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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 CO2 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 itselfis 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.

Supercritical extraction methods have several effective advantages.

Supercritical 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 ofthe 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 ofthe 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 CO2 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 ofthe 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 ofthe entire complex of apparatuses ofthe extraction plant.

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

In this article we show transfer factor and its effect on the efficiency ofthe 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 ulof 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 “m 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 40 120 500 043 120
2 100 50 120 500 05 120
3 100 70 120 500 105 120
4 4000 40 15 500 154 120
5 4000 50 15 500 18 120
6 4000 70 15 500 21 120

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
ofthe 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-ol (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. NxcaHos, H.T. AHgacoBa, A.C. LLIeyeHko, M.K. Haypbi36aes

An-dapabu atbiHAarbl Kaszak ynTTblK yHUBEpCUTETA
DU3MKaNbLL-XMMUANBLL, 3epTTEY/EP X3He Tasjay a4icTepi opTabIrbl
Anmarbl, KasaxcTtaH

OKCTPATEHTTL, TYP/1 ArbIMAAPBI KE31HAE ACA CbIHW XXATAAVNAPAA
NICOTIANA TABACUM L OCW ALINMWEH HNKOTUHA1 SKCTPAKUNANAY MPOLEC1IH
CANbICTbIPMANBLI TANOAY

AHHOTauma. byn makanaga 613 2019 xbinbl KasaxctaH Pecny6nmkacbiHbiH ANMaTbl 06/bICbIHAA XUHANTaH
Nicotiana tabacum L. eaMAwWHeH anyabiH 3pTYpi 34icTepi MeH LWapTTapbiHa CabICTbIpMasibl Ta4ay YCbIHaMbI3.
DKCTpakumMs KesiHae ap TYpni Temnepatypasa >KYI7Ie,u,e KbICbIMAbl YCTan Typy keswge 100 6ap / MUH X3He
4000 m/mMuH. Cynbl OpTaja TOTbITY apKbl/ibl HUKOTUH KbILLKbIbIH a1y TEXHOMOIMACLIH 0faH 3pl famblTa OTbIpbIr.

DKCTpaKUMOHAb! aKcTpakums agici CO: any KOHAbIPTbIChIHAA Keneci xxargavinapga XYprisingi: peakropgarbl
TemnepaTypa AvanasoHbl - 40-80°C, CO2 KbicbiMbl - 120 6ap, ra3 wbirbiHel 100 mn / muH. Superhydrophobic
Coatings LLC-meH (HwxHuin Tarun, Peceii) 6ipneckeH KOHAbIprbiga ykcac Temnepartypaga (40-80°C) »aHe CO:
KbiCbIMbI - 120 6ap, 6ipak arbiHHbIH 40 ece ynratobiMeH (4000 M/ MUH).

AublHraH cbirbiHabiiap Agilent Technologies 7890N / 5973N GC / MS maccasbIK ipikTey [eTeKTopbIMeH
rasgbl xpomatorpadta 3epTrengi. ManimeTTepai eHAeydiH KypamblHa ycTan Typy Mep3iMAepiH, WbiH ayfaHaapbiH
Y3He Macc-CrneKTPOMETPUANBIK LeTEKTOPAbIH KEMEriMeH ablHraH CMeKTP/ILL aKnapaTTbl eHAey Kipefi. AsbiHraH
MacC-CNeKTpepALY, WndpbiH awy YwiH Wiley 7 6acbiibimbl MeH NIST'02 wtanxaHanapbl nainganaHbingpl.

HaTuxeciHae, anfplHrbl napaMeTpnepai caktaii oTbIpbin, eHAIPY MPOLECIHIH TMIMAINITI eLw ecere apTTbl.

CoHbiveH KkaTap, 120 6apga »3sHe 70 °C TemnepaTypafga MPOLECTLY, MakKCMMandbl CENeKTUBTIMITIHE KON
xeTw3wear COHrbl CbIrbiHAbIAA HUKOTUHHIH MefLepi aiTapnblKTai xorapbliagbl, 6yn KemipcyTekTep MeH
CNMPTTEPALY, KenwiniriHge Kesgecefi, onap apHavibl 6uonormsnbik 6enceHpinikKke Me eMec XK3He H3ITVKecluge
EHIMHIH canacblHa 3cep eTneigi.

BypblH >kapusinaHraH ManiMeTTepMeH Ca/lbICTbipMasbl Taiday KepceTkeHfel, TemrepaTypaHbiH e3repyi
9KCTPaKLMA MPOLLECIHIH CENEKTUBTLUTLL eA3yip apTThipadpl, an 70 HUKeNbeH alblHraH ChirblHAbIAA HUKOTUHHIH eH
Xorapbl Menwepi 6aiikangbl, COHbIMEH KaTap 6yn Xargainga HUKOTMHHEH 6acka sKCTpakumsga Tek 3 aHbiKTangbl.
7,11,15-TeTpameTnn-2-0H antasug-1-on (11,31%) xa3He TeTpa-TeTpakoHTaH (4,70%).
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Taburn Wwyw3aTTaH aibiHraH HUKOTUH TEMELL TyTbIHYAbIH GafiamMa 34HTEepLU, MbICa/bl, 3/IEKTPOHAbI Temekl
eHIMAEPIH eHAIpYAe CypaHbiCLa Me, HUKOTWH COHbIMEH LiaTap MeAvLMHaga aHecTe3ns PeTiHge X3aHe Asblreivep
aypybliH emaeyfe uongaHyra 6onafibl. CoHbIMEH LaTap, HUKOTUH WHCEKTULMA peTiHAe ecimiikTepai uopray YiliH
uongaHbinaael. byn mavcartapfia HAKOTUH Tasa 3aT TYpiHAe LoNfaHbinapbl, OHbIH CynbgaThl, Temekl LWaHbl, an Tasa
3aT eH 6enceHAi 6ongpl.

TywH ce3gep:. Nicotiana tabacum L, CK®-3kcTpakLms, HUKOTVH, >Korapsbl arbiHaap.

E.C. NxcaHos, H.T. AHgacosa, A.C. LLIeBueHko, M.K. Haypbi36aeB

Kasaxckuii HauMOHa/bHbI YHUBEPCUTET MMeHM anib-Papabu
LIeHTp hr3UKO-XMMUYECKNX METOZIOB UCCMEA0BaHNS U aHam3a
Pecnybnumka KasaxctaH, Anmarsl

CPABHUTENbHbIVA AHANIN3 MPOLEECCA 3KCTPAKLVV HUKOTUHA
N3 PACTEHWA NICOTIANA TABACUM L B CBEPXKPUTUYECKNX YCTOBNAX
MNPV PASTNYHBIX TTIOTOKAX SKCTPATEHTA

AHHOTauua. B gaHHOR cTaTbe Hamu NPeACTaBNeH CPaBHUTENbHbIA aHan3 pasfMyHbIX METOAOB W YCIOBWIA
3KCTpakumu u3 pacteHns Nicotiana tabacum L., 3arotoBneHHOro B AnMatuHCKol obnactu Pecnybnukn KasaxcraH
B 2019 rogy. MNpwn pasnnMyHbIX Temnepatypax MNpPOBefeHUs MpoLecca 3KCTPaKUMU C COXpPaHeHWEM [aBfieHus B
cucteme 1206ap u motoka 100 ma/muvH n 4000 ma/MuH, € MoCnefyrolwed 0TpaboTKOM TEXHOAOMMU MOMYYeHUs
HUKOTMHOBOW KUCNOTbI NYyTEM OKWUCNEHWS B BOLHOW Cpese.

MeToa CBEPXKPUTUYECKON 3KCTpakumm Obin MpoBeAéH Ha yctaHoBke COZ2-3KCTpakuuu NpU CRegyroLmx
YCNOBMSIX: TEMMepaTypHbIiA anana3oH B peaktope - 40-80°C, gaBneHve CO2- 120 6ap, npu notoke rasa 100
MA/MUH. W Ha ycTaHOBKe, paspaboTaHHO coBMecTHO ¢ OO0 “CyneprmnapoobHbie MOKpbITMA” (HmkHWA Tarun,
Poccus), npu aHanormuHbix Temneparypax (40-80°C) u gaeneHms CO: - 120 6ap, HO € yBennyeHHbIM B 40 pas
noTokoM (4000 mn/MuH).

MonyyeHHble 3KCTPaKTbl UCCMef0Ba/IM METOLOM ra3oBOi XpomaTorpauy Ha rasoBoM xpomatorpade ¢ macc-
cenekTMBHbIM feTekTopom Agilent Technologies 7890N/5973N BC/MS. O6paboTka faHHbIX BKIOYaia B cebs
onpegeneHve BpeMeH YAEPXWBaHUA, M/OWafeli MUKOB, a Takke 00paboTKy, CMeKTpanbHOW WH(opMaLMK,
MO/YYEHHOM C NMOMOLLbK MacC-CNeKTPOMETPUYECKOrO AeTekTopa. [1s paclumntpoBKM MOMYHEHHbIX MAaCC-CNeKTpoB
ncnonb3osanu 6ubnuotekn Wiley 7th edition n NIST’02.

B pesynbTaTte AOCTUrHYTO MPAaKTUYECKW ABYKPATHOe MOBbILeHWE 3h(hEeKTUBHOCTM MpOLecca IKCTPaKLWA npu
COXPaHeHUN MPeXXHNX napameTpos.

Kpome Toro, npu 120 6ap u Temnepatype 70 °C [OCTAraeTcs MakCUMMaslbHas CeNeKTUBHOCTb MpoLecca.
CofepxaHue HUKOTMHA B KOHEYHOM 3KCTPaKTe 3HAYMTENIbHO BO3POC/O, OLHOBPEMEHHO C  YMEHbLUEHWe
KOIMYECTBEHHOIO W KauyeCTBEHHOIO COAEPXaHMs NpUMeceil, KOTopble MpeacTaB/eHbl B 6OMbLIMHCTBE BbICLUMMU
yrneBogopofamMmnm 1 CivpTamy, He MMEKLMMK 0c060/ 6GMOMOrMYeckoin akTMBHOCTM W, Kak CneacTsue, He
B/ISAIOLLIMMM Ha KQ4eCTBO KOHEYHOrO NPOAYKTa.

MpoBeféHHbIi Hamu CpaBHWTENbHLIA aHanM3 € paHee OMyOMMKOBaHHbIMW [aHHbIMU MOKa3blBaeT, u4TO
M3MEHeHVe TeMnepaTypbl 3HAUMTENIbHO MOBbLILLAET CENEKTUBHOCTb MPOoLecca 3KCTPaKLWu, Npu 3TOM Haubosnbluee
Cofep>KaHne HUKOTMHA OTMEYEeHO B 3KCTpakTe, nosydeHHom npu 70 °C, Takxe Mpu AaHHbIX YCNOBUAX OTMEYeHO
HaMMeHbLLUEee COAepXXaHue MpUMeCceli, B 3KCTPaKTe MOMUMO HMKOTWMHA WAEHTUUUMpOBaHbl Tombko 3,7,11,15-
TeTpameTun-2-rekcageleH-1-on (11,31%) v TeTpareTpakoHTaH (4,70%).

HWKOTWH, MOMYyYeHHbI U3 HATypasbHOrO Chbipbsi, BOCTPEOOBaH B MPOM3BOACTBE a/lbTEPHATUBHBLIX CMOCO60B
noTpebneHns Tabaka, TakMX Kak e-cigarette, Takoke HUKOTVMH NOTEHLMANBHO MOXET ObITb MCMOMb30BAH B MEAULMHE
B KauecTBe aHecTeTMka WM B Tepanuu 6one3nn Anburelivepa. Kpome TOro, HUKOTMH MPUMEHSETCA B KauecTse
MHCEKTULMAA AN1S 3alMTbl pacTeHuin. [ns aTmx ueneil Mcnonib3oBaiM HUKOTUH B BUAE YMCTOrO BELLECTBa, €ro
Cynbhat, TabayuHyto Mbifib, NPUYEM HaMBObLLIEV aKTUBHOCTbIO 061310 YMCTOE BELLECTBO.

Kntouesble cnosa: Nicotiana tabacum L, CK®-3KCTpakLms, HUKOTVH, BbICOKME MOTOKW.
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