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Abstract

Shumkova, R. & Balkanska, R. (2021). Influence of IMMUNOSTART HERB feeding on the bee colonies devel-
opment. Bulg. J. Agric. Sci., 27 (5), 896–902

To date, various plant-based supplemental forages, which contain key molecules, for bees are being used worldwide to 
improve the bee health. The aim of the study was to determine the effect of the product IMMUNOSTART HERB on some 
physiological and biochemical parameters and the development of the bee colonies during their spring feeding. The study was 
conducted at the experimental apiary of the Research Center of Stockbreeding and Agriculture, Smolyan, Bulgaria. The exper-
iment included local honey bees Apis mellifera L., settled in the Langstroth-Rut system. For the feeding of the bee colonies is 
used a natural product IMMUNOSTART HERB based on herbal extracts. It contains natural flavonoids, polyphenols, polysac-
charides, mucus substances, amino acids, essential oils, vitamins, minerals and vitamin C. The feeding of the bee colonies in 
the spring was carried out as follows: the experimental group was fed with IMMUNOSTART HERB at a dose of 10 ml in 100 
ml sugar solution (sugar/water 1:1) 4 times at intervals of 7 days; the control group received only sugar solution. Statistically 
significant differences were found for the strength of the bee colonies and the amount of sealed worker bee brood in the experi-
mental group fed with IMMUNOSTART HERB compared to the control group. A linear positive correlation between the fresh 
bee head weight and the degree of development of the hypopharyngeal glands was found. The higher values of total protein in 
the haemolymph in the experimental group were found to be indicative of the positive effect of the product IMMUNOSTART 
HERB on the immunity of bees. According to this study, the supplementary feeding of the bee colonies with IMMUNOSTART 
HERB is good to start about 60 days before the first main pasture in the region.
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Introduction

The high bee colony losses of Apis mellifera has attracted 
the attention of researchers from all over the world. The rea-
sons are complex and many factors can influence them such 
as pathogens (Nosema spp., viruses), parasites (Varroa de-
structor, Acarapis woodi), the use of antibiotics, pesticides, 
nutritional stress (lack of honey plants), technological errors 
in the beekeeping and interactions between these factors 
(Genersch, 2010; Ratnieks et al., 2010; Wu et al., 2011). In 

the recent study, Neov et al. (2019) summarizes the impact of 
biotic and abiotic factors on the health and behavior of bees 
to limit the stressors.

The nutritional stress is connected to the agricultur-
al intensification and the increase of agricultural land with 
monocultures. This deprives the honey bees from the nec-
essary polifloral pollen, which is required for their proper 
feeding (Crailsheim, 1990). The pollen feeding affects the 
bee lifespan (Di Pasquale et al., 2013), their immunocompe-
tence (Alaux et al., 2010) and their resistance to pathogens 
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(DeGrandi-Hoffman et al., 2010; Basualdo et al., 2014). The 
nutritional stress has a long-term negative effect on the bee 
colonies and sometimes they are not well developed in the 
spring. The nutritional stress with the infection with Nosema 
spp. together has a strong impact on the bee colonies strength 
with consequences in both short and long-term (Branchicce-
la et al., 2019).

The morphological and physiological status of the hypo-
pharyngeal glands is age-dependent and depends on the divi-
sion of the roles in the bee colony (Lee et al., 2019). The hy-
popharyngeal glands are exocrine glands located in the front 
of the head. In the nursing bees, this gland has a high secre-
tory activity and contributes to the production of royal jelly. 
The hypopharyngeal glands of the worker bees decrease in 
size, secrete at a lower rate, and produce a different protein 
blend including enzymes involved in carbohydrate metab-
olism (Klose et al., 2017). Different factors may influence 
the hypopharyngeal gland development of the honey bees 
(Huang & Otis, 1989). The most important is the nutritional 
factor. Protein sources are extremely important for the phys-
iological development of the hypopharyngeal glands, espe-
cially for the young worker bees. Pollen is the main source 
of protein for them (Zahra & Talal, 2008). In addition, plant 
extracts also have a good effect on the development of hypo-
pharyngeal glands.

Insufficient nutritional resources can weaken the immune 
system of the bees and the bee colonies are more suscepti-
ble to disease. The term “precision nutrition” already exists. 
It studies the bee nutrition in the search for key molecules 
that could enhance the response of the bees to one or more 
stress factors. The bee diet could be precisely designed with 
the right choice of different combinations of key molecules. 
This could be achieved through adding the molecule itself or 
adding the necessary molecules to induce the synthesis of a 
particular signal. In this way, “precision nutrition” with pre-
cision beekeeping could be developed (Negri et al., 2019).

To date, various plant-based supplemental forages for 
bees which contain key molecules are being used worldwide 
to improve the bee health. However, additional studies are 
needed to prove the effects of these products on the bee’s 
body.

The aim of the study was to determine the effect of the 
product IMMUNOSTART HERB on some physiological 
and biochemical parameters and the development of the bee 
colonies during their spring feeding.

Materials and Methods

The study was conducted at the experimental apiary 
of the Research Center of Stockbreeding and Agriculture, 

Smolyan, Bulgaria located at an altitude of 1070 m in the 
Smolyan valley. The experiment included local honey bees 
Apis mellifera L., settled in the Langstroth-Rut system. For 
the feeding of the bee colonies is used a natural product IM-
MUNOSTART HERB based on herbal extracts. It contains 
natural flavonoids, polyphenols, polysaccharides, mucus 
substances, amino acids, essential oils, vitamins, minerals 
and vitamin C. This is a Bulgarian product produced by Ex-
tractpharma Ltd.

The spring feeding of the bee colonies was conducted 
during the period 11.04. – 10.06.2019. The experiment in-
volved one control and one experimental group. Each group 
contained 5 bee colonies. All bee colonies were equal in re-
gards to the amount of bees (strength), brood and food sup-
plies.

The feeding of the bee colonies in the spring was car-
ried out as follows: the experimental group was fed with 
IMMUNOSTART HERB at a dose of 10 ml in 100 ml sug-
ar solution (sugar/water 1:1) 4 times at intervals of 7 days. 
The solution was sprayed on the bees and honeycombs; the 
control group received only sugar solution (sugar/water 1:1) 
without additives.

All bee colonies received a total of 5 L sugar solution 
during the experimental period, at intervals of 2 – 3 days. A 
total of 6 measurements were done in every 12 days with a 
measuring frame and size of the squares are 5×5 cm.

The following parameters characterizing the develop-
ment of the bee colonies were determined: 

1) Amount of bees (strength of the bee colony) in kg – 
approximately in the number of frames 

2) Amount of sealed worker bee brood (number of cells) 
– a measuring frame with the size of the squares 5×5 cm is 
used. In 1 cm2 there are 4 worker cells in the honeycomb. 
There are 100 worker cells in the area of 25 cm2.

3) Quantity of bee pollen in the beehives (cm2).

At the end of the experiment, 46 bees (age 5 – 10 days) 
were taken from each bee colony. The fresh weight of the bee 
heads was measured with an analytical balance (BEL Engi-
neering). The degree of development of the hypopharyngeal 
glands was determined on the same worker bees from each 
bee colony. The hypopharyngeal glands were found with a 
shallow cut in the head. They were removed and placed on 
a glass slide. Both lobes of the hypopharyngeal glands were 
evaluated with a binocular loupe LAB-20, OPTIKA – Italy. 
The degree of development of hypopharyngeal glands was 
established using the 4-point Hess scale (Maurizio, 1954).

Bee hemolymph were collected from young non-flying 
worker bees. The hemolymph was obtained by suction with 
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a pasteur pipette at the border between the 2nd and 3rd ab-
dominal tergites. Total protein content was determined by 
the Biuret method. The hemolymph samples were stored at 
-20°C until the analysis.

The data was expressed as mean ± standard deviation and 
analyzed by one-way analysis of variance (ANOVA). Sig-
nificant differences were considered at P < 0.05 by Student’s 
t-test. The correlation coefficient (r) was calculated with 
SPSS software version 23 for Windows. Significant differ-
ences were considered at P < 0.05.

Results and Discussion

At the beginning of the study (11.04.2019), the bee colo-
nies from the experimental and control groups are identical 
in strength (amount of bees in beehive) (Figure 1). There is 
a gradual increase in the amount of bees for all bee colo-
nies, which is a normal process in their spring development. 
The data showed that until 05.05.2019 the strength of the 
bee colonies was almost equal. After this date, the amount 
of bees was increased in the experimental group fed with 
IMMUNOSTART HERB. Statistically significant differenc-
es were found in the strength of the bee colonies from the 
experimental group in the last three measurements – 17.05. 
(P < 0.05), 29.05. (P < 0.001), 10.06. (P < 0.001). At the end 
of the spring study (about 10 days before the main pasture 
from meadow vegetation), bee colonies fed with supplemen-
tal forage for bees IMMUNOSTART HERB had about 1 kg 
more bees than the control group. This means that experi-
mental colonies had about 10000 more young worker bees 
and will be able to participate actively in the main pasture. 
Stimulating effect on the bee colonies after spring feeding 
was observed by Zhelyazkova et al. (2008; 2010). The au-
thors studied the Bulgarian product “Apisaniran”. It contains 

essential oils of wormwood, Artemisia absinthium and pine 
needles. The combination of these extracts has stimulating 
effect on the bee colonies. When the bee pollen is insuffi-
cient in the spring, “Apisaniran” can replace it and stimulate 
the bee colonies.

During the spring testing, a clear positive effect was ob-
served for the amount of the sealed brood in the experimen-
tal group received IMMUNOSTART HERB (Figure 2).

Significantly highest values (P < 0.001) for the amount of 
sealed worker bee brood in the bee colonies fed with IMMU-
NOSTART HERB have been established for the last three 
measurements. Our results are in agreement with these of 
Andi & Ahmadi (2014). They found a significant higher val-
ue (P < 0.05) for the brood area when the bee colonies are fed 
with vitamin C. In addition, the authors observed a signifi-
cant increase in the bee weight and protein content in the ex-
perimental group fed with vitamin C. Furthermore, Pătruică 
et al. (2011) found significantly higher values (P < 0.01) for 
the amount of sealed worker bee brood in the experimental 
group bee colonies which received shrub and savory extracts 
in the sugar syrup. In earlier studies, the results of Hristakov 
(2012) and Hristakov et al. (2013) showed that stimulating 
feeding with the addition of Tribulus terrestris L. at a dose 
of 10 mg per 1 kg of bees had a statistically positive effect 
on the strength of the bee colonies and the amount of sealed 
worker brood. Мoreover, Zhelyazkova et al. (2009) stud-
ied the stimulating effects of the products “Green TM“ and 
„Ecophil-P“ on the indicators that characterize the develop-
ment of bee colonies – the strength and the amount of brood. 
In this regard, the feeding of the bee colonies with products, 
which stimulate their development is appropriate. These Fig. 1. Strength of the bee colony (amount of bees) in kg

Fig. 2. Amount of sealed worker bee brood 
 (number of cells)
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bees could be involved in the collection of nectar and pollen, 
as well as in the construction of wax combs. Regarding the 
use of immunomodulators in beekeeping practice Gurgulova 
et al. (2001) administered the product „Interstim“ at doses of 
0.1, 0.5 and 1% to the sugar syrup. The authors found an in-
creased amount of brood and productivity of the bee queens.

The results for the amount of pollen collected by the bee 
colonies are presented in Figure 3. As can be seen the bee 
colonies receiving IMMUNOSTART HERB as a supplement 
have higher amount of bee pollen in the beehives.

The effect of the product IMMUNOSTART HERB on 
the bee colonies was also studied to the fresh head weight 
and the degree of development of the hypopharyngeal glands 
of worker bees. The results of the one-way ANOVA showed 
a significant effect (P < 0.001) of the use of IMMUNOS-
TART HERB on the fresh head weight (Table 1, Figure 4).

The results for the degree of development of the hypo-
pharyngeal glands of worker bees are shown in Figure 5. The 
bee colonies fed with IMMUNOSTART HERB have a high-
er degree of development of hypopharyngeal glands than the 
control group fed with sugar syrup only.

Significant differences in the development of hypopha-
ryngeal glands after feeding of the bee colonies with protein 
sources such as beebread, pollen and other protein substi-

Fig. 3. Quantity of bee pollen in the bee colonies, cm2

Fig. 4. Mean values and standard deviations  
of the bee head weight, g

Table 1. The effect of the use of IMMUNOSTART HERB 
on the fresh head weight of the worker bees (n = 92)
Source of Variation df MS F
Between Groups 1 0.00003 15.659***
Within Groups 90 0.000002
Total 91

Fig. 5. Degree of development of the worker bees  
hypopharyngeal glands (in Hess scale) A),  

4-degree of worker bees hypopharyngeal glands B)

A)

B)
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tutes have been investigated by Al-Ghamdi et al. (2011), 
DeGrandi-Hoffman et al. (2010). Shumkova (2016) estab-
lished maximum values for the development of the hypo-
pharyngeal glands for bees receiving plant-based stimulating 
product „Apidas“. The results obtained are similar to those 
of the present study. In an earlier study, Zahra & Talal (2008) 
found that vitamin C at a dose of 250 mg/1.5 L sugar syrup 
had a positive effect on the development of hypopharyngeal 
glands and the raising of more bee brood.

The results obtained prove that the product IMMUNOS-
TART HERB has a positive effect on the development of the 
hypopharyngeal glands and increases the secretion of royal 
jelly from them. 

Positive linear correlations were also found between the 
fresh bee heads weight and the degree of development of the 
hypopharyngeal glands of bee workers from the two groups 
(Figure 6 A and B). Škerl & Gregorc (2015) also found a 

positive relationship between bee head weight and actin di-
ameter of the hypopharyngeal glands in bees (r2=0.81, P < 
0.0001). Therefore, the bee heads weights can serve as an 
indicator for the development of the hypopharyngeal glands 
in them. 

The results for the total protein content in the hemolymph 
are shown in Figure 7.

The results obtained show that the total protein content of 
the worker bee hemolymph was 47% higher in the bee colo-
nies receiving IMMUNOSTART HERB stimulating product 
compared to the control group (Figure 7). Based on the re-
sults obtained, it can be assumed that the use of the product 
IMMUNOSTART HERB may affect the immunity and the 
resistance of bee disease.

The results obtained in present study are confirmed from 
different authors. In the recent study, Kunc et al. (2019) found 
that in the summer period the total protein concentration in 
worker bee haemolymph ranges from 17 to 42 mg/ml. In the 
winter it is from 49 to 87 mg/ml. According to these authors, 
total protein concentration positively correlates with the an-
tibacterial activity of hemolymph, both in the summer and 
in the winter. In the summer the protein concentration pos-
itively correlates with vitellogenin concentration, a marker 
of lifespan in bees. Gurgulova et al. (2001) found that the 
immunomodulator “Interstim” stimulates protein synthesis 
in the worker bee haemolymph and it is a good inducer of 
lysozyme. According to the authors, this leads to an increase 
in the natural resistance of bee colonies to various diseases 
in the experiments in Bulgaria.

According to this data it can be supposed that an increase 
of the total protein in the haemolymph of worker bees receiv-

A)

B)

Fig. 6. Correlation between the weight of the bee heads 
and the degree of development of the hypopharyngeal 
glands of worker bees in the control group r2 = 0.417,  
P < 0.05 (A) and in the experimental group r2 = 0.403,  

P < 0.001 (B)

Fig. 7. Total protein content (g/L) in haemolymph  
of worker bees
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ing the product IMMUNOSTART HERB leads to increasing 
their disease resistance.

The spring feeding with IMMUNOSTART HERB affects 
the egg-laying activity of the queen bee. After one month of 
use, the amount of sealed worker bee brood increases, which 
also affects the strength of the bee colonies. The presence of 
a large number of flying bees increases the amount of pollen 
in the beehives. The higher levels of pollen in the experi-
mental group allow worker bees to use more nutritious food 
and they have higher value of the degree of development of 
the hypopharyngeal glands. The obtained results give oppor-
tunity for further studies with IMMUNOSTART HERB for 
better understanding of health status of bees, morphological 
characteristics and prevention from various diseases. IM-
MUNOSTART HERB as a natural product based on herbal 
extracts suitable for organic beekeeping.

Conclusion

Statistically significant differences were found for the 
strength of the bee colonies and the amount of sealed worker 
bee brood in the experimental group fed with IMMUNOS-
TART HERB compared to the control group.

The results of the one-factor analysis showed a signif-
icant influence (P < 0.001) on the use of the preparation 
IMMUNOSTART HERB on the fresh bee head weight. In 
addition, a higher value of the degree of development of the 
hypopharyngeal glands was found in the experimental group 
compared to the control group. A linear positive correlation 
between the two indicators was also found.

The higher values of total protein in the haemolymph in 
the experimental group were found to be indicative of the 
positive effect of the product IMMUNOSTART HERB on 
the immunity of bees. IMMUNOSTART HERB probably 
contains key molecules that are effective for the immunolog-
ical protection of the bees.

According to this study, the supplementary feeding of the 
bee colonies with IMMUNOSTART HERB is recommended 
to start about 60 days before the first main pasture in the 
region.

Acknowledgements
The authors would like to thank Ilian Getchev, VMD, 

PhD for providing the product IMMUNOSTART HERB. He 
is the author of the recipe of this product.

References

Alaux, C., Ducloz, F., Crauser, D. & Le Conte, Y. (2010). Diet effects 
on honeybee immunocompetence. Biology Letters, 6, 562-565.

Al-Ghamdi, A.A., Al-Khaibari, A.M. & Omar, M.O. (2011). 
Consumption rate of some proteinic diets affecting hypopha-
ryngeal glands development in honeybee workers. Saudi Jour-
nal of Biological Sciences, 18, 73-77. 

Andi, M. A. & Ahmadi, A. (2014). Influence of vitamin C in sugar 
syrup on brood area, colony population, body weight and pro-
tein in honey bees. International Journal of Biosciences, 4(6), 
32-36.

Basualdo, M., Barragan, S. & Antunez, K. (2014). Bee bread in-
creases honeybee haemolymph protein and promote better sur-
vival despite of causing higher Nosema ceranae abundance in 
honeybees. Environmental Microbiology Reports, 6, 396-400.

Branchiccela, B., Castelli, L., Corona, M., Díaz-Cetti, S., Inv-
ernizzi, C., Martínez de la Escalera, G., Mendoza, Y., San-
tos, E., Silva, C., Zunino, P. & Antúnez, K. (2019). Impact 
of nutritional stress on the honeybee colony health. Scientific 
Reports, 9, 1-11.

Crailsheim, K. (1990). The protein balance of the honey bee work-
er. Apidologie, 21, 417-429.

DeGrandi-Hoffman, G., Chen, Y., Huang, E. & Huang, M.H. 
(2010). The effect of diet on protein concentration, hypopha-
ryngeal gland development and virus load in worker honey bees 
(Apis mellifera L.). Journal of Insect Physiology, 56, 1184-
1191.

Di Pasquale, G., Marion, S., Le Conte, Y., Belzunces, L., De-
courtye, A., Kretzschmar, A., Suchail, S., Brunet, J.-L. & 
Alaux, C. (2013). Influence of pollen nutrition on honey bee 
health: Do pollen quality and diversity matter? PLoS One, 8, 
1-13.

Genersch, E. (2010). Honey bee pathology: Current threats to hon-
ey bees and beekeeping. Applied Microbiology and Biotechnol-
ogy, 87(1), 87-97.

Gurgulova, K., Valchovski, R., Zhelyazkova, I. & Nenchev, P. 
(2001). Effect of some stimulating substances on natural im-
munity on honey bees Apis mellifera. Zhivotnovadni Nauki, 2, 
113-115 (Bg).

Hristakov, I. (2012). Research on the stimulating effect of Tribulus 
terrestris on the oviparous activity of the queen bees. Agricul-
tural Science and Technology, 4(3), 228-233.

Hristakov, I., Zhelyazkova, I. & Hvarchilkov, V. (2013). Re-
searching the resistance of bees fattened up with additive of 
extract of Tribulus terrestris L. during wintering. Agricultural 
Science and Technology, 5 (1), 75-78.

Huang, Z. & Otis, G.W. (1989). Factors determining hypopharyn-
geal gland activity of worker honey bees (Apis mellifera L.). 
Insectes Sociaux, 36, 264-276.

Klose, S. P., Rolke, D. & Baumann, O. (2017). Morphogenesis 
of honeybee hypopharyngeal gland during pupal development. 
Frontiers in Zoology, 14(22), 1-14. 

Kunc, M., Dobeš, P., Hurychová, J., Vojtek, L., Beani Poiani, 
S., Danihlík, J., Havlík, J.,Titera, D. & Hyršl, P. (2019). The 
year of the honey bee (Apis mellifera L.) with respect to its 
physiology and immunity: A search for biochemical markers of 
longevity. Insects, 10, 1-15.

Lee, M., Choi, Y., Kim, D. & Lee, M. (2019). Age-dependent hy-
popharyngeal gland development and morphometric character-
istics in the cross-bred lineage of honeybees reared for high 



902 Rositsa Shumkova and Ralitsa Balkanska

royal jelly production. Journal of Asia-Pacific Entomology, 
22(3), 699-704. 

Maurizio, A. (1954). Pollenernarung und Lebensvorgange bei der 
Honigbiene (Apis mellifera). Landwirt Jahrbuch Schweiz, 68, 
115-182.

Negri, P., Villalobos, E., Szawarski, N., Damiani, N., Gende, 
L., Garrido, M., Maggi, M., Quintana, S., Lamattina, L. & 
Eguaras, M. (2019). Towards precision nutrition: A novel con-
cept linking phytochemicals, immune response and honey bee 
health. Insects, 10, 1-29.

Neov, B., Georgieva, A., Shumkova, R., Radoslavov, G. & Hris-
tov, P. (2019). Biotic and abiotic factors associated with colo-
nies mortalities of managed honey bee (Apis mellifera). Diver-
sity, 11(237), 1-16. doi: 10.3390/d11120237

Pătruică, S., Bănăţean-Dunea, I., Jivan, A., Jivan, A. & Stroe, 
A. (2011). Research on the influence of apiary biostimulators 
on bee families development in spring. Scientific Papers: Ani-
mal Science and Biotechnologies, 44(2), 267-270.

Ratnieks, F.L. & Carreck, N.L. (2010). Clarity on honey bee col-
lapse? Science, 327(5962), 152-153.

Shumkova, R. (2016). Comparative study on the effect of stimu-
lating products on the biological development of bee colonies. 
PhD Thesis, Institute of Animal Science, Kostinbrod, Bulgaria 
(Bg).

Škerl, M.I. & Gregorc, A. (2015). Characteristics of hypopharyn-

geal glands in honeybees (Apis mellifera carnica) from a nurse 
colony. Slovenian Veterinary Research, 52(2), 67-74.

Wu, J.Y., Anelli, C.M. & Sheppard, W.S. (2011). Sub-lethal ef-
fects of pesticide residues in brood comb on worker honey bee 
(Apis mellifera) development and longevity. PLoS One, 6(2), 
e14720.

Zahra, A. & Talal, M. (2008). Impact of pollen supplements and 
vitamins on the development of hypopharyngeal glands and 
on brood area in honey bees. Journal of Apicultural Sciences, 
52(2), 5-11.

Zhelyazkova, I., Gurgulova, K., Malinova, K. & Ali, A.S. 
(2009). Study on the stimulating effect of the herbal prepara-
tions „Green TM“ and „Ecophil-P“ on the development of the 
bee colonies. Proceedings of International Scientific Confer-
ence, 4-5. VІ. 2009, Stara Zagora, 148-153 (Bg).

Zhelyazkova, I., Gurgulova, K., Panchev, I. & Popova, V. 
(2008). Influence of “Startovit”, “Apitonus” and “Apisaniran” 
on the bee colony productivity parameters. Beekeeping – simple 
and clear. Bucharest, Romania, 11-14.IX. 2008, Book of ab-
stracts, 41-44. 

Zhelyazkova, I., Gurgulova, K., Panchev, I. & Popova, V. 
(2010). Effect of the biological stimulating product Apisaniran 
on the productive parameters of bee colonies. Apimondia First 
World Conference on Organic Beekeeping, 27-29 August 2010, 
Sunny Beach, Bulgaria, Book of abstracts, 82.

Received: March, 25, 2020; Accepted: August, 31, 2020; Published: October, 2021


