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ASSESSMENT OF QUALITY AND FOOD SAFETY OF VEGETABLE OILS
PRODUCED IN VARIOUS REGIONS OF KAZAKHSTAN

Abstract. Vegetable oils are a valuable multivitamin raw material for the food and pharmaceutical
industry due to the content of effective biologically active organic components and mineral substances.
To assess the quality and food safety of unrefined vegetable oils obtained from sunflower seeds and flax
of Kazakhstan agro-formations by the method of «cold pressing,» we studied the basic indicators of their
qualitative and quantitative composition. It was found that the organoleptic characteristics (transparency,
color, smell and taste) of the tested vegetable oils correspond to unrefined sunflower oil of the highest grade,
unrefined linseed oil of the first grade. Studies of the physicochemical parameters of sunflower and linseed
oils: colored number (14,40 mg of iodine), acid number (1,4-1,5 mg KOH/g), weight fraction of phosphorus-
containing substances (0,18% and 0,5%), humidity (0,13%; 0,17%), peroxide number (6,7 and 9,0 mmol
of active 02/g), iodine number (132 and 176 gJ2/100) and saponification number (188 and 187 mg/g) also
correspond the requirements of regulatory documents and standards. In sunflower oil samples, the amount of
oleic acid is 52,21%, linoleic acid 28,97% is determined, which are within the normal range, although they
are adjacent to the levels of higher limits. Analysis of linseed oil fatty acids showed that samples contain
linolenic acid 50,1%, All other fatty acids are noted within the permissible limits, and oleic acid 14,13%,
linoleic acid 17,9% are close to the upper limits of permissible limits. NMR spectroscopy confirmed that the
optimal ratio of ®-6 andw-3 of polyunsaturated fatty acids in the composition of the studied vegetable oils
correspond to their name in the ratio of monounsaturated and polyunsaturated fatty acids.

Key words: sunflower oil, linseed oil, unrefined oils, physicochemical parameters, fatty acid composition,
NMR spectroscopy, spectra, proton signals.

Introduction. Food safety for each state
is ensured by providing the availability of
environmentally sound and affordable products to
the population. Vegetable oils take a significant place
among important food products in the human diet.
They are a valuable multivitamin product for the
food and pharmaceutical industry due to the content
of effective biologically active organic components
and mineral substances [1].

The oil and fat industry of Kazakhstan is currently
demonstrating intensive development processes. In
the period from 2009 to 2019, the area of oilseeds
increased from 1,2 million hectares to 2,9 million
hectares. Kazakhstan produces various species
of oilseeds (sunflower, flax, safflower, rapeseed,

of natural phytocenoses’ growth, representatives of
which are used for the production of vegetable oils,
there are data on the accumulation in fruits and other
organs of heavy metals and radionuclides [5, 6].
Traditionally use chemical and physical methods
in analytical studies that are cost-based by time and
raw materials, as they require multi-stage analyses
and large volumes of samples. There is an active
search among specialists for methods of analysis
and identification of the fatty acid composition of
vegetable oils for wide application [7]. The method
of nuclear magnetic resonance spectroscopy (NMR
spectroscopy) has been widely used among non-
destructive methods for the study of vegetable oils.
This method makes it possible to quickly determine

mustard) and their processing products. There are
about 52 enterprises for the processing of oilseeds
with a total capacity of 2 million tons per year [2].
Some publications provide information on the
impact of natural and climatic conditions on the
quality of vegetable oil [3,4]. Dueto the anthropogenic
disturbance of the natural environment in the places

the content of fatty acids and their ratio, including
unsaturated fatty acids [7]. NMR spectroscopy based
on known chemical shifts of carbon atoms of acid
groups of fatty acid glycerides makes it possible to
quantify the composition of unsaturated fatty acids
of glycerides (oleic, linoleic and linolenic acids) and
determine the type of vegetable oil without additional
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sample preparation [8-12]. Given the high demand
for vegetable oils among the population and industry,
the growing anthropogenic pressure on various
components of the natural environment, the goal of
the research was to assess the quality and food safety
of vegetable oils.

Research materials and methods. The material
for the study was sunflower oil from seeds of highly
productive hybrids of sunflower «Kazakhstan-5»
breed, grown in the East Kazakhstan region and
linseed oil from high-yielding breeds of flax-curly
seeds «Kostanay-11» from farms of Kostanay
region, selected during ripening and mass harvests
by the population. Cold oil squeezing was prepared
under laboratory conditions for analysis according to
«SST 30418-96. Vegetable oils received unrefined
sunflower and linseed oils according to standard
requirements [13].

The quality characteristics of sunflower
and linseed oil were determined following the
requirements [ 14, 15]. Determination of the fatty acid
composition of selected oils is carried out according
to [16]. To determine the suitability of the oil for
food purposes and characterized by the free fatty acid
content in the oils, the acid number was studied by
titration of the oil sample with an alkali solution in the
presence of the phenolphthalein indicator according
to [17]. The values of the peroxide number of samples
according to [18] were determined by the iodometric
method. To analyze the saponification number [19]
was used. To evaluate the degree of unfavorability
of fat, its ability to oxidize, dry, and hydrogen
addition, an iodine number was determined under
[20]. Determination of vegetable oils chromaticity is
carried out according to [21]. Moisture and volatile
substances content are studied by drying method at
temperature 100-105°C to constant weight according
to [22]. Qualitative and quantitative composition of
polyunsaturated fatty acids of vegetable oils with
different content ®-6 and w-3 fatty acids on NMR
spectrometer is studied. Ranges of nuclear magnetic
resonance 'H and "*C were removed on a spectrometer
of INM-ECA Jeol 400 (frequency 399.78 and 100.53
MHz respectively) with CDCIs solvent use. Spectra
were taken in ampoules 5 mm wide, the total volume
of solution 0,6 ml, the concentration of the substance
in deuterated solvent 5-10%.

Chemical shifts are measured concerning signals
of residual protons or deuterated chloroform’s carbon
atoms. For quantitative analysis of the samples, 0,1
ml of vegetable oil was dissolved in 0,3 ml CDCls.
Chemical shifts of the compounds proton signals
were determined by the chloroform signal (CHCls, 6=
7,27 p.p.m.) that was present in the deuterated solvent.
The spectral recording was performed taking into
account the relaxation of protons of all compounds.
When recording spectra *C, a solvent signal (6C =
77,7p.p.m.) was also used as a comparative signal.
For quantitative analysis, spectra were recorded with
suppression of interaction with protons and using

pulse sequences that excluded the manifestation of
the Overhauser effect. Chromium tris-acetylacetonate
was added to the solutions to reduce the time of spin-
lattice relaxation. Since the relaxant slightly changes
the chemical shifts of the nuclei *C components of
essential oils, spectra of available individual acids
present in these oils were recorded for control: oleic,
linoleic, linolenic, palmitic and stearic. The signal
assignment was made using the Polarization Transfer
Spectrum Recording (DEPT) technique.

All studies on the production and analysis of
vegetable oils were carried out based on laboratories
at S. Seifullin Kazakh Agro Technical University;
NMR spectrometry analysis was carried out in the
laboratory of NMR spectroscopy engineering profile
at Sh.Ualikhanov Kokshetau State University.
Statistical processing of the obtained results of
laboratory-field experiments was carried out using
Microsoft Excel. Taking into account the Fischer-
Student test, recorded changes in indicators were
considered reliable at p<0,05.

Results and discussion. Realization of
quality assessment of completion of production
(technological) operations, as a rule, is evaluated
at the production stage according to organoleptic
and physicochemical indicators. The results of the
analysis of unrefined sunflower and unrefined linseed
oil by organoleptic and physicochemical indices
are given in Table 1. As can be seen in Table 1, the
organoleptic characteristics, transparency, color,
smell and taste of the test vegetable oils correspond
to unrefined sunflower oil of the highest grade, as
well as unrefined linseed oil of the first grade. Studies
of physicochemical indices of sunflower and linseed
oils: color number, acid number, a mass fraction
of phosphorus-containing substances, humidity,
peroxide number, iodine number and saponification
number also meet the requirements of regulatory
documents [13-22].

Table 1 - Quality characteristics of unrefined
sunflower and linseed oil

Indicator name | Sunflower oil | Linseed oil

Transparence, Transparent, | Transparent,

color golden rich golden

Smell and taste | Characteristic | Characteristic
of sunflower | of linseed oil,
oil, free of free of foreign
foreign smell | smell and taste
and taste

Color value, mg 14 40

of iodine

Acid index, 1,4 1,5

mgKOH/g
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Mass fraction 0,18 0,5 - 9,01 - 7,01
of phosphorus- C4:0 10 0,1 | 0,05 - 0,06
containing Oleic
substances,%; in Cl14:0  |40-55 525 32- |60
telrmsl OfSﬁ?arO' Myrfstic R 7.2 ,
orco-eciin C10:0 |m00,1 [0,03 710 0,07
Mass fraction 0,13 0,17 Palmitic 0,2
of moisture Cle:l | 001 |0,07 i i
and volatile Palmito
substances, %o, oleic
maximum C17:0 2,1-5,0 | 4,04 2,5- 3,63
Peroxide 6,7 9,0 Heptade 5,5
number, active coic
oxygen mmol/kg C 18:0 43,1- | 5221 11,3- | 14,13
Iodine value, rJ> 132 176 Stearic 71,8 24,0
/100 C18:1 18,7- 28,97 10,4- 17,9
lodine 188 187 Olein 45,3 18,7
absorption value, C18:2 - 0,1 710 50,1
mg KOH/g Linoleic 1,5

C18:3 0,2-0,4 | 0,09 110 0,28
The production of high-quality vegetable oils | Linolenic 0,3

is due to the applied technology, which was based | C 20:0 06— 0,1 hi (o) 0,64

on the method of «cold» pressing. Due to the gentle | Arachic 1,1 0,2

regimes of processing oil-containing raw materials, | 22:0 1004 |0,08 - 0,18

this method is effective for producing oils from | Behenic

sunflower and flax seeds and provides the release |54

of the highest quality oil. With‘ a.minimum amount Ligﬂoceric

of related substances, which eliminates the need for

refining. By the NMR spectroscopy method, we

To study the resistance of oils to oxidation, we
investigated the composition of fatty acids of the
oils understudy, obtained by the method of «cold»
pressing, which is considered perspective from
preserving oils’ native properties. The main initial
criterion for the quality of food fats is fatty acids. Fatty
acids of natural oils and fats differ significantly in the
length of the carbon chain, the number and position
of double bonds in it, and spatial configuration. This
causes physical, chemical and biological properties.
The results of the fatty acid composition of vegetable
oils are summarized in Table 2.

From the data given in Table 2, it can be seen
that the sunflower oil samples contain an increased
amount of oleic acid 52,21%, linoleic acid 28,97%.
However, it should be noted that these types of acids
are within normal limits, although they are adjacent
to levels of higher limits. Analysis of linseed oil
fatty acids showed that samples contain an increased
content of linolenic acid 50,1%, All other fatty acids
are noted within the permissible limits, and indexes
of oleic acid 14,13%, linoleic acid 17,9% are close to
the upper limits of permissible limits.

Table 2—Indexes of the compound of fatty acids in
vegetable oils

Linseed
oil, %

Sunflower | Norms,
oil, % %

Acids’ Norms,
name %

supplemented the characteristics of the qualitative
and quantitative composition of polyunsaturated fatty
acids of vegetable oils with different contents of -6
andw-3 fatty acids. Carbons at double bonds had the
most characteristic signals, which made it possible
to easily identify chemical mixtures. The chemical
shifts of the region of double bonds acyl chains of the
combination of the fatty acid of the vegetable oils on
the proton spectra are shown in (Figures 1-2).

9.3.3.4.4

e
|

9.8.8.8.4

Figure 1 "HNMR-spectrum of sunflower oil

The range of nuclear magnetic resonance 'H
consisted of several multiplets.
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Figure 2 —"H NMR -spectrum of linseed oil

In the area 5.2-5.4 p.p.m. signals of olefin
protons and methine proton of glycerol residue were
observed; 4,1-4,3 p.p.m. - a range of chemical shifts
of methylene protons of glycerin; 2,6-2,8 p.p.m. -
absorbed methylene protons CH=CHCH.CH=CH
residues of linoleic and linolenic acids; about 2,3
p.p-m. - all methylene protons located next to the
carboxyl group; approximately 2,0 p.p.m. - all
methylene protons near double bonds; about 1,6
p.p-m. - the following methylene protons; 1,2-1,4
p.p-m. - a range of chemical shifts of all remaining
methylene protons; about 0,94 p.p.m. - methyl protons
of linolenic acid, located next to a double bond;
0,8-0,9 m. - range of chemical shifts of all methyl
protons, except linolenic. The NMR "“*Cspectrum is
much more informative.

As can be seen from sunflower and linseed oil
spectrum fragments, the most intense are linolenic
acid signals (127,7; 128,3; 128,8; 130,7; 132.4
p.p-m.) - the main ones in this form of oil Linoleic
signals (128,5; 130,6; 130,8 p.p.m.) and oleic (130,2;
130,6 m.) of acids are less intense.

The full range of nuclear magnetic resonance
BC of linseed oil included the following groups of
signals: in the field of about 173p.p.m of absorbed
atoms of carbon of carboxyl groups; the area of
absorption of double bonds was in the range of 127-
132 p.p.m., and in the area, about 130,4-130,5 p.p.m.,
C" and C carbons of erucic acid were absorbed.
The glycerol residue carbons were absorbed in about
69 p.p.m (CH) and about 62 p.p.m (CHz). Methylene
C-atoms of the molecular chain appeared in the
region of 21-34 p.p.m., Methyl carbons - about 14
p-p-m. Due to the similarity of the chemical structure
of fatty acids of oils the NMR signals of individual
acids were observed close to each other and formed
clusters.

Conclusion. Sunflower and linseed oils obtained
from seeds by the «cold pressing» method were
studied to assess quality and food safety among
vegetable oils.  Organoleptic  characteristics,
transparency, color, smell and taste of the tested
vegetable oils correspond to unrefined sunflower
oil - of the highest grade, unrefined linseed oil -
of the first grade. Studies of the physicochemical
parameters of sunflower and linseed oils: color
number, acid number, a mass fraction of phosphorus-
containing substances, humidity, peroxide number,
iodine number and saponification number also
meet the requirements of regulatory documents and
characterize sunflower and linseed oil as valuable
food products. The biological value of vegetable oils
is due to the content of polyunsaturated fatty acids
in them. NMR spectroscopy method confirmed that
the optimal ratio ®-6 andw-3 of polyunsaturated fatty
acids in the composition of the studied vegetable
oils corresponds to their name in the ratio of
monounsaturated and polyunsaturated fatty acids.

I.C. AiinapxanoBa’, JK.!. CaraeBa!, M.T. [IzkakanoBa’, T.M. Ceitinxanos?
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KA3AKCTAHHBIH, OP TYPJII OHIPJIEPIHIAE OHJIIPIJIETIH ©CIM/IIK MAMJIAPBIHBIH
CAITACBI MEH TAFAMJBIK KAYIIICI3AIT'TH BATAJIAY

AHHoOTauus. Makajia aBTOpiap eciMIiK Maiulapbl Typajbl OHOJOTHSUIBIK OelceHmi OpraHHMKaIbIK
KOMIOHCHTTEp MCH MHHEPaIap/IbiH KypaMblHa OalIaHBICTBl TaMaK >koHE (hapMaleBTHKA cajlanapbl YIUiH
KYHJIbI MYJbTUBUTAMUHIIK eHlMI[ep peTiHae eciMaiK Mainapbl TypaJIbI aKIapaTKa KBICKALIA Tajliay Kacapl.
TyKpIMaapaaH «pecrey» o/liciMeH aJIbIHFaH Ta3apTbUIMaraH eCiMIiK MaiiJTapbIHBIH CAMaChl MCH TaraM/IbIK
Kayinci3airia 6aranay YIIIIH ONIAP/IBIH, CANAITBIK XKIHE CAHJIBIK KYPAMBIHBIH HETI3r1 KepCceTKIlTepi 3epTTei.

3eprrenren eciMIiK MaI/IJ'IapBIHBIH OPraHONENTHKAMBIK ~ CHIIATTaMalapbl OoiibiHIIA  (MeIipdiri,
Tycl, Wici MEeH 1oMi) eciMAIK MailapblHa COHKEC MOJAIPIiri MeH TYCIMEH JKarbIMJIbl MiC IIEH AIMIC He
eKeHJIr aHbIKTanapl. KyHOarpic NEH 3bIFBIP MailllapbIHBIH (DPU3MKO-XUMUSUIBIK KOPCETKILITEPIH 3epTTey
KP MemMJekeTTik cTaHIapTTapbIHBIH HHIWKATOpiaphl OoibrHIIa *xkyprizingi. Tyc canmsr 14, 40, mr fon,
KpILKbLT canbl 1,4-1,5 mr KOH / 1, kypambiaaa ¢ocdop 6ap 3arrapasia Mmaccansik yiueci 0,18% sxone 0,5%,
puranapuIbFel 0,13%; 0,17%, mepokcun canbl 6,7 sxoHe 9,0 mmonb Oencenai O,/r, fiox cansl 132 xoHe
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176, gJ,/100 sxone caOpinmany cansl 188 xone 187 MI/r 3epTTeneTiH yariiepai )KeTKUTIKTI canaibl eciMIiK
Malmapsl peTiHae cunarraiapl. KyHOarpIic MalibIHBIH YIITIEPiHIE OJIEWH KBIIKBUIBIHBIH Meuepi 52,21%,
JIUHOJ KBIIKBUTBIHBIH 28,97% aHBIKTAIIBI, OJIap XKOFAPHI IIEKTEp JeHIeiiHe KaKbIH OOIFaHBIMEH, KaJIbITIThI
LIEKTepe. 3bIFbIP Malibl Mall KbIIIKBUIIAPBIHBIH TalJaybl KepceTkeHaeH, ceinamanapaa 50,1% nuHoneH
KBIIKBLITBI Oap, KaJiFaH 0apiIblK Maid KBIIIKBIUIAAPBI pYKCAT eTIIreH MeKTep e oenrineneni, ain oixenH 14,13%,
uHON 17,9% KBIIKBUIAPABIH HHIUKATOPIAphl pYKCaT €TUITeH CTaHAapTTAP/IbIH KOFAPFHI MIETiHE JKAKbIH.
3epTTenTeH ociMIiK MaIapbIHBIH KYPAMBIHIAFEl -6 KoHE M-3 MONWKAHBIKIAFaH Mall KbIIIKBUIIAPBIHBIH
OHTAaWJIBl apakaTblHACHI MOHOKAHBIKIIaFaH OHE TIIOJIMKAHBIKIAFaH Mal KBIIIKbIIAPBIHBIH KaThIHACHI
TYPFBICBIHAH OJIApAbIH aThIHA ColiKec KemneTiHi IMP criekrpockonusiMeH pacTaibl.

Tyiiin ce3mep: KyHOarbiC Maibl, 3BIFBIP Maifbl, Ta3apThUIMaraH Maiap, (U3NKaIBIK-XHMHSIIBIK
napaMmeTpiiepi, Mail KbIIIKbIIBIHBIH KypaMbl, SIMP crieKTpoCKOUsCHI, CIIEKTpIIep, MPOTOHBIK CUTHAIIAP.
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OIIEHKA KAYECTBA 1 IMIIEBOM BE3ONMACHOCTHU PACTUTEJIbHBIX MACEJI,
IMPOU3BOJANMBIX B PA3JIMYHBIX PETHOHAX KA3BAXCTAHA

AnHoOTanus. B crathe aBTOPHI MPECTAaBUIIN PE3YIBTAThl HAYYHBIX MCCIIEIOBAaHUHN 110 OIIEHKE KayecTBa
Y TIHIEBONW O€30MacHOCTH PACTHTENBbHBIX Macell, MPOW3BOJAWMBIX M3 CEMsH IIOJICONHEUHUKA COpTa
«KazaxcTanckuii-5» U BBICOKOYpOXaHHBIX COPTOB JbHa-Kynpsia «Kocrtanaiickuii-11» kazaxcTaHcKux
arpoopMupoBaHuil. ABTOPHI CTaTbU MPHUBENIM KPAaTKU aHAIN3 UMEIOIIEHCS B IMTepaType MH(POpPMAaIUu
O PaCTHTENBHBIX Maciiax KakK O IIEHHBIX MOJMBUTAMHHHBIX MPOMYKTaX Ui MUIIEBOH, (apMarieBTHYeCcKoi
MTPOMBIIIIIEHHOCTH BBUTY COJIepKaHus 3 PEeKTHBHBIX, ONOJIOTHUECKH AKTHBHBIX OPTaHUIECKIX KOMITOHEHTOB
W MUHEpaJbHBIX BemeCTB. J[Is OIEHKM KauecTBa W TIHMIIEBOW OE30MacCHOCTH HepapUHUPOBAHHBIX
PACTHTEIBHBIX MAcCell, TOTYYSHHBIX METOIOM «XOJOJHOTO OT)KMMAa» W3 CEMSH, ObLTH HM3Y4YEeHBI 0a30BBIC
MOKa3aTel WX KauyeCTBEHHO-KOJIMYECTBEHHOTO COCTaBa. biaromapsi maasimuM pexXuMaM IepepadoTKu
MAacJIOCOJIEPKAIIET0 CHIPhS, XOIIOMHOE TpeccoBaHne 3(P(PEeKTUBHO IS TONYYCHHS Macell W3 CeMSH
MTOJICOTHEYHHKA 1 JIbHA U 00ECTIEYMBACT BBIJICJICHHE CAMOTO BEICOKOKaY€CTBEHHOTO Maclia C MUHUMAJThbHBIM
KOJTMYECTBOM COITYTCTBYIOIIMX BEIIECTB, YTO UCKITIOYaET HEOOXOMUMOCTh B papHHAITNH.

YCcTaHOBIIEHO, YTO 110 CBOMM OPTaHOJIENITHYECKUM XapaKTePUCTHKAM (ITPO3PAvyHOCTh, IIBET, 3aIlaX 1 BKYC)
HCCIIelyeMbIe PaCTUTENBHBIE Maciia 00Iaar0T MPUATHBIM 3al1aXOM U BKYCOM, CBOMCTBEHHBIM PACTHTEIHHBIM
MacJiaM, C COOTBETCTBYIOIICH MTPO3PAYHOCTHIO U I[BEeTOM. MccnemoBanus (PM3NKO-XMMHUYECKUX TTOKa3aTeNei
MOJICOJIHEYHOIO U JIbHSIHOTO Macen nposeaeHsl no nokazatensim ['OCT PK. [lokazano, 4yTo 1IBETHOE YHCIIO
14,40 mr #ioga, xuciotHoe yucio 1,4-1,5 mr KOH/t, maccoBast mons ¢ocdopcoaepkaniux Bemects 0,18%
n 0,5%, Braxuocts 0,13%; 0,17%, nepexucuoe yucno 6,7 u 9,0, Mmonb akTuBHOTO O,/T, HOIHOE YUCIIO
132 u 176, , 1J2 /100 u yucno ombuteHus 188 n 187, MI/r XapakTepu3yloT HcclenyeMble 0Opasibl Kak
pacTHTENbHBIE Maclia OCTATOYHO XOPOIIEro KadecTBa. V3BECTHO, YTO OCHOBHBIM HMCXOIHBIM KPUTEPHEM
Ka4yecTBa IMHUIIEBBIX )KUPOB SBJISIOTCS JKUPHBIE KACIOTHL. JKUPHBIE KUCIOTHI MPUPOIAHBIX Macel U KUPOB
3HAYHUTEBHO PA3INYAOTCS MEXKAY CO00M MO JUIMHE YTIEPOMHOW IIeTH, YHCIY W TOJIOKEHWIO B HEH
JIBOWHBIX CBS3€H, MPOCTPAHCTBEHHOW KOH(UTypalueil. buojornueckas MeHHOCTh PACTHTEIBHBIX Macel
00yCJIOBJIEHa CO/Iep)KaHWEM B HUX TIOJMHEHACHIIICHHBIX JKUPHBIX KACIOT. B ipo0ax pacTUTENBHBIX Macel
M3y4YeH KaueCTBEHHBIH W KOJIMUYECTBEHHBIH COCTaB IMOJMHEHACHIIEHHBIX JKAPHBIX KHUCIOT C PAa3INYHBIM
colepkaHueM -6 U ®-3 kupHbIX KucIOT Ha SMP-cnexkrpomerpe. SIMP-cnekTpockonusi Ha OCHOBE
M3BECTHBIX XHMHYECKHAX CIIBUTOB aTOMOB yTIIEPO/ia KHCIOTHBIX TPYII TIHIEPUIOB KUPHBIX KHUCIOT JaeT
BO3MOYXHOCTB KOJTMYECTBEHHO YCTAHOBHUTH COCTAB HEHACHIIIIEHHBIX JKUPHBIX KUCIIOT IIUIIEPHUIOB (OJIENHOBAS,
JUHOJEBAas W JIMHOJIEHOBAs KHCJIOTHI) M OMPEAETUTh BHJ PACTHUTEIHHOrO Macia 0Oe3 JOMOTHUTEIHHOU
poOOTIOATOTOBKH. B mpo6ax moACcoIHETHOTO Macia OMpeeIeHO KOJIMIECTBO OJICMHOBOM KUCTIOTHI 52,21%,
JTIUHOJIEBOM KUCIIOTHI 28,97%, KOTOpBIE HaXOIATCS B Mpeiesax HOPMBbI, XOTS IMIPUJIETAIOT K YPOBHSAM BBICIITHX
MpeesioB. AHAU3 KUPHBIX KUCIIOT JIBHSHOIO Macia IO0Kaszaj, 4To 00pasilbl COoJepXkar JIMHOJIECHOBOH
kucioTsl 50,1%, Bee ocTanbpHbIe JKUPHBIE KUCIOTHI OTMEUEHEI B IIpeieiaxX JOIMyCTUMBIX HOPM, a MMOKa3aTeIn
onenHoBo# 14,13%, nmuHoneBoi 17,9% KUCIOT OMM3KK K BEPXHUM IPEJIeiiaM JOMYCTUMBIX HOpM. MeToom
SMP-cnieKTpOCKOIIUK MOATBEPKICHO, YTO ONTHUMAJIbHOE COOTHOIICHHE -0 U ®-3 MOIMHEHACHIIICHHBIX
JKUPHBIX KHUCIOT B COCTaBE M3YUCHHBIX PACTUTEIBHBIX MAacell COOTBETCTBYIOT CBOEMY HAMMEHOBAHUIO IO
COOTHOIIICHHUIO MOHOHEHACHIIIIEHHBIX W TIOJMHEHACHIIICHHBIX KUPHBIX KUCIOT. [lodydeHHbIE pe3ynbTaThl
71a00PaTOPHBIX aHATU30B CBUAETEIBCTBYIOT O TOM, YTO 0Opa3Ilbl MOICOIHEYHOTO U JILHSHOTO Macel TaKkKe
COOTBETCTBYET TPeOOBaHMSIM HOPMATHUBHBIX JOKYMEHTOB U CTaHapTOB.
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[IpoBeneHHBIE KOMIIJIEKCHBIC MCCIICAOBAHUS PACTUTEIBHBIX MAacesl MO3BOJWIM 3aKIIOUUTh, YTO OHH
COOTBETCTBYIOT HEpa(UHUPOBAHHOMY IIOICOJTHEYHOMY Maciy BBICIIEIO COpTa, HepahUHUPOBAHHOMY
JBHSHOMY Maciy IIEpBOIO COpTa C YAOBJICTBOPUTEIBHBIMU (PU3MKO-XHUMHUECKUMH U OHMOXUMHUYECKUMHU
napamMmeTpamH.

KiroueBble cjioBa: TOICONHEYHOE Macjo, JBHAHOE Macio, HepaUHUPOBAaHHBIE Macia, (U3IUKO-
XMMHUYECKHE TIOKa3aTeNH, )KUPHOKHUCIOTHBIN cocTaB, SIMP-criekTpockonust, CIeKTpbl, CUTHAJIBI TPOTOHOB.
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