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Antioxidant system is a key element maintaining the metabolic homeostasis in poultry, as it provides the control of ac-
tive oxygen species and prevents damage to cell structures. Disruption of this balance leads to oxidative stress, accompa-
nied by intensification of lipid peroxidation, decreased enzyme activity, and reduced productivity. Quails (Coturnix
coturnix japonica) are particularly sensitive to such changes, as they have a high metabolic rate combined with low re-
sistance to zootechnical and environmental stress. In this regard, it is important to find natural products that can maintain
antioxidant balance. One of these is inactivated glutathione yeast. For example, EnzActive Protein Powder is a yeast-based
supplement, containing high concentrations of reduced glutathione, peptides, p-glucans, and mannan oligosaccharides,
which can activate endogenous antioxidant defense mechanisms. The aim of the study was to evaluate the effect of feed-
ing quails with different doses of inactivated glutathione yeast (0.3% and 0.5%) on the activity of antioxidant system en-
zymes: glutathione peroxidase (GPx), superoxide dismutase (SOD), catalase (CAT), the level of reduced glutathione
(GSH), and the malondialdehyde (MDA) content. The experiment was conducted on 45 Manchurian quails, which were
divided into three groups (control, T1, T2) according to the analogue principle. Biochemical blood tests were performed
on the 14th and 48th days. The results showed that EnzActive Protein Powder promoted an increase in the GPx, SOD, and
CAT activities by 9.3-17.9%, an increase in the GSH levels by 7.8-14.5%, and a decrease in the MDA concentration by
11.1-19.5% compared with the control. The obtained data indicate a stimulating effect of the yeast product on the enzy-
matic and nonenzymatic links of the antioxidant system. The effect was dose-dependent: more changes were observed
when using a dose of 0.5%. Thus, feeding the quails with EnzActive Protein Powder contributed to the increased antioxi-
dant enzyme activity, stabilization of redox homeostasis, and reduced lipid peroxidation. The results obtained confirm the
relevance of using inactivated glutathione yeast as a natural treatment for oxidative stress in intensive poultry farming.
Further research prospects include studying the effects of inactivated glutathione yeast on performance indicators, immune

status, and morphofunctional state of the liver in quails.
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Introduction

The antioxidant system of birds is one of the key links ensuring
the stability of metabolic processes and physiological homeostasis.
It regulates the level of active oxygen species (AOS) and lipid peroxi-
dation products (LPP) in cells, preventing the development of oxidati-
Ve stress. An imbalance between the free radical formation and the
body’s ability to neutralize them leads to destructive changes in mem-
branes, impaired enzymatic activity, and weakened immunity, resul-
ting in reduced poultry productivity (Surai et al., 2019; Oke et al,,
2024). Among domestic poultry species, Japanese quails (Coturnix
coturnix japonica) are characterized by an extremely high metabolic
rate and, accordingly, increased sensitivity to stress factors. Even
slight fluctuations in the temperature, stocking density, or feed quality
can cause oxidative imbalance in them. Therefore, it is strongly im-
portant for quails to provide effective antioxidant support, which pro-
motes adaptation to intensive farming conditions and maintains high
productivity (Abbas et al., 2022).

The antioxidant system of birds comprises enzymatic and nonen-
zymatic components. Enzymatic components include superoxide dis-
mutase (SOD), catalase (CAT), and glutathione peroxidase (GPx) —
enzymes that act sequentially, neutralizing superoxide anion and hyd-
rogen peroxide, converting them into water and oxygen. Nonenzymatic
components include reduced glutathione (GSH), tocopherol, ascorbate,
carotenoids, and other low-molecular-weight antioxidants that stabilize

cell structures and prevent lipid peroxidation (Ighodaro et al., 2018).
Especially important in this system is glutathione, a general intracellu-
lar antioxidant that maintains redox homeostasis and participates in
protein glutathionylation reactions and regeneration of other antioxi-
dants. The strengthening of the glutathione link in antioxidant protec-
tion is directly related to increased GPx activity and more effective
control of LPO processes (Markovi¢ et al., 2018; Hou et al., 2020).
By contrast, the accumulation of malondialdehyde (MDA is conside-
red an indicator of the intensity of lipoperoxidation and a marker of
oxidative damage to cell membranes (Markovic et al., 2018).

Modemn strategies for preventing oxidative stress in poultry far-
ming are based on the use of natural antioxidants — tocopherol, ascor-
bic acid, plant-derived polyphenols (Ding et al., 2021), as well as or-
ganic forms of trace elements, primarily selenium (Hou et al., 2020).
In recent years, microbial bioproducts, in particular the Saccharomy-
ces cerevisiae yeasts, have been attracting interest. These microorga-
nisms are a natural source of protein, 3-glucans, mannan oligosaccha-
rides, peptides, and a number of antioxidant compounds that can
comprehensively affect the immune response, intestinal barrier prop-
erties, and antioxidant status of the body (Wang et al., 2021).

Recent studies have shown that yeast autolysates and cell walls of
S. cerevisiae stimulate the activity of GPx, SOD, and CAT, reducing
MDA levels in broilers and quails (Liu et al., 2018; Reda et al., 2021).
Selenium-containing yeast, in turn, activates the glutathione-thioredo-
xin system and increases the tissue antioxidant resistance (Hou et al.,
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2020; Abbas et al., 2022). Ukrainian scientists also confirm the high
biological activity of yeast preparations. Thus, Romanovych et al.
(2019) found a decrease in the intensity of oxidative modification of
proteins and a stabilization of antioxidant status in the broiler chickens
under the S. cerevisiae action, and Prudyus et al. (2016) noted an im-
provement in lipid metabolism and an increase in the activity of anti-
oxidant enzymes in the poultry when they were fed the biologically
active supplement Activo.

Recently, there has been a growing scientific interest in inactiva-
ted glutathione yeast, which produces increased amounts of reduced
glutathione, yeast peptides, and cell wall polymers, thereby promoting
the activation of hepatoprotective and detoxifying effects, including
the Nrf2-dependent transcription activation of antioxidant genes (Uc-
hida et al., 2024). However, the scientific literature offers limited sys-
tematic data regarding the effects of such products on quails, particu-
larly concerning the dose-dependent responses and the temporal dy-
namics of changes within the GPx-SOD-CAT-GSH-MDA system.

EnzActive Protein Powder is obtained through a specially develo-
ped fermentation process of a unique S. cerevisiae strain, which al-
lows yeast cells to synthesize and accumulate glutathione naturally.
The supplement is a natural source of high-quality protein, B vita-
mins, and minerals (calcium, phosphorus, potassium, magnesium,
copper, iron, zinc, manganese, and chromium). Yeast protein is well
balanced in terms of amino acid composition, making it a valuable
component in animal feed. In addition, the yeast cell wall contains -
glucans and mannans, which have an immunomodulatory effect, sti-
mulate the body's natural defenses, and are capable of binding toxins
in the digestive tract.

Studies of the glutathione bioavailability in encapsulated yeast, con-
ducted using an artificial digestion model and intestinal cells (Caco-2,
HT29-MTX) showed that glutathione encapsulated in yeast cells is
preserved during passage through the digestive tract, is partially relea-
sed in the gastrointestinal environment, and can penetrate intestinal
epithelial cells. Thus, the yeast cell acts as a natural biocapsule that
protects glutathione from destruction in the acidic environment of the
stomach and ensures its gradual release and effective absorption. In
fact, this method of antioxidant administration is the most effective
(Musatti et al., 2014).

As part of animal diets, glutathione yeast can:

— strengthen the body's antioxidant system;

—reduce oxidative stress during heat, metabolic, or transport stress;

— improve liver function and intestinal barrier integrity;

— stimulate immune stability and increase nutrient absorption;

— promote feed efficiency and stimulate animal performance, es-
pecially during stressful stages of growth and development.

Thanks to these properties, glutathione yeast has high potential as
a natural bioactive feed additive that promotes animal health and per-
formance.

The objective of the study was to determine the effect of the inac-
tivated glutathione yeast EnzActive Protein Powder on the activity of
antioxidant system enzymes (GPx, SOD, CAT), the level of reduced
glutathione (GSH), and the content of malondialdehyde (MDA) in
quails. Furthermore, we assessed the dose-dependence of the effect at
levels of 0.3% and 0.5% in the feed composition.

Materials and methods

The study was conducted under the conditions of the industrial
complex of the individual entrepreneur Kharyna, Lviv Oblast.
The object of the study was the Manchurian meat-egg quail. For the
study, three groups were formed (using the analogue principle): con-
trol (C), trial 1 (T2), and trial 2 (T2) of 15 birds each (Table 1).
The birds had free access to feed and water and consumed the same
compound feed balanced in terms of nutrients and biologically active
compounds. From the 20th day of life, the trial groups were given in-
activated glutathione yeast in the form of the EnzActive Protein sup-
plement, T1 receiving 0.3% and T2 receiving 0.5% per 1 ton of com-
pound feed.

EnzActive Protein Powder contains inactivated yeasts based on a
specially selected Saccharomyces cerevisiae strain, which (thanks to a
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developed fermentation process) is able to naturally accumulate gluta-
thione, one of the key antioxidants that can reduce the effects of stress.

EnzActive Protein Powder is a product in the form of a finely dis-
persed powder with the following main nutritional characteristics: hu-
midity — < 8.0%, protein > 55.0%, beta-glucans > 13.0%, mannono-
oligosaccharide complexes > 12.0%, glutathione > 1.8%.

Glutathione yeast is highly stable and versatile, making it easy to
incorporate into any type of feed, including compound feed, premi-
xes, and functional additives. Thanks to a special manufacturing tech-
nology, EnzActive Protein Powder is a heat-resistant product and
retains its nutritional and biologically active properties during storage,
transportation, and technological processes such as granulation or ex-
trusion. In the recommended dosages, glutathione yeast is suitable for
all types of productive and domestic animals and can be used as an
additional source of high-quality, easily digestible protein, B vitamins,
trace elements, and bioactive components with pronounced antioxi-
dant and immunomodulatory effects.

The EnzActive Protein Powder supplement was introduced into the
basic diet of the poultry according to the following scheme (Table 1).

Table 1
Experimental design

Group Number of birds Diet
Control 15 Base diet (OP)

Trial 1 15 OP + 0.3% EnzActive Protein
Trial 2 15 OP + 0.5% EnzActive Protein

Blood samples from seven animals from each group were taken
for biochemical studies on the 14th and 48th days of the experiment.
The content of protein carbonyl groups (PCG) in blood plasma was
measured using 2,4-dinitrophenylhydrazine (DNPH) as an indicator of
protein oxidation. This involved assessing the formation of additional
carbonyl groups and calculating their amount per 1 mg of protein
(Lushchak et al., 2004). The content of lipid hydroperoxides (HPL)
was determined with the method of V. V. Myronchyk; the TBA-acti-
ve products in blood plasma were measured using the malondialde-
hyde (MDA) color reaction with thiobarbituric acid (Korobeynikov,
1989); and the reduced glutathione level (GSH) in erythrocytes was
determined according to E. Beutler, O. Dubon, and B. Kelly (Meth-
ods for determining ..., 1982). The superoxide dismutase (SOD,
1.1.15.1) activity was measured using the method based on the reduc-
tion of nitrotetrazolium by superoxide radicals and was expressed in
conventional units per 1 mg of protein (Dubinina et al., 1983). The
catalase (CAT, 1.1.6) activity was determined according to the ability
of hydrogen peroxide to form a stable colored complex with molyb-
denum salts (Korolyuk et al., 1988). The glutathione peroxidase (GP,
1.11.1.9) activity was determined by the rate of oxidation of reduced
glutathione and was expressed in pmol/min per 1 mg of protein (Moin,
1986). The glutathione reductase (GR) activity was measured spectro-
photometrically by the glutathione reduction rate in the presence of
NADPH, expressed in tM NADPH/minxmg protein (Vlizlo et al.,
2012).

The statistical analysis of the study results was performed using
one-way ANOVA with Bonferroni correction, as well as one-way
Tukey analysis. For this purpose, the StatPlus program (AnalystSoft
Inc., USA) was used. The results are presented as Mean + SD (mean
standard error). Differences among the groups of animals were con-
sidered statistically significant at P < 0.05.

Results

The first signs of antioxidant system activation in the quails were
observed two weeks after the start of intake of the inactivated gluta-
thione-enriched yeast (Table 2). An increase in the reduced glutathi-
one (GSH) level was recorded in blood of the birds of the experi-
mental groups: 4.1% in T1 and 9.3% in T2 (P < 0.01), compared with
the control. This indicates that the body started to accumulate internal
resources to protect against oxidative stress. A higher level of gluta-
thione is one of the first signals of activation of the redox system that
helps cells maintain a balance between oxidation and reduction pro-
cesses. The glutathione peroxidase (GPX) activity in the quails also in-
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creased. In the group T1, this parameter exceeded the control by
4.7%, and in T2 — by almost 10% (P < 0.01). Glutathione peroxidase
is known to work together with glutathione and prevent the accumu-
lation of lipid peroxides, so the increase in its activity can be consid-
ered a clear sign of increased antioxidant protection in the early stages
of the supplement effect.

Similar changes were observed for superoxide dismutase (SOD).
The enzyme activity increased by approximately 5% in T1 and by
8.9% in T2 (P < 0.05). This means that on the 14th day, the quails de-
monstrated an increase in the first line of enzymatic defense, which is
responsible for neutralizing the most aggressive oxygen forms.

Table 2
Biochemical parameters of antioxidant system in blood of quails on 14th day of intake of the inactivated glutathione yeast (%, X + SD; n =7)
Parameters Control Trial 1 Trial 2

Reduced glutathione (GSH), pmol/L 1.72+0.072 1.79 +0.06* 1.88 +0.05
Glutathione peroxidase (GPx), nkat/mL 8431+2.712 88.25 £3.02 92.14+3.11b
Superoxide dismutase (SOD), U/mL 5532+1.84 58.11+£2.,02: 6027 £1.96°
Catalase (CAT), mkat/L 3455138 3592+1412 3798 +1.27°
Malondialdehyde (MDA), nMol/mL 5.7140.220 543 £0.21 5.08+0.19°

Note: different letters within the same parameter denote selections that differ significantly from each other according to the Tukey test (P < 0.05).

Catalase (CAT) reacted more moderately. In T1, only a tendency
toward growth was observed, while in T2, the enzyme activity was
significantly higher by 9.9% (P < 0.05). This sequence is quite logi-
cal, since catalase acts after superoxide dismutase, decomposing hy-
drogen peroxide formed during its operation. Thus, a balanced antiox-
idant system gradually forms in quails when the enzymes work in a
coordinated chain.

The most noticeable changes were related to malondialdehyde
(MDA), an indicator of the lipoperoxidation intensity. Its level in the
blood decreased by 4.9% in T1 and by 11.0% in T2 (P < 0.01) com-
pared with the control. This indicated a decrease in the free radical
production and a stabilization of cell membranes. In other words, the
quails that received the supplement had reduced oxidative stress — one
of the main causes of cell damage and reduced poultry productivity.

Generally, the first positive changes in the antioxidant system
functioning in the quails could be seen as early as the 14th day. The
body gradually adapted to the yeast bioactive components contained
in EnzActive Protein Powder and responded to them by activating
glutathione cycle enzymes and improving the overall redox balance.
These results indicate that even short-term use of the supplement trig-
gers the body's natural defense mechanisms against oxidative stress.

Table 3

After 48 days of feeding the quails with inactivated glutathione
yeast, the effect was more visible than at the beginning of the experi-
ment (Table 3). By this time, a stable antioxidant background had for-
med in the birds' bodies, as confirmed by reliable changes in almost
all of the studied parameters.

The reduced glutathione level (GSH) was 7.3% higher in blood
of the group T1 quails than in the control group (P < 0.05), and 14.5%
higher in the group T2 (P < 0.01). Compared with the 14th day, this
parameter showed a more sustained increase, indicating the accumu-
lation of glutathione compounds in cells and an increase in the total
antioxidant capacity of plasma. Such dynamics indicate that the birds'
bodies have adapted well to the action of the bioactive components of
the yeast supplement.

The activity of glutathione peroxidase (GPx) increased most sig-
nificantly. In the T1 quails, it exceeded the control by 8.7% (P <
0.05), and in T2 — by 16.0% (P < 0.01). This indicates an increase in
enzymatic detoxification of peroxides, which is the main mechanism
for reducing oxidative stress. The higher GPx levels combined with
the increased GSH content confirm the effectiveness of glutathione
cycle activation, which ensures neutralization of lipoperoxidation pro-
ducts.

Biochemical parameters of the blood antioxidant system of the quail on 48th day of consuming the inactivated glutathione yeast (%, X + SD; n=7)

Parameters Control Trial 1 Trial 2
Reduced glutathione (GSH), pmol /L 1.79 +£0.06* 1.92 +0.07° 2.05+0.05>
Glutathione peroxidase (GPx), nkat/mL 90.23 +£2.842 98.11 £3.15° 104.67 +3.22¢
Superoxide dismutase (SOD), U/mL 57.86 +1.832 62.94 +2.01 66.48 + 1.95°
Catalase (CAT), mkat/L 36.72 £ 145 39.58 £ 1.37 41.12+£129°
Malondialdehyde (MDA), nmol/mL 547+0.21° 492 +0.18® 441 +0.16

Note: see Table 2.

The superoxide dismutase (SOD) activity increased by 8.8% in
the T1 quails and by 14.9% in the T2 quails (P < 0.05). This means
that even after a month and a half of supplementation, the antioxidant
system remained not only sufficient, but even worked more actively.
The enzymatic link continued to steadily neutralize the excess active
oxygen species, which is important for maintaining cellular integrity.

Catalase (CAT) also showed an upward trend — its activity in T1
exceeded the control by 7.8% and in T2 by 12.0% (P < 0.05). Such
consistency in the work of SOD and CAT enzymes indicates the
effective functioning of a unified enzymatic defense system aimed at
converting active forms of oxygen into harmless compounds.

The level of malondialdehyde (MDA) in the quails’ blood decre-
ased by 10.1% in T1 and by 19.4% in T2 (P < 0.01), compared with
the control. This is direct evidence of a decrease in the intensity of li-
pid peroxidation and a stabilization of cell membranes. The decrease
in MDA indicates that the antioxidant system not only became more
active but also began to effectively inhibit the processes of lipoperoxi-
dation. We can sum up that by the 48th day of action of inactivated
glutathione yeast, the enzymatic and nonenzymatic links of antioxi-
dant protection in the quails were fully formed. The most pronounced
effect was observed in the T2 group, indicating a dose-dependent effect
of the supplement. The data obtained confirm that inactivated gluta-

thione yeast not only activates the redox systems of the body, but also
contributes to maintaining their stable functioning over a long period.

Discussion

The results obtained convincingly demonstrate that feeding quails
with the EnzActive Protein Powder supplement, based on inactivated
glutathione yeast, had a positive effect on the functioning of antioxi-
dant system. Just a few weeks after the start of the supplement intake,
we observed an increase in the activity of the main antioxidant de-
fense enzymes in the birds' blood — glutathione peroxidase, superox-
ide dismutase, and catalase, as well as an increase in the reduced
glutathione level and a decrease in the malondialdehyde content. This
indicates the restoration of redox homeostasis and effective neutrali-
zation of active oxygen species. The observed changes were dose-
dependent: in the group T2, the effect of EnzActive Protein Powder
was more intense than in T1, which is fully consistent with the data of
other authors who proved the stimulating effect of yeast products on the
enzymatic link of the antioxidant system (Surai, 2019; Hou et al., 2020).

Glutathione yeast extract is rich in L-glutathione. It is used as nu-
tritional and feed additives. It exhibits antiaging property, enhances
immune system, and improves livestock quality. It acts as an antioxi-
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dant. It is used as a supplement for people with metabolic disorders
and is also used in the treatment and prevention of angina symptoms
and chronic fatigue syndrome. It may help in relieving chronic bron-
chitis symptoms, and it supports immune system. Yun-Ho Kim et al.,
2017 showed that dry-YE containing component glutathione (GSH)
may act as a potent antioxidant by antagonizing ROS production. In
addition, there was no cytotoxicity observed in < 50 pg/mL dry-YE-
treated bronchial epithelial cells.

Glutathione yeast is considered an innovative biotechnological
product suitable for the use in animal husbandry, crop production, and
microbial nutrition. According to the description of the invention,
such products are capable of providing balanced nutrition, improving
digestion and nutrient absorption, stimulating growth, as well as
boosting the body's immunity and reducing the risk of disease. There-
fore, glutathione yeast can be considered a universal bioactive sup-
plement for improving the health and productivity of animals, plants,
and microorganisms, which highlights its high potential in modern
feed and biotechnological solutions (W02023125992A1, Glutathione
yeast, preparation method and use of product).

The increase in the reduced glutathione content and glutathione
peroxidase activity in our experiments has a clear biochemical expla-
nation. Yeast cells contain natural precursors of glutathione (cysteine,
glycine, glutamic acid, and peptides), that activate its synthesis in he-
patocytes. As noted by Ighodaro & Akinloye (2018), glutathione is
the main intracellular reductant that maintains the balance between
oxidation and reduction processes, preventing damage to cellular stru-
ctures. Similar effects of increasing GPx and SOD while decreasing
MDA have been described in the studies by Hou et al. (2020) and
Chen et al. (2017) using selenium-containing yeast in broiler feed.

The increase in SOD and CAT activity in our quails also con-
firms the activation of the enzymatic link in the antioxidant defense.
These enzymes work sequentially: SOD converts superoxide anion to
hydrogen peroxide, and catalase further decomposes it into water.
The coordinated action of these enzymes prevents the formation of
highly reactive radicals and ensures the stability of cell membranes.
Similar results were reported by Liu et al. (2018) and Markovi¢ et al.
(2018), in particular an increase in the activity of antioxidant enzymes
and an improvement in the redox status of tissues when yeast prod-
ucts were used in poultry.

Interestingly, Aydin et al. (2022) observed similar patterns, where
the intake of combined probiotic and enzyme supplements by the
quails also contributed to an increase in the GPx, SOD, and CAT
activity and a decrease in the MDA levels. This confirms the univer-
sality of the biochemical response of quails to natural antioxidant
factors, regardless of the source of the active components.

The reduction in the malondialdehyde content in our trials de-
serves special attention. Since MDA is the end product of lipid perox-
idation, its reduction directly indicates the inhibition of free radical
processes and membrane stabilization. Reda et al. (2021) and Abbas
et al. (2022) observed a similar trend during the study of the effects of
yeast autolysates in quails and ducks. The effect we obtained is most
likely due to the synergistic action of enzymatic (SOD, CAT, GPx)
and nonenzymatic (GSH) components of the antioxidant system,
which interact to control free radical reactions.

The gradual increase in the effect up to 48 hours can be explained
by the activation of the Nrf2 transcription factor, a key regulator of
antioxidant enzyme gene expression (Surai, 2019). It is known that
glutathione and its oxidized forms can act as signalling molecules that
activate Nrf2-dependent pathways and stimulate the GPx, SOD, and
CAT synthesis. This indicates that EnzActive Protein Powder acts not
only as a source of external antioxidants but also as an inducer of
intracellular defense mechanisms.

Our results are consistent with Ukrainian scientific data. Prudius
et al. (2016) found that the biologically active additive Activo in-
creased the activity of SOD and GPx in the broilers, while Romano-
vych et al. (2019) showed a decrease in the intensity of oxidative pro-
teins modification and a redox system stabilization under the action of
the yeast S. cerevisiae. Hunchak et al. (2018) found that the inclusion
of microelement supplements in the diet of the quails improved the
protein metabolism and increased productivity. Thus, the results of our
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work are consistent with domestic studies and complement them with
new data on the mechanisms of action of inactivated glutathione yeast.

The observed dose-dependence (T2 > T1 > control) is consistent
with the reports of Hou et al. (2020), who showed that increasing the
yeast level or selenium-containing products is accompanied by incre-
ased antioxidant responses. Therefore, the effect of EnzActive Protein
Powder is due to a combination of direct antioxidant action and
stimulation of endogenous glutathione synthesis.

From a practical point of view, increasing antioxidant potential is
an important precondition for quail resistance to zootechnical and en-
vironmental stress, stabilization of metabolic processes, and maintain-
ing productivity even under intensive rearing conditions (Surai et al.,
2019; Reda et al., 2021). Thus, the results of the study confirm the
feasibility of using inactivated glutathione yeast as a natural, safe, and
effective product to increase the antioxidant status of quails and pre-
vent oxidative stress.

Conclusion

Feeding the quails with the supplement EnzActive Protein Pow-
der, based on inactivated glutathione yeast, contributed to the activa-
tion of the body's antioxidant system. On the 14th day, we observed
an increase in the level of reduced glutathione (GSH) and antioxidant
defense enzymes (GPx, SOD, CAT) and a decrease in malondialde-
hyde (MDA), which indicate the formation of an adaptive redox re-
sponse of the body to the bioactive components of the supplement.

On the 48th day, the effect of EnzActive Protein Powder in-
creased: GPx and SOD activity exceeded the control by 8.7-16.0%
and 8.8%-14.9%, respectively, and the MDA level decreased by 10—
19%. This indicated the accumulation of glutathione, the coordinated
action of the enzymatic and nonenzymatic links of the antioxidant
system, and the stabilization of cellular redox homeostasis.

The revealed dose-dependent effect (T2 > T1 > control) confirms
that the effectiveness of EnzActive Protein Powder increases with
higher inclusion levels in the diet. The optimal effect is manifested
with long-term use, when the glutathione cycle is activated and the in-
tensity of lipid peroxidation decreases.

Inactivated glutathione yeast is considered a promising natural
product to prevent oxidative stress in quails. Its use contributes to in-
creasing antioxidant resistance, improving metabolic processes and
potentially poultry productivity under intensive breeding conditions.

The authors state that they have no conflict of interests.
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