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TYPES OF CONTAMINANTS AND THEIR CONTENT IN VEGETABLE OILS

Abstract

The article discusses the groups of pollutants most commonly found in the food industry. The
results of the content of pollutants in vegetable oils are also presented, which indicates a fairly wide
range of concentrations of monoglycerides, diglycerides and triglycerides. Various technological
parameters of the deodorization process lead to such a wide range of values and require further
research and development of technologies aimed at reducing the content of these compounds. The
classification of pollutants is presented, individual groups of pollutants are considered in more
detail, and the main measures for the prevention and prevention of the content of pollutants in food
products are given. Therefore, knowledge about impurities and pollutants in food is of great
practical importance and is considered an important food safety issue. The presence of impurities in
food products that have no nutritional and biological value or are completely toxic threatens human
health. Thus, in order to reduce the risks associated with the consumption of these compounds, it is
necessary to develop effective technological methods for reducing the content of pollutants that can
be used not only in production, but also on an industrial scale. And one of the important processes
of reducing the content of pollutants in vegetable oils is the improvement of the oil purification
process using various solvents.

Key words: glycidyl ethers, vegetable oils, contaminants, deodorization, food products,
mycotoxins, refining process, impurities.

Introduction

Every person consumes food on a daily basis and must be sure that they do not pose a danger
to either his health or the health of his loved ones. The growing globalization of food markets poses
more and more challenges to the society responsible for ensuring the safety of food products,
including fat and oil. One of such tasks is to minimize the content of pollutants in vegetable oils,
which poses a potential risk to human health
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Up to 70% of chemical compounds released in large quantities as a result of industrial
development, chemicalization of agriculture, through the food chain enters the animal body with
feed, and then enters the human body with finished products. In addition to contaminants-pollutants,
special attention is paid to food additives associated with technological necessity. Therefore,
knowledge about pollutants is of great practical importance [1].

As you know, the problem of the negative impact of environmental pollution on human health
in recent years has become more acute, which has outgrown national boundaries. The intensive
development of industry, the chemicalization of agriculture and the environment provokes the
appearance of large quantities of chemical compounds that are harmful to the human body. At the
same time, there are scientific and technological solutions that make it possible to regulate the
content of these harmful substances and bring their concentration to safe levels. This applies to both
the entire environment and individual food products. It is known that in the process of eating, a
significant part of foreign substances, for example, heavy metals, can enter the human body [2].

The formation of chemical compounds, toxic carcinogens during food processing is one of the
important safety problems of the food industry. Among these carcinogenic chemical compounds,
special attention is paid to glycidyl ether or so-called contaminants that can be formed during the
refining of vegetable oils, especially in palm oil, as well as in some processed foods. These
substances pose a danger to the health of some population groups due to their toxic and
carcinogenic properties.

Thus, in order to reduce the risks associated with the consumption of such chemical
compounds, it is necessary to develop effective technological methods for reducing the content of
glycidyl esters or precursors of contaminants that can be used for production purposes. It is also
necessary to establish clear mechanisms for the formation of contaminants in vegetable oils and
thereby reduce their content by improving the process of refining and deodorization of vegetable
oils using various solvents [3].

Methods and materials

Vegetable oils were the object of the research. The research was carried out in accordance
with GOST 30418-96 «Vegetable oils. Method for determination of fatty acid content». The method
is based on the conversion of monoglycerides, diglycerides and triglycerides of fatty acids into
methyl (ethyl) esters of fatty acids. The method is applicable in the range of mass fractions of fatty
acids 0.1-100%. The studies were carried out using a UV-1900i bi-beam spectrophotometer.

When studying the content of mycotoxins in vegetable oils, GOST 30711-2001 «Food
products. Methods for detecting and determining the content of aflatoxins B1 and M1».

To determine glycidyl esters in terms of glycidol, the method of gas chromatography with
mass-selective detection in SIM mode (selective ion monitoring) was used according to the
procedure described in 1SO 18363-1:2015 «Animal and vegetable fats and oils». Determination of
the content of fatty acid esters of monochloropropanediols (MCPD) and glycidol using gas
chromatography with GC/MS mass spectrometric detection, also a method using rapid alkaline
transesterification and measurement of 3-MCPD content and differential measurement of glycidol
content.

Results and discussion

There are the following groups of pollutants most commonly found in the food industry:

Mycotoxins - are toxic metabolic products of molds that form on the surface of food and feed.
These toxins are able to penetrate into the food by diffusion. Mycotoxins have a toxic effect on
animals, birds and humans, causing mycotoxicosis. They are resistant to high temperatures and
sunlight, do not die during long periods of storage and canning. Of the molds growing on food,
approximately 60-75% should be considered toxic. The exceptions are products made using
specially selected strains of mold - for example, Roquefort cheese with the noble mold Penicillium
roqueforti. Today, over 400 mycotoxins are known, but the most famous are aflatoxins and patulin.
Patulin, as a rule, is detected in fruit processed products - juices, fruit purees and jams, which is
associated with a violation of technology and the use of non-standard raw materials [4].
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Nitrates and nitrites are found in plants as normal metabolites or accumulate as a result of
inappropriate use of nitrogen fertilizers. Excessive use of nitrogenous fertilizers leads to the
accumulation of these contaminants, amine and amide compounds, and the formation of a highly
toxic compound - N-nitrosoamines. Our body does not assimilate compounds of nitric and nitrous
acids and removes them very poorly, therefore, their intake into the body leads to disruption of
biochemical processes in the form of toxic and carcinogenic manifestations. products to preserve
the red color. When salted, red meat dye - myoglobin, which turns into gray-brown metmyoglobin
during boiling, reacts with nitrites, forming red nitrosomyoglobin. This compound, which gives
meat products the typical red color of salted meat, does not change during boiling and is more
resistant than myoglobin to atmospheric oxygen. Along with the stabilization of the color, nitrates
and nitrites together with table salt have a preservative effect [5].

Preservatives and antioxidants are used to extend the shelf life of food by slowing down
chemical and biochemical processes. The action of preservatives is primarily aimed at inhibiting the
growth of microorganisms. But the human gastrointestinal tract also contains beneficial
microorganisms (bifidobacteria) that live in the large intestine. By hydrolyzing hemicellulose, they
supply our body with other biologically active monosaccharides. Long-term use of food products
with preservatives leads to inhibition of intestinal bifidobacteria and contributes to the development
of dysbiosis in humans. This is a fairly widespread problem: there are cases when the prescribed
drugs did not have the desired effect on the pathogenic microflora due to their developed resistance
to preservatives. Organic acids and their derivatives, inorganic compounds, as well as special
groups of preservatives are used as preservatives [6].

The physicochemical parameters of the initial vegetable oils were studied. Such indicators as
acid value, peroxide value, color value, degree of transparency, mass fraction of moisture and
volatile substances, mass fraction of phosphorus-containing substances, mycotoxin content were
determined. All indicators were determined by standard methods according to TR CU 024/2011.
The results of the study are presented in table 1.

Table 1 - Physico-chemical parameters of the starting oils

Indicator name Indicator value

RSO URSO RRO URLO | RCO |UROO | PO
Density, kg/m3 at 20 °C 926 916 918 940 920 914 923
Refractive index at 20°C 1,475 1,473 1,472 1,480 | 1,471 | 1,466 | 1,454
Viscosity at 20 °C, Pa*s 0,0598 | 0,0546 | 0,0766 | 0,0527 | 0,0657 | 0,0713 -
Acid value, mg KOH/g 0,3 1,8 0,2 1,9 1,0 4,6 0,5
Per_OX|de value, mmol of 47 9.5 6.1 25 5.9 0.8 0.8
active oxygen/kg
Color value, mg of iodine 1 9 2 45 4 35 1
Degree of transparency, 1 9 1 5 1 5 1
fem
Mass fraf:tlon of moisture 0,01 0,05 0,01 0,01 0.1 0.2 0,09
and volatile substances, %
Mass fraction of
phosphorus-containing - 0,15 - 0,03 - 0,02 -
substances, %
Mycoto>_<|n content, mg/kg i 0,005 0,005 0,004 i 0,005 i
(aflotoxin B1)

The studied oils according to physico-chemical parameters comply with the safety
requirements of TR CU 021/2011 and TR CU 024/2011. According to physico-chemical indicators,
all oils have an acid value (0,2-4,6) and a peroxide value (0,8-9,8) within the normal range.
However, the presence of free fatty acids in the oils can lead to the formation of glycidyl esters. The
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indicators of acid and peroxide values reflect the presence of free fatty acids in vegetable oils.
Glycidyl ethers are formed during refining in all vegetable oils, without exception: in
sunflower, corn, palm, olive, etc. (table 2).

Table 2 - Content of contaminants in vegetable oils

Name of the oil Monoglyceride Diglyceride Triglyceride content,%
content,% content,%
Soybean oil - 1,0 97,9
Cottonseed oil - 3,1 95,0
Palm oil - 58 93,1
Corn oil - 2,8 95,8
Sunflower oil - 2,0 95,6
Safflower oil - 2,1 96,0
Olive oil 0,2 55 93,3
Rapeseed oil 0,1 0,8 96,8

As can be seen from table 2, in the oilseed raw materials glycidyl ether contaminants are
absent, but it contains precursors (precursors) of these compounds. During the ripening period,
enzymatic processes take place in the seed: the lipase enzyme breaks down triglycerides of fatty
acids to diglycerides and monoglycerides, which are subsequently converted to glycidyl ethers and
monochloropropanediols during high-temperature processing (> 230 ° C), respectively. Formation
of glycidyl esters occurs after intramolecular rearrangement, removal of fatty acid and epoxide.

In the process of industrial production of food products, changes in the quality indicators of
the product and its composition occur, as a result of which various compounds (contaminants) can
be unintentionally formed. Some of them have no effect on human health, others may affect the
body to a greater or lesser extent.

The presence of partial acylglycerols, such as diacylglycerols (DAG) and monoacylglycerols
(MAG) is associated with the formation of glycidyl esters (GE). The proposed mechanism involves
intramolecular rearrangement, which leads to the elimination of fatty acids. In addition, cyclic
acyloxonium ions can form under deodorization conditions and initiate the formation of
contaminants. In addition, it has been suggested that the mutual conversion between 2- MCPD and
3-MCPD through an intermediate compound of glycidyl esters can occur at high temperatures.
Also, the formation of 3-MCPD can be formed as a result of a reaction mediated by free radicals

[7].

The available data on the content of contaminants in food products are mainly limited to
refined edible oils and oil-based food products. Precursors of contaminants are formed at the stage
of deodorization of oil processing processes. Glycidyl esters are also found in various refined oils
and fats, such as palm oil, rice oil, soybean oil and corn oil. Among them, rice oil and palm oil are
the most susceptible to the formation of contaminants that exceed 30 mg/kg of oil. The content of
diacylglycerol precursors (DAG) in glycidyl esters is especially high in oil, varying from 4% to
12%, on average about 6.5% in palm oil. This fact also explains the relatively high concentrations
of glycidyl esters in palm oil, while the actual reason for their high content in rice oil has not yet
been discovered. Crude or unrefined oils and fats, such as extra virgin olive oil, do not contain
glycidyl esters or simply do not contain traces of them [8].

The amount of glycidyl esters (GE) in oil-based foods is due to the addition of contaminated
oils and fats, as well as high temperatures in production processes. The appearance of GE in refined
edible oils has attracted considerable attention regarding the mechanism of formation, including the
precursors of GE and the factors influencing the formation of GE. The stage of deodorization in the
process of oil processing significantly affects the formation of GE. In initial studies, GE was
considered as a pathway for the formation of 3-MCPD esters or their degradation. Subsequently, it
was proposed that GE, as well as 3-MCPD esters, form an intermediate compound of the 1st
acyloxonium ion and then rearrange through charge migration, eventually forming GE. However, it
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was also taken into account that GE and 3-MCPD esters can be formed in different ways, depending
on the applied temperature and reaction time. In this article, attention is focused on 3 aspects of GE
formation from the macroscopic and microscopic points of view, that is, on the precursors and
factors influencing the formation of GE for the macroscopic slice, and on the reactive mechanisms
for the microscopic slice [9].

The following methods can be used to reduce the content of contaminants in vegetable oils.

Thus, the effectiveness of reducing the content of contaminants can be achieved by washing
unrefined vegetable oil with polar solvents, such as water or a water-alcohol mixture, in order to
remove polar chlorine-containing compounds from the oil. Due to the possibility of the
transformation of polar chlorine-containing compounds into non-polar ones during the sterilization
of fruits, it is proposed to remove the indicated chlorine donors not from the obtained unrefined oil,
but from the pulp.

Analysis of the physico-chemical parameters of unrefined oils showed that the acid number of
oils varies in the range of 1,8-4,6 mg KOH/g. However, in unrefined olive oil (UOO), the acid
number index exceeds the norm of 4,0 mg KOH/g. This indicates that it contains free fatty acids
and the oil is oxidized. The value of the peroxide number of oils is in the range of 2,5-9,8 mmol of
active oxygen/kg, which corresponds to the norms of regulatory and technical documentation. The
color number of olive oil exceeds the norm of 15 mg of iodine. The degree of transparency, the
mass fraction of moisture and volatile substances, the mass fraction of phosphorus-containing
substances and the content of mycotoxins, which are indicators reflecting the microbiological safety
of oils, comply with the norms of regulatory and technical documentation. The results of studies of
the physico-chemical parameters of refined oils are presented in Table 3.

Table 3 - Physico-chemical parameters of refined oils
Indicator value
RSO | Standard | RRO | Standard | RCO | Standard | SO | Standard

0,3 0,4 0,2 0,4 1,0 0,35 0,5 0,2

Indicator name

Acid value, mg
KOH/g
Peroxide number,
mmol of active | 4,7 10 6,1 10 59 10 0,8 0,9
oxygen/kg

Color  number,
mg of iodine
Degree of
transparency, 1 2 1 2 1 2 1 2
fem

Mass fraction of
moisture and
volatile
substances, %
Mass fraction of
phosphorus-
containing
substances, %
Mycotoxin
content, mg/kg - - 0,005 0,005 - 0,005 - 0,005
(aflatoxin B1)

1 10 2 30 4 18 1 30

0,01 0,1 0,01 0,1 0,1 0,1 0,09 0,1

The results of studies of the physico-chemical parameters of refined oils showed that the
indicator of the acid number of oils varies in the range of 0,2-0,5 mg KOH/g. However, in refined
corn oil (RCO) and sunflower oil (SO), this indicator of the acid number exceeds the norm of 0,35
and 0,2 mg KOH/g. This indicates that they contain free fatty acids, which ultimately can lead to the
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formation of glycidyl esters. The value of the peroxide number of oils is in the range of 0,8-5,9
mmol of active oxygen/kg, which corresponds to the norms of regulatory and technical
documentation.

An additional reduction in the content of glycidyl ethers and related compounds can be
facilitated by the use of soils with a low salt content for growing oilseeds, the use of chlorine-free
fertilizers, irrigation water, herbicides and insecticides. In addition, to reduce the content of free
fatty acids in vegetable oils, it is rational to harvest the crop as soon as the first ripe bunches are
found, and also, if possible, shorten the time interval between harvesting and the extraction of oil
from seeds [10, p. 803].

Another effective way to reduce the thermal load on the oil and, most importantly, virtually
eliminating the formation of glycidyl esters, is molecular distillation of oils instead of deodorization
or in combination with deodorization under mild conditions. The biocatalytic method is also
promising, which allows using enzymatic processes to remove esters from refined oils [11].

Thus, in order to reduce the content of glycidyl ethers in vegetable oils, it is advisable to act in
3 directions:

1) reduction of the content up to the complete elimination of precursors in oilseeds and
unrefined oils;

2) adjustment of the conditions for the extraction of oils and refining processes with the
possible inclusion of additional stages of refining in the full cleaning cycle;

3) reduction of glycidol content in refined oils using appropriate sorbents or by enzymatic
methods [12].

The formation of contaminants can be minimized in several ways:

1. By optimizing the deodorization process while reducing the heat load at t<240°C, which
will improve the safety characteristics of food products.

2. The use of two-stage deodorization (with a short-term treatment at a higher temperature,
followed by a longer treatment at a reduced temperature) is used on an industrial scale as an
effective risk reduction measure to achieve a minimum level of glycidyl esters in refined oils.

3. Contaminants can also be removed from refined edible oils in high vacuum at high
temperature (260°C), since they have the same volatility parameters as monoacylglycerides (MAG).

4. During post-bleaching with non-HCI activated bleach clay, glycidyl esters give very low
levels (<0,5 ppm) and turn into monoacyglycerides (MAG). This is provided that post-
deodorization is carried out at a low temperature (< 2300C).

5. A reduction in the formation of glycidyl esters can be achieved by using the process of
enzymatic esterification of free fatty acids into diacylglycerides (DAG) in raw or bleached palm oil.
This will increase the overall oil yield during the refining process.

6. The process of chemical transesterification, followed by post-bleaching with non-HCI
activated bleach clay and deodorization at moderate temperature (<220°C), thanks to which refined
edible oils with very low levels of glycidyl esters or contaminants can be obtained [13].

Employees of the Astana branch of the Research Institute of the Processing and Food
Industry, in accordance with the program of the Ministry of Agriculture of the Republic of
Kazakhstan, invert registration number BR10764977, are working to determine the content of
glycidyl ethers in vegetable oils.

Conclusion

Based on the foregoing, the content of contaminants in vegetable oils, even at levels below
hygienic standards, can affect the health of the population in the form of both carcinogenic and
chronic non-carcinogenic effects. Protection of a person from the harmful effects of contaminants is
effectively ensured by a barrier of hygienic standards and regulations, but as a result of their non-
observance, acute and chronic poisoning and other health disorders can occur.

Currently, the overwhelming majority of agricultural manufacturers are seriously concerned
about the problems of environmental safety of food and make great efforts to minimize the risk of
contamination of feedstock. In order to obtain guaranteed clean raw materials for their production,
they often organize their own, so-called organic-biological farming. Achieving this goal begins with
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a careful selection of farms with healthy fertile soil in ecologically clean areas, away from industrial
zones and highways, taking into account the wind rose. Finally, all raw materials entering the plant
are first checked by the laboratory for the presence of harmful substances in it and only after
confirming their safety are they allowed into production [14].

Of course, the given example is not the only one of its kind, but it illustrates the possibility of
producing clean products even in difficult modern conditions. To create environmentally friendly
food products, it is necessary to assess the environmental conditions of their production at all stages
of the biotechnological chain.
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OCIM/IIK MAMJIAPBIHIATBI KOHTAMMHATTAPIbIH MOJIIIEPI )KOHE
OJIAPJBIH TYPJIEPI

Anoamna

Makasiazia TaMaK eHepKaCciOiH e JK11 Ke3ECETIH JIACTAyIlLbl 3aTTap TONTaphbl KAPACTHIPBLIA/IBL.
Conpaii-ak, ©cCIMJIIK MaWlIapbIHAAaFel J1acTAyIIbl 3aTTApIbIH HOTIIKENEpl YCBHIHBUIFAH, OYJI
MOHOTJIMUIEPUATEPIH, IUTTIHLEPUATEPIIH >KOHE TPUIIMLEPUATEPIIH KOHIEHTPALUSICHIHBIH KEH
CHEKTpiH Kepcereni. Jle3omopamusi MpoueciHiH SpTYpil TEXHOJIOTHUSIIBIK MapaMeTpiepi OChIHIAM
KONTEreH MOHJEpre oKeJell >KOHE OChl KOCBUIBICTAP/AbIH KYpaMblH TOMEHJETyre OarbITTalaFraH
TEXHOJIOTUSUIAP/IbI OJIaH Opi 3€PTTEY MEH JaMBITYIbl KaXKeT erei. Jlactaymsl 3aTTapabIH KIKTemyi
YCBIHBUIFaH, JIacTayllbl 3aTTapJblH >KEKEJIEereH TONTaphbl TOJBIFBIPAK KAPAaCTHIPBLIFAH, COHBIMEH
karap TamMak eHIMICPIHJETI JacTayIIbl 3aTTap bIH aJIBIH-ATy JKOHE aJIJIbIH-aTy OOWBIHINA HETi3Ti
mapanap kenripuired. ConaplkraH Tamak eHIMJIEpiHJer! Koclanap MEeH JacTaylibl 3aTTap Typajibl
OUTIM YJIKEH TPaKTHKAJIBIK MaHBI3Fa M€ XKOHE TaMaK KayilCi3IiriHiH MaHBI3IbI Maceneci OoJbIn
caHanajpl. TaraMbIK JKOHE OMOJIOTHSIBIK KYHIBUIBIFBI JKOK HEMECE TOJBIFBIMEH YJIbl OOJBIN
Ta0OBLIATBIH TaMaK OHIMJEPIHAE KOocHajdapJelH OOJybl ajaM JICHCAyJbIFbIHA Kayill TOHMIpEi.
Ocbutaiiiia, ochl KOCBUIBICTApAbl TYThIHYMEH OaillaHbICTBl KayiTepli a3aiTy YILUiH JIaCTayILbl
3aTTapAblH KYpPaMblH TOMEHICTYIIH THIMII TEXHOJOTHSUIBIK JMIICTEPIH jKacay KaKeT, oJapbl TCK
OH/JIIpICTE FaHAa €MeC, COHBIMEH KaTap ©OHEpKOCINTIK ayKbIMIa Ja KojJaHyFa Oosaibl. OciMaik
MalIapelHJAFbl  JIacTayllbl 3aTTapAbl a3alTyAbIH MaHBI3Abl IPOLECTEpiHIH  Oipi-opTypii
epITKILITEP/l KOJIJaHa OTBHIPBII, Mal bl Ta3apTy MPOLECIH JKaKCapTy.

Kinm ce30ep: rmvununun >gupiepi, eciMIIK Maijapbl, JlacTayllibl 3aTTap, J1€3040pals,
TaMakK eHIM/Iepi, MUKOTOKCUH/IEP, Ta3apTy Npolieci, Kocmanap.
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BHU/Ibl KOHTAMMHAHTOB U UX COAEPKAHUE B PACTUTEJIbHBIX
MACJIAX

Annomauus

B cratee paccmaTpuBaroTCS TPYNIBI  3arps3HSIONIMX — BEIIECTB, HawbOoJee YacTo
BCTpEYAIOUIUECS B MUIIEBON MPOMBIIUIEHHOCTU. Takke MpeCTaBICHbI Pe3yabTaThl 3arPSI3HAIOIINX
BCIICCTB B PAaCTHUTCIBHBIX Macjiax, 4TO CBHUACTCILCTBYCT O HIMPOKOM CIICKTPEC KOHHeHTpaHI/Iﬁ
MOHOTJIMLEPUAOB, JUTIUIEPUIOB U TPUIIIULEPUIOB. PazinuHble TEXHOJIOTMYECKUE MApaMETPhI
rporiecca J1e3010paii TPUBOIAT K TAKUM MHOTOYHCIICHHBIM 3HAYEHUSIM U TPEOYIOT JaIbHEHUIIIETO
W3YYEeHUS U pa3pabOTKU TEXHOJIOTUMN, HAIPABICHHBIX HA CHUKEHHUE COJICPKAHUS dTUX COSTMHEHUH.
[Ipemyoxena kimaccuukanmsi 3arpsS3HSIONIMX BEIIECTB, MOAPOOHO PAaCCMOTPEHBI OTICIHHBIC
TPYIIIbI 3arpsA3HAOIINX BCHICCTB, d TAKIKC MPUBCACHBI OCHOBHBIC MCPBI IO MPCAYHPCKIACHUIO U
MPEAOTBPAIIEHUIO 3arPS3HAIONINX BEIIECTB B MUIIEBBIX MPOayKTaX. [loaTomMy 3HaHUS 0 JOOaBKaxX U
3arpsA3HAIOINX BCHICCTBAX B MHUINCBLIX NPOAYKTAaX HMCIOT 60JII>IJ_IO€ MPAKTUYCCKOC 3HAUCHUC U
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CUMTAIOTCS BaXXHOW MpoOJeMOil 0e30MacHOCTH THIIEBBIX NPOAYKTOB. Hammume mnpumeceil B
MUIIEBBIX MPOIYKTAaX, KOTOPhIE HE MMEIOT MUIIEBONH W OMOIOTHYECKON IEHHOCTH WU SIBIISIFOTCS
MOJIHOCTbIO TOKCHUYHBIMH, HPEICTABISIECT Yrpo3y Ui 3J0pOBbSl 4elloBeKa. Takum oOpa3om, Ui
MUHUMU3ALUN PUCKOB, CBS3aHHBIX C IMOTPEOJICHUEM ITHX COCIMHEHUH, HEOOX0auMO pa3paboTarh
3¢ (deKTUBHBIE TEXHOJOIMYECKHE METOJbl CHIDKEHUSI COJEp)KaHUs 3arps3HAIOIIMX BEIIECTB,
KOTOphIE MOTYT OBITh HUCIOJL30BAaHBI HE TOJILKO B IPOHM3BOJCTBE, HO M B MPOMBIIUICHHBIX
Macmtabax. OJIHUM M3 BaXKHBIX MPOLIECCOB CHUKEHHS 3arpsi3HSIONINX BEIIECTB B PACTUTEIbHBIX
Maciax SBJSETCS YIYYIIEHHE IIpolecca OYMCTKM Macja C HCIOJIb30BAaHMEM Pa3IM4YHBIX
pacTBOpPUTEIICH.

Knrwouesvie cnoea: riuuuaniaoBbie 3(QUpPhI, paCTUTENLHBIE Maclia, 3arps3HSIONINE BEUIeCTBa,
71€30/10pallys, MUIIEBbIE MPOAYKThI, MUKOTOKCHHBI, IIPOIIECC OUNCTKU, JOOABKH.
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