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TOBACCO WASTE AND NICOTINE

* Tobacco waste rich source of nicotine

* Nicotine is a plant alkaloid, found in the tobacco plant, and addictive
central nervous system (CNS) stimulant

e Act as an agonist at the nicotinic cholinergic receptors in the
autonomic ganglia, at neuromuscular junctions, and in the adrenal

medulla and the brain.

Tobacco Leaf, Smoke and Smoking, MAO
Inhibitors, Parkinson’s Disease and
Neuroprotection; Are There Links?

Kay Castagnoli & B, Thangaraju Murugesan
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Tobacco processing factory
,Fabrika duhana Sarajevo” (BiH), British American Tobacco

BRITISH AMERICAN
TOBACCO
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GREEN EXTRACTION TECHNIQUES

Lowest Lower
consumption temperatures

Better
Higher yield extraction
efficiency



ULTRASOUND-ASSISTED EXTRACTION
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Cavitation phenomena, * Solvent is heated far above its boiling

Implosion of cavitation (surface point

peeling, erosion and particle * Intensive disruption of tissue

breakdown) structure under microwave

Macro-turbulences irradiation

Micro mixing * lonic conductance and dipole
rotation

MICROWAVE-ASSISTED EXTRACTION



* Safe, non-toxic, non-flammable

. _ * Elimination of organic solvents
and environmentally friendly

e Shorter time

solvent :
e Available and cheap solvent * Lower temperatur.es -
g o)  Obtained extracts are safe * Complete separation of solvent .
g ()  high diffusion into the plant from extracts H
£ sttt Criical Point) matrix * Easy solvent recovery
01 & . |ncrease:d mass-transfer Ch
6.1%104 ! properties igh pressures
o 100 * Can be applied for extraction of * High investment cost -
SIS low-polar and non-polar * High polar compounds are insoluble
compounds

SUBCRITICAL WATER EXTRACTION

SUPERCRITICAL CO, EXTRACTION




PULSED ELECTRIC FIELD-
ASSISTED EXTRACTION

EXTRACTION WITH DEEP
EUTECTIC SOLVENTS

HIGH VOLTAGE ELECTRIC DISCHARGE
ASSISTED EXTRACTION




Analysis

Optimization (response surface
methodology) Design Expert®9, (Stat-
Ease .Inc., USA)

Gas Chromatography coupled to Mass
Spectrometry (GC-MS)

Gas Chromatography with Flame-lonization
Detection (GC-FID)

High Performance Liquid Chromatography
(HPLC)

Spectrophotometric analysis
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NEW HPLC METHOD

e Suitable for adoption by laboratories to
determine the actual content and

stability of nicotine-containing products

* Simple high-performance liquid
chromatography  (HPLC) method to
determine

nicotine content in  nicotine-containing

products

e HPLC method performed strongly and was
validated according to

international guidelines
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ULTRASOUND-ASSISTED EXTRACTION sooces

ested variables Tir’pe Temperature (°C) -
G| EmpERRIE G| Sebeiielt Eie ik . R -

Solvent/solid ratio (mL/g)

Experimental range 5-25 30-70 10-30 seoo0e
Detected compounds Nicotine, volatile organic compounds, neophytadiene, 4,8.,3-duvatriene- o o0 2000 s000 aco0 00 sco0 000
1,3-diol

Figure 1: GC-MS midrib chromatogram obtained under UAE condition of 50

ptimal conditions Scrap: 70 °C. Dust: 70 °C. Midrib: 70 °C. °C, 10 min, 10 mL/g/
on-polar compoun 50 min. 45 min. 20.19 min. 2000000

12.74 mL/g 10 mL/g 10 mL/g 1:::
NICOTINE(mg/g,,,) - e
Run | D | OB | @b R N
Figure 2: GC-MS midrib chromatogram obtained under UAE condition of 70 °C,
1 0.6347 0.4689 0.2165 30 min, 30 mL/g
2 0.4482 0.3040 0.1488 -
3 0.6465 0.4248 0.1838 - o
4 0.1029 0.1809 0.1197 g A 5
5 0.4631 0.4132 0.2480 - 221 < 5
6 0.5238 0.3882 0.2634 ‘ z
7 0.5841 0.4797 0.3314
8 0.5802 0.5274 0.4701 * ° ™
g 0.3127 0.0603 0.1204 Salvent:soli rafo (mLig) 15 N g 40 Temperature (') Solvent-solid ratio (mLig) 15 P> 40 Temperature (°C) vaem_soﬁdmio(;i,g) » Temperatue (C)
10 0.3292 0.3372 0.1260 wing the influence of the independent variables on the regpioonse values
11 0.1935 0.1060 0.1010
12 0.5139 0.4883 0.1628 Proposed models:
13 0.4812 0.2956 0.1955 Scrap icotine content = 0-4869 + 0.1866X; + 0.0852X, - 0.0143X; - 0.0745X,? - 0.0333X,? -
14 T P S 0.0337X4? - 0.0129X,X, + 0.01X,X; - 0.0016X,X,
15 0.4611 0.3002 0.1716 Dust yicotine content = 0-3325 + 0.1827X, + 0.0625X, + 0.0328X; - 0.0359X,? - 0.0262X,° +
16 03976 0.3380 01547 0.(_)12.2X32 +0.0519X;X, - 0.0016X,X; - 0.0943X,X,4
0 01523 01172 00715 Midrib nicotine content = 0-1709 + 0.1028X, + 0.0601X, + 0.03X; + 0.0442X,2 + 0.0202X,? -

0.0229X,2 + 0.0358X,X, - 0.0240X,X5 - 0.0237X,Xs



Proposed degradation mechanism:

SUBCRITICAL-WATER EXTRACTION

g

@ Time (min) Temr(;:scr;nture Solvent/solid ratio (mL/g)
Experimental range 5-25 150-250 10-30
w Phenolic compounds. carbohydrates. chlorogenic acid. rutin.
nicotine. 3.4 DHBA. nicotinic acid. nicotinamide. 5-HMF. furfural
and 5-MF
@ Scrap: 150 °C. Dust: 160 °C. Midrib: 150
23 min. 20 min. °C.
28 mL/g 10 mL/g 25 min.
30 mL/g
Nicotine mg/g
SCRAP DUST MIDRIB
1 26.6 15.0 9.07 NS NH, +H,0 | = OH
2 44.3 228 19.7 P NH, P
3 46.1 23.1 12.3 N N
4 29.9 18.0 10.2 Nicotinamide Nicotinic acid
5 33.5 27.2 13.0
6 51.4 27.5 17.7
; e e 1o Proposed models:
: : : (Yy).” =0.049-0.055X, —0.013X, +9.606-10* X, X, +0.016 X2 +0.018X?
8 42.4 32.2 17.1 L
9 40.5 243 14.8 (Yy), =0.028-6.209-10° X, —4.699-10°X, +3.932-10° X, +0.017X, X,
10 42.5 29.5 15.7 B a2
~4.131-10° X, X, —8.489-10° X :
11 30.6 21.7 12.5 B
12 04 - 147 (Y, )2 =0.053-0.024X, ~0.023X,, +0.012X, +0.076X, X, —0.017X, X,
13 32.01 269 13.0 +0.046 X7 +0.059X —0.042X ]
14 37.1 28.0 15.2 3 2
(Yy ). =0.38-0.20X, +0.072X, +0.40X, X, —0.069X, X, +0.20X;
15 32.4 26.4 13.3 M
16 32.4 245 14.1 +0.16X; —0.18X]



SUPERCRITICAL CO, EXTRACTION

Tesjcesl Pressure (bar) Tempf:rature Time (min)
_variables (°C)
Experimental 100-300 40-80 5-120

range

—
Detected
compound

Fatty acids, nicotine, volatile organic compounds

Optimal
conditions

Type: scrap, 120 min, 300 bar and 61.22 °C

RUN Pressure (bar) Temperature Nicotine (mg/g) Other detected compounds
(°c)
El 100 40 4.28 Duva-4.8.13-triene-1.3-diol
E2 300 40 5.74 2.3"-Dipyridyl
E3 100 80 9.71 3-Oxo-a-ionol
E4 300 80 14.43 Cotinine
E5 100 60 9.37 Solavetivone
E6 300 60 15.85 Neophytadiene
E7 200 40 3.62 Hexahydrofarnesyl acetone
E8 200 80 11.52 (E.E)-Farnesyl acetone
E9 200 60 9.03 Hexadecanoic acid
E10 200 60 7.96 Thunbergol
E11 200 60 7.62 Phytol
E12 200 60 il Fatty acids (palmitic acid. stearic
E13 200 60 6.76 acid. linoleic acid. linolenic acid. oleic
Soxhlet 8.34 acid

1.80
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1.40
1.20

1.00
0.80 —0—40 °C
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0.40 ‘\/
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Nicotine (mg/g)

—8—60 °C
—0—80°C

0.00

0.00 200.00 400.00 600.00
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800.00 1000.00

Figure 4: Nicotine content of tobacco waste vs. solvent density (p) at different
temperatures during SC-CO, extraction
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Figure 5: 3D plots showing the influence 6f the independent variables on the response values

Proposed model:
In(Y,) = —0.19 + 0.20X; + 0.48X, + 0.30X,% — 0.33X,°



El-Hellani i sur..2015

Nicotine has two basic nitrogen groups in its chemical structure (pka; = 3.12, pka, = 8.02), and thus it can
exist in three forms (namely free-base (Nic). monoprotonated (NicH") or diprotonated salt (NiCH»")

depending on the pH of the matrix [7-9]. This intrinsic characteristic 1s quite important since it controls the
“bioavailability” of nicotine [10]. In particular, Nic is more volatile than its protonated forms and it is
thought to be the only one that diffuses through epithelial tissues in human body [11, 12]. Thus, all else
being equal, an ECIG with a higher proportion of Nic will deliver a larger effective nicotine dose to the

nser

Johnisur. 2018

Foremost in importance among the organic compounds in MS tobacco
smoke is nicotine, which is predominantly in the particle phase and
amounts to ~5-10% by weight of the smoke particles. Nicotine is
recognised as a major factor in the sensory effects and addictive
properties of tobacco smoking, It can exist in unprotonated (“free-base”),
monoprotonated and diprotonated forms, although the fraction in the

diprotonated form is practically neglioible in MS cigarette smoke. The

non-volatile, protonated forms of nicotine reside only in the particle

phase, whereas the volatile unprotonated form is present in both the

Gholap i sur..2020

Expert opinion

The protonated form of nicotine is being correlated with the smooth sensory effects and high nicotine

absorption as compared to free base nicotine. With the introduction of nicotine salts, which yield mostly the
protonated form, the youth popularity of e-cigarettes has spiked exponentially. While it is important to
control nicotine levels in e-cigarette products, attention should also be given to the nicotine forms presentin
these products in order to address nicotine addiction in the population.

Xiao i sur.. 2015

There is a vast literature on nicotine, the main alkaloid in tobacco. Nicotine from smoking is associated with development of some
diseases such as lung cancer, and recent studies have also found that it may have a certain effect on treatment of Alzheimer's disease.t
Nicotine is a weak diacidic base, with two protonation sites at the pyrrolidine nitrogen and pyridine nitrogen (pK,, =8.02, pK_, =3.12).

There are three different forms of nicotine (Scheme 1), and their proportions vary with the pH conditions. At pH 2.0-2.7 and 4.5-7.0, the

main forms are diprotonation and monoprotonation, respectively.2 At pH 7.0-8.0 (close to pK,,), there are changes in protonation of
the acid-base functions in the pyrrolidine moiety. At pH = 9, free base is the main form.2 Nicotine can be oxidized by oxygen in air.
Suffredini et al. found that the oxidation mechanism of nicotine at a boron-doped diamond electrode in alkaline solutions involves

formation of methanol and substitution of CH, to OH in the tertiary nitrogen of pyrrolidine ring with two-electron transition.2

particle (liquid) and gas phase, and essentially this latter form of nicotine DeCarlo i sur.. 2015

determines the rate and extent of uptake of nicotine during smoking

Reactive uptake of free-base nicotine into the particle phase will be dominant until pH 7 when the

(Ingebrethsen, 2000).

ratio of protonated to nonprotonated nicotine will be 10:1. The acidic nature of ambient outdoor-

originated aerosols therefore provides a sink for any gas-phase nicotine, nicotine by-products, and
other alkaloid species that participate in acid-base chemistry. The mass spectral signature of the
THS factor, shown in fig. S2, is consistent with RANS commonly found in cigarette smoke (8, 9).
However, mass spectral similarity to pure nicotine is poor, indicating chemical modification of the
deposited ETS. The chemical signature of THS therefore changes with time.

* El-Hellani. A.. El-Hage. R.. Baalbaki. R.. Salman. R.. Talih. S.. Shihadeh. A.. & Saliba. N. A. (2015). Free-Base and Protonated Nicotine in Electronic Cigarette Liquids and Aerosols. Chemical Research in Toxicology. 28(8). 1532—1537. doi:10.1021/acs.chemrestox.5b00107

* Commentaries on Viewpoint: Pod-mod vs. conventional e-cigarettes: nicotine chemistry. pH. and health effects. (2020). Journal of Applied Physiology. 128(4). 1059-1062. doi:10.1152/japplphysiol.00131.2020

*  Xiao. H.. Sun. L.. Yan. H.. Wang. W.. Liu. J.. Yan. Q.. ... Yin. D. (2015). Electroanalysis of nicotine at an electroreduced carboxylated graphene modified glassy carbon electrode. Analytical Methods. 7(3). 1147-1153. doi:10.1039/c4ay01872a

* John. E.. Coburn. S.. Liu. C.. McAughey. J.. Mariner. D.. McAdam. K. G.. ... Débé. S. (2018). Effect of temperature and humidity on the gas—particle partitioning of nicotine in mainstream cigarette smoke: A diffusion denuder study. Journal of Aerosol Science. 117.100-117.

doi:10.1016/j.jaerosci.2017.12.015

e Gholap. V. V.. Kosmider. L.. Golshahi. L.. & Halquist. M. S. (2020). Nicotine forms: Why and how do they matter in nicotine delivery from electronic cigarettes? Expert Opinion on Drug Delivery. doi:10.1080/17425247.2020.1814736
e DeCarlo. P.F.. Avery. A. M.. & Waring. M. S. (2018). Thirdhand smoke uptake to aerosol particles in the indoor environment. Science Advances. 4(5). eaap8368. doi:10.1126/sciadv.aap8368
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SEQUENCE OF SUPERCRITICAL CO, EXTRACTION AND SUBCRITICAL WATER EXTRACTION

Tested SFE variables Pressure (bar) Temperature (°C) Time (min)
N
Experimental range 100-300 40-80 5-120
ﬂsted SWE variables o . . Solvent: solid
Temperature (°C) Time (min) .
~__ ratio (mL/g)
Experimental 150 23 28

conditions

Detected compounds

Nicotine, Phenolic compounds, nicotinic acid, nicotinamide,5-
HMF. furfural and 5-MF

Optimal conditions

Type: scrap, SFE 120 min. 300 bar and 61.22 °C

Extraction Nicotine (mg/g) Nicotinamide (mg/g) | Nicotine acid (mg/g)

RUN yield (%)
R1 54.08 46.70 4.02 2.39
R2 59.15 42.10 3.71 1.87
R3 58.34 29.30 3.04 1.43
R4 74.05 16.10 1.98 1.18
R5 52.47 42.90 4.28 2.22
R6 65.83 21.10 2.58 1.33
R7 51.39 45.60 4.25 2.19
R8 54.50 19.50 3.03 1.47
R9 53.62 31.40 3.46 2.05
R10 56.50 36.40 3.65 1.72
R11 60.42 30.00 3.07 1.62
R12 52.68 30.20 3.29 1.59
R13 54.77 28.70 3.03 1.54
Raw material 54.57 38.10 3.15 22.58

2500000 -
2000000
1500000
1000000

500000 ’

o
o] 1000 2000 3000 4000 5000

6000

7000

Figure 6: GC-MS midrib chromatogram obtained after SFE

0.25
0.2

0.15

Nicotine(%)*-3

80 300

64 200

150 Ppressure (bar)

56
Temperature (°C) 48

40 100
Figure 7: 3D plots showing the influence of the independent variables on the response values

Proposed model:

Y, 73 = 0.0369 + 0.0495X; + 0.0634X, + 0.0491X, X, + 0.0148X,% + 0.0279X,>
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Tayoub et
1.,2015
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.30 % 50 ByProExtract
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Figure 8: Comparison of different methods in extraction of nicotine Figure 9: Comparison of results of nicotine extraction with
form tobacco waste literature reported results

* 11.6% higher nicotine yield
* Very high pH coresponded high with deprotonated nicotine

Stanfill, S. B., Connolly, G. N., Zhang, L., Jia, L. T., Henningfield, J. E., Richter, P., ... Watson, C. H. (2010). Global surveillance of oral tobacco products: total nicotine, unionised nicotine and tobacco-specific N-nitrosamines.
Tobacco Control, 20(3), e2—e2. doi:10.1136/tc.2010.037465 Malson JL, Sims K, Murty R, et al

Comparison of the nicotine content of tobacco used in bidis and conventional cigarettes

Tobacco Control 2001;10:181-183.

K.A Hadidi, F. Mohammed, Nicotine content in tobacco used in hubble-bubble smoking 2004, Saudi Medical Journal 25(7):912-7

Tayoub, G., Sulaiman, H., & Alorfi, M. (2015). Determination of nicotine levels in the leaves of some Nicotiana tabacum varieties cultivated in Syria. Herba Polonica, 61(4), 23—-30. doi:10.1515/hepo-2015-0028



POTENTIONAL APLLICATION OF
NICOTINE EXTRACTED FROM
TOBACCO WASTE
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Final remarks

Two-stage extraction process (SC-CO, extraction followed by SWE) can
enhance the extraction efficiency due to the elimination of fats during
SC-CO, extraction which enables better dissolution of the other
compounds in subcritical H,O.

Tobacco nicotine is found in three forms in leaves, as a free base,
monoprotonated (+1) and diprotonated (+2) respectively. Free base has
non polar character and can be easily volatilized.

Protonated forms of nicotine have polar character and are nonvolatile .
So, free base form of nicotine volatilizes at lower temperatures than
that required to volatilize the charged form (monoprotonated (+1) and
diprotonated (+2) of nicotine.

Low applied temperatures and non-polar features of SC-CO, influenced
the extraction of only free form of nicotine, while at higher
temperatures of SWE, charged forms (which are also present in higher
amounts than free base) were extracted.
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