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Experiments were performed in a
vivarium on crossbred ((BWxL)xD)
pigs (BW1=61.0-66.3 kg, N=9,
n=3), and in farming conditions
on large white breed pigs
(BW1=71.1-71.7 kg, N=60, n=20)
during the fattening period. At
each stage of research, animals
were divided into 3 groups: 1-
control group (standard feed-SF),
2-experimental group (SF+1.0%
Nat-Min, particle size 0-1 mm), 3-
experimental group (SF+0.4% Nat-
Min, particle size 0-0.2 mm).
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Natural zeolites are increasingly used as feed additives for farm animals and poultry. Feeding natural zeolites to animals increases their productive
qualities, both due to the sorption of toxic substances and improving the utilization of nitrogen. Clinoptilolites are the most preferred types of
natural zeolites due to their high adsorption, cation exchange, catalytic and dehydration properties. The aim of the research is to study the
effectiveness of clinoptilolite usage in feed rations (Nat-Min feed additive, Gordes Zeolite, Turkey) to optimize metabolic and digestive processes
of pigs.
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Conclusion

Nat-Min, preventing negative
effects of mycotoxins,
improves animal productivity.
It also increases digestibility
coefficients of nutrients and
enables a better utilization of
nitrogen (N), calcium (Ca)
and phosphorus (P) when
compared to the control
group. Besides, simultaneous
neutralization of toxic
ammonium ions in the lower
parts of the intestinal tract
leads to a decrease in uric
acid concentration in the
blood of animals, and the
load on the liver.

Usage of Nat-Min raised the ADG of the experimental animals
in the first experiment by 11.2 and 5.0% (902.2±50.4 &
851.9±36.1 vs. 811.5±39.1 g, p>0.05), in the second - by 9.0
and 5.4% (723.3±29.1 & 698.9±3.8 vs. 663.3±29.9 g, p>0.05),
BW2 is significantly higher than the control of 3.3% in the
2nd experimental group (104.3±1.0 vs. 100.9±1.2 kg, p<0.05),
respectively. As a result of biochemical blood tests, it was
found that at the end of the experiment under the influence
of Nat-Min feeding, against the background of the same total
protein level in blood (68.8-70.3 g/L, p>0.05), pigs
experienced increase in albumins (37.6±0.3 and 38.0±1.4 vs.
37.1±0.5 g/L, p>0.05), decrease in concentration of urea and
uric acid (5.8±1.0 & 7.2±0.5 vs. 8.0±0.7 mmol/L; 24.0±6.3 &
15.8±2.8 vs. 32.8±7.5 μmol/L, p>0.05), bilirubin (7.1±1.0 &
7.4±1.2 vs. 9.9±1.1 μmol/l, p>0.05), increase in concentration
of creatinine (100.7±19.6, p>0.05 & 110.0±3.2, p<0.01 vs.
93.7±3.0 mmol/L), AST (58.7±0.8 & 63.2±0.7 vs. 49.0±4.9
IU/L, p<0.05) in comparison with the control group.
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Figure 1. Gordes Zeolite
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Zeolites are hydrated alumino-silicate minerals containing aluminium, silicon and oxygen in their regular
framework. They form in nature as a result of a chemical reaction between volcanic lava and saline water.
Zeolites have large open spaces (or cages) in their structure that form channels. These channels allow ions
and molecules to easily pass in and out of the structure. This ability puts zeolites in the class of materials
known as «molecular sieves». Another unique property of zeolites is that they are one of the few
“negatively-charged” minerals found in nature. The charge is balanced by the presence of single and
double-valanced atoms, such as sodium (Na+), potassium (K+), calcium (Ca+2), and magnesium (Mg+2),
elsewhere in the structure. There are more than 50 natural and 150 synthetic types of zeolites. Natural
clinoptilolite is the most widely used type due to its high absorption rate, cation exchange, catalysis and
dehydration capacities. It can be utilized as a chemical sieve, feed and food additive, soil conditioner as
well as liquid, gas and odour absorber. Suitability for such applications is due to its large amount of pore
spaces, a high resistance to extreme temperatures, and chemically neutral basic structure. In animal
nutrition, clinoptilolites are mainly used to protect animals against mycotoxin intoxications, to eliminate
heavy metals and radionuclides, prevent digestive tract diseases, improve utilization of feed nutrients and
also raise hygiene and sanitary conditions wherever animals are housed. It may be directly added to the
feed or water of the animals for mycotoxins protection.
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Materials and Methods

Experiments were performed in a vivarium on crossbred ((BWxL)xD) pigs 
(BW1=61.0-66.3 kg, N=9, n=3), and in farming conditions on large white breed pigs 

(BW1=71.1-71.7 kg, N=60, n=20) during the fattening period. At each stage of 
research, animals were divided into 3 groups: 1-control group (standard feed-SF), 
2-experimental group (SF+1.0% N-M-9000, particle size 0-1 mm), 3-experimental 

group (SF+0.4% N-M-200, particle size 0-0.2 mm).

In order to assess the effect of the feed additives on their
growth, the animals were weighed every 10 days, and the
feed conversion ratio was calculated individually and for

the whole group on daily basis by taking into account the
consumed feed and the residues. Exchange experiments
were conducted for determination of the digestibility of 

nutrients, including absorption of N. To do this, at the end 
of the experiments, samples of feed, feces and urine were 
subjected to chemical analysis in the laboratories of L. K. 

Ernst Federal Science Center for Animal Husbandry 
according to standardized procedures. At the end of the 
experiments, blood was taken from the jugular vein for

further determination of biochemical parameters 
(biochemical analyzer Chem Well (Awareness Technology, 

USA).
The materials obtained in the experiment were 

biometrically processed using ANOVA method (Statistica, 
vers.10, StatSoft, Inc., 2011). 

Group Heads Feeding characteristics

Physiological Experiment (digestibility)

1 - control 3 Standard Feed (SF)

2 - experimental 3 SF + 1% Natmin (particle size 0-1 mm)

3 - experimental 3 SF + 0.4% Natmin (particle size 0-0.2mm)

Scientific Experiment

1 - control 20 Standard Feed (SF)

2 - experimental 20 SF + 1% Natmin (particle size 0-1 mm)

3 - experimental 20 SF + 0.4% Natmin (particle size 0-0.2mm)

Table 1. Experimental Design



Results

Table 2. Biochemical Parameters of Blood

As a result of biochemical blood tests, it was found that at 
the end of the experiment under the influence of Nat-Min 
feeding, against the background of the same total protein 

level in blood (68.8-70.3 g/L, p>0.05), pigs experienced 
increase in albumins (37.6±0.3 and 38.0±1.4 vs. 37.1±0.5 

g/L, p>0.05), decrease in concentration of urea and uric acid 
(5.8±1.0 & 7.2±0.5 vs. 8.0±0.7 mmol/L; 24.0±6.3 & 15.8±2.8 
vs. 32.8±7.5 μmol/L, p>0.05), bilirubin (7.1±1.0 & 7.4±1.2 vs. 

9.9±1.1 μmol/l, p>0.05), ALT (67.2±6.3 & 64.6±4.9 vs. 
74.5±7.1 IU/L, p>0.05), increase in concentration of 

creatinine (100.7±19.6, p> 0.05 & 110.0±3.2, p<0.01 vs. 
93.7±3.0 mmol/L), AST (58.7±0.8 & 63.2±0.7 vs. 49.0±4.9 

IU/L, p<0.05) in comparison with the control group. 
Experimental groups showed increase in calcium (2.75±0.09 

& 2.72±0.02 vs. 2.51±0.03 mmol/L, p<0.001) and 
phosphorus (3.62±0.16 & 3.49±0.17 vs. 3.24±0.10 mmol/L, 

p>0.05) compared to the control group.  

Indicator
Group

1 - control 2 - experimental 3 - experimental

Total Protein, g/L 70.32±2.55 68.90±0.31 68.78±0.72

Albumin, g/L 37.14±0.45 37.30±1.96 37.97±1.37

Globumin, g/L 33.19±2.89 31.60±1.87 30.81±1.27

А/G Coefficient 1.14±0.10 1.20±0.14 1.24±0.09

Urea, mmol/L 7.98±0.71 5.77±0.98 7.23±0.54

Uric Acid, μmol/L 32.81±7.53 23.99±6.28 15.78±2.75

Кreatinin, mmol/L 93.69±3.04 100.69±19.55 109.95±3.15**

Bilirubin, μmol/L 9.87±1.10 7.10±0.97 7.34±1.21

АLТ, МЕ/L 74.54±7.13 67.21±6.25 64.63±4.91

АSТ, МЕ/L 48.97±4.88 58.68±0.81 63.24±0.69*

Alkaline Phosphatase, mmol/L 249.87±13.82 359.53±130.03 234.15±12.07

Cholesterol, mmol/L 3.17±0.22 3.05±0.18 3.11±0.44

Тriglycerides, mmol/L 0.71±0.07 0.54±0.01 0.63±0.09

Phospolipids, mmol/L 3.74±0.11 3.59±0.06 3.61±0.22

Glucose, mmol/L 6.47±0.69 5.56±0.17 5.56±0.36

Calcium, mmol/L 2.51±0.03 2.75±0.09 2.72±0.02***

Phosphorus, mmol/L 3.24±0.10 3.62±0.16 3.49±0.17

Са/Р 1.00±0.04 0.98±0.02 1.02±0.04

Magnesium, mmol/L 0.88±0.03 0.98±0.04 1.26±0.26

Chloride, μmol/L 92.02±2.36 93.75±2.41 90.42±2.47

Leukocytes, 109/L 12.68±1.27 14.69±1.92 12.35±1.45

Erythrocytes, 1012/L 10.77±0.44 9.93±0.23 10.50±0.09

Hemoglobin, g/L 136.63±5.52 138.23±7.70 143.97±4.90

Hematocrit, % 61.41±2.52 61.23±3.73 63.87±1.05
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Group

Index

Live weight at 
the beginning,

kg 

Live weight at 
the end,

kg 

Average Daily 
Weight Gain,

g

In % to
Control

Feed
Consumption

per kg growth,
kg

Physiological Experiment (digestibility)

1 - control 61.03±2.74 110.53±4.99 811.48±39.12 100.0 4.41

2 - experimental 66.33±2.80 121.37±1.59 902.19±50.41 111.2 3.97

3-- experimental 4.50±1.14 116.47±2.00 851.91±36.14 105.0 4.20

Scientific Experiment

1 - control 71.05±0.80 100.90±1.24 663.3±29,9 100.0 5.43

2 - experimental 71.70±0.82 104.25±1.01* 723.3±29.10 109.0 5.03

3-- experimental 71.50±0.55 102.95±1.23 698.9±3.8 105.4 5.17

Results

Table 3. Live Weight Data (n=20)

Usage of Nat-Min raised the ADG of the experimental animals in the first experiment by 11.2 and 5.0% (902.2±50.4 & 851.9±36.1 vs. 811.5±39.1 g,
p>0.05), in the second - by 9.0 and 5.4% (723.3±29.1 & 698.9±3.8 vs. 663.3±29.9 g, p>0.05), BW2 is significantly higher than the control of 3.3% in the
2nd experimental group (104.3±1.0 vs. 100.9±1.2 kg, p<0.05). The pigs of the experimental groups had higher nitrogen accumulation by 7.7 and 4.9%
(26.5 ±7.6 & 25.8±10.9 vs. 24.6±12.1 g, p>0.05), respectively. It can be noted that in the 2nd and 3rd experimental groups, nitrogen deposition was 1.18
– 1.94 g (5.0-8.0%) higher when compared to the control animals.

*- Р<0,05

Table 4. Digestibility Coefficients of Nutrients, % (M±m, n=3)

Nutrient

Group

1 - control
2 -

experimental
3 -

experimental

Dry Matter 71.98±0.75 72.50±0.54 72.64±1.43

Organic Matter 75.19±1.08 75.80±0.48 76.17±1.04

Protein 77.39±1.58 77.05±1.24 78.36±1.22

Fat 51.02±11.61 53.31±3.63 58.07±5.05

Cellulose 41.13±1.72 48.27±1.22* 43.25±2.97

NFE 79.34±1.01 79.43±0.47 79.93±0.88


