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The level of contamination of poultry fodder raw material, which includes 30% of corn, 55% of wheat, 5% of oats, 5% of barley
and 5% of sunflower meal, by heavy metals (lead, cadmium, zinc, copper) in the zone of intensive farming of the Right-bank
Forest-steppe of Ukraine is shown. The impact of silicon and mineral extract on the intensity of heavy metals (lead, cadmium,
zinc, copper) accumulation in the edible parts of poultry, namely in the red and white meat, liver and skin is studied. It has been
revealed that there is an excess of MAC in cadmium by 2.1 times in the fodder wheat and by 3.0 times in the sunflower meal
(Medical and Biological Requirements 5061-89) in the zone of intensive farming of the Right-bank Forest-steppe of Ukraine. The
replacement of 10% of water with siliconand mineral water extract in the poultry diet under their keeping at households
contributes to increase the removal of lead from their bodies by 27.4 %, cadmium - by 30.2%, zinc - by 20%, and copper - by
16.3%. We determined that the use of silicon and mineral water extract in the poultry diet reduced the concentration of lead
by 1.6 times in the liver, by 1.1 times in the white meat and by 1.02 times in the red meat; it reduced the concentration of
cadmium by 1.2, 1.6, and 1.2 times; reduced the concentration of zinc by 1.3, 1.05, and 1.8 times; the concentration of copper
by 1.3, 1.3, and 1.4 times, respectively.
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Introduction

The fodder raw material is a source of vital substances for animals, including poultry, and plays an important role in their
existence (Razanov, 2008; Razanov 2010a, 2010b). When consuming feed the poultry provides their body with protein, fat,
mineral substances, carbohydrates, vitamins and other vital substances (Ischenko, 2013; Kyryljuk, 2014). However, the fodder
raw material can also be a source of harmful substances, namely heavy metals, leading to their accumulation in the poultry’'s
tissues and considerably reducing the quality and safety of meat (Kulyk et al., 2003; Hutjens, 1991). The fodder raw material
takes a leading place in this chain, because up to 95% of heavy metals come with nutrients into the poultry’s body (Bomko
et al., 2006; Toth et al., 2016).

The consumption of poultry’'s meat by the population (that makes 19% of the population’s total need from all species of animals)
leads to the accumulation of heavy metals in the human body having a negative impact on their health (Baker et al., 1994;
Fuzhu et al., 2013). Nowadays there is an uptrend in the level of diseases for the population living in the zone of intensive
farming, where the increase in the pollution of agricultural lands and fodder raw materials by heavy metals is observed (Kurkina,
2001; Simon, 2009).

Heavy metals threaten living organisms very much because their parts are in the exchange form (Nedashkivska, 2015;
Pogorjelov, 2010). Under such conditions, heavy metals are in the constant circulation accumulating in the tissues of living
organisms and causing the whole number of damages at the cellular, organ's and body's levels (Awad, 2006; El-Sharaky
et al., 2007). Therefore, there is a need to control the translocation of heavy metals in the environment, as well as the obstacles
to their migration along the chain of soil — vegetable fodder raw materials — poultry products — human organism
(Razanov et al., 2015; Tkachuk, 2016). For this purpose, a number of sorbents are used, preferring ecological and natural means
(Bomko et al., 2007; Reis et al., 2010).

The research of scientists has proved the high efficiency of the removal of heavy metals from the body of animals when using
selenium (Pirovaet et al., 2010; Sendecka, 2014), as well as alumina and aluminosilicates (Beltcheva, 2013; Corzo et al., 2005) in
their diet.
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A great deal of attention is also devoted to feed protections (Dyachenko et al., 2017; Wlazlo et al., 2016). Such feeds include:
soybeans, fodder beets and apple squash (Dyachenko et al., 2015; Sollrad et al., 2013).

Material and methods

The study of the intensity of contamination of fodder raw material, the quality of chicken meat and the exchange of heavy
metals in their body when using silicon and mineral extract into the diet was carried out in the conditions of intensive farming
in the Right-Bank Forest-steppe of Ukraine. The study of the impact of silicon and mineral extract on the intensity of the
accumulation of heavy metals in the poultry’'s meat was carried out under keeping the poultry at households. The poultry was
kept on the areas with free access to vegetation and natural minerals of the soil. The Redbro breed of hens was used in the
conducted researches.

The scheme of heavy metals balance included the preparatory period, the essence of which was to form experimental groups.
The duration of this period was 7 days (Kononenko, 2000). During this period, the part of the water was gradually replaced with
the silicon and mineral extract in the poultry of the experimental group. The second period was the main one. It was
characterized by the replacement of water with 10% silicon and mineral extract in the poultry of the experimental group. The
balance of heavy metals in the body of poultry was carried out according to the generally accepted method, which provided the
formation of poultry from control and experimental groups consisting of 4 heads of average weight, the difference of which did
not exceed the average weight of the group in the general (Ibatullin, 2007). The poultry of each group were placed into separate
cages. The fertilization and selection of the manure was carried out from the poultry of both groups at the same time.

The conditions for poultry’s keeping and care were the same. The poultry were continuously provided with feed and water.
Every day we weighed the amount of feed and water having been given to the poultry, as well as their daily balance. The manure
samples were taken every day, weighed and stored in a preserved state in the refrigerated chamber until the end of the
experiment. During the research the poultry of control and experimental groups were given the same feed. The only difference
was that 10% of water were replaced by the silicon and mineral extractin the experimental group.

Results

The analysis of the poultry’s diet, which are kept at the households, has shown that it is not always balanced by nutrients,
especially mineral. As a rule, the replenishment of the poultry’'s diet with mineral substances is taking place under their free
access to the minerals in the soil.
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Fig. 1 Structure of poultry diet

When analyzing the poultry’'s diet, it should be noted that it includes 30% of corn, 55% of wheat, 5% of oats, 5% of barley and
sometimes up to 5% of sunflower meal. In some cases, it also includes mixed feed, which is used for poultry, mainly at an early
age (1-30 days).
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Table 1. Contamination of fodder raw materials by heavy metals

Components Pb MAC Cd MAC Zn MAC Cu MAC
of poultry
diet

Corn 0.07 £0.004 0.5 0.01+0.006 0.3 0.05+0.04 50 1.13£0.004 30
Wheat 0.4 +0.04 0.5 0.21+0.004 0.1 11.97+0.002 50 25.60+0.004 30
Oats 0.09 £0.005 5.0 0.017+0.0004 0.3 2.34+0.002 50 13.12+0.004 30
Barley 0.3+0.04 5.0 0.03+0.004 0.3 4.53+0.002 50 11.30£0.002 30
Sunflower 0.410.04 0.5 0.3+0.04 0.1 0.99+0.002 50 7.12+0.004 30
meal

The results of the research on the intensity of fodder raw materials contamination by heavy metals in the poultry's diet (Table 1)
showed that the concentration of lead, cadmium, zinc and copper in corn was lower in comparison with MAC (Medical and
Biological Requirements 5061-89) by 7.1, 30, 1000, and 26.5 times, respectively. The concentration of lead, zinc and copper in
wheat, was lower than MAC by 1.2, 4.2, and 1.2 times, respectively, while the concentration of cadmium was by 2.1 times higher
than MAC. The concentration of lead, cadmium, zinc and copper in oats was lower than MAC by 55.5, 17.6, 21.4 and 2.3 times,
respectively. There was less of lead, cadmium, zinc, and copper in barley in comparison with MAC by 16.7, 11.5, 11, and 2.6
times, respectively. Sunflower meal contained less of lead, zinc and copper by 1.25, 50.5 and 4.2 times, respectively, but it
contained by 3 times more of cadmium.

Compared to MAC, the highest intensity of contamination of fodder raw materials in the poultry's diet was observed in wheat.
Thus, there was more of lead, cadmium, zinc and copper in wheat in comparison with corn by 5.7, 21, 239.4, and 22.6 times,
respectively. Compared to wheat, oats contained less of lead, cadmium, zinc and copper by 4.4, 12.3, 5.1, and 1.9 times,
respectively. The concentration of lead was by 1.3 times, of cadmium - by 8 times, of zinc - by 2.6 times and that one of copper
- by 2.3 times less in barley than in wheat. Sunflower meal had the lower content of zinc by 12 times, of copper - by 3.6 times
and that one of cadmium - by 1.4 times in comparison with wheat.

Table 2. Content of heavy metals in feed

Components of poultry diet % in the diet Pb Cd Zn Cu
Corn 30 0.14 0.01 0.05 1.13
Wheat 55 0.8 0.21 11.97 25.60
Oats 5 0.018 0.017 2.34 13.12
Barley 5 0.06 0.026 4.53 11.30
Sunflower meal 5 0.8 0.3 0.99 7.12

When analyzing the coefficient of heavy metals danger in the poultry's fodder raw material (Table 2), it should be noted that it
was the highest by lead in wheat and sunflower meal. In particular, compared to corn, oats and barley, the content of lead in
wheat and sunflower meal was higher by 5.7, 44.4 and 13.3 times, respectively. The highest content of cadmium in the poultry
raw material was found in sunflower meal and it was 0.3 mg kg™'. Compared to corn, wheat, oats and barley, the concentration
of cadmium in sunflower meal was higher by 30, 1.4, 17.6 and 11.5 times, respectively. The highest coefficient of zinc danger
was in wheat compared to corn, oats, barley and sunflower meal by 239.4, 5.1, 2.6 and 12.1 times, respectively. The coefficient
of copper danger was the highest in corn by 22.6 times, in oats - by 1.9 times, in barley - by 2.3 times, and in sunflower meal -
by 3.6 times in comparison with wheat.

Thus, the excess of heavy metals in the poultry’s raw material was detected by cadmium in wheat and sunflower meal on the
research areas of the central Forest-steppe of Ukraine in the zone of intensive farming. At the same time, it should be noted
that wheat and sunflower meal are characterized by high content of lead, though without exceeding MAC.

The analysis of poultry meat contamination by heavy metals (Table 3) showed that the concentration of lead in the skin, liver
and white meat was lower than MAC by 50, 25 and 1.3 times, respectively. The content of lead in the red meat was at the level
of maximum allowable concentration. The concentration of cadmium was higher than MAC by 1.8 times in the skin, by 4.8 times
in the liver, by 1.2 times in the white meat and by 1.8 times in the red meat. The concentration of zinc in the skin, liver, white
and red meat was lower by 2.8,4.1, 10.7 and 109 times, respectively, compared to MAC. The content of copper in the skin, white
and red meat was lower by 1.08, 2.8 and 1.6 times, respectively, while that one in the liver was by 1.5 times higher than MAC.

Ukrainian Journal of Ecology, 9(4), 2019



745 Effect of silicon and mineral extract on heavy metals

Table 3. Content of heavy metals and microelements in some edible parts of poultry

Concentration of heavy metals mg kg
Experimental material

Pb Cd Zn Cu
Actual MAC Actual MAC Actual MAC Actual MAC
Skin 0.01+0.004 0.5 0.09+0.004 0.05 25.0+0.02 70.0 4.6+0.04 5.0
Liver 0.02+0.004 0.5 0.24+0.002 0.05 16.8+0.04 70.0 7.8+0.04 5.0
White meat 0.38+0.004 0.5 0.06+0.004 0.05 6.5+0.04 70.0 17.4+0.04 5.0

Red meat 0.50+0.004 0.5 0.09+0.004 0.05 8.8+0.04 70.0 31+0.02 5.0

Table 4. Content of heavy metals in poultry meat

Experimental material Concentration of an element’s danger mg/kg

Pb Cd Zn Cu
Skin 0.02 1.8 5 0.06
Liver 0.04 4.8 3.36 0.11
White meat 0.76 1.2 1.3 0.25
Red meat 1.0 1.8 1.7 0.44

The coefficient of lead danger (Table 4) was the highest in the red meat, compared to the skin, liver and white meat by 50, 25
and 1.3 times, respectively. The highest coefficient of cadmium danger was detected in the liver. In the comparison withthe
skin, white and red meat, the coefficient of cadmium danger was higher in the liver by 2.6, 4.0 and 1.5 times, respectively. The
coefficient of zinc danger was the highest in the poultry’s skin, compared to the liver, white and red meat by 1.45, 3.8 and 2.9
times, respectively. The highest coefficient of copper danger was detected in the liver, in particular, compared to the skin, white
and red meat by 1.6, 4.4 and 2.4 times, respectively.

The obtained results of the research on the study of the balance of heavy metals in the poultry’ body when using the silicon
and mineral extract in their diet (Table 5) showed a certain increase in the intensity of the removal of lead, cadmium, zinc and
copper with non-digestible remnants of poultry's feed, which reduced their assimilation in the poultry’s muscles. In particular,
the use of silicon and mineral extract contributed to an increase in the removal of lead from poultry's body by 27.4%, cadmium
- by 30.2%, zinc - by 20%, and copper - by 16.3%.

Table 5. Balance of heavy metals in the poultry body under silicon extract usage

That is removed with chicken
manure in average for day

That is come with feed in
average for day and night,

That s left in the body in average
for day and night

Groups of poultry

mg and night
mg % mg %
Balance of Pb
1 - control 0.028+0.0004 0.010+0.002 35.7 0.018+0.0004 64.3
2 - experimental 0.0285+0.00004 0.018+0.0004™ 63.1 0.0105+0.00004*** 36.8
Balance of Cd
1 - control 0.013+0.0004 0.006+0.0004 46.1 0.007+0.004 53.9
2 - experimental 0.0131+0.00004 0.01+0.004 76.3 0.0031+0.00003 23.7
Balance of Zn
1 - control 0.75+0.004 0.32+0.004 42.6 62.6+0.004 57.4
2 - experimental 0.75+0.004*** 0.47+0.004*** 62.6 0.280+0.0004*** 37.4
Balance of Cu
1 - control 1.8+0.04 0.8+0.04 44.4 1.0+0.04 55.6
2 - experimental 1.81+0.004 1.1£0.04%* 60.7 0.71£0.004*** 39.3
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The increase in the removal of lead, cadmium, zinc and copper from the poultry’ body when using the silicon and mineral extract
in their diet reduced the assimilation of heavy metals, in particular, of lead - by 27.5 percentage points, of cadmium - by 30.2
percentage points, of zinc - by 20.2 percentage points, and that one of copper - by 16.2 percentage points.

The decrease in the assimilation of heavy metals in the poultry’s body positively affected the intensity of meat contamination
by lead, cadmium, zinc and copper (Table 3).

Table 6. Impact of silicon and mineral extract on the concentration of heavy metals in poultry meat

Concentration of heavy metals mg kg™

Control
Main diet
Production Pb MAC Cd MAC Zn MAC Cu MAC
White meat 0.49+0.004 0.5 0.08+0.004 0.05 17.40+0.004 70.0 0.48+0.004 5.0
Red meat 0.42+0.004 0.5 0.16+0.004 0.05 26.0+0.04 70.0 0.91+0.004 5.0
Liver 0.46+0.004 0.5 0.15+0.004 0.05 26.45+0.004 70.0 0.40+0.004 5.0

Experimental
Main diet with silicon and mineral extract

White meat  0.44+0.004*** 0.5 0.05+0.004** 0.05 16.5+0.04*** 70.0 0.37+0.004*** 5.0

Red meat 0.41+0.004 0.5 0.02+0.004*** 0.05 14.5+0.04*** 70.0 0.65+0.004*** 5.0

Livere 0.28£0.004*** 0.5 0.12+0.004** 0.05 20.4£0.04*** 70.0 0.30 £0.004*** 5.0

Thus, the use of silicon and mineral extract by young poultry during 130 days decreased the concentration of lead by 1.1 times
in the white meat, by 1.02 times in the red meat and by 1.6 times in the liver. The concentration of cadmium in the white meat
was by 1.6 times, in the red meat by 1.8 times and in the liver by 1.2 times lower in the poultry of the experimental group,
compared to the control one. The concentration of zinc was lower by 1.05 times in the white meat, by 1.8 times in the red meat
and by 1.3 times in the liver in the poultry of the experimental group. The concentration of copper in the white meat was by 1.3
times, in the red meat by 1.4 times and in the liver by 1.3 times lower compared to the control group. That is, the use of the
silicon and mineral extract in the diet contributed to decrease the concentration of heavy metals in the liver, white and red
meat of the poultry.

Discussion

The results of our research indicate the presence of contaminants in poultry diet components, including wheat, oats, barley,
corn and sunflower meal. At the same time, exceeded maximum permissible concentrations. In particular, in grain of wheat,
which is among the concentrated poultry feeds that is kept at home, an average of 55%, an excess of cadmium and copper in
2.1 times and 2.0 times respectively. In the sunflower meal, an excess of the maximum permissible concentrations was
observed in 3,0 times. The lowest levels of heavy metals such as lead, cadmium, zinc and copper were observed in corn grain.

Conclusions

The excess of MAC in cadmium by 2.1 times in the fodder wheat and by 3.0 times in the sunflower meal (Medical and Biological
Requirements 5061-89) in the zone of intensive farming of the Right-bank Forest-steppe of Ukraine is observed.

The replacement of 10% of water with silicon and mineral water extract in the poultry’ diet under their keeping at households
contributes to increase the removal of lead from their bodies by 27.4%, cadmium - by 30.2%, zinc - by 20%, and copper - by
16.3%.

The use of silicon and mineral water extract in the poultry diet reduced the concentration of lead by 1.6 times in the liver, by
1.1 times in the white meat, and by 1.02 times in the red meat; it reduced the concentration of cadmium by 1.2, 1.6, and 1.2
times; zinc - by 1.3, 1.05, and 1.8 times, and copper - by 1.3, 1.3 and 1.4 times, respectively.
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