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TOBACCO-DERIVED FLAVORANTS

FIELD OF THE INVENTION
The present invention relates to products made or derived from tobacco, or that otherwise
incorporate tobacco or components of tobacco. Of particular interest are ingredients or components

obtained or derived from a plant of the Nicotiana species.

BACKGROUND OF THE INVENTION

Cigarettes, cigars, and pipes are popular smoking articles that employ tobacco in various
forms. Such smoking articles are employed by heating or burning tobacco to generate aerosol (e.g.,
smoke) that may be inhaled by the smoker. Popular smoking articles, such as cigarettes, have a
substantially cylindrical rod shaped structure and include a charge, roll or column of smokable
material such as shredded tobacco (e.g., in cut filler form) surrounded by a paper wrapper thereby
forming a so-called “tobacco rod.” Normally, a cigarette has a cylindrical filter element aligned in
an end-to-end relationship with the tobacco rod. Typically, a filter element comprises plasticized
cellulose acetate tow circumscribed by a paper material known as “plug wrap.” Certain cigarettes
incorporate a filter element having multiple segments, and one of those segments can comprise
activated charcoal particles. Typically, the filter element is attached to one end of the tobacco rod
using a circumscribing wrapping material known as “tipping paper.” It also has become desirable
to perforate the tipping material and plug wrap, in order to provide dilution of drawn mainstream
smoke with ambient air. A cigarette is employed by a smoker by lighting one end thereof and
burning the tobacco rod. The smoker then receives mainstream smoke into his/her mouth by
drawing on the opposite end (e.g., the filter end) of the cigarette.

The tobacco used for cigarette manufacture is typically used in blended form. For example,
certain popular tobacco blends, commonly referred to as “American blends,” comprise mixtures of
flue-cured tobacco, burley tobacco and Oriental tobacco, and in many cases, certain processed
tobaccos, such as reconstituted tobacco and processed tobacco stems. The precise amount of each
type of tobacco within a tobacco blend used for the manufacture of a particular cigarette brand
varies from brand to brand. However, for many tobacco blends, flue-cured tobacco makes up a
relatively large proportion of the blend, while Oriental tobacco makes up a relatively small
proportion of the blend. See, for example, Tobacco Encyclopedia, Voges (Ed.) p. 44-45 (1984),
Browne, The Design of Cigarettes, 3" Ed., p- 43 (1990) and Tobacco Production, Chemistry and
Technology, Davis et al. (Eds.) p. 346 (1999).
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Tobacco also may be enjoyed in a so-called “smokeless” form. Particularly popular
smokeless tobacco products are employed by inserting some form of processed tobacco or tobacco-
containing formulation into the mouth of the user. See for example, the types of smokeless tobacco
formulations, ingredients, and processing methodologies set forth in US Pat. Nos. 1,376,586 to
Schwartz; 3,696,917 to Levi; 4,513,756 to Pittman et al.; 4,528,993 to Sensabaugh, Jr. et al.;
4,624,269 to Story et al.; 4,991,599 to Tibbetts; 4,987,907 to Townsend; 5,092,352 to Sprinkle, I1I
et al.; 5,387,416 to White et al.; 6,668,839 to Williams; 6,834,654 to Williams; 6,953,040 to
Atchley et al.; 7,032,601 to Atchley et al.; and 7,694,686 to Atchley et al.; US Pat. Pub. Nos.
2004/0020503 to Williams; 2005/0115580 to Quinter et al.; 2005/0244521 to Strickland et al.;
2006/0191548 to Strickland et al.; 2007/0062549 to Holton, Jr. et al.; 2007/0186941 to Holton, Jr.
et al.; 2007/0186942 to Strickland et al.; 2008/0029110 to Dube et al.; 2008/0029116 to Robinson
et al.; 2008/0029117 to Mua et al.; 2008/0173317 to Robinson et al.; 2008/0196730 to Engstrom et
al.; 2008/0209586 to Neilsen et al.; 2008/0305216 to Crawford et al.; 2009/0025738 to Mua et al.;
2009/0025739 to Brinkley et al.; 2009/0065013 to Essen et al.; 2009/0293889 to Kumar et al.;
2010/0018540 to Doolittle et al; 2010/0018541 to Gerardi et al.; 2010/0291245 to Gao et al;
2011/0139164 to Mua et al.; 2011/0174323 to Coleman, III et al.; 2011/0247640 to Beeson et al.;
2011/0259353 to Coleman, III et al.; 2012/0037175 to Cantrell et al.; 2012/0055494 to Hunt et al.;
2012/0103353 to Sebastian et al.; 2012/0125354 to Byrd et al.; 2012/0138073 to Cantrell et al.; and
2012/0138074 to Cantrell et al; PCT WO 04/095959 to Arnarp et al.; PCT WO 05/063060 to
Atchley et al.; PCT WO 05/004480 to Engstrom; PCT WO 05/016036 to Bjorkholm; PCT WO
05/041699 to Quinter et al., and PCT WO 10/132444 to Atchley; each of which is incorporated
herein by reference.

One type of smokeless tobacco product is referred to as “snuff.” Representative types of
moist snuff products, commonly referred to as “snus,” have been manufactured in Europe,
particularly in Sweden, by or through companies such as Swedish Match AB, Fiedler & Lundgren
AB, Gustavus AB, Skandinavisk Tobakskompagni A/S, and Rocker Production AB. Snus products
available in the U.S.A. have been marketed under the tradenames Camel Snus Frost, Camel Snus
Original and Camel Snus Spice by R. J. Reynolds Tobacco Company. See also, for example,
Bryzgalov et al., 1IN1800 Life Cycle Assessment, Comparative Life Cycle Assessment of General
Loose and Portion Snus (2005). In addition, certain quality standards associated with snus
manufacture have been assembled as a so-called GothiaTek standard. Representative smokeless
tobacco products also have been marketed under the tradenames Oliver Twist by House of Oliver
Twist A/S; Copenhagen moist tobacco, Copenhagen pouches, Skoal Bandits, Skoal Pouches,
SkoalDry, Rooster, Red Seal long cut, Husky, and Revel Mint Tobacco Packs by U.S. Smokeless
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Tobacco Co.; Marlboro Snus and “taboka” by Philip Morris USA; Levi Garrett, Peachy, Taylor’s
Pride, Kodiak, Hawken Wintergreen, Grizzly, Dental, Kentucky King, and Mammoth Cave by
American Snuff Company, LLC; Camel Snus, Camel Orbs, Camel Sticks, and Camel Strips by R.
J. Reynolds Tobacco Company. Other exemplary smokeless tobacco products that have been
marketed include those referred to as Kayak moist snuff and Chatanooga Chew chewing tobacco by
Swisher International, Inc.; and Redman chewing tobacco by Pinkerton Tobacco Co. LP.

It would be desirable to provide additional uses for the portions of the tobacco plant
commonly viewed as waste. In particular, it would be advantageous to develop products derived

entirely from a plant of the Nicotiana species.

SUMMARY OF THE INVENTION

The present invention provides methods of forming pyrazines from reactants derived from a
harvested plant of the Nicotiana species. A method of forming pyrazines from reactants derived
from a plant of the Nicotiana species can comprise receiving a reactant solution comprising at least
one tobacco-derived carbon source (e.g., tobacco-derived cellulosic sugar) and at least one tobacco-
derived nitrogen source (e.g, tobacco-derived protein and/or a tobacco-derived amino acid), heating
the reactant solution to a reactant temperature and holding the reactant solution at the reactant
temperature for a time sufficient to produce a reactant product comprising at least one tobacco-
derived pyrazine, and isolating the at least one tobacco-derived pyrazine from the reactant product.
The step of isolating the at least one tobacco-derived pyrazine from the reactant product can
comprise at least one of liquid-liquid extraction of the reactant product, liquid-solid extraction of
the reactant product, and simple distillation of the reactant product, for example. The at least one
tobacco-derived pyrazine can be selected from the group consisting of pyrazine, 2-methylpyrazine,
2,5-dimethylpyrazine, 2,6-dimethylpyrazine, 2-ethylpyrazine, 2,3-dimethylpyrazine, 2,3,5-
trimethylpyrazine, 2-ethyl-6-methylpyrazine, 2-ethyl-5-methylpyrazine, 2-ethyl-3-methylpyrazine,
vinylpyrazine, 2-ethyl-3,6-dimethylpyrazine, 2-ethyl-3,5-dimethylpyrazine, 2-methyl-6-
vinylpyrazine, 2,6-diethyl-3-methylpyrazine, 2-isoamylpyrazine, 2-isoamyl-6-methylpyrazine, 2-
phenylethylpyrazine, and combinations thereof.

In various embodiments, the method of forming tobacco-derived pyrazines can further
include receiving a cellulosic biomass derived from a plant of the Nicotiana species (e.g., tobacco
material comprising at least one of a stalk material and a root material, flowers, stems, leaves, etc.
of a harvested plant of the Nicotiana species), delignifying the tobacco material to form a tobacco-
derived pulp, hydrolyzing the tobacco-derived pulp to form a hydrolyzed tobacco product

comprising residual solids and a liquid comprising the least one tobacco-derived cellulosic sugar,
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and separating the liquid comprising the least one tobacco-derived cellulosic sugar from the
residual solids. In various embodiments, the cellulosic biomass can comprise residual biomass left
behind from other processes that utilize tobacco material (e.g., extraction processes, cutting parts of
the plant for use in tobacco products, etc.). In certain embodiments, the tobacco material can
comprise at least about 90 percent by dry weight of at least one of the stalk material and the root
material of the harvested plant of the Nicotiana species, for example. In various embodiments, the
step of hydrolyzing the tobacco-derived pulp can comprise enzymatic saccharification of the
tobacco-derived pulp in the presence of at least one enzyme.

In various embodiments, an Organosolv process can be used to isolate cellulose materials
from tobacco materials. Cellulosic sugars can then be derived from the cellulose materials via
enzymatic hydrolysis, for example. As such, methods of the present invention can further comprise
receiving a tobacco material comprising a harvested plant of the Nicotiana species, treating the
tobacco material in aqueous butanol with a solid to solvent weight ratio of about 1:5 to about 1:10
to form a tobacco-derived pulp, hydrolyzing the tobacco-derived pulp to form a hydrolyzed tobacco
product comprising residual solids and a liquid comprising the least one tobacco-derived cellulosic
sugar, and separating the liquid comprising the least one tobacco-derived cellulosic sugar from the
residual solids. The step of treating the tobacco material in aqueous butanol can comprise adding
an amount of sulfuric acid sufficient to drop the pH of the tobacco material and aqueous butanol to
about 2 or lower. In some embodiments, the step of treating the tobacco material in aqueous
butanol can comprise heating the tobacco material and aqueous butanol to about 175°C or greater,
and stirring the tobacco material and aqueous butanol for about 30 min or longer (e.g., about 30
mins to about 60 min).

In some embodiments, the method of forming tobacco-derived pyrazines can further
comprise evaporating at least a portion of the liquid comprising the at least one tobacco-derived
cellulosic sugar to form a condensed syrup. The condensed syrup can comprise at least about 80%
by weight glucose, for example. In various embodiments, the method can further include
isomerizing the glucose to produce high fructose tobacco syrup using glucose isomerase.

In various embodiments, the method of forming tobacco-derived pyrazines can further
comprise providing at least one tobacco-derived nitrogen source by receiving a protein-enriched
material from a plant of the Nicotiana species or portion thereof, and hydrolyzing the protein-
enriched material to produce a hydrolyzed product which may comprise at least one tobacco-
derived amino acid. In certain embodiments, the step of hydrolyzing the protein-enriched material
can comprise enzymatic hydrolysis of the protein-enriched material in the presence of at least one

enzyme. In some embodiments, the method can further include receiving a plant material of the
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Nicotiana species, contacting the plant material with a solvent for a time and under conditions
sufficient to extract one or more proteins from the plant material into the solvent and form a liquid
protein-containing extract, separating a solid extracted plant material from the liquid protein-
containing extract, clarifying the liquid protein-containing extract to form a clarified protein-
containing extract and a solids fraction, and treating the clarified protein-containing extract so as to
provide the protein-enriched material comprising at least about 60% protein by dry weight. The
treating step can comprise, for example, adjusting the pH of the clarified protein-containing extract
to a pH of less than about 6 to form an acidic extract, isolating a precipitate from the acidic extract,
and washing the precipitate to provide the protein-enriched material. In certain embodiments, the
pH of the clarified protein-containing extract can be adjusted to a pH of between about 4.5 to about
6 to provide a RuBisCO-containing protein-enriched material.

Various embodiments of methods described herein can further include adding tobacco-
derived ammonium ions to the reactant solution. In some embodiments, the methods can further
comprise electrochemically reducing tobacco-derived potassium nitrate crystals to form the
tobacco-derived ammonium hydroxide. Furthermore, the methods can also include receiving a
tobacco biomass comprising a harvested plant of the Nicofiana species, extracting the tobacco
biomass in about a 10:1 to about a 1:10 ratio of water to tobacco biomass at an elevated
temperature to form a tobacco extract and fibrous tobacco solids, separating the tobacco extract
from the fibrous tobacco solids, filtering the separated tobacco extract to form a filtered extract,
concentrating the filtered extract to form a concentrated extract, cooling the concentrated extract to
a temperature of about -5°C to about 5°C for about 12 hours or longer to generate the tobacco-
derived potassium nitrate crystals and a residual mother liquid. In some embodiments, the methods
can further comprise separating the tobacco-derived potassium nitrate crystals and the residual
mother liquid, and re-cooling the residual mother liquid to a temperature of about -5°C to about
5°C for about 12 hours or longer to generate a second batch of the tobacco-derived potassium
nitrate crystals and residual mother liquid. In certain embodiments, the methods can further
comprise separating the tobacco-derived potassium nitrate crystals and the residual mother liquid,
dissolving the tobacco-derived potassium nitrate crystals in water, filtering the dissolved tobacco-
derived potassium nitrate crystals to remove tobacco solids and form a second filtered tobacco
extract, concentrating the second filtered tobacco extract to form a second concentrated extract,
cooling the second concentrated extract to a temperature of about -5°C to about 5°C for about 12
hours or longer to generate purified tobacco-derived potassium nitrate crystals and a purified

residual mother liquid.
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The methods of the present invention can further comprise incorporating at least one
tobacco-derived pyrazine into a tobacco product. In certain embodiments, the tobacco product can
be a smoking article.

The present invention also provides a tobacco-derived pyrazine derived from heating an
aqueous solution comprising at least one tobacco-derived cellulosic sugar, at least one tobacco-
derived amino acid and tobacco-derived ammonium hydroxide. A tobacco product incorporating
the tobacco-derived pyrazine is also provided herein.

The invention includes, without limitation, the following embodiments:

Embodiment 1: A method of forming pyrazines from reactants derived from a plant of the
Nicotiana species, comprising: receiving a reactant solution comprising at least one tobacco-
derived cellulosic sugar and at least one tobacco-derived nitrogen source; heating the reactant
solution to a reactant temperature and holding the reactant solution at the reactant temperature for a
time sufficient to produce a reactant product comprising at least one tobacco-derived pyrazine; and
isolating the at least one tobacco-derived pyrazine from the reactant product.

Embodiment 2: A method of any preceding or subsequent embodiment, wherein the method
further comprises: receiving a tobacco material comprising at least one of a stalk material and a
root material of a harvested plant of the Nicotiana species; delignifying the tobacco material to
form a tobacco-derived pulp; hydrolyzing the tobacco-derived pulp to form a hydrolyzed tobacco
product comprising residual solids and a liquid comprising the least one tobacco-derived cellulosic
sugar; and separating the liquid comprising the least one tobacco-derived cellulosic sugar from the
residual solids.

Embodiment 3: A method of any preceding or subsequent embodiment, wherein the tobacco
material comprises at least about 90 percent by dry weight of at least one of the stalk material and
the root material of the harvested plant of the Nicofiana species.

Embodiment 4: A method of any preceding or subsequent embodiment, wherein the step of
hydrolyzing the tobacco-derived pulp comprises enzymatic saccharification of the tobacco-derived
pulp in the presence of at least one enzyme.

Embodiment 5: A method of any preceding or subsequent embodiment, wherein the method
further comprises evaporating at least a portion of the liquid comprising the at least one tobacco-
derived cellulosic sugar to form a condensed syrup.

Embodiment 6: A method of any preceding or subsequent embodiment, wherein the
condensed syrup comprises at least about 80% by weight glucose.

Embodiment 7: A method of any preceding or subsequent embodiment, further comprising

isomerizing the glucose to produce high fructose tobacco syrup using glucose isomerase.
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Embodiment 8: A method of any preceding or subsequent embodiment, further comprising:
receiving a protein-enriched material from a plant of the Nicotiana species or portion thereof; and
hydrolyzing the protein-enriched material to produce a hydrolyzed product comprising the at least
one tobacco-derived nitrogen source.

Embodiment 9: A method of any preceding or subsequent embodiment, further comprising:
receiving a plant material of the Nicotiana species; contacting the plant material with a solvent for a
time and under conditions sufficient to extract one or more proteins from the plant material into the
solvent and form a liquid protein-containing extract; separating a solid extracted plant material
from the liquid protein-containing extract; clarifying the liquid protein-containing extract to form a
clarified protein-containing extract and a solids fraction; and treating the clarified protein-
containing extract so as to provide the protein-enriched material comprising at least about 60%
protein by dry weight.

Embodiment 10: A method of any preceding or subsequent embodiment, wherein the
treating step comprises adjusting the pH of the clarified protein-containing extract to a pH of less
than about 6 to form an acidic extract; isolating a precipitate from the acidic extract; and washing
the precipitate to provide the protein-enriched material.

Embodiment 11: A method of any preceding or subsequent embodiment, wherein the pH of
the clarified protein-containing extract is adjusted to a pH of between about 4.5 to about 6 to
provide a RuBisCO-containing protein-enriched material.

Embodiment 12: A method of any preceding or subsequent embodiment, wherein the step
of hydrolyzing the protein-enriched material comprises enzymatic hydrolysis of the protein-
enriched material in the presence of at least one enzyme.

Embodiment 13: A method of any preceding or subsequent embodiment, further comprising
adding tobacco-derived ammonium ions to the reactant solution.

Embodiment 14: A method of any preceding or subsequent embodiment, wherein further
comprising electrochemically reducing tobacco-derived potassium nitrate crystals to form the
tobacco-derived ammonium ions in the form of ammonium hydroxide.

Embodiment 15: A method of any preceding or subsequent embodiment, further
comprising: receiving a tobacco biomass comprising a harvested plant of the Nicotiana species;
extracting the tobacco biomass in about a 10:1 to about a 1:10 ratio of water to tobacco biomass at
an elevated temperature to form a tobacco extract and fibrous tobacco solids; separating the tobacco
extract from the fibrous tobacco solids; filtering the separated tobacco extract to form a filtered

extract; concentrating the filtered extract to form a concentrated extract; and cooling the
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concentrated extract to a temperature of about -5°C to about 5°C for about 12 hours or longer to
generate the tobacco-derived potassium nitrate crystals and a residual mother liquid.

Embodiment 16: A method of any preceding or subsequent embodiment, further comprising
separating the tobacco-derived potassium nitrate crystals and the residual mother liquid, and re-
cooling the residual mother liquid to a temperature of about -5°C to about 5°C for about 12 hours
or longer to generate a second batch of the tobacco-derived potassium nitrate crystals and residual
mother liquid.

Embodiment 17: A method of any preceding or subsequent embodiment, further
comprising: separating the tobacco-derived potassium nitrate crystals and the residual mother
liquid; dissolving the tobacco-derived potassium nitrate crystals in water; filtering the dissolved
tobacco-derived potassium nitrate crystals to remove tobacco solids and form a second filtered
tobacco extract; concentrating the second filtered tobacco extract to form a second concentrated
extract; and cooling the second concentrated extract to a temperature of about -5°C to about 5°C for
about 12 hours or longer to generate purified tobacco-derived potassium nitrate crystals and a
purified residual mother liquid.

Embodiment 18: A method of any preceding or subsequent embodiment, wherein the step
of isolating the at least one tobacco-derived pyrazine from the reactant product comprises at least
one of liquid-liquid extraction of the reactant product, liquid-solid extraction of the reactant
product, and simple distillation of the reactant product.

Embodiment 19: A method of any preceding or subsequent embodiment, further comprising
incorporating the at least one tobacco-derived pyrazine into a tobacco product.

Embodiment 20: A method of any preceding or subsequent embodiment, wherein the
tobacco product is a smoking article.

Embodiment 21: A method of any preceding or subsequent embodiment, wherein the at
least one tobacco-derived pyrazine is selected from the group consisting of pyrazine, 2-
methylpyrazine, 2,5-dimethylpyrazine, 2,6-dimethylpyrazine, 2-ethylpyrazine, 2,3-
dimethylpyrazine, 2,3,5-trimethylpyrazine, 2-ethyl-6-methylpyrazine, 2-ethyl-5-methylpyrazine, 2-
ethyl-3-methylpyrazine, vinylpyrazine, 2-ethyl-3,6-dimethylpyrazine, 2-ethyl-3,5-
dimethylpyrazine, 2-methyl-6-vinylpyrazine, 2,6-diethyl-3-methylpyrazine, 2-isoamylpyrazine, 2-
isoamyl-6-methylpyrazine, 2-phenylethylpyrazine, and combinations thereof.

Embodiment 22: A tobacco-derived pyrazine derived from heating a reactant solution
comprising at least one tobacco-derived cellulosic sugar, at least one tobacco-derived nitrogen

source and tobacco-derived ammonium hydroxide.
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Embodiment 23: A tobacco product incorporating the tobacco-derived pyrazine of any
preceding or subsequent embodiment.

These and other features, aspects, and advantages of the disclosure will be apparent from a
reading of the following detailed description together with the accompanying drawings, which are
briefly described below. The invention includes any combination of two, three, four, or more of the
above-noted embodiments as well as combinations of any two, three, four, or more features or
clements set forth in this disclosure, regardless of whether such features or elements are expressly
combined in a specific embodiment description herein. This disclosure is intended to be read
holistically such that any separable features or elements of the disclosed invention, in any of its
various aspects and embodiments, should be viewed as intended to be combinable unless the

context clearly dictates otherwise.

BRIEF DESCRIPTION OF THE DRAWINGS

In order to provide an understanding of embodiments of the invention, reference is made to
the appended drawings, which are not necessarily drawn to scale, and in which reference numerals
refer to components of exemplary embodiments of the invention. The drawings are exemplary
only, and should not be construed as limiting the invention.

FIG. 1a is a flow chart describing methods of forming cellulosic sugars and optional
downstream products from tobacco biomass materials;

FIG. 1b is a flow chart describing methods of forming cellulosic sugars from tobacco
biomass materials;

FIG. 2a is a flow chart describing methods of forming amino acids from tobacco biomass
materials via acid hydrolysis;

FIG. 2b is a flow chart describing methods of forming amino acids from tobacco biomass
materials via enzymatic hydrolysis;

FIG. 3 is a flow chart describing methods of forming ammonium hydroxide from tobacco
biomass materials;

FIG. 4 is a flow chart describing methods of forming pyrazines from reactants derived from
a harvested plant of the Nicotiana species;

FIG. 5a is a graph illustrating the amino acid distribution (mg) based on the hydrolysis
conditions used on F1 type tobacco-derived protein;

FIG. 5b is a graph illustrating the amino acid distribution (mg) based on the hydrolysis

conditions used on F2 type tobacco-derived protein;
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FIG. 6a is a graph illustrating the amino acids (mg), derived from an F1 type tobacco-
derived protein, that remain following a reaction to form pyrazines;

FIG. 6b is a graph illustrating the amino acids (mg), derived from an F2 type tobacco-
derived protein, that remain following a reaction to form pyrazines;

FIG 7a is a graph illustrating the amino acids (mg), derived from an F1 type tobacco-
derived protein, that are consumed during a reaction to form pyrazines;

FIG. 7b is a graph illustrating the amino acids (mg), derived from an F2 type tobacco-
derived protein, that are consumed during a reaction to form pyrazines;

FIG. 8 is an exploded perspective view of a smoking article having the form of a cigarette,
showing the smokable material, the wrapping material components, and the filter element of the
cigarette;

FIG. 9 is a top view of a smokeless tobacco product embodiment, taken across the width of
the product, showing an outer pouch filled with a tobacco material; and

FIG. 10 is a sectional view through an electronic smoking article comprising a cartridge and
a control body and including a reservoir housing according to an example embodiment of the

present disclosure.

DETAILED DESCRIPTION
The present invention now will be described more fully hereinafter. This invention may,
however, be embodied in many different forms and should not be construed as limited to the
embodiments set forth herein; rather, these embodiments are provided so that this disclosure will be
thorough and complete, and will fully convey the scope of the invention to those skilled in the art.

As used in this specification and the claims, the singular forms "a,” "an," and "the" include plural
referents unless the context clearly dictates otherwise. Reference to “dry weight percent” or “dry
weight basis” refers to weight on the basis of dry ingredients (i.c., all ingredients except water).
The present invention provides methods of forming pyrazines from reactants derived from a
harvested plant of the Nicotiana species. Pyrazines are formed by heating mixtures of carbon
sources and nitrogen sources. In various embodiments of the present invention, the formation of
tobacco-derived pyrazines has been optimized using at least one tobacco-derived sugar (e.g., high
fructose tobacco syrup (HFTS)) as the carbon source and tobacco-derived protein and/or amino
acids derived from the hydrolysis of tobacco-derived protein as the nitrogen source. In various
embodiments, the protein can be in the form of ribulose-1,5-bisphosphate carboxylase (Rubisco),

which is present in the tobacco plant. Methods of isolating the tobacco-derived reactants and

methods of then producing tobacco-derived pyrazines are discussed in more detail below.
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Tobacco Materials

The present disclosure is applicable, in some embodiments, for large scale production,
where the term large scale production refers to processing large quantities of a biomass (e.g.,
tobacco) on a mass production level. The term “biomass™ and related terms such as “biomatter”
and “plant source” are understood to refer to any portion of a harvested plant that may be processed
to extract, separate, or isolate components of interest therefrom. The processing may be carried out
in relation to various plants or portions thereof, such as seeds, flowers, stalks, stems, roots, tubers,
leaves, or any further portions of the plant.

The selection of the plant from the Nicotiana species utilized in the methods of the
invention can vary; and in particular, the types of tobacco or tobaccos can vary. The type of
tobacco used as the source of input material for each component described herein can vary.
Tobaccos that can be employed include flue-cured or Virginia (e.g., K326), burley, sun-cured (e.g.,
Indian Kurnool and Oriental tobaccos, including Katerini, Prelip, Komotini, Xanthi and Yambol
tobaccos), Maryland, dark, dark-fired, dark air cured (e.g., Passanda, Cubano, Jatin and Bezuki
tobaccos), light air cured (e.g., North Wisconsin and Galpao tobaccos), Indian air cured, Red
Russian and Rustica tobaccos, as well as various other rare or specialty tobaccos. Descriptions of
various types of tobaccos, growing practices and harvesting practices are set forth in Tobacco
Production, Chemistry and Technology, Davis et al. (Eds.) (1999), which is incorporated herein by
reference. Various representative types of plants from the Nicotiana species are set forth in
Goodspeed, The Genus Nicotiana, (Chonica Botanica) (1954); US Pat. Nos. 4,660,577 to
Sensabaugh, Jr. et al.; 5,387,416 to White et al. and 7,025,066 to Lawson et al.; US Patent Appl.
Pub. Nos. 2006/0037623 to Lawrence, Jr. and 2008/0245377 to Marshall et al.; each of which is
incorporated herein by reference.

The particular Nicotiana species of material used in the invention could also vary. Of
particular interest are N. alata, N. arentsii, N. excelsior, N. forgetiana, N. glauca, N. glutinosa, N.
gossei, N. kawakamii, N. knightiana, N. langsdorffi, N. otophora, N. setchelli, N. sylvestris, N.
tomentosa, N. tomentosiformis, N. undulata, and N. x sanderae. Also of interest are N. africana, N.
amplexicaulis, N. benavidesii, N. bonariensis, N. debneyi, N. longiflora, N. maritina, N.
megalosiphon, N. occidentalis, N. paniculata, N. plumbaginifolia, N. raimondii, N. rosulata, N.
rustica, N. simulans, N. stocktonii, N. suaveolens, N. tabacum, N. umbratica, N. velutina, and N.
wigandioides. Other plants from the Nicotiana species include N. acaulis, N. acuminata, N.
attenuata, N. benthamiana, N. cavicola, N. clevelandii, N. cordifolia, N. corymbosa, N. fragrans, N.

goodspeedii, N. linearis, N. miersii, N. nudicaulis, N. obtusifolia, N. occidentalis subsp. Hersperis,
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N. pauciflora, N. petunioides, N. quadrivalvis, N. repanda, N. rotundifolia, N. solanifolia and N.
spegazzinii. The Nicotiana species can be derived using genetic-modification or crossbreeding
techniques (e.g., tobacco plants can be genetically engineered or crossbred to increase or decrease
production of certain components or to otherwise change certain characteristics or attributes). See,
for example, the types of genetic modifications of plants set forth in US Pat. Nos. 5,539,093 to
Fitzmaurice et al.; 5,668,295 to Wahab et al.; 5,705,624 to Fitzmaurice et al.; 5,844,119 to Weigl;
6,730,832 to Dominguez et al.; 7,173,170 to Liu et al.; 7,208,659 to Colliver et al.; and 7,230,160
to Benning et al.; US Patent Appl. Pub. No. 2006/0236434 to Conkling et al.; and PCT WO
2008/103935 to Nielsen et al.

The portion or portions of the plant of the Nicotiana species used according to the present
invention can vary. For example, virtually all of the plant (e.g., the whole plant) can be harvested,
and employed as such. Alternatively, various parts or pieces of the plant can be harvested or
separated for further use after harvest. For example, the leaves, stem, stalk, roots, lamina, flowers,
seed, and various portions and combinations thereof, can be isolated for further use or treatment.
The plant material of the invention may thus comprise an entire plant or any portion of a plant of
the Nicotiana species. See, for example, the portions of tobacco plants set forth in US Pat. Appl.
Pub. Nos. 2011/0174323 to Coleman, III et al. and 2012/0192880 to Dube et al., which are
incorporated by reference herein.

The plant component or components from the Nicotiana species can be employed in an
immature form. That is, the plant can be harvested before the plant reaches a stage normally
regarded as ripe or mature. As such, for example, the plant can be harvested when the tobacco
plant is at the point of a sprout, is commencing leaf formation, is commencing flowering, or the
like.

The plant components from the Nicotiana species can be employed in a mature form. That
is, the plant can be harvested when that plant reaches a point that is traditionally viewed as being
ripe, over-ripe or mature. As such, for example, through the use of tobacco harvesting techniques
conventionally employed by farmers, Oriental tobacco plants can be harvested, burley tobacco
plants can be harvested, or Virginia tobacco leaves can be harvested or primed by stalk position.

After harvest, the plant of the Nicotiana species, or portion thereof, can be used in a green
form (e.g., tobacco can be used without being subjected to any curing process). In various
embodiments, the tobacco material can be subjected to various treatment processes such as,
refrigeration, freezing, drying (e.g., freeze-drying or spray-drying), irradiation, yellowing, heating,
cooking (e.g., roasting, frying or boiling), fermentation, bleaching or otherwise subjected to storage

or treatment for later use. In some embodiments, harvested tobacco can be sprayed with a buffer or
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antioxidant (e.g., a sodium metabisulfite buffer) to prevent the green plants from browning prior to
further treatment as described herein. Other exemplary processing techniques are described, for
example, in US Pat. Appl. Pub. Nos. 2009/0025739 to Brinkley et al. and 2011/0174323 to
Coleman, III et al., which are incorporated by reference herein. At least a portion of the plant of the
Nicotiana species can be treated with enzymes and/or probiotics before or after harvest, as
discussed in US Pat. Appl. Pub. Nos. 2013/0269719 to Marshall et al., and 2014/0020694 to
Moldoveanu, which are incorporated herein by reference.

A harvested portion or portions of the plant of the Nicotiana species can be physically
processed. A portion or portions of the plant can be separated into individual parts or pieces (e.g.,
roots can be removed from stalks, stems can be removed from stalks, leaves can be removed from
stalks and/or stems, petals can be removed from the remaining portion of the flower). Although
any single part of the tobacco plant or multiple parts of the tobacco plant can be used according to
the present invention, preferably tobacco stalk, tobacco leaves, or both tobacco stalk and leaves are
used. The harvested portion or portions of the plant can be further subdivided into parts or pieces
(e.g., shredded, cut, comminuted, pulverized, milled or ground into pieces or parts that can be
characterized as filler-type pieces, granules, particulates or fine powders). The harvested portion or
portions of the plant can be subjected to external forces or pressure (e.g., by being pressed or
subjected to roll treatment). For example, in certain embodiments, tobacco stalk, either alone or in
combination with other portions of the plant (e.g., stalk and leaf together) can be used and may, in
some embodiments, be subjected to the types of treatment described in US Pat. Appl. Publ. No.
2012/0152265 to Dube et al., which is incorporated herein by reference.

In certain embodiments, the tobacco material can be treated with water to extract an
aqueous soluble component of the tobacco material therefrom. In some preferred embodiments, the
particulate or powder tobacco material can be combined with water to form a moist aqueous
material (e.g., in the form of a suspension or slurry) and the resulting material is typically heated to
effectuate extraction of various compounds. The water used to form the moist material can be pure
water (e.g., tap water or deionized water) or a mixture of water with suitable co-solvents such as
certain alcohols. In certain embodiments, the amount of water added to form the moist material can
be at least about 50 weight percent, or at least about 60 weight percent, or at least about 70 weight
percent, based on the total weight of the moist material. In some cases, the amount of water can be
described as at least about 80 weight percent or at least about 90 weight percent.

The extract thus produced may comprise some level of solid (insoluble) material entrained
in the liquid. Accordingly, “extract” is intended to mean the material obtained upon contacting the

tobacco material with water and may comprise both soluble components dissolved therein and solid
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dispersed components. Following the extraction process, the extracted liquid component is
typically filtered to remove at least some of the solids. In other words, some or all of the portion of
the tobacco material insoluble in the aqueous solvent is removed. The process of filtration can
comprise passing the liquid through one or more filter screens to remove selected sizes of
particulate matter. Screens may be, for example, stationary, vibrating, rotary, or any combination
thereof. Filters may be, for example, press filters or pressure filters. In some embodiments, the
filtration method used can involve microfiltration, ultrafiltration, and/or nanofiltration. A filter aid
can be employed to provide effective filtration and can comprise any material typically used for
this purpose. For example, some common filter aids include cellulose fibers, perlite, bentonite,
diatomaceous earth, and other silaceous materials. To remove solid components, alternative
methods can also be used, for example, centrifugation or settling/sedimentation of the components
and siphoning off of the liquid. See, for example, the processes and products described in U.S. Pat.
App. Pub. Nos. 2012/0152265 to Dube et al. and 2012/0192880 to Dube et al., herein incorporated
by reference in their entireties. The extracted solid components can be used as the starting tobacco

material in various embodiments of the invention described herein.

Cellulosic Sugars Derived From Tobacco Materials

According to the present invention, sugars derived from tobacco materials can serve as the
tobacco-derived carbon source in a pyrazine reaction. As discussed in U.S. Pat. Appl. No.
14/688,522, filed April 16, 2015, and herein incorporated by reference, methods of forming
cellulosic sugars from a plant of the Nicotiana species can comprise: i) receiving a tobacco material
comprising a harvested plant of the Nicotiana species; ii) delignifying the tobacco material to form
a tobacco-derived pulp; and iii) hydrolyzing the tobacco-derived pulp to form a hydrolyzed tobacco
product comprising residual solids and a liquid comprising at least one tobacco-derived cellulosic
sugar. As illustrated at operation 100 of FIG. 1a, for example, preparation of a tobacco material
according to the present invention can comprise harvesting a plant from the Nicotiana species and,
in certain embodiments, separating certain components from the plant such as the stalks and/or
roots, and physically processing these components. Although whole tobacco plants or any
component thereof (e.g., leaves, flowers, stems, roots, stalks, and the like) could be used in the
invention, it can be advantageous to use stalks and/or roots of the tobacco plant. For example, in
certain embodiments, the tobacco material from which the cellulosic sugar component is derived
comprises at least about 90%, at least about 92%, at least about 95%, or at least about 97% by dry
weight of at least one of the stalk material and the root material of a harvested plant of the

Nicotiana species. The remainder of the description related to cellulosic sugars derived from
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tobacco material focuses on use of stalks and/or roots from the plant, but the invention is not
limited to such embodiments.

The tobacco stalks and/or roots can be separated into individual pieces (e.g., roots separated
from stalks, and/or root parts separated from each other, such as big root, mid root, and small root
parts) or the stalks and roots may be combined. By “stalk” is meant the stalk that is left after the
leaf (including stem and lamina) has been removed. “Root” and various specific root parts useful
according to the present invention may be defined and classified as described, for example, in
Mauseth, Botany: An Introduction to Plant Biology: Fourth Edition, Jones and Bartlett Publishers
(2009) and Glimn-Lacy et al., Botany Illustrated, Second Edition, Springer (2006), which are
incorporated herein by reference. The harvested stalks and/or roots are typically cleaned, ground,
and dried to produce a material that can be described as particulate (i.e., shredded, pulverized,
ground, granulated, or powdered). As used herein, stalks and/or roots can also refer to stalks and/or
roots that have undergone an extraction process to remove water soluble materials. The cellulosic
material (i.e., pulp) remaining after stalks and/or root materials undergo an extraction process can
also be useful in the present invention.

The roots and stalks of a tobacco plant have a higher weight percentage of cellulosic content
than tobacco stems. As a result, the roots and stalks of a tobacco plant have a higher sugar yield
potential than tobacco stems. Additionally, tobacco stems represent a valuable starting material for
the preparation of tobacco reconstituted sheet and expanded stem materials used in tobacco
products. Use of tobacco stems as a source for cellulosic sugars would decrease the supply of
tobacco stems that can be used in other tobacco manufacturing processes. Tobacco stalks and roots
represent a tobacco material not otherwise used in tobacco manufacturing and as such, represent an
excellent raw material for the preparation of tobacco-derived cellulosic sugar. An additional
tobacco raw material that is otherwise not used in tobacco manufacturing is so-called tobacco dust
(i.e., a very small particle tobacco material collected during cigarette manufacturing) and so-called
stemmery dust (i.e., a tobacco-derived material collected during the stemming of the tobacco
leaves). Tobacco dust and stemmery dust can also be used to produce a cellulosic sugar.

Preferably, the physical processing step comprises comminuting, grinding, and/or
pulverizing stalks and/or roots from a Nicotiana plant into particulate form using equipment and
techniques for grinding, milling, or the like. In certain preferred embodiments, the stalks and/or
roots are dried prior to the physical processing step, and thus are relatively dry in form during
grinding or milling. For example, the stalks and/or roots can be ground or milled when the

moisture content thereof is less than about 15 weight percent or less than about 5 weight percent.
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In such embodiments, equipment such as hammer mills, cutter heads, air control mills, or the like
may be used.

The tobacco material provided following the comminuting, grinding, and/or pulverizing of
Nicotiana stalks and/or roots can have any size. The tobacco material can be such that parts or
pieces thereof have an average width and/or length between about 1/16 inch to about 2 inches,
about % inch to about 1 inch, or about % inch to about %2 inch. In some embodiments, the average
width and/or length of the tobacco material is greater than or equal to about 1/8 inches, greater
than or equal to about % inch, greater than or equal to about %2 inch, greater than or equal to about 1
inch, or greater than or equal to about 2 inches.

The exact composition of the tobacco material used to produce cellulosic sugars can vary.
The composition may depend, in part, on whether the tobacco material is prepared from Nicotiana
stalks, roots, or a combination thereof. Tobacco material prepared solely from material obtained
from Nicotiana stalks may exhibit different characteristics than tobacco material prepared solely
from material obtained from Nicotiana roots. Similarly, tobacco material prepared from material
obtained from certain parts of one of these components may exhibit different characteristics than
material obtained from other parts of this component (e.g., tobacco material prepared from mid-root
material may be different from tobacco material prepared from big root material). For example, in
certain embodiments, tobacco material derived from Nicotiana stalk has a higher content of volatile
compounds than tobacco material derived from Nicotiana root.

In various embodiments of the present invention, the tobacco material can be converted into
a cellulose material through delignification of the tobacco material, for example. Delignification of
tobacco materials can involve a number of operations. See, e.g., U.S. Pat. Appl. No. 14/688,522,
filed April 16, 2015, and herein incorporated by reference in its entirety. As an initial step, tobacco
biomass can undergo a pulping process. Pulps can be produced from raw materials either
mechanically or chemically, as illustrated at operation 102 in FIG. 1a, for example. As illustrated
at operation 104 of FIG. 1, for example, the tobacco-derived pulp can undergo a de-lignification
process (e.g., an acid or a base can be used to hydrolyze the tobacco-derived pulp and separate the
lignin). In addition, the pulp can be rinsed with water and dewatered at least once. The pulp can be
dewatered by wet classification, centrifugation, filtration, or similar liquid separation processes. A
centrifuge or other similar equipment can help with pulp and syrup (i.e., solids and liquid)
separations. See, e.g., the equipment disclosed in U.S. Pat. Nos. 521,104 to Davis, 3,168,474 to
Stallman et al., 5,713,826 to West, and 7,060,017 to Collier, each of which is herein incorporated
by reference in its entirety. For example, a basket centrifuge can be useful to help with the pulp

dewatering and lignin syrup recovery activities. In addition, the pulp can then be rinsed one or
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more times and the pH can be adjusted to a range of about 4.5 to about 5.5. In a preferred
embodiment, the pH can be adjusted to about 4.8. The pulp can be dewatered after each rinse.

In some embodiments, the method of producing a tobacco-derived cellulose material can
include one or more additional operations. See, e.g., U.S. Patent Appl. Pub. No. 2013/0276801 to
Byrd Jr. et al., herein incorporated by reference in its entirety. For example, the tobacco input can
undergo further processing steps prior to pulping and/or the delignification method can include
additional treatment steps (e.g., drying the tobacco input, depithing the tobacco input, milling the
tobacco input, etc.). In some embodiments, these additional steps can be conducted to remove pith
from the tobacco input and/or tobacco pulp manually, and thus reduce the amount of chemicals
necessary to delignify the tobacco input during a chemical pulping process, for example. Mixing
water with the tobacco pulp to form a slurry and filtering the slurry can be conducted, for example,
to remove some of the non-cellulosic materials, such as pith, parenchyma, and tissue from the
tobacco pulp. Additional treatment steps (e.g., milling the tobacco input) can be conducted to
increase the surface area of the tobacco input such that the efficacy of a pulping and/or a bleaching
operation is increased. Steam- or water-based pre-hydrolysis of the tobacco stalk prior to pulping,
for example, can reduce the amount of chemicals necessary in a bleaching operation.
Anthraquinone can be employed in a chemical pulping method in an attempt to provide a higher
yield by protecting carbohydrates from the strong base during delignification, for example. Other
processing steps known in the pulping and delignification field can be employed in forming
cellulosic materials from the raw tobacco input.

After delignifying tobacco biomass, the cellulose material can undergo at least one
saccharification process, as illustrated at operation 110 of FIG. 1a, for example. Any form of
hydrolysis known in the art can be used to break carbohydrates in the tobacco-derived cellulose
material into component sugar molecules. In certain embodiments, a salt of a weak acid or a weak
base (or both) can be dissolved in water in a hydrolysis process. Acid-base-catalyzed hydrolyses
can also be used, for example. In various embodiments, cellulosic materials can undergo
enzymatic hydrolysis to form glucose. See, for example, the discussion of enzymatic hydrolysis of
cellulose presented in Zhang, Yi-Heng Percival et al., Toward an Aggregated Understanding of
Enzymatic Hydrolysis of Cellulose: Noncomplexed Cellulase Systems. Wiley InterScience.
Biotechnology and Bioengineering, Vol. 88, No. 7, December 30, 2004, p. 797-824. Generally,
cellulose enzyme systems can hydrolyze cellulosic materials. The insoluble cellulosic material can
undergo three processes simultaneously: (i) chemical and physical changes in the residual solid-
phase cellulose; (ii) primary hydrolysis of the solid phase cellulose to form intermediate products

comprising cellobiose, soluble cellodextrins and glucose; and (iii) secondary hydrolysis involving
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the hydrolysis of soluble intermediates to lower molecular weight intermediates, and ultimately to a
liquid phase product comprising glucose. Accordingly, hydrolyzing the tobacco-derived cellulose
material can result in a hydrolyzed tobacco product (i.e., a liquid mash) comprising residual solids
and a liquid comprising at least one tobacco-derived cellulosic sugar. In various embodiments, the
at least one tobacco-derived cellulosic sugar can include glucose, xylose, and combinations thereof.

In various embodiments, the enzyme used for saccharification can comprise Cellic® CTec 2
(produced by Novozymes A/S). Cellic® CTec 2 is an effective cellulase/hemicellulose enzyme
that produces sugars from biomass. In some embodiments, the enzyme used for saccharification
can comprise enzymes produced by DSM Food Specialties B.V. (The Netherlands), such as those
directed towards food processing. Any cellulase/hemicellulose enzymes known in the art can be
used in enzymatic saccharification processes described herein. The preferred enzyme concentration
and time period for the enzymatic hydrolysis is generally recommended by the manufacturer. In
various embodiments, the enzyme concentration can range from about 1 to about 10 percent by
weight, or about 2 to about 5 percent by weight. In a preferred embodiment, the enzyme
concentration can be about 3 percent by weight of the total materials undergoing enzymatic
hydrolysis. In various embodiments, significant hydrolysis (i.e., about 50 to about 75 percent
conversion of the starting cellulose materials) can be achieved in about 48 hours.

In various embodiments, the residual solids can be removed from the liquid mash through
centrifugation, filtration or other means of liquid/solid separation. A centrifuge or other similar
equipment can help with solids and liquid separations. See, e.g., the equipment disclosed in U.S.
Pat. Nos. 521,104 to Davis, 3,168,474 to Stallman et al., 5,713,826 to West, and 7,060,017 to
Collier, each of which is herein incorporated by reference in its entirety.

In certain embodiments, the separated liquid can be condensed to form a syrup. An
evaporator, for example, can be used to condense the liquid product. In certain embodiments, a
mechanical vapor recompression (MVR) evaporator can be useful to assist with condensing the
syrup. See, e.g., the evaporators and processes disclosed in U.S. Pat. Nos. 4,303,468 to Laguilharre
et al., 3,396,086 to Starmer, and 4,530,737 to Ostman; and U.S. Pat. App. Pub. No. 2014/0262730
to Zimmer, each of which is herein incorporated by reference. The concentrated syrup derived
from a hydrolyzed tobacco product can comprise at least about 80% glucose by weight, at least
about 85% glucose by weight, or at least about 90% glucose by weight. In certain embodiments,
the concentrated syrup can comprise about 20% xylose by weight or less, about 15% xylose by
weight or less, about 10% xylose by weight or less, or about 5% xylose by weight or less.

In various embodiments, an enzyme can be added to the saccharification process in order to

reduce the amount of xylose in the liquid product. The enzyme can remove the hemicellulose
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before the final saccharification, for example. In various embodiments, the enzyme can be selected
from the group consisting of Rhyzyme® (produced by American BioSystems, Inc.), Pulpzyme®
HC & HC 2500 (produced by Novozymes A/S), Dyadic® Xylanase (produced by Dyadic Inc.), and
combinations thereof. Rhyzyme® is an enzyme with high specificity to hemicellulose, with only
small amounts of cellulase activity. Pulpzyme® HC & HC 2500 is an enzyme which is very
specific to hemicellulose, and again has very little amounts of cellulase activity. Dyadic®
Xylanase is an enzyme that has been shown to have high cellulase activity as well as high xylanase
activity. The preferred enzyme concentration is generally recommended by the manufacturer.

High fructose tobacco syrup can be produced using commercial immobilized glucose
isomerase (e.g., Sweetzyme® type IT produced by Novozymes). See, e.g., Gaily, M.H., et al.
Production of fructose from highly concentrated date extracts using Saccharomyces cerevisiae.
Biotechnology Letters, 2013, herein incorporated by reference it its entirety. As illustrated at
operation 112 of FIG. 1, for example, this isomerization can convert glucose, which is not very
sweet, to fructose, the sweetest natural sugar. Glucose isomerase (D-glucose ketoisomerase) causes
the isomerization of glucose to fructose. The isomerization of glucose to fructose is part of the
glycolysis cycle that converts glucose to pyruvate. The way this is done is to isomerize the
aldehyde (hemiacetal) glucose to the ketone (as a hemiacetal) fructose, and make another phosphate
ester. The isomerization takes advantage of the ease of breakage of a C-H bond which involves a
carbon next to a carbonyl carbon. In the next step, the bond between carbons three and four of
fructose is cleaved.

For example, Novo Industries has developed Sweetzyme®, glucose isomerase from B.
coagulans, for commercial use. The commercial process for production of fructose from glucose
became feasible when procedures for immobilization of the enzyme were developed, so that the
same batch of enzymes could be used repeatedly. In this immobilized enzyme process, the
microorganism carties out a direct isomerization of the glucose. This glucose isomerase is
primarily a xylose isomerase, so xylose, or a xylose-containing compound must be added for the
induction of the enzyme.

As illustrated in FIG. 1b, for example, tobacco biomass can alternatively be converted to
sugar using an Organosolv process. See, e.g., the process described in U.S. Pat. Appl. Pub. No.
2014/0227161 to Manesh et al., which is herein incorporated by reference. In particular, tobacco
biomass can first undergo a fractionation process, as illustrated at operation 103 of FIG 1b. In
certain embodiments, the fractionation process can include adding tobacco materials (dry weight)
and a solvent in a solid to liquid ratio of about 1:5 to about 1:10 by weight to a reactor. The solvent

can comprise water and butanol, for example, in about a 1:1 ratio by weight. The mixture of the
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tobacco materials and the solvent can be stirred for about 30 to about 60 mins at an elevated
temperature of about 150°C to about 200°C (e.g., about 178°C). An acid can be added to the
reaction mixture (e.g., sulfuric acid) in an amount sufficient to drop the pH to about 2.

After fractionation, the liquid and the solids can be separated using any separation method
known in the art, as illustrated at operation 105. The liquid can be collected in a separate container
where the organic materials and lignin can be separated from water and water soluble materials in
two layers. The cellulose (solids) can be centrifuged to collect the adsorbed solvents in the fiber,
washed with water and processed for enzymatic hydrolysis to convert the cellulose to tobacco-
derived sugars (e.g., glucose), as illustrated at operation 107 and discussed in more detail above.
The average cellulose yield can be about 30 wt% of the total dry biomass. The butanol (and other
chemicals like furfural and esters) from the liquor can be distilled off to produce high quality
lignin. In this process >95% lignin can be recovered from the biomass. This lignin is of high purity
with melting properties around 234 °C and soluble in a wide range of organic solvents. In various
embodiments, over 80% of the total C5 sugars can be converted to furfural during the fractionation
process and collected in the butanol layer. Organic acids from the tobacco feedstock can also be

partially captured in the form of esters in the butanol layer.

Nitrogenous Compounds Derived From Tobacco Materials

According to the present invention, amino acids derived from tobacco materials can serve as
the tobacco-derived nitrogen source in a pyrazine reaction. Amino acids can be derived from
hydrolysis of tobacco-derived protein, as illustrated in FIGs. 2a and 2b, for example.

As illustrated at operation 115 of FIG. 2a and at operation 122 of FIG. 2b, for example, a
portion or portions of a plant of the Nicotiana species can be treated so as to provide one or more
components (e.g., proteins) contained therein in a more usable (e.g., more concentrated) form.
Various compounds or mixtures of compounds from the Nicotiana plant or portions thereof can be
extracted and/or isolated by methods such as those described in U.S. Pat. App. Pub. No.
2014/0271952 to Mua et al., for example, which is incorporated by reference in its entirety. As
used herein, an “isolated component,” or “plant isolate,” is a compound or complex mixture of
compounds separated from a plant of the Nicofiana species or a portion thereof. The isolated
component can be a single compound, a homologous mixture of similar compounds (e.g., isomers
of a compound), or a heterologous mixture of dissimilar compounds (e.g., a complex mixture of
various compounds of different types). See, for example, the description of isolated tobacco
components and techniques for isolation in US Pat. Appl. Pub. Nos. 2007/0137663 to Taylor et al.;
2011/0174323 to Coleman, III et al.; 2011/0259353 to Coleman, III et al.; 2012/0141648 to Morton
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et al.; 2012/0192880 to Dube et al.; 2012/0192882 to Dube et al.; 2012/0272976 to Byrd et al.,
2012/0211016 to Byrd, Jr. et al., and 2014/0096780 to Gerardi et al., which are incorporated by
reference herein.

Exemplary tobacco plant materials from which proteins can be extracted can be of any part
or in any form of a plant of the Nicotiana species. The selection of the plant from the Nicotiana
species can vary; and in particular, the types of tobacco or tobaccos may vary. The Nicotiana
species can be selected for the content of various compounds that are present therein. For example,
plants can be selected on the basis that those plants produce relatively high quantities of one or
more of the compounds desired to be isolated therefrom (e.g., proteins). In certain embodiments,
plants of the Nicotiana species (e.g., Galpao commun tobacco) are specifically grown for their
abundance of leaf surface compounds.

As described in U.S. Pat. App. Pub. No. 2014/0271952 to Mua et al., which is incorporated
herein by reference, protein can be extracted from a biomass such as a plant material (e.g.,
tobacco). See also, U.S. Patent Nos. 4,268,632 to Wildman et al., 4,340,676 to Bourke; 4,400,471
to Johal; 4,588,691 to Johal; and 6,033,895 to Garger et al., which are incorporated herein by
reference. Generally, the water-soluble portion of plant biomass consists of two fractions. One
fraction predominantly comprises ribulose-1,5-bisphosphate carboxylase oxygenase (commonly
referred to as RuBisCO), whose subunit molecular weight is about 550 kD (commonly referred to
as a “Fraction 1 protein” or “F1 protein”). RuBisCO may comprise up to about 25% of the total
protein content of a leaf and up to about 10% of the solid matter of a leaf. A second fraction
(“Fraction 2 protein” or “F2 protein™) generally contains a mixture of proteins and peptides with
molecular weights ranging from about 3 kD to about 100 kD and may also contain other
compounds including sugars, vitamins, alkaloids, flavors, and amino acids.

Protein consists of long chains of amino acids. Several methods exist to breakdown protein
into the constituent amino acids. For example, any form of hydrolysis known in the art can be used
to break the tobacco-derived protein into constituent amino acids. In certain embodiments, a salt of
a weak acid or a weak base (or both) can be dissolved in water in a hydrolysis process. Acid-base-
catalyzed hydrolyses can also be used, for example. In various embodiments, tobacco-derived
protein can undergo enzymatic hydrolysis to form amino acids. During hydrolysis, the protein is
broken down into smaller peptides, and full hydrolysis breaks down the protein into individual
amino acids. Amino acids range in size with molecular weights between 50 and 200. Peptides
consist of 2 to 50 amino acids and range in size between 100 and 10,000. Anything larger than that
is considered to be a protein. After hydrolysis, the amino acids can be isolated via any method

known in the art, such as, but not limited to, ion exchange liquid chromatography (both standard
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LC and HPLC), gas chromatography combustion IRMS (GC-C-IRMS), hydrophobic
chromatography, etc., affinity chromatography, sublimation, etc.

In various embodiments, as illustrated in FIG. 2a for example, acid hydrolysis can be used
to breakdown tobacco-derived protein into amino acids. Various acids can be used for acid
hydrolysis, as is known in the art. For example, hydrochloric acid (HCI) can be used. As
illustrated at operation 116 of FIG. 2a, for example, the acid and the tobacco-derived protein can be
in the form of an aqueous solution. As illustrated at operation 118 of FIG. 2a, for example, the
aqueous solution can be heated to an elevated temperature during hydrolysis. For example, the
aqueous solution can be heated to about 160°C or higher, about 180°C or higher, or about 200°C or
higher. The time for hydrolysis can vary depending on the protein and the acid used. In some
embodiments, the aqueous solution can be heated to the elevated temperature with about a 10 to
about a 20 minute (e.g., 15 minute) ramp time and then held at the elevated temperature for about
10 to about 20 minutes (e.g., about 15 minutes). These times are not intended to be limiting. As
illustrated at operation 120 of FIG. 2a, for example, tobacco-derived amino acids can be isolated
from the hydrolyzed solution via methods known in the art, such as, but not limited to, ion
exchange liquid chromatography (both standard LC and HPLC), gas chromatography combustion
IRMS (GC-C-IRMS), hydrophobic chromatography, etc., affinity chromatography, sublimation,
etc.

In various embodiments, as illustrated in FIG. 2b for example, enzymatic hydrolysis can be
used to breakdown tobacco-derived protein into amino acids. Various types of enzymes can be
used. Endoproteases cleave from the middle of the peptides, and exoproteases cleave amino acids
off of the ends of the peptides. For example, Maxazyme® NNP DS (available from DSM Food
Specialties in Brenntag, NV), Accelerzyme® CPG (available from DSM Food Specialties in
Brenntag, NV), and Validase® FP Concentrate (available from Valley Research, South Bend, Ind.)
represent enzymes that can be used for enzymatic hydrolysis of tobacco-derived protein.
Maxazyme® NNP DS is an endoprotease and Accelerzyme® CPG and Validase® FP Concentrate
are exoproteases. The amount of enzyme used is typically recommended by the manufacturer. For
example, in a preferred embodiment, approximately 1g of F1 tobacco-derived protein in about 100
mL of water can by hydrolyzed with about 50 mg of Maxazyme® NNP DS and about 50 mg of
Validase® FP Concentrate at approximately 50°C for about 20 hours to obtain approximately 39%
amino acids by weight of the hydrolyzed product.

In various embodiments of enzymatic hydrolysis, the tobacco-derived protein and the
enzymes used can be diluted in deionized water, as illustrated at operation 124 of FIG. 2b for

example. The pH of the aqueous solution can be adjusted depending on the recommended pH of

2.



10

15

20

25

30

WO 2017/130161 PCT/IB2017/050459

the specific enzyme used. For example, Maxazyme® NNP DS and Validase® FP Concentrate are
active at neutral pH, and Accelerzyme® CPG is active at an acidic pH.

As illustrated at operation 126 of FIG. 2b for example, the aqueous solution of the tobacco-
derived protein and the enzyme(s) can be heated to an activation temperature for hydrolysis. For
example, the aqueous solution can be heated to about 40°C or higher, to about 50°C or higher, or to
about 60°C or higher. The activation temperature can depend on the enzyme(s) used and will
typically be recommended by the manufacturer. The aqueous solution can be held at the activation
temperature for about 4 hours or longer, about 15 hours or longer, or about 20 hours or longer. As
illustrated at operation 128 of FIG. 2b, for example, once hydrolysis is complete, the aqueous
solution can be heated to a deactivation temperature, which is higher than the activation
temperature, to deactivate the enzyme(s). For example, the deactivation temperature can be about
75°C or higher, to about 85°C or higher, or to about 95°C or higher. The deactivation temperature
can depend on the enzyme(s) used and will typically be recommended by the manufacturer. The
aqueous solution can be held at the deactivation temperature for about 5 minutes or longer, about
10 minutes or longer, about 15 minutes or longer, or about 20 minutes or longer. As illustrated at
operation 130 of FIG. 2b, for example, tobacco-derived amino acids can be isolated from the
hydrolyzed solution via methods known in the art, such as, but not limited to, ion exchange liquid
chromatography (both standard LC and HPLC), gas chromatography combustion IRMS (GC-C-
IRMS), hydrophobic chromatography, etc., affinity chromatography, sublimation, etc.

As illustrated in FIGs. 5a and 5b, for example, various amino acids can be derived from
acid or enzymatic hydrolysis of tobacco-derived protein. For example, the amino acids derived
from hydrolysis of tobacco-derived protein can include aspartic acid (Asp), threonine (Thr), serine
(Ser), glutamic acid (Glu), glycine (Gly), alanine (Ala), cysteine (Cys), valine (Val), methionine
(Met), isoleucine (Ile), leucine (Leu), tyrosine (Tyr), phenylalanine (Phe), lysine (Lys), histidine
(His), arginine (Arg), proline (Pro), and combinations thereof. Different amino acids can be
favored depending on the type of protein and hydrolysis conditions used. Both F1 and F2 tobacco-

derived protein can serve as a source of amino acids.

Ammonium Ions Derived From Tobacco Materials

Ammonium (NH,") facilitate the reaction of sugars and nitrogenous compounds to form
pyrazines. This has been demonstrated using diammonium phosphate (DAP), for example. See,
e.g., On the synthesis and characteristics of aqueous formulations rich in pyrazines, in Flavor

Fragrance and Odor Analysis, Second Edition, Ray Marsili, ed., Chapter 7, pp 135-182, CRC Press,
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Boca Raton, 2012; which is herein incorporated by reference. It has also been shown that
ammonium hydroxide also works to facilitate the reaction.

Ammonium ions can be derived from a plant of the Nicotiana species. In certain
embodiments, the ammonium ions can be in the form of ammonium hydroxide, for example. One
possible way to produce ammonium hydroxide can be via the electrochemical reduction of
potassium nitrate found in biomass derived from a plant of the Nicotiana species. It is well known
in the art that potassium nitrate is very soluble in water at elevated temperatures, but has a very low
solubility at lower temperatures. It has been discovered that burley stems have a relatively high
concentration of potassium nitrate (around about 10% on a dry weight basis). Accordingly,
methods of extracting potassium nitrate from tobacco materials described herein focus on using
burley stems as the starting tobacco material, but the invention is not limited to such embodiments.
Other Nicotiana species and other parts of the plant can be used in the methods described herein.

In various embodiments of the present invention, tobacco biomass (e.g., burley stems) can
undergo a denitration process to produce potassium nitrate, as illustrated in FIG. 3, for example. At
operation 135, for example, tobacco biomass (e.g., burley stems) can be extracted in water at an
clevated extraction temperature. In various embodiments, the tobacco biomass can be extracted in
about a 10:1 ratio to about a 1:10 ratio, or about a 5:1 ratio to about a 1:5 ratio of water to tobacco
biomass. In a preferred embodiment, the tobacco biomass is extracted in about a 10:1 ratio of
water to tobacco biomass. In various embodiments, the extraction temperature can be about 120°C
or higher, about 150°C or higher, about 160°C or higher, or about 180°C or higher. In a preferred
embodiment, the extraction temperature can be about 160°C, for example. In various
embodiments, the tobacco biomass can be extracted for at least about 1 hour, at least about 2 hours,
at least about 4 hours, or at least about 24 hours.

As illustrated at operation 138 of FIG. 3, for example, the extract can be separated from the
fibrous tobacco solids by centrifugation and passing through a mesh screen on a shaker, or via other
means known in the art. A centrifuge or other similar equipment can help with solids and liquid
separations. See, e.g., the equipment disclosed in U.S. Pat. Nos. 521,104 to Davis, 3,168,474 to
Stallman et al., 5,713,826 to West, and 7,060,017 to Collier, each of which is herein incorporated
by reference in its entirety. Following the initial separation, the extract can have about a 5% or less
solids content, or about a 2% or less solids content, for example.

As illustrated at operation 140 of FIG. 3, for example, the initially separated extract can be
filtered to form a filtered extract. The process of filtration can comprise passing the liquid through
one or more filter screens to remove selected sizes of particulate matter. As described above,

screens may be, for example, stationary, vibrating, rotary, or any combination thereof. For
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example, in some embodiments, the extract can be pumped through a sock filter before being
passed through a filter bag installed in a Sanborn centrifuge. As illustrated at operation 142 of FIG.
3, for example, the filtered extract can be concentrated. An evaporator, for example, can be used to
condense the filtered extract. In certain embodiments, a mechanical vapor recompression (MVR)
evaporator can be useful to assist with condensing the syrup. See, e.g., the evaporators and
processes disclosed in U.S. Pat. Nos. 4,303,468 to Laguilharre et al., 3,396,086 to Starmer, and
4,530,737 to Ostman; and U.S. Pat. App. Pub. No. 2014/0262730 to Zimmer, each of which is
herein incorporated by reference. In various embodiments, the filtered extract can be concentrated
to about 25% or less, about 20% or less, or about 15% or less solids content. In some embodiments
of the present invention, the concentrated extract can undergo one or more additional filtration
steps and one or more additional concentration steps. Following additional filtration and
concentration processes, the solids concentration of the concentrated extract can be raised to about
50% or less, about 40% or less, or about 30% or less.

As illustrated at operation 144 of FIG. 3, for example, the concentrated extract can be
chilled to begin potassium nitrate crystal generation. In some embodiments, the concentrated
extract can be chilled to about -5°C to about 5°C for about 12 hours or longer, about 24 hours or
longer, or about 36 hours or longer. In certain embodiments, the concentrated extract can be
allowed to cool to room temperature before chilling the concentrated extract at the lower crystal
generation temperature. Following cooling, the potassium nitrate crystals and the mother liquid can
be separated through any means known in the art, as illustrated at operation 146 of FIG. 3, for
example. In certain embodiments, a mesh bag or similar filtration device can be used to separate
the potassium nitrate crystals and the mother liquid. In some embodiments, following separation,
the separated mother liquid can be placed back into a cooler for about 12 hours or longer, about 24
hours or longer, or about 36 hours or longer to generate a second crop of potassium nitrate crystals.
This process can be repeated until no additional potassium nitrate crystals are generated.

As illustrated at operation 148 of FIG. 3, for example, the potassium nitrate crystals, which
can contain trapped tobacco solids, can optionally be purified (i.e., trapped tobacco solids can be at
least partially removed). For example, the potassium nitrate crystals can be dissolved in water at
about a 1:2 to about a 2:1 ratio and heated until the crystals dissolve. In a preferred embodiment,
the potassium nitrate crystals can be dissolved in water at about a 1:1 ratio of crystals to water. The
resulting solution can then undergo the filtration, concentration, crystal generation, and separation
processes, as illustrated at operations 140, 142, 144 and 146 of FIG. 3, for example. This cycle can

be repeated as necessary until a desired level of purity is reached.

5-



10

15

20

25

30

WO 2017/130161 PCT/IB2017/050459

As illustrated at operation 150 of FIG. 3, for example, the potassium nitrate crystals can
undergo electrochemical reduction to form tobacco-derived ammonium hydroxide. Although there
have been research efforts reported in the literature to study the electrochemical reduction of
nitrate, most of these have been concerned with eliminating nitrate from drinking water, for
example, rather than the production of ammonia. See, e.g., Electrochemical reduction of nitrate in
weakly alkaline solutions; K. Bouzek, M. Paidar, A. Sadilkovi, H. Bergmann; Journal of Applied
Electrochemistry, November 2001, Volume 31, Issue 11, pp 1185-1193; Electrocatalytic activity of
copper alloys for Nitrate reduction in a weakly alkaline solution Part 1: Copper—zinc; Z. Macova,
K. Bouzek; Journal of Applied Electrochemistry, December 2005, Volume 35, Issue 12, pp 1203-
1211; and Electrochemical reduction of nitrates and nitrites in alkaline nuclear waste solutions, J.
D. Genders, D. Hartsough, D. T. Hobbs; Journal of Applied Electrochemistry, January 1996,
Volume 26, Issue 1, pp 1-9; each of which is herein incorporated by reference. However, ammonia
can also be produced from the reduction. There are several possible reactions that can occur at the

cathode, which are as follows:

NO3- + H2O + 2" = NO2 + 20H
2NO2 + 3H20 + 4¢ = N2O + OH
NO2 + 5H20 + 6= NH3 + 7OH
NO3 + 6H20 + 8¢ = NH3 + 9OH
NO3 +3H20 + 5¢ =¥ N2 + OH"
H2>O+e =% H2 + OH

The reaction pathways and efficiency for ammonia production can be highly dependent on the
clectrode materials chosen. For example, in some embodiments, the best yields of ammonia can be
obtained with the use of high surface area electrodes comprising graphite and/or nickel.
Furthermore, the use of high surface area electrodes can facilitate the use of high current densities

(i.e. high rates of reaction) and near complete reduction of the nitrate.

Formation of Pyrazines from Tobacco-Derived Reactants

Pyrazines display many different flavor profiles, including, but not limited to, roasted,
toasted and nutty notes. For example, pyrazines with cyclopentyl derivatives are known for their
positive sensory attributes at very low levels, ppb. Selected pyrrolizine and pyrrolidine compounds

are known for their woody, smoky and weak amine sensory characteristics, while others having
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amine-type notes are reminiscent of ammonia. Maltoxazine, for example, is found to have zero
odor potency.

As illustrated in FIG. 4, for example, heated formulations comprising amino acids and
sugars can produce pyrazines. See, e.g., U.S. Pat. Pub. No. 2010/0037903 to Coleman IlII et al.; and
Coleman III, On the synthesis and characteristics of aqueous formulations rich in pyrazines, in
Flavor Fragrance and Odor Analysis, Second Edition, Ray Marsili, ed., Chapter 7, pp 135-182,
CRC Press, Boca Raton, 2012; which are herein incorporated by reference in their entireties. As
described herein, it is discovered that both the amino acid and the sugar components of the pyrazine
reaction can be derived from a plant of the Nicotiana species. It is further discovered that addition
of aqueous ammonium hydroxide (NH4OH) to the aqueous reaction media containing at least one
amino acid and at least one sugar can result in formulations very rich in pyrazines, >500 pg/mL,
>1000 pg/mL, >1500 pg/mL, or >2000 pg/mL, for example. As described above, ammonium
hydroxide can also be derived from a plant of the Nicotiana species. Accordingly, various
embodiments of the methods and products of the present invention provide pyrazines derived
entirely from a plant of the Nicotiana species.

Different sugars and amino acids affect the types of pyrazines formed. See, e.g., Coleman
and Steichen, 2006, Sugar and selected amino acid influences on the structure of pyrazines in
microwave heat treated formulations, J. Sci. Food Agric., 86, 380-391, which is herein incorporated
by reference in its entirety. For example, leucine and valine produce more branched pyrazines with
highly substituted subchains and lower odor thresholds. Highly substituted pyrazines are relatively
more potent than pyrazines that are not as branched, and therefore can be desirable in some
applications. The substitution in the pyrazine can be a result of the amino acid used in the reaction.
Therefore, it can be advantageous to select amino acids with branching, highly substituted
subchains. With regard to sugars, thamnose can be an ideal sugar for pyrazine formation, followed
by fructose and then glucose.

Pyrazine rich solutions can be prepared in various ways. For example, one method can
involve microwave heat treatment of a solution comprising at least one amino acid and at least one
sugar. As illustrated at operation 160 of FIG. 4, for example, an aqueous reactant solution
comprising at least one tobacco-derived amino acid and at least one tobacco-derived sugar can be
formed. As illustrated at operation 164 of FIG. 4, for example, the reactant solution can be heated
to a reactant temperature and held at the reactant temperature for a reactant time which is sufficient
to allow the reactants to undergo a reaction to form pyrazines.

Increased reaction time and temperature can produce increased pyrazines yield up to the

point where a black TAR substance is produced. Reaction temperature can be about 30°C or
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greater, about 90°C or greater, about 100°C or greater, or about 120°C or greater, for example. In

some embodiments, the reaction temperature can be about 90°C to about 150°C, or about 120°C to
about 140°C. Reaction time can be about 30 mins or greater, 60 mins or greater, about 90 mins or

greater, or about 120 mins or greater, for example. In various embodiments, the reaction time can

be about 30 mins to about 150 mins, or about 60 mins to about 120 mins.

Increasing the pH of the reactant solution can also result in increased amounts of pyrazines.
A favored pH range can be about 7.5 to about 10.5 (e.g., about 10.0), or about 8.5 to about 9.5 (e.g.,
about 9.5). In some embodiments, the pH of the reactant solution can be about 8.0 or greater, about
8.5 or greater, about 9.0 or greater or about 10.0 or greater. A small addition of NaOH or KOH, for
example, can be used to increase the pH of the reactant solution.

In various embodiments of the present invention, as illustrated at operation 162 of FIG. 4
for example, the addition of NH4OH to the amino acid/sugar reactant solution can increase the yield
of pyrazines. The NH,OH/sugar weight ratio can have a dramatic influence on the yield of
pyrazines. For example, a mole ratio of sugar to NH4,OH of about 5:1, about 2.5:1, about 2:1, or
about 1.5:1, followed by heat treatment can produce formulations rich in pyrazines. In some
embodiments, aqueous NH4OH can slowly be added into the amino acid/sugar solution over the
course of the reaction.

As illustrated at operation 166 of FIG 4, for example, following the reaction, tobacco-
derived pyrazines can be isolated from the reactant product using simple distillation, rotary
evaporation, or other separation techniques known in the art. In certain embodiments, rotary
evaporation can be a preferred isolation technique in a scaled up process of deriving tobacco-
derived pyrazines.

In one embodiment, tobacco-derived pyrazines are isolated from the reactant product by
first using simple distillation to provide a distillate comprising mostly water and pyrazines. This
distillate can then be subjected to liquid liquid extraction with cyclohexane. The amount of
cyclohexane used in the liquid liquid extraction can be equal to about half the amount of the
distillate used. For example, if 10L of distillate is used, SL of cyclohexane can be used. The liquid
liquid extraction of the distillate with cyclohexane can be repeated multiple times. In some
embodiments, the liquid liquid extraction of the distillate with cyclohexane can be repeated at least
5 times. Following the liquid liquid extraction, the cyclohexane containing the extracted pyrazines
can be dried with any drying agent known in the art. For example, sodium sulfate, magnesium
hydroxide, and/or molecular sieves can be used to dry the cyclohexane. After drying, the pyrazines
can be isolated (i.e., the cyclohexane can be removed) by simple distillation and/or rotary

evaporation.
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As illustrated in the Examples below, various pyrazines can be derived from tobacco
materials. For example, the most abundant groups of pyrazines produced from tobacco-derived
reactants can include C1 and C2 pyrazines. These can include pyrazine, 2-methylpyrazine, 2,6-
dimethylpyrazine and 2-ethylpyrazine, for example. Pyrazines that can be produced from tobacco-
derived reactants include, but are not limited to, pyrazine, 2-methylpyrazine, 2,5-dimethylpyrazine,
2,6-dimethylpyrazine, 2-ethylpyrazine, 2,3-dimethylpyrazine, 2,3,5-trimethylpyrazine, 2-ethyl-6-
methylpyrazine, 2-ethyl-5-methylpyrazine, 2-ethyl-3-methylpyrazine, vinylpyrazine, 2-ethyl-3,6-
dimethylpyrazine, 2-ethyl-3,5-dimethylpyrazine, 2-methyl-6-vinylpyrazine, 2,6-diethyl-3-
methylpyrazine, 2-isoamylpyrazine, 2-isoamyl-6-methylpyrazine, 2-phenylethylpyrazine, and

combinations thereof.

Uses of Tobacco-Derived Pyrazines in Tobacco Products

As described above, pyrazines generated according to the present invention can be useful as
components (e.g., flavorants) incorporated into tobacco products, for example. The tobacco
product to which the materials of the invention are added can vary, and can include any product
configured or adapted to deliver tobacco or some component thereof to the user of the product.
Exemplary tobacco products include smoking articles (e.g., cigarettes), smokeless tobacco
products, and aerosol-generating devices that contain a tobacco material or other plant material that
is not combusted during use.

In various embodiments of the present invention, tobacco-derived pyrazines can be
incorporated into smoking articles in the form of a flavorant in a tobacco composition and/or in a
filter element of a smoking article. For example, tobacco-derived pyrazines can be incorporated
into a top dressing or casing of a tobacco product. Referring to FIG. 8, there is shown a smoking
article 10 in the form of a cigarette and possessing certain representative components of a smoking
article that can contain products derived from the cellulosic sugar materials of the present
invention. The cigarette 10 includes a generally cylindrical rod 12 of a charge or roll of smokable
filler material (e.g., about 0.3 to about 1.0 g of smokable filler material such as tobacco material)
contained in a circumscribing wrapping material 16. The rod 12 is conventionally referred to as a
“tobacco rod.” The ends of the tobacco rod 12 are open to expose the smokable filler material. The
cigarette 10 is shown as having one optional band 22 (e.g., a printed coating including a film-
forming agent, such as starch, ethylcellulose, or sodium alginate) applied to the wrapping material
16, and that band circumscribes the cigarette rod in a direction transverse to the longitudinal axis of
the cigarette. The band 22 can be printed on the inner surface of the wrapping material (i.e., facing

the smokable filler material), or less preferably, on the outer surface of the wrapping material.
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At one end of the tobacco rod 12 is the lighting end 18, and at the mouth end 20 is
positioned a filter element 26. The filter element 26 positioned adjacent one end of the tobacco rod
12 such that the filter element and tobacco rod are axially aligned in an end-to-end relationship,
preferably abutting one another. Filter element 26 may have a generally cylindrical shape, and the
diameter thereof may be essentially equal to the diameter of the tobacco rod. The ends of the filter
element 26 permit the passage of air and smoke therethrough. A plug wrap 28 enwraps the filter
clement and a tipping material (not shown) enwraps the plug wrap and a portion of the outer
wrapping material 16 of the rod 12, thereby securing the rod to the filter element 26.

The filter element of the invention typically comprises multiple longitudinally extending
segments. Each segment can have varying properties and may include various materials capable of
filtration or adsorption of particulate matter and/or vapor phase compounds. Typically, the filter
element of the invention includes 2 to 6 segments, frequently 2 to 4 segments. In one preferred
embodiment, the filter element includes a mouth end segment, a tobacco end segment and a
compartment therebetween. This filter arrangement is sometimes referred to as a “‘compartment
filter” or a “plug/space/plug” filter. The compartment may be divided into two or more
compartments as described in greater detail below.

In various embodiments, the filter element can comprise an adsorbent in the form of an
activated carbon material, wherein the activated carbon is capable of removing at least one gas
phase component of mainstream smoke is incorporated into the filter element. In certain
embodiments, the filter element 26 can include ventilation holes 30 that extend through the tipping
paper (not shown) and the plug wrap 28 and, thus, provide air dilution of mainstream smoke. The
ventilation holes 30 may be configured as a single line of perforations extending circumferentially
around the filter element 26 or may comprise several lines of perforations. As would be
understood, the exact count and size of the ventilation holes 30 will vary depending on the desired
level of air dilution.

In various embodiments of the present invention, tobacco-derived pyrazines can be
incorporated into smokeless tobacco products in the form of a flavorant in a smokeless tobacco
formulation. The form of the smokeless tobacco product of the invention can vary. In one
particular embodiment, the product is in the form of a snus-type product containing a particulate
tobacco material and a flavorant comprising a tobacco-derived pyrazine. Manners and methods for
formulating snus-type tobacco formulations will be apparent to those skilled in the art of snus
tobacco product production. For example, as illustrated in FIG. 9, an exemplary pouched product
300 can comprise an outer water-permeable container 320 in the form of a pouch which contains a

particulate mixture 315 adapted for oral use. The orientation, size, and type of outer water-
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permeable pouch and the type and nature of the composition adapted for oral use that are illustrated
herein are not construed as limiting thereof.

In various embodiments, a moisture-permeable packet or pouch can act as a container for
use of the composition within. The composition/construction of such packets or pouches, such as
the container pouch 320 in the embodiment illustrated in FIG. 9, may be varied as noted herein.
For example, suitable packets, pouches or containers of the type used for the manufacture of
smokeless tobacco products, which can be modified according to the present invention, are
available under the tradenames CatchDry, Ettan, General, Granit, Goteborgs Rape, Grovsnus
White, Metropol Kaktus, Mocca Anis, Mocca Mint, Mocca Wintergreen, Kicks, Probe, Prince,
Skruf and TreAnkrare. A pouch type of product similar in shape and form to various embodiments
of a pouched product described herein is commercially available as ZONNIC (distributed by
Niconovum AB). Additionally, pouch type products generally similar in shape and form to various
embodiments of a pouched product are set forth as snuff bag compositions E-J in Example 1 of
PCT WO 2007/104573 to Axelsson et al., which is incorporated herein by reference, which are
produced using excipient ingredients and processing conditions that can be used to manufacture
pouched products as described herein.

The amount of material contained within each pouch may vary. In smaller embodiments,
the dry weight of the material within each pouch is at least about 50 mg to about 150 mg. For a
larger embodiment, the dry weight of the material within each pouch preferably does not exceed
about 300 mg to about 500 mg.

In some embodiments, each pouch/container can have disposed therein a flavor agent
member, as described in greater detail in US Pat. No. 7,861,728 to Holton, Jr. et al., which is
incorporated herein by reference. The flavor agent member can comprise a flavorant comprising a
pyrazine derived from tobacco materials, as discussed above. If desired, other components can be
contained within each pouch. For example, at least one flavored strip, piece or sheet of flavored
water dispersible or water soluble material (e.g., a breath-freshening edible film type of material)
may be disposed within each pouch along with or without at least one capsule. Such strips or sheets
may be folded or crumpled in order to be readily incorporated within the pouch. See, for example,
the types of materials and technologies set forth in US Pat. Nos. 6,887,307 to Scott et al. and
6,923,981 to Leung et al.; and The EFSA Journal (2004) 85, 1-32; which are incorporated herein by
reference.

In various embodiments, the outer water-permeable pouch can comprise PLA or other
pouch materials known in the art. Descriptions of various components of snus types of products

and components thereof also are set forth in US Pat. App. Pub. No. 2004/0118422 to Lundin et al.,
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which is incorporated herein by reference. See, also, for example, US Pat. Nos. 4,607,479 to
Linden; 4,631,899 to Nielsen; 5,346,734 to Wydick et al.; and 6,162,516 to Derr, and US Pat. Pub.
No. 2005/0061339 to Hansson et al.; each of which is incorporated herein by reference. See, also,
the types of pouches set forth in US Pat. No. 5,167,244 to Kjerstad, which is incorporated herein by
reference. Snus types of products can be manufactured using equipment such as that available as
SB 51-1/T, SBL 50 and SB 53-2/T from Merz Verpackungmaschinen GmBH. Snus pouches can
be provided as individual pouches, or a plurality of pouches (e.g., 2, 4, 5, 10, 12, 15, 20, 25 or 30
pouches) can connected or linked together (e.g., in an end-to-end manner) such that a single pouch
or individual portion can be readily removed for use from a one-piece strand or matrix of pouches.

The invention is not limited to snus-type smokeless tobacco products. For example, the
mixture of tobacco material and flavorants comprising at least one tobacco-derived pyrazine can
also be incorporated into various smokeless tobacco forms such as loose moist snuff, loose dry
snuff, chewing tobacco, pelletized tobacco pieces, extruded tobacco strips or pieces, finely divided
or milled agglomerates of powdered pieces and components, flake-like pieces (e.g., that can be
formed by agglomerating tobacco formulation components in a fluidized bed), molded tobacco
pieces (e.g., formed in the general shape of a coin, cylinder, bean, cube, or the like), pieces of
tobacco-containing gum, products incorporating mixtures of edible material combined with tobacco
pieces and/or tobacco extract, products incorporating tobacco (e.g., in the form of tobacco extract)
carried by a solid inedible substrate, and the like. For example, the smokeless tobacco product can
have the form of compressed tobacco pellets, multi-layered extruded pieces, extruded or formed
rods or sticks, compositions having one type of tobacco formulation surrounded by a different type
of tobacco formulation, rolls of tape-like films, readily water-dissolvable or water-dispersible films
or strips (see, for example, US Pat. Appl. Pub. No. 2006/0198873 to Chan et al.), or capsule-like
materials possessing an outer shell (e.g., a pliable or hard outer shell that can be clear, colorless,
translucent or highly colored in nature) and an inner region possessing tobacco or tobacco flavor
(e.g., a Newtoniam fluid or a thixotropic fluid incorporating tobacco of some form).

In some embodiments, smokeless tobacco products of the invention can have the form of a
lozenge, tablet, microtab, or other tablet-type product. See, for example, the types of lozenge
formulations and techniques for formulating or manufacturing lozenges set forth in US Pat. Nos.
4,967,773 to Shaw; 5,110,605 to Acharya; 5,733,574 to Dam; 6,280,761 to Santus; 6,676,959 to
Andersson et al.; 6,248,760 to Wilhelmsen; and 7,374,779; US Pat. Pub. Nos. 2001/0016593 to
Wilhelmsen; 2004/0101543 to Liu et al.; 2006/0120974 to Mcneight; 2008/0020050 to Chau et al.;
2009/0081291 to Gin et al.; and 2010/0004294 to Axelsson et al.; which are incorporated herein by

reference.
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Depending on the type of smokeless tobacco product being processed, the tobacco product
can include one or more additional components in addition to the tobacco material and the
flavorants comprising at least one pyrazine derived from tobacco materials. For example, the
tobacco material and the tobacco-derived flavorants can be processed, blended, formulated,
combined and/or mixed with other materials or ingredients, such as other tobacco materials or
flavorants, fillers, binders, pH adjusters, buffering agents, salts, sweeteners, colorants,
disintegration aids, humectants, and preservatives (any of which may be an encapsulated
ingredient). See, for example, those representative components, combination of components,
relative amounts of those components and ingredients relative to tobacco, and manners and
methods for employing those components, set forth in US Pat. Pub. Nos. 2011/0315154 to Mua et
al. and 2007/0062549 to Holton, Jr. et al. and US Pat. No. 7,861,728 to Holton, Jr. et al., each of
which is incorporated herein by reference.

In various embodiments, at least one pyrazine derived from tobacco materials can be
incorporated into smokeless tobacco products in the form of a flavorant in an electronic smoking
article. There have been proposed numerous smoking products, flavor generators, and medicinal
inhalers that utilize electrical energy to vaporize or heat a volatile material, or attempt to provide
the sensations of cigarette, cigar, or pipe smoking without burning tobacco to a significant degree.
See, for example, the various alternative smoking articles, aerosol delivery devices and heat
generating sources set forth in the background art described in U.S. Pat. No. 7,726,320 to Robinson
et al., U.S. Pat. Pub. Nos. 2013/0255702 to Griffith Jr. et al., 2014/0000638 to Sebastian et al.,
2014/0060554 to Collett et al., 2014/0096781 to Sears et al., 2014/0096782 to Ampolini et al., and
2015/0059780 to Davis et al., which are incorporated herein by reference in their entirety.

An exemplary embodiment of an electronic smoking article 200 is shown in FIG. 10. As
illustrated therein, a control body 202 can be formed of a control body shell 201 that can include a
control component 206, a flow sensor 208, a battery 210, and an LED 212. A cartridge 204 can be
formed of a cartridge shell 203 enclosing a reservoir housing 244 that is in fluid communication
with a liquid transport element 236 adapted to wick or otherwise transport an aerosol precursor
composition stored in the reservoir housing to a heater 234. An opening 228 may be present in the
cartridge shell 203 to allow for egress of formed aerosol from the cartridge 204. Such components
are representative of the components that may be present in a cartridge and are not intended to limit
the scope of cartridge components that are encompassed by the present disclosure. The cartridge
204 may be adapted to engage the control body 202 through a press-fit engagement between the
control body projection 224 and the cartridge receptacle 240. Such engagement can facilitate a

stable connection between the control body 202 and the cartridge 204 as well as establish an
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electrical connection between the battery 210 and control component 206 in the control body and
the heater 234 in the cartridge. The cartridge 204 also may include one or more electronic
components 250, which may include an IC, a memory component, a sensor, or the like. The
electronic component 250 may be adapted to communicate with the control component 206. The
various components of an electronic smoking device according to the present disclosure can be
chosen from components described in the art and commercially available.

In various embodiments, the aerosol precursor composition can comprise a flavorant
comprising at least one tobacco-derived pyrazine. Exemplary formulations for aerosol precursor
materials that may be used according to the present disclosure are described in U.S. Pat. No.
7,217,320 to Robinson et al.; U.S. Pat. Pub. Nos. 2013/0008457 to Zheng et al.; 2013/0213417 to
Chong et al.; 2014/0060554 to Collett et al.; and 2014/0000638 to Sebastian et al., the disclosures
of which are incorporated herein by reference in their entirety. Other aerosol precursors that can
incorporate the tobacco-derived pyrazines described herein include the aerosol precursors that have
been incorporated in the VUSE® product by R. J. Reynolds Vapor Company, the BLU™ product
by Imperial Tobacco, the MISTIC MENTHOL product by Mistic Ecigs, and the VYPE product by
CN Creative Ltd. Also desirable are the so-called “smoke juices” for electronic cigarettes that have

been available from Johnson Creek Enterprises LLC.

EXPERIMENTAL
Aspects of the present invention are more fully illustrated by the following examples, which
are set forth to illustrate certain aspects of the present invention and are not to be construed as

limiting thereof.

Example 1

Glucose is produced from raw tobacco materials. Three sets of delignifications and
saccharifications are performed. Each set consists of grinding (mechanically pulping) tobacco stalk
biomass for two delignifications in a large delignification draft tube tank with a rough working
volume of about 60 gallons. 14 kilograms (dry weight) of tobacco stalk is used in each
delignification. After grinding the tobacco stalk biomass, 10 kg of delignified pulp remains for
cach delignification.

The delignified pulp is then rinsed, dewatered, and rinsed again. The pH is adjusted to 4.8,
and then the pulp is dewatered again to obtain a pulp ready for enzymatic saccharification. A two

addition saccharification is performed, starting with 5% solids and a 5% enzyme loading level on a
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dry weight basis. After this runs for 24 hours, a second addition of pulp is added to the mash and
run for an additional 24 hours.

The residual solids are removed from the mash and the liquids are moved to the evaporator
to condense. The resultant concentrated glucose syrup has a sugar makeup of 84.4% by weight

glucose and 15.6% xylose by weight.

Example 2

At least one sugar material is produced from raw tobacco materials. Raw tobacco material
(e.g., flue cured stalk, green stalk residual biomass, green plant residual biomass, dried stalk
residual biomass, burley stalk that has been harvested within 4 weeks after the final leaf removal,
burley root, etc.) is dried, washed and chipped. The first step is to isolate the cellulose from the
biomass material and then in a second step, to convert the cellulose to sugar.

Three tobacco fractionations are carried out in a pilot scale batch reactor with temperature
and pressure control. The raw materials are first screened using a 4 mm screen so that the small
particles that could potentially block the flow of solvent within the biomass can be removed. The
selected raw materials are treated in aqueous butanol with a solid to solvent weight ratio of about
1:5 to about 1:10 (water : butanol = 1:1). The mixture is heated at 178°C for 30-60 min under
stirring, and in the presence of enough sulfuric acid to drop pH to about 2. Successful fractionation
is achieved in all three cases.

5 Kg dry raw material is used. The process starts with 1:5 solid to solvent ratio. The flow
does not develop inside the reactor, therefore, additional solvent is added to increase the solid to
solvent ratio to about 1:7. The process is performed at 100 PSI initial pressure for 60 minutes at
temperature of 178 °C. After complete wash, about 37.19% pulp is recovered, about 30.53% lignin
out, and Kapa number is 76.

6 Kg dry raw material is used. The process is started with a 1:7 solid to solvent ratio, but
again due to lack of solvent flow within the reactor, additional solvent is added to increase the solid
to solvent ratio to about 1:10. Because some time is lost without any flow, the process time is
increased to 120 minutes and as a result, the fiber is mostly burned out. The process is performed
with 100 PSI initial pressure and temperature of 178 °C. After complete wash, about 43.5% is
recovered pulp, about 16.95 % lignin out, and Kapa number is 82.8.

7.54 Kg dry raw material is used. The process is started with a 1:10 solid to solvent ratio
and solvent flow is good. The process is performed at 100 PSI initial pressure for 60 minutes at
temperature of 178 °C. After complete wash, about 37.32% pulp is recovered, about 30.6% lignin

out, and Kapa number is 81.6.
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Following fractionation, the cellulose pulp (i.c., the solids) is separated from the residual
liquid. After processing several biomasses from tobacco, the average pulp yield is 42%, of which
39% is converted to sugar via enzymatic hydrolysis, yielding on average 18% sugar from dry
biomass. 5% loading and CTEC-2 enzymes are used for the enzymatic hydrolysis of the pulp. The
green leaf/stalk biomass yielded the highest amount of sugar and the pre-extracted cured flue cured
stalk yielded the least amount of sugar. Chemical analyses of these sugars is completed and
specific sugar analyses confirm that the sugar is glucose. Very low levels of fructose and sucrose
are reported, however, the sugar for all intents and purposes is glucose.

The resultant sugar is then evaporated to increase the concentration to about 70% or greater.
To avoid any potential secondary reaction or destruction of the sugar, a heated jacket and vacuum

are used to increase sugar density instead of a boiling process.

Example 3

A glucose syrup having a reduced xylose concentration is produced from raw tobacco
materials. The process described in Example 1 or 2 above is followed to produce a glucose syrup.
However, in order to eliminate the xylose from the syrup, xylanases are used to remove the
hemicellulose before the final saccharification. Three different types of xylanase enzymes are used
(Rhyzyme®, Pulpzyme® HC & HC 2500, Dyadic® Xylanase, and combinations thereof).

Pulpzyme® HC & HC 2500 is the only enzyme that released xylose and no glucose.
However, the release of xylose was lower than desired. Adding another xylanase enzyme showed
good hydrolysis of the hemicellulose but also equal hydrolysis of cellulose. However, a
combination of xylanases enabled removal of half of the still available hemicellulose in this step,

which lowered the xylose in the glucose syrup by about 50%, but did not eliminate it.

Example 4

High fructose tobacco syrup is produced using commetrcial immobilized glucose isomerase
(also referred to as Sweetzyme type I'T®) and a tobacco glucose syrup made as set forth in Example
1 or 2. The experiment is conducted at 55°C and an initial tobacco glucose concentration of 13%.
The enzyme (45 g) is hydrated prior to adding it to 4 L of Tris-buffer media (pH 7.5) containing the
glucose. Fructose production is approximately 0.5 g/g. Final glucose and fructose concentrations

are 275 g/L. and 225 g/L, respectively.
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Example 5

Tobacco materials undergo acidic clarification and precipitation to obtain RuBisCO (F1
protein).

Tobacco plants are harvested, leaves are stripped from the stalks, and the leaves are
homogenized in a disintegrator by adding water thereto and the material is then passed into a
horizontal screw press for liquid extraction. The liquid protein-containing extract thus obtained is a
green juice having a pH of 8.6. This protein-containing extract is clarified first by passing the
extract through a decanter. The pH of the protein-containing extract is adjusted to 5.9 using
hydrochloric acid. Diatomaceous earth is optionally added to the extract, the mixture is stirred for
15 minutes, and then passed through a filter press.

The resulting clarified, protein-containing extract is treated with citric acid and hydrochloric
acid to adjust the pH to 4.92. The pH-adjusted extract is left to sit for 47 hours. Liquid is decanted
from the top of the mixture and a settled solid at the bottom of the mixture is obtained and
processed on a 1.4 um ceramic filter using tangential flow filtration. The retentate therefrom is
concentrated to give a protein-enriched tobacco-derived material. The materials thus obtained

comprise between about 85 and about 99% protein by weight.

Example 6

Tobacco materials undergo acidic clarification and precipitation to obtain RuBisCO (F1
protein) and F2 protein fractions.

Tobacco plants are harvested, leaves are stripped from the stalks, and the leaves are
homogenized in a disintegrator by adding water thereto and the material is then passed into a
horizontal screw press for liquid extraction. The liquid protein-containing extract thus obtained is a
green juice having a pH of 8.4. This protein-containing extract is clarified first by passing the
extract through a decanter. The pH of the protein-containing extract is adjusted to 5.9 using
hydrochloric acid. Diatomaceous earth is optionally added to the extract, the mixture is stirred for
15 minutes, and then passed through a filter press. The filtrate is washed with water, pH adjusted
to 5.9 to increase recovery of protein.

The resulting clarified, protein-containing extract is processed on a 500 kDa reverse
osmosis filter using tangential flow filtration. The retentate is washed with a glycine solution (75
mM glycine at pH 10.5) to give a RuBisCO-enriched tobacco-derived material retentate
(comprising about 75-85% protein by weight). The permeate is cooled to 8 °C and processed on a
1 kDa reverse osmosis filter using tangential flow filtration. The 1kDa retentate is washed with the

glycine solution and concentrated to give a F2 protein-enriched tobacco-derived material
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(comprising about 30-40% F2 protein, although higher percentages, e.g., 65% have been obtained
using alternate filtration methods, e.g., using 10 kDa and/or 20 kDa filters in place of the 1kDa
filter).

Example 7

Tobacco materials undergo acidic clarification and precipitation to obtain RuBisCO (F1
protein) and F2 protein fractions.

Tobacco plants are harvested, leaves are stripped from the stalks, and the leaves are
homogenized in a disintegrator by adding water thereto and the material is then passed into a
horizontal screw press for liquid extraction. The liquid protein-containing extract thus obtained is a
green juice having a pH of 8.7. This protein-containing extract is clarified first by passing the
extract through a decanter. The pH of the protein-containing extract is adjusted to 5.9 using
hydrochloric acid. Diatomaceous earth is added to the extract, the mixture is stirred for 15 minutes,
and then passed through a filter press.

The resulting clarified, protein-containing extract is treated with hydrochloric acid to adjust
the pH to 4.98. The pH-adjusted extract is left to sit for 60 hours. Liquid is decanted from the top
of the mixture and a settled solid at the bottom of the mixture is obtained and processed on a 1.4
pm ceramic filter using tangential flow filtration. The retentate therefrom is concentrated to give a
protein-enriched tobacco-derived material. The materials thus obtained comprise between about 85

and about 99% protein by weight.

Example 8

Tobacco materials undergo basic clarification to obtain RuBisCO (F1 protein) and F2
protein.

Tobacco plants are harvested, leaves are stripped from the stalks, and the leaves are
homogenized in a disintegrator by adding water thereto and the material is then passed into a
horizontal screw press for liquid extraction. The liquid protein-containing extract thus obtained is a
green juice having a pH of 8.5. This protein-containing extract is clarified first by passing the
extract through a decanter. The pH of the protein-containing extract is adjusted to 10.5 using
sodium hydroxide. Activated carbon is added and diatomaceous earth is added to the extract, the
mixture is stirred for 15 minutes, and then brought into contact with a filter press. As the mixture
was not passing through the filter press, the pH of the mixture is adjusted to 5.9 using hydrochloric

acid and then passes through the filter press.
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The resulting clarified, protein-containing permeate is processed on a 500 kDa reverse
osmosis filter using tangential flow filtration. The retentate is washed with a glycine solution (75
mM glycine at pH 10.5), giving a RuBisCO protein-containing retentate (comprising about 75-85%
protein by weight) and stored. The permeate is cooled to 8 °C and processed on a 1 kDa reverse
osmosis filter using tangential flow filtration. The retentate is washed with the glycine solution and
concentrated to give a F2 fraction protein-enriched tobacco-derived material comprising about 30-

40% F2 protein by weight.

Example 9

Tobacco materials undergo acidic clarification and precipitation to obtain RuBisCO (F1
protein) and F2 protein fractions.

Tobacco plants are harvested, leaves are stripped from the stalks, and the leaves are
homogenized in a disintegrator by adding water thereto and the material is then passed into a
horizontal screw press for liquid extraction. The liquid protein-containing extract thus obtained is a
green juice having a pH of 8.4. This protein-containing extract is clarified first by passing the
extract through a decanter. The pH of the protein-containing extract is adjusted to 5.9 using
hydrochloric acid. Activated carbon is added and diatomaceous earth is added to the extract, the
mixture is stirred for 15 minutes, and then passed through a filter press. The resulting clarified,
protein-containing permeate is processed on a 500 kDa reverse osmosis filter using tangential flow
filtration. The retentate is washed with a glycine solution (75 mM glycine at pH 10.5), giving
RuBisCO protein-containing retentate (comprising about 75-85% protein by weight), which is
stored. The permeate is cooled to 8 °C and processed on a 1 kDa reverse osmosis filter using
tangential flow filtration. The retentate is washed with the glycine solution and concentrated to
give a F2 fraction protein-enriched tobacco-derived material comprising about 30-40% F2 protein

by weight.

Example 10

Tobacco materials undergo acidic clarification and precipitation to obtain RuBisCO (F1
protein) and F2 protein fractions. The combined RuBisCO and F2 proteins are isolated and
subsequently separated.

Tobacco plants are harvested, chipped, and homogenized in a disintegrator by adding water
thereto and the material is then passed into a horizontal screw press for liquid extraction. The
liquid protein-containing extract thus obtained is a green juice having a pH of 5.6. The pH of the

protein-containing extract is adjusted to 7.10 using sodium hydroxide. Diatomaceous earth is
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added to the extract, the mixture is stirred for 15 minutes, and then passed through a filter press.
The resulting clarified, protein-containing permeate is processed on a 1 kDa filter using tangential
flow filtration. The retentate comprises a mixture of RuBisCO and F2 proteins and comprises

approximately 50% protein.

Example 11

Samples of F1 and F2 protein derived from tobacco materials are subjected to acid
hydrolysis or enzymatic hydrolysis. F1 protein predominantly comprises ribulose-1,5-bisphosphate
carboxylase oxygenase (commonly referred to as RuBisCO), whose subunit molecular weight is
about 550 kD. F2 protein generally contains a mixture of proteins and peptides with molecular
weights ranging from about 3 kD to about 100 kD and may also contain other compounds including
sugars, vitamins, alkaloids, flavors, and amino acids.

Representative samples of both F1 and F2 proteins are tested for the initial level of free
amino acids present before hydrolysis and the level of amino acids formed after acid hydrolysis.
See, Table 1 below. Based on the results, F1 has a higher level of protein available for hydrolysis.

Table 1: Amino Acids Before and After Acid Hydrolysis

Protein Free Amino Acids Before Total Amino Acids After
Hydrolysis Acid Hydrolysis
F1 3.18% 47.9%
F2 5.66% 26.6%

F1 and F2 tobacco-derived protein samples are subjected to enzymatic hydrolysis using
Maxazyme® NNP DS, Accelerzyme® CPG, and Validase® FP Concentrate enzymes. One gram
of tobacco-derived protein is weighed into a 125 mL Erlenmeyer flask. The enzymes are them
weighed out into the same flask. The samples are diluted with 100 mL of deionized water. The pH
is adjusted using either dilute hydrochloric acid or dilute sodium hydroxide depending on the pH of
the mixture and the pH required for the enzymes. For Maxazyme® NNP DS and Validase® FP
Concentrate, the pH is adjusted to about 7. For Accelerzyme® CPG, the pH is adjusted to about 5.
For mixtures of Maxazyme® NNP DS and Accelerzyme® CPG, the pH is adjusted to about 6,
midway between the optimal pH for each. The flasks are placed in a water bath at 50°C for the
duration of the hydrolysis followed by 10 minutes at 85°C to deactivate the enzymes. The
enzymatically hydrolyzed samples are filtered through Whatman 0.45p PVDF autovials and

analyzed directed by SEC and total amino acids analysis.
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F1 is initially hydrolyzed using various combinations of Maxazyme® NNP DS,
Accelerzyme® CPG, and Validase® FP Concentrate enzymes. The percentage of amino acids after

hydrolysis are shown in Table 2 below.

Table 2: F1 Enzymatic Hydrolysis Conditions

Maxazyme® \gﬂldcislft(?aff Accelerzyme® Time (h) % Amino Acids

NNP DS (mg) (mg) CPG (mg)
50 0 0 4 10.59
0 0 0 20 15.34
0 0 ) 20 17.81
50 50 0 20 38.6
30 50 0 20 38.7
50 50 0 20 39
100 100 0 20 42.4
5 5 0 20 34.5
3 75 0 4 20.3
3 100 0 4 29.5
100 100 0 4 33.1
100 75 0 4 21.7
100 5 0 20 34.3
7 100 0 20 39.6

A variety of conditions are tested on F2 protein. No major increase in amino acids over the
level already present before hydrolysis is observed. Since the F2 sample is only about 27% protein,

the remaining constituents such as fiber and ash could be interfering with the enzymes.
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Validase® FP
Maxazyme® Accelerzyme®
Concentrate Time (h) % Amino Acids
NNP DS (mg) CPG (mg)
(mg)
50 50 0 20 6.98
50 0 50 20 4.21
100 0 0 20 4.13
0 100 0 20 8.84
0 0 100 20 4.32

From the data and models derived from the data, it is determined that the amount of
Maxazyme® NNP DS is not relevant and longer times and higher amounts of Validase® FP
Concentrate increases the amount of amino acids released during hydrolysis, although large
increases in the amount of Validase® FP Concentrate results in only a small increase in the amount
of amino acids released. In a preferred embodiment, the optimal hydrolysis conditions are F1
protein and about 200 mg Validase® FP Concentrate for about 20 hours, which results in a release
of 44.1% amino acids.

This experiment illustrates that enzymatic hydrolysis can successfully breakdown tobacco-

derived protein into amino acids.

Example 12

Potassium nitrate crystals are produced from tobacco raw materials.

Burley stems (1400 1bs.) are extracted with water (14000 lbs.). This is accomplished in two
700 Ib. batches due to extraction-tank volume limitations. The first batch of stems is allowed to
extract overnight at 160° and the second 700 Ib. batch is extracted for 2 hours at 160°F. The
aqueous fraction is separated from the fibrous tobacco residue by centrifugation. The aqueous
fraction is then concentrated under vacuum to a total solids content of approximately 45%. The
concentrated extract (approx. 500 lbs.) is transferred to 5 gallon buckets and placed in a freezer at
32°F overnight.

After approximately 36 hours at 32°F, the concentrated extract is transferred to a centrifuge
containing a <10 pum filter bag. Centrifugation removes most of the non-potassium nitrate crystal
material leaving behind 55 lbs. of “dirty” potassium nitrate. 50 Ibs. of the dirty crystals (separated
into 5 10 Ib. batches) are mixed on a 1 to 1 basis with water and heated until completely dissolved.
The dissolved crystal solutions are poured through 10 um filter bags as they are transferred to 5
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gallon buckets. The buckets are allowed to slowly cool to room temperature before being placed in
a 35°F cooler overnight. After 24 hours in the cooler, each of the 5 gallon buckets of extract is
decanted through a >500 pum filter bag. The filter bag is used to separate the extract from the
KNO; crystals that formed in the bottom of the buckets. A total of 29.5 1bs. of moderately clean

KNO; crystals are thus obtained.

Example 13

Potassium nitrate crystals are produced from tobacco raw materials.

An extraction process as described in Example 12 is performed (1400 1bs. of burley stems
extracted in a 10:1 ratio with 14000 Ibs. of water). However, multiple filtration steps are used to
produce a cleaner concentrated extract.

First, the aqueous fraction is filtered through a 10 um filter and passed through a centrifuge
with a < 10 pm filter bag in place. The aqueous fraction is then concentrated under vacuum to a
total solids content of approximately 20%, after which it is passed back through a 10 um sock filter
and a cleaned <10 pm centrifuge filter for further removal of suspended solids. The extract is then
pumped back to the evaporator and concentrated to a final solids content of approximately 38%.

The concentrated extract (379 1bs.) is then transferred to 5 gallon buckets and allowed to
cool to room temperature overnight before being placed in a 35°F chiller for 24 hours. After the 24
hours has passed, each of the 5 gallon buckets of extract is decanted into a new five gallon bucket
while passing through a >500 pm filter bag. The filter bag is used to separate the extract from the
KNOs crystals that have formed in the bottom of the buckets. Included in, and trapped with the
KNOj; crystals is a significant amount of tobacco solids. In total, 80.0 lbs. of KNO; crystals and
tobacco solids are removed during this initial crystallization. To ensure maximum yields are
obtained, the decanted extract is placed back in the 35°F cooler for a further 24 hours and the
decanting/filtering process is repeated. This results in a further 22.5 Ibs. of KNO; crystals and
tobacco solids being obtained. The remaining extract is then placed in a 28°F freezer for 24 hours.
Repeating the decanting/filtering steps results in the further collection of 23.0 lbs. of KNO; crystals
and tobacco solids. The remaining extract is again placed in the freezer for another 24 hours, but
no further crystallization is noted. The total yield of KNOj; crystals and tobacco solids from the
original 379 Ibs. of concentrated extract is 125.5 lbs.

The inclusion rate of other tobacco extractives in the first generation of potassium nitrate
crystals produced is deemed to be excessive, necessitating further refinement. This is
accomplished by dissolving equal aliquots of the first generation crystals with tap water and heating

until dissolved. Upon complete dissolution, the liquid is decanted through a 5 pm sock filter,
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placed in the 35°F cooler overnight and allowed to regenerate crystals. The resulting Generation 2
crystals are much cleaner, but still not of a high enough purity to meet the expected requirements of
future work. In order to ensure adequate purity, the Generation 2 crystals are subjected to the
refining process once again. After drying using an equilibration table, the resulting crystals have a
combined mass of 41.0 Ibs. and are deemed to be of high enough purity.

The percent of nitrate in the crystals generated at each of the crystal-generating steps ranges
from about 58.5% to about 61.5%. The molecular weight of potassium nitrate (KNO3) is 101.1
amu. Of this, 61.1% is nitrate ion (NO3"). Accordingly, even the ‘dirty’ crystals (prior to any
refinement) are almost pure potassium nitrate. The further refinement of the potassium nitrate
crystals leads to incremental increases in purity with the twice-washed and regenerated crystals
being almost pure potassium nitrate.

The 1400 Ibs. of infeed burley stem has a nitrate concentration of 10.3% per analysis by
Lancaster Laboratories. The maximum yield of the extraction is 144.2 lbs. (1400 Ibs. of stem *
10.3% (NO3)) of nitrate. Based on the amount of concentrated extract that is obtained (379 Ibs.)
and the nitrate concentration of the concentrated extract (12.18%), there could have been at most
46.2 lbs. of nitrate recovered from the infeed stems. 32% of the possible nitrate is recovered. Thus,
68% of the nitrate in the infeed stems is not extracted and thus never available for concentration
and crystal generation.

As previously stated, the 379 Ibs. of concentrated extract had a nitrate concentration of
12.2%. Thus, 46.2 lbs. of nitrate crystals could be recovered if 100% recovery was obtained.
However, only 18.6 lbs. of nitrate crystals were recovered. This indicates a loss of 59.7% of the
extracted nitrate. This loss of nitrate can be much smaller if the liquor from the crystal generations
is collected, concentrated and allowed to recrystallize.

The infeed burley stem contains on average almost 11% (10.98%) nitrate and is moderately
consistent for throughout each trial. The concentration of nitrate in the extraction tanks is
consistently in the 0.48% to 0.78% range. The overnight extraction appears to have minimal effect
on the amount of nitrate extracted from the burley stems as the percentage extracted (0.64%) is
within the range of the 2 hour extractions. The nitrate concentration of the final concentrated

extract is 12.3% for a first trial and a similar 12.2% for a second trial.

Example 14

Two types of cells are used to investigate the electrode performance of ammonia production

by electrochemically reducing nitrate.
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A glass cell with electrode geometric area at 42cm? is initially used for material screening.
Two glass cell compartments separated by a single piece of Nafion 115 serve as reservoirs for
catholyte (1M potassium nitrate (Sigma-Aldrich)) and anolyte (1M potassium hydroxide (reagent
grade)), respectively. Platinum foil, which facilitates oxygen evolution reaction in aqueous
solution, is used as the anode material. The materials adopted as cathode are nickel, copper and
graphite sheet. In the cathode compartment, pH is monitored and the solution is stirred
continuously to ensure solution homogeneity. The resulting gas at cathode carried by argon is
directed to the scrubber (0.1M sulfuric acid) and sampled periodically at the scrubber outlet for gas
chromatography (GC) analysis. While maintaining the system closed, the catholyte and scrubber
solution are sampled at 30 min interval during the course of testing for ion chromatography (IC)
analysis. The current is controlled by a laboratory DC power supply.

Sampled solutions are diluted properly for ion chromatography (Dionex equipment)
analysis quantifying the concentration of nitrate, nitrite and ammonium ions. Resulting gas
sampled at 100uL is analyzed by the gas chromatography (Hewlett-Packard equipment) for
quantifying the volume ratio of nitrogen, hydrogen and oxygen.

The performance of nickel, copper and graphite as cathode materials for ammonia
production through nitrate reduction is examined. These candidates are initially evaluated in the
glass cell. Among the selected materials, nickel possesses the highest ammonium yield and
consumes the least amount nitrate. On the other hand, copper reduces the highest quantity of
nitrate, however, the majority of the nitrate is reduced to form nitrite rather than ammonium. In the
case of graphite, the ammonium yield is the lowest among the three materials. For passing the
same amount of charge, copper shows the highest efficiency reducing nitrate to nitrite (2e) and
ammonium (8e) with minimal gas evolution.

The impact of electrolyte composition on ammonium formation is also investigated in the
glass cell configuration. Since the ammonia is more likely to be liberated from the electrolyte at
high pH in theory, it is expected that the resulting ammonia would present as gas phase and be
mostly trapped in the acid scrubber. However, based on the IC analysis, the majority of ammonium
ions are found residing in the high pH catholyte. In the case of copper, the results indicates that the
rate ammonia production is low in the beginning, but increases more drastically in the latter half of
the test, implying that the nitrite content and the solution pH can influence the rate of ammonium
formation. To assess this point, the cell tests are re-run at identical conditions for 2.5 hour. Instead
of pure nitrate solution, catholyte with equal amount (0.5M) of nitrate, nitrite and KOH is adopted.
The results show increased ammonia quantity for graphite and copper electrodes. The graphite

clectrode, in this case, shows comparable ammonium yield to that of nickel. Furthermore, nickel
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and copper electrodes show a poor nitrogen mass balance, indicating that varying the catholyte
composition could also promote the nitrogen to react via other pathway(s) (e.g., forming N,) and/or
N3). However, the poor diffusion mechanism in the glass cell could magnify the composition
dependency on electrode performance. Therefore, the MP cell is used to further evaluate this point.

An MP cell (ElectroCell, Denmark) is constructed to evaluate the performance of various
electrodes. Similar to the glass cell, a platinum metal sheet is adopted as the anode material.
Nickel, copper and graphite felt are evaluated as cathode materials. Two cell compartments
equipped with turbulent promoter are separated by a single piece of Nafion 115 allowing individual
electrolyte circulation. 1M KNOs is adopted as initial catholyte and concentrate KOH is used as
anolyte. The electrolytes are circulating at the flow rate ranging from 800 ml/min to1500 ml/min.
In addition, sulfuric acid scrubber is incorporated to trap the resulting ammonia gas produced from
the cathode. The current density of the cell is maintained at 100mA/cm?® or 200mA/cm’ throughout
the test (corresponding to total 10A or 20A for a 100cm? cell). The catholyte and scrubber
solutions are sampled periodically for IC analysis. The resulting gas carried by argon is also
sampled every 30 min at the scrubber outlet for GC analysis. In particular, the argon flow rate is
calibrated before each test allowing quantitative gas analysis. The Arbin test equipment controlled
the current of the electrochemical process.

The performance of the nickel and copper electrode is examined in the MP cell. In this test,
1M KNO; and 4M KOH at 1000ml are used as initial catholyte and anolyte, respectively, and the
current density is controlled at 100mA/cm?. The quantity of nitrate destruction is similar for both
materials during the course of the experiment. However, the resulting nitrite content is
significantly higher for copper electrode as compared to that for nickel. On the contrary, the
quantity of ammonium yield on the nickel cell is ~50% higher than that for copper. This result is
consistent with the observation in glass cell and again suggests that nickel converts nitrate to
ammonium more effectively as compared to copper.

The selected materials are again tested in the MP cell where the current density is increased
to 200mA/cm’ with reasonable applied voltage. Nickel and copper showed similar characteristics
to those observed in the glass cell. When running the experiment to the point where the nitrate
content is low (or ammonium content is high), the nickel electrode seems to produce more nitrite
rather than ammonium under this condition, suggesting the mass transport could be the limiting
factor. Thereafter, a porous electrode is adopted to assess this point and more effective nitrate
reduction is observed. In addition, the ammonium formation rate seems to not be strongly affected
even when the nitrate content is low in the porous electrode cell. The associated gas evolution is

also decreased as using a porous electrode.
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Up to this point, all the tests are performed using KOH solution as the anolyte. However,
since the KOH is consumed during the electrolysis and may not be readily available, another set of
experiments is conducted using sulfuric acid as the anolyte. In this case, it is the proton that passes
through the ion exchange membrane instead of the potassium ion and the source of proton is water,
which is not difficult to obtain. The testing conditions are kept the same as described above, except
1M H,SO0y is used as the anolyte. The copper-plated felt produces higher overall nitrite content
than that for untreated graphite felt. However, the nitrite content for the copper-plated felt in this
case is not as high as that using KOH as anolyte. It could be possible that the copper deposited on
the felt is attacked by the acid during initial circulation (usually took 30min to equilibrate before
the test). The ammonium yield are lower for both materials than in previous tests. In the case of
untreated graphite felt, the nitrite content is significantly higher than in previous tests, leading to
ammonium formed at lower quantity.

Overall, producing ammonia via nitrate reduction in an electrochemical flow cell is
promising. The use of either KOH or H,SO4 as anolyte is feasible and the anolyte management in
larger scale has been suggested. The estimated coulombic efficiency for this purpose is between

30% - 50% for the porous electrode cell.

Example 15

Electrochemical reduction of potassium nitrate derived from raw tobacco materials is used
to produce tobacco-derived ammonium hydroxide. The effect of impurities present in the
potassium nitrate derived from raw tobacco materials is evaluated.

An MP cell (ElectroCell, Denmark) is constructed to evaluate the performance of high
surface area electrodes. In the MP cell, a Pt/Nb clad metal sheet is adopted as the anode material
and a felt electrode is used as the cathode. The anolyte compartment is equipped with turbulence
promoters and is separated from the cathode side by a single piece of Nafion 115 allowing
individual electrolyte circulation. During operation, concentrated KOH is used as anolyte. The
current density of the cell is maintained at 200mA/cm’ throughout the test (corresponding to total
20A for a 100cm” cell). The cathode compartment in this case comprises a graphite current carrier
and a graphite felt cathode (total thickness of 15 mm compressed to 12 mm). The felt completely
fills the catholyte compartment (no turbulence promoter), forcing the electrolyte to flow through
the felt perpendicular to the current flow.

Subsequently, the cell is modified to achieve 200 cm? geometric cell area (a regular MP cell

has 100 cm® geometric area) and accommodate total current of 40A. The cell is constructed in a
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way that two cathodes reside on each side of the anode (two nickel metal sheet wielded together)
and, in this case, both sides of the anode are used to conduct the current.

An additional scrubber (deionized water) is incorporated between the catholyte reservoir
and the acid scrubber to trap the ammonia gas and generate ammonium hydroxide solution. The
catholyte and scrubber solutions are sampled periodically for IC analysis. The resulting gas carried
by argon is also sampled every 30 min at the scrubber outlet for GC analysis. In particular, the
argon flow rate is calibrated before each test allowing quantitative gas analysis. The current of the
electrochemical process is controlled by the Arbin test equipment.

Electroplating copper is performed in the test cell prior to nitrate reducing operation. In the
process of electroplating, anolyte (0.5M sulfuric acid) and catholyte (0.1M copper sulfate) are
circulated to each compartment while current of SmA/cm’” is applied for 30 min. After plating,
each compartment is rinsed with deionized water while maintaining polarization of the electrodes
to retain the copper in the graphite felt.

Sampled solutions are diluted appropriately for ion chromatography (Dionex) analysis
quantifying the concentration of nitrate, nitrite and ammonium ions. Resulting gas sampled at
100u L is analyzed by the gas chromatography (Gow Mac and Hewlett-Packard) for quantifying the
volume ratio of hydrogen (Gow Mac) and nitrous oxide (HP). In particular, a PLOT-Q column
(Quadrex) is incorporated in HP for nitrous oxide analysis.

Graphite felt cathode is successfully adopted for the reduction of nitrate and the electrolysis
time is extended to consume the nitrate/nitrite species completely. The initial electrolyses are
accompanied by significant hydrogen evolution and showed only a 45% coulombic efficiency for
ammonium production. To improve the efficiency, copper is electrochemically deposited onto the
graphite felt. With 3mg/cm2 copper loading on the graphite felt cathode, hydrogen formation is
significantly reduced and the coulombic efficiency for ammonium production reached 68%.

Since ammonium hydroxide at high concentration is desirable as product, the ammonium
production rate is further increased by raising the current. By modifying the MP cell, the operating
current is increased by a factor of 2 and the ammonium hydroxide concentration is raised by 1.7X.
The modified MP cell with copper-coated felt cathodes is then used to produce ammonium
hydroxide solution with KNO; derived from tobacco materials.

Three different grades (1X, 2X and 3X) of tobacco-derived potassium nitrate, representing 1
to 3 re-crystallizations, are electrochemically reduced. The 3X sample has the highest purity of the
three whereas the 1X sample appears to contain significant insoluble impurities. The 1X and 2X
solutions were filtered with 0.6 um filter paper before use, whereas the 3X sample was used as

received.
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In the initial experiments with the 3X and 1X materials, the cell is operated at a constant
catholyte inlet pressure of approximately 3 psi, and as a result, there is some variation in flow rate
(as described below, subsequent experiments are performed at a constant flow rate). The results are
compared with those obtained from reagent grade KNO; under the same operating conditions. In
general, the tobacco-derived KNO; appears to generate more hydrogen compared to the reagent
grade KNO;. The 1X nitrate shows the highest hydrogen formation and reagent grade has the
lowest. Since the catholyte inlet pressure is controlled in this data set, it is suspected that the flow
rate for the 1X containing catholyte is insufficient due to possible blockage in the felt by insoluble
impurities, which would likely raise the rate of hydrogen formation. As a result, the coulombic
efficiency of ammonium production for 1X is relatively low (59%) due to the high hydrogen
production. The peak coulombic efficiency for the case of 3X material reached 70%, which is
similar to that of the reagent grade nitrate.

To assess the influence of flow rate, a second set of experiments is conducted maintaining
catholyte flow rate above 2000 ml/min (higher than in previous tests which were in the range
<1000 ml/min). In this set of testing, the tobacco-derived 3X and 2X potassium nitrate materials
are used. The data of 3X material obtained at constant pressure is also compared. The coulombic
efficiency for ammonia production reaches as high as 86% at the higher flow rate, demonstrating a
significant influence. The observation for improved efficiency is attributed to the enhanced mass
transport of the nitrate/nitrite species in the electrode at higher flow rate. The quantity of hydrogen
evolution is also reduced with the higher ammonium production efficiency. However, the higher
ammonium efficiency does not necessarily lead to higher ammonium concentration in the water
scrubber. Without being limited by theory, it is believed that the extra ammonium gained with
higher efficiency is likely to reside in the catholyte rather than in the water scrubber.

Since ammonium hydroxide (water scrubber) is the desirable product for subsequent
synthesis, factors controlling the ammonium distribution between the catholyte and gas phase are
investigated. It is discovered that increasing the pH of catholyte has a remarkable impact on
ammonium distribution. The results indicate that the majority of the ammonium generated can be
transferred to the scrubber using catholyte prepared at high KOH concentration. It is possible that
increasing the temperature and further gas sparging might also facilitate the ammonia transfer
toward scrubber. More importantly, the resulting catholyte, in this case, with low nitrate, nitrite
and ammonium levels, can possibly be reused as anolyte in subsequent batches, thus recycling the
KOH.

A test is also performed where nitrate is added during the electrolysis. The results in terms

of ammonium production are consistent with the ones using equal amount of total nitrate initially.
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Considering a continuous type operation, adding nitrate during the process is feasible. In addition,
as indicated by GC analysis, the resulting gas contains negligible amount of nitrous oxide. This

present work produces approximately 1.5 L of 2.7M of tobacco-derived ammonium hydroxide.

Example 16

Two different types of protein and three different hydrolysis conditions are used to make
amino acids that are then tested for their suitability in making tobacco-derived pyrazines. The two
types of protein used are referred to as F1 and F2, as defined in Example 11 above.

For acid hydrolysis, protein derived from tobacco materials is subjected to acid hydrolysis
to make amino acids. 1 gram of the tobacco-derived protein in 100 mL of 6 N hydrochloric acid
(HCL) is heated to 180°C in a MARSX® microwave system with a 15 minute ramp and a 15
minute hold.

For enzyme hydrolysis, 1 gram of protein in 100 mL of water is combined with the
enzyme(s). The pH is adjusted to 7 and the mixture is heated to 50°C for 20 hours in a water bath.
The enzymes are then deactivated by heating the mixture at 85°C for 10 minutes.

The control experiment uses no amino acids.

In each of the three experiments, 1 mL of high fructose tobacco syrup (HFTS) containing
23.10% glucose and 21.9% fructose is used as the sugar source. 1 mL of ammonium hydroxide
(NH4OH) solution containing 28.0-30.0 ammonia (NH3) is used as the additive. The HFTS and
NH4OH solution are added directly to the hydrolyzed protein mixture, and the pH is adjusted with
dilute sodium hydroxide (NaOH) or dilute HCI as necessary. The mixture is heated to 140°C using
the MARSX® microwave system for 2 hours. The pH of the mixture becomes more acidic over
the course of the reaction, so after the reaction is complete, the pH is again adjusted with NaOH as
necessary to ensure that the pyrazines can be extracted into dichloromethane. The specifics of the

reactants used in each experiment is set forth in Table 4 below.

Table 4: Types of Protein and Hydrolysis Conditions

Sample Name Protein Used Hydrolysis Conditions
F1_None F1 None
F1_Acid F1 Acid

F1_50M/50V F1 Enzyme: S0M/50V*
F1_90V F1 Enzyme: 90V*
F2_None F2 None
F2_Acid F2 Acid
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F2_50M/50V F2 Enzyme: S0M/50V*
F2_100V F2 Enzyme: 100V*
Control n/a n/a

*#M = # mg Maxazyme® NNP DS
#V = # mg Validase® FP Concentrate

Each of the dichloromethane extracts are analyzed by gas chromatography mass

spectrometry (GC/MS) using the conditions set forth in Table 5 below.

Table 5: GC/MS Parameters

Column Phase DB-WAXETR
Length 30 m
Internal Diameter 0.250 mm
Film Thickness 0.25 uym
Oven Program Initial Temperature 30°C
Initial Time 0.50 min
Rate 7.5°C/min
Final Temperature 260°C
Final Time 12.83 min
MSD Acquisition Mode Scan
Solvent Delay 4 min
Masses Scanned 33-300 amu
MS Source Temperature 230°C
MS Quad Temperature 150°C
Injection Temperature 250°C
Volume 1uL
Column Flow Flow Mode Constant
Flow Rate 1 mL/min
Purge Flow 9.8 mL/min
Purge Flow Time 1.0 min
Inlet Mode Splitless

The effects of the different types of protein and hydrolysis conditions are analyzed using the

relative total area counts for the pyrazines formed, as illustrated in Table 6 below.
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Table 6. Amino Acids and Pyrazines

Name Pyrazines Amino | Amino Acids after | Amino Acids | % Change in
Total Area | Acids (img) | Pyrazines (mg) | Consumed (mg) | Amino Acids
F1_None n/a 31.8 n/a n/a n/a
F1_Acid 55.98 556 359 197 35%
F1_50M/50V 73.03 382 234 148 39%
F1_90V 83.87 389 247 142 37%
F2_None 34.49 56.6 n/a n/a n/a
F2_Acid 47.62 207 143 64 31%
F2_50M/50V 35.60 78 54 24 31%
F2_100V 58.29 88.4 n/a n/a n/a
Control 30.68 n/a n/a n/a n/a

Amino Acids from F1 are better at forming pyrazines than those from F2. For both F1 and
F2, the best results are obtained using enzymatic hydrolysis, despite the fact that acid hydrolysis
produced a higher percentage of amino acids. It is noted that the enzyme Maxazyme® NNP DS is
significantly cheaper than Validase® FP Concentrate, which may account for the higher yields
obtained with the latter.

The amount and distribution of amino acids formed for each type of protein under each set
of hydrolysis conditions is also analyzed and illustrated in Table 6 above and in FIGs. 5a and 5b.
F2 is dominated by glycine while F1 gives a broader distribution of amino acids.

The amount and distribution of amino acids is also analyzed after the pyrazines are formed
so that the amount of amino acids consumed and percent change in amino acids can be calculated.
See, Table 6 above and FIGs. 6a, 6b, 7a and 7b. A larger amount of amino acids is consumed when
a larger amount is available, but in all cases about a third of the available amino acids is consumed.
Different amino acids are favored depending on the type of protein and hydrolysis conditions used.

In conclusion, tobacco-derived pyrazines can be made from HFTS and amino acids
obtained from the enzymatic hydrolysis of F1 protein. F2 protein is another potential source of
tobacco-derived amino acids. Additionally, the protein can be hydrolyzed by acid hydrolysis
instead of enzymatic hydrolysis. F1 protein performs better than F2 protein, but they produce
qualitatively similar results. A larger amount of amino acids is consumed when a larger amount

was available, but in all cases about a third of the available amino acids is consumed.

Example 17

Tobacco-derived pyrazines are produced according to Example 16 above using high

fructose tobacco syrup (HFTS) as the carbon source and amino acids from the enzymatic hydrolysis
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of F1 Rubisco protein as the nitrogen source. The pyrazine product is purified and fractionated
using distillation.

A method is developed using the Waters Aquity UPCL H-Class system with UV detection
for the relative quantitation and identification of the tobacco-derived pyrazines. A GC/MS profile
of the pyrazine fractions is also conducted to confirm which pyrazines are present.

Pyrazine, 2-methylpyrazine, 2,6-dimethylpyrazine, 2-ethylpyrazine, 2,3,5-
trimethylpyrazine, 2-ethyl-3-methylpyrazine, 2-ethyl-3,5-dimethylpyrazine, and 2-ethyl-3,6-
dimethylpyrazine are chosen to represent C1, C2, C3 and C4 level pyrazines in the standards. The
standards are prepared by dissolving each pyrazine in water and performing serial dilutions.

The resulting tobacco-derived pyrazine mixture produced according to Example 16 above is
mixed with 100 mL of water and distilled using a simple, short path distillation setup at
atmospheric pressure and 100 °C. Fractions 1, 2 and 3 are 24 mL, 21 mL and 34 mL, respectively.
Distilled tobacco-derived pyrazine samples are collected and analyzed by UPLC in their original
solvent, water. For GC/MS analysis, 5 mL of each fraction is extracted with 2 mL of
dichloromethane.

The standards are used to create calibration curves for all eight pyrazines. Chromatograms
for each of the tobacco-derived fractions are created. The concentration of each tobacco-derived

pyrazine compound in each fraction is shown below in Table 7.

Table 7: Concentration (ppm) of Tobacco-Derived Pyrazines in Fraction 1, 2, and 3

Fraction Fraction Fraction Fraction Fraction Fraction
Compound 1 1 % of > 2 % of 3 3 % of
Total Total Total
Pyrazine 60.14 8.85% 10.226 10.3% 1.872 8.47%
2-methylpyrazine | 406.114 59.78% 53.316 53.5% 7.016 31.73%
) 2,6- . 184.86 27.21% 27.0388 27.1% 10.274 46.46%
dimethylpyrazine
2-cthylpyrazine 11.008 1.62% 1.504 1.5% 1.114 5.04%
2,3,5-
trimethylpyrazine 12.986 1.91% 5.862 5.9% BQL BQL
2-ethyl-3- 156 0.23% 0.532 0.5% 0896 | 4.05%
methylpyrazine
| Zrethyl-3,5- 1.936 0.28% 1.194 1.2% 0.94 4.25%
dimethylpyrazine
| 2rethyl-3,6- 0.75 0.11% 0.0 0.0% 0.0 0.00%
dimethylpyrazine
Total 679.354 99.6728 22.112

The first fraction had much higher concentrations of pyrazines compared to the second and

third fractions. However, when comparing the amount of each pyrazine as a percent of the total
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concentration, the fractions are comparable to each other. The most abundant groups of pyrazines
are C1 and C2 pyrazines. These include pyrazine, 2-methylpyrazine, 2,6-dimethylpyrazine and 2-
cthylpyrazine.

The tobacco-derived pyrazine fractions are also evaluated using GC/MS for identifiable
compounds with a quality match of 80 or higher with the Wiley ot library of mass spectra. Any
peaks also present in the solvent blank are removed. The remaining clearly present and identifiable
pyrazine compounds are pyrazine, 2-methylpyrazine, 2,5-dimethylpyrazine, 2,6-dimethylpyrazine,
2-ethylpyrazine, 2,3-dimethylpyrazine, 2-ethyl-6-methylpyrazine, 2-ethyl-5-methylpyrazine,
vinylpyrazine, 2-ethyl-3,6-dimethylpyrazine, 2-ethyl-3,5-dimethylpyrazine, 2-methyl-6-
vinylpyrazine, 2,6-diethyl-3-methylpyrazine, 2-isoamylpyrazine, 2-isoamyl-6-methylpyrazine, and
2-phenylethylpyrazine. Other compounds present and identifiable include 1,2-di-tert-butylbenzene,

benzaldehyde, furfuryl alcohol, nicotine, 7-azaindolizine, nicotyrine, and indole.

Example 18

Various pyrazines are synthesized via reaction of high fructose tobacco syrup, ammonium
hydroxide and amino acids at 110°C for 2 hours. Different methods of sample cleanup such as
liquid-liquid extraction, liquid-solid extraction, and distillation are utilized to isolate several
pyrazines from the reaction mixture.

It is demonstrated that liquid-liquid extraction of pyrazines using either hexane, MTBE, or
cthyl acetate requires multiple extraction steps with fresh solvent each time. When hexane is used
as the extraction solvent, no imidazole is removed with the pyrazines. However, when MTBE or
cthyl acetate is employed, 4-methyl imidazole is co-extracted and further cleanup is required.

In a separate series of experiments, it is shown that bare silica can easily remove most of
any unwanted material such as 4-methyl imidazole from the raffinate by passing it through the
silica. A mixture of 90/10 hexane/ethyl acetate provides not only pyrazines, but also it is possible
to separate C3-C5 branched pyrazines from C1-C3 pyrazines.

Distillation is also used for isolation of pyrazines. Analysis of the distillate from a 300 mL
reaction shows the presence of only pyrazines in a dichloromethane (DCM) extract. Also, it is
important to remove residual water from the distillate. Different methods are used for this purpose.
Experimental results show that a column packed with C18-bonded silica can easily remove water

and, at the same time, concentrate pyrazines in a “friendly” solvent such as ethanol.
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Many modifications and other embodiments of the invention will come to mind to one
skilled in the art to which this invention pertains having the benefit of the teachings presented in the
foregoing description. Therefore, it is to be understood that the invention is not to be limited to the
specific embodiments disclosed and that modifications and other embodiments are intended to be
included within the scope of the appended claims. Although specific terms are employed herein,

they are used in a generic and descriptive sense only and not for purposes of limitation.
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WHAT IS CLAIMED IS:

1. A method of forming pyrazines from reactants derived from a plant of the Nicotiana
species, comprising:

receiving a reactant solution comprising at least one tobacco-derived cellulosic sugar and at
least one tobacco-derived nitrogen source;

heating the reactant solution to a reactant temperature and holding the reactant solution at
the reactant temperature for a time sufficient to produce a reactant product comprising at least one
tobacco-derived pyrazine; and

isolating the at least one tobacco-derived pyrazine from the reactant product.

2. The method of claim 1, further comprising:

receiving a tobacco material comprising at least one of a stalk material and a root material
of a harvested plant of the Nicotiana species;

delignifying the tobacco material to form a tobacco-derived pulp;

hydrolyzing the tobacco-derived pulp to form a hydrolyzed tobacco product comprising
residual solids and a liquid comprising the least one tobacco-derived cellulosic sugar; and

separating the liquid comprising the least one tobacco-derived cellulosic sugar from the

residual solids.
3. The method of claim 2, wherein the tobacco material comprises at least about 90 percent by
dry weight of at least one of the stalk material and the root material of the harvested plant of the

Nicotiana species.

4. The method of claim 2, wherein the step of hydrolyzing the tobacco-derived pulp comprises

enzymatic saccharification of the tobacco-derived pulp in the presence of at least one enzyme.

5. The method of claim 1, further comprising evaporating at least a portion of the liquid

comprising the at least one tobacco-derived cellulosic sugar to form a condensed syrup.

6. The method of claim 5, wherein the condensed syrup comprises at least about 80% by

weight glucose.
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7. The method of claim 6, further comprising isomerizing the glucose to produce high fructose

tobacco syrup using glucose isomerase.

8. The method of claim 1, further comprising:

receiving a protein-enriched material from a plant of the Nicotiana species or portion
thereof; and

hydrolyzing the protein-enriched material to produce a hydrolyzed product comprising the

at least one tobacco-derived nitrogen source.

9. The method of claim 8§, further comprising:

receiving a plant material of the Nicotiana species;

contacting the plant material with a solvent for a time and under conditions sufficient to
extract one or more proteins from the plant material into the solvent and form a liquid protein-
containing extract;

separating a solid extracted plant material from the liquid protein-containing extract;

clarifying the liquid protein-containing extract to form a clarified protein-containing extract
and a solids fraction; and

treating the clarified protein-containing extract so as to provide the protein-enriched

material comprising at least about 60% protein by dry weight.

10. The method of claim 9, wherein the treating step comprises adjusting the pH of the clarified
protein-containing extract to a pH of less than about 6 to form an acidic extract;
isolating a precipitate from the acidic extract; and

washing the precipitate to provide the protein-enriched material.

11. The method of claim 10, wherein the pH of the clarified protein-containing extract is
adjusted to a pH of between about 4.5 to about 6 to provide a RuBisCO-containing protein-enriched

material.
12. The method of claim 8, wherein the step of hydrolyzing the protein-enriched material

comprises enzymatic hydrolysis of the protein-enriched material in the presence of at least one

enzyme.
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13. The method of claim 1, further comprising adding tobacco-derived ammonium ions to the

reactant solution.

14. The method of claim 13, further comprising electrochemically reducing tobacco-derived
potassium nitrate crystals to form the tobacco-derived ammonium ions in the form of ammonium

hydroxide.

15. The method of claim 14, further comprising:

receiving a tobacco biomass comprising a harvested plant of the Nicotiana species;

extracting the tobacco biomass in about a 10:1 to about a 1:10 ratio of water to tobacco
biomass at an elevated temperature to form a tobacco extract and fibrous tobacco solids;

separating the tobacco extract from the fibrous tobacco solids;

filtering the separated tobacco extract to form a filtered extract;

concentrating the filtered extract to form a concentrated extract;

cooling the concentrated extract to a temperature of about -5°C to about 5°C for about 12
hours or longer to generate the tobacco-derived potassium nitrate crystals and a residual mother

liquid.

16. The method of claim 15, further comprising separating the tobacco-derived potassium
nitrate crystals and the residual mother liquid, and re-cooling the residual mother liquid to a
temperature of about -5°C to about 5°C for about 12 hours or longer to generate a second batch of

the tobacco-derived potassium nitrate crystals and residual mother liquid.

17. The method of claim 15, further comprising:
separating the tobacco-derived potassium nitrate crystals and the residual mother liquid;
dissolving the tobacco-derived potassium nitrate crystals in water;
filtering the dissolved tobacco-derived potassium nitrate crystals to remove tobacco solids
and form a second filtered tobacco extract;
concentrating the second filtered tobacco extract to form a second concentrated extract;
cooling the second concentrated extract to a temperature of about -5°C to about 5°C for
about 12 hours or longer to generate purified tobacco-derived potassium nitrate crystals and a

purified residual mother liquid.
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18. The method of claim 1, wherein the step of isolating the at least one tobacco-derived
pyrazine from the reactant product comprises at least one of liquid-liquid extraction of the reactant
product, liquid-solid extraction of the reactant product, and simple distillation of the reactant

product.

19. The method of claim 1, further comprising incorporating the at least one tobacco-derived

pyrazine into a tobacco product.

20. The method of claim 19, wherein the tobacco product is a smoking article.

21. The method of claim 1, wherein the at least one tobacco-derived pyrazine is selected from
the group consisting of pyrazine, 2-methylpyrazine, 2,5-dimethylpyrazine, 2,6-dimethylpyrazine, 2-
ethylpyrazine, 2,3-dimethylpyrazine, 2,3,5-trimethylpyrazine, 2-ethyl-6-methylpyrazine, 2-ethyl-5-
methylpyrazine, 2-ethyl-3-methylpyrazine, vinylpyrazine, 2-ethyl-3,6-dimethylpyrazine, 2-ethyl-
3,5-dimethylpyrazine, 2-methyl-6-vinylpyrazine, 2,6-diethyl-3-methylpyrazine, 2-isoamylpyrazine,

2-isoamyl-6-methylpyrazine, 2-phenylethylpyrazine, and combinations thereof.
22. A tobacco-derived pyrazine derived from heating a reactant solution comprising at least one
tobacco-derived cellulosic sugar, at least one tobacco-derived nitrogen source and tobacco-derived

ammonium hydroxide.

23. A tobacco product incorporating the tobacco-derived pyrazine of claim 22.
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