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Abstract: Our study's goal was to determine the oxidation states of formed elements of the blood, and
mitochondria of liver and muscles of chicken and gerbils could help establish and compare the humic
substance's impact. The experiment was carried out on hens of the Lohmann Braun, chicken-broilers of
the Cobb 500 cross, and 6-months-old gerbils, which were kept under standard conditions. Experimental
hens, chicken-broilers, and gerbils were divided into 2 groups: 1 – intact animals (control), 2 – animals,
which added to the drinking water a 1% solution of the fodder biologically active additive of humic
nature (Humilid or Hydrohumate) in the optimal amount for 21 days. Results showed that Humilid and
Hydrohumate tested in our experiment activated the protective systems in cells against toxic radicals.
The species-specific effects of the components of studied humates were established: the activation of
the glutathione blood protection system of hens; catalase activation in mitochondria of white muscles
of chicken-broilers; activation of catalase and increase of concentration of cytochrome C in liver
mitochondria of gerbils. Our results indicate the elucidation of the mechanisms of humic.
Keywords: humate nature feed additives; blood, tissues; mitochondria; antioxidation systems.
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1. Introduction
Implementation of the latest technologies using biologically active additives of humic
nature obtained from ecologically safe peat of Ukraine can increase the efficiency of production
of high-quality biological products in the agro-industrial sector of the economy [1-2]. It is
known that this is possible due to the impact on the metabolic processes of such substances as
proteins, carbohydrates, lipids [3-6]. Simultaneously, with an increase in productivity, the
redox balance may change [7-11]. Due to the broad interest in the antioxidant properties of
humic substances, a comparison of the mechanisms of their effect on poultries and rodents
(animals far removed from each other in the systematic evolutionary hierarchy) is an urgent
issue in biology, veterinary medicine, ecology, and agriculture [12-15]. The elucidation of such
mechanisms and the establishment of interconnections between different living organisms that
differ in metabolism and regulation of the antioxidant system make it possible to give
recommendations when raising highly productive animals.
Fodder biologically active additives based on humic substances developed and tested
by the staff of the research laboratory of humic substances L. A. Christeva, the Dnipro State
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Agrarian, and Economic University: Humilid [16-20]; Hydrohumate [21] demonstrate highly
adaptogenic and anti-diabetic, analgesic, immunostimulating and antimicrobial activity.
Humates are active in forming a stable chelate compound with trace elements, which positively
affects the conversion of feed and promotes the intensification of growth and improvement of
farm animals' quality of meat [12,22]. The important biological activity of humates is due to
effect on hormone status, additional synthesis of adenosine triphosphate (ATP),
deoxyribonucleic acid (DNA), ribonucleic acid (RNA), change the cyclic adenosine
monophosphate (cAMP) level, and activation of the biosynthesis of proteins [22]. As a rule,
for increasing the productivity of farm animals requires a significant of nutrients in the feed.
Scientists [22-24] have shown that when humic substances are added to animals' diet, the
absorption of nutrients increases due to the activation of digestive enzymes in all digestive
canal locations.
There is a generally accepted concept of antioxidant protection, which includes three
defense lines [25]. Antioxidant enzymes belong to the first line: superoxide dismutase,
glutathione-peroxidase, catalase, metalloproteins; the second line – low molecular weight
antioxidants: glutathione, ascorbic acid, tocopherol, carotenes; the third line includes special
DNA repair enzymes, chaperone proteins, sirtuins, phospholipases. Also, apoptosis is the third
line of defense – a complex process that starts in the cell with irreversible damage. In
experiments on domestic and laboratory animals shows that humic substances cause activation
of the system of antioxidant protection of blood and cardiomyocytes, liver, and mitochondria
by increasing the activity of superoxide dismutase (SOD) and catalase (CT) [16-20,26-29]. The
authors point out that the delivery and retention inside the cell of Zn, Cu, Mn, Fe included in
the active centre of enzymes is facilitated by humic substances that form chelate complexes
with macro and microelements [7,16,30,31].
Therefore, the study of the liver and blood levels' biochemical markers and the intensity
of the antioxidant system's functioning are relevant and important issues for biochemistry,
veterinary and humane medicine, and pharmacology. The search for medicinal products that
simultaneously exhibits biological activity and hepatoprotective properties is also an urgent
task.
Considering the considerable achievements in the study of the biological activity of
humic substances, the purpose of the work was to establish and compare the impact of Humilid
on the effectiveness of the state of the antioxidant system of formed elements of the blood,
liver, and muscles of chicken and gerbils.
2. Materials and Methods
2.1. Chemicals.

1% solution of the fodder biologically active additive of humic nature (Humilid or
Hydrohumate) was used. Chemicals have been obtained from Khristyeva Problem Laboratory
of Humic Substances, Dnipro State Agrarian and Economic University (Dnipro, Ukraine). Peat
for a feed additive was selected using a screening system its assessment [32]. Humilid was
tested for biosafety previously [33].
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2.2. Animals and genotyping.

In the study were experimental animals chicken-broilers (fast-growing chicks) of the
Cobb 500 cross, hens of the Lohmann Braun, and 6-months-old gerbils, kept under standard
conditions. All manipulation was carried out under the rules of the "European Convention for
the Protection of Vertebrate Animals Used for Experimental and Other Scientific Purposes"
(Strasbourg, 2010) [34] and Law of Ukraine "On Protection of Animals from Cruel Treatment"
(2006) [35].
Experimental hens, chicken-broilers, and gerbils were divided into 2 groups: 1 – intact
animals (control), 2 – animals, which added to the drinking water a 1% solution of the fodder
biologically active additive of humic nature (Humilid or Hydrohumate) in the optimal amount
[18] for 21 days. At the end of the experiment, after selective weighing, the deposition was
performed under anesthesia. Blood, muscle, and liver were collected, washed with saline
solution, and used for further studies.
2.3. Blood.

Blood collected with an anticoagulant was centrifuged at 1000-1200 rpm for 10-15
minutes; the supernatant was used for further analysis. Whole blood was used to determine the
activity of catalase. The concentration of reduced glutathione was determined by [36]. The
sulfhydryl group of reduced glutathione reacts with 5,5-dithiobusiness (2-nitrobenzoic acid)
(Elman reagent), resulting in a yellow-colored thionitrofenyl anion (THFA), with maximum
absorption at 405 nm.
The activity of glutathione peroxidase (GP, EC 1.11.1.9) for changing the glutathione
content of the model substrate and color development reaction, glutathione reductase (GR, EC
1.6.4.2) – the speed NADPN•H-dependent conversion of oxidized glutathione form restored
to, glutathione-S-transferase (T-S-T, EC 2.5.1.1.8) – the speed of reaction of reduced
glutathione with 1-chloro-2,4-dinitrobenzene content of reduced glutathione (GSH) – under the
method is based on the interaction of thiol groups by acid-soluble Elman reagent [37] were
analyzed in erythrocytes. The activity γ-glutamyltransferase (GGT, ЕС 2.3.2.2) was
determined with standard laboratory test kits (PZ CORMAY S.A., Lomianki, Poland)
according to [38], using the manufacturer's protocol. The activity of enzymes glutathione
content in red blood cells was counted per 1 g of hemoglobin.
Hemoglobin concentration was determined by a well-known method using acetone
cyanohydrin and a set of standard reagents (Reagent, Ukraine, Dnipro) according to [39].
2.4. Homogenate and isolation mitochondria.

Whole homogenate and mitochondria fraction of liver or musculus were obtained by
differential centrifugation in the following buffer medium: 250 mM sucrose, 1 mM
ethylenediaminetetraacetic acid (EDTA), 10 mM Tris-HCl; 2 mM MgCl2; pH 7.4 at 0–3 °C
[40]. The liver or muscles' homogenate was centrifuged at 740 g in 10 ml of medium for 5
minutes at 0-2 °C to remove the cellular fragments and isolate the nuclear fraction. The
resulting supernatant was used to determine the biochemical parameters and to obtain the
mitochondrial fraction. The supernatant was centrifuged at 740 g again for 5 minutes at 0-2 °C.
For purification of the mitochondria, the supernatant was centrifuged at 9000 g for 10 min
twice. The supernatant containing the plasma membrane, lysosomes, microsomes, and cytosol
were discarded. The collected pellet, including the mitochondria, was resuspended to 10 ml in
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the medium for further centrifugation at 10000 g for 10 minutes. The pellet containing the
mitochondria was suspended in buffer with 0.25 M sucrose-free of EDTA and centrifuged at
10000 g for 10 min again. The procedure was repeated twice. The dense sediment of
mitochondria was thoroughly suspended in a pipette containing 0.4-0.5 ml of 0.25 M sucrose.
The fraction of mitochondria was immediately used for studies.
2.5. Enzyme assays.

The total protein concentration was determined due to standard laboratory test kits (PZ
CORMAY S.A., Lomianki, Poland) according to [38], using the manufacturer's protocol. The
catalase activity (CT, ЕС 1.11.1.6) was determined by hydrogen peroxide's ability to form a
stable colored complex with molybdenum salts [41] and was expressed in µcat/mg of
mitochondrial fraction protein. The activity of superoxide dismutase (SOD, ЕС 1.15.1.1) was
evaluated as the ability of the enzyme to inhibit quercetin oxidation [42] and was expressed in
conventional units (c.u./mg of protein). The enzyme activity that was able to induce quercetin
inhibition by 50 % per 1 mg tissue protein was taken as a unit. The number of cytochrome C
was measured due to its ability to restore sodium dithionate [43].
2.6. MDA concentration.

The concentration of MDA was determined by the concentration of the colored
complex formed by the reaction of MDA in an acid medium with two molecules of
thiobarbituric acid (TBA) [44]. The amount of MDA was expressed as µmoles of TBA-active
products per mg of protein of homogenate or mitochondrial fraction.
Data analysis and statistics
Statistical analysis using one-factor analysis of variance ANOVA. For all statistical
calculations, the significance was considered as a value of P < 0.05. Correlation analysis was
performed with Pearson's coefficient.
3. Results and Discussion
3.1. Impact of the Hydrohumat in the red blood cells.

The data of the prooxidant-antioxidant status of enzymes of the glutathione group in
the hens' red blood cells under the effect of Hydrohumate were presented (Table 1).
Supplementation of diet of the hens with fodder biologically active additive Hydrohumate led
to decrease 1,6 times (P <0,001) the activity of GP and 2,1 times (P <0.001) of G-S-T,
respectively, in erythrocytes, and increased GR activity 1.9 times (P <0.001) compared to the
corresponding parameters of the control group. The total MDA level in the hens' red blood cells
was less than 1.52 times (P <0.001) than control one.
Table 1. The content of MDA, and the activity of the glutathione cycle enzymes in the red blood cells of the
hens under Hydrohumate impact, M ± SD; n=6.
Experimental
MDA, µmol/g
GP,
GR,
G-S-T,
group
Hb
µmol//(m·gHb)
µmol//(m·gHb)
µmol//(m·g Hb)
Control
0,38 ± 0,02
859,42 ± 26,99
3,18 ± 0,13
10,95 ± 0,28
Hydrohumate
0,25 ± 0,01*
528,40± 36,82**
6,05 ± 0,26**
5,24 ± 0,39**
Note. In this and the next tables: * – P <0,01; ** – P <0,001 relative to the control group

GGT,
µmol//(m·gHb)
70,8 ± 1,58
47,4 ± 0,87**

The changes in the content of various forms of glutathione in hens' blood were showed
(Table 2). The diet with Hydrogumat led to an increase of 1,3 times (P <0.001) the
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concentration of GSH and decreased the GSSG in the same times, to increase 1.8 times (P
<0.001) the ratio GSH/GSSG in erythrocytes of blood hens compared to the control group.
These data are correlated with changes in enzyme activity of the glutathione group.
Table 2. The content of various forms of glutathione in the blood of hens, M± SD, n=6.
Experimental group
Control
Hydrohumate

Total
96,82 ± 1,94
114,65 ± 1,27**

Glutathione, mg%
GSH
76,22 ± 2,07
99,40 ± 1,13**

GSSG
20,61 ± 0,90
15,25 ± 0,98*

GSH/GSSG
3,74 ± 0,24
6,64 ± 0,45**

Supplementation to the diet to hens of the Lohmann Braun the fodder biologically active
additive Hydrohumate led to decreased glutathione peroxidase activity and glutathione-Stransferase, and increased glutathione reductase activity in erythrocytes compared to the
control group. A high level of GP activity against high content of reduced glutathione in red
blood cells of control hens compared to poultry of experimental groups (Table 1) indicates
intensive neutralization of products of lipid peroxidation (LPO), which is a substrate for GP.
Usually, the oxidative product excessive formated naturally in old cells [16].
The decrease of GP activity on the background of low GSH content in the red blood cells
of hens of experimental groups is probably due to the low content of LPO metabolites, resulting
from a decrease in the intensity of these processes the cells under the impact of humic
compounds. Such activity of the GP can be considered an improvement of red blood cells'
functional state due to their renewal with red bone marrow participation. This fact is also
confirmed by decreasing G-S-T activity in the hens of experimental groups' red blood cells.
The substrate for this enzyme is endogenous toxins and low-oxidized products. In this case, the
potentially high activity of GR relative to the control index may be due to the presence of a
substrate – GSSG formed in cells due to the detoxification of LPO products involving GSH,
and is aimed at maintaining a high ratio GSH/GSSG (Table 2). A significant predominance of
this indicator in the blood of the hens of experimental groups over the control index, in
particular by 77.5% (P < 0.001) with Hydrohumate application, is evidence of a proper
oxidative-reducing state of erythrocytes, that is due to the impact of humic substances on the
system of their antioxidant protection. Besides, GR takes part in the restoration of disulfide
bonds of proteins, reflected in membranes' permeability and oxidative phosphorylation
processes [16]. Unlike experimental poultry, in the red blood cells of the control group, the
decrease in the activity of GH can indicate a possible decline in the level of antioxidant
protection of these cells, which is due to the intensification of the processes of LPO, whose
metabolites have a negative effect on the structure of the cell membrane, and also reduce the
activity of functional proteins of red blood cells due to blocking their disulfide bonds. The
content of MDА in the red blood cells of the laying hens by the effect of the studied feed
biologically active additives was more than 1.5 times (P < 0.001) less than that in the control
hens (Table 1), indicating low-intensity processes of LPO in erythrocytes of experimental
poultry and is positively reflected on the structure of cell membranes. The confirmation of this
is the manifestation of a positive correlative connection (r = 0,59 ... 0,81) between the content
of MDA and the level of activity of GR, GP, or G-S-T in erythrocytes of the hens with a diet
supplemented by humic fodder.
The level of GGT activity, as the key enzyme for glutathione metabolism, in the hens'
blood serum was significantly lower than the benchmark of 35.4 % (P < 0.001) due to the
influence of the Hydrohumate. The high level of GGT activity in the blood serum of the hens
in the control group can be attributed to the development of destructive processes in the poultry
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organism, in particular the damage of membranes of cells of the biliary ducts of liver and ducts
of the pancreas, of renal tubule system, that is associated with activation of the LPO in the
cells. The low level of GGT activity in the blood serum of hens of experimental groups
indicates that the studied feed additives stabilize the structure of the membranes of the internal
organs' cells. The obtained results are consistent with the previous data [45].
Consequently, the humic substances of the fodder biologically active additive
Hydrohumate affect the functional state of erythrocytes. Improve metabolic reactions and
antioxidant defense systems by speeding up red cell renewal. Such changes prevent the
development of oxidative and hypoxic stress in the organism of productive poultry and
positively reflect its physiological status.
3.2. Impact of Humilid in the liver and muscles of gerbils and chicken-broilers.

The formation of MDA is a marker of oxidative stress in cells. The diet supplemented
with 1% Humilid in drinking water has not changed the concentration of MDA in the
homogenate of gerbil's and chicken broilers liver significantly, as in muscles of chickenbroilers too (Table 3). CT's activity in the homogenate of the liver of gerbils under impact of
Humilid was increased 1.7 times, but the activity of SOD, in this case, varied within the control
group. In the liver of chicken-broilers, the activity of SOD decreased 1.6 times. However, the
activity of CT varied within the control group. The concentration of cytochrome C increased
1.3 times in the liver of gerbils under Humilid effect. At that time, it was not changed in the
liver and muscles of chicken-broilers.
Humic substances with food are digested in the gastrointestinal tract 70% on average
[46]. With blood flow, first of all, on the gate system, get to the liver. Biotransformation of
humic substances occurs mainly in the liver [22]; those metabolites cause biological effects.
Table 3. The content of MDА, cytochrome C, and catalase and superoxide dismutase activity in the homogenate
of liver chicken-broilers and gerbils, M ± SD, n = 6.
Experimental group

MDА, μmol per mg
of protein

Control
Humilid

2.97±0.17
2.63±0.11

Control
Humilid

3.07±0.23
2.77±0.46

Parameters
Catalase, μkat per mg SOD, c.u. per mg of
of protein
protein
Liver of chicken-broilers
0.16±0.01
0.14±0.002
0.17±0.01
0.09±0.02*
Liver of gerbils
6.16±1.24
6.79±0.90
10.30±1.82*
7.09±0.76

Cyt C, μmol per g of
tissue
18.40±0.10
18.46±0.38
2.79±0.10
3.56±0.28*

A high metabolic load in fast-growing farm animals can cause a decrease in the
functionality of the liver. This state caused the formation of oxidative stress. Free radicals
increase intracellular calcium overloading, suppression of energy production, decreased
protein synthesis, and increased proteolysis. In general, there is a decline in the health status,
productivity, and quality of animal products [47-50]. However, normally in cells, the level of
biological radicals is maintained at an optimal level due to a complex antioxidant protection
system that includes high molecular weight components and low molecular weight [51,52].
These bio-antioxidants inactivate the physiological concentrations of free radicals to the
manifestation of their damage to biomolecules.
The first reaction of the cell to xenobiotics in the formation of active forms of oxygen,
including MDA, increasing the number of that is one of the markers of oxidative stress in the
cell (Table 3). The diet supplemented with 1% Humilid has not changed the concentration of
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MDA in the homogenate of gerbels and chicken-broilers liver and chicken-broilers' muscles
significantly.
Obtained data showed that the mechanism of modulation of catalase activity and SOD
of the liver of rodents and poultry under Humilid impact is different. CT's activity was
increased in the homogenate of the liver of gerbils with diet supported with Humilid, but the
activity of SOD, in this case, varied within the control group. In the liver of chicken-broilers
of the Cobb 500 cross, the activity of SOD was decreased; the activity of CT varied within the
control group. There is an activation CT in the liver rodent and inhibition SOD in the liver of
poultry. The biologically active components of Humilid may affect the liver due to activation
of adaptation processes, as noted earlier [45,53]. Possible decrease in the activity SOD
connected with antioxidant properties humic substances in compound Humilid. As a result,
there is a decrease in the concentration of oxidized products, including superoxide anion.
One possible way to activate the enzymatic activity of the antioxidant system is to
increase the concentration of metals in the liver, which are part of the active centers of metal
proteins: Zn – catalase, Mn (Cu/Zn) – superoxide dismutase [54].
Chelating compounds based on humic substances ensure the continuous use of trace
elements for the synthesis of metalloproteins. Besides, it is known that the humic acids directly
exhibits antioxidant or antiradical activity. Through direct interaction, it can neutralize various
forms of active oxygen and other free radicals that are formed during the metabolism [30, 55].
Such an effect may be mediated through signal transduction through the adenylate cyclase
hormonal system [22].
The effect of Humilid on the concentration of cytochrome C in the liver and muscles of
gerbils and chicken-broilers, changes detected only for the liver of gerbils (Table 3). One of
the mechanisms for increasing the cytochrome C concentration in the cytosol is the activation
of oxidative processes in the cell. Changes in the redox status in the cytosol lead to activation
of lipid oxidation, especially in the membranes' composition. Markers of such oxidative
processes are MDA. In the group of animals to which Humilide was added, the concentration
of MDA varied within the control group (Table 3). This indicates the absence of the
development of oxidative stress in the liver of this studied group's gerbils. Thus, an increase in
cytochrome C concentration can be explained by the stimulation of synthetic processes in the
liver gerbils' cells with humic acids in the composition of Humilid. This confirms the regulatory
properties of humic acids shown in the works of Stepchenko (2010) [22]. The obtained data
coincide with the work of other researchers [17,27,56]. Besides, Humilid can be a source of
ions Ferrum to synthesize heme, which is part of cytochrome C.
3.3. Impact of Humilid in mitochondria of muscles of chicken-broilers and liver of gerbils.

The oxidized products decreased 1,5 times in the mitochondria of chicken-broilers'
muscle under Humilid impact compared to the control group (Table 4). Simultaneously, CT's
activity increased 1.42 times, and the activity of SOD decreased 1.45 times compared to the
control group. The cytochrome C concentration was not changed significantly as in
homogenate and mitochondria of muscles chicken-broilers under Humilid impact.
At the same conditions, a decrease of 2 times the number of MDА was determined in
the mitochondria of liver gerbils relative to the control group under the Humilid effect (Table
5).
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Table 4. The content of MDА, cytochrome C, and catalase and superoxide dismutase activity in the homogenate
and mitochondria of chicken-broilers muscles, M ± SD, n = 6.
Experimental group
MDА, μmol per mg
of protein
Control
Humilid

6.29±0.79
6.02±0.03

Control
Humilid

0.76±0.17
0.51±0.07*

Parameters
Catalase, μkat per
SOD, c.u. per mg of
mg of protein
protein
Muscles of chicken-broilers
0.24±0.09
0.48±0.09
0.30±0.03
0.42±0.11
Mitochondria of muscles
0.19±0.01
1.84±0.35
0.27±0.06*
1.02±0.06*

Cyt C, nmol per g of
tissue
16.37±0.24
15.85±1.19
33.01±2.95
34.54±0.98

Table 5. The content of MDА, cytochrome C, and catalase and superoxide dismutase activity in the
mitochondria of liver gerbils, M ± SD, n = 6.
Experimental group
MDА, μmol mg of
protein
Control
Humilid

3.75±0.31
1.65±0.23*

Parameters
Catalase, μkat per mg SOD, c.u. per mg of
of protein
protein
Mitochondria of liver
6.49±0.11
11.94±1.01
7.37±0.63*
11.83±1.29

Cyt C, nmol per g of
tissue
7.65±0.78
9.38±1.09*

The catalase activity was increased 1.14 times in the mitochondria of the liver of gerbils
supplemented with Humilid, but the activity of SOD, in this case, varied within the control
group. The concentration of cytochrome C increased 1.23 times in the mitochondria of liver
gerbils only.
The decrease of 2 times the number of MDA was determined in the liver gerbils'
mitochondria under Humilid impact compared to the control group (Table 4). Such a decrease
of oxidized compounds indicates the potent antioxidant properties of humic substances of the
tested humates. The possible modulating antioxidant mechanism that reduces the number of
oxidized products in the cell is directly connected with catalase. Catalase is an important
oxidoreductase that is a part of the macromolecular antioxidant system at whole [47]. This
enzyme's activity was increased in the liver mitochondria under of Humilid effect. The changes
of concentration MDA and catalase activity in the liver of gerbils' mitochondria have an inverse
correlation (r = -0.6) that indicates the induction of antioxidant system and improvement of the
adaptation processes.
Moreover, the standard diet with supplemented 1% Humilid for chicken-broilers
induced the same decrease in oxidized products in the muscle's mitochondria. It increased
catalase activity with decreased superoxide activity dismutase compared to the control group.
Thus, increased CT activity as in the liver and muscles in mitochondria is a positive
sign of inhibiting processes of the formation of oxidative products and activating adaption
under the xenobiotic influence.
The observed decrease of SOD activity in the liver (Table 3) and mitochondria of
chicken-broilers muscles (Table 4) under the impact of humic substances may be due to their
ability to recombine with intermediate free radicals [26] that may lead to inactivation of enzyme
partly.
One more important component of antioxidant protection of the cell from the toxic
action of superoxide anion intensively formed in the respiratory chain and SOD is cytochrome
C, the highest levels of one are recorded in the liver, and in particular, its mitochondria [5759]. This is a heme-containing protein that required the presence of Ferrum ion in the structure.
The oxidized form of cytochrome C (Fe3+) exhibits powerful antioxidant properties at the
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expense of more effectiveness than SOD, the oxidation of superoxide anion to molecular
oxygen, and represents a marker of the effectiveness of the antioxidant system of mitochondria.
A simultaneous increase in cytochrome C's concentration in the mitochondria and liver
homogenate of gerbils under Humilid impact (Table 3) indicates the intensification of
biosynthetic processes. Thus, an increase in cytochrome C concentration leads to more efficient
absorption of oxygen by mitochondria of the liver. As a result, energy supply to cells due to
activation of electron transport in the respiratory chain of mitochondria and associated
oxidative phosphorylation. The results are supported with data described in Visser's (1987)
[46], which demonstrated the enhancement of oxidative phosphorylation of rat liver
mitochondria during prolonged exposure to humic substances.
4. Conclusions
The diet, supplemented with humic compounds' biologically active additives, led to the
activation of the glutathione system of erythrocytes' antioxidant protection. The positive effect
of humic feed additives was noted on the liver and muscles' antioxidant system. However, the
modulation of the antioxidant system in rodents and poultry liver under the influence of natural
humic additives is different.
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