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NAS RKis pleased to announce that News of NAS RK. Series of chemistry and
technologies 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 chemistry and technologies in
the Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of chemical sciences to our community.

Kasakcman Pecriybnukacel ¥nmmbik fbiribiM akademusicbl "KP YFA Xabapnapbel. Xumusi XoHe
mexHorsioeusi cepusicbl” fbifibIMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacbli Emerging
Sources Citation Index-me uHOekcmeryeze KabbindaHraHblH xabapnalidbl. byn uHdekcmerny 6apbicbiHOa
Clarivate Analytics komnaHusicsbl XypHandbl o0aH api the Science Citation Index Expanded, the Social
Sciences Citation Index xeoHe the Arts & Humanities Citation Index-ke Kabbiiday maceneciH
kapacmbipyda. Webof Science 3epmmeywinep, asmoprap, 6acnawsifiap MeH MeKemMesiepae KOHMeHm
mepeHDiei MeH canacbiH ycbiHaobl. KP YFA Xabapnapbl. XuMusi XoHe mexHosnoausi cepusicbl Emerging
Sources Citation Index-ke eHyi 6i30iH KoramdacmabiK YWIiH eH 63eKmi xoHe 6edendi XuMusinbiK FbliibiMOap
bolibIHWa KoHmeHmke adasndbifbiMbi30bi 6indipedi.

HAH PK coobwaem, ymo Hay4HblIl xypHan «13eecmus HAH PK. Cepusi xumuu u mexHonoaul» 6bin
npuHam dns uHdekcuposaHusi 8 Emerging Sources Citation Index, obHosneHHol eepcuu Web of Science.
CodepxxaHue 8 amom UHOeKkcuposaHuu Haxodumcs 8 cmaduu paccmompeHuss KomnaHuel Clarivate
Analytics 0ns OdanbHeliweeo rpuHamusi xypHana e the Science Citation Index Expanded, the Social
Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem ka4ecmeso u
enybuHy koHmeHma 0ris uccriedogamersiel, agmopos, usdamerel u y4pexoeHul. BkrroyeHue Mzeecmus
HAH PK e Emerging Sources Citation Index demoHcmpupyem Hawly MpuUeepKeHHoCcmb K Hauboree
aKkmyarbHOMY U 8/1UsiMesIbHOMY KOHMeHmMy o XuMu4ecKuM Haykam 051 Hawezo coobuecmea.
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GAS CHROMATOGRAPHIC ANALYSIS
OF THE CHEMICAL COMPOSITION OF ETHYL ALCOHOL
OBTAINED FROM PLANTS OF THE GENUS ASTERACEAE

Abstract. In recent years, serious attention has been paid around the world to the chemical and biotechnological
processing of biomass of easily renewable plant raw materials. One of the most mass-produced aliphatic alcohols is
ethyl alcohol.

The aim of this work was gas chromatographic analysis of the chemical composition of ethyl alcohol obtained
from plants of the genus Asteraceae (dahlia and jerusalem artichoke tubers, chicory and big burdock roots) growing
on the territory of Kazakhstan.

The article discusses the methods of obtaining and application of ethyl alcohol. The results of the analysis of the
chemical composition of ethyl alcohol obtained from plants of the genus Asteraceae are presented. As a result of the
study, alcohols were obtained in different concentrations. The chemical composition of ethyl alcohol was determined
by gas chromatography. The impurity composition of ethyl alcohol obtained from various types of raw materials is
also shown.

The composition of impurities in various samples of ethanol and alcohol-containing products is considered in
detail. The results of the study were discussed, and the peculiarities of using the gas chromatography method were
shown.

Key words.: Ethyl alcohol, plants of the genus Asteraceae, gas chromatographic method, chromatogram,
chemical composition.

Introduction. Ethyl alcohol is one of the most important raw materials in the modern organic
synthesis industry, light and food industry. In terms of production, ethyl alcohol is one of the first organic
products. An important consumer of ethyl alcohol is the food industry, where ethyl alcohol is used for the
production of alcoholic beverages. In the production of alcoholic food products, only ethyl alcohol
obtained by fermentation of food raw materials-various cereals, potatoes, grapes, sugar cane, etc. can be
used [1].

The quality of ethyl alcohol used for the manufacture of alcoholic beverages largely determines the
quality of the final product. There is a possibility of substitution of food ethyl alcohol with cheaper
synthetic alcohol in the manufacture of alcoholic products. The impurities in ethyl alcohol regulated by
state standards do not provide complete information about the method of alcohol production [2].

Ethyl alcohol refers to substances that are characterized in as much detail as possible by a variety of
analytical data, which is due to its wide application in the chemical and food industries [3].

The purity of ethyl alcohol is very important in the production of wine and vodka products. According
to the impurity composition of ethyl alcohol, it is possible to determine the source of its origin. The limits
of impurity detection reached in gas chromatography with a flame ionization detector are at the level of
0.1 mg and allow reliable monitoring of methanol, acetaldehyde and isopropanol in rectified alcohol [4].
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Alcohol is a natural antiseptic, has a high rate of destruction of bacteria and is able to quickly
evaporate. In addition, alcohol has a bactericidal effect against most gram-positive, gram-negative and
tuberculosis bacteria, and also works well against some types of fungi and many viruses, including
RS viruses, hepatitis virus [5].

The number of scientific papers devoted to the gas chromatographic identification of impurities is so
large that it is advisable to limit the number of them to specifying only a few works of the authors.

The review [6] presents new experimental data on the chemical equilibrium in the propionic acid —
ethyl alcohol — ethyl propionate — water system at 293.15 K and atmospheric pressure. Gas
chromatographic analysis has been used to determine the compositions of chemically equilibrium phases
corresponding to the liquid-liquid phase equilibrium. Using the 1H- NMR method, homogeneous chemical
equilibrium compositions were determined, based on which the concentration equilibrium constant was
calculated. It is experimentally established that the region of these compositions decreases with increasing
temperature, while the chemical equilibrium surface does not change its shape and position in the
concentration space in the temperature range 293.15-313.15K and atmospheric pressure. Compositions
corresponding to the liquid-liquid phase equilibrium were also obtained by gas chromatographic analysis
for the pseudotroic system ethyl alcohol and ethylpropionate with the participation of deep eutectic
solvents (DES) based on choline chloride and glycerol/urea in the entire concentration range.

The scientific work "Scientific support of control of biotechnological processes of ethyl alcohol
production" presents the results of testing in production conditions, developed by the Institute of modern
instrumental Express analysis methods, which are necessary for the functioning of a comprehensive
control system for all stages of technological processes of yeast generation and alcoholic fermentation.
The system implements an integrated approach to the control of alcohol production processes and provides
not only control of finished products, but also control of products and intermediates formed in the
production process, based on the use of innovative electrophoretic, gas chromatographic, chromato-mass
spectrometric methods in a comprehensive control system [7].

Gas chromatographic determination of impurities in organic solvents, which is most often performed
when evaluating the purity of the latter and analyzing the organic extract after concentration, is
complicated by the presence of a wide solvent peak on the chromatogram, which may overlap the peaks of
the detected impurities (analytes). At the same time, the lower the concentration of the analyte, the more
difficult it is to determine[8,9].It is particularly difficult to determine analytes that are held in the gas
chromatographic column stronger than the main component, since the peak of the latter, as a rule, has an
elongated tail. One of the solutions to this problem when determining impurities in ethanol can be a
modification of the sorbent in the packing column with cobalt (II) chloride, which selectively retains high-
polar oxygen-containing compounds, including low-molecular-weight aliphatic alcohols [10,11].

Gas chromatography is the most popular method for separating mixtures of various substances that
evaporate without decomposition. In this case, the components of the separated mixture move along the
chromatographic column with the flow of the carrier gas.As it moves, the separated mixture is repeatedly
distributed between the carrier gas (mobile phase) and the non-volatile stationary liquid phase deposited
on the inert material (solid carrier) that fills the column [12]. The components of the mixture are
selectively retained by the latter, since their solubility in this phase is different, and thus they are separated
(components with a higher solubility take longer to exit the liquid phase than components with a lower
solubility).The substances then exit the column and are detected by the detector. The detector signal is
recorded as a chromatogram and automatically recorded by the computer. The advantages of this method
are: high sensitivity, stability of the experimental conditions, short duration of the experiment,
measurement accuracy, and the absence of special requirements for the preparation of the test sample [13].

Experimental part. Dahlia and Jerusalem artichoke tubers, chicory and big burdock roots collected
in 2018-2019 were used as raw materials.

There are two ways to produce alcohol: biochemical and chemical or synthetic. The biochemical
method is fermentation with sugar, the synthetic method is the interaction of ethylene with water in the
presence of a catalyst.

We used a biochemical method to produce ethyl alcohol.
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The technology for producing ethyl alcohol includes the following stages: 1) boiling the grain with
water 2) cooling of the boiled mass and saccharification of starch with enzymes 3) the fermentation of
sugars by yeast in biosport 4) distilling alcohol and its rectification [14].

0.5 kg of Raw materials are washed and crushed.Besides 1:2, 1:3, 1:4 water is poured, then
(Ty BY 100104781.010-2005 produced in Belarus, dried alcoholic yeast wort Saccharomyces cerevistal)
is filled with pre-prepared yeast, mixed and put on for 2-4 weeks at room temperature 20-22°C. After two
or four weeks, they filtered it out. After weighing the amount of wort, distill. The resulting wort was
poured into a heat-resistant flask, and an electric stove was used to heat it. The temperature of the first
distilled alcohol is 89°C. Because the concentration of the first distilled alcohol is low. To increase the
concentration, alcohol was re-distilled. Distilled alcohol contains impurities. To determine their quantity
and purify them from alcohol-containing impurities, it is necessary to adsorb and distill them with
activated carbon, zeolite, and calcium oxide. The density of the resulting wort, refractive index, and
boiling point were determined [15,16] .

Gas chromatographic analysis was performed using an «Agilent 5973N» gas chromatograph.

The figures and tables below show the overall results of the study.

Results and Discussion
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Figure 1 - Chromatogram of 87% ethyl alcohol obtained from chicory roots

In the composition of ethyl alcohol obtained from chicory roots, 26 compounds were determined.
They are combined four at 13 points of the spectrum: 1(2.914) -ethanol; 2(3.345)-1-propanol; 3(3.473)-
acetic acid; 4(3.731)-2-butanone, 3-hydroxy-; 5 (3.829)-1-butanol, 3-methyl-; 6(4.256)- isopropyl alcohol;
7(5.999)- glycerin; 8(9.024)- N-Isopropyl-3-phenyl propane amide.

Table 1 - Chemical composition of 87% ethyl alcohol obtained from chicory roots

Name of components Retention times,tR min Content,%
Ethanol 2914 95.05
1-Propanol 3.345 0.03
Acetic acid 3.473 0.84
2-Butanone 3-hydroxy- 3.731 2.17
1-Butanol, 3-methyl- 3.829 0.28
Isopropyl alcohol 4.256 0.64
Glycerin 5.999 0.43
N-Isopropyl-3-phenylpropanamide 9.024 0.03

The obtained results, which are presented in table 1, clearly show that the composition of the studied
object from the mixture contains in greater quantities: carboxylic acid, aliphatic and amyl alcohols, esters,
aldehydes. The content of impurities is 4.42%, and ethyl alcohol is 95.05%.

— § —
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The content of carboxylic acids, aliphatic and amyl alcohols decreases, but the content of esters and
aldehydes increases slightly [17].
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Figure 2 - Chromatogram of 90% ethyl alcohol obtained from Jerusalem artichoke tubers

90% ethyl alcohol was obtained from jerusalem artichoke tubers. They are located one at a time at
3 vertices of the spectrum. 1 (3.041) - ethanol; 2(3.214) - ethanol; 3 (3.488) - ethanol.

Table 2 - Chemical composition of 90% ethyl alcohol obtained from Jerusalem artichoke tubers [18]

Name of components Retention times,tR min Content, %
Ethanol 3.041 59.32
Ethanol 3.214 35.53
Ethanol 3.488 5.15

Table 2 shows the retention time and the content of 90 % ethyl alcohol obtained from Jerusalem
artichoke tubers. From the table, you can see if the retention time increases, the alcohol content decreases.

Abundance
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Figure 3 - Chromatogram of 85 % ethyl alcohol obtained from burdock root
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57 compounds were identified in the composition of ethyl alcohol obtained from the burdock root.
They are combined in four at the 14 vertices of the spectrum. Table 3 below shows the types of
compounds that contain the largest number. In the composition of ethyl alcohol obtained from the root of
burdock, 57 compounds were determined. They are combined by four in 14 vertices of the spectrum.
1(2.914)-ethanol; 2(3.038)-ethanol; 3(3.236)-ethanol; 4(3.341)-1-propanol; 5 (3.503)-acetic acid;
6(3.848)-1-butanol, 3-methyl-;  7(4.271)-isopropyl alcohol;  §(5.722)-benzaldehyde; 9(6.828)-
acetaldehyde; 10(9.163)-acetic acid ; 11(9.845)-acetic acid.

Table 3 - Chemical composition of 85 % ethyl alcohol obtained from burdock root [19]

Name of components Retention times,tR min Content,%
Ethanol 2914 24.84
Ethanol 3.038 18.68
Ethanol 3.236 54.65

1-Propanol 3.341 0.54
Acetic acid 3.503 0.82
1-Butanol, 3-methyl- 3.848 0.19
Isopropyl alcohol 4.271 0.20
Benzaldehyde 5.722 0.01
Acetaldehyde 6.828 0.04
Acetic acid 9.163 0.01
Acetic acid 9.845 0.02

From the table data, it can be seen that the composition of ethyl alcohol from the mixture contains
more: carboxylic acid, amyl alcohol, aldehydes. The content of impurities is-1.83%, and ethyl alcohol-
98.17%.

In the experimental sample, compared with the control, the content of isobutanol, isopropanol and
isoamylene decreases, but the content of aldehyde and carboxylic acids increases slightly.
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Figure 4 - Chromatogram of 87 % ethyl alcohol obtained from Dahlia tubers

In the composition of ethyl alcohol obtained from dahlia tubers, 2 compounds were determined. They
are combined one at a time at 2 vertices of the spectrum. 1(3.495) - ethanol; 2 (3.233)- propanol-1.

— 1) ——




ISSN 2224-5286 Series chemistry and technology. 2. 2021

Table 4 - Chemical composition of 87 % ethyl alcohol obtained from Dahlia tubers [20].

Name of components Retention times,tR min Content,%
Ethanol 3.495 97.57
1-Propanol 3.233 243

Table 4 shows the retention time in the knee and the content of 87 % ethyl alcohol obtained from
Dahlia tubers.

Conclusions. The chemical composition of ethyl alcohol obtained from plants of the genus
Asteraceae growing on the territory of Kazakhstan was determined by gas chromatographic method. As
well as the impurity composition of ethyl alcohol obtained from various types of raw materials.

To obtain alcohol, raw materials (plants of the genus Asteraceae) were fermented. Then the volume
and chemical composition were determined. To purify the alcohol, it was adsorbed with activated carbon,
zeolite, and calcium oxide.

The impurities contained in the resulting alcohol were determined by titrimetric, photocolorimetric
and gas chromatographic methods.

During gas chromatographic analysis, 87% ethyl alcohol and 52 compounds were determined from
chicory root. From Jerusalem artichoke tuber 90% ethyl alcohol. From the root of big burdock 85% ethyl
alcohol and 57 compounds. Of Dahlia tubers, 87% is ethyl alcohol. The results of the study are discussed,
and the application of the gas chromatography method is shown.

I'.E. AzumbaeBa’, A.K. KambicGaeBa', A. A. Bakn6aes’

1Ka3a1< YITTHIK KBI3Zap IeJaroruKaiblK YHUBepcuTeTi, Anmatel, Kazakcras;
ToMCKk MeMIIEKETTiK YHHBEpCHUTETI, Peceit

KYPAEJIT'YJAIJIEP TYKBIMIACBI OKIJIJEPIHEH AJIBIHFAH OTHUJI CIIUPTIHIH
XUMUAJBIK KYPAMBIH I'A3/IbI XPOMATOI'PA®USA 9AICIMEH TAJIJIAY

Annotanusi. COHFBI JKbUIZAPBI OYKIT OJIEMICKAIIbIHA KEJICTIH OCIMIIIK IUKI3aThIHBIH OHOMACCACHIH XUMUSI-
JIBIK JKOHE OMOTEXHOJIOTHSIIBIK KaliTa eHJey MaceselepiHe yJikeH KeHun Oexinyne. EH ken enpipinreH anngarrts
CHMPTTEPAIH Oipi-dTUII CIIUPTI.

Byt sxymeicThIH MakcaTsl Kasakcran aymarblHIarbl Asteraceae TYKbIMIAChIHA JKaTaThIH ©CIMAIKTEPAEH aJbIH-
FaH ST CIUAPTIHIH XUMISUTBIK KYPaMBIH T'a3]lbl XpOMAaTOrpadUsUTBIK 9IICIH KOIIAHBIITAIAAY OOJJIbIL.

By makanana Kazakcran aiiMarbIHIa ©CETIHKYPIENITYJIALIEp TYKbIMIACH! OKUIIEPIHEH aJbIHFaH 3THJ CIHp-
TiHIH XUMISUTBIK KYPaMBIH Ta3Ibl XpoMaTorpadus 9MICIMEH aHBIKTAy HOTHIKETepi KEeNTipUIreH. 3epTTey HOTHXKe-
ciHzIe op TYpJi KOHIEHTPAIMAJAFbl ST CIIUPTI ANBIHABL. DTHI CIUPTIHIH XUMILUTBIK KYpaMbl Ta3dbl XpOMaTorpa-
(USITBIK 9micTieH aHbIKTanFaH. Kyproem rynminep TYKbIMIAchl OKUIIepiHEeH ajdblHFAH STHII CIIUPTIHIH KYPaMbIHIAFbI
KocHajap MeJlmepi Je KeH KeleMJIe KapacThIpbUIFaH. 3epTTey HOTIDKeNepl TaJKbUIAHBII, Ta3abl XpoMarorpadus
QMIICIHIH KOJIIaHy epeKIIeiKTepi KOpCeTIi.

Tyiiin ce3mep: 3THI CIIUPTI, KYPACi TYJIIUIED TYKBIMIACH OKUIACPIHE JKAaTaThIH ©CIMIIKTEP, ra3abl XpOMaTo-
rpadust 911ici, XxpoMaTorpaMMa, XUMHSIIBIK KYpam.

I'.E. AsumbaeBa’, A.K. KambicGaeBa', A. A. Bakn6aes’

"Kaszaxckuii HAMOHATBHBIN KEHCKUI re1arornueckuii ynuBepcuret, Anmarsl, Kazaxcran;
*ToMcKHuii rocy1apCTBEHHBIH yHUBEpCHTET, Poccus

TA30XPOMATOIPA®UYECKHUI AHAJIN3 XUMUYECKOI'O COCTABA
3TUJIOBOI'O CIIUPTA, IIOJYUYEHHOI'O U3 PACTEHUM POJIA ASTERACEAE

AHHOTanMsi. B mocieaHue rogsl BO BCeM MHpPE YIACTSSTCS CEPhE3HOC BHUMAHHE BOMPOCAM XUMHYCCKOH H
OHOTEXHOJIOrn4YecKol nepepaboTKu OHOMACChl JIETKOBO30OHOBIISIEMOTO PACTUTENBHOTO ChIpbsi. OTHUM U3 Haubosee
MacCOBO IMTPOU3BOANMBIX aJ'II/l(l)aTI/l'-leCKl/IX CIIUPTOB SABJIACTCSA STUJIOBBIN CITUPT.

Ilenpto HacTosimied pabOTHI SIBISUICS IAa30XpOMarorpapuueckuil aHaIM3XUMHYECKOTO COCTaBa ITHIOBOIO
CIUpTa, MOJNYYEHHOTO W3 pacTeHWid poja Asteraceae (KIyOHHM TreoprdHa M TOMWHAMOYpa, KOPHHULMKOPHS U
60JTBIIIOrO JIOMYXa), MPOU3PACTAIOIIKX Ha TeppuTopun KazaxcraHa.
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BcTaThe paccMOTpEHBIMETObI OTYYESHUAN 00JIAaCTH NPHUMEHEHHUs STHIOBOr0O crupra.llpiBeneHsl pe3ybTaThl
aHalM3a XUMHYECKOTO COCTaBa STHJIOBOTO CIHMPTA, IOJYYSHHOrO M3 pacTeHWid poxa Asteraceae. B pesymbrate
MCCIICIOBAHMS MTOJTYYCHBICIIUPTHI B Pa3sHBIX KOHIEHTPALMAX. XUMHUYSCKUI COCTaB THUIJIOBOIO CIHPTa OINpPEACIICH
razoxpomMarorpauyeckuM MeTofoM. Takxke IOKa3aH HPUMECHBIH COCTAB STHIOBOTO CIIMPTA, MONYYEHHOTO M3
Pa3IMYHBIX BUIOB CBHIPBSL.

JleTaabHO paccMOTpEH COCTaB IPUMeECEi B pa3IMuHbIX 0Opaslax 3TaHojia U CIIUPTOCOAEPIKALIUX HPOAYKTOB.
bbut 00CyxaeHBl pe3ynbTaThl HCCIIEAOBAHUS, IOKa3aHbl OCOOCHHOCTH INPHMEHEHHs MeToja Ta30BOil Xpoma-
Torpaguu.

KiroueBble c10Ba: STWIOBBI CIMPT, pacTeHUsApola Asteraceae, rasoxpomarorpaduueckuil Meron, xpoma-
TOrpamMMa, XMMHUYECKHH COCTaB.
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