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Nutrition and Physiology

Stimulating feeding and development of hypopharyngeal and thoracic glands of honeybees
(Apis mellifera L.)
R. Shumkova1, I. Zhelyazkova2*
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Department of Animal Science, Faculty of Agriculture, Trakia University, 6000 Stara Zagora, Bulgaria

2

Abstract. The effect of some stimulating products on the development of the hypopharyngeal (HPhG) and the thoracic glands (ThG) of worker bees was
studied. The investigation was conducted in the spring period of 2012 at the Experimental apiary of the Experimental Station of Stockbreeding and Agriculture
(ESSA) in Smolyan, Bulgaria. Products 'Vita Feed Gold (VFG)', 'Apidas', 'Oligofosi' and 'Anolyte-7' were used for stimulating feeding of bee colonies. Five
groups, each of five bee colonies were formed. Samples from bees for investigation of HPhG and ThG were taken after finishing the feeding. The state of glands
was determined in non-flying 5-10-day worker bees (30 from each colony). The 4-point scale of Hess (in rates, Maurizio, 1954) is used for establishing the
degree of development of hypopharyngeal glands. The diameter of 10 glandular blebs of HPhG of each bee is additionally measured. Height and diameter of 10
glandular tubes are measured and their volume is calculated for determining the degree of development of the thoracic glands of each bee. Binocular loupe
MBS-1 with ocular micrometer is used for measurement. It is established that with the highest degree of development are HPhG of worker bees (3.90±0.06
rates and 0.102±0.0017 mm diameter of glandular blebs), receiving with their food 'VFG' – respectively, 1.06 and 1.27 times more than bees from the control
group. From the studied stimulating products, the preparation 'Apidas' (includes plant extracts) is also with well expressed positive effect on the development of
HPhG of bees. The obtained values of the studied parameter in bees receiving 'Anolyte-7' (electrochemically activated water solution) and those of the control
group are commensurable. Positive influence of preparations 'Apidas' and 'VFG' on the volume of the measured glandular tubes from the thoracic glands of
worker bees is determined. The reported values for volume of glandular tubes in bees receiving with their food the indicated stimulating preparations (0.005 and
0.004 mm3) are 2.0 – 2.5 higher than the studied parameter in bees from the control group (0.002 mm3) and those fed with 'Anolyte-7' (0.002 mm3) and 'Oligofosi'
(0.001 mm3).

Keywords: honey bees, hypopharyngeal glands, thoracic glands, stimulating feeding
Abbreviations: HPhG – hypopharyngeal glands, ThG – thoracic glands, ESSA – Experimental Station of Stockbreeding and Agriculture, VFG – 'Vita Feed
Gold'

Introduction
Ordinary honey bee belongs to insects with highly specialized
feeding. The composition of bee food includes carbohydrates,
protein, fat, water, mineral salts, vitamins, etc. Bees get these
nutrients from honey, pollen and water. Bees collect, transmit and
prepare their food supplies by using the nectar and pollen from the
flowers of plants. Pollen is extremely important for the life of bees
and the whole family. After the corresponding processing, the pollen
is used to build the organism of the growing larvae, as building
material for the cells and tissues of bees, to produce wax, royal jelly,
etc. Bees consume the most pollen when they rear the brood in
spring and autumn. Adult bees fill with it the reserves of protein and
fat in their organism in autumn. These supplies provide their normal
wintering and have great importance for the rearing of the first brood
in late winter.
For the normal development of bee colonies permanent
presence of pollen in the bee nests is necessary. In this regard, there
are numerous studies for the application of protein products (as
pollen substitutes) during the early spring period of the development
of bee colonies and at the end of the beekeeping season before

winterizing them. In our country, the influence of some protein foods
(curds, egg yolk, brewer and bakery yeast, milk casein, dried
skimmed milk) in feeding of bee colonies has been studied (Radoev,
1962; Mladenov, 1988; Zhelyazkova, 1999).
Hypopharyngeal glands (HPhG) of worker bees are directly
influenced by feeding and can be taken as a criterion for evaluating
the nutritive value of the applied food. The degree of development of
these glands is used in many investigations to determine the value of
pollen and other protein containing substances (De Drooth, 1953;
Maurizio, 1954; Perelson, 1961; Mohamed A Attallah et al., 1996;
Zhelyazkova, 1999; Zheljazkova, 2000; Jeliazkova, 2001;
Zheljazkova and Nenchev, 2000; Malone et al., 2004; Pohorecka,
2004). The thoracic gland (ThG) of bees consists of elongated
glandular cells in the form of tubes (cylinders) collected in cluster.
The channel opens in a saliva reservoir of the lower lip. The secret of
the thoracic gland contains digestive enzymes. It is developed in all
three forms of bees. In beekeeping literature no data are available
for the influence of the type and quality of food on the degree of
development of the thoracic glands of bees.
The aim of the present study was to determine the effect of
some stimulating products in feeding bee colonies on the degree of
development of HPhG and ThG of worker bees (Apis mellifera L.).

* e-mail: izhel@uni-sz.bg
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Material and methods
The study was conducted in the spring of 2012 at the
Experimental apiary of the Experimental Station of Stockbreeding
and Agriculture (ESSA) in Smolyan, Bulgaria (altitude 1070 m). Bee
colonies of the local honeybee Apis mellifera L., settled in hives
system Langstrot-Rut were used. The spring stimulating feeding of
bee colonies was carried out during the period from 04.04. to 04.06.
2012. The samples of bees for determining the degree of
development of the hypopharyngeal and thoracic glands were taken
after finishing the feeding (17.06.2012).
The following products were used for feeding bee colonies: 'Vita
Feed Gold' (VFG), 'Apidas', 'Oligofosi' and “Anolyte-7'. VFG is liquid
concentrated food for bees, made from natural extracts of beet and
molasses in distilled water. Its purpose is to stimulate the growth and
development of bee colonies. It has scientifically proven effect to
reduce the number of spores of Nosema apis. It has marked positive
effect in the treatment of diarrhea. It can be used at any time of the
year but the best effect is achieved if it is applied in the spring or
autumn on weakened colonies. 'Apidas' is a Georgian preparation
based on plant extracts. It is dark liquid with unpleasant odour. It is
easily assimilated by bees with sugar syrup 1:1. 'Oligofosi' is a
Georgian preparation based on amino-acids. It is dark liquid with
unpleasant odour. It is easily assimilated by bees with sugar syrup
1:1. 'Anolyte-7' is colourless liquid with specific odour of oxidants. It
is characterized by the following parameters: pH 2 ÷ 7, oxidationreduction potential (ORP) in the range of +800 mV to +1200 mV,
concentration of oxidants (Cox) 0.05 g.kgˉ¹ ÷ 0.5 g.kgˉ¹. The active
substances in the anolyte are metastable mixture of chlorineoxygenous and peroxide compounds, which in the period of its
relaxation change their relative concentrations. After this period the
anolyte returns to its original state – low-mineralized aqueous
solution. Of particular importance is the fact that against the
produced anolyte there is no developed resistance on part of
pathogenic microorganisms. It is assumed that it is possible to build
such resistance as the anolytes are with constantly changing
dynamic composition, limited in the input raw materials.
Five groups of bee colonies were involved in the study – one
control and four experimental equalized in number of bees
(strength), brood and food supplies. The feeding of bee colonies was
carried out by the following scheme:
Control group – feeding with sugar solution (1:1), no
supplements;
Experimental group – feeding with supplement of VFG at a
dose of 10 ml.lˉ¹ sugar solution (1:1);
Experimental group – feeding with supplement of 'Apidas' in a
single dose of 5 ml to 500 ml of sugar solution;
Experimental group – feeding with supplement of 'Oligofosi' in a
single dose of 5 ml to 500 ml of sugar solution;
Experimental group – feeding with 'Anolyte-7'. Solution is
prepared of glucose and anolyte – 1:1.
For each bee colony a total of 5 l of sugar solution was provided
fed to the feeders of the hives in 500 ml at intervals of 2 – 3 days.
Development of the HPhG was determined in worker bees at
age 5 – 10 days – 30 bees from each bee colony. The HPhG were
found with shallow cut in the head (with razor blade). They are
removed and placed on glass slide on a drop of distilled water. Due to
the fact that between the right and left side of the gland there are
slight differences in the degree of development, both lobes of the
gland are evaluated. The degree of development of HPhG is
established by the method of Maurizio (1954) using the 4-point scale
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of Hess (in rates) as follows:
· Stage of development 1 – Main and lateral channels clearly
visible, glandular blebs undeveloped, uneven, often outlining knots,
transparent;
· Stage of development 2 – Main and lateral channels visible,
glandular blebs unevenly rounded, with clearly visible interspaces,
transparent;
· Stage of development 3 – Main channel clearly visible,
lateral channels almost entirely covered by strongly filled glandular
blebs. The glandular blebs more or less transparent, with small
clearances or interspaces;
· Stage of development 4 – Main and lateral channels
entirely covered, there are no spaces between glandular blebs (not
visible). Glandular blebs maximum developed, milky-white or
yellowish, fit for functioning.
From the HPhG of each bee, the diameter of 10 glandular blebs
(total 300 blebs per bee colony) is measured with the aid of binocular
loupe MBS-1 with ocular micrometer (zoom 2), and corresponding
converting of the reported divisions in millimeters (multiplication by
coefficient 0.05).
ThG of bees is located in front of the thorax and consists of
elongated glandular cells in the form of tubes collected in cluster.
The development of ThG was determined in 30 worker bees at the
age of 5 – 10 days from each bee colony. For determining the degree
of development of the thoracic glands of each bee, height and
diameter of 10 glandular tubes (cylinders) are measured. As there
are two variables (height and diameter), the volume of the tubes is
calculated as volume of the cylinder according to the formula:
V = π. r2 . h
where V is volume of glandular tubes, π is 3.14, r is radius of
glandular tubes and h is height of glandular tubes.
For measurement is used binocular loupe MBS-1 with ocular
micrometer (zoom 2), and corresponding converting of the reported
divisions in millimeters (multiplication by coefficient 0.05). The
obtained results were statistically processed using the commonly
accepted methods of software MS Office Excel.

Results and discussion
Degree of development of the hypopharyngeal glands of worker
bees
The results for degree of development of HPhG (in rates
according to the scale of Hess) of worker bees from the apiary at
ESSA in Smolyan are shown in Figure 1. With high degree of
development of HPhG are bees fed with VFG (3.9±0.03 rates) and
with 'Apidas' (3.78±0.04 rates). The reported difference in the
indicated values is slightly significant. The determined degree of
development of the HPhG of the worker bees from these two groups
of bee colonies is, respectively, 1.06 and 1.03 times higher than
HPhG of bees from the control group. Worker bees, fed with
'Oligofosi' have the lowest average value of the parameter degree of
development of the HPhG (3.36±0.05 rates), which is 1.1 times less
than the glands of bees from the control group and 1.16 times than
the bees stimulated with VFG.
The obtained results allow us to comment on the well expressed
stimulating effect of the preparations VFG and 'Apidas' on the
degree of development of HPhG of worker bees. Lower and
commensurable values of the studied parameter are established in
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Figure 1. Degree of development of the hypopharyngeal
glands of worker bees (rates)
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bees from the control group and the group receiving 'Anolyte-7' with
its food. Based on the data inessential stimulating effect of 'Anolyte7' on the degree of development of HPhG of worker bees can be
commented. The obtained results in the study do not show
stimulating effect of the preparation 'Oligofosi' on the development of
HPhG of worker bees. Minimum value is reported in the indicated
group of bee colonies in comparison with the other groups, included
in the investigation.
To prove the stimulating effect of the applied preparations in the
study, the diameter of the glandular blebs is measured. For this
purpose in each bee in which the degree of development of HPhG is
determined by the scale of Hess in rates, 10 glandular blebs are
measured. The obtained results are presented in Figure 2. By the
parameter diameter of glandular blebs the maximum value is
established in samples of bees fed with VFG (0.102 mm), and the
minimum is in bees fed with 'Oligofosi' (0.070 mm). The difference in
the determined values by the studied parameter between the two
groups is significant (Р ≤ 0.001). The determined average values
for diameter of the blebs of HPhG in bees fed with VFG are 1.27
times higher than the glandular blebs of bees from the control group
and 1.47 times higher than the group fed with 'Oligofosi'.
Commensurable statistically insignificant values for the diameter of
glandular blebs are reported in worker bees from the control group
and the group receiving 'Anolyte-7' with its food (Figure 2).

0.084 mm
0.075 mm 0.070 mm

Control

Anolyte-7

Apidas
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feed gold
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Figure 2. Diameter of the glandular blebs of the
hypopharyngeal glands of worker bees (mm)

Based on the data it can be concluded that the preparation VFG
is with the best positive effect on both controlled parameters (degree
of development of HPhG according to the scale of Hess and
diameter of glandular blebs). The obtained results in the
investigation of the stimulating effect of the studied preparations on
the development of HPhG of worker bees allow to indicate the
following descending order: 'Vita Feed Gold' → 'Apidas' → 'Anolyte7' → 'Oligofosi'.
The results of the present study confirm the fact established by
a number of authors that the HPhG of worker bees are affected by
the type, quantity and quality of the food entering the bee nests
(Maurizio, 1954; Zhelyazkova, 1999; Zheljazkova, 2000; Jeliazkova,
2001; Zheljazkova and Nenchev, 2000; Malone et al., 2004;
Pohorecka, 2004). Therefore, the degree of development of these
glands can be taken as a criterion for evaluating the value of the used
nutritional supplements when feeding the bee colony.
Degree of development of the thoracic glands of worker bees
The data for the measurements of the ThG are shown in Figures
3 and 4. The highest average values of the parameters height,
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Figure 3. Measurements of glandular tubes of thoracic
glands of worker bees (mm)
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Figure 4. Volume of glandular tubes of thoracic
glands of worker bees (mm³)
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diameter and volume of the glandular tubes of the ThG are
established in bees fed with the stimulating preparation 'Apidas'.
Values similar to the maximum are determined in worker bees
receiving with their food VFG (Figures 3 and 4). The volume of
glandular tubes in samples of bees receiving 'Apidas' and VFG is,
respectively, 3.4 times and 2.55 times higher than the volume from
the control group. The glandular tubes of the ThG in worker bees
from colonies fed with 'Oligofosi' are with 1.07 times less volume in
comparison with the ThG of bees from the control group. The studied
parameters (height, diameter and volume of glandular tubes) for
bees from the control group and bees receiving the preparations
'Anolyte-7' and 'Oligofosi' with their food are with commensurable
values (Figures 3 and 4).
The obtained results in the investigation of the stimulating effect
of the studied preparations on the development of the ThG of worker
bees allow to indicate the following descending order: 'Apidas' →
'Vita Feed Gold'→ 'Anolyte-7' → 'Control group' → 'Oligofosi'. Like
the study regarding the degree of development of the HPhG of
worker bees, no stimulating effect of the preparation 'Oligofosi' is
established in the ThG.
The data analysis shows that the development of the ThG of
worker bees is affected by the type of food. In this regard, it can be
assumed that the parameters determining the degree of
development of ThG (height, diameter and volume of glandular
tubes), are suitable as a criterion for assessment of the nutritional
value of the used nutritional supplements in feeding the bee
colonies.

Conclusions
Well expressed stimulating effect of the preparations VFG and
'Apidas' on the degree of development of the HPhG and ThG of
worker bees is established.
The obtained results in the investigation of the stimulating effect
of the studied preparations allow to indicate the following
descending order: for the development of HPhG of worker bees 'Vita
Feed Gold' → 'Apidas' → 'Anolyte-7' → 'Oligofosi'; for the
development of the ThG 'Apidas' → 'Vita Feed Gold'→ 'Anolyte-7'
→ 'Oligofosi'.
Commensurable values are established regarding the
parameters characterizing the degree of development of the HPhG
(development in rates according to Hess and diameter of glandular
blebs) and ThG (height, diameter and volume of glandular tubes) in
bees from the control group and bees receiving the preparation
'Anolyte-7' with their food. No stimulating effect of the preparation
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'Oligofosi' on the development of the HPhG and ThG of worker bees
is determined.
The results of the present study give reason the degree of
development of the HPhG and ThG of worker bees to be assumed as
a criterion for evaluating the nutritive value of the used nutritional
supplements when feeding the bee colonies.
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