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Abstract: The paper presents the study on the effect of two types of 
probiotic feed additives of different composition on the quality of honeybee 

colonies during wintering. Feed additive called SpasiPchel contains 2 

strains of bacteria Bacillus subtilis anfeed additive PcheloNormosil 

contains Lactobacillus and Bifidobacterium strains and arabinogalactan 

(prebiotic isolated from Siberian larch needles). If honeybees received 

Spasipchel and Pchelonormosil during the feeding in cages their lifespan 

increased. Honeybee colonies that received Spasipchel in autumn 

exceeded the control group by 21.3% in colony strength and by 58.7% 

in the number of sealed brood in spring. Food consumption in these 

colonies per honeybee frame during the winter period was 22% lower. 

Honeybee colonies, that received PcheloNormosil feed additive, were 
slightly behind in strength compared to the control colony during 

spring, but surpassed it by 23.5% in the number of sealed brood. Further 

research should be made to identify optimal composition of probiotics 

that are better at preserving honeybee colonies under the conditions of 

the continental climate characterized by long cold winters. 
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Introduction 

Probiotics have become widely used in various 

branches of animal husbandry. They are applied to 

prevent and treat intestinal infections, to restore the 

microflora of the digestive tract after antibiotics or 

antibacterial chemotherapeutic agents. Probiotics 

improve digestive processes and stimulate non-specific 

immunity (Andreeva et al., 2018; Khaziakhmetov et al., 

2018a; 2018b; Chernitskiy et al., 2019). Data on the 

effectiveness of probiotics in beekeeping are 

contradictory. First of all, this concerns the effect of 

probiotics on the immunity of honeybees. Thus, nine 
strains of bacteria belonging to Enterococcus sp., 

Weissella sp. and Lactobacillus sp. are able to inhibit the 

growth of Paenibacillus larvae in vitro causative agent 

of American foulbrood (Yoshiyama et al., 2013). 

According to a group of Canadian researchers, honeybee 

larvae resistance to P. larvae infection increased under 

probiotics (Daisley et al., 2017; 2020). Probiotics 

stimulate the expression of Def-1gene. This gene is a 

peptide that plays a key role in protecting honeybee 

larvae against this infection. According to (Stephan et al., 

2019), when colonies received probiotics, there was no 

an increase in their resistance to American foulbrood. 

Although, the researchers mentioned above do not deny 

the antagonistic effect of lactic bacteria on P. larvae in a 

larval stage of honeybee organism. 

The issue of the effect of probiotics on economic 
characters of honeybee colonies is not unanimous. Some 

authors note an increase in honeybee productivity when 

honeybee colonies recieve sugar syrup enriched with 

Lactobacillus salivarius and B. subtilis (Sabaté et al., 

2012; Fanciotti et al., 2018). Moreover, the beneficial 

bacteria reduced the incidence of two important bee 

diseases: Nosemosis and varroosis (Audisio, 2017). 
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Probiotics proved to have effect on egg production of the 

queen and an increase in the honeybee colonies strength 

(Audisio, 2017; Bleau et al., 2019). At the same time, 

according to (Horton et al., 2015) there was no direct 

correlation between colony productivity and the 
composition of honeybee gut microflora. The state of the 

gut microflora definitely affects the health of honeybees 

and the honeybee colony well-being (Kešnerová et al., 

2017; Bonilla-Rosso and Engel, 2018; Raymann and 

Moran, 2018). The composition of microflora is 

influenced by various factors such as: Food sources 

(honey plants), plant phytoncids, pesticides and 

medications used in beekeeping (Raymann and Moran, 

2018). All these factors can have a beneficial effect on some 

types of bacteria and inhibit the development of others, 

introducing a certain imbalance in the intestinal microbiota.  
The composition of the honeybee intestinal 

microflora may vary by season (Ludvigsen et al., 2015; 

Maes et al., 2016; Kešnerová et al., 2020). Feed shortage 

and temperature stress can lead to a decrease in the 

immunity of honeybees. In addition, the physiological 

characteristics of honeybees, such as impossible 

defecation in winter, form a risk factor for developing 

infectious diseases. Both, the health of a bee colony and 

its economically useful signs, associated with bee colony 

productivity, depend on the composition of microflora of 

adult and established generation of winter adults 

honeybees. While the losses of honeybee colonies during 
wintering is the main problem of beekeeping in countries 

with long winters, there is very little information in 

scientific literature about the effect of probiotics on the 

quality of honeybee overwintering. The purpose of our 

research was to study the effect of probiotic feed 

additives as part of autumn feedings on the status of 

honeybee colonies, i.e., their survival, strength, feed 

consumption, amount of brood, before and after wintering. 

Materials and Methods 

Probiotic feed additives developed by the “Research 

and Innovation Enterprise Bashinkom” Limited Liability 

Company were used during the experiments. They were 

SpasiPchel, which contains 2 strains of B. subtilis and 

PcheloNormosil, containing Lactobacillus and 

Bifidobacterium strains and arabinogalactan (prebiotic 

isolated from Siberian larch needles). 

Cage Experiments 

To obtain 1-day-old honeybees, combs with brood 

originating from one queen bee were transferred, on the 

20th day of bee development, to an air-conditioned 

chamber and kept at a constant temperature of 35°C and 

at a humidity of 60%. After emerging, honeybees were 

kept under laboratory conditions, in complete darkness 

(25°C; H = 65%) in wooden cages, occupied by 55 

specimens. The cages were divided into groups. There 

were 3 cages in each group. All groups received 50% 

Sugar Syrup (SS). The control group received pure sugar 

syrup and the experimental groups received it with feed 

additives: Experimental groups 1, 2 and 3 received 
SpasiPchel probiotic in doses of 1. 2 and 3 mL per 0.5 l 

of sugar syrup. Groups 4, 5 and 6 received the same 

doses of PcheloNormosil. Food and water were added 

as they were consumed by honeybees. Every 2 days, 

the number of dead adult bees was recorded in each 

cage to evaluate mortality rate in each group. The 

experiment lasted for 25 days.  

Field Tests 

Research was conducted at the apiary of Bashkir 
State Agrarian University, which is located in the 

Northern forest-steppe natural and climatic zone of the 

Republic of Bashkortostan, 28 km from Ufa city 

(Russian Federation).  

To assess the effect of probiotics on the quality of 

overwintering, 3 groups of 24 honeybee colonies were 

formed. Feeding of honeybee colonies was carried out at 

the end of August 2018. Honeybee colonies of the 

control group received pure sugar syrup. Honeybee 

colonies of the experimental groups were fed syrup with 

feed additives: The experimental group 1 received 

Spasipchel in a concentration of 2 mL per 0.5 l of syrup, 

the experimental group 2 - Pchelonormosil in the same 

concentration. Feeding was carried out in three stages 

with 3 day intervals. 0.5 liters of feeding per bee colony 

was poured in the evening into side feeders.  

In November, when constant cold weather conditions 

occured (-5°C), hives with honeybees were brought into 

a semi-underground indoor-wintering building. During 

the entire wintering period the temperature in it was kept 

within 0±5°C with relative humidity of 70-85%, 

measured with a hygrometer-psychrometer VIT-1. 

The hives were taken out from a wintering building in 

early April 2019. 

Status of honeybee colonies was assessed twice – in 

November 2018 before they were placed in indoor-

wintering building and in April 2019 after they were 

taken out of wintering building, the strength of colonies 

was calculated by the number of frames inside a beehive 

covered with honeybees on both sides (1 frame = ~ 2,430 

bees). The amount of sealed brood in the nests of bee 

colonies was estimated using a grid with 55 cm squares 

that covered the entire side of a comb. Values from the 

frame measurements were summed to obtain brood 

estimate for the colony. 

Feed consumption was calculated according to the 

difference in the mass of the hives before they were 

placed in a indoor-wintering building and after they were 

taken out of it. 
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To determine the degree of the fat body development, 

20 worker honeybees were selected from each group. 

During dissection, the head was separated from a 

honeybee, then the intestine was removed with tweezers 

pinching the last segment of the abdomen. Scissors were 
inserted in the abdomen hole, then two longitudinal 

incisions were made in the boundary area of sternites and 

tergites. Sternites were removed and saline was pipetted 

into the abdominal cavity. At the same time, a white 

coating of chitinous walls of air bags floated up and was 

withdrawn, clearing the space for inspection, using a 

microscope at 24 - fold magnification. The assessment of 

the degree of the fat body development was performed 

using the method of (Maurizio, 1954). 

To determine the level of infestation with Nosema 

spp. spores 50 flying bees were selected at hive entrance. 
Samples were stored at -20°C. While studying 

honeybees, their abdomen was separated from them and 

put into a measuring cylinder. Then, 1 mL of water per 

honeybee was added in the cylinder. The contents were 

carefully crushed in a homogenizer to get suspension. A 

drop of the suspension was examined in a 

hemocytometer (Marienfeld - cell counting chamber 

made of special optical glass, with a double counting 

grid, cell depth: 0.1 mm, system: Neubauer-improved) 

with increase in 400x. Assessment of the damage grade 

was carried out according to the scale: 1 point - up to 5 

million spores per bee, 2 points - from 5.05 million to 25 
million spores per bee, 3 points - from 25.05 to 75 

million spores per honeybee and 4 points-more than 75 

million spores per honeybee. 

Statistical processing of the data was carried out by 

conventional methods of variation statistics using the 

Microsoft Excel statistical analysis package. The 

significance of differences in arithmetic mean was 

estimated using the Student's t-test, the differences were 

considered statistically significant at p<0.05.  

Results 

The analysis of honeybee mortality in cages showed, 

that when honeybees received SpasiPchel feed additive 

in any dose with sugar syrup, their mortality slowed 

compared to bees from the control group. By the middle 

of the experiment (on the 13th day) death rate of bees 

which received SpasiPchel ranged from 20.0 to 25% 

compared to honeybees from the control group, where 

the same parameter was 37% Fig. 1. The best results 

were obtained in the experimental group 2, where the 

probiotic was added in a dose of 2 mL per 0.5 l of syrup. 

Only 50% of honeybees of this group died on the 25th day 

after feeding, which is 27.4% less than in the control group. 

When using PcheloNormosil feed additive, there was a 

clear dependence of honeybee mortality on the dosage. The 

dose of 2 mL of probiotic per 0.5 l of syrup was the best. 

The maximum lifespan was recorded in groups that 

received probiotics with feeding in a dilution of 2 mL 

per 0.5 L of sugar syrup. The difference between these 

groups and the control group was significant (p<0.05). 

At the end of August 2018, after honey harvesting 
from sunflowers and various grasses was over, the 

strength of honeybee colonies was assessed. Then, 

groups of honeybee colonies, used for the experiment, 

were formed. At the beginning of the experiment (before 

feeding), honeybee colonies had an average strength of 

9.3 frames, the amount of feed was 10.3 kg. There were 

9.8 honeycomb frames in the nest, including 5.3 

honeycomb frames with brood. 

Before placing honeybees in indoor-wintering 

building in the first decade of November, the strength of 

honeybee colonies was visually determined and the hives 

were weighed. The record of results showed that the 

strength of honeybee colonies significantly decreased 

during 2 months (September and October), which is 

associated with mortality of summer honeybees. At the 

same time, in the control group it decreased by 41.9%, in 

the experimental group 1 - by 25.6% and in experimental 

group 2 - by 52.2%.  

The level of development of the fat body of 

honeybees was assessed. This indicator increased by an 

average of 0.8 points, when bees received SpasiPchel 
probiotic in November Fig. 2. When honeybees 

received PcheloNormosil, the level of development of 

the fat body was 0.5 points higher compared to bees 

from the control group. 

According to the obtained results, all honeybee 

colonies of experimental and control groups had a 

successful overwintering. In the group of colonies that 

received SpasiPchel additive in autumn, the indicator 

of colony strength before wintering was the best and 

succeeded the same indicator of the control group by 

24.1% Table 1. 

Despite the fact, that during wintering, the 

percentage of weakened colonies in experiental group 

1 was slightly higher (by 1.7%), even after taking 

colonies out of the wintering building, they exceeded 

the control group by 21.3% in colony strength. The 

amount of sealed brood in this group significantly 

exceeded the control value by 1.6 times. Honeybee 

colonies of the second experimental group, which 

received PcheloNormosil as additive in autumn, were 

slightly inferior to the control group in strength in 

spring, but superior in the amount of sealed brood by 

1.2 times. This group also showed the least number of 

weakened colonies during the wintering period.  

One of the important indicators of wintering quality 

is the consumption of carbohydrate feed. Food 

consumption per bee colony in experimental groups did 

not differ from the control group Fig. 3. 
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Fig. 1: Dynamics of honeybee mortality in experimental cages: (A) - SpasiPchel, (B) - PcheloNormosil 

 

 
 

Fig. 2: Degree of development of the fat body of honeybees 
 

 
 
Fig. 3: Food consumption during the wintering period: (A)- per 1 honeybee colony, (B) - per 1 frame, covered with honeybees on both sides 
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Table 1: Status of honeybee colonies after overwintering 

  Group of honeybee colonies (type of feeding) 
  ---------------------------------------------------------------------------------------- 

  Control group Experimental group 1 Experimental group 2 
Indicator Stat. indicator (Sugar Syrup (SS)) (SS + SpasiPchel) (SS + PcheloNormosil) 

Colony strength, No. of Lim 4-6 6-8 4-5 
frame (in autumn) M ± m 5.4±1.2 6.7±1.2 4.3±0,6 
 % compared to the 100 124.1 79.6 
 control group  

Colony strength, frame Lim 4-5 5-6 3-5 
(in spring) M ± m 4.7±0,6 5.7±0,6 4.0±1,0  
 % compared to the 100 121.3 85.1 
 control group  
Amount of sealed brood, Lim 27-97 58-154 53-111 
hundreds of cells M ± m 61.3±9.9 97.3±12.0 75.7±9.8 
 % compared to the 100 158.7 123.5 
 control group 

 
Table 2: Mass of dead adult bees and honeybee colonies level of infestation with Nosema spp. spores after taking them out of the 

wintering building (on average per individual colony), April 2019 

Group of bee colonies  Number of colonies, affected 
(type of feeding) Mass of dead adut bees, g by Nosema spp., % Grade of damage, points 

control group (Sugar Syrup (SS)) 73.0±6.9 8.3 1.9±0.06 
Experimental group 1 
(SS + SpasiPchel) 83.0±7.4 4.2 1.7±0.09 
Experimental group 2  
(SS + PcheloNormosil) 52.0±4.6 12.5 2.2±0.11 

 

Food consumption per 1 frame of bees is a more 

objective indicator. During wintering, the least amount of 

feed per 1 frame was used by colonies which received 

SpasiPchel feed additive together with sugar syrup. This 

was 22.0% less than the same indicator in control colonies.  

The lowest weight of bees died during wintering was 

revealed in the 2nd group (Table 2). An increased 

number of dead bees in the 1st experimental group can 

be explained by the fact that the bee colonies were 

stronger before wintering. 

Both in experimental and control groups there were 

colonies affected by nosematosis. The maximum number 

of affected colonies was in experimental group 2 where 

it reached 12.5%. In other groups this percentage was not 

very big. There was also a slight increase in the titer of 

Nosema spp. spores in the intestines of honeybees of 

experimental group 2. 

Discussion 

The intestinal microflora of honeybees during 

wintering differs from forages and house bees. This is 

primarily due to changes in nutrition conditions 

(D’Alvise et al., 2018; Kešnerová et al., 2020). Feed 

shortage unbalances intestinal biocenosis, which can lead 

to a decrease in the resistance of honeybees to 

temperature stress and diseases (Ludvigsen et al., 2015). 

In addition, undigested food residues accumulate in 

honeybees proctodeum during the entire cold period. 

This creates favorable conditions for the development of 

pathogenic microflora. The use of probiotics during 

autumn feeding of honeybee colonies is aimed at 

preventing these pathological phenomena. 

According to the laboratory studies, feed additives 

SpasiPchel and PcheloNormosil do not have any toxic 

effect on bees. On the contrary, there was an increase 

in lifespan of bees in experimental groups, compared 

to the control group, which is consistent with the data 

of (El Khoury et al., 2018). 

During tests in field conditions, it was found that the 

group that received SpasiPchel (B. subtilis) was more 

prepared for wintering. The strength of colonies in 

autumn in this group was on average by 24.1% higher 

compared to control group of colonies. The degree of 

development of the fat body of honeybees from this 

group was also higher by 29%. The effect of bacterial 

metabolites on fat body development was also reported 

by (Maggi et al., 2013). Moreover, these data are 

contradictory, as if the first group of researchers 

identified a stimulating effect of metabolites on the 

accumulation of nutrients, the second group didn't not. 

The authors explain these non-conformances by different 

concentrations of metabolites solutions used during the 

experiments (Safonov, 2020). 

There is also no consensus on the effect of probiotics 

on colony strength indicators. During our studies, we 

found a stimulating effect of a feed additive containing 
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bacteria B. subtilis on this indicator. At the same time, 

the complex of Lactobacillus and Bifidobacterium 

strains did not have a significant effect. This is consistent 

with the data of (Sabaté et al., 2012; Audisio, 2017), 

who reported on an increase in the strength of colonies 

receiving B. subtilis. At the same time, according to 

(Audisio, 2017), both B. subtilis and lactic bacteria 

had a stimulating effect on the strength of colonies, 

which can probably be explained by the use of 

different strains of microorganisms. 

Very few studies on the effect of probiotics on 

honeybee overwintering in continental climate with cold 

long winters have been conducted. At Apimondia 

Congress (Bleau et al., 2019) reported on the results of 

autumn feeding of honeybees with lactic acid bacteria 

and Saccharomyces cerevisiae. According to their data, 

there was no effect of probiotics on the honeybee 

colonies survival during wintering. But there was a small 

increase of capped brood and Nosema spp. spore 

reduction. During our studies, we noted that colonies 

which received B. subtilis (SpasiPchel feed additive) in 

autumn were superior to the control group during spring 

in both the colony strength and in the amount of sealed 

brood. Honeybee colonies, that received the complex of 

Lactobacillus and Bifidobacterium strains 

(PcheloNormosil feed additive), were a little behind in 

colony strength compared to the control group, but 

surpassed them slightly in the amount of sealed brood. 

As for nosematosis, some increase in the number of 

affected colonies and the titer of Nosema spp. spores in 

the second experimental group can be explained by an 

increase in the pH in honeybee intestine, which is 

provoked by lactic bacteria. This creates favorable 

conditions for parasite development. This is consistent with 

the data of (Ptaszyńska et al., 2016; Andrearczyk et al., 

2014). They also reported on an increase in level of 

infestation with Nosema spp. spores when honeybee 

colonies received lactic bacteria. 

Conclusion 

Fortification of sugar syrup with SpasiPchel feed 

additive in autumn contributed to a better preparation of 

honeybee colonies for wintering. The strength of 

colonies before they were placed into indoor-wintering 

building was 24.1% higher compared to control values. 

The level of development of the fat body was also higher 

by 0.8 points. In spring, after honeybees were taken out 

of wintering building, they exceeded the control group 

by 21.3% in colony strength and by 58.7% in the amount 

sealed brood. Feed consumption per honeybee frame in 

these colonies during wintering was 22% lower 

compared to the control group. 

PcheloNormosil feed additive did not have a significant 

effect on the strength of colonies and feed consumption, but 

the amount of sealed brood in these colonies in spring, after 

honeybees were taken out of wintering building, was 23.5% 

higher compared to the control groups. 

Thus, the results of our research confirm the 

possibility of using probiotic feed additives in autumn 

feeding of bees. However, the efficiency of these feed 

additives depends on types and strains of 

microorganisms in their composition. Further research 

should be made to identify optimal composition of 

probiotics that are better at preserving honeybee 

colonies under the conditions of the continental 

climate characterized by long cold winters. 
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