean recovery time of 58.00 hours compared with 93.13 hours
for the control patients (cited in McCarthy, 1995).
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Recent research has revealed that various ingredients in honey and propolis have anti-cancer
properties. Studies found these hive products can also kill cancer cells, which are already
present.

Cooper and Molan ( 1999) investigated the use of honey as an antiseptic in managing
Pseudomonas infection.

The antibacterial activity of natural honey consumption has been examined in patients suffering

from head and neck cancer who developed hyposalivation following irradiation treatment (Sela

et al., 2000).

3.4.5 Laboratory Studies of Antimicrobial Activity

Antibacterial activity of other bee products such as propolis, pollen, beebread (Greceanu and
Enciu, 1976; Grochowski and Bilinska, 1987; Fierro and Lopez, 1997; Christov et al., 1999;
Bankova et al, 2001), bee venom (Cherbuliez, 1997), and royal jelly during the treatment of
childhood malignances (Kaftanoglu and Tanyeli, 1997) also were investigated.

The antibacterial activities of different types of honey (Bogdanov, 1983; Bogdanov and Blumer,
2001abc ) against five species of pathogenic bacteria belonging to Gram positive and Gram
negative ( Staphylococcus aureus, Strepfococcus faecalis, Corynibacterium pseudotuberculosis,
Pseudomonas aeruginosa and E. coli) were studied ( Hegazi et al., 2001).

<36 % honey concentration found to be complete inhibition of growth potential against
Salmonella gallinarum, Profeus vulgaris, Psedomonas aeruginosa, Salmonella pullorum,
Streptococcus sp. Dustman (1979) and 100% honey concentration found to be complete
inhibition of growth potential against Streptococcus mutans (an agar diffusion assay-the active
concentration is lower than the value given, the honey being diluted by diffusion into the agar)
(Dustman, 1987).

Staphylococcus aureus is the most osmotolerant bacterium capable of causing wound infection (
Chirife et al., 1983), and 29% (v/v) sugar solutions found to be prevent growth {(Molan, 1992a).
Similarly, 1.3% (Chistov and Mladenov, 1961ab), 1.5% (Buchner, 1966), 9% (Rychlik and
Dolezal, 1961), 20% (Franco and Sartori, 1940), 50% (Adcock, 1962; Mishref et al.,1989)
honey concentrations found to have complete microbicidal action against Staphylococcus
aureus. Whereas, 0.3% (Dustman, 1979), 0.6% (Chistov and Mladenov, 1961ab), 1% (Molan
and Russel, 1988), 1.56% (Rychlik and Dolezal, 1961), 50% (Jeddar et al.,1985) and 10% (Dold
and Witzenhausen, 1955) honey concentrations found to have complete inhibition of growth

action and 0.4 % (Willix, 1991), 1.4% (Hodgson, 1989), 17% (Dold et al., 1937), 20%
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(Bogdanov, 1984) honey concentrations found to be partial inhibition of growth action against
Staphylococcus aureus.

Eighteen strains of methicillin-resistant Staphylococcus aureus and seven strains of
vancomycin- sensitive enterococci were isolated from infected wounds and 20 strains of
vancomycin-resistant enterococci were isolated from hospital environmental surfaces. For all of
the strains tested (compared with an artificial honey solution), the MIC values against manuka
and pasture honey found to be below 10%(v/v), but concentrations of artificial honey at least
three times higher were required to achieve equivalent inhibition in vitro. Comparision of the
MIC values of antibiotic-sensitive strains with their respective antibiotic-resistant strains
demonstrated no marked differences in their susceptibilities to honey. The study concluded that
the inhibition of bacteria by honey is not exclusively due to osmolarity. For the Gram-positive
cocci tested, antibiotic-sensitive and resistant strains showed similar sensitivity into honey
(Cooper et al., 2002b).

Miorin et al., (2003) evaluated antibacterial activity against Staphylococcus aureus of honey
and propolis produced by Apis mellifera .

Catalase added to exclude activity due to hydrogen peroxide in manuka honey to evaluate the
antibacterial activity against Staphylococcus aureus ATCC 25923 ( Allen et al., 1991b).

In vitro evaluation of the anticandidiasis activity of honey distillate (HY-1) compared with that
of some anti-mycotic agents (Obaseiki-Ebor and Afonya, 1984).

Bogdanov (1997b) tested non-peroxide antibacterial activity of honey with Staphylococcus
aureus and Micrococcus luteus.

Cooper et al., (1999) tested the antibacterial activity of honey against strains of Staphylococcus
aureus from infected wounds.

Wound infected with the antibiotic-resistant MRSA ( methicillin-resistance Staphylococcus
aureus) were also studied (Dunford et al., 2000b).

Comparison (Molan et al., 1988), identification and quantitative levels (Weston et al., 2000b)
of antibacterial components of some New Zealand honeys were studied. Activity of manuka
honey found to be significantly higher than that of clover and heather/ling honey (Molan et al.,
1988).

In other studies high levels of non-peroxide activity were found in some New Zealand honeys,
particularly manuka honey with sufficient catalase ( Molan and Russel, 1988; Allen et al.,
1991ab),

The variation in antibacterial antifugal activity (against Staphylococcus aureus, Escherichia coli

and Trichophyton mentagrophyftes ) of non-manuka honeys was assessed (agar well defusion,
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measurement of minimum inhibitory concentration and modified agar well diffusion methods)
using 179 unifloral honey, unpasteurized honeys from New Zealand. Of the 179 non-manuka
honey samples, none showed non-peroxide or anti-yeast antimicrobial activities. Whereas, 50%
of the samples tested showed antibacterial activity against Staphylococcus aureu, (5.0-27.9%
phenol equivalent), 30% of the samples tested showed antibacterial activity against Escherichia
coli and 35% of the samples showed antifungal activity (although the levels of activity measured
were low) ( Brady et al., 2004).

Tonks et al., (2001) investigated the effects of manuka, pasture and an artificial honey on
macrophage function.

The sensitivity of 17 strains of Pseudomonas aeruginosa isolated from infected burns fo two
honeys, a pasture honey and a manuka honey, with median levels of activity. All strains showed
similar sensitivity to honey with minimum inhibitory concentrations below 10%(v/v); both
honeys maintained bactericidal activity when diluted more than 10-fold ( Cooper et al., 2002a).
Cooper et al., (2000) tested twenty strains of Burkholderia cepacia; isolated principally from the
sputum of cystic fibrosis patients, were tested for their susceptibility (agar dilution method) to
eight antibiotics with a modified Kirby-Bauer Disc diffusion technique. All strains exhibited
susceptibility to concentrations of honey below 6%(v/v). The result suggeted that honey may
have a potential role in the clinical management of B. ¢epacia infections.

Hegazi et al., ( 2001) tested the antibacterial activities of different types of Egyptian bee
products including honeys (citrus, cotton, sesame and clover) against five species of pathogenic
bacteria (Gram positive and Gram negative) Staphylococcus aureus, Streptococcus faecalis,
Corynibacterium pseudotuberculosis, Pseudomonas aeruginosa and Escherichia coli in relation
to some bee products. The results revealed that the different honeys, royal jelly and bee venom
were effective antibacterial agents against different pathogenic bacteria but less effective
against £. coli.

The honey possessed significant antibacterial activity against Escherichia coli ATCC 25922
under in vitro and in vivo conditions ( Shamala et al., 2002).

Miorin etal., (2003) tested the antibacterial activity against Staphylococcus aureus of honey
and propolis produced by Apis mellifera and Tetragonisca angustula. The minimum inhibitory
concentrations (MICs) of Apis mellifera honey ranged from 12623 to 185-70 mg ml-1 and of T
angustula from 142.87 to 214.33 mg ml-1. For propolis, the MIC ranged from 0-36 to 3-65 mg
ml-1 (4. mellifera) and from 0-44 to 201 mg ml-1 (T, angustula). The results showed that

propolis samples had higher antibacterial activity against S. aureus when compared with honey.
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Taormina et al., (2001) compared honeys from six floral sources for their inhibitory activity
against Escherichia coli O157:H7, Salmonella typhimurium, Shigella sonnei, Listeria
monocytogenes, Staphylococcus aureus, and Bacillus cereus. A disc assay revealed that
development of zones of inhibition of growth depends on the type and concentration of honey,
as well as the test pathogen. Growth of B. cereus was least affected. The inhibition of growth of
S. sonnei, L. monocytogenes, and S. aureus in 25% solutions of honeys was reduced by treating
solutions with catalase, indicating that hydrogen peroxide contributes to antimicrobial activity.
Weston et al., (2000a) studied High Performance Liquid Chromatograms of the phenolic
fraction of 19 samples of New Zealand manuka honey, some with high levels of non-peroxide
antibacterial activity and some with no such activity. The result indicated that phenolic
components of this honey are not responsible for the presence or absence of this activity in
manuka honey and the geography does not influence the phenolic composition of manuka
honey.

Sela et al., ( 2000) examined the antibacterial activity of natural honey consumption in patients
suffering from head and neck cancer who developed hyposalivation following irradiation
treatment. Enumeration of total bacteria and Strepfococcus mutans was carried out in saliva of
the patients and of a normal volunteer group before and after honey consumption. Total bacteria
count was not significantly different between both groups, whereas the Strepfococcus muians
count decreased significantly in the experimental group following honey consumption.

Honey from New Zealand and Saudi Arabia at concentrations approximating 20% (v/v)
inhibited the growth of /. pylori (28 clinical isolates) in vitro. The anti-H. pylori effect
involved both hydrogen peroxide- and non-peroxide-mediated killing mechanisms. Broth
dilution susceptibility tests were performed using solutions of honey prepared in BHI broth
ranging in concentration from 5 to 35% (v/v) in 5% increments. Osmotic effects were shown to
be the most important parameter for killing H. pylori as all carbohydrate solutions 15% (v/v)
inhibited 100% of the H. pylori (Osato etal., 1999 ).

Pure cultures of Pseudomonas sp. (isolated from swabs from from 20 infected wounds) were
assessed (on nutrient agar plates). The minimum inhibitory concentration of the manuka honey
for the 20 isolates ranged from 5.5-8.7% (v/v) (mean 6.9v/v), standard deviation (1.3). The
minimum inhibitory concentration of the pasture honey for the 20 isolates ranged from 5.8-9.0%
v/v (mean 7.1% 8v/v), standard deviation (1.0). The study suggested that honeys with an
average level of antibacterial activity could be expected to be effective in preventing the growth
of Pseudomonas on the surface of a wound even if the honey were diluted more than ten-fold by

exduation from the wound (Cooper and Molan, 1999).
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Ethiopian honey from 7rigona spp.was tested (Garedew et al., 2003) in vitro against four fungal
( Saccharomyces cerevisiae, Aspergillus niger, Pencillium chrysogenum, and Trichoderma
viride) and six bacterial species (Bacillus subtilis, B. megaterium, B. brevis, Micrococcus luteus,
Escherichia coli, and Pseudomonas syringae) in different concentraions (50 %, 20 %, 10 %, 5
%, 2 %, and 1%). Fungi were found to be less sensitive than bacteria or not sensitive at all to the
treatments. Only Aspergillus niger and Pencillium chrysogenum responded slightly at a higher
concentration. The minimal inhibitory concentrations of catalase treated heneys from stingless
bees were higher than that of the non-treated samples for most bacterial species.

Tonks et al., (2001) investigated the effects of manuka, pasture and an artificial honey on
macrophage function. Reactive oxygen intermediate (ROI) production was assessed by luminol
enhanced chemoluminescence and tumour necrosis factor-alpha (TNF-alpha) release was
determined by immunoassay. Reactive oxygen intermediate (ROI) production found to be
significantly (P<0.001) decreased by pasture honey and manuka honey TNF-alpha release
significantly enhanced (P<0.001) in unprimed MM cells by manuka and pasture honey but not
altered in primed cells.

Tonks et al., (2003) studied the effects of each of the three honeys (manuka, pasture and jelly
bush) on the release of important inflammatory cytokines from MonoMac-6 {MMS6) cells. The
results suggested that the effect of honey on wound healing may in part be related to the
stimulation of inflammatory cytokines from monocytic cells and such cell types are known to
play an important role in healing and tissue repair.

Several studies in antimicrobial activity of honey have been summarized by Molan (1992a).

[ Several authors (Adcock, 1962; Agostino et al., 1961; Allen et al., 1991; Bogdanoy, 1984:
Buchner, 1966; Cavanagh et al.. 1970: Chambonnaud, 1966, 1968: Christov and Mladenov,
1961; Chwastek 1966; Daghie et al., 1973: Dold et al., 1937; Dold and Witzenhausen,
1955; Dolezal et al., 1988: Duisberg and Warnecke, 1959; Dustmann, 1979; Dustmann,

‘ 1989; Effem, 1988; Franco and Sartori. 1940; Gonnet and Lavie,1960; Greceanu and
Enciu. 1976; Grochowski and Bilinska, 1987; Grochowskimand Bilinska, 1987: Hodgson,
1989; Ialomitzeanu et al., 1967; Ialomiteanu and Daghie, 1973; Ibrahim, 1981: James et
al., 1972; Jeddar et al., 1985; Linder, 1962; McGarry,1961; Meier and Freitag, 1955;
Mishref et al., 1989; Molan and Russel. 1988; Molan et al.,1988; Nabrdalik and Skarbek,
1974; Plachy, 1944; Popeskovic et al.. 1983; Pothmann, 1950; Prica,1938; Radwan et al.,
1984; Revathy and Banerji, 1980; Roth et al., 1986; Russel, 1983; Rychlik and Dolezal,
1961; Sackett , 1919; Schade et al., 1958: Sedova and Usmanov, 1973; Skrypnik and
Khorol'skii, 1974; Smith et al., 1969; Stomfay-Stitz and Kominos, 1960; Tomlinson and
Williams, 1985; Tysset and Durand, 1973; Tysset et al., 1980, 1987; Wadi et al., 1987;
Warnecke and Duisberg, 1958, 1964; Wellford et al., 1978; White et al., 1963; White and
Subers, 1963, 1964; Willix, 1991; Wooton et al., 1978) found honey to be complete
microbicidal action, complete inhibition of growth and partial inhibition of growth in
different concentrations (%) against Alcaligenes sp., Alcaligenes faecalis, Bacillus sp,
Bacillus alvei, Bacillus anthracis, Bacillus cereus, Bacillus larvae, Bacillus megaterium,

| Bacillus pumilus, Bacillus stearothermophilus, Bacillus subtilis, Citrobacter Jreundii, |
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Edwardsiella tarda, Escherichia coli, Haemophilus influenzae, Klebsiella sp. , Kiebsiella
pneumontae, Listeria monocytogenes, Micrococcus luteus, Mycobacteruim tuberculosis,
Neisseria sp., Pasteurella multocida, Proteus sp. , Proteus mirabilis, Proteus morganii,
Proteus vulgaris, Pseudomonas spp., Pseudomonas fluorescens, Salmonella enteritidis,
Salmonella cholerae-sui, Salmonella dublin, Salmonella gallinarum, Salmonella
paratyphi-A, Salmonella pullorum, Salmonella schottmulleri, Salmonella typhi,
Salmonella typhimurium, Salmonella typhosa, Sarcina lutea, Sarcina orangea, Serratiu
marcescens, Shigella sp,. Shigella boydii, Shigella dysenteriae, Shigella flexneri, Shigella
sonnei , Staphylococcus sp. , Staphylococcus aureus (albus), Staphylococcus aureus,
Streptococcus pyogenes, Streptococcus salivarius, Streptomyces sp,. Vibrio cholerae
biotype, Vibrio cholerae, and (fungi) Aspergillus flavus, Aspergillus fumigatus, Aspergilius
niger, Aspergillus parasiticus, Candida albicans, Candida pseudoiropicalis, Candida
rekaufii, Candida stellatoidea, Candida tropicalis, Candida utilis, Penicillium
chrysogenum, Penicillium sp.

Molan (1992a)

In addition, a number of other authors have also extensively reported the usage of honey
concomitant with the progress in medicine are far reaching successful developments in modern
science which also has an important place in apitherapy. This is supported by further findings
about ist biological properties such as antibacterial (Cooper et al., 1999; Al-Jabri, 2003),
antifungal (Dolezal et al., 1988; Mishref etal., 1989; Radwan et al., 1984; Revathy and Benerji,
1980; Rizvanov and Bizhev, 1962; Wellford et al., 1978), antioxidant ( Frankel et al., 1998), on
foot ulcers in lepers and diabetic foot ulcers (Tovey, 1991); on necrotic malignant breast ulcers
(Butler,1980), epithelialization of the wound ( Effem, 1988; 1993; Hejase et al., 1996;
Subrahmanyam, 1994; Subrahmanyam, 1998), promotion of the formation of clear healthy
granulation tissue ( Armon, 1980; Braniki, 1981; Cavanagh, 1970; Dumronglert, 1983; Effem,
1988, 1993; Farouk, et al., 1988; Hutton, 1966; Subrahmanyam, 1998; Wadi et al., 1987),
stimulant for the growth of new blood capillaries, fibroblasts and epithelial cells (Dunford,
2000ab), anti-inflammatory action (Subrahmanyam, 1998; Yang, 1944; Effem 1998, 1993,
Hejase et al., 1996),dental health (Attar, 1982; Gedalia et al., 1997; Grobler and Basson, 1997),
susceptibility of wound pathogens (Willix et al., 1992), wound treatment (Bergman et al., 1983;
Tovey, 1991; Blomfield, 1973; Farouk, et al., 1988; Wood et al., 1997; Hamdy et al., 1989).
Bejan et al., (1978); Kirienko et al., (1989) adviced inhalation of 50% aerosolized acacia honey
and propolis to supplement conventional therapy in curing chronic and exudative bronchitis.

Since the eighteenth century its benefits in treating "tough phlegm’, hoarseness, coughs, asthma

and consumption have been documented (Hill, 1759).
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3.4.6 Antimicrobial Activity of Other Bee Products

Honey is used to treat the hazards of radiation therapy in the mouth and throat like the honey
preparation: Apicomplex (made at Medex Laboratories of Ljubljana, Slovenia) ( Attar, 1982).
Other bee products such as propolis, pollen and bee bread (Greceanu and Enciu, 1976;
Grochowski and Bilinska, 1987) have also tested for antimicrobial activity. In addition,
comprehensive research work on the volatile components of honey and ist effects was found to
be very beneficial (Toth et al., 1987). Heavy hydrogen (deuterium) was discovered in honey at
Comell university (Helvey, 1953). This discovery could be helpful for further investigations on
the nature of tumor therapy with honey.

Acetone and ethanol extracts of two Bulgarian propolis samples (Bur and Lov) was investigated
( Prytzyka et al., 2003) by high temperature high resolution gas chromatography coupled to
mass spectrometry (HT-HRGC-MS), and their activity against Trypanosoma cruzi was
evaluated. The ethanol extracts—FEt-Bur and Et-Lov—showed similar composition, with a high
content of flavonoids, and strong inhibitory activity against 7. cruzi proliferative epimastigotes,
which were more susceptible than trypomastigotes. Both extracts also showed similar and
significant activity against Staphylococcus aureus and Candida albicans, while being inactive
against Escherichia col. ( Russo et al., 2002; Ota etal., 2001; Bankova et al., 2001).

Russo et al., (2002) investigated the antioxidant activity of a propolis extract deprived of caffeic
acid phenethyl ester (CAPE). In addition, the activity of CAPE and galangin was also examined.
The experimental evidence suggested that CAPE plays an important role in the antioxidant
activity of propolis.

Propolis from a cerrado area in Minas Gerais State, Brazil were tested for inhibitory activity
against periodontitis-causing bacteria. All of the assayed bacterium species found to be
susceptible to propolis extract (Santos et al., 2002).

Ota ct al., (2001) studied the antifungal activity of propolis in sensitivity tests on 80 strains of
Candida yeasts, 20 strains of Candida albicans, 20 strains of Candida tropicalis, 20 strains of
Candida krusei and 15 strains of Candida guilliermondii. The yeasts showed a clear antifungal
activity with the following order of sensitivity: C. albicans >C. tropicalis > C. krusei > C.
uilliermondii. Patients with full dentures who used a hydroalcoholic propolis extract showed a
decrease in the number of Candida.

The hepatoprotective activity of alcoholic extract of tropical Brazilian propolis found mainly

due to phenolic compounds including flavonoids. The labdane-type diterpenes and some of the
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prenylated phenolic compounds also possessed antibacterial activity against Helicobacter pylori
(Bankova et al., 2001)

Three ent-kaurene diterpenoids, not previously described as constituents of propolis, were
isolated from sample collected by Brazilian native bees Melipona quadrifasciata anthidioides.
One of them, kaurenoic acid, as well as the total extract, displayed moderate antibacterial
activity (Velikova et al., 2000).

Sforcin et al., (2000) observed in vitro antimicrobial activity (Staphylococcus aureus and
Escherichia coli) of propolis, collected during the four seasons, on bacterial strains isolated from
human infections. The growth of Gram-positive bacteria found to be inhibited by low propolis
concentrations {0.4%) whereas Gram-negative bacteria were less susceptible to this substance,
the minimal inhibitory concentration ranging from 4.5 to 8.0%.

Santos et al., (1999) evaluated the antibacterial activity of propolis produced in Brazil against
Actinobacillus actinomycetemcomitans, Fusobacterium spp. and Bacteria from the Bacteroides
fragilis group isolated from human and marmoset hosts.

Bankova et al., (1999) studied antibacterial activity of essential oils from Brazilian propolis.
Christov et al., (1999) studied antibacterial furofuran lignans from Canary Islands propolis.
Kujumgiev et al., (1999) investigated propolis samples from different geographic origins for
their antibacterial (against Staphylococcus aureus and Escherichia coli), antifungal (against
Candida albicans) and antiviral (against Avian influenza virus) activities. All samples found to
be active against the fungal and Gram-positive bacterial test strains, and most showed antiviral
activity.

Alcoholic extracts of propolis from four localities of Amaicha del Valle (El Paraiso, I.a Banda
Este, La Banda Oeste and El Molino), Province of Tucuman and from Cerrillos, Province of
Santiago del Estero, Argentina were prepared to test antibacterial activities against
Streptococcus piogenes. All showed antibacterial activity. The propolis from La Banda Este
found to be the most active (MIC=7.8 g/ml) ( Moreno et al., 1999).

A 13-month-old female infant developed bilateral eosinophilic ulcers of the mouth. Application
of the propolis ointment was associated with the rapid resolution of the ulcers within 3 weeks
and they did not subsequently occur (Kiderman et al., 2001).

The effect of some UV-absorbing substances inhibiting the DNA-dependent RNA polymerases
of Escherichia coli and Streptomyces aureofaciens, as well as the restriction endonuclease Eco
Rl isolated from the water soluble extract of propolis upon in vitro transcription and restriction
of DNA was investigated (Simuth et al.,1986). Authors suggested that the inhibition of bacteria
RNA-polymerases was probably due to the loss of their ability to bind to DNA.
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The DNA strand scission due to WSSP (Water Soluble Substances of Propolis) and quercetin
was investigated The single strand scission of cccDNA and the formation of oc DNA was
observed. The degree of the DNA cleavage in the presence of Cu®* was enhanced and the oc
DNA conversion into linear DNA and fragmental DNA was observed in a study made by
Simuth (1991).

Hive products also play a crucial role in cell metabolism. One of such processes is gene
expression: the transcription and the translation of the genetic information ( Simuth, et al.,
1995). The effect of WSSP (Water Soluble Substances of Propolis) and WSH (Water Solution
of Honey) on plasmid and chromosomal DNA as model biopolymers sensitive to the oxidative
damage was studied by Simuth et al.,( 1995). The single and double stranded scission of
covalently closed circular DNA was observed after 72 hours exposition of the plasmid to the
WSSP.The same effects on plasmid DNA was found after employing WSH (6% or 12% v/v).
After addition of 1 mmol.L "'CuSO; the total degradation of plasmid DNA was observed after
20 minutes. The results indicated that in WSH reactive oxygen free radical are produced in low
amounts ( the DNA damage was observed only after 3 days)which are not sufficient to
overcome the protective mechanism of animal cell into oxidative stress. This state is changed by

the addition of 1 mmol.L. ~' Cu2" to the reaction. The total DNA degradation was observed after

short time (20 min.).
3.5 Materials and Methods

All honeys produced by Apis cerana, A. dorsata, and A. mellifera were collected directly from
the colonies at the same location and floristic region during different months from different
agro-ecozones:terai, hills and mountains.

A small piece of sealed honey combs from Apis cerana were collected directly from traditional
hives and Newton B hives in Chitwan, Daman, Dadeldhura, Jumla, Kathmandu and Langtang
areas.

Apis mellifera honeys were collected from modern hives in Chitwan and Kathmandu district.
A.dorsata honeys directly collected from the colonies in Chitwan, Apis florea in
Mahendranagar and Dadeldhura,and A. laboriosa in Barabise and Bajhang.

Based on their altitudinal ranges samples were aggregated in simpler classification of terai, hills
and mountains. The honey samples collected from Chitwan and Mahendranagar were grouped
under terai (< 500masl); Kathmandu, Arghakhachi, Barabise, Bajhang and Dadeldhura under

hills (500-2000masl); and samples from Jumla, Langtang and Daman were placed under

mountains (2000-3000masl).
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Overall 164 honey samples assayed had been kept in plastic bottles and stored in dark at 4°C

until being used.

The laboratory testing on each relevant samples were carried out at the Institut fiir Futtermittel,
Austrian Agency for Health and Food Safety (Agricultural Inspection Service and Research
Centre), Vienna. And, the method was adopted from Molan (personal communication).

Inoculum Preparation

A culture of Staphylococcus aureus ATCC 6538P obtained from the Institut fiir Futtermittel,
Vienna was added to sterile liquid nutrient agar (23g/L 001-7-0 DIFCO) at 45°C .

Plate Preparation

The template was prepared on card. A grid was drawn on the card, away from the sides, and the
wells were centered on the intersections of the grid. The intersections were numbered using a
white china pencil just above the intersection using a quasi-Latin square which enabled the
samples to be placed on the plate.

To preapare the assay plates, 150 ml nutrient agar (23g/L 001-7-0 DIFCO) was sterilised
(autoclave 15 min at 121 °C), then held at 50° C before seeding with the 1 ml of log phase
culture . The agar was then, as quickly as possible, swirled to mix throughly and poured into a
large square assay plate (25 X 25 ¢cm) which had been placed on a level surface. When the agar
was set the plates were placed upside-down at 4 °C for 1 hour before using,

Catalase solution

A 2 mg/ml solution of catalase from bovine liver (Sigma C-9322; 2460 units/mg) in distillated
water was prepared freshly each time.Honey samples as received were mixed to homogenise
(warming briefly to 37°C being necessary for this with solid samples).All samples were stored
in the refrigerator , and all honey samples and solutions of honey were kept protected from light
when not being handled.

Preparation of honey solutions

A 50%(v/v) solution of each honey was prepared initially to overcome the problem of the high
viscosity of honey preventing it mixing properly, and being measured by pipette, in subsequent
dilution procedures. This initial solution was prepared by taking a sample of honey and adding
an equal volume of water. The volume of honey taken was most expediently measured by
placing (approximately) 10-12 ml of honey in a stoppered 25 ml measuring cylinder and adding
(by pipette) 10 ml distilled water, and warming in a waterbath at 37C for 30 minutes to aid
mixing. After allowing to cool, the precise volume of honey that had been taken was determined

as the difference between the volume in the measuring cylinder and the 10 ml of water that had
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been added. The volume was then adjusted, by adding distilled water, to be exactly twice the
volume of honey that had been taken.To prepare 25%(v/v) solutions, to I ml of 50%(v/v) honey
solution was added 1 mi of distilled water for testing total activity, or 1 ml of catalase solution
for testing non-peroxide activity.

Application of samples to the plate

Each sample was tested in quadruplicate by adding 150 ul to cach of wells with the same
allocated number on the assay plate. As a control to check of hydrogen peroxide activity and no
detectable non-peroxide activity was included with each batch of tests: this served as a blank for
the assay, as there should be no zone of inhibition around this control.

Standards

A range of phenol standards was prepared in distilled water:1,2,3,4,5,6,7,8,9,10% (w/v).

A volume of 150ul of each standard was placed in each wells on the plate to obtain a standard
curve for the assay.

Using a quasi-Latin square as a template, 20 wells were cut into the agar with a flamed, cooled
13 mm cork borer and the agar plugs removed with a sterile inoculating needle after being pre-
diffuse at 4°C for 1 hour.

The wells completely filled with the phenol standards and samples to be assayed and the agar

plates were incubated at 37°C for 5-7 hours or until growth and zones of inhibition could be

clearly seen.
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Zone measurement

The clear inhibition zones (antibacterial activity) were assessed by measuring the diameter of
the zones using a projector (calliper) around each well in which no growth was seen.

Calculation of antibacterial activity

The diameter of the clear zone around each phenol standard was calculated and squared. A
standard graph was plotted of % phenol against the square of the diameter of the clear zone. A
best-fit straight line was plotted and the equation of this line was used to calculate (from the
square of each measurement of the diameter of the clear zone) the phenol concentration (%w/v)
with equivalent activity to that of each honey solution. These values were then multiplied by 4
so the activity of the undiluted honey samples could be expressed as the equivalent phenol

concentration.

Statistical analysis

The statistical analysis was carried out with the SAS (Statistical Analysis System) for windows
6.12. A non- parametric test was perfomed because calculated residuals were not normally
distributed. The Kruskal-Wallis test followed by the Bonferroni-Holm test was performed to
analyse the antibacterial activity for significant differences.These tests compare the mean values
for activity in honeys produced by each three bee species Apis cerana , A. dorsata and 4.

mellifera, and 4. cerana honey from differnt locations equivalent to that of % phenol.

3.6 Results

Nepali honeys produced by different five bee species: Apis cerana, Apis dorsata, Apis
laboriosa, A.florea and A. mellifera in different ecozones (terai, hills and mountains) were tested
in a study of the peroxide and non-peroxide antibacterial action on Staphylococcus aureus
ATCC 6538 P. Apart from Apis mellifera, all four are indigenous species of Apis found in
Nepal. It was found that the activity varied when compared with that of a reference antiseptic
phenol.

The peroxide and non-peroxide antibacterial activity against Staphylococcus aureus ATCC
6538P of honey samples produced by Apis cerana bee from five different locations that
represent terai, hills and mountains in Nepal are represented in figurel and table 1. Sample

collection locations and antibacterial activity values are given in annexes.
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The Apis cerana honey produced in Langtang had highest inhibitory peroxide activity against
the Staphylococcus aureus ATCC 6538 P followed by the honeys from Chitwan, Dadeldhura,
Daman and Kathmandu equivalent to that of 7.0 %, 4.8 %, 4.1 %, 2.5%, 2.3 % (w/v) phenol
whereas, Jumla honey showed no peroxide and non-peroxide activities as well ( fig.1, table 1).
Only the Chitwan and Daman honeys showed the non-peroxide antibacterial activity 2.8 and 2.2

equivalent to that of % phenol respectively amongst all ( fig.1, table 1).

Figure 1. Antibacterial activity of Apis cerana honeys on Staphylococcus aureus

ATCC 6538P. Results are expressed in equivalent % phenol.
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Table 1. The sensitivity of Staphylococcus aureus ATCC 6338P to the
hydrogen peroxide and non- peroxide antibacterial activity of 4pis cerana
honeys from different locations of Nepal.

Equvalent Chitwan Daman Dadeldhura Jumila Kathmandu Langtang
% phenol

n=32 n=3 n=4 n=5 n=4 n=10
Peroxide 4.8 2.5 4.1 0 2.3 7.0
activity
Non- 2.8 2.2 0 0 0 0
peroxide
activity

Note: Apis cerana samples didnot show any significant difference among the locations
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The effectiveness of Apis cerana honeys in inhibiting Staphylococcus aureus ATCC 6538 P
was seen across 36.66 % and 10 % of the honey samples for peroxide and non-peroxide
activities respectively from different eco-zones, except Jumla (iable 4).

Comparisons between the sensitivity to honey of different locations showed no significant
differences in both activities equivalent to that of % (w/v) phenol observed among all the
locations.The antibacterial activity and difference in activity of honey samples produced by Apis
dorsata, A. cerana and Apis mellifera in Chitwan district , central Nepal are presented in figure
2 and table 2 & 3. Apis mellifera honey showed the highest peroxide activity equivalent to that
of 11.1 % phenol followed by Apis dorsata and Apis cerana honeys 5.0% and 4.8%
respectively. Similarly, Apis cerana honey had non-peroxide activity equivalent to that of 2.8%
phenol followed by 4. mellifera (1.9%) and 4. dorsata (1.7%) honey respectively

(table2). Honey from Apis cerana -A. mellifera (P=0.0009) and A. dorsata-A.mellifera
(P=0.0010) showed significant difference in peroxide activity, whereas honey produced by two
native bee species 4. dorsata and A. cerana did not show significant difference in peroxide

activity (table 2).

Figure 2. Antibacterial activity of Apis cerana, A. dorsata and A. mellifera

honeys from Chitwan. Results are expressed in equivalent % phenol.
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Table:2 The sensitivity of Staphylococcus aureus ATCC 6538P to
the hydrogen peroxide and non-peroxide antibacterial activity
of Apis cerana, A. dorsata and A. mellifera honeys from Chitwan.

Equivalent %  Apis cerana Apis dorsata  Apis mellifera
phenol

n=32 n=435 n=48
Peroxide 48" 50° ILTT
Non-peroxide 2.8 7 1.9

The different letters a, b, super-scribed after the means in a row denote
the statistical significance between the analytical values obtained for
three honey groups.

There was no significant difference in non-peroxide antibacterial activity of honeys from all
three species produced in Chitwan.

The peroxide and non-peroxide antibacterial activity of honeys produced by Apis cerana,
A.dorsata, A. laboriosa, A. florea and A. mellifera in different eco-zones of Nepal are tabulated
in table 3 and presented in fig.3.

It is apparent that Apis mellifera honey had highest peroxide activity equivalent to 10.7 %
phenol followed by A. florea, A. laboriosa, A. dorsata and A. cerana honeys 10.4%, 6.2%, 5%
and 4.5% respectively (table 3). For non-peroxide activity, mean values with 4pis florea honey
from Dadeldhura was found to be 9.3 % and with Apis laboriosa honey from Bajhang was 5.8
equivalent to that of % phenol (table 3). Apis mellifera, A. dorsata and A. cerana honeys also
found to have non-peroxide activity as well ( Fig.3, table 3 ).

Honey produced by Apis florea in Mahendranagar, 4.laboriosa in Barabise, 4. cerana in
Arghakhachi (two samples), and 4. mellifera ( two samples) in Kathmandu from were to a level
that was below the limit of detection.

Over all Nepali honey samples from different locations of Nepal had peroxide activity 6.7 %

equivalent to phenol and non-peroxide activity 2 % equivalent to phenol (table 3, Fig. 3).
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Figure 3. Antibcterial activity of Apis cerana, A. dorsata, A. mellifera, A. labotiosa
and A. florea honeys on Staphylococcus aureus ATCC6538P. Results are expressed in

equivalent % phenol.
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Table 3. The sensitivity of Staphylococcus aureus ATCC 6538P to the hydrogen

peroxide and non-peroxide antibacterial activity of honeys produced by different bee

species in Nepal.

Equivalent %  A.cerana A.dorsata A.mellifera A, laboriosa A. florea  Total

phenol ; samples
' n=60 n=45 n=50 n=6 n=3 n=164

Peroxide 4.5 5.0 10.7 6.2 10.4 6.7

activity

Non-peroxide 1.6 1.7 1.9 5.8 9.3 2.0

activity

Note : Apis florea honey samples collected from Mahendranagar and Dadeldhura.
A. laboriosa honey samples collected from Barabise and Bajhang.

The effectiveness in inhibiting Staphylococcus aureus ATCC 6538P was seen across 68 %
(peroxide) and 10 % (non-peroxide) in A. mellifera honey, 66.66 % ( both peroxide and non-

peroxide) in A. florea honey, 36.55% (peroxide) and 10% (non-peroxide) in 4. cerana honey,
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35.55 % (peroxide) and 15.55 % (non-peroxide) in A. dorsata honey, 33.33 % (peroxide and
non-peroxide) of the total samples samples in 4. laboriosa honey. Of the over all 164 honey

samples 46.34 % showed peroxide and 13.41 % showed non-peroxide antibacterial activities

(table 4).

Table 4.Table showing percentile of the samples having peroxide and non-peroxide
activity in Nepali honeys.

Bee species Number of Number of Peroxide Non-peroxide j
samples samples activity activity
(Pe) (Non-pe) (%) (%)
Apis cerana 22/60 6760 36.60 10
Apis dorsata 16/45 7/45 1533 LSEOIS)
Apis mellifera 34/50 5/50 68 10
Apis laboriosa 2/6 2/6 43.33 33.33
Apis florea 2/3 2/3 66.66 66.60
All 76/164 22/164 46.34 13.41

Note: Two samples of A. cerana honey and two samples of A. mellifera honey from Arghakhachi
and Kathmandu respectively are also included

3.6.1 Discussion

There have been different values reported for the sensitivity of Staphylococcus aureus to the
antibactrerial action of honey.

This study provides conclusive evidence for the existence of antibacterial activity in honey
produced by different bee species that is not due only to hydrogen peroxide. In the honeys of
higher antibacterial activity, the non-peroxide activity is the important part of the total
activity. There is no possibility of the inhibition of bacterial growth being due to the
osmolarity of the honey.

The inhibitory concentration of honey has been reported to be for all of the eighteen strains
of methicillin-resistant Staphylococcus aureus tested, the MIC values against manuka and
pasture honey were below 10 % (v/v), but concentrations of artificial honey at least three
times higher were required to achieve equivalent inhibition in vitro. Comparision of the MIC
values of antibiotic-sensitive strains with their respective antibiotic-resistant strains
demonstrated no marked differences in their susceptibilities to honey (Cooper et al., 2002b).
The antibacterial activity against Staphylococcus aureus of honey and propolis produced by
Apis mellifera and Tetragonisca angustula was evaluated. The minimum inhibitory
concentration (MICs) of 4. mellifera honey ranged from 126-23 to 185-70 mg ml-1 and of 7.
angustula from 142-87 to 214:33 mg ml-1 (Miorin et al., 2003)
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The study was undertaken to compare honeys from six floral sources for their inhibitory
activity against Escherichia coli O157:H7, Salmonella typhimurium, Shigella sonnei, Listeria
monocytogenes, Staphyvlococcus aureus, and Bacillus cereus. The inhibition of growth of S.
sonnei, L. monocytogenes, and S. aureus in 25% solutions of honeys was reduced by treating
solutions with catalase (Taormina et al., 2001).

In the study by Dustmann, (1979), the analysis made by very sensitive test tube dilution test
after having sterilized the honey solution by sterile-filtration. The concentration of honey (%)
for complete inhibition of growth was found to be 0.3 against S. qureus..

Previous studies have reported the concentrations of honey (%) for complete inhibition of
growth was found for S. aureus were 0.6 (Christov and Mladenov, 1961 ), 1 (Molan and
Russel, 1988),1.56 (Rychlik and Dolezal, 1961), 2.9 { Dold and Witzenhausen,1955;
Hodgson, 1989), 50 (Jeddar et al.,1985), and 10 (Dold and Witzenhausen, 1955), 3 (Schade et
al., 1958; White et al., 1963; White and Subers, 1963; 1964a), 3.1 (Dolezal et al., 1988). The
concentration of honey (%) for complete microbicidal action was found to be 1.3 (Christov
and Mladenov, 1961),1.5 (Buchner, 1966), 9 (Prica,1938), 20 (Franco and Sartori, 1940), 50
(Adcock, 1962; Mishref et al., 1989). 0.4 % (Willix, 1991), 1.4% (Hodgson, 1989), 17%
(Dold et al., 1937), 20% (Bogdanov, 1984) honey concentrations found to be partial inhibition
of growth action against Staphylococcus aureus.

The present study could reflect differences in antibacterial potency ( % phenol equivalent) of
Nepali honeys against Staphylococcus aureus 6538P produced by different bee species.

Like the preliminary studies made by several workers, this study has shown that there is some

variation in the levels of antibacterial activities observed for Nepali honeys.

Antibacterial activity of Apis cerana honeys from different eco-zones

Some differences found in the present study in the antibacterial activity of a Apis cerana
honeys, collected from different eco-zones. Apis cerana honey from Langtang, which
accounts on average for 7.0 equivalent to that of % phenol, was the higher peroxide activity
(fig.1, table 1). It was clear that Langtang, Dadeldhura and Kathmandu honey was active
without catalase added to exclude activity due to hydrogen peroxide. On the other hand,
Chitwan and Daman had both peroxide and non peroxide activities as well.

An explanation for differences observed in the levels of hydrogen peroxide-induced
antimicrobial activity is unknown. Several authors believe that hydrogen peroxide produced
by honey glucose oxidase (Gauhe, 1941; White et al.,1963;1964; Dustmann, 1972, 1979;
Burgett, 1973; Morse, 1986; Taormina et al., 2001; Schepartz and Subers, 1964) and
differences in activity could be due to varying levels of other antibacterial compounds coming
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from the nectar source ( Vergé, 1951; Schuler and Vogel, 1956; Lavie and Grasse, 1963;
Gonnet and Lavie, 1960; Mladenov, 1974) or it has been associated with floral source (Brady
et al., 2004).

The findings in this study indicate that there were no significant between the A. cerana
honey produced in different locations in their effectiveness (peroxide and non-peroxide)
against Staphylococcus aureus ATCC 6538P, and there was no individual honey that showed
a significantly greater activity equivalent to that of % phenol (w/v) to S. aureus.

Low levels of non-peroxide activity were found only in A. cerana honeys from Chitwan and
Daman (fig.1, table 1) with sufficient catalase added to remove hydrogen peroxide. Manuka
honey was found to have a particularly high level of this type of activity (Molan and Russel,
1988).

Apis cerana honey showing higher peroxide antibacterial activity from Langtang region ( the
mountain) may be due to high glucose oxidase. The glucose oxidase was found to be
significantly higher in mountain honeys than those of terai and hill honeys (Joshi, 1999).
Honey may also contain enzymes of plant origin from nectar or honeydew, and possibly from

pollen (Crane, 1990). A major part of the antibacterial activity of honeydew honey is of bee

origin ( Bogdanov, 1997a).

Antibacterial activity of different honeys produced by Apis cerana, A. dorsata, A.
laboriosa, A. florea and A. mellifera

Regarding the results of antibacterial activity of different honeys produced by Apis cerana, A.
dorsata, A. laboriosa, A. florea and A. mellifera against Staphylococcus aureus, it was
obvious that the A. mellifera honey showed the highest peroxide activity equivalent to that of
% phenol followed by A4. florea, A. laboriosa, A. dorsata and A. cerana.While, 4.florea had
highest non-peroxide antibacterial activity 9.3 followed by A. laboriosa, A. mellifera, 4.
dorsata, and A. cerana equivalent to that of % phenol (fig.3, table 3).

The manuka honey showed inhibitory activity against Staphylococcus aureus ATCC 25923
equivalent to that of 13% (w/v) phenol with enzyme catalase (Allen et al., 1991b).
Furthermore, different levels of antibacterial activity against Staphylococcus aureus were
observed for a given floral source in the research presented by Allen et al., 1991b (buttercup
17.1% and 13.1%:; clover 10.1% and 13.9%; kamahi 13.7% and 13.8%; kanuka 27.9% and
21.6%:; rewaewa 16.9% and 20.9%, respectively). As figure 1, 2, 3 and table 1, 2, 3 revealed,
the activity evaluated in this study found to be lower or roughly similar (clover honey vs

florea honey) than that of different honeys from New Zealand.
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The variation of the antibacterial activity of different honey were attributed to the previously
mentioned factors which influenced the antibacterial activity as osmolarity and acidity of
honey which undoubtely limit bacterial growth (Molan et al., 1988; Molan, 1992a), honey pH
or activity of glucose oxidase (Chirief et al., 1982), hydrogen peroxide (Roth et al., 1986:
Dustman, 1987), non-peroxide substances (Effem, 1988; Bogdanov, 1984) and volatile
antibacterial substances (Radwan et al., 1984).

In other honeys, such as manuka, kanuka and, penny royal provided honey additional
antibacterial components activity in dilute solutions is linked to plant-derived substances, and
hydrogen peroxide generation is minimal (Molan, et al., 1988). From New Zealand honeys,
mainly manuka and viper’s bugloss honey, several aromatic acidic substances with
antibacterial activity have isolated (Molan, 1992a). These substances were proved to have a
floral origin. Generally, the phytochemical components make only minor contribution to the
antibacterial activity of honey but, for a few honeys ( eg. manuka honey), unidentified
phytochemichal compounds make a major contribution { Molan, 1992ab).

According to Dunford et al., (2000a b) the additional antibacterial agents, which are plant
derived chemicals, for example bioflavonoids, are present in honey.

Although the mechanisms by which honey inhibits bacteria have not yet been completely
explained, osmolarity, hydrogen peroxide generation and phytochemicals contribute to the
antibacterial activity (Molan, 1992ab).

It has also been claimed, that honey contains lysozyme, a well known antibacterial agent
(Mohrig and Messner, 1968). However, in an other study it was found that no lysozyme
activity was present in honey (Bogdanov, 1984). The antibacterial activity in honey is due to
sugars, which by their osmotic effect exert antibacterial action (Molan,1992a). Honey
contains a number of flavonoids (Sabatier et al., 1992), many of which are known to have an
antibacterial action. In this study there is no possibility of the inhibition of bacterial growth
being due to the osmolarity (and pH) of the honey. Staphylococcus aureus ATCC 25923 was
not inhibited by the osmolarity or the acidity of the honey when pH was found to be 4.0 in
study made by Molan and Russel (1988). Honeys samples assessed in this study having
peroxide and non-peroxide antibacterial activity could be due to bee and plant origin.

Also, other workers found non-peroxide activity of honey, extractable by organic solvents, but
were not able to identify the chemical nature of the substances ( Roth ¢t al., 1986; Schuler and
Vogel, 1956).

Some workers believe that differences in activity is because of hydrogen peroxide produced

by honey glucose oxidase (White et al., 1963, White and Subers 1964ab; Dustmann, 1972,
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1979; Morse, 1986; Taormina et al., 2001) and other factors also play an important role for
(varying levels of) antibacterial activity coming from the nectar source ( Verge, 1951; Schuler
and Vogel, 1956; Lavie and Grasse, 1957, 1960; Gonnet and Lavie, 1960; Mladenov, 1974;
Dustmann, 1979), other authors have considered that the non-peroxide activity is the more
important one (Gonnet and Lavie,1960; Mohrig and Messner,1968; Radwan et al.,1984) and
the presence of higher amount of hydrogen peroxide produced by the action of glucose
oxidase in honey responsible for antibiotic activity ( Adcock, 1962; White et al., 1963; White
and Subers, 1963; Wakhle and Desai, 1991; Molan, 1992a) or peroxide-induced antimicrobial
activity has been associated with floral source (Brady et al., 2004). All of the glucose oxidase,
and the major part of the proline and invertase in honey originated from the hypopharyngeal
glands of the honey bees (Greich and Delage-Darchen, 1978; Dustmann, 1967; Edelhauser
and Bergner, 1984; Von der Ohe et al, 1991; Von der Ohe, 1994). Some of the non-peroxide
activity is of floral origin (Bogdanov, 1996, 1997a,1997b) while honey acidity, diastase and
invertase (White, 1967, 1978) are known to have a bee origin.

The invertase and glucose oxidase were found to be higher in Nepali honeys from Apis
Sflorea, Apis dorsata, A. laboriosa and A. cerana than that of 4. mellifera from the same
location ( Joshi, 1999). Honey bees (Apis mellifera L.) feed mainly on nectar and pollen (
Imdorf et al., 1998). Apis dorsata, A laboriosa, A. florea and A. cerana bees collect more
honeydew and have higher electrical conductivity than A. mellifera bees. The honeydew
honey has higher content of enzyme invertase, and glucose oxidase than that of nectar or
blossom honey (Joshi, 1999). In addition, generally it was found that higher the electrical
conductivity higher is the pH value (Joshi et al.,1998). Another investigation claimed, that the
low honey pH was responsible for the antibacterial activity (Yatsunami and Echigo, 1984).
Joshi (1999) found different pH values 3.78 for 4. florea, 3.93 for 4. laboriosa, 3.68 for A.
dorsata (Chitwan), 3.2 for A. cerana (Chitwan), and 3.52 for 4. mellifera (Chitwan), 3.75 for
A. cerana (Kahmandu), 3.23 for A. mellifera {(Kahmandu) honeys from Nepal. However,
studies in which acidity was taken into account found no correlation between antibacterial
activity and the pH of the honeys studied (Bogdanov et al., Daghie et al., 1971; Plachy, 1944;
Rachlik and Dolezal, 1961; Stomfay-Stitz and Kominos, 1960 ). Only in undiluted honey the
acidity is a significant antibacterial factor.

Peroxide antibacterial activity exhibited by the honeys from native bee species. 4. florea, A.

laboriosa A. dorsata and Apis cerana may also be due to honeydew honey.
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Antibacterial activity of Apis cerana, A. dorsata and A. mellifera honeys from Chitwan

Comparisions between the sensitivity to honey produced by Apis cerana, A. dorsata, and A.
mellifera in Chitwan showed significant differences in peroxide antibacterial activity.
Whereas, no significant differences between the activity to local bee species Apis cerana and
Apis dorsata honey was observed (fig. 2, table 2). The mean values with Apis cerana honey
was 4.8 (table 2).

Apis mellifera bees in Nepal is being treated with oxytetracycline to control bacterial diseases
such as AFB and EFB. The oxytetracycline content in two Apis mellifera honey samples from
Kathmandu was amounted 5730 pg/kg and 932pg/kg. This could be the reason behind good
antibacterial activity showed by A4pis mellifera honey. But rest of the honey samples from
Apis mellifera, and A. cerana honeys from Kathmandu & Chitwan and 4. dorsafa honey from
Chitwan did not show sulfonamide and oxytetracycline residue.

There is a possibility that the hydrogen peroxide produced in the honey contributes to
peroxide antibacterial activity. Variations in antibacterial agents and in the amount of
hydrogen peroxide explain the wide ranging effects of honey from different plant sources (
Molan, 1992ab).

Surprisingly the honey samples from Jumla, where honeydew flow is high, did not show
sensitivity to the bacteria (fig 1, tablel). This result has came through beyond the
expectations. Dustmann (1979) suggested that the glucose oxidase in honeys derived from
certain floral sources may be more susceptible to destruction by light. As well, the limited
number of samples do not preclude its quality for antibacterial activity. The amount of
enzymes added to nectar or honeydew depends on various factors such as age, diet and
physiological stage of the bees, strength of the colony, pollen consumption, temperature etc.
(Brouwers, 1982, 1983; Simpson, 1968; Persano Oddo et al., 1999). The concentration of the
enzymes also depends on the period of time; how long and how intensively bees work in
making honey (Von der Ohe, 1996).

The hydrogen peroxide amount in honey is very small and it can be produced only in after
aerobic incubation of diluted honey solutions, which might mean that it is not very important
for the antibacterial activity of honey { Bogdanov, 1984) therefore non-peroxide activity is
more important (Gonnet and Lavie, 1960; Mohrig and Messner, 1968; Radwan et al., 1984).
On the other hand, White et al., (1963); White and Subers (1964ab); and Dustmann, (1972,
1979) demonstrated that glucose oxidase-hydrogen peroxide system is the most important
factor. The quality of glandular secretion may also vary from species to species, for instance

within a same period of time Apis dorsata may add more glandular secretion in the honey.
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Therefore in the case of Nepali honeys, the major part of anibacterial antibacterial activity
(peroxide) observed in this study came from bees.

There is a highly significant correlation between the free acidity, the diastase and the invertase
activity on one hand and the bacterial inhibition on the other a part of the non-peroxide
antibacterial activity has a bee origin (Bogdanov, 1996). When many honeys are diluted, a bee
derived enzyme ( glucose oxidase) present in the honey is activated and catalyses the slow
generation of hydrogen peroxide which inhibits bacterial growth (White et al,. 1963). This
activity varies markedly from honey to honey (Molan, 1992a). In some honey, additional
antimicrobial activity following dilution is due to activation of bee-derived glucose oxidase,
which catalyses slow release of hydrogen peroxide from the glucose containes within honey
(Cooper et al., 2002).

The enzyme catalase had long been thought to be present in honey (Schepartz, 1966).
Catalase comes from the pollen and nectar of certain plants; more coming from the nectar
(Dustmann, 1971). Schepartz and Subers (1966) have suggested that certain floral sources
have different levels of peroxide activity as a result of different amounts of catalase being
present from different types of plants. In the destruction of hydrogen peroxide associated with
floral sources is due to the plants contributing catalase to the honeys (Molan, 1992a). Honeys
from some floral sources have been found to have very high levels of catalase, and these
honeys accumulate low levels of hydrogen peroxide: the ones accumulating high levels of
hydrogen peroxide had low levels of catalase ( Dustmann, 1971, 1972 ). The variation in the
antibacterial activity or non-peroxide activity was found from different floral sources (
Popeskovic et al., 1983; Bogdanov, 1996, 1997; Hegazi et al., 2001) and the presence of
flavonoid in honey may attribute to the antibacterial action (Sabatier et al., 1992; Dunford et
al., 2000a).

Apart from mustard and some selective cash crops such as cotton, jute, sugar cane and
tobacco in the terai and inner terai, there does not exist any extensive monoculture of any
crops in Nepal. Also, among wild vegetations the bee forage elements are sparse and mixed
well within the foraging distances of the bees. Under such intensive situations it is not
possible to find pure unifioral honeys ( Kafle, 1979, 1984; Kafle, 1992).

Adcock {1962) found that increasing the amount of catalase added removed the residual
activity (hydrogen peroxide). The amount of catalase added was sufficient to destroy the
antibacterial effect of hydrogen peroxide. In other study (Allen et al., 1991) finding similar
results, it could be seen that the catalase was effective in use, in that it removed all detectable

activity from New Zealand honeys with very high levels of activity.
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In this study, the honey, which has a non-peroxide antibacterial activity that is affected by
catalase, may be from different plant sources or due to other substances exist in honey. No
significant differences in non-peroxide activity were found between the bee species and
locations. On the other hand, peroxide antibacterial activity showed by 4. cerana and A.
dorsata (which often feed on honeydew) could be due to hypopharyngeal gland secretion like
A. florea and A. laboriosa. Although the concentration of hydrogen peroxide in the honey
samples was not measured in this study.

The organism used for this assay, Staphylococcus aureus, was found by Dustmann (1979) to
be the most sensitive to hydrogen peroxide. It was also selected by Dold and Witzenhausen
(1955) for determining the inhibine number’ of honeys. The bioassay used would of course
not give a correct result if other antibacterial substances were present, but would give the
(total) activities of hydrogen peroxide that could be present, including other form of activity
(non-peroxide) by addition of catalase.

In the present study in which non-peroxide antibacterial activity were found, may explain the
different findings of some other workers. Dustmann (1979) reported the existence of non-
peroxide activity but concluded that it was only a minor portion of the total activity.

Those who found that all of the activity could be attributed to bee origin may have been
working with honeys (especially from native bees) which had relatively good peroxide
antibacterial activity. Interestingly, not a single honey sample found to have only non-
peroxide activity in this study. The data presented from the present study show the variation
between different honey types, the existence of non-peroxide activity occuring in honeys
with high overall activity.

It is very important to mention that the agar well diffusion technique used is one of the good
techniques.The test solution becoming diluted as it difuses into the agar. The inhibine
number of Dold and Witzenhausen (1955) is determined by incorporating the honey, at
various standard dilutions, in the agar before the plates are poured. The highest inhibine
number was assigned to inhibitory activity with the honey diluted to1/20 of its original
strength. Even with the agar well diffusion technique, several honeys used by Molan and
Russel (1988) was found to have quite high activity when tested at 1/30 of their original
concentration and the most active prevented growth around the well at a dilution of 1/40.

As in the research presented by Allen et al., (1991), an agar well diffusion assay was used. In
such assays, sensitivity is often low as samples are diluted as soon as they diffuse into the
agar (Cooper, 1963). The logarithm of the concentration of an antibacterial substance is

proportional to the square of the extent of the zone of inhibition in an agar diffusion assay
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(Cooper, 1963). However, the technique allows the comparison of the relative activity of
different honeys to be made reliably. The method has advantage, however, that it allows large
numbers of samples to be analysed quickly and efficiently. It is also considered an appropriate
model for the application of topical antibacterial agents into infected areas where there is little
blood supply (Heggers et al., 1987). Despite this, it is plausibe that honeys previously thought
to be inactive may actually have antimicrobial activity when measured using a more sensitive
assay, albeit at low levels. Such low levels of activity are likely to not be useful as
antibacterial agents (Brady et al., 2004).

It can be clearly seen that in general, where a honey has a high antibacterial activity, this is
because it has a good non-peroxide activity in addition to the more generally recognized
hydrogen peroxide in contrary to White et al., (1963); White and Subers (1964ab) and
Dustmann, (1972, 1979).

Finally, the antimicrobial potency of honey varies with its geographical, seasonal and
botanical source as well as through harvesting, processing and storage conditions.

Thus, only honeys of proven high potency should be used to treat infected wounds ( Natarajan
et al., 2001).

The honeys produced in Chitwan from Apis cerana, 4. dorsata and A. mellifera showed
peroxide and non-peroxide antibacterial activity as well. Only the honey from Apis cerana
bees produced in Chitwan and Daman showed both peroxide and non-peroxide antibacterial
activities. Whereas, 4. cerana honey Langtang showed relatively high peroxide activity than
those of Dadeldhura and Kathmandu. Honeys from Apis cerana, A. dorsata, A. florea,
A.laboriosa and A. mellifera exhibited peroxide and non peroxide activities as well.

The levels of peroxide antibacterial activity did not differ dramatically within a floral source.
It is possible that the levels of antibacterial activity observed may have been due to bee origin.
Although, hydrogen peroxide was not only antibacterial substance involved in Nepali honey
samples there may be phytochemical or other additional factors contributing for antibacterial
activity in Nepali honey. This additional activity is presumably of floral origin, the high
activity being generally associated with honeys from some floral sources (Molan et al.,1988).
The presence of antibacterial factors in honey other than hydrogen peroxide is also a
possibility, with research indicating that antioxidants may contribute to the antibacterial
activity of a honey. More understanding of the mechanisms involved in different bee species
and floral sources would be beneficial, enabling information to be generated regarding the

heat and light stability of particular factors, the diffusibility of different factors, as well as any
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effects of long-term storage and synergistic/ antagonistic effects with other antibacterial

agents. Further investigation is required.

In this study of 164 samples, peroxide activity as found to be associated with all bee
species exist in Nepal (except 4. carana honey from Jumla). Non-peroxide activity was
also found to be associated with all honey types except A. cerana honeys from
Dadeldhura, Jumla, Kathmandu and Langtang. Peroxide activity of the total honey
samples accounted for 46.34%. Whereas non-peroxide activity accounted for 13.41% of
the total samples. The antibacterial activity shown by honeys from different bee species
may have been due to bee origin. It was found that in the honeys with good antibacterial
activity a main part of this activity was due to a factor hyrogen peroxide. However, there
may be phytochemical or other additional factors presumably of floral origin
contributing for (non-peroxide) antibacterial activity in Nepali honeys other than

hydrogen peroxide.

Peroxide and non-peroxide activiy of Apis cerana honeys
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CHAPTER FOUR

4.1 Introduction
Distribution of Elements: An overview and Environmental Monitoring

The past century has seen a tremendous expansion in the number of synthetic chemicals
employed by humankind as materials, drugs, preservatives for foods and other products,
pesticides, cleaning agents and even weapons of war.

An estimated 64,000 chemicals are currently in use commercially, with § billion tons being
produced worldwide. Four thousand of them are used as medicinals and at least 1,200 more as
household products. An estimated 700 new chemicals are synthesized each year (Philp, 1995).
Add to this the numerous natural substances, both inorganic and organic, that possess toxic
potential, and it is little wonder that the public expresses concern, and sometimes even panic,
about the harmful effects these agents may exert on their health and on the environment. Many
of these agents, perhaps 50,000 of them, have never been subjected to thorough toxicity testing
(Philp, 1995).

About 500 chemicals have been evaluated for carcinogenic potentials. Some 44 have been
designated as possible human carcinogens on the basis of evidence, either limited or conclusive,
obtained from human studies. Of these, 37 tested positive for carcenogenicity in animals tests
prior to the identification of this effect in humans (Philp, 1995).

Metals are are components of all biological system, stable environmental contaminants,
therefore, they tend to accumulate in the biosphere, being preferentially stored in soils,
sediments and present in foods either naturally, as a result of human activities, from
contamination during manufacture/processing and storage, or may be added directly. Metalloids
are distributed everywhere in nature and cover a large concentration interval between mg/kg and
more to ng/kg and less, and participate in a number of important geochemical and biochemical
process many of these compounds have serious effects on living organisms due to their toxicity
and bioaccumulation in various environmental compartments (Djingova and Kuleff, 2000;
Pacyna, 1996). While metals are neither created nor destroyed in biology, they may be

significantly altered chemically through metabolism and other chemical reaction (Jacobs, 1996).
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Metals that are generally toxic when their exposures are excessive. When considering their
impact it is necessary to distinguish between poisonous substances that have a toxic effect on
organisms even at low concentration.

There are approximately 30 elements that are practical toxicants. Some are biologically
essential nutrients, others may have no known beneficial effects or functions ( Jacobs, 1996).
There are so-called microelements that occur in low concentrations in organisms and are
essential for the life of most organisms (Markert et al., 2000). Both macro- and micro- elements
are nutrients that are necessary for the growth and normal development of organisms and whose
function cannot be taken on by any other element.The are therefore éssential'. For this reason,
macro- and micro- elements are also called macro-or micro-nutrients (Markert et al., 2000).
Minerals such as copper, chromium, Iron, magnesium, chromium, zinc, manganese,
molybdenum selenium, and cobalt are the elements that are essential for human health, whose
inevitably results in deficiency symptoms or loss of proper functioning, therefore needed to
sustain life ( Suzuki and Suzuki, 1996). The absence or deficiencies produce multiple and
diverse clinical signs and symptoms but may be toxic at sufficiently high intakes ( Khursid and
Qureshi, 1984; Hu, 2002) and their excess intake possess an important threat to human health.
Trace elements occur in the body in very small or “trace’ amounts (i.e. mg or pg/kg body
weight); they generally constitute less than 0.01% of the body mass (Markert et al., 2000). They
are considered essential when a deficient intake produces an impairment in biological function,
and when supplementation with physiological levels of that reverses the impaired function or
prevents an impairment.

Toxic metals ( such as lead, cadmium, mercury and arsenic ) are widely found in our
environment ( Markert et al., 2000) in different forms that may have health implications leading
to adverse effects and directly related to human health (Hu, 2002). For instance, Lead causes
various health effects on virtually every system in the body , and the severity is dependent on
the level of exposure and individual sensitivity (Fan, 1996).

Exposure to (these) metals can occur through a variety of routes such as dietary intake (one of
the major routes of human exposure to the contaminants), breast milk and in various food
products and drinking water, which are also transferred to the foetus, constitute a severe threat to
the health of infants and children (Zetterstrom, 1999; Markert et al., 2000; Ercal et al., 2001).
The intensity and extent of intake influence the actual concentration of an element in the

organism (Baker, 1981). The tendency of these metals to accumulate in select tissues of the
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human body; and their overall potential to be toxic even at relatively minor levels of exposure
(Hu, 2002).

Ideally, intake by the organism is directly proportional to the availability of nutrients. In this
case the specific element concentration in the organism reflects the concentrations in the
environment. A positive relationship exists between the dose of a pollutant and the harmful
effect it has on the organism, i.e. the more of substance is taken in , the greater is the effect. The
receptor theory assumes that a pollutant that acts as an against or antagonist is present in a
concentration sufficient to occupy all the receptors of an organism, organ or tissue. Instead of
the dose-i.e. the quantity of the substance taken in per kg of body weight- the concentration of a
pollutant resulting from exposure through water in the case of aquatic organisms or through the
ambient air may be used as a reference value (Markert et al., 2000).

The geographic distribution and concentrations of metals are commonly found in different
environmental media such as contaminated air, water, soil, plant and food are important factors
contributing to the extent of human or ecological exposures ( Markert et al., 2000).

Since ancient times, the trace element deposition onto soils has been the cause of many human
ailments (Anonymous, 1989). Problems of the deteriorating environmental quality which has
brought about when ancient nomadic tribes first settled into villages and started utilizing fire,
cultivating land, and producing wastes, have become increasingly acute because of the
exponential population growth and global industrialization (Chang and Page, 1996). Soil
contaminants are common in industrialized countries, causing widespread contamination
directly of soil and indirectly of ground water and food (Monarca, 2002).

The potential environmental impact of the trace elements depends on thier location within a
catchment. If they are situated in the upper part, a large area and many different environmental
compartments will be affected. Local contamination of soils, plants, sediments and water occurs
almost in every case, the degree to which a whole catchment is affected by contaminated waters
and glacial or alluvial sediments depends on the size of the ore deposite, the slope and the
climate of a given area (Pfeifer et al., 2000 ). Trace elements in terrestrial and aquatic
environments are characterized by being spatially variable in their concentrations. Heavy metals
and organic pollutants are adsorbed by plankton at the base of the food web and biomagnified
to significant levels at higher trophic levels (Bard, 1999). The total element concentration is an
initial indication of the occurrence and distribution of individual trace elements in the
environment.

In general the concentration of trace elements varies in different compartments of the

environment according to their input quantities and dilution behaviour, including transport and
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accumulation. The inputs of many trace elements to soil, animal or plant is greater than the losses
leading to a net accumulation (Markert, 2000).

Interaction between elements in the form of competitive inhibition or promotion may have a
decisive influence on the physiology of certain organisms (Markert et al., 2000). Data suggest
that antioxidants may play an important role in abating some hazards of heavy metals. In order
to prove the importance of using antioxidants in heavy metal poisoning, pertinent biochemical
mechanisms for metal-induced oxidative stress should be reviewed (Ercal et al., 2001).

The nature of soil is constantly evolving in response to inputs of matter from natural and
anthropogenic sources and to interactions among soil constituents. During the course of
manufacturing industrial processing, and product consumption, these chemicals may be released
deliberately or inadvertently into the environment. Environmental contamination of air, water
and soil has become a potential threat to the safety of food.

The soil-borne trace elements are particularly important, because food chain transfer is by far
the most significant route of human exposure to trace elements (Prasad, 1993). Food fiber and
many products essential to sustain human life come directly or indirectly from plants which are
supported by soils. Plant roots penetrate into the subsoil from which they may take up heavy
metals, resulting in accumulation in the plant. Through food grown on soils, human obtain
energy and essential elements ( Chang and Page, 1996) and also may be exposed to harmful
substances that area absorbed by plants. Both the presence of potentially toxic substances and
the absence of essential elements in the soil could result in disorders (Chang and Page, 1996;
van Lune and Zwart, 1997). A high input of agrochemicals, such as phosphate fertilizers may
cause an inadvertent addition of heavy metals, which are contained as impurities (de Lopez
Camelo et al., 1997).Under many circumstances, elements may bioaccumulate through food
chain transfer and affect organisms not directly exposed to the toxic substances. If the soil is not
contaminated, human exposure to trace elements through food consumption is significantly
below the provisional tolerable intake published by the FAQ/WHO Expert Committee on Food
Additives (WHO, 1989) and is not substantially affected by the diets. (Chang and Page, 1996).
Therefore, trace elements deposition in soils and bio geochemical interactions between those
present in soils and the vegetative cover are controlling factors in human exposure to toxic
elements in the environment (Chang and Page, 1996).

Asian people have been subjected to long-term exposure to various pesticides (Zetterstrdm,
1999), and in addition to organic mercury and heavy metals, such as lead and cadmium in huge

quantities through numerous sources, including contaminated air, water, soil and food.
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Recent study (Hasspieler et al., 1997) indicate that transition metals act as catalysts in the
oxidative reactions of biological macromolecules therefore the toxicities associated with these
metals might be due to oxidative tissue damage. Redox-active metals, such as iron, copper and
chromium, undergo redox cycling whereas redox-inactive metals, such as lead, cadmium,
mercury and others deplete cells' major antioxidants, particularly thiol-containing antioxidants
and enzymes. Molecular biology and DNA probe novel in vitro methods for assessment of
environmental toxicity using a human cell-line and other several studies including undesirable
health effects or tissue pathology at exposure or intake levels ( of the nutritionally essential
metals) are underway to determine the effect of antioxidant supplementation heavy metals

which are components of all biological system.

Table 1. Metals of Practical Toxicological Significance

Biologically Essential Metals

Cobalt (Co) Copper (Cu) Chromium (Cr)
| Iron (Fe) Magnesium (Mg) Manganese (Mn)

Molybdenum (Mo) Selenium (Se) | Zin¢ (Zn)

Metals with no established biological functions

Al Sb As

Ba Be Bi

Cd Ga Ge

Au In Pb

Li Hg Ni

Pt Ag Sr
| Te TI Sn

Ti A U
NRC (1986)

Table 2. Essential Elements For Plants and Animals

Plants and Animals Plants only
Major elements

Calcium (Ca) Boron {B)
Carbon (C)

Hydrogen (H)

Magnesium (Mg)

Nitrogen (N)

Oxygen (O)

Phosphorus (P)

Sulfur (S)

Micronutrients

Chlorine (Cl)
Copper (Cu)

[ron (Fe)
Manganese (Mn)
Molybdenum (Mo)

Jones, Jr. (1998)
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4.2 Biological Markers and Biomonitoring

Biomonitoring represents a method of assessing metal pollution of aquatic and terrestrial
ecosystems (Fan, 1996). To understand biochemical changes induced by factors that are
independent of environmental concentrations of contaminants, such as the influence of food
levels and the potential for metabolic adaptation in biomonitoring organisms is needed (Hickeya
etal., 1996).

Exposure to toxic metals is often assessed by measurements in air, foeds, and/or water, and
sometimes also in soil and other materials, ie. environmental monitoring { Gerhardsson and
Skerfvig, 1996). Attentions to environmental contaminants investigation in bee and bee
products have also been devoted. In order to determine exposure to or intoxication from a
metal, it is usually necessary to conduct some type of metal analysis of either a tissue and/or
fluid and /or the exposed substance (Jacobs, 1996).

In past decade, new possibilities for biological monitoring of elements have been developed.
The use of biomarkers for assessment of exposure to metals may be employed for biological
monitoring. The use of biomarkers for assessment of the exposure to elements have been
employed to give information about the risk of toxic effects in the exposed individual/groups.
Biomarkers may also be used for health monitoring/surveillance. i.e., as bioindicators of effects,
early health effects, and/or overt health impairment. The biomarkers take into account exposure
from different sources ( air, foods, water, soil, etc.) and through various routes ( inhalation,
gastrointestinal, and skin) and also, they may reflect exposure during different time periods. In
some cases, the biomarker may reflect exposure during long periods, up to decades. In others, it
only indicates the most recent uptake (Gerhardsson and Skerfvig, 1996). The determinations of
the chemical pollutants in food and human body are important in environmental monitoring for
the prevention, control and reduction of pollution as well as occupational health, legal decisions
and epidemiological studies (Hura et al., 1998). For certain geographical areas, current dietary
exposures to methyl-mercury and to cadmium are high enough to indicate a need for public
health measures ( Berdanier, 2002).

Numerous types of analytical methods employing a variety of determinative techniques are
available to the analytical chemist for determining the analytes in biological tissues. For a long
time, the possibilities of biomonitoring were restricted by the limited performance of the
analytical techniques. However, the situation was dramatically improved by the introduction a
few decades ago of the neutron activation and atomic absorption techniques. Recently, new

possibilities have been offered by the inductively coupled plasma/mass spectrometry technique,
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which allows analysis of low concentration of small samples, and determination of many
elements simultaneously ( Gerhardsson and Skerfvig, 1996).

Mostly, the content of the metal itself is analysed in biological samples. In most cases, blood (
whole blood, plasma, or erythrocytes), urine, or hair are used as the index media for biological
monitoring. For some elements, subclinical biochemical effects of the exposure have been
widely used for biological monitoring of exposure. For instance, effects on heme synthesis have
been widely used for assessment of lead exposure ( U.S.EPA, 1986, Skerfving, 1988, 1993) with
lead concentration in urine ( Skerfving et al., 1993), calcified tissues ( Needleman et al., 1979;
U.S. EPA, 1986, Skerfving, 1988, 1993, Skerfving et al., 1993). In addition, Cadmium
concentration in urine ( Nordberg and Nordberg, 1988), kidney and liver ( Vartsky et al., 1977;
Roels et al., 1981; Ellis et al.,1984; Morgan et al., 1990; Chettle and Ellis, 1992), aluminium in
lung, liver, bone, muscles, and brain { Skalsky and Carchman, 1983; Elinder and Sj6gren, 1986),
cobalt in blood and urine (Ichikawa et al., 1985; Stebbins et al., 1992; Alexandersson and
Lidums, 1979), manganese in urine (Roels et al., 1987b), and nickel in serum,urine and feces
(WHO, 1991b; Hassler et al., 1983; Sunderman, 1988). Plasma boron concentration below 25
ng/mL might be indicative of low boron status (Nielsen, 2002). The intensity and extent of
intake influence the actual concentration of an element in the organism (Baker, 1981).

The potential human exposure to these chemicals with the associated toxicological impacts have
been receiving increased attention. The studies on the behaviour of trace metals in the
environment have concluded that many of these compounds create seroius problems in human
health due to their toxicity.

Therefore biological monitoring has the advantage of measuring integrated exposure from all
sources.

4.3 Elements: Human and Plant

Trace elements essential for life generally occur in the body in microgram per gram of tissue,
and are usually required by humans in amounts of milligrams per day; these elements are

copper, iron, manganese, and zinc (Nielsen, 2002).
Bilological role

Trace elements have at least five roles in living organisms. In close association with enzymes,
some trace elements are integral parts of catalytic centers at which the reactions necessary for
life occur. Working in concert with a protein, and frequently with other organic coenzymes,

trace elements are involved in attracting substrate molecules and converting them to specific end
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products. Some trace elements donate or accept electrons in reactions of reduction or oxidation.
In addition to the generation and utilization of metabolic energy, redox reactions frequently
involve the chemical transformation of molecules. One trace element, iron , is involved in
binding, transporting, and releasing oxygen in the body. Some trace elements have structural
roles; that is, imparting stability and three-dimensional structure to important biological
molecules. Some trace elements have regulatory roles. They control important biological
processes through such actions as inhibiting enzymatic reactions, facilitating the binding of
molecules to receptor sites on cell membranes, altering the stucture or ionic nature of
membranes to prevent or allow specific molecules to enter a cell, and inducing genes to express
themselves resulting in the formation of proteins involved in the life processes (Nielsen, 2002).
In addition, homeostatic regulation of mineral elements is important which describes the ability
of the body to maintain the content of a specific substance within a certain range despite varying
intakes. It involves the processes of absorption, storage, and excretion. The relative importance
of these three processes varies among the trace elements. The amount absorbed from the
gastrointestinal tract often is a primary controlling factor for trace elements needed in the
cationic state such as cooper, iron, and zinc. Trace elements absorbed as negatively charged
anions, such as boron and selenium, are usually absorbed freely and completely from the
gastrointestinal tract. Excretion through the urine, bile, sweat, and breath is, therefore, the
primary mechnism for controlling the amount of these trace elements in an organism. By being
stored in inactive sites, some trace elements are prevented from causing adverse reactions when
present in high quantities. For example,the storage of iron in the form of ferritin. Release of a

trace element from a storage site also can be important in preventing deficiency (Nielsen, 2002).

Table 3. Approximate concentrations of trace elements
in mature leaf tissue generalized for various species.

Element Sufficient or Toxic | Excessive
(mg/kg) (mg/kg)
 Cadmjum (Cd) 0.05-0.20 5-30
Chromium (Cr) 0.1-0.55 5-30
Lead(Pb) 5-10 30-300 |
Nickel (Ni) 0.5-5 10-100
Vanadium (V) 0.2-1.5 15-10
Cobalt (Co) 0.02-1 | 15-50
Lithium (Li) 3 | 5-50

Pendias and Pendias ( 1994)

Studies suggest that arsenic, chromium, copper, nickel and zinc are unlikely to cause problems
for plants, animal, or human health, primarily because they are not found in high concentartions

in MSW (Metropolitan Solid Waste) compost and/ or are not readily taken up by plants.
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4.4 Why Honey From Nepal

Honey as an Environmental Marker and Biomonitoring Tool for Environmental
Contamination.

Environmental pollution from natural and anthropogenic sources heavy metals may contributes
to the poor health of people living in the polluted areas. The modern life style in connection
with an enormous increase in the use of vehicles, the massive increase in power generation and
the industrialization of agriculture have added dramatically to the number of pollutants in the
environment. Each year thousands of man-made chemicals are released without knowing their
effects on mankind and environment ( Breulmann et al., 2000).

On the other hand, traditional foods such as honey are also an economic necessity in many
communities. The concept of health in indigenous groups includes social, cultural, and spiritual
dimensions. The harvesting, sharing and consumption of traditional foods are an integral
component to good health among aboriginal people influencing both physical health and social
well-being. Consequently, the contamination of country food raises problems which go far
beyond the usual confines of public health and cannot be resolved by health advisories or food
substitutions alone. The primary exposure pathway for the contaminants considered in this
work is through the traditional diet. Consumers of traditional foods are exposed higher than
non-consumers of traditional foods due predominantly to the bioaccumulation of natural
elements in the food chain. The deterioration of human health with increasing infant mortality
rate, declining life expectancy at birth and increasing prevalence of serious infectious diseases in
country is thought to be due to a combination of several factors such as inadequate nutrition,
poor sanitation, collapse of the health care system and pollution from agriculture and industries.
Risk determination for contaminants in country food involves a consideration of the type and
amounts of food consumed and the sociocultural, nutritional, economic, and spiritual benefits
associated with country foods. Risk management options that minimize the extent to which
nutritional and sociocultural aspects of aboriginal societies are compromised must always be
considered (Oostdama et al., 1999).

The elemental composition of plants usually reflects the geochemical features of the
environment where they grow (Djingova and Kuleff, 2000). Plants act as intermediate reservoirs
of heavy metals from primary sources, e.g. soils, water or air, through which they move on to
the organisms (Breulmann et al., 2000). Plant play an important role among the ecological
components and are responsible for transmitting elements to further to man and animals . Heavy
metals accumulated by plants may lead to the presence of heavy metals in bee collected pollen

and nectar (and other bee products). The existance of essential or toxic elements in the honey

75



may reflect the concentrations in the environment and honey quality is also affected.
Environmental pollution effects the chemical composition of honey and honey quality (
Antonescu and Mateescu, 2001 ) and may be an indicative character. In addition, there is
positive correlation between honeydew excreting insect population density and honeydew
honey flow (Pechhacker, 1976) and correlated with an increase in the potassium and
phosphorus levels ( Horn, 1985) and may be other elements as well. Honey bees (Apis mellifera
L.) feed mainly on nectar and pollen ( Imdorf et al., 1998) and Apis cerana bees collect more
honeydew honey (Joshi,1999). Honeydew honey has a higher total content of minerals (ash)
than nectar or floral honeys (Crane, 1990; Bicik and Kaspar, 1986). Therefore honey bees would
appear to have potential in this respect, since by foraging they effectively sample 'their
surroundings for the constituents in or on the forage plants, and hence in the soil and the
atmosphere of the area (Jones, 1987) and could reflect the honeydew flow in the same floristic
region.

In addition, honey is widely used food and has impressive array of trace elements and minerals
that are important to human nutrition and has been considered a suitable material for monitoring
environmental contamination ( Tong et al., 1975; Crane, 1984, Bromen-Shenk et al., 1985;
Pinzauti et al., 1991; Raes et al., 1992; Leita et al., 1996; Jones, 1987; Przybyyiowski et al.,
2001; Pechhacker, 2002 ). Honey can characterize the level of soil, plant and air pollution
(Fodor and Molnar, 1993) and indicate the heavy metal contamination, in the environment. It is
also increasingly used to monitor the distribution of various hazardous pollutants including
radionuclides, heavy metals, radionuclides, pesticides, and organic contaminants such as
polychorinated biphenyls ( Leuzzi and Mincione, 1992; Drjuric et al., 1996; Rifai and Akeel,
1997, Fritzsch and Bremer, 1975; Bromenshenk, 1979; Bromenshenk et al., 1985, 1991;
Wallwork-Barber et al., 1982; Celli, 1983; Anderson and Wojtas, 1986; Morse et al., 1987). In
other words, the element content of bees and bee products recognized as useful indicator of the
presence of specific minerals within their forage area ( Crane, 1984; Free et al., 1983). Foraged
pollen may also be used as a preliminary “prospecting’ technique for mineral ores ( Pinsent in
Warren, 1982). The trace elements content of pollen has been reported by other workers (
Fawcett et al., 1971; Knight et al.,1972; Emst and Bast-Cramer, 1980; Warren, 1982).

No work so far has been carried out to determine (trace) elements in bees from Nepal and its
products and there is a growing interest in expanding beekeeping and other forms of natural
resource production in peri-urban and rural areas of Nepal. The major areas of nutritional
concern, specifically found to be related to poverty in Nepal include energy intake:

undernutrition, insufficient intake of some micronutrients and scourge either through morbidity
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or mortality and honey is popularly consumed health food. Metals essential in the human diet
are mainly sodium, potassium, calcium, manganese, boron, zinc, COpper, chromium,
selenium,molybdenum, manganese and , cobalt ( Crane, 1984) present in honey. Its trace
elements may have a widespread impact on the health of individuals in communities. On the
other hand, it is best understood that excess intake or sufficiently high intakes of an essential
mineral also becomes toxic and can cause adverse effects on human health.

Monitoring of excess exposure (the goal of public health actions) of environmental
contaminants through different sources (air,water, food etc.) and their reduction should be a
prudent practice throughout the population. In indigenous communities in particular, this should
be done without threating the social, cultural, spiritual, and physical well-being that is connected
to collecting, sharing, and consuming traditional foods. Traditional foods have known nutritive
value. Both research and assessment procedures are required to ensure that natural resource
production and their utilization in rural areas also safeguards human health.

The nutritional programme design and evaluation at the community level could be implimented
in Nepal. Research focus could mostly be link socioeconomic factors of poor and marginalized
populations with health outcome, or to a limited extent, to link food and nutrient intake with
poverty. The challenge becomes one of designing and implimenting effective beekeeping
promotion coupled with nutrition programmes which will help to alleviate poverty, health and
nutritional problems and environmental monitoring thereby promote better overall health and
livelihood.

Therefore when it is not always clear what public health measures should be taken to reduce the
exposure of populations who consume traditional foods consequently, it could be recommended
that consumption of traditional food continue, with recognition that there is a need for dietary
advice to the people so they can make informed choices concerning the foods they eat {

Berdanier, 2002).

4.5 Literature Review

Elements in Bee Products

Honey bees ( Apis mellifera L) are used to monitor the distribution and impact of various
hazardous chemicals, including trace elements, heavy metals, radionuclides, pesticides, and
organic contaminants such as polychlorinated biphenyls ( Fritzsch and Bremer, 1975;
Bromenshenk, 1979, Wallwork-Barber et al.,1982; Celli, 1983; Bromenshenk et al., 1985,
1991; Anderson and Wojtas, 1986; Morse et al., 1987).
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The potential use of honey for mineral indicating levels of environmental contamination
extensively documented.

Forte et al., (2001) determined As, Cd,Cr, Cu, Fe, Hg, Mn, Ni, Pb, Se, Zn in honey as a
candidate reference material for trace elements.

Przybyyiowski and Wilczyiika (2001 ) investigated contents of Zn, Cd, and Pb in Polish
honeys from Pomeranian region using AAS. Results suggested that honey may be useful for
assessing the presence of environmental contaminants.

Conti and Botre (2001) analysed Cd, Cr, and Pb contents of honeys, pollen., propolis and
wax from Rome. The result revealed honeybees and, to a lesser extent, some of their products
(pollen, propolis, wax, but not honey), can be considered as representive bioindicators of
environmental pollution.

Caroli et al., (1999) reported certain elements measused by inductively coupled plasma (ICP)
-based techniques. The ranges ascertained were as follows (in ng/g): As (<0.50-0.70); Cd
(<0.50-0.74); Cr (1.03-3.93); Cu (144-216); Fe (191-651); Mn (223-580); Ni (17-49); Pb
(3.20-186); Pt (<0.50); Sn (<4-27); V (1.22-1.94); and Zn (565-1144). The experience gained
with this exploratory study revealed concentrations of elements in honey from different
beehives were similar. A few exceptions were noted for the As, Cu, Fe, Ni and , Zn.

Caroli et al., (2000). Determined As, Cd, Cr, Cu, Fe, Mn, Ni, Pb, Sn, V and Zn by inductively
coupled plasma (ICP)— based techniques. The concentrations {ng/g) found in Robinia honey
were 1.28 +0.09 for As, 0.59 + 0.08 for Cd, 2.36 + 0.21 for Cr, 57.6 + 3.2 for Cu, 209 + 9 for
Fe, 90.8 + 3 for Mn, 18.1 + 0.6 for Ni, 23 + 1 for Pb, 8.10+ 0.35 for Sn, 1.19+0.37 for V,
and 178 + 4 for Zn.

Similarly elemental content found in Eucalyptus honey were 3.18 + 0.21 for As, 0.70 + 0.08
for Cd, 2.73 + 0.22 for Cr, 141 + 6 for Cu, 926 + 16 for Fe, 1905 + 81 for Mn, 7.77 + 0.4 for
Ni, 138 + 4 for Pb, 7.97 + 0.16 for Sn, 3.47 +0.15 for V, and 405 + 9 for Zn.

Pollen spectra , mineral (ash) and sediment quantification in honeys produced in the region of
Murca, Spain were analysed. All 18 Spanish honey samples were found to be low in mineral
content (Breis et al., 1995).

Rodriguez-Otero et al., (1994, 1995) analysed element contents of the honeys produced in
galicia, north-west Spain indicated that potassium was the most abundant of the elements
determined, with an average content of 1572 mg/kg followed by Ca 102 mg/kg, Na
138mg/kg, Mg 106 mg/kg, and Fe 5.12 mg/kg. Coefficient of variation of minerals Na, Ca, S

and F contents of the honeys were within the ranges of 0.34 to 0.71 and the values for P and

Cl were found to be high.
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Honeydew honeys showed clevated levels of K, Na, Mg, Fe, Cu and Mn (Crane, 1975).

The colour and trace element composotion of honeys produced in major vegetation areas of
Ghana studied by Yeboah-Gyan and Marfo (1998). Calcium, phosphorus, maganesium,
potassium. Iron, manganese and copper were detected by Atomic Absorption
Spectrophotometry (AAS). The results suggested that the concentration of all the elements
was generally much higher in the dark samples than in the light ones, and it was attributed to
differences in nectar-plant species .

Such concentrations do require the use of sensitive analytical techniques. In addition, reliable
interpretation of results may be hampered by variables about which little is known as present.
These variables may be: contamination of the sample during preparation, purification and
storage; inherent differences between types of honey (light/dark-Petrov, 1970;
nectar/honeydew- Kirkvliet, 1983;honey pH- Mitchell et al., 1954); the season and the flowers
visited ( Ernst and Bast- Cramer, 1980) and differences in the size of foraging areas (
Hakonson and Bostick, 1976). Pechhacker ( 2002) investigated the influence of plant origin,
soil, environment and storage on spectrum of mineral nutrients and trace elements in rape,
robinia and sunflower honeys from three locations of Austria and compared with honeydew,
floral and mixed honey samples from Austria and Greece. In the study plant origin proved to
be most significant factor and most significant differences appeared in B, Cu and Mn. Cd,
Co, Cu, Pb and Zn found to be most promising for environmental monitoring . Also he
collected monofloral rape from three different location and found a significant effect of the
soil.

Sixteen elements in honeys from the United States, Mexico, E! Salvador and China were
determined to observe possible significant differences in thier elemental compositions. The
elemental contents found were: Cd 0.102-0.267 ppm, Cr 0.843-2.67 ppm, Co 0.456-0.770
ppm, Fe 5.80-183 ppm, Pb 1.79-3.19 ppm,; Ni 0.304-1.25 ppm, Zn 2.00-172 ppm. Steel or
galvanized containers used in processing, shipping or storage considered to be the source of
these metals (Morse and Lisk, 1980 ) .

Distribution of elements in Turkish honeys and effect of a thermoelectric power plant on the
element contents not found to have any contamination of lead, cadmium, iron, or zinc, and
amounts of these elements were found well below the permitted limits (Uren et al., 1998 ).
Multielemental determinations in samples of various types of bee honey, pollen and bee
tissue carried out by Kump et al., 1996 using reflection X-ray fluorescence spectrometry
(TXRF) and radioisotopic excited X-ray florescence spectrometry (XRF) to correlate with
envorinment and determine the X-ray techniques’ ability to compete with AAS and ICP-AES,
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with regard to elemental sensitivity. The TXRF method applied for the study proved to be
rather simple and fast, with 200s and also concluded to be a sufficiently accurate analytical
tool, but in many cases authors found lack of necessary sensitivity for the detection of
important trace elements (As, Pb, etc.).

Li et al.,(1995) made digestion-free determination of heavy metals (Pb, Cd, Cu) in honey
using anodic stripping differential pulse voltammetry and potentiometric stripping analysis.
Bianchi (1992) determined the mineral (ash %) content in honey by conductometer amalysis.
Samples of acacia meadow honeys from the region of Arandelovac, Yugoslavia, were
analysed and minerals for Pb, Cd, Cu, Zn, Fe, Ni and Cr were found 0.5-1.5, 0.05, 0.10-0.45,
0.6-18.0,0.9-2.3, 0.1 and 0.1-0.2 mg/kg (wet weight), respectively. The high levels of zinc
may have been cause by contamination from zinc-plate used in centrifuges and honey
containers.

The paper by Jamoussi et al., (1995) described an efficient method for the determination of
nanogram levels of heavy metals (As, Pb, Sb, Hg and Sn) in honey samples from Cap-Bon
(North Tunisia). The honey samples were analysed by hydride generation with an inductively
coulped argon plasma polychromator after a previous treatment in a microwave acid bomb. In
the paper the optimum conditions for generating and determining the compounds and the
effect of different parameters such as chemical nature, form and concentration of the
reductant, acid concentration of the sample and the carrier gas flow rate are discussed.
Detection limits range 0.05ng/ml for Hg to 1.1 ng/ml for Sb and precision values at 10 ng/ml
found to be less than 6% of the standard deviation.

Vinas et al., (1997) concluded that the metal lead, cadmium, zinc and copper contents
determined for honey samples of different origins directly by electrothermal atomic
absorption spectrometry using hydrogen peroxide as a matrix agreed with those obtained by a
slower conventional method.

Chemical composition was determined in 328 honey samples. Most values were found to be
within the legal limits. Average lead content in 163 samples was 0.04 mg/kg; only 12
contained more than 0.1 mg/ kg . Average chromium content in 24 samples was 0.018 mg/kg
( Sangiorgi, and Ferretti, 1996).

Yilmaz and Yavuz (1999) measured contents of Na, K, Ca, Mg, Cu, Fe, Mn, Zn and Co in 30
honey samples from different parts of south- eastern Anatolia, Turkey by AAS technique.
The mean values for Na, K, Ca, Mg, Cu, Fe, Mn, Zn and Co were 118, 296, 51, 33, 1.8, 6.6,
1.0, 2.7 and 1.0 mg/kg respectively. Invert sugar, sucrose, hydroxymethylfurfural, diastase
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activity, free acid, lactone, pH, ash, proline and moisture were also reported. Low ash
contents, and some high mineral contents were found in honey samples.

Iskander ( 1996) determined 24 elements (As, Ba, Br, Ce, Co, Cr, Cs, Fe, Hf, Hg, K, La, Na,
Ni, Rb, Sb, Sc, Se, Sm, Sr, Th, U, Zn and Zr) in honey produced on uranium mining
reclaimed land in Hobson, Texas investigated by instrumental neutron activation analysis. The
level of the measured elements in honey samples produced on uranium mining reclaimed land
was found to be within the concentration range reported for honey commercially produced in
The United States and other nations when compared to the concentration of the same
elements in commercial honey and to the literature values for honey from different countries.
Sanchez and Pujola (1996) found potassium was in the higher concentrations and the
electrical conductivity was positively correlated with ash content in honeys from all three
areas of Spain.

Giirel et al., (1998) compared mineral content, total ash, pH value and acidity of honeys from
honey bee colonies in areas with pine honeydew or with mixed nectar sources, and from
colonies fed with sugar. Ash, total acids, K, Fe, Mn and Mg were found to be significantly
lower in Sugar fed colonies than in mixed nectar sources and pine honeydew sources.
Whereas pH values and contents of total soluble matter, Ca, Zn and Cu did not differ
significantly. pH and K, Mg and Cu content were found to be significantly higher in pine
honeydew honey than in mixed nectar sources and sugar fed honey.

Selenium, ash and chromium levels in some species of honey from eastern Croatia was
determined (Petrovic et al., 1993, 1994). Chromium and Ash levels in 80 samples of
sunflower, acacia, floral and wild floral honeys were determined by flame atomic absorpzion
spectrophotometry (Petrovic et al., 1994). The mean values were 0.103ug/g, 0.152ug/g,
0.125 pg/g and 0.098 pg/g wet and 0.130ug/g, 0.188ug/g, 0.16 pg/g and 0.12 pg/g dry weight
found for sunflower, acacia, floral and wild floral honeys respectivey. The average ash
content in all 80 samples was 0.141%.

The average selenium levels found was 0.215pg/g d.w., 0.029 ug/gd.w., 0.046 pg/gd.w.,
and 0.128 pg/g d.w., for wild floral, floral, locust and sunflower respectively ( Petrovic etal.,
1993).

Petkov et al., (1998) determined 15 heavy metals in honey samples produced in ecological
pollution zones of northern and southern Bulgaria. Average Pb contents (mg/kg) were in the
north, 0.053 (range 0.02-0.08); and in the south 0.08 (0.05-0.14). the study indicated, Pb
content was at or above 0.1 mg/kg in 21% of samples. Average values fro Zn 5.57, Cu 0.15,
Ni 0.11, Fe 9.68, Sa 0.07, and Cd 0.015 in the north and Zn 5.82, Cu 0.18, Ni 0.25, Fe 10.67,
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As 0.08 , and Cd 0.017 in the south were estimated. The levels of concentration were found to
be below permitted limits .

Bicik and Kaspar (1986) determined 15 metals (dry weight) in the food of honeybee and in
the developmental stages of queens. The youngest larvae contained particularly Na and K in
very high concentrations. In the final larval stage some metals Al, Zn, Cu, Mn, Cd, Pb, Cr and
Ni were excreted in larger proportions than others Na, K, Ca, Mg. Study suggests that
honeydew honey was richer in minerals than floral honey particularly X, Mg, Ca, Zn, Al, Cu,
Mn and Pb. Stored pollen was lower in almost all elements than in pollen collected in pollen
traps.

Spunar and Jusio (1986) found the mean concentrations of Cu 0.25 ppm; Fe 4,72 ppm; Zn
2.68 ppm; Pb 0.01 ppm and Cd 0.001 ppm in Yugoslavian honey.

According to Gajek et al., (1987) most of the contaminated honeys found in the investigation
in Poland were from China and N Korea in 1972-1983, and many were not permitted to be
sold. The most frequent contamination was by Zn, Pb and Fe ( 81, 32 and 24% of the samples
respectively) The levels of these metals in samples of Polish honey taken from areas far from
sources of environmental pollution were well below the permissible limits.

Sodium, potassium, magnesium, calcium, chlorides, nitrates, phosphates, sulphates and ash
were analysed in Eucalyptus, Castanea, Citrus, multifloral and honeydew honey samples from
Calabrian, Ttaly. Castanea honeys were high in potassium, and citrus honeys were found to be
lowest in element content ( Leuzzi and Mincione, 1992).

Cd and Pb found to be 12 ng/g and 149 ng/g respectively in German honeys from various
locations (Otto and Jekat, 1977 ).

120 pg/kg Pb content in Italian honey from Campobasso and Abruzzo region were reported (
Cubadda et al., 1995; IZS, 1991).

Seven honey samples from polluted areas (autumn honey) showed 13.8 ppm Fe, 2.25 ppm
Mn, and 2.37 ppm Pb, as compared to 8.2, 0.50, and 0.083 ppm, respectively, in spring honey
(D* Ambrosio and Marchesini, 1982).

Cimino et al., (1984) analysed 24 elements in honey produced in the vicinity of Mount Etna
volcano, in Sicily to study the effect of volcanic activity on honey. The samples appeared to
contain, in relation to others from unpolluted areas, elevated levels of elements As, Ba, Co, K,

Li, Mn, Sr and Zn. The metal enrichment was correlated to element contents of the Mount

Etna lava ashes.
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Cadmium, coppe r and lead contents were detected in honeys from Dolgellau, N. Wales. The
mean content of Cu 505 ng/g and Pb 51 ng/g, Cd 28 ng/g was found in UK honeys from
various locations (Jones, 1987).

Terrab et al., (2003) determined the mineral content and electrical conductivity of the honeys
produced in Northwest Morocco. In the study the mineral content, ash content and electrical
conductivirty of 98 honey samples were studied. Using ICP-AES K, Mg, Mn, Cu, Fe and Zn
were quantified. Potassium was the predominant mineral (80%) of the total minerals followed
by Mg and Fe ( 9 and 3% respectively).

The mean total ash content was 0.24%, mean soluble ash content 0.18% and mean insoluble
ash content 0.06% were found in some Spanish honey samples ( Sancho et. al., 1992).
Additional data on the radio-isotopic content of pollen and honey have also been reported
(Kirkham and Corey, 1977; Gilbert and Lisk, 1978; Bunzl and Kracke, 1981). Radio-active
clements (notably 3 H, *7 Cs) recovered from bees were detected in honey, but at lower
concentrations than those present in bees.

Honey and other hive products from areas affected by the Chermnobyl accident in the Ukraine
were examined for concentrations of caesium isotopes. The result indicated that
concentrations of caesium isotopes were relatively low in newly built combs and cappings,
and also fairly low in honey, somewhat higher in pollen and in old combs, and highest in
residual wax and in propolis. Contamination decreased with time (Alexenitser and
Bodnarchuk, 1999).

Djuric et al., (1996) determined Radionucleotide { R ) activity in honeys from the plains
and mountains in Yugoslavia, by a Gel (Li) detector using standard gamma spectrometry. The
results showed that the natural R activity of honey varied with soil type, and that Be-7 content
varied with local vegatation. The content of R found in honey samples immediately after the
Chernobyl accident in 1986 was primarily due to surface contamination, but a number of
fission products detected later in some to surface indicated contamination of plants.

For some years honeys have been used as monitors of radionuclides around the Los Alamos
National Laboratory in New Mexico, U.S.A.

In 1980 honey samples taken from areas potentially contaminated by Los Alamos laboratory
there were no detectable levels of Hg or Pu, and only very low levels of "Be, 7 Cs, ’H, and
2Na (Wallwork-Barber et al., 1982).

Fresquenz et al., ( 1997) measured radionuclide levels in Apis mellifera colonies, and its
honeys, around the Los Alamos National Laboratory, where nuclear and energy-related

reasearch is carried out for 17 years (1979-95). Bees from 9 out of 11 hives and honey from 6
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hives had tritium levels that were significantly higher than background levels. The highest
average radioculide concentrations were 434 pCi /ml in bees from a hive near a low-level
radioactive waste disposal site, and 709pCi/ml in honey from a hive near three tritium storage
ponds. Rest of the all locations showed a decrease in tritium levels over the years. In all other
honey samples tested from perimeter hives, radionuclide levels were not significantly
different from background levels. Estimates of the committed effective dose equivalent (
CEDE) for humans consuming the honey perimeter hives were < 0.04% of the permitted
limit.

The mean total ash content was 0.24%, mean soluble ash content 0.18% , and mean insoluble
ash content 0.06% were found in some Spanish honey samples ( Sancho et. al., 1992).

Sugar, moisture ash and elements K, Br, As, Sb, Fe, Zn, Cr and Co were determined
previously in Turkish honey (Temiz and Sengonca, 1981; Kurt and Yamankaradeniz, 1982;
Sevimli et al., 1992).

The mean potassium represented 34.0% of the ash, and lied between those of dark and light
North American honeys (1676 and 205 mg/kg respectively). Dark North American honeys
contained 76 mg/kg sodium and 51 mg/kg calcium, and light contained 18 mg/kg sodium and
49 mg/kg calcium. More iron and manganese as 9.40 mg/kg and 4.09 mg/kg respectively
found in dark honeys and 2.40 mg iron and 0.30 mg/kg manganese found in light north
American honeys (White, 1978).

Mineral content and geographical origin of Canadian honeys suggest that some trace elements
can be considered as local geographic indicators { Feller-Demalsy et al., 1989 ).

The Spanish honeys had high sodium and calcium contents (5.1% and 4.6% of the ash
respectively, and contained more of these elements (Rodriguez-Otero et al., 1992).

The ash or mineral content of honeys from the Japan, Philippines, Pakistan and India have
also been reported (Tatsuno et al., 1968; Minh et al., 1971; Latif et al., 1956; Kalimi and
Schonie, 1964; Phadke, 1968).

Additional data on ash content of Apis cerana honeys) from the Simla hills, India has also
been reported by Mahajan (1984).

Tatsuno et al., (1968) reported 0-2.6 ppm copper and 0.2-6.3 ppm lead in 21 commercial
honeys from Japan.

Kalimi and Schonie (1964) detected sodium, phosphorus, and iron in honey samples from
Mahabaleshwar, India. Although the bee species was not specified.

Latif et al., (1956) conducted a survey on ash content in honey samples from Pakistan

reported as in range 0.11 to 0.32%.
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A comprehensive survey on ash content in Apis cerana honeys produced in Calcutta,
Mahabaleshwar, Madras, and all India.The ash content ranged from 0.03 to 0.52, 0.014 to
0.048, 0.03 to 0.46 and 0.11 to 0.25 per cent respectively in those Indian honey samples
(Verma, 1990).

The total ash content in Apis dorsata honeys from Philippines, Pakistan and India had average
contents of 0.17, 0.26, and 0.39 %, respectively (Minh et al., 1971; Latif et al., 1956).
Although these data are too old enough.

The honey samples from Europe used for the determination of elements may be produced by
Apis mellifera bees.

The sensitibility (or trace element content) of pollen ( Fawecett et al., 1971; Knight et al.,
1972; Ernst and Bast-Cramer, 1980; Warren , 1982) and propolis (Macedo, 1997) to
atmospheric pollutions have also been demonstrated in various international publications.
Some other authors also have proposed honey bees and their products as suitable material for
the assessment of chemical pollution (Tong et al., 1975; Crane, 1984; Bromen-Shenk et al.,
1985; Pinzauti et al., 1991; Raes et al., 1992; Leita et al., 1996; Jones, 1987; Przybylowski
and Wilczynska, 2001).

Bee-collected pollen has been suggested as a useful indicator of soil metal levels within the
forage area ( Free et al., 1983). In the study by Bromenshenk et al., (1985) some pollen
samples were too few to identify any patterns or trends but the authors reported marked
spatial variations in the concentartions of As, Cd, and Fe in bee tissues. Foraged pollen may
be used as a preliminary "prospecting’ technique for mineral ores ( Pinsent in Warren, 1982)
and feasibility studies have been undertaken by two mining companies in British Columbia (
Lilley, 1983). Conti and Botre (2001) suggested that honeybees and, to a lesser extent , some
of their products ( pollen, propolis, wax, but not honey), can be considered as representative
bioindicators of environmental pollution.

Foraging honeybees also found to be exhibited considerable differences in their life
expectancy through a season and the trace element content of bees collected at a particular
hive is known to alter according to diet and season ( Nation and Robinson, 1971 cited in
Jones, 1987).

Honeybee mortality rates have been used as an indication of gross aerial contamination, both
for As (Terzic et al., 1984) and organic pesticide residues (Celli, 1984) and, also, it is likely
that beeswax may be used to monitor hydrocarbon residues (Estep et al., 1977).

To date physico—chemical properties (Kerkvliet et al., 1995; Shrestha, 1998, 2000; Joshi,
1999; Joshi et. al., 2000) of Nepali honeys have been determined. But the implications of
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contamination of honeys with heavy metals, has not been assessed previously. Apparently, no
investigations on the element spectrum content of Nepali honeys have been attemted in terms
of the concentration of contaminants in Nepali honeys. This work reports the concentrations
of selected elements Li, Na, K, Ca, Mg, Sr, Fe, P, Al, B, Co, Cu, Mn, Ni, V, Zn, Cd, Cr, Mo,
and Pb in Apis cerana honeys produced in terai, hills and mountains, 4. dorsata and A.

mellifera honeys produced in Chitwan ( terai), Nepal.

Elements in the environment

Toxic metals are widely found in our environment. Humans are exposed to toxic metals from
numerous sources, including contaminated air, water, soil, and food (Ercal et al., 2001) and
are extensivety documented in various publications.

Human exposure to cadmium and lead in the Central Europe, Slovak Republic (Food
Research Institute, 1997), and Czech Republic (National Instiute of Public Health in Prague,
1997) in Hungary ( UNEP/FAQ/WHO, 1992), in Poland (Gzyl, 1997) were evaluated.

The average concentrations of cadmium in foods (potatoes, apples, onions, milk, rice, and
meat products) in Slovakia (Food Research Institute, 1997), cadmium and lead in vegetables
(carrot, red beet, parsley, celery) in Poland and in Katowice Province (Gzyl, 1997), in
cereals,vegetables, and fruits in Hungary ( UNEP/FAO/WHO, 1992), lead from vegetarian
and non-vegetarians diet (in adults and children ) in Czech Republic (Ursinyova et al., 1997);
in selected foods of infants (118pg/kg body weight) in Austria (UNEP/FAOQ/WHO, 1992)
were evaluated.

The contamination of cattle kidneys with cadmium (Pintér, 1997), the full-term placenta
samples in Slovakia (Reichrtova et al., 1998a,1998Db), in human milk samples from Bratislava
(Ursinyova and Hladikova, 1997), cadmium in umbilical blood (in children), urine, creatinine
(in adults and children, using AAS ) in Czech Republic (Cerna et al., 1997); pregnant
women and their newborns exposed to heavy metals (perinatal period problems: mainly
respiratory effort) living in the Silesia district, Poland (Bursa,1996); in venous blood, in
human placenta, in cord blood in Poland (Baranowska, 1995); blood cadmium (and lead)
levels in mother-neonates pairs in Legnica Glogow Copper Basin (Zareba et al., 1996); blood
cadmium concentration in young residents of Nowa Huta quarter (close to the steel and iron
plant, city center and rural area) ( Zielonka and Wodzien, 1993); in blood of people (n=60,
including 28 children) living in a village 900 m from a copper smelter in Legnica (Andrzejak
et al., 1993); in blood of the 51 healthy Austrian mothers, in umbilical cord blood and in
human milk (using AAS) (Plockinger et al., 1993); in 60 autopsy tissue samples ( liver,
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kidney, thyroid) obtained from individuals (25-87 years of age) from Styria, a moderately
industrialized region of Austria (Tiran et al., 1995); Pb, Cd, Hg, Zn, Cu,Ni in human placenta
(by AAS) (Reichrtovd et al., 1995) evaluated.

Lead concentrations in the placental tissue samples (Reichrtova et al., 1998 a, b); in human
milk samples (Ursinyova and Hladikova, 1997); in total blood and biological materials
kidney, liver, blood (Sigmundova et al., 1997); in children's blood from the Slovak Republic
and Germany (Hladikova et al., 1997; Meyer et al., 2003), in in blood samples from the Czech
Republic (Cerna et al., 1997;Cikrt et al., 1996), in blood, hair, teeth samples ( men, women,
pregnant women and children) from Hungary ( Rudnai and Horvath, 1996), in maternal blood
and cord blood samples from Poland (Bursa, 1996); the relation of lead levels in blood and
neuropsychic changes was evaluated in the Slovak population of 9-10 year old children
(Sovcikova et al., 1997, 1998 ab); Pb and Cd in blood, urine and food samples from China,
Japan and Korea (by ICP-MS) (Ikeda et al., 2000 ); Pb and Cd (by ICP-MS ) in blood, spot
urine, boiled rice and 24-h total food duplicate samples from Bangkok, Thailand (Zhanga et
al., 1999); the toxic element status of healthy Austrian women (n=51) and their new-born
babies (Plockinger et al., 1993) studied.

The influence of the strongly polluted environment on the content of metal in human tissue
was investigated ( Baranowska, 1995); cadmium concentration in the cells (Caco-2 cells)
determined by atomic absorption spectrometry (Lecoeur et al., 1998).

Mejare and Bulow ( 2001) discussed Metal-binding proteins and peptides in bioremediation
and phytoremediation of heavy metals trends in biotechnology.

Plants that accumulate the elements allow us to measure the metal input which is often below
detection limit in water and air. Suitable plants for this purpose are mosses (Say et al., 1981;
Goncalves et al., 1994; Herpin et al.,1994, 1996; Markert et al.,1996; Siebert et al.,1996;
Burns et al., 1997).

Lichens were applied as biomonitors ( Markert and Zhang, 1991; Markert and Wtorova, 1992;
Vtorova and Markert, 1995), and applied to delineate the distribution of airborne chemical
elements emitted by industrial plants such as metal works and foundries ( Belandria et al.,
1991; Kansanen and Venetvaara, 1991; Manninen et al., 1991; Perkins, 1992; Zanini et al.,
1992; Gailey and Lloyd, 1993; Caniglia et al., 1994; Jovanovic et al., 1995).

In addition, the capability of lichens to accumulate different elements, inclusive of trace
metals, is extensively documented ( James, 1973; Nieboer et al., 1977, 1978; Puckett and
Burton, 1981; Martin and Coughtrey, 1982; Brown and Beckett, 1984, 1985 ab; Lawrey,
1984; Arndt et al., 1987; Galun and Ronen, 1988; Puckett, 1988; Richardson, 1988, 1992;
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Nash, 1989, 1996; Tyler, 1989) and reviewed (Brown, 1991; Brown and Brown, 1991; Garty,
1992, 1993; Jacquiot and Daillant, 1997).

Portuguese lichen ( Parmelia sulcata) samples collected in 1993 were analysed for the
elements Cd, Cr, Cu, Fe, Pb, Ni, Zn, Si, P, S, Cl, K, Ca, Ti, V, Mn, Fe, Na, Mg, Al,Co, Ga,As,
Se, Br, Rb, Sr, Mo, Ag, Sb, I, Cs, Ba, La, Ce, Nd, Sm, Eu, Tb, Lu, Hf, Ta, W, Hg, Th, and U
(Freitas et al., 2000). Parmelia sulcata samples collected fron Portugal in 1990-1992 were
also used for the elements Cd, Cr, Cu, Fe, Pb, Ni, and Zn ( Ruhling, 1992). In The
Netherlands similar survey was made in 1982/83 and 1986/87 using also Parmelia sulcata
(Sloof, 1993).

Falandysz et al., (2001) analysed Na, Zn, Ca, Fe, Cu, Mn, Rb, Ag, Cd, Hg, Pb, Cs, Sr, Al TI,
In, Bi, Th, U, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, La, Lu, Ba, Si, K, P and Mg
by ICP/MS and ICP/AES in 18 species of wild edible mushrooms from Poland.

The foliar concentration of 11 heavy metals were analysed in trees from a tropical rain forest
in Sarawak (Breulmann, et al., 2000); concentrations of K, Fe, Zn,Br and Pb in the leaf veins,
roots and stem of Eucalypius globulus , E. camaldulensis, E. lesouefii, E. saligna (Orlic et
al., 2002); Zn content in Mangroves ( Avicennia marina Forsk.) was measused using SEM X-
ray microanalysis and Atomic Absorption Spectroscopy (MacFarlane and Burchett, 1999); Cd
and Zn in dry alfalfa (Medicago sativa L..) (Millera et al., 1995); Cd, Ni and Cr tolerance and
its ability to accumulate by Cannabis sativa L ( Citterio et al., 2003); effect of
bioaccumulation of cadmium (Cd **) on biomass productivity, essential trace elements,
chlorophy!l biosynthesis, and macromolecules of wheat (Zriticum aestivium L.) seedlings
(Shukla et al., 2003) were also evaluated.

Cd, Cu, Pb and Zn in the different constituents of biowaste (Veeken and Hamelers, 2002);
cadmium and zinc uptake by volunteer willow species and elder rooting in polluted dredged
sediment disposal sites (Vandecasteele et al., 2002); Cd, Co, Cr, Cu, Hg, Mn, Ni, Pb, Zn and
As in alluvial soils (Fluvisols and Humofluvisols) from the Velika (greater) Morava river
valley (Jakovljevic et al., 1997); heavy metal pollution of soils and plants in Northern
Bohemia, Korea (Ustyak and Petrikova, 1996; Myung and Thornton et al., 1996) evaluated.
Accumulation patterns of environmentally relevant heavy metals (Pb, Cd and Zn ) in selected
saprophagous or phytophagous soil invertebrates, adults of the species Porcellio scaber
(Isopoda), Tetrodontophora bielanensis (Collembola), Julus scandinavius (Diplopoda), and
Deroceras reticulatum (Gastropoda) ( Gréaff et al., 1997); biochemical and physiological
effects of prolonged feeding of the ant Formica aquilonia, in natural conditions with excess of

cadmium or mercury (Migula et al., 1997); Cd toxicity in the isopod Porcellio scaber Abdel-
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Lateif (1998); the plumbism in domestic and free living birds ( Francisco, 2002); the effects
of Cu, Cd, Zn and Cr on the survival and feeding behaviour of the sandy shore scavenging
gastropod Nassarius festivus (Cheung et al., 2002); Li, Ga, Rb, Y, Zr, Ga, Mo, Ag, Sb, W, Bi
in five typical municipal waste ashes in Japan (Zhang et al., 2002); Hg, Pb, Cd and Zn in the
kidney of 164 roe deer, shot in three areas of Slovenia (Pokorny and Ribari-Lasnik, 2002);
combined effects of heavy-metal contamination (Cu, Zn, and Hg) and starvation on common
quails (Coturnix coturnix japonica) and its use as a model for comparison with a wild
common guillemot (Uria aalge) population (at the Belgian coast) (Debacker et al., 2001); Cd,
Co, Cr, Cu, Fe, Mn, Ni, Pb, V, and Zn in water, sediment and fish ( muscle tissues) samples
from Tuskegee Laket located in Southeastern United States ( Ikem et al., 2003); Na, K, Ca,
Mg, Fe, Mn, Zn, Cu, Al, Cr, Ni, Cd,and Pb in the water, bottom deposits, zoobenthos, fish,
and macrophytes of the Pond Bugach and in the soils near the pond (Gladyshev et al., 2001),
Cd total Hg in flesh and hepatopancreas of two species of cephalopods (spider octopus,
Octopus saluti and broad tail squid, Illex coindeti) from the South Adriatic Sea (Storelli and
Marcotrigiano, 1999); Cu, Pb, Cd, Zn and As in the liver and eggs of 16 species of dead
samples of waterfowl from the Dofiana National Park (Hernandez1 et al., 1999); Pb, Cd, and
Zn in Asterias rubens as a bioindicator of metal contamination (Temara et al., 1998);
assimilation of Cd, Cr and Zn by the zebrafish Dario reiro feeding on the freshwater
zooplankton Daphnia magna (Liua et al., 2002); Fe and Pb content in lung and liver samples
of female and male Canada geese ( Branta canadensis ) (Belinsky and Kuhnlein, 2000 ); Cd,
Se and Cr in the eggs and in breast feathers of adult double-crested cormorant (Phalacrocorax
auritus’}, black-crowned night heron (Nycticorax nycticorax), and franklin's gull ( Larus
pipixcan) nesting at Agassiz National Wildlife Refuge in Marshall County, northwestern
Minnesota (Burger et al., 1996) have also been studied.

And also studied As, Cd, Pb, Cu and Zn content (by ICP-AES and ICP-MS) in various
vegetables samples from Bangladesh, (Alam et al., 2003); Intake of food energy, Fe, Zn, and
Ca by rural Iranian pregnant women (Houshiar-Rada, 1998); Zn, Cu, Cd, Mn, Pb, Ni (by
AAS) in milk, bread and daily diets as well as in serum and urine from the adults of 20-50
years old) with cancer risk (organochlorine pesticides residues, heavy metals) in some food
from Fastern Roméania districts in relation with their presence in human body (serum, urine) (
Hura et al., 1998); Cd in human milk samples from urban industrial area of Poznan
(Rydzewska and Krol, 1996); arsenic, copper, nickel, manganese, zinc and selenium
concentration in foodstuffs and drinking water from West Bengal, India (Roychowdhury et
al., 2003); Cd, Pb, and Hg in rice grain samples from Saudi Arabia (by atomic absorption

89



spectrometry after acid digestion) (Al-Saleh and Shinwari, 2001); Pb, Cd, Cu and Zn in
different types of milk samples from Mumbai city, India (Tripathi et al., 1999); Pb, Cd and
Zn in peanut, corn, pea, and wheat seeds (Stefanov et al., 1995); Pb, Cd, Cu and Zn in air
particulates, water and food samples (pulses, green gram, leafy vegetables, amaranth, meat,
root vegetables, and fruits ) from different suburbs in Mumbai, India (Tripathi et al., 1997);
Ag, As, Cd, Cr, Cu, Hg, Mg, Pb, Se and Zn in roots, stems, leaves and seeds of wild rice
plant samples from USA (Bennett et al., 2000 ); lead, cadmium, molybdenum, nickel
selenium, copper, zinc and manganese in products from the cereals group a part of a total diet
from Madrid (Cuadrado et al., 2000); Cd, Co, Cr, Cu, Fe, Ni, Pb and Zn in tea, cocoa-based,
coffee, cereal-based, dairy products, fruit juices, malt drinks, carbonated soft drinks and
wines and food drinks samples from Nigeria (Onianwa et al., 1999); Cd, Cr, Cu, Hg, Pb, Zn
concentrations in chironomid larvae (Reinhold et al., 1999); As, Fe, Cu, Pb, Ni, Mn, Zn, Se,
Mg ,V, Cr, Cd, Sb, and Hg in fallow land soils from anarsenic-affected arca of West Bengal,
India ( Roychowdhury et al., 2002); copper and zinc concentrations in the edible tissues
samples of three crops {maize, sugar beet and lucerne) from Italy (Mantovi et al., 2003);
cadmium in major food groups together with liver and kidney samples from non-
occupationally exposed populations (Sataruga et al., 2003) and elemental and radioactive

analysis of commercially available seaweed (van Netten et al., 2000) also studied.

4.6 Materials and Methods

The man influences the state of metals in nature since ancient times. The metals are
redistributed in ways different from natural ones and new metal compounds are obtained and
released into the environment because of anthropogenic activities. Since metals and
metalloids are distributed everywhere in nature and cover a large concentration interval
between mg/kg and more to ng/kg and less, and participate in a number of important
geochemical and biochemical process this disturbance leads to serious impact on living
organisms (Djingova and Kuleff, 2000; Pacyna, 1996). This is one of the reasons that
determination of metals and metalloids in environmental materials is an object of constant
interest. There are approximately 30 elements that are practical toxicants (Goyer, 1986). Some
are biologically essential nutrients ( NRC, 1986). Other may have no known beneficial effects
or functions. While metals are neither created nor destroyed in biology, they may be
significantly altered chemically through metabolism and other chemical reactions ( Jacobs,
1996).In tissues these metals may be of various physical and chemical forms: free

uncompounded forms or compounded forms either organic or inorganic (Jacobs, 1996).
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In principle, many analytical approaches yield accepted results for an individual metal.In
practice, each has ist particular advantages, disadvantages, ot practically for a given metal,
tissue, and toxicological assessment. The choice of techniques is predicated on many factors,
e.g., selectivity, sensitivity, ease of analysis, multi-clement capabilities, lack of interferences,
practicality, commercial availability of instrumentation, etc.

Quantitative techniques rather than qualitative techniques are most often selected for metals
analyses. These techniques include, atomic spectroscopy, polarography, electrochemical, X-
ray fluorescence etc. Techniques based on a form of atomic spectroscopy are the most widely
employed for the analysis of metals, in general Medicine, nutrition, the environment, and
technical needs are continuing to fuel rapid and highly competitive development of recent
commercial instrumentation for metal analysis. Recent developments in instrumentation has
favored instruments with simultaneous, multielemental capabilities.Many analytical
approaches have reached maturity and yield acceptable results for an individual metal. Each
has ist particular advantages, disadvantages, or practicality for a given metal, tissue, and
toxicological assessment. Every methodological approach should be validated for each metal
type (Jacobs, 1996).

Extensive literatures in this field are found ( Bacon et al.,1996; Becker and Dietze, 1998).
Barnes (1996) emphasized on problems in the analysis of environmental samples because
they limit seriously the number of determined elements and worsen the results for some
elements such as B, Al,and Mg. Different aspects of sampling have also been presented
(Cowgill, 1988; Ferguson et al.,1976; 1977; ISO, 1980; Knoechel and Prange, 1981; ASTM,
1982; Bond, 1982; EPA, 1982; Whitworth et al.,1998).

Analysis Technique
Atomemissionepectroscopy: Flamephotometry and Inductively Coupled Plasma

Principle and Definition

Inductively coupled plasma optical emission spectroscopy (ICP-OES or ICP-AES) is a major
technique for elemental analysis. The sample to be analysed, if solid is normally first
dissolved and then mixed with water before being fed into the plasma. In this work PERKIN-
ELMER 3000 XL was used. ICP-AES is short for optical emission spectrometry with
inductively coupled plasma. The plasma is formed by argon gas flowing through a
radiofrequency field where it is kept in a state of partial ionisation, i.e. the gas consists partly

of electrically charged particles. This allows it to reach very high temperatures of up to
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approximately 10,000°C. Atoms in the plasma, at high temperature, emit light (photons) with
characteristic wavelengths for each element which can be measured and used to determine the
concentration. This light is recorded by one or more optical spectrometers and when
calibrated against standards the technique provides a quantitative analysis of the original
sample.

The sample being analysed is introduced into the plasma as a fine droplet aerosol. Light from
the different elements is separated into different wavelengths by means of a grating and is
captured by light-sensitive detectors. This permits simultaneous analysis of up to 40 elements
and ICP-AES is generally compared to flame atomic absorption, i.e.detection limits are
typically at the pg/l level in aqueous solutions.

ICP instruments comprise various spectrometers, nebulisers, spray chambers, ICP torch, and

RF generators.

Nebuliser

When liquid is fed into an ICP plasma it must be in the form of fine droplets otherwise the
liquid will not fully dissolvate and atomise. The first stage in forming droplets is the
nebuliser. Most nebulisers are pneumatic, that is, they rely on the Venturi effect. The device
which produces the IC plasma is commonly referred to as the ICP torch. It consists of two to
four Argon flows depending on the manufacturer: Nebuliser gas (inner Argon flow ), at about
1L/min, carries the analyte aerosol; Sheath gas ( JY patent), for producing a laminar flow to
improve low excitation energy elements eg group [ & II elements; Auxiliary gas (if present),
lifts the plasma above the injector tube, used when measuring organics plasma gas, at about
12-16L/min, sets the plasma conditions, eg excitation temperature the argon and analyte flow

into a toroidal radio frequency (RF) field, usually at 40.68 MHz. The plasma is ignited by a
Telsa spark (Slickers, 1993).
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Figure 1: Burner construction of Inductive Coupled Plasmas-ICP

The nebuliser turns the analyte liquid into droplets. The largest droplets fall out into a drain

in the bottom of a spray chamber and the finest droplets are carried by gas into the IC plasma

(Tyler et al, http:/icp-oes.com).

Vaporization, Atomization and Excitation

Aerosol vapour is transported to the plasma vapour desolvates Atomization occurs within the
plasma atoms get excited to atomic and ionic states rich spectra produced because of presence
of both atomic and ionic lines . Because of their different excitation energies, different

emission lines will have maximum intensities at different vertical positions in the plasma.

RF Generators

ICPs generally require 1-2 kW maximum output at radio frequency (RF) to maintain the

plasma. High efficiency required - especially for organics

Frequency

Fixed versus Free Running

Fixed: Crystal controlled, eg at 40 MHz

Free running: floats eg at 40 MHz = 2 MHz

40 MHz versus 27 MHz

Because of the skin-effect in RF plasmas, higher frequency gives a thinner plasma with a

wider dynamic range (less self-absorption), with lower backgrounds and fewer interferences.

(Tyler et al., http://icp-oes.com).
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The Spectrometer

A spectrometer consists of three main parts: an emission source which produces the
spectrum, an optical system which scatters the spectrum and the device to measure the
emitted lines which processes the result. Common spectrometer optical systems consists of a
polychromator or a monochromator which scatters the spectrum and isolates the analytical

lines of the elements to be analyzed.
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Figure 2: Diagram of a typical ICP-OES instrument with Plasma as
Atomization unit (ICP-OES) (Klintschi et al., 1996).

Figure 2 describes an ICP-OES instrument consisting a sample delivery system, an IC plasma
to generate the signal, one or more optical spectrometers to measure the signal, and a
computer for controlling the analysis.The most common sample delivery system consists of a
peristaltic pump and capillary tube to deliver a constant flow of analyte liguid into a nebuliser.
The nebuliser turns the analyte liquid into droplets. The largest droplets fall out into a drain
in the bottom of a spray chamber and the finest droplets are carried by gas into the IC

plasma. (Tyler et al, hitp://icp-oes.com).
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Spray chamber

The droplets coming from the nebuliser can vary greatly in size, from less thanl pm to more
than 10 um. Since droplets going into the IC plasma should be kept below 5 pm in size, it is
necessary to remove the large droplets. This is done in a spray chamber.

The liquid spray from the nebuliser enters the spray chamber. By sheer size, the larger

droplets fall to the bottom of the chamber and exit through the drain. The finer droplets in the

vapour are transported to the plasma.

Various types of spray chambers commonly used are: Scott , Cyclonic, Inert , Cooled , Low

Volume (Tyler et al., http://icp-oes.com).

Photo Detectors and Photomultiplier Tubes

In optical emission spectrometry, photomultipliers are commonly used as detectors. They are
photocell detectors. The incident photons coming from the exit slit liberate electrons from the
photocathode and the electron flow is then amplified by a set of dynodes. The final anode
current is proportional to the incident photon signal received by the photocathode.

The measurement dynamic range is very broad, i.e. 1015, and sensitivity is high, as the dark
current is low. These detectors allow the detection of low intensities emitted by trace
elements, as well as strong signals from major elements. They have very fast response times,
typically 1-2 ns for a 10%-90% change in signal. The main inconvenience of photomultipliers
is their cost.There are several types of photomultipliers, which differ in the nature of the
entrance window, either crystal or fluoride, and in the nature of the sensitive layer on the
photocathode. Some are only sensitive in the far ultraviolet while others are more sensitive in
the visible. The type of photomultiplier to be used is selected according to the wavelength of
the line to be detected. A fatigue lamp (a small incandescent light source) is often used with
photomultipliers to keep the temperature of the tube and its associated electronics constant.

The fatigue lamp is switched on when the emission source is off and switched off when the

emission source is on.

Solid State Detectors

Concept: Pass charge from one capacitor to another by changing applied voltage in a
coordinated fashion, The photon strikes silicon and is converted to a charge that can be

transported and measured by electronic structure built on monolithic silicon chip.
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Two types of optical solid state detectors

Charge Coupled Device (CCD)
Charge Injection Device (CID)

Advantages of Solid State Detectors

Wide range of elements and wavelengths.

Global analysis over the range of the chip.
Retrospective analysis for 'extra’ elements.
Simultaneous' analysis.

Simultaneous background correction.

Cheap.

Disadvantages (compared with photomultiplier tubes)

Smaller signals, mainly because of the much smaller surface area of the light sensitive region.
Higher noise, chiefly counting noise.
Poorer signal to background ratios.

Worse detection limits.

Poorer spectral resolution - mathematical corrections required.
Resolution changes with wavelength in some designs.
Blooming at high intensities occurs in nearby pixels.

Slower response time.

Speed usually limited by the need to integrate to overcome counting noise.

Smaller dynamic range of intensities.

Detection Limit or level

Definition

Detection limit is commonly understood to be the smallest concentration we can measure
with a particular technique. In fact it is the point at which we can make a decision whether the
element or compound is present or not. To be able to measure the quantity at least three times
the detection limit is needed. Three times the detection limit is often called the limit of
determination.By convention and from statistics, detection limit (DL) is defined as the

concentration corresponding to a signal three times the noise level of the background.
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Measuring DLs

There are several ways to measure detection limits. A quick (rough) way is simply to divide
the BEC (background equivalent concentration, i.e. the concentration intercept on the
calibration curve) by a number, people usually use 50 or 30. The number depends on the
typical noise level in the instrument. This is explained further below.

Another way is to determine the uncertainty on the BEC. A third way is called the signal-to-
noise ratio (SNR) method. A favoured approach is the SBR-RSDB method.

SNR Method

The SNR method can be expressed as:

DL=0.03 . RSDB/X , /C,

Where RSDB is the relative standard deviation of the background expressed as a percent and
is the sensitivity (the slope of the calibration curve of intensity versus composition), where X 4
is the net analyte signal (i.e. signal above background) and ¢ , the composition of the element
in the sample. Clearly with this method, the detection limit is largely determined by the
background signal: its size and its noise level, expressed as RSDB. And the sensitivity of the

technique, expressed as the slope of the calibration curve.

SBR-RSDB Method

The SBR-RSDB method can be expressed in two equivalent ways:
DL=0. 03 x RSDB x BEC
DL=0.03 x RSDBx C/SBR

Where c is the mass % of the element in the sample being measured, BEC is expressed as
mass %, and SBR is the signal-to-background ratio. Again, the detection limit is largely
determined by the background signal: its size and its noise level, exp ressed as RSDB. And
the sensitivity of the technique, expressed as SBR. We can see that if RSDB is 0.7%, then DL
is approximately BEC/50 and the limit of determination is 3xBEC/50. If RSDB is 1%, then
DL is about BEC/30, and if RSDB is 2%, then DL is BEC/17. (Note: if the RSDB is 1%),
which is often assumed, then BEC/50 corresponds to two times the noise level on the
background and so the limit of determination is taken to be five times the DL, i.e. BEC/10,

rather than three times in the more formal approach (Boumans, 1997).
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Atomic absorption spectrophotometry (AAS)

Atomabsorptions spectroscopy
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Figure 3 Measuring principle of AAS

AAS is a method for elemental analysis in solution
(mainly). It is very sensitive, can detect different elements
and can detect elements in the range of a few ppm or

less (atomization by flame) or in the range of a few

ppb or less (electrothermal atomization). The AAS
techniques that have commercially available
instrumentation and that are suitable for these types of
analyses include:Flame-AAS(FAAS),Graphite Furnace-
AAS(GFAAS), and Hydride Generation-AAS (HGAAS).
Although, in theory at least, AAS techniques have the
ability to perform simultaneous multielemental analysis
(Jacobs, 1996).The principle of AAS is based on the fact
that atoms absorb radiation at the same wavelength at
which they emit. The sample is atomized in the light
path of a radiation source emitting the atomic spectrum
of the analysed element, and the extent of absorbed radiation
absorbance) in proportional to the concentration of the

element (Djingova and Kuleff, 2000).

Of these, the ones most employed are based on atomic absorption spectroscopy (AAS) and

atomic emission spectroscopy (AES).
AAS techniques for many of the analytes can suffer significant interferences due to the

sample matrix and from the physical and chemical conditions encountered in the light path.

These interferences can be due to background absorption (nanometer absorption),

vaporization interferences, ionization effects, or from spectral interferences. In general, some

type of interference should always be assumed, except under the most simple analyte-matrix

conditions-ones that are seldom encountered in the analysis of biological samples

(Dulude,1992). Most interferences can be overcome or minimized through techniques such as
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matrix matching, using matrix modifiers, background correction techniques ( Jackson and
Mahmood,1994; Rossi, 1992).

AAS is perhaps the most popular, thoroughly tested and well established method in
environmental research, and therefore regular major advances cannot be expected any more
(Cresser et al., 1992). Annually appear an enormous number of contributions using AAS in
environmental investigations. A number of excellent reviews discuss the state of the art and
perspectives of AAS in environmental research (Welz, 1985;Broekaert and Toelg, 1987,
Stoeppler, 1991;Cresser, 1994; Cresser et al., 1988;Tsalev, 1994, 1995, 1998; Pelly, 1994,
Halls, 1995).

This method exploits the narrowness of atomic absorption lines to avoid the necessity to
seperate a complex mixture prior to the analysis of its components. Of course, the conversion
of a sample to ist atomic constituents in AAS means that it is only a method of elemental
analysis, and, for various practical reasons, it is essentially suitable for analysis only of

metals. Nonentheless, a very large number of elements can be analysed for at trace level, and

AAS has a very wide range of applications.

lens lens cetector
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Figure 4 Schematic Diagram of AAS (http://www.chem.vt.edu/chem-

ed/spec/atomic/aa. html).

Description of method

Atomic absorption spectrometry is the measurement of an absorption of optical radiation by
atoms in the gaseous state. In atomic absorption, the radiation of an element-specific spectral
light source is passed through the sample dissociated into atoms, and the attenuation of the
radiation caused by the absorption atoms is measured. The decisive feature is that the radiation
caused by the absorbing atoms is measured. The radiation of the light source is modulated at a
particular freqency and the amplifier connected behind the receiver is tuned to the same

modulation frequency. AAS is thus in a position to unambiguously differentiate between the
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element- specific radiation of the element of enterest and unspecific radiation from the sample

matrix.

Features of AAS

The method is particularly suited for single-element determinations, but also to a ceratin
extent for multi-element analysis. The measuring time for aqueous solutions (without
calibration, evaluation and sample preparation) is about 10 seconds(flame) and 10 minutes
(graphite furnace) per sample and element. The determination limits in aqueous solutions

range from pg/ml (Ti) to 0.5ng/mi(Cd, Ag) depending on the element. In most cases, they are

in the range of 10ng/ml.

Hollow-cathode Lamps

Hollow-cathode lamps are a type of discharge lamp that produce narrow emission from
atomic species. They get their name from the cup-shaped cathode, which is made from the
element of interest. The electric discharge ionizes rare gas atoms, which are accelerated into
the cathode and sputter metal atoms into the gas phase. Collisions with gas atoms or electrons

excite the metal atoms to higher energy levels, which decay to lower levels by emitting light.
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Figure 6 Schematic Diagram of a Hollow-cathode Lamp

Hollow-cathode lamps have become the most common light source for atomic absorption

(AA) spectroscopy. They are also sometimes used as an excitation source for atomic

fluorescence spectroscopy (AFS).

Statistical analysis

Every elemental content was cotrected with the water content of the honey sample. All the
results are based on dry weight. SAS (Statistical Analysis System) for Windows V8 was
used. Wilcoxon test (non-parametric) was applied as a global test and for pair wise
comparisons between the factors/steps after the pairwise comparisons. Bonferroni-Holm test
was applied as a global significant level 0.05 was fixed. SAS software provides results in the
form of p-values. The p-values say about certainity of test. If pvalue is lower than alpha the
nullhypothesis is rejected. If higher than alpha then accepted. Null hypothesis were set in
this way says no difference in elemental content between honey from different locations and
different bee species. The mean (each) elemental concentration in honey samples compared to

those of different locations in case of Apis cerana honey and in case of different bee species

in case of Chitwan honey.
Graphical representation of results

Software for making box plots SPSS 10.0 for windows. Box plots were produced location
wise and species wise for each element.
Sampling

All honey samples were collected directly from the colonies at the same location and time in
Chitwan district, central Nepal. Sealed honey combs from Apis cerana were collected

directly from traditional hives and Newton B hives in seven different locations of Nepal.
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A. dorsata honeys directly collected from the colonies and A. mellifera honeys were
collected from modern hives. Based on their altitudinal ranges samples were aggregated in
simpler classification of terai, hills and mountains. The honey samples collected from
Chitwan was grouped under terai (< 500masl); Kathmandu, Palpa, and Arghakhachi under
hills (500-2000masi); and samples from Jumla-Jajarkot and Langtang were placed under
mountains (2000-3000masl). All honey samples from different bee species assayed had been

stored in plastic bottles and were preserved in a refregerator until being analysed.

Sample decomposition

Stored honey combs were carefully processed in the laboratory.

Each honey bottle was heated in a water bath to about 40°C so that the honey flowed easily
enough to be mixed throughly with an acid ringed glass rod.

The honey samples dissolved completely in concentrated nitric acid after initial warming and
nitrous oxides evolved vigorously. Heating upto 140°C was sufficient .Contrary to usual
plant samples use of perchloric acid was not necessary.

After going to near dryness, the samples were taken up with 25 ml of water and wax were
filtered . Checks revealed that the wax contained even less minerals than the honey.

Water purified by reverse osmosis had to be used exclusively. The de-ionized water prepared
in-house frequently contained traces of zinc and nickel. For the zero of boron calibration,
glass- distilled water must not be used, because severe and unpredictable contaminations from
the borosilicate apparatus frequently occurred.

A simultaneously operating optical ICP (Perkin Elmer Optima 3000 XL) was used as a multi-
element analytical tool. Mineralization of the samples does not need to be complete, but the
approximate viscosity of an aqueous solution has to be reached. High residual carbon might
give background noise. The sample solutions were not diluted prior to ICP determinations.
For K, the samples were very high in concentration.K was determined by flame emission on a
Perkin Elmer 3030 AAS after appropriate dilution (20-100 fold).

Controls and additional parameters were performed on a Perkin Elmer 3030 Z graphite

furnace, Platforms were used for Pb and Cd whereas Cr and Mo were analyzed without

platforms.

Sample preparation-ICP

Flame emmission and graphite tube system wet breakdown in nitric acid in conical flask.
Stored honey combs were carefully processed in the laboratory. Each honey bottle was heated

in a water bath to about 40°C so that the honey flowed easily enough to be mixed throughly
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with an acid rinsed glass rod. The honey samples dissolved completely in concentrated nitric
acid after initial warming and nitrous oxides evolved vigorously. Two replicas of supra pure
solutions ( each 4 gm ) were prepared after blocking six samples one with clean nitric acid
(as a control) was analysed. Breakdown by HNO3 starts with heating block at 50°C and
heated up to 140°C was sufficient. Contrary to usual plant samples use of perchloric acid was
not necessary. The fluid (solution) was evaporated near dryness. The samples were taken up
with 25 ml of water and wax was filtered . Checks revealed that the wax contained even less
minerals than the honey. Water purified by reverse osmosis had to be used exclusively. The
de-ionized water prepared in-house frequently contained traces of zinc and nickel. For the
zero of boron calibration, glass-distilled water must not be used, because severe and
unpredictable contaminations from the borosilicate apparatus frequently occurred.

A simultaneously operating optical ICP (Perkin Elmer Optima 3000 XL) was used as a multi-
clement analytical tool. Mineralization of the samples does not need to be complete, but the
approximate viscosity of an aqueous solution has to be reached. Sml of the undiluted solution
was used. Every 20 samples calibrated. After six samples, 2 controls (one was of pure water
and other was of pure water with 1 ppm Ca and 1 ppm K) were used.The programme of the
machine was already established and hence called “water'(for water sample). For calibration
multi element standards were used. High residual carbon might give background noise. The

sample sclutions were not diluted prior to ICP determinations.

Flameemission ( FES)

For K, the samples were very high in concentration. K was determined by flame emission
(FES) on a Perkin Elmer 3030 AAS in the oxidised Acetylene- Air-Flame after appropriate
dilution (20-100 fold). The spectrometer was calibrated with KCL and HCL

ICP Calibration standards

Element |Frequency |Unit | Standard |Standard |Standard |Standard |Standard
nm 1 2 3 4 S

Li 670.784 mg/l | 2.50

Na 589.592 mg/l |10 _ 5.00

Ca 393.366 mg/1 | 0.50 10 40 2.00

Ca 315.887 mg/1]0.50 10 40 2.00

Mg 280.271 ng/l 10.50 20.00 5.00 _

Sr 421.552 mg/1 | 0.52 0.04 ]

Fe 259.939 mg/1 | 0.30 0.60 2.00 10 |

Fe 234.349 mg/l | 0.30 0.60 2.00 10

P 213.617 mg/l 10 5.00

K 766.490  |mg/1|101 12,58

Al 308.215 |Hg/1 2000 4000 110000
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B 208.889 ug/l [300 600 2500 1250

B 249.772 ug/l [300 600 2500 1250 |
B 182.528 ug/l 300 600 2500 1250

Co 228.616 ng/l 400 800

Cu 324.752 g/l [100 800

Mn 294.920 ng/l [ 100 200 1000

Mn 257.610 ng/l [ 100 200 1000

Ni 232.003 ug/l (1000 2000 |

v 292.402 ug/l 1000 5000

Zn 213.857 ng/l 400 800 2000

Cd 228.802 ng/l 400 800 2000

Cd 214.440 ug/l [400 800 2000 !

Pb 220353 ug/l | 4000 8000

Cr 267.716 ng/l | 500 1000

Cr 205.560 ug/l |500 1000

Mo 202.031 ng/l 1000 _ 4000

Adjustment for programme water
Sample flow rate-1.3ml/min
Flush time-20 sec

Sample flush rate-3.0 ml/min
Read delay- 50 sec

Wash rate - 1.3ml/min

Wash time 40 sec

Plasma- 151/min

Aux-0.5

Nebulizer-0.8

Source Equil. Delay- 15 sec
Power-1450 W

Detection limit or level for each element and method
Detection level was calculated out of the results for water samples using median of element

content plus two times (+2) standard deviation.

Element Detection level
Al [ng/g] (ICP) 183

B [ng/g] (ICP) 260
Ca [pg/g] (ICP) 0.11
Co[ng/g] (ICP) 5.9
Cu [ng/g] (ICP) 14

Fe [ug/g] (ICP) 0.3
Li [pg/g] (ICP) 0.0004
Mg [pg/g] ACP) 0.019
Mn [ug/g] ICP) 3.7
Ni [ng/g] (ACP) 37

P [ng/g] (ICP) 0.06
Sr [ng/g] (ICP) 0.0003
V [ng/g] (ICP) 6.8

Zn [ng/g] (ICP) 53

Na [pg/g] (ICP) 0.1

K [ug/g] (FES) 1.33
Cd [ug/gl (AAS) 0.1

Pb [ng/g] (AAS) 1

Cr [pg/g] (AAS) 1

Mo [pg/g] (AAS) 1
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Graphite tube

The elements lead, cadmium, chromium and molybdenum were analysed using graphite tube

(Perkin Elmer 3030 Z). The elements lead and cadmium was analysed with platform whereas

chromium and molybdenum without platform. For each element different temperature time

programme was used. There was slightly different programmes because characteristics of

graphite tubes depend on ist age. Additional foreign substances could produce smoke during

the analysis.

Cd Pb Cr Mo
Sample volume 25ul 40pl 30ul 40pl
Atomizationtime 12 sec 13 sec
Atomizationtime 3 sec 4 sec |
Gasstream 10 ml/min 10 ml/min
Integration time 2.7sec 3.0sec 10sec above the | 12 sec above
area the area
Delaytime 2.5sec 3 sec
Standardaddition | 20/40/60ul 25 ppb Cd | 20/40/60pul 200 |20/40/60u] 200 |20/40/60p1 200
in 1 ml ppb Pbin I ml |[ppbCrinl1ml |ppbMoin 1 ml
Ashing temperature |350° 620° 600° 700°
Atomization 2300° 1.7sec 2500° 2700°
temperature | "R
Atomization with |5 sec 5sec
Platform
Atomization 3sec 4dsec
without Platform
Delay with 1.0sec 1.7sec
Platform
Delay without 0.5sec 0.7sec
Platform
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Figure 8. Construction of Atomabsorptions-Spectrometers with Graphite tube oven.

Adjustments

Drying was upto 140°C for 20 sec with Ramp 10. This temp. is adjusted over electrical
current producing different wavelengths. For lead 283 mm wave length and for some low
values of lead the wave length was 217.0 nm because compensation of smoke produced in a
better way. Wave length for molybdenum, chromium and cadmium were 3 13, 357, and 228nm
respectively. The breadth of the window was 0,7nm. For underground correction transvers

Zeeman effect was used.

Selection of elements analyzed

In a first experiment, different amounts of a test honey samples (0, 5/ 1/,2/ 4 g) were
dissolved in nitric acid. For sample weights below 2 grams, trace elements were in the range

of the reagent blanks of p.a. HNO;. From this, use of suprapure nitric acid is essential.
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Therefore, 4g were chosen as a sample weight, which need 30 ml of suprapure nitric acid to
be decomposed.

Additionally, decomposition of the test sample was done in parallel in glass Erlenmeyer
flasks, and in teflon cups. Towards the end of fuming off, the samples from the teflon cups
had a tendency to splash around. The glass vessels yielded some boron to the samples, but
after subtraction of the blanks, the results for the teflon cups and the glasses were the same.

In order to test the regain, a cocktail of soluble trace element salts was added to the test honey
before the nitric acid. Quantitative regain of added Al, As, B, Be, Cd, Co, Cr, Cu, Fe, K, Mn,
Mo, Ni, P, Sr, V and Zn was achieved. Surprisingly, even added boron and arsenic were not
volatile. Regain of sulfur, given as methionine, was only about half. Barium scattered around,
maybe due to interactions with the glass, which was confirmed later also.

[t was not attempted to make any efforts towards the analysis of Se, Sb and Sn, which are not
directly accessible by the ICP because of insufficient detection limits. Measurement of As by
hydride AAS would be possible and much more sensitive than ICP-OES, but was regarded to
be too laborious. The As found in some samples was in the range below 10 ng/g.

After destruction of the sugars and maybe other organics, a sample solution of K-Ca
phosphate-borate in nitric acid thus remains, yielding a very smooth background spectrum in
ICP-OES (except for Mo), which allows the instrument to reach its limits. In order tom
control floating of the zero, every 6™ sample measured was purified water acidified with
suprapure nitric acid.

In case of Pb, Cd, and Cr, however, the detection limit of the ICP-OES was just suitable to see
contaminations, but at the normal level they were below the detection limit. Therefore, they
were additionally analyzed by graphite furnace AAS. Similarly, Co, Ni and V were frequently
below the detection limit of the ICP, but they were regarded not to be of the same importance
in order to justify further separate single element determinations. Molybdenum in the ICP was
completely interfered from a ,,wave™ of the background. As this is an essential element for
plants acting in the nitrogen cycle, it was decided to do it separately within the graphite
furnace. Also, Be was always below the detection limit. Ba scattered around due to
adsorption/desorption effects of the glass vessels used, and could not be evaluated.
Fortunately, the boron from the samples was five times higher than the high blanks from the

glasses, and precision among different batches was good.
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Methodological investigations found in the literature

Looking at systematic investigations of methods for the analysis of trace elements in the
literature, wet digestion, dilution and classical ashing in the muffle furnace gave similar
results for many elements. B, and surprisingly Cu, were lost in the muffle furnace. From the
diluted original honey samples, Cu was found to be volatile in graphite furnace AAS as well
{Qiang et al, 1986) which is very rare. From this, wet digestion with oxidizing acids also
seems the method of choice.

From soil digests containing additional phosphoric acid, boron was not volatile up to 150°C,
even in presence of HF. It gets presumably stabilized as polymeric boronphosphate anion
(Fodor and Molnar, 1993) This explains, why boron could be regained from honey sample
digests with nitric acid, while it gets lost from most other matrices. Also, from closed vessels,

BF3 was not volatile, if the digests were allowed to cool before opening (Fodor and Molnar,

1993).

The advantage and disadvantage of ICP-AES and AAS

The advantage and disadvantage of ICP-AES among other instrumental techniques for trace
analysis is well established (see table).

The multielement determination of about 15 elements is relatively easy to perform in all types
of environmental matrices. However, the direct determination of some ecotoxicologically
important elements such as Pb, As, Hg, Cd, Sb etc. is not possible in natural water, plant and
aerosol samples (Djingova and Kuffel, 2000). After preconcentration step,applied to

determine lanthanides in plants has been achieved (Markert, 1996) with excellent accuracy.

AAS

AAS is perhaps the most popular , throughly tested and well established method in
environmental research, and therefore regular major advances cannot be expected any more
(Cresser et al.,1992).Jackson and Mahmood (1994) and Jackson and Qiao (1992) have
recently reviewed the literature with regard to AAS techniques. Hill et al., ( 1992, 1993)
reviewed the instrumentation associated with AAS techniques. A number of reviews discuss
the state of art and perspectives of AAS in environmental research (Welz, 1985; Broekaert
and Toelg, 1987, Toelg, 1987, Stoeppler, 1991; Cresser et al., 1988, Cresser, 1994; Tsalev,
1994, 1995, 1998; Halls, 1995). In the period 1983-1992 more than 2000 papers were
published on AAS in the environmental health practice ( Tsalev, 1994). A survey on the
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annual reviews in J. Anal. At. Spectrom on Atomic Spectroscopy Update-Environmental
Analysis indicates that the articles using AAS exceed tens of times the contributions using
other analytical techniques (Djingova and Kuffel, 2000). Elements such as Pb, Cd, Zn, and Cu
are among the very important pollutants but they are also easily determined by AAS, a very
popular method (Djingova and Kuffel, 2000).

Obviously the field in environmental trace analysis which is rapidly developing is speciation.
In this respect increase in the role of electrochemical methods in determination mostly of
inorganic species might be expected while for the determination of both inorganic and
organometallic species the combinations between highly selective chromatographic or/and
extraction techniques with sensitive methods like ICP-MS, AAS, NAA are most promising
(Djingova and Kuffel, 2000).

The principle of ICP-MS is atomization of the sample in inductively coupled argon plasma
and high degree ionization, after which the positively-charged ions are extracted from the
plasma into the mass spectrometer where the ions are seperated according their mass to

charge and detected by photomultiplier.

Lead content in A. cerana honeys
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The advantages and the disadvantages of ICP-MS (Gray, 1985; Barnes, 1996; Jacobs, 1996;
Becker and Dietze, 1998; Djingova and Kuleff, 2000); ICP-AES (Keliher et al.,1986; Sansoni,
1987; Toelg, 1987; Stoeppler, 1991;Markert, 1996; Djingova and Kuleff, 2000); AAS

(Djingova and Kuleff, 2000) are:

ICP-MS ICP-AES AAS

Advantage Limitation Advantage | Disadvantage |Advantage Disadvantage
Enviable Necessity for Ability to Spectral High sensitivity | Single
detection dissolution of detectupto | interferences and low element
capabilities. samples which 50 elements. |similartoarc |detection limits |technique.
More than poses the decisive and spark AES. | down to the su-
90% of the question about Precision nanogram Narrow
elements can | blank values. varies Dependence on |range dynamic
be detected in between 0.2- | blank values. (ETAAS). range.
the 0.01-1 ng/g | Matrix effects as | 5%.
range. well as problems Dependence on | Good accuracy | Works

with dissolved Relatively salt and acid and precision | predominantl
About 50 solids , mass low chemical | content. y with
elements are | resolution and interferences. Well solutions.
detectable spectral established
below 10 interferences are | Sensitivity methodology.
pg/ml level. serious for earlier | lies in the ng/-

equipment and are | pg/g range. High sample
With ICP dimished to a great throughput.
quadropole extent in third Low detection Relatively low
MS the generation limits for cost
precision is instruments. refractory
0.1-2%. elements.

Relatively
The dynamic | expensive High sample
range is six to | instrumentration | throughput.
seven oders of | for metal analysis.
magnitude. Dynamic

range about

High sample five orders of
throughput. magnitude.
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4.7 Results

Elements in Apis cerana honey from different locations

The mean concentrations of elements found in Apis cerana honey samples analysed for all
the sample locations are tabulated in table 1 and table2. In addition, the values of each
elements in honeys produced in three representative agro-ecozones are presented in box plots
1-8. Ash content in Apis cerana honey samples are given in figure 1a-8a. In addition, total
ash in overall 4. cerana honeys are shown in figure 9a.

Samples analysed from seven locations, the average elemental concentrations of Li found to
be highest as 0.044 mg/kg, P 302.142 mg/kg, Al 34.39 mg/kg; Co 0.017 mg/kg; Ni 1.19
mg/kg; Zn 7.867 mg/kg and Cr 29.288 mg/kg in Langtang honey; For Kathmandu honey, the
concentrations estimated highest as 39.4 mg/kg, 8.75 mg/kg, 5.243 mg/kg, 0.017 mg/kg, and
122.5pg/kg for Na, Fe, B, Co, and Pb respectively. In the case of Chitwan, Sr 0.226 mg/kg,
Cu 1.51 mg/kg, Mn 7.392 mg/kg, Cd 4.136 ng/kg , and Mo 29.347 pg/kg; Palpa K 4259.50
mg/kg and Arghakhachi honey Ca 193.917 mg/kg and Mg 149.3 mg/kg found to be highest
amongst all (table 1). Similarly, K 889.000 mg/kg and V 0.0001 mg/kg in Kathmandu honey;
Ca 63.637 mg/kg, Mg 31.962 mg/kg, Sr 0.067 mg/kg, Mn 0.001 mg/kg, and Zn 0.001 mg/kg
in Kathmandu valley honey; Na 15.101 mg/kg in Chitwan honey; Fe 1.553 mg/kg, P 44.827,
Al 0.0022 mg/kg, B 0.0025 mg/kg, Co 0.00001 mg/kg, Cu 0.0001 mg/kg, and Ni 0.0001
mg/kg in Arghakhachi honey; Li 0.0029 mg/kg , Cd 0.312 pg/kg , Pb 7.869 pg/kg, Cr 5.839
ng’kg, and Mo 5.625 ug/kg in Jumla-Jajarkot honey found to have lowest amongst all (table
1). The distribution (with range) of each elements is given in the annexe 1. Though these give
apparent picture what concentration (and range) there is.

The total ash content of overall Apis cerana honey samples, commonly K, P, Ca, Na, Al, and
Fe. The percentile of these elements varied from K §3.28% to Cd 0.0001 % of ash (see figure
9a).

It is instructive to compare elemental concentrations (see annexe 1) in with each bee species
(for Chitwan honey) and locations. The comparison shows that (some of) the elemental
concentrations in rural areas (such as Jumla-Jajarkot and Langtang) tend to be less than urban
areas (Kathmandu, Kathmandu valley and Chitwan). For instance, the Pb concentration in
Jumla-Jajarkot and Langtang honey (second minimum) found to be the lowest amonst all.
Equivalent figures also for Cd, Cr and Mo concentrations were estimated in Jumla-Jajarkot
honey. But place like Langtang surprisingly showed the second maximum (3.123 pg/kg)

value of Cd in Apis cerana honey (see table 2).
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Table 1. Showing mean (mg/kg) content of elements in Apis cerana honey from

different locations.

Elements Langtang

Kathmandu Kathmandu Chitwan Palpa

Arghakhachi Jumla-Jajarkot

valley
n=6 n=2 n=4 [l il n=4 n=2 =]
; Mean Mean Mean Mean  Mean  Mean Mean
| Li 0.044 0.007 0.003 0.007 0.004 0.003 0.0029
Na 24378 39.423 24,510 [5.101 19.507 17.878 17.789
Ca 104.132  113.959 63.637 150.923 90.761 193.917 89.037
Mg 111.807  36.449 31.962 102711 135.658 149.395 83.399
Sr 0.099 0.169 0.067 0.226 0.120 0.181 0.084
Fe 7.297 8.758 5.085 4981 3.723 1.553 4.121
3 302.142  68.177 72.962 213.578 73.854 44827 183.765
K 3258.142  889.000 1074.63 1536.20 4259.50 2043.50 2353.82
Al 34.396 1.138 0.003 4.617 0.285 0.0022 0.150
B 4.578 5.243 0.003 3.850 0.676 0.0025 0.090
Co 0.017 0.017 0.000024  0.008 0.004 0.00001 0.002
Cu 1.462 0212 0.00029 1.51 0.66 0.0001 0.647
[ Mn 1.362 0.937 0.001 392 0.658 0.0019 0.544
Ni 1.192 0.248 0.0002 0.107 0.082 0.0001 0.050
A% 0.008 0.0001 118 0.004 3125 2.75 0.001
Zn 7.867 0.945 0.001 2.519 0.472 0.005 0.314

Note: 41 honey samples from A. cerana ineluded for ICP.

Table 2. Showing mean (ng/kg ) content of elements in Apis cerana honey from

different locations.

Elements Langtang Kathmandu Kathmandu Chitwan Palpa Jumla-JajarkotJ

valley |

Tisst) n=—2 n=4 n=10 n=3 n=§ |
Cd 3.123 0.886 0.493 4.136 0.691 0.312
Pb* 10.727 122.596 19.457 33.553 13245 7.869
Cr 29.288 22.252 21.151 15:097. - 12:567 ' 5.839
Mo 16.342 22.757 7.697 29.347 9.623 5.625
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*Number of samples=4 for Pb (Langtang). 32 honey samples from A. cerana for AAS incll;ded.




Box plots showing element content in Apis cerana honeys from different locations of
Nepal. All box plots showing % of trace elements in Apis cerana honey from different

locations.

Horizontal line in the box = median; lower boundary of the box = 25" percentile;
upper boundary of the box = 75" percentile; whiskers = largest and smallest vaiues (1.5 size of the

box);

* = extreme values; o = outliers. Note: Arghakhachi honey samples are not included.
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Total Ash in over all Apis cerana honey samples (figure 9a).
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Elements in Apis cerana, A. dorsata and A. mellifera honey from Chitwan.

In Tables 3 and 4 it is shown the results obtained by ICP and AAS respectively. There it is
mentioned the number of analysed samples, mean values, standard deviation

for each element and each bee species. Mean element contents, standard deviation with the
corresponding minimum and maximum values of total Apis cerana, A. dorsata and A.
mellifera honey samples are summarised in Table 5 and also given in figure 10-16. Figure 16a
shows total ash content (%) in overall honey samples from Chitwan. Annexe 1 shows a range
of concentrations (maximum and minimum) of each elements, with bee species, comparable
with figures and tables.

Apis dorsata and Apis mellifera honeys showed significant difference (P< 0.05) in Ca ( P=
0.0051 ), Sr (P= 0.006 ), K ( FES ) (P=0.0021 ), Al (P=0.0102), Cu (P =0.001 ) and Mn (
P =0.0321 ). Whereas, rest of the elements Li, Na, Mg, Fe, P, B, Cd, Co, Cr, Mo, Ni, Pb, V
and Zn were not found to be significantly different in those honeys produced by Apis dorsata
and Apis mellifera. The use of Kruskal-Wallis and Bonferroni-Holm tests indicated that
difference in concentration of the elements Li, Na, Mg, Cd, Co, Cr, Ni, Pb, V and Zn were not

significant in Apis cerana-A. dorsata, A. dorsata—A. mellifera, A. cerana- A. mellifera

honeys.
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Comparison of the elemental concentrations showed that the difference were significant in the
case of Fe (P=0.0498), P (P=0.0396 ), Al (P= 0.006 ), B (P=0.044), Cu ( P=0.012), Mo
(P=0.027) in Apis cerana and A. mellifera honeys. Whereas, some elements Li, Na, Ca, Mg,
Sr, Cd, Co, Cr, Mn, Ni, Pb, V and Zn were not found to be significantly different in Apis

cerana and Apis mellifera honeys.

No statistically significant difference in concentration found in all elements in Apis dorsata
and A4pis cerana honeys.

The highest average concentration was detected K 1728.29 mg/kg followed by P 125.92
mg/kg, Ca 113.57 mg/kg, Mg 59.79 mg/kg, Na 19.57 mg/kg, Fe 3.88 mg/kg, Mn 2.88
mg/kg, B 2.49 mg/kg, Al2.34 mg/kg, Zn 2.14 mg/kg, Cu 0.67 mg/kg, Sr 0.17 mg/kg and Ni
0.11 mg/kg (see tables and fig. 9a).

The overall concentrations of Cd, Cr, Mo and Pb in Chitwan honey is practically limited to
2.41°% ug/kg, 0.013 mg/kg, 0.019 mg/kg and 0.029 mg/kg respectively. The elements Pb, Li,
Mo, Cr, Co, V, and Cd were found in smaller amounts. The amount of the overall elements
present in total honey samples found to have 2094.413 mg/kg.

The total ash content of overall Apis cerana, A. dorsata and A, mellifera honey samples from

Chitwan, ranged from K 82.5% to Cd 0.0001% (see figure 16a).
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Table 3. Sample statistics for element content (mg/kg) by Inductively coupled
plasma ( ICP ).

Elements Apis cerana Apis dorsata Apis mellifrea |
n=11 n=13 n=20 !
|
Mean Std Dev  Mean Std Dev Mean  Std Dev |
Li 0.007 0.006 0.028 0.042 0.020  0.034
Na 15102 6276 31.439 31954 14313  6.134
|Ca 15092 24212  139.35* 73.19 76.26° 47.73
| Mg 10271 140.16  63.99 60.21 3345 30.03
Sr ek 0.30 0.30 * 0.37 0.06°  0.02
Fe 498 ° 3.03 Sl 0 Bl 244° 159
p 213.57%  329.81 141.20® 12125 67.78"°  20.59
K(FES) 153620 1543.61 3001.09% 1946.04 865.42° 609.66
Al 461" 5.34 2.50° 1.72 098° 127
B AR 1.89 2.48% 1.61 s
Co 8790 5869 3693  4501% 6.649% 51827
Cu 1.51° 2.50 0.74 % 0.56 G 0121
Mn 7.39 ® 19.52 1.89 2 1.11 0.95°  0.99
Ni 0.10 0.09 0.11 0.04 0.12 0.17 |
\Y% 47539 75129  825% 10.97°% 3.00 6399 |
Zn ol 523 1.28 0.80 2.49 5.65 |

e Number of sample (K) =10 for 4. cerana; 11 for A. dorsata and 14 for A. mellifera
e Number of sample (Cu) = 10 for A.cerana

e Number of sample (Mn) =19 for A. mellifera
The letters a,b, super-scribed after the means in a row denote the statistical
significance between the analytical values obtained for three honey groups

44 samples were included for Chitwan (ICP).

Table 4. Sample statistics for mineral content (ug/kg) by atomic absorption
spectrometer (AAS)

Elements Apis cerana Apis dorsata Apis mellifera
n=10 n=8 n=9
Mean Std. dev Mean Std. dev Mean Std. dev
Cd 4.13 6.80 1.74 1.59 1.07 0.92
Pb 33.55 15.27 31.91 26.82 22.75 10.61
Cr 15.09 11.87 11.98 11.64 13.18 9.47
Mo 29.34* 20.06 14.19™ 6.55 R 4.97

The different letters a,b, super-scribed after the means in a row denote the statistical
significance between the analytical values obtained for three honey groups.
27 samples were included for AAS.
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Table 5. Sample statistics for total elemental content of Chitwan
honey (mg/kg).

Elements Number  Mean Std. dev.  Minimum  Maximum
of Samples
Li a4 0.01 0.03 0 0.12
‘Na 44 19.57 19.26 5.11 117.73
Ca 44 Es57 3168 31.05 874.59
Mg 44 59.79 82.33 0.08 493 .49
Sr 44 0.17 0.26 0.02 1.14
Fe 44 3.88 3.35 0 17.87
P 44 12592  182.19 28.94 1188.94
K (FES) 35 1728.29 1651.74  279.50 6159.50
Al 44 2.34 3.22 6,9™ 18.07
B 44 2.49 2.17 0 7.41
cd 27 A R o ¢ P T 0.02
Co 44 6317 5,857 0 0.02
Cr 27 0.013 0.01 R 0.04
Cu 43 0.67 1.31 g 8.58
Mn 43 2.88 9.94 T 66.15
Mo 27 0.01 0.01 6.63 0.06
Ni 44 0.11 0.12 T5% 0.75
P 27 0.02 0.01 Tags 0.08
\' 44 499" 835" 0 0.03
| Zn 44 2.14 4.58 Lo 25.61

Overall (trace) element content ( in mg/kg) mean: 2094.4183; Standard

deviation:1898.421; Maximum: 6719.538; Minimum : 460.533;

Median:1427.450.
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Box plots showing element content in Apis cerana, A. dorsata and A. mellifera honeys
from Chitwan,

Horizontal line in the box = median; lower boundary of the box = 25™ percentile;

upper boundary of the box = 75™ percentile ; whiskers = largest and smallest values (1.5 size of the
box);

e = extreme values; o = outliers.
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Figure 16
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Figure 16a. Total ash in over all Apis cerana, A.dorsata and A. mellifera honey
samples from Chitwan.
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4.7.1 Discussion

Flements in Apis cerana honey from different locations

Heavy metals are the natural component of the geosphere and have also become the
inseperable part of soil, water, air and biota (Briimmer et al., 1991). There has been growing
concern about environmental contamination by heavy metals ( Kabata-Pendias and Pendias,
1984; Adriano, 1986; Leith and Markert, 1990). Inputs of chemical substances constitute the
greatest pollutant burden on natural ecosystem ( Markert et al., 2000).

Honey is likely to be a good indicator of either the atmospheric or soil heavy metal burden,
since spatial differences will be masked by inherent differences in the elemental content of
honey at any one location. Analysis of honey samples has been used in previous studies to
monitor a variety of environmental contaminations, including radionuclides, elements and
pesticides (Djuric et al., 1996; Jones, 1987; Rifai and Akeel, 1997).

Pechhacker (2002 ) found soil had a significant effect on rape honey from Austria. The
elements are distributed in topsoils (in relation to land use) (Bloemen et al., 1995) and
elements such as cadmium, lead, and zinc transfer from industrially contaminated soil to crop
plants (Dudka, et al., 1996). In addition, phosphorus is absorbed by the plant from the soil
solution as primary and secondary orthophosphate ions and magnesium is absorbed by the
plant as the ion Mg ** it is a chemical constituent of chlorophyll. Calcium is taken up by the
plant as the jon Ca **, largely from the soil solution, and perhaps, to some extent, through
contact exchange with ions immobilised at the surface of the soil solids (Bakker, 1999). Plant
that accumulate the (radioactive) trace elements (Fhlken and Kirchner, 2002 ) allow us to
measure the metal input which is often below detection limit in water and air, And it is well
understood fact that bees collect pollen and nectar from plants.

Concentrations of K, Fe, Zn, Br and Pb in the leaf veins, roots and stem of Eucalyptus
globulus, E. camaldulensis, E. lesouefii, E. saligna (Orlic et al., 2002) were analysed. Zn
content in Mangroves ( Avicennia marina Forsk.) (MacFarlane and Burchett, 1999); Cd and
Zn in dry alfalfa (Medicago sativa L.) (Millera et al., 1995); Cd, Ni and Cr tolerance and its
ability to accumulate by Cannabis sativa L ( Citterio et al., 2003); effect of bioaccumulation
of cadmium (Cd **) on biomass productivity, essential trace elements, chlorophyll
biosynthesis, and macromolecules of wheat (Triticum aestivum L.) seedlings (Shukla et al.,
2003) also analysed.

Bromenshenk et al., (1985) reported marked spatial variations in the concentrations of As, Cd
and Fe in bee tissues, date obtained for Cu, Zn and Pb could not. Foraging honeybees also

exhibit considerable differences in their life expectancy through a season and the trace
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Cu, Mn, Ni, V, Zn (fig. 3(a), 4(a), 6(a), 7(a), 8(a)) in honeys from Chitwan exhibited
relatively low concentration element spectrum.

The honey samples from all locations typically became enriched in K ( represented in fig.
5(a)). Farmers use potassium as a fertilizer. Potassium is absorbed by the plant as the K* ion
from the soil solution and to some extent by direct contact exchange from the surface of the
soil solid. Nearly all potassium within the plant occurs in soluble form. It does not constitute
part of the dry matter of the plant. Its high mobility may account for the fact that this element
is involved in many physiological functions of the plant (Bakker, 1999). This could be the
reason for high potassium content in honey samples from all locations.

Since the presence of elements in honey is often taken as a concise description of the
environmental contamination of a place, difference in concentration of Ca, Fe, P, Zn, Cd, and
Pb between polluted (Kathmandu, Kathmandu valley and Chitwan) and clean areas ( Jumla-
Jajarkot, Palpa and Langtang) were compared. Significant difference was found in total Pb
content (P=0.0001) when compared urban (industrial) areas like Kathmandu, Kathmandu
valley, and Chitwan with that of the rural areas like Jumla-Jajarkot, Palpa and Langtang.
There were no significant differences found for Cd, Zn, Fe, Ca and P contents when
compared between honey from urban and rural areas. The statistical analysis showed that the
levels of Cd, Zn, Fe, Ca and P were found to be similar to levels detected in unpolluted areas.
A notable but less concentrations of Pb has been found in honey samples from Jumla-
Jajarkot, with an accompanying increase in Kathmandu and Chitwan honey (table 1 & 2). In
other words, the lowest Cd, Pb, Cr, and Mo values were found distributed fairly even among
honey samples from Jumla-Jajarkot. With respect to some elements particularly high
concentrations were noted as unique to the certain areas, for example, Pb in Kathmandu and
Chitwan (AAS). Values indicate that pollutant such as Pb is most likely in urban areas such
as Kathmandu and Chitwan. Langtang honey showed higher amount of Zn (fig.7(a)) and
notable Pb content (fig. 1(a)). There was also one sample had unexpectedly enhanced Zn
concentration in Langtang honey. According to Chakrabarti (1982) in the Ganesh Himal
region high grade mineralization of zinc and lead sulphides occur near the Main Central
Thrust (MCT) Zone of the Himalayas in the lower region ogf Ganesh Himal range (including
Langtang region) in Nepal. These honeys may have been influenced by the lithology of this
area comprises a thick succession of alternating schists, quartzites and calcareous rocks which
contains significant amount of lead and zinc. The lead and zinc of this area was under active

exploration from 1967 till 1973. At present Nepal metal company is producing mine from the

ore body.
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The study by Mahajan (1984) reported 1432 ppm K, 265 ppm Ca, 118 ppm P, 109 ppm Mg,
11.9 ppm Zn, 5-3 ppm Fe, 3.71 ppm Mn in Apis cerana honeys from northern India.

Kalimi and Schonie (1964) reported the amount of sodium in range 18.2 to 45.4, phosphorus
in range 17.2 to 34.2, iron in range 169 to 389 and magnesium in range to 47 to 122 ppm. In
honey samples from Mahabaleshwar, India. Na is lower in all samples, except Kathmandu
honey; P is higher in all locations; Fe is lower in all locations; Mg is similar in Jumla-Jajarkot
honey; higher in Langtang, Chitwan, Palpa and Arghakhachi honey but lower in Kathmandu
honey that reported by Kalimi and Schonie (1964).

There are extensive reports about trace elements content in European honey from 4pis
mellifera bee more or less similar those of the other country’s honey, which have been most
studied, are probably related to its environmental situations. It is notable that a concentration
of trace elements reported in this study Kathmandu and Chitwan resemble those of
vehicular, industrial and population density, so there may be further pollutants in populated
areas (see annexe 1).

Rodriguez-Otero et al., (1994) analysed element contents of the honeys produced in Galicia,
north-west Spain indicates that potassium is the most abundant of the elements determined,
with an average content of 1572 mg/kg followed by Ca 102 mg/kg, Na 138mg/kg, Mg 106
mg/kg, and Fe 5.12 mg/kg. The mean content of Na is much lower in all locations, but similar
to K, Fe and Mg content in Chitwan honey, Ca and Fe content in Langtang honey, and Fe
content in Kathmandu valley and Jumla-Jajarkot honey than that of Spanish honey reported
by Rodriguez-Otero et al., (1994).

Jones (1987) reported 4.0ng/g cadmium, copper 540 ng/g and lead 66 ng/g content in honeys
from Dolgellau, north Wales. The mean content of Cu 505 ng/g and Pb 51 ng/g, Cd 28 ng/g

was found in UK honeys from various locations (Jones, 1987).

When compare Nepali honey samples with those reported by Mahajan (1984) it is apparent
that the mean content of K, Mn and Fe found to be roughly similar to Chitwan honeys, Zn
and Fe to Langtang honeys and Fe to Kathmandu and Kathmandu honeys. It seems that ( see
annexe 1) the city like Kathmandu or Chitwan is relatively vulnerable to pollution, perhaps
because of the pollutants present in the urban conurbations may be either by vehicular, or
industrial emissions. Pollutants (such as Pb and Cd) may tend to avoid hills and follow
valleys, and intensify on down slopes.

As discused above, Kathmandu is the polluted capital city, with maximum Pb concentration

followed by Chitwan and Kathmandu valley. There has been a striking reduction in the
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concentrations of elements Cd, Pb, Cr and Mo in Jumla-Jajarkot honeys (see table). 120
ug/kg Pb content in Italian honey from Campobasso and Abruzzo region were reported (
Cubadda et al.,1995; IZS Abruzzo e Molise, 1991) this value was found to be similar with
that of honey from Kathmandu.

It has now generally agreed that there has been a global increase of pollutants, possibly
because of more vehicular, chimney, industrial emissions. These values together reveal more
apparent picture about pollutants, such as Cd, Pb, Cr and Mo, and even situation.

The traffic and industry are the major source of atmospheric pollution and it provide a major
contribution to metal fallout in the urban environment. In addition, smoke emissions by
industries located within the Kathmandu valley and Chitwan have become a source of air
pollution. Kathmandu is especially vulnerable to air pollution due to its bowl-like topography,
exploding populatic inflow, rapid urbanization, industrialization, haphazard waste disposal,
and significant increase of vehicular transport in narrow streets.

The chance of pollution is greater in urban areas; the Pb concentration ranged from 67.18 —
178.00 pg/kg and 15.75 — 66. 53 pg/kg in honey samples from Kathmandu and Chitwan
respectively. On the other hand, the range found in Jumla —Jajarkot honey was 1.66-
14.39ug/kg (see annexe 1for details). The enrichment factor for Pb indicated the absence of
(or less) atmospheric pollution in rural areas. The honey samples from polluted locations put
through different environmental circumstances: Pb and Cd may be entrapped in a particulate
form, as honeys (and bees) contaminated with these metals in variable ways in accordance
with species and conditions of pollution. 4 hours average lead content in Kathmamndu air
have been found to be within the range of 0.005 to 4.25 pg/m® (NESS, 1999). Concentration
of Zn ranged from 0.001-0.065 mg/l; Pb <0.003-0.05 mg/l; Cu <0.001-0.03mg/l , and Cd
<0.0005-0.002 mg/l in rain water collected from Kathmandu valley (Shahi and Chaulagain,
1999). The bowl like topography restricts wind movement and retains the pollutants in the
atmosphere especially during the winter season when the thermal inversion period over
Kathmandu, where cold air flowing down from the mountains is trapped under a layer of
warmer air, which acts as a lid. As a result, the pollutants are kept sealed within the valley.
Because lead is transferred less efficiently than copper between the soil-root-shoot-
flower/nectar/pollen compartments (Jones, 1987), aerial deposition of lead in dust particulates
may therefore have a greater influence on lead levels in honeys with deposition of some other
elements (see table 1). The Pb content of honey from Kathmandu could be the determinate
factor for the accumulation of chemical elements through traffic and industry in honeys in

this area. The altitude also seems to be important for contaminants present in honey samples.
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The elemental concentration ( i.e. Pb) appeared to be least over the mountain areas (such as
Jumla-Jajarkot, Langtang). These pollution free remote mountaineous areas have less amount
of toxic elements. The toxic elemental values were found to reflect essentially the emission of
toxic pollutants in the urban environment. There may be a correlation between air quality,
soil, plants and lead (and other elements) content in honey.

Lubricating oil often contains Cd, Cu, V, and Zn ( Garty, 1993) and vehicular emissions,
wearing away automobile tyres ( 20-90 mg/tyre) and Cd containing diesel oil exhausts are
among the main sources of Cd to the environment (Scheffer and Schachtschabel, 1992). Also,
the phosphate fertilizers are considered as the major Cd sources (Andrews et al.,1996).
Kathmandu and Kathmandu valley honey showed lower amount of copper, vanadium, zinc
and cadmium in spite of heavy population of vehicles. Whereas, Chitwan honey had relatively
higher cadmium amongst all (fig. 2, 4, 7). This may the research question for further work.

In this study, Apis cerana honey samples adjudged to be influenced by the vehicular
emission, industrial sources, haphazard waste disposal (in urban areas) and elements exist in
soil and plants this is further magnified by leaded, substandard and adulterated gasoline. The
findings were considered to provide limited but encouraging signs of a clean environmental
condition in the rural areas. In adition, element content and electrical conductivity is directly
correlated. Bicik and Kaspar (1986) reported additional data on the element content of floral
and honeydew honey and pollen. K, Mg, Ca, Zn, Al, Cu, Mn, and Pb contents were detected
higher in honeydew honey, but at lower concentrations than those present in stored pollen.
Apis cerana honey samples analysed for this study may be came from honeydew, Therefore,
the pattern of (trace) element concentration did not always coincide with air quality and the
additional factors such as soil and floral sources also contributing for elemental
concentrations in honeys. The relatively low concentrations of elements in honey samples also
do not give the precise picture of the environmental situation and its use as an indicator of
environmental contamination especially when honey samples are too few. The relative impact

of soil and plant-derived and aerially derived trace elements on Nepali honey needs to be

more fully assessed.

Elements in Apis cerana , A. dorsata and A. mellifera honey from Chitwan

The values given in table 3-5 correspond to mean and standard deviation and there is quite
some chemical variation within a given honey group. Fig 10-16 show trace elements

contained in the honey samples.
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The elemental concentration (K) was found to be highest in Apis dorsata honey from
Chitwan with average 3001.09 mg/kg and standard deviation 1946.04; followed by P, Ca,
Mg, Mo, Cr, Mn, Al, B, Zn, Cu, Co, V (in 4. cerana honey); Na, Fe, Sr, Li, V (in 4. dorsata
honey); and Ni (in 4. mellifera honey) found to highest in concentration (table 3; fig. 10, 11,
12, 13, 14, 15, 16). Similarly, Apis cerana honey from Chitwan showed highest Pb
concentration followed by Mo, Cr, Cd (fig. 10).

Amounts of elements found to be higher in honey produced by local species (4. cerana and
A. dorsata), while the exotic species Apis mellifera honey found to be lowest in all elemental
concentration (except Ni). There were minimum concentrations about all the elements (except
Ni) and second maximum about the elements Li, Cr, Co and Zn (see fig. 10 and 15). Most
striking is the close connection between elemental concentration and native bee species. The
maximum concentration of K in Apis dorsata honey is at a range between 506.50- 6159.50
ppm (see annexe 1).

Differences in concentrations of the elements Ca, Sr, K, Al, Cu and Mn was found to be
significant in Apis dorsata and A. mellifera honeys. Also there was a statistically significant
difference found in concentrations determined in the Apis cerana-Apis mellifera for elements
Fe, P, Al, B and Cu. Similarly difference in concentrations of elements Ca, Sr, K, Al, Cu and
Mn was significant in Apis dorsata- Apis mellifera honeys.

No statistically significant differences were observed in concentration of all elements had
been determined in Apis cerana and Apis dorsata honeys.

Consequently it appears that there were no significant differences observed in Pb,Cd,Co
concentrations of honeys from Apis dorsata and A. mellifera; A.dorsata and A. cerana; and
those from 4. mellifera and A. cerana. Whereas, Mo content differed significantly in Apis
cerana-A. mellifera honeys (see table 3 and 4).

Bicik and Kaspar (1986) found the honeydew honey richer in minerals than floral honey
particularly K, Mg, Ca, Zn, Al, Cu, Mn and Pb. The concentration of all the elements was
generally much high in dark samples than in the light ones, and it was attributed to differences
in nectar-plant species (Yeboah-Gyan and Marfo, 1998). Giirel et al., (1998) found ash, total
acids, K, Fe, Mn and Mg significantly lower in Sugar fed colonies than in mixed nectar
sources and pine honeydew sources. K, Mg and Cu content were found to be significantly
higher in pine honeydew honey than in mixed nectar sources and sugar fed honey.

Horn ( 1985) found German honeydew honeys were higher in potassium and phosphorus and
lower in sodium when compared to floral honeys. There is positive correlation between

honeydew excreting insect population density and honeydew honey flow (Pechhacker, 1976)
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and correlated with an increase in the potassium and phosphorus levels ( Horn, 1985). Honey
bees (Apis mellifera L.) feed mainly on nectar and pollen ( Imdorf et al., 1998). On the other
hand, Apis cerana bees collect more honeydew honey than Apis mellifera bees in Chitwan
and Kathmandu valley (Joshi,1999). Honeydew honey has a higher total content of minerals
(ash) than nectar honeys (Crane, 1990) and has higher electrical conductivity. There is a
positive correlation between clectrical conductivity and element content in honey. Joshi (
1999) found the significantly higher electrical conductivity in Apis cerana honey samples
from Kathmandu, Kathmandu valley, and Chitwan.The electrical conductivity values were
found to be significantly higher as 0. 79 (mS/cm) and 0.26 (ms/em ) in 4. cerana and 4.
mellifera honeys from Kathmandu respectively (Joshi, 1999) which agreed with the results
reported by Shrestha (1998). In same study Joshi ( 1999) reported the electrical conductivity
was significantly higher in 4. dorsata honeys collected from two different nesting sites (
trees) (1.79 mS/cm and 0.49 mS/cm) than A. cerana and A. mellifera honeys from

Chitwan. Whereas, pH values did not show significant differences between Apis dorsata, A.
cerana and A. mellifera honeys from the same location. The limit of electrical conductivity
which has been proposed for honeydew honey than (<0.7mS/cm) for nectar or blossom honey
(Bogdanov et al., 1997).

Therefore, in this study, significant difference in concentration in Apis cerana-Apis mellifera
and A. dorsata-A. mellifera honeys observed may also be due to honeydew honey produced
by these local species. And, also, the overall concentrations of K foliowed by P, Ca, Mg, Na,
Fe, Mn, B, Al and, Zn in honey samples found to have high.

Traffic density is a major contribution to metal fallout in the urban environment. In addition,
smoke emissions by industries in the city have become a source of air pollution. Honey from
the urban/industrial areas of Birmingham and Liverpool contained elevated concentrations of
Ag, Cd and Pb (Jones, 1987). The combustion process in automobiles cause the release of
elements such as Zn, Cd and Cu (Ormrod, 1984). Tire wear cause the release of elements such
as Zn, Cd, Cu, Fe, Mn, Pb and Ni (Christensen and Guinn, 1979; Beckwith et al., 1985; Ward,
1989; Ormrod, 1984; Sadiq et al., 1989). Ward (1989) detected Cd, Cu, V and Zn in
lubricating oils, Cr, Ni and V in car metal plating and Mn, Cu and Zn in brake pads. Many
industrial contaminats are to some extent biodegradable but some of them, such as heavy
metals, are highly persistent in the environment. The exhaust particles do not travel much
beyond the road sides, but do exert an apparent influence on vegetation at roadsides, whereas
gaseous pollution arising from vehicular exhausts travels much further (Garty, 2000). Many

heavy metals are phytotoxic at high concentrations. Furthermore plants act as intermediate
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reservoirs of heavy metals from primary sources, e.g. soils, water or air, through which they
move on to the organisms (Breulmann et al., 2000). Heavy metals accumulated by plants may
lead to the presence of heavy metals in bee collected pollen and nectar. Bee-collected pollen
has also been suggested as a useful indicator of soil metal levels within the forage area ( Free
et al., 1983). The presence of Pb, Cr, Cd and Zn detected in this study suggests the samples
were influenced to a great extent by vehicular/industrial emissions and floral sources as well.
K was abundantly presented elements whereas Cd was the lowest in Chitwan honey. Sanchez
and Pujola (1996) also found potassium in the higher concentrations in Spanish honey.
Results obtained by Mahajan (1984) showed 1432 ppm K, 265 ppm Ca, 118 ppm P, 109 ppm
Mg, 11.9 ppm Zn, 5-3 ppm Fe, 3.71 ppm Mn in Apis cerana honeys from northern india.
Comparing the results with those from the northern india, it is apparent that the total
potassium content is high; Ca, Zn and Mg is low; while P, Fe and Mn is roughly similar in
Chitwan honeys.

The Na, Fe and Mg is much lower, but P content is higher in Chitwan honeys that reported by
Kalimi and Schonie (1964).The values of overall minerals were between 460.533 ppm
minimum and 6719.538 ppm maximum with an average of 2094.418 ppm.

As particle-water interactions influence the mobilization of trace metals in sediments (
Hamilton-Taylor and Davison, 1995; Hong et al., 1995), bioavailability of trace metals is
influenced by the extent of their sorption and (co) precipitation with the solid phase ( Berg et
al., 2000). The concentrations of the elements probably result from, the fact that the district is
located in plain and not far below from the straightened part of the Narayani river where the
low velocity of the water flow reduces the stream power so that the suspended matter settles
and may be attributed to residues accumulated by foraging (native) bees by means of soil and
plant.

Finally, the element concentration did not always coincide with pollution due to vehicular
density, industries, solid waste disposal practice etc. Other factors such as soil and plants are
also important. However, the relatively high concentrations of elements in honey samples
from native bees may give the picture of environmental condition of the area and honeydew
flow as well. On the other hand, low concentrations of elements in honey samples (either from
native bees or from exotic bes) do not preclude its use as an indicator of environmental
contamination due to very limited ( or less) number of samples. The influence of soil, floral
source, pollution, forage range on native and exotic bees produced honey and its quality need

further research.
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Honeys produced by Apis cerana analysed from seven locations. The average elemental
concentrations of Li, P, Al, Co, Ni, Zn and Cr in Langtang honey; Na, Fe, B, Co, and Pb
in Kathmandu honey; Sr, Cu, Mn, Cd, and Mo in Chitwan honey; K in Palpa honey; Ca
and Mg Arghakhachi honey found to be highest amongst all. On the other hand, K and
V in Kathmandu honey, Ca, Mg, Mn, and Zn in Kathmandu valley honey; Na in
Chitwan honey; Fe, P, Al, B, Co, Cu, and Ni in Arghakhachi honey; Li, Cd, Pb, Cr, and
Mo in Jumla-Jajarkot honey found to have lowest amongst all. The total ash content of
overall Apis cerana honey samples, commonly K, P, Ca, Na, Al, and Fe. The percentile
of these elements ranged from K 83.28% to Cd 0.0001 % of ash. Significant difference
was found only in case of Pb content (P=0.0001) when compared elemental
concentrations (Ca, Fe, P, Zn, Cd, and Pb) in honeys from urban (industrial) areas
with that of the rural areas. In the case of honeys produced in Chitwan, Apis dorsata
and Apis mellifera honeys showed significant difference only for Ca , Sr, K ( FES ), Al,
Cu and Mn. Li, Na, Mg, Cd, Co, Cr, Ni, Pb, V and Zn were not significantly differed in
Apis cerana-A. dorsata, A. dorsata —A. mellifera, A.cerana- A.mellifera honeys. difference
were significant for Fe, P, Al , B, Cu, Mo in Apis cerana and A. mellifera honeys.

No statistically significant difference in concentration found in case of all elements in
Apis dorsata and Apis cerana honeys. The total ash content of overall Apis cerana, A.
dorsata and A. mellifera honey samples, ranged from K 82.5% to Cd 0.0001%

Elements occur naturally in the environment in different forms that may have health
implications leading to adverse effects and directly related to human health. In past
decade, new possibilities for biolegical monitoring of elements have been developed.
Honey is widely used food and possesses a wide array of nutrients in trace amounts and

may also be useful for identifying environmental pollution.
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EPILOGUE

Why is it necessary to understand and study antibiotic activity of honey and element content
in honey from different bee species? How do we account for them? These are some of the
questions dealt with in this work.

Introduction- this is a chapter one, that shortly introduces Nepal and its agro-ecozones,
climate, vegetation, agriculture etc.

Chapter two outlines the distribution of honeybees, beekeeping in Nepal, sources of bee
forage, Nepali honey types, honey hunting, future of beckeeping etc.

Chapter three introduces honey as traditional healer and also investigates the use of honey as
modern medicine for various diseases. This chapter forms a major component of the thesis
and also gives a breif account on test organism Staphylococcus aureus. There is a focus on the
Staphylococcus aureus as test organism, to evaluate peroxide and non-peroxide antibacterial
activity of different honey types. This allows fresh insight into many possibilities. The
worldwide literature on antibiotic activity of honey has been extensively reviewed and
presented. It deals primarily with explanation of the antibacterial activity of honey, applicable
anywhere in the world. The universal nature of the information, explanation and
investigations (by other workers) on antibacterial activity/components of honey makes thesis
almost equally relevant.

Based on their altitudinal ranges total 164 honey samples were aggregated in simpler
classification of terai, hills and mountains. The honey samples collected from Chitwan (4pis
cerana, A. dorsata, and A. mellifera ) and Mahendranagar (4pis florea) were grouped under
terai (< 500masl); Kathmandu (4pis cerana and A. mellifera ), Arghakhachi (4pis cerana)
Barabise (4. laboriosa ), Bajhang (4. laboriosa) and Dadeldhura (Apis florea ) under hills
(500-2000masl); and samples from Jumla, Langtang and Daman were placed under
mountains (2000-3000masl). A culture of Staphylococcus aureus ATCC 6538P obtained
from the Institut fiir Futtermittel, Vienna was added to sterile liquid nutrient agar (23g/L 001-
7-0 DIFCO) at 45°C (Inoculum preparation ), plate preparation, catalase solution (bovine liver
Sigma C-9322;2460 units/mg ), preparation of honey solutions, Application of samples to the
plate, phenol standards (1, 2, 3, 4, 5, 6, 7, 8, 9, 10 % (w/v), zone measurement, calculation of
antibacterial activity and the statistical analysis ( SAS for windows 6.12) were the major

components of methodology of antibacterial part.
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Detail methodology has been given.The data have been analysed, statistically using SAS,
graphed and tabulated. The results and findings have been written up and discussed in light of
previous findings.

Discussion of each results bring together the honey from different bee species, agro-ecozones,
geographical origin of honey, peroxide and non-peroxide antibacterial activity to give overall
picture.

In this study, peroxide activity (hydrogen peroxide) could be the main component (associated
with different bee species) of Nepali honey. On the other hand, non-peroxide activity was also
in different honey types except 4. cerana honeys from Dadeldhura, Jumla, Kathmandu and
Langtang. In addition, there may be other additional factors came from floral sources
responsible for (non-peroxide) antibacterial activity in Nepali honeys. One major issue to
consider in the medical usage of honey (only with peroxide activity) is its interaction with
blood and/or plasma. Hydrogen peroxide-in honey can be rapidly degraded by plasma
catalase. Therefore, honeys with high levels of antibacterial activity (non-peroxide) are
promising.

Chapter four also forms a major component of the thesis. This work provides an entry to an
understanding of the role of honey (from different bee species) as an environmental
indicator. Considerable attention is given to shorten (or exclude) topics of quite general
interest, such as properties of each elements and much else.

The world wide literature on (trace) element related matters has been extensively reviewed.
The honey samples collected from Chitwan (Apis cerana, A. dorsata, and A. mellifera ) was
grouped under terai (< 500masl); Kathmandu (Apis cerana ), Palpa (4Apis cerana ), and
Arghakhachi(Apis cerana ) under hills (500-2000masl); and samples from Jumla-Jajarkot
(Apis cerana ) and Langtang (Apis cerana ) were placed under mountains (2000-3000masl).
A large spectrum of elements ( 20) was determined. Inductively coupled plasma optical
emission spectroscopy (ICP-OES or ICP-AES) is a major technique for elemental analysis. K
was determined by flame emission (FES) on a Perkin Elmer 3030 AAS. A simultaneously
operating optical ICP (Perkin Elmer Optima 3000 XL) was used as a multi-element analytical
tool and the elements lead, cadmium, chromium and molybdenum were analysed using
graphite tube (Perkin Elmer 3030 Z). Every elemental content was corrected with the water
content of the honey sample. All the results are based on dry weight. SAS (Statistical
Analysis System) for Windows V8 was used. Sample decomposition, sample preparation-

ICP, ICP calibration standards were the major steps of the method used for element spectrum.
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The detail and comparative discription of methodology and instruments (ICP and AAS) has
been given.

The data have been analysed, statistically using SAS, graphed and tabulated. The results and
findings have been written up and discussed in light of previous and recent findings.
Elemental analysis of Nepali honey samples from different bee species has shown that honey
may be an environmental indicator of heavy metal contamination. On the other hand, Honey
is widely used food and contains a wide array of nutrients in trace amounts. Discussion of
each results bring together the honey, bee species, agro-ecozones, environmental pollution, to
give overall picture.

Epilogue is a short part, that sums up the rest of the thesis. The apparent logic of this work is
contrived, imposed on a subject of enormous complexity. In fact, items in antibiotic part may
depend on those in (trace) element part. This may be the topic of further investigation,
because the nature is single entity, any individual aspect of which affects all the rest. Indeed,
it is one of the aims to investigate and to appreciate the complexity of the interrelationships.
In addition, annexes, photographs, references, and summary are the important components of
the thesis.

Today, there is often a decrease in the availability of wild plant resources, indigenous bee
species related to increased human activities and the efffects of competition with other forms
of land use. And, also, the wide use of insecticides, diseases and parasitic mites are reducing
the populations of honey bees which lead to loss of both native and agricultural plants.
Nepal is beset with poverty, malnutrition, unemployment, diseases, high mortality and
scarcity of natural resources. Bees are the efficient pollinators, the abundance of bees, and of
bee forage, give a good potential for various crops. Honeybees produce natural materials
useful to man and increase agricultural production. Bee products such as honey, beebread,
pollen, beewax, royal jelly, and propolis benefit people. Honey, beebread and pollen contain a
wide array of nutrition and therefore could be one of the important source of nutrition.
Beekeeping could be as one of the important activities in improving the standard of nutrition
of the population of Nepal. Therefore for rural development against poverty it could be a good
profitable venture by means of low cost/high yield enterprise for rural people and provide
income with health food without the need for compulsory land ownership or much capital
investment and enhance the use and conservation of local biodiversity resources.

Household and community level beekeeping practices essential for good nutrition and
income generation for poverty alleviation. The extent of the potential conflicts, however,

depends on future productivities. Increasing food production on the better agricultural lands,
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while growing trees or perennial grasses for energy on marginal lands, would generally be
environmentally preferable fo increasing agricultural output by bringing marginal lands into
food production coupled with beekeeping. Because growing beekeeping practices require no
considerable land but floral resources. There is no hiding from the fact that programs for
promoting beekeeping must reflect environmental and security concerns. The question is not
whether this issue will affect national investment, but when and how.

On the other hand, application of insecticides and deforestation may lead to adverse impact
on honey bees and insect pollination of native and agricultural plants .

The awareness should be raised about nutritional foods (such as honey) found in the local
biodiversity resources. The knowledge /capability of the local people should be build to
integrate beekeeping practices and marketing facilities for the produce and exploitation with
local biodiversity management to stump out poverty. Support local people's, especially
women's organizations, with an emphasis on their empowerment. By promoting the
production, the country could address several needs at once: it could reduce poverty, create
jobs in a depressed economy, and exploit idle capacity in the agro-industry. Strengthen
linkages and co- ordination with relevant Institutions/NGOs involved in integrated
biodiversity research and apiculture.

Not only would such attempts help protect the environment in a completely self-sufficient
way, but biomass would produce useful energy alternatives with important applications in
household, agriculture, and industry. In addition, biomass energy is significantly less
expensive because it requires less equipment and is far simpler to use. With good
management, bee products (honey , beebread and pollen) for energy and nutrition can be
produced sustainably and in large quantities. The country would benefit from the
implementation of the proper systems.

Social, cultural and gender (equality) factors are also important, particularly in rural areas
outside the monetary economy. The policies should be implemented particularly targeting the
women and the poor to assist them to enable produce and market honey, negotiate realistic
prices and be able to raise tradable volumes of honey and other hive products. Among
indigenous people food preparation usually has ritual significance.Thus, the beliefs and
customs of our planet's inhabitants should not be ignored when any kind of new development
project is initiated for a country’s social and economic development. New ideas and
innovative steps to work with women in beekeeping activities would promote economic
prosperity of the people from crushing poverty. This should be through the promotion of

organic quality products and market organisation for household poverty reduction.
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There is need for a great deal of apicultural research in Nepal. Much scientific works have yet
to be done. Advantages of Apis cerana beekeeping makes one very optimistic for the future of
beekeeping in Nepal. The honey yield of Apis cerana could be improved genetically by
intensive selection and breeding. In addition, database building, popularizing the production
of hive products toghether with honey, value addition of bee products, systematic tapping of
organic —forest honeys and breeding superior stocks and establishment of genetic resource
centres may open new horizon for Nepali beekeeping. The economic and transport
infrastructure, trained manpower and monetary resources, marketing and the expansion of
products are the essential factors for the improvement of beekeeping industry in the country.
For the efficiency of economical integration, the marketing and the expansion of products
should be accomplished. There are constraints to the developments of beekeeping e.g. lack of
policy and legislation, training and information, quality of honey and other hive products,
limited market and limited access to production credits.

However, the future of beekeeping and apicultural research is not strategically critical not
only now but for the coming decades. Work (in apicultural science) under way in several
industrialized countries is applicable to developing countries. While poorly designed
environmental regulatory programs will dampen productivity and economic growth,
environmental policies can also be designed to promote productivity and poverty reduction.
Progams forcing attention on environmental issues can also focus on inefficient and unhealthy
production practices, stimulate thinking about new approaches, and encourage investment in
more productive equipment. In addition, market incentives must be created to overcome
barriers that exist, especially in the financial community, because apicultural practice is
gaining popularity and on the other hand, may be viewed as competitive with existing other
farm practices. With good management, better quality honey and other bee products for
different purposes can be produced sustainably and in large quantities in many parts of the
country. By far the largest potential source of bee products is plantation. The establishement
of plantations on deforested and otherwise degraded lands offers major developmental and
environmental benefits, as well as large and secure supplies of energy as well.

In short, during the past years satisfactory progress has been made in apiculture.This
development will have a profound impact on socio-economic condition of the country. It is
important therefore to consider the role of apiculture in planning the future economic growth.
Challenging but rationally conceived environmental regulations can stimulate investment that

can enhace productivity, competitiveness, and job creation, while ensuring that national
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environmental and security goals are met efficiently. Of course, there are limits to the
beekeeping that can be kept where land area are high (altitude) or water is scarce or both.
Honey has been used as a medicine since ancient times in Nepal and many rural areas are still
using it as a folk medicine.The indigenous use of honey as a medicine for primary health
care represents a heritage of socio-cultural and economic significances in developing
countries like Nepal, where more than two thirds of the population are illiterate, live in
villages and subsist upon local natural resources. The use of honey in rural Nepal is spiritual,
cultural, and traditional. The herbal resources are also playing important role in health care
system.The way of applying indigenous knowledge depends on ethnicity and methodology
where the goal is somehow similar. Socio-economically, most of the rural communuties are
very poor and the poverty compels the rural people to practice traditional medical system.
Different ethnic groups of rural Nepal keep sufficient knowledge about the use of plant
products, honey or together for treatment of various diseases.

Interest in antimicrobial and wound healing potential of honey subject has lately been greatly
stimulated by the several workers and believed to have important effects both on safety and
stability. It is gaining acceptance by the modern science for the treatment of various diseases.
An extensive survey of literatures shows a great progress in evaluation, understanding and
implementation of the honey as a medicine. On the other hand, new antimicrobial drugs and
medication are urgently needed for increasingly resistant Staphylococci. No toxic effects of
Honey have been reported in human tissue, unlike other topical antimicrobial agents and also
it has the potential to limit the growth of wound pathogens, and to promote healing

Wider use of honey on all wounds and microorganisms will depend on evidence from clinical
research. The results reported here are sufficiently encouraging to warrant further
investigation into the role of honey (from different bee species) in wound healing and its
antibacterial activity which could be the another tool in the management of Staphylococcus
aureus infections or other bacterial species.

Honey consumed locally as medicine and as food in Nepal is not sterilised, irradiated or
assessed for antibacterial potency and is therefore not intended for application to wounds or
recommended and practiced for clinical use in Nepal. These have no proven laboratory or
clinical evidence of the antibacterial activity. Different types of honey from different bees and
plants species to be used must be specifically selected as antibacterial potency can vary
widely its clinical efficacy. It is widely available in most communities and although the
mechanism of action of several of its properties remains obscure and needs further

investigation, the time has now come for conventional medicine to lift the blinds off this
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"traditional remedy" and give it its due recognition. Commetrcial or wild honeys intended for
use on wounds should be standardised antibacterial activity or that has potent antibacterial
effects and should be sterilised (by gamma irradiation).

In order to elucidate the antibacterial/healing properties of honey from Nepal, randomised
clinical trials and laboratory studies on cellular effects, on different species of bacterias are
urgently needed. In addition, it is useful to make further invesigations such as pollen analysis
(for floral origin) of each honey types and also identify plant derived antibacterial substances
(such as flavonoids). We, therefore, ought to understand the antimicrobial and wound healing
action of honey; and, in particular, to seek a means of estimating how much antimicrobial
component (in honey) is necessary in various circumstances, as a basis for possible
legislation. If the regulatory and clinical requirements have been satisfied and, practitioners
and patients will be able to enjoy the benefits of a valuable and effective addition to the range
of wound treatments. Anyone contemplating the use of honey in wounds is advised to use
sterilised honey with standardised antibacterial activity under medical supervision and to
obtain local research ethics committee approval.

The potential impacts of environmental contaminants on land use and agricultural production
have received increased attention. Soil, local flora, and air act as sink for many pollutants. As
explained earlier, the organic or inorganic contamination may stem from an accidental
(overflow) or deliberate spill, or from a medium to long-term exposure and accumulation
either through agricultural land application or atmospheric deposit. Honeybee has forage in a
variety of environments and hence they effectively sample their surroundings for the
constituents in or on the forage plants, the soil and the atmosphere of the area.

The way in which bees forage and their exposure to surrounding environment that have a
good impact on their element status. On the other hand, advances in (trace) element content
in honey has also been fostered by the importance of implications associated with soil, plant,
forage area, and chemical contaminants. Accumulation of contaminants by plants represents
an entry point of hazardous chemicals into the food web, initiating a biomagnification process
and honey bees collect food from plants.

Honey take advantages of the presence of wide array of nutrients and medicinal properties.
Ingestion of some of elements in small amounts can satisfy human micronutrient
requirements, but in large amounts may cause toxicity. The effect of higher dose of elements
should be addressed in the perspective of the toxicity evaluation of contaminated honeys.
Honeybee and its product may be vulnerable to contaminant accumulation. The occurence of

elements as chemical contaminats in honey bees and its products may attributed to
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atmospheric input and have been suggested as a useful indicator of soil metal levels within the
forage area. Although the relatively low concentrations of trace elements in (few) honey
samples do not preclude its use as an indicator of environmental contamination and also too
few to identify any patterns or trends.

Bringing many benefits to society, industrial ,vehicular expansion and agricultural practices
have led to undeniable adverse effects on public health, environmental quality and ecosystem
integrity and also good honey quality.

The present work was planned to determine whether it could be possible to detect significant
differences in the values of trace element concentration among honeys from Apis cerana, A.
dorsata and A. mellifera bees produced in Chitwan district, central Nepal. Additionally, data
presented in this work are part of a study aimed to determine the overall element contents in
those honeys. The measurements of concentrations of different trace elements revealed that
the distribution of the elements depends on the surroundings, forage area (polluted and
unpolluted), floral source, foraging range and forage preference of different bee species,
atmospheric input and honey that comes into contact with metal equipments. From the present
study it would appear that analyses of honeys may be a useful indicator of environmental
contamination and mineral prospecting.

The availability of natural resources and bee population is declining through anthropogenic
activities. Many chemicals associated with the contamination of foods and comodities either
natural products, large molecules, or both. It'is important that the levels of chemicals in
foodstuffs be monitored to provide information on safety of food and on the adherence to the
approved and safe use of chemicals. Exposure estimation is of particular relevance in the case
of those at increased potential risk such as children, the elderly or those who because of their
individual dietary habits may consume higher than average amounts of a particular food
chemical.

Since the bioavailability of elements in the organism ( bees) and bee products is well known
and may lead to a toxic response as evidenced by studies, it is possible to resolve that the
presence of (trace) elements in honey may be associated with a hazardous effect. However,
this aspect is still an important challenge to workers, especially if one wishes to predict the
risk to potential biological receptors, including humans, at a specific contaminated site. To
understand why the use of honey as a environmental indicator has become a key element in
the analysis of contaminated sites, it is necessary to examine the presence of (irace) elements
in honey, their bioavailability and pathways for organism exposure. The mobility of

contaminants and therefore their potential availability in honey may characterize the
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environmental situation and the data could be used for ecotoxicological (environmental
hazard) assessment through biological, toxicological and ecological analyses to quantify any
injury, damage or disturbance caused by a source of contamination and contaminants itself.
These data are necessary for through and accurate ecological risk analysis and for
environmental site management for beekeeping practice efficiently. Maintaining the clean
environment, beekeeping is essential to reduce poverty and sustain and protect biodiversity
and ecological integrity in terrestrial ecosystem. Central to achieving this goal is the need for
a great improved understanding of the potential effects of organic and inorganic contaminants.
Because the release of chemicals to the environment represents a potential threat to human
and ecological health.

Chemical contaminants can exert their effects directly or indirectly through toxicity to bees
with associated economic and human health consequences. However, the complexity of the
interactions between the contaminants, soil, plant, bee and its product dramatically
complicates the interpretation of these chemical evaluations. Consequently, the elemental
concentrations cannot systematically predict the toxicity of a specific element. Moreover,
because of the complexity of interactions occuring in the field the effects of environmental
factors would be confounding to an interpretation of results.

Furthermore, the presence of elements in honey also associated with its origin (eg.blossom
honey, honeydew honey) and electrical conductivity. In addition, presence of higher amount
of (trace) elements may provide information on availability of honeydew honey or floral
honey and may reflect the apparent picture of honeydew flow at a particular area.
Nevertheless, many aspects could be explained satisfactorily, including the role of bee
species, the interrelatedness of the various aspects of bee species and our atmospheric
environment, the effect of contamination on honey, the future development and implications
of the honey as a environmental marker, honey in clinical practices in coming decades, and
the effect of handling ranging from a few days to a few months. In addition, honey from
different bee species promises to continue to improve into the twenty-first century, especially
wound healing.

It is indeed paradoxical that as concern for long-term beekeeping practices is growing, little
is known about scientific aspects of native honeybees of Nepal. The issues involved simply
have not received the attention they deserve, in spite of the great scope for scientific research
in Nepal. Although some attempts have been made according to the bee species (and bee

products) and those studies have produced relevant findings.
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Research [ have initiated on novel approaches to the identification (analysis) of antibiotic
activity and element spectrum of honey from different bee species is not beyond the scope of
the present socio-economic and environmental situation and problem of the country.
Environmental concerns will play major roles in shaping the course of development in the
coming decades. I am sure this research and development continues. Recent efforts, for
example, have resulted in a new aspect that can reflect the ideas and future possibilities in
this area. Thus, having looked at the system as a whole and subjected each element to
scientific, technical, social, economic, and aesthetic scrutiny, [ see a bright future for the
apicultural and allied research in the country -if not immediately, then in the near future.
Finally, this work of what is known about honey as an antibiotic agent and as an
environmental indicator demonstrates what a fascinating subject it is. The potential human
exposure to the elements with the associated toxicological impacts are most important
because all may be harmful if excesive amounts are consumed. A reduction of exposures to
toxic metals should be a prudent practice. Great care will need to be taken to ensure than it is
done in ecologically sound ways-paying close attention to considerations of sustainability,
biological diversity, other social and environmental issues, and, of course, good honey
quality.

Lastly, my work combines theory, experiment, practical application and possibilities, it
involves scientific, traditional and practical viewpoints, it links ideas of practices thousands of
years ago to a concern for the future, it draws traditional knowledges together in scientific
endeavour. In view of this, I hope that researchers will feel encouraged to persue the further

study on different native bee species of Nepal and its products.
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Annexe 1

Mean, standard deviation, minimum and maximum values of elements in Apis cerana
honey from different locations.

Kathmandu (mg/kg)
The SAS System
The MEANS Procedure

e SEISSEIELS O EFSSSFEE R LT FEFSFRAALS fffffffffffffff?x}???
i { §§ i ’8 ’5% 5 a0y nnaApes
na 2 39.4230000 7715158 .6140000 56.2320000
ca 2 113.9595000 43 0210837 33,5390000 144, 3800000
mg 2 36.4490000 15.3343177 25.6060000 47.,2920000
sr 2 0.1691000 0.1206890 0.0837600 0, 2544400
fe 2 8.7585000 h.7493342 3.9860000 13,5310000
E 2 68.1770000 11.0633927 60.3540000 76, 0000000
2 889.0000000 140,0071427 790.0000000 QR ., 0000000
al 2 1.1388800 0.8100050 0.5661200 1.7116400
b 2 5.2438136 0.1987767 5.1032572 5.3843699
co 2 0.0179570 0.000257175 . 0.0177751 0.0181388
cu 2 0.2123870 0.0176540 0.1999037 0.2248702
mn 2 0.9371532 0.5449091 0.5518442 1.3224621
ni 2 0.2480448 0.0177861 0.2354681 0.2606215
V 2 0.000169100 Q. 000120532 0.000083800 0.000254400

ffffffffffff.ffffffffﬁffﬂffﬁf.fffffJ‘fffff.fffffﬁffffffffffff.ffffffffff.f.fffff

Kathmandu valley (mg/kg)

The SAS System
The MEANS Procedure

»imum

{Lf.f.fffffffffffffﬁffff{gffffffffffff{]éfgffﬁffffff.lt'].fif)g‘ffffﬂfﬂﬂéfﬂfffff

na 4 24, 5100000 7.4603943 3350000 . 2100000
ca 4 63.6375000 20.5425727 30.5500000 94 3000000
mg 4 31.9625000 13.4641112 15.5500000 48.5000000
sr 4 0.0671250 0.0265750 0.0355000 0.1005000
fe 4 5.0850000 3,2150531 1.9700000 £.9700000
E 4 72.9625000 16.0729781 54.0500000 92.4500000

4 1074.63 588.9938278 453.5000000 1733.50
al 4 0.0037925 (0.0016383 0.0026100 0.0061100
b 4 0.0037913 0.0010873 0.0021950 0.0045100
co 4 0.000024375 0.000017090 0.000015500 0.000050000
cu 4 0.0002%96250 0.000148268 0.000195500 0.000514000
mn 4 0.0019150 0.000361409 0.0014250 0.0022400
ni 4 0.000264875 0.000260978 0.000087500 0.000653000
v 4 1 5E 6 2. 0412415E 6 E 6

ffffffff.ffffffffffffffﬁffffffffJ‘ffffJ‘fffffffffffff.fffffffffffffffffffffffJ‘ff
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Arghakhachi (mg/kg )
The SAS System

The MEANS Procedure

variahle N M??? 55 ff?}?f?e} Minimum Maximum
it S S 1

2
na 2 17.8780000 5.3061293 14,1260000 21.6300000
ca 2 193.9175000 29.2282588 173.2500000 214,5850000
mg 2 149.3950000 4,1082904 146.4900000 152.3000000
sr 2 0.1815000 0.0240416 0.1645000 0.1985000
fe 2 1.5535000 0.0190919 1. 5400000 1.5670000
E 2 44,8275000 0.7389266 44.3050000 45,3500000

1 2043.50 0 2043.50 2043,50
al 2 0.0022050 0.0016758 0.0010200 0.0033900
b 2 0.00250438 0.0011169 0.0017150 0.0032945
co 2 0.000010000 2.1213203€E-6 8.5E-6 0.000011500
cu 2 0.000151500 0.000031820 0.000129000 0.000174000
mn 2 0.0019448 0.0010207 0.0012230 0.0026665
ni 2 0.000107250 4.5961941E-6 0.000104000 0.000110500
v 2 75E 6 3 1819805E 6 5E 7 SE-6

0.000825000
fffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff

Palpa (mg/kg)
The SAS System

The MEANS Procedure

variable N Mean Std Dev M1n1imun Max1mum
J]‘J;J’J’ffffffffffffffff{)fég{%;{fﬁffffgggggﬁﬁfﬁff{).fgg{ggggfffffff{fég;%g{

)
na 4 19.5075000 8.7992853 12.3040000 31.8100000
ca 4 90.7617500 55.3907928 57.5770000 173.2500000
mg 4 135,6587500 36.8158115 80.4850000 156.1000000
5K 4 0.1205450 0.0410498 0.0671800 0.1645000
fe 4 3.7230000 1.8832815 1.5670000 5.4050000
E 4 73.8542500 37.7150571 37.8620000 112.4050000

1 4259.50 . 4259,50 4259.50
al 4 0.2853375 0.5677484 0.0010200 1.1369600
b 4 0.6768904 -1.3452579 0.0032945 2.6947769
co 4 0.0044974 0.0089702 8.5E-6 0.0179527
cu 4 0.0661410 0.1307839 0.000174000 0.2623158
mn 4 0.6582825 1.3111439 0.0026665 2.6249983
ni 4 0.0825632 0.1647951 0.000104000 0.3297559
v 2 3,125E-06 5. 2658491E 6 0] 0.000011000
z

n 0.4722701 0.000342000
fffffffffffffffffﬁffffffffffffffffffffffffffffffffffffffffffffffffffffffffff

Langtang (mg/kg)
The SAS System

The MEANS Procedure

variahble N Mean Std Dev Minimum Maximum
{fﬁfﬁfﬁfﬁfﬁJ‘J‘ffffffffffﬁﬁfffffffffffffffffffffffffffffffffffffffffffff
i 0.0444967 0.0586254 0.0020100 0.1207000

6
na 6 24.3783333 17.4834224 13.4220000 59.0790000
ca 6 104.1323333 68.7152994 40.7870000 208.4400000
mg 6 111.8078333 81.7417249 27.0150000 198.7780000
sr 6 0.0993150 0.1049949 0.0128500 0,.2931100
fe 6 7.2973333 4,0998461 1.4800000 14.2610000
E 6 302.1428333 276.8805829 16.6810000 593.4420000

6 3258.92 2882.44 259.0000000 6291.50
al 6 34.3969283 77.5249073 0.6951800 192.6069500
b 6 4,5783182 2.5267341 0 6.3496503
co 6 0.0179146 0.0070889 0.0055353 0.0229408
cu 6 1.4625848 1.3887834 0.1836462 2.9753418
mn 6 1.3623487 0.6714925 0.5319106 1.9724974
ni 6 1.1920700 1.0597530 0.0863064 2.2933643
v g 9.0086625 0.0106477 8.0012197 29.0299508
z

n .8671989 9.6931484 .5160254 .2936106
S S S S S S S S S S S S f S fsfff s ffffFFffsfffffFFIFssS
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Chitwan (mg/kg)

The SAS System

The MEANS Procedure

Vaﬂ??}f&fffffffffffffffffffffffffffffff PELF T TFErELL R L L L E S FTFEs fEs L
i LU RSAERERE IR PR SRR RARY isEeeasy
na 11 15.1018182 .2?69351 3130000 27 .6810000
ca 11 150.9230000 242.1270182 38.3710000 874 .5880000
mg 11 102.7114545 140.1650209 15.2740000 493.4950000
sr 11 0.2263027 0.3027592 0.0417800 1.0363200
fe 11 4.,9810909 3.0378629 1.7040000 11. 3610000
E 11 213.5780909 329.8186910 44, 7290000 1188,.94

10 1536.20 1543.61 230 Q000000 4322.00
al 11 4.6171118 5.3407571 0.0050200 18.0765600
b 11 3.8503030 1.8978852 0.0026000 7.0485716
co 11 0.0087971 0.0058656 0.000011000 0.0217728
cu 11 1.51958 2.507 0.24393 8.5829136
mn 11 7.3921872 19. 5266668 0.0022740 66.,1593750
ni 11 0.1074578 0.0994682 0.000061500 0.3528631
V 11 0.004753 0.3075122 ﬂ 0 0255391

ffffffffffffffffff.f.ffffffffffffffffffffﬂ.ffffh‘f.fff_f ff_ff_ffffffffffI.ffff_ffffﬁf

Jumla-Jajarkot (mg/kg )
The SAS System
The MEANS Procedure

variahle
{ffffffffffff{fffffffgfggfffffffffffffffﬁ{{é;ffffff!Igfégfgffgfffffffffggggggg
na 17.7895000 5.1073988 27.8750000
ca 12 89.0375000 90.5709823 29 8?20000 269.1000000
mg 12 83.3993333 55.3545535 11. 2640000 191. 7700000
5r 12 0.0848533 0.0394931 0.0502700 0.1720000
fa 12 4.1212500 4.6831035 0.5230000 15.4100000
E 11 183.7652727 102.9040852 43.5500000 341.3750000

11 2353.82 531.3642476 827.0000000 2767.00
al 12 0.1508025 0.5141674 0.000970000 1.7835000

12 0.0909557 0.3056436 0.0012500 1.0615000
co 12 0.0024981 0.0085837 0 0.0297350
cu 12 0.6476601 1.5860830 0. 000103000 5.5005000
mn 12 0.5443331 0.9207651 0.000615500 2.9230000
ni 12 0.0508500 0.1008052 0.0000449300 0.3190000
v 12 0.0014622 0.0026554 82193 9.0053?50

f.ffff_f.fff.ff.f.f.f.fffffff.fffffffff.ff.f.f.f.fffffffffffffffjfffffffffjifjfffffffj.ffffff

Kathmandu (ug/keg)
The SAS System

The MEANS Procedure

variabl aximu
ffffffflgfffffffffffffffffffffff.fffffffffJ‘gg{gfffffffﬁfff]fﬁfFfffffffﬁgggﬂ'
pb 2 122.5962089 78.3631970 67.1850609 178.0073569
cr 2 22 2528199 O 40414?1 21 96?&483 22 5335916

J‘ffffffffffffff.ff.fffff.fff.ffffffffffffffffffIfffffffffff.fﬁfffffffffffm f!.fﬁ
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Kathmandu valley (ug/kg)
The SAS System
The MEANS Procedure
variable N Mean std Dav Minimum Maximum
{gffffffffff{fffffffg{{g{;{ggfffffffgfgg{ggngffffff5f{{ggg&gffffffffffffffff

pb 4 19.4575000 10.3055111 10.2300000 32.7500000
cr 4 21 1512500 9 2864241 15 3000000 33 9550000

fffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff

Palpa (ug/kg)

The SAS System
The MEANS Procedure

variahle N Mean std Dev Minimum Maximum
iy e i e SR et

pb 3 13.2453195 8.9147127 7.3900000 23.5050000
cr 3 12 5676629 10 3069075 4 7900000 24 %ggQSSS
00

fffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff

Langtang (ug/kg)

The SAS System

The MEANS Procedure

fffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff{f

pb 4 10.7271816 4.8678095 5.6566435 15.5792827
cr 5 29.2888200 23.9139395 13.5318279 71 0938914

mo 5 16.3424295 6.7054626 6.9264277 .
fffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff

Chitwan (ugkg)

The SAS System
The MEANS Procedure

Maximum

fffffffffffffgffffffffffff{ffffffffffffg%fff{ffffffffffgfffgfffffffff{ff{fffff

0202369
pb 10 33.5537019 15.2722527 15.7538979 66.5334205
Cr 10 15 0976715 11 8743476 3 5623279 40.1567507

65.9476646
ffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff

150



Jumla-jajarkot (ugkg)

The SAS System

The MEANS Procedure

ffffffffffffffffffffffffffffffffffffffffffffffffffffffffff]‘ffffffffffffffffff

pb 8 7 8690165 4 2516774 l 6614593 14 3956866
cr 8 5 8395261 6 6421787 1284288 22 1065913

fffffffffffffffﬁfff.ffffffffffffffffffffffffffffffffffffffffffffffffffﬁﬁfff

Mean, standard deviation, minimum and maximum values of elements in Apis cerana, A
dorsata and A. mellifera honey from Chitwan.

Apis cerana(mg/kg)
The SAS System
The MEANS Procedure

Ciritettes ffff f Ifff B s T T T L e e,
fis s sgessassepserest Hfff i 55{ 000800355 5 .gff {77
na 11 15.1920909 6. 2?69358 7.8134000 .6814000
ca 11 150.9245455 242.1271983 38.3700000 874 5900000
mg 11 102.7109091 140.1644347 15.2700000 493, 4900000
sr 11 0.2262909 0.3027568 0.0418000 1.0363000
ba 11 0.9445818 1.2895565 -0.0548000 4.5694000
fe 11 4.9811273 3.0379753 1.7041000 11.3615000
E 11 213.5781818 329.8178609 44 .7300000 1188.94

fes 10 1536.20 1543.61 280. 0000000 4322.00
a 11 4,617 5.34 0.00502 18.076

b 11 3.85030 1.89788 0.00260 7.04857
cd 11 -12.4440636 25.6957525 -75.9644000 13.5134000
co 11 0.0087971273 0.0058656431 0.0000110 0.02217725000
cr 11 24.,9667364 31.2105163 -15.9865000 87.1026000
cu 10 1.51958 2.50784 0.2439300000 8.58291
mn 11 7.39219 19.52667 002700000 66.15938
mo q ~16. 7882500 26.2083778 -58.2042000 2.1866000
ni 11 0.1074577727 0.0994681818 0.0000615 0.3528631000
pb 11 15.3065636 16.6430386 -8.0453000 44 ,5469000
v 11 0. GG4?5303G4 0 0075122193 0 0.025891000

18.4118
FrEFEfS ffff.ffffffffffﬂfﬁfffffffffffIIffffffffffffffffffffffffffffﬁfﬁfffﬁf

A. dorsata (mglkg)

The SAS System

The MEANS Procedure

aximum
{fffffffffffffffffffffffffffffffffﬁffffffffffffffffffffgffffffffffffffffff%‘)(f)g
na 13 31.4392154 31.9543988 5.6551000 117.7357000
ca 13 139.3523077 73.1948475 59. 3300000 286.5900000
mg 13 63.9984615 60.2188484 0.0800000 164.5000000

151



.3035077
. 3919077
.1831385
. 20B4615
3001.09
2.50907

2.48910

-10.3677182
0.003693792

18.8426273
0.740671538

1,89865

-161.3725818

0.114277308

23.24594364
0. 608250497

HFueodo

.3710852
.4186296
L7128133
.2510338
1546.04
1.72688

1.61345

22.3652089

3 0.0045010651
22.9025779

3 (.3632584298
1.11859
251.1099532
(,0494885140
37.0882889

7 D 0199?60249

(- [ o]

0.0717000
-0.2395000
1.0500000
28,9400000
506. 5000000
0.93000000

0
—56.3923000
-8.4075000

0. 1586000000

0.471
-B15.5265000
0.0430000
-11.2455000
0.0000031
000000

1.1499000
0.9733000
17.8727000
370.4600000
6159.50
6.27682

4.77134

9.3530000
0.008601
72.6204000
1.75750
3.70941
28.8663000
0.1987311000
127 .4644000
0.0325679000
3.27169

fffffffffffffffffffffffffffffffffffffffffffffffffffffffIfffffffffffffflfffffff

A. mellifera (mg/kg)

{ffffffffffffffffffffffffffgfffffffffffffff{{ffffffffff

na

ca

mg
sr

fe

Efes
al

b

cd
co
cr
cu
mn
mo
ni

pb
v

zn

20

20
20
20

20
20
14
20

The

The SAS System

MEANS Procedure

14.3137700 6.1342135 5.1120000
76.2685000 47.7308431 31.0500000
33.4515000 30.0302853 10.0300000
0.0695550 0.0274097 0.0297000
2.4484700 1.5982115 -2.8087000
67 7885000 20.5985971 36.2000000
5.4285714 609.6611561 279.5000000
O 9826120000 1.27522 0.00069
1.74648 2.35199 0.00153
-10.5827200 23.6127219 -54 4640000
0.006649985 0.0061821547
6.8776800 12.1192800 =114 39?2000
0.2154355 0.2189648199 0.0002
0.9590210526 0.9997082457 0.0007
-116.2654600 234.3986418 -774.9111000
0.1203164400 0.1768985473 0.0000255
17.5834400 31.5101170 -21.7500000
0.003006035 0.0063955415 0
2.49286 5.65647 0.001010

A.cerana (pgkg)

The SAS System

The MEANS Procedure

Maximum

fffffffffffffffffffffff

1227000
23.0150000

237.9500000
120.3900000
0.1366000

4,6500000
105.9500000
1950.50
4.25287

7.41636

7.9665000
0.0167619
26.1816000
0.906
2.84200
29.5133000
0.7550000000
91.1731000
0.0282286
25.61116

Maximum

ffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff

cd
pb
cr
mo

10
10
10
10

4.1362
33.5537
15.0976
29.3474

6.8055
15.2722
11.8743
20.06253

0.3010
15.75390
3.56230
7.7446

23.0202
66,5334
40.15568
65.9477

FEFEFFFFRFEfFsffsfFrfrrfrssfrfesssssfssfsrsssssssssssssesssssssssssssssfsssss
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A.dorsata (ug/kg)

The SAS System
The MEANS Procedure

ximum

va
ffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff
cd 8 1.7490 1,59164 0.2730 4.751

pb 8 31.9117 26.8238 8.9813 82.0677
cr 8 11.9804 11.6445 0.2873 36.4973
mo 8 14.19656 6.555 7.4852 24.6324

ffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff

A. mellirefa (ugkg)
The SAS System

The MEANS Procedure

Maximum

ffffffffffIffffffffffffffffgfffffIffff%ffff%fffffffffffffgffffffffffffffffffJg

pb 9 22.752 10.6124 7.3888 38.0498
cr 9 13 132? 9 4?3? G 9422 28.4013
#1.3731

fIIIJJfffffffffffIIffff!fffffffffffffffffffffff!!ffffffffffffffff*ffffififIIff
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Fig. 2

Fig. Fig. 4

Fig.1 Apis laboriosa honey from Bajahang showing the zone of inhibition of growth
(peroxide activity) on the agar plate.

Fig.2 Apis dorsata honey from Chitwan showing the zone of inhibition of growth (peroxide
activity) on the agar plate.

Fig.3 Apis mellifera honey from Chitwan showing the zones of inhibition of growth (peroxide
and non-peroxixe activity) on the agar plate.

Fig.4 Apis cerana honey from Chitwan showing the zones of inhibition of growth (peroxide
activity and non-peroxixe activity) on the agar plate.
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Summary

Nepali honey from different bee species and three agro-ecozones: terai, hills and mountains
were tested to determine peroxide and non peroxide antibacterial activity against Staphylococcus
aureus ATCC 6538 P and also the element spectrum. Agar (23g/L 001-7-0 DIFCO) well
diffusion method was used to assess antibacterial activity. Comparisons between the
effectiveness of honey from different locations showed no significant differences in both
activities equivalent to that of % (w/v) phenol observed among all the locations. Honey from
Apis cerana -A. mellifera (P=0.0009) and 4. dorsata-A.mellifera (P=0.0010) showed significant
difference in peroxide activity, whereas honey produced by two native bee species 4. dorsata
and A cerana did not show significant difference in peroxide activity.

Of the 20 elements, Li, Na,Ca, Mg, Sr, Fe, P, K, Al, B, Co, Cu, Mn, Ni, V, Zn were

determined by means of ICP and Cd, Pb, Cr, and Mo were determined by means of AAS for
clement spectrum. Significant difference was found only in total Pb content (P=0.0001) when
compared between polluted and clean areas. The difference in concentration of some elements
in Apis dorsata - A. mellifera and Apis cerana —A.mellifera honeys were significant.

The results showed that honey from different bee species have both peroxide and non peroxide
antibacterial activities which may be of bee and botanical origin. On the other hand, honey from
Nepal consists of essential and toxic elements as well. The presence of notable amount of Pb in
honey from urban areas may attributed to atmospheric input. The elements determined in Nepali
honeys may be ascribed to environmental influences. From the present study it would appear
that honeys produced by different bee species in Nepal have an effective antibacterial activity
and are rich in elements. The distribution of the elements depends on the surroundings, soil,
floral source, foraging range, eventually on contamination of honey by contact with metal

equipments. It may be assumed that honey can be used as alternative of environmental indicator.

Zusammenfassung

Honige von drei verschiedenen Bienenarten und drei verschiedenen Regionen Nepals- Terai,
Mittelgebirge und Hochgebirge- wurden auf ihre antibiotische Wirkung gegen
Staphylocaceus aureus ATCC 6538P und auf das Elementspektrum untersucht. Die Agar
Rohrloch Diffusions- Methode (23g/L 001-7-0 DIFCO) wurde zur Bestimmung der
antibiotischen Wirkung eingesetzt.

Die Honige der verschiedenen Regionen zeigten im Vergleich zu dquivalent (w/v) phenol
signifikante Unterschiede sowohl in der Peroxyd- als auch in der Nicht- Peroxyd- Aktivitat.
Honige von Apis cerana: Apis mellifera (P=0,0009) und von A. dorsata: A. mellifera
(P=0,001) nicht aber die Honige der beiden autochthonen Arten A. cerana und A. dorsata
Unterschiden in Peroxydaktivitia signifikant voneinander.
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Die Honige wurden auf das Spektrum von 20 Elementen untersucht: Li, Na,Ca, Mg, Sr, Fe, P,
K, Al, B, Co, Cu, Mn, Ni, V, Zn mit ICP und Cd, Pb, Cr, and Mo mit AAS. Im Bleigehalt
ergaben sich signifikante Unterschiede zwischen umweltbelasteten und nicht belasteten
Gebieten (P= 0,0001). Bei einzelnen Elementen gab es auch signifikante Unterschiede
zwischen den Honigen von Apis dorsata und A. mellifera beziehungsweise zwischen A.
cerana und A. mellifera.

Die Verteilung der Elemente in den untersuchten Honigen hdngt von der Umwelt, dem
Boden, der Tracht, dem Sammelbereich der Bienen und méglicherweise von den metallischen
Geriten des Imkers ab. Generell sind die untersuchten Honige reich an auch essentiellen
Elementen. Die Honige von den urbanen Regionen enthielten aber mehr Blei. Dieser
betrichtliche Bleigehalt wird von den Schadstoffen in der Luft stammen. Honig kann daher
als alternativer Umweltindikator angesehen werden.

206








