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ABSTRACT: The Shilajit was prepared according to different technologies, depending on the extraction stages, the
purification method and the drying method, after which the content of the ballast substances was determined in the
obtained samples. For the obtained samples, complete elemental analysis was performed on the S8 Tiger Wave X-ray
fluorescence spectrometer. In the course of the experiment, the dependence of the content of ballast silicon (Si) and
aluminum (Al) substances was revealed depending on the extraction stages, the purification method, and the drying
method. As a result of the research, the optimum technological regime was chosen, observance of which of the Shilajit
will be the minimum content of ballast substances.
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1. INTRODUCTION

Shilajit is a complex of natural biologically active substances, macro and micro elements including those
with toxic substances[1, 2]. Despite the millennial experience of using Shilajit as a remedy, new technologies and
innovations have not reduce relevance and are capable of bringing it to a new qualitative level. Considering the
tendency of increasing the requirements for substances for the production of dietary supplements (especially in
terms of the content of toxic elements, which are abundant in certain deposits of Shilajit from the foreign origin),
as well as the need to increase the efficiency of the technological chain, productivity and reduce the production
costs. Analyzing the patent database, as well as available sources of scientific literature, we concluded, that at the
present time in the production of purified Shilajit the different technological methods are used to increase the
yield of biologically active substances with established physiological action (humic acids, fulvic acid) without
accenting on processes contributing to a decrease in the share of ballast substances (which potentially should
reduce the proportion of toxic substances and heavy metals in the substance used in the technological production
of biological active compounds)[3].

The purpose of this work is to select the optimal conditions of technology for obtaining Shilajit, at the
extraction and the purification stage, based on the level of ballast substances in the Shilajit.

During the study, the influence of the spray drying method, ultrasonic cavitation for the extraction and
centrifugation stage on the content of ballast substances such as silicon (Si) and aluminum (Al) was first revealed.

2. RESULTS AND DISCUSSION

As a result of the study, the dependence of the content of ballast substances on the ratio of raw material
and the extractant, application of extraction intensification, purification method, and also the drying method was
revealed.

In this diagram (Figure 1), the influence of the extraction parameters on the content of ballast substances is
observed. As can be seen from the diagram, in the ratio of Si, an inverse relationship is observed, with a decrease
in the content of Shilajit raw in the solution, the content of Si increases. In relation to Al, this dependence is not
observed, but with an increase in the amount of solvent, the Al content is higher in the samples that were subjected
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to ultrasonic treatment. Based on the data obtained, the optimal ratio of raw materials (Shilajit) and extractant is
1: 2 without the use of ultrasound, since this ratio has the minimum content of ballast substances.
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Figure 1. The effect of the ratio of extraction and ultrasonic treatment on the content of Si and Al in purified
Shilajit using centrifugation. The data are expressed as mean * SD. Student's t-test was used for statistical
analysis p <0.05, N =9.

From the data obtained in the diagram (Figure 2), it can be concluded that the drying method has made a
significant effect on the content of ballast substances in the final product. When applying the spray drying
method, the content of ballast substances was significantly reduced, both Si and Al. Based on the data obtained,
it was concluded that the use of the spray drying method in the technological process of obtaining Shilajit purified
also leads to a decrease in the content of ballast substances in the final product.
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Figure 2. The effect of spray drying and ultrasonic processing on the content of Si and Al in purified Shilajit
without the use of centrifugation in comparison with Shilajit obtained from the manufacturer 1 and 2. The
data are expressed as mean + SD. Student's t-test was used for statistical analysis p <0.05, N =9.

Also on the presented diagrams (Figure 1, Figure 2), the effect of ultrasonic treatment of the solution on the
extraction stage is observed. The data presented show that the use of ultrasonic treatment for 1 hour significantly
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increases the Si content, and also slightly increases the Al content, on the basis of which ultrasonic treatment is
not suitable for intensifying this process.

According to the obtained data in the diagram (Figure 3), it can be concluded that the use of the
centrifugation process as one of the technological stages, namely, the stage of purification of the Shilajit solution
from ballast substances is expedient since it reduces the content of Si and Al by 6 -7 times.
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Figure 3. Summary diagram. The data are expressed as mean * SD. Student's t-test was used for statistical
analysis p <0.05, N =9.

3. CONCLUSIONS

i. The optimal ratio of raw material (Shilajit) and extractant is 1:2 without the use of ultrasound because, at
this ratio, the minimum content of ballast substances was observed;

ii. The use of a centrifuge in the process of solution purification from ballast substances significantly
reduces the content of Al and Si;

iii. Application of the spray drying method in the technological process of obtaining Shilajit also leads to a
decrease the content of ballast substances in the final product.

4. MATERIALS AND METHODS

For the experiment, samples of raw Shilajit, provided by Fitokom Altai LLC, were taken. The resulting
purified Shilajit was produced using the following technologies:

i. The raw Shilajit was extracted with water in a ratio of 1:2, 1:5, 1:10 for 2 hours at a temperature of 20 °C,
stirring every 15 minutes. The resulting solution was centrifuged for 15 minutes at 5000 rpm. After that, the
resulting supernatant was dried in a dry oven at temperature 70 °C until a residual moisture content 5-10%.

ii. The raw Shilajit was extracted with water in a ratio of 1: 2, 1: 5, 1:10 for 2 hours at a temperature of 20 °C,
stirring every 15 minutes. The solution was subjected to ultrasonic treatment with a converter frequency of 40
kHz for 1 hour. The resulting solution was centrifuged for 15 minutes at 5000 rpm. The resulting supernatant was
dried in a dry oven at temperature 70 °C until a residual moisture content 5-10%.

iii. The raw Shilajit was extracted with water in a ratio of 1: 5 for 2 hours at a temperature of 20 °C, stirring
every 15 minutes. The resulting solution was dried using a spray dryer under the following conditions: the Shilajit
solution is fed into the spray chamber under a pressure of 3-5 atm., the air temperature supplied to the upper part
of the apparatus is not more than 140 °C, the air temperature withdrawn from the lower part of the apparatus is
at least 80 °C

iv. The raw Shilajit was extracted with water in a ratio of 1: 5 for 2 hours at a temperature of 20 °C, stirring
every 15 minutes. The solution was subjected to ultrasonic treatment with a converter frequency of 40 kHz for 1
hour. The resulting solution was dried using a spray dryer under the following conditions: the Shilajit solution is
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fed into the spray chamber under a pressure of 3-5 atm., the air temperature supplied to the upper part of the
apparatus is not more than 140 °C the air temperature withdrawn from the lower part of the apparatus is at least
80 °C.

v. For comparison, two samples of industrial purified Shilajit were taken: manufacturer No.1 —Laba Altai
LLC, manufacturer No. 2 — Fitokom Altai LLC. Samples are presented in the form of plates; the moisture content
of the samples is 7+2.5%. These samples were purchased at retail pharmacies. From the appearance of the samples
presented, it can be concluded that these samples were dried without the aid of a spray dryer.

For the samples obtained, a complete elemental analysis was performed on the S8 Tiger Wave X-ray
fluorescence spectrometer. For the analysis, samples of Shilajit were selected using the method of quarrying of a
sample weighing 4 g. and filled in a cell with a polymer film (Mylar). Then the cuvettes are placed in cuvette
holders, which are installed in the sampling device of the spectrometer. The measurements were carried out in
vacuum using the software QUANT EXPRESS with the matrix - CH2 (organic compounds). Processing of the
results was carried out using the developed methods in the program Spectra Plus (Bruker AXS GmbH, Germany)
organic. The calculation of the content of the elements is made on absolutely dry matter.
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