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and nutritional needs, which
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]: ﬂ \/aS | O n or sugar syrup in sufficient
quantity and quality, as part of
good beekeeping practice. This
study aimed to determine the

A. Muzié impact of protein patties on honeybee colonies after application during
M. I. Smodi& Skerl supplementary feeding, and possible effects on the level of invasion by
A. Majoros Nosema spp. spores. Samples of adult bees collected in the apiary in

I. Tlak Gajger* experimental and control groups were examined under the hypothesis

that honeybee colonies would take up protein patties better than sugar
patties, and that the number of spores of Nosema spp. microsporidia
would be reduced. Laboratory examination using a light microscope
determined the presence and quantification of Nosema spp. spores.
Although the analysis of the results did not reveal statistically signifi-
cant differences in the number of spores between the control and expe-
rimental groups of honeybee colonies, a significant reduction in the
number of Nosema spp. spores were observed during the experiment in
colonies fed with protein patties over the course of the study.

Key words: honeybee; Nosema spp. spores; protein patties.

(ONlom

Antonia MUZIC?, muzictonka@gmail.com; Maja Ivana SMODIS SKERL2, Maja.Smodis.Skerl@kis.si, orcid.org/0000-0003-1635-1414;
Arnold MAJOROS?, marnold.vet@gmail.com; Ivana TLAK GAJGER* (corresponding author), itlak@vef.unizg.hr, orcid.org/0000-0002-
4480-3599.

Weterinary ambulance Rijeka, 51000 Rijeka, Croatia

2Agricultural Institute of Slovenia, 1000 Ljubljana, Slovenia

Luna Vet veterinary ambulance, 21235 Temerin, Serbia

‘Department of Biology and Pathology of Fish and Bees, Faculty of Veterinary Medicine, University of Zagreb, 10000 Zagreb, Croatia

-499 -



— CROATIAN VETERINARY JOURNAL | VOL. 57 NO. 6/2026 —

THE EFFECT OF FEEDING HONEYBEE COLONIES (APIS MELLIFERA L.) WITH PROTEIN PATTIES ON THE LEVEL OF NOSEMA SPP. SPORE INVASION

A.MUZIC, M. I. SMODIS SKERL, A. MAJOROS AND I. TLAK GAJGER

| Introduction

Beekeeping, as a commercial activity, con-
tributes to environmental protection and biodiver-
sity. Bees are essential for the pollination of plants
and the production of food for humans and animals
(Faux and Kane, 2021). The health and producti-
vity of honeybee colonies (Apis mellifera L.) are
profoundly influenced by their nutritional status,
particularly protein intake. Protein-rich diets, such
as pollen or its substitutes, are essential for brood
development, immune function, and overall colony
vitality. However, the relationship between protein
supplementation and susceptibility to pathogens,
particularly microsporidian parasites affecting
adult bees such as Nosema spp., is complex and
not fully understood.

Depending on the season, food availability
can be scarce, especially in winter and early spring,
compromising the health of bees and the strength
of honeybee colonies. To ensure sufficient nutriti-
on, beekeepers often need supplemental feed for
bees, especially after honey extraction and during
periods when natural food sources are not availa-
ble. Sugar-honey dough or patties are mostly used
in winter and spring. Patties are available in diffe-
rent forms and compositions, with or without ad-
ditives (Katusi¢, 2020; Majoros et al., 2022). Long
grazing periods, climate change that leads to sud-
den changes in the environment, and large agricul-
tural areas under monoculture crops are just some
of the factors that can lead to colony starvation.

In such conditions, the honeybee colony becomes
more susceptible to infections caused by pathoge-
nic microorganisms and invasions/infestations by
parasites and pests. The most common pathogens
are microsporidia Nosema spp., Varroa destructor,
economically significant bee viruses, bacteria and
fungi (Tlak Gajger et al., 2024). Recent studies have
yielded mixed results regarding the impact of pro-
tein supplementation on Nosema spp. invasions.
Some research indicates that while protein-rich
diets can enhance adult bee physiology and immu-
ne responses, they may also inadvertently promote
Nosema spp. spore proliferation. For instance, Di
Pasquale et al. (2013) found that honeybees con-
suming natural pollen had higher haemolymph pro-
tein levels and better survival rates, despite incre-
ased Nosema ceranae spore loads. This suggests
that improved nutritional status may bolster the
bees' tolerance to invasion, even if it does not re-
duce the pathogen load. Conversely, other studies
have shown that certain protein supplements have
no significant effect on Nosema spp. spore counts
or colony strength. DeGrandi-Hoffman et al. (2010)
reported no statistically significant differences in
Nosema spp. invasion intensity or colony strength

among colonies fed various protein supplements
compared to controls. These findings highlight the
need for further research to determine the efficacy
of different protein sources and formulations in
managing Nosema spp. invasions. Moreover, the
type and digestibility of protein supplements play a
crucial role in the effectiveness of good beekeeping
practice regarding supplemental feeding. Some
protein patties may not be as readily assimilated as
natural pollen, potentially affecting their utility in
disease management. Additionally, the interaction
between protein nutrition and other pathogens,
such as viruses, adds another layer of complexi-

ty. Research by Dussaubat et al. (2012) suggests
that protein-rich diets can influence the dynamics
between Nosema spp. spore level and viral infecti-
ons, potentially altering disease outcomes (Trits-
chleretal., 2017).

Given these contrary findings, this study
aims to elucidate the effects of feeding honeybee
colonies with protein patties on colony vitality and
level of Nosema spp. spore infestation. By syste-
matically evaluating different protein supplements
and their impacts on N. ceranae infection levels, we
seek to provide clearer guidance for beekeepers on
nutritional strategies to enhance honeybee colony
health and resilience against pathogens.

| Materials and methods

Location of the experimental apiary

The research was conducted in a stationary
apiary on the eastern side of the island of Cres,
situated about two kilometres from the village of
Hrast. The apiary includes 40 honeybee colonies
in Langstroth-Root hives, a vertical type of hive
with standardized parts both in form and size.
The study was conducted on 24 of these colonies:
12 colonies formed the control group (c) fed with
commercial sugar patties, and 12 colonies formed
the experimental group fed with commercial pro-
tein patties containing protein substitutes (without
honeybee pollen).

Supplemental feeding of honeybee
colonies

Feeding of honeybee colonies was carried
out after the initial sampling of adult bees in early
April 2025. After the first loaf of patties, colonies
were clinically inspected every two weeks. After
60 days from the initial sampling and inspection
of colonies, sampling of adult bees was perfor-
med again. In mid-August, all honeybee colonies
were again fed with the additional patties, and the
third sampling of adult bees was done 30 days
after the second feeding term, i.e., 90 days after
initial feeding.
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Figure 1. Native preparation of the intestinal contents of a honeybee with visible spores of Nosema spp.
under a light microscope, magnification 400x.

Sampllng tely 60 adult bees, which is a standard sample for the
Adult bees were taken from the peripheral laboratory quantitative examination on nosemosis.
frames directly from the honeycombs and placed in a
clean, 120 mL plastic container. Each container was
tightly closed, labelled, and stored on ice in a porta- After collecting samples of adult bees in the
ble refrigerator. Each sample contained approxima- field, the samples were stored in plastic bags and

Laboratory Examinations
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Table 1. Average number of spores (n) and number of N. ceranae spores per bee (N) randomly selected from
five hives in the experimental group and control group (c) of honeybee colonies in the initial sampling, prior to

supplemental feeding.

Control group

Hive no. 1lc 2c 3c 4c 5c 6¢c 7c 8c 9c 10c 1lc 12c
1 0 0 8 0 0 15 8 8 1 0 30 0
2 4 2 2 2 1 10 15 8 0 2 23 8
3. 5 1 0 5 0 17 15 18 3 0 27 12
4 2 2 1 0 2 20 11 19 5 5 34 9
5 8 5 2 0 8 18 6 18 7 6 30 6
Total 19 10 13 7 11 80 55 71 16 13 144 35
n 4 2 3 1 2 16 11 14 3 3 29 7
N 380000 | 200000 | 260000 | 140000 | 220000 | 1600000 | 1100000 | 1420000 | 320000 | 260000 | 2880000 | 700000
Experimental group

Hive no. 1 2 3 4 5 6 7 8 9 10 11 12
1 0 5 0 0 0 0 0 0 0 19 19 8
2 0 15 0 0 0 0 0 0 0 13 18 12
3. 0 11 1 2 11 12 2 11 0 0 24 16
4 4 9 5 6 5 3 4 3 2 0 19 10
5 2 7 2 0 7 18 6 7 5 12 33 12
Total 6 47 8 8 23 33 12 21 7 44 113 58
n 1 9 2 2 5 7 2 4 1 9 23 12
N 120000 | 940000 | 160000 | 160000 | 460000 | 660000 | 240000 | 420000 | 140000 | 880000 | 2260000 | 1160000

frozen at -20°C until analysis. In preparation for
laboratory examination, 10 bees were randomly
selected from each bag and placed in a plastic cup
with 10 mL distilled water. The bees were thorou-
ghly crushed with a plastic swab to release the inte-
stinal contents. This mixture was filtered and stirred
to create a homogeneous sample for examination
under a light microscope.

A disposable pipette was used to transfer
the prepared suspension of the intestinal contents.
Two drops of this suspension were placed on a Ma-
lassez haemocytometer and covered with a micros-
copy cover slide. The haemocytometer contains 25
squares, and samples were examined under a light
microscope at a magnification of 400x. Spores of
Nosema spp. were counted in five squares, and the
arithmetic mean of the number of spores counted in
five squares (multiplied by 5) represents the num-
ber of spores per bee. Each sample of the prepared
native suspension of intestinal contents was coun-
ted in triplicate. Spores of Nosema spp. have a regu-
lar oval shape with a darker border (Figure 1).

Statistical analysis

The data were processed using the Graph-
Pad Prism 8 program, and the nonparametric Kru-
skal-Wallis test was used to determine differences

between the experimental and control groups of
honeybee colonies, i.e., the determined average
number of Nosema spp. spores.

| Results

In this study, a total of 72 samples were
collected; a total of 24 samples from each of three
sampling periods, in which 12 samples were from
the control group fed with sugar patty, and 12
samples were from the experimental group fed
with protein patties.

In the initial sampling session, prior to any
treatment, the average number of N. ceranae spores
found was 1,503 per bee in the experimental group
and 790,000 per bee in the control group (Table 1).

After the initial sampling, honeybee colonies
were fed with protein patties (experimental group)
or sugar patties (control group). After 60 days, the
second sampling was performed, and the average
number of N. ceranae spores in the experimental
group was 460,000 per bee, and the control group
was 783,333 spores per bee (Table 2).

In the third and final sampling, the average
number of N. ceranae spores in the experimental
group was 441,666 per bee, and in the control gro-
up 288,333 spores per bee (Table 3).
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Table 2. Average number of spores (n) and number of N. ceranae spores per bee (N) randomly selected from
five hives for the experimental group (fed with protein patty) and the control group (c, fed with sugar patty) of

honeybee colonies in the the second sampling session, 60 days after supplemental feeding.

Control group

Hive no. 1c 2c 3c 4c 5c 6¢ 7c 8c 9c 10c 11c 12c
1 1 9 8 0 0 10 2 19 0 2 15 6
2 3 7 4 2 0 12 3 23 1 1 20 10
3. 5 10 5 3 2 15 8 28 1 2 32 12
4 0 12 2 3 3 10 9 35 0 3 12 9
5 6 2 2 5 0 6 12 23 1 0 28 6
Total 15 40 21 13 5 53 34 128 3 8 107 43
n 3 8 4 3 1 11 7 26 1 2 21 9
N 300000 | 800000 | 420000 | 260000 | 100000 | 1060000 | 680000 | 2560000 | 60000 | 160000 | 2140000 | 860000
Experimental group

Hive no. 1 2 3 4 5 6 7 9 10 11 12
1 0 1 0 0 0 10 6 4 0 7 9
2 0 3 0 2 0 6 15 12 0 9 10
3. 0 1 0 0 0 15 19 9 0 10 12 6
4 2 2 0 0 0 7 13 10 0 7 18 8
5 0 6 0 0 0 12 17 13 0 6 16 10
Total 2 13 0 2 0 50 70 48 0 31 62 43
n 0 3 0 0 0 10 14 10 0 6 12 9
N 40000 | 260000 0 40000 0 1000000 | 1400000 | 960000 0 620000 | 1240000 | 860000
| Discussion

The present study evaluated the impact of
protein supplementation on N. ceranae spore loads
in honeybee colonies. While no significant diffe-
rences were observed between control and expe-
rimental groups in any of the sampling periods, a
notable decrease in spore counts was detected in
the experimental group following the initial protein
feeding. This finding aligns with previous research
suggesting that protein-rich diets can enhance
honeybee immunity and reduce pathogen loads.
For instance, Dussaubat et al. (2016) demonstra-
ted that protein supplementation improved honey
bee survival rates despite increased N. ceranae
spore loads, indicating a complex relationship
between nutrition and pathogen dynamics.

Recent studies have highlighted the role of
diet in modulating N. ceranae infections. Sbaghdi
et al. (2024) found that the gut microbiota res-
ponse to N. ceranae is influenced by dietary com-
ponents, including probiotics and neonicotinoids,
suggesting that nutritional interventions can alter
infection outcomes. Additionally, Oliveira et al.
(2023) emphasised the protective function of the
peritrophic matrix in the honey bee midgut against
N. ceranae infection, and that its integrity was in-
fluenced by dietary factors.

Despite the observed trends, the lack of con-
sistent significant differences across all sampling
periods in the present study may be attributed to
various factors, including environmental conditions,
colony health status, and the specific composition
of the protein patties used. Moreover, the complex
interplay between nutrition, immunity, and patho-
gen dynamics necessitates further study to elucida-
te the mechanisms underlying these observations.

Supplemental feeding of honeybee colonies
is a common api-technical procedure. It can be per-
formed at several times of year, depending primarily
on the availability of natural food that varies during
the beekeeping season. It is especially important
to regularly inspect honeybee colonies and moni-
tor the amount of stored food reserves in the hive
when preparing the colonies for wintering. Also, a
balanced diet of honeybee colonies is achieved by
occasional supplemental feeding. The most com-
mon practice of feeding honeybee colonies, apart
from sugar syrup, is patties (Katusi¢, 2020; Majoro$
et al., 2022). Patties available on the market, as well
as those prepared at home, vary in their basic com-
positions, and may or may not contain additives. In
the literature, there are reports on the influence of
fertilising with different concentrations of pollen or
food additives made of protein substitutes on the
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Table 3. Average number of spores (n) and number of N. ceranae spores per bee (N) randomly selected from
five hives for the experimental group (fed with protein patty) and control group (c, fed with sugar patty)
of honeybee colonies in the third sampling session, 90 days after supplemental feeding and 30 days after

receiving the second supplemental patty .

Control group

Hive no. 1c 2c 3c 4c 5¢c 6¢C 7c 8c 9c 10c 11c 12c
1 0 0 1 0 0 2 0 22 0 0 1 3

2 0 0 0 0 0 0 0 16 0 0 3 0

3. 0 2 3 1 0 3 0 12 0 0 8 4

4 0 1 0 2 0 4 0 28 0 0 2 6

5 0 2 0 2 0 0 0 33 0 0 6 6
Total 0 5 4 5 0 9 0 111 0 0 20 19

n 0 1 1 1 0 2 0 22 0 0 4 4

N 0 100000 | 80000 | 100000 0 180000 0 2220000 0 0 400000 | 380000
Experimental group

Hive no. 1 2 3 4 5 6 7 8 9 10 11 12
1 0 0 0 0 8 56 7 2 0 0 2 2

2 0 0 0 0 6 22 8 6 0 0 4 0

3. 0 0 0 0 12 18 12 4 0 0 1 0

4 0 0 0 0 18 20 14 6 0 0 0 1

5 0 0 0 0 2 14 7 8 0 0 2 3
Total 0 0 0 0 46 130 48 26 0 0 9 6

n 0 0 0 0 9 26 10 5 0 0 2 1

N 0 0 0 0 920000 | 2600000 | 960000 | 520000 0 0 180000 | 120000

degree of invasion by Nosema spp. spores, mitiga-
ting the negative effects of protein supplementation
by adding honeybee pollen, and on a number of
physiological indicators. It was found that groups of
honeybee colonies fed only with pollen took more
food, and microscopic examination determined a
decreased number of Nosema spp. spores, compa-
red to groups of honeybee colonies fed with a pure
protein supplement or a mixture of pollen and pro-
tein supplements (Watkins De Jong et al., 2019).

In the present study, the effect of the appli-
cation of protein and sugar patties before and after
feeding honeybee colonies in an apiary in coastal
Croatia was compared to determine the effect of
feeding with patties on the reduction of the num-
ber of spores of Nosema spp. Although there was
an overall reduction in the degree of infestation
with the pathogen causing nosemosis in the expe-
rimental colonies, it is necessary to point out the
limitations of the study, in which a small number of
honeybee colonies were included and which, at the
beginning of the experiment, were uniformly natu-
rally infested with Nosema spp. spores.

These results follow several previous stu-
dies on the effect of honeybee feed additives on
the degree of infestation with Nosema spp., namely

N. ceranae, which is the only species widespread

in apiaries in Croatia (Tlak Gajger et al., 2010). Na-
mely, many studies have been conducted on Croa-
tian apiaries and in laboratory-controlled conditions
with the application of various feed additives for
honeybees (Krznar et al., 2015; Tlak Gajger, 2011;
Tlak Gajger et al., 2009, 20094, 2011, 2015, 2018,
2020, 2021, 2023).

It was previously established that the use
of EM® probiotics for bees is a good beekeeping
practice applied worldwide. The use of EM® probi-
otics for bees in the form of a dietary supplement
has so far been positively evaluated by beekeepers
and confirmed by research in the field and labo-
ratory-controlled conditions (Tlak Gajger et al.,
2020, 2023). By monitoring the probiotic effect on
the strength and health status of honeybee colo-
nies, and the trends in the degree of invasion with
Nosema spp. spores in treated colonies, its posi-
tive effect has been proven in terms of preventing
invasions of manifested nosemosis type C, and as
a support in strengthening colonies to preserve
a healthy microbiome of the digestive system of
adult bees. The results obtained in previous stu-
dies have shown the desired effects of applied
probiotics originating from the intestinal system

-504 -



— CROATIAN VETERINARY JOURNAL | VOL. 57 NO. 6/2026 —

THE EFFECT OF FEEDING HONEYBEE COLONIES (APIS MELLIFERA L.) WITH PROTEIN PATTIES ON THE LEVEL OF NOSEMA SPP. SPORE INVASION

A.MUZIC, M. I. SMODIS SKERL, A. MAJOROS AND I. TLAK GAJGER

Figure 2. Average number of N. ceranae spores in all three sampling sessions for the experimental group
(supplemental feeding with protein patty) and the control group (supplemental feeding with sugar patty); *p < 0.5
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Initial sampling

of bees on the general condition and productivity
of the fed honeybee colonies (Mudrunova et al.,
2011, Audisio et al., 2015, Alberoni et al., 2016,
Corby-Harris et al., 2016, Tlak Gajger et al., 2023,
Smriti et al., 2024). Also, applying sugar feedings
enriched with pentadecapeptide BPC 157, which
was found to have an effective impact on on physi-
ological and immunological indicators, the general
health of honeybee colonies, and the number of
spores of microsporidium Nosema spp. in treated

honeybee colonies (Tlak Gajger et al., 2018, 2020).

In beekeeping practice, it has been shown
that registered food supplements approved for use
in beekeeping can prevent strong invasions of the
causative agent of nosemosis type C, and serve as
an aid in strengthening colonies to preserve the be-
neficial microbiome of the digestive system of bees.
A study in Florida conducted in the field conditions
of apiaries on a total of 75 colonies examined the
effects of feeding commercial protein patties on the
strength of the colonies and the degree of invasion
with Nosema spp. spores. The authors concluded
that honeybee colonies took up patties from Bee-
Pro, UltraBee, MegaBee, and significantly weaker
colonies fed with Brood Builder patty well. During
the experiment, the number of spores of Nosema
spp. decreased in all observed honeybee colonies
during April, both the control and experimental gro-
ups (Mortensen et al., 2018).

A similar result was interpreted by Stavalj
(2021) after conducting research on 19 apiary
locations located in continental Croatia on a total
of 1119 honeybee colonies fed with two types of
commercial patties, while colonies that were not fed
served as the control group.

Second sampling

Sugar patty Protein patty  Sugar patty

Final sampling

Figure 2 shows that despite the results that
did not show a statistically significant difference
between the control and experimental groups, there
was a significant reduction in the number of Nose-
ma spp. spores in the group of honeybee colonies
fed with protein patty between the initial and se-
cond sampling sessions.

| Conclusion

This study underscores the potential be-
nefits of protein supplementation in managing N.
ceranae infections in honeybee colonies. While the
results indicate a trend towards reduced spore lo-
ads following protein feeding, the variability obser-
ved across sampling periods highlights the need for
further research to optimise dietary interventions.
Future studies should focus on identifying the most
effective protein sources and formulations, and
on exploring the synergistic effects of combining
protein supplementation with other management
strategies, such as the administration of probiotics.
Implementing such integrated approaches could
enhance honeybee colony health and resilience
against N. ceranae and other pathogens.
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Pcelinja zajednica treba dostatne zalihe
nektara, meda i peluda da bi zadovoljila ener-
getske i prehrambene potrebe. Pri tome potrebna
je stalna dostupnost prirodne hrane, no u rano
proljece i tijekom bespasnih razdoblja zbog nepo-
voljnih vremenskih prilika, najpouzdaniji izvor
dodatne hrane je kvantitativno i kvalitativno za-
dovoljavajuce prihranjivanje pcelinjih zajednica
pogacama i/ ili Se¢ernim sirupom koje pcelar
provodi u okviru dobre pcelarske prakse. Cilj ovog
rada bio utvrditi u¢inkovitost primjene proteinskih
pogaca tijekom prihrane pcelinjih zajednica te
utvrditi moguci utjecaj na stupanj invadiranosti
sporama Nosema spp. Pretrazeni su uzorci odras-
lih pcela sakupljeni na pcelinjaku u pokusnim i

kontrolnim skupinama (24) pod hipotezom da ¢e
pcelinje zajednice bolje uzimati proteinske nego
Secerne pogace, te da ¢e se smanjiti broj spora
mikrosporidija Nosema spp. Laboratorijskim pre-
traZivanjem uporabom svjetlosnog mikroskopa
utvrdena je prisutnost i kvantifikacija spora Nose-
ma spp. Iako analiziranjem rezultata nisu utvrdene
statistiCki znacajne razlike u broju spora izmedu
kontrolne i pokusne skupine pcelinjih zajednica,
tijekom trajanja pokusa uoceno je znacajno sman-
jenje broja spora u pokusnoj skupini prihranjivanoj
proteinskom pogacom usporedujuéi pocetak i tijek
istraZivanja (p < 0.5).

Klju€ne rijeci: medonosna pcela; spore Nose-
ma spp.; proteinske pogace.
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