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REMOVAL OF NI TROGEN CONTAI NIl 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 | | 1
Hol |y Lakes Drive, Dublin, GA 31021 10

CROSS- REFERENCE TO RELATED APPLI CATI ONS Thi s

i nternational patent application clains priority to
and benefit of, currently pending, U S. Patent
Application Serial Nunmber 10/835,379, filed on 29
April 2004. 15 STATEMENT REGARDI NG FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT Not appl i cabl e.

FI ELD OF | NVENTI ON The present invention relates to a
process for renoval of nitrogen containing 20
conpounds from tobacco with m ni numrenoval of desired
conpounHEMOVIAI2OF NIR @GBS, COPTdpINGES OMBOUNDS
conpounds that contribute to the flavor of the snoking
article or decrease EROM TOBACGCUNdesired conpounds
in the snoke. BRI EF SUMVARY OF THE | NVENTI ON
Selectivity in tobacco conponent renoval is vital for
PoRPHN MAE) a@United GaERELRR, r&@i&iﬁ”ﬁ at 9ChadWRK irélel Mdcbi) GATNR10;
ngsent invention involves sel ective conponent renoval
from tobacco by extracting conponents fromtobacco by
| BraL Hapes! £ Uhited Seated Dilizéd, csiding gt 11 GlollpbakesDrite, PulilinaGA 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 be MROSSRERERENOE TORELFANED APPLOCHEGNNS or

i norgani ¢ solids such as for exanple (toyclodextrin,
cel | ulhis integmagionzl patent application claims priority to and benefit of, currently

pending, U.S. Patent Apptication 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.



10

15

20

and conbi nati ons of bentonite and activated carbon.
One object of the present invention relates to a
process for renoving Hof fmann 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

t obacco and phosphates whi ch have been found to
decrease snoke formal dehyde formation. Additionally,
proteins are preRIEESUMMARYOPHEEANVERTION and

het erocyclic am nes and hence 15 are nitrogen

cont aiSelectiyitg mnpiactodsmpdnedt raoraltivigbbegloduotion’ of Bigaretes mfith
the present invention. The process of the present

i erod smokgquajitn chha ptegent invenlioreigvaines salegtiteahmpanentfremaal from
stens, scraps, cut |amna, shredded stens, or any
clopasFhbit extsertingeampatentgifion tehacoadpy diguid exiwrtinoand naties the tobacco

SR ERU AR NN
SR BERR T At PREGRTIASE) 1 S5HGEE e
S R A A e W
e R ARG VN el Cecsing. i each of

the e 'HAQ gﬁ@cq oﬂﬁ@ﬁ%ﬁt%ﬁrgnﬁtﬂﬁ rdlde&s3 5 Qg%e#?i?jh %ﬁk%ig%ﬂ%fﬁnang

extract or concentrated extract r
PArRERSmokdPrecufs6:3 b @ tdba&o RELHEO UoRe bR or the pleb@Finvdntion is
added back to the solids. The aqueous sol vent extract

| dire€ted RQIPrRass 5@ derkd¥ing Wl gatoREiSAL BAHouli GEhdotaoWwiih Of

m xed with an adsorbent and mechanically separated by

f ininfmuant femovad of deyired eorhpouhdsGadhiag sikaldilishat Dordritiufea6 the flavor of the
then either m xed with the tobacco solids and cast as
stkasto and ghspliates dhichbave peco fmmd togiecrenn suokt fanealdehyddidrmation.
concentrated extract may be added back to the tobacco
stiditipsallys proteingrarg prepussostie sroks atomatioand heteroens icowinesahd bkpce
after they have been cast into sheets via a paper

Nk Mifggen Sortrinagcomppyndsthatare Wrecied farremgyal the esens inventiqn.
inven%Lon iS t%mreduce t he content of nltrq&sn

¢ process of the present invention generally involves mixing tébacco 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 thea 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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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 éxerap becatdntritéd/@ithdt fesultingHioil iﬁ&e@&@%ﬁg |tlg\iq@5us-r dolvent
PREFERRED EMBODI MENTS The process is best described
wixtract issiidaddadao the selkle. dr awi ng. The first step of the

20 process involves mxing (step 1) tobacco fines,

st ems The equoqys solvent extrastisisisher péssed difegh st siverbent packadrpplumn or
conbi nation thereof. The m xed tobacco solids

r BEed Withap adsashentand meshapieally seperated Oy filirationor byeentsifiegptian. The
Mﬁth an a%ueou ol vent under_ conditions favoring the

f-“i‘geé : “’d}hﬂlﬁfzbsc%ml%g”@ﬁa%&?ﬂw Hip A gand cast process
QRIS b e Roen 18 LT 1 Bl

t&aggga and extr g at a

t enper g%ﬂ{ttéthtg?oef)gﬁg%&%%%;m% orbeg ou?"‘?dﬁ M nu a‘.’c”f'ﬁk’“g
@us sol vent extract or weak extract |iquor (WEL)

formed in step 2 and the solid tobacco materials of

step irh@gfndr§tjechvd BraR PRiGRinkehtiSER B r@&u@&h@&on&hﬁﬁ nitroBSh

ei t her f||trat|on or centrifugation. The WEL,

i daliaihiz @6k pdundit(B prbteinis STIBIASSH) ﬁama.mdhmgamgi&:@num,
adsor bent packed colum (step 5) or mxed with an

aHopritsimh nitates wyd cBlprides th thetpbacat, edile raigining désired @dstmiens tiap
7, fromthe adsorbent. The separation or dewatering
sonigipyte toghgfiayorfie. atlfeleudfp ifiuesbre dndugiuciose) pff the tobaggo dyyeduce
basket centrifuge, or by stacked disc centrifuge. The
a‘d‘gif’f’%‘i‘i’t‘s"ﬁ@gﬁ i the,gnake 66 Rhpwpates redyce fymrpldelydgicencentiatien in
wg |cated at step 8. Wiether the extract with the

& & §o|ub|e conmpounds at step 4 is passed through a
packed columm (step 5) or m xed with an adsorbent

step 6), an
(step 6) 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
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extract with reduced nitrogen contai ni ng conpounds
(step 9) is yielded. The extract with reduced
nitrogen containing 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

afRbdel gon@ﬂarfu%%h\}‘oﬁlﬂ)s s bRPAGSRined ﬁlLﬂ! sHch BhdiddrS Hml]:ge &iding

it may be applied to the tobacco solids after

héné §arb R EbaBRSHithiabduP eleveh @FdbSut Kitechlp®ils oF Walét #hd %xt%@t%r ata
meki ng process. 20 The tobacco solids (step 11) or

f telnperatora pf dboutl160°tF farsabout 30 mivitenaTHeae@puslsBivent eafacive theak
(step 15) and nade into sheets by a paper making
pextracs Sguof €W Bl fardied inotep2and the shlid rdaadd gestigsiofsep d pre thed) .
Di gestion at step 12 may be acconplished by digesting
wineahanigally separated qtaigp 3 by qs@%fdm)m orentifygdion90’ C to

about 121' C, up to g for about 15 to about 120
m nut & Wheas r“'é‘f‘?‘i‘?fé& stca 4dﬁﬁth8' Rgesed Wpughnn adsorheatnarpked gojumn

{78 g Pt i g e Brend et A e ed R 1 TEPUG
£ A sps.aasn R} R Bkl R BT PR by

608 S S AP
p‘?ag%}ess ’?"sg% ﬁfl%&?“d‘? F}h\?\%?ég e c:ortu:(senélir%s{%ﬁedSt "
edifchAEd, asnﬁ&eﬂtédlamegar QefieCtRe é@aémﬂmé%er Ribke doRipbuA8s at

tobacco material that is nowin the formof a sheet

(&8dpepis Babded thisligh b ARG dolimnl($ 5) bORRELWittSdnlalisdebeht (RED Hf &P
Il may be left as cut lamna at step 18 and the

coxras pith stiedd eixbged eontaidiegeshipbunds fstep B) is yieldedl Theextratxevith
reapplied directly at step 19. A vital aspect of the
preésednitrogew eontaining compavnds (stefsYridhenteitharmixed eﬁﬁtepu@mith the
packed 10 columm in step 5 or the mxing step 6.
higlaceresslidsad eastras pheet (3temkd) Wi & band sast prpcase conseateated K%gp 10).
and activated carbon, @él-c ycl odextrin, and cellul ose

AlceETatiq (SeR A0bis peremBlisisd by dlaging xitact ffom sic|eiptir g apcyum to
V\ﬁevg%;\éﬁ{] tﬂf %{}l??@pcp%l aéélearscgt{.j:gr?t:@tctd Q}?tra\é\tﬁlawgg aboet 3%)% 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.
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
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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,
dc-bitter fruit juices, and separate chol esterol from
egg yol k. EXAMPLES 1-4 Experinents were undertaken to
eval uate the effectiveness of adsorbents agai nst an
untreated control, bentonite and activated carbon. Two
daddfaaiesed soli@irbRifg Bbm SRR AE ihOmiBLat st 13k AWikder {ld@xtract
adsorbents were eval uated, packed col um technol ogy

( FP6p stam 9l off @nezhtiratddl erirdcOfiorf 536 10 akdCasld siRet fronestepl 14tvidaaad cast
experinments was to eval uate adsorbents agai nst
benttemcessingnd acti vated carbon for sel ective Hoffmann
anal yte renoval (i.e. soluble proteins, TSNAs,

pol ypHénesfiged toharesrsplijis sesultingifram stepaliS@le made intdgheatetienpapen
of selected desired conponents (i.e. 5 alkal oids,

pREpERIPGESs (stemlf)-afierayhion ﬂFerFOWé%ﬂ@geéﬁi“faﬁ‘c'PS"M“q figm step £0 j5gdded

B b e A% R SRBLR ) e o
B TR R s o
SR AP Pl

r epor taedtaPidgkct STehPRdsaf tHvafiBn Rithe a@oRiRht nitriaf usdd ik ?Lecgws

and phosphates is reported. The-adsorbents tes

Vesh@niCift kteplh OStRe MKRIgalF6. [ Basbydhl dod@nihddithhe miiflesve B&kdRlte clay
conbi nati ons of bentonite and activated carbon. Since

| andiaStivafed eibor] B-Eyctodb:itrid, andeiniley GcetafePpidiueitie desifddatbdt of
separation of the selected adsorbents fromthe WEL

aseleetivelyi rshavingVildifmand frtayeed Soim R IWEL (slep &) wifhaGl¢eflovin| thedesired
and re-circul ati on processes were tested. The
f einipovidn gich @s alsednidslandplaenbatest. Qybledextrigsidre sardiied devaley syebic
run on the WEL after contacting the adsorbents of the
phaltashigosacehagidsi kawa e ) inclasiongemplexes withseverall compenpiise Bue to
Exanpl e 1: Preparation of weak Extract Liquor:
the latter property and low water solubility characteristics, cyclodextrins 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
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 Hoffinann 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

OalleaidsOtihhited) andAREHT) id vk ettbactdidlorTit hasHeed dt®ermivkd thwas
t hen passed through each columm at an elution rate of

aiporedsedihosphate [peels #itobadee bleddsalecredseidineite faxthAldebiyde fomiation.
subsequently submtted for analysis. 6 Table |: Burley
WRralking s pegeiirsors te singkeatomatic dnd heterosyiolivrnsndsn Therdfore leghercentage
Col um Sanpl e Sol ubl e Nitrate Chlori de TSNAs
PRSIrSpstYah b TSN vy preein, m@#ﬁpyenp!s kehlosigenioariss piten; and scopoletin) is
Descrl ion Protein ng /. ppm Chl or ogeni ¢ Rut en
Bt By msewgyemnumf%gmwsnvosn@;ems temEtEd
0% %. mt %

Lﬁ't Pehw‘e Hiopisgtpicy eis el o, by wil s 1175, 7
215 22 Cel I 29 b 2 410.72 .08
Wat?'"a"‘tsa‘* el wd S vasatap e ‘(ﬂ&?? Rl e

7 50 ...007.
(RS B oG R o 8pind e pg g i
é@%%dsﬁf%%*% %&%%‘ﬁéd%%’"aééﬁ%z"%’agﬂfﬂ@cyCf @%axt 2 The o
(ﬁ%plé%hle(t@ksﬂ@%l%mn or the WEL Bfter conARRY thedBloftiches Sifthe

[imt
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 . 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 B-cyclodextrin. Approximately 600 ml. of the
WEL was then passed through each column at an elution rate of about 20 ml. per minute. The

eluted extracts were subsequently submitted for analysis.
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5 pcyclodextrin was found to be the nost effective

adsorbent in renoving soluble proteins fromthe WEL

by renoving 64% Additionally, (icyclodextrin 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

IR Brley WAAR Rt i Smar: kath Q48R entE 3 PRIEd Eolumn

Re ci rcul at| on (RC): Separate sanpl es of approximately
o (S-Sayu;I otl@x t mmearremapprwmminehw @6.) Of Albid Phosphates

b %é’gl ag‘;ﬁ' F4e sélpmsaice REed| rpmeisyer mefy! askq““("'

Appr oxi mﬁse of rdmj € REL prepared in &an’pl

was mxed'"Wth each 9g sanpl e of an adsorbent. The

[ Guitdlel | NGq7 SOlobllg 0B YT Bg Stiggy €d i Ngyh e, by | COIRAET 2152
flasks for about 15 to about 30 m nutes at about
Feellifdse mi-38t ur 832.4e 9.7 heldy sepea(tte] W.oeerdop| fugm:lw Eamlh
eXtPact s t KEh d&8ant ¥ and 7 subifi%k % or G2 ©
AALHaS €S - 26 THE 61081 Q485 VRF © bARIbed! 087 4R6- Thiew) 12674
fobbhoW Ngast abl(®) depirct s @ohe resul t gioef (ol yses rups
on the WL after contacting the adsorbents of the

pyesent ipvention as .we) a trql,, sanpl es. bl
],ielodg(u{nl an;vveqizg) extapct of ea?oo‘iﬂﬁ?& % ;orb & stzea
Recirculation 5 Sanple Soluble Nt rate Chl ori de TSNAs
PoAbgyskiesndh gmingl - (% rest ) Al kal oi d Phosphat es

Descr i pt| on/ Protein ng npz pl ant Chl or ogeni c

Rut en 9@5?3?961“8{' Was Redie b5 mps em*&gmﬂsaﬁ'rent'ﬁwﬁvng soluble

(% em % aci d (%eLz (%M) (%rem) rcm) WM
proteins from thc EL 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 scluble
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 éontaining 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 | 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
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Untreated .55 1250.07 644.91 .471 342 .025 >.005
1414.26 207.07 13- .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
(A (-21) (18) (100) (ADL) (33) (3-cyclodextrin was
found to be effective in the recircul ati on process as
well. (3- cyclodextrin renmoved 25% of the proteins
fromthe WEL while the WEL retained 94% of the

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

fseumi@lemt a:.tagséa %@?egﬁ@és%l-é N disParli @M RN lMAnSahE sea.éi@me

VEL only retfained 33% of the al kal oi ds and hone of the

. FBRAPHALAFes ruFSRIED WELHReSBRAdRE the SRBIERSorUe &&Bﬁt@rlﬁbﬁtﬁn as

activated carbon, and a m xture conprising about
p@dlltasecfntrbmmﬂedte for each part of activated were

pl aced into separate Erl enneyer flasks. WEL, as

pFablodl: dtirleywek axplareiymenasithadsddent via Reciicilgtinit s) to the
Erl enme er fI asks cont ai ni ng 15 the activated carbon

e v d%t ST on Ayet. S
t o Byerat | a °r°<§8'r'1°ta Wil ng'”t e ekt UPder)

of bent of‘ﬁte and ae’tﬂi)vat"e'd carbon to obtain a
sol uti on"Fhvi ng 1% bentonite and 1% acti vated carbon.
TlaGeate®€ S UlsS i nglzsmd-/ummns Averesizhen  skireed i nkRes 207.07
Erlenmeyer fl askosé f or about 50]to about 30 mnut5%$ %tseo
c?oldgxmgog Eﬁ‘é sffur wafodI % heg’zé g > teI o0,
u ach xtract vvas t hen te
sashmwttedﬂor 13B2.@nasips esiss Theonr(we) dues wese thelr.w 0.00 (0)
di scar det® Thesf ol K-8\ nd!® abl e depi €09 4 Iredidts of
anal yses run on the WEL after contacting the

adsor BErradeyrin ppsdoyidde bapffestiy inthg rsrircylatioparqeesgas well, p-
control, sanples. Table I11; Burley weak extract

i eloderisin remgved S Shanerities RamubRBEL e deiYi- re@lrs%\%ﬁ ef the
ngfﬂds ﬁ@@bﬁeﬁ??ﬁpgﬁt [ OthrlthmtI §v ounaonlcy tlto) %g Qsosjeféctﬂ/g in rem va

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
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
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ng/ M ppm Chl orogeni ¢ Ruten Scopoletio mg/nl mg/ i (%
M) (WWem) acid (et.) (%M) Untreated 284 .79
.156 .2 .04 .6 .55 Bentonite (.8% 105 .42 0 .17 .02
.63 .59 (63) (46.8) (100) (15) (100) (-5.0) (-7.3)
Activated Carbon 120 .06 0 0 O .06 .58 (AC, .8%
pellets) (57.7) (92.4) (100) (100) (100) (10) (-5.5)
Bentonite / AC 43 .15 000 .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 the sol uble
Pin@lysds/TFhe rebidNASveredfidnQisog8ddl ThaBii6lving 14618 Bepicli iRk results of
scopoletin wthout renoving a substantial anmount of
adnllybos inthoon thENWREE effen caitetilpahd dsdrbeatsandie petenviateatonldd well as
carbon adsorbents were found not to be selective in

t ¢vatrolgsaropiest  of nitrogen contai ning conpounds since

t hey adsorbed al nost all of the al kal oids. Exanple 4:
ATaplerIlTe Byrigyrweab pitiost Acatonn with adserbemsnyia Beciradationt | vat ed
carbon wer e teus]tPg_d ili'n rel ation l,tlo var“%/i n? girmunt smié)fmmm
SEBAF BB SAngES U beihtini t g, AREAYRTAT Shiar B mgm
These tests @hkg perfaureg 4 on two VELs prepavred a%
in exanple 1, one prepared fromburley and the other ™
pogRased frogyflue curgd tobggco. The, WELsgwere festeg
with the adsorbents using the reci rcurati on process

| Bententtaibfd e 2105 Tabl e | \A2 Bur | @3/ or Fl u& weakR extr@ct .59
treatnent wi R adsor bé#®s vi 8%%eci rcuf At i WY 20 GO 73

SarRlegcdiwscrisption / TeNAS  Sol ubl e Rpl yphenol s go/ m g

(Gecr.onpeteshl k@t.oi d 92.4) (100} (100)  (100) (10) (-5.5)
Bentonite / AC 43 15 0 0 ¢ J2 57
(1%/1%) (85) (81) (100) (100)  (100) (53.3) (3.6

The bentonite and activated carbon (1:1) 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 WELS 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
mlm (Y%Went.) ng/m acid (%M.) (%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 (.4%b .11(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
(10/a)" .01 (99) 160(45) 0.00 (100) 0.00 0.00 (100)

. SBpl¢ Beddripiod 00) AGNA2Y) sdubi®. 00 140 (Hidphendd.nig@ (G20H) 0. Olkaloid
OAB@P(100) 0. 00(:@ ( 1®@Rin ( 100Fhloragraiqt / ARDtef 1: 1 Feopolgig( %’.)
60(79) 0.00 (1067'“‘6‘:’00}‘;5%@)0 (16Y) 0.49 (100) (65)
Bent./AC (1:2) .02(98) 40 (86) 0.00 (100) 0.00 0.00
(U@Sded Burigd3 (10092 (44)288ent JACi4L: 3) 0. 0@2580( 784 75

0. 00 0) 0.00 0.00(10 0.32 100 100) 43

AR GHE L. 25 0. O b aBb el o147 b, boPH b, TGP 0. T
(de80) %Y 100) (40).51 (Bent {oAGsy 2: 19.01@4L0( M 2R(RB) 0.6 71 (95
(100) 0.00 0.00 ‘$4100) 0.42

Bent, (2%) 41y 719(8%) 0.00 (100) 0.00 0.01(75) .69{92)
(100)
AC (4%)° J1(88)  170(4D) 0.00 (100) 0.00 0.00 (100} .47(63)
{100)
AC (8%)° 05095  160(45) 0.00 (100) 0.00 0.00 (100) .39(52)
(100)
AC(1%)° D1(99)  160(45) 0.06 (100) 0.00 0.00 (100) .13 (44)
(100)
AC(29%)* 0.00 140(52) 0.06 (100) 0.00 0.00 (100) 0.00 (0)
(100) {(100)
Bent./AC (1;1) 09(90)  60(79) 0.00(100) 0.00 0.00 (100) 0.49
(100) (65)
Bent./AC (1:2) .02(98)  40(86) 0.00 (100} 0.00 0.00(100) 0.33
(100) (34)
Benat/AC (1:3) 0.00 80 (73 0.00 (100 0.00 0.00(i00) 032
(100) {100 (43)
Bent/AC (1:4) 0.00 99 (65) 0.00(100) 0.00 0.00(100) ©0.30
{100) (100} (40)
Bent./AC (2:1) 0.10(8T) 20(93) 0.06 (100) 0.00 0.00(t00) 042
(100) (56)
Untreated 0.52 458 0.34 0.30 0.04 0.47
Flue-cure
Bent/AC 0.00 92 (73) 0.00 0.00 0.00 31
(1:1) aom (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 0.52 458 034 0.30 0.04 0.47

FI ue-cure Bent/AC 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%
(w'v) of adsorbent used. 5 The adsorbents of the

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

L Ry
PR B e M o AP S LG ER 8P

tUBstAARR pkrRerRE of RENKdMstrEmaAd iPhE WER! AddiBEHaRE e one to one
adsorbent was found to selectively renove the nitrogen

SefitantteRint bdligated RN Ridorb¥it WaOidlind!th S 1MRBSEMOR thealilisad
of al kaloids in a WEL nade fromflue cured tobacco.
kbntainidk Manpddhditwithsut tHeandesickdiranioval of AlRalaid SR RIVEEL mid2rfrom flue
sel ective renoval of nitrogen containing conpounds
foumditerccaqueous tobacco extract, wherein said

adsor bent conprises a mxture of bentonite and
activated carbon naterial, and a material sel ected
fromthe group consisting of cellul ose acetate,

j 3-cyclodextrin and conbinations thereof. 2. The
adsorbent of Claiml wherein said bentonite and
activated carbon material conprises

i



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
Q@é@gﬂf bentonite to about two parts of activated
. 4. The adsorbent of Cdaiml wherein said

%Ezrnltisocnailit & la_nd activated carbon material conprises

R P& Bnd activated carbon in a ratio of about one
part of bentonite to about three parts of activated
loafpadsorbent fqselegtive smouattof Bitroggnapif iping FeRoupdsdEpm an aqueous
bentonite and _activated carbon nmaterial] copnprises
(RIS ‘vEr e ogorealt TP AR LAre oh pentp il o4 ipateg rbon
part of bentonite to about four parts of 1activ3£edld .
R And Bmateral selepted figatihe grouRsagsinng OffIF P ACERIEP-oyclodextrn
bentonite and activated carbon nmaterial conprises
3 ferahinatienstfiereedct i vat ed carbon in a ratio of about two

parts of bentgnite to about one part of .~ activate .
% aFisgdsorhent of Claim T wherem said bentonate an activaled carbon material comprises

bentonite and activafed carbon in a ratio of about one part of bentenite 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 bentonitc and activated carbon material comprises

bentonite and activated carbon in a ratio of about one part of bentonite to about three paris 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 benlonite 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.

12



