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Nosemosis is becoming the second hardest-to-treat 
disease in bees after varroosis. A particular increase 
in the prevalence of nosemosis in Poland took place 
when fumagillin had been withdrawn from the treat-
ment of the disease, and in the cases when, apart from 
Nosema apis, bee colonies were additionally infected 
with another microsporidian species of the Nosema 
genus, i.e. N.  ceranae. Bees affected by N. ceranae 
die quickly, usually outside the hive, without showing 
any prior clinical symptoms (5, 9, 14). In contrast to 
N. apis infections, the incidence of diseases caused by 
N. ceranae remains at the same level throughout the 
honey flow season (9, 11). And even though infections 
by Nosema spp. subside in winter (4, 7), they consti-
tute a serious problem in European and Polish apiaries 
(12, 15, 16). The analyses of dead bees collected by 

the authors of the study from big and small apiaries 
near Olsztyn, Poland, over the last years, showed that 
the extensiveness of infection in big apiaries was ca 
40%, and in small ones: 60-70%. Among the factors 
contributing to such an infection of bee colonies with 
Nosema spp. is not only the lack of an effective medica-
tion in the country, but also the inadequate preparation 
of colonies for wintering, the lack of diversified pollen, 
inappropriately treated varroosis, the lack of hygiene in 
the apiary, atypical, often warm winters as well as long 
and rainy springs (1, 19). Despite numerous investiga-
tions of the impact of the parasite, its role in honey bee 
mortalities is highly debated (2, 3, 6, 8, 21).

To date the, course of nosemosis in apiaries in Poland 
has been often alleviated by beekeepers with such 
preparations as Nozevit, ApiHerb, salicylic acid, the 
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Summary

Bearing in mind that there is no effective medication to control nosemosis, the authors assessed the usefulness 
of Acid Pla Tan Liquid [AP] and Efektywne Mikroorganizmy [EM] in the management of this disease in bees. 
Prior to field tests, we carried out laboratory examinations for the toxicity of the preparations in cages with 
bees, and then on colonies infected with Nosema spp. The evaluation of the effectiveness of the preparations 
was carried out on 36 colonies infected with nosemosis. In bees administered syrup containing the tested 
preparations at concentrations: 2 ml, 1 ml, 0.5 ml, 0.25 ml, and 0.125 ml per 1 l, we did not observe abnormal 
behaviors or workers’ deaths. Bees in complete colonies with therapeutic syrup containing AP administered 
3 times at a dose of 1 ml/1 l, and with EM at a dose of 2 ml/1 l behaved similarly. Worker bees from these 
colonies left the hive in a usual manner to fly for forage, brought pollen, found their way back home accurately, 
young bees emerged from their cells, the queen laid eggs, and young bees raised brood. After 15 days from the 
completion of the treatment, we found out that AP eliminated Nosema spp. infection at 100.0%, and EM at 
42.9%. The autumn control triple administration of AP at a dose of 1 ml/1 l, and EM at a dose of 2 ml/1 l, to 
colonies with different intensity of Nosema spp. infection proves a higher effectiveness of AP (75%) than EM 
(58.3%). A mean of a significantly lower number of spores was observed in colonies from group AP as compared 
both to the control group and group EM, in which the number of spores was nevertheless significantly lower 
than in the control group.
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water extract of birch ash, wormwood decoction with 
an addition of salicylic acid and vitamin C, as well as 
peroxide (17, 18, 20) administered in sugar syrup at 
specific times of the season.

Bearing in mind that there is no effective medication 
to control Nosema spp. infection in bees, the aim of the 
studies was to assess the usefulness of two preparations 
used for years in vertebrates to prevent bacterial, viral 
and fungal diseases.

Material and methods
In 2012 a trial treatment was carried out with a use of the 

Acid Pla Tan Liquid preparation [AP] – a complementary 
compound (liquid) feed produced by Czesław Szmender’s 
company (www.etos.net.pl), used for years in the basic pre-
vention of bacterial and fungal infections of the digestive 
system in poultry. The preparation contains: formic acid, 
sorbic acid, sorbic acid salt, hydrolyzed, water-soluble tan-
nins, and standardized natural extract substances, i.e. cap-
saicin, carvacrol and cinnamaldehyde. The activity of the 
preparation consists in a synergistic effect of its components 
on different forms of bacteria and fungi (22).

The other preparation that was used in the control of 
nosemosis in bees was Efektywne Mikroorganizmy [EM], 
produced by EKO-Agrotech (www.eko-natura.eu). The 
preparation contains selected and specifically composed live 
cultures of lactic acid bacteria, yeast, actinobectaria and plant 
extracts from 20 herbs. The composition of microorganisms 
in the preparation, which is a strong antioxidant, shows an 
entirely favorable effect on animal health. Besides, lactic 
acid bacteria in the preparation produce enzymes effectively 
enhancing the durability of honey and bee bread (13).

The evaluation of the usefulness of preparations AP and 
EM in the control of nosemosis was carried out in the years 
2012-2013 in two apiaries near Olsztyn, Poland. Prior to field 
tests, laboratory examinations of the toxicity of the prepara-
tions were carried out in special hoarding cages with bees, 
and then the toxicity and effectiveness of nosemosis control 
in complete bee colonies naturally infected with Nosema spp. 
were also assessed.

Laboratory evaluation of toxicity of AP and EM to 
bees. 11 worker groups (A. mellifera) were set up, each con-
sisting of 5 wooden cages (12 × 12 × 4 cm) with 50 1-day- 
-old workers in each. Each cage had a glass front screen as 
well as ventilation and feeding slots. The workers were fed 
(between 2-8 July) with sugar syrup (1 : 1, w/v) ad libitum 
using inner feeders. When assessing the toxicity of prepara-
tions, therapeutic syrup was served in PET bottles with 3-4 
holes of 3 mm, in diameter, made in the bottle neck. A bottle 
filled with therapeutic syrup was closed with a screw cap and 
placed on the inner cover in such a way that the holes in bottle 
necks were between combs to make the syrup accessible for 
bees. Syrup administered in the described way in July was 
willingly taken by bees. A 2-liter bottle was usually emptied 
within 48 hours. In each group, the syrup was supplemented 
with AP or with EM at different concentrations: 2 ml, 1 ml, 
0.5 ml, 0.25 ml, and 0.125 ml per 1 l of syrup. Group 11 was 
fed only with sugar syrup and served as control. The cages 
were kept in an air-conditioned chamber (26°C and 65% rela-
tive humidity). Dead workers were removed every day. It was 
also observed the behavior of bees, and every day for 6 sub- 

sequent days were controlled the tempo of consuming the 
syrup by bees.

Field evaluation of toxicity of AP and EM to bee colony 
and their effectiveness in summer Nosema spp. control. 
Out of several dozen colonies in the apiary, 14 colonies 
infected with Nosema spp. were selected. The colonies kept 
in Wielkopolski-type hives, numbering c. 20 thousand bees 
and ten occupied combs (with 6 worker combs filled with 
a brood in all stages of development, 4 combs with food) were 
randomly divided into two groups. From 16 July to 25 July 
3 times at 3-day intervals each colony was administered 2 l 
of therapeutic syrup containing 1 ml of AP and 2ml of EM 
per 1 l of syrup, which were applied in frame feeders.

The behavior of bees and their foraging activity, as well 
as the egg-laying activity of the queen were assessed daily 
after the application of the therapeutic syrup.

Field evaluation of AP and EM effectiveness in autumn 
Nosema spp. control. To assess the effectiveness of Nosema 
control, in the latter half of August 2012, apiaries considerably 
infected with Nosema spp. were chosen. Out of 58 colonies, 
36 colonies infected with Nosema spp. spores were selected. 
The colonies kept in Wielkopolski-type hives with 360 × 
260 mm frames, numbering c. 30 thousand bees and twenty 
occupied combs (with 12 worker combs filled with a brood in 
all stages of development, 8 combs with food) were randomly 
divided into 3 groups, 12 colonies in each, i.e.: AP, EM, and 
control. Therapeutic syrup containing: 1 ml AP (group AP) 
or 2 ml EM (group EM) per 1 l was administered 3 times at 
3-day intervals in the amount of 2 l per colony during each 
feeding (1st feeding: 22 Aug 2012). The assessment of the 
effectiveness of the preparations was carried out on 25 Sept. 
2012, and 12 Oct. 2012. Moreover, living bees after winter-
ing were also examined (31 Mar. 2013).

In order to study bees with the presence of Nosema spp. 
spores and to avoid sampling newly emerged, uninfected 
bees, a sample of ca 100 bees were taken from the peripheral 
combs without brood, containing food only. From those bees 
a single sample consisting of 60 abdomens of worker bees was 
crushed with a mortar and pestle in 60 ml of distilled water 
and spores were counted using haemocytometer method (15). 
This procedure was applied in all experiments.

The one-way ANOVA analysis was used to calculate the 
mean number of Nosema spp. spores; one-factor ANOVA was 
carried out. The significance of differences between the means 
was determined by the Duncan’s multiple range test. Calcu-
lations were performed with the Statistica v. 10 software.

Results and discussion
Laboratory evaluation of toxicity of AP and EM 

for bees. It was found out that therapeutic syrup con-
taining the tested preparations was willingly consumed 
by bees. In the group of worker bees fed with syrup 
containing 2 ml AP per 1 l, single bees were observed 
to die – on day 4, 5 and 6. Altogether, 6 bees died in 
each of the 5 cages with 50 workers in the group. In 
group EM, 4 workers died on average. In group AP 
1 ml and 0.5 ml, the mean number of dead workers was 
3.9 and 1.9, respectively. In cage tests, bees receiving 
therapeutic syrup with the tested preparations did not 
display abnormal behavior that would suggest the toxic 
effect of the preparations (Tab. 1).
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Field evaluation of the toxicity of AP and EM 
for bee colonies and their effectiveness in summer 
Nosema spp. control. Tests for Nosema spp. presence 
in living worker bees collected from treated colonies 
on day 9 and 29 after completing the 
AP treatment did not show Nosema spp. 
spores, suggesting the 100.0% effective-
ness of the preparation. In the group of 
colonies administered syrup with EM, 
Nosema spp. spores were found in 3 
colonies after treatment (42.9% effective-
ness) (Tab. 2). The mean infection was 
lower in both groups (0 and 0.31 × 106 
in AP and EM group, respectively) than 
the infection observed before treatment 
(2.17 × 106 and 1.97 × 106 in AP and EM 
group, respectively). However, as there 
was no untreated control group, it is 
hard to assess to what extent a decrease 
in the degree of infection resulted from 
the application of tested preparations, 
and to what extent it should be linked to 
the natural course of infestation resulting 
from the seasonal growth of Nosema spp. 
in colonies.

A several-day-long examination of bees 
from colonies treated both with AP and 
EM did not show any symptoms indicat-
ing a negative effect of the administered 
preparations. The worker bees left the hive 
in a usual manner to fly for forage, they 
brought pollen, found their way back home 
accurately, young bees emerged from their 
cells, the queen laid eggs, and young bees 
raised brood.

Field evaluation of AP and EM effec-
tiveness in autumn Nosema spp. control. 
Prior to AP treatment (22 Aug. 2012), 
Nosema spp. spores were found in all colo-
nies showing a similar degree of infection 
(from 3.99 to 4.21 × 106, Tab. 3). After 
the triple administration of the prepara-
tions, the number of colonies with Nosema 
spp. spores dropped. In group AP, only 6 
colonies were found to be infected (50% 
effectiveness), and the intensity of Nosema 

Tab. 1. Laboratory evaluation of the toxicity of preparations: Acid Pla Tan 
Liquid [AP] and Efektywne Mikroorganizmy [EM] for bees in cage tests

Content of 
preparation 

in 1 l of 
sugar syrup

Tested 
preparation

No. of cages 
in group 

(50 bees in 
each cage)

Mean number of dead workers during feeding 
with sugar syrup containing tested preparations

Observation day

1-3 4 5 6 Total

2 ml AP 5 0 1.9 1.8 2.3 6.0

EM* 5 0 0 1.9 2.1 4.0

1 ml AP 5 0 0 1.9 1.9 3.9

EM 5 0 0 0 1.9 1.9

0.5 ml AP 5 0 0 0 1.9 1.9

EM 5 0 0 0 0 0

0.25 ml AP 5 0 0 0 0 0

EM 5 0 0 0 0 0

0.125 ml AP 5 0 0 0 0 0

EM 5 0 0 0 0 0

Control 5 0 0 2.1 0 2.1

Explanations: *sugar syrup at 2 ml concentration was consumed by bees in 
smaller amounts.
Tab. 2. Field evaluation of the toxicity of preparations: Acid Pla Tan Liquid [AP] and Efektywne Mikroorganizmy [EM] for 
bees, and the number of Nosema spp. spores in the treated colonies (summer treatment)

Preparation

No. of bee 
colonies 

infected with 
Nosema spp. 

Mean number (± SD) 
of Nosema spp. spores 

prior to treatment  
(per 1 bee × 106)

Days of preparation administration  
to bee colonies

Number of colonies 
with Nosema spp. after 
completing treatment

Mean number (± SD) 
of Nosema spp. spores 

after treatment  
(per 1 bee × 106)

16 Jul. 2012 18 Jul. 2012 22 Jul. 2012 25 Jul. 2012 03 Aug. 2012 17 Aug. 2012 17 Aug. 2012

AP 7 2.17a ± 0.35 ns ns ns 0 0 0

EM 7 1.97a ± 0.29 ns ns ns 5 3 0.31 ± 0.17

Explanation: ns – no symptoms of tested preparation toxicity on bees and brood observed during and after treatment; a differences 
are not statistically significant at P ≤ 0.05

Tab. 3. Effectiveness of preparations: Acid Pla Tan Liquid [AP] and Efektywne 
Mikroorganizmy [EM] in the reduction of the number of Nosema spp. spores

Date of assessment Group No. of infected 
colonies in group

Mean number (± SD) of Nosema spp. 
spores per 1 bee (× 106)

Prior to administration
22 Aug. 2012

Control 12 3.99a   ± 0.73

AP 12 4.05a   ± 0.58

EM 12 4.21a   ± 0.83

Post treatment 
25 Sept. 2012

Control 9 2.22a   ± 1.49

AP 6 0.97c   ± 1.08

EM 9 1.28b   ± 1.01

Post treatment 
12 Oct. 2012

Control 10 2.32A   ± 1.36

AP 3 0.24Bc ± 0.35

EM 5 0.97b   ± 0.76

After wintering 
31 Mar. 2013

Control 10 1.87a   ± 1.21

AP 6 0.60c   ± 0.45

EM 8 1.02b   ± 0.84

Explanations: a, b – differences are statistically significant at P ≤ 0.05 for compari-
sons within the columns; A, B – differences are statistically significant at P ≤ 0.01

spp. infection decreased in all colonies to 0.97 × 106 
per tested bee, on average. In EM group the number of 
colonies tested positive for Nosema spp. dropped to 9 
(25% effectiveness), but the mean infection was signifi-
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cantly lower (1.28 × 106) than the infestation observed 
in control colonies (2.22 × 106).

A follow-up test carried out on 12 Oct 2012, i.e. 17 
days after the previous assessment, showed that the 
number of colonies in which Nosema spp. were found 
dropped in group AP to 3 (75.0% effectiveness), and in 
group EM to 5 (58.3% effectiveness), with 10 infected 
colonies among control colonies. The significantly 
lowest level of infection was found in colonies from 
group AP (0.24 × 106), and the highest one in control 
groups (2.32 × 106).

After wintering, the number of colonies found to 
be infected with Nosema spp. in the control group 
increased to 10, showing a significantly higher level of 
infection (1.87 × 106), which differed from the situation 
observed in group EM (1.02 × 106) where 6 infected 
colonies were found. The fewest colonies with Nosema 
spp. spores were found in group AP, in which bees were 
infected with the significantly lowest number of spores 
(0.60 × 106) (Tab. 3).

Bee colonies treated several times with the discussed 
preparations wintered well. Bees wintered better (less 
bee deaths during winter, as well as more combs covered 
by bees after winter) in group AP, where Nosema spp. 
spores were found only in 6 colonies out of 12 infected 
colonies prior to the administration of the preparation, 
while in group EM the result was 8 colonies out of 12 
originally infected colonies. A significant reduction in 
the number of Nosema spp. spores in colonies fed with 
sugar syrup containing 1 ml AP per 1 l, as compared to 
EM treatment, indicates an advantage of AP over EM 
in nosemosis control. The higher effectiveness of AP 
can be attributed to its components that show a selec-
tive effect on unicellular pathogens of the bee gut. After 
penetrating into a bacterium or fungus cell, formic acid 
effectively disturbs protein synthesis and enzymatic 
pathways of cytoplasmic organelles, thus limiting the 
number of bacteria in the gut (22). Sorbic acid salt shows 
good water solubility but also very strong antibacterial 
and antifungal activity, while a multidirectional effect 
of hydrolyzed tannins effectively disturbs the living 
functions of many unicellular pathogens (10, 22). 
Moreover, tannin fractions show hydrophilic effect 
through overloading the water balance in the bee gut 
with inflammation; they also effectively bind to toxins 
produced by bacteria, fungi and protozoa. The prepara-
tion components likewise enhance the exploitation of 
food and stimulate physiological reactions in the diges-
tive system; they also boost the immunological system 
(10). It is remembering, however, that the assay was 
conducted on colonies in which the species of Nosema 
was not identified, and it cannot be ruled out that dif-
ferent results can be achieved under infection with one 
or two species of Nosema but at different proportions.

Conclusions:
1.	Acid Pla Tan Liquid at a dose of 1 ml per 1 l of 

syrup and Efektywne Mikroorganizmy at a dose of 2 ml 
per 1 l of syrup, administered 3 times at 3-day intervals 
during winter feeding do not cause any disruptions in 
the functioning of bee colonies.

2.	In comparison to EM, Acid Pla Tan Liquid, as a diet 
supplement, more efficiently limits the development of 
Nosema spp in bee colonies and protects them against 
a high level of this infection.
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