10

15

20

REMOVAL OF NI TROGEN CONTAI NI NG COVPOUNDS FROM TOBACCO
5 by John-Paul Mia, a United States Citizen, residing
at 234 Chadwi ck Circle, Macon, GA 31210; and Brad L.
Hayes, a United States Citizen, residing at 111 Holly
Lakes Drive, Dublin, GA 31021 |0 CROSS-REFERENCE TO
RELATED APPLI CATI ONS Thi s international patent
application clains priority to and benefit of,
currently pending, U S. Patent Application Seri al
Number 10/835,379, filed on 29 April 2004. 15
STATEMENT REGARDI NG FEDERALLY SPONSORED RESEARCH OR
DEVELOPMENT Not applicable. FIELD OF | NVENTI ON The
present invention relates to a process for renoval of
ni trogen contai ning 20 conpounds from tobacco with

m ni mum renoval of desired conpounds such as

al kal oi dREMONGIpOEINITROGENt CONTHININ GrOSMPOUNDS
contribute to the flavor of the snoking article or
decrease formation of W(HR@M TEBALCPounds in the
smoke. BRI EF SUMVARY OF THE I,NVENTI ON Sel ectivity in

t obacco conponent renoval is vital for production of

Ci QB8h-Bidi fa W Udlited SROCCIAIR EsidiN gk bIAChadWitk O &S Sikon, GA 31210;
I ny@nti1on involves selective conponent renoval from

t obacco by extracting conponents fromtobacco by

| | Biadl O. Baged, @ OhitedrStabe3d Citizek ddsiding at 11 HolobukesDvecBiblia clA 31021
wi th adsorbents and then addi ng back the treated
extract to the tobacco. The tobacco may be in the
formof washed |am na, fiber, or fiber fornmed sheets.
The adsor bentGRASSRERERENCE TORELATHEDOA PREACATIONSOr

i norgani ¢ solids such as for exanple p-cyclodextrin,
cel | ul Gbis irsersdtionad patent application claims priority to and benefit of, currently

pending, U.S. Patent Application Serial Number 10/835,379, filed on 29 April 2004.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR
- DEVELOPMENT
Not applicable.
FIELD OF INVENTION

The present invention relates to a process for removal of nitrogen containing
compounds from tobacco with minimum removal of desired compounds such as alkaloids,
phosphates and other compounds that contribute to the flavor of the smoking article or

decrease formation of undesired compounds in the smoke,
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and conbi nati ons of bentonite and activated carbon.
One object of the present invention relates to a
process for renoving Hoffinann 10 anal yte snoke
precursors froma tobacco extract. Another object of
the present invention is directed to a process for
renmovi ng nitrogen containing conpounds from tobacco
with mninmumrenoval of desired conpounds such as

al kal oids that contribute to the flavor of the
tobacco and phosphat es whi ch have been found to
decrease snoke formal dehyde formation. Additionally,

proteins are pre@yEPSSMMAROK THE IOVERLTIONANd
het erocyclic am nes and hence 15 are nitrogen

cont ai 1Selgivitp chied Tompoatnt eenfdvil a vikal fochréduttion @EIYadties With
the present invention. The process of the present

i ngaed sioke qgaite r Ehe lpsesanhivwinti@sinvolves stipctieloarapmentirenesal from
stens, scraps, cut |amna, shredded stens, or any

c olebaceaby exiradting eomppnepis filemaebaceq i Gquid extrbstion Bnd tregting the tobacco
conditions favoring the extracting of nitrogen

c ofitaTtith gdsotapiotnd dhien adding back feastreted extipetite the tokecce, cThesghdcco

the tohaccq materials are_ then nmechanically separated .
oy PELR 6 QU PP o i TP DTG shestre e AApeRg oo be i

oo it R b S Bl A e
refined, .and digested then m,xed with a binder and cast
asa"@ﬁg@?m&\ogsréfggﬁ?imﬁ B@twé‘ﬁgg%("?ﬁ“\gc essi ngl. In each of

the emadbeit B REHESR Tk o WAL {iodelituS Rhbls; Hitbhatin

extract or “conce Xtract r I ng

10Pr Qﬁgéémfo@ prédufias (B4 o %gccég_ﬁﬁw AnSHLrb6RL of ¥ Enreﬁﬁtt in¢.e§ttion is
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adde ack to the soli e aqueous sol vent extrac

| Sdiftcled@ra pAREsE 28} rdnktvRig dltrofdn caiSRNPS&MpoRRS K6 tdbdch With OF

m xed with an adsorbent and nmechanically separated by

f i inininfink RMoGdl ofdesifed Bbrhpolint 3lich @8lalkaldids thad comsibuREd the Savor of the
then either m xed with the tobacco solids and cast as

s hiobdcco/and pbosplated whizb havp beza émiad rdecremse swtke fragidehydedormation.
concentrated extract may be added back to the tobacco

s ofviiditionally, proteina gre ptgeursoeite sindla etomiatic ant beterodyalicamises kiddence
after they have been cast into sheets via a paper

mak P AJOBEP Fentaiajag compeunds thatare\largaigdlen rerpevabin theipeesent invention.

| nvent ITRQ pricmsrcesst o% thre%(rjege%?mgeqﬁoncgegérslgrtinv%{vesn rinitxgn% cﬁ:gcco fines, stems,
scraps, cut lamina, shredded stems, or any combination thereof with an aqueous solvent under
conditions favoring the extracting of nitrogen containing compounds. The aqueous solvent
extract and the tobacco materials are then mechanically separated by centrifugation or by
filtration. The tobacco solids or fiber may be left as cut lamina; refined and made into sheets

by a paper making process; or refined and digested then mixed with a binder and cast as sheet

for band cast sheet processing. In each of the embodied processes for treating the solids, an
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15(s ep 6), an
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10 contai ning conpounds (i.e. proteins, TSNAs),
pol yphenol s (Chl orogenic acid, Ruten, Scopoletin),
nitrates and chlorides in the tobacco, while retaining
desired constituents that contribute to the flavor
(i.e. alkaloids, fructose and glucose) of the tobacco
or reduce undesired constituents in the snoke (i.e
phosphat es reduce formal dehyde concentration in the
snoke). 15 DESCRI PTI ON OF DRAW NG The drawi ng attached
hereto is a flow diagram of a process for treating
tobacco in accordance with a preferred enbodi nent of
t hgktiét 8P @REenirMFRird® Resuititls okl obls Pﬂé‘ allieodstdBivent
PREFERRED EMBODI MENTS The process is bes descri bed

Wi éxtratt @ EAbEEk th he bdIRs.dr awi ng. The first step of the
20 process involves mxing (step 1) tobacco fines,
st ens, Theaqpmis saveht dxamit is2ithes pased deahgh breadsorbent packed\column or
conbi nation thereof. The m xed tobacco solids
r emixed witlyarf adsorbent ang miechanically eparatsd by Bltratéea or byt centrifijgation. The
wi th an aqueous solvent under conditions favoring the
s efxs@gtiis thenesithar mixer Biith § tabagep selideand cesbapsheehyip g band cast process
conpounds. It has been determ ned that such conditions

 nefenRin; Ry e mwotﬁaetes btakttwhat?mfeo g arff may

R0 B el e e R} e BBt e B pane

P}Sé' sol vent extract or weak extract i quor (WEL) -
nmed in step 2 and the solid tobacco nmaterials of

St ep | TRE I}fﬁbj&t:{:@& R %&# inyenﬁﬁﬂéftﬁ'% V\% {eﬁpof %itllagen

ei t her f| I On-or ce tr| ugat 1 on
| NebintafioMbounlisqPe. Proteins, TINAR l@f&&xﬁﬂtchlbfo aﬁdhcﬂnnuten,
adsorbé%? pg%keg cglunn (stgg0 ntxeg with an
adsepélei), nitfated fndGhlofided ibRPRbRES drht]eaﬁtainﬁld desatdebnaients at
7, fromthe adsorbent. The separation or dewatering

at captribpte Yo theflavoe(i.a atkeloids, ifinttes alnd/glidobe) vihe tobaccdoor reduce
basket centrifuge, or by stacked disc centrifuge. The
acdursiediedh constiseantstin the sk thesphegphatesi redupd ionnaldghydie sengentration in
as indicated at step S. Wiether the extract with the
wathepmeks). ubl e conmpounds at step 4 is passed through a
packed columm (step 5) or m xed with an adsorbent

DESCRIPTION OF DRAWING
The drawing attached hereto is a flow diagram of a process for treating tobacco in

accordance with a preferred embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBObIMENTS
The process is best described with reference to the drawing. The first step of the
process involves mixing (step 1) tobacco fines, stems, scraps, cut lamina, shredded stems, or
any combination thereof. The mixed tobacco solids resulting from step 1 are then contacted

at step 2 with an aqueous solvent under conditions favoring the selective extraction of



extract with reduced nitrogen contai ni ng conpounds
(step 9) is yielded. The extract with reduced
nitrogen containi ng conpounds (step 9) is then either
m xed (step 13) with the tobacco solids and cast as
sheet (step 14) via a band cast process or
concentrated (step 10). 15 Concentration (step 10) is
acconpl i shed by placing extract fromstep 9 under a
vacuumto evaporate the aqueous solvent and yield a
concentrated extract having about 30%to about 35%
solids. The concentrated extract fromstep 10 nay be
apeitrb e c&itﬂ'nﬂﬁ‘g{doﬁ:p&t@ndi hehat BRA 8@Emine@thbikEchondiliche indBdeddding
it my be applied to the tobacco solids after they
hayr pae eftoaaciwithiabsut elsvea 81 ot fifiednPpartslof wafefand exieapiiig at a
maki ng process. 20 The tobacco solids (step 11) or
f i tsewperatarg obaboltcli60” Fofor about 30 auiriutes. ThetagyeodsSplvent eXtractad weak
(step 15) and nmade into sheets by a paper naking

~ pr exdregdiqgos (WEL)fggmed iy stapfandidiel sadid épbakico mgterials ¢fstep ) aretimn,
Di gestion at step 12 may be_acconpli shed by digesting
Swi tRcharically kepprated aratep 8 by siheififsation gt centBigHtiony' Cto

i mut ed5e WG ?sé‘Fq‘%%& stgbn en&w?é@gseiﬁwyé%n& porgt i goumn
1
r gﬁ{n gxi ?ergr&lfe wi 8“ acﬂ?r%en )t(eeg) and scs : e aé}stgé A m the

con ra e ex rac

St gﬁorﬂglt aﬂg %ﬁ&%no@ﬁwﬁﬁﬁlﬁ gr[ggge acdon ?I@hﬁ%?%ltﬁ

sheet proces ere CCO sO esu |ng

fr otk baRiflge, @' stgacg@dlbcr&ﬂnﬁﬂﬁ qth@ adkbrBerfl réd@REY fro'f'n AF4 B hen

process (step 16), after which the concentrated

10eX His@tded, a8 Midicdted ¥ stby ® "WHdHRPthd Bxtrad witH tRGvateD Sullbld dmbbAds at
t obacco material that is nowin the formof a sheet

( sttepd 1§ passedAlittighia@adkkd solunin{ftep §) obaixedwitiodn adsorien(srss)pqm
11 may be left as cut lamna at step 18 and the

C o extecitwithtreticed itrogert contaieipg bampaunds (stepO%is pieldéd) The pxtiact with
reapplied directly at step 19. A vital aspect of the
pr eeduged nitragen mertaining eompprunds@isn Pjethen wafremmcst%lé‘awrththe
packed 10 colum in step 5 or the m xing step

D aobhsee FPIdeATd 9 Habet (HaP lﬁvwﬁ&?@sca%weféﬁ?r&ﬁﬁ'%m&déﬁep 10).

15ac %?rt&*afva?%@%e E nrernalhei by e oo g ?W%Wfﬁuum o

vvle ?‘f%\é‘ﬁf? hg ﬁ%l{? us ﬁaf’ﬂ’ inglngescF ascatlcre%rrgtetd%%rac av& t?oet fb)’/o to about
35% solids. The concentrated extract from step 10 may be applied directly to the tobacco
solids at step 19 or it may be applied to the tobacco solids after they have been cast into
sheets at step 17 via a paper making process.

20 The tobacco solids (step 11) or fiber may be left as cut lamina (step 18); refined (step

15) and made into sheets by a paper making process (step 16); or refined and digested (step

12). Digestion at step 12 may be accomplished by digesting with an alkali (up to 12% dwb)

at about 90° C to about 121° C, up to 30 psig for about 15 to about 120 minutes. The refined




conpounds such as al kal oi ds and phosphat es.

Cycl odextrins are starched derived cyclic

mal t ool i gosacchari des, known to form i ncl usi on

conpl exes with several conpounds. Due to 15 the latter
property and | ow water solubility characteristics,

cycl odextrins are used to encapsulate flavors,

de-bitter fiuit juices, and separate chol esterol from
egg yol k. EXAMPLES 1-4 Experinments were undertaken to
eval uate the effectiveness of adsorbents agai nst an
untreated control, bentonite and activated carbon. Two
di §ifdengeftbd SORASIORing fror 185 FICHrd tieh iR at b MFFkichd it 43 extract
adsorbents were eval uat ed, packed col unm technol ogy

( PEpm aeplo b:e:oﬁdemearﬂdaskmnﬁc(nRaép 10 hiskcastias shizétiflom stdp 18 Wiadend cast
experinments was to eval uate adsorbents agai nst
besteapracessiapd acti vated carbon for sel ective Hof f mann
analyte renoval (i.e. soluble proteins, TSNAs,

pol yphdhere§ineddphagqo;selids reseltieg from thé)mawde intresheets vian pager
of sel ected desired conponents (i.e. 5 alkaloids

p h@glsmr%ss (ippil 63 @Bervdchithe %'p&m@ﬂﬁ’ft@e&reﬂulﬂqa fpm step 1Gyig added
d d th te |
C OBt Bk Qoimagef‘%ggé&%hﬁ FoBRATRE Ry 7T Adbon e, e

Pr ot ei ns .ar rSOnS ke a ic,.an
ne °‘é%°8%5°&? orR Y8 ek BN B 7 o B rnceprmcd v
NGS henol s
EI gen|é§a0|3y9é%% Hé& g%%%”?etln) is 5

r epor t adv.anﬂp&h&twés@dam&ﬁo@fs tlfe%&ﬁﬂkht%teﬁﬁl @édﬁﬁb&kaﬁ

and phosphates is reported. The adsorbents tested

10V\e EdturfiCinlstdh & SEh@mRIngsRp 6.0kt B3k Geerdieisinihed thafMEknFE\of béhtonite clay
conbi nati ons of bentonite and activated carbon. Since

I t andSactate® Barbbnf B-clddextiif amicdallRose aceitRdd@teahd dsifed R fEch bf
separation of the selected adsorbents fromthe WEL

af bedvctivdlycemevivg Hdffmahinnlayes eom etWEL @ep ) witoltaemaddgthadesired
and re-circul ati on processes were tested. The

f okdénpoimiy sukb assliaiqidsand plegphates. tlyclodeating are starthed derfived exslic

run on the WEL after contacting the adsorbents of the

pr ogltaeligdsepekanidesoknoys tajern inglusignaomplgxes with savernl comppyindss Due to

Exanpl e 1: Preparation of weak Extract Liquor:
15 the latter property and low water solubility characteristics, cyclodextring are used to

encapsulate flavors, de-bitter fruit juices, and separate cholesterol from egg yolk.
EXAMPLES 1-4
Experiments were undertaken to evaluate the effectiveness of adsorbents against an
untreated control, bentonite and activated carbon. Two different methods of contacting the
20  WEL with the adsorbents were evaluated, packed column technology (PC) and re-circulation
(Re). The objective of these experiments was to evaluate adsorbents against bentonite and
activated carbon for selective Hoffmann analyte removal (i.e. soluble proteins, TSNAs,

polyphenols, chlorides, and nitrate) and the retention of selected desired components (i.e.
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VEL was prepared by first mxing a blend of flue-cured
and burley scrap in a ratio of 15 about | to 1. This
t obacco bl end was then extracted once with water for
about 15 to about 30 mnutes at about 60' C to about
90" C. The tobacco solids were then dewatered by
centrifugation. The liquids or WEL side was retained
whil e the tobacco solids side was discarded. Packed
Col um Preparation (PC): 20 Laboratory size gl ass
colums were separately hand packed wi th about 25g to
about 50g of cellul ose acetate, activated carbon and
O- gaididdenss dihbtéb , arRBgaRy inWhiedxrrad AGuok ! It hadbedn/¥Brerniited thves

t hen passed through each columm at an elution rate of
abiatteasedbhBiphat®Rveld Th Ribhd@o biEkde dechdatelstdketsiniahiehyie fdeietion,
subsequently submtted for analysis. 6 Table 1. Burley
WeRrkteinx dre preturdorsaasnake trompidundbs@odyelivtaminesy Fheféfmkihel percentage
Col um Sanpl e Sol uble Nitrate Chloride TSNAs
Pobfyrgrreyalcif €SNy, moteér%ndmwhemlk@hlowenhrﬁe@phm,@sd scopoletin) is
Description/ Protein / pm Chl or ogeni e Ruten
Sc;@meéendrwwwmtaa&gf mem(%of &%é@qimwhomj'ﬁtﬁ? is feportsd: nun. )
(Y% acid (%et.) (%rem) rem) rem) Untreated
.47 99 Theaadsorbenﬁsesws igre ogjiylpse @zme.ﬁ%bd'ﬂmsaﬂ# 5‘2’?.‘3 22

Cel | ul ose .29 532.42 410. 72 089 0, 00(.1 0. 00
3729mpinaiipng of beﬂe@teat\%a%'s%sd - st ﬂ(f%&l; %ftce'ey) “(“TE?G)

0Bty ipnon S et o i K e wio
B b 8?&%%%#??%%%@3‘3‘% i

10 ( 68hmprrORbicid resut®Pandlysds run on Y WEE, AETBAthdtiRE the hdlbibents of the
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present invention as well as several control samples.
Example 1;
Preparation of weak Extract Liquor:

WEL was prepared by first mixing a blend of flue-cured and burley scrap in a ratio of
about 1 to 1. This tobacco blend was then extracted once with water for about 15 to about 30
minutes at about 60° C to about 90° C. The tobacco solids were then dewatered by
centrifugation. The liquids or WEL side was retained while the tobacco solids side was
discarded.
Packed Column Preparation (PC):

Laboratory size glass columns were separately hand packed with about 25g to about
50g of cellulose acetate, activated carbon and p-cyclodextrin. Approximately 600 ml. of the
WEL was then passed through each calumn at an elution rate of about 20 ml. per minute. The

eluted extracts were subsequently submitted for analysis.
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5 f3-cyclodextrin was found to be the nost effective
adsorbent in renoving soluble proteins fromthe WEL
by renoving 64% Additionally, fcyclodextrin renoved
60% of the TSNAs fromthe WEL while the WEL retai ned
57% of the al kal oids and 59% of the phosphates.
Cell ul ose acetate was also found to be effective by
renmovi ng 38% of the soluble proteins and 83% of the
TSNAs whil e retaining 32% of the al kal oi ds. The
activated carbon 10 was found not to be selective in
the renoval of nitrogen containing conpounds by
r emawmguﬂe% QRA! irith trdiRenthitPddediblies ifFa PRI ofumn
Re-circulation (RC): Separate sanpl es of approxi mately
Ocpagple f 3- :sgmlle Ot rcmmndsuappr @utipisls @by 0Ogn.0f Alkﬂmd Phosphates
beﬂmm“’t e %P’aﬁw S ehigrogenie Er‘ePeFﬂwiyter i "“(%
Appr oxi matseruy é V?EE prepared in Ex
was m xedrmdth each 9g sanpl e of an adsorbent. The
retﬁxHJatte& NG 47501 YdJeONgyper &St pfhed 1N pfne, Byl COENET 21522
| asks for about 15 to about O m nutes at about 90
F Cellitres M XP Ur eS32ver 40.02he 8% e pEio doR | y0®ent}ﬁd fuge‘d49 Eaoh
ex¥rEct Wi t h& delint e8¥and 7 subnff@eld®or ¢ ©
angli¥ses. 25he 689k dugs Was£ tdehedli SE& dgsb Th@oo(m) 12674
f ataib@M Ng @spbl esdepiznpt s e resultsqaoh avml yses runse
on the WL after contacting the adsorbents of the

present i nyent g, ag, Mel,l, a t: oS alpdses -I;%pl Q263
Ilcyclcﬁwrlt,ey@)/\/eakn)ext mct tepyeat rreﬁ?bsvm lgo)aglgpr be(& Vi)
Recirculation 5 Sanple SoI uble Nitrate Chloride TSNAs
Pdl Applemalosliong/ i (%m. ) Al kal 0| d Phosphat es

Descr i gel on/ Protein ng/m pl an Chl orogeni c

Rut en Htin wasrfal,lqshto I?nglemwst ﬁfgtg,e B@ﬁ!ﬁbﬂl{t Nglﬁﬁlp"lng soluble

(% em) (%(%aC|d (9L) (% M) S%rem rem) /)
proteins from the WEL by removing 64%. Additionally, B-cyclodextrin removed 60% of the

TSNAs from the WEL while the WEL retained 57% of the alkaloids and 59% of the
phosphates, Cellulose acetate was also found to be effective by removing 38% of the soluble
proteins and 83% of the TSNAs while retaining 32% of the alkaloids. The activated carbon
was found not to be selective in the removal of nitrogen containing compounds by removing
100% of the alkaloids.

Example 2:

Re-circulation (RC):

Separate samples of approximately 9g of B-cyclodextrin and approximately 9g of
bentonite were placed into separate Erlenmeyer flasks. Approximately 300 ml of the WEL
prepared in Example 1 was mixed with each 9g sample of an adsorbent. The resulting
solutions were stirred in the Erlenmeyer flasks for about 15 to about 30 minutes at about 90°

F. The mixtures were then separately centrifuged. Each extract was then decanted and



Untreated .55 1250.07 644.91 .471 .342 .025 >.005
1414.26 207.07 3- .41 1190.08 605.62 .408 .040(18)

. 032 >. 005 1325.07 186.60 cyclodextrin (25) (5) (6)
(13) (-24) (ADL) (94) (90) Bentonite .19 1312.02
781.96 .388 0.00 (100) 0.00 >.005 461.97 0.00(0) (83
(-4) (-21) (18) (100) (ADL) (33) O-cyclodextrin was
found to be effective in the recircul ati on process as
well. 13- cyclodextrin renoved 25% of the proteins
fromthe WEL while the WEL retained 94% of the

al kal oi ds and 90% of the phosphates. Bentonite was

F OiBiieEPfor Afalyes. 1% re3RLA Geke\tfoni dicdr@dDYRY folldvily 916 ddpltss the
VEL only retained 33% of the al kal oids and none of the

PhesiRhatafyses fai a1tk WEL aRSCRMEALE the ad¥Bibers (Tithe e Rivétion as
activated carbon, and a m xture conprising about 1

pawdll 8 kontendamples.e for each part of activated were

pl aced into separate Erl enneyer flasks. WEL, as

prEabledb Burley weakiextrapt tieatmantsvithdidsebedts via Regiicyjatisms) t o t he
5Erl enneyer flasks containing 15 the activated carbon

ariin ofite M Glto ¥ a g Urrn. iR v

a nt O i@l «BNIPRYer asE,idc"gn“f ai ni ng fo € MH»EHUI (8 ret)
of bentonf*e and act¥at edlcarbon to obtain a
sol ution ﬁﬁ@ing 1% bentonite and 1% acti vated carbon.
Thenréas ul tss Ng sBb.4rt isods Wk e falpen  stazsr edosi n tin@26 207.07
Erl enneyer fl asks for out 15 to about 30 m nutes_ at

ab
abbut. 90" El 'NE”"H‘]‘ 567 o080 @44 _§ar’ So| y 132507 "186.60
céﬂ#?? Mgsd. ESEh e racf(13 s then dgg n#é%sanémn €0
suendrité ed.1hor @1zanal7yises..387heoorpodue@so wernes t has.97  0.00(0)
di scar ded®3)Thetfol | ¢4lng (i8abl e depi c®t AP esPt s of

anal yses run on the WEL after contacting the

adsor b8rydodsxirin pyas fopndde be offectve in thémeirculatipn procgss as well. p-
control sanples. Table I1l: Burley weak extract, o

¢ r QbR TAPaRA H1%6 ghtbscareteing Som tap WEL GRS the SFEL wiaisgd 1% of the

P::ﬁ.ﬁéi tabcgﬁbﬁgg tﬁib;{hS?F Q! Bellonie Was foursd PR B2 2 sR1elRe T refdlal
10 since the WEL only retained 33% of the alkaloids and none of the phosphates.
Example 3: |
Separate samples of bentonite, activated carbon, and a mixture comprising about 1
part of bentonite for each part of activated were placed into separate Erlenmeyer flasks.
WEL, as prepared in example 1, was added (1 L aliquots) to the Erlenmeyer flasks containing
15  the activated carbon and bentonite samples to obtain a .8% solution. WEL was added to the
Erlenmeyer flask containing the mixture of bentonite and activated carbon to obtain a
solution having 1% bentonite and 1% activated carbon. The resulting solutions were then
stirred in the Erlenmeyer flasks for about 15 to about 30 minutes at about 90° F. The

mixtures were then separately centrifuged. Each extract was then decanted and submitted for



5

10

15

20

nmg/ M ppm Chl orogeni c Ruten Scopoletin mg/mM nmghnl (%
Men) (Y5em) acid (Wet.) (%M) Untreated 284 .79
.156 .2 .04 .6 .55 Bentonite (.8% 105 .42 0 .17 .02
.63 .59 (63) (46 8) (100) (13) (100) ( 5.0) (- 7, 3)
Activated Carbon 120 .06 0 0 O .06 . .
(AC, . 8% pel l ets) (57.7) (92.4) (100) (100) (100) (10)
(-5.5) Bentonite / AC43 .15 0 0 0 .32 .57 (1% 1%
(85) (81) (100) (100) (100) (53.3) (-3.6) The
bentonite and activated carbon (1:1) adsorbent was
found to be nore effective in selectively renoving

t Nhafyes Uhle ResiAbtwiletfeon dlsaR, THLRWIRARIEdeplets@he rbsuiteoT,

and scopoletin wthout renoving a substantial anount

of analyked kudl ol She WP aftef Pintadting tiRaiofbths 6f B )SlesaftltinvéAdonds Well as
carbon adsorbents were found not to be selective in

t hentralnasés. of ni t rogen contai ning conpounds since

t hey adsorbed al nost all of the al kal oi ds. Exanpl e 4:

A Vable 15t Bundy weekibitmact tieament with hdsorbents \tlteRamdll&iien i vat ed

carbon were tested in relation to varyi anmounts of
s efapiaReraighpiobLe Fiyte ‘bethSTtB‘?‘fl te %rf&”"h‘ﬁ"ﬂ‘i‘“ﬂ 'é‘@'“ T4 Jors el
These tests ,ten)perfo id pr eparnesk)ag%

in exanple 1, one prepared from burI ey and the ot her )
prepared fromyflue cur t obacgo. The Ls yere tested,
vm?'ﬁm% Ee adsorf)ents usf‘%g the%r%em rcul%ﬁEl onn4 procﬁgss >
| nBegowkenBbae 2. 103abl e | Vi42Burl ey or Fl ueimealnzextra@t .59
treatment w t#3adsor berkté®) vi al®eci r cul(&® i ofl®020 &50  (7.3)

Sapml ripgion / T S | ubl e Pg| yphgnol s [/ m
mﬁg&ﬁﬁ Bb JAS Sp Y yphg g/ M sg

al @.9 (92.4) (100) (100)  (100) (10)  (-5.9)
Bentonite / AC 43 15 0 0 0 32 57
(1%/1%) (85) (81) (100) (100) (100} (533) (-3.6)

The bentonite and activated carbon (f:1) adsorbent was found to be more effective in
selectively removing the soluble proteins, TSNAs, chlorogenic acid, ruten, and scopoletin
without removing a substantial amount of alkaloids. The separate bentonite and activated
carbon adsorbents were found not to be selective in the removal of nitrogen containing
compounds since they adsorbed almost all of the alkaloids.

Example 4:

A variety of combinations of bentonite and activated carbon were tested in relation to varying
amounts of separate samples of bentonite and activated carbon. These tests were performed
on two WELSs prepared as in example 1, one prepared from burley and the other prepared
from flue cured tobacco. The WELSs were tested with the adsorbents using the recirculation

process in example 2.

Table IV: Burley or Flue weak extract treatment with adsorbents via Recirculation



Adsorbent® ppm Protein Chl orogeni c Ruten Scopol etin

my/mM (Y%em) ng/m acid (Wet) (%rem) Untreated
Burley .92 289 .18 0.25 0.04 .75 Bent. (.5% .56 (39)
139(52) .10(44) 0.11(56) 0.01 (75) .77(0) Bent. (1%
.51 (45) 101 (65) 0.01 (94) 0.02 (92) 0.01 (75 .71

(95) Bent. (2% .54 (41) 79 (83) 0.00 (100) 0.00 0.01
(75) .69(92) (100) AC (.49%" .11 (88) 170 (41) 0.00
(100) 0.00 0.00 (100) .47(63) (100) AC(-S% b

.05(95) 160(45) 0.00 (100) 0.00 0.00 (100) .39(52)

(100) AC(19% .01(99) 160(45) 0.00(100) 0.00 0.00(100)

. 3 pibbescph&l0) A(ﬁsr(pz" / Ghiunid. 00 140@5,&)snoﬁmmaf.(x&&)0) 0. Qfkloid
0.499rb¢n€00) 0. 00 (1’@:@11 ( 10@lorBiri¢ . / A@en( 1: Bjopoletin ms"r“:
.09(90) 60(79) o’@@mll%g 00%¥ 00 (100) 0.49 (100§*™
(65) Bent./AC (1:2) ) 40(96) 0.00 (100) 0.00

0. afeartdlEdfy 0. 33 (9100) (249)) BensJAC (1: 3es0. 0@.o80( 73)7s
0..00 ;\100) 0.00 0.00 (100(; 0. 32 100) 1002 (433E
BESE-528 (1: 4) 0. 66C¥9( 830D 00 ¥ 8! 69039 ¥80) 77 @
0.83Q (199 100) ( 100)s; (440) mESed?tJA@o(@.t)l) 00%9(9!}870)0189(93)(95)
0.00 (100) 0.00 0.00 (100

Bent. (2%) S4(41)  79(83) 0.00 (100) 0.00 0.01(75) .69(92)
(100)
AC (4%)° A1(88) 170(41) 0.00 (100) 0.00 0.00 (100) .47 (63)
{100)
AC (.8%) ® .05 (95) 160 (45) 0.00 (100) 0.00 0.00(100) .39(52)
(100)
AC(1%) b 01 (99 160 (45) .00 (100) 0.00 0.00(100) .33(44)
(1003
AC (2%) b 0.00 140 (52) 0.00 (100) 0,00 0.00(100) 0.00 (0}
(100) (t00)
Bent/AC (1:1) 09(90)  60(79) 0.00 (100) 0.00 0,00(500) 0.49
(100) (65
Bent/AC (1:2) 02(98) 40 {86) 0.00 (100) 0.00 0.00(100) 0.33
(100) (44)
Bent./AC (1:3) 0.00 80(73) 0.00 (100) 0.00 0.00 (160) 0.32
{100} (100) (43)
Bent/AC (1:4) .00 99 (65) 0.00 (100) 0.00 0.00(100) 030
‘ (100) (100) (40)
Bent/AC (2:1) 0.10(87) 2() (93) 0.00 (100) 0.00 0.00(100) 042
(100) (56)
Untreated 0.52 458 0.34 0.30 0.04 0.47
Flue-cure
Bent/AC 0.00 92(73) .00 0.00 0.00 31
(1:1) {100) (100) (100} (100) (66)

* NNK, NNN, NAB, NAT.
* Activated carbon powder (0.4-2.0 parts powder is as effective as 5-8 parts pellets).
¢ Based on 1.0% (w/v) of adsorbent used,

The adsorbents of the different combinations of bentonite and activated carbon were

more effective in removing soluble proteins, TSNAs and polyphenols than the bentonite or
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(100) (56) Untreated 0.52 458 0.34 0.30 0.04 0.47

FI ue-cure Bent JAC 0.00 92(73) 0.00 0.00 0.00 .31
(1:1) (100) (100) (100) (100) (66) ' NNK, NNN, NAB
NAT. Activated carbon powder (0.4-2.0 parts powder is
as effective as 5-8 parts pellets). Based on 1.0%
(wv) of adsorbent used. 5 The adsorbents of the

di fferent combi nati ons of bentonite and activated
carbon were nore effective in renoving sol uble
proteins, TSNAs and pol yphenol s than the bentonite or
10 activated carbon alone. Additionally, the

adgavdiathboilodel & adlidafty, BRbaoABRL SAid &?ﬁéen?éombkﬂ?a%ﬁ REte

and activated carbon were selective in renoval
t higARnitana bdtivited\dafboh Were Bldctie in FerfdS4130iheR koRBILERITH 8Ea
of the alkaloids remained in the WEL. Additionally,
t hsabsgantialtpercanige ofbailkatoids@ermdinitd #0the WELE A ddifiériany) the one to one
adsorbent was found to selectively renove the nitrogen
5 teatenite and agjivatedgarbom edsorhént e foundheseleadhelyi reraghe themitogén
of alkaloids in a VEL made from flue cured tobacco.

3 1 1coptainjngompauads withow kheiundesirddgemoval ofinlkzleidwin b SYEL thagle from flue
sel ective renpval of nitrogen containing conpounds
f roFRddePacfueous tobacco extract, wherein said
adsor bent conprises a mxture of bentonite and
activated carbon material, and a material selected
fromthe group consisting of cellul ose acetate,
(3cycl odextrin and conbi nati ons thereof. 2. The
adsorbent of Caiml wherein said bentonite and
activated carbon material conprises

1



bentonite and activated carbon in a ratio of about one
part of bentonite to about one part of activated
carbon. 3. The adsorbent of Claim1l wherein said
bentonite and activated carbon nmaterial conprises
bentonite and activated carbon in a ratio of about one
pg;%%#g bentonite to about two parts of activated
> 4. The adsorbent of Claim1l wherein said

%gp&&gm@ﬁd activated carbon material conprises
ben onite and activated carbon in a ratio of about one
part of hentonife to ab U%P}hree arts of tlvated

chr BgRdsosentigrseloptivg ramayp! o R &R n sal fioft an aqueous
b@ﬂécgﬁf"’%% N f%ﬁ%ﬂﬂvf?f ghrof g igae 3 R aifuvetcd cbon
par gent g(%ﬁ?dk}'g o tlﬂ%glfo%llfl ConSisH; ng o WF]cefllulo& toétx t[?—grclodextnn

arm erern sai
ton fe an exgﬁi{lvated carbon material conprises

b C@RpipaLions, ivated carbon in a ratio of about two
PAr iee SfsaBeH bPOTT ool OB aclate Ftitol Haéftal comprises

bentonite and activated carbon in a fatio of about one part of bentonite to about one part of

activated carbon.

3. The adsorbent of Claim 1 wherein said bentonite and activated carbon material comprises
bentonite and activated carbon in a ratio of about one part of bentonite to about two parts of
activated carbon.

4. The adsorbent of Claim 1 wherein said bentonite and activated carbon material comprises
bentonite and activated carbon in a ratio of about one part of bentonite to about three parts of
activated carbon.

5. The adsorbent of Claim 1 wherein said bentonite and activated carbon material comprises
bentonite and activated carbon in a ratio of about one part of bentonite to about four parts of
activated carbon.

6. The adsorbent of Claim 1 wherein said bentonite and activated carbon material comprises
bentonite and activated carbon in a ratio of about two parts of bentonite to about one part of

activated carbon.
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