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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonoausi xoHe
MmexHUKarbIK fbifibiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfaH HyckKachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apsiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, asmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MmexXHUKasbIK fbliibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexXHUKarbIK FblribiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bl 6irndipeodi.

HAH PK coobuwjaem, ymo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu u mexHu4eckux
Hayk» 6bln npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, ob6HosneHHol eepcuu Web
of Science. CodepxxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOmpeHUs: KoMmrnaHuel
Clarivate Analytics Onisa danbHetiweezo npuHmus xypHana & the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3dameniell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCMpupyem Hawy rnpueepxeHHoCmb K Hauboriee akmyarnbHOMY U 8/USIMEsIbHOMY KOHMeHmMy
10 2e0/102UU U MeXHU4YeCcKUM Haykam Orisl Hauleeo coobwecmsa.
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ISOTOPE MASS SPECTROMETRY APPLICATION
FOR THE ABIOGENIC ALCOHOLS DETECTION IN GRAPE WINES

Abstract. Practice shows, that a single indicator 1'°C %o, characterizing the ratio of stable isotopes of *C/"*C
carbon, in some cases is not enough to detect alcohol in alcohol wines of an innocent origin, especially when
abiogenic alcohols are introduced into the product. The instrumental base for obtaining characteristics of isotopes
elements of ethanol molecules was Delta V Advantage of the Thermo Fisher Scientific (USA) mass spectrometer
complex , which provides a precise analysis of prevalence ratios of *C/*C, '*0/'°0, D/H isotopes. It has been
established that the isotope characteristics of abiogenic alcohol oxygen, obtained by hydration of ethylene
significantly differ from this index for all alcohols of plant origin. The isotope characteristics of most vegetable
alcohols oxygen fit within the range 1'*0%o from 5.38%o to 16.29%o, and only for beetroot alcohol the numerical
values are somewhat lower, namely: 1.66-2.05 %o. At the same time, the value of 1'*0%o in abiogenic ethanol has a
negative sign and amounts to minus 14.21 %o — minus 15.20 %o. These significant differences allow us to use this
indicator to establish the nature of the used alcohols — vegetable or abiogenic origin. Analyzing the indicator 1D %o,
it can be noted that the hydrogen of the abiogenic alcohol is noticeably "heavier" than the hydrogen, contained in the
alcohols of vegetable origin and is minus 140%0 — minus 153%o against minus 213%o — minus 266%o. Using the
values obtained, 24 samples of table wines were examined. Two samples had a value of a'*C minus 28.22%0 and
minus 28.41%o, respectively, 'O minus 1.0%o and minus 0.76%o, which indicates the presence of abiogenic alcohol
in the product. "Heavy" hydrogen aD (minus 172.66%o) and nD (minus 169.43%o), not characteristic for alcohols
from plant raw materials, only confirm the conclusion. Similar studies have been conducted for liquor wines. Thus,
by measuring the isotopic characteristics of the three elements of alcohol molecules — carbon, oxygen and hydrogen,
the presence of alcohols of abiogenic origin can be detected with high degree of certainty in wines.

Keywords: wine, beverage identification, isotope mass spectrometry, wine ethanol, abiogenic alcohols, isotope
ratio of ethanol molecules elements.

Introduction. Currently, the world produces a wide range of alcoholic drinks on grape and fruit raw
materials. The main types of wine products from grapes are wine, liqueur (special) wines, sparkling wines,
flavored wines, wine drinks, as well as alcoholic drinks above 37.5% - grape vodka, brandy, cognac,
armagnac, etc.

To control the quality and authenticity of wine production, various methods of analysis are used.
Normed indicators are defined in each batch of products, and these quantities are set in national and
interstate standards of the type "general technical conditions". However, the fulfillment of the require-
ments of standards of this type ensures only confirmed conformity of the product to a certain species,
characterizes its commercial properties and can’t guarantee its authenticity.

In case of doubt the expert, he has the right to apply national and interstate standards of the form
"identification". The most informative among them are the standards developed in recent years, based on
the use of instrumental methods of analysis. These include, first of all, methods, based on the principle of
isotope mass spectrometry.
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This method showed high efficiency in determining the authenticity of grape wines. It is known that
the most common way of falsification of this product type to introduce alcohols of an innocent origin after
diluting the wine with water to provide the necessary conditions for alcohol.

Also, the introduction of cane and beet sugars, and, in addition, corn glucose-fructose syrup in diluted
wort, followed by fermentation to obtain the necessary alcohol fermentation. In any case, exogenous
alcohols appear in the wine after these operations, which is prohibited by law. Their presence can be
detected using the method of isotope mass spectrometry [1-6].

Thus, the determination of carbon characteristics of native ethanol, contained in natural wines and
cognacs (1"°C), which is usually in the range from minus 26%o. to minus 29%o, allowed to reveal the
introduction of alcohols of an innocent origin, as they have values different from grape ethanol, namely:
from minus 11%o to minus 25%.. However, over time, falsifiers found a loophole in the method, adding to
the alcohols from botanical origin an "abiogenic alcohol" that has isotope characteristics of carbon 1 C
from minus 32%o to minus 35%o.

Thus, using the data isotopic characteristics unscrupulous manufacturers by adding alcohol to abiotic
alcohols to vegetable spirits of non-grape origin, obtained blends with the desired characteristics 1'*S from
minus 26%o to minus 29%o [7-10].

Given that the use of abiogenic alcohol is strictly forbidden in the production of food products
because of its high toxicity, the problem goes beyond the control of authenticity and goes into the sphere
of security.

There are cases of application of abiogenic alcohol not only for falsification of wine production, but
also in the production of vodka, alcoholic drinks, and other types of alcoholic drinks. Thus, the use of
abiogenic alcohol has recently taken a dangerous scale, which requires adequate control measures. For
this, it is necessary to make fuller use of the advantages that the method, based on the principle of isotope
mass spectrometry possesses.

As already mentioned, a single indicator 1'°C%o, characterizing the ratio of stable isotopes of *C/**C
carbon, in some cases is not enough to detect alcohol in alcohol wines of an innocent origin, especially
when abiogenic alcohols are introduced into the product.

Abiogenic alcohol is generally obtained by hydrating ethylene with steam under pressure in the
presence of a catalyst. Given that in the molecule in addition to carbon atoms of the alcohol also includes
oxygen and hydrogen, it can be assumed that the relationship isotope '*0/'°0 and D/H can be significantly
different from the relationship of oxygen and hydrogen isotopes alcohols of plant origin. Indeed, the
oxygen of the technical water involved in the reaction for obtaining abiogenic alcohol is much easier than
the oxygen of the aqueous component of plant raw materials [11-24].

Methods. The research objects were alcohols of various origins, table wines, liqueur wines. The
measurements were carried out according to the "Method for Measuring the Isotope Ratios of Carbon,
Oxygen, Hydrogen Ethanol to Detect the Presence of Synthetic Alcohol in Alcohol Products, as well as in
Alcohol-Containing Food Flavors by Isotope Mass Spectrometry” (Certificate of Attestation No. 205-
48/RA.RU.3111787-2016/2017, FZ.1.31.2017.28360).

The instrumental base for obtaining characteristics of the isotopic composition of ethanol molecules
elements was the Thermo Fisher Scientific (USA) mass spectrometer complex Delta V Advantage, which
provides a precise analysis of the prevalence ratios of *C/"*C, '*0/'°0, D/H isotopes.

Carbon isotope characteristics were measured relative to the international V-PDB comparison. VPDB
- as an international standard, the PDB standard is adopted, which is the isotope composition of the
calcium carbonate carbon of the Belemnitella Americana fossil of the late Cretaceous period from the
PDB formation (South Carolina, USA). The international standard PDB is characterized by a homo-
geneous isotopic composition. Currently, the Vienna equivalent of the PDB-VPDB is used as an
international standard.

The isotope characteristics of oxygen and hydrogen were measured relative to the international
comparison model VSMOW2. VSMOW?2 is the Vienna Standard Mean Ocean Wat2.

The obtained ratios of carbon isotopes (*C/'*C), oxygen (‘*0/'°O) and hydrogen (D/H) were
determined in %o, using the software of a mass spectrometer, using formula

13 18 _ sample ref. . 1
xp CvppB*? OVSMOW2’8DVSMOW2)_ R 1000, M

ref.

— 54 ——
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where Rgmpie — 18 the ratio of carbon isotopes (®C/"*C) (oxygen (**0/'°0), hydrogen (D/H)) in an ethanol
sample; R; — the ratio of carbon isotopes (*C/"*C) (oxygen (‘*0/'°0), hydrogen (D/H)) in the reference
gas CO, (CO, H,).

Results and its discussion. The isotopic characteristics of 1°C, 1'%0 and a1D %o of abiogenic
alcohols, as well as alcohols from various types of plant raw materials, were studied. The results are
summarized in table 1.

Table 1 — Isotope Characteristics of Ethanol Biophilic Elements of Different Origin

Isotope Characteristics
Sample name T T
pit C, %o pit O, %o ,I[D, %o

rectified ethyl alcohol:

grape -26.1 —-28.8 10.04-16.29 -200 —-240

fruit -24.84 — -28.59 5.38-12.02 -213 --239

grain -24.80 — -25.87 10.27-13.57 -230 — -266

cane -10.96 —-12.10 8.27-9.43 -215--230

corn -13.84 —-15.10 10.87-11.98 -215--231

beet -26.61 —-26.9 1.66-2.05 -270 —-290
abiogenic alcohols
(hydration of ethylenc) -31.28 —-35.55 -14.21 --15.20 -140 —-153

As can be seen from the data. presented in Table 1. the obtained results confirmed the assumption.
that the isotope characteristics of oxygen of the abiogenic alcohol obtained by hydration of ethylene differ
significantly from this index for all alcohols of plant origin. Most vegetable alcohols fit within the range of
1"*0%o from 5.38 to 16.29 %o. and only for sugar beet the numerical values are somewhat lower. namely:
1.66-2.05 %o. At the same time. the value of 1'*0 %o in abiogenic ethanol has a negative sign and amounts
to minus 14.21 %o — minus 15.20 %o. These significant differences allow us to use this indicator to
establish the nature of the alcohols used - vegetable or abiogenic origin.

Analyzing the indicator 1D %.. it can be noted that the hydrogen of the abiogenic alcohol is noti-
ceably "heavier" than the hydrogen. contained in the alcohols of vegetable origin and is minus 140 %o —
minus 153 %o against minus 213 %o — minus 266 %eo.

Using the obtained values. 24 samples of table wines were examined. The results are summarized in
table 2.

Analyzing the data of Table 2. we can conclude that all wines. except for samples 6. 12. 15. 19. are
made without violation of technology. At the same time. sample 6 has values of 1"°C and 1'®0 — minus
27.03 and 2.65 %o. respectively. characteristic of beet alcohol or its mixture with grape ethanol. With a
high probability. in the production of wine in grape must before or during fermentation process was
introduced beet sugar.

The same can be said for the sample 9. which was apparently prepared by adding S4-type plants. corn
glucose-fructose syrup. or cane sugar to the grape must. At least. the value of the indicator 1'°C. equal to
minus 17.45%o. speaks about this.

As for sample No. 15. having values of 1'°C minus 28.41 %o and 1'*0 minus 0.76 %o. and sample No.
18 with the values of 1"°C minus 28.22 %o and 1'0 minus 1.0 %o. there is a fact of adding to product of
abiogenic alcohol. "Heavy" hydrogen aD (minus 172.66 %o) for sample No 15 and gD (minus 169.43 %o)
for sample No 18. not characteristic for alcohols from plant raw materials. only confirm the conclusion.

In accordance with the requirements of GOST 32715-2014 "Wine Liquors. Wine Liqueur of
Protected Geographical Indications. Wine Liqueur of Protected Names of Origin Place. General Technical
Conditions". liquors and distillates of grape or other vegetable origin are allowed to be added to liqueur
wines. As it was said above. the legislation of the Russian Federation prohibits. the use of abiogenic ethyl
alcohol for the production of food. including alcoholic products.

In the present work, when interpreting the results of measurements of the isotope characteristics of
ethanol elements for liqueur wines. the numerical ranges characteristic of grape alcohols were used. as
well as the isotope characteristics of ethanol extracted from plant raw materials of various origins and
synthetic alcohol.
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Table 2 — Table Wine Isotope Characteristics of Carbon. Oxygen and Hydrogen Ethanol

Isotope Characteristics
No Sample name T T
1 "C.%0 11 °0.%0 1D.%o

1 White table dry wine (-26.8)£0.2 11.56+0.25 (-239.79)£0.79
2 White table dry wine (-27.19)£0.21 12.544+0.27 (-228.75)+0.81
3 White table dry wine (-18.12)+0.18 8.76+0.25 (-230.01)*1.01
4 Red table dry wine (-26.76)+0.2 10.76+0.29 (-215.42)+0.95

5 Red table dry wine (-12.87)£0.15 8.32+0.27 (-237.31)%1.0
6 Red table dry wine (-27.03)+0.15 2.65+0.25 (-282.01)+0.87
7 White table semidry wine (-25.99)+0.21 9.91£0.25 (-217.09)+£0.87

8 White table semidry wine (-25.45)£0.18 10.32+0.29 (-230.34)+0.9
9 White table semidry wine (-17.45)%0.2 9.02+0.27 (-217.09)+0.9
10 | Red table semidry wine (-26.01)+0.15 10.0£0.25 (-239.54)+0.89
11 [ Red table semidry wine (-26.33)=0.2 9.89+0.29 (-213.65)+0.89
12 | Red table semidry wine (-26.60)=0.22 5.87+0.27 (-239.09)+1.02
13 | White table semisweet wine (-25.89)+0.2 10.21+0.27 (-235.21)+0.98
14 | White table semisweet wine (-10.16)+0.18 9.54+0.25 (-240.51)%1.0
15 | White table semisweet wine (-28.41)£0.2 (-0.76)+0.25 (-172.66)*1.0
16 | Red table semisweet wine (-26.75)*0.17 12.43+0.27 (-221.87)+1.01
17 | Red table semisweet wine (-10.90)+0.21 9.51+0.27 (-245.76)£0.9
18 [ Red table semisweet wine (-28.22)+0.2 (-1.0)£0.25 (-169.43)+0.89
19 | White table sweet wine (-26.76)£0.2 12.98+0.29 (-211.33)+0.79
20 | White table sweet wine (-26.02)+0.18 9.87+0.27 (-225.54)+0.98
21 | White table sweet wine (-25.89)+0.19 11.43+0.29 (-209.89)+0.9
22 | Red table sweet wine (-27.02)+0.2 13.05+0.25 (-231.76)%1.0
23 | Red table sweet wine (-26.43)+0.2 10.76+0.25 (-220.19)%1.0
24 | Red table sweet wine (-15.42)+0.21 11.0+0.27 (-226.75)=1.01

The isotope characteristics of carbon, oxygen and hydrogen of ethanol isolated from liquor wines
were measured. The data are presented in table 3.

As can be seen from the table. of the nine samples analyzed. only three samples (No. 1, No. 2 and
No. 3) are prepared without a violation of technology. The isotope characteristics of carbon. oxygen and
hydrogen of ethanol extracted from these samples are included in the numerical ranges established for
alcohols of grape origin.

Table 3 — Isotope Characteristics of Carbon. Oxygen and Hydrogen Ethanol of Liqueur

Wines Sample Isotope Characteristics
No name 1C.%o 1'%0.%o 1D %o
1 Liqueur Wine (-27.07)+£0.18 11.09+0.3 (-227.91)%1.1
2 Liqueur Wine (-26.65)+0.18 12.454+0.29 (-231.54)%£1.09
3 Liqueur Wine (-25.83)+0.2 10.54+0.29 (-230.54)+1.12
4 Liqueur Wine (-23.76)+0.2 12.76+0.3 (-219.09)+1.09
5 Liqueur Wine (-24.33)+0.21 13.04+0.28 (-247.87)*1.12
6 Liqueur Wine (-18.09)+0.18 9.54+0.3 (-249.09)%1.1
7 Liqueur Wine (-20.87)+0.21 8.43+0.28 (-230.21)*1.12
8 Liqueur Wine (-11.87)x0.19 10.12+0.3 (-238.75)*1.1
9 Liqueur Wine (-28.32)+0.2 0.31+0.3 (-180.21)%l1.1
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The isotope characteristics of ethanol carbon of sample No. 4 indicate the presence of alcohols of
non-trivial origin. obtained from C-4 plants of the type of photosynthesis (corn. sugar cane). The values of
1'*0 and 1D are included in the range established for grape alcohols.

The value of the indicator 1"°C for ethanol extracted from sample No. 5 equal to minus 24.33 can
indicate the presence of alcohols derived from C-4 plants of the type of photosynthesis (corn. sugar
cane) or about obtaining this sample from grain alcohols. The ratio of oxygen and hydrogen isotopes
(1'%0-13.04 %o. nD-minus 247.87). characteristic for grain alcohols. also speak of this.

Samples No. 6 and No. 7 are blended products made from biogenic alcohols of various origins. The
values of 1°C and 1'*O obtained for ethanol. extracted from these wines indicate the presence of alcohols.
obtained from carbohydrates of C-4 plants of the type of photosynthesis. At the same time. the values of
nD. equal to minus 249.09 %0 and minus 230.21 %o. may indicate the presence of grain alcohols.

The isotope characteristics of light elements of ethanol. extracted from sample No. 8 allow us to
evaluate this sample as a counterfeit. completely prepared from sugars/alcohols made from sugar cane.

As for sample No. 9. having values of 1°C minus 28.32 %o. 1'*0. equal to 0.31 %o and aD minus
180.21 %o. the fact of adding abiogenic alcohol to the product is clearly revealed here. The value of 1'°O.
close to zero. and the displacement of the isotope characteristics of hydrogen toward the increase in the
share of "heavy" deuterium. unequivocally indicate the presence of alcohols of abiogenic origin.

Based on the results of the studies. the following conclusions can be drawn:

- when wine and liqueur wines are added to biogenic alcohols of an innocent origin. the isotope
characteristics of the light elements of ethanol change in the direction of increasing or decreasing the
proportion of "heavy" isotopes depending on the type of raw material from which the exogenous alcohol
was produced;

- when abiogenic alcohols are added to wine. the oxygen and hydrogen isotopes are deeply frac-
tionated. the value of 1'®0 goes to the negative numerical range or is close to zero. which indicates a
significant increase in the fraction of the "light" isotope '*O. At the same time. the proportion of deuterium
increases. as evidenced by the high values of the aD. Isotope characteristics of carbon can be included in
the numerical range. characteristic for alcohols of grape origin.

Thus. by measuring the isotope characteristics of the three elements of the alcohol molecule - carbon.
oxygen and hydrogen. the presence of alcohols of abiogenic origin can be detected with a high degree of
certainty in wines.

JI. A. Oranecsinn’, A. JI. Manaciok’, E. U. Ky3bmuna', 1. A. Ceupunos’, 1I. E. HpryxaHﬁeTOBa2

'Bykinpeceiinik chipa KaifHaTy, alKOrOBCI3 KOHE [IAPAIl OHEPKACIOi FHUIBIMH-3€PTTEY MHCTUTYTHI —
B. M. I'op6aToB aTtbiHIaFbl «A3BIK-TYJIIK 6HIMACPiHIH ()eIepaABIK FEUTBIMU OPTAaIBIFbD)
DenepannblKk MEMIICKETTIK OI0/DKETTIH FRUTBIME MekeMeciHiH ¢ummansl PFA, Mackey, Peceit,

2 AJIMaThl TeXHOJOTUAIBIK yHUBEpCHTETi, AnMaThl, Kasakcran

KY3IM IHAPAIITAPBIHIATBI ABUOT'EHII CIIMPTTEPAI AHBIKTAYFA
N30TOIITHI MACC-CIIEKTPOMETPUSIHBI KOJIIAHY

Aunoramusi. ToxipuGe KepceTKeH/el, TypakThl KeMmipcy u3oTonTapbiabie ~C/'>C cunarraiiTein Gip Kep-
cetkint d13C %o, acipece, aOMOTEHIIK CIIUPTTEP OHIMIE KOCBLICA, KY3IM eMec 3aTTapaH CIHUPTTEPAl aHBIKTAY YIIiH
JKETKITIKCI3.

DTaHOT MOJEKYJIACHIHBIH SIEMEHTTEPIHIH M30TONTAPHIH CHIATTANTHIH acmanThik 6asa “C/'*C, '*0/'°0, D/H
M30TONTAPBIHBIH Tapary Kod(duiueHTTepin HaKTH Tangayas! Kamtamacer3 ereTid Thermo Fisher Scientific (AKLL)
kommnaHusichiHbIH Delta V' Advantage macc-crieKTpoMmeTpusi KemleHi O00JiAbl. JTHIIEH TMApaTalUsChIMEH allbIHFaH
aOMOTeHIK CIUPTTEri OTTETiHIH M30TONTHIK CHIIaTTaMaliapbl OChl KOPCETKIIITEH OCIMIIK TEKTI 3aTTap/AblH 0apibIK
CIUPTTEPIHCH ANTAPIIBIKTal EPEKIICICHETIHAIN aHbIKTaIAbl. KenTereH ecCIMIIKTEpJCH albIHFAH CIUPTTEPIHIH
OTTETiHIH M30TOITHIK CHITATTaMaIapbl 1'%0%o-nen 5 ,38%0 nmeH 16,29%o-ra meliiH Tyceml, TeK KaHa KBI3bLIIIA CITUPTI
YIIiH CaHABIK MOHJAEP IIaMayibl TeMeH, aram adTkanma: 1,66—2,05%.. CoHbMeH Oipre, aOMOTCHII 3TAHOJ YIIiH
1'*0%o MominiH MoHi Tepic xoHe Mumyc 14.21 %o — munHyc 15,20%0. Gonbin TabbuIamsl. By eneyni aifbipManibi-
JBIKTAp OCBHI KOPCETKIIITI MaiaaiaHblll, KONIAHBUIATEIH COUPTTEPAIH — OCIMIIK TEKTI HeMece aOMOTEHIK Typajbl
aiityra MyMKiHAIK O6epeni. 1D%o KepceTKimiH Tannail oTHIpHIN, a0HOTEHIIK CIUPTTIH CyTErl eciMIIK ankoroiui 6ap
CyTeTiHe KaparaH/ia alTapIIbIKTall «aybIp» eKEeHIH oHe Kapama Kapchl MUHYC 213%o0 — Munyc 266 %o munyc 140%o0 —
MuHyC 153%o0 exeHiH atan eTyre 60omansl. AJBIHFAH MOHICPAl MaigaTaHa OTBIPHIN, aCXaHAIBIK MapanThiH 24 yirici
seprreni. By xarmaiina exi yarize 1"°C munyc 28,22 %o xone munyc 28,41%0 Mouzepi 6ap, 1'*0 munyc 1,0%o
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)oHe MuHyC 0,76%0, Oy1 eHiMIeri abnoreHAiK cnupT Oap eKeHAiriH Oinmipeni. OCIMIIK IMUKI3aThIHAH aJBIHFAH
cnupTTepre ToH «aysip» cyteri dD (Munyc 172.66 %o) xone dD (Munyc 169.43) xacanran KOPBITBIHABIIAP/BI FAHA
pacraiigpl. OcbIHIAM 3epTTeyiep JHMKep IIapanTtapbl YOIH eTKi3immi. Ockluaiimia, CUpT MOJICKYIIATapBIHBIH YII
3JIEMEHTTIH — KOMIPTEK, OTTEK >KOHE CYTETiHIH N30TONTHIK CHIIATTaMalIaphbiH OJIIIeY apKbUIbI, IapaNThIH KypaMbIHAA
aOHMOTEHIK CIUPTTEPAiH 0ap eKeHIIT1 Typasibl )KOFaphl CCHIMIUTIKIIEH aHBIKTayFa O0azpl.

Tyiiin ce3aep: maparn, CycChIHIApAb! COUKECTEHIIPY, H30TONTHIK MAcC-CIEKTPOMETpPHS, LIapall STaHoIbl, abHo-
TeH/Ii CIIUPTTEP, 3TAHOJI MOJIEKYJIaJIapbIHBIH JIEMEHTTEPIHIH U30TONTHIK KaTbIHACHI.

JI. A. Oranecsinn’, A. JI. Manaciox’, E. U. Ky3smuna', 1. A. Ceupunos’, /1. E. Hypmyxan6erosa’

chepoccuﬁcxnﬂ Hay4HO-HMCCIIEA0BATENIbCKII HHCTUTYT IMBOBAPEHHOI, 0€3aJIKOT0JIbHOM ¥ BUHOAEIBYECKOM
npombinuieHHOCTH — dunran @TBHY «HL numessix cuctem uM. B.M. I'opdatosa» PAH (MockBa, Poccus),
* AJIMATHHCKHI TEXHONOTMYECKHH YHHBEPCHTET, I'. AnMatel, Kazaxcran

IPUMEHEHUE U30TOMMHOM MACC-CITIEKTPOMETPUA
JJIs1 BBISIBJIEHUSI ABUOT'EHHBIX CIIMPTOB B BUHOI'PAJTHBIX BHHAX

Annotanusi. [IpakTHKa MOKa3bIBAET, YTO OJHOTO MOKasaTens 1 CY%o, XapaKTepU3YIOIIEro OTHOLICHHE CTa-
OUIBHBIX H30TONOB yriepoxa C/°C, B psie cllyuaeB HeIOCTATOUHO JUIsi OOHAPYIKEHHS B BHHAX CIIUPTOB HEBH-
HOTPa/HOTO TPOUCXOXKICHUS, 0COOCHHO KOTJa B NPOJYKT BHECEHBI aOMOTEeHHbIE CHUPTHL. VHCTpyMeHTanbHOH
6a3oil, obecneuynBaroIIeil IMOJTyYEHHE XapaKTEPHCTHK H30TOMOB JJIEMEHTOB MOJIEKYJ 3TaHOJIA, CIIY>KHJ Macc-
cnekTpomerpudecknii kommuieke Delta V. Advantage ¢upmer Thermo Fisher Scientific (CIIIA), obecnieunBaromuit
PELM3HOHHbIA aHANTM3 OTHOMEHHH pacmpocTtpanenHoctn ~C/C, '0/'°0O, D/H wu30Tonos. YCTaHOBIEHO, 4TO
W30TOIHBIC XapaKTEPUCTUKH KUCIOPOAa aOMOTEHHOTO CIMPTA, MOJyYEHHOTO T'HApaTalield ITHICHA, 3HAYUTEIHLHO
OTJIMYAIOTCS OT JJAHHOTO TOKa3aTels ANl BCEX CIHPTOB PACTHUTENBHOTO NMPOMCXOXKICHUs. M30TONMHbIE XapakTepuc-
THKH KHCJOPOJA GOIBIIMHCTBA PACTHTEIBHBIX CIIMPTOB YKIAABIBAIOTCS B AMANa3oH ' '0%o oT 5,38 10 16,29%o, u
TOJIBKO JIJI1 CBEKJIOBUYHOTO CIIMPTA YHCIOBbIC 3HAUEHUS HECKOJIBKO HIDKE, a UMeHHO: 1,66—2,05%0. B TO xe Bpems
3HAYCHHE MOKasaTels 1 O%o y aOMOTreHHOIr0 3TaHOJIa UMEET OTPUIATEIIbHBIN 3HAK U cocTaBiseT MUHyc 14,21%o0 —
MuHyc 15,20%o. DTH CyIlIeCTBEHHBIC OTJIWYMSI MO3BOJISIOT MCIOIb30BaTh JAaHHBIM MOKa3aTesb IJIsl YCTAaHOBJICHUS
MIPUPOJIBI UCTIONIB3YEMBIX CITUPTOB — PACTUTENBHOTO WIIM aOMOT€HHOTO MPOUCXOXJICHUS. AHAIN3UPYS 1O0Ka3aTellb
nD%o, MOXHO OTMETHTB, YTO BOJOPOJ, aOMOr€HHOTO CIUPTa 3aMETHO «TSDKENee» BOJIOPOAA, COIEpIKallerocs: B
CIHUpTaX PacTUTENIBHOIO MPOUCXOXKAEHUS U cocTaBisieT MuHyc 140%o — muuyc 153%0 mpotus muuyc 213%0 —
MHHYC 266%0. VIcTionb3yst oy4eHHbIe BEIMYNHBI, HccienoBany 24 obpasua cronoBeix BuH. [Ipu 3TOM 1Ba 00pasna
umMenn 3Hadenue 1 C muHyc 28,22%0 u Munyc 28,41%0 cootBeTcTBeHHO, 1'°O MuHyc 1,0%0 1 Munyc 0,76%o, 4TO
YKa3bIBaeT Ha HAIMYME B NPOAYKTe aOHMOTreHHOro cnupTa. « Tspkensiit»y Bogopox 1D (Munyc 172,66%0) 1 1D (MuHYC
169,43%0), He XapaKTepHBIN U CIUPTOB M3 PACTUTENBHOTO ChIPhS, TONBKO MOJATBEPKAAIOT CACTAHHBIA BBIBOJ.
AHanoru4Hele UCCIEI0BAaHUS MPOBEJICHBI U JMKEPHBIX BUH. TakuM 00pa3oM, M3Mepsisi H30TOMHBIE XapaKTEpHUC-
THKH TPEX IEMEHTOB MOJIEKYJ CIHPTa — YrIepoa, KHCIOpoJa U BOAOPOIa, MOKHO C BBICOKOH CTENEHb JJOCTOBEp-
HOCTH OOHapy>KMBATh B BUHAX IPUCYTCTBUE CIUPTOB aOMOTEHHOT'O MPOUCX 0K ICHUSI.

KoaroueBbie ciioBa: BHHO, MICHTU(MKALMS HANMTKOB, W30TOINHAs MAacC-CIIEKTPOMETPHsI, BUHHBIA A3TaHOIN,
abMo-TeHHBIE CIUPTHI, OTHOLICHUE N30TOIOB AJIEMEHTOB MOJIEKYJI 3TaHOIa.
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