
427
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Introduction and Research Problem
American foulbrood (AFB) is a bacterial, infectious, highly contagious disease of honey bee larvae (Apis
mellifera) caused by the Gram-positive, rod-shaped bacterium called Paenibacillus larvae. The earlier
taxonomic name of the species of this obligate pathogen was Bacillus larvae (Genersch et al., 2006). This is a
highly specialised pathogen with only one established host, brood with an acute and malignant course, which
affects and kills larvae in the straightened form, less often in the pre-pupa or pupa stage. The disease most
often occurs during warmer periods, in Poland it occurs in the second half of summer (Pohorecka et al., 2012).
Transformation from spore to live, vegetative bacterial cell form occurs when the glucose concentration in the
simple intestine of the bee larva falls below 2.5%. Bee larvae are particularly vulnerable to this infection.
Paenibacillus larvae spreads its infectivity and pathogenicity through multiple levels via many different
complex mechanisms, factors, and routes of transmission. It takes only 10 spores to infect one larva. Infection
usually occurs when 35 endospores per larva are applied to the brood. For infection of the pupae by
haemolymph, 5000 sporophores are needed. One infected larva can contain 100 million to as many as a
billion spores and 100 million viable bacterial vegetative cells before sporulation begins. A larva that has died
may contain 2.5 billion spores (Ebeling et al., 2016; Tsourkas, 2020). Susceptibility to infection, the course of
infection and disease depend on the infectivity, virulence and spreadability of pathogens, the age and immune
status of larvae, and the effects of stress factors, mainly cold, malnutrition or overheating. Larvae aged 55-60
hours are susceptible to infection. Older larvae are generally not susceptible to infection. The disease usually
appears in strong and healthy colonies with large brood numbers when environmental conditions and the
microclimate in the hive are disturbed. The susceptibility and course of the infection depends on the
infectivity, virulence and dissemination of the pathogen, but also on the age, the immune status of the larvae,
the hive microbiome and stress factors such as cold, malnutrition, lack of a varied diet, overheating and the
presence of concomitant diseases (Nowotnik et al., 2024). The brood becomes infected after ingestion of
contaminated food given by worker honey bees (so-called hive bees). Within the colony, the disease spreads
via feeder bees, which inoculate the mouth organs and legs with bacterial enspores and, through them, the
honey (Dickel et al., 2022). Other ways of spreading the germs include, for example, hive pests, which can
become infected with the endospores while foraging and then excrete the spores in their faeces, or combs
contaminated with endospores of P. larvae that previously housed diseased and dead brood. Spores are
transmitted via the beekeeper and stray bees, robbing bees and apiary equipment including combs. They can
also be transmitted on footwear, clothing, frames, bee products or apiary equipment. Spores are also present
in the environment - in dead brood, water, pollen, nectar, honey or royal jelly and bees can also become
infected with them through trophallaxis. The source of infection is contaminated food and the route of
infection is the gastrointestinal tract (Fries et. al., 2006; Lindström et. al., 2008; Šekulja et. al., 2013; Grady et
al., 2016). This disease leads to emaciation of the colony, a reduction in the number of flying bees, and
productivity declines (Evans 2004). Clinical signs depend on the particular genotype, Eric I, Eric II, Eric III, Eric
IV or Eric V, and may be either dieback of the larvae and their remaining stretched out and rigid form, or the
mucous, gelatinous head of the bees, the extra-occluded caps, scabs stuck to the hexagonal wall of the cell or
the dried uvula of the future undeveloped bee (mouth organ). This is a pathognomonic trait for malignant
foulbrood. The first symptom of brood die-off is a change in the colour of the cuticle from pearly white, shiny
to greyish-white, dull and then, under the influence of the proliferating microflora, to yellow. There is a
decrease in tissue tone while external segmentation is preserved. The larva becomes flaccid and softens
(Erban et al., 2019; Beims et al., 2020; Biová et al., 2021). The most alarming finding from the USA is that, on
a national scale, AFB resistance to tetracycline (38%) was significantly (p < 0.001) higher than resistance to
tylosin (27%) (Alburaki et al., 2024). The situation is completely different in the EU, where there are no
registered antibiotics for honey bees, and over-the-counter medicines may be used in honey bees in a manner
inconsistent with their intended use. There is also a risk of contamination of bee products and exceeding the
maximum residue limit (MRL). Although antibiotic therapy is formally prohibited in the EU, the degree of
antibiotic contamination in honey samples ranges from 1% to 7% of honey samples produced in the EU. In
countries where antibiotics are permitted, unfortunately, relapses occur after their use and completion of
treatment. There is no pharmacotherapy for the disease, and ex officio control is used in many countries
(Mosca et al., 2023). Seeing such a significant imperfection in all these methods, as well as the growing
resistance of individual P. larvae genotypes to antimicrobial substances and the increased secretion of various
metabolites and proteins secreted by P. larvae, it was decided to respond to this growing problem with a
different research approach. Since P. larvae owes its pathogenicity mainly to the toxins and enzymes it
produces, it was decided to respond to the research problem with the same type of weapon, using a
completely new biotechnological approach. In this study it was used a synbiotic combination of metabolites
and bacteriocins produced by beneficial and probiotic strains in combination with plant extracts. This study
aimed to test and compare the antimicrobial activity of metabolites of fermented extracts of selected plant
raw materials and killer probiotic strains against Paenibacillus larvae Eric I, Eric II (the most popular strains in
the EU) as biological agents (as an integral preparation called ApiBiotic produced by ProBiotics Polska
Company) for the biocontrol of American foulbrood in bee colonies. Preventive methods are still lacking and
are in the early stages of development. It has therefore become an object of scientific interest for many
researchers to look into the possibility of using bacterial metabolites for biocontrol of American foulbrood as a
preventive measure. We must strive to ensure that prevention is the best method of treatment.

Materials and methods – CLSI guidelines and methodology Materials and methods – EUCAST guidelines and methodology
4. Working Methodology: Preparation of preparation samples for analysis
For the purposes of well-diffusion method, a three samples from different production series of ApiBiotic were
subjected to mechanical filtration as part of mechanical sterilisation using 0.22 µm syringe filters with a
diameter of 33 mm (Argenta, Poznań, Poland). This allowed us to test the antimicrobial activity of bacterial
and plants metabolites against indicator strains belonging to Paenibacillus larvae. Dilutions of the filtered fluid
were prepared so that the metabolite concentrations could be directed to analyses [% v/v]: 100%, 75%, 50%,
25%, 12,5%; 10%, 5%, 1%. The dilutions were performed using sterile saline. A concentration of 100% was
assumed for the liquid coming directly from the post-cultivation bioreactor.

4.1 Agar Diffusion Assay (EUCAST)
The second stage focused exclusively on screening and the determination of antimicrobial activity against P.
larvae. For the determination of antimicrobial activity, the well-diffusion method was used according to
EUCAST standards with modifications due to the specificity of the bacteria used. For this purpose, the P. larvae
Eric I, and Eric II strains were revived by transplanting colonies onto blood agar medium (Argenta, Poznań,
Poland) and then onto agar slants, respectively, incubated at 37°C for 24-48 h (incubator BE400, Memmert,
ZALMED, Poland) in a CO2 atmosphere created by CampyGen Compact laboratory atmosphere generators
(Argenta, Poznań, Poland). So-called microbial wash was then performed with an optical density of OD = 0.5°
McFarland (approximately 1.0 x 108 CFU/mL, densitometer DEN-1B, Biosan, Poland). Additionally, samples
were combined respectively with the media used in beekeeping to feed the bee colonies (sterile water and
sterile sucrose solutions of 50% and 60%, Merck), and mixtures of 1:1 were obtained. The culture fluid was
diluted to a concentration of 100%. Control groups were used, consisting of sterile water and sterile sucrose
solutions at 50% and 60% concentrations (Merck). Subsequently, surface cultures (1 mL) of P. larvae were
inoculated using a microbial spatula on plates with blood agar and cut wells in the medium. 20 µl of the
appropriate metabolites of the product with the carrier was transferred to the wells, and media without
ApiBiotic were transferred to the control plates. All Petri dishes were incubated for 48-72 hours at 37°C in a
CO2 atmosphere. After the time had elapsed, readings were taken, and ‘halo’ zones were measured.

4.2 Statistical analysis
Statistical analysis of the results obtained was performed using one-way ANOVA (Tukey's parametric post-hoc
test) at a significance level of p-value < 0.05. This analysis allows the means of any number of groups to be
compared with each other, showing statistically significant similarities or statistically significant differences.
The univariate scheme (one-way analysis of variance) tested whether one independent variable (factor)
influenced the results of one dependent variable. The statistical analysis included results from the evaluation
of antimicrobial potential (v/v concentrations of the inoculant) in four groups versus the carriers: water,
sucrose 50%, and sucrose 60% in three groups. In the scientific literature, results are also analyzed using
Student's t-test, Mann-Whitney U-test, Katz's approximation, Pearson's Chi-square test, or Fisher's exact test.

1. Subject of research
Probiotic product, which is also a metabolic preparation and synbiotic with the working name ApiBiotic, and
produced by ProBiotics Polska – Probiotics Manufacture in Bratuszyn, 62-720 Brudzew, Poland,
www.probiotics.pl

1.1 Product composition
ApiBiotic contains: beneficial microorganisms and their metabolites as antimicrobial agents such as
Lactobacillus acidophilus, Lactiplantibacillus plantarum, Lacticaseibacillus casei, Bifidobacterium bifidum,
Bifidobacterium longum, Streptococcus thermophilus, Lactobacillus bulgaricus, Limosilactobacillus fermentum,
Bifidobacterium animalis, Lactococcus lactis subsp. lactis biovar diacetylactis used for fermentation and
extraction of biologically active compounds from the following plant components: yerba mate leaf , bay laurel
leaf, mugwort herb, white willow leaf, walnut leaf, common pine buds, silver birch leaf, European olive leaf,
English oak leaf, allspice fruit, watercress leaf, marigold flower, tall nasturtium leaf, black poplar buds, in
addition, killer strains belonging to species have been added: Parasaccharibacter apium PBP01, Lactobacillus
amylovorus PBP03, Lactobacillus amylovorus PBP04, Lactobacillus apis PBP05, Lactobacillus meliventris PBP06,
Apilactobacillus apinorum PBP07, suspended in aqueous solution of cane molasses. The names of the strains
have internal numbering and coding. The strains were deposited at the Institute of Microbiological Technology
in Turek, Poland. The test strains had confirmed probiotic potential, meeting the FAO definition and the
essential characteristics of a probiotic.

2. Indicator pathogens
The biological material consisted of the bacterial, pathogenic, indicator strains belonging to Paenibacillus
larvae ATCC 9545, and Paenibacillus larvae CCUG 50846 (Labiol, Poland). Formerly, this is Paenibacillus larvae
subsp. sp. larvae. The strains were deposited at the Institute of Microbiological Technology in Turek, Poland.

3. Working Methodology: Preparation of ApiBiotic samples for analysis
For the purposes of microdilution analysis, a three samples from 3 production series of ApiBiotic were
subjected to mechanical filtration as part of mechanical sterilisation using 0.22 µm syringe filters with a
diameter of 33 mm (Argenta, Poznań, Poland). This allowed us to test the antimicrobial activity of bacterial
and plants metabolites against indicator strains belonging to Paenibacillus larvae. Dilutions of the filtered fluid
were prepared so that the metabolite concentrations could be directed to analyses using microdilutions:
100%, 75%, 50%, 25%, 12,5%, 10%, 5%, and 1%. The dilutions were performed using sterile saline. A
concentration of 100% was assumed for the liquid coming directly from the post-cultivation bioreactor.

3.1 Determination of minimum inhibitory concentration (MIC) and minimum bactericidal concentration
(MBC) by the microdilution method (CLSI M02, CLSI MO7-A9, CLSI M100-S22, CLSI M11, CLSI M23, CLSI M56,
Jorgensen and Ferraro 2009, CLSI-VET06)
The minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) of the ApiBiotic
samples was tested using a serial microdilution method with certain modifications resulting from the specific
nature of the microorganisms used. The obtained and sterile metabolites in the liquid after filtration using
syringe filters were tested in the following percentage concentrations [% v/v]: 100; 75; 50; 25; 12,5; 10; 5; 1. In
all analyses, the study was conducted using BHI liquid medium (Argenta, Poznań, Poland). The concentrations
were then converted from percentage units [v/v] to units in milligrams per millilitre [mg/mL]. The density of
water was assumed to be 1.000 g/mL for the calculations, justified by the fact that the bioreactors contained
an aqueous solution of molasses.

3.2 Preparation of bacterial inoculum of Paenibacillus larvae
From a 24-hour culture (BHI agar and Columbia agar medium, Argenta, Poznań, Poland) of a specific bacterial
strain belonging to the Paenibacillus larvae species (Paenibacillus larvae ATCC 9545, and Paenibacillus larvae
CCUG 50846), a smear was made or biological material in the form of colonies was transferred using a
standard loop to a flat-bottomed tube containing physiological saline. Using a densitometer, an inoculum with
an optical density of 0.5 McFarland (units densitometer DEN-1B, Biosan, Poland) was prepared, which
corresponded to approximately 1.0 x 108 CFU/mL. If necessary, the biological material was diluted with saline
solution. The prepared inoculum was not kept for more than 15 minutes before filling the 96-well plate.

3.3 Preparation of the microdilution method
The 96-well plate was gradually filled with 200 µl of the appropriate concentration of metabolites of ApiBiotic
together with BHI brain and spinal fluid (100 µl of the proper concentration of metabolites and 100 µl of the
BHI medium, Argenta, Poznań, Poland). The plates were filled in order from the highest to the lowest
concentration of the antimicrobial agent, starting from the top rows (lines). This was done in a laminar flow
chamber. The last two vertical rows of cells were designated as positive and negative controls, consisting in the
first case of BHI medium, saline, and P. larvae inoculum without the addition of metabolites from ApiBiotic,
and in the second case of BHI medium, 5% hydrogen peroxide, and P. larvae inoculum. After pouring the
appropriate concentrations of metabolites together with BHI broth, 10 µl of P. larvae inoculum was added to
each well using a multichannel pipette. The prepared plate was incubated at 37°C for 18-24 hours in a
microaerophilic atmosphere created by Campygen Compact (Argenta, Poznań, Poland) laboratory atmosphere
generators.

3.4 Determination of the minimum inhibitory concentration (MIC)
The cloudiness of the wells in the 96-well plate could suggest that the P. larvae bacterial cells are still alive. The
absence of cloudiness and sediment, as well as the transparency of the preserved contents filling the well,
could indicate a lethal effect on P. larvae. The MIC value for bacteria, therefore, reflects the minimum
concentration of metabolites at which bacterial cells remain dead. A more reliable method was to spread the
contents of the wells onto agar medium to estimate the number of cells that had grown. For the purposes of
this analysis, a model was adopted in which the MIC value took the form of grown colonies on agar medium in
the range of 50-100 CFU, so that the reduction in relation to the negative control was approximately 1-2
logarithmic cycles. For this purpose, 100 µl of culture was taken from each well, from the highest to the lowest
concentration of the antimicrobial agent, and dripped in two replicates onto a single plate with Columbia agar
(blood agar, Argenta, Poznań, Poland) and the second comparative Mueller-Hinton medium with the addition
of blood (Argenta, Poznań, Poland). After the characteristic droplets had dried, the plates were placed in an
incubator at 37°C in a microaerophilic atmosphere created by CampyGen Compact laboratory atmosphere
generators. The reading was taken after 24-48 hours, and the grown bacterial colonies were counted. The MIC
value indicated the concentration of metabolites at which less than 100 colonies and more than 50 colonies
grew.

3.5 Determination of the minimum bactericidal concentration (MBC)
The next step was to collect 100 µl of culture from each well, from the highest to the lowest concentration of
the ApiBiotic, and to drop it in two replicates onto a single plate with Columbia agar (blood agar) and the
second comparative Mueller-Hinton medium with the addition of blood. After the characteristic droplets had
dried, the plates were placed in an incubator at 37°C in a microaerophilic atmosphere created by CampyGen
Compact laboratory atmosphere generators. The reading was taken after 24-48 hours, and the grown bacterial
colonies were counted. If the plate has grown 3 logarithmic rows fewer bacterial colonies than in the negative
control, i.e. less than 50 cells, this represents a 99.9% reduction in the cells of the initial inoculum. The MBC
value indicated the concentration of metabolites at which less than 50 colonies grew.

3.6 Determination of the number of microorganisms depending on the duration of action of bacterial
metabolites (NCCLS 1999)
To determine the degree of microbial reduction, 100 µl of suspension were taken from a series of dilutions and
placed on sterile Petri dishes with Columbia agar (blood agar) and the second comparative Mueller-Hinton
medium with the addition of blood at intervals of 0, 2, 4, 6, 12 and 24 hours of incubation of P. larvae
inoculum mixed with the appropriate concentration of metabolites and BHI liquid medium. Metabolites in a
volume of 900 µl and the prepared inoculum in a volume of 100 µl were transferred to Eppendorf tubes
containing 1 mL of BHI liquid medium. The procedure was repeated for the control sample, transferring the
inoculum to a tube containing 1 mL of BHI broth or, in the case of a positive control sample, to a tube
containing 1 mL of BHI broth and 900 µl of 5% hydrogen peroxide. The concentration of metabolites
corresponded to the MIC value obtained. The samples prepared in this way were incubated at 37°C for 0, 2, 4,
6, 12, and 24 hours. After the incubation intervals were completed, 0.1 mL was taken from each Eppendorf
tube with a specific MIC concentration and transferred to tubes with saline solution (9.9 mL) in order to
perform serial dilutions, transferring 1 mL from the previous tube each time. Next, surface cultures were
performed on all dilutions containing inoculum presumably decreasing by one logarithmic order by pipetting
20 µl of biological material onto a Petri dish with Columbia agar (blood agar) and the second comparative
Mueller-Hinton medium with the addition of blood using an automatic pipette. The same procedure was used
for control samples without metabolites. The inoculated plates were incubated for 24 hours at 37°C under
microaerophilic conditions using a CampyGen Compact laboratory atmosphere generator. The reading
consisted of counting the grown bacterial colonies and then collecting all the numerical data, which was used
to create graphs showing the killing curves of the test bacterial strains after a specified time. The time-kill
curve was constructed for each interval and concentration used, successively reducing the content of P. larvae
bacterial cells. Bactericidal activity was defined as a 99.9% reduction (above ≥3 log10 CFU/mL) of the total
amount of the original inoculum.

3.7 Data analysis (Ferro et al., 2014)
All data used to create the time-kill curves were analysed using GraphPad Prism 10.5.0 (Graph Pad Inc., San
Diego, CA, USA) software. The results are presented on a semi-logarithmic scale. The time-kill curves were
plotted on an o-y (log10 CFU/mL) and o-x (time expressed in hours) coordinate system. The logarithmically
corresponding concentration causing a decrease in the number of microorganisms was converted to a linear
regression analysis (non dose-response model). The number of microorganisms was presented as a logarithmic
CFU/mL value as a function of time (0, 2, 4, 6, 12, 24 hours) for different metabolite concentrations. The use of
linear regression to analyse bacterial killing curves is a widely accepted and recognised approach in
microbiological research and antibiotic pharmacodynamics.

Highlights and conclusions for beekeepers
❖ The bactericidal activity and effectiveness of ApiBiotic have been confirmed by two independent, global

protocols: EUCAST and CLSI;

❖ In addition to its confirmed antimicrobial properties in vitro, the product also maintains its in vivo field
activity, conducted on bee colonies from 160 apiaries in Poland and other countries, subject to scientific
secrecy;

❖ An attempt to inhibit the growth of Paenibacillus larvae bacteria in serotypes Eric I and II — a factor
threatening the health of honeybee larvae—using metabolites contained in ApiBiotic in vitro and in vivo
was successfully carried out;

❖ Composition in ApiBiotic can reduce the pressure of American foulbrood in bee colonies by supporting
the physiological development of the microbiome of bee colonies, competing with P. larvae and
blocking the excessive multiplication and production of P. larvae endospores;

❖ ApiBiotic can be used as a biocontrol tool of American foulbrood as an alternative to antibiotics in
countries where they are legal;

❖ The analysis of antimicrobial activity showed differences between the indicator strains used;

❖ Under in vitro conditions, ApiBiotic showed a very strong suppressive effect on indicator strains;

❖ There is a statistically significant relationship and correlation between ApiBiotic concentrations used and
the subsequent antimicrobial activity of the metabolites;

❖ Studies have shown that the P. larvae CCUG 50846 strain is more resistant to the antimicrobial substances
contained in the preparation, but when using higher concentrations of the preparation, it becomes
susceptible;

❖ The growing body of research demonstrating the potential of ApiBiotic in reducing P. larvae;

❖ Research studies offer hope for the effective introduction of biotechnological methods in beekeeping to
prevent bee colonies from acquiring and developing infection;

Results – EUCAST guidelines

ApiBiotic: Paenibacillus larvae ATCC 9545 (Eric I)

Metabolites belonging to: MIC [% v/v] MIC [mg/cm3] MBC [% v/v] MBC [mg/cm3]
ApiBiotic I (production: 

07/2024) 12,5 125 25 250
ApiBiotic II (production: 

10/2024) 12,5 125 25 250
ApiBiotic III (production: 

12/2024) 10 100 12,5 125

ApiBiotic: Paenibacillus larvae CCUG 50846

Metabolites belonging to: MIC [% v/v] MIC [mg/cm3] MBC [% v/v] MBC [mg/cm3]
ApiBiotic I (production: 

07/2024) 1 10 10 100
ApiBiotic II (production: 

10/2024) 1 10 1 10
ApiBiotic III (production: 

12/2024) 1 10 1 10

Table 1 Data (to 3.3 - 3.5) with designated MIC and MBC parameters for ApiBiotic against the Paenibacillus larvae ATCC 9545 (Eric I)

Table 2 Data (to 3.3 - 3.5) with designated MIC and MBC parameters for ApiBiotic against the Paenibacillus larvae CCUG 50846 (Eric II)
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Figure 2. Killing curve showing the relationship between ApiBiotic concentration and the time of its effect on
the viability of Paenibacillus larvae CCUG 50846 (Eric 2) bacterial cells
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Figure 1. Killing curve showing the relationship between ApiBiotic concentration and the time of its effect on
the viability of Paenibacillus larvae ATCC 9545 (Eric 1) bacterial cells
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Figure 3. Decline curve of bacterial infections caused by Paenibacillus larvae in Polish apiaries from 2022 to
2024 after treating sick bee colonies with a 3-fold dose of 10% preparation administered every 5 days in 50%

sugar syrup

Time [Weeks]

N
um

be
r

of
si

ck
be

e
co

lo
ni

es

2022
2023
2024
General Control

Development of a metabolic preparation with high antimicrobial potential 
for use in the prophylaxis against Paenibacillus larvae causing American foulbrood in bee colonies

Piotr Nowotnik1*, Paweł Chorbiński1, Paweł Migdał1, Bogusław Górski2, Kamila Kaźmierczak-Benec2, Michał Świątek3

1Wrocław University of Environmental and Life Sciences, Wrocław, Poland
2ProBiotics Polska - Probiotics Manufacture, Bratuszyn, Poland

3Institute of Microbiology Technologies, Turek, Poland
*piotr.nowotnik@upwr.edu.pl

4 9 t h  A P I M O N D I A  C o n g r e s s  i n  C o p e n h a g e n  |  2 3  - 2 7  S e p t e m b e r  2 0 2 5

Results – CLSI guidelines

An
tim

icr
ob

ia
l a

ct
iv

ity
, 

w
el

l-d
iff

us
io

n 
m

et
ho

d 
in

 [m
m

]

ApiBiotic against Paenibacillus larvae 
ATCC 9545 (Eric 1)

St
an

da
rd

 D
ev

ia
tio

n 
SD

 ±
1.

00
00

 

ApiBiotic against Paenibacillus larvae 
CCUG 50846 (Eric 2)

St
an

da
rd

 D
ev

ia
tio

n
SD

 ±
1.

00
00

 

Co
nc

en
tra

tio
n

of
 

Ap
iB

io
tic

[%
]

w
at

er

50
%

 su
cr

os
e

60
%

 su
cr

os
e

w
at

er

50
%

 su
cr

os
e

60
%

 su
cr

os
e

Control (+) 0 0 0 0 0 0 0 0,0000
Control (-) 5 3 3 1,1547 15 7 6 4,9329

1 4 4 4 0 3 3 3 0,0000
5 5 5 3 1,1547 4 3 4 0,5774

10 6 6 6 0 5 5 4 0,5774
12,5 10 10 9 0,5774 8 8 8 0,0000
25 12 12 12 0 10 9 9 0,5774
50 15 15 14 0,5774 13 12 12 0,5774
75 21 21 21 0 18 18 18 0,0000

100 25 25 25 0 20 20 20 0,0000

Table 3 Data with values of ’halo’ effect measured by the well-diffusion method with the heat map effect
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Image 3. Microdilution method (to 3.3 and 3.4)
according to CLSI

Image 4. Sampling of infected larvae – as additional
study: treatment trial and verification of the
effectiveness of the preparation in the infected
colonies

Image 5. Sampling of infected larvae / Infected open brood
and capped brood before applying the ApiBiotic application

Image 6. Sampling of healthy larvae / Healthy open brood
and capped brood after applying the ApiBiotic application

Image 7. Plate presenting well-diffusion method
according to EUCAST using ApiBiotic against the
ATCC 9545 (Eric 1)

Image 8. Plate presenting well-diffusion method
according to EUCAST using ApiBiotic against the
CCUG 50846 (Eric 2)
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Graph showing the relationship between the concentration of ApiBiotic preparation and the 
generated zone of inhibition of P. larvae Eric I and Eric II in in-vitro conditions
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Figure 4. Graph presenting values from Table 3.
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The honeybee is accompanied by a microflora whose biodiversity is modified by a number of environmental and stress 
factors. One such threat is the bacterium Paenibacillus larvae, which causes the brood disease American foulbrood, 
which is subject to physical eradication by order of the Veterinary Inspectorate. Infected colonies weaken very quickly, 
the number of brood and bees being reared decreases dramatically, with the consequence that the economics of the farm 
is reduced or the apiary is completely closed and pollination is impaired. Seeing the untapped potential of biotechnology 
and microbiology in prevention of livestock diseases, an effort was made to develop and test, both in vitro and in vivo, 
a targeted and contact metabolic biopreparation with high antimicrobial potential against P. larvae, which, when used 
as a preventive measure, would reduce losses in apiary management and increase the preservation of the safety of the 
honeybee in the food production chain. The research problem was to reduce American foulbrood pressure in bee colonies 
by promoting the development of a physiological microbiome of competing brood and blocking the excessive proliferation 
and production of P. larvae endospores. The aim of this study was to provide beekeepers with a microbial product that: 
used in specific doses and forms of application, will reduce the pressure of the pathogen on the bee microbiome; will 
eliminate the increasing number of infested areas and disease outbreaks; will strengthen the microbiome of honeybee 
larvae and adults and break the chain of infection. The effect generated in this innovative product was achieved by 
multiple antagonistic and antimicrobial mechanisms conferred by the synergistic formulation consisting of a consortium 
of probiotic bacteria and 14 plants. Classical and molecular microbiology methods were used: antimicrobial activity 
(MIC, MBC, time-kill, halo effect) was determined according to EUCAST standards and qPCR. The safety of the product 
against bees was confirmed. The antimicrobial activity of the product was confirmed under laboratory conditions and a 
statistically significant reduction of several log orders of P. larvae in field apiaries. In an antibiotic-free, environmentally 
safe and food-safe manner, a probiotic administered prophylactically will be able to control P. larvae population.

PP-118 [Bee Health] 
Development of a starch-vaseline formulation for controlled release of thymol as acaricide in beehives

Carmen Rossini1, María Eugenia Amorós5, Ana Inés Larocca1, Valentina Poloni1, Pablo Juri2, José Anzola2, Enrique Nogueira2, 
Belén Branchiccela3, Sheena Marie Salvarrey4, Ciro Invernizzi4, Andrés González1, Helena Pardo5

1Laboratorio de Ecología Química, Facultad de Química, UdelaR, Montevideo, Uruguay
2Animales de Granja, Facultad de Veterinaria, UdelaR, Montevideo, Uruguay
3Sección Aapicultura, Instituto Nacional de Investigación Agropecuaria INIA, Colonia, Uruguay
4Sección Etología, Facultad de Ciencias, UdelaR, Montevideo, Uruguay
5Laboratorio de Nanomateriales, Polo Tecnológico de Pando, Facultad de Química, UdelaR, Montevideo, Uruguay

Thymol is a volatile monoterpene-phenolic antioxidant of plant origin, authorized in organic beekeeping for varroosis 
treatment. Beyond commercial products, beekeepers often use homemade oil-ethanol solutions applied on cardboard 
strips. However, these formulations dissipate rapidly, impacting bees’ behavior and requiring re-application. Controlled-
release thymol formulations offer a promising alternative by ensuring prolonged exposure at effective doses, while 
minimizing the risks of overexposure and reducing application frequency. Starch, especially its amylose component, can 
form inclusion complexes with various small molecules including thymol. In this work we evaluated a starch-vaseline-
based formulation for varroosis control, applied on the same cardboard strips used for ethanol-oil solutions. The 
emission profile of both formulations were characterized by gravimetry and periodic volatile collections. The starch-
based formulation exhibited a more consistent release rate, averaging 192 mg/día for 23 days (slope of emission curve: 
-5), compared to the reference formulation which dissipates rapidly at 458 mg/día for 10 days (slope -100). To assess 
efficacy, the formulations were tested in a 45-day field trial (March 2024) across 3 apiaries. Varroa infestation levels were 
estimated in samples (300-400 bees/colony) at the beginning and the end of the assay. The trial included 3 treatments: 
oxalic acid in glycerol applied on cardboard strips (12 colonies) as a positive control; thymol in an oil-ethanol solution 
applied on cardboard strips in colonies with an open entrance (11 colonies); and thymol in the starch-vaseline matrix on 
cardboard strips in colonies with an open entrance (14 colonies). Both thymol treatments incorporated 8g/colony were 
incorporated; and all treatments were re-applied after 15 days.

Comparing initial and final infestation levels, preliminary data indicate a 2.3-fold reduction in varroa infestation for oxalic 
acid, a 2.5-fold reduction for the starch-based thymol formulation, and no reduction for the oil-ethanol thymol solution.

These findings suggest that starch-based thymol formulations may be an effective alternative for sustained Varroa 
control in beekeeping.


