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tolerability, urated fatty acids. Recent studies have shown that oleogels can successfully replace saturated fats in various foods such as cakes,
hematological biscuits, meat products, chocolate and ice cream. We have developed a hybrid gel in which oleogel is made up from the composi-
parameters, tion of hydrogel and oleogel in a ratio of 5:95. The hydrogel is obtained from a 2% solution of sodium alginate in combination
biochemical with oleogel made from grape seed oil and beeswax in a concentration of 20 %. The safety assessment of the food hybrid gel was
parameters, carried out on laboratory animals (linear Wistar rats). The animals were split into three groups to conduct the research. The rats of
linear Wistar rats the first group got per oral injection with the gel being researched at a dose of 1 g of hybrid gel / kg of rat weight, the second group

received three-fold increased dose — 3 g of hybrid gel / kg of rat weight for 30 days, the third control group was fed with a stan-
dard diet. Based on the results obtained, the safety and tolerability of oral administration of an edible hybrid gel based on oleogel
made up from beeswax in Wistar rats was defined. The prospects for creating edible hybrid gels with oleogel from beeswax seem
promising, as they solve current dietary and health issues while providing functional and sensory benefits in food formulations.
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K/IIOYEBBIE C/IOBA: AHHOTALIU A
oneozenb, 2Uudpo2ey, HeraTtuBHbIe OCTEACTBYS /ST 30,0POBBSI, TaK1e KaK CepAeuHO-COCyAUCTbIe 3a60meBanysl, [1abeT ¥ OKMpeHue, B TOM Uyciie

2ubpudHbLil 2e/b, CBsI3aHHBIE C Ype3MepPHBIM NOTpe6IeHyieM TPOSYKTOB C BBICOKVIM COZlepyKaHyeM HachIIeHHBIX JKMPOB, IIPM3bIBAIOT NNIIEBYI0
6e3onacHocmo, MPOMBIIUIEHHOCTb Pa3pabaThIBaTh HOBbIE TEXHOMIOTMY 3aMEeHUTeIeli TBePIbIX KMPOB, 60raThIX HEHACHIIIEHHBIMM KMPHBIMU
nepeHocuMocme, kucnoramu. HemaBHue mccnenoBanmst OKasaltu, YTO OJeoreay MOTYT YCIelTHO 3aMeHSTh HacbllleHHble KUPbl B Pas3iny-
zemamoJiozuueckue HBIX MUIIEBBIX ITPOAYKTAX, TAKMX KaK TOPTbI, TI€UeHbe, MSICHbIE U3e/Ns, IIOKOa] 1 MopokeHoe. Hamu paspaboTtaH crocob
noxasamen, MIPOU3BOZACTBA IMOPUIHOIO Tefisl U3 CMeCH I'MIPOTeNis U OJeorelisl B COOTHOLIeHMN 5:95, cooTBeTCTBeHHO. [Maporenb npex-
Guoxumuueckue cTaBisieT co60ii 2 %-blit pacTBOP ajabruHaTa HaTpust. Oyeoresb GbIT M3TOTOBJIEH M3 Mac/ia BUHOTPAJHbBIX KOCTOUEK U TTUEIT-
nokasamenu, HOTro BOocKa B KOHUeHTpauyy 20 %. OneHKy 6e30MacHOCTY IMUIEBOro TMOPUIHOTO Telisl OCYIIeCTB/SUIM Ha J1a60paTOPHbIX

Kpolcol uHuu Wistar — skuBOTHBIX (KpbIChl imHyy Wistar). [IJist TpoBeqeHnst MCCIeq0Banmii ObII0 chOPMIUPOBAHO TPU IPYIIIbI KUBOTHBIX. Kpbicam
TIepBOIi IPYIIbI OPaJbHO BBOAVIIM UCC/IEAYEMbIii TeJb B 03€ 1 T TMOPUIHOTO TeJisl/KI MacChl KPbIChI, BTOPOi B TPEXKPATHO
YBEJIMUEHHOII 03€ — 3 T TMOPUIHOTO r'esisi/KI MacChl KPBIChI B TeueHue 30 THei, TpeThs rpyIia KOHTPOIbHAs — CoepsKanach
Ha CTaHAAPTHOM paiyoHe. Ha OCHOBaHMY MOTyYEHHBIX Pe3y/IbTaTOB ObljIa yCTAaHOBIEHA 6e30T1aCHOCTb M IIePeHOCUMOCTbD I1e-
POpaIbHOTO MPUMEHEHMSI CheJOOHOTO TMOPUIHOTO refisi Ha OCHOBE OJIe0TeIs U3 IMUETMHOTO BOCKA Ha KpbIcax auHuu Wistar.
IlepcriekTMBbI CO3MIaHMsI ChelOOHBIX TMOPUIHBIX Tejieil ¢ o/ieoresieM M3 IMYETMHOTO BOCKA MPEICTaB/SIOTCSI MHOroo0era-
IOLIVIMM, TIOCKOJIbKY OHM PEelIaloT TeKyIIue MUeTUYecKue MpobieMbl U MpobieMbl CO 30POBbeM, 06ecrieunBasi Ipyu 3TOM
(yHKIMOHATBHBIE Y CEHCOPHBIE MPEeMMYILECTBa B PeleNTypax MUIIeBbIX ITPOLYKTOB.
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1. Introduction

Restrictions imposed at the legislative level on application of trans
and saturated fats [1,2], the growing concern of the scientific community
and the food consumers about the negative impact of such types of fats
on their health [3,4] urge the food industry to develop new technologies
that contribute to the reformulation and modification of fat-containing
food products composition. A wide range of well-studied fatty acids en-
sures that fat-based structuring is fairly versatile. Careful selection of
the triglyceride composition in combination with proper processing will
make it possible to create fat-containing food systems with a various
range of hardness and melting points [5]. The production of food oleogels
(oleogelation) is currently one of the safest technological methods to re-
duce the content or completely replace saturated and trans fats in food
products [6,7]. In addition, the regulation of properties by adjusting the
composition and combinations of gel systems by various combinations
of hydrogels and oleogels leads to the formation of so-called hybrid gels
(or bigels) with both hydrophilic and lipophilic properties [8,9].

Edible oleogels and hybrid gels are developed in many methods and
are used in the food industry in the production of various food prod-
ucts: spreads [10-13], pastry [14,15] and confectionery products [16,17],
cheese [18,19] and meat products [20-24]. As a result of the research, the
developers have obtained acceptable reformulated food products with
similar technological and rheological properties as the traditional food
products or even food products with improved technical functionality. By
their nature, oleogels are a variety of soft materials, that range from vis-
coelastic liquid to solid matter, consisting of an organic liquid (vegetable
oil) and a gelling component, an organogelator capable of producing the
formation of an ordered supramolecular structure and structuring of
vegetable oil [25]. In most cases, low molecular weight amphiphilic mol-
ecules are responsible for gelation [26], which provide thermoregulative
properties to the gel [27,28]. However, some biomacromolecules attract
special attention, such as natural waxes, gums and biopolymers with gell-
ing properties in oily media, [29,30].

Currently, recommendations for an optimal fatty acid intake profile
often focus on limiting saturated fat intake to less than 10 % of the caloric
content, thus maintaining trans fatty acid intake at the lowest possible
level, and replacing saturated fats with the foods rich in mono- and poly-
unsaturated fatty acids [1]. However, this is a definite challenge for the
food industry, since saturated fats, unlike unsaturated liquid oils, feature
a solid consistency and provide the appropriate texture and stability to
the finished food. Their exclusion may lead to a decrease in the consumer
properties of the food products [6]. The solution to this problem can be
found in oleogels and hybrid gels, which are healthy substitutes for solid
fats obtained by converting liquid unsaturated oil into an elastic solid
product with the help of organogelators and without changing the chem-
ical characteristics of the liquid oil [7,9].

As can be seen, the process of obtaining and applying the various
forms of oleogels and hybrid gels has been well studied in recent decades
by the foreign scientists and domestic researchers at the scientific school
of A. A. Kochetkova [4,13,15]. However, relatively few clinical evaluations
of the volunteers who consumed the hybdrid gels, and biomedical stud-
ies of impact of oleogels and hybrid gels on the health status of labora-
tory animals have been conducted. For example, clinical trials of oleogels
were organized in 2008 by the scientists from the University of Guelph
(Canada) under the leadership of the professor Marangoni [31], who pos-
sesses extensive experience in the creation and application of oleogels
in food industry. They conducted studies of the lipid composition of the
relevant blood fraction in the volunteers after consuming the developed
monoglyceride gels. Studies have shown that the blood lipid composition
was lower in the group of the volunteers who consumed the developed
monoglyceride gel than in the volunteers who consumed a composition-
ally equivalent oil-water mixture [31].

Later studies conducted by this group of the scientists have shown
that coconut oil in the form of oleogel, compared with coconut oil in lig-
uid form, featured better effect on triglycerides, glucose, insulin levels in
the blood and appetite when consumed simultaneously with foods rich in
carbohydrates [32].

Korean researchers conducted studies to determine the effect of ed-
ible oleogel on lipid metabolism in rats fed with a high-fat diet, and
found that the use of oleogel based on rapeseed oil and beeswax in the
diet effectively reduces adipogenesis and improves angiogenesis in obese
rats [33]. Similar studies were conducted earlier by another group of sci-
entists [34], who showed that the use of oleogel reduced the level of tri-
glycerides by about 30 % in blood serum and liver, and increased the level
of triglycerides excreted in the faeces by about 30% compared with rats
fed with separate components (rice bran wax and rice bran oil).

In this regard, conducting biomedical research of new forms of edible
hybrid gels on laboratory animals remains relevant.

This study is aimed to develop and evaluate the safety and tolerability
of edible hybrid gel in an in vivo experiment conducted on Wistar rats.

2. Materials and methods

2.1. Materials

The following prescription ingredients were used as material for the
preparation of gels: sodium alginate (Parsian Gum Tam Co., Iran), bees-
wax (Zanburkala Co., Iran), grape seed oil (Monini Co., Italy), drinking
water.

2.2. Oleogels and hybrid gels preparation

Oleogel samples were prepared by mixing 60 ml of grape seed oil with
10, 15, and 20 % beeswax according to the procedure presented in the ar-
ticle [29]. To produce a hybrid gel, 10 ml of 2% sodium alginate in the
form of a hydrogel [28] was mixed with oleogel, which contained 20 %
beeswax, at four different ratios of hydrogel: oleogel (0:100, 1:99, 5:95,
10:90) [17] by mixing using a mechanical stirrer RZR2102 control (Heido-
Iph, Germany) at 600 rpm for 45 minutes [28].

2.3. Microstructure of oleogels and hybrid gels

For analyze the shape and size of the crystals in oleogels and hybrid
gels, transient polarized light microscopy (model BX60, Olympus Opti-
cal Co. Ltd, Japan) was used in dark and light fields at magnification of
100 times for oleogels and 400 times for hybrid gels.

2.4. Textural characteristics of oleogels and hybrid gels

The textural characteristics of oleogels and hybrid gels were studied
using a texture analyzer (TA.XTplusC, Stable micro system, England).
To assess the hardness of each oleogel sample, a penetration test was
performed using a 2 mm penetrating probe 50 kg. The texture test was
performed at least three times with a pre-penetration rate, a rate dur-
ing penetration, and a post-penetration rate of 1, 2, and 10 mm/s, re-
spectively, and a penetration depth of 5 mm at a temperature of 25 °C.
Exponent software of version 6.1.1.0 was used to analyze the texture
tests values.

2.5. Thermal properties of oleogels and hybrid gels

The thermal properties (initial and final melting points) of the sam-
ples were evaluated by differential scanning calorimetry (DSC-600 model,
Wuhan Bonnin Technology Ltd., China) using SPICO software (DSC1.0.0,
China). To conduct the experiment, a sample weighing 18 mg was placed
in an aluminum container, hermetically sealed, and heated from 25°C
(T, is the initial melting point) to 100 °C, (T,, is the maximum melting
point) at a heat rising rate of 5 °C/min [28].

2.6. Animal experiments

The experiment with laboratory animals was conducted in the vi-
varium of the Saratov State University of Genetics, Biotechnology and
Engineering named after N. I. Vavilov in accordance with the “Rules for
work using experimental animals” (dated 12. Aug. 1977 No. 755), “Inter-
national principles of the Helsinki Declaration on Humane Treatment of
Animals”, GOST ISO 10993-1-2011". These studies were conducted ac-
cording to the approved protocol and in accordance with the research-
er’s Standard Operating Procedures. The format of the study is defined
by the “Rules for conducting a preclinical study of a medicinal product
for veterinary use, a clinical study of a medicinal product for veterinary
use, a bioequivalence study of a medicinal product for veterinary use”
(No. 101 dated 06.Mar. 2018) and the “Guidelines for conducting Pre-
clinical Studies of medicinal Products. Part One (2012). The zoohygienic
conditions of all experimental animals were identical, regulated by the
recommendations for the maintenance and feeding of laboratory animals
(GOST 33215-2014)2%. According to the study protocol, white Wistar rats
with an initial body weight of 180-185 g participated in the experiment.
The rats were split into three groups for the study with 12 animals each.
The first group of rats (n=12) was individually and orally fed with the test
hybrid gel at a dose of 1 g/ kg, once a day, for 30 days, the second group
of rats (n=12) received the hybrid gel orally at a three-fold increased dose
of 3 g/ kg, according to the same scheme. The third (control) group of
rats (n=12) was fed with a standard diet and did not receive a hybrid gel.

! GOST ISO 10993-1-2011. «Medical devices. Biological evaluation of medical
devices. Part 1. Evaluation and testing». Retrieved from https://docs.cntd.ru/docu-
ment/1200100813 Accessed October 12, 2024

2 GOST 33215-2014 «Guidelines for accommodation and care of animals. En-
vironment, housing and management» Retrieved from https://docs.cntd.ru/docu-
ment/1200127789 Accessed October 14, 2024
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Daily observations of experimental animals were carried out through-
out the experiment. At the same time, attention was focused on the ap-
pearance and behavior of rats, their consumption of feed and water. The
body weight of the animals was determined one day before the start of
the experiment and kept being measured weekly until the end of the
experiment. Body temperature was measured using a 153-IRB infrared
thermometer (Bioseb SAS, France). At the beginning of the experiment,
individual body weight values did not deviate from the average value in
the group by more than 10%. The animals were weighed on a PA2102C
scale (Ohaus, USA).

To assess the effect of the hybrid gel on the hematological and bio-
chemical parameters of animal blood, it was aspirated before the start
of the experiment and on the 30" day after the last feeding with the
hybrid gel.

Blood was taken from the left ventricle of the heart using an inhala-
tion anesthetic (isoflurane); the skin at the aspiration site was previously
disinfected with a 95 % solution of ethyl alcohol.

Clinical blood analysis was performed on a MicroCC-20Vet hematol-
ogy analyzer (High Technology Inc., USA).

Biochemical studies of blood serum (determination of total protein,
albumin, globulin, creatinine, urea, glucose, and the activity of major en-
zymes) were performed on a StatFax 3300 analyzer (Awareness Technol-
ogy Inc., USA) using diagnostic systems from Deacon DS (Russia).

Histological sections of 5-7 microns thick were cut off using a Microm
HM 525 freezing microtome (Microm International GmbH, Germany) and
a Microm HM 450 sledging microtome (Microm International GmbH, Ger-
many). For an overview, the prepared histological sections were stained
with hematoxylin and eosin. Histological studies were performed using a
Biomed C-1 biological microscope (Micromed, Russia) and an LF — 302
fluorescence microscope (Leader Precision Instrument Co. Ltd, China) at
a magnification of 100 times. Morphometric data — the radius from the
central veins to the wall of the liver lobules — were examined using a
biological microscope with an eyepiece ruler of 60 notch divisions and a
screw eyepiece micrometer MOB-1-15x (Micromed, Russia).

2.7. Statistical analysis

All studies of oleogels and hybrid gels were carried out three times.
The SPSS software (version 16, USA) was used to create a fully random-
ized complete factor analysis to compare samples with a significance
level series at 5%. The version 2010 multiple Duncan test was used to
compare averages, and Microsoft Excel was used to plot graphs.

The results of studies on laboratory animals are presented as average
values with a significance level of P=0.05 compared with the parameters
of intact animals. Statistical data processing was carried out on the basis
of Fischer and Student criteria.

3. Results and discussions

3.1. Microstructure, textural characteristics and thermal properties
of oleogels

The microstructure of oleogels was examined under a polarized light
microscope for better understanding the impact of beeswax concentra-
tion (10%, 15 %, and 20 %) on crystal formation (Figure 1).

As can be seen from Figure 1, the crystal network undergoes signifi-
cant changes along with an increase in the concentration of beeswax in
the system. Large number of crystals are observed as the beeswax con-
centration increases. The smallest crystals were found in an oleogel
sample with a beeswax concentration of 10%. Since the oleogel mixture
undergoes a cooling process and becomes solid, the increased presence

of beeswax molecules in the gel matrix gives the crystals more oppor-
tunities to orderly arrange themselves in close proximity to each other.
Consequently, this leads to the formation of larger crystal structures [28].

The textural parameters of oleogels from grape seed oil and beeswax
were studied at concentrations of 10%, 15% and 20 %, as they are shown
in Table 1. The results of this study are consistent with the results pub-
lished by Ogiitcli and Yilmaz [10], as well as Hwang et al. [35], which prove
that an increase in wax concentration in oil leads to an increase in the
hardness and adhesiveness of oleogels.

Table 1. Textural characteristics of oleogels
Ta6nuia 1. TeRCTypHbIE XapaKTePUCTUKU OJieoreeit

Beeswax concentration

Texture in the oleogel composition
characteristics
20% 15% 10%
Hardness, N 23.09+0.952 5.74+0.12b 1.92+0.07¢
Adhesiveness, N.s~! -14.45%0.67% -14.44%0.812 -3.74+0.10°

a, b, c — average data of repetitions in one line with the same superscripts do not
differ significantly (P>0.05).

As can be seen from the data, there was a significant difference in the
hardness of oleogel samples with concentrations of 20, 15, and 10 %. This
increase may be due to the higher content of beeswax molecules available
in the gel matrix. As more and more of the liquid phase (oil) enters the
crystal mesh of the beeswax, the structure of the oleogel solidifies [36].

In a study conducted by Ogiitcii and Yilmaz [10], the textural proper-
ties of walnut oil oleogels with the addition of beeswax were evaluated,
which showed that an increase in the concentration of oleogel in the
composition leads to an increase of hardness and adhesiveness. Similarly,
another study using soybean oil oleogels with sunflower wax showed sim-
ilar results, especially with respect to the strength parameter, along with
an increase in wax concentration [37, 38].

For further analysis of the characteristics of crystals formed in oleo-
gels, the method of differential scanning calorimetry was applied. The
thermal properties of oleogels (initial (T,) and maximum (T,,) melting
points are shown in Table 2.

Table 2. Thermal properties of oleogels
Ta6nuua 2. TepMuyeckue CBOJCTBa oJieoresyieit

Beeswax concentration

Thermal properties in the oleogel composition

20% 15% 10%
T,, °C 56.7+0.46% 55.1+0.61° 52.0£0.53¢
Ty, °C 59.8+0.70? 58.2+0.49" 56.0+0.38¢

a, b, c — average data of repetitions in one line with the same superscripts do not
differ significantly (P>0.05).

In a study conducted by Jana and Martini [39], it was found that cer-
tain processing conditions can influence on phase separation in wax/oil
systems. The wax concentration and the type of oil are important factors
influencing the wax crystallization process. An increase in the beeswax
concentration in the oleogel leads to an increase in the number of bees-
wax molecules in the system, which leads to a more uniform appearance
of the final product. This is consistent with the conclusions of the oth-
er researchers [10]. The initial and maximum melting points increased
along with an increase in the percentage of beeswax in the oleogels.

A

B

C

Figure 1. Microstructure of oleogels (A - oleogel with 10 % beeswax, B — oleogel with 15 % beeswax, C — oleogel with 20 % beeswax)
PucyHok 1. MMKpoOCTpYKTypa oneoresneii (A — oneoreinb ¢ 10 % myesmHoOro Bocka, B — oneorens ¢ 15 % muennHoro Bocka,
C — oneorenb ¢ 20 % IMIeIMHOTO BOCKa)
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This phenomenon can be explained by an increase in the number of
crystals formed due to an increase in the surface area of beeswax mol-
ecules in the mixture. As the number of crystals increases, the tempera-
ture of the crystallization beginning and the melting point also increase.

In their study, the scientists [27] used a combination of walnut oil with
beeswax and monoglycerides. The results showed that the melting point
and enthalpy of oleogel were generally similar in the samples of commer-
cial shortening. Thus, these oleogels can be considered suitable alterna-
tives for similar applications and do not create problems with the thermal
regime of food products processing. In addition, an increase in the con-
centration of oleogel led to an increase in the melting point and enthalpy
values in the samples. This discovery points to an important technological
aspect in which the appropriate level of oleogel addition can be determined
based on thermal parameters and other measurements, taking into account
specific end-use requirements (for example, food texture, taste, etc.).

Thus, based on the research conducted, an oleogel sample with a bees-
wax concentration of 20% was selected for the production of hybrid gels,
as it demonstrated the best textural characteristics and thermal properties.
The developed sample possessed the taste and smell of beeswax, but this
effect can be masked with flavoring agents when developing food products.

3.2. Microstructure, textural characteristics and thermal properties
of hybrid gels

The microstructure of hybrid gels was studied using a polarized light
microscope. The data obtained show that as the hydrogel ratio in the
hybrid gel increased, the average particle size also increased slightly, as
shown in Figure 2.

However, no significant differences were found (P>0.05), possibly due
to the fact that all hybrid gel samples were produced using the same mix-
ing process (mixing speed), resulting in particles of approximately iden-
tical size. This conclusion is consistent with the research conducted by
Martins and co-authors [8].

When making hybrid gels, it is important to take into account the ratio
of the gel-forming phases (hydrogel and oleogel) in the overall gel com-
position. Table 3 shows the hardness and adhesiveness data for various
hybrid gel samples.

Table 3. Textural characteristics of hybrid gels
Tab6nuiia 3. TeKCTYpHbIE XapaKTePUCTUKU TMOPUIHBIX rejieit
Hydrogel: oleogel ratio in hybrid gels
0:100 1:99 5:95 10:90
Hardness, gf 321.47%3.60¢ 323.37+4.22¢ 396.13£4.58> 472.27+3.67°
Adhesiveness, gf.s! 154.40%4.21¢ 143.07+3.869 187.23+4.32 242.23+4.322

a, b, c — average data of repetitions in one line with the same superscripts do not
differ significantly (P>0.05).

Texture
characteristics

It can be seen from the data in Table 3 that the textural characteristics
of hybrid gels increase along with an increase in the hydrogel ratio in
the hybrid gel, which is most likely due to an increase in the number of
hydrogen bonds. The greater the number of hydrogen bonds, the stronger
the sample becomes. The hardness data did not show a significant differ-
ence between the 1:99 sample and the control sample, as the ratio was
not high enough to set sufficient hydrogen bonds. However, significant
differences were already observed in the hydrogel: oleogel ratio of 5:95
and 10:90, respectively [38].
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Figure 2. Particle size of hybrid gels
(a — measurement error according to the statistical analysis data)
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10:90

Figure 3 shows data on the thermal properties of the hybrid gels under
study.

As can be seen from the data in Figure 3, the initial and maximum
temperatures of the hybrid gel samples melting increased along with an
increase in the amount of hydrogel in the hybrid gel, which can also be
explained by the high moisture content in the hybrid gel system, lead-
ing to the formation of more hydrogen bonds. Their destruction requires
more energy, which leads to an increase in the system melting point tem-
perature along with increasing the share of hydrogel in the hybrid gel.

Previous researchers [39] reported that hydrocolloidal molecules in
the form of intramolecular and/or intermolecular bonds contribute to the
formation of denser layers in oleogels. It takes more energy to overcome
these bonds. In addition, the beeswax in the hybrid gel system forms a
gel-like mesh that traps oil droplets and potentially binds to hydrocolloid
molecules. This mesh creates a dense environment and is able to trap wa-
ter molecules. The peak values for hybrid gels of 10:90 and 5:95 showed
no significant difference (P>0.05). This indicates that in the 5:95 sample,
almost all vegetable oil molecules formed bonds with trapped water mol-
ecules, while in the 10:90 sample the number of bonds did not increase.
This fact is also confirmed by the research of Kwon and Chang, demon-
strating that the excessive water in the gel system was retained inside the
oil droplets by beeswax, without increasing the number of intermolecular
bonds between water and vegetable oil [40].

One sample of a hybrid gel in a hydrogel: oleogel ratio of 5:95 was
selected as the best one to study safety and tolerability.

3.3. Assessment of safety and tolerability of edible hybrid gel oral

administration in an experiment on Wistar rats

In the course of the conducted studies, it has been reliably established
that prolonged oral administration of the hybrid gel for 30 days does
not adversely affect the basic physiological parameters of the rats. The
experimental animals were active throughout the experiment, reacted
adequately to external stimuli, and actively consumed food and water.
The appearance of the animals corresponded to the species criteria, no
grooming violations were noted. No side effects, adverse reactions, or
serious adverse reactions were detected in laboratory animals during
and after the use of the hybrid gel preparation in the recommended and
three-fold increased dose. Table 4 shows data on the rats body tempera-
ture dynamics in the course of their consuming hybrid gel. As can be seen
throughout the experiment, the parameters remained within the limits of
normal physiological values in all groups.

Table 4. Dynamics of body temperature in rats after oral
administration of hybrid gel
Tabmuua 4. [yHaMMKa TeMIepaTypsl Tejla KPbIC Py IPpUMeHeHUN
rMOGPUIHOIO reJst

Body temperature in rats during

Name of the group the experiment, °C

15t day 30t day
First group (experimental group) 40.9%0.52 40.9%0.42
Second group (experimental group) 41.0%0.32 40.6%0.42
Third group (control group) 40.8+0.52 40.6%0.3?

2 — average data of repetitions in one line with the same superscripts do not
differ significantly (P>0.05).
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Figure 3. Thermal properties of hybrid gels
(a, b, c — measurement errors according to statistical analysis data)
PucyHok 3. TepMuyeckue CBOVCTBa TMGPUIHBIX reyeit
(a, b, c — TIOTPENIHOCTI B COOTBETCTBUY C JAHHBIMMU T10 CTATUCTUUECKOMY aHAIN3Y)
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Table 5 shows the hematological parameters of rat blood after oral
administration of the hybrid gel, which proves that before the start of the
experiment hematological parameters of peripheral blood in all groups
of rats were within the normal physiological values. In animals of the
first and second experimental groups, on the first day after the last oral
administration of the hybrid gel, no significant differences were found
between the final and initial values. From the results obtained, it can be
concluded that the use of the developed hybrid gel in the diet of Wistar
rats in a single and three-fold increased dose for 30 days does not provide
a toxic effect on the hematological parameters of animal blood.

Table 5. Hematological parameters of rat blood after oral
administration of hybrid gel

Tabnuua 5. TeMaTonornyeckue mokasaTe/M KPOBM KPbIC IOC/IE IePOPATIBHOTO
BBeeHUs TUGPIUIHOTO rest

Name of the group
ER-: of
[ =1 =]
Parameter < g %‘ g a E 2 & Norm
TE BEz Tis  o%
£2 g22  gg82  iE
A EE& AEH 2
0 7.25+0.7*  7.29+0.4* 7.14%0.52
Erythrocytes, x10'%/L 4.6-10
30 7.38+%0.7*  7.68*0.7*  7.29%0.6*
X 0 117.9%6.2% 120.4+5.7° 115.7+8.32
Hemoglobin, g/L 93-153
30 125.3%6.4% 119.3+6.4°> 126.5+5.4°
0 10.8%2.62 12.7+3.4> 11.9%4.9¢
Leukocytes, x10° /L 5.5-19.5
30 4.8+3.92 8.9%1.5>  12.4%3.6°
Neutrophils, % 26.2*+1.8%  27.6%£2.7* 26.2%+3.22  18-30
Eosinophils, % 5.6+0.77  6.2%+0.6" 5.2+1.6 1-8
Monocytes, % 0 3.8%£1.0° 4.0%1.2b 4.2%1.0 0-10
Basophils, % 0.0£0.0? 0.4%0.7° 0.6£0.7¢ 0-3
Lymphocytes, % 24.3+1.9% 23.6£3.92 24.8+3.28 12-45
Neutrophils, % 26.0£3.4% 25.2%£3.2%8 26.6%2.6° 18-30
Eosinophils, % 48+1.4%  4.8+1.4% 52%1.6° 1-8
Monocytes, % 30  3.8%1.0° 3.6£1.12  4.6%0.7° 1-10
Basophils, % 0.2%£0.6% 0.4%0.7° 0.5+0.7¢ 0-3
Lymphocytes, % 22.8+3.0° 66.2£3.0° 63.6+3.4°> 12-45

a, b, c — average data of repetitions in one line with the same superscripts do not
differ significantly (P>0.05).

When analyzing the biochemical parameters of the blood serum of the
rats (Table 6), which were orally injected with an edible hybrid gel daily
for 30 days, it was reliably established that there was no negative effect on
the hepatocellular and urinary systems. Given the fact that the liver is the
central organ of metabolism and it plays a major role in the detoxification
of nutrients supplied with the feed, the negative impact of enteral food
products will primarily affect liver’s functional activity. During the experi-
ment on the oral administration of the hybrid gel, no violations of the func-
tional activity of hepatocytes were detected. Along with this, the kidneys
are responsible for removing metabolic products from the animal’s body.
Thus, it can be stated that the metabolites of the edible gel do not adversely
affect the functional activity of the urinary system. These statements are
confirmed by the absence of changes in biochemical parameters in all ex-
perimental groups of the rats throughout the experiment.

Another parameter that highlights the physiological development of
the rats is body weight increase. The results of the dynamics of the rats
body weight increase against the background of edible hybrid gel con-
sumption for 30 days are shown in Table 7.

Analyzing the data, it was found that the weight growth rates of the
rats that consumed the edible hybrid gel and the rats in the control group
had no significant differences, and all of them corresponded to the nor-
mal weight criteria for this rat breed. The weight increase in 30 days was
39+2 g for the first experimental group, 38+2 g for the second experi-
mental group, and 41+ 1 g for the third control group.

The results of the conducted studies allow concluding that after a
course of oral administration of the edible hybrid gel, no external signs of
intoxication were observed in the rats throughout the experiment. All the
rats in both the experimental and control groups were active. The reac-
tion to external stimuli was preserved, appetite and water consumption
were not impaired. The dynamics of body weight gain in the rats of the
experimental groups had no significant differences between the control
group, and corresponded to the breed criteria.

Table 6. Biochemical parameters of rat blood serum after oral
administration of hybrid gel
Tabnuia 6. BuoxuMmyecKke oKasaTelIn CbIBOPOTKY KPOBY KPBIC ITOCIe
MepopaIbHOrO BBEJEeHMS TUOPUAHOIO resis

Name of the group
25 gig 52 £
Parameter S E ag g < E 5 &5  Norm
28 <-9%& £55%n TEZ
78 gR~ g8E>y HEB
AT E88 SHRIE ESH
AST, IU/L 0 206.8%2.2% 208.3+1.9¢ 207.9 =3.2b 60223
’ 30 138.9%2.3% 173.7+2.7% 209.9 % 2.7¢
ALT. UL 0 59.9+3.3% 63.7£2.3> 64.9+1.3¢ 476
’ 30 38.5%1.31 61.1%3.4> 65.5%1.5¢
Creatinine, mmol/L 0 65.8%25 67.3+4.7 63.4%50° 485
’ 30 83.7%1.3° 744%3.1% 62.1%6.29
Urea, mmmolL 0 57+318 69%2.1° 59=*1.1b 578
’ 30 69%1.1° 63%23> 54%1.33
Glucose, mmol/L 0 122%1.6° 12.8+2.2¢ 124%2.1b 513
’ 30 13.1%£1.9° 12.8+1.20 12.4+1.8%
Albumin, g/L 0 248+1.9° 253+28° 24.1+1.7 -
’ 30 25.8+1.5° 26.1+2.8 23.7+1.8%
Total protein, gL 0 53.8+%3.6° 54.1%3.2¢ 51.6+1.23 so-8)
’ 30 54.6*4.3" 549%33¢ 52.1+2.88
. 0 29.0+32° 28.8+3.10 27.5%18
Globulin, g/L 30 2894420 288+420 2844220 0 02
Alkaline 0 26*0.7" 3.1%16° 29%0.6% -
phosphatase, mmol/L. 30 32+0.9® 26+08 27%1.12

a, b, c — average data of repetitions in one line with the same superscripts do not
differ significantly (P>0.05).

Table 7. Dynamics of body weight gain in the rats after oral
administration of hybrid gel
Ta6nuua 7. JMHaMMKa MPUPOCTAa MACCHI Te/Ia Y KPBIC MOC/IEe MePOPaTbHOTO
BBeJeHUS I‘]/IGPI/IHHOI‘O reis

Weight of rats after oral hybrid gel administration, g

Days
of t¥1e First group Second group Third group
experiment (experime)ntal (experime)ntal (control group)
group group
15t day 18072 181+ 52 185 + 62
30t day 219+ 42 219 +382 226 + 3P

a, b — average data of repetitions with the same superscripts do not differ sig-
nificantly (P>0.05).

The biochemical parameters of blood corresponded to physiological
norms, while there were no significant changes in those values in the ex-
perimental and control groups during the experiment. The data obtained
proves the absence of violations of the functional state of the kidneys and
liver in experimental laboratory animals.

On the 30™ day of the experiment, one animal was selected from each
group, and euthanasia was performed with subsequent liver extraction
for histological studies (Figure 4).

Analyzing the data in Figure 4, it can be seen that a clear, multifaceted
lobular liver parenchyma is visualized on histological sections, delimited
by loose connective tissue. Inside the lobules, hepatocyte cells are quite
expressed in the form of a hexagon, the nuclei of the latter are sufficiently
visualized in the amount of 2-3 pieces. Between the lobules, the liver
triads are clearly visible, represented by the interlobular veins and ar-
teries, as well as the bile duct. In the liver of laboratory animals of all
experimental groups, the walls of the central vessels of the lobules are
sufficiently structured, their layers are well expressed, a small number of
them were blood-filled, which indicates a more intensive blood circula-
tion in the largest wall-mounted digestive gland.

The morphometric parameters of the liver (radius from the lobule wall
to the central vein) of all experimental groups of rats are shown in Table 8.

Table 8. Morphometric parameters of the liver
Ta6nuua 8. MopdomeTpuuyeckue IoKasaTelan neuyeHn

Radius of liver lobules, microns

First group Second group Third group
(experimental group) (experimental group) (control group)
11.21%0.53P 13.42£0.52¢ 08.10+0.41°

a, b, c — average data of repetitions in one line with the same superscripts do not
differ significantly (P>0.05).
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Figure 4. Histological studies of rats liver after oral administration of hybrid gel (A — first experimental group, B — second experimental
group, C — control group). Staining with hematoxylin and eosin, at magnification X100
PI/ICYHOK 4. Tucronornyeckue VCCIeJOBAHUA IeUYeHM KPBIC IT0CJIe IIePpopPaJIbHOTO BBEeAeHUS [‘M6DI/[/1HOI‘0 rejisa (A — IepBasd SKCIIepMMeHTaJIbHas I'pyIina,
B — BTOpas sxkcrnepumeHTanbHas rpymma, C — KOHTposbHas rpymnmna). OKpacka reMaTOKCUIIVH U 303MHOM, Ipy yBenueHun X 100

Table 8 shows that the radius from the central vein to the lobule wall
in the rats of the control group averaged 08.10+0.41 microns, in the
first experimental group — 11.21#0.53 microns, and in the second —
13.42+0.52 microns.

Data analyses from histological and morphometric studies of the liver
of the rats from the control group and experimental group demonstrated
that no significant differences were detected, which proves the safety of
using the hybrid gel in the diet of the animals.

4. Conclusions

Analysis of the microstructural, textural and thermal properties of
oleogels and hybrid gels has shown that beeswax improves textural and
thermal characteristics, while the hydrogel portion affects the adhe-
sion and hardness of gel matrices. During the research it was reliably

established that prolonged oral administration of the hybrid gel did not
cause clinical signs of intoxication, the rats of all experimental groups
adequately reacted to external irritating factors throughout the study
period, the rats were active, their appetite and water consumption were
relevant to their natural physiological form. During the experiment,
a positive increase in body weight was observed, which corresponded
to the age and physiological norm of the laboratory rats. Based on the
results obtained, the safety and tolerability of hybrid gel oral admin-
istration in Wistar rats was proved. The prospects for creating edible
hybrid gels seem promising, as they solve current dietary and health
issues while providing functional and sensory benefits in food formu-
lations. Continuous research and progress in this area will be crucial
to unlock the entire potential of these innovative ingredients in the
food industry.
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