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Introduction 

 



"Ar^om who thinks they 're too small to make a difference has never met the

honeybee" .

1. INTRODUCTION

Honey bees are eusocial insects living in communities of 10,000 to 20,000

individuals (Hider, 1988) and they are the only class of insects diat are beneficial to

humans, to such extents. They are obligate social organisms that exist in colonies

usually headed by a single r^ioductive female, the queai which is generally the only

egg layer in the colony. A few fertile drones and many thousands of facultative sterile

females, the workers are also present in colonies.

Honey bees {Apis spp.) are yery important for our environment, economy, and

health. They are considered as an ideal model for many biological and physiological

studies. Domesticated honey bees are reared worldwide, for their products like honey,

pollen, beeswax, royal jelly, propolis and bee venom. In addition to thaf^ their

importance is increasing due to their role in pollination services and yield enhancement.

Garibaldi et al. (2013) fiiund that honey bees rank as the most common pollinator, of a

single species, for crops worldwide. Even though several products are available fiom

hive, only honey, pollen and wax are commonly utilized while the possibility of other

products is still to be explored.

Amongst the hive products, one of the most important product is the bee venom.

The prime role of venom with the venom apparatus in honey bee is colony defence.

Sting by a single bee is painful enough to deter a vertebrate intruder but has lethal effect

on wide range of invertebrates. Even though a bee sting is a painful experience, non~
sensitised humans do not suffer complications even after being stung by 10 to 20 bees.

Honey bee venom has found to have therapeutic application since ancient times. In
recent years, bee venom has been adopted as a remedy for die relief of rheumatic pains.
Thus, an interest rose in scientists to study the composition and other properties of bee
venom around the 19*^ century (Dotimas and Hider, 1987)

i



Bee venom attenuates neuroinflanimatory events and is potentially

neuroprotective as it has been shown to extend survival against amyotrophic lateral

sclerosis in a mouse model (Kim et al, 2013), Similarly, it has been utilized as an

optional prescription for Parkinson's disease and patients with inflammatory diseases,

such as Rheumatoid Arthritis and osteoardiritis. Several reports have demonstrated the

positive effects of BV in arthritic rat models as an anti-inflammatory adjuvant, as it

reduces inflammatory edema and polyarthritis (El- Wahed et al, 2018)

Bee venom, a defence tool against predators or intruders, is a complex mixture

of peptides, enzymes and other trace components which show extensive biological

activities also (Sobral et al, 2016), It contains low molecular mass constituents like

melittin, apamin and mast cell degranulating (MCD) peptide and the enzymes
phospholipase A2 andhyaluronidase. Besides the small peptides, physiologically active

amino acids, phospholipids, amines, sugars, and pheromones are also present (Szokan
et al. 1994), It has been used for the treatment of many diseases like arthritis,
rheumatism, herpes, etc, (Omar, 2017),

Studies conducted by Benton et al (1963) showed various methods devised and

tried for the safe extraction of venom, with minimum damage to both the bees and the
collector. Honey bee venom can be safely and easily collected as dried powder using
an electric shock instrument, sometimes coupled with stimulating die bees to sting on
a glass plate (Rybak et al, 1995),

Indian bee. Apis cerana indica Fab. is the common bee species found in
southem India with more than 6 lakh bee keepers in Kerala alone. The research works
on the safe methods and other aspects of venom collection from Indian bees are
wanting. The ideal time and the optimum duration as well as the seasonal variation in
the quantity of venom that can be collected have to be studied and hence this r h
work entitled "Quantification and characterisation of Indian "ce noney {Apis cerana
indica Fab.) venom" was conducted.
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2. REVIEW OF LITERATURE 

In India, bees are reared mainly for honey production. Other hive products are 

not given much importance, even though they are highly valued. Products like royal 

jelly, pollen, venom and even propolis fetch a higher price than honey. It is mainly the 

lack of knowledge on the methods of safe collection and storage of these products that 

prevents bee keepers from exploring these areas.  Beekeeping is both an art and a 

mesmerizing science. In India, beekeeping is practiced both as a full-time occupation 

and an engaging hobby mainly for honey production. Honey bees are unique gifts to 

mankind as beekeeping benefits us with the pollination service they provide as well as 

other hive products. 

Bee venom has found its place in the pharmaceutical industry for the treatment 

of cancer, bursitis, tendonitis, herpes zoster, lyme disease, rheumatoid arthritis, 

osteoarthritis (Lee and Bae, 2016), HIV, multiple sclerosis, joint diseases and many 

others (Tilahun et al., 2016). Bee venom is also being used in the cosmetic industry 

(Han et al., 2016). Due to the increasing usage and applications of bee venom, more 

research works have to be conducted to study its chemical composition, safe methods 

of extraction and storage of venom and effects of venom collection on hive activities 

and post collection. 

2.1ASPECTS OF BEEKEEPING  

 Till now, seven species of Apis have been described and out of this, four are 

present in India: two domesticated species, viz., Apis mellifera L. (European honey bee) 

and Apis cerana indica (oriental or the Indian honey bee) two wild species, viz., Apis 

dorsata Fab. (giant/rock honey bee) and Apis florea Fab. (dwarf honeybee).  A. 

mellifera has been introduced to India due to its high resistance to Thai sac brood virus 

(TSBV) and their suitability to commercial beekeeping (Tej et al., 2017). 

 Beekeeping of domesticable bees involves their proper management during all 

the three seasons to achieve a profitable income. Migratory beekeeping can be practised 

where sufficient flora is not available. In Kerala, beekeeping is mainly done with Indian 

bee (A. cerana indica) and the major honey source is rubber (Hevea brasiliensis Muell. 

Arg.). The extra floral nectaries of rubber produced after the commencement of new 

flushes serves as rich source of honey during January to April (Padmanabhan, 2003). 

 



2.2 HONEY BEE SPECIES IN INDIA 

2.2.1 Rock Bee (Apis dorsata) 

These are the largest of Apis bees found in India, constructing single combs of 

about 6 feet long and 3 feet breadth. Combs are usually seen in the open on tall 

buildings, trees and rocks. They are present all over the subcontinent and can construct 

nest up to an altitude of 2700 m. The main feature of rock bees is that they shift their 

habitats frequently and abscond their previous hives. According to Mishra (1995), 

around 50 to 80 kg of honey can be collected from a single rock bee colony per year.  

Usually, rock bees construct their hives at a height of about 20 feet from the 

ground, but cases where hives are seen hanging from branches at just 2 feet from the 

ground are also observed.  A. dorsata colonies may be found singly or in groups. The 

lowest part of the comb is the most energetic area, where the scout bees and foraging 

bees take off and land. The bees are not domesticated due to their irritable and ferocious 

nature, peculiar hives and habit of frequently absconding the hives. Due to the 

aggressive nature, the bees attack any intruders (Ramachandra et al., 2012) and in most 

cases they chase victims up to 100 m. 

2.2.2 Little Bee (Apis florea) 

Little bee also known as dwarf honeybee is also a wild honeybee species that 

cannot be domesticated. These bees are smaller in size and less ferocious, compared to 

rock bees. Palm sized combs are constructed in bushes, twigs, hedges, caves etc. A very 

peculiar aspect of little bee comb is that, the top of the combs encircles the twigs on 

which the combs are constructed, while the rock bee combs are constructed on the 

underside of the branches. Unlike rock bees, the amount of honey produced by little 

bees are very low, producing only 500 g of honey per hive a year. These bees also have 

the habit of absconding the hive, hence they are non- rearable. Attempts have been 

made to rear these bees in India, with partial success (Mishra, 1995). These bees are 

not found in hills above an altitude of 450m MSL.  Like rock bees, little bees also 

construct single vertical combs (Hepburn and Radloff, 2011).  These bees are 

attractively coloured with red to brown colouration between white bands. These bees 

are excellent pollinators due to their small size and show protective behavior against 

predators. 

 



2.2.3 Indian Bee (Apis cerana)  

 Indian honeybee also known as Eastern honeybee is a common bee species in 

India. Until the introduction of Italian bees, this was the only domesticated Apis species 

in India. These bees construct multiple parallel combs in dark places such as logs, tree 

openings, pots, etc. These bees are non- aggressive and rarely abscond the hives, hence 

show the possibility of rearing.  A. cerana was classified by Ruttner (1988) into sub 

species, based on living habitats and genetic diversity; of these Apis cerana indica and 

Apis cerana cerana occur in India. Now in India, beekeeping with Indian bee is mostly 

done in South India particularly in Tamil Nadu and Kerala. They produce around 7 to 

9 kg of honey per colony per year. These bees are smaller in size than rock bees and 

Italian bees, but larger than little bees. The Indian honeybees are now domesticated in 

all parts of the country like Jammu and Kashmir, Uttaranchal, Andhra Pradesh, 

Himachal Pradesh, Assam. Tamil Nadu, Karnataka, and Kerala (Yadav et al., 2017). 

 

2.2.4 Italian Bee (Apis mellifera) 

 A sub species of A. mellifera, A. mellifera ligustica was introduced to India from 

Europe during the second half of 20th century. The prime reason for introduction was 

the disappearance of native Indian bee colonies in the country due to the attack of Thai 

Sacbrood virus. The introduced Italian bees got well adapted to the country due to its 

rich flora of mustard, safflower, sunflower, moringa, etc. (Tej et al., 2017). These bees 

are not common in South India due to the high attack of bee-eater birds (Merops 

orientalis) and beewolves or bee-hunter wasps (Philanthus spp.) on these bees 

(Ramachandra et al., 2012).     

 Similar to Indian bee, they also construct multiple parallel combs in the dark. 

Italian bees are larger than all bees except rock bees. They do not show swarming 

tendency and are less aggressive than rock bees. Italian bees possess good honey 

gathering qualities, yielding about 25 to 40 kg honey per colony per year. The 

introduction of these bees to India can be called a success as it was able to create good 

employment opportunities to many people with profitable income and the pollination 

services provided by them. Even though the introduction caused problems like 

transmission of pests and diseases, overall, it can surely be called a success (Tej et al., 

2017).       



 

2.2.5 Stingless Bee (Tetragonula iridipennis Smith) 

Stingless bee also called as Dammer bee belongs to the Meliponinae sub family 

of Apidae. They are the smallest of honey-yielding bees with size less than 5 mm. It 

consists of two genera Melipona and Trigona. As the name implies, these bees do not 

sting as their stings are vestigial and protect their colony using their mandibles 

(Michener, 2000). These bees can be domesticated and they construct combs which are 

tree-branch shaped, in tree logs, wooden boxes and clay pots, where they construct 

using wax or cerumen (a mixture of wax and propolis). The honey yield per colony is 

very less, about 300 to 400g (KAU, 2016) only. The stingless bee honey is highly 

valued due to its medicinal properties. 

 

2.3 SCOPE OF BEEKEEPING 

In India, the major portion of honey comes from rock bee, A. dorsata (Sivaram 

et al., 1993). In North Indian states like Punjab, Uttar Pradesh, West Bengal, Bihar, 

Jammu & Kashmir, Haryana, Himachal Pradesh, beekeeping is mainly practiced with 

A. mellifera. According to Sivaram and Anita, (2000) commercial exploitation of bees 

for honey production in India is very less, even though India has an appreciably high 

forest cover of 678,333 km2. 

The scope for production and marketing of other bee products, besides honey, 

like pollen, royal jelly, propolis, beeswax and venom add to the financial stability and 

diversification of apiculture. In addition to this, sale of bee colonies, rearing and sale of 

pedigree queen bees also provide additional income (Sivaram, 2012). Demand of honey 

bees for increasing crop production by pollination is also increasing in the country. This 

profession offers a great scope in generating employment besides a good livelihood. 

Apart from direct employment to the beekeepers, there would be need for good artisans, 

hive manufactures, apicultural equipment and machinery manufactures, transport 

system for irrigation of colonies, traders, product quality experts, packers, sellers, raw 

material dealers, etc. and allied industries. The value addition technologies of PAU, 

CFTRI and CBRTI have already started helping beekeepers in harvesting rich 

dividends. This industry has, so far, remained unexplored and offers tremendous scope 

(Sivaram, 2012). 



 

2.4 THE STINGING APPARATUS IN BEES 

Sting in honeybees is the modified ovipositor and hence, only female bees 

(workers and queen) possess sting and have the capability to produce venom. It is a 

barbed hollow needle-like structure present at the tip of the worker bee abdomen. An 

inverted trough enlarged into a basal bulb is created by the fusion of the first valvulae, 

forming the lancet and the second valvulae, the stylet. Venom produced in the venom 

gland and other contents of the poison sac are drained into this bulbous structure. 

Almost all the toxic components appear to be produced from the highly convoluted and 

branched venom gland (Snodgrass and Morse, 2018). The secretory cells of venom 

glands lead to numerous canaliculi, which further leads to central canals which in turn 

drains into the poison sac. The wall of poison sac is cuticular, thick and laminated, 

enabling it to function ideally as a reservoir. 

Normally the sting is kept retracted into the abdomen and is protruded out only 

for stinging when the bees are irritated. The sting shaft is about 2.0μm in length, 

consisting of four segments that taper together to form a sharp hollow sting point. The 

centre of the shaft has the poison canal through which the venom is injected. As 

mentioned earlier, the sting consists of the stylus and two barbed slides or the lancets, 

one on either side of the stylus and while stinging, in contrary to the usual thought, the 

bees do not push the stylet into the host body, but is drawn in by the barbed stylets. The 

slides move alternately up and down so that the sting is pushed inside by the combined 

action of the barbs such that, when the barb of one slide has caught and retracts, it pulls 

the stylus and the other barbed slide into the wound (Pursley, 1973). 

 

2.5 VENOM PRODUCTION  

Maximum venom quantity is present in newly emerged queens, in order to 

facilitate their fight for survival against competing queens (Bachmayer et al., 1972). In 

newly born worker bees, even though their venom glands are functional, venom 

production starts only after two to three days, the maximum rate reaching only when 

the bees are two to three weeks old (Dotimas and Hider, 1987).  

The synthesis of different bee venom components does not reach maximum rate 

simultaneously and these changes in venom content have been suggested to be related 



to transition from nursing or housekeeping bees to foraging bees (Owen and 

Braidwood, 1974). Usually, it is observed that the capacity to regenerate venom is less 

in older bees denoting the degeneration of venom glands in latter parts of life. 

Generally, it is observed that the quantity of venom in worker bees is highest during the 

summer months, when there is peak activity in the hive and the younger bees act as 

hive guards (Dotimas and Hider, 1987). 

2.6 PROPERTIES OF BEE VENOM 

Bee venom is yellowish to colourless opalescent liquid that rapidly dries in 

room temperature, turning into a yellowish- brown crystalline gum like powder. It is 

easily destroyed by sunlight and higher temperature, but stable at low temperature 

(Bogdanov, 2016). The water content varies from 55 and 70%. Bee venom possess 

honey-like odour and has a bitter acidic taste. It is soluble in water and diluted acids, 

but about 10 % of the components are insoluble in water. Bee venom is insoluble in 

alcohol and ammonium sulphate also, it contains a number of volatile components that 

are easily lost during collection (Omar, 2017). Bee venom has an acidic pH of 4.5-5.5 

and specific gravity of 1.13.  

2.7 VENOM COLLECTION 

2.7.1 Methods of Venom Isolation 

The main method of venom collection by stimulation with an electric current 

was first described by Markovic and Mollnar (1954). Venom collection is achieved 

mainly by two methods; first is a manual method by the dissection of whole stinging 

apparatus and taking out the venom sac or by applying pressure in the abdominal region 

and a droplet of venom appears at the end of sting and for larger quantities of venom, 

electrical milking was developed. (Benton and Morse, 1966). An efficient method for 

collecting maximum venom with minimum damage to the bees and least risk to 

collector was long wanted and finally this method of electrical milking was devised and 

helped safer venom collections.  

The device as described by Benton et al. (1963) consists of a collection frame 

over which steel wires are stretched across at 6 mm intervals. The wires are alternately 

charged to 33 V. A timer breaks the circuit every 3 to 4 seconds and rarely is a bee 

electrocuted by this apparatus. When a bee comes in contact with the wires, the bees 

get electrocuted for a small period and are irritated, due to which they start to sting. The 



bees also release alarm pheromone that alerts others bees and they also start stinging. 

The bees sting in between the wires. A sheet of nylon taffeta was placed between two 

thin sheets of polyethene below the wires through which the shocked bees could sting. 

The bees sting in between the strands and do not pierce individual strands. Most of the 

venom gets deposited on the underside of the sheet. A cooling coil was also kept on the 

device to prevent denaturation of any bee venom components. It has been reported that 

from 20 hives, over a period of 2 h, about 1g of venom can be collected using this 

device. The bees are usually aggressive during this collection, hence special clothing is 

recommended during this technique. Dried venom can be easily scraped from the nylon 

taffeta.  

 According to Bogdanov (2016), devices for venom collection has been 

continuously improved and they mostly consist of four parts. 

1) Battery of 9 - 12V and 2 Amp; powered by or directly plugged into the power 

grid 

2) Electrical impulse generation with a frequency of 50 – 1000 Hz, duration of 2- 

3 sec and pauses of 3 – 6 sec 

3) Electrical stimulator – Frame that consists of stretched naked wires, at a distance 

of less than 6 mm 

4) Glass slide/ plate on which venom is collected.  

O’ Connor et al. (1963) said that it is possible to isolate venom from individual 

bees using a specially designed electrical excitation device. But the process is tedious, 

labour intensive and requires skilled labours, with being able to work on only 20 insects 

per hour. 

2.7.2 Rate and Quantity of Venom Delivery from Stings 

Studies conducted by Schumacher et al. (1990) on European bees showed that 

approximately 148μg of venom is delivered by the bees after an elapse of just 16 

seconds when stimulated. Another study by Schumacher et al. (1994) showed that at 

least 90% of the contents of venom sac was emptied within 20 seconds and completely 

within 1 minute. The study conducted both in-vitro and in-vivo were in agreement 

suggesting that the bees empty their venom sac as soon as they are irritated.  It is 

interesting to note that considering an LD50 value of bee venom (3.5 mg/kg) and an 



average venom delivery of 140μg by a single bee, one can assume that a 70kg normal 

human being would have a 50% risk of death from 1750 bee stings (Schumacher et al., 

1994). 

2.7.3 Frequency and Duration of Venom Collection 

Study by Krivtsov and Lebedev (1995) suggested that less frequent venom 

collections, that is, 3 to 4 times in a season did not influence hive performance. 

Bogdanov (2016) found that repeated 3 h venom collection carried out 3 to 4 

times a month do not harm the bees, resulting in a total harvest of 4g dry bee venom 

from an Italian bee colony.  

According to El-Mehdi et al. (2018) based on studies conducted in Moroccan 

conditions, the optimum frequency of bee venom collection is a gap of 10 to 15 days 

and the optimum duration for which the collector has to be placed in the hive for venom 

collection is 30 to 60 minutes early in the morning. They collected an average of 30 to 

35 mg of dry venom at a period of 30 to 60 min. from Italian bee hive.  

Studies conducted by de Graaf et al. (2020), showed that the amount of venom 

collected for a period of few hours of uninterrupted stimulation is less than the venom 

quantity collected for the same period, but with breaks included. They found the 

optimum time for stimulation is 30 to 60 min. and the optimal break time is 45 to 90 

min. On a four-hour study where the bees are electro-stimulated every 30 min. with a 

short 1-minute break between them showed peak venom yielding the first 30 minutes 

with the rate falling exponentially thereafter.  

de Graaf et al. (2020) suggested that venom collection in the presence of dew 

or with anticipated rainfall should be avoided and the ambient temperature for 

collection is above 12ᵒC. These parameters were fixed based on the natural tendencies 

of the hive colony and were established to reduce any harm to the colony. 

2.8 EFFECT OF VENOM COLLECTION ON HIVE ACTIVITY 

  Bogdanov (2016) found that intensive venom collection for repeated 3 h 

collection periods, carried out 3 to 4 times a month resulted in reduction of brood area 

and honey yield about 10 to 15%. 

Omar (2017) collected venom from Carnolian and Italian hybrid bee colonies 

and studied whether the collection affected the brood rearing activities of the hive. The 

study was conducted during the active periods from February to October of 2010 and 



2013. The study concluded that monthly venom collection did not affect the brood 

rearing activities of the hive. The brood area recorded from the hive in which venom 

was collected did not show any significant difference with the brood area of hive from 

which venom was not collected. 

de Graaf et al. (2020) found that honey production reduced by about 10 % when 

venom collection was carried out daily and more than 3 to 4 h a day. A break of 2 to 3 

days between weekly venom collections, was necessary to maintain good hive health.   

2.9 COMPOSITION OF VENOM 

 The major components are Melittin (50%), Phospholipase A2 (10-12%), 

Apamin (1-3%), Hyaluronidase (1-3%) and Mast Cell Degranulating (MCD) peptide 

(1-2%). Minor components like Procamine (1-2%), small peptides (13-15%), Secapin 

(0.5- 2%), histamines, glucose, fructose, and some pheromones (Dotimas and Hider, 

1987) are also present. Bee venom is a complex mixture of proteins, peptides and low 

molecular components (Bogdanov, 2016). A brief about the major components are as 

follows: 

2.9.1 Melittin 

Melittin is a small protein in bee venom consisting of only 26 amino- acids 

arranged in a subtle manner (Habermann and Jentsch, 1967). Melittin forms α-helical 

shaped cylinders that are amphiphilic in nature. These helices form tetramers that 

prevents the action of hydrophobic surface of melittin with water, making tetrameric 

melittin non-lytic (Hider et al., 1983). Melittin is stored in the venom sac in tetrameric 

form. When melittin molecule is diluted, the tetramer dissociates into monomer and 

becomes highly surface active. This results in disruption of phospholipid packaging and 

cell lysis eventually leading in appreciable pain levels (Dotimas and Hider, 1987). 

2.9.2 Phospholipase A2 

Phospholipase A2 is an enzyme that destroys phospholipids which is one of the 

major building blocks of biological membranes. It disrupts the molecular structure of 

phospholipids interfering with the packaging of membranes and causes pore formation. 

This helps in penetration of other venom components also into cell. Works by Shipolini 

et al. (1974) has found that bee venom phospholipase is the most active phospholipase 

than that found in any snake venom or mammalian pancreatic phospholipase.  

 



2.9.3 Apamin 

Apamin is a small peptide consisting of 18 amino acids that are tightly cross-

linked by two disulphide bonds (Shipolini et al., 1967). Similar to melittin, apamin also 

from rigid α-helices. Apamin is non-lytic and does not have much activity on 

mammalian cells. Habermann (1977) found the neurotoxic effect of apamin on the post-

synaptic membranes of central nervous system; Jenkinson (1981) found its neurotoxic 

effect on peripheral nervous system. The neurotoxic nature of apamin due to its high 

affinity to the specific Ca2+ dependent K+ channel of the nervous tissue was found by 

Lazdunski (1983) and due to this neurotoxic nature, apamin blocks the channel in 

mammals. 

2.9.4 Hyaluronidase 

Hyaluronic acid is highly viscous polysaccharide solution found between the 

cells. It is the interstitial ground substance that adheres cells together. Owen (1979) 

found that hyaluronidase level in worker bees is more than in queen bee and this may 

be attributed to the frequent encounter of worker bees with mammals unlike the queen 

bee. Hyaluronidase is a hydrolytic enzyme that breaks this viscous polymer into non-

viscous segments consisting of 4 to 6 units (Banks et al., 1983). Hyaluronidase is also 

called as spreading factor, since it causes gaps between the cells and facilitates the 

penetration of other bee venom components (Dotimas and Hider, 1987).  

2.9.5 Mast Cell Degranulating (MCD) peptide 

Mast cells are a type of white blood cell, a part of connective tissue and is rich 

in histamine and heparin. As the name implies, MCD peptide destroys mast cells 

present in the body releasing histamines. Histamine release occurs as a result of calcium 

entering the mast cell which is triggered by immunoglobulins (IgE) in the body 

(Dotimas and Hider, 1987). 
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3. MATERIALS AND METHODS 

The study on quantification and characterization of Indian honey bee (Apis 

cerana indica Fab.) venom was conducted at Department of Agricultural Entomology, 

College of Agriculture, Vellayani during 2019-2021. The study was conducted with the 

objective to quantify and characterize Indian honey bee (A. cerana indica) venom 

during different seasons. The materials and methods used for the study are given below: 

3.1. PEAK BEE VENOM COLLECTION TIME 

The present study was conducted during the active periods from November, 

2020 to August, 2021. For this, a total of 36 hives of uniform bee strength maintained 

at the Indian bee apiary of AICRP on Honey Bees & Pollinators, Department of 

Agricultural Entomology were selected and labelled (Plate 1.).  

3.1.1 Bee Venom Collection 

The bee venom was collected from the selected hives from 6 am to 6 pm.   Each 

hour of the collection time in a day was considered as a treatment, thus making three 

replications for a treatment. The selected hives were not fed for at least two days before 

the collection made, in order to prevent the undesirable moisture and thereby easy 

drying of the bee venom. 

3.1.2. Extraction of Bee Venom 

The bee venom was extracted with the help of a Bee Venom Collector (BVC) 

(Plate 2.) which was placed carefully between the bottom board and brood chamber of 

the Indian bee colony (Plate 3.). The device is very slim and handy with dimensions of 

310 mm length, 220 mm width and 50 mm height. Conducting wires are stretched 

across the collection frame at a spacing of 2 mm and glass plate of thickness 4mm is 

kept below the wires for venom collection. The device works on a 9V battery which is 

reduced to still smaller pulses of current by ingenious circuit in the device. The 

collecting frame consists of conducting wires stretched over it and the electric pulses 

are passed through these wires. Below these wires, a well cleaned glass plate is kept on 

which the venom is collected. When the worker bees come in contact with the wires, 



they get electrocuted and irritated, due to which they start stinging and liquid venom 

gets deposited on the glass plate below. The circuit is designed in such a way that small 

pulses are produced and the bees get easily detached from the circuit. The device is also 

pre-set with an automatic cut-off at 40 min after the device is switched on. 

After the extraction is over, the device was taken out from the hive. Then the 

glass plate was carefully removed from the device in a dark well-ventilated area to 

facilitate drying and to prevent oxidation of the bee venom. The venom got dried after 

a few minutes, then light strokes with a camel brush are made over the glass plate to 

remove pollen dust and other debris that was present (Plate 4.). Once, the venom 

appeared as thin droplets it was carefully scraped using a blade (Plate 5.).  The collected 

bee venom was weighed and then stored in properly labelled amber coloured bottles at 

50C.  

3.2. OPTIMUM DURATION OF BEE VENOM COLLECTION AND ITS 

QUANTIFICATION FROM INDIVIDUAL BEE HIVE 

The study was conducted in the brood rearing season of 2019. Twenty hives of 

uniform bee strength were selected and labelled. 

3.2.1. Bee Venom Collection 

The study was conducted to assess the amount of venom that can be collected 

from an individual hive and the optimum duration at which maximum venom can be 

collected with minimum damage to the bees. The design of the experiment was CRD, 

no. of treatments – three and no. of replications – five. Three-time durations were the 

treatments: 30 minutes, 40 minutes and 60 minutes after switching-on the bee venom 

collector. Five replications were maintained for each treatment. Apart from these, five 

hives were also maintained as control to assess the brood parameters. The bee venom 

collector was placed at the peak hour recorded in 3.1.  

3.2.1.1 Bee venom collection at 30 minutes duration 

For the bee venom collection after 30-minutes, once the collector was switched on 

and kept in the hive, a timer was also set for 30 minutes simultaneously. By the end 



 

Plate 1. Labelled hives taken for venom collection 

 

 

 

Plate 2. Bee venom collector with accessories 

 

 

 



 

Plate 3. Mode of placement of BVC in hive 

 

 

Plate 4. Glass plate immediately after collection. 

 



 

 

 

 

 

Plate 5. Glass plate after cleaning, with scraped dry bee venom 

 

 

 



of 30 minutes, the hive was slightly smoked to calm the bees and the collector was 

switched off and carefully taken out from the hive.  

3.2.1.2 Bee venom collection at 40 minutes duration 

 As the bee venom collector possess an automatic switch-off mechanism after 

40 minutes, no timer was set during this experiment. The collector was safely taken out 

from the hive once the bees got calm after the device has turned-off. 

3.2.1.3 Bee venom collection at 60 minutes duration 

For the bee venom collection at 60 minutes duration, after the automatic switch 

of at 40 minutes the collector was taken out of the hive and was placed again after 

switching on and setting the alarm for another 20 minutes. After 20 minutes, the hive 

is lightly smoked to calm the bees and the device is switched-off. The device is taken 

out carefully once the bees got calm after the device has turned-off. 

3.2.2 Extraction of bee venom 

The bee venom was extracted as the same procedure as mentioned in 3.1.2. 

3.2.3 Measurement of Hive Activity after Venom Collection 

The bee mortality, foraging activity of the hives and the brood parameters were 

assessed both in the treatment as well as the control hives. 

3.2.3.1 Mortality of bees  

The number of dead bees, if any, remaining in the collection frame soon after 

the BVC was taken out from the hive after the collection, was recorded to study the bee 

mortality during venom collection.  

3.2.3.2 Assessment of foraging activity 

 Foraging activity of a hive was studied by recording the number of bees moving 

in and out of the hive for 5 minutes at the peak foraging hour of the day. The data was 

recorded daily for a week. Foraging activity was also recorded from the control hives 



where venom collection was not done.  

3.2.3.3 Assessment of brood parameters 

The brood parameters viz., brood area, honey and pollen storage were recorded 

from both the treatment as well as the control hives for a period of one month at weekly 

intervals.  The area was measured using a grid and was recorded in cm2 (Plate 6).  

3.3 SEASONAL VARIATION IN BEE VENOM PRODUCTION 

The study was conducted during the brood rearing season (August - December), 

honey flow season (January - April) and dearth season (May - July) to identify the 

season at which maximum venom can be harvested from a hive.  

3.3.1 Bee venom collection 

Hives of uniform strength were selected for the experiment. The design of the 

experiment was CRD; no. of treatments: three (the three seasons) and no. of 

replications: five. Five hives were maintained as replications for both the treatments 

(three season) as well as the control.  The collection time as well as the duration of 

collection were fixed based on the results from 3.1 and 3.2. A single collection was 

carried out during each season. 

3.3.2 Extraction of bee venom 

The bee venom was extracted as the same procedure as mentioned in 3.1.2. 

3.3.3 Measurement of hive activity after venom collection 

The bee mortality and the brood parameters were assessed both in the treatment 

as well as the control hives as per 3.2.3. 

3.3.4. Correlation of weather parameters 

 Temperature and humidity were recorded while venom collection was carried 

out, on all the three seasons to assess whether it influenced the venom quantity 

collected. The data was collected using a data logger outside the hives.  



 

 

 

 

Plate 6. Measurement of brood parameters 

 

 

 



3.4. CHARACTERISATION OF BEE VENOM 

The bee venom samples collected during the respective seasons were labelled 

and was subjected to analysis to determine the proportion of major components present 

in bee venom during different seasons. Five venom samples from the three seasons were 

selected and analysed. The method employed was High Resolution Liquid 

Chromatography- Mass Spectrometry (HR LC-MS) – HR LC-MS with database (Plant 

extract Impurity Profiling and Metabolite Identification). The methodology, in detail is 

given below. 

The abundance was measured using Agilent high resolution liquid 

chromatography and mass spectrometry model – G6550A with MS Rel. threshold 

(%)0.010 and MS/MS Rel. threshold (%) 0.010. The column used was ZORBX Eclipse 

Plus C18, Narrow Bore 2.1 × 150 mm, 5 microns. Ion source was Dual AJS (ESI) and 

results were obtained on scanning at a negative polarity. The acquisition method was 

set to be MS – minimum range 120 Dalton (M/Z) and maximum 3000 Dalton (M/Z) 

with scanning rate each spectrum per second. The source parameters were set as shown 

in Table 1. 

Table 1. Source parameters for HR LC-MS analysis 

Parameter Value 

Gas Temperature (0C) 250 

Gas flow (l/min) 13 

Nebulizer (psig) 35 

Sheath gas temperature (0C) 300 

Sheath gas flow(l/min) 11 



The HiP sampler with model – G4226A was used and the parameters are given in Table 

2. 

Table 2. HiP sampler parameters in HR LC-MS analysis 

Parameter Value 

Auxiliary draw speed (μl/min) 100 

Auxiliary eject speed (μl/min) 100 

Draw position offset (mm) 0 

Wait time after drawing (sec) 2 

Sample flush out factor 5 

Vial/ well bottom sensing Yes 

 

The binary pump with model – G42208 was used. The flow rate was set to 0.300 mL/min 

with synchronized stroke mode. The lower pressure limit was set to zero bar pressure and 

highest-pressure limit at 1200 bar. Maximum flow ramp up and down was set as 100 mL/min2. 

The run time was 30 minutes and the timetable is given in Table 3. and the solvent composition 

at various time interval shown in Table 4. 

 

 

 

 

 



Table 3. Solvent composition at different interval 

  Time 

(min) 

A B Flow Pressure 

(bar) 

1. 1  95% 5% 0.300 mL/ min 1200 

2. 20 0% 100% 0.300 mL/ min 1200 

3. 25 0% 100% 0.300 mL/ min 1200 

4. 26 95% 5% 0.300 mL/ min 1200 

5. 30 95% 5% 0.300 mL/ min 1200 

 

Table 4. Timetable for solvent composition 

Sl. 

No 

Channel Ch. 1 

Solv. 

Name 1 Ch. 2  

Solv. 

Selected Used Percent 

1. A 100 % 

Water 

0.1% 

Formic 

acid in 

water 

100% 

water 

 Ch. 1 Yes 95% 

2. B 100 % 

Acetonitile 

(ACN) 

90% ACN 

+ 10% 

water + 

0.1% 

Formic 

acid 

100% 

Acetonitrile 

Ch. 1 Yes 5% 

 

The design of experiment for characterization was CRD. No. of treatments: 3; No. of 

replications: 5. The three seasons were the three treatments and it was carried out in 

case of both melittin and apamin 
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4. RESULTS 

The results of quantification and characterization of Indian honey bee 

(Apiscerana indica Fab.) venom during different seasons, conducted at Department of 

Agricultural Entomology, College of Agriculture, Vellayani during 2019-2021 are 

presented in this chapter. 

4.1 PEAK VENOM COLLECTION HOUR OF THE DAY 

 The result indicated that maximum venom (52.00 mg) was collected at the time 

from 2 pm to 3 pm which was on par with the venom collected during 8 am to 9 am 

(35.25 mg), 11 am to 12 noon (36.00 mg), 12 noon to 1 pm (33.00 mg) and 1 pm to 2 

pm (48.85 mg) (Table 5.).   Lesser venom quantity was obtained at 7 am to 8 am (13.50 

mg) which was on par with venom collected at 6 am to 7 am (24.80 mg), 9 am to 10 am 

(27.50 mg), 10 am to 11 am (20.90 mg), 3 pm to 4 pm (30.25 mg), 4 pm to 5 pm (17.25 

mg) and 5 pm to 6 pm (27.00 mg). Maximum venom was collected at around mid-day 

and lesser quantities at the morning and evening hours 

4.2 OPTIMUM DURATION OF BEE VENOM COLLECTION AND ITS 

QUANTIFICATION FROM INDIVIDUAL BEE HIVE 

The results on the optimum duration of bee venom collection and the hive 

activity are presented in Table 6 to 8. 

4.2.1 Optimum Duration of Bee Venom Collection 

 The results on optimum duration of bee venom collection (Table 6.) indicated 

that maximum quantity of venom (55.34 mg) was collected at 60 min. duration, which 

showed significant difference with the venom collected at the other two durations, but 

the mean bee mortality during this period was very high (5.2 bees). 25.12mg and 34.64 

mg of venom was collected at 30 min. and 40 minutes durations respectively, while the 

mean mortality at 30 minutes and 40 minutes durations were 0.80 bees and 2.00 bees 

respectively. Ultimately, 30 minutes was selected as the ideal duration for venom 

collection, as the venom quantity collected at 30 minutes duration was on par with that 

at 40 minutes and the bee mortality was comparably lower.   

4.2.2 Measurement of Hive Activity after Venom Collection 

 The hive activities like foraging activity and brood parameters were studied 

after the venom collection to find whether venom collection has affected hive activities. 

 



4.2.2.1 Assessment of foraging activity 

 The mean foraging activity recorded for five minutes from venom collected and 

control hives showed no significant difference (Table 7.).  In venom collected hives, 

the number of worker bees moving into the hive ranged from 50.80 to 64.60 while that 

moving out of the hive ranged from 42.40 to 65.20.  In control hives, number of worker 

bees moving into the hive ranged from 42.00 to 73.60 bees and that moving out ranged 

from 48.60 to 72.00. This suggested that venom collection, when carried out at spaced 

intervals did not affect foraging activity of the hive.  

4.2.2.2 Assessment of brood parameters 

 The brood parameters viz., honey, pollen and brood storage from venom 

collected hives showed no significant difference with that of the control hives (Table 

8). 

 In the hives, where venom was collected for 30 min., the mean honey storage 

area ranged from 441 cm2 to 582.8 cm2, pollen storage area from 144.6 cm2 to 257.2 

cm2, brood storage area from 765.2 cm2 to 844.8 cm2 and egg storage area from 206 

cm2 to 273.8 cm2.  

In the hives, where venom was collected for 40 min., the mean honey storage 

area ranged from 404.8 cm2 to 572.4 cm2, pollen area from 125 cm2 to 377.4 cm2, brood 

storage area from 690.3 cm2 to 832 cm2 and egg storage area from 118 cm2 to 357.8 

cm2. 

In the hives, where venom was collected for 60 min., the mean honey storage 

area ranged from 429.8 cm2 to 558 cm2, pollen storage area from 238.2 cm2 to 388 cm2, 

brood storage area from 706.2 cm2 to 934 cm2 and egg storage area from 118 cm2 to 

357.8 cm2.  

A comparable data was recorded also from the control hives where the mean 

honey storage area ranged from 495.2 cm2 to 542 cm2, pollen storage area from 178.2 

cm2 to 301.4 cm2, brood storage area from 742.2 cm2 to 828 cm2 and egg storage area 

from 197.2 cm2 to 300 cm2. 

4.3 SEASONAL VARIATION IN VENOM PRODUCTION 

 Results on the seasonal variation in the venom production, hive activity as well 

as the correlation between venom and climatic factors are shown in Table 9 to 11. 

 



4.3.1 Assessment of Seasonal Variation in Venom Production 

 Studies on the venom quantity during different seasons revealed that highest 

quantity of venom was collected at honey flow season (55.16 mg) which was 

statistically on par with the venom collected at dearth season (41.00 mg). Lowest venom 

quantity (25.12 mg) was collected in the brood rearing season and it differed 

significantly with the venom quantity collected at the other two seasons (Table 9).  With 

regard to the mortality, highest mortality was observed during the honey flow season 

(3.2 bees). The mortality at dearth season (1.2 bees) and the brood rearing seasons (0.8 

bees) were on par. 

4.3.2 Effect of Venom Collection on Brood Parameters at Different Seasons  

 No significant difference was recorded in the mean values of brood parameters 

measured from venom collected hives and control hives in any of the three seasons. 

  In the brood rearing season, the mean value of honey storage area ranged from 

441 cm2 to 582.8 cm2, pollen storage area from 144.6 cm2 to 232.4 cm2, brood storage 

area from 765.2 cm2 to 844.8 cm2 in the venom collected hives and in the control hives, 

the mean value of honey storage area ranged from 495.2 cm2 to 542 cm2, pollen storage 

area from 178.2 cm2 to 301.4 cm2, brood storage area from 742.2 cm2 to 828 cm2 and 

egg storage area from 197.2 cm2 to 300 cm2. 

 In the honey flow season, the mean value of honey storage area ranged from 

518.6 cm2 to 648 cm2, pollen storage area from 164.8 cm2 to 396.6 cm2, brood storage 

area from 806.4 cm2 to 947.2 cm2 and egg storage area from 117.2 cm2 to 440.6 cm2 in 

venom collected hives and in control hives, the mean value of honey storage area ranged 

from 616 cm2 to 658.5 cm2, pollen storage area from 144 cm2 to 335 cm2, brood storage 

area from 818.2 cm2to 941 cm2 and egg storage area from 196.8 cm2 to 343.7 cm2. 

 In the dearth season, the mean value of honey storage area, pollen storage area, 

brood storage area and egg storage area ranged from 548.2 cm2 to 816.4 cm2, 150.2 cm2 

to 252 cm2, 567.6 cm2 to 727.4 cm2 and 219.2 cm2 to 281.4 cm2 respectively in the 

venom collected hives and in control hives the value ranged from 588.4 cm2 to 734.6 

cm2, 183.8 cm2 to 221.4 cm2, 519.4 cm2 to 818.2 cm2 and 155.6 cm2 to 373.4 cm2 

respectively. 

4.3.3 Correlation of weather parameters 

 Correlation studies on weather parameters (Table 11.) indicated that quantity of 



venom showed positive correlation with temperature and negative correlation with 

humidity on all the three seasons, but the correlation was not significant at 0.001, 0.01 

and 0.05 level of significance. 

4.4 CHARACTERISATION OF BEE VENOM 

 The data on abundance of major bee venom components at different seasons are 

shown in Table. 12. 

 The abundance of major bee venom components was identified by qualitative 

HR LC-MS analysis.  The results revealed that melittin and apamin were the major 

venom component. Melittin was more abundant (about 8.5 times more) than apamin 

and the abundance was not significantly influenced by the seasonal difference. 

 Melittin was most abundant component in the bee venom during the honey flow 

season (496239.50) followed by the brood rearing season and the dearth season 

(411586.75 and 355071) whereas apamin showed the most abundance during the death 

season (11612.25) followed by the honey flow season and the brood rearing season 

(9405.50 and 7277.24).  

 The chromatogram of the samples showing peaks at melittin and apamin are 

shown in Fig.1, Fig.2, and Fig. 3. The retention time for melittin ranged from 8.2 to 8.5 

min and for the apamin, it ranged from 3.2 to 3.3 min. 

 Bee venom components were identified in negative HR LC-MS analysis while 

in the positive analysis some other compounds were also identified from the scraped 

venom. The compounds included Megalomicin C2 (587217 abundance), Miserotoxin 

(297818 abundance), Triethylenemelamine (215374 abundance) and other prominent 

compounds like oleamide, capsaicin, etc. were also identified. These are clearly not 

venom components but were found as impurities in the scraped venom. A clean glass 

plate was always used for collection; hence it can be ensured that these impurities were 

brought by the bees into the glass plate either as pollen or honey, which remained in 

the glass plate even after drying and cleaning of the plate with camel brush before 

scraping. These compounds were not found in all the samples and in all seasons, but 

Miserotoxin, oleamide and capsaicin or its metabolites (homocapsaicin, 

dihydrocapsaicin) were present in all samples. 

 

 



 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Chromatogram: Melittin and Apamin peaks in venom sample of brood rearing 

season 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Chromatogram: Melittin and Apamin peaks in venom sample of honey flow 

season 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

Fig. 3. Chromatogram: Melittin and Apamin peaks in venom sample of dearth season 

 

 

 

 

 

 

 

 



Table 5. Quantity of venom (mg) collected at different hours of the day 

Time of the day Quantity of venom (mg) 

6am – 7am 24.80*cd 

7am – 8am 13.50d 

8am - 9 am 35.25abc 

9am – 10am 27.50cd 

10am - 11am 20.90cd 

11am – 12noon 36.00abc 

12noon- 1pm 33.00abc 

1pm – 2pm 48.85ab 

2 pm - 3pm 52.00a 

3pm – 4pm 30.25bcd 

4pm - 5pm 17.25cd 

5pm – 6pm 27.00cd 

SEm(±) 6.32 

CD 0.05 19.489 

*Mean of three replications 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 6. Quantity of venom collected and mortality at different durations. 

Duration Quantity of venom 

(mg) 

Mortality 

(Number/hive)   

30 minutes 25.12*b 0.80*b 

40 minutes 34.64b 2.00b 

60 minutes 55.34a 5.20a 

SEm(±) 4.06 0.44 

CD 0.05 12.51 1.355 

*Mean of five values 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 7. Foraging activity in hives at weekly intervals 

 

Week 

Returning foragers Outgoing foragers 

Venom 

collected 

Control Venom 

collected 

Control 

Week 1 53.40* 42.00 51.40 49.60 

Week 2 64.60 49.20 59.80 48.60 

Week 3 50.80 71.20 61.80 70.60 

Week 4 55.60 73.60 65.20 72.00 

t value 0.192 0.657 

P value 0.852 (NS) 0.529 (NS) 

                            *Mean of four observations 

       NS- the means are not significantly different 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 8. Brood parameters in venom collected and control hives at different 

durations of venom collection 

Duration of 

collection 

 

 

Week 

 

Mean value of parameters 

Honey 

(cm2) 

Pollen 

(cm2) 

Brood 

(cm2) 
Egg (cm2) 

 

 

30 minutes 

Week 1 515.8* 246.4 765.2 247 

Week 2 441 144.6 844.8 220.5 

Week 3 `582.8 232.4 797.2 206 

Week 4 517.2 257.2 816.2 273.8 

t value 0.210 0.581 1.274 0.921 

P value 0.840(NS) 0.582(NS) 0.249(NS) 0.582(NS) 

 

40 minutes 

Week 1 572.4 125 714 118 

Week 2 517.6 226.6 740.8 238.6 

Week 3 547.2 290.2 832 189.8 

Week 4 404.8 377.4 690.3 357.8 

t value 0.079 0.227 0.777 0.645 

P value 0.939(NS) 0.827(NS) 0.466(NS) 0.542(NS) 

 

60 minutes 

Week 1 467.4 240 706.2 118.6 

Week 2 429.8 246 903.5 292.5 

Week 3 558 238.2 837.5 268 

Week 4 465.5 388 934 256.5 

t value 1.368 0.819 1.335 0.615 

P value 0.220(NS) 0.444(NS) 0.230(NS) 0.561(NS) 

Control 

Week 1 542 178.2 828 197.2 

Week 2 495.2 228 775.6 280.2 

Week 3 539.4 301.4 746.2 300 

Week 4 507.4 257.8 742.2 269.2 

*Mean of five observations 

NS- the means are not significantly different 

 



Table 9. Quantity of venom obtained and mortality during different seasons 

Season Quantity of venom 

(mg) 

Mortality 

Brood rearing season 

 (Sept - Dec) 

 

25.12*b 

 

0.8*b 

Honey flow season  

(Jan - April) 

 

55.16a 

 

3.2a 

Dearth season 

 (May-Aug) 

 

41.00a 

 

1.2b 

CD 0.05 13.606 1.797 

SEm(±) 4.416 0.583 

*Mean of five replications 

 

 

 

 

 

 

 



Table 10. Brood parameters in hives during different seasons at weekly interval

 

Season 

 

Week 

Honey (cm2) Pollen (cm2) Brood (cm2) Egg (cm2) 

Venom collected Control Venom collected Control Venom 

collected 

Control Venom 

collected 

Control 

 

Brood 

Rearing 

season 

Week 1 515.8* 542* 246.4* 178.2* 765.2* 828* 247* 197.2* 

Week 2 441 495.2 144.6 228 844.8 775.6 220.5 280.2 

Week 3 `582.8 539.4 232.4 301.4 797.2 746.2 206 300 

Week 4 517.2 507.4 257.2 257.8 816.2 742.2 273.8 269.2 

 t value- 0.210; P value- 0.840(NS) t value- 0.581; P value- 0.582(NS) t value- 1.274; P value- 0.249(NS) t value- 0.921; P value- 0.392(NS) 

 

Honey 

Flow 

season 

Week 1 585.8 653.2 396.6 144 947.2 818.2 191.8 196.8 

Week 2 518.6 616 164.8 182.2 806.4 895.3 117.2 316.5 

Week 3 528.6 658.5 261.6 244.2 905.4 893.8 440.6 334.2 

Week 4 648 625 221.4 335 922.6 941 373.4 343.7 

 t value-2.149; P value-0.075(NS) t value-0.538; P value-0.609(NS) t value-0.208; P value-0.842(NS) t value-0.205; P value-0.844(NS) 

 

Dearth 

season 

Week 1 548.2 648 150.2 221.4 567.6 818.2 281.4 373.4 

Week 2 740.2 734.6 165 197.4 570.6 623.4 220.3 265.6 

Week 3 816.4 642.8 158.2 207 692 553.2 223.8 233.2 

Week 4 568 588.4 252 183.8 727.4 519.4 219.2 155.6 

 t value-0.204; P value- 0.844(NS) t value-0.841; P value-0.432(NS) t value-0.138; P value-0.894(NS) t value-0.436; P value- 0.677(NS) 

*Mean of five values; NS-The means are not significantly different 



 

 

 

Table 11. Correlation of weather parameters with venom quantity at different seasons 

 

 

 

 

Parameters 

 

 

Brood rearing season 

 

 

Honey flow season 

 

 

Dearth season 

Venom 

quantity 

Temperature Humidity Venom 

quantity 

Temperature Humidity Venom 

quantity 

Temperature Humidity 

Venom 

quantity 

1   1   1   

Temperature 0.72(NS) 1  0.14(NS) 1  0.21(NS) 1  

Humidity -0.72(NS) -0.82(NS) 1 -0.16(NS) 0.40(NS) 1 -0.66(NS) -0.24(NS) 1 

 

NS- The correlation is not significant 

 

 



Table 12. Abundance of major bee venom components at different seasons 

Season Abundance of components 

Melittin Apamin 

Brood rearing season 411586.75* 

(628.28) 

7277.24 

(85.01) 

Honey flow season 496239.50 

(696.82) 

9405.50 

(85.08) 

Dearth season 355071 

(590.20) 

11612.25 

(87.19) 

SEm(±) 61.71 26.31 

CD 0.05 NS NS 

 

*Mean of five replications 

The values in parenthesis are square root transformed values 

NS- Treatments are not significantly different 

 

 

 

 

 

 

 

 

 

 

 

  

 



 

 

 

Discussion 

 



5. DISCUSSION

The discussion on the results obtained for die study. Quantification and

characterization of ludian honeybee (A. cerana indicd) venom during difTftmnt sftngpns

conducted at Department of Agricultural Entomology, College of Agriculture,

VeUayani are given below:

5.1 PEAK BEE VENOM COLLECTION TIME OF THE DAY

hi the presOTt study, maximum venom was collected at 2 pm to 3 pm (52.00

mg) followed by 1 pm to 2 pm (48.85 mg) and the least quantily at 7 am to 8 am (13.50

mg) (Table 5.). While the study conducted by Sanad and Mohanny (2013) revealed

that the highest venom was collected at 4 pm to 6 pm followed by 4 am to 6 am. These

results can be attributed to the foraging activity of bees. The total number of bees

present in a hive vary at different hours of the day depending on various in-colony
factors and out-colony factors (Abou-Shaara, 2014). The worker bees present in a

colony at a time can vary due to the foraging activity which is dependent on &ctors like

available flora, sunshine, temperature, humidity, etc. This may in turn decide the

number of bees which comes into contact with bee venom collector and thus the

quantity of bee venom extracted.

In general, tiie foraging activity of honey bees start early in the morning and

commmices by evening. Yucel and Duman (2005), while studying on foraging activity

of worker bees on onion found that the bees visited the flowers fix>m 8.15 am to 4.30

pm, with the peak foraging between 11.00 am and 12.00 pm. A much-detailed study
by Joshi and Joshi (2010) oh pollinators of apple found that worker bees start their
foraging activity as early as 6.17 am, but this time is greatly influenced by the regiorL

The foraging activity is also dependent on the plants (pollen and honey source) that are
available, and bees spend difife^t times per flower dqrending on plant q)ecies. Study

conducted by Sushil et al (2013) found that the time spent per flower by bees on

Chinese crdjbage, broccoli and kohlrabi was 6.92 sec, 6.50 see and 5.54 sec
respectively.



Apart from the floral somce, foraging activity of bees also depends on other

frctors. The degree of pollen need of die hive affects the foraging activity

(Weidemnuller and Tautz, 2002). The presence of diseases or parasites, if any in the

hive can result in the increase of time taken by the foragers to return back to die colony

or even in the inability to return after foraging, as found by Kralj and Fuchs (2006).

Studies by Abou-Shaara et al. (2013) found that colony strength and brood rearing

activity also affects the foraging activity.

Atmo^heric temperature was also found to influence the foraging activity of

bees. Foraging activity reduced beyond 43°C (Blazyte-Cereskiene et ah, 2010) as well

as below 10®C (Joshi and Joshi, 2010). Highest foraging activity was recorded at an

ambient tempCTature of about 20°C iu Apis mellifera, Abou-Shaara et al. (2013) found
a signifrcant negative correlation between foraging activity and temperature.

5.2 OPTIMUM DURATION OF BEE VENOM COLLECTION AND ITS

QUANTIFICATION FROM INDIVIDUAL BEE HIVE

This study aimed to find the optimum duration for which the BVC has to be

placed in die hive to obtain maximum quantity of venom without causing much damage
to the bees (Table. 6).

In the present study, it was observed that the quantity of venom collected with
the BVC increased with the duration of collection and the mean mortality also showed
a simultaneous increase widi duration. But a progressive pattern cannot be expected
between ibe quantity of venom and duration, as the venom quantity cannot increase
further since all the active worker bees have stinged. In the present investigation, bee
mortaUty was given equal weightage to the venom quantity coUected. Even though
higher quantity of venom was collected at 40 min. and 60 min, duration, 30 min was
finally selected as the ideal duration as the mean mortaUty was very low compared to
the others. "

Nenchev mi Stoichev (1997), fouad that incteasmg the daaatioo of

eleetrostimulationbeyoild60iim(foin60l»90mm.)didBotyieldmoieveaont.'niey
also reported that a eoUectioii pattern of 30 min. fbUowed by a 60-inin, break and then



a so-minute collection carried out at fortnightly intervals yielded hi^est quantity of

bee venom and caused minimum damage to the bees. According to de Graaf et al

(2020), the quantity of bee venom obtained over a few hours of continuous stimulation

is less than the quantity collected over the same time period with interruptions. The best

period for electro-stimulation is 30 to 60 min., with a break of 45 to 90 min between

the collections. Electro-stimulation was used in tests for a four-hour period, with short

one-minute intervals every 30 min. to collect the venom. As a result, bee vaiom release

decreases exponentially with time, with a peak in the first 30 min. The quantity reduces

to 10% of the peaks acquired in the last 30 miiL

5.2.1 Assessment of Foraging Activity after Venom Collection

The results showed diat venom collection did not affect the foraging activities

of the bees (Table 7.). In the presmit study, venom collection from a single hive was

carried out only once, that is, a hive from which venom was collected was not again

used for collection. It could be assumed that due to this reason the hive activities were

not affected. Bogdanov (2016) found diat less frequent venom collections, carried out

3 to 4 times from a hive did not affect the bee performance.

5 2 2 Assessment of Brood Parameters after Venom Collection

This study aimed to identify whether venoioi collection has affected the brood

parameters of the hive and the results are shown in Table. 8. As mentioned in 5.2.1
v^om collection was carried out only once from an individual hive and due to this the
brood parameters were also unaffected.

According to Zhou et al. (2003), venom collection by electrical shocking carried

out continuously once in every three days and up to ten times was not b^eficial to the
bees and the honey yield dropped by 45.64 to 49.90 per cent and that of royal jelly by
46 71 collecting v^om continuously for 11 days did not
affect the bee popiilation, but a population reduction of 12.87 per cent and 28.81 per
cent was observed after continuous collection for 23 and 35 days.



Studies conducted by Sanad and Mohanny (2013), where venom collection was

carded out every diree days from March 2012 to Novemba: 2012 at South Valley

University, Quenna, Egypt, it was found diat the brood parameters showed considerable

decrease in the venom collected hives by 18.1 p^ cent during the month of July

followed by 16.9 per cent reduction in the month of August Least reduction in brood

area was observed during November. Bogdanov (2016) found that repeated three-hour

collection periods performed 3 to 4 times a month can decrease brood production and

honey yield by 10 per cent Another study by de Graaf et al. (2020) found that 10 per

cent reduction in honey yield can occur when venom collections are carried out daily

and more than diree to four hours per day. They also suggested a break of two to diree

days was necessary at every week.

Omar C^OIT) collected venom fix)m hives with a gap of ten days between

subsequent collections and then studied the brood rearing activities of the hive. The

experiment was conducted for a period of nine months over two years and found friat

venom collection when carried out at spaced intervals did not affect the brood rearing
activities of die hive.

Argena et al (2021) conducted a study where venom collection was carried out

in A. mellifera hives with a gap of six and twenty-four days between subsequent
collections and then die brood area were studied. The results of both the treatments

showed diat venom collection did not affect die brood development and the productivity
of honey from the hives.

5.3 SEASONAL VARIATION IN VENOM PRODUCTION

Studies on the assessment of seasonal change in bee venom quantity
(Table 9.) revealed that maximum quantity of scraped venom (mg) was coUected in the
honey flow season (Jan - April) foUowed by dearth season (May = Aug) and brood
rearing season (Sept - Dec) (Fig. 4). A serious problem feced during the venom
coUection at honey flow season and dearth season was the unavoidable presence of

honey over the glassplate. During these seasons, the brood chamber is filled with honeyand the worker bees are busy gathering honey and hence honey was always present



over the glass plate during venom collection. Honey present over the plate would not

diy due to its hygroscopic nature and this in turn added to the weight of scraped venom.

Little or no honey was present in the glass plate at brood rearing seasoiL Despite all

this, it can never be concluded that honey alone added to the weight of scraped venom,
as qualitative HR LC-MS analysis revealed the greater abundance of melittin and

apamin (major bee venom components) during honey flow and dearth seasorL

According to study by Khodairy and Omar (2003) in Egypt, significant variation

in venom quantities collected was recorded at diffo^t periods of active season and

they reported that amount of venom collected in June was greater, compared to that
collected during May and July.

Based on the studies by Rybak et al. (1995) at Pulawy, Poland, mid- July was

flie best time for collection and better results were obtained when flie collection fiame

was kept on the upper part of the hive. Argena et al (2021) collected bee venom for
different seasons over two years (2016 and 2017) using a BVC which was placed as a
fiame in the super chamber. The results showed that venom production was high during
the q>ring, decreased in flie summer and then increased again during the winter, but the
influence of climatic fectors on venom quantity was found to be not significant

531 Effect of Venom CoDection on Brood Parameters at Different Seasons

This study was conducted to identify whether venom collection has affected the

brood parameters in any season and the results are presented in Table. 10. Here also, it
was found that venom collection did not affect flie brood parameters in any season.

5.3^ Correlation of Weather Parameters

A correlation analysis was made between quantity of venom and weather
aiameteis, viz- temperature and humidity on all the seasons and the data obtained is

in Table. 1L A positive correlation was observed between venom quantity and
temperature, while a negative correlation between venom quantity and humidity was

nied during all the seasom, but bofli the correlations were not sipifieant It showed
that flie prevailing conditions of temperature and humidity did not influence the

Si



quantity of venom fliat can be collected fix>m a hive.

It the present study, tempauture ranged only from 30°C to 32®C in the brood

rearing season, 31°C to 32°C in the honey flow season and 27.5°C to 31°C in flie dearth

season, which was not a prominent temperature difference and hence cannot be linked

to the venom quantity collected. Honey bees always try to keep an ambient hive

temperature of around 33®C to 36®C (Petz etal, 2004), precisely at 34.5 ± 1.5°C (Jones

et al., 2005) by various mechanisms. It was noted that the temperature recorded during

all these seasons was only sli^tly below this ambient tmnperature and hence the effort

taifftn by bees during all these pmods can be assumed to be the same. Thus, external

temperature did not show a significant correlation widi the venom collected.

The relative humidity (RH) values, ranged from 63% to 75% in brood rearing

season, 65% to 74% in the honey flow season and 85% to 88% in the dearth season. It

can be observed that on all the seasons, die range of RH was small and hence there was

no impact on the hive activities. Abou-Shaara et al. (2012) found that RH at 15% to

50% had a negative impact on worker bees, but in the present study, all RH values were

well above 50% during the collection periods. The change in RH was not prominent to

make an effect on hive activities and hence the venom yield.

5.4 CHARACTERISATION OF BEE VENOM

Wifli regard to the Qualitative HR LC-MS analysis of bee venom, tnehttin the

peptide was identified as the major venom component (Table 12). Another component,
. Apamin was also identified, whereas tiie abundance of melittin was about 8.5 timfts

more fhari that of apamin during all the three seasons (Fig. 5). This is in accordance •

witii the studies by Dotimas and Hido* (1987) where the com^sition of melittin in tire

venom ofA. melUfera ranged from 30% to 50% and of Apamm ranged from 1% to 3%

Report by Hoffinan and Jacobson (1984) showed that the venom volume and

content can sUghtly vary within different strains; bumble bee species contain less
venom than Italian bees {A. mellifera), with the Italian bees releasing up to five times
more venom than bumble bees. Hence, the venom composition can vary among the bee
species.



 

Fig 4. Quantity of venom obtained during different seasons 

 

 

Fig 5. Abundance of bee venom components at different seasons 
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According to studies conducted by El-Wahed et al (2018) in Europe, apart fiom

tbe age of a bee, die seasonal variations also influence tbe bee venom composition.

Melittin reached a maximum level in March and May, and declined in January.
Furthermore, melittin content changed during summer, peaking at the beginning of June

and decreased in August. They also rqwrted that the difference in venom content is

related to the change in the honey bee's diet during different seasons.



 

 

 

Summary 

 

 

 

 

 

 



6. SUMMARY 

 

The research work entitled “Quantification and characterization of Indian honey 

bee (Apis cerana indica Fab.) venom” was conducted with an objective to quantify and 

characterize Indian honey bee venom during different seasons. The experiment was 

conducted from November 2020 to August 2021 at College of Agriculture, Vellayani. 

The experiment was carried out in three parts; in the first part, the peak time of 

venom collection, the optimum duration of venom collection and the quantity of venom 

that can be obtained from a single hive was studied. In the second part, seasonal 

variation in venom collection was studied and in the final part, characterization of 

venom collected during three seasons were carried out. Along with this, bee mortality 

after venom collection, effect of venom collection on brood parameters and on foraging 

activity, correlation of venom quantity with temperature and humidity were also 

studied. 

Hives of uniform bee strength maintained in the apiary of AICRP on Honey 

bees and pollinators were selected to identify the peak time of the day at which 

maximum bee venom can be collected from a hive. For this, venom was collected from 

the hives from 6 am to 6 pm for three days. The optimum duration at which maximum 

venom can be collected from the hive with minimum damage to the bees were also 

assessed. Venom was collected for three different durations viz., 30 min., 40 min. and 

60 min. and the quantity of venom collected and mortality was recorded. Seasonal 

variation was assessed by collecting venom at the peak time and optimum duration on 

all the three seasons: brood rearing (Sept-Dec), honey flow (Jan-Apr) and dearth (May-

Aug). The brood parameters and foraging activity of the hives were also assessed at 

weekly intervals for a period of one month in order to determine whether the bee venom 

collection has any impact on these parameters. The venom collected during the three 

seasons were subjected to characterisation and the proportion of components present in 

the venom were analysed. Control hives were maintained and the data were subjected 

to ANOVA and paired t test analysis. The experimental results are summarized below.  

 Maximum quantity of venom (52.00 mg per hive) was collected at 2 pm to 3 

pm and least at 7 am to 8 am (13.50 mg per hive). Data on optimum duration of venom 

collection showed that maximum quantity of venom (55.34 mg per hive) was collected 



at 60 min. duration but the mean mortality recorded at this duration was highest (5.20 

bees per hive). Lesser quantity of venom (25.12 mg per hive) was collected at 30 min. 

duration which was statistically on par with venom collected at 40 min. duration (34.64 

mg per hive). The mean mortality at 30 min. duration was lesser (0.80 bees per hive) 

and was on par with mean mortality at 40 min. (2.00 bees per hive). Hence, the optimum 

duration for placing the bee venom collector was selected as 30 min., considering the 

low mortality of bees as compared to that at other durations. Thus, the analysis of data 

showed that venom quantity and mortality were significantly influenced by seasonal 

changes. 

 The number of outgoing and returning foragers of the hives as well as the brood 

parameters (honey, pollen and brood storage) were studied from venom collected and 

control hives at weekly intervals up to one month after collection. The means of the 

data were compared by paired t-test analysis and found that the values did not show 

significant difference from both the hives suggesting that venom collection did not 

affect the foraging activities of bees as well as the brood parameters. 

    

 Correlation analysis of venom quantity with temperature and humidity at 

different seasons were studied. The data showed that the quantity of bee venom 

collected had a non-significant positive correlation with temperature and negative 

correlation with humidity.   

Characterisation of bee venom samples revealed that Melittin and Apamin were 

identified as the major components, with melittin showing maximum abundance on all the 

three seasons. Maximum abundance of melittin was observed in the honey flow season 

(496239.50) followed by the brood rearing season and the dearth season whereas apamin 

was most abundant during the dearth season (11612.25) followed by honey flow and brood 

rearing season. No significant difference was recorded in the abundance of both melittin 

and apamin among the three seasons. The retention time for detection of melittin ranged 

from 8.2 min to 8.5 and that of apamin ranged from 3.2 to 3.3 min. Apart from venom 

components, other impurities like megalomicin C2, miserotoxin, capsaicin, etc. were also 

identified from scraped venom. 

Thus, in the present study, highest quantity of bee venom was collected at 2 pm to 

3 pm and the optimum duration for collection was 30 min., considering the bee mortality 



factors. Studies on the seasonal variation revealed that significantly high bee venom was 

collected during the honey flow season, while no significant variation was observed in the 

foraging activity of bees as well as the brood parameters during the three seasons. 

Characterisation of the bee venom revealed that melittin and apamin were the major 

components, of which melittin was 8.5 times abundant than that of apamin with no 

significant variation among the seasons. 
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ABSTRACT 

 

The research work entitled “Quantification and characterization of Indian honey 

bee (Apiscerana indica Fab.) venom” was carried out at College of Agriculture, 

Vellayani during the year 2019 to 2021. The objective of the study was quantification 

and characterization of Indian honey bee venom during different seasons.  

Hives of uniform bee strength maintained in the apiary of AICRP on Honey 

Bees & Pollinators were selected to identify the peak hour of the day at which maximum 

bee venom can be collected from a hive using a bee venom collector. Venom was 

collected from hives at different hours starting from 6 am to 6 pm for three days. The 

optimum duration at which maximum venom can be collected from the hive with 

minimum damage to the bees were also assessed. Venom was collected for three 

different durations viz., 30 minutes, 40 minutes and 60 minutes and the quantity of 

venom collected and mortality was recorded. Seasonal variation was assessed by 

collecting venom at the peak hour and optimum duration on all the three seasons viz, 

brood rearing (September - December), honey flow (January - April) and dearth (May-

August). The brood parameters and foraging activity of the hives were also assessed at 

weekly intervals for a period of one month in order to determine whether the bee venom 

collection has any impact on these parameters.  The venom collected during the three 

seasons were subjected to characterisation and the proportion of components present in 

the venom were analysed. Control hives were maintained and the data were subjected 

to ANOVA and paired t test analysis. 

Observations on the venom collection at hourly intervals of a day revealed that 

maximum quantity of venom was collected at 2 pm to 3 pm (52.00 mg per hive) and 

least venom was collected at 7 am to 8 am. Statistical analysis of the data on optimum 

duration for venom collection showed that highest quantity of venom was collected at 

60 minutes duration (55.34 mg per hive), but the mean mortality was high (5.20 bees 

per hive). Venom collected at 40 minutes and 30 minutes were 34.14 mg and 25.12 mg 

per hive which were on par. The optimum duration for placing the bee venom collector 

was selected as 30 minutes considering the low mortality of bees (0.80 per hive) as 

compared to 40 minutes (2.00 per hive). Significant variation was not observed in the 

brood parameters as well as in the foraging activity of the venom collected and control 



hives.   

Studies on the seasonal variation in bee venom collected revealed that maximum 

quantity of venom was collected at honey flow season (55.16 mg per high) followed by 

dearth season (41.00 mg) and brood rearing season (25.12 mg). Maximum mortality 

was also recorded at honey flow season followed by dearth season and brood rearing 

season. Brood parameters as well as the foraging activity of the bees did not vary 

significantly among the seasons.  The quantity of bee venom collected had a non-

significant positive correlation with temperature and negative correlation with 

humidity. 

The characterisation of bee venom samples collected during the three seasons 

were carried out at SAIF, IIT Bombay by HR LC-MS (High Resolution Liquid 

Chromatography-Mass Spectrometry) with database (Plant extract Impurity Profiling 

and Metabolite Identification). Melittin and apamin were identified as the major 

components, with melittin showing maximum abundance on all the three seasons. No 

significant difference was recorded in the abundance of both melittin and apamin 

among the three seasons.  

Thus, in the present study, highest quantity of bee venom was collected at 2 pm 

to 3 pm (52.00 mg per hive) and the optimum duration for collection was 30 minutes, 

considering the bee mortality factors. Studies on the seasonal variation revealed that 

significantly high bee venom was collected during the honey flow season (55.16 mg 

per hive), while no significant variation was observed in the brood parameters among 

the seasons.  Characterisation of the bee venom revealed that melittin and apamin were 

the major components, of which melittin was 8.5 times abundant than that of apamin 

with no significant variation among the seasons. 

 

 

 

 

 

 



സംഗ്രഹം 

ഇന്ത്യൻ തേനീച്ച (എപ്പിസ് സസറാന ഇൻഡിക്ക) 

വിഷത്തിന്സറ അളവ ം സവഭാവവ ം നിർണയിക്ക ക  എന്ന 

വിഷയത്തിൽ ഒര  രതവഷണപഠനം 2019 -2021 കാലഘട്ടത്തിൽ 

സവള്ളായണി കാർഷിക തകാതളജിൽ നടത്ത കയ ണ്ടായി. 

വിവിധ കാലാവസ്ഥകളിൽ ഇന്ത്യൻ തേനീച്ച  വിഷത്തിന്സറ 

അളവില ം സവഭാവത്തില മ ള്ള വയേയാസം നിർണയിക്ക ക 

എന്നോയിര ന്ന  പഠനത്തിൻസറ ലക്്ഷയം. 

തേനീച്ചകളിൽ നിന്ന ം ഒര  ദിവസം ഏറ്റവ ം കൂട േൽ 

വിഷം പ റസപ്പട വിക്ക ന്ന സമയം ഏോസണന്ന് 

കസണ്ടത്ത ന്നേിനായി ഏകീകൃേ തേനീച്ച ശക്തിയ ള്ള 36 

തേനീച്ചക്കൂട കൾ േിരസെട ക്ക കയ ം അേിൽ രാവിസല 6 

മണി മ േൽ വവകിട്്ട 6 മണി വസരയ ള്ള ഓതരാ മണിക്കൂറില ം 

വിഷം തശഖരിച്ച . തേനീച്ചകൾക് ഏറ്റവ ം ക റവ് നാശനഷ്ടം 

ഉണ്ടാക്കി, പരമാവധി വിഷം തശഖരിക്കാൻ കഴിയ ന്ന 

അന തയാജയമായ കാലയളവായ  30 മിനിറ്റ്, 40 മിനിറ്റ്, 60 മിനിറ്റ് 

എന്നിങ്ങസന മൂന്ന് വയേയസ്ത സമയങ്ങളിൽ വിഷം തശഖരിച്ച , 

വിഷത്തിന്സറ അളവ ം മരണനിരക്ക ം തരഖസപ്പട ത്തി. 

തേനീച്ചയ സട വളർച്ചാ കാലം (സസപ്റ്റംബർ- ഡിസംബർ), 

തേന ൽപ്പാദന കാലം  (ജന വരി - ഏഗ്പിൽ), ക്ഷാമ കാലം  (സമയ് - 

ആരസ്റ്റ്) എന്നിങ്ങസന മൂന്ന് കാലങ്ങളിൽ വിഷം 

ഉേ്പാദിപ്പിക്ക ന്നേിന ള്ള വയേിയാനം വിലയിര ത്തി. തേനീച്ച 

വിഷ തശഖരണം നടത്തിയ കൂട കളിൽ തേനീച്ചകള സട 

പ ഴ വളർച്ചയ ം തേനീച്ചക്കൂട കള സട ഗ്പവർത്തനവ ം 

ആഴ്ചതോറ മ ള്ള ഇടതവളകളിൽ ഒര മാസതത്തക ്

തരഖസപട ത്ത കയ ണ്ടായി. മൂന്ന് സീസണ കളിലായി തശഖരിച്ച 

വിഷം സവഭാവരൂപീകരണത്തിന് വിതധയമാക്ക കയ ം 



വിഷത്തിൽ അടങ്ങിയിരിക്ക ന്ന ഘടകങ്ങള സട അന പാേം 

വിശകലനം സെയ്യ കയ ം സെയ്ത . കൺതഗ്ടാൾ തേനീച്ചക്കൂട കൾ 

നിലനിർത്ത കയ ം ഡാറ്റ ആതനാവാ (ANOVA) യ്ക്ക ം സപതയർഡ് 

ടി സടസ്റ്റ് (Paired- T test) വിശകലനത്തിന ം വിതധയമാക്ക കയ ം 

സെയ്ത . 

 ഈ പഠനത്തിൽ, ഉച്ചയ്ക്്ക 2 മ േൽ 3 വസര (ഒര  വഹവിൽ 52.00 

മില്ലിഗ്രാം) തേനീച്ചയ സട ഏറ്റവ ം ഉയർന്ന അളവിൽ തേനീച്ച 

വിഷം തശഖരിക്ക കയ ം, തേനീച്ച മരണ ഘടകങ്ങൾ 

കണക്കിസലട ത്ത് തശഖരിക്ക ന്നേിന ള്ള ഏറ്റവ ം 

അന തയാജയമായ സമയം 30 മിനിറ്റ് ആസണന്ന ് കസണ്ടത്ത കയ ം 

സെയ്ത . കാലാന സൃേമായ വയേിയാനസത്തക്ക റിച്ച ള്ള 

പഠനങ്ങളിൽ, തേന ൽപ്പാദനകാലത്തിൽ (ഒര  വഹവിൽ 55.16 

മില്ലിഗ്രാം) ഉയർന്ന തേനീച്ച വിഷം തശഖരിക്കസപ്പട്ടോയി 

കസണ്ടത്തി, തേനീച്ചവിഷം തശഖരിക്ക ന്നേ് തകാളനിയിസല 

പ ഴ വളർസച്ചസയയ ം ഗ്പവർത്തനങ്ങൾക്ക ം വയേയാസസമാന്ന ം 

ഉണ്ടാക്ക ന്നില്ല എന്ന ം കസണ്ടത്തി. തേനീച്ച വിഷത്തിസല ഗ്പധാന 

ഘടകങ്ങൾ സമലിറ്റിൻ, അപ്പാമിൻ എന്നിവയാസണന്ന ം, അേിൽ 

സമലിറ്റിൻൻസറ അളവ് അപ്പാമിതനക്കാൾ 8.5 മടങ് 

കൂട േല സണ്ടന്ന ം ഈ അളവ് സീസൺ അന സരിച്ച 

മാറ ന്നിസല്ലന്ന ം പഠനങ്ങൾ വയക്തമാക്കി. 

 


