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The research aims to study the influence of food protein on the development of
hypopharyngeal glands, fat body and life expectancy of honeybees. The zootechnical
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(the setting of the scientific research, the feeding of the bee families, the power of the bee families, productivity),
ethological (orientation in the bee-entrance area), micrometrical (physiological and morphological characteristics
of the parts of the bee’s body), microscopic (analysis of hypopharyngeal glands and fat body of bees) and statistical
(biometric data processing) methods were used in the study.The significant difference in their degree of development
depending on the carbohydrate or protein feeding was identified. After feeding sugar syrup to bees, signs of protein
malnutrition and the state of development of hypopharyngeal glands corresponding to the I-1l degrees were noted.
Alveoli of hypopharyngeal glands were reduced, and underdeveloped, with marked spaces, whereas after feeding
protein food in the form of sugar syrup with bee pollen the bees had well-developed hypopharyngeal glands. The
alveoli of the hypopharyngeal glands of the researched bees filled out, grew milky, with no space between them,
and were able to produce larval food. Such a state of the glands’ development corresponds to the IV degree of the
development of hypopharyngeal glands. The research results indicate that the development of the fat body of bees
happens at a young age when bees consume protein food the most. It has been proven that protein feeding of
the bee colonies of experimental groups contributed to the better development of hypopharyngeal glands in both
old and young bees, which resulted in better provision of food for larvae and more active development of the bee
colonies. Protein feeding of bees in early spring under conditions of limited supply of protein food contributes to
the production of larger larvae, which in turn contributes to the production of more complete bees

Keywords: Ukrainian steppe bee; protein feeding; bee larvae; the power of the bee colony; hypopharyngeal glands;
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INTRODUCTION

The creation of optimal conditions for the life of bee
colonies requires various types of food for feeding.
The search for the most effective food resources and
their impact on bee productivity remains relevant.
R. Brodschneider et al. (2019) and K. Khamid (2021)
proved that increasing the number of bees in the col-
ony in spring is of exceptional importance in preparing
it for pollination of crops, using productive honey col-
lections, as well as in autumn for increasing the num-
ber of young bees, which will have to overwinter and
raise several generations of bees’ next spring.

The life activity of the honeybee colony, particularly
rearing of brood, successful overwintering, disease re-
sistance, flight-collecting and pollinating activity de-
pends to a large extent on the food stocks in the nest
and the flow of the protein food - bee pollen. K. Ulutas
& A.Ozkirim (2018),S.Ahmad et al. (2021),and M. Carroll
et al. (2021) proved that for normal life activity, each
bee colony needs a balanced diet, which should include
a complex of proteins, fats, and carbohydrates, as well
as mineral compounds and water. Honeybees use car-
bohydrates and lipids to replenish energy reserves and
protein compounds - for growth and development; and
minerals, vitamins and water are inseparable compo-
nents of metabolic processes.

R. Pudasaini et al. (2020), M. Lee et al. (2019), and
V. Corby-Harris et al. (2019) dealt with questions of de-
pendence of the development and functional activity of
hypopharyngeal glands on the age of bees and the avail-
ability of the protein food in the nest. There is a direct
link between feeding, physiological state, and life expec-
tancy of honeybees whereas the stocks of food are im-
portant (Lan et al, 2021). The use of protein food has an
impact on physiological development and contributes
to the continuation of life of young bees. A statistically

valid correlation between the life expectancy of bees
and their physiological state, particularly close between
the degree of development of the fat body and life
expectancy, is present. M. Thakur & V. Nanda (2020), Li
et al. (2019), and U. Toprak et al. (2020) noted that the
presence of a sufficient amount of protein compounds
increases the lifespan of worker bees, has a positive ef-
fect on the development of young bees and brood.

The study of lipid metabolism has received much
attention for many years (Feregrino-perez et al.,, 2018;
Chen, 2018). The fat body develops quickly among the
bees that take part in feeding the larvae, it is highly
developed among larvae and also old queen bees. It
is the most developed in the body of bee larva where
its proportion corresponds up to 60% of the mass of
the larvae. The research data (De Souza et al, 2019;
Almasri et al.,, 2020; Frizzera et al., 2020) indicates that
although in the adult bee, the fat body occupies a rel-
atively small part, this organ plays an important role
in the physiological state of bees. The fat cells of sum-
mer and winter generations of bees are distinct in their
structure. G. Galvani et al. (2019), M. Kunc et al. (2019),
and A. Strachecka et al. (2021) have proven that in sum-
mer the fat cells form a thin and almost clear layer and
among winter bees they create a thick yellow-white
cover where cells, apart from fat droplets, also contain
protein bodies. The main biochemical processes take
place in the fat body as well as stockpiling of nitroge-
nous substances in the autumn period that define the
life expectancy and safekeeping of bees during over-
wintering. The degree of development of the fat body
is a reliable physiological indicator of the state of bees
and their resistance. The metabolism in the body of
bees is closely linked to the state of the fat body as one
of the important vital organs of bees.
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The studies on the impact of the protein feed on the
development of bee colonies and their physiological
state play an important part both in the conservation
of honeybees and the increase in their productivity and
are relevant for the beekeeping of Ukraine. The research
aims to study the influence of the protein feed on the de-
velopment of the hypopharyngeal glands, fat body and
life expectancy of bees during the period of the low level
of flow of bee pollen into the nest of the bee colony.

MATERIALS AND METHODS

This study is a part of the fundamental study and was
conducted according to the plan of research work on
the topic: “To study mechanisms and characteristics
of the production of the bee wax and royal jelly by
Ukrainian steppe breed and Carpathian breed of bees”
(the number of the state registration 011U6001455)
during 2016-2020.

The study was conducted on the experimental api-
ary of the National Scientific Centre “Institute of Bee-
keeping named after P.I. Prokopovych” on the standard
bee colonies of the Ukrainian steppe breed (Apis mellif-
era sossimai). The bee colonies met the standard of the
Ukrainian steppe breed, as confirmed by the results of
the exterior evaluation.

The entire bee colonies as well as separate individ-
ually marked bees of the Ukrainian steppe bees were
the objects of research. The caring for the experimental
bee colonies was equal and conducted using a generally
accepted method (Brovarskyi et al., 2017). The research
was conducted under the provisions of the “Basic Eth-
ical Principles for the Animal Experiments”, adopted at
the First National Bioethics Congress (Reznikov, 2003)
and “European Convention for the Protection of Verte-
brate Animals used for Experimental and other Scien-
tific Purposes” (1986).

The following groups of the bee colonies were
formed: | group (control) - the bees of this group received
feeding in the form of sugar syrup in the ratio 1:1 both in
larval stage and after birth; Il group - bees in larval stage
received protein feeding (sugar syrup in the ratio 1:1 with
addition of 15% bee pollen that was soaked in water for
6 hours), and after birth went on sugar syrup nutrition;

[l group - bees is larval stage received sugar syrup and
after birth went on protein nutrition; IV group - bees re-
ceived protein feeding both in larval stage and after birth.

Physiological characteristics were determined ac-
cording to the degree of development of the fat body
(on the Maurizio scale) and brood food (HP) glands (on
the Hess scale) determined by 4 levels of their devel-
opment. Fifty bees aged one day were placed in labora-
tory holding cages and were kept on the grid above the
nest of the strong colony. Food and water were changed
every two days. The holding cages were examined every
day with an accounting of dead bees. To study the devel-
opment of brood food (HP) glands, 10 bees from each
holding cage were taken on the 10th, 20th, and 30th
days. Hypopharyngeal glands were dissected and ex-
amined under a digital microscope and photographed
afterwards. The studies were conducted with repeata-
bility of two measurements. The mass of the newly born
bees was determined on the torsion scale VT 500.

The amount of bee bread and sealed brood was de-
termined with the help of a frame grid with the size of
quadrants 5x5 c¢m. For the convenience of accounting
for bee bread (given that it doesn’t always occupy big
solid areas) the frame grid was additionally divided into
smaller quadrants 2.5x2.5 cm. Biometric data process-
ing was conducted on a PC with the help of MS Excel
software using built-in statistical functions.

RESULTS AND DISCUSSION

According to the results of the biometrical analysis of
the level of development of hypopharyngeal glands of
the bees from the research group colonies prevailed per
degree of development of these glands over the bees of
the control group on average by 0.86 points (P>0.01).
Among young bees that were born in spring, the vari-
ance by the degree of development of hypopharyngeal
glands was by 0.92 points more in the research group
with probability P>0.01 (Table 1).

After examining the microscope of dissected hy-
popharyngeal glands of bees, authors identified the
significant difference in the level of their development
depending on feeding with carbohydrate or protein
food (Fig. 1)

Table 1. Physiological development of bees in research and control colonies

Old bees

Young bees

The level of development of

The level of development of

Rates hypopharyngeal glands, points  hypopharyngeal glands, points Live body weight of bees, mg
Research Control Research Control Research Control
n 100 100 100 100 80 80
Lim 2-5 1-4 2-4 1-4 78-116 70-100
XEm 3.4%0.10 2.6%0.15 3.1£0.14 2.1+0.13 93.2+1.12 90.8+1.10
Cv, % 21.4 39.95 26.88 36.35 9.55 9.42
P <0/01 <0.01 >0.05

Source: compiled by the authors

Scientific Horizons, 2023, Vol. 26, No. 9




Control group Studied group

Figure 1. Hypopharyngeal glands of bees of control
and research group

The figure above shows that among the bees of
a control group that received sugar syrup, there are
signs of protein deficiency and the level of the devel-
opment of hypopharyngeal glands meets the criteria
of degree I-1l. The Alveoli of hypopharyngeal glands
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are underdeveloped, with significant gaps and they re-
mained clear throughout the whole research.

Quite a different situation was observed among
bees of a research group that were fed with the protein
mix in the form of sugar syrup with bee pollen both in
the larval stage and after birth. They have sufficiently
well-developed hypopharyngeal glands. The Alveoli
of the hypopharyngeal glands of the researched bees
became rounded and cloudy, no gaps were observed
between the alveoli, and they had a milky white col-
our and were able to excrete brood food. Such a state
of glands meets the criteria of IVth degree of develop-
ment of hypopharyngeal glands of bees with sufficient
stocks of protein feed in the nest. The fat body covers
the internal organs and body walls of bees and contains
fat, glycogen, and protein. In spring those substances
flow into the brood food (HP) glands and are spent on
producing the food for larvae. The data of research on
the development of the fat body is provided in Table 2.

Table 2. The dynamics of development of the fat body of bees

Research Group

Control group Reliability of the differences, td

Bees’ age, days

Mzm % before the control Mzm
1 1.2+0.03 86 1.5+0.04 4.0
3 1.7+0.05 85 2.1+0.05 4.1
6 2.1+0.05 78 2.5+0.05 7.5
12 2.1+0.06 95 2.2%0.02 1.0
18 2.0+0.05 94 2.1+0.05 14
24 2.1+0.06 100 2.1+0.82 0.0

Source: compiled by the authors

As seen from the data in the table, the highest rate
of the development of the fat body among bees, 2.5
points,was observed at the age of 6 in the control group
where the frames filled with protein food were not re-
moved. At the same time, the degree of development of
a fat body of the 6-day-old bees in the research group
was 2.0 points. Statistical processing allowed to identify
sufficiently stable accuracy of difference (td=7.5).

Confré[group

Among the bees older than 6 days the development
of the fat body with the removal of the frames with
protein food or without there was almost no difference.
Such phenomena point to the fact that the develop-
ment of this organ takes place at a young age when
bees mostly consume protein food.

The dissected bee terga abdomen is presented in
Figure 2.

Studied group

Figure 2. Fat body of bees of research and control group

Source: compiled by the authors
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Among the bees of the control group, the fat tissue
has white rounded cells without visible inclusions, with
visible chitin and meets the criteria of the I-st degree
of development. Among the bees of the research group,
the fat tissue is multi-layered, plicate, with yellow-filled
inclusions and meets the criteria of I1l-1V degree of de-
velopment.As a result of the study, the life expectancy of

bees with protein feeding in the larval stage and after
birth turned out to be significantly higher than among
the bees of the control group that received the sugar
syrup as extra-nutrition. The life expectancy of bees ac-
counted for 47.09+1.72 days and 22.8+1.75 days in the
research and control group respectively. The difference
is statistically accurate (P<0.001), (Table 3).

Table 3. The life expectancy of bees

Groups n lim Mzm v, % P
I 100 1.0-33.0 22.80%1.75 44.1
I 100 1.0-41.0 27.67%1.61 37.2 0.001
1 100 1.0-70.0 37.00%2.65 38.4 0.001
v 100 1.0-73.0 47.09%1.72 30.5 0.001

Source: compiled by the authors

The life expectancy of bees in the second group
was significantly higher even though these bees re-
ceived sugar syrup after birth but protein food in the
larval stage. The bees of the third group had a relatively
long lifespan - 37.00+2.65 days. As for the behaviour of
bees, the bees from all groups behaved differently, the
restless behaviour was observed among the bees with
a short lifespan.

Life expectancy is a breed characteristic with sea-
sonal variation and is directly proportional to the state
of development of hypopharyngeal glands and fat body
where the reserve nutrients are stored. Therefore, the
study of the influence of alimentary factors on the life
expectancy of bees is an important rate in their breed-
ing. Studying the effect of feeding with pollen from 38
plant species on bees, M. Kunc et al. (2019) showed that
pollen prolongs the life expectancy of bees by up to
100% compared to control, and improves some indica-
tors of their physiological state. Ukrainian and foreign
science and practice have a great deal of experience in
the field of visual qualitative evaluation of the degree
of development of the fat body of honeybees.

According to L. Bortolotti et al. (2020), the fat body
is an important metabolic organ and is decisive in the
quality and activity of the course of physiological and
biochemical processes in the body of honeybees. That is
why the degree of fat body development is the main in-
dicator of the biological state of the body of honeybees
and affects their lifespan.

R. Balkanska et al. (2018) and B. Moumeh et al.
(2020) proved that a sufficient amount of protein com-
pounds increases the lifespan of worker bees, and has a
positive effect on the development of young bees and
brood. Scientific research dedicated to studies of the
life of separate specimens and bee colonies as a whole
demonstrates that during the overwintering with fa-
vourable conditions, the biological lifespan of bees is
directly related to the presence of the reserve nutrients
in their body. Meanwhile, what matters the most is the

Scientific Horizons, 2023, Vol. 26, No. 9

degree of development of the fat body that also deter-
mines the ability of bees to rear the brood intensely in
early spring. That is why in spring they consume a large
amount of protein food to provide the physiological de-
velopment of the biological mode of the overwintering
process and prepare the young spring generation to re-
place them.

F. Azzouz-Olden et al. (2018), I. Kumari & R. Kumar
(2019) it has been proven that meeting the nutritional
needs for protein compounds is critically important for
the general condition of the bee colony, especially dur-
ing the period of active development. The main area of
accumulation of the reserve nutrients is the fat body of
the bee. In its granules, the fatty-protein compounds
appear where the reserve nutrients (proteins, fats, and
carbohydrates) are stored and later used in the process
of overwintering the bee colony. The fat body feeding
only carbohydrate food remains relatively thin, with a
limited amount of nutrients. With protein feeding it de-
velops as multi-layered and contains large amounts of
protein, fat,and glycogen. The fat body of bees serves as
an area where extra amino acids are preserved which
are accumulated in the active period and used under
protein deficiency. In that regard, it can be concluded
that the fat body is one of the most important elements
in the process of metabolism and has an influence on
the activity of all physiological processes. That is why
the degree of the development of the fat body is one
of the most important characteristics that defines the
biological state of the body of a bee and its life expec-
tancy. It is experimentally proven that the protein food
in the form of a mixture of sugar syrup with bee pollen
has a positive influence on the life expectancy of bees.

Thus, this research proved that protein feeding of
bee colonies of the research groups contributed to the
better development of hypopharyngeal glands both
among old and young bees. This in turn contributed to
the better release of brood food for larvae and more
active development of the research group of colonies.




CONCLUSIONS

According to the conducted research, it was established
that protein feeding of bees in early spring under the
conditions of a limited supply of protein food contrib-
utes to the obtaining of larger larvae, which in turn con-
tributes to the production of more complete bees.

During the study of the influence of protein food
on the development of hypopharyngeal glands and fat
body, when comparing the physiological state of bees,
it was established that the hypopharyngeal glands and
fat body of bees that consumed pure candy, that is, had
only protein supplements, and where a deficiency of
protein food was observed, had the lowest degree of
development. In addition, it has been confirmed that

Mishchenko et al.

lifespan of bees with protein feeding in laboratory
conditions was more than two times longer than the
lifespan of bees with protein starvation. The rational
feeding of bees is a decisive factor in their productivity.
Meeting nutritional needs for proteins is an important
condition for the general state of the bee colony, espe-
cially during the period of active development.

The studies of the influence of various factors includ-
ingfood,state ofthe colony,pesticides,and honeybeeraces
that affect the physiology of bees are essential for the
further investigation of the development and function-
ality of the hypopharyngeal glands and fat body of bees.

the development of the fat body occurs at a young age ACKNOWLEDGEMENTS
when bees consume protein food. None.
The results of the study show that the average
lifespan of bees with protein feeding in the larval stage CONFLICT OF INTEREST
and after birth was significantly longer. The average  None.
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AHoTauifa. JocnigxeHHs aHaToMo-di3ionoriyHnx ocobnusocTei 64Kin (CTaH XMpOBOro Tina, MiArNOTKOBMX 3aN103)
y 3B¥3KY 3i 3MiHaMM NPUPOAHO-KNIMATUYHUX YMOB (CKNag, FPYHTY, TPMBaANi NOCYXM, 3aTSXKHI AOLLi, MOXONOAAHHS,
€KOJIOriYHi KaTakniamu), 36iAHEHHAM KOPMOBOI 6a3uM BN Yepe3 3MeHLLIEHHS NOCiBHUX MO, MELLOHOCHUX KYNbTYp,
WO NPU3BOAMTL OO BUKOPUCTaHHS Bakonamu NiaroAdisni, € akTyanbHWM. MeTol AOCNIAKEHHS € BUBYEHHS BMNIMBY
KOPMOBOrO MpOTeiHy Ha PO3BMTOK MiAMIOTKOBMX 3303, XMPOBOrO TiNa Ta TPUBANICTb XUTTS MeLOHOCHMX 64xin.
Y pob6oTi BMKOPWUCTOBYBANM 300TEXHIYHI (MOCTAHOBKA HAYKOBWMX [OCNIAXKEHb, FOAIBAS OOXOAMHUX CiMel, cuna
6KONMHUX CiMeW, NPOAYKTUBHICTb), €TONONIYHI (OpiEHTYBAHHS B 30Hi 6a)onocimeit), MikpoMeTpuuHi (disionoro-
Mop®dOnoriYyHa XapakTepUCTMKA YacTUH Tina 64XK0nu), MIKpOCKONiYHI (@Hani3 NiArMOTKOBMX 3203 i XXMPOBOTO
Tina 64in) Ta ctaTMcTMYHi (biomMeTpuuHa 06pobKa AaHMX) MeToaM AO0CHiMKEeHHS. BusBneHo AOCTOBiIpHY pi3HULIO
B CTyMeHi iX po3BWUTKY 3aNeXHO Bif BYrneBoAHOi 4M 6inkoBoi rogisni. Micng 3ropoByBaHHs 64)01aM LYKPOBOIo
cMpony BiAMiYanun 03HaKM BINKOBOI HEAOCTAaTHOCTI Ta CTaH PO3BUTKY rinodapuHreansHMx 3ano03, wo signosigac |-
CTyneHto. AnbBeonu NiArMoTKOBMX 3an03 OynM 3MeHLUEHI, HEAOPO3BUHEHI, 3 MOMITHUMM NPOMIXKXKAMU, TOAI K nicns
3rof0BYBaHHS HiNKOBOro KOPMy y BUMMAAI LLYKPOBOIO CMPOMY 3 BAXKONMHUM NMUAKOM B4)Konm Manu Aobpe po3BUHEHI
NiArNoTKOBI 3an03u. ANbBEOM MiATMOTKOBMX 3103 LOCAIAXKYBAHMX OIKIN HANOBHMAMUCS, CTaAM MONOYHUMM, 6e3
NPOMIXKIB MiXX HUMU, | ByNKn 30aTHI BUPOBASTU MIMYMHKOBMI KOPM. TakWi CTaH po3BMTKY 33103 Bianosigae IV ctyneHo
pO3BUTKY MiAMMOTKOBMX 3a103. Pe3ynbTati gocnifxeHb CBifYaThb, WO PO3BUTOK XXMPOBOIO Tina 6axin BigbyBaeTbcs
B MOJOAOMY Billi, Konu 64onn Hanbinblwe cnoxusakoTb GinkoBoro kopmy. [loBeaeHo, wo 6inkoea niaroaisns
6x0Nn0CciMen foCNiAHMUX Tpyn CNpusaia KpawoMy po3BUTKY NiAMMOTKOBMX 33103 SK Y CTapux, Tak i y Monoaux 64xin,
O MpM3BENO L0 Kpaworo 3abesnevyeHHs NMYMHOK KOPMOM i Bifbll aKTUBHOMO po3BUTKY Baxonocimen. binkosa
niAroAiBns 64Xin paHHbOK BECHOK B yMOBaxX 0OMexeHoi Mpono3uLii 6ifIkoBoro KopMy CNpuse OTPUMaHHLO BinbLimx
JIMYMHOK, LU0, B CBOKO Yepry, CNpUSE OTPUMAHHIO BinbLl NOBHOLLIHHMX BN

KniouoBi cnoBa: ykpaiHcbka cTenoBa 64)kona; 6inkosa nigrofiBns; IMUMHKM 64Kin; cuna 64KoNnHOI CiM’i; NigrnoTkosi
3aN103M1; aNbBEOAM NiAMNOTKOBMX 3a/103; XMPOBeE TiNo
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