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Kasakcmar Pecniybrniukacbl Y¥nmmbiK fbifibiM akademusicel "KP ¥FA Xabapnapbi. Xumusi xoHe
mexHorsoeusi cepusicbl” fbinbiMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacsi Emerging
Sources Citation Index-me uHOekcmenyzae KabbindaHFaHbIH xabaprnaldbl. byn uHdekcmeny 6apbicbiHOa
Clarivate Analytics komnaHusicel XypHandbl odaH api the Science Citation Index Expanded, the Social
Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kKabblnday wmacesneciH
kapacmeipyOa. Webof Science 3epmmeywinep, asmopsap, bacnawbiiap MeH MeKeMmesiepee KOHMeHm
mepeHdiei MeH canacbiH ycbiHaobl. KP ¥FA Xabapnapbl. XuMusi XXoHe mexHoroausi cepusicel Emerging
Sources Citation Index-ke eHyi 6i30iH KoramOacmbIK YWiH eH 63eKmi xoHe 6edesidi XUMUSIIIbIK FblribiMOap
bolibiIHWa KoHmeHmke adarsnobifbiMbi30bl 6indipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «h3eecmus HAH PK. Cepusi xumuu u mexHosnoaul» 6bir
npuHam Ans uHdekcuposaHusi 8 Emerging Sources Citation Index, obHosneHHol eepcuu Web of Science.
ColepxxaHue 8 amom uHOeKcuposaHuUu Haxodumcs 8 cmaduu paccMmompeHusi komnaHueli Clarivate
Analytics 0nsi danbHeliweeo npuHImMusi xypHana e the Science Citation Index Expanded, the Social
Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem kadyecmeo u
enybuHy koHmeHma 0ns uccriedosameried, asmopos, usdamerel u yupexdeHul. BknoyeHue Msgecmus
HAH PK e Emerging Sources Citation Index GemMoHcmpupyem Hawy MnpueepXxeHHocmb K Hauboree
akmyasibHOMY U 8/1USIMmesIbHOMY KOHMEeHMY o XUMUYEeCKUM Haykam Ors Hauleeo coobujecmea.
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COMPARATIVE ANALYSIS OF THE NICOTINE EXTRACTION
PROCESS FROM NICOTIANA TABACUM L. IN SUPERCRITICAL
CONDITIONS UNDER VARIOUS EXTRACTANT FLOWS

Abstract. In this paper, we present a comparative analysis of various methods and conditions for extraction
from the plant Nicotiana tabacum L., harvested in the Almaty region of the Republic of Kazakhstan in 2019.
Extraction was carried out at various temperatures at during the extraction process while maintaining pressure in the
system 120 bar and a flow of 100 ml/min and 4000 ml/min with the subsequent development of the technology for
producing nicotinic acid by oxidation in an aqueous medium.

The supercritical extraction method was carried out on a CO; extraction unit under the following conditions: the
temperature range in the reactor 40-80 °C, the pressure 120 bar, a gas flow of 100 ml / min. Extraction was also
carried out on the installation which was developed jointly with LLC «Superhydrophobic Coatings» (Nizhny Tagil,
Russia) at similar temperatures and pressure but with a 40-fold increase in flow (4000 ml/min).

The obtained extracts were studied on a gas chromatograph with a mass selective detector Agilent Technologies
7890N / 5973N GC / MS. Data processing included determining retention times, peak areas and processing of
spectral information obtained by using a mass spectrometric detector. The libraries Wiley 7th edition and NIST*02
were used for evaluation of mass spectra.

As a result, an almost two-fold increase in the efficiency of the extraction process was achieved while
maintaining the previous parameters.

In addition, the maximum selectivity of the process is achieved at 120 bar and a temperature 70 °C. The nicotine
content in the final extract increased significantly with reducing the quantitative and qualitative content of impurities
which are represented in most higher hydrocarbons and alcohols, which do not have special biological activity and,
as a consequence, do not affect the quality of the final product.

Our comparative analysis with previously published data shows that a temperature change significantly
increases the selectivity of the extraction process, while the highest nicotine content was noted in the extract obtained
at 70 °C. Also under these conditions the smallest impurity content was noted. In addition, only 3,7,11,15-
Tetramethyl-2-hexadecen-1-ol (11.31%) and Tetratetracontane (4.70%) were identified in the extract with nicotine.

Natural nicotine is in demand in the production of alternative methods of tobacco consumption, such as e-
cigarette. Nicotine can also be potentially used in medicine as an anesthetic and in the treatment of Alzheimer's
disease. In addition, nicotine is used as an insecticide to protect plants. For these purposes, nicotine was used in the
form of a pure substance, its sulfate, tobacco dust, and the pure substance was the most active.

Keywords: Nicotiana tabacum L, SFE extraction, nicotine, high flows.

Introduction. Extraction is the main technological process that allows extracting biologically active
substances from plant materials

Classical extraction of plant materials is a process of extraction plant raw material with a solvent
(extractant).
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Moreover, the solvent used often cannot be completely removed from the obtained extract, in
addition, the feedstock undergoes a number of changes due to the use of chemical solvents, which casts
doubt on the “nativeness” of such extracts. In addition, solvents are not able to provide extraction of a full
range of biologically active substances [1].

The prevailing actual environmental and social conditions in the world urgently require new
approaches to the extraction of biological components.

The use of a number of extractants with a toxic or mutagenic effect in the pharmaceutical industry is
prohibited. One of the solutions to this problem is the use of supercritical carbon dioxide as an extractant.
And the technology itself is called supercritical fluid carbon dioxide extraction of plant raw material [2].

Most organic solvents are highly toxic compounds and exhibit an accumulation effect which requires
the introduction of additional purification stages for the drug substance and additional quality control
methods for such preparations. These measures lead to the inevitable rise in price of the final product. In
addition, a significant portion of organic solvents are one way or another petrochemical products and their
price will inevitably increase in the future [4].

In this regard, in recent decades, new methods for the extraction of biologically active substances
complexes from plant materials have been actively studied and developed.

Superecritical extraction methods have several effective advantages.

Superecritical fluids have been investigated since the last century and at first the greatest commercial
interest was the use of supercritical toluene in the processes of shale oil processing in the 1970s.
Supercritical water is also being investigated as a means of destroying toxic waste and as an exotic
synthesis medium [5].

Supercritical carbon dioxide, the critical temperature 31 °C. and a pressure of 71 bar has great interest
in the field of chemistry of natural compounds. Biological materials can be processed at 35 © C which
contributes to their preservation from thermal degradation. The density of supercritical CO2 at a pressure
of about 200 bar is close in efficiency to hexane and the solvation characteristics during extraction are also
similar to hexane [6].

The main advantages of supercritical carbon dioxide are:

- universal dissolving ability of organic compounds. It does not cause concern physiologically
because is the final product of the metabolism of a number of living organisms, including humans;

- carbon dioxide is chemically inert and does not with with recoverable substances;

- CO; is relatively safe for the environment which suggests the possibility of creating an
environmentally friendly type of production;

- carbon dioxide is one of the most accessible and widely used gases in the food industry.

A large number of industrial products are obtained using supercritical technologies (decaffeinated
coffee, cholesterol-free oil, lean meat, rose oil, etc.).

The solvation characteristics of supercritical CO, can be modified by the addition of a co-solvent such
as ethanol which can significantly increase the extraction efficiency. However, the solvent residue in the
product somewhat eliminates the main advantage of the process which consists in the complete absence of
impurities in the final extract [7, 8].

In connection with the foregoing, the development of the scientific foundations and the development
of extraction processes and techniques that will allow the operation of extraction plants using carbon
dioxide in the liquefied and compressed state to be switched on to a high-performance and energy-saving
mode are necessary, while it is necessary to reduce the pressure level in the apparatuses, create conditions
of steady and safe work.

The improvement of the technique and technology for the extraction of plant materials with carbon
dioxide is possible on the basis of deepening research on both the extraction process itself and the
operation of the entire complex of apparatuses of the extraction plant.

In earlier articles, we determined the optimal pressure for the process of extraction of nicotine from
the plant Nicotiana tabacum L. [9-17].

In this article we show transfer factor and its effect on the efficiency of the extraction process in more
detail the mass.

Materials and methods. Plant raw material (Nicotiana tabacum L.) for the extraction was harvested
in the Almaty region in 2019. The tobacco was dried and crushed in a cutting mill to an average particle
size 3 mm for increasing the specific area and the efficiency of the extraction process accordingly.
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Prepared plant raw material was divided into 6 samples weighing 500 g to determine the
completeness of extraction based on the loss in mass [18-20].

Then, samples numbered 1-3 were extracted on a extraction unit Thar SFE-1000 under the following
conditions: temperature 40—70 ° C; CO; pressure 120 bar; a gas flow of 100 ml/min.

Samples 4-6 were extracted with the installation developed jointly with LLC “Superhydrophobic
Coatings” (Nizhny Tagil, Russia) under the Target Financing Program BR05236420 “Angry Technologies
Based on Supercritical Media” at similar temperatures (40-80°C) and a CO, pressure 120 bar but with a
flow of carbon dioxide of 4000 ml/ min) [21-22].

The obtained extracts were studied by gas chromatography with a mass selective detector. The
analysis was performed on a gas chromatograph with a mass spectrometric detector 6890N/5973C
(Agilent, USA) equipped with a autosampler Combi-PAL (CTC Analytics, Switzerland). 1.00 pl of the
sample was injected into the gas chromatograph injector using an autosampler at an injector temperature
250 °C for GC-MS analysis. Chromatography was performed using an HP-5ms capillary column (Agilent,
USA): a length 30 m, an inner diameter 0.25 mm, a film thickness 0.25 pm at a constant carrier gas
velocity 1.0 ml/min (helium> 99.995%, Orenburg-Tekhgaz, Russia). The program for heating the
chromatographic column: holding 5 min at 40 ° C, heating at a speed 10 °C / min to 280 ° C, holding for 5
min. The total chromatographic time was 34 minutes. The temperatures of the quadrupole and the detector
ion source were 150 and 230 °C, respectively.

Mass spectrometric detection was carried out in the ion scanning mode in the m/z range 40 to 550
with a solvent delay of 5 min. The peaks found in the chromatograms were identified using the NIST 11
and Wiley 10 mass spectral libraries [23-25].

Results and discussion. We found that increasing the flow almost 2 times increases the efficiency of
the extraction process, in addition, the duration of the process is significantly reduced from 2 hours to 15
minutes, with a relatively small increase in energy consumption.

The results are presented in table 1.

Table 1 — Results of the effectiveness of the process
of extraction of nicotine from the plant Nicotiana tabacum L.

Ne Flow T, °C Duration extraction, min Mass, g Loss in mass relative P, bar
ml/min to plant raw material, %

1 100 40 120 500 0,43 120
2 100 50 120 500 0,5 120
3 100 70 120 500 1,05 120
4 4000 40 15 500 1,54 120
5 4000 50 15 500 1,8 120
6 4000 70 15 500 2,1 120

It is possible to achieve an extremely high yield of nicotine, which is 46.40% at a flow of 100 ml/ min
and 83.9% at a flow of 4000 ml/min, and this is a very high rate for alkaloids under the conditions of
supercritical fluid CO, extraction at a pressure 120 bar and the temperature 70 °C. At lower temperatures,
and specifically 40 °C, the yield is 18.2% with a smaller and 68.2% with a larger flow, and at 50 °C 25.9%
with a lower and 71.1%, respectively.

The data on the nicotine content in the extracts are presented in figure 1.

The indicated changes in the composition are explained by the fact that during supercritical processes,
pressure and temperature are crucial not only for the completeness of extraction but also for the properties
of the extractant [26—35].

Comparative analysis of the chemical composition with previously published data shows that a
change in temperature significantly increases the selectivity of the extraction process while the highest
nicotine content was observed in the extract obtained at 70 °C and under these conditions the smallest
quantity of impurities was noted, in addition, 3,7,11,15-Tetramethyl-2-hexadecen-1-o0l (11.31%) and
Tetratetracontane (4.70%) were identified.
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Figure 1 — Nicotine content in supercritical extracts obtained from spreading Nicotiana tabacum L. at different flows

Conclusion. As a result, an almost two-fold increase in the efficiency of the extraction process was
achieved with maintaining the previous parameters.

That can significantly improve the environmental friendliness and energy efficiency of the extraction
process.

In addition, the maximum selectivity of the process was achieved at 120 bar and a temperature 70 °C.
The nicotine content in the final extract increased significantly with reducing the quantitative and
qualitative content of impurities. These impurities are represented in most higher hydrocarbons and
alcohols which do not have special biological activity and, as a result, do not affect the quality of the final
product.

E.C. Uxcanos, H.T. Angacosa, A.C. llleBuenxo, M.K. Haypri3oaes

On-dapabdu areinaarel Ka3ak YITTBIK YHUBEPCUTETI
OU3MKaNBIK-XUMUSIIBIK 3ePTTEYJIEP JKOHE TaJay SJiCTepi OPTaIbIFbI
Anmarsl, Kazakcran

3KCTPATEHTTIH TYPJI AFBIMJIAPBI KE3IHJIE ACA ChIHM KA JAMJIAPJIA
NICOTIANA TABACUM L 6CIMAITTHEH HUKOTUH/I DKCTPAKIIUAJIAY NPOLECIH
CAJIBICTBIPMAJIBI TAJIIAY

Annoranus. byn makamama 6i3 2019 xeuter Kazakcran PecryOnmkacsHBIH AnMaThl OOJBICHIHAA JKAHAIFAH
Nicotiana tabacum L. eciMairiHeH aiy/blH SpPTYPIi SAICTEpl MEH MIAPTTAPbIHA CAJBICTHIPMAJbl TAlAAy YChIHAMBI3.
OKcTpakiys Ke3iHAe op TYpil Temmeparypaja jKyhene KbIChbIMIbl ycram Typy kedinme 100 Oap / MuH ixoHe
4000 mn/mMuH. Cynibl OpTafa TOTBHIFY apKbUIbI HUKOTHH KBIIIKBUIBIH aTy TEXHOJIOTHSACHIH OZIaH op1 JaMbITa OTBIPBIIL.

OkceTpakiuoHapl dKeTpakuus onici CO, amy KOHIBIPFBICBIHIA Kelleci yKaraaiiapa >KYpri3iii: peakTopaarbl
temreparypa auanazonsl - 40-80°C, CO2 kpickiMbl - 120 Oap, ra3 mbiFsiHbl 100 Mi / muH. Superhydrophobic
Coatings LLC-men (Hwxkuuit Tarun, Peceit) Oipnecken KoHABIpFBIAA YKcac Temmnepatypana (40-80°C) sxone CO;
KbICBIMBI - 120 6ap, Oipak arsiHHBIH 40 ece yiratobiveH (4000 mut / MuH).

Anpiaran ceirbiHAbUIap Agilent Technologies 7890N / 5973N GC / MS maccanblK ipikTey AeTeKTOpBIMEH
ra3ziel Xpomarorpadra 3eprrenii. MamiMeTTepl eHIeyAiH KypaMblHa YCTall Typy Mep3iMIepiH, MIbIH ayAaHAapbiH
JKOHE Macc-CIEeKTPOMETPHSUIBIK IETEKTOPABIH KOMETIMEH alblHFAH CHEKTPIIK aKMapaTThl eHAey Kipemi. AJBIHFaH
Macc-cekTpiepaiH mudpseH anry yiria Wiley 7 6acsurbivel meH NIST'02 kiTarmxaHanapsl maigaaaHbUIIBL.

Hormxkecinnme, anabHFB TapaMeTPIIEpi CaKTail OTBHIPHIN, OHAIPY MPOIECIHIH THIMILTIT €Ki ecere apTTHI.

ConbimMen kartap, 120 Gapma xoHe 70 °C Temneparypaja MpOLECTIH MaKCHMaJIbl CEJNEKTUBTUIINIHE KOJ
xetkizizeni. COHFbI CBHIFBIHIbIAa HUKOTHHHIH MOJIIepi alTapibIKTail Korapbuiaibl, OYJ KOMIpCYTeKTep MeH
CHMPTTEPAIH KOIIIUIriHAe Ke3Zece/li, ojlap apHaibl OWOJIOTHSUIIBIK OEJNCEHJUIIKKE He €MEeC JXOHE HOTHXKECiHIe
OHIMHIH CarachlHa dCep CTHCH/I.

bypblH >KapuslaHFaH MOJIIMETTEPMEH CAJBICTBHIPMAIIbl Taljgay KOPCETKEHJEW, TeMIlepaTypaHblH e3repyi
9KCTPaKIMs NPOLECIHIH CENEKTUBTLIIMH e19yip apTThIpaasl, an 70 HUKeJIbCH aJIbIHFaH CHIFBIH/IbIIa HUKOTHHHIH €H
JKOFapbl MeJepi GalKaiabl, COHBIMEH KaTap Oyl jkaraaiija HUKOTUHHEH 0acKa SKCTPAaKLHUsIA TeK 3 aHBIKTAIIBL
7,11,15-tetpamernn-2-oH anrasun-1-oi (11,31%) xxoHe TeTpa-TeTpakoHTaH (4,70%).
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TaOury MKKI3aTTaH ajJbIHFAH HUKOTWH TEMEKiHI TYTBIHYIBIH Oanama diCTepiH, MbICANbI, 3JEKTPOH/IbI TEMEKI
OHIMJIEPIH OHAIPY/AE CYpaHbICKA M€, HUKOTUH COHBIMEH KaTap MEIMILMHAJa aHeCTe3Ms PETIHIe XoHe AJblreimep
aypybIH eMmJeyle Kojjanyra Oonanasl. COHBIMEH KaTtap, HUKOTHH MHCEKTHIIUI PETIHAE OCIMIIKTEp/i KOpray YIIiH
KoJIIaHbUIazbl. Bysl MakcaTTap/a HUKOTHH Ta3a 3aT TYPIHIE KOJAAHBUIIbI, OHBIH CyJb(aThl, TEMEKI IIAHBI, a1 Ta3a
3ar eH OenceH i 0obl.

Tyiiin ce3nep:. Nicotiana tabacum L, CK®-3kcTpakius, HUIKOTHH, KOFapbl aFbIHIAP.

E.C. UxcanoB, H.T. Augacosa, A.C. llleBuenko, M.K. Haypri36aeB

Kazaxckuit HanoHATBHBIN YHUBEPCUTET UMEHH alib-Dapadu
LenTp HU3NKO-XUMUYECKUX METOIO0B MCCIICIOBAHMS U aHAIN3a
Pecny6mnmka Kazaxcran, AnMaTs

CPABHUTEJIbHBII AHAJIN3 ITPOLIECCA YKCTPAKIIUA HUKOTUHA
N3 PACTEHUS NICOTIANA TABACUM L B CBEPXKPUTUUYECKHUX YCJIOBUSAX
ITPU PA3JIMYHBIX IOTOKAX SKCTPAT'EHTA

AnHOTanusi. B 1aHHOI cTaTbe HaMM TIpeICTaBJICH CPaBHUTEIBHBIA aHAM3 Pa3JIMYHBIX METONOB M YCIOBHH
SKCTPaKIWHU U3 pacTeHus Nicotiana tabacum L., 3aroTOBICHHOTO B ATMaTHHCKOU oOnmactu PecryOmmkn Kazaxcran
B 2019 roxy. Ilpu pasnuyHBIX TeMIepaTypax IPOBEACHHUS IpoIecca SKCTPAKIUN C COXPAaHCHWEM [aBJICHUSA B
cucreme 1206ap u moroka 100 miu/mue n 4000 MiI/MHH, ¢ TOCHenyOUmIeH OTPAOOTKOW TEXHOJOTHH ITONYICHUS
HUKOTHMHOBOM KHCJIOTHI IIyTEM OKUCIIEHMS B BOJHOM cpezie.

Metoll CBEpXKPUTHYECKOW SKCTpakiuu Obul mpoBenéH Ha ycTaHoBKe CO,-3KCTpaKUUU MPU CIEAYIOIINX
YCIIOBHSIX: TeMIIepaTypHbeId auama3oH B peakrtope — 40-80°C, maBnenme CO; — 120 Gap, mpu motoke raza 100
mi/muH. 1 Ha ycTaHoBKe, paspaboranHoi coBmecTHO ¢ OO0 “Cynepruapodobnsie mokpeitus” (Hwkuuii Tarm,
Poccust), npu ananornysbsix temmeparypax (40-80°C) u naienuss CO; — 120 Oap, HO ¢ yBenudeHHbIM B 40 pa3
notokoMm (4000 mi1/MuH).

[Nomy4eHHbBIE HKCTPAKTHI UCCIIEIOBAIN METOIOM T'a30BOI XxpoMaTorpaduu Ha ra3oBoM Xxpomarorpade ¢ macc-
cenekTuBHBIM JeTekTopoM Agilent Technologies 7890N/5973N GC/MS. O06paboTka JaHHBIX BKIIOYana B ceOs
OlpeJieJIeHne BpEMEH YAEpXKMBaHMS, IUIOLIaJed IMKOB, a Takke 00pabdOTKy, CIEKTpaJIbHOH HH(pOpMAaIHH,
MOJYYEHHOH € MOMOIIBI0 MacC-CIEKTPOMETPHIECKOTO IeTekTopa. s pacimm@poBKY MOTYISHHBIX MAacC-CIIEKTPOB
ucnoxp3oBanu onbmmorexn Wiley 7th edition u NIST’02.

B pesynpTare HJOCTHTHYTO MPaKTHYECKH ABYKPATHOE MOBBIIMICHHE d((EKTUBHOCTH IpOIecca IKCTPAKIHHA MPH
COXpaHEHHUH MPEKHUX IMapaMeTpPOB.

Kpome Toro, mpu 120 G6ap u temmeparype 70 °C mocturaercs MakCHMajbHas CEIEKTHBHOCTH IpoIiecca.
CopmepkaHne HHKOTHHA B KOHEYHOM JKCTPaKTe 3HAYUTEIHHO BO3POCIO, OJHOBPEMEHHO C YMCEHBIICHHE
KOJIMYCCTBCHHOI'O M KAa4Y€CTBEHHOI'O COACPIKaAHUA an/lMecef/i, KOTOPbLIC NPECACTAaBJICHBI B 6OJ'II)IJJI/IHCTB6 BbICHINMH
YIJICBOJOPOJAAMUA M CIHUPTAMH, HE HMEIOIIMMHU OCO00H OHOJIOrMYecKOH aKTHBHOCTH M, KaK CICIACTBUE, HE
BJIMSIIOIIMMH Ha Ka4€CTBO KOHEYHOT'O IPOJIYKTa.

[IpoBenéHHBII HaMHM CpaBHUTEJBHBI aHalM3 C paHee OINyOJIMKOBAaHHBIMU JAHHBIMU IIOKa3bIBAeT, YTO
M3MEHEHHE TEMIIEPaTypbl 3HAYMTEJIFHO IMOBBIIIAET CEJIEKTHMBHOCTH IpOIecca IKCTPAKLUM, NPH 3TOM HauOoJblIee
collepKaHWe HUKOTHHA OTMEYEHO B IKCTpakTe, momydeHHoM mpu 70 °C, Taxke NMpH AaHHBIX YCIOBHSIX OTMEUCHO
HaMMEHBIIIEEe COJACp)KaHWE MpUMeced, B AKCTpaKTe MOMHMO HHKOTHHA HICHTHU(UIHPOBAHBI TONbko 3,7,11,15-
TeTpameTi-2-rexcanenes-1-om (11,31%) u rerparerpakonras (4,70%).

HukoTnH, monMy4eHHBI M3 HATypalbHOTO CHIPBSl, BOCTPEOOBAaH B NMPOW3BOJACTBE AIBTEPHATHBHBIX CIIOCOOOB
notpediaeHus Tabaka, TaKUX Kak e-cigarette, TAK)Ke HUKOTHUH MOTEHIMAIBHO MOXET ObITh MCIOJIB30BaH B MEAMIMHE
B KayecTBE aHECTETHKa W B Tepanmuu Oome3HH Admbrreiimepa. Kpome TOro, HUKOTHH NPHUMEHSETCS B KadecTBE
HHCCEKTHUIMAa AJId 3allUuThl paCTeHMﬁ. I[J'lﬂ 3TUX ueﬂeﬁ HCIIOJI30BaJIM HUKOTHUH B BHJC YHUCTOIO BCIICCTBA, €TI0
cynbdat, TabauHyO MbLUTb, MPUYEM HAHOOJIBIICH AKTUBHOCTBIO 00J1a/1aJI0 YHCTOE BEIIECTRO.

Kiarwuesnie cioBa: Nicotiana tabacum L, CK®-3kcTpakifysi, HHKOTHH, BEICOKHE MTOTOKH.

Information about authors:

Ikhsanov Yerbol Saginovich, PhD, Senior lector Department of Chemistry and Chemical Technology of the Al-Farabi
Kazakh National University Kazakh National University, erbol.ih@gmail.com, https://orcid.org/0000-0003-4640-9584;

Shechenko Anastasiya Sergeevna, PhD, Senior lector Department of Chemistry and Chemical Technology of the Al-Farabi
Kazakh National University, shevchenko anas@mail.ru, https://orcid.org/0000-0002-3036-9306;

Andasova Nazumgul Talgatovna Bachelor student Department of Chemistry and Chemical Technology of the Al-Farabi
Kazakh National University, nazymgul.andasova@mail.ru, https://orcid.org/0000-0001-6405-1470;




News of the Academy of sciences of the Republic of Kazakhstan

Nauryzbaev Michael Kasymovich Doctor of Science professor, Department of Chemistry and Chemical Technology of the
Al-Farabi Kazakh National University, nauryzbaev(@cthma.kz, https://orcid.org/0000-0001-7283-1901

REFERENCES

[1] Herrero M., Mendiola J.A., Cifuentes A., Ibanez E. (2010). Supercritical fluid extraction: recent advances and
applications. Journal of Chromatography A, vol. 1217 no. 16, 2495-2511 doi:10.1016/j.chroma.2009.12.019

[2] Diaz M.S., Brignole E.A. (2009). Modeling and optimization of supercritical fluid processes. The Journal of Supercritical
Fluids, vol. 47, no. 3, 611-618 doi:10.1016/j.supflu.2008.09.006

[3] Kassama L.S., Shi, J., Mittal G.S. (2008). Optimization of supercritical fluid extraction of lycopene from tomato skin
with central composite rotatable design model. Separation and Purification Technology, vol. 60 no. 3, 278-284
doi:10.1016/j.seppur.2007.09.005

[4] Machida H., Takesue M., Smith R.L. (2011). Green chemical processes with supercritical fluids: properties, materials,
separations and energy. The Journal of Supercritical Fluids, vol.60, 2—15, doi:10.1016/j.supflu.2011.04.016

[5] Qiu S., Sun H., Zhang A.H., Xu H.Y., Yan G.L., Han Y., Wang X.J. (2014) Natural alkaloids: basic aspects, biological
roles, and future perspectives. Chin J Nat Med, vol.12, no. 6, 401-406 ,doi:10.1016/s1875-5364(14)60063-7

[6] Ruiz-Rodriguez A., Bronze M.R., Ponte M.N. (2008) Supercritical fluid extraction of tobacco leaves: A preliminary
study on the extraction of solanesol. J. Supercrit. Flu, vol.45, no.2, 171-176, doi:10.1016/j.supflu.2007.10.011

[7] Myers R. L. (2007) The Most Important Chemical Compounds: A Reference Giude Greenwood Press.

[8] Schraufnagel D. E., Blasi F., David C. L., Mark J., Raul S.; Richard Van Zyl-Smit (2014) Electronic Cigarettes.
A Position Statement of the Forum of International Respiratory Societies. American Journal of Respiratory and Critical Care
Medicine, vol.190 no. 6, 611—618, doi:10.1164/rccm.201407-1198pp

[9] Bruin J. E., Gerstein H. C., Holloway A. C. (2010) Long-term consequences of fetal and neonatal nicotine exposure: a
critical review. Toxicological Sciences, vol.116, no. 2, 364—374, doi:10.1093/toxsci/kfq103

[10] Blankenship J.D., Houseknecht J.B., Pal S., Bush L.P., Grossman R.B., Schardl C.L. (2005) Biosynthetic precursors of
fungal pyrrolizidines, the loline alkaloids. Chembiochem, vol.6, no. 6, 1016—1022, doi:10.1002/cbic.200400327

[11] Cushnie T.P., Cushnie B., Lamb A.J. (2014) Alkaloids: An overview of their antibacterial, antibiotic-enhancing and
antivirulence activities. Int J] Antimicrob Agents, vol .44, no. 5, 377-386, doi:10.1016/j.ijjantimicag.2014.06.001

[12] Caprioli G., Sagratini G., Vittori S. (2018) Optimization of an extraction procedure for the simultaneous quantification
of riboflavin, nicotinamide and nicotinic acid in anchovies (Engraulis enrasicolus) by high-performance liquid chromatography—
tandem mass spectrometry .J. Food Comp. Anal, vol. 66, 23-29, doi:10.1016/j.jfca.2017.11.004

[13] Mahpishanian S., Sereshti H. Graphene. (2014) oxide-based dispersive micro-solid phase extraction for separation and
preconcentration of nicotine from biological and environmental water samples followed by gas chromatography-flame ionization
detection. Talanta, vol.130, 71-77, doi:10.1016/j.talanta.2014.06.004

[14] Anastas P., Eghbali N. (2010). Green chemistry: principles and practice. Chem. Soc, vol. 39, no. 1, 301-312,
doi:10.1039/b918763b

[15] Azmir J., Zaidul 1.S.M., Rahman M.M., Sharif, K.M., Mohamed A., Sahena, F., Jahurul M.H.A., Ghafoor K., Norulaini,
N.AN., Omar, A.K.M. (2013). Techniques for extraction of bioactive compounds from plant materials: a review. J. Food Eng,
vol. 117, no. 4, 426-436, sci-hub.tw/10.1016/j.jfoodeng.2013.01.014

[16] Barba F.J., Zhu Z., Koubaa M., Sant’Ana A.S., Orlien V. (2016). Green alternative methods for the extraction of
antioxidant bioactive compounds from winery wastes and by-products: a review. Trends Food Sci. Technol, vol. 49, 96-109,
doi:10.1016/j.tifs.2016.01.006

[17] Bernardo-Gil, G., Oneto, C., Antunes, P., Rodriguez, M.F., Empis J.M. (2001). Extraction of lipids from cherry seed oil
using supercritical carbon dioxide. Eur. Food Res.Tech, vol. 212, no. 2, 170-174, doi:10.1007/s002170000228

[18] M. N. Myrzakhanova, S. A. Kaa. New trends of medical media in training and practice / NEWS of the National
academy of sciences of the Republic of Kazakhstan. Series of biological and medical. 2018. Vol. 5, N 329. P. 67-70. (in Eng).
https://doi.org/10.32014/2018.2518-1629.9

[19] Komekbay Zh. N., Halmenova Z. B., Umbetova A. K., Bisenbay A.G Phytochemical analysis and development of
production of biologically active complex on the basis of raw Melissa officinalis 1. News of NAS RK. Series of chemistry and
technology. 2018 Vol. 427 P. 53-58.

[20] Umbetova A.K., Slan G.O., Omarova A.T., Burasheva G.Sh., Abidkulova K. T. The study of chemical composition of
atraphaxis virgata from the almaty region. News of NAS RK. Series of chemistry and technology/ 2018 Vol. 428. P. 52-55.

[21] Utegenova L.A., Nurlybekova A.K., Aisa H., Jenis J. Liposoluble constituents of fritillaria pallidiflora. News of NAS
RK. Series of chemistry and technology. 2018 Vol. 432. P. 156-162.

[22] Bernhoft, A. (2010). A brief review on bioactive compounds in plants. In: Bernhoft, A. (Eds.), Bioactive compounds in
plants: benefits and risks for man and animals. Novus Forlag, Norway

[23] Brunner, G., (2005). Supercritical fluids: technology and application to food processing. J. Food Eng, vol. 67, no. 1-2,
21-33, doi:10.1016/j.jfoodeng.2004.05.060

— 4 ——



ISSN 2224-5286 Series chemistry and technology. 3. 2020

[24] Cavero, S., Garcia-Risco, M.R., Marin, F.R., Jaime, L., Santoyo, S., Senorans, F.J, Reglero, G., Ibafiez, E. (2006).
Supercritical fluid extraction of antioxidant compounds from oregano. Chemical and functional characterization via LC-MS and
in vitro assays. J. Supercrit. Fluids, vol. 38, no. 1, 62-69, doi:10.1016/j.supflu.2005.01.003

[25] Chemat, F., Vian, M.A., Cravotto G. (2012). Green extraction of natural products: concept and principles. Int. J. Molec.
Sci, vol.13, no. 7, 8615-8627, doi:10.3390/ijms 13078615

[26] Daood, H.G., Illes, V., Gnayfeed, M.H., Meszaros, B., Horvath, G., Biacs, P.A. (2002). Extraction of pungent spice
paprika by supercritical carbon dioxide and subcritical propane, J. Supercrit. Fluids. Vol. 23, no. 2, 143-152, doi:10.1016/s0896-
8446(02)00022-0

23 De Lucas, A., Rincon, J., Gracia, 1. (2003). Influence of operation variables on quality parameters of olive husk oil
extracted with CO2: Three-step sequential extraction. J. Am. Oil Chem. Soc. Vol. 80, no. 2, 181-188, doi:10.1007/s11746-003-
0674-4

[27] Fernandez, M.D.L.A., Espino, M., Gomez, F.J. V, Silva, M.F. (2018). Novel approaches mediated by tailor-made green
solvents for the extraction of phenolic compounds from agro-food industrial by-products. Food Chem. vol. 239, 671-678,
doi:10.1016/j.foodchem.2017.06.150

[28] Gamiz-Gracia, M., Luque de Castro, M.D. (2000). Continuous subcritical water extraction of medicinal plant essential
oil: comparison with conventional techniques. Talanta, vol. 51, no. 6, 1179-1185, doi:10.1016/s0039-9140(00)00294-0

[29] Gil- Chavez, J. G., Villa, J.A., Fernando Ayala- Zavala, J., Basilio Heredia, J., Sepulveda, D., Yahia, E.M., Gonzélez-
Aguilar, G.A. (2013). Technologies for extraction and production of bioactive compounds to be used as nutraceuticals and food
ingredients: an overview. Compr. Rev. Food Sci. Food Saf, vol. 12, no. 1, 5-23, doi:10.1111/1541-4337.12005

[30] Han X., Cheng, L., Zhang R., Bi, J. (2009). Extraction of safflower seed oil by supercritical COz. J. Food Eng, vol.92,
no. 4, 370-376, doi:10.1016/j.jfoodeng.2008.12.002

[31] Herrero, M., Castro-Puyana, M., Mendiola, J.A., Ibanez, E. (2013). Compressed fluids for the extraction of bioactive
compounds. Trends Anal. Chem, vol. 43, 67-83, doi:10.1016/j.trac.2012.12.008

[32] Herrero M., Cifuentes A., Ibanez E. (2006). Sub-and supercritical fluid extraction of functional ingredients from
different natural sources: Plants, food-by-products, algae and microalgae: A review. Food Chem, vol. 98, no. 1, 136-148,
doi:10.1016/j.foodchem.2005.05.058

[33] Jerkovi¢ 1., Molnar M., Vidovi¢ S., Vladi¢ J., Joki¢ S. (2017). Supercritical CO2 Extraction of Lavandula angustifolia
Mill. flowers: Optimization of Oxygenated Monoterpenes, Coumarin and Herniarin Content. Phytochem. Anal, vol. 28, no. 6,
558-566, DOIL: 10.1002/pca.2705

[34] Joki¢ S., Bijuk M., Aladi¢ K., Bili¢ M., Molnar M. (2016). Optimization of supercritical CO2 extraction of grape seed
oil using response surface methodology. Int. J. Food Sci. Tech, vol. 51, no. 2, 403—410, doi:10.1111/ijfs.12986

[35] Joki¢ S., Jerkovi¢ 1., Raji¢ M., Aladi¢ K., Bili¢ M., Vidovié, S. (2017). SC-COz extraction of Vitex agnus-castus L.
fruits: the influence of pressure, temperature and water presoaking on the yield and GC-MS profiles of the extracts in comparison
to the essential oil composition. J. Supercrit. Fluids, vol.123, 50-57, doi:10.1016/j.supflu.2016.12.007




News of the Academy of sciences of the Republic of Kazakhstan

Publication Ethics and Publication Malpractice
in the journals of the National Academy of Sciences of the Republic of Kazakhstan

For information on Ethics in publishing and Ethical guidelines for journal publication
see http://www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics.

Submission of an article to the National Academy of Sciences of the Republic of Kazakhstan implies
that the described work has not been published previously (except in the form of an abstract or as part of a
published lecture or academic thesis or as an electronic preprint,
see http://www.elsevier.com/postingpolicy), that it is not under consideration for publication elsewhere,
that its publication is approved by all authors and tacitly or explicitly by the responsible authorities where
the work was carried out, and that, if accepted, it will not be published elsewhere in the same form, in
English or in any other language, including electronically without the written consent of the copyright-
holder. In particular, translations into English of papers already published in another language are not
accepted.

No other forms of scientific misconduct are allowed, such as plagiarism, falsification, fraudulent data,
incorrect interpretation of other works, incorrect citations, etc. The National Academy of Sciences of the
Republic of Kazakhstan follows the Code of Conduct of the Committee on Publication Ethics (COPE),
and follows the COPE Flowcharts for Resolving Cases of Suspected Misconduct
(http://publicationethics.org/files/u2/New Code.pdf). To verify originality, your article may be checked
by the Cross Check originality detection service http://www.elsevier.com/editors/plagdetect.

The authors are obliged to participate in peer review process and be ready to provide corrections,
clarifications, retractions and apologies when needed. All authors of a paper should have significantly
contributed to the research.

The reviewers should provide objective judgments and should point out relevant published works
which are not yet cited. Reviewed articles should be treated confidentially. The reviewers will be chosen
in such a way that there is no conflict of interests with respect to the research, the authors and/or the
research funders.

The editors have complete responsibility and authority to reject or accept a paper, and they will only
accept a paper when reasonably certain. They will preserve anonymity of reviewers and promote
publication of corrections, clarifications, retractions and apologies when needed. The acceptance of a
paper automatically implies the copyright transfer to the National Academy of Sciences of the Republic of
Kazakhstan.

The Editorial Board of the National Academy of Sciences of the Republic of Kazakhstan will monitor
and safeguard publishing ethics.

[TpaBwia opopMIICHHS CTATBU IS Ty OJITHKAIIHH
B )KypHaJile CMOTPETh Ha CaiTe:

www:nauka-nanrk.kz

http://chemistry-technology.kz/index.php/en/arhiv

ISSN 2518-1491 (Online), ISSN 2224-5286 (Print)

Penakropsl: M. C. Axmemosa, I. b. Xanuoynnaesa, /. C. Anenos
Bepctka Ha kommbroTepe A.M. Kynveunbaesoii

ITonmucano B reuats 08.06.2020.
dopmat 60x881/8. bymara odcernas. [leuats — puszorpad.
10,8 m.a. Tupax 300. 3aka3 3.

Hayuonanvnas akademus nayk PK
050010, Armamur, ya. [llesyenxo, 28, m. 272-13-18, 272-13-19



