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Modern methods of preserving honey bees focus on increas-
ing their viability, feeding level and productivity development during 
different growth periods. There is a tendency to use new effective 
remedies of natural origin. Their action mechanisms differ from 
synthetic substances and drugs due to the activation of the body’s 
protective reactions at the physiological level. The probiotic Lacto­
bacillus casei IMV B-7280 has an effective stimulating effect on 
physiological processes in bees under various environmental and 
experimental conditions. The physiological effect of this probiotic 
is associated with normalizing of the intestinal bacterial microflora 
and participation in modulating body’s protective reactions. 
The resistance of honey bees also depends on mineral nutrition, 
which affects metabolic processes at the tissue, organ and system 
levels and determines the vitality and resistance of the organism. 
Mineral elements are involved in protein, lipid, carbohydrate and 
energy metabolism, they activate enzyme systems. Therefore, 
the aim of the research was to determine the effect of the pro-
biotic L. сasei B-7280 in combination with different doses of Ge 
nanotechnological citrate (NTC) on the lipid composition and perox-
idation products content in bees’ tissues. Bees of the control group 
were fed 60% sugar syrup (SS) in the amount of 1 cm3/group/day. 
The bees of the first experimental group (R1) were fed 1 cm3 of 
SS, 0.1 μg of Ge NTC and a solution of probiotic L. casei B-7280 
(106 cells/cm3); the second experimental group (R2) received 
0.2 μg of Ge citrate and probiotic L. casei B-7280 (106 cells/cm3). 
The feeding duration was 34 days. It was established that feeding 
sugar syrup, L. сasei and different doses of Ge citrate increased 
the content of phospholipids, mono- and diacylglycerols in the R2 
group, cholesterol esterification in the R1 group, and decreased 
free cholesterol, non-esterified fatty acids compared to the K group 
and P period. The results indicate a dose-dependent effect of Ge 
NTC on lipid metabolism in body tissue homogenates. There was 
an increase in the triacylglycerols level in the lipids in all groups 
during the experimental period. The biological effect of nano-
technological Ge citrate and L. сasei cause a decrease of lipid 
peroxidation processes in bees of the experimental groups.

Key words: bees, Ge citrate, probiotic, lipids, peroxida-
tion products
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Introduction

In addition to beekeeping products, the honeybee 
(Apis mellifera) plays an essential role in preserving bio-
diversity, ecosystem stability, and agricultural production 
by pollinating entomophilous plants, which increases 
its yield. In recent decades, the honeybee population’s 
significant losses have threatened the ecosystem and 
the country’s food security. Under these conditions, 
researchers and beekeepers pay special attention to 
factors that worsen the body’s resistance, the func-
tional state of its systems, and the productivity of bees. 
Therefore, the scientific support of modern beekeeping 
is aimed at obtaining safe ecological products, develop-
ing means and methods for stimulating reproduction, 
increasing the resistance of bees to various pathogens, 
and protecting them from adverse environmental condi-
tions [21]. It has been shown that the influence of abiotic, 
biotic origin, and anthropogenic activity disrupts physio-
logical processes in the body of A. mellifera, suppressing 
the antioxidant and immune systems, which leads to 
the death of entire colonies [1, 19, 29]. 

Therefore, today, an extremely urgent task is to find 
new means and BARs for activating the protective sys-
tems of the honeybee and to find out the mechanisms of 
their beneficial effects. The honeybee’s defense respons-
es include cellular and humoral responses that combine 
interconnected systems, including antibacterial peptides, 
hemagglutinins, phenoloxidase, and antioxidant systems 
(AOS). Under normal conditions, there is a balance be-
tween the generation of reactive oxygen species (ROS) 
and antioxidant processes. Oxidative stress occurs when 
the dynamic balance between the formation of ROS ex-
ceeds the ability of antioxidant protection to remove the 
toxic substances formed. Many studies have linked oxi-
dative stress to stressors affecting honeybee health and 
colony productivity. Low temperature, high flight activity, 
pathogenic microorganisms in hives, and pesticides used 
to control pests on various crops disrupt the oxidative 
homeostasis of honeybees [25, 27].

Deterioration of the forage base or its sudden change 
is one factor that negatively affects the health of bees 
and the development of colonies and can cause their 
death [14, 33]. A deficiency of feed or a slight violation 
of the component composition can weaken the AOS, 
detoxification, and immune systems of bees, resulting 
in their body becoming more vulnerable to chemical plant 
protection drugs and diseases of various etiologies.

These factors contribute to the excessive generation 
of ROS in the body of bees, which leads to the develop-
ment of oxidative stress [17]. Reactive oxygen species 
can react with polyunsaturated fatty acids of lipid mem-
branes and induce lipid peroxidation (LPO), affecting cell 
membranes’ physiological function. The final product 
of these reactions is malondialdehyde (MDA), a marker of 
LPO and, as a result, the oxidative stress. Therefore, 
there is a trend of active study of new effective means 
of natural origin to fight diseases and improve honey 

bees’ health, which helps to avoid many side effects. 
It has been proven that the mechanisms of their ac-
tion differ from synthetic substances and drugs due to 
the activation of the body’s protective reactions at the 
physiological level [9, 11, 32].

Research on the physiological justification of the use 
of probiotics, the antibacterial and antifungal properties 
of which are due to high antagonistic activity against 
a wide range of pathogenic and conditionally pathogenic 
microorganisms, and the possibility of their synergistic 
combination with microelements, deserve special atten-
tion in the system of prevention of bee diseases [21, 24].

It is known that a well-balanced structure of the intes-
tinal bacterial microflora of honey bees is the basis for 
their physiological growth, development, reproduction, 
strengthening of the immune response, and resistance 
to the action of pathogens [4, 21]. 

The probiotic Lactobacillus casei IMV B-7280 is char-
acterized by an excellent therapeutic effect in various 
experimental infectious-inflammatory models [8, 23, 24]. 
The physiological effect of this probiotic is associated with 
the normalization of the intestinal bacterial microflora and 
participation in the modulation of inflammatory reactions. 
In the gastrointestinal tract, probiotics exert both a direct 
effect on pathogenic and conditionally pathogenic micro-
organisms and an indirect effect by activating specific and 
nonspecific protective systems of the body [8, 21].

It is known that the vital activity of the organism of 
honey bees also depends on mineral nutrition, which af-
fects metabolic processes at the level of tissues, organs, 
and systems and affects the vitality and resistance of 
the organism [7, 22]. They participate in protein, lipid, 
carbohydrate, and mineral metabolism, activate enzyme 
systems, etc. Literary data indicate the possibility of using 
biotic trace elements produced by nanotechnology 
as highly active compounds in animal husbandry and 
veterinary medicine [3, 7, 20].

Adding some elements to bee feed, as metabolic 
stimulators of organic and inorganic origin, introduced in 
different doses, affects the correction of physiological and 
biochemical processes and increases their productivity 
and resistance [11, 20, 36]. Such mineral components 
include Co, Ge, Se, Cr, Ni, and others. The results of 
previous studies of the Institute of Animal Biology NAAS 
using citrates of certain microelements and probiotics 
[21, 31] provide a theoretical basis for developing new 
nano- and biotechnological means and drugs to increase 
the resistance and reproduction of bees. The effect 
of various amounts of mineral and organic compounds 
obtained based on nanotechnological citrates on the 
metabolic processes of the bees’ bodies was clarified. 
Several works were published based on the research 
results [7, 9, 19, 20]. It has been established that adding 
nanocarboxylates of biotic elements is more effective than 
their mineral salts in bee feeding [21]. However, the bio-
logical effect of the newly synthesized nanotechnological 
mineral element Ge in combination with probiotic prepara-
tions of the L. сasei B-7280 class has not been studied.
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In connection with the purpose mentioned above of 
the research, we determined the effect of the probiotic 
drug Lastobasillus сasei IMV B-7280 in combination with 
different doses of germanium citrate on the lipid compo-
sition and the content of lipid peroxidation products in 
the bees body.

Materials and Methods

Conducting the research
The research was conducted on the Carpathian 

breed honey bees, selected from the laboratory apiary 
of the Institute of Animal Biology NAAS. The research 
used the lyophilized probiotic strain Lactobacillus casei 
IMV B-7280, which was isolated in the department of 
problems of interferon and immunomodulators from the 
associated culture of biological material and deposited 
in the Ukrainian Collection of Microorganisms of the 
Zabolotny Institute of Microbiology and Virology NAS of 
Ukraine. The research was carried out under the condi-
tions of a laboratory thermostat on three bee colonies, 
similar in weight, colony strength, and queen age. From 
this, 50–60 bees were selected and formed into three 
groups. Bees of the control and experimental groups 
were kept in cages-containers with a volume of 4 dm3 in 
similar conditions of a TC-80M-3 laboratory thermostat 
with microventilation at a temperature of 30° C and hu-
midity of 74–76% during the study.

Bees of the control (C) group were fed 60% sugar 
syrup (SS) in 1 cm3/group/day. Experimental 1 group 
of bees (R1) in addition to 1 cm3 of sugar syrup re-
ceived 0.1 μg of Ge in the form of nanotechnological 
citrate (NTC) [18] and a solution of the probiotic L. casei 
B-7280 at a concentration of 106 cells/cm3; experimental 
group 2 of bees (R2) additionally received 0.2 μg of Ge 
in the form of citrate and the probiotic L. casei B-7280 
at a concentration of 106 cells/cm3.

The duration of drinking SS, Ge citrate, and probiotic 
is 34 days. In the preparatory period (P), as well as on 
the 34th day of the experimental period, live bees were 
selected from the control and experimental groups for 
physiological and biochemical studies to determine the 
content of total lipids and the ratio of their classes and 
products of lipid peroxidation in tissue homogenates 
of the entire organism.

Obtaining total lipids
Homogenized tissue (1 g) was extracted with 20 cm3 

of a mixture of chloroform-methanol in a ratio of 2 : 1 (v/v) 
according to the Folch method [13]. A solution of 4 cm3 
of an aqueous solution of 0.74% KCl was added to each 
sample of lipid extract. After 24 h, the upper phase con-
taining hydrophobic peptides was removed with a water 
pump, and the lower phase containing lipids was filtered 
(deashed filter, blue ribbon). Lipid extracts were evap-
orated to dryness, weighed on an analytical balance, 
and calculated in mg/g.

Separation of lipids into classes
Separation of lipids into classes was carried out by the 

method of thin-layer chromatography on silica gel (silica 
gel L 5/40μ, LSL 5/40μ, Chemapol, Czech Republic), the 
mobile phase was hexane-diethyl ether-glacial acetic acid 
in a ratio of 70 : 30 : 1 (v/v/v). Lipid classes were shown 
in crystalline iodine vapors. Rf values identified lipids. 
Quantitative analysis and calculation of the content of 
individual classes of lipids were performed by computer 
processing of phorograms using TotalLab TL120 soft-
ware (Nonlinear Dynamics Limited, UK) and expressed 
as a percentage of the total amount. 

Determination of lipid peroxidation products
To prepare a homogenate of tissues of the entire body 

of honey bees of the control and experimental groups, 
they were ground and formed into three parallel samples. 
A group of bees weighing 0.5 g was homogenized with 
physiological saline in a ratio of 1 : 5 using a homogeniz-
er (Homogenizer Type 302, Poland) on ice. The samples 
were centrifuged at 3000 g for 5 minutes. The supernatant 
was used to measure the content of lipid peroxidation prod-
ucts further [35] in bee tissues on the 34th day of SS, 
Ge citrate, and probiotic use.

Determination of TBA reactive substances (MDA)
The basis of the method is the reaction between MDA 

and thiobarbituric acid (TBA), which at high temperatures 
and in an acidic environment forms a trimethine complex 
containing one MDA molecule and two TBA molecules. 
5 cm3 of 20% phosphotungstic acid was added to 0.5 cm3 
of the prepared homogenate. The tubes were closed, 
mixed, and left in the cold for 15 min, then centrifuged at 
t 4 C for 15 min at 2500 rpm. The supernatant liquid was 
drained, and 2 cm3 of H2O and 1 cm3 of 0.8% TBA were 
added to the precipitate, mixed, covered, and incubated for 
1 h in a heated bath at 100°C, then cooled in running water 
and centrifuged for 10 min at 6000 rpm. In the centrifuge, 
the optical density was measured on a spectrophotometer 
at 535 and 580 nm to prevent the absorption of stained 
complexes by TBA substances of non-lipid origin.

Determination of lipid hydroperoxide content
The precipitation of proteins determines lipid hydro

peroxides’ content in biological material with a solution of 
trichloroacetic acid and extraction of lipids with ethanol, 
followed by the interaction of the studied extracts with 
ammonium thiocyanate. 2.8 cm3 of ethanol and 0.05 cm3 
of a 50% TChA solution were added to 0.2 cm3 of the 
homogenate. The test tube was closed and shaken for 
5–6 min. The resulting protein precipitate was isolated by 
centrifugation for 10 min at 3000 rpm. 1.5 cm3 of the etha-
nol extract was taken and brought up to 2.7 cm3 with eth-
anol, shaken, and 0.02 cm3 of conc. HCl and 0.03 cm3 of 
a 1% solution of Mohr’s salt in a 3% solution of HCl. It was 
shaken, and after 30 s, 0.2 cm3 of 20% ammonium thiocy-
anate was added. The optical density was measured for 
10 min after adding ammonium thiocyanate on a spectro-
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Table. Fractional composition of total lipids  
in bee body, % (M±SE, n=5)

Lipid classes
Groups

P K R1 R2

Phospholipids 24.12± 
±0.74

24.34± 
±0.38

28.17± 
±0.51*#

28.24± 
±0.57*#

Mono- and 
triacylglycerols 

16.84± 
±0,74

15.76± 
±0.49

15.45± 
±0.61

19.69± 
±1.01*##

Free cholesterol 16.44± 
±0.27

16.64± 
±0.50

11.77± 
±0.62*#

11.55± 
±0.43***###

Non-esterified 
fatty acids 

16.14± 
±0.60

14.56± 
±0.57

11.33± 
±0.38*#

11.27± 
±0.82*#

Triacylglycerols 13.98± 
±0.31

16.46± 
±0.53

14.33± 
±0.37#

15.89± 
±0.37*

Esterified 
cholesterol

12.49± 
±0.86

12.24± 
±0.57

18.95± 
±0.55*#

13.36± 
±0.87

Note. In the table and the fig. 1: * — Р<0.05, ** — Р<0.01, *** — Р<0.001: 
significant differences between the preparatory and experimental 
periods by groups. # — Р<0.05, ## — Р<0.01, ### — Р<0.001: 
significant differences between control and experimental groups.

Fig. 1. Content of total lipids in homogenates of bee body tissues

photometer at a wavelength 480 nm. The control sample 
was placed as a test sample, but 0.2 cm3 of bidistilled 
water was taken instead of the homogenate.

No vertebrate animals were used in the experiments.

Statistical analysis
All obtained digital data were processed using the Sta­

tistica computer program using the method of variational 
statistics and the Excel program from the Microsoft Office 
2007 and 2010 service packages. Differences between 
groups were considered statistically significant at P<0.05.

Results and Discussion

The analysis of the obtained research results indi-
cates that the content of total lipids and the relative ra-
tio of lipid classes in homogenates of body tissues of 
bees of the experimental groups changed compared 
to both the control group and the preparatory period 
(fig. 1, table). 

An increase in the content of total lipids in the R1 and 
R2 groups was found, respectively, by 11.14% (P<0.05) 
and 7.65% (P<0.05) compared to the preparatory peri-
od (fig. 1). A significant increase in total lipids may indi-
cate the stimulating effect of applied doses of Ge citrate 
and L. casei B-7280 on their exchange and synthesis 
in the tissues of honey bees. However, the absence 
of potential differences in the content of total lipids may 
indicate a minor effect of Ge in the form of citrate and 
the pH of the probiotic L. casei B-7280 on the synthesis 
and deposition of lipids in the body of bees.

It has been proven that the central mass of lipids in the 
body of bees comes from the alimentary canal and is de-
posited in the fat body. The chemical composition of these 
reserve fats depends on both the feed’s composition and 
the body’s physiological state [6]. 

Our research revealed changes in the ratio of lip-
id classes in bees’ body tissues. In particular, such 
changes concern phospholipids, mono- and diacylglyc-
erol (MDAG), free cholesterol, non-esterified fatty acids 
(NEFA), triacylglycerol, and esterified cholesterol (table).  
Phospholipids make up 24–28% of the total amount of 
lipids and predominate in the bees’ body tissues in the 
control and experimental groups. In bees’ body tissues 
homogenates of R1 and R2 groups, an increase in the 
phospholipids relative content compared to bees of the 
preparatory period and the control group was estab-
lished by 16.79% and 17.08% (P<0.05) and 15.73% 
and 16.02% (P<0.05), respectively.

This class of lipids may be more synthesized in the 
body of bees under the action of NTC Ge and L. ca­
sei to enhance the functions of lipid membranes. It is 
known that the fatty acid composition of phospholipids 
of cell membranes is the main factor affecting the inten-
sity of the transition of fatty acid nutritional components, 
through their active and passive transport, into bee tis-
sues. In turn, the functioning of their nervous, immune, 

and reproductive systems and the oxidation process 
depends on the content of phospholipids and their fatty 
acid composition in bee tissues.

It should be noted that membrane phospholipids 
are necessary to stabilize the aggregation and confor-
mation of individual components in enzymatic protein 
complexes and create a hydrophobic environment to 
form a continuous structure with all the properties in-
herent to them [16].

An increase in the MDAG fraction in the R2 group 
by 16.92% (P<0.05) concerning the preparatory period 
and by 24.94% (P<0.01) in the control group was also 
established. It is known that the lipid transport system is 
a feature of fat metabolism in bees. The main feed lipids 
in the body of bees are transformed into diacylglycerols, 
performing, like glucose, the function of energy supply. 
Therefore, the increase in the level of MDA in the tissues 
of the body of bees of the R2 group may indicate a more 
intensive energy supply of their tissues due to the addi-
tion of 0.2 μg of Ge in the form of citrate and the pH pro-
biotic L. casei B-7280 at a concentration of 106 cell/cm3  
to the sugar syrup.
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The content of free cholesterol decreased in bees 
of R1 and R2 groups by 28.41% (P<0.05) and 29.74% 
(P<0.001) concerning the preparatory period and by 
29.27% (P<0.05) and 30.59% (P<0.001) relative to the 
control group. The supply of Ge citrate in the body of 
bees contributes to the reduction of free cholesterol by 
increasing its use in metabolic reactions. Perhaps cho-
lesterol is used to synthesize vitellogenin in the choles-
terol-hydroxyecdysone-Vg pathway in trophocytes and 
enocytes of worker bees [12, 26].

A decrease in the content of NEFA in bees of R1 and R2 
groups was established by 29.80% and 30.17% (P<0.05) 
concerning the preparatory period and by 22.18% and 
22.60% (P<0.05) relative to the control group. The ob-
tained data on the content of non-esterified fatty acids in 
the lipids of the tissues of bees of the experimental groups 
indicate the activation of lipolysis processes in the body 
of bees of these groups since a significant decrease in 
the relative content of non-esterified fatty acids, as pre-
cursors of lipid synthesis, was established compared 
to the control. It is known that lipolysis is physiologically 
reduced to maintaining the homeostatic concentrations of 
individual lipid components necessary for aerobic cellular 
respiration and the formation of PUFA to compensate 
for the energy needs of tissues in bees [31].

The content of esterified cholesterol increased only in 
R1 group by 51.72% (P<0.05) during the preparatory pe-
riod and by 54.82% (P<0.05) following the control group. 
The increase in the content of cholesterol ethers in the 
tissues of bees in the first research group may indicate 
a higher antilipolytic activity of enzymes that regulate the 
process of its esterification under the action of SS and 
0.1 μg of Ge citrate and the pH of the probiotic L. casei 
B-7280 at a concentration of 106 cell/cm3 and no such 
effect at a higher dose of Ge citrate.

An increase in the content of triacylglycerols in the R2 
group by 15.89% (P<0.05) concerning the preparatory 
period and a decrease by 12.94% (P<0.05) compared 
to the control group was established. This indicates the 
optimizing effect of complex feeding of bees with SS and 
a dose of 0.2 μg of Ge citrate and pH probiotic L. casei 

B-7280 at a 106 cell/cm3 concentration and the absence 
of such an effect with a Ge citrate lower dose. 

It is known that active forms of oxygen are formed due 
to aerobic respiration and oxidation of substrates. In body 
cells exposed to various stresses, the production of reac-
tive oxygen species increases, which directly affect en-
zymes and damage cells [34]. At the same time, an anal-
ysis of the literature shows that Germanium promotes the 
removal of toxins from the body and neutralizes the neg-
ative impact of environmental factors, has a wide range 
of biological effects, which confirm our results [10], and 
prevents aging and cell death. This element is essential 
in forming the body’s resistance and can restore and 
prevent many diseases [10].

Malondialdehyde is one of the end products of the per-
oxidation of polyunsaturated fatty acids in cells. An increase 
in the content of free radicals causes excessive production 
of MDA. The malondialdehyde level is a marker of oxi-
dative stress and the body’s antioxidant status [30].

Excessive activation of LPO processes with reduced 
activity of the body’s antioxidant system can lead to 
significant pathological changes, primarily accompa-
nied by damage to subcellular and cellular membranes. 
LPO products cause disruption of not only lipid bonds 
in biomembranes and their protein component — due 
to binding with amine groups, which leads to disruption 
of protein-lipid interaction. Free radical oxidation of lipids 
causes changes in fiber elasticity and initiates fibroplastic 
processes and collagen aging [2, 15].

As a result of the conducted studies, it was estab-
lished that in the homogenates of bee body tissues, 
the concentration of lipid hydroperoxides in the R2 ex-
perimental group decreased by 16.67% (P<0.05) and 
TBARS by 41.85% (P<0.001) compared to the control 
group (fig. 2, 3).

These results indicate the antioxidant effect of Ge ci-
trate in the body of bees in the applied doses, which was 
accompanied by a decrease in the content of TBARS 
(MDA) and lipid hydroperoxides in homogenates of bee 
body tissues of all experimental groups, which is consis-
tent with the data of other authors [5, 9, 28].

Fig. 2. Content of TBARS in homogenates of bee body tissues Fig. 3. Content of lipid hydroperoxides in homogenates of bee body tissues
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Conclusions 

Supplementation of bees with NTC Ge at a dose of 
0.1 and 0.2 μg/ml sugar syrup and 106 cell/cm3 sugar 
syrup of L. casei was characterized by differences 
in the distribution of individual classes of lipids in 
homogenates of body tissues with a higher relative 
content of phospholipids, mono- and diacylglycerols 
(only in R2 group), of esterified cholesterol (R1), but 
a decrease in free cholesterol, NEFA compared to the 
control group and the experimental period, which in-
dicates a dose-dependent effect of NTC Ge on lipid 
metabolism. An increase in the level of triacylglycerols 
in the lipids of bee tissues of all groups during the ex-
perimental period was noted.

The biological effect of nanotechnological Ge citrate 
and L. casei led to a decrease in the lipid peroxidation 
processes (lipid hydroperoxides, TBARS) in the body 
tissues of the bees of the experimental groups com-
pared to the control group under the action of a higher 
dose of Ge citrate.
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Застосування сучасних засобів збереження медоносних бджіл спрямоване на підвищення їх життєздатності, рівня живлення 
та продуктивності у різні періоди розвитку. Відзначено тенденцію до використання нових ефективних засобів натурального 
походження, механізми дії яких відрізняються від синтетичних речовин і препаратів за рахунок активації захисних реакцій організму 
на фізіологічному рівні. Пробіотик Lactobacillus casei IMV B-7280 має ефективну стимулювальну дію на фізіологічні процеси за різних 
екологічних та експериментальних умов життєдіяльності бджіл. Фізіологічний вплив цього пробіотика пов’язаний з нормалізацією 
кишкової бактеріальної мікрофлори та участю в модуляції захисних реакцій організму. Опірність медоносних бджіл також залежить 
від мінерального живлення, що впливає на обмінні процеси на рівні тканин, органів і систем та визначає життєздатність і резис-
тентність організму. Мінеральні елементи беруть участь у білковому, ліпідному, вуглеводному та енергетичному обмінах, активують 
ферментні системи. Тому метою досліджень було визначення впливу пробіотичного препарату класу L. сasei B-7280 у поєднанні 
з різними дозами нанотехнологічного цитрату (НТЦ) Ge на ліпідний склад та вміст продуктів перекисного окиснення у тканинах 
організму бджіл. Бджоли контрольної групи отримували підгодівлю з 60% цукрового сиропу (ЦС) в кількості 1 мл/групу/добу. Перша 
дослідна група (E1) бджіл додатково до 1 мл цукрового сиропу отримувала 0,1 мкг Ge у вигляді нанотехнологічного цитрату та роз-
чин пробіотика L. casei В-7280 у концентрації 106 КУО/мл; друга дослідна (E2) — 0,2 мкг Ge у вигляді цитрату та пробіотик L. casei 
В-7280 у концентрації 106 КУО/мл. Тривалість випоювання цукрового сиропу, Ge цитрату та пробіотика — 34 дні. Встановлено, що 
підгодівля бджіл цукровим сиропом, L. сasei 106 КУО/мл та різними дозами Ge цитрату характеризувалась вищим відносним вмістом 
фосфоліпідів, моно- і диацилгліцеролів в E2 групі та етерифікованого холестеролу — в E1, але зниженням вільного холестеролу, 
неетерифікованих жирних кислот стосовно контрольної групи і дослідного періоду. Ці результати вказують на дозозалежний вплив 
нанотехнологічного цитрату Ge на обмін ліпідів в гомогенатах тканин організму. Відзначено підвищення рівня триацилгліцеролів у лі-
підах тканин бджіл всіх груп у дослідний період. Біологічний вплив нанотехнологічного цитрату Ge і L. сasei зумовлював у тканинах 
організму бджіл дослідних груп зниження рівня процесів пероксидації ліпідів за дії вищої дози цитрату Ge.
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