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Impaired metabolism of mineral substances in the conditions of industrial rabbit breeding may cause decrease in increment of live mass, 
reduction of immunity, mass morbidity and death of animals. In our experiment, we studied the efficiency of using a mineral mixture to 
prevent the disorders in the metabolism of rabbits according to changes in morphologic, biochemical parameters and antioxidant status of 
blood, chemical composition of blood plasma and increments in body weight compared to the control group of animals. For the studies, we 
formed four groups of white New Zealand rabbits, each comprising six individuals aged 70 days with mean body weight equaling 1.99 kg. 
In group I, the rabbits received an aqueous form of a mixture of glauconite, succinic acid, humic and fulvic acids and lactates of zinc, man-
ganese, cuprum, cobalt and iron with water, rabbits of group II were given a dry form of a mixture of glauconite, succinic acid, humic and 
fulvic acids and lactates of zinc, manganese, cuprum, cobalt and iron with fodder, and the rabbits of group III were intramuscularly injected 
with butanol fraction of humic acids. The experiment lasted for 21 days. The results of the experiment indicate that the most effective proph-
ylaxis of malfunctions of mineral metabolism in white New Zealand rabbits aged 70–95 was dry mixture of glauconite, succinic acid, humic 
and fulvic acids and lactates of zinc, manganese, cuprum, cobalt and iron with fodder (group II), which was given once a day for 21-day 
period. We determined a positive effect of biologically active supplement on the parameters of hematopoiesis(1.25 times significantly higher 
level of hemoglobin and 1.14 times higher number of erythrocytes), metabolism of proteins (1.54 times significantly higher content of albu-
mins), mineral substances (significantly higher content of inorganic phosphorus – by 1.17 times, calcium by 2.18 times, manganese by 
1.39 times, zinc by 1.50 times, iron by 1.39 times and cuprum by 1.49 times), functional condition of the liver (2.04 times lower activity of 
gamma-glutamyltransferase), the state of the antioxidant system (lowest catalase activity) and energy of rabbits’ growth (1.20-fold increment 
in body weight). The results of our study indicate that using a dry form of the mixture of glauconite, succinic acid, humic and fulvic acids and 
lactates of zinc, manganese, cuprum, cobalt and iron with fodder is an efficient method of preventing malfunctioning of mineral metabolism 
in rabbits.  

Keywords: microelements; blood of rabbits; New Zealand white rabbits; atomic emission spectrometry; TBA-active product; catalase.  

Introduction  
 

Rabbits are fast-growing animals and modern industrial rabbit breed-
ing entails slaughter of rabbits aged three months on average. In the condi-
tions of effective industrial rabbit breeding, the diet should be balanced 
according to all nutrients, including minerals. Imbalanced diet of animals 
in the conditions of industrial production may impair the mineral metabol-
ism. Specifics of mineral deficiency in the territories of biogeochemical 
zones and provinces, preparation of fodders for rabbits requires using 
mineral supplements. Development of effective mineral mixtures for 
application in industrial rabbit breeding taking into account peculiarities of 
biogeochemical zones and provinces, the most humane approaches to 
animals and physiological ways to use the preparations is a relevant topic 
of research.  

Scientists all around the globe seek for, study and develop efficient 
mineral additives, preparations and biologically active substances for 
treatment of impaired metabolism in animals, including rabbits (Raafat, 
2011; Mista & Rzasa, 2012; Elokil et al., 2019; Lieshchova et al., 2020). 
According to most scientists, the most effective way of preventing meta-
bolic disorders in rabbits is use of complex preparations, and therefore the 
search for them still continues. Rabbits’ diet, balanced by such microele-
ments as zinc, cuprum, selenium, manganese, cobalt, iron, promotes cor-
rect functioning of protecting mechanisms of the rabbit organism (Ebeid 
et al., 2013; Abd El-Rahim, 2017; Clauss & Hatt, 2017). Elokil et al. 

(2019) determined a positive effect of supplementing the diet of rabbits 
with zinc and cuprum on antioxidant properties of the organism of ani-
mals and development of essential aminoacids. A similar positive effect 
on the antioxidant system of the rabbit organism was determined by scien-
tists Tsekhmistrenko & Fedorchenko (2015, 2016) using vitamin-mineral 
supplement that contained potassium, phosphorus, sodium, cuprum, zinc, 
manganese, iron, iodine, cobalt and selenium and vitamins А, D3, Е, К3, 
В1, В2, В3, В4, В5, В6, В12. Kunkel & Pearson (1948) determined that 
magnesium deficiency in the diet of rabbits (20 mg or less per 100 g of 
diet) causes heightened excitability, convulsions, hypomagnesemia and 
growth retardation, whereas sufficient level of magnesium (30–40 mg per 
100 g of diet) leads to quick recovery of the animals  ̀growth. Mattioli et 
al. (2020) determined that sufficient level of selenium in rabbits  ̀diet posi-
tively influences the parameters of blood plasma and supports the level of 
iron in the blood of the animals. Shtapenko et al. (2018) reported that 
adding organic compounds of zinc, manganese, chromium and selenium 
to the diet of female rabbits led to positive effects on the intensity of meta-
bolic processes in reproductive organs, maintenance of antioxidant-
peroxide balance, improvement of fertility and embryo implantation. The 
results of studies by some scientists refute the efficacy of zinc compounds 
in improving rabbits’ increment (Casado et al., 2011). At the same time, 
Hassan et al. (2021) determined the effectiveness of using zinc-containing 
supplements for the parameters and antioxidant properties of the rabbits’ 
organism during feeding. Analysis of researches by other scientists re-
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vealed that using such components as humic acids, glauconite and succin-
ic acids positively influences the digestibility of fodder (Hall, 1952), im-
proves digestibility of minerals in the animals’ intestine (Filipova, 2019) 
and when combined with minerals substances they improve productive 
parameters (tendency towards increase in weight in rabbits and higher 
coefficient of fodder conversion) and meat quality (increase in iron content 
in meat) (Mista & Rzasa, 2012; Maha et al., 2019). Zadnipryany et al. 
(2019) determined a positive effect of succinic acid on supporting the 
contraction function of the cardiac muscle. Raafat (2011) revealed that 
dimercaptosuccinic acid (DMSA) is effective in reducing the intoxication 
impact of plumbum on the organism of rabbits. Therefore, a promising 
direction of studies of treatment and prophylaxis of mineral metabolism in 
rabbits is the use of complex biologically active supplements that contain 
glauconite, salt of humic acid, succinic acid and microelements.  

Peculiarities of biochemical zones and provinces cause deficiency of 
corresponding substances in fodders and water (Grushanska, 2017). To 
provide the rabbit organism with minerals,  mineral supplements are 
usually used. To reduce the costs of production, many enterprises prepare 
combined feeds themselves, adding commercial mineral supplements in 
doses recommended by the manufacturers. There was performed an ana-
lysis of some commercial mineral supplements produced in Ukraine and 
recommendations of some foreign authors, identifying some differences 
(Gidenne, 2017; Yan et al., 2017; Abdel-Azeem et al., 2019). Therefore, 
the diets of rabbits should be corrected taking into account physiological 
needs of the organism for mineral substances, the corresponding biogeo-
chemical zone and province where the farm is located, and also conditions 
that accompany the emergence of deficiency (Kiwull-Schöne, 2005; 
Proença & Mayer, 2014; Gidenne, 2015).  

The objectives of our experiment were peculiarities of the reaction of 
the organism of white New Zealand rabbits to various forms of mineral 
mixture for prophylaxis of impaired mineral metabolism.  
 
Materials and methods  
 

The protocol of the study was approved by the local Committee of 
Ethics of the National University of Life and Environmental Sciences of 
Ukraine. All manipulations with animals were performed according to the 
principles and recommendation of the Management of Monitoring and 
Use of Laboratory Animals and also the leading principles of the 
ARRIVE. To perform the study, we selected clinically healthy white New 
Zealand rabbits. The animals for the study were selected according to the 
method of pair analogues, randomly, with further division of the groups so 
the body weight would range no more than 3.0% from the mean weight 
within the group. Biological substrates for the study were selected at the 
beginning and end of our studies according to the general scientific prin-
ciples and methods.  

The studies were carried out at the base of the Faculty of Veterinary 
Medicine of the National University of Life and Environmental Sciences 
of Ukraine. The diet of rabbits was balanced according to the main para-
meters, water provision was centralized, the drinking water was in indi-
vidual drinkers. After 30-day quarantine, 24 rabbits aged 70 days and 
weighing 1.99 ± 0.06 kg on average were divided into four groups (con-
trol, experimental group I, experimental group II, experimental group III) 
comprising six individuals each. The rabbits were kept individually in 
cages. Animals of the control group received the main diet in granules in 
the dose of 0.155 kg per animal and had free access to drinking water. 
The fodder mixture (g/kg) included: Lucerne hay – 265, wheat – 140, 
sunflower grist – 110, barley – 309, oat – 100, soybean grist – 58, Lu-
mance C (Innovad, Belgium) – 1, chalk – 4, FYS premix (Blenheim 
House, United Kingdom) – 4.5 (1 kg of premix contained 650 g of cal-
cium carbonate, 30–100 g of saraponin, 250 g of oligosaccharide), Klino-
feed – 2 (mycotoxin neutralizer based on Klinoptilol and heulanditeу), 
tricalcium phosphate – 4, salt – 1.5, lysine – 1. Together with the main 
diet, rabbits in experimental group I were once a day additionally given 
aqueous form of mixture of glauconite, succinic acid, sodium salts of hu-
mic and fulvic acids, lactates of zinc, manganese, cuprum, cobalt and iron 
in the form of 3% solution in the dose of 0.5 mL of the mixture per 1 kg of 
weight, added to drinking water for 21 days. In experimental group II, the 
animals received a dry form of a mixture of glauconite, succinic acid, 

sodium salts of humic and fulvic acids, lactates of zinc, manganese, cu-
prum, cobalt and iron in the dose of 4 g of the mixture per 1 kg of fodder, 
together with their main diet, for 21 days. In experimental group III, the 
animals were twice (at the age of 70 and 84 days) intramuscularly injected 
with butanol fraction of humic acids in the dose of 0.1 mL per 1 kg of 
body weight (1 mL of the solution contained 9 mg of butanol fraction of 
humic acids and additional substances – sodium chloride and water for 
injections), the animals of this group received the main diet and had free 
access to water. Daily doses of minerals which were given to one animal 
in the content of aqueous and dry forms of mixtures equaled: Zn – 28.7 
mg, Mn – 5.7 mg, Cu – 5.7 mg, Co – 0.12 mg, and Fe – 28.7 mg.  

Blood of rabbits was drawn from the marginal ear vein into a dispos-
able test tube after a clinical examination before morning feeding. Blood 
for studying morphological, biochemical parameters, chemical composi-
tion and TBA-active products was stabilized by heparin, transported and 
stored at the temperature of 4 ºС. Using no anticoagulants, we drew blood 
to study activity of catalase, transported and kept it at the room tempera-
ture. Morphological, biochemical parameters and content of chemical 
elements in blood were studied at the beginning (the first day) and the end 
(the twenty second day) of the studies. To assess the results of increment 
of animals, the control weighing was performed in the morning before the 
first, seventh, fourteenth and twenty second day of the experiment.  

General clinical analysis of blood included counting erythrocytes and 
leukocytes – in the chamber with hemocytometer on Micromed XS-3320 
microscope (Micromed, China, 2018); determining content of hemoglo-
bin (hemoglobin cyanide method with acetone cyanohydrin); determining 
mean corpuscular hemoglobin (MCH); obtaining leukogram using the 
Filipchenko’s counting method. Blood smears were stained using Leuco-
dif 200 (LDF 200) (Erba Lachema s.r.o, the Chechen Republic). Concen-
tration of total protein, albumins, glucose, calcium of total and inorganic 
phosphorus in blood serum was determined using colorimetric methods, the 
activities of alkaline phosphatase (AP), aspartate aminotransferase (AST), 
alanine aminotransferase (ALT) and gamma-glutamyltransferase (GGT) 
were determined using kinetic technique. The studies were performed on 
semi-automatic biochemical analyzer Lab Line – 010 (Lab Line, Austria, 
2010) using reagents manufactured by Spain Lab Company (Ukraine) 
and High Technology Inc. (USA). TBA-active products in erythrocytes of 
blood were determined using Jagi technique modified by Ishihara and 
Honcharenko (1985) and activity of catalase in blood serum was deter-
mined by employing spectrophotometric technique on SF-26 spectropho-
tometer (LOMO, Russia) using Koroliuk’s technique (1988). The method 
of atomic emission spectrometry within ductively coupled plasma on 
example of Optima 2100 DV (Perkin Elmer Inc., USA, 2004) was used 
so as to determine the composition of chemical elements in the blood 
plasma. The weight gain of the  animals was determined by control 
weighing in the morning and before feeding.  

The quantitative data were analyzed using Statistica 6.0 (Stat Soft 
Inc., USA). To present the data in the tables, we used format x ± SD (x ± 
standard deviation). Using ANOVA criterion, we determined differences 
between the values of the control and experimental groups where the 
differences were considered significant at P < 0.05.  
 
Results  
 

Clinical parameters of fattening rabbits during the experiments were 
within the physiological fluctuations. In morphological parameters of 
blood content of rabbits of all groups at the beginning of the experiment, 
there were no differences between the groups, and the parameters were 
within the physiological norm, though the amount of erythrocytes, content 
of hemoglobin and mean content of hemoglobin in erythrocytes was 
approaching the lower physiological threshold (Tables 1, 2, 3).  

At the end of the experiment, all the morphological parameters of 
blood of rabbits were within the physiological norm, though they under-
went changes compared with the results at the beginning of the experi-
ment (Table 4, 5, 6).  

After using the aqueous mixture of water, we determined a 19.9% 
significantly lower content of hemoglobin in blood of rabbits of group I at 
the end of the experiment compared with such in group I at the beginning 
of the study (Table 1), and also determined a 4.3% higher level of hemog-
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lobin at the end of the study compared with the corresponding parameter 
of the blood of animals in the control group (Table 4). In the blood of 
rabbits of group II fed dry mixture of fodder, we determined a 8.4% sig-
nificantly higher content of hemoglobin and 1.68 times significantly lower 
amount of monocytes at the end of the experiment compared with the 

corresponding parameters of group II at the beginning of the study 
(Table 2), and also determined a significant 1.25-fold higher content of 
hemoglobin and a 1.14 times higher number of erythrocytes compared 
with the corresponding parameters of animals in the control group (Ta-
ble 5).  

Table 1  
Morphological blood parameters and hemoglobin content in blood of rabbits in group I which were given mixture of glaukonite, succinic acid, humic and 
fulvic acids and lactates of zinc, manganese, cuprum, cobalt and iron (before the beginning of and at the end of the experiment, x ± SD, n = 6)  

Parameter Reference interval  
(Jain, 1986) Start of experiment End of experiment Compared to the start  

of experiment, % 
Erythrocytes, RBC, 1012/L 5.30–6.24 5.83 ± 0.14 5.81 ± 0.19   99.7 
Hemoglobin, Hb, g/L 112–134 120.93 ± 0.60 109.0 ± 0.58*   90.2 
Mass of hemoglobin in erythrocyte, MCH, pg (10–12 g) 21.0–21.5 20.80 ± 0.40 18.82 ± 0.56**   90.5 
Leukocytes, WBC,109/L 7.7–9.1 8.20 ± 0.26 7.67 ± 0.90   93.5 
Basophils,% 0.8–3.1 0.3 ± 0.3 0.7 ± 0.3 233.3 
Eosinophils, % 0.9–1.6 1.2 ± 0.2 1.3 ± 0.3 108.3 
Neutrophils, % 25.0–35.9 31.3 ± 2.4 35.2 ± 0.8 112.5 
Limphocytes, % 60.0–67.5 59.8 ± 2.7 56.2 ± 1.4   94.0 
Monocytes, % 1.4–5.6 4.0 ± 0.2 4.7 ± 0.3*** 117.5 
Note: * P < 0.001, ** P < 0.01, *** P < 0.05 – indicate values which reliably differed one from another within one line of table according to the results of comparison using ANOVA.  

Table 2  
Morphological parameters of blood and content of hemoglobin in blood of rabbits in group II which were given mixture of glauconite, succinic acid, 
humic and fulvic acids and lactates of zinc, manganese, cuprum, cobalt and iron (before the beginning of and the end of the experiment, x ± SD, n = 6)  

Parameter Reference interval  
(Jain, 1986) Start of experiment End of experiment Compared to the start  

of experiment, % 
Erythrocytes, RBC, 1012/L 5.30–6.24 5.68 ± 0.29 6.04 ± 0.11 106.3 
Hemoglobin, Hb, g/L 112–134 120.30 ± 0.75 130.38 ± 1.91* 108.4 
Mass of hemoglobin in erythrocyte, MCH, pg (10–12 g) 21.0–21.5 21.39 ± 1.04 21.61 ± 0.44 101.0 
Leukocytes, WBC,109/L 7.7–9.1 7.78 ± 0.50 8.50 ± 0.45 109.3 
Basophils,% 0.8–3.1 0.7 ± 0.3 0.3 ± 0.3   42.9 
Eosinophils, % 0.9–1.6 1.5 ± 0.5 0.8 ± 0.3   53.3 
Neutrophils, % 25.0–35.9 33.8 ± 3.6 35.3 ± 5.2 104.4 
Limphocytes, % 60.0–67.5 57.0 ± 4.5 59.3 ± 5.1 104.0 
Monocytes, % 1.4–5.6 4.2 ± 0.3 2.5 ± 0.4**   59.5 
Note: see Table 1.  

Table 3  
Morphological parameters of blood and content of hemoglobin in blood of rabbits in group III which were given butanol fraction  
of humic acids (before and at the end of the experiment, x ± SD, n = 6)  

Parameter Reference interval  
(Jain, 1986) Start of experiment End of experiment Compared to the start  

of experiment, % 
Erythrocytes, RBC, 1012/L 5.30–6.24 5.34 ± 0.13 6.04 ± 0.04* 113.1 
Hemoglobin, Hb, g/L 112–134 111.73 ± 0.86 101.62 ± 0.87*   91.1 
Mass of hemoglobin in erythrocyte, MCH, pg (10–12 g) 21.0–21.5 20.98 ± 0.43 16.83 ± 0.11*   80.2 
Leukocytes, WBC,109/L 7.7–9.1 8.0 ± 0.15 8.95 ± 0.55 111.9 
Basophils,% 0.8–3.1 0 1.3 ± 0.3* – 
Eosinophils, % 0.9–1.6 1.0  ±  0 1.3 ± 0.3 130.0 
Neutrophils, % 25.0–35.9 34.2 ± 3.1 24.5 ± 2.0**   71.6 
Limphocytes, % 60.0–67.5 59.3 ± 2.6 68.8 ± 2.0** 116.0 
Monocytes, % 1.4–5.6 2.3 ± 0.3 3.0 ± 0.2*** 130.4 
Note: see Table 1.  

Table 4  
Morphological parameters of blood and content of hemoglobin in blood of rabbits that were given mixture of glauconite, succinic acid, humic  
and fulvic acids and lactates of zinc, manganese, cuprum, cobalt and iron in group I and the control group (end of the experiment, x ± SD, n = 6)  

Parameter Reference interval  
(Jain, 1986) Control Group I, aqueous  

solution of mix 
Compared to  
the control, % 

Erythrocytes, RBC, 1012/L 5.30–6.24 5.29 ± 0.17 5.81 ± 0.19*** 109.8 
Hemoglobin, Hb, g/L 112–134 104.45 ± 0.35 109.0 ± 0.58* 104.3 
Mass of hemoglobin in erythrocyte, MCH, pg (10–12 g) 21.0–21.5 19.82 ± 0.64 18.82 ± 0.56   95.0 
Leukocytes, WBC,109/L 7.7–9.1 7.48 ± 0.55 7.67 ± 0.90 102.5 
Basophils,% 0.8–3.1 0 0.7 ± 0.3** – 
Eosinophils, % 0.9–1.6 1.0 ± 0.0 1.3 ± 0.3 130.0 
Neutrophils, % 25.0–35.9 33.7 ± 1.0 35.2 ± 0.8 104.5 
Limphocytes, % 60.0–67.5 58.7 ± 0.6 56.2 ± 1.4***   95.7 
Monocytes, % 1.4–5.6 4.3 ± 1.0 4.7 ± 0.3 109.3 
Note: see Table 1.  

At the end of the experiment, in blood of rabbits of group III which 
had been injected humic acid, we determined the following changes: 
significant increases by 1.13 times in the number of erythrocytes, by 1.3% 

in basophiles and by 1.2% in lymphocytes, significant decrease by 9.9% 
in hemoglobin content and by 1.25 in mean content of hemoglobin in 
erythrocytes compared with such parameters of group III at the beginning 

573 



 

Regul. Mech. Biosyst., 2021, 12(3) 

of the study (Table 3), and also determined significantly higher number of 
erythrocytes – by 14.2%, basophiles by 1.3% and lymphocytes by 
1.17 times, significantly lower content of hemoglobin in erythrocytes – by 
1.18 times and neutrophils by 1.38 times compared with the corresponding 
parameters of animals of the control group (Table 6). Blood of rabbits of the 
control group at the end of the experiment had a significant decrease by 
10.3% in the content of hemoglobin compared with the corresponding pa-
rameters in the control group at the beginning of the study. The parameters 

of biochemical content in blood serum of rabbits of all groups at the be-
ginning of the experiment did not differ between the groups, and also the 
parameters in all groups were within the physiological norms, though the 
contents of total protein and albumins were close to the lower physiologi-
cal threshold (Tables 7, 8, 9). At the end of the experiment, all the studied 
biochemical parameters in blood serum of rabbits were within the physio-
logical norms, though some changes occurred compared with the begin-
ning of the experiment (Tables 10, 11, 12).  

Table 5  
Morphological parameters of blood and content of hemoglobin in blood of rabbits that were given mixture of glauconite, succinic acid, fulvic acids  
and lactates of zinc, manganese, cuprum, cobalt and iron in group II and the control group (end of the experiment, x ± SD, n = 6)  

Parameter Reference interval  
(Jain, 1986) Control Group II, dry of mix Compared to  

the control, % 
Erythrocytes, RBC, 1012/L 5.30–6.24 5.29 ± 0.17 6.04 ± 0.11** 114.2 
Hemoglobin, Hb, g/L 112–134 104.45 ± 0.35 130.38 ± 1.91* 124.8 
Mass of hemoglobin in erythrocyte, MCH, pg (10–12 g) 21.0–21.5 19.82 ± 0.64 21.61 ± 0.44*** 109.0 
Leukocytes, WBC,109/L 7.7–9.1 7.48 ± 0.55 8.50 ± 0.45 113.6 
Basophils,% 0.8–3.1 0.0 0.3 ± 0.3 – 
Eosinophils, % 0.9–1.6 1.0 ± 0.0 0.8 ± 0.3   80.0 
Neutrophils, % 25.0–35.9 33.7 ± 1.0 35.3 ± 5.2 104.7 
Limphocytes, % 60.0–67.5 58.7 ± 0.6 59.3 ± 5.1 101.0 
Monocytes, % 1.4–5.6 4.3 ± 1.0 2.5 ± 0.4   58.1 
Note: see Table 1.  

Table 6  
Morphological parameters of blood and content of hemoglobin in blood of rabbits that were fed with butanol fraction of humic acids  
in group III and the control group (end of the experiment, x ± SD, n = 6)  

Parameter Reference interval  
(Jain, 1986) Control Group III, humic  

acids for injection 
Compared to  
the control, % 

Erythrocytes, RBC, 1012/L 5.30–6.24 5.29 ± 0.17 6.04 ± 0.04* 114.2 
Hemoglobin, Hb, g/L 112–134 104.45 ± 0.35 101.62 ± 0.87**   97.2 
Mass of hemoglobin in erythrocyte, MCH, pg (10–12 g) 21.0–21.5 19.82 ± 0.64 16.83 ± 0.11*   84.9 
Leukocytes, WBC,109/L 7.7–9.1 7.48 ± 0.55 8.95 ± 0.55 119.7 
Basophils,% 0.8–3.1 0 1.3 ± 0.3* – 
Eosinophils, % 0.9–1.6 1.0 ± 0.0 1.3 ± 0.3 130.0 
Neutrophils, % 25.0–35.9 33.7 ± 1.0 24.5 ± 2.0**   72.7 
Limphocytes, % 60.0–67.5 58.7 ± 0.6 68.8 ± 2.0* 117.2 
Monocytes, % 1.4–5.6 4.3 ± 1.0 3.0 ± 0.2   69.8 
Note: see Table 1.  

Table 7  
Biochemical parameters of blood serum of rabbits that were given mixture of glauconite, succinic acid, humic and fulvic acids and lactates of zink,  
manganese, cuprum, cobalt and iron in group I (before the experiment and at the end of the experiment, x ± SD, n = 6)  

Parameter Reference interval  
(Carpenter, 2018) Start of experiment End of experiment Compared to the start  

of experiment, % 
Protein, total, g/L 54–75 55.37 ± 0.15 61.78 ± 0.77* 111.6 
Albumin, g/L 25–50 25.73 ± 1.36 26.58 ± 0.20 103.3 
Glucose, mmol/L 4.16–8.33 6.86 ± 0.62 4.63 ± 0.04**   67.5 
Calcium, mmol/L 2.0–3.70 3.0 ± 0.17 2.54 ± 0.02***   84.7 
Phosphorus, mmol/L 0.74–2.23 1.41 ± 0.15 1.79 ± 0.01*** 127.0 
Urea nitrogen, mmol/L 2.50–8.33 4.0 ± 0.47 3.60 ± 0.52   90.0 
Creatinine, mcmol/L 44.20–229.84 54.57 ± 7.77 51.07 ± 2.28   93.6 
Alkaline phosphatase, ALP, U/L 4.0–70 32.93 ± 4.95 27.75 ± 1.61   84.3 
Aspartate aminotransferase, AST, U/L 14–113 16.83 ± 1.89 21.05 ± 2.27 125.1 
Alanine aminotransaminase, ALT, U/L 14–80 36.22 ± 5.37 39.06 ± 2.35 107.8 
Gamma-glutamyl transpeptidase, g-GT, U/L 0–7 5.97 ± 0.44 4.86 ± 0.48***   81.4 
Bilirubin total, mcmol/L 0–12.83 6.73 ± 0.28 6.60 ± 0.26   98.1 
Note: see Table 1.  

In blood serum of rabbits of group I, after consuming aqueous mix-
ture with water, we determined significant 1.12 times higher total protein, 
1.48 times significantly lower content of glucose at the end of the experi-
ment compared with the same parameters of group I at the beginning of 
the experiment (Table 7), and also determined significantly higher levels 
of the following parameters: total protein – by 1.12 times, glucose – by 
8.2%, inorganic phosphorus – by 1.11 times, significantly lower content 
of creatinine – by 1.61 times and GGT by 1.38 times compared with the 
corresponding parameters in blood of animals of the control group (Ta-
ble 10). In blood serum of rabbits of group II fed the dry mixture with 
fodder, at the end of the experiment, we determined significantly higher 
content of total protein by 1.12 times, albumins by 1.45 times, inorganic 

phosphorus by 1.36 times, urea by 2.30 times, creatinine by 1.59 times, 
and significantly lower content of glucose by 1.42 times, total calcium by 
1.20 times, alkaline phosphatase by 1.65 times and GGT by 1.65 times, 
compared with such parameters of group II at the beginning of the expe-
riment (Table 8), and also determined significantly higher content of al-
bumins by 1.54 times, inorganic phosphorus by 1.17 times, urea by 1.76 
times, creatinine by 1.26 times and significantly lower content of total 
calcium by 1.12 times and GGT by 2.04 times compared with the corres-
ponding parameters of animals of the control group (Table 11). After 
injecting humic acids, at the end of the experiment, blood serum of rabbits 
of group III had a significantly lower level of glucose by 1.31 times, total 
calcium by 1.20 times, urea by 1.18 times, ALT by 1.75 times, a signi-
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ficantly higher content of inorganic phosphorus by 1.39 times, AP by 1.31 
times, AST by 1.48 times compared with such parameters of group III at 
the beginning of the experiment (Table 9), and also significantly higher 
level of inorganic phosphorus by 1.16 times, AP by 1.28 times, significantly 
lower level of creatinine by 1.69 times and ALT by 1.74 times compared 

with such of the control group (Tables 12). At the end of the experiment, in 
blood of rabbits of the control group, we saw significant decreases in content 
of glucose by 1.24 times, significantly higher level of inorganic phosphorus 
by 1.14 times, AST by 2.27 times and GGT by 1.37 times compared with 
such of the control group at the beginning of the experiment.  

Table 8  
Biochemical parameters of blood serum of rabbits that were given mixture of glauconite, succinic acid, humic and fulvic acids and lactates of zinc,  
manganese, cuprum, cobalt and iron in group II (before and at the end of the experiment, x ± SD, n = 6)  

Parameter Reference interval  
(Carpenter, 2018) Start of experiment End of experiment Compared to the start  

of experiment, % 
Protein, total, g/L 54–75 55.52 ± 1.65 61.97 ± 1.46** 111.6 
Albumin, g/L 25–50 27.28 ± 1.11 39.52 ± 1.93* 144.9 
Glucose, mmol/L 4.16–8.33 6.47 ± 0.59 4.57 ± 0.14**   70.6 
Calcium, mmol/L 2.0–3.70 2.78 ± 0.10 2.32 ± 0.05*   83.5 
Phosphorus, mmol/L 0.74–2.23 1.40 ± 0.11 1.90 ± 0.04** 135.7 
Urea nitrogen, mmol/L 2.50–8.33 3.07 ± 0.11 7.07 ± 0.88** 230.3 
Creatinine, mcmol/L 44.20–229.84 64.92 ± 10.92 103.35 ± 4.31** 159.2 
Alkaline phosphatase, ALP, U/L 4.0–70 37.50 ± 3.67 22.75 ± 3.47**   60.7 
Aspartate aminotransferase, AST, U/L 14–113 20.12 ± 1.90 16.45 ± 3.68   81.8 
Alanine aminotransaminase, ALT, U/L 14–80 39.07 ± 5.75 32.78 ± 4.32   83.9 
Gamma-glutamyl transpeptidase, g-GT, U/L 0–7 4.95 ± 0.46 3.29 ± 0.13**   66.5 
Bilirubin total, mcmol/L 0–12.83 6.48 ± 0.21 6.58 ± 0.27 101.5 
Note: see Table 1.  

Table 9  
Biochemical parameters of blood serum in rabbits that were given butanol fraction of humic acids  
in group III (before and at the end of the experiment, x ± SD, n = 6)  

Parameter Reference interval  
(Carpenter, 2018) Start of experiment End of experiment Compared to the start  

of experiment, % 
Protein, total, g/L 54–75 55.58 ± 0.68 56.85 ± 1.34 102.3 
Albumin, g/L 25–50 25.57 ± 0.27 25.97 ± 0.26 101.6 
Glucose, mmol/L 4.16–8.33 5.69 ± 0.15 4.34 ± 0.06*   76.3 
Calcium, mmol/L 2.0–3.70 2.83 ± 0.03 2.35 ± 0.05*   83.0 
Phosphorus, mmol/L 0.74–2.23 1.35 ± 0.01 1.88 ± 0.01* 139.3 
Urea nitrogen, mmol/L 2.50–8.33 4.70 ± 0.15 4.0 ± 0.07**   85.1 
Creatinine, mcmol/L 44.20–229.84 53.67 ± 0.88 48.57 ± 2.54***   90.5 
Alkaline phosphatase, ALP, U/L 4.0–70 28.22 ± 1.57 36.91 ± 1.15* 130.8 
Aspartate aminotransferase, AST, U/L 14–113 15.33 ± 1.0 22.73 ± 0.88* 148.3 
Alanine aminotransaminase, ALT, U/L 14–80 28.60 ± 2.76 16.38 ± 1.34**   57.3 
Gamma-glutamyl transpeptidase, g-GT, U/L 0–7 6.23 ± 0.08 6.75 ± 0.36 108.3 
Bilirubin total, mcmol/L 0–12.83 6.18 ± 0.07 6.35 ± 0.08 102.8 
Note: see Table 1.  

Table 10  
Biochemical parameters of blood serum of rabbits that were given mixture of glauconite, succinic acid, humic and fulvic acids and lactates of zinc,  
manganese, cuprum, cobalt and iron in group I and the control group (end of the experiment, x ± SD, n = 6)  

Parameter Reference interval  
(Carpenter, 2018) Control Group I, aqueous  

solution of mix 
Compared to  
the control, % 

Protein, total, g/L 54–75 55.37 ± 0.90 61.78 ± 0.77* 111.6 
Albumin, g/L 25–50 25.60 ± 0.32 26.58 ± 0.20** 103.8 
Glucose, mmol/L 4.16–8.33 4.28 ± 0.06 4.63 ± 0.04* 108.2 
Calcium, mmol/L 2.0–3.70 2.60 ± 0.04 2.54 ± 0.02   97.7 
Phosphorus, mmol/L 0.74–2.23 1.62 ± 0.02 1.79 ± 0.01* 110.5 
Urea nitrogen, mmol/L 2.50–8.33 4.02 ± 0.16 3.60 ± 0.52   89.6 
Creatinine, mcmol/L 44.20–229.84 81.98 ± 3.07 51.07 ± 2.28*   62.3 
Alkaline phosphatase, ALP, U/L 4.0–70 28.77 ± 0.26 27.75 ± 1.61   96.5 
Aspartate aminotransferase, AST, U/L 14–113 34.98 ± 5.82 21.05 ± 2.27***   60.2 
Alanine aminotransaminase, ALT, U/L 14–80 28.47 ± 2.62 39.06 ± 2.35** 137.2 
Gamma-glutamyl transpeptidase, g-GT, U/L 0–7 6.72 ± 0.20 4.86 ± 0.48**   72.3 
Bilirubin total, mcmol/L 0–12.83 6.53 ± 0.29 6.60 ± 0.26 101.1 
Note: see Table 1.  

In blood plasma of rabbits of all groups at the beginning of the expe-
riment, no significant differences were found between the groups accord-
ing to the chemical composition (Tables 13, 14, 15).  

In blood plasma of rabbits of group I, after intake of aqueous mixture 
with water, we determined a significantly higher concentration of calcium 
by 1.25 times, manganese by 1.83 times, cobalt by 2.38 times and magne-
sium by 1.35 times at the end of the experiment compared with such of 
group I at the start of the experiment (Table 13), and no significant 
changes were determined at the end of the experiment compared to the 

control group (Table 16). In blood plasma of rabbits of group II, after 
intake of the dry mixture, we determined a significantly higher concentra-
tion of calcium by 2.34 times, manganese by 3.60 times, zinc by 1.63 
times, cobalt by 2.56 times and cuprum by 1.75 times at the end of the 
experiment compared with such of group II at the beginning of the expe-
riment (Table 14), and also detected a significantly higher concentration of 
calcium by 2.18 times, manganese by 1.39 times, zinc by 1.50 times, iron 
by 1.39 times and cuprum by 1.49 times compared with such of animals 
of the control group (Table 17).  
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Table 11  
Biochemical parameters of blood serum of rabbits that were given mixture of glauconite, succinic acid, humic and fulvic acids  
and lactates of zinc, manganese, cuprum, cobalt and iron in group II and the control group (end of the experiment, x ± SD, n = 6)  

Parameter Reference interval  
(Carpenter, 2018) Control Group II, dry of mix Compared to  

the control, % 
Protein, total, g/L 54–75 55.37 ± 0.90 61.97 ± 1.46** 111.9 
Albumin, g/L 25–50 25.60 ± 0.32 39.52 ± 1.93* 154.4 
Glucose, mmol/L 4.16–8.33 4.28 ± 0.06 4.57 ± 0.14 106.8 
Calcium, mmol/L 2.0–3.70 2.60 ± 0.04 2.32 ± 0.05*   89.2 
Phosphorus, mmol/L 0.74–2.23 1.62 ± 0.02 1.90 ± 0.04* 117.3 
Urea nitrogen, mmol/L 2.50–8.33 4.02 ± 0.16 7.07 ± 0.88** 175.9 
Creatinine, mcmol/L 44.20–229.84 81.98 ± 3.07 103.35 ± 4.31** 126.1 
Alkaline phosphatase, ALP, U/L 4.0–70 28.77 ± 0.26 22.75 ± 3.47   79.1 
Aspartate aminotransferase, AST, U/L 14–113 34.98 ± 5.82 16.45 ± 3.68**   47.0 
Alanine aminotransaminase, ALT, U/L 14–80 28.47 ± 2.62 32.78 ± 4.32 115.1 
Gamma-glutamyl transpeptidase, g-GT, U/L 0–7 6.72 ± 0.20 3.29 ± 0.13*   49.0 
Bilirubin total, mcmol/L 0–12.83 6.53 ± 0.29 6.58 ± 0.27 100.8 
Note: see Table 1.  

Table 12 
Biochemical parameters of blood serum of rabbits that were given butanol fraction of humic acid in group III  
and the control group (end of the experiment, x ± SD, n = 6)  

Parameter Reference interval  
(Carpenter, 2018) Control Group III, humic acids  

for injection 
Compared to  
the control, % 

Protein, total, g/L 54–75 55.37 ± 0.90 56.85 ± 1.34 102.7 
Albumin, g/L 25–50 25.60 ± 0.32 25.97 ± 0.26 101.5 
Glucose, mmol/L 4.16–8.33 4.28 ± 0.06 4.34 ± 0.06 101.4 
Calcium, mmol/L 2.0–3.70 2.60 ± 0.04 2.35 ± 0.05*   90.4 
Phosphorus, mmol/L 0.74–2.23 1.62 ± 0.02 1.88 ± 0.01* 116.1 
Urea nitrogen, mmol/L 2.50–8.33 4.02 ± 0.16 4.00 ± 0.07   99.5 
Creatinine, mcmol/L 44.20–229.84 81.98 ± 3.07 48.57 ± 2.54*   59.3 
Alkaline phosphatase, ALP, U/L 4.0–70 28.77 ± 0.26 36.91 ± 1.15* 128.3 
Aspartate aminotransferase, AST, U/L 14–113 34.98 ± 5.82 22.73 ± 0.88***   65.0 
Alanine aminotransaminase, ALT, U/L 14–80 28.47 ± 2.62 16.38 ± 1.34*   57.5 
Gamma-glutamyl transpeptidase, g-GT, U/L 0–7 6.72 ± 0.20 6.75 ± 0.36 100.5 
Bilirubin total, mcmol/L 0–12.83 6.53 ± 0.29 6.35 ± 0.08   97.2 
Note: see Table 1.  

Table 13  
Content of chemical elements in blood plasma of rabbits after intake  
of mixture of glauconite, succinic, humic and fulvic acids and lactates  
of zinc, manganese, cuprum, cobalt and iron in group I (before and  
at the end of the experiment, x ± SD, n = 6)  

Parameter Start of experiment End of experiment Compared to the start  
of experiment, % 

Calcium 58.6 ± 2.7 73.3 ± 4.1** 125.0 
Manganese 0.0092 ± 0.0011 0.0168 ± 0.0007* 182.6 
Zinc 1.84 ± 0.11 2.05 ± 0.12 111.4 
Iron 0.67 ± 0.03 0.67 ± 0.02 100.0 
Cobalt 0.0021 ± 0.0004 0.0067 ± 0.0012** 319.1 
Copper 0.43 ± 0.06 0.51 ± 0.03 118.6 
Magnesium 8.82 ± 0.33 11.89 ± 0.58* 134.8 
Note: see Table 1.  

Table 14  
Content of chemical elements in blood plasma of rabbits after intake  
of mixture of glauconite, succinic, humic, fulvic acids and lactates of zinc, 
manganese, cuprum, cobalt and iron in group II (before and at the end  
of the experiment, x ± SD, n = 6)  

Parameter Start of experiment End of experiment Compared to the start 
of experiment, % 

Calcium 57.4 ± 1.6 134.3 ± 6.0* 233.9 
Manganese 0.0063 ± 0.0008 0.0227 ± 0.0017* 360.3 
Zinc 1.80 ± 0.16 2.93 ± 0.14* 162.8 
Iron 0.81 ± 0.07 0.85 ± 0.05 104.9 
Cobalt 0.0034 ± 0.0005 0.0087 ± 0.0011** 255.9 
Copper 0.40 ± 0.03 0.70 ± 0.05* 175.0 
Magnesium 9.30 ± 0.44 13.92 ± 2.08*** 149.7 
Note: see Table 1.  

In blood plasma of rabbits of group III after intake of humic acids, we 
determined a significantly lower concentration of calcium by 1.35 times, 
cuprum by 1.66 times and magnesium by 1.25 times, a significantly high-

er concentration of manganese by 2.0 times at the end of the experiment, 
compared with such of group III at the start of the experiment (Table 15), 
and also a significantly lower concentration of calcium by 1.33 times, zinc 
by 1.33 times, cobalt by 1.54 times and magnesium by 1.49 times com-
pared with such of the control group (Table 18).  

Table 15  
Content of chemical elements in blood plasma of rabbits that consumed 
butanol fraction of humic acids in group III (before and at the end  
of the experiment, x ± SD, n = 6)  

Parameter Start of experiment End of experiment Compared to the start 
of experiment, % 

Calcium 62.6 ± 0.3 46.4 ± 2.0*   74.1 
Manganese 0.0087 ± 0.0007 0.0173 ± 0.0013* 198.9 
Zinc 1.83 ± 0.14 1.47 ± 0.10***   80.3 
Iron 0.89 ± 0.08 0.70 ± 0.01***   78.7 
Cobalt 0.0042 ± 0.0002 0.0046 ± 0.0005 109.5 
Copper 0.53 ± 0.03 0.32 ± 0.02*   60.4 
Magnesium 10.0 ± 0.09 7.98 ± 0.38**   79.8 
Note: see Table 1.  

In the blood of rabbits of the control group, concentration of manga-
nese was significantly higher by 1.79 times, concentration of iron signifi-
cantly decreased by 1.28 times at the end of the experiment compared 
with such of the control group at the beggining (Table 5, 6).  

Before the experiment, in the content of TBA-active products in ery-
throcytes and catalase in blood serum of rabbits, we found no significant 
differences between the groups of animals. Before the beginning of the 
experiment, content of TBA-active products in erythrocytes was 36.84 ± 
0.61 mmol/L in the control group, 40.11 ± 2.55 mmol/L in group I, 
43.93 ± 3.73 mmol/L in group II and 38.79 ± 1.01 mmol/L in group III. 
Prior to the experiment, catalase content in blood serum was 9.11 ± 
0.74 mkat/L in the control group, 9.64 ± 0.68 mkat/L in group I, 9.70 ± 
0.81 mkat/L in group II and 9.86 ± 0.62 mkat/L in group III. At the end of 
the experiment, the content of TBA-active products in erythrocytes was 
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34.09 ± 0.49 mmol/L in the control group, 42.45 ± 1.33 mmol/L in group 
I, 41.55 ± 2.35 mmol/L in group II and 48.64 ± 2.03 mmol/L in group III. 
At the end of the experiment, the content of catalase was 9.85 ± 
0.21 mkat/L in the control group, 10.76 ± 0.27 mkat/L in group I, 7.40 ± 
0.85 mkat/L in group II and 10.44 ± 0.33 mkat/L in group III. In erythro-
cytes of the blood of rabbits of group I, after intake of aqueous mixture 
with water, concentration of TBA-active products was determined to be 
significantly higher by 1.25 times at the end of the experiment compared 
with such of animals of the control group. In blood serum of rabbits of 
group II fed dry mixture with fodder, concentration of catalase was signif-
icantly lower by 1.3 times at the end of the experiment compared with the 
corresponding parameter of group II at the start of the experiment 
(Tables 7, 8), and also by 1.3 times compared with such of animals of the 
control group. In erythrocytes of blood of rabbits of group III which had 
been injected humic acid, the concentration of TBA-active products in 
erythrocytes at the end of the experiment was significantly higher by 
1.25 times than at the beginning, and also 1.43-fold greater than the con-
centration of TBA-active products in erythrocytes in the control group. 
The level of TBA-active products in erythrocytes of animals of the control 
group significantly decreased by 8.1% compared with the beginning of 
the experiment (Tables 7, 8).  

Table 16  
Content of chemical elements in blood plasma of rabbits that consumed  
a mixture of glauconite, succinic, humic and fulvic acids and lactates  
of zinc, manganese, cuprum, cobalt and iron in group I and  
the control group (end of the experiment, x ± SD, n = 6)  

Parameter Control Group I, aqueous 
solution of mix 

Compared to the 
control, % 

Calcium 61.7 ± 2.9 73.3 ± 4.1*** 118.8 
Manganese 0.0163 ± 0.0006 0.0168 ± 0.0007 103.1 
Zinc 1.95 ± 0.02 2.05 ± 0.12 105.1 
Iron 0.61 ± 0.03 0.67 ± 0.03 109.8 
Cobalt 0.0071 ± 0.0006 0.0067 ± 0.0012   94.4 
Copper 0.47 ± 0.02 0.51 ± 0.03 108.5 
Magnesium 11.92 ± 0.77 11.89 ± 0.58   99.8 
Note: see Table 1.  

Table 17  
Content of chemical elements in blood plasma of rabbits who consumed  
a mixture of glauconite, succinic, humic, fulvic acids and lactates of zinc,  
manganese, cuprum, cobalt and iron in group II and the control  
(end of the experiment, x ± SD, n = 6)  

Parameter Control Group II,  
dry of mix 

Compared to  
the control, % 

Calcium 61.7 ± 2.9 134.3 ± 6.0* 1117.9 
Manganese 0.0163 ± 0.0006 0.0227 ± 0.0017**   139.3 
Zinc 1.95 ± 0.02 2.93 ± 0.14*   150.3 
Iron 0.61 ± 0.03 0.85 ± 0.05*   139.3 
Cobalt 0.0071 ± 0.0006 0.0087 ± 0.0011   122.5 
Copper 0.47 ± 0.02 0.70 ± 0.05**   148.9 
Magnesium 11.92 ± 0.77 13.92 ± 2.08   116.8 
Note: see Table 1.  

Table 18  
Content of chemical elements in blood plasma of rabbits given  
butanol fraction of humic acids in group III and the control group  
(end of the experiment, x ± SD, n = 6)  

Parameter Control Group III, humic  
acids for injection 

Compared to  
the control, % 

Calcium 61.7 ± 2.9 46.4 ± 2.0*   75.2 
Manganese 0.0163 ± 0.0006 0.0173 ± 0.0013 106.1 
Zinc 1.95 ± 0.02 1.47 ± 0.10**   75.4 
Iron 0.61 ± 0.03 0.70 ± 0.01** 114.8 
Cobalt 0.0071 ± 0.0006 0.0046 ± 0.0005**   64.8 
Copper 0.47 ± 0.02 0.32 ± 0.02*   68.1 
Magnesium 11.92 ± 0.77 7.98 ± 0.38*   67.0 
Note: see Table 1.  

Increment in body weight of rabbits throughout the experiment 
(21 days) was 19.3% (0.367 ± 0.044 kg) in the control group, 25.1% 

(0.617 ± 0.019 kg) in group I, 33.7% (0.692 ± 0.025 kg) in group II, 
39.7% (0.700 ± 0.028 kg) in group III – compared with the first day of the 
experiment. Increment in body weight of rabbits for the first, second, and 
the third weeks on average equalled respectively: 10.9%, 3.8%, 3.6% in the 
control group; 7.0%, 10.4%, 5.9% in group I; 8.8%, 12.1%, 9.6% in group 
II; 9.0%, 13.2%, 12.9% in group III. Compared with the control group, 
average daily increment in body weight was 170.6% in group I, 194.1% in 
group II and 194.1% in group III. Body weight gain during the experiment 
(21 days), compared with the control, equalled 168.1% in group I, 188.6% in 
group II and 190.7% in group III. At the end of the experiment, we deter-
mined significantly higher body weight of rabbits by 1.20 times in group II 
and 1.14 times in group III compared with the control group.  
 
Discussion  
 

Morphology of blood. Using mixture of glauconite, succinic, humic 
and fulvic acids and lactates of zinc, manganese, cuprum, cobalt and iron 
positively influenced the number of erythrocytes, hemoglobin and mean 
content of hemoglobin in blood of animals compared with the control 
group. Our results correlate with the studies of scientists Fedoruk & Lesyk 
(2009), and also Pedan (2013), who reported positive effect of such mic-
roelements as cobalt, cuprum, manganese, iron on the processes of hema-
topoiesis. According to Kovalska (1959), anemia caused by deficiency of 
such elements as iron, cuprum and cobalt in the organism of animals, may 
manifest in decrease in the content of erythrocytes and content of hemo-
globin, and also decrease in the content of total protein and reserve alkali-
nity (Romanchuk & Annamuhamedova, 2002), these studies are also con-
firmed by the results of our experiment. It has to be noted that using dry 
mixture of glauconite, succinic acid, humic and fulvic acids and lactates of 
zinc, manganese, cuprum, cobalt and iron with fodder influenced the para-
meters of hematopoiesis most effectively in rabbits of group II compared 
with the corresponding parameters of rabbits of other groups (Table 2).  

Blood biochemistry. By analyzing all the obtained results of the stu-
dies of biochemical composition of blood serum of rabbits, we determined 
that using a dry mixture of glauconite, succinic acid, humic and fulvic 
acids and lactates of zinc, manganese, cuprum, cobalt and iron with fodder 
(group II) stimulated a high level of absorption of proteins, as indicated by 
parameters of urea and creatinine in blood serum in the conditions of 
increased catabolism of proteins in animals̀  organism. Increases in overall 
protein and albumins in blood serum of experimental group II indicate 
stimulation of protein metabolism in the organism of animals. Significant 
decrease in GGT concentration suggests that dry mixture of glauconite, 
succinic acid, humic and fulvic acids and lactates of zinc, manganese, 
cuprum, cobalt and iron given with fodder causes no damage to liver cells. 
Increase of inorganic phosphorus and decrease of overall calcium in blood 
serum allows us to state that phosphorus metabolism in experimental 
group II was stimulated, while calcium was absorbed more intensely, 
which manifested in acceleration of energy growth and increase in incre-
ments of body weight. Also, we should note that the levels of inorganic 
phosphorus and overall calcium in blood serum of rabbits of experimental 
group II were high compared with such of animals of other experimental 
groups (Table 4). Therefore, the use of dry mixture of glauconite, succinic 
acid, humic and fulvic acids and lactates of zinc, manganese, cuprum, 
cobalt and iron with fodder positively influences the parameters of meta-
bolism of proteins, calcium, phosphorus and functional condition of the 
liver. The results of our studies are consistent with the studies by N. I. 
Lebedev (1986), who determined that feeding cows with salts of micro-
elements (iodine, zinc, cobalt) normalizes morphological and biochemical 
parameters of blood, thereby preventing the development of liver cirrhosis 
(Romanchuk & Annamuhamedova, 2002). Abd El-Rahim (2017) deter-
mined that balanced diet of rabbits, containing sufficient amount of micro-
elements zinc, cuprum, selenium, manganese, cobalt, iron, is essential for 
correct functioning of the protective mechanisms of the organism of rab-
bits; the results of our studies correlate with results he obtainedl.  

Chemical composition of blood. When studying chemical composi-
tion of blood plasma of rabbits, we determined the insignificant effect on me-
tabolism taken by the element we examined in group I that was given the 
mixture of glauconite, succinic acid, humic and fulvic acids and lactates of 
zinc, manganese, cuprum, cobalt and iron with water. The best result was 
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seen in animals of group II, where dry mixture of glauconite, succinic acid, 
humic and fulvic acids and lactates of zinc, manganese, cuprum, cobalt and 
iron was consumed with fodder. Therefore, feeding rabbits with dry mixture 
of glauconite, succinic acid, humic and fulvic acids and lactates of zinc, man-
ganese, cuprum, cobalt and iron with fodder positively influenced the meta-
bolism of calcium, manganese, magnesium, zinc, iron, cobalt and cuprum.  

Antioxidant status. Catalase in the organism of animals decreases 
the concentration of cytotoxic hydroxile radicals as a result of reducing 
Н2О2 to water. Increase in catalase activity in blood serum of rabbits of the 
control group may indicate pro-activation of processes of lipid peroxida-
tion (Brechka et al., 2019). Elokil et al. (2019) determined that addition of 
zinc and cuprum to the diets of rabbits had a positive effect on the antioxi-
dant properties of the organism and formation of essential aminoacids. 
When studying activity of catalase in control group II, where the dry mix-
ture of glauconite, succinic acid, humic and fulvic acids and lactates of 
zinc, manganese, cuprum, cobalt and iron was given with fodder, we ob-
served its significant decrease, which is an indicator of positive effect on 
antioxidant properties of rabbits’ organism. Content of TBA-active pro-
ducts in erythrocytes of rabbits of groups I and III at the end of the expe-
riment increased compared with the control group. At the same time, in 
group II, we saw a tendency towards decrease compared with the begin-
ning of the experiment, which is a positive expression of lipid peroxidation 
in the organism. Tsekhmistrenko & Fedorchenko (2015, 2016) gave 
rabbits vitamin-mineral supplement that contained potassium, phosphorus, 
sodium, zinc, manganese, iron, iodine, cobalt and selenium, vitamins А, 
D3, Е, K3, В1, В2, В3, В4, В5, В6, В12, and determined positive changes in 
the antioxidant system. Furthermore, in presence of ochratoxin A, humic 
acid improved the functions of the liver and kidneys, decreased pathologi-
cal changes in these organs and reduced the antioxidant status of the or-
ganism to the normal level (Maha et al., 2019).  

Increment. Using a mixture of glauconite, succinic acid, humic and 
fulvic acids and lactates of zinc, manganese, cuprum, cobalt and iron posi-
tively influenced increment in rabbits of all experimental groups, but to a 
different extent. The results of our experiment are coherent with the results 
obtained by other scientists. Mista et al. (2012) studied the effect of prepa-
ration of humic-fatty acids (HFA) on productive indicators and quality of 
meat of fattening rabbits. Composition of HFA was 80% of humic-mine-
ral constituents (silicon, aluminium, iron, calcium, sodium, magnesium, 
phosphorus, manganese, zinc, cuprum, potassium, cobalt, selenium) and 
20% of plant oils (oleic, linoleic, palmic acids). The results of their studies 
revealed a tendency towards increase in body weight of white New Zea-
land rabbits and higher coefficient of fodder conversion, improvement of 
quality of rabbits’ meat and increase in content of iron in meat (Mista et al., 
2012). Maha et al. (2019) determined that supplementing the diet of rab-
bits with 0.2% humic acid improved the food consumption and decreased 
the ultimate level of mortality among rabbits (Maha et al., 2019).  

Al-Sagheer et al. (2020) and Hassan et al. (2021) determined that a 
zinc-containing food supplement for rabbits improves digestibility of 
protein and other nutrients, positively influences the conversion of fodder 
and increment in animals. The greatest gain in body weight of rabbits 
during the period of study (21 days) compared with the first day of the 
experiment was seen in experimental groups II and III which received dry 
mixture of glauconite, succinic acid, humic and fulvic acids and lactates of 
zinc, manganese, cuprum, cobalt and iron with fodder and injected buta-
nol fraction of humic acids. Compared with the control group, significant-
ly higher increment was determined in experimental groups II and III. 
Kamel et al. (2020) determined a positive influence on antioxidant proper-
ties of the organism, morphological and biochemical parameters of incre-
ment of rabbits fed with a complex of supplements that included zinc, and 
those results are also coherent with the results of our experiment.  

Therefore, dry mixture of glauconite, succinic acid, humic and fulvic 
acids and lactates of zinc, manganese, cuprum, cobalt and iron with fodder 
(group II) stimulated the potential of the organism and had a positive effect 
on parameters of hematopoiesis, protein and mineral metabolisms and 
functional condition of the liver, indicating its high efficiency in preven-
ting malfunctioning of mineral metabolism.  
 
 
 

Conclusions  
 

The number of erythrocytes, hemoglobin content and mean hemo-
globin content were within the physiological norm throughout the study. 
Nonetheless, we should note that these parameters were at the lower phy-
siological threshold in all the groups at the beginning of the experiment. 
At the end of the experiment, we determined that the number of erythro-
cytes in the blood of rabbits in all groups was significantly higher com-
pared with such of the control. However, the content of hemoglobin in 
groups I and II was significantly higher, whereas in group III it was signif-
icantly lower than such in animals of the control group. The results we 
obtained allow us to state improvement of hematopoiesis in groups I and 
II, which is an important indicator for animals that grow and develop.  

Level of total protein, albumins, urea and creatinine in blood serum 
are the parameters of protein metabolism in the organism of animals. 
During the experiment, those parameters were within the physiological 
norms for rabbits, though the content of overall protein and albumins in all 
the groups at the start of the experiment was at the lower physiological 
thresholds. At the end of the experiment, we determined significantly hig-
her levels of total protein and albumins, as well as urea and creatinine in 
group II, as compared with the control, suggesting improvement of protein 
metabolism in that group. At the end of the experiment, we also deter-
mined a significantly higher level of total protein in group I compared with 
the control, whereas the levels of albumins and urea were not significantly 
different from the parameters of the control group, while the level of crea-
tinine was significantly lower. Protein metabolism parameters in group III 
at the end of the experiment were not significantly different from such in 
the control. The results we obtained indicate absence of significant diffe-
rences in protein metabolism between groups I, II and the control.  

Glucose level in blood serum of rabbits during the experiment was 
within the physiological norms, though at the end of the experiment we 
determined a higher level of glucose in groups I and II, compared with the 
control group. Heightened level of glucose was within the physiological 
norms, therefore suggesting better carbohydrate metabolism in animals of 
groups I and II than in group III and the control groups. The significantly hig-
her level of inorganic phosphorus simultaneously with lower level of total 
calcium in blood serum of animals of group II compared with such of the 
control group at the end of the experiment indicates improvement in calcium 
and phosphorus metabolisms in the organisms of animals of group II.  

Studies of the content of elements in blood plasma in rabbits at the 
end of the experiment, compared with the control, revealed a significantly 
higher concentration of calcium in group I. In group II, compared with the 
control group, at the end of the experiment, we determined significantly 
higher concentrations of calcium, manganese, zinc, iron and cuprum. In 
group III, compared with the control, we observed significantly lower 
concentrations of calciums, zinc, cobalt and magnesium at the end of the 
experiment. The results we obtained indicate improvements in mineral 
metabolism in the organisms of animals of group II.  

At the end of the experiment, significantly higher body weight of rab-
bits was recorded in all the groups as compared with the control group. 
The results we obtained by determining morphological parameters of blood, 
biochemical parameters of blood serum, content of chemical elements in 
blood plasma and parameters of antioxidant status in the organism of rab-
bits allow us to state that using botanol fraction of humic acids stimulates 
growth of animals. However, in group III, high increment of rabbits was 
accompanied by decrease in parameters of protein, carbohydrate, mineral 
metabolism, and also parameters of hematopoiesis, suggesting high incre-
ment as a result of the organism of rabbits using all vitally necessary reso-
urces in their organism. The aqueous mixture of glauconite, succinic acid, 
humic and fulvic acids and lactates of zinc, manganese, cuprum, cobalt 
and iron given with water to group I stimulated weight gain in animals 
without reduction in the parameters of protein, carbohydrate, mineral me-
tabolisms, and also haemapotoiesis parameters. Intake of dry mixture of 
glauconite, succinic acid, humic and fulvic acids and lactates of zinc, man-
ganese, cuprum, cobalt and iron with fodder in group II not only stimulated 
high increment in animals, but positively influenced the parameters of pro-
tein, carbohydrate, mineral metabolisms, and also haemapotoiesis.  

Thus, the most effective method for prophylaxis of metabolic impair-
ments in white New Zeland rabbits aged 70–95 days was using dry mix-
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ture of glauconite, succinic acid, humic and fulvic acids and lactates of 
zinc, manganese, cuprum, cobalt and iron in fodder, which positively in-
fluenced the hematopoiesis, the state of antioxidant system, protein and 
mineral metabolisms and increments in body weight.  

A promising perspective of the work would be continuation of study-
ing histochemical, histological and immunohistochemical changes in the 
organs of white New Zealand rabbits using a mixture of glauconite, suc-
cinic acid, humic and fulvic acids and minerals and testing those biologi-
cally active supplements on animals in farm conditions.  
Authors claim no conflict of interests.  
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