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Abstract. Based on the results of previous studies on pigs and poultry, in
which encouraging results of a significant decrease in the concentration of
heavy metals in the body were obtained, respectively, in pork, poultry and
eggs, the study provided for the use of the bentonite clay of the Zamankul
deposit (RNO-Alania) as an enterosorbent in relation to heavy metals and
detoxification of the organism of dairy cows. In order to study the
feasibility of using bentonite as an enterosorbent, studies were performed
on dairy cows of the Simmental breed in the Kaloyev farm located in
st. Zmeyskaya, Kirovsky district of North Ossetia-Alania. To conduct
research on the principle of analog pairs, two experimental groups of cows
(control and experimental, five cows in each group) of the 3rd and 4th
lactation were formed. The experiment lasted for 305 days of lactation
from March 2018 to January 2019. Herewith, the control group of cows
was fed with a basic diet balanced in all nutritional elements, the
experimental livestock, together with the main diet, daily in the
composition of the concentrates was injected with crushed bentonite with a
particle diameter of 4-6 mm based on the dry matter of the feed (137
g/animal). The study of the concentration of heavy metals (cadmium, lead
and zinc) in soil, feed, blood and milk was performed in two periods of
lactation (on the 250th and 300th days of lactation). Herewith, an increased
content of heavy metals in the soil was established, relative to the MPL:
cadmium - 10.1;lead - 7.4; zinc - 9.7 times more, in drinking water:
cadmium - 2.5 times; lead - 9.0 times and zinc - 9.7 times more, in feed:
cadmium - from 1.7 to 5.3 times; lead - from 1.1 to 1.7; zinc - from 1.0 to
2.5 times the MPL. The inclusion of bentonite to the ration of the animals
of the experimental group, in comparison with the control group, in both
study periods (250 and 300 days of lactation) contributed to a significant
decrease in the concentration of the studied heavy metals in the blood from
17 to 20%, in milk - from 16 to 18 %. The transformation ration values of
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heavy metals from feed into the body, respectively, into milk, were also
lower in the animals of the experimental group, relative to the control.

1 Introduction

As known, heavy metals are considered one of the most dangerous toxicants that enter the
biosphere along with the combustion products of diesel engines, industrial emissions,
especially when processing the non-ferrous metal ore. Once in the human or animal body,
these pollutants accumulate in muscle tissue, liver and kidneys, causing cytolysis of cellular
structures and necrotic manifestations, a decrease in hematopoiesis, thereby causing a
weakening of immunity, both cellular and humoral, increasing the risk of developing
various pathologies, and in animals also decrease in productivity [1, 3, 5,7,8,9,10].

The biosphere, including the soil of the Republic of North Ossetia-Alania, is
contaminated with heavy metals, due to emissions of pollutants by industrial enterprises of
non-ferrous metallurgy, exhaust gases from vehicles, etc. In this case, following MPL
values have been exceeded: - zinc by 10 times, - lead by 8 times, - cadmium by 9 times [5].
In connection with the above, we conducted studies to study the possibility of using as an
enterosorbent, in relation to heavy metals, feeding dairy cows with bentonite clay from the
local Zamankul deposit, located near the village of Zamankul and the transformation of
heavy metals (cadmium, lead, zinc) along the food chain: soil - plants (feed - cows’
organism (blood) - milk. The studies performed are relevant due to the fact that bentonite
dressings from this deposit, considering the sorbing properties, were previously used by us
for the first time, as an enterosorbent for removing heavy metals from the body of pigs and
poultry of the meat production direction [2, 3, 4, 6], accordingly, from a product that has
established encouraging research results.

The research was aimed to study the effect of bentonite supplements (as enterosorbents)
of dairy cows and their ability to detoxify and remove heavy metals from the body,
respectively, to reduce their concentration in milk.

2 Material and methods

The experiment was performed in the farm "Kaloyev", located in st. Zmeyskaya of
Kirovsky district of North Ossetia-Alania from March 2018 to January 2019.

For the research, two experimental groups of dairy cows of the 3rd and 4th lactation of
the Simmental breed (control and experimental, five heads in each group) were formed by
the analog-pair method. The conditions of keeping the cows corresponded to the zoo-
hygienic regulations. The system of keeping the experimental livestock in the spring-
summer-autumn period was stall-pasture, in the winter - stall. The experiment lasted for
305 days of lactation, in which the control group of cows was fed a basic diet balanced in
all nutrients, mineral elements and vitamins pursuant to the standards of Federal Cattle
Breeding Research Center (2003) [1]. Following ingredients were the basis of the fodder
ration in the winter period: meadow hay - 16%, corn silage - 44%, mixed fodder - 9%, grain
chaff - 5%, grain stillage - 14%, fodder molasses - 12%. Herewith, dry matter contained in
the winter ration of feeding amounted to 13.7%. The sugar-protein ratio was 0.8:1.1; the
ratio of calcium to phosphorus is 1.6:1.0. The summer ration of feeding consisted of:
artificial pasture grass - 88%, compound feed - 5%, grain stillage - 7%. The dry matter in
the ration was 12.9%. The sugar-protein and calcium-phosphorus ratios in the summer feed
ration were within the recommended limits. For the experimental group, in addition to the
main ration, the concentrates included crushed bentonite, with a particle diameter of 4-6
mm, daily in an amount of 1% (137 g/animal), based on the dry weight of the feed. The
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specified amount of fed bentonite was established during a reconnaissance experiment in
the same farm, in which out of three different tested levels of feeding dairy cows, the
optimal dose was recognized as 1% of the dry mass of feed, at which the milk productivity
of cows and the qualitative and technological characteristics of milk significantly increased
[2, 11].

In accordance with the purpose of research and study of the transformation of heavy
metals along the food chain (soil-feed-organism-milk), during the accounting periods (on
the 250th and 300th days of lactation), 5 average samples of soil, feed, blood and milk were
taken. pursuant to generally accepted methods. Ashing of these samples was performed in a
muftle furnace at temperatures up to 500°C pursuant to GOST 26929-94. Ash samples were
subjected to atomic adsorption analysis on an AAZ-115-M1 spectrophotometer at the
Republican Veterinary Laboratory.

Herewith, the transformation ration values of heavy metals from feed and water into the
body of cows, respectively, into milk, were calculated pursuant to the following formula:

A milk
KT = A ration +A water x 100%, 1
where TR is the transformation ratio;
A milk - the content of heavy metals in the daily milk yield, mg/kg;
A ration - the content of heavy metals in the daily diet, mg/kg;
A water - the content of heavy metals in drinking water, mg/l;

The transformation ratio of heavy metals into the body of cows (into the blood) was

calculated by the formula:

__ Ablood
T ACB

KT

x 100%, 2

where TR is the transformation ratio;
A blood - the content of heavy metals in the blood of cows, mg/kg;
ACB - the content of heavy metals in the dry matter of the ration, mg/kg;

Soil samples, taken to a depth of 10 centimeters, were taken in five places on the
territory of the farm, where mowing and preparation of roughage, as well as mowing of
green mass and grazing of cows in the summer grazing period, was performed.

3 Results and discussion

In the laboratory, spectral analyzes of average samples of soil, water and feed, the
concentration of heavy metals, given in Table 1, was established.

From the results of spectral analyzes of the studied samples for the content of heavy
metals, given in Table 1, it follows that in soil samples taken in different parts of the
territory of the economy, an excess concentration of cadmium from the MPL was
established - by 10.1; lead - by 7.4; zinc - by 9.7 times (P<0.01). The content of heavy
metals in drinking water was also higher than the MPL: cadmium - by 2.5; lead - by
9.0; zinc by - 9.7 times.

Table 1. Concentration of heavy metals in the test samples, mg/kg, n =5.

Sample designation Heavy metals
Cadmium Lead Zinc
HM mobile forms in soil 2.01+0.11 44.5+1.34 225+2.66
MPL 0.2 6 23
Drinking water mg/1 0.0025+0.0001 0.27 £0.03 0.02 £0.001
MPL 0.001 0.03 1.0
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Table 1. Continued.

Meadow hay 1.61 £0.13 8.6+0.23 77.2+8.54
Corn silage 1.53+0.34 7.8+0.53 61.3+4.52
Grain chopping 0.51 £0.31 9.3+ 0.98 58.4+8.53
Grain distillery refuse 0.55 +0.42 5.84+0.42 52.1+3.57
Artificial pasture grass 0.77 £0.55 7.32 £0.43 63.4+4.32
MPL 0.3 5.0 50.0

The content of heavy metals in the studied fodder was also higher than the MPL:
cadmium in meadow hay - 5.3 times; corn silage - 5.1 times; grain cut - 1.7; in grain stillage
- 1.8; grass from artificial pasture - by 2.5 times. Lead was contained in the feed used:
meadow hay - 1.7 times more than the MPL; corn silage - by 1.5; grain cut - by 1.6
times; grain stillage by 1.1; grass from artificial pasture - by 1.4 times. Zinc was also
contained more from the MPL: in meadow hay - by 1.5 times; corn silage - by 1.2; grain cut
- by 2.5; grain stillage - by 1.0 times; in grass from artificial pastures - by 1.2 times.

The morphological and biochemical composition of the blood, respectively, the
physiological activity of individual organs and tissues of the whole organism depends on
the composition of the animal feed ration, the presence of certain nutrients in it. In this
regard, in order to study the effect of feeding with bentonite, as an enterosorbent in relation
to heavy metals, on the 250th and 300th days of lactation, blood was taken from 2
compared experimental groups of cows, from the jugular vein, in the morning before
feeding and preserved her heparin. Herewith, the conducted hematological studies
established that the content of the studied heavy metals in the blood (in the body) of cows
in the control group was higher than the MPL, which corresponded to the concentration of
heavy metals in the fed feed. The inclusion of bentonite as an enterosorbent in animals of
the experimental group contributed to a decrease in the amount of studied heavy metals in
the body of cows. The results of spectral analyzes of blood and indicators of the transfer of
heavy metals from feed to the body (into the blood) are given in Table 2.

Table 2. Concentration of heavy metals in the blood of experimental cows and the transformation
ration values from feed to the body, mg/l n=5.

250th day of lactation
. Cadmium Lead Zinc
E‘f’g":;‘;‘;;‘ta MPL 0.01-0.015 0.05-0.25 3.0-5.0
content in transf. content in transf. content in transf.
blood values., % blood values., % blood values., %

Control 0.044+0.002 1.04 0.29+0.003 3.62 7.84+0.11 1.87
Experimental | 0.036+0.005 0.85 0.24+0.005 3.11 6.52+0.16 1.56
% of the | g 0.19 1172 0.51 -116.8 031
control group

300th day of lactation
Control 0.031+0.003 1.69 0.24+0.003 3.64 7.21+0.14 2.06
Experimental | 0.025+0.006 1.36 0.19+0.004 3.12 5.92+0.15 1.69
% of the | g3 -0.33 -120.8 -0.52 -117.8 -0.37
control group

The results of the studies given in Table 2 show that the inclusion of bentonite in the
diet of cows in the experimental group, considering its detoxification (enterosorbent)
properties, contributed to the elimination of the studied heavy metals from the body and a
decrease in their concentration in the blood from 16 to 19% (P<0, 01) in both study periods.
A proportional decrease in the coefficients of the transfer of the studied heavy metals from
the fed feed into the organism (into the blood) of animals was noted. It was found that in
the first study (at 250 days of lactation), which fell on the winter period, a higher
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concentration of heavy metals was noted in the feed, respectively, in the blood of cows than
in the second study (at 300 days of lactation) in the summer period of the study.

One of the factors that determine the degree of environmental safety of milk and dairy
products and their use for human nutrition is the level of pollution with heavy metal salts.
Partial removal of heavy metal salts from the body of animals of the experimental group in
the zone with increased environmental pollution contributed to the production of relatively
environmentally friendly products and the improvement of the commercial and
technological properties of milk (B.A. Dzagurov, A.G. Karlov, 2020). In this regard, during
the period of control milk yields on the 250th and 300th days of lactation of experimental
cows, milk samples were taken from cows of the compared experimental groups and
subjected to spectral analyzes for the presence of heavy metals (cadmium, lead and zinc).
The analysis results are shown in Table 3.

Table 3. The content of heavy metals in milk and the coefficients of their transformation from feed
into milk, n = 5.

250th day of lactation
Cadmium Lead Zinc
Experimenta
MPL
1 groups mg/kg 0.03 0.1 5.0
content in transf. content in transf. content in transf.
milk values., % milk values., % milk values., %
Control 0.041+0.003 1.05 0.13+0.006 3.61 6.98+0.14 1.85
Experimental 0.034+0.006 0.86 0.11£0.007 3.22 5.87 +£0.16 1.54
0,
% of the -117.0 -0.19 1154 1 -115.9 2031
control group
300th day of lactation
Control 0.037+0.003 1.51 0.16+0.004 3.62 6.53£0.15 1.82
Experimental 0.031+0.006 1.31 0.13+0.005 3.21 5.36x0.17 1.54
0,
% of the -116.3 -0.20 -118.8 -0.41 -117.9 0.29
control group

The digital material presented in Table 3 shows that the addition of bentonite to animal
feed contributed to a decrease in the concentration of cadmium in the milk of the
experimental group of cows by 17%, at the 250th day of lactation, and at the 300th day of
lactation by 16.3% at P< 0.01, in relation to similar indicators of milk samples, milked from
cows of the control group. The coefficients of the transition of cadmium into milk from the
cows of the experimental group, in the first period of the study, are less by 0.19%, in the
second period - by 0.20%, compared with the control.

The content of lead in the milk of the experimental group of cows decreased in relation
to the control samples of milk in the first period of the study - by 15.4%, in the second
period - by 18.8% (P<0.01). In the first period of the study (250 days of lactation), the
coefficient of transformation of lead from feed into milk of the experimental group of
animals was less than the control - by 0.39%, in the second period of analyzes (300th day of
lactation) - by 0.41%.

It should be noted that the conversion ratios of lead from feed to milk were significantly
higher compared to the analogous indicators of the conversion of cadmium and zinc into
the milk of experimental cows.

Zinc in the milk of cows from the control group in the first period of research (250 days
of lactation) contained 6.98 mg/l, in milk samples from the experimental group - 5.87 mg/I,
which is 15.9% less (P<0.01). The coefficient of transformation of zinc from feed into milk
of the experimental group of cows was 0.31% less than in the milk of cows from the control
milk samples. In the second period of analyzes (300 days of lactation), the milk of cows in
the control group contained 6.53 mg / | zinc, in the milk of experimental milk samples -
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536 mg / 1, i.e. by 17.9% (P<0, 01) less control milk analogues. Coefficients of zinc
conversion from feed to milk in the first period of analyzes were 0.31% less in milk from
the experimental group of cows, in the second period - by 0.29%, in relation to milk
samples from the control group.

The results of the research have established that the inclusion of bentonite in the
composition of the feed ration of cows contributed to a significant (reliable) decrease in the
concentration of the studied heavy metals both in the blood of animals and in milk
produced, in comparison with similar indicators of control blood and milk samples.

4 Conclusions

1. In the studied soil samples on the territory of the farm where the research was
performed, an increased content of heavy metals relative to the MPL was noted: cadmium -
10.1; lead - 7.4; zinc - 9.7 times more.

2. The drinking water samples contained: cadmium - 2.5 times; lead - 9.0 times and
zine - 9.7 times more in comparison with the MPL.

3. Inthe fed fodder the concentration of the studied heavy metals exceeded: cadmium
- from 1.7 to 5.3 times; lead - from 1.1 to 1.7; zinc - from 1.0 to 2.5 times the MPL.

4.  In the blood (body) of cows of the control group on the 250th day of lactation in
relation to the animals of the experimental group, more heavy metals were contained:
cadmium by - 18.1%; lead - by 17.2%; zinc - by 16.8%. On the 300th day of lactation:
cadmium - by 19.3%; lead - by 20.8%; zinc - by 17.8%. Pursuantly, the transformation
ration values of heavy metals from feed into the body (blood) were lower in the animals of
the experimental group compared to the control in both study periods from 0.19 to 0.43%.

5. Milk samples dairy from cows of the experimental group during the study periods
(250 and 300 days of lactation) contained significantly less heavy metals in relation to the
control from 16 to 17%. Coefficients of transformation of heavy metals from feed into milk
were lower in animals of the experimental group in relation to the control by 0.19-0.41%.

5 Recommendation to production

In order to reduce the content of heavy metals in the milk produced and reduce the
coefficients of the transfer of heavy metals from feed to the body of cows, respectively, into
milk, feed dairy cows with crushed (bentonite particle diameter - 4-6 mm) bentonite in an
amount of 1% of the dry weight of the feed, in kind 137 g/animal per day.
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