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THE MOST IMPORTANT METHODS OF DISINFECTION IN
BEEKEEPING

SUMMARY

The hygiene of beehives is of the utmost importance for the protection of
the health of bees and bee products. Disinfection is a very important hygienic
measure that is carried out in order to prevent and suppress infectious diseases of
bees and contamination of honey and other bee products with harmful
microorganisms. The disinfection procedure is very complex, and its efficiency
depends on a large number of factors. In beekeeping, as well as in other branches
of animal husbandry, preventive, liquid and final disinfection is carried out.
During the disinfection, the following factors must be taken into account: the
spectrum of action of the disinfectant, the method of application, the
concentration of the disinfectant, the exposure time, the properties of the
environment to be disinfected. The active substances of disinfectants usually
affect the metabolism of microorganisms. For disinfection in beekeeping can be
used: chlorine preparations, iodine preparations, bases, acids, quaternary
ammonium compounds, aldehydes (glutaraldehyde, glyoxal), oxidizing agents
(hydrogen peroxide, acetic acid). There is no ideal disinfectant. Due to the
toxicity and other harmful effects of disinfectants, and often their insufficient
efficiency, preference should be given to physical methods of disinfection,
whenever possible. Chemical disinfection is often not successful, especially when
it comes to the causative agents of American bee brood plague, which form very
resistant spores. In that case, the only way is to burn the hives, so that they are not
a source of infection. Against the spores of Paenibacillus larvae, the most
effective chemical disinfectants are chlorine preparations, warm solution of
sodium hydroxide, oxidizing agents, therefore, these disinfectants are most often
used in beekeeping. However, the negative properties of these disinfectants
should also be taken into account.
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INTRODUCTION

Hygiene is of the greatest importance for the protection of the health of

bees and bee products. That is why disinfection in beekeeping is being paid more
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and more attention. The process of disinfection destroys microorganisms by
physical, chemical or combined procedures in order to stop the spread of
infection from its source to the susceptible organism. Disinfection can be defined
as the destruction or killing of microorganisms on objects, in water, in the air and
on undamaged skin up to the number that will not be able to cause disease or
spoilage of food. Sterilization, unlike disinfection, involves Kkilling all
microorganisms, both their vegetative and sporogenic forms. The term
disinfectants mean chemical agents that are used to destroy microorganisms on
surfaces, objects, utensils and other inanimate matter (Bojani¢ Rasovic¢ et al.
2016; Bojani¢ Rasovi¢ 2018a; 2019a; 2019b; 2019c; 2021a, 2021b, 2021lc,
2021d).

MATERIAL AND METHODS

Disinfection in beekeeping

Types of disinfection in beekeeping

When considering a particular epidemiological situation, the following
types of disinfection are distinguished: preventive, focal and final. Preventive
disinfection is performed before an infectious disease appears in the apiary. This
disinfection aims to prevent the occurrence of infectious diseases of bees.
Preventive disinfection is carried out with disinfectants with a wide spectrum of
action - agents that act on the largest number of microorganisms. It aims to
reduce the number of all microorganisms that can be found in the apiary and that
can lead to infectious diseases. Focal disinfection aims to kill the pathogen at the
site of the outbreak and stop its further spread. It is carried out for the duration of
the disease and is directed at the microorganism that led to the infectious disease.
Final disinfection is carried out after the cessation of the disease, i.e when two
incubation periods have passed since the appearance of the last symptoms of the
disease. The goal of final disinfection is to destroy all remaining infectious agents
that have not been destroyed by focal disinfection. It is carried out with the same
means and the same concentration as the focal disinfection (Radenkovié
Damnjanovié, 2010, Bojani¢ Rasovi¢, 2021b). Only approved preparations and
procedures may be used for disinfection. During disinfection, the following must
be taken into account: source, route, mode of spread of infectious disease,
properties of microorganisms against which disinfection is performed, spectrum
of action and other properties of disinfectant, method of application and required
disinfectant concentration, exposure time, disinfecting environment, etc. It
should also be borne in mind that the two disinfectants may have an inhibitory or
potentiating effect (synergy) (Asaj, 2000, Vuéemilo, 2008, Titera 2009).

Physical methods of disinfection

Physical methods of disinfection are mainly based on the use of dry or wet
heat and the application of radiation. Incineration is the oldest and very good
method of physical disinfection. This kills very resistant bacteria (such as the
causative agent of the American bee brood plague). Burning is a procedure that
involves exposing contaminated objects to flames, in order to destroy the
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pathogens that are on them. In this way, metal objects as well as some wooden
objects can be disinfected. The effect of disinfecting hot water under normal
atmospheric pressure for 30 minutes is increased by adding 1-2% crystalline soda
(Na,COs, sodium carbonate). Disinfection with hot water steam created by fixed
or mobile steam generators is also a successful method of disinfection. Unlike
water, water vapor can have temperatures higher than 100 ° C. In order for
disinfection to be effective, water vapor must be under a certain pressure and at a
minimum temperature of 110 ° C for 40-45 minutes. Dry hot air flowing,
temperatures from 110 ° C to 150 ° C in ovens and dryers for 30 minutes are also
used for disinfection (Bojani¢ Rasovi¢, 2021a). Ultraviolet radiation with a
wavelength of 253 - 280 nm has a bactericidal effect. Maximum efficiency is
achieved with rays of wavelength 265 nm. Sources of UV radiation, in addition to
the sun, are various fluorescent lamps. Ultraviolet radiation cannot penetrate
inside the objects being treated - the radiation only acts on the surface being
irradiated. Sporulating bacteria are resistant to ultraviolet radiation (Belojevié,
2013, Titera 2009).

Chemical methods of disinfection

Disinfectants represent a diverse group of chemical substances that create
unfavorable conditions for the survival of microorganisms. Microbicides
(bactericides, fungicides, virucides, sporocides) kill microorganisms or their
spores, while microbistatics (bacteriostatics, fungistatics) only stop the growth of
microorganisms. The active substances of disinfectants usually affect the
metabolism of microorganisms (Buchrieser and Miorini, 2009). Chemical
reactions on which the action of disinfectants is most often based are: oxidation
(chlorine and chlorine preparations - hypochlorites, chloramines, isocyanurates,
iodine and iodine preparations - iodophores, hydrogen peroxide, other peroxide
compounds, ozone, ethylene oxide), hydrolysis (acids, caustic soda, hot water),
formation of protein salts (alkali metal and heavy metal salts), coagulation of
proteins in microorganism cells (quaternary ammonium salts, metals, phenols,
alcohols), changes in cell membrane permeability, mechanical damage to
microorganism cells (quaternary ammonium salts), penetration into the enzyme
system of microorganisms (metals, formaldehyde, phenols). Chemical methods
of disinfection dominate over the physical methods in many ways. During the
disinfection, it is necessary to carry out preliminary disinfection, which are
mechanical cleaning and sanitary washing, and then the disinfection itself.
Sometimes both phases can be performed using detergents and disinfectants. The
effects of disinfection also depend on the way in which the disinfectant is applied
to the places where microorganisms need to be destroyed. Disinfection of
surfaces and objects can be done by immersion in disinfectant, wiping with a
cloth soaked in disinfectant, spraying, releasing gas, evaporation of disinfectant.
When performing disinfection, the contractor must have a protective suit, hat,
gloves, boots, goggles and respirator, a handy pharmacy with appropriate
antidotes (Vukicéevi¢ and Hrgovié, 1988, Asaj, 2000). The disinfectant solution
should be prepared immediately before use, as its effectiveness declines over
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time. Increased efficiency of some preparations can be achieved by higher
temperature of the solution. For chlorine compounds, phenols and quaternary
ammonium salts, the solution should be heated to 50 to 60 ° C, and for
hydroxides to 80 ° C. It is very good to change disinfectants periodically, to
prevent the formation of resistance of microorganisms to any of the active
disinfectant substances.

RESULTS AND DISCUSSION

Types of chemical substances with disinfectant properties

The mechanism of action of halogen is based on a combination of the
action of highly reactive halogen compounds and oxygen released in an alkaline
environment. Sodium hypochlorite (NaClO) has a very good bactericidal and
virucidal effect. Its use is wide. It is an effective ingredient in many commercial
preparations. Commercially available preparations generally contain about 5%
sodium hypochlorite (bleach), which are diluted according to the instructions. It
needs to act for approximately 30 minutes to achieve a disinfectant effect (Titera,
2009). The hives are disinfected with a warm 0.5% hypochlorite solution for 20
minutes (Anon, 2014). Caution should be exercised when mixing sodium
hypochlorite with acids and acidic disinfectants, as it releases hydrogen chloride
gas which, when inhaled, has an irritating and toxic effect on humans.
Chlorinated lime - calcium hypochlorite should contain at least 25% active
chlorine. Solutions of bases and alkaline salts act on the basis of a high
concentration of hydroxyl anions (OH-). Solutions with a pH greater than 12 are
very effective. They can be used while they are hot, but then needs to be more
careful. Caustic soda (NaOH) burns are very deep. Caustic soda solutions
dissolve beeswax and fat, so they are widely used in beekeeping. They are easily
available and relatively cheap. This group includes potassium hydroxide (KOH),
sodium hydroxide (caustic soda, NaOH), calcium hydroxide (slaked lime, Ca
(OH) , - used in a concentration of 10 to 20% for disinfection of soil, waste
storage, etc.), sodium carbonate. Sodium carbonate (soda, Na,COs) is used in a
concentration of 2 to 6%, preferably as hot solutions (they destroy the spores of
the causative agent of American bee brood at 80 ° C). Caustic soda is used to
disinfect hives in a concentration of 2 - 4% (Periski¢ et al. 2013). Inorganic
acids are relatively effective, but they are also caustic - they corrode materials.
They act as aqueous solutions based on a high concentration of reactive hydrogen
ions. They are not often used in beekeeping. Hydrochloric acid at a concentration
of 10% (HCI) is used for general cleaning. Phosphoric (H3PO,4) and sulfuric acid
(H2SQy) in concentrations of 0.5 to 5% are used in beeswax processing. Organic
acids, formic and oxalic are mostly used in beekeeping against the parasitic mite
Varroa destructor. They also have a disinfecting effect against some bacteria and
fungi (the cause of stone bee litter, lime bee litter and bee nosemosis). They are
most often used in the form of steam (Anon, 2014). Peracetic acid (also known
as peroxyacetic acid is a good agent for cleaning and disinfecting glassware. It is
used in concentrations of 0.2 - 0.5%, where the treatment should last at least 10
minutes For disinfection in beekeeping practices can be used oxidizing
substances. Hydrogen peroxide (H,0,) is stored as an aqueous solution. It is sold
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as a 3%, 10% as well as a 30% solution. Solutions of 0.5 to 3% concentration are
most often used for disinfection. Organic peroxides are modern, but expensive
disinfectants. They work against the spores of the bacterium that causes the
American bee brood plague (Paenibacillus larvae). Their advantage is that they
are environmentally friendly because they decompose into harmless substances
(Asaj, 2000, Titera, 2009). Some metals have a very toxic effect on living cells of
microorganisms. Silver compounds are used for disinfection of drinking water.
Bees tolerate colloidal silver, nanosilver and copper relatively well. Many
commercial disinfectants are based on alcohols (ethanol, isopropyl alcohol and
others). They have the best effect in aqueous solutions in a concentration of about
70% and in combination with other active substances. Concentrated alcohol (pure
alcohol, 99%), as well as too dilute alcohol (eg concentrations of alcohol in rum,
whiskey, plum brandy) do not have a good disinfectant effect. Alcoholic
preparations are not enough to destroy the spores of microorganisms, nor the
spores of the causative agent of the American bee brood plague. They are
effective against some viruses that have a lipid envelope. The disinfecting effect
of aldehydes is based on reduction reactions, as well as on their reaction with cell
proteins of microorganisms, whereby protein denaturation occurs. Formaldehyde
(HCHO) is a gas. An aqueous solution with a concentration of 35 to 40% is
known as formalin. Very strict rules regulate its use, because it has a detrimental
effect on human health (potential carcinogen). A 1-5% formalin solution is used
to disinfect the surface (Anon, 2019). Porous objects such as wood and wax
frames must not be disinfected with formaldehyde, as its residues cannot be
removed after treatment. This dangerous substance must not come into contact
with food and bee products (Zarkovi¢, 1971). Glutaraldehyde is the basis of very
effective disinfectants. After prolonged exposure, it safely destroys bacteria,
viruses and spores of microorganisms. It is used as part of mixed disinfectants.
Before use, it is diluted in a concentration of 2% and alkalized by the addition of
0.3% NaHCO; (sodium bicarbonate). Cyclic compounds are group of substances
that damage the enzymes and cell protoplasm of microorganisms. They irritate
the skin and have a characteristic odor. Therefore, despite their effectiveness,
they are not used in beekeeping. Some, like phenol, are carcinogenic. Detergents
are complex in composition and can contain more than 25 different ingredients.
Surfactants are the most important ingredients in detergents and are found in all
types of detergents. Surfactants are substances that lower the surface tension of a
liquid (water). Soaps are anionic surfactants, which are used for washing and
cleaning, giving a surface-active anion in aqueous solution. The primary function
of soap is to regulate the foam in laundry detergents, as it gives the greatest
volume. Anionic surfactants make up 70 - 75% of the total surfactant
consumption in the world. Quaternary ammonium compounds (benzalkonium
chloride, cetrimonium chloride, etc. - commercial preparation Asepsol, 5%
benzalkonium chloride solution) are cationic surfactants that act on gram positive
bacteria - do not act on gram negative bacteria. Amphoteric surfactants
(amphotensides) (lauryl diethylene diamino glycine - commercial preparation
DeSu) - anionic groups are carriers of detergent and cationic carriers of
bactericidal properties. The mechanism of action is based on damage to the cell
wall of microorganisms, entry into the cell and disruption of its metabolism. They
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have bactericidal, virucidal and fungicidal action. Due to its positive properties,
biodegradability, anticorrosiveness, cleaning and deodorizing ability,
microbicidal action, DeSu preparations are successfully used in disinfection
(Anon (1), Papi¢, 2015). In beekeeping, a combination of physical and chemical
methods is successfully used for disinfection. Cooking tools and utensils in hot
water with the addition of 1-2% crystal soda (sodium carbonate, Na,COs3) or the
addition of 3% NaOH is an effective method of disinfection.

The effects of chemical disinfectants on different
microorganisms are shown in Table 1.

groups of

Table 1. Effects of chemical disinfectants on different groups of microorganisms

(Titera, 2009, Zarkovi¢, 1971).

Effect on microorganisms
Disinfectant
Bacteria Spore Fungi Viruses Application
Oxidizing agents_ Bactericid Sporocid Fungicide Virucid Skin, mucous membranes,
(hydrogen peroxide), surfaces, tools, instruments
Halogens
(Chlorlpe, iodine Bactericid Sporocid Fungicide Virucid Chl_onbe: _surfaces, water
and their lodine: skin, mucous membranes
compounds)
Alcohols (ethy! Skin, mucous membranes,
alcohol, isopropyl |Bactericid No effect Fungicide Virucid Lo ’
alcohol) surfaces, instruments
Aldehydes Slightl
(glutaraldehyde, Bactericid s ogroc?/dal Fungicide Virucid Surfaces, instruments
formaldehyde) P
Bactericid Skin, mucous membranes
Phenols No effect Fungicid Virucid ! . !
Bacteriostatic surfaces, tools, instruments
Ethylene oxide Bactericid Sporocidal Fungicid Virucid Surfaces, instruments, tools,
thermo-stable drugs, food
Cleaning of metal and wooden
Detergents Bactericid No effect Fungistatic No effect surface_s, washmg and_cleanmg of
packaging, washing dishes
Skin, mucous membranes
Virostatic
Biguanide . . Biguanide B (acton .
(chlorhexidine) Bacteriostatic (chlorhexidine) Fungistatic enveloped Skin, mucous membranes
viruses)

L - . . — Disinfection of work surfaces,
Inorganic acids Bactericid Sporocid Fungicid Virucid corrosion resistant floors
Oraanic acids Bactericid to some 0On some fungi On some Disinfection of work surfaces,

9 bacteria No effect 9 |viruses objects
Bactericid, Sporocid in hot Disinfection of work surfaces
Bases especially on gram  [solutions heated |Fungicid Virucid obiects '
negative bacteria  |to 80-90°C )
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Table 2. shows the advantages and disadvantages of the most commonly used

disinfectants

Table 2. Advantages and disadvantages of the most commonly used disinfectants

(Anon. 2003).

Disinfectant

Advantages

Disadvantages

Alcohols

They act quickly, leave no residue, no
paint

Volatile, can harden rubber objects,
dissolves glue, toxic

Chlorine and chlorine

Cheap, fast acting, easily available

Corrosive to metals, inactivated by organic

matter

compounds matter, irritating to skin and mucous
membranes, should be used in well-
ventilated rooms, their shelf life is shortened
after dilution

Formaldehyde Active in the presence of organic Very limited use, Carcinogenic, poisonous,

very irritating, strong odor

Glutaraldehyde

Good disinfectant for equipment and
accessories that cannot be sterilized by
heat (2% solution), non-corrosive,
active in the presence of organic matter

Extremely irritating and

toxic to skin and mucous membranes,
expensive, its shelf life is shortened after
dilution

Hydrogen peroxide

Strong oxidant, acts quickly,
decomposes quickly to water and
oxygen

Can be corrosive to aluminum, copper, brass
or zinc, surface active - with limited
penetration

lodophors

They act quickly, relatively little toxic

They are corrosive to metals, can damage
tissues, dyed fabrics, etc.

Peracetic acid

Suitable for items and utensils that
cannot be disinfected by heat.
Decomposes into water, oxygen, acetic
acid, hydrogen peroxide). It acts
quickly at low temperatures, it is active
in the presence of organic matter

It can be corrosive, unstable when diluted

Phenols

For disinfection of walls, floors,
objects, it is added to detergents and
thus washing and disinfection are
performed at the same time.

It leaves residues on surfaces, it is not used
for surfaces that come in contact with food,
it can be absorbed by leather and rubber,
synthetic floors can become sticky if the use
of phenol is repeated.

Quaternary ammonium
compounds

For cleaning floors, walls, objects,
usually do not irritate hands, usually
have detergent properties, are not
corrosive

It is not used for disinfection of instruments
and tools, because it has a limited
antimicrobial effect

Bases

Easily soluble in water, easily reaches
microorganisms, decomposes organic
matter, efficiency increases to 80-90°C

Corrosive, hard water reduces their
efficiency, in contact with air NaOH is
inactivated, causes burns, eye damage

Inorganic acids

In a very short time, they break down
proteins and carbohydrates in the cell
of microorganisms.

They irritate the skin and mucous
membranes, cause burns, are corrosive, so
they are rarely used

Organic acids

They are used as preservatives in the
food industry

They do not have a strong bactericidal
effect, they are corrosive
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Most of the bee viruses known so far belong to small, single-stranded RNA
viruses that do not have a lipid envelope. They are called picorna viruses. These
viruses are very resistant to disinfectants. Therefore, the main methods of
disinfection are mechanical cleaning (removal and combustion of hive remains)
and additional use of oxidizing agents for disinfection of equipment. Burning and
annealing help to disinfect the equipment. The causative agents of American bee
brood plague and European bee brood plague are considered to be the most
important bacteria that cause diseases of honeybees. Both diseases are highly
contagious. Generally, these bacteria can be destroyed by high temperatures. A
5% solution of caustic soda acts against the spores of the American bee brood
plague only if heated to 80 ° C. In a mixture with sodium hypochlorite, caustic
soda is effective even at room temperature. Vegetative forms and fungal spores
are not as resistant as bacteria, so disinfection against them is more successful.
Fungi can be killed by the action of high temperatures and most of the above-
mentioned chemical disinfectants (Plavsa and Pavlovi¢, 2017; Bojani¢ Rasovié,
2018b, 2018c, 2018d; Bojani¢ RaSovi¢, 2020a, 2020b; Ohashi et al. 2020;
Nedialkov and Bizev, 1986; Rasi¢, 2018; Anon, 2020).

CONCLUSIONS

Disinfection is a very important measure that is implemented in order to
prevent and suppress infectious diseases of bees and contamination of honey and
other bee products with harmful microorganisms. The disinfection procedure is
very complex, and its efficiency depends on a large number of factors. Due to the
toxicity and other harmful effects of disinfectants, and often their insufficient
efficiency, physical methods of disinfection should be applied whenever possible
(application of high temperatures: dry heat - burning, annealing, ironing, tanning;
moist heat (cooking, treatment with heated water steam under pressure), UV
radiation). The chemical disinfectants that give the best results in beekeeping are
chlorine preparations (sodium hypochlorite), caustic soda, alkaline salts (Na,COs)
and oxidizing agents (peracetic acid). Chemical disinfection is often not
successful, especially when it comes to the causative agents of American plague
litters, which form very resistant spores. In that case, the only way is to burn the
hives, so that they are not a source of infection.
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