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relates to a process for renpyal of nitrogen
contai ni ng 20 conpounds from tobacco with m ni num
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CROSS-REFERENCE TO RELATED APPLICATIONS
This international patent application claims priority to and benefit of, currently

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

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

The present invention relates to a process for removal of nitrogen containing
20  compounds from tobacce 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.



may be in the formof washed | am na, fiber, or fiber
formed sheets. The adsorbents can be in the form of
organi c or inorganic solids such as for exanple
[err]cycl odextrin, cellul ose acetate, and

conbi nati ons of bentonite and activated carbon. One

obj ect of the present invention relates to a process
for renoving Hof fmann 10 anal yte snoke precursors from
a tobacco extract. Another object of the present
invention is directed to a process for renoving

ni trogen contai ning conpounds fromtobacco with

m ni mum renoval OBREESUMMARY OPaMEdNVENTIONS al kal oi ds
that contribute to the flavor of the tobacco and
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formal dehyde formation. Additionally, proteins are
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conditions favoring the extracting of nitrogen containing compounds. The aqueous sclvent
extract and the tobacco materials are then mechanically separated by centrifugation or by

20  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



process. The primary objective of the present

invention is to reduce the content of nitrogen 10
cont ai ni ng conmpounds (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 fornmal dehyde concentration in the
snoke). 15 DESCRI PTI ON OF DRAW NG The drawi ng attached
here@tt dr2oedifa@deiadFEsahPforila PoASERPrdafig the RBédudsbivent
tobacco in accordance with a preferred enbodi nent of

t hextpdceis diled badl &thd ®Ids. DETAI LED DESCRI PTI ON OF THE
PREFERRED EMBODI MENTS The process is best described
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20 process involves mxing (step 1) tobacco fines,
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15 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
20  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



10 di scarded, as indicated at step 8. Wuether the
extract with the water sol uble conpounds at step 4 is
passed t hrough a packed colum (step 5) or mixed with
an adsorbent (step 6), an extract with reduced
ni trogen containing conpounds (step 9) is yielded. The
extract with reduced nitrogen containing conpounds
(step 9) is then either mxed (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 acconplished by placing
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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



and activated carbon, [err]-cyclodextrin, and

cel lul ose acetate produce the desired effect of

sel ectively renoving Hof fmann anl aytes fromthe WEL
(step 4) without renoving the desired conmpounds such

as al kal oi ds and phosphates. Cycl odextrins are

starched derived cyclic maltooligosaccharides, known

to forminclusion conplexes with several conpounds.

Due to 15 the latter property and | ow water solubility
characteristics, cyclodextrins are used to

encapsul ate flavors, de-bitter fruit juices, and
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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 coiumn technology (PC) and re-circulation
(Re). The objective of these experiments was to evaluate adsorbents against bentoﬁite 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.



Exanpl e 1: Preparation of weak Extract Liquor: WEL 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 VWEL side was retained
whil e the tobacco solids side was discarded. Packed
Col um Preparation (PC): 20 Laboratory size gl ass
columms were separately hand packed with about 25g to
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Polyphenols mg/m (% rem) Al kal oi d Phosphat es
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10. QQarﬁpl&Q@pi@i%-r@ﬂlts]& @nabyses run on the WEL after contacting the adsorbents of the
present invention as well as scveral 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
15 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):
20 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.




cyclodextrin (64) (38) (44) (60) (100) ADL' (57) (59)

" Above detection limt 5 Pi-cyclodextrin was found to
be the nost effective adsorbent in renoving sol uble
proteins fromthe WEL by renoving 64% Additionally,
(3-cyclodextrin renoved 60% of the TSNAs fromthe WEL
while the WL retained 57% of the al kal oi ds and 59% of
the phosphates. Cellul ose acetate was al so found to

be effective by renoving 38% of the soluble proteins
and 83% of the TSNAs while retaining 32% of the

al kal oi ds. The activated carbon 10 was found not to be
s elTaBlt :VBurlePwhdk@xiRMesatMenDdith lidéot a8 th A Tacked ICoiuig
conmpounds by renoving 100% of the al kal oi ds. Exanpl e
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apRaasictat BESE oBeBf [@ﬁgyﬁ“odé‘kyﬂ‘ﬁ‘ at® absprei Bbel ¥ ™
9g of 15 bentomhie were ﬁh.ﬁcé“ into separate

Erl enmeyer ™™ asks. Approximately 300 m of the WEL

pr eRaked |0y Exagmbe droyassil Xxe@dsW th gach.@g sampie ofsz
an adsorbent. The resulting solutions were stirred in
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di scarded. The followi ng table depicts the results of
anglyses ryp onghhe Ml abher @eRACtdy S8  esses 1263
adz@lhent Seaf t e present @ynvent i on agoo) webl* as(s?) (59
control sanples. Table R Burley weak extract

t r dabevedstectipn it adsor bents via Recirculation 5 sanple
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TSNAS from the WEL while the WEL retained 57% of the alkaloids and 59% of the

LA

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
10 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
15  bentonite were placed into separate Erlenmeyer flasks. Approximately 300 mi 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



(%rem) rem) rem) 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. % .388 0.00 (100) 0.00 >.005 461.97
0.00(0) (83) (-4) (-21) (18) (100) (ADL) (33)

(3-cycl odextrin was found to be effective in the
recircul ati on process as well. (-- cyclodextrin
renmoved 25% of the proteins fromthe WEL while the WEL
retai ned 94% of the al kal oids and 90% of the
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Separate sanples of bentonite, activated carbon, and a

m iellagconeoipamgésng about | part of bentonite for each
part of activated were placed into separate Erl enneyer
f | Sskls II: \BEilsy sk prtregtanesvient with adsngbbnds via Regireulativded (| L
Al i uots) to the Erlenme er flasks containing 15 th
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30 Mpunesat a4 EATEORPNLulls Gl LT oo
sepﬁra efy entt1 fuged Egc)h extract was en decant eé’
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di scar ded. 8%he I | ohtthg &bl e depi ct §9 heADkesul¥#)ks of
anal yses run on the VEL after contacti nam]
adsor beﬁfssclqs‘fxtvwasﬁ?@g&he effpRyixs i thefecirgulgtiop proggss as well. p-

cont r.ol

tr éé(f‘?f’éﬁ'f‘“ %W%}&? lﬂgrﬁ@% f@lrjrﬁhfc%b mﬂﬁ% 'Sbwﬁ retained 94% of the

alkaloids and 90% of the phosphates. Bentonite was found not to be as sclective in removal
16 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 Sanpl e Description Sol uble Protein TSNAs Pol yphenol s
mg/m (%rem) A kaloid Nitrate ng/m ppm Chl orogenic
Ruten Scopoletin mg/mM mg/m  (%em) (%em) 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
.06 000 .06 .58 (AC .8% pellets) (57.7) (92.4)
(100) (100) (100) (10) (-5.5) Bentonite / AC 43 .15 0
0 0 .32 .57 (194/1% (85) (81) (100) (100) (100)
(53.3) (-3.6) The bentonite and activated carbon (1:1)
ad asd1y3ey) Thavasidue Owitel theDdibvarded e Rlbwiag tabke depicts the results of
sel ectively renoving the soluble proteins, TSNAs,
C hlanalysgern on the WEL aftertcontactiagitie sdsarpaitsatfithe present inoention as well as
renmovi ng a substantial anmount of al kal oi ds. The
sepemwt amplent oni te and activated 10 carbon adsorbents
were found not to be selective in the renoval of
ni Tablg 8 Busigy wpakientgpet t&msauwa@d@m@té vvﬁesﬁrcala%lr bed
S of the al kal gi ds. varletyo

g%? i‘?é’fﬁ“&?ﬂ%’ S5 &itBni sﬁ”‘%\nd CQQE) ﬂﬁ'f' r'}gg}g“ ffﬁ’,,?'d ot
test ed in rel kN to vwre,m)ngac.canounts of separ at@ret) (%
sanpl es of bentonite and activated carbon. These tests™
WelfreRy f Or medg, 15 on twp VEELSsprepared as p exagple ss
1, one prepared fromburley and the other prepared
f r Gentdhie@e)cur dof t obacco42 The WELS were-1fest8d w t# t hes9
adsor bents usify the relfPcul &Mon prHPessiith ex%r'\‘PbI el73)

2. fahkebd B ley or lue weak extragt treatmengs s
W tihc, adgarbent®.svi a Recrgul atiogn 20 100y  (t00) (10) (-5.5)

Bentonite / AC 43 15 0 0 0 32 .57
{19%/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
10 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
15  ontwo WELs 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
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9 Sanpl e Description / TSNAC Sol ubl e Pol yphenol s ng/ m
(%rem) Alkaloid Adsorbent™ ppm Protein Chlorogenic

Rut en Scopol e6n mg/m (%em) ng/m acid ( /Oret) (%
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 (40/6)b
.1](88) 170(41) 0.00 (100) 0.00 0.00 (100) .47(63)

(100) AC (.8% b .05(95) 160(45) 0.00 (100) 0.00 0.00

( 1Ggple DSHplcd)y  ( 1ONas* AGolqek0/ 6) b . BolyphénBlEe/ml GGdmd 5) Alkaloid
0. @geoper0) 0. 00 Op®0 (1@0 in, 33 Chigrygeqic] OO Ruen AC (S@ogiting '“f’";")
0.00 140(52) 0.00%"f®b) S) 0. (100) 0.00(0) (10059’ '
(100) Bent/AC (1:1) 09( 60(79) 0.00 (100) 0.00

0. @Bwreft&i®iyey 0. 49 (9100) @85) Bene./AC (102 .02088) .15

40(.96 .00 (100 00. (100 33 (100 4
SR (1:5) 0 68680 3%, 00 h ) 0. 83 6)03 {48g) 70
0. 82 46100) (100) 5(45) Beiuif AC b 0. 0008B2(65) 9. 091 59

(100) 00 0.00 (100? 30
Bent, 2% sa@al)  79(83) 0.00 (100) 0.00 001 (7% .69(92)
(100)
AC (4%)° J1(88)  170(4D) 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%)* D1(99)  160(45) 0.00 (100) 0.00 0.00 (100} .33 (44)
(100)
AC(2%)"° 0.00 140 (52) 0.00 (100) 0.00 0.00 (100}  0.00(0)
Q00 (100)
Bent/AC (1:1) 09(30)  60(79) 0.00 (100) 0.00 0.00(100) 049
(100) (65)
Bent/AC (1:2) 02(98)  40(86) 0.00 (100) 0.00 0.00 (100) 033
100) 44)
Bent./AC (1:3) 0.00 80(73) 0.00 (100) 0.00 0.00(100) 032
(100) (100) 43)
Bent/AC (1:4) 0.00 99 (65) 0.00 (100) 0.00 0.00 (100) 030
(100) (100) (40)
Bent/AC (2:1) 0.10(87) 20(93) 0.00 (100) 0.00 0.00(100) 0.42
(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) (100) (100) (100) (100) 66)

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

5 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

10



(100) (100) (40) Bent./AC (2:1) 0.10 (87) 20(93) 0.00
(100) 0.00 0.00 (100) 0.42 (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) (200) (100) (100) (100) (66)
NNK, NNN, NAB, NAT. Activated carbon powder (0.4.2.0
parts powder |s as effective as 5.8 parts pellets).
Based on 1.0% w v) of adsorbent used. 5 The adsorbents
of the different conbinations of bentonite and
activated carbon were nore effective in renoving

sol ubl e proteins, TSNAs and pol yphenol s than the
bepdtRRted Qirtidh alodd) AaRitoNAY Ik AASHHRAE ofth® BiferediEethbihAHoAd rY ,
t he adsorbents of the different conbinations of

be Bérednité EndabGhatta birkolvek seladtive i revRdval dfeeseCdohstifuehts in that a
renmoval of these constituents in that a substantia

pe substantiabygeraahtage v tha lalkalbids wmaineiinthe &¢EL. A dditiendllfzlthe one to one
Additionally, the one to one bentonite and activated
c abéntonite ehsiectivated carbon afiochent wag foynd to a¢lectivdly remeyrthenitregen
nitrogen 5 containi ng conpounds w thout the undesired
5t e ARRvaringFomppinds witheyt theundesisgd remaysbofialikaleids in ieWEE tradejrom flue
tobacco. CLAIMS Wiat is clainmed is: 1. A process for
seFUEd ©BA%EY;  enpvi ng nitrogen containi ng conpounds
fromtobacco, conprising the steps of mxing a

t obacco containing nmaterial with an aqueous solvent to
forman extract and a tobacco
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resi due; separating said tobacco residue from said
extract; contacting said extract with an adsorbent
mat eri.al , wherein said adsorbent conprises a mxture
of a bentonite and activated carbon material; and
i ntroduci ng said extract to a tobacco containing
material. 2. The process of Claim| wherein said

of said tobacco containing material with an
%gha? soI vent is at about 60 to about 90 C for about

Bsdds 30 minutes. 3. The process of Claim!]l

rein saiqd mxing of said tobacco containin

ﬁgg §W‘iq?f°§eﬁy “’gﬂﬂ%ﬁg"%l"w ping conmpapnds Eramgﬂaﬂ% qoppprising
Stgi,ne part of tobacco to about eleven to fifteen

par (3" water. 4. The process of Claim1 wherein

aJ obacco re e.fromsai

it § ?9*‘%59 bk i e PGS o B Bt and a obaceo
fdslah&:ation. 5. The process of Cl aim |l vvherel n said

cont actl ng an extract with an adsorbent material is

tract through a packed
aﬂ%ba@éér%i’dgéhgﬂ gleﬂmﬁ%

colum having s ent 6. The process of Claimi1l

Wcﬂbﬂkaﬁl@k@ac@@ﬁﬁ AF4dbdtenfRadrd fvﬁﬁfem%i‘d*sda%fbeﬁt% § mixture

mat eri al acconpl i shed by re-circulating sail

eﬁm&hmﬁacmc@dﬁ%&%aﬁaﬁ The process of Claim6
wherein said extract is separated from sai d adsorbent

intrbdiciuglsaid Yxtratrd b toblicde Coninidd hitkal.i on. 8. The process
of Caiml wherein said adsorbent material consists
2.SEhe process bfClaim bwherath shicemiting b tobcttoftRling Glatevial vith an
carbon. 12 9. The process of Claim8 wherein said
apisoisiseindnt sababaind0t toabest PalIQ fondbomicisity soatB0Gamban f or
one part of bentonite. 10. The process of Claim8
wWide progess of Caisdswhepsdmsaidrazing lobsaid tbhwocqranthiing inaterial with an

activated carbon for one part of bentonite.
agueous solvent is carried out with about one part of tobacco to about eleven to fifteen parts of

water.

4. The process of Claim 1 wherein said separating of said tobacco residue from said extract is
accomplished by centrifuge or by filtration.

5. The process of Claim 1 wherein said contacting an extract with an adsorbent material is
carried out by passing said extract through a packed column having said adsorbent.

6. The process of Claim 1 wherein said contacting an extract with an adsorbent material is
accomplished by re-circulating said extract with said adsorbent.

7. The process of Claim 6 wherein said extract is separated from said adsorbent material by
centrifuge or filtration.

8. The process of Claim 1 wherein said adsorbent material consists essentially of a mixture of

bentonite and activated carbon.

12




11. The process of C aim8 wherein said adsorbent has
about three parts of activated carbon for one part of
bentoni te. 12. The process of Caim8 wherein said
adsor bent has about four parts of activated carbon for
one part of bentonite. 13. The process of Claim8§8

V\@ef'lﬁlﬁ??cggl og Cﬁ% g WB&% sﬁ%‘?dsmthaé abButhafd ]%)agt r?? gitlzatedl_ carbon for one

bént o e for one part activated car he
pg&@@ﬁénfaﬁite.c' aim | wherein said adsorbent nmateri al
contal ns cellul ose acetate. 15. The process of Claim

| o ?l’o@eé 3t ClaAPS QG Laid Rk G bdrRthas @Bt B¥d Yrts of activated carbon for
(3-cyclodextrin. 16. The process of Caiml wherein

S dh&lpap P 6&fsnieNCl udes a step of concentrating said

extract formng a concentrated extract, wherein said

C QN.CRB bfodéss BHCKRInEPwheddih Sitbadsdrbeht Bis@poud three @pay aftzétivgted carbon for

sai d tobacco containing material from said extract.

1éne paitef pemaits.s of Cl aim | wherein said tobacco

containing material to which said extract is _

i 2.rThel poecks bECigiai fiwhepdiasmibads@bintihes abolBfour parts of activated carbon for
one part of bentonite.
13. The process of Claim 8 wherein said adsorbent has about two parts of bentonite for one part
of activated carbon.
14. The process of Claim 1 wherein said adsorbent material contains cellulose acetate.
15. The process of Claim I wherein said adsorbent material contains B-cyclodextrin.
16. The process of Claim 1 wherein said process includes a step of concentrating said extract
forming a concentrated extract, wherein said concentrating step follows said step of separating
said tobacco containing material from said extract.

17. The process of Claim 1 wherein said tobacco containing material to which said extract is

introduced is said tobacco residue.
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