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Abstract. The relevance of this study stems from the need to develop safe and functionally effective
protein carriers for the immobilisation of biologically active substances and microorganisms,
which show promise for use in animal husbandry, the food industry and biotechnology. The aim
of the study was to assess the toxicological properties of modified dried egg white by determining
its acute toxicity, its effect on the haematological, biochemical and antioxidant parameters of the
blood of laboratory animals, as well as its irritant effect on the ocular mucosa. The study utilised
toxicological, clinical, haematological, biochemical and statistical research methods. The acute
toxicity of modified dried egg white was investigated following intragastric administration to white
mice at doses ranging from 100 to 5,000 mg/kg body weight, and its irritant effect on the ocular
mucosa of California rabbits was assessed. It was found that even at the maximum dose of 5,000 mg/
kg, no fatalities were observed, and short-term manifestations of depression and diarrhoea were
transient and resolved completely without further intervention. Haematological, biochemical and
antioxidant blood parameters were analysed and found to remain within physiological norms: at
a dose of 2,000 mg/kg, haemoglobin concentration was 132 g/L, erythrocyte count was 5.7 x 10'¥/
dm?3, total protein — 65.4 g/dm?, glucose concentration — 5.4 mmol/dm?, and total thiol groups -
16.3 pg/cm3; whereas at the maximum dose of 5,000 mg/kg, total protein reached 67.3 g/dm3, AST
activity - 0.93 pmol/h/mL, ALT - 1.04 pmol/h/mL, and glucose concentration — 6.0 mmol/dm3, all
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within the physiological range. When assessing the irritant effect on the mucous membrane of the
rabbits’ eyes, only mild, transient clinical manifestations were observed, with no damage to the iris;
whilst haematological, biochemical and antioxidant parameters also corresponded to physiological

values, confirming the absence of haemotoxic, hepatotoxic, metabolic and pronounced oxidative
effects of the modified dry egg white. The practical value of this work lies in the potential to use the
results obtained to develop and implement safe protein carriers for biologically active substances
and microorganisms in animal husbandry, the food industry, biotechnology and scientific research

Keywords: protein carrier; immobilisation; haematological parameters; biochemical parameters;

laboratory animals; biotechnology

Introduction

The development of safe, biocompatible and
functionally effective carriers for the immo-
bilisation of biologically active substances
and microorganisms is one of the priority ar-
eas in the development of modern food tech-
nology, biotechnology and animal husbandry.
Such carriers ensure increased stability of ac-
tive components, protection against adverse
environmental factors, sustained release and
preservation of biological activity, which sig-
nificantly broadens the scope of their practical
application. Of particular interest are materi-
als of natural origin, which are characterised
by high biocompatibility, biodegradability and
safety, making them a promising basis for the
creation of new functional delivery systems for
biologically active compounds.

The work by T. Liu et al. (2024) notes that
naturally derived protein matrices are among
the most promising materials for the encap-
sulation of probiotics, enzymes, vitamins and
other biologically active compounds. The au-
thors found that the use of protein carriers
provides a high level of protection for immo-
bilised components during processing and
storage, and also facilitates their controlled
release in the required environment. Similar
conclusions were reached by B. Ma et al. (2024),
S. Razi et al. (2024) and Y. Tian et al. (2024),
who demonstrated that delivery systems based
on food proteins are characterised by high en-
capsulation efficiency, structural stability and

the ability to maintain the biological activi-
ty of functional ingredients. The researchers
emphasise that, thanks to their emulsifying,
gelling and stabilising properties, chicken egg
proteins are among the most promising nat-
ural materials for the creation of next-gener-
ation carriers. J. Su et al. (2020) and L. Song et
al. (2022) note that, alongside the study of the
material’s physicochemical characteristics, it
is necessary to determine its acute toxicity, its
effect on the body’s functional state, and any
possible local irritant effects, as it is precisely
these indicators that determine the potential
for the further practical application of new
protein systems. Further development of im-
mobilisation technologies involves the use of
chicken egg proteins as natural carriers of bi-
ologically active substances (Rostamabadi et
al., 2023). Y. Zhang et al. (2023) note in their
review that ovalbumin and other egg proteins,
owing to their amphiphilic nature, self-assem-
bly capacity, gel-forming ability and biodegra-
dability, are promising materials for the crea-
tion of nanoparticles, emulsions, hydrogels and
aerogels designed to deliver biologically active
compounds and probiotic cultures. At the same
time, the authors emphasise the need for fur-
ther study of their biological safety and behav-
iour in biological systems.

Analysing current trends in the devel-
opment of protein-based delivery systems,
J. Zang et al. (2023) and E. Armanu et al. (2025)
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have shown that modified gels based on chicken
egg proteins can be effectively used as carriers
for nutraceuticals due to their high mechani-
cal strength, stability and ability to ensure the
controlled release of active components. At the
same time, J. Lu et al. (2020) and T. Mehrotra et
al. (2021) emphasise that the development
of such systems requires optimisation of the
structure of protein matrices to enhance the
bioavailability of immobilised substances and
preserve their functional activity. The safety of
protein carriers is also attracting considerable
attention from researchers. Thus, an analysis
of the current scientific literature indicates
that most studies are devoted to the develop-
ment of protein-based delivery systems, the
improvement of their structural characteris-
tics, and the evaluation of the effectiveness of
encapsulating biologically active substances.
At the same time, the toxicological safety of
modified dried egg white as a potential carri-
er for the immobilisation of biologically active
components and microorganisms remains in-
sufficiently studied. In particular, there is a lack
of comprehensive studies that simultaneously
assess acute toxicity, local irritant effects, and
changes in haematological, biochemical and
antioxidant parameters in laboratory animals,
which necessitated the present study. The lack
of information regarding the toxicological
properties of modified dried egg white limits
its practical application as a carrier for biolog-
ically active substances and microorganisms in
food and biotechnological systems. Conducting
a comprehensive assessment of its biological
safety is a necessary prerequisite for the further
introduction of such materials into production,
as it allows the identification of potential risks
to the organism and justifies the feasibility of
their practical application.

The aim of the study was to experimentally
substantiate the toxicological safety of mod-
ified dried egg white as a promising protein
carrier for the immobilisation of biologically
active substances and microorganisms through
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a comprehensive assessment of its acute toxic-
ity, its local irritant effect and its impact on the
haematological, biochemical and antioxidant
parameters of laboratory animals.

Materials and Methods

The acute toxicity of modified dried egg white
was investigated in male BALB/c mice weigh-
ing 21.5-22.0 g and aged 56-57 days. The mice
were prepared for the experiment in accord-
ance with the requirements of I. Kotsium-
bas et al. (2006). The study was conducted in
two stages. For each stage, four groups of mice
were formed. Each group comprised six mice.
The duration of the experiment was 14 days.
During the first stage, the effect of low doses
(100; 250; 500 and 1,000 mg/kg body weight)
of modified dried egg white was investigated.
During the second stage, the toxic effects of
high doses of the carrier (2,000; 3,000; 4,000;
5,000 mg/kg body weight) were assessed. A
solution of modified dried egg white was ad-
ministered to the mice as a single intragastric
dose using a metal probe with a welded lead
tip to prevent damage to the oesophagus.
The modified egg white was dissolved in a 1%
starch solution. The animals were observed
and housed in accordance with the recommen-
dations set out by I. Kotsiumbas et al. (2006).

The irritant effect of modified dried egg
white was investigated using California rabbits
with a body weight of 2.7-2.8 kg. Three males
were prepared for the experiment in accord-
ance with the requirements of I. Kotsiumbas et
al. (2006). A solution of modified dried egg
white, at a dose of 2 drops, was instilled into the
conjunctival sac of the left eye. The right eyes
of the laboratory animals were used as controls.
Observation of the rabbits over a 14-day period
and determination of the carrier’s toxicity level
were carried out in accordance with the recom-
mendations of W. Diener & E. Schlede (1999)
and I. Kotsiumbas et al. (2006). The content of
protein, low-molecular-weight and total sul-
phhydryl groups in the blood serum of rabbits
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and mice was determined using the method
of G. Ellman (1959); total protein was deter-
mined according to the method of O. Lowry et
al. (1951), using the glucose oxidase-peroxi-
dase method of P. Trinder (1969). Aminotrans-
ferase activity was investigated according to
the method of S. Reitman & S. Frankel (1957).
Haemoglobin content in the blood and eryth-
rocyte count were determined according to the
instructions of I. Tovstukha et al. (2025).
During the experiments, the air tempera-
ture in the laboratory animal quarantine rooms
and procedure rooms was maintained at 17-
18°C, relative humidity at 57-64%, and illumi-
nance at the level of the laboratory animal cag-
es was 305-320 Ix. The animals had free access
to standard pelleted feed and drinking water
throughout the experimental period. All exper-
imental studies were conducted in accordance
with current methodological approaches and
relevant requirements and standards, including
ISO/IEC 17025:2017 (2017). Animal housing and
all procedures were carried out in accordance

with the European Convention for the Protec-
tion of Vertebrate Animals Used for Experi-
mental and Other Scientific Purposes (1986)
and Order No. 249 of the Ministry of Education
and Science, Youth and Sport of Ukraine (2012).
Statistical analysis of the research results was
carried out using Microsoft Excel 2021 and Sta-
tistica 10.0 software. The arithmetic mean (M)
and the standard error of the mean (m) were
determined. The significance of differences
between the indicators was assessed using the
Student’s t-test. A difference was considered
statistically significant at p<0.05.

Results and Discussion

The results of the acute low-dose toxicity study
of modified dried egg white showed that a sin-
gle intragastric administration to mice at doses
ranging from 100 to 1,000 mg/kg body weight
did not result in any fatalities in any of the test
groups (Table 1). This indicates the absence of
any marked acute toxic effects of the test sub-
stance when administered at low doses.

Table 1. Results of acute low-dose toxicity testing of modified dried egg white in mice

Number of  Dose, mg/kg  Number of Mortality . Adverse
Group animals body weight dead animals rate, % Time of death clinical signs
1st 6 100 0 0 - Not specified
2nd 6 250 0 0 - Not specified
3rd 6 500 0 0 - Not specified
4t 6 1,000 0 0 - Not specified

Source: compiled by the authors

During clinical observation of the mice, no
adverse changes in the animals’ general phys-
iological condition were observed. All mice
remained active, responded appropriately to
external stimuli, and maintained normal mo-
bility and coordination of movement. Feed and
water intake were within physiological norms;
no signs of central nervous system depression,
convulsions, paresis, respiratory distress or
gastrointestinal dysfunction were observed.
When mice were administered modified dried
egg white at doses of 100 and 250 mg/kg body

weight, their clinical condition did not differ
from the physiological norm. A similar pattern
was observed when the dose was increased to
500 and 1,000 mg/kg body weight. The absence
of adverse clinical signs, even at the maximum
dose tested, indicates that the carrier is well
tolerated by laboratory animals.

The results obtained provide grounds for
concluding that modified dried egg white is
characterised by a low level of acute toxicity
within the range of doses tested. The results
of the acute toxicity study of high doses of
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modified dried egg white showed that a sin-
gle administration of the preparation to mice
at doses ranging from 2,000 to 5,000 mg/kg
body weight did not result in the death of any
animals in any of the test groups. All mice

survived throughout the entire observation
period, and the mortality rate was 0%. This in-
dicates the absence of any pronounced acute
toxic effects of the test preparation, even at
high doses (Table 2).

Table 2. Results of acute toxicity testing of high doses of modified dried egg white in mice

Number Dose, mg/kg Number of Mortality  Time of . .
Group of animals body weight dead animals rate, % death Adverse clinical signs
1st 6 2,000 0 0 - Not established
2nd 6 3,000 0 0 - Not established
3rd 6 4,000 0 0 - Temporary suppression
4th 6 5,000 0 0 _ Suppression, diarrhoea

during the first 24 hours

Source: compiled by the authors

During clinical observation of animals ad-
ministered 2,000 and 3,000 mg/kg body weight
of modified dried egg white, no adverse clinical
signs were observed. The mice remained active,
responded appropriately to external stimuli,
and consumed food and water in physiologi-
cally normal quantities. No signs of impaired
coordination, central nervous
system depression or gastrointestinal distur-
bances were observed. When the dose was in-
creased to 4,000 mg/kg body weight, tempo-
rary depression was noted in the animals. The
mice exhibited reduced mobility and decreased
activity during the first 24 hours following ad-
ministration of the drug. However, these chang-
es were transient and resolved without further
intervention, indicating an adaptive response
of the organism to a high toxicological load.
In the group of animals administered the max-
imum dose of 5,000 mg/kg body weight, more
pronounced clinical changes were observed in
the form of depression and diarrhoea during
the first day of the experiment. Despite this, no
fatalities were recorded, and the clinical condi-
tion of the mice gradually returned to normal. A
return to normal physiological activity and feed

convulsions,

intake was observed as early as the second day
of the study.

Animal Science and Food Technology. 2026. Vol. 17, No. 2

The results obtained indicate that the mod-
ified dried egg white is characterised by a low
level of acute toxicity, even when administered
at high doses. The absence of fatalities sug-
gests that the median lethal dose (LD, ) exceeds
5,000 mg/kg body weight, which, in accordance
with toxicological classifications, provides
grounds for classifying the carrier under inves-
tigation as a low-toxicity or virtually non-toxic
substance. These data confirm the findings of
X.Lvet al. (2024), who note that the use of natu-
ral protein carriers in food and biotechnological
systems requires a comprehensive assessment
of their biological safety, including the deter-
mination of acute toxicity, effects on the body’s
functional state and possible local irritant ef-
fects, as it is precisely these indicators that de-
termine the potential for the further practical
application of new protein systems. The results
of the analysis of haematological parameters in
mice following the administration of high dos-
es of modified dried egg white indicate that the
test preparation had no significant adverse ef-
fect on the haematopoietic system. It was found
that the haemoglobin content and erythrocyte
count in the blood of animals in all experimen-
tal groups were within the physiological range
for laboratory mice (Table 3).
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Table 3. Haematological parameters of the blood of mice following the administration
of high doses of modified dried egg white

Administered dose, mg/kg

Haemoglobin concentration, g/L

Erythrocyte count, 10'2/dm3

2,000 132+3.9 5.7+0.32
3,000 128+5.6 5.4+0.28
4,000 135+4.8 5.9%0.33
5,000 137+3.7 6.0+0.31

Source: compiled by the authors

Following the administration of modified
dried egg white to mice at a dose of 2,000 mg/
kg body weight, the haemoglobin concentra-
tion was 132 g/L and the erythrocyte count
was 5.7 x 102/dm3. These results indicate a
normal functional state of the haematopoie-
tic system and an adequate supply of oxygen
to the tissues. When the dose was increased
to 3,000 mg/kg body weight, a slight decrease
in haemoglobin concentration of 3.0% and in
erythrocyte count of 5.2% was observed com-
pared with the group administered 2,000 mg/
kg of the preparation. These changes were mi-
nor and remained within physiological limits,
indicating that no anaemia or suppression
of erythropoiesis developed. When a dose
of 4,000 mg/kg body weight was used, a ten-
dency towards an increase in haematological
parameters was observed. Haemoglobin lev-
els were 2.2% higher, and erythrocyte counts
were 3.5% higher, compared with mice admin-
istered the vehicle at a dose of 2,000 mg/kg

body weight. A similar pattern was observed
at the maximum dose tested — 5,000 mg/kg
body weight.

The moderate increase in haematologi-
cal parameters observed with the use of high
doses of modified dried egg white is likely to
be of an adaptive nature and is not associated
with any toxic effects of the preparation. The
absence of marked changes in haemoglobin
levels and erythrocyte count indicates that the
test preparation does not exert a pronounced
haematotoxic effect on laboratory animals,
even at high doses. The results of the study of
serum protein metabolism parameters in mice
following the administration of high doses of
modified dried egg white indicate that the test
preparation has no pronounced adverse effect
on liver function or the body’s protein metab-
olism. It was found that total protein content
and aminotransferase activity in all experi-
mental groups remained within the physiolog-
ical range for laboratory mice (Table 4).

Table 4. Protein metabolism parameters in the blood serum of mice following the administration
of high doses of modified dried egg white

Administered dose,

Protein concentration,

AST activity, umol/h/  ALT activity, pumol/h/

mg/kg g/dm® mL ml

2,000 65.4+1.16 0.81+0.052 0.92+0.031
3,000 66.3+2.06 0.79%+0.015 0.94+0.023
4,000 66.8+2.33 0.84+0.023 0.98+0.011
5,000 67.3%+1.78 0.93+0.049 1.04+0.031

Source: compiled by the authors

Following the administration of modified
dried egg white to mice at a dose of 2,000 mg/
kg body weight, the total protein content

in blood serum was 65.4 g/dm3. AST activi-
ty was 0.81 pmol/h/mL, and ALT activity was
0.92 pmol/h/mL. These results indicate normal
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56

Food Technology | Assessment of the toxicity of modified dried egg white

protein metabolism and the absence of any
impairment in hepatocyte function. When the
dose of the drug was increased to 3,000 mg/kg
body weight, a slight increase in total protein
content of 1.3% was observed. AST activity re-
mained virtually unchanged, whilst ALT activi-
ty showed a tendency towards a slight increase
of 2.1% compared with the values in animals
administered a vehicle dose of 2,000 mg/kg
body weight. These changes were minor and
showed no signs of a pathological nature. In
the group of mice administered 4,000 mg/kg
body weight of modified dried egg white, pro-
tein metabolism parameters increased within
the margin of error compared with mice ad-
ministered the lowest dose of the carrier. At
the maximum dose studied - 5,000 mg/kg body
weight — the highest protein metabolism indi-
ces were observed: total protein content was
67.3 g/dm?, AST activity was 0.93 pmol/h/mL,
and ALAT activity was 1.04 umol/h/mL.

The observed moderate increase in total
protein content and transaminase activity was

dose-dependent; however, all parameters re-
mained within the physiological range. The ab-
sence of a sharp increase in AST and ALT activ-
ity indicates that the modified dried egg white
did not cause pronounced toxic liver damage
or impairment of hepatocyte cell membrane
permeability. The results obtained provide
grounds for concluding that the carrier under
investigation is well tolerated by laboratory
mice, even at high doses. The observed chang-
es in protein metabolism parameters are of an
adaptive nature and do not indicate the devel-
opment of marked hepatotoxic effects. The re-
sults of the study of thiol group content in the
blood serum of mice following the administra-
tion of high doses of modified dried egg white
indicate the absence of marked disturbanc-
es in the antioxidant status of the laboratory
animals. It was found that the levels of pro-
tein-bound, total and low-molecular-weight
(free) thiol groups in all experimental groups
remained stable and fell within the range of
physiological variations (Table 5).

Table 5. Thiol group content in the blood serum of mice following the administration
of high doses of modified dried egg white, ug/cm?®

Administered dose, mg/kg Protein-bound Total Low-molecular-weight (free)
2,000 14.6+0.32 16.3+0.22 1.7%£0.09
3,000 14.9+0.26 16.6%0.18 1.7+0.07
4,000 15.2%0.29 17.0£0.35 1.8%0.05
5,000 15.2+0.30 17.1£0.42 1.9+0.11

Source: compiled by the authors

Following the administration of modified
dried egg white to mice at a dose of 2,000 mg/kg
body weight, the concentration of protein thi-
ol groups in blood serum was 14.6 pg/cm?, that
of total thiol groups was 16.3 pg/cm3, and that
of low-molecular-weight (free) thiol groups
was 1.7 pg/cmd. These results indicate that the
body’s antioxidant system continued to func-
tion normally and that there were no signs
of marked oxidative stress. When the dose of
the preparation was increased to 3,000 mg/kg

Animal Science and Food Technology. 2026. Vol. 17, No. 2

body weight, a slight increase in the content
of protein-bound and total thiol groups was
observed, by 2.0% and 1.8% respectively, com-
pared with the values in mice administered the
vehicle at a dose of 2,000 mg/kg. The content
of low-molecular-weight thiol groups remained
unchanged. These changes were not statisti-
cally significant and likely reflected the body’s
physiological adaptation to the administration
of high doses of the preparation. In the group
of mice administered 4,000 mg/kg body weight




Germanskyi & Pylypchuk

57

of modified dried egg white, a further trend to-
wards an increase in the content of thiol groups
was observed. A similar pattern was observed at
the maximum dose of 5,000 mg/kg body weight.

The observed moderate increase in thi-
ol group content may indicate activation of
the body’s antioxidant system in response to
the administration of high doses of modified
dried egg white. At the same time, the absence
of sharp changes in the indicators confirms
that the test substance does not cause pro-
nounced oxidative stress or disruption of the
cellular redox balance. Thus, the results of the
analysis of thiol groups in the blood serum of

o
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mice indicate the stability of the body’s anti-
oxidant status when high doses of modified
dried egg white are administered and confirm
the absence of any pronounced toxic effect on
cellular metabolic processes. The results of
the study of glucose levels in the blood serum
of mice following the administration of high
doses of modified dried egg white indicate
that the test preparation has no significant
adverse effect on carbohydrate metabolism in
laboratory animals. It was found that glucose
concentrations in all experimental groups re-
mained within the physiological normal range
for mice (Fig. 1).

5.2

4,000 5,000

Administered dose, mg/kg

Figure 1. Serum glucose levels in mice following the administration
of high doses of modified dried egg white, mmol/dm?

Source: compiled by the authors

Following the administration of modified
dried egg white to mice at a dose of 2,000 mg/kg
body weight, the serum glucose concentration
was 5.4 mmol/dm3. This result indicates nor-
mal energy metabolism and an adequate supply
of glucose to the body. When the dose of the
preparation was increased to 3,000 mg/kg body
weight, a slight increase in glucose concentra-
tion was observed. These changes were minor
and showed no signs of being pathological. In
the group of mice administered 4,000 mg/kg
body weight of modified dried egg white, the
glucose content was 3.7% lower compared with
the group of mice administered the lowest dose
of the vehicle. At the maximum dose studied —
5,000 mg/kg body weight — the highest serum

glucose level was recorded, amounting to 6.0
mmol/dm3. Despite a slight increase in this pa-
rameter, it remained within the physiological
range and did not indicate the development of
marked disturbances in carbohydrate metab-
olism or toxic damage to the body. Thus, the
results of the biochemical studies confirm the
good tolerability of modified dried egg white
and the absence of significant disturbances in
carbohydrate metabolism, even when high dos-
es of the preparation were used. It was found
that, following administration of the feed addi-
tive into the conjunctival sac, the test animals
exhibited only mild and transient clinical signs
of irritation, which resolved within the first day
of observation (Table 6).

Animal Science and Food Technology. 2026. Vol. 17, No. 2
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Table 6. Irritant effects of the feed additive on the ocular mucosa of rabbits (n=13)

Experimental Obse_rvation Ocular dis_charge %‘;?;gﬁ%ﬁl Cogéggf;gal g?rtl}?étil?irsl
animal time (0-3 points) (0-3 points) (0-4 points) (0-2 points)

1 hour 1 0 0 0

24 hours 1 0 0 0

No. 1 2 days 0 0 0 0
3 days 0 0 0 0

14 days 0 0 0 0

1 hour 2 0 0 0

24 hours 1 1 1 0

No. 2 2 days 0 0 1 0
3 days 0 0 0 0

14 days 0 0 0 0

1 hour 1 0 0 0

24 hours 1 0 0 0

No. 3 2 days 0 0 0 0
3 days 0 0 0 0

14 days 0 0 0 0

Source: compiled by the authors

In rabbit No. 1, one hour after administra-
tion of the product, slight discharge from the
eye was observed, which was assessed as 1 point.
Similar changes were also observed 24 hours af-
ter administration of the feed additive. No signs
of conjunctival hyperaemia, oedema or patho-
logical changes in the iris were observed. By the
second day of the experiment, the clinical signs
of irritation had completely disappeared, and
no pathological changes to the ocular mucous
membrane were detected during the subsequent
observation period. In rabbit No. 2, the reaction
of the mucous membrane was slightly more pro-
nounced. One hour after administration of the
feed additive, moderate discharge from the eye
was observed, rated at 2 points. After 24 hours,
slight discharge, mild hyperaemia and oedema
of the conjunctiva were recorded, corresponding
to 1 point. On the second day of the study, dis-
charge and hyperaemia were absent, although
slight conjunctival oedema persisted. By the
third dayj, all clinical signs of irritation had com-
pletely disappeared. The condition of the iris re-
mained unchanged throughout the study peri-
od. In rabbit No. 3, only mild discharge from the
eye was observed 1 and 24 hours after adminis-
tration of the preparation, which was assessed

Animal Science and Food Technology. 2026. Vol. 17, No. 2

as 1 point. No signs of hyperaemia, conjuncti-
val oedema or damage to the iris were detected.
From the second day of observation onwards,
the ocular mucosa was in a physiological state.

The results obtained indicate that the feed
additive under investigation did not cause any
pronounced toxic or irritant effects on the mu-
cous membrane of the rabbits’ eyes. The clini-
cal changes observed were mild and transient
in nature, were not accompanied by damage to
the iris or persistent pathological changes, and
resolved spontaneously without further inter-
vention. Thus, the results of the studies confirm
the good local tolerability of the feed additive
and indicate its low level of irritation to the mu-
cous membrane of the rabbits’ eyes. Given its
low toxicity, the absence of any adverse effects
on haematological and biochemical blood pa-
rameters, and its good tolerability by laboratory
animals, the carrier under investigation may be
a promising candidate for the immobilisation
of biologically active substances, probiotic cul-
tures and other functional components. The re-
sults obtained are consistent with the findings
of C. Ferraro et al. (2024), who note that the
introduction of new protein-based materials
into food and biotechnology processes should
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be accompanied by a comprehensive toxicolog-
ical assessment, including the determination
of acute toxicity, analysis of haematological
and biochemical parameters, as well as studies
of biocompatibility and possible local irritant
effects. The results of the analysis of haemato-
logical parameters in the rabbits’ blood indicate

that the feed additive under investigation had
no adverse effect on the haematopoietic system
or the animals’ general physiological condition.
It was established that the haemoglobin con-
tent and erythrocyte count in the blood of all
test rabbits were within the physiological range
typical of clinically healthy animals (Table 7).

Table 7. Haematological parameters of the blood of rabbits (n=23)

Experimental animal

Haemoglobin concentration, g/L

Erythrocyte count, 10'2/dm3

No. 1 140+2.98 6.4+0.23
No. 2 137+3.22 6.5+0.23
No. 3 144+4.22 7.0%0.28

Source: compiled by the authors

In rabbit No. 1, the haemoglobin concen-
tration was 140+ 2.98 g/L, and the erythrocyte
count was 6.4 x 10'2/dm3. These results indicate
that erythropoiesis is proceeding normally and
that the body’s tissues are receiving an ade-
quate supply of oxygen. No signs of anaemia or
suppression of haematopoietic function were
detected. In rabbit No. 2, the haemoglobin con-
centration was 2.14% lower than that of the
first rabbit. Despite a slight decrease in haemo-
globin concentration compared with the other
animals, the values remained within the range
of physiological variation and did not indicate
the development of pathological processes or
toxic damage to the body. The highest haema-
tological values were recorded in rabbit No. 3.
The haemoglobin concentration in its blood
was 2.8% higher, and the erythrocyte count was
9.3% higher than those of the first rabbit. The
increase in these parameters compared with
the other animals did not exceed the physiolog-
ical norm and was likely due to the individual
characteristics of the animal’s organism.

The absence of sharp fluctuations in hae-
moglobin concentration and erythrocyte count
indicates that the feed additive under inves-
tigation does not exert a pronounced haemo-
toxic effect and does not adversely affect the
functional state of the haematopoietic system.
The results also confirm the absence of distur-
bances in oxygen transport and the stability of
the erythrocyte component of the blood in the
test animals. Thus, the results of the haemato-
logical analyses of the rabbits’ blood confirm
the good tolerability of the feed additive un-
der investigation and indicate that it is safe
with regard to its effect on the haematopoietic
system. The results of the study of protein me-
tabolism parameters in rabbit serum indicate
the absence of any marked adverse effect of
the feed additive under investigation on liver
function and protein metabolism in the ani-
mals. It was established that the total protein
content and aminotransferase activity in all
test rabbits were within the physiological nor-
mal range (Table 8).

Table 8. Protein metabolism parameters in the blood serum of rabbits (n=13)

EXP:;;Lan?tal Protein concentration, g/dm3 AST activity, umol/h/mL ALT activity, pmol/h/mL
No. 1 70.1£2.15 1.22+0.45 0.85+0.22
No. 2 65.4%1.67 1.17+0.23 0.91+0.17
No. 3 68.3%£3.56 1.20+0.16 0.94%0.21

Source: compiled by the authors
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In rabbit No. 1, the total protein concentra-
tion in the blood serum was 70.1 g/dm3, which
was the highest value among the laboratory an-
imals. AST activity was 1.22 pmol/h/mL, while
ALT activity was 0.85 pymol/h/mL. These results
indicate normal protein metabolism and the
absence of signs of toxic liver damage. In rab-
bit No. 2, a lower total protein concentration
was established. AST activity was 1.17 umol/h/
mL, while ALT activity was 0.91 pmol/h/mL.
Despite the slight decrease in total protein con-
centration compared with the other animals,
the values obtained remained within the phys-
iological range and did not indicate impaired
protein-synthetic function of the organism. In
rabbit No. 3, the total protein concentration and
aminotransferase activity corresponded to phys-
iological norms, indicating a stable functional

state of hepatocytes and normal metabolic pro-
cesses. The absence of a pronounced increase in
AST and ALT activity in the blood serum of the
rabbits indicates that the feed additive under
study did not cause disruption of hepatic cell
membrane permeability or the development of
pronounced hepatotoxic effects. The slight var-
iation in the parameters between the animals
was probably due to individual physiological
characteristics. The results of the study of thi-
ol group concentrations in the blood serum of
rabbits indicate a stable antioxidant status in
the laboratory animals and the absence of pro-
nounced oxidative stress following use of the
carrier. It was established that the concentra-
tions of protein-bound, total and low-molecu-
lar-weight (free) thiol groups in all rabbits re-
mained within the physiological range (Table 9).

Table 9. Thiol group content in the blood serum of rabbits, ug/cm>, (n=23)

Experimental animal Protein-bound Total Low-molecular-weight (free)
No. 1 11.3 13.5 2.2
No. 2 10.7 13.2 2.5
No. 3 10.5 12.9 2.4

Source: compiled by the authors

In rabbit No. 1, the concentration of pro-
tein-bound thiol groups was 11.3 pg/cm3, to-
tal thiol groups 13.5 ug/cm3 and low-molecu-
lar-weight (free) thiol groups 2.2 pg/cm?®. These
values indicate the preservation of normal func-
tioning of the body’s antioxidant system and
maintenance of cellular redox balance. In rab-
bit No. 2, the concentrations of protein-bound
and total thiol groups were slightly lower than
those in the first rabbit. The concentration of
low-molecular-weight thiol compounds was
the highest among the laboratory animals, at
2.5 pg/cm3. These changes showed no signs of
a pathological nature and were probably asso-
ciated with individual characteristics of metab-
olism. Despite a slight decrease in some param-
eters in rabbit No. 3 compared with the other
animals, the values remained stable and cor-
responded to physiological levels. The minor
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variations in thiol group parameters between
the experimental rabbits did not indicate the
development of pronounced oxidative stress or
toxic effects of the feed additive under study on
the animals. Thus, the results of the study of
thiol groups in the blood serum of rabbits con-
firm the absence of an adverse effect of the feed
additive under study on the antioxidant status
of the organism and indicate its good tolera-
bility by laboratory animals. The results of the
study of glucose concentration in the blood
serum of rabbits following exposure to modi-
fied dried egg white indicate the absence of an
adverse effect of the preparation under study
on carbohydrate metabolism in the animals. It
was established that glucose concentrations in
all experimental rabbits remained within the
physiological range, indicating a stable state of
energy metabolism in the organism (Fig. 2).
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Figure 2. Serum glucose levels in rabbits
following administration of modified
dried egg white, mmol/dm3
Source: compiled by the authors

No statistically significant differences
were found between the animals in terms of
their blood serum glucose levels. The results
obtained indicate the stability of carbohydrate
metabolism in rabbits when a modified dry egg
white is used. The absence of sharp changes in
glucose concentration indicates that the feed
additive under investigation does not have a
pronounced toxic effect on the energy metabo-
lism of laboratory animals. Thus, the results of
the biochemical studies confirm the good tol-
erability of modified dried egg white by rabbits
and indicate that the product has no adverse
effect on carbohydrate metabolism parameters.

The research findings indicate a low lev-
el of acute toxicity of the modified dried egg
white and its good tolerability by laboratory
animals. The absence of fatalities in mice, even
when high doses of the preparation of up to
5,000 mg/kg body weight were administered,
indicates that the carrier under investigation
can be classified as a low-toxicity or virtually
non-toxic substance. These results are con-
sistent with data from other researchers, who
note that protein carriers of natural origin are
characterised by high biocompatibility and low
toxicity due to their natural origin and biodeg-
radability (Ferraro et al., 2024; Li et al., 2024).

The absence of pronounced clinical signs of
intoxication in animals when low doses of the

preparation were used indicates that the mod-
ified dried egg white is well tolerated by mice.
Even when high doses were administered, the
clinical manifestations observed were short-
lived and mild. The temporary suppression of
activity and diarrhoea in animals at the maxi-
mum dose were likely associated with the body’s
adaptive response to a significant load of pro-
tein components, rather than with the develop-
ment of toxic damage to organs and systems.
Similar data on the safety of protein-based
delivery systems are presented in the works of
M. Fathi et al. (2018) and A. Martinez-Lépez et
al. (2020), which indicate that protein na-
nostructures and carriers do not induce pro-
nounced toxic reactions in laboratory animals.
The absence of significant changes in haemato-
logical parameters confirms that modified dried
egg white has no adverse effect on the haemato-
poietic system. Haemoglobin levels and eryth-
rocyte counts in the mice’s blood remained
within physiological ranges even when high
doses of the preparation were administered.
This indicates the absence of haematotoxic ef-
fects and disturbances in erythropoiesis. Such
results are characteristic of natural protein
carriers, which, according to E. Abeyrathne et
al. (2013), are characterised by high biologi-
cal compatibility and do not cause significant
disturbances to the body’s physiological state.

The results of biochemical studies also
confirm the absence of any marked toxic effect
of modified dried egg white on liver function.
Total protein levels and aminotransferase ac-
tivity in the blood serum of mice remained
within the physiological range. A slight
dose-dependent increase in AST and ALT ac-
tivity at the maximum dose was not accompa-
nied by clinical signs of toxicity and was likely
of an adaptive nature. It is known that slight
fluctuations in transaminase activity may oc-
cur in response to an increased metabolic load
without the development of structural damage
to hepatocytes. Similar conclusions regarding
the safety of protein carriers are presented in
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the works of H. Cheng et al. (2023) and S. Wu et
al. (2024), which emphasise the stability of the
functional state of cells when using protein
delivery systems.

An important indicator of the safety of the
carrier under investigation is the stability of
the antioxidant status in laboratory animals.
It was found that the levels of protein-bound,
total and low-molecular-weight thiol groups in
the blood serum of mice remained stable and
did not exceed physiological ranges. The results
obtained indicate the absence of pronounced
oxidative stress and disturbances in cellular
redox balance. A slight increase in the concen-
tration of thiol compounds when high doses of
the preparation were used is likely associated
with the activation of the body’s compensatory
antioxidant mechanisms. Similar patterns have
been described in the work of J. Zur et al. (2016),
which notes that immobilised protein systems
are capable of maintaining a stable functional
state of cells without the development of oxi-
dative damage. The absence of marked changes
in serum glucose concentration in mice indi-
cates the stability of carbohydrate metabolism
and the body’s energy supply when using mod-
ified dried egg white. Even when the maximum
dose was administered, glucose levels remained
within the physiological range, confirming the
absence of any adverse effect of the preparation
on metabolic processes. This is an important
criterion for toxicological safety, as disturbanc-
es in carbohydrate metabolism often accompa-
ny the development of intoxication and stress
responses in the body.

The results of the assessment of the local
irritant effect of modified dried egg white on
the ocular mucous membrane of rabbits also
deserve particular attention. It was established
that only mild, transient signs of irritation were
observed after administration of the prepa-
ration and that these resolved spontaneously
during the first days of the study. The absence
of damage to the iris, persistent hyperaemia or
pronounced conjunctival oedema indicates a
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low level of local irritation caused by the prepa-
ration. The results obtained confirm the good
local tolerability of the carrier under study and
are consistent with data on the safety of natural
protein-based systems reported by B. Ruan et
al. (2018) and M. Maggonage et al. (2024). The
results of the studies confirm the potential for
using modified dried egg white as a protein
carrier in biotechnology and the food industry.
Given its low toxicity, the absence of any ad-
verse effects on haematological and biochem-
ical blood parameters, and its good tolerability
by laboratory animals, the carrier under inves-
tigation may be promising for the immobilisa-
tion of biologically active substances, probiotic
cultures and other functional components. The
results obtained lay the groundwork for further
research into the efficacy and functional prop-
erties of modified dried egg white within bio-
technological systems.

Conclusions
Toxicological studies conducted on modified
dried egg white indicate its low toxicity and
good tolerability in laboratory animals. It was
found that a single intragastric administration
of the preparation to white mice at doses rang-
ing from 100 to 5,000 mg/kg body weight did not
result in any fatalities. Even at the maximum
dose of 5,000 mg/kg, only transient depression
and diarrhoea were observed, which resolved
spontaneously without further intervention,
indicating that the body’s response was of an
adaptive nature. The results of haematological
studies showed that modified dry egg white has
no adverse effect on the haematopoietic system
of laboratory animals. Following administration
of the preparation at a dose of 2,000 mg/kg, the
haemoglobin concentration in mice was 132 g/L,
and the erythrocyte count was 5.7 x 10'2/dm3. In
rabbits, the haemoglobin concentration ranged
from 137 to 144 g/L, and the erythrocyte count
was 6.4-7.0 x 10'2/dm3, which corresponded to
physiological norms and confirmed the ab-
sence of haemotoxic effects of the preparation.
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Biochemical studies revealed that indica-
tors of protein metabolism and liver function
remained stable. At a dose of 2,000 mg/kg, the
total protein content in the mice’s serum was
65.4 g/dm3, with AST activity at 0.81 umol/h/
mL and ALT activity at 0.92 pmol/h/mL, where-
as at the maximum dose of 5,000 mg/kg, these
values were 67.3 g/dm?, 0.93 and 1.04 pmol/h/
mL, respectively. The values obtained did not
exceed physiological norms and did not indi-
cate toxic damage to hepatocytes. An assess-
ment of antioxidant status showed that the use
of modified dried egg white did not induce the
development of marked oxidative stress. Fol-
lowing administration of the preparation at
a dose of 2,000 mg/kg, the content of protein
thiol groups was 14.6 pg/cm3, total thiol groups
at 16.3 pg/cm3, and low-molecular-weight thiol
groups at 1.7 ug/cm?, indicating that cellular re-
dox balance was maintained and the body’s an-
tioxidant system was functioning stably. No ad-
verse effect of the modified dried egg white on
carbohydrate metabolism parameters was ob-

tolerated by the ocular mucosa of rabbits. The
clinical signs of irritation observed were mild,
short-lived and resolved completely within
the first day of observation, without damage
to the iris or the development of pathological
tissue changes. The results obtained confirm
the safety of modified dried egg white and
justify its potential use as a protein carrier
for the immobilisation of biologically active
substances and microorganisms in animal
husbandry, the food industry and biotechnol-
ogy. Prospects for further research include
investigating the chronic toxicity, allergenic
and immunobiological safety of the modified
dried egg white; studying the effectiveness of
immobilising various biologically active com-
pounds and probiotic microorganisms using it
as a carrier; and assessing the stability, bio-
availability and functional efficacy of the de-
veloped systems under conditions of practical
application in animal husbandry, the food in-
dustry and biotechnology.
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AHoTamisgs. AKTyalbHiCTh poOGOTM 3yMOBJEHAa HEOOXiHHICTIO CTBOpPeHHS 6e3MeyHux Ta
dyukuionanbHo edekTMBHMX OiNKOBMX HOCIiB [y iMMoO6inisamii 6io/loriuHO aKTUBHUX
pevYoBUH i MiKpoOpraHi3miB, MepCreKTUBHUX IJisI BUKOPUCTAHHSI y TBAPMHHMIITBI, XapyoBiit
MIPOMMCIOBOCTI Ta 6ioTexHosorii. MeTOoI0 IOC/iIskKeHHST 6Y/I0 OI[iHMUTM TOKCUKOIOTiUHi BJACTUBOCTI
MoauGiKOBaHOTO CYyXOTO SIEUHOTO 6i/ika IIISIXOM BM3HAUEHHS 110TO TOCTPOi TOKCUYHOCTI, BIUIUBY
Ha reMaToNOTiyHi, 6i0XiMiuHI Ta aHTMOKCUIAHTHI MMOKa3HMKYM KPOBi J1ab6OpaTOPHMUX TBAPMH, a
TaKOX MOApPa3HIOBAJIbHOI Iii Ha CJIM30BY 060IOHKY OKa. Y po6OTi BUKOPUCTAHO TOKCMKOJIOTiUHi,
KIiHiYHi, reMarosorivuni, 6ioXiMiuHi Ta cTaTMCTMYHI MeTOmM AOCTimKeHHS. Byno mocmimkeHO
TOCTPY TOKCUYHICTh MOV (iKOBAHOTO CYXOTO SIEYHOTO 6ika 32 BHYTPIiIIHbOITYHKOBOTO BBET€HHSI
6imMM Mumam y mosax Bim 100 mo 5000 Mr/Kr mMacu Tila Ta OLiHEHO JOTO MOApasHIOBATbHY
Iil0 Ha CIM30BY OGOJIOHKY OKa KposiB KamidopHiiickkoi mopomu. BcTaHOBNIEHO, IO HABiTh 3a
MakcuManbHOi 103U 5000 MI/KT JeTaJlbHUX BUMAAKIB He CIIOCTepiraayu, a KOPOTKOYACHI ITPOSIBU
MIPUTHIYEHHS Ta Oiapei Oy/M TPAaH3UTOPHMUMMU i TIOBHICTIO 3HMKAIM 6€3 TOAATKOBOI'O BTPYUYaHHSI.
[TpoaHasi30BaHO reMaTOoJIOTiUHi, 6i0XiMiuHi Ta aHTMOKCUIAHTHI TTOKa3HUKM KPOBI, SIKi 3a/IMIIaTNCS
B MeXax isiomoriunoi Hopmu: 3a mosu 2000 MrI/Kr BMicT remornob6iHy cTaHOBMB 132 1/1I,
KiJIbKiCTh epUTpoLuTiB — 5,7 x 10'%/0M®, 3arasibHOrO 6iNKa — 65,4 I/AM3, KOHIEHTPALIisl [JIIOKO3M —
5,4 MMOJIb/IM3, 3arajibHUX TIONOBMX TPyl — 16,3 MKr/cM®, Tomi SIK 3a MaKCMMAaJbHOI 103U
5000 mr/Kr BMICT 3arajJibHOro 6ijsika gocaraB 67,3 r/mm3, akKTUBHiCTh ACAT - 0,93 MKMOJIb/TO0/
w1, AAT — 1,04 MKMOJTB/TOI/MJI, & KOHIEHTpAIlis IoKo3u — 6,0 MMOJIb/OMS, HE BUXOIAUM 34
Mexxi ¢isiomoriunoi Hopmu. ITim yac OUiHKM MMOAPA3HIOBAIBHOI il Ha CIM30BY 0GOJIOHKY OKa
KpOJTiB 6YJI0 BUSIBJIEHO JIMIIE CJIAOKO BUpPaKeHi TPAaH3UTOPHI KIIiHiUHI MPOsIBY 6€3 YIIKOIKEHHS
paiay>kHO1 OGOJIOHKM, TPU IIbOMY TeMaTOJIOTiuHi, 6i0XiMiuHi Ta AHTMOKCUAAHTHI MOKAa3HUKU
TaKOX BifmoBigamy ¢izionoriyHMM 3HaUEHHSIM, 1110 MiATBepIKyBaIo BilCYTHICTh TeMOTOKCUYHOI,
rermaToOTOKCUMYHOI, MeTaboMiuyHOI Ta BUpaKeHOI OKCUAATUBHOI Aii MomuGiKOBaHOTO CYXOro
stegyHOTO 6inKa. [IpakTuYHa I[iHHICTb POOOTY TOJATAE Y MOXKIMBOCTI BUKOPUCTAHHSI OTPUMAHUX
pe3ynbTaTiB i1 po3po6JIeHHSI Ta BIIPOBAIKeHHSI 6Ge3rmeyHux O6iMKOBMX HOCIiB 6iomoriyHo
aKTMBHMX PEUYOBMH i MiKpOOpPraHi3MiB y TBAPMHHMIITBI, XapuoBiif TPOMMUCIOBOCTi, 6i0TEXHOJIOTIi
Ta HAYKOBUX JOCTiI3KEHHSIX
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