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Abstract 

The study was aimed at determining the effect of four different concentrations of lactic acid 0.002, 0.004, 0.006, and 0.008% 

on the survival rate of Lactobacillus acidophilus and Bacillus subtilis and the effect of their mixture as growth promoters in 

honeybee’s nutrition. The best result of the survival rate of bacteria was 102.56 ± 3.21 % for the concentration 0.004%. 

Honeybee workers’ feed consumption in the cages under study ranged from 2.17 ± 0.7 to 6.67 ± 1.53 cm3 during 17 hours. 

The statistical analysis of the mortality rate for workers in the cages showed no significant differences in any concentration. 

As for pH values of intestinal honeybee workers exhibited the highest result for the concentration 0.002% with pH 5.18 ± 0.1. 

It can be concluded from this study that, the mixture of Lactic acid with L. acidophilus and B. subtilis can be used as a growth 

promoter in bee's nutrition that causes a decrease in the intestinal pH of honeybee workers thus inhibiting the growth of 

pathogenic microbes.  
 Keywords: lactic acid, probiotic, honeybee’s nutrition, consumption rate, mortality rate. 

1. Introduction 

Honeybees (Apis mellifera) are the most 

economically valuable pollinator for more than 100 

important crops worldwide in addition to contributing 

about 9.5% to the total of agricultural economics [1]. 

Keeping them up at good health during the whole 

season to be able to collect an adequate supply of 

nectar and pollen additionally requires enough 

nutrition during periods when nutrients are limited, or 

at the time when weather conditions are not suitable 

for the honeybees to search for nectar and pollen [2]. 

Despite the high benefits of pollen and nectar 

substitutes, these substitutes don't contain beneficial 

bacteria that can enrich feed additives with lactic 

acid. Using lactic acid positively affects live forms 

and makes the gastrointestinal tract of the bees not 

suitable for the growth of pathogenic bacteria which 

live in the intestine and increases the immunity of 

bees [3, 4]. Improvement of the pollen substitutes 

related to honeybee nutrition is necessary; 

furthermore, pollen substitutes are a suitable option  

for the reduction of natural sources of feed for bees. 

Feeding honeybees with sugar syrup containing 

acidifying substances is aimed to decrease the 

intestinal pH to inhibit the pathogenic microbes and 

subsequently improve the yield of such colonies [5]. 

Furthermore, acidifying substances such as lactic acid 

promotes the growth of probiotic bacteria and keep 

living places favourable to them [3, 6, 7]. Probiotics 

are microorganisms that improve digestion in 

organisms such as humans and insects. They aid to 

stabilize the local microflora balance; at the same 

time, it works to strengthen the immune barrier of the 

intestines [8]. This research aimed to evaluate the 

effect of sugar syrup supplemented with lactic acid 

and probiotic mixture on the consumption rate of 

sugar syrup, pH of the intestinal content, and 

mortality rate of honeybees in the cages.  

2. Materials and Methods:  

2.1. Preparation of probiotic suspension 

L. acidophilus and B. subtilis strains were isolated, 

identified, purified, and were kindly supplied by the 

Regional Center for Food and Feed (RCFF), 

Agricultural Research Center, Ministry of 

Agriculture, Egypt. The mixture of L. acidophilus 

and B. subtilis (1: 1) was prepared according to [9] as 

follows:  

The bacterial cultures were inoculated in 2 separate 

sterilized flasks each containing 200 ml of autoclaved 

MRS broth which then were incubated at 37 ºC for 24 

hrs. The bacterial count was adjusted to give 107 

cfu/ml of L. acidophilus and 107cfu/ml of B. subtilis 
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[9]. The bacterial suspensions were counted 

according to [10]. The harvested cells from 1 ml of 

each bacterial suspension were washed in Phosphate-

buffered saline (PBS) according to [7] to prevent the 

matrix effect on its count and viability, and the 

obtained pellet was re-suspended in 1 ml of sugar 

syrup and was kept at 4-8 ºC to be used during the 

experiment. 

2.2. Estimation of the effect of different lactic acid 

concentrations on the count of probiotics in vitro 

Nine sugar syrup tubes (1kg sucrose sugar: 1L water) 

were supplemented with the prepared bacterial 

suspension to have 107 cfu/ml for each type of 

bacteria. Only 8 tubes were supplemented with 

different concentrations of Lactic acid 0.002, 0.004, 

0.006, 0.008, 0.02, 0.04, 0.06, and 0.08% while the 

last one with no added acid was used as a negative 

control treatment. All tubes were kept at room 

temperature for 72 hrs. during which sub-samples 

were withdrawn at 0, 2, 4, 6, 8, 24, 48, and 72 hrs. 

intervals. The count of L. acidophilus and B. subtilis 

was performed to estimate the effect of the different 

acid concentrations on the count of the probiotic 

bacteria according to [10]. 

2.3. Cage experiment 

Honeybee's workers under study were divided into 5 

equal groups with 3 replicates for each. Each wooden 
cage contained 40 individuals whose mean weight 

ranged from 2.8-3 g. The first group was supplied 

with 30 cm3 of sugar syrup only as of the control 

group while the 2nd, 3rd, 4th, and 5th groups were 

supplied with the mixture of 107 cfu/ml probiotics 

together with Lactic acid in concentrations of 0.002, 

0.004, 0.006 and 0.008%, respectively. The 

consumption rate of sugar syrup, pH of honeybee 

workers’ gut content and their mortality rate were 

estimated and recorded during 17 hrs. 

2.4. pH measurement: 

The values of pH were measured after the cage 

experiment ended using the Orion 420A pH meter. 

Fresh guts extracted from 5 dead bees from each cage 

were homogenated in 5 ml of distilled water. 

2.5. The survival rate 

Survival rate (%) = (log cfu Nt / log cfu N0) ×100. N0 

and Nt represent the surviving count at zero time and 

after 2, 4, 6, 8, 24, 48 and 72 hours respectively [11]. 

2.6. Statistical analysis 

 Data were analysed using General Linear Model 

(GLM) and using the SAS 9.4 TS Software (2013). 

Means are compared using Duncan's Multiple Range 

Test. The means differences are significant at P-value 

(P < 0.05). 

 

3. Results 

Data obtained in Table 1 demonstrated the survival 

rate of both L. acidophilus and B. subtilis after 72 hrs. 

of exposure to lactic acid in concentrations of 0.002, 

0.004, 0.006, 0.008, 0.02, 0.04, 0.06, and 0.08%. The 

concentrations ranging from 0.002% to 0.008% 

showed the highest survival rate ranging from 102.56 

± 3.21 to 92.21 ± 7.16%. It was observed that the 

concentrations of 0.02% to 0.08% showed the least 

survival rate ranging from 73.43 ± 15.85 to 56.59 ± 

14.5 %. The results of all concentrations at the same 

time elucidated that the highest survival rate of the 

count of probiotic bacteria was 91.98 ± 1.65 % after 2 

hrs. and the lowest survival rate was 71 ± 2.34 % 

after 72 hrs. of exposure to sugar syrup supplemented 

with lactic acid. 

 

Table 1: Means of different concentrations of lactic acid on the mixture of L. acidophilus and B. subtilis compared with 

the control within different exposure periods in vitro: 

 
Survival rate (%) 

Concentrations % Means ± SD Times Means ± SD 

Control 93.44b ± 7.62 2 h 91.98b ± 1.65 

0.002 98.84ab ± 3.29 4 h 86.09cd ± 1.65 

0.004 102.56a ± 3.21 6 h 80.70d ± 1.65 

0.006 92.21b ± 7.16 8 h 72.91e ± 1.65 

0.008 92.46b ± 5.80 24 h 77.08ab ± 2.34 

0.02 73.43c ± 15.85 48 h 81.46a ± 2.34 

0.04 65.87d ± 17.65 72 h 71.87bc ± 2.34 

0.06 57.83e ± 14.00   

0.08 56.59e ± 14.5   

Data are expressed as mean ± SD (standard deviation). P values were ˂ 0.05. Means with the same 

letter are not significantly different. 

Data in Table 2 established that the concentrations ranging 

from 0.002% to 0.008% showed the lowest acidity ranging 

from 4.54 ± 0.16 to 3.96 ± 0.19 %. It was observed that the 

concentrations of 0.02% to 0.08% showed the highest 

acidity ranged from 3.38 ± 0.02 to 3.05 ± 0.03. There are 

no significant differences in pH values of all concentrations 

at the same time of exposure to lactic acid and the probiotic 

mixture. 

Data in Table 3 showed the consumption rate of the 

supplemented sugar syrup with lactic acid concentrations 

added to the mixture of L. acidophilus and B. subtilis. The 

results revealed that there are no significant differences 

between the concentrations of lactic acid 0.002, 0.004, 

0.006, 0.008% if compared to the control. Normally, there 

are significant differences in consumption rate during 17 

hrs. of exposure to the different concentrations of lactic 

acid and the mixture of the probiotics in the cages. The 

results ranged from 2.26 ± 2.46 to 2.29 ± 2.08 cm3. 

Table 3 also showed that the concentration of 0.006% has 

the lowest mortality rate with 1.14 ± 0.91 during the 
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experiment and the highest mortality rate was 2.90 ± 0.94 

for the concentration 0.008%. We can also notice that there 

are significant differences in the mortality rate of honeybee 

workers between the concentrations 0.002, 0.004, and 

0.006 % compared with the control. Furthermore, the 

results showed that there are no significant differences 

between the control and the fourth concentration 0.008 %. 

 

 

One of the important indicators of good digestion with the 

acidic feeding to honeybee workers is the pH of the 

intestinal content of honeybee workers under study in the 

wooden cages. The data obtained in Fig.1 showed the pH 

values of intestinal content of honeybee workers before and 

after feeding with sugar syrup only as of the control 

treatment. The results showed that there are significant 

differences between the concentrations of 0.002, 0.004, 

0.006, and 0.008% compared with the control. The lowest 

pH for intestinal content was recorded at a concentration of 

0.002%, with a value of 5.18 ± 0.1. 

Table 2: Means of different concentrations of lactic acid on the pH of supplemented sugar syrup with L. acidophilus 

and B. subtilis compared with the control within different exposure periods in vitro: 

The pH of supplemented sugar syrup 

Concentrations 

% 

Means  

± SD 
Times Means ± SD 

Control 6.81a ± 0.00 2 h 4.19a ± 1.11 

0.002 4.47c ± 0.13 4 h 4.15a ± 1.11 

0.004 4.54b ± 0.16 6 h 4.15a ± 1.10 

0.006 4.03d ± 0.15 8 h 4.16a ± 1.11 

0.008 3.96e ± 0.19 24 h 4.16a ± 1.10 

0.02 3.38f ± 0.02 48 h 3.99a ± 1.23 

0.04 3.35f± 0.06 72 h 3.92a ± 1.19 

0.06 3.13g ± 0.02   

0.08 3.05h ± 0.03   

Data are expressed as mean ± SD (standard deviation). P values were ˂ 0.05. Means with the same letter are not 

significantly different. 

 

Table 3: Means of consumption and mortality rate of honeybee workers after exposure to the supplemented sugar 

syrup with lactic acid concentrations added to the mixture of L. acidophilus and B. subtilis compared with the control 

in the cages: 

 

  
Fig. 1: pH of the intestinal content of honeybee workers 

before and after exposure to the supplemented sugar 

syrup with lactic acid concentrations added to the 

mixture of probiotics compared with the control in the 

cages. 

 

4. Discussion  

This study is considered to be the first one in Egypt. 

Recently, probiotics and lactic acid have become of 

particular importance in nutrition and disease prevention in 

beekeeping. As for, the probiotic bacteria reach the 

intestines of the bees with the sugar syrup and help to 

stabilize the balance of local bacteria and strengthen the 

immune barrier of the honeybee.   Microorganisms selected 

as commercial probiotics are highly resistant and have a 

great ability to survive, even in unsuitable environments, 

and can increase in honeybee intestine and may exclude 

natural symbiotic microflora. As for, using the mixture of 

the microorganisms such as L. acidophilus and B. subtilis 

that a previous study proved the positive effect of this 

mixture on the strength of honeybee colonies [12].  

Consumption rate 

( cm3 ) 

Mortality rate 

(worker bee/cage) 

Concentrations% Means ± SD Concentrations% Means ± SD 

Control 2.24a  ± 2.30 Control 2.00a ± 1.92 

0.002 2.26a  ± 2.46 0.002 1.24b  ± 1.22 

0.004 2.64a  ± 2.49 0.004 1.57b  ± 1.78 

0.006 2.48a  ± 2.52 0.006 1.14b  ± 0.91 

0.008 2.29a  ± 2.08 0.008 2.90a ± 0.94 

Data are expressed as mean ± SD (standard deviation). 

P values were ˂ 0.05. Means with the same letter are not significantly different. 
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On the other hand, feeding honey bees with sugar syrup 

containing acidifying substances which represents lactic 

acid is aimed to decrease the intestinal pH to inhibit the 

growth of the pathogenic microorganisms and improve the 

health of the colony [5, 13]. Mishukovskaya et al., 2020 

proved that feeding honey bees with organic acids leads to 

an increase in the number of adult bees and increased the 

survival of colonies [12]. 

The main purpose of the in vitro experiment was to 

estimate the survival rate of the probiotic bacteria and to 

make sure that they reached the bee’s intestines with sugar 

syrup, so they could perform their role perfectly. The 

results showed that the highest survival rate of probiotic 

bacteria was 102.56 ± 3.21% that was recorded for the 

0.004% concentration of lactic acid. The survival rate 

reached more than 100% compared with the control 

because the acidifying substances encourage the growth of 

probiotic bacteria and maintain a favorable environment for 

them. This concentration achieved the pH value of sugar 

syrup 4.45 and these results were consistent with the results 

of studies that demonstrated that feeding bees with 

acidified sugar syrup with a pH of 4 showed good brood 

production and improvement of the intestinal lumen [5, 11, 

13, and 16]. 

Feed consumption of the supplemented sugar syrup did not 

differ between the bees in the different experimental groups 

compared with the control group. The present study 

confirmed the findings of another study approved that no 

significant differences between treatment groups that 

received sugar syrup containing lactic acid or probiotic 

products [14]. During in vivo tests, it was found that the 

groups that received sugar syrup supplemented with lactic 

acid at concentrations 0.002, 0.004, and 0.006% added to 

the mixture of the probiotics showed that the mortality 

decreased compared with the control group but 

significantly increased in the groups that received the high 

concentration with 0.008% of lactic acid which is 

consistent with the data of the study proved that probiotic 

products decreased the number of dead bees about 25% 

[12]. Finally, it is clear our results that the concentration of 

0.002% has an excellent pH value of the intestinal content 

of honeybee workers with 5.18. That's due to achieving a 

suitable medium for the probiotic bacteria and expected to 

reduce the total number of pathogenic spores. This 

explanation confirmed the previous study’s findings that 

reported that the expected pH value inhibits the germs in 

the bee gut with a value < 5.2 [15]. 

5. Conclusions 

At the end of this research, we can summarize that our 

primary concern is maintaining honey bee health by 

preserving their digestive tract through providing external 

substances such as probiotics and lactic acid in their 

nutrition, which works to reduce the pH of the intestine not 

suitable for the growth of the pathogenic bacteria that cause 

serious risks to the honey bees such as European foulbrood 

and American foulbrood. The sugar syrup supplemented 

with lactic acid concentrations 0.002% and 0.004% added 

to the mixture of L. acidophilus and B. subtilis could be 

considered an excellent growth promoter that increases 

bees' immunity. 

6. Acknowledgments 

We would like to thank The Regional Center for Food and 

Feed (RCFF), Agricultural Research Center, Egypt and The 

apiary of the Faculty of Agriculture, Cairo University, 

Egypt for their Support. 

7. References 
1. Hristov P, Neov B, Shumkova R, Palova N. Significance of 

apoidea as main pollinators. Ecological and economic impact 

and implications for human nutrition. Diversity, 12(7): 280 

(2020). 
2. Pătruică S, Dumitrescu G, Stancu A, Bura M, Dunea IB. The 

effect of prebiotic and probiotic feed supplementation on the 

wax glands of worker bees (Apis mellifera). Animal Sciences 
and Biotechnologies, 45(2): 267-71 (2012). 

3. Baffoni L, Gaggìa F, Alberoni D, Cabbri R, Nanetti A, Biavati 

B, Di Gioia D. Effect of dietary supplementation of 
Bifidobacterium and Lactobacillus strains in Apis mellifera L. 

against Nosema ceranae. Beneficial microbes, 7(1): 45-51 

(2016)a. 
4. Kazimierczak-Baryczko M, Szymaś B. Improvement of the 

composition of pollen substitute for honey bee (Apis mellifera 

L.), through implementation of probiotic preparations. J. Apic. 
Sci. 50(1): 15-23 (2006). 

5. Pătruică S, Mot D. The effect of using prebiotic and probiotic 

products on intestinal micro-flora of the honeybee (Apis 
mellifera carpatica). Bulletin of Entomological Research, 

102(6): 619-23 (2012). 
6. Olofsson TC, Vásquez A. Detection and identification of a 

novel lactic acid bacterial flora within the honey stomach of 

the honeybee Apis mellifera. Current microbiology, 57: 356-63 
(2008). 

7. Rabea S, Salem-Bekhit MM, Alanazi FK, Yassin AS, Moneib 

NA, Abd Elgawad MH. A novel protocol for bacterial ghosts’ 
preparation using tween 80. Saudi Pharmaceutical Journal, 

26(2): 232-7 (2018). 

8. Evans JD, Lopez DL. Bacterial probiotics induce an immune 
response in the honey bee (Hymenoptera: Apidae). Journal of 

economic entomology, 97(3): 752-6 (2004). 

9. Phuoc TL, Jamikorn U. Effects of probiotic supplement 
(Bacillus subtilis and Lactobacillus acidophilus) on feed 

efficiency, growth performance, and microbial population of 

weaning rabbits. Asian-Australasian journal of animal 
sciences, 30(2): 198 (2017). 

10. Nordic Committee on Food Analysis. Aerobic 

microorganisms, Determination in Foods at 37 °C, 30 °C, 25 
°C, 20 °C, 17/7 °C or 6.5 °C by the Colony Count Method 5th 

ed. (No. 86, Norway) (2013.). 

11. Ahmed AS, El Moghazy GM, Elsayed TR, Goda HA, 
Khalafalla GM. Molecular identification and in vitro 

evaluation of probiotic functional properties of some Egyptian 

lactic acid bacteria and yeasts. Journal of Genetic Engineering 
and Biotechnology, 19(1): 1-6 (2021). 

12. Mishukovskaya G, Giniyatullin M, Tuktarov V, Khabirov A, 

Khaziahmetov F, Naurazbaeva A. Effect of probiotic feed 
additives on honeybee colonies overwintering. American 

Journal of Animal and Veterinary Sciences, 15(4): 284-90 

(2020). 
13. Pătruică S, Dumitrescu G, Popescu R, Filimon NM. The effect 

of prebiotic and probiotic products used in feed to stimulate 

the bee colony (Apis mellifera) on intestines of working bees. 
J. Food Agric. Environ, 11(3&4): 2461-4 (2013). 

14. Borges D, Guzman-Novoa E, Goodwin PH. Effects of 

prebiotics and probiotics on honey bees (Apis mellifera) 
infected with the microsporidian parasite Nosema ceranae. 

Microorganisms, 9(3):481 (2021). 

15. Palmer-Young EC, Raffel TR, McFrederick QS. pH-mediated 
inhibition of a bumble bee parasite by an intestinal symbiont. 

Parasitology, 146(3): 380-8 (2019). 

16. Patruica S, Hutu I. Economic benefits of using prebiotic and 
probiotic products as supplements in stimulation feeds 

administered to bee colonies. Turkish Journal of Veterinary & 

Animal Sciences, 37(3): 259-63 (2013). 




