WD 98/ 58555 , PCT/ US98/ 12128
METHOD OF TREATING TOBACCO TO REDUCE NI TROSAM NE CONTENT,

AND PREE&EJE?&&@QpCED THEREBY Field O The Invention resent

invention relates to a nethod of treating t obacco to red’&g‘éjs?%@l& nt ent
of, or prevent formation of, . harnful nitrosanines which are nornmally
found in tobacco. The present invention also relates to tobacco products
havi ng | ow nitrosam ne content. Cross-reference to Rel ated
Applications This is application is a continuation-in-part of
application Serial No. 08/ 879, 90ETHOD e0F JIREATING 1997, which is a
continuation-in-part of T@BPLLCalP oREDBECE VNI TROSHBING CANPENT | ed Decenber
2, 1996, which is a conti nusANPRORUSFSt PBODHEPPI GHERGBY Serial No.

08/ 739,942 filed Cctober 30, 1996, now abandoned, which is a

conti nuati on-in- part of application Serial No. 08/ 725,691, filed

Sept enber 2&1eidg@f The, Imventdony which is a continuation-in-part of

Application Seri . 08/ 71, 718‘_f|Ied June 28, 1996, he _present
appl i cation and ?hg ti DhGeRT “%%lfeaaéﬁgvéxjmfth hog-ég t Fortoing

Appl i cationeggLia LO71 18&0:&36:' gg&g”eo?ﬁ g‘@@éntdf%rmap_ 8.”5%’, to

provi si onal appF|cat|on er|a Fead August

Background & rflrg) | HY@%é%nes whid® NeFes e des ofdibed izbet@!@@c&i The
m crowave energy to dry agricultural products. Use of m crowave energy to

cure tobaccereskfitdigekasesni 81kbSrePateat tho tobaddd, FiodurddHdisg | Tow
u. S. SUBSTI TUTE SHEET (RULE 26)
nitrosamine content.

Cross-reference to Related Applications

This is application is a continuation-in-part of application
Serial No. 08/879,905 filed June 20, 1997, which is a
continuation-in-part of application Serial No. 08/757,104 filed
Decewber 2, 1996, which is a continuation-in-part of application
Serial No. 08/739,942 filed October 30, 1996, now abandoned,
which 1is a continuation-in-part of application Serial No.
08/725,691, filed September 23, 1996, ncw abandoned, which is a
continuation-in-part of Application Serial No. 08/671,718, filed
June 28, 1956, The pfesent application and ERE applications
recited above, with the exception of Application Serial No.
08/671,718, filed June 28, 1996, claim priority to provisgional

application Serial No. 60/023,205, filed August 5, 1996.

Backaground Of The Invention
Others have described the use of wmicrowave energy to dry
agricultural products. Use of microwave energy to cure tobacco

is disclosed in U.S. Patent No. 4,430,806 to Hepkins. 1In U.S.
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WD 98/ 58555 Pat ent No. 4,898, 189, Wchnowski teaches the use of

m cr owaves to treat green tobacco in order to control noisture content
in preparation for storage or shipping. In U S. I?,@T%s/ Hgs

3,699, 976yop3/se585vave energy i s described to kill insect htestat on of

t obacco. Moreover, techni ques using inpregnation =~ of tobacco with inert-

organi ¢ | i giidsc( oS ;Paent ;. Wﬁgﬁégsg%ﬁg) teachl LHE BULPORCR: QLoweq

extracti ng expanded ‘ordani ¢ "nater I'ng means hav

di scl osed wWeereicRtt Beel@XtWHEWASin o8XRPSEed LOnALS1 OMBYE8RE @¥ntdf in
anot her enbodi nent, “m cr owave energy is disclosed as the drying

mechani sm @freputratted tEOPACGIForageCoBtaighiitpitri.eri ain(W.$. PaheBhr Noye,
4,874,000). In U S Patent No. 3,773,055, Stungis discloses the use of

m crowave Bo6dPy%daad miexpandeci gaeeyyesisndéesnrtibawdt tobakfbl insect
Prior attenpts to reduce tar and harnful carcinogenic ni trosam nes
primarily R&festatladedt tmbagre . of MPFEEEeS, | YRChrEimBlghystopatopyegation
addi tion, attenpts have been nade to, use additives to block the effects

of har nf ul OfaFePHELR M G 1n6BaceEIaN: THISRILEST (Y1 S e aNPed? t 82} elitie

th | ogi bi_di t iated with tob .1t is known that
fresh-cut, “GFech® PLGBIEES RhsSUTFEOAITY FOPRTLFQsERTI-CaPRHHOTNS BY See,
9.,  Wenrnik; " Ef ' ' .Cheni,cal _Conposit

of Tobacco t REsaR MRCEETE n b a6 e el iR TR TG nOREReE

Synposi um Bigeeedi BYSnALB,Neet EHQrKJQDaCQQ §hephst SemboERERY Chn{LRi QL GNCeE,
Sept. 24-27, 1995, Lexington, ent ucky (hereinafter "Wernik et al").

However, cenetgloDacLisdinded® W theOdEPIH@ e chaHiBRELLOEX BELAOS HBBRSco -
i ncludi ng the harnful car ci nogens N -ni trosonornicotine (NNN)

and 4- ( Montapningsoetiidlanithe). PatehB-YPor 474 -00But afione.  NNKtedd i s
wi del y No. 3,773,055, Stungis discloseszthe use of microwave to dry and
expand cigarettes made with wet tobacco.

' Pricr attempts to reduce tar and harmful carcinogenic
nitrosamines primarily have included the use of filters in
smoking tobacco. In addition, attempts have been made to use
additives to block the effects of harmful carcinogens in tobacco.
These efforts have failed to reduce the oncologic morbidity
associated with tobacco use. It is known that fresh-cut, green
tobacco has virtually no nitrosamine carcinogens. See, e.g.,
Wiernik et al, "Effect of Air-Curing on the Chemical Composition
o;‘f Tobacco, " Recent Advances in Tobacco Science, Vol. 21, pp. 39
et seg., Symposium Proceedings 49th Meeting Tobacco Chemists’
Research Conference, Sept. 24-27, 1995, Lexington, Kentucky
(hereinafter "Wiern%ik et al®*}). However, cured tobacco is known
to contain a number of nitrosamines, including the harmful

carcinogens N/ -nitrosonornicotine {NNN) and 4-(N-

nitrosomethylamino) -1- (3-pyridyl) -1-butanone (NNK). It iswidely
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accepted that such nitrosam nes are forned post-harvest, during the curing
process, as described further herein. Unfortunately, fresh-cut green

t obacco i syyngMidabl e for snoking or other consunption. 993 and
1994, Burton et 5t§ at the University of Kentucky carried O%CET/H%%QP%% _
experinments regardi ng tobacco-specific nitrosamnes (TSNA), as reported in

the AbstractacceBRduCthep ShichMidtdLaliddNe8R FEmbabacee -NaxoBse!, f biring
Nitrosam nes In Air- Cured Tobacco By El evating Dryi ng Tenperatures”,

Agronony & dMeytapahlohasieskol ks Neetrifed CORRTA: Hodaird 1988ortBHateny et
al reported that drying harvested tobacco | eaves for 24 hours at 71[err]C,
at various shagéscot areegur tobactcocliedi ngsendabie ydldrowsmngkif&EOYy, &ENe3,
EOY+5, etc. resulted in sone reduction of nitrosamne |evels. Reference is
al so made t Fmsg@REIdRyi ng and mcrowavi ng of certain sanples, wthout
detail or results. A$) licant has_confirmed_that in_the actual work
underlying this IRos??acmc d8PFi eBUBRR RF Bdr 8BntRe U VAT Ohi Fersneky of
Kent ucky, the microwave work was considered ungucceésful. Lertain aspect s
of Burton et &r"§%1993% 04 %% ardHEPOEEd | ACIMFEr APk &PPAFCCSBRPRILLE
pages 54-57,. . b h i " i.fi ;- Curi Ry The ., o)y k

al articl en*gggtg é % gss’ @?%g@g, s%%queéc to:%%g? #&%ac%{g P’ggf rggrrf)l egg{itg%g%%na?%

various stages rQtealifercahi BAd T8LEULEK NI YRS 13t o7 Qi ddarli®fe 24 NIOM] 5.
woul d renove excess water and reduce the grow h of m croorgani snms; hence,

nitrite andcutebBacrdasieecify C ElekvhEQagaMme,indl SNéhpeageufdkal i Qiyroddtyd & be
avoided. In Table Il at page 56, Wernik et al includes sone of Burton et
al ' s sunmmar Phgtabpatnol amy ndoamd Meek idg ni CORESTANOIBNA L9 ent Burtton het
KY160 and KY171 sanples. Data fromthe freeze-

3 al reported tlRYBSTYIUPENSHEETt¢RUIFPIBIo leaves for 24 hours at

71°C, at various stages of air curing, including end of yellowing
(EQY), EBOY+3, EOQY+5, etc. resulted in some reduction of
nitrosamine levels. Reference is also made to freeze drying and
microwaving of certain samples, without detail or results.
Applicant has confirmed that in the actual work underlying this
Abstract, carried out by Burton et al at the University of
Kentucky, the microwave work was considered unsuccessful.
Certain aspects of Burton et al‘s 1993-394 study are reported in
Wiernik et al, supra, at pages 54-57, under the heading "Modified
Air-Curing". The Wiernik et al article postulates that
'subjecting tobacco leaf samples, taken at various stages of air-
curing, to quick-drying at 70°C for 24 hours, would remove excess
water and reduce the growth of microorganisms; hence, nitrite and
tobacco-specific nitrosamine (TSNA) accumulation would be
avoided. In Table II at page 56, Wiernik et al includes some of
Burton et al’s summary data on lamina and midrib nitrite and TSNA

contents in the KY160 and KY171 samples. Data from the freeze-
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drying and the quick-drying tests are included, but there is no nention of

the m crowaved sanpl es. The article contains the follow ng concl usion:
It can be goncluded fromthis study that it may be possible to
reduce nitYr&5F¥el s and accurrul ati on of TSNA i nPCHRISY421238d
mdrib by applying heat (70 [err]C) to dark tobacco after

l oss of cell,integrity in the leaf. Dryin , the tqbacco | eaf

qui ckly at e fé@y she auick=dryigg; EagF%d%PEf‘esl’tcr?-él‘?ﬁdcr SBitalthge vt o
t hat CCur Se duying.slow curin nmbi et . t epper at ur e.
It nust be a“(lfcfletcd)l,co oﬁ%vglﬁ? gll%rg"""’wgdt ﬁg{“ %tslﬁgh ae{}feea?ﬂ%ﬁlﬁ oﬁ%?gg’t’ﬁ% the

quality of following IddRchORAGHQ I eaf. 1d. at page 56. The Weirnik et al
article also discusses traditional curing of Skroniowski tobacco in Pol and

as an exanple of a 213t eanCBei BEnPLEEEAUELom tHINE dARidCl@att akes that the
tobacco is first air- aavedeapslssitbien toheelapknsi t 51 tyellesrler anr owni sh, the
t obacco is heated to Gsfamu]l€tfion ¢Hur3Nly in hamideradd micitrids bre stem An
anal ysi s of tobacco pepgigedgi heahi S70808heto shokedobhatobetthetthe nitrite
and the TSNA val ues warees| o, celé. intéamsity hiem the tieavfogr Bmyipgr gram and
0.6-2.1 micrograns pethegtapacooedipadt igulgklyinvdt ntlikiet Sapgehedri zed t hat
these results were efpranfabreugae tbdet RacrapialhagtiNgtwhtEAtdoes not
allow further bacter P&Fugﬁovﬂﬁ{rmﬁéi R et o?not 8FP1RBRever, that
low nitrite and TSNA @ MREL2trEss th%h T SE?[O(HE?{%? ‘%‘Bdge OWEV&Rrof nitrite
and 0.2 microgram per . gapig’gcg@rﬁe P OBt A& " For Poba¢c8 subj ect ed t o

air-curing in Pol and. Sumary o ®the Invention One object of the

present inveptiofipabe SISt aniiAl fyi £k mMeRatL onredyce 4K, C&{'%Sﬁ‘gsé)é
nitrosam nes in tobacCo Intended for snoking or consunption by other

means. traditional curing of Skronio#ski tobacco in Poland as SHBSIAAMIE

SHEET (RULE 26)
of a 2-step curing procedure. The article states that the
tobacco is first air-cured and, when the lamina is yellow or
brownish, the tobacco is heated to 65°C for two days in order to
cure the stem. An analysis of tobacco produced in this manner
showed that both the nitrite and the TSNA values were low, i.e.,
less than 10 micrograms per gram and 0.6-2.1 micrograms per
grams, respectively. Weirnik et al theorized that these results
were explainable due to the rapid heating which does not allow
further bacterial growth. Weirnik et al alsoc noted, however,
.that low nitrite and TSNA values, less than 15 micrograms per

gram of nitrite and 0.2 microgram per gram of TSNA, were obtained

for tobacco subjected to air-curing in Poland.

Summary of the Invention

One object of the present invention is to substantially
eliminate or reduce the content of nitrosamines in tobacco

intended for smoking or consumption by other means.

SUBSTITUTE SHEET (RULE 26)



Anot her obj ect of the present invention is to reduce the carcinogenic
potential of tobacco products, including cigarettes, cigars, chew ng
t obacco, swefds/s354 tobacco-containing gumand |ozenges. PCTF§57ké%8

anot her object of the present invention is to substantially elim e or.
significantly reduce the anount of. tobacco-specific nitrosam nes, -~
i ncludi ng N -nitzeseemicoidde of NN , present invention is te reduce the
4- (N-nitrosomet hyl am no) - 1- (3-pyri dyl) - 1- but anone (NNK), )

N - ni t r osoarraztinegeNATrobedt Aol afi tebzoapairesiued s(NABFluding suiglardtaagco
product s. . _Another object of the present invention is to treat uncured
t obacco at HHEFFrogthieiEnd | FRPHERR - haryeEt 288 56PRECer FERERLRENIcON@nd
process without adversely affecting the tobacco's suitability for human
consunpt i on.~°%€79%Spanot her obj ect of the present invention is to reduce the
content of tobacgQ-specific, nitrosamnes in | 1 [ t obacco. . Yet
anot her objept_o%gfﬁé p?gggﬂ?“inggﬁf?%nCPE fO%reéﬁggeﬁﬁe l%é#ﬁ%ﬁﬁncﬁlé to
tobacco- spethidt ha 9Mdlas AL I a1y ANANd, PO,cand0eLABRhL! 83
thereof in humans who snoke, consune or Otherw se i ngest tobacco I'n some
form by pradrliced-apkel2eeo niRroduet ngdi,t akla ddahghuwmam ieesseRdrinarkoMiheh

contains a substantially reduced quantity of tobacco-specific _
ni t r osam nes(NNN)hereby-hovessoget hel aat go noyged cpypnidant)i al - mit aorte QNIRYGE .
Preferably, the tobacco product is a cigarette, cigar, chewing tobacco or
a t obacco- coHt-aiitiregognatebihez éFAR) and N’'TFhdtzbsvanahdsdnheNAB] edirs santt
advant ages i n_accordance wth the present invention can be obtained by a
process for tobacco preducts. 5
Ancther object of the present invention is to treat uncured
tobacco at an apprcpriate time post-harvest so as to arrest the
curing process without adversely affecting the tobacco’s
suitability for human consumption.
Another object of the present invention is to reduce the
content of tobacce-specific nitrosamines in fully cured tobacco.
Yet another cbhject of the present invention is to reduce the
content of tobacco-specific nitrosamines, particularly NNN and
NNK, and metabolites thereof in humans who smoke, consume or
ogherwise ingest tobacco in some form, by providing a tobacco
product suitable for human consumption which contains a
1substantially reduced guantity of tobacco-specific nitrosamines,
thereby lowering the carcinogenic potential of such product,
Preferably, the tobacco product is a cigarette, cigar, chewing
tobacco or a tobacco-containing gum or lozenge.

The above and other objects and advantages in accordance

with the present invention can be obtained by a process for
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reduci ng the anount of or preventing formation of nitrosamnes in a

har vest ed tobacco plant, conpri sing subjecting at |east a portion of

the plant to m crowave radiation, while said portion is uncured and in a

state sus¥EPBPEISe to having the amount of nitrosanines redEEUSI8N2128

formati on of nitrosam nes arrested, for a sufficient tinme to reduce the

anount of or substang#allﬁ Brévegf formatio east ope nitrosam ne.”
g8

,of at |
't is prefefPSHCERd CPR RRRURF oRbsSE oPTERERT INENFPBIRC IR O BiFrfSamines
s prefefPed U otes! _ ’ CstBpgeamne
subj eoling L g SE0YBNEoaalaliop disdar dopibuaign @ Lobacco | eaf or

portion thereo ter onse ow ng 1n-the eaf and prior to

substantial accugubbéOingf atohaGeee- $PesItd Lon NbE M BAMDNGRE! td e diRRlave
It is also preferred that™in the process of the invention, the step of

subj ecting kadmheremaveshibsli ajdien peresohi eds ouindured tAdSURAt ant igtlatle0ss
of the leaf's cellular integrity. In additional preferred

enbodi ment ssobceheiptecess, hdting t chaceooustf lafe hdbaosanames t medsted ofr
subjecting to mcrowave radiation is carried out within about 24 to about
72 hours poSermahienest, ndrapsaoiacsr efraesyefd wilidn ne apséfigiend hbvet t36
hours , post-harvest. In still other enbodinents of the process, the
harvested FBBHEROEPE AEPHPA RE UnFIPSIBOFE24nHi EFEVEBp&CATGELoRoRdi Bitons
in a controiégg*environnentrgrior to the step of subjecting to mcrowave
radi ati on. © PRI HYHts of the process include a step, prior to

subjecting a tObf‘EPQs';i?é‘éféi‘P}&@ Pﬁfi}%ﬁb& e I MEAES d6 il &R iTLCr QYRVE

radi ati on, of physicalfy pressing the [eaf to squeeze

6 step of subjecting to microwave radiation is carried out on a
tobacco leaf or portion thereof after onset of yellowing in the
leaf and prior to substantial accumulation of tobacco-specific
nitrosamines in the 1leaf. It is also preferred that in the
process of the invention, the step of subjecting to microwave
radiaticn is carried out prior to substantial loss of the leaf’s
cellular integrity.

In additional preferred embodiments of the process, the
tobacco is flue tobacco and the step of subjecting to microwave
radiaticon is carried out within about 24 to about 72 hours post-
harvest; even more preferably within about 24 tc about 36 hours
post-harvest.

In still other embodiments of the process, the harvested
tobacco is maintained under above-ambient temperature conditions
in a controlled environment prior to the step of subjecting to
microwave radiation.

Preferred aspects of the process include a step, prior to
subjecting a tobacco leaf which preferably includes the stem to

microwave radiation, of physically pressing the leaf to squeeze
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excess noisture therefrom to ensure nore uniformdrying by the mcrowave
unit. This step can be conveniently carried out by passing the |eaf

t hrough a W@ ds/sREssappropriately spaced rotating cylindricalpe stlﬁ,gﬁzpri or
to entering the mcrowave cavity. In yet additional preferre .

enbodi rents of the invention, . the mcrowave radiation has a frequency of
about 900 t exdemst mcds@Qr¥Hzheandrbs, appl emsht® ndre plramoxfmwrdry iper bed thk
at |east about 1 second, and preferably from about 10 seconds to about 5
m nutes at aisetkevier rdvigd polieks | ek . carfhee peaBYenéeRrrlyisegrriedeput| py
determnes the length of time to which the tobacco is subjected to the

mi crowave r &ASRINGn thendeafrt ekl & 8ALELBH 2PRIRPT A Ul tSPRTRS watas ingen

usi ng conventi.gnaj ,k%éche -type mcrowave_ovens several hundred or
4 PG Cad e LPEP '

more ki | onat¥% C¢omTe P, PRuPEi FrBd%n'éf)ﬁT%éVg%swﬁ%‘YaeY? et ower
| evel s using ap%g\(irgettorasa eslgngd tr%f%?%@!df g%ggkﬁehgév%% rt%’égqé%re%@i%gc,)m

2 to about 75 ki tts, re prefpera m about t o about

kil owat (s, Wi Raddel Slaliatelon LAl dh L£AHUBRNy 9 DAt  bEY tBUkpout

It is also preferre In accordance wth "the” present invention that

the m crovwawgoradima!,i amd $saRRE18Ed! @ot Reel pabner fopoat petribliesgohtl Qeaat
time sufficient to effectively dry the leaf, wthout charring, so that it
i s suitabl e abauthumsacoadnsanft bpaferably Theomrasert lhvaEtamds dlcs abseeks
to subject tobacco | eaves to microwave radiation to prevent normal
accumul at i omigfutsts lagast proatetetwicesl e i kel r osBA® NBOWSHCcAeysl used
N -nitrosonornicotine, 4-(N-nitrosonmethylam no)-1-(3- pp/,ri dyl ) - 1- but ar one,
N - nitros@smsraBiliie daRErNICARt FB8 ohPRDER| fle.time to which ‘tHe tobacco is
-7 nt .invention i.n %gs br oadest _f orns
]

. _.Th ) |-
enconpasses S“ﬁ’jte&?&@g G%Lr%ggu'@tlc&?ﬁﬁ?’?s FRGAGACYr e8R%t 5B E87ST ?t%%f“e APgHE

hurran 600 to about 1000 watts when using conventional kitchen-type
microwave ovens, up to several hundred or more kilowatts for
commercial, multimode applicators. Preferred power levels using
applicators designed to handle single leaves range from about 2
to about 75 kilowatts, more preferably from about 5 to about 50
kilowatts, which permit relatively rapid treatment to be carried
out.

It is also preferred in accordance with the present
iﬂvention that the microwave radiation is applied to the leaf or
portion thereof for a time sufficient to effectively dry the
’leaf, without charring, so that it is suitable for human
consumption.

The present invention alsoc seeks to subject tobacco leaves
to microwave radiation to prevent normal accumulation of at least
cne tobacco-specific nitrosamine, such as N’ -nitrosonornicotine,
4- (N-nitrosomethylamino) -1- (3-pyridyl) -1-butanone, N’ -

nitroscanatabine and N’ -nitrosoanabasine.

~3
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consunption and having a | ower content of at |east one tobacco- specific
nitrosam ne than conventionally cured tobacco. In preferred

enbodi nmen [#? non- green tobacco product has a TSNA (NNN, NNK, NAB and
NAT) cont Tess than .2 [err]g/g, nore preferably | eBSTAURSA2RSout . 15
[err]g/g, and even nore pref erably |ess than about” .1 [err]g/g, an NNN

content of less 4 d}t?é B, 2wt 1&5en{:95ﬁ]g{gtsnpfﬁan a%&ﬁ?plsy %nrcFﬁ? s ?Id i

.10 [err]g/g, an ven nore pre erab y less out err

an NN\NK cont£riorfedeepSoahBa-alOUs irfd0Rche b 8A & ot HRIR Quﬁé%?@'f)br' ﬁérﬁaﬁha“
about .001 [err]g/g,  and even 'nore preferably less than about

[err] 9/ g. consumdteldi eseNthavivenki 0bwes abfteft reftad lleasa bﬁbaﬁéﬁa@é@dUCt

conprising dried yell ow tobacco suitable for human consunption and having

a | ower comgmanififc atitdmsstmiore thelbacoovepedphally ntired amisdchan

conventionally cured tobacco. In preferred enbodinents, the yellow tobacco

product has a TSNApPERNErEKemNARL meREs NAhe SORCERECN AFPDRIC T PFOEHEL basl an

NNK content within the _above referreg ran n ot her enbodi nents,
t

the non- gr éenBP yENNoW I Eh AR 205 Had CEB%%?Yé?efslﬁaﬁ PR oHIYEl | BRFe .
tob tabhle f t d,h TS N B

AR AL %%era Eft R S S e ohe/ 3T pRd Buftometar PEabhraRlA | n
the freshly, teenl t;%’/ggcc%r”bﬁ\ﬂr frQmaahi gk thesPLagdHCLy {mde.

It is nore pr erred t t he green or yellow tobacco produc ave  a

TSNA cont emg({\rg ! m&@b&%fel%w Vet SNt ha058ou P! ef@F @bl y, Wahdli Syabomd 0%

by wei ght an st preferably ‘essentially approximating (e.g. within an
amount up trefeMealy less than about .05 ug/g, and an NN& content ofer€edt

by weight) the content of such TSNA in the freshly harvested tobacco crop
f rom whi ch thaa poduct 0G@sughde. mdrte ipgrefairadlyr dées rgthn iouthe 0AbNEg LN
or yell ow t obacco product

and even more preferably less than about .0005 ug/g.

The present invention is also directed to a tobacco product
comprising dried yellow tobacco suitable for human consumption
and having a lower content of at least one tobacco-specific
nitrosamine than conventionally cured tobacco. In preferied
embodiments, the yellow tobacco product has a TSNA (NNN, NNK, NAB
and NAT) content, an NNN content, and an NNK content within the
above preferred ranges.

In other embodiments, the non-green or yellow tobacco
broduct comprises non-green or yellow tobacco suitable for human
consumption, and having a TSNA (NNN, NNX, NAB and NAT) content
within about 25% by weight of the content of such TSNA in the
freshly harvested green tobacco crop from which the product was
made. It is more preferred that the non-green or yellow tobacco
product have a TSNA content within about 10% by weight, more

preferably within about 5% by weight and most preferably

essentially approximating {(e.g. within an amount up to several
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conprises non-green or yellow tobacco suitable for human consunption, and
havi ng content of at |east one TSNA selected from NNN, NNK, NAB and NAT,
which is wyh sgsg)out 25% by weight, preferably within about 10% by

wei ght, nore preférably within about 5% by wei ght and nostP@FESS13138y
essentially approximating (e.g. wthin an armunt up to several percent by

wei ght) of t tﬁ t we ?%gxrg@e GY r88$93Q£ n%f OrI‘SE UC.‘tq V\gge nga‘@shly

freshly harvest en cco crop fromwhiich e pro

I yet addi thonaebodims b gl TechVAiTkhoBne! BeoROBE wACPRAA0T VEL O

t obacco product conprises non- green or yell ow acco suitab

consunpt i on,alesl pagfeagred TENAC( NHY  ndilGrAB a@d M_Dovﬁoﬂéﬁé‘écc‘!m?ﬁgdhét at
| east about 75% by wei ght, preferably at |east about 90% by wei gh nor e

preferably aonmsdsies abountg@énbyowei gdilloandotsicor afrinally afokeaiiman
about 99% by weight |ower than the content of such TSNA in a tobacco
product  of FMEWRHE ony pandadevingmadnd esaneot obfacker st opnasTERB pebeuicéd
of the invention, but which was cured in the absence of nicrowave

radiation o 61‘%@?““? TR iR %P{jﬂ’ d Wb Chedifcel TEND asitte A5% byt weightt so

preferred t on en o vy t obacco product ri ses non-green
or yellow t acc g?]?’t &%I g‘lf'lora *cots utiptg- "h' %?ﬁeh8§ggﬁr%b%36n‘t’b‘?ﬁllbf

t | t h t St
Zboute a?S%OB% b&g@g Seﬂjyg'%ee%er abl'y %‘Q‘F eé}l\%% Ejti? mgllgh#gﬁ%ﬁ"ematmg
preferably ale.leagkcnahonh, gﬁc{‘hgg wei gbt se@@gaim ér@éﬁé 6'15% %_%ﬁtiréfi'ﬁtthe

about 99% by weight |ower than the content of t e corres

TSNAs content of the correspondihg TSNA of NT@nhebacgo t@l'éOdPPéer}f
t he sane tyglq made fromthe sanme tobacco crop as the product of the

i nvention rvelked gmsenutebkdoo tdmeop dhsenodiath niner pradactadhat n@de Or
ot her techni ques designed to reduce TSNA content. A preferred form
of the present iAPeliefordddraraslt empodiments of the invention, the non-

green or yellow tobacco product comprises non-green or yellow
tobacco suitable for human consumption, and having a TSNA (NNN,
NNK, NAB and NAT) content which is at least about 75% by weight,
preferably at least about 90% by weight, more preferably at least
about 95% by weight, and most preferably at least about 99% by
weight lower than the content of such TSNA in a tobacco product
of' the same type made from the same tobacco crop as the product
of the invention, but which was cured in the absence of microwave
Fadiation or other techniques designed to reduce TSNA content.
It is also preferred that the non-green or yellow tobacco product
comprises non-green or yellow tobacco suitable for human
consumption, and having a content of at least one TSNA selected
from NNN, NNK, NAB and NAT which is at least about 75% by weight,
preferably at least about 90% by weight, more preferably at least
about 95% by weight, and most preferably at least about 99% by

weight lower than the content of the corresponding TSNA or TSNAs
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t obacco product conprising tobacco having a reduced content of at |east
one tobacco-specific nitrosam ne, produced by a process conprising

subj ecting the tobacco, while the tobacco is uncured and susceptible to
havi ng for ¥R P¥58T at | east one tobacco- specific nitrosaPETEsasnerEst ed,
to m crowave radiation. I n anot her enbodi nent; the present invention

is directed to a nethod for reducing the cont ent g% ﬁt qu§t one tobacco-~
speci fic nitrOsanFARAFTe RFXYHr Gin *P5bERED, © i hgP™ the sam’y APharag
the cured brown_tobacco, an ubj. in he re ted tohacco to -

m crowave radiari %ﬁa% € par%éj“écateto r &gﬁe%g'g%%?g?rE’I %\‘/lé"l t}?{g%ga&%sr ecg‘érteér rfnede

length of tigBgence 8f5'&n%k%5¥e. E»Qsigéféﬁnéri&mtit%ﬂn&ahggeae%gw qags

scope a tobacco product conprising cured brown tobacco having a uce
content of atelgast TORE tOheegP:specific nitrosam ne, produced by a
process conpri sing rehydrating the cured brown tobacco, and

subj ecti ng the rehydratifedricdbatemm t of Mtheowmesenadiiatvemtiah r@lates to a
predeterm ned energy level for a predeterm ned | ength of tine. In yet
anot her enbotiPheate phedpceseotprhvbng | brbacdatteying aaredvhed obntent of
manuf act uri ng a_ tobacco product, conprising subj ecting_harvested

t obacco | eaveét 1ersh AnevdPRacsgi-aPeshlicvipt teosaniqe) cRveduere Rhaurtacesl

in a state susceptible to _havjing the appunt of bacco-speci fi
ni t r osami nescP@agéégn%rsubject;{n the tobacco, wh;(L](.)e t%e t cco (1;s uncured

SUBSTI TUTE S T (RULE, 2 . f i f b - j
Eﬁg s(z co;pt];g%ea tos ubf v1ng0rifa{u|1a%r}.o% otfodaﬁ%gﬂ?%%cbﬂé C{:ok(:)?c%?~

nitrosanjnes arrested . 1"ci”en imeto re e anoun
substanti al | ¥p9&§¥§@}ni€%£@r&h§@ HralrdL£ash pRerbebaccoasRacidi.c

nitrosamne in the |eaves, an

In ancther embodiment, the present invention is directed to
a method for reducing the content of at least one tobacco-
specific nitrosamine in cured brown tobacco, comprising

rehydrating the cured brown tobacco, and

subjecting the rehydrated tobacco to microwave radiation at
a predetermined energy level for a predetermined length of time.

Similarly, the present invention includes within its scope
a tobacco product comprising cured brown tobacco having a reduced
content cf at least one tobacco-specific nitrosamine, produced
by a process comprising

rehydrating the cured brown tobacco, and

subjecting the rehydrated tobacco to microwave radiation at
a predetermined energy level for a predetermined length of time.

In yet another embodiment, the present invention relates to
a method of manufacturing a tobacco product, comprising

subjecting harvested tobacco leaves to microwave radiation,
while said leaves are uncured and in a state susceptible to

having the amount of tobacco-specific nitrosamines reduced or

10
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form ng the tobacco product conprising the m crowaved | eaves, the tobacco

product being selected fromcigarettes, cigars, chew ng tobacco, snuff
and tobaccys et i ng gum and | ozenges. It has al so been
di scovered t hat 8?%)’?% of electromagnetic radiation having RCEASps/12128

frequenci es and shorter wavel engths than the m crowave donmain di scussed’

above and | nedme el alde beboecoCabober #oed ko ALNIAKE Lhe, Dasis obiects

of the present invention - uction or substan m nati on Oof

in tobacco puptiieisnt yinder eat k@&ué@&ﬁ&%@%@xt%t‘hoﬁ@ib&?ﬁ{%fl?f g‘}e'vgnl‘:he
sane time frame post-harvest as di scussed above with regard to

m crowave enbodiateidn of Tausletbhe pnesenbacauespeonffd:smtf@barhﬂ:setQnathe
met hod for reducing the amount of or preventing formation of nitrosam nes

in a harvestkRY¥@&hacesl pl ant, conpri sing subj ecting at |east a
portion of the pl ant to radi ation havi ng a frequency higher than the
ni crowave domai n,fRARING séhﬂ BePRTEh IPFOENElr e@OEREL $ING Sthet emdasowpred| e

to having thlb anount of trosam nes reduced or formation of nitrosam nes
arrested, for 4 suf FREi &AP3CCRe RPFETucESERE SFIERLE 6] %’Foms%gﬁﬁﬁtﬁtaﬂy
prevent fornat of t least .one nitros he mcrovvave
enbodi nent 5@4 q%s’ SR - T S ‘fégnp?"b%eﬁb%?c?h%o?“rﬂ/’e?ﬂﬁ%rﬁu‘? hard
step of subjiectd@st o radiation having a frequency higher than the

m crowave donain’is carried 11

SUBSTI TUTE SHEET 1¢RUale 26k0 been disedvegBdatrhabagsemkeat @ie@@fs&ﬁr&’?n tic
thereof after onset of yellowng in the |eaf and prior to substant ?

accumul at i oragfiatdbacbavingenitd:x firieljuenatesesnd sHdie dreabivelbhgt Bs ot ish
preferred that in the process of the invention, the step of subjecting to
such the microwave domain discussed above and in more detail below,
can be used to achieve the basic objects of the present invention
- reduction or substantial elimination of TSNAs in tobacco
products, by treating the tobacco with such energy forms in the
same time frame post-harvest as discussed above with regard to
the microwave embodiment. Thus, the present invention also
relates to a method for reducing the amount of or preventing
formation of nitrosamines in a harvested tobacco plant,
comprising
subjecting at least a portion of the plant to radiation
having a frequency higher than the microwave domain, while said
portion is uncured and in a state susceptible to having the
amount of nitrosamines reduced or formation of nitrosamines
arrested, for a sufficient time to reduce the amount of or
substantially prevent formation of at least one nitrosamine.
As with the microwave embodiments, it is preferred that in

the process of the invention, the step of subjecting to radiation

having a frequency higher than the microwave domain is carried

11
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radiation is carried out prior to substantial |oss of the leaf's «cellular
integrity. Preferred energy sources capable of producing such
radi ation_are described further below, and include far-infrared and
infrared MAP4F858H, UV (ultraviolet radiation), soft x-raYST/ARI3EMr s,
accel erated particle beans such as electron beans, x-rays and ganma
radi ation. Brief Description of the. Draw _ngs ~ElG_ .1 is .
phot ogr aph T4 (%t Faf?’ﬁ@cc?/gjt?iﬁwer\ﬁ?ﬁ?h?ré%ed%o%% %%‘coon%ee"doﬂygjol%%urs
post-harvesi, ipne legkeﬁndszﬁgr @o,@@B&QQﬁ@PQ} LLLURITAAA of tobapco-

yel'l ow' Virg I

| ow- ni trosam ne m crowaved rnra flue tobacco I n accordance
with the psesentid RMeHIs@hines in tHOWRF3 | Srai Pallldoabresedecefspecti ve
illustration of a nobile, conmercial-scale mcrowave applicator which can
be enpl oyethd opeateéys Ot the Minteavave,t that meeb of awtoedanag wd kudhe
present invention. Det ai | ed Description of The Invention It has
been sai d tiedidtierpriactiaceiofl ¢obhaotieruri agbssampral loksanfarihe tlenat ‘@
sci ence, because curing conditions during any given cure nust be adjusted
to take inteebiddlamt inregrigetor s Bsefexredt ANSFHT eFEHEESS dFdRablencef in

| eaves harvested from various stalk pé)si tigons, differ %ncles anong, curing
bar ns mherePrOduClng such radiation are descri further below, and include

SUBSTI TUTE SHEET (RULE 26). . d..and epvi ; Lati.
during a s e VeaeaR BRUoVEFTTERT FaRenr: Saasine I ER TR LB

fluctuationgmhen abls GUMhAGe 50T SXAM £Ledd1€pREAEE] £€ fandsl USLEAT 1410 TS

enpi ri cal

electron beams, xX-rays and gamma radiation.

Brief Desgcription of the Drawings

FIG. 1 is a photograph illustrating "yellow" Virginia flue
tobacco aged 24 to 72 hours post-harvest.

FIG. 2 1is a photograph illustrating low-nitrosamine
microwaved "yellow" Virginia flue tobacco in accordance with the

present invention.

Figure 3 is a partial, side-perspective illustration of a
mobile, commercial-scale microwave applicator which can be
employed to carry out the microwave treatment in accordance with

the present invention.

Detailed Descrivption Of The Invention

It has been said that the practice of tobacco curing is more
of an art than a science, because curing conditions during any
given cure must be adjusted to take into account such factors as
varietal differences, differences in leaves harvested from

various stalk positions, differences among curing barns where

12
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to a certain degree, and is optimally carried out by individuals who have
accurml at ed experience in this art over a significant period of tine.

See, al, "Chemcal and Biochem cal Changes Durl ng The
Fl ue Curl ng §%$g5§ac " Recent Advances In Tobacco Sci en?&ﬁqﬁ? §

81 et seq., Synposium Proceedl ngs” 49th Meeting Chem sts' Research
Conf erence, papi enber en¢$z3dme 199D Naﬁéh@gﬁgrﬁuﬁ% dekyndherLinatt ¢ o e

et al"). Thus, one of ordinary skill in the art of tobacCco curing wou
under st and td}ﬁﬁféﬂ&moug@és@&ﬁrrabgéswily he@eptBSENf1LBYAALELOAs whenl (-
broadest forns, are variable to a certain extent depending on the precise
confl uence afurtirey abawer feacingrle,f wheapyragtien ofafVestcuring isnempirical
preferred enbodi nent, the present invention is founded on the discovery
that a w nddw exicersador dagrede awbdscoprteuel by aaraied prtwhy chndihei dwtiacco
can be treated in a manner that wll essentially prevent the formation of
TSNA. Of coutt® hawhaqiumiled o FaBRTaarFaglihtehs TENA ?ﬁmlwr&mmt

effectively elimnated or . substantial 'y redyc T depend "&F

t obacco, rretl?‘?dﬁwg;f Cbri hg™and £5unb&r Jof o}%ﬁ% abBtes, ﬁ‘&’r%‘gjr n@nd
th t t hi,s.. t of
the pr esent TRVSRTOAL %la@ﬁ%%%é#?@ TR Lohs b %fﬁﬁfrf@%ﬁfn%““'ﬂm”em"

post - har vesta yhen dhe ) @abaks §§Y&@@et%ﬁr%h eHl 81 cOr8eR’, AgRs
prior to the ti me at - whi cFa\ T%NAS and/or nitri tesBsubsthtlgt?l y accurruﬁ ate

in the |eaf ,prddyealtnlg@e4§mmettmg0@hémsaﬁfr REPOAESH BnitRe epekl, Ak temMa ch
t he | eaf is undergoing the

yel |l owi ng pracess arsds, ikestiresyeel,l dVenqnfws:ye, (Heefedme fthe ["@afelkegitnualt'g .
turn brown, and prior to the substantial |oss of cellular integrity.
Unl ess ot hefBhivse oneaf fmddnely cbaléxin the avknef "selrtemtdurinampuld

"significant”" as wused herein generally refer to gredom nant or majority on
understand that the outer parameters of the present inventior,

a
in its broadest forms, are variable to a certain extent depending
on the precise confluence of the above factors for any given
harvest.

In one preferred embodiment, the present invention is
founded on the discovery that a window exists during the tobacco
curing cycle, in which the tobacco can be treated in a manner
that will essentially prevent the formation of TSNA. Of course,
the precise window during which TSNA formation can be effectively
eliminated or substantially reduced depends on the type of
‘tobacco, method of curing, and a number of other wvariables,
including those wmentioned above. In accordance with this
preferred embodiment of the present invention, the window
corresponds to the time frame post-harvest when the leaf is
beyond the fresh-cut ¢r "green” stage, and prior to the time at
which TSNAs and/or nitrites substantially accumulate in the leaf;

this time frame typically corresponds to the period in which the

13
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rel ative scale, give or take. During this tine frame, the | eaves are
susceptible to having the formation of TSNAs substantially = prevented, or
the content of any already forned TSNAs reduced, by exposing the tobacco
to microw 98 %ation at a predetermined energy |evel fRCHUSIBAEE8er ni ned
| ength of tinme, as discussed further below This mcrowave treatnent

iall ral f i f , i i ed,
Gol den yel | BARET 35T ORFEBRBS! ShohdRan Lo RS RBLEORS PP TAS: Heve BFF Loty
begun to saﬁé%é,ntb@k&;éeaEﬁMéééebe YR C@é'yuwv‘@{%lgg,heaﬁdppioé he, yellow

phase, the application of 'mcrowave gnergy to the in accordance wWth

the inventigapetigcidvel eldreeles 1L r NBhEGH £y SNAl@ERBLEARr GYEL €p1 dAUS
preventing any further substantial formation of TSNA. Wen yel |l ow or

yel | owi ng t fbamcohé sconieated the Hdrnes frashisaanat alheandst soghi fibdadt mesd n
the curing cycle, the resulting tobacco product has TSNA |evels
essenti al | yusegphexenat igepetrhddy ofefferests ypheadombnat: geeematobatgoonwhd | e
maintaining its flavor and taste. | n anot her enbodi nent, the present
i nventi on refhtelve FcalepaghBatohit aker e PYHFEMIRIEoBHER & HaFeef FBetIqastes

reduce the TSNA content. of that _curg&tobacco,, by reg%lg]rati ng cured
tobacco andPrEuBfecIRMPIhe e ddRd ddhec FPETaEdBhacRd B 4T cFBRAvRAt1ally

di ati on, d i bed furth bel
rli aen pééver%;sl% I p‘?erefste’hg{ ?‘?ef{}:eeﬁi%l go\r/%l POV, BaE RN gofge?rggyz?‘r%n’fe%‘fcet%
harvest ed t@;fbae%%g\a@ﬁcgh%%ﬁ&aﬁgg D4 RN rQQEéHHBﬁ'a&“at ggP&&etéﬁﬁﬁwh

has been perTornmed obacco, w particul ar reference
t obacco- speshér@, Nid¥OBaAPBRES . pre&E€Shhindr Vasiad d0banes, dLa¥eSodfd

call ed "green tobacco” and contain no known carcinogens, but green tobacco
i s not suitabhehdobdldmmn This microwave treatment essentially arrests the
natural formation of TSNAs, and provides a dried, golden yellow
leaf suitable for human consumption. If TSNAs have already begun
to substantially accumulate, typically toward the end of the
vyellow phase, the application of microwave energy to the leaf in
accordance with the invention effectively arrests the natural
TSNA formation cycle, thus preventing any further substantial
formation of TSNA. When yellow or yellowing tobacco is treated
in this fashion at the most optimal time in the curing cycle, the
resulting tobacco product has TSNA levels essentially
approximating those of freshly harvested green tobacco, while
maintaining its flavor and taste.
In another embodiment, the present invention relates to
treatment of cured (brown) tobacco to effectively reduce the TSNA
content cf that cured tobacco, by rehydrating cured tobacco and

subjecting the rehydrated cured tobacco to microwave radiation,

as described further below.
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consunption. The process of curing green tobacco depends on the type of

t obacco harvested. For exanple, Virginia flue (bright) tobacco is

typi cal |y Wwhugsgsssed, whereas Burley and certain dark strgj ysual |l y
air-cured. The%?I ue-curing of tobacco typically takes p?&@iv%é&ng .
period of five to seven days .conpared to one to two+ nonths for -
alr-curing. Accorgli pgebont Peakeneionl isf b@?ﬁdébmg Ras wenfhnidyy deepre
divided into three stages: yellow ng (35-40[err]C) for about 36-72 hours
(al t hough ohdevsstepadbadut wieéthols ngteegieds fspanean hamBfohdons, uéh .
at about 24 hours for certain Virginia flue strains), |eaf drying

(40- 57[ er r ] CGre$orrad8 Hasubsen arat fivirtheidbort Stad@ccdr, ywhth (GZ-t28[dar] S fépencd8
hours. Many mmj or chem cal and biochemn cal changes begin during the

yel | owi ng st&@etahaceonsraoelitr sdghosapines |y phesddy diayeegteadt ytabgacco
In a typical flue-curing process, the yell gvm n "stag is carried out in a
bar n. Dur i WP Y$R s PfasecAHEYr e GrSeFay E8P2GFRdual ‘5 | 5SRE2 BT or "Quekpewn
chlorophyl | degradation, wth the cqrresponding appearance.of the yellow
carotenoi d pcfagl?}ce‘nrfoéens,ﬂ(cc\g?‘%i nar?%nt ﬁ:ec’braec\%’loewlﬁy #éé;l e t“%l,e tﬁ8ryell"‘ll‘8%il ng
stage of flI %Hﬁ! obaggo,i Lshe A Qs g]ha' ts
in the barn,%ggh ot{kg:l&n'g ?&% %%?r%%sgﬁ?r)ghgtg gp%%%% natﬂeél%% ér%r S oh tid
7[err] C. ThipdlSICeshadldd ha@seatEQNt I} @GR!, ONRREE ni ABENLAI (Sright)

15 the relative humdity in the barn at approximately 85% |Tmts
noi sture | ossoBadu®d tiketlpavesly afidiedlduawd,t WRekead Hurlegntndueerthén dark
nmet abol i ¢ processes begun in the field. The operator constantly nonitors

t he progressfairse suee,ugualdar i dirthyuresbser Viltg fheetossing ol oropydd
and green color fromthe |eaves, and the devel opnent of the desired | enon
to gol den ortaMjeallyaf talsedr place ovgn haomepat | @bl &2 Vear Fet yeyenvidaghi a

flue tobacco on . . .
compared to one to two+ months for air-curing. According to

Peele et al, flue-curing has generally been divided into three
stages: yellowing (35-40°C) for about 36-72 hours (although
others report that yellowing begins sooner than 36 hours, e.g.,
at about 24 hours for certain Virginia flue strains), leaf drying
(40~57°C) for 48 hours, and midrib (stem) drying (57-75°C} for
48 hours. Many majof chemical and biochemical changes begin
during the yellowing stage and continue through the early phases
of leaf drying.

In a typical flue-curing process, the yellowing stage is
carried out in a barn. During this phase the green leaves
gradually lose color due to chlorophyll degradation, with the
corresponding appearance of the yellow carotenoid pigments.
According to the review by Peele et al, the yellowing stage of
flue-curing tobacco is accomplished by closing external air vents
in the barn, and holding the temperature at approximately 35°-

37°C. This process utilizes a controlled environment, maintains

is
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whi ch testing has been carried out as described herein, freshly harvested
green tobacco is placed in a barn for about 24-48 hours at "about
100-110[er&#§ until the leaves turn nore or |ess conpletely el l ow (see
Figure 1). "Fh&/3¥85 ow t obacco has a reduced noisture cont HT/U§98@B2128¢ r om
about 90 wei ght % when green, versus about 70-40 weight % when yellow. At

this stage, e vell ow tobacgcg.. contai,ns .essentially no kng ci nogens,
bnd the. SonatBEnTEne CTye CRaeEn s T R SE e Hoptenarr Pacn. Bk’ fLEETS

t ob . Thi . inja fl i i i [ t

for apout 617 HEBEE "ot Ko OORE PRedvall Clidy YIS RRET 1638, K8 LONE 130

brown. The begun M@ flHsc4ohaccobyRi cal | ¥nbase @ 1mDi st ufif SEQ%Q%rOf
about 11 to about 15 wei ght percent. Thé conversion of the tobacco from

yel low to breshstgstls moniterantilen prégresdsantimd acewnulmiindtidly by
nitrosam nes, and an 1 ncreased mcrobial content. The exact mechani sm by
whi ch t obaccobspeeididg c thei tYesanblesdoeopbyied drsl noteet egplobutfdan the
believed to be enhanced by mcrobial activity, involving mcrobial nitrate
reduct ases i heghes gemst sheotie vt loprant @fdthe r%eqiﬁr@dc&?mﬁ@ tpEedden. orange
16 Tobacco-specific nitrosam nes are believed to be forned
upon reacti B2bfC@RMes with nitrite-derived nitrosating species, such as

err], Nerr rr] and N err err] under acidj.c._condi ti-ons.. \Weirni k et
glq di ]scus[s t h]eol[o‘g’s“t*ln 8P%dpt[56&hléﬁﬁﬁ Pri'%'e@is °§t q)p}ﬁgli‘é%s‘“'l;ﬂ}ae prPRFece on
synopsi s is . . 0. S - nd f
a%ingslinlthgﬁ%%éﬁgééﬁfggﬁﬁ%f 2ee s?lgggggiﬁgsqﬁﬁgialké?%?dgg'gggheé?%g??%ry
am ne nicot ﬁ&'ﬁvéé@é@rﬁ_&l edr88atdd id ptllé%e@i agramakel ovd drsodthe aMaROkours
i

al'’kal oid in tobacco, e other nicotine-type al kaloids are the
at about 100-110°F until the leaves turn more or less completely
yellow (see Figure 1). The yellow tobacco has a reduced moisture
content, i.e., from about 90 weight % when green, versus about
70-40 weight % when yellow. At this stage, the yellow tobacco
contains essentially no known carcinogens, and the TSNA content
is essentially the same as in the fresh-cut green tobacco. This
Virginia flue tobacco typically remains in the yellow stage for
about 6-7 days, after which time the leaves turn from yellow to
 brown. The brown Virginia flue tobacco typically has a moisture
content of about 11 to about 15 weight percent. The conversion
, of the tobacco from yellow to brown results in formation and
substantial accumulation of nitrosamines, and an increased
microbial content. The exact mechanism by which tobacco-specific
nitrogamines are formed is not clear, but is believed to be
enhanced by microbial activity, involving microbial nitrate

reductases in the generation of nitrite during the curing

process.

16
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secondary am nes nornicotine (2), anatabine (3) and anabasine (4). Tobacco
al so generally contains up to 5% of nitrate and traces of nitrite.

Ni trosati rnicotine (2), anatabine (3), and anabasi g/ €S t he
correspondi ng&#}?r osam nes: N -nitrosonornicotine (NNN, S?ST/HSQME

-ni trosoanat abi ne (NAT, 6), and N -nitrosonabasine (NAB, 7).

Nitrosation of nireghERS-shddific 2QUeEHEMSNEYtdr@Nbedf £06d: A bE Kéttidd Abon
4- (N-ni trosonet hyl am no) -1-(3-pyridyl)-1- butanone (NNK, 8) (NNN, 5) and

4- (N- ni t r os @By band N Atmide63witpyritdyty-debivehali tiNNAL18Y. speeisss cemahnl y
encountered TSNAs include NNAL

(4- N-ni t r osesetNgyl, and,0p) add (8B;Qy rindglr) atidicamsinditions - so¥aiNAtik et al
(4-N-ni trosonet hyl am no) -4- ( yridyl) -1-butanol, 11) and iso-NNAC (4-
( N- ni t r osonglisgnasi hbe pqstw@@atqygrﬁq;wa)tmaupén”%ws &t BP 123~ 4frie 3 &rAgLi on
of these TSNAs fromthe correspondl n t obacco al kal oids is shown
schemat i cal BYTPeFa®, 16sFaf TRe-h c’81“hations 1-12 above (reproduced from
Wirnik et al,

[err] S%@Eaccopleav%s contain an abundance of amines in the %%rm

of amino acids, proteins, and alkaloids. The tertiary amine
nicotine (referenced as (1) in the diagram below) is the major
alkaloid in tobacco, while other nicotine-type alkaloids are the
secondary amines nornicotine (2), anatabine (3) and anabasine
(4). Tobaccc also generally contains up to 5% of nitrate and
traces ¢f nitrite.

Nitrosation of nornicotine (2), anatabine (3), and anabasine
(4) gives the corresponding nitrosamines: N’-nitrosonornicotine
(NNN, 5), N’-nitrosoanatabine (NAT, 6), and N’-nitrosonabasine
(NARB, 7). Nitrosation of nicotine (1) 1in aqueous solution
affords a mixture of 4-(N-nitrosomethylamino)-1-(3-pyridyl)-1-
butanone {(NNK, 8) (NNN, 5) and 4- (N-nitrosomethylamino)-4-(3-
pyridyl) -1-butanal (NNA, 9). Less commonly encountered TSNAs
include NNAL (4-N-nitrosomethylamino)-1-(3-pyridyl)-1l-butanol,
10), iso-NNAL (4-N-nitrosomethylamino)-4-(3-pyridyl)-1l-butanol,
*ll) and iso-NNAC (4- (N-nitrosomethylamino)}-4-(3-pyridyl) -butanoic
acid, 12). The formation of these TSNAs from the corresponding
tobacco alkaloids is shown schematically below, using the

designations 1-12 above (reproduced from Weirnik et al, supra,

. 44):

17

SUBSTITUTE SHEET (RULE 26)



It is now generally agreed that green, freshly harvested It is now
general ly agreed that green, freshly harvested tobacco contains virtually
no nitrite or TSNA, and that these conpounds are generated during curing
and storag&¥®?8486acco. Studi es have been made during the BEEbSIHEREe to
try to determine the events related to the formation of TSNA during curing
of tobacco, and several factors of inportance have been identif ied. )
These include plant genotype, plant maturity at harvest, curing conditions
and mcrobial activity. St udi es have shown that nitrite and TSNA

accurul ate on air- curing at the tj intervals startin fter end

yel | owi ng and endi ng when the Jurns conpl etel y ] -

weeks after harvest for certaillihi rg,cur e@emspsiitng appr(@ maf ef(y) 4
NTs.

week or so after harvest in flueﬁtuyéﬁ’varieties. This'is the®
18 SUBSTI TOTESHEET (RULE 26) *=Femieetne 3epppabing grejapgasine
which loss of cellular integrity OCQUL §y..f€. 10 Mmisturg™ Tosdapicteakage
of the content of cells into the . ijnterc Iular\3pgces. Eherefor , there is
a short window in time during airj curi ng\when the cell S{ have

di sintegrated, making the nutritign available for m or%anis

Weirnik et al have suggested that nitrite may then stwst anti-gll

accunul ate as a result of dissimilatory nitrate reductidiff t render in
formati on of TSNA possi bl e. N&pre re af M/pUQbished regpg&g on tfe

Ozldaden
effects of pr N-CH3 ol
J
N

CHO
?h m O 82 NNK
NNO N” - l l
ook Ve )
W ?Hx
N 12 2 s0-NNAC N-NO H ESCH’
O e O
N N

{1 »{s0-NNAL 10= NNAL

Reductlonssmvesseer

It is now generally agreed that green, freshly harvested
tobacco contains virtually no nitrite or TSNA, and that these
compounds are generated during curing and stcrage of tobacco.
Studies have been made during the past decade to try to determine
the events related to the formation of TSNA during curing of

. tobacco, and several factors of importance have been identified.
These include plant genotype, plant maturity at harvest, curing
conditions and microbial activity.

Studies have shown that nitrite and TSNA accumulate on air-
curing at the time intervals starting after the end of yellowing
and ending when the leaf turns completely brown, e.g., 2-3 weeks
after harvest for certain air-cured strains, and approximately

a week or so after harvest in flue-cured varieties. This is the
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m crobial flora on the tobacco |eaf during growh and curing and on cured
tobacco, as cited in Wirnik et al. However, the involvenent of

m cr obi al eductases in the generatlon of nitrate durin curlng is
pr esuned. Wc§e§nd/§ge{ structure is broken down after the yeli’%w&% and
nutrients are made accessible to fnvading mcroorgani sns, these may
produce nitriiReURiglin fﬂM?ﬁﬁpleo§§ngktb%ﬁiulhremnﬂ@dylﬂy”Eéﬂnﬁ%,Oa&éW@
tenperature and anoxia. There is normally a rather short "w ndow' in
when the wat gbigehi¥i QysisS Hid | Leskdde CoENtdne htghtermthdofheauald isté U%Héfe
has di si nt egr at ed. I n accordance with the present invention, the
formati on of intTeNAgliuléolsees.s Thdrsdfamd  akherpr v ensbdror windestietl thye
subj ecting the harvested | eaves to m crowave radiati on under the

condi ti ons dE8YEENGedtheraining whenetpr afedlsehagpbéis Heregratrd, mekiago the

| eaves are exposed to the mcrowave energy at a tinme between the onset of
yel | owi ng anHLFﬁé*%ﬁ%sFaﬁﬂﬂépl?o§§rdﬂuQﬁﬂqqﬂ%ﬁlﬁﬂﬁtengF}rpFBrﬁﬁbt?habave
results, it is refqﬁred to vested | eaves

m crowave fi8FEIREEER ngRac ng%Ee ngog%‘a%eauf’g §?5%?%£)6ra58’1r8‘§*%‘?el %ﬁvés.

Treating the, g1+ £ £ | eq Qg
manner has béen  deét e?fm n%lcfstlénlcldatofgt eflf/ 5rt&suﬁe %cntﬁozfl |y \ﬁp’%even egﬁgg

formati on OforHQPAGE s S PRGHA |Epos§1|bt1réosam nes, including the known

car ci nogens NNN and NNK. I'h accordance with preferred enbodi nents of
the present invertiéed, aR@n- gr epdw apdboL siel| ayedahacconpr ogeiCles feit Heof
obt ai ned which are suitable for human consunption, and which have a | ower
content of atitrasiabrddebancohspeshida dierrfodaming ¢hewth conl entriiogakhy
cured tobacco. G een or fresh-cut tobacco is generally unsuitable for
human consunP®i 64ras rekegcshovrs chopd 1gr dirrds wrledaher ei Howeers, nehas

t he tobacco has at | east | ost
involvement of microbial nitrite reductases in the generation of

nitrate during curing is presumed. When cell structure is broken
down after the yellow phase, and nutrients are made accessible
to invading microorganisms, these may produce nitrite under
favorable conditions, i.e., high humidity, optimal temperature
and anoxia. There is normally a rather short "window" in time
when the water activity is still sufficiently high, and the cell
s;ructure has disintegrated.
In accordance with the present invention, the formation of
=TSN‘A.s in tocbacco is substantially prevented or arrested by
subjecting the harvested leaves to microwave radiation under the
conditions described herein. In one preferred embodiment, the
tobacco leaves are exposed to the microwave energy at a time
between the onset of yellowing and the substantial 1loss of
cellular integrity. For optimal results, it is preferred to pass
the harvested leaves throcugh the microwave field as single

leaves, as opposed to stacks or piles of leaves., Treating the
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the majority of chlorophyll, and includes without limtation partially
yel l ow | eaves, full yellow | eaves, and | eaves which have begun to turn
brown in places. In preferred enbodi nents, the non-green tobacco product
has a TSNAYPRMRESSANK, NAB and NAT) content of |ess than . ZCTAISP/18 nore
preferably | ess than about .15 [err]g/g, and even nore preferably |ess"’

t han about . err]

1 / an NNN_ content.of |ess than about .15 [errla/qg,
nor e preferalt?l elsesjg‘n‘?ﬁgﬁs JEOHE. 1 TePFfS/ gc,fe%fﬁguélvegn %%rec‘%b“ [éF‘EFggI 3”:
| ess than a%staﬁ%%aﬁ.fglrll%r%ve%@d a&%"\'ﬁtfegg%gﬂfnof JEeS St &R b - ;- 4302

[err]g/g, nore prefera ess than abo err]g/g, and evern nore

preferably dieseshhaRedbouhc1 Q908 [Eid idHEm AnrahedeaBONSN gh¥eRnkhe
number of factors which can influence TSNA formation in t obacco, one of

ordinary skill innthkecrdanesl dvitdessds 2andrddaé¢mbdistenmbers thkee predent
absol ute, but rather preferred ranges. The present invention is also
directed to imvieobacco prathgreercoapdi st nyaddiced yebioww t @restetsui tabl dod or
human consunption and having a | ower content of at |east one .

t obacco- spe@btiad nedi wh vt gireeSuhaab ko rirgh hRBAR| $SR TR ATob d8gowhich have
preferred

20 e .
SUBSTI TUTE SHERSY ROFEesg) of at leastoqpe fiqRaficesPRELFdr BIF FOBRBERE ftéduct
has a TSNA (clglyllx\lrtbﬁgiNoKzg%l‘\ﬁéB 5%£'dd'\“éu ag&Qat entq . an, NN EQE%EDEucaQ b%@cNng.st he

content within oV referred ranges. Tn ot her enbodi nents,

non- green oieyelloyw taghae cty b SE S LECA-0LaY. [ tQRACCO
sui tabl e forrge un%n%consucn%%lg]?@gnghﬁgg%% a SN%I%RINN,ONNK, %N%A\%émand NAT)

content W igHeRnabgyt u 28§08l Gfandf rehasCeRbepbbatcs Usds TENA ddbd hest
freshly harvested green tobacco crop fromwhich the product was made. It

is nmore prefeer edjichdtyt ef nomt greasn/ldr, yehd owntdbdeso wiphodirctl tvaive ta SESNA

content within about 10% by wei ght, nore
partially yellcw leaves, full yellow leaves, and leaves which
have begun to turn brown in places. In preferred embodiments,
the non-green tobacco product has a TSNA (NNN, NNK, NAB and NAT)
content of less than .2 ug/g, more preferably less than about .15
ug/g, and even more preferably less than about .1 ug/g, an NNN
content of less than about .15 ug/g, more preferably less than
about .10 apg/g, and even more preferably less than about .05
ug/g, and an NNK content of less than about .002 upg/g, more
preferably less than about .001 pg/g, and even more preferably
less than about .0005 pg/g. As noted above, given the number of
factors which can influence TSNA formation in tobacco, one of
ordinary skill in the art would understand that these numbers are
not absclute, but rather preferred ranges.

The present inventiocn is also directed to a tobacco product

comprising dried yellow tobacco suitable for human consumption

and having a lower content of at least one tobacco-specific

nitrosamine than conventionally cured tobacco. Iin preferred
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preferably w thin about 5% by wei ght and nost preferably essentially
approximating (e.g. within an anount up to several percent by weight) the
content of such TSNA in the freshly harvested tobacco crop fromwhich the
product WA® WEEFS For exanple, the present invention petFR/V¥8{13HEcco
products to be nade which have a-TSNA content within the above-described _

ranges as %qupggg%gg 84 V\ﬁ?er ﬁ’%ﬁ l.%W %c%%r%%utc‘ﬁbﬁ%%ﬁf’ifswﬂ t RS cr,

woul d typi calTy generate mandy t1 nmes unt of n the fresh-cu

tobacco. Theror RRANt chavent | oft, Gafly i@y Chral aekmiK NedReed OW AN L Of
nitrosamnes found in fresh-cut green tobacco. It is also preferred that

t he non-gregpoQe ﬁggtgweaop@@g@sproduct conpri ses non-green or yellow
tobacco suitable "for human consunption, and having content of at |east one

TSNA sel ected f ramdtidr NdtpotidBeand, NARe whoshgreemi tri nyebbov 25haduo
wei ght of, preferably within about 10% by weight of, nore preferably

wi t hi n aboubrs@uby eeiphised namgnesst opred brab|bpbasesefiti hfbye for human
approximating (e.g., within an amunt _up to_sever al I\Percen t}%{q wei ght) the
content of FRASHBPEESPondRAghIGNAT of (NNN, NNK, NAB and NAT) content

21 . . SUBSTI TUTE, SHEET (RULE 26 l.the
freshly har¥éshéa gPesh 286ab¥o“Ergpts Pgmt i &R7 ﬁét Srfo&ﬁlgp \'/#/ggmrrd‘ee."hﬁ n

Fal s w i hi FERE k000 FaryhTofi SNAe o8 EERTAH ORI iEe e

falls wthi Vis-a- VIS anount NNN

fresh-cut ggnﬁég.t_o (GO mcPe Bgefeil@&néhgé_d}w\lntnlﬂ%ebﬂ bhe,d phag e fcdde

invention falls within the above ranges vis-a-vis the anount of NNN + NNK
in the freshrodgdt ®&e8N ot CHAGCOcoidnt WwitiBKi Agotiheses coyparsishis, ddie

fresh- cut green tobacco is preferably analyzed for TSNA content within
about 24 hoprefaftsablyharmasin about 5% by weight and most preferably
essentially approximating (e.g. within an amount up to several
percent by weight) the content of such TSNA in the freshly
harvested tobacco crop from whick the prcduct was made. For
example, the present invention permits tobacco products to be
made which have a TSNA content within the above-described ranges
as to amounts, whereas normally cured tobacco from the same crop
would typically generate many times the amount of TSNA in the
fresh-cuc tobacco. The present invention can effectively lock
in the low amounts of nitrosamines found in fresh-cut green
Ttobacco. It is also preferred that the non-green or yellow
tobacco product comprises non-green or yellow tobacco suitable
for human consumption, and having content of at least one TSNA
selected from NNN, NNK, NAB and NAT, which is within about 25%
by weight of, preferably within about 10% by weight of, more
preferably within about 5% by weight of, and most preferably
essentially approximating (e.g., within an amount up to several

percent by weight) the content of the corresponding TSNA or TSNAs
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In yet additional enbodinents of the invention, the non- green or yellow
t obacco product conprises non-green or yellow tobacco suitable for human
consunption, and having a TSNA (NNN, NNK, NAB and NAT) content which is at
| east aboUWO?PH98By wei ght, preferably at |east about 90% lpCTvesegintizg nor e
preferably at |east about 95% by wei ght, and nost preferably at |east -
about 99% by weight |ower than the content of such TSNA in a tobacco
product of *t%eté%mg”?§bé1v’nﬁlfé’ﬁs&mdt W%%Fhe@éﬁﬁé@oc(ﬁ%’p 5§°Whé’hﬁ|‘3@du@ne
of the invention, cured in t %Fence of _m ¢crowa

radi ation o SHEF ??Epg‘aéf)emf? SHSF 185 CPBEGRE The ?S‘[NA Ot |
It is also phef gggggcghoa,t ﬁn ch?r?nfa 15 i%u:ﬂ;(‘éx érﬁ@%%%(?repﬁrggﬁ%ﬁ%jhs-aa_

COI’TpI’I Ses non-green or acco SUul unman consu

having a contient.f A4 drﬁ?%f %@NTﬁl}'AthSe'f%tsﬁd LEom DY, RN, B T
which is at Ileast abouc% 75% by wei ght, pref erag l'y gltr | east al%%!f\ 9 %qi)M

wei ght, nor emcRihef 8¢ atply -Atxreast tﬁ@%’éb@c&% Ry WeleghhwefBEoADEL] PE Qﬁﬁ[lﬁfﬂ y
at | east about 99% by weight |lower than the content of the corresponding
TSNA or TSNAhel apaveobmegss pricductriel thheagaurt tyHeNN e. HNK canphs i figesh -
cigarette to another cigarette) nade fromthe

22 csEnmEreehatetr ar@p &S -t hen prajding tdfescheompeshepon, bue fweah
was cured in the absence of mcrowave radiatjon or other techniques for
reduci ng Tsmvcaﬁta%tto@%ﬁ%@ep@ﬁﬁem%ﬁt%na%m@drﬁ%: RENBhECRSERE kTN S
can be made g\é &cakl ngb for | e S CI garette made using dried yellow
tobacco in ARC8Fdafc Vw?ha Wgrf invention, and taking a cigarette

rade from t0baccg.l (AN L33k, egeoaﬁmgﬁe Apiedgell g aBaceq whs, Jde

from but curing 't convent ronal Means it hout subjecti

m crowave ragbahi 8- vellow -Er&%alé%bl %‘Q‘oﬁh@ge’cdn@r‘%'e%h rztd?leg'ite‘:‘e% Fr yvellow
subjecting fhe tobac¢co leaf to mcrowave radiation is preferably carrl ed

out, tobacco suitable for human consumption, and having a TSNA (NNN,

NNK, NAB and NAT} content which is at least about 75% by weight,
preferably at least about 90% by weight, more preferably at least
about 95% by weight, and most preferably at least about 99% by
weight lower than the content of such TSNA in a tobacco product
of the same type made from the same tobacco crop as the product
of the invention, but which was cured in the absence of microwave
radiation or other steps specifically designed to reduce the TSNA
content. It is also preferred that the non-green or yellow
.tobacco product comprises non-green or yellow tobacco suitable
for human consumption, and having a content of at least one TSNA
selected from NNN, NNK, NAB and NAT which is at least about 75%
by weight, preferably at least about 90% by weight, more
preferably at least about 95% by weight, and most preferably at
least about 99% by weight lower than the content of the
corresponding TSNA or TSNAs in a tobacco product of the same type

(e.g., comparing a cigarette to another cigarette) made from the
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can be broadly defined in any one of the follow ng ways: (a) by exam ning
the color of the |eaf, when the green color has substantially given way to

a yel |l ow sh, .. (b) by nmeasuring the percent of chlorophyll conversion
to sugar s;u(%;?d/%)g/ssobservi ng the onset of either nitrite folr’%gpﬁgﬂzg,s _
nitrosam ne generation, which typjcally coincide with the end of the -

yel I ow phasesafé ddbacddy JFeRSHE Al th¥edIRItS bl eheonheat 0fn | ud QAYeR. was
e.g., when they have a noiSture content from about 40 to about 70 percent

by weight. ¢frédeiditHewdsRncadiodt nderosaepptadiht iorgroeepthetaeaohni s
arrestation or prevention of nitrosamne formation is not observed.
However , wheflommrdmwEveg FANAgyontemEppl Evdlafteenbhdimgntet wWie ENRowe ightand
prior to the loss of cellular integrit or substantial accunul ation of
TSNAs in the%| eatparheombservede FedechYohakhnghefahoBnempie, op piesretion
of formation of nitrosamnes is dramatic and unexg cted, as.shown by the

data di scusBie bt e dried m?el_%tti I°3 i AGESHBPEE Paght ﬁéehHF?/%%‘?‘éd
tobacco to t{]r?ver[g.forno,\/\%.\./% E%iﬁé'ao%ig ErleggetQag%éleflxjo%wtgggggox%%mg?he gjme

dependi ng on _ _ _ ver
eVéHs&a;(elﬂs& NRIBRERS wa LAY HE OPRER! adue/%mh%%é,by
t f | 1 ow ng

factors, in i
etc. Thus, c\%ﬁia{r?ttﬁe ime ane beginning wth onset of ye

(defined, e.&onvdiit@®d0Sthelhs &PEhIRE Yudefing eeNcSAi¥rdwavieneabieadion,
through the tine at which the |eaf substantially |oses cellular integrity
(as it turns bromy, yeDeowf seadienarin skhithi ntHeheseep odul shilshiatarimignechd he
optimal time for carrying out the mcrowave treatnent for any given

vari ety of twobemoom ldaf texampmwafver radjiarepngdsopypéerasinpleartadesut,
could be tested by the procedures described herein to nmeasure either
nitrite or TSNAkdomreadlnt gefderdi £y ang one|ef ithe thodd oWing yrven v &y
cycle at which sjignificant TSNA agcumjl afi OP begi ns,_.or identify.the
transition qufp%pgﬁ color of the leat, when 'the green color has

substantially given way to a yellowish color; (b) by measuring
the percent of chlorophyll conversion to sugars; (c) by observing
the onset of either nitrite formation or nitrosamine generation,
which typically coincide with the end of the yellow phase, or (d)
by measuring the moisture content of. the leaves, e.g., when they
have a moisture content from about 40 to about 70 percent by
weight. If the microwave radiation is applied to green tobacco,
the arrestation or prevention of nitrosamine formation is not
observed. However, when microwave energy is applied after the
1onset of yellowing and prior to the loss of cellular integrity
or substantial accumulation of TSNAs in the leaf, the observed
reduction in the amount of, or prevention of formation of
nitrosamines is dramatic and unexpected, as shown by the data
discussed below.

The optimal time for subjecting the harvested tobacco to the

microwave radiation during the yellow phase varies depending on
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| oss of cellular integrity occurs. Wile subjecting the |leaves to the

m crowave radiation prior to significant TSNA accumul ation is the nost
preferred Vgrm of the nmethod of the present invention, the principles of
the i nvent YA 4551 so be applied to tobacco |eaves whi ch BEEUSN/I12128
process of formng, and have al ready accunul ated significant anounts of
TSNAs. When t he crowayv carried qut..at this | f. further
fornati on of Sl\%m%%)ﬁ b effgéf:%’éfy arr st éiéngHOV\\é%/relrgg%nce%iﬁ%&kﬁﬁgﬁés
are fully cu%ﬁqérg%ggyeﬁl??\égo%se%tt._l al | yrnstabikbged, ward appli gggrlﬁon

of microwave radiation is ineffective to reduce the TSNA cont ext, eXce

under rehydr abg@An€RRdivt ERNSnsEESES | Perth halv. (definedlpengbei Bg §um>§§t8f'
to mcrowave radi ation in accordance wth the present invention,

t obacco | eaf then@agbkytasfa greetucred oroiisi whe coxdntthrowgh | s tt:hﬁ’él at
about 10% by weight, and often approximately 5% I|f desired, the |eaf can
be rehydratedhich the leaf substantially losesz4xﬂlular irgeeckcitty t hees it

typi cal noisture range for brown, cured tobacco (e about 11-15% for
Vi rgini a fl uEprpef br@wﬂhnu@ra%t@m%dmﬁrdr sﬂ@ﬂécé@ ﬁ?ﬂédé&ts CoU¢A dstermine
cigarettes. present invention is applicable to all strains of

t obacco, i ncFBﬁl‘?%“fW“"lﬂe t3Fept Py ARG PBE, HISUFT-E OYAY T et RS " RpalRT any
ieti tal [T h t t | t
vari ot es, OSSObaLLII Sheverigties. pelopelbilingthe, guidelies.aet

forth here| n>”-one of could m ne

efficient tiggmhn tf@d&ég% %»191' Eeft?ést&f‘rbryy'tﬂg OrbeddiB-dY QeQwave gt 0L 0,

achi eve the obj ects and vant ages of thé present invention.
Preferred asaectrsea@hrteheeﬁMS&tﬂswd%ra P, cPRt&tit | OtoSUieRMifg ehe

tobacco | eaf which preferably includes the stemto mcrowave radiation, of
physi cal |y presstivgetbeméehh kogiqapezere cycle at which significant TSNA
accumulation begins, or identify the transition phase in which
loss of cellular integrity occurs. While subjecting the leaves
to the microwave radiation prior to significant TSNA accumulation
is the most preferred form of the method of the present
invention, the principles of the invention can also be applied
to tobacco leaves which are in the process of forming, and have
already accumulated significant amounts of TSNAs. When the
microwaving is carried out at this latter stage, further
formaticn of TSNAs can be effectively arrested. However, once
. the leaves are fully cured, TSNA levels have essentially
stabilized, and application of microwave radiaticn is ineffective
to reduce the TSNA context, except under rehydration conditions
described below.
Upcn being subjected to microwave radiation in accordance
with the present invention, the tobacco leaf generally has a
reduced moisture content, i.e. less than about 10% by weight, and

cften approximately 5%. If desired, the leaf can be rehydrated
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excess noisture therefrom to ensure nore uniformdrying by the mcrowave
unit. This step can be conveniently carried out by passing the |eaf

t hr ough | appropriately spaced rotating cylindri pri or
to enterﬁﬁggpﬁggﬁicromave cavity. Such a pressing step mﬁ%ﬁ"&gghﬁké .
winging noisture fromthe stemand, to a |lesser extent, the mdrib and -
l'arger vei nsaqjand,l ead tﬁfﬁcatlet&qéis@\ﬁde MPERgEVEBkY Hidwet PEQELE todleco
rollers can be made of Hard rubber, plastic or steel and be of any desired
length, angeage, pRfRr ablysspesedriakau aodtue) ghd fore mabaifacones fyal hes
inch apart, but the distance is preferably selected so as to acconodate

t he thi cknessbadca wiciieed eakh whi chgsaetvasy. The rollers can be belt or
chain driven by an appropriately selected notor. Besides rotating rollers,
ot her types of stheeepragedt IPVesdiing nchndprPéirabbe (sedaid £EEGFPSI st he
sane result, if _ . _ . .25 .

SUBSTI TUTE SpRaceq RUECbsling flue or prdghtyvardefgfFd BETipParahicticdne
of ordinary, ski The above:describgg pref.erred

Il in the art, I

enbodi ment HApr 8251 A ERe OTFERLAY PR VBF RS G- sPESd produttt oS o
be carried out; ,.since t t.e a _not ver t 14, _

m cr onwave tgr“ﬁledel]t%%s be T e u%e%%el%‘srﬂgr%%iﬁfen%%%;{ t%%:lly laﬁ}g £ artj’
advant ageous, iy ged ORRGRS ébrf‘é\ws‘o%@e&ffmcéﬁto HedISel dHk CheRE etyESe #HCh
typically contain sone tobacco stens as part of a blend. Alternatively,
the pressingastpihgasube to@i theskrdwavlesstegd, ton agipldwat thes objehese dme
stemis trimed fromthe | eaves and di scarded. I n anot her preferred
enbodi nent ,adwsitesge ofofprebesprgsehe iheamesomr cutting out the stens, the

| eaves can be subjected to ‘ .
Preferred aspects of the process include a step, prior to

subjecting a tobacco leaf which preferably includes the stem to
microwave radiation, of physically pressing the leaf to squeeze
excess moisture therefrom, to ensure more uniform drying by the
microwave unit. This step can be conveniently carried out by
passing the leaf through a pair of appropriately spaced rotating
cylindrical rollers prior to entering the microwave cavity. Such
a pressing step will aid in wringing moisture from the stem and,
to a lesser extent, the midrib and larger veins, and lead to a
better and more evenly dried product. The rollers can be made
of hard rubber, plastic or steel and be of any desired length,
and are preferably spaced about one-eighth to about one-quarter
inch apart, but the distance is preferably selected so as to
accomodate the thickness of a single leaf, which can vary. The
rollers can be belt or chain driven by an appropriately selected
motor. Besides rotating rollers, other types of squeezing ox

pressing means could be used to accomplish the same result, if
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a steamtreatnent prior to mcrowaving. As with the pressing step,
steam ng the whol e | eaves, including the stens, has been denonstrated to
nor e evenl&fdistribute the noisture in the stens and |larger veins, thus

| eadi ng t o™MPBENi form drying of the entire |eaves upon mCIVESABNIIAG. As a
result, the entire leaves including the stens can be used in tobacco -
products whepn this. particul ar technique is enplo ed.dAIthough,the_details*
woul d be ap‘g%‘?le?ﬁd't PO o??ji?ﬁ?af%éﬁ 19° 9% e SCEFec LS iresihe s
, have been og% i ned when the | eaves have been placed in a suitable steam
vessel for atinme sufficient to allow the | eaves to becone sonewhat soft

d pliable, | ‘ i )
and pliable, genepal |y dfOmARQYEI0 %%'}%du%nﬁngdlﬁQHFF gg' rdBL e

The principles of the present Tnventicon can al so be app

al ready cur eth4:RRACSOmMMY CoPAS hPERsp &Y dpab&Eetid) E8CBeCa%RT i Wi
i nportant and unexpected reductionS in the anount of the TSNAs,

particul arl ysixide &he BAiKmsad® rmtsBavedcaMien cut out, and the microwave time
26 rehydrat ed brown tobacco is subjected to mcrowave radiation,
the resultscar penpedacsedlr arat scerdsodilvemtt he pamsintilarliysadppht adedos for
uncured yel |l ow tobacco, prior to the tine when substantial quantities of
TSNAs or ni t¥9Ragshagavas cigal iqast tPrbe e eitedl e3LIanRGiteshelVRESh tmically

addition of noisture to the cured | eaves, such £as ﬁf %grayiﬂ wi t h, enough
wat er to ef fEBtiAE PEGak ORECPATERS 2F PR by Tt Owavt 'Sewetlvely,

oY oS TS g% SO el oL T s el e e

fol |l ow ng Exanp en‘trea

tobacco,  migrouayiag %leﬁngshegi{n%%{llfrecﬁy Jan-kheanyt Bosagk-ggacont ent.

Hoyvever, it _has been determ ne nydration _of_the cure tobacco
prior to subjectimg driotHa MR aindldigentacihstakes oft -eaGlingn tofe

the m crowave energy in reducing nitrosamnes. In one preferred
enbodi nent, leheresupedctiobangooPt othietstems, elahdr Akades can be subjected to
a steam treatment prior to microwaving. As with the pressing
step, steaming the whole leaves, including the stems, has been
demonstrated to more evenly distribute the moisture in the stems
and larger veins, thus leading to more uniform drying of the
entire leaves upon microwaving. As a result, the entire leaves
including the stems can be used in tobacco products when this
particular technique is employed. Although the details would be
apparent to one of ordinary skill in the art, successful results
,have been obtained when the leaves have been placed in a suitable
steam vessel for a time sufficient to allow the leaves to become
somewhat soft and pliable, generally from about 30 seconds up to
about five minutes.
The principles of the present invention can alsc be applied
to brown or already cured tobacco, which has been rehydrated.
In such cases, while important and unexpected reductions in the

amount of the TSNAs, particularly NNN and NNK, are observed when
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by adding an appropriate amount of water, generally at |east about 10% by
wei ght, up to the maxi mum absorption capacity, directly to the |eaves.

Exposur e okotoBssssehydrated | eaves to mcrowave radiation, J
manner as described herein with regard to the uncured tobggg‘@&%@%ﬁs.the

ni trosam ne content, as shown bel ow. The | eaves can be wetted in any .
suitable fashiydratell Hhewt woddckobis GubiedtRdar b fiBrdwasie Eaaﬂatf&vﬁﬁhe
such as reconstituted "sheet" tobacco, it can simlarly be rehydrated
with, e.g., resul0% byewebyhds vértanatianchst hdren wher dneeedion Suidmilied to

m crowave condition can be selected depending on the degree to which
the | eaves #PEUFBAnafeldew bhPPaEGPi c LHPTf atP whehi inchevwbanarmthetaintial

di scussed above. for mgrovvavi ng yel |l ow t obacco. ,
27 quantities of TyjEy CSEET CRUEEAgBYTUlated in the lepyes:

d | ' tion,. m ' f th hydr at ed
b1 own 1 0bach B CERoDFBF o1 2Bt /A RETREE Bife PPARALTRNKD. ChRairYhe SR a P
tent, {0 v I ] | £ £ | bout 25% b
ol gt mor e pr ey oy PAGER VA R b spctluBly, SORL A feakire

preferably bylatwi@ally aReblowavdig DX neei gbhyvarord NgLSNA | exghs.£ontalned
the cured brown t obacco prior to rehydration. The term " m crowave
radi ation" asntieetl GELrESNRS efLidendnstreled LanBgaeEbTL SWERGYEkdnd g f or m of
m crowaves having a frequency and wavel ength typically characterized as
falling w thinAs heotiedr osleres dowhen. tréfieiner auted coowavedwigernebakhby,
refers to that portion of the el ectromagnetic spectrumwhich lies bet ween
the far-iMFEP&GRIing yivie havd litthe efésAbepritdiminitrosamine content.

However, it has been determined that rehydration of the cured
tobacco prior to subjecting it to microwave radiation facilitates
the action of the microwave energy in reducing nitrosamines. In
one preferred embodiment, the cured tobacco product is rehydrated
by adding an appropriate amount of water, generally at least
about 10% by weight, up to the maximum absorption capacity,
directly to the leaves. Exposure of the rehydrated leaves to
microwave radiation, in the same manner as described herein with
regard to the uncured tobacco, reduces the nitrosamine content,
as shown below. The leaves can be wetted in any suitable
fashion. If the cured tobacco is in a form other than leaves,
éuch as reconstituted "sheet" tobacco, it can similarly be
rehydrated with, e.g., '10-70% by weight water, and then
microwaved. Suitable microwave condition can be selected
depending on the degree to which the leaves are re-wetted, but
typically fall within the parameters discussed above for

microwaving yellow tobacco.
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radi of requency spectrum The range of m crowaves extends from a
wavel ength of approximately 1 mllinmeter and frequency of about 300, 000

MHz to wavel ength of 30 centineters and frequency of slightly | ess than
about 1, 00Y 8555 The present invention preferably util PEE&SA¥RI2Sowner
applications of m crowaves, typically at the |ower end of this frequency._

ange. WENIn th B addiSleredylIEMenty Lanoeo Lhet eal sy fyndanental o

di fference between a process by m crowaves and

such as by iptpased: L& Of 2P ?C‘ih‘p CAPKL A r G, 1 Rl e@ﬁeercrﬁm (NNN,

penetration, mtCrowaves genera eat quickly to"a depth severa

centimeters nRk| edieahngaBY donkeat ¢ tndasuReeh i ABL €1 GUPETY iodl 8bl1ledti+418,,
United States, commercial mcrowave apparatuses, such as kitchen n crowave

ovens, are awpi hablleaat sbandandsf tgquerighes moireagpredermbiiel bvy9ld MEasnd
2450 MHz, respectively. These frequencies are standard industri al
bands. | n Euzbpe; MTrmmawesght, and even more preferably by a8least about
frequencies of 2450 and 896 MHz are commonly enployed. Under properly
bal anced con®?¥i Biis wehghev &romnitdeokiMes l@rveéﬁhé%ontﬁr@@a‘erré}eescwmf brown
wavel engt hs woul d be useful to. achieyve the objects and advantages of the
present i nven?PRTEC Prior WG rEREFE2EABRgy can be generated at a variety of

o5 S0t e Rl BP0 gl SRR 2 5o

typically produc power “Tevel S” o watts

convent onal ki clisfd el TLEERRYE ADDAL SRS of OO ARGVEAG0Q

watts), but conmerci units are capa of generating power up to's

hundred ki | opddisendenghal lwavdderd@di ti g ofl 1P duhara Soalr Casd Ohsabeultl ihe
kil owatt. A magnatron can generate either pulsed or continuous waves of

sui tably hi ghitiirequieacyicrowave THemappl i caher gsom oweiyrdwavee NegEsse My

| ink between the m crowave power generator and the material to be heated.

For refers to that portion of the electromagnetic spectrum which lies
between the far-infrared ©region and the conventional
radiofrequency spectrum. The range of microwaves extends from
a wavelength of approximately 1 millimeter and frequency of about
300,000 MHz to wavelength of 30 centimeters and frequency of
slightly 1less than about 1,000 MHz. The present invention
preferably wutilizes high power applications of microwaves,
typically at the lower end of this frequency range. Within this
preferred frequency range, there is a fundamental difference
. between a heating process by microwaves and by a classical way,
such as by infrared (for example, in cooking): due to a great'er
penetration, microwaves generally heat quickly to a depth several
centimeters while heating by infrared is much more superficial.
In the United States, commercial microwave apparatuses, such as
kitchen microwave ovens, are available at standard frequencies
of approximately 915 MHz and 2450 MHz, respectively. These

frequencies are standard industrial bands. In Eurcope, microwave
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pur poses of the present invention, any desired applicator can be wused, so
long as it is adapted to permt the tobacco plant parts to be effectively
subj ect ed %M):% g.adi ation. The applicator should be matched to the

M crowave JEnerAtor to optim ze power transnission, and shBETHSH(13128

| eakage of energy towards the outside. Miultinode cavities (mcrowave 3
ovens), the graBnshoNss Of Yhs6Nak@NsHe LALIBLe! BBRMSAYH! BhpYBYEL ENOLSL L T
necessary for [arge sanples, are useful. To ensure uniformheating I'n The
| eaves, the pppbéehyOobNamded eqoh@Peion I h nowerede, St i tEswdwes MalFal biger
novi ng device which nodifies the field distribution continuously), and
with a novi nfreabémcies f and, wawdleagtis coomwkyobebeaksefulTheobesthireasul ¢ise

are attained by single_ |eaf . ' 29
t hi ckness expo3gees tandiadrbAgasa®fathenprasepppdRentiPmst acks or piles
of | eaves. In preferred enbodi nents of the invention, the mcrowave

condi ti ons conpr i TR Bt T TRt cPEs I5ReEB66E 950 MRt Yalut PSSO
VHz, f bl bout. 915 b 2450, ower | evel s of
From about " 600 Tt 1 SR HDCOR| FRGaRP L SO EPBpI e SI%bl y PLERTUBERR B0

t bout 100 ' - jcators f o o] t
75 ki) owat s TREFEFY Mordad el YREn BRALT B PoORE (R IR (S0} 01 898
comerci al  yaddd s apRiveAtIbsal Thei He8dh Niedd e HRAkALY HAPEESLLOM

at | east about 1 second, and nore generally from about 10 seconds up to
about S5 m nuiesmmorfity pANelbdugvebs watadPUtDEHleiiiraseilt sinitlkeaheatipghid Me

is preferably fromabout 1 mnute to about 2[err] mnutes when treating

si ngl e | eavest agenppusiew tppwsd ep a0 sstvagled. huBdredomigpwraksscabéperally

applicators using higher power levels in the range of, e.g., 2-75

kil owatts, Heatdddstiomesfwsedglar sources of about 1 kilowatt. A magnatron
can generate either pulsed or continuous waves of suitably high
frequency.

The applicator {or oven) is a necessary link between the
microwave power generator and the material to be heated. For
purposes of the present invention, any desired applicator can be
used, so long as it is adapted to permit the tobacco plant parts
to be effectively subjected to the radiation. The applicator
should be matched to the microwave generator to optimize power
trénsmission, and should avoid leakage of energy towards the
outside. Multimode cavities (microwave ovens), the dimensions
bf which can be larger than several wavelengths if necessary for
large samples, are useful. To ensure uniform heating in the

leaves, the applicator can be equipped with a mode stirrer (a

metallic moving device which modifies the field distribution

continuously), and with a moving table surface, such as a
conveyor belt. The best results are attained by single leaf
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be | ower, ranging fromabout 5 seconds up to about 60 seconds, and
generally in the 10-30 second range at, say, 50 kilowatts, - again for
single | eaves as opposed to piles or st acks. O course, one of ordinary
skill in PE848655woul d understand that an optimal nicr oneREI/BS98M2A28ensi ty
could be determned for any given applicator based on the volune of the

cavity, the r | evel ed. adth nt of ] e.int

| eaves. Genlgr speé?ﬁa r’r‘gp gse 6?r |g e(rara%{om\jver Olnévegobé\##%e?eﬁ kk:eacfkegss
tinme durln ]\_L\/rgé gDef eeaabgs subj ected to the m crowave radlatlon. :
However, the above-described conditions are not absolute, and given the
teachi ngs of therpreseplrtdly et ime?Re Qf OfiH NAYention, the microwave

30 skill i'n the art would be able to determ ne appropriate

m crovave @EaidiRidis. comnpiel 58 ahianmwaveadiraiguenciaspoéf abably sapplMied g0
the leaf or portion thereof for a time sufficient to effectively dry the
| eaf, wi t hcakowh@s0ionyHzs ondtrmtprief ersbdvi akxbite SEr Mizmne abonsuppso oz, |t
is al so preferred to applfy the mcrowave radiation to the |eaf or portion

t her eof forP@Ves e #f aﬁroﬁb\B@Pulte\%P &’GFFPCPEn’EOt%O(Pe}éI’cJ%‘éW%Wzm@ﬁJre

content to bel bout 20 %b )é wei ght ED ﬁggéerabl bo t.10% b

wei ght . Dre%ef 65731 i PV o ERiegdr £°32P]HE i #&htS o Y I?:l‘"&’lp

scal e m crowave | i cator. depl i rt £ P p | ew,

particul ar, anap‘l\?t %Ddﬁsy 386 kfﬁorﬁ‘c vv§ 2?ob;fg‘.’cc%éqéry| ﬁﬁs %ﬁ%’wgt s roewn

compr | S1ng g dBhlad ] Fitdn TR %5 (dd oo s g aﬁlfcsv&mké' %@fcaﬁm&%wot
onveyor |

shown) , r m crowave ~ oven 3 which interiorl’y includes four

modul ar Ovﬂﬁhm‘\ﬁlédee% 1icSitbake Wahb ﬁ@aaiﬁgcum v 64T BAN- el vt Y
constructed from 3003H14 al um num, each cavity measuring approxinmately

16" in | engt leas84abbnt il dielroxd484nd mdrel ghher&hth foaon bpous B WBgpeds
with four access doors | ocated two per side. The doors are
up to about 5 minutes. At power levels of about 800-1000 watts
the heating time is preferably from about 1 minute to about 2%
minutes when treating single leaves as opposed to piles or
stacks. For commercial-scale applicators using higher power
levels in the range of, e.g., 2-75 kilowatts, heating times would
be lower, ranging from about 5 seconds up to about €0 seconds,
and generally in the 10-30 second range at, say, 50 kilowatts,
again for single leaves as opposed to piles or stacks. Of
course, one of ordinary skill in the art would understand that
an optimal wmicrowave field density could be determined for any
given applicator based on the volume of the cavity, the power
level employed, and the amount of moisture in the leaves.
Generally speaking, use of higher power levels will require less
time during which the leaf is subjected to the microwave
radiation.
However, the above-described conditions are not absolute,

and given the teachings of the present invention, one of ordinary
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doubl e interlocked to prevent accidental exposure to m crowave energy.

In Figure 3, an automatic cutting nmechanism5 is shown, including nmultiple
(e.g., t ating blades for renoving the stemfromthe | eaves 4.
The cutt\ér%eég%/s%gga straight strip approximtely 3.4" in RFHUSHUBIRS t he
center of the leaves, nanually fed. An appropriat e guard can be pr ovi ded, _
i f desired, siiq1pfgved a'r’&s@5&18rbé)fab‘igeﬁétd&?érﬂ"%%d%pﬁroﬁdrﬁQgg%gf&yarvee 3
depicts a stemcutting nechanism as noted above the ol e I eaves ~can be
used in accyaiameeewst h Mdanceshade Riisiord B8 preferably applied to the
31 i nvention. Thus, in place of the cutting nechanism the
appar at us cdlad empboyt fostampecdsfelr artcomgaiuf fifcirenlt! evsefdect prebpi

noi sture fromthe | eaves. Returning to Figure 3, after the stem
cutting operdie dreathe widitoutobetoorriingaves 6tkate tbnieystilypbdebdlar domesyor
7 to the main mcrowave oven 3 housing the four cavities. I n one

enbodi nent , CORSUERELEM has 1&n bYveAlPenRILTATLRShr 6Ri MRRAY #8e frelgrowave
Leading into_and wthin the aqve the conveyor systemcan_ alternatively
conpri se muFECPRELCB, §°, tﬁex?le\?gri%l%’%‘ﬁéﬁﬁ t}beo‘%/ opYt ehe“BBFt 808 R&nged
in such a | Low_t he c st e fall m en the pairs
of belts an ﬁ%%oﬁgvﬁgpgg%glf%%g%egéb%?%ﬁ#%h%ﬁ e %?44%% éﬁ%ﬁ%%f tfhgj &% s
Wil then capbyr bhesChl $ORRGCO dHRY e druraual aBsuel 16¥optr aRsghocat ed
one at each of the cai#ti eis?qd'esdl‘ gnegﬁrto contgi_n tHe mcr ogv,vave %ﬁe'rgy,

and then into a gekeetedycayit Yowkegereagh healerbodsuhectdd d Gommercial

m crowavi ng in accordance wth the principles of the invention described
above. Afteschéenginrowavaveppl idet@onveydep Datrad ein paret 1 £av gse ddp@itgRet he

cavity exit, through an oven discharge trap and out of the oven where they
are then coféyed Imtmprticular, a Microdry 300 kW microwave tobacco drying

system 1 is shown, comprising a mobile truck frame 2 (front end
at right side of drawing not shown), a conveyorized microwave
oven 3 which interiorly includes four modular oven cavities of
single wall construction {which can be suitably constructed from
3003H14 aluminum), each cavity measuring approximately 16’ in
length x 84" in width x 48" in height. Each cavity is equipped
with four access doors located two per side. The doors are
double interlocked to prevent accidental exposure to microwave
enérgy_

In Figure 3, an automatic cutting mechanism 5 is shown,
including multiple (e.g., twelve) rotating blades for removing
the stem from the leaves 4. The cutter can be a straight strip
approximately 3.4" in width down the center of the leaves,
manually fed. An appropriate guard can be provided, if desired,
to prevent inserticn of operators’ hands. Although Figure 3
depicts a stem cutting mechanism, as noted above the whole leaves

can be used in accordance with other embodiments of the
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appropriate vessels to be taken for further processing. To renove the
noi sture |aden air fromthe cavities and oven, an exhaust systemi ncl udi ng
sui tabl e QI owers providing recirculating air can be included in the system
(see noi sYAP&8%¥Xhaust vents, item 8 being one | abel ed asPEEISY®ILRL | Ve,
in Fig. 3). Aso, if desired, the interior of the oven can be Co

temper at ur e; goaty oL ed by, agpr opri qhely spaced ol Loul Ahing AN _convect [ on

heati ng sources so that ft nteri e oven ~ou

cavities isagﬁgggg‘ilgeggﬁc} aef%%%g{ &leam vessel or a pair .ofeaol%.ers §§Ft

constant tenperature e.qg. err] F, during conveyoriz ransp

of the | eavpgeséing H®Dit ersYHRMHeCheasedepicted in Figure 3 for field
usage, the electrical requirenents can be supplied by a pair of
conventional di eRetuypoivey e Fegearat dr safer the Sfemautsang bperbeiowarBe
drying system can al so be operated in a fixed location, if desired,
powered bycutohokationbtaves eet pFeatonveyedsby a beltEaetnotyadhe? foar the

cavities within oven 3 in Fig. 3 receives mcrowave energy froma
cor r espondi R M FRSFOYaAVBdePVeY- 75 hepeirmakdepoli®ir s6avééleshe niley ovnee

ener enters each respective cavity via a splitter through two ports
Cocarud 1 eRRSETEn G B VSRt hed, Fhdatent 1 OF LnPEa T et has

ports in epgh caviue aashsloin e AL U] oL Ahe motoveNs o

energy. Each nicrowaveé power unit 1S aconp -cont e

that housesatberiagiidizl compeagnl sifrperate a. 75 4, manetpen GpoLgol s

for the m crowave power are [ocated on the cabinet. The units are

desi gned f ofolyintdgfdedt eeltksNyoHSngePEmMELER 4 WadNsbnasitd iaah c@NVhE opgENt .

Each m crowave power generator nmay be | ocated at each cavity, or at a

di stance frapems heo dalilt fromHorevween tlbe gpalist arfc®edts58hd fheot & anspmesi on

line losses wll be about 2% Each power generator provides
located below the belts (not shown). The belts will then carry
the cut tobacco leaves through one of two traps located one at
each of the cavities, designed to contain the microwave energy,
and then into a selected cavity where each leaf is subjected to
microwaving in accordance with the principles of the invention
described above. After being microwaved, the conveyor carries
the leaves through the cavity exit, through an oven discharge
trap and out of the oven where they are then conveyed into
apprepriate vessels to be taken for further processing.

To remove the moisture laden air from the cavities and oven,

an exhaust system including suitable blowers providing
recirculating air can be included in the system (see moisture
exhaust vents, item 8 being one labeled as representative, in
Fig. 3). Alsoc, 1f desired, the interior of the oven can be
temperature ccntrolled by appropriately spaced circulating air

convection heating sources so that the interior of the oven

outside the microwave cavities is maintained at a preferred
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adj ust abl e m crowave energy for industrial operation. The output power is
adj ustable fromO to about 75 kWat the FCC assigned frequency of 915 Hz,
and is co by a solid state control circuit manually adjusted by a
control W(gpdéésg%he panel or by renote control with a 4-2 F43Y1§H§ _
control signal froma process controller. Wile the circuitry will contraql
the power ol antram Ae fLeguengy,spgebr um bgges | evel s
bel ow e L o e BW T o
generator faraegpbreayftohd Sdmaiscal Iy @ mebiRelsyetemeBlicRONSIdSIHUNSE in
operating an industrial magnetron which is operated and protected by
circuit fundigoms Gesicgnefidlad usagsmthe addchahoal epquatrementdhean be
el ectrical functions of the generator are nonitored by neters on the
control panéuppliedtley a @ricabihecnyeocionathdiaeebrpowpied | Istescatmode 9,
current, anode voltage, output power, filanent current, e]ectronmagnet
current and®-rePf qwFe poher PiCreYRYQIIOR NDEYSERR CalediFoR Rpsiredled

interlock functiong, ar nitored by_designhated | anps l.ocated on the
control panéf. ﬁac%’?ﬁ(‘_ﬁr g\%&\%lﬁ&\er%/%er?ﬁsgﬁﬁd’caﬁf’%?eﬂa 7§ (9°¥ETERddor s -
for maxi rrumeggﬁlggrs_%?%géédr#gs't he conponents. A built-in electromagnetic

interference s enclosure houses the nmagnetron and associ at ed

M crowave COmpongats. oft Waoreod IcQWa chies WRshah! 84iQmns ofyn tﬂgo.ggﬂf}%fcfe%eg“d

el ectromagnet. The systemincludes a circulator and water nount e

inside the miabbwete WiHealyyf UPEdh0RS aSradspSREAPr MierbaREQliodd™® T1V-75
magnetron in the event of a high reflected power condition. The m crowave
power generatiorcuses hmiverd orcedcal.r @hd waierofave comisryy t ketdieat each
produci ng conponents. The magnetron and el ectromagnet are water cool ed by
a cl osed | o5pSHeRF Hee dlavidd Wakex spidtemr thpoughkpacaperiat épcated de &hd a

heat exchanger can be used to cool the water in this Ioo% The separate
wat er sour ce®B| €5 $RousCavity. A mode stirrer is lccated below the ports

in each cavity to assist in the distribution of the microwave
energy. Each microwave power unit is acompletely self-contained
cabinet that houses the required components to operate a 75 kW
magnetron. Controls for the microwave power are located on the
cabinet. The units are designed for unattended continuous
operation in an industrial environment. Each microwave power
generator may be located at each cavity, or at a distance from
the cavity. However, at a distance of 50‘, the transmission line
losses will be about 2%. Each power generator provides
'adjustable microwave enerqgy for industrial operation. The output
power is adjustable from 0 to about 75 kW at the FCC assigned
frequency of 915 MHz, and is controlled by a sclid state control
circuit manually adjusted by a control knob on the panel or by
remote control with a 4-20 milliamp contrcl signal from a process
controller., While the circuitry will control the power output

from zero, the freguency spectrum becomes broad at levels below
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through a water to air heat exchanger inside the cabinet to cool the
cabinet air. A high pressure centrifugal blower provides 'cooling to the
magnet r on g}ut/pgt Wi ndow and the cathode structure. Water and cabi net

t enper at ul' &3P nterl ocked in the control power chain. PRIVOMIZ2E1 er ence
data for each m crowave generator- in a systemof this are as foll ows:

34 about 5 q%r kW§$ESY§r+§J?n§€a%’ £ Q80 NP6 31 BNBSE 8 Hfa

Power out put Magnetron tube :
CW 75 | Typi SROPSTY r 8hbPTy I ShEF NGy A ai d@sesi D h@¥8erro
AC fil arrentala\?%lg?iage ﬁoﬁ@% oLy Filanment current 859%ﬁ cren
anode volt ag€ich is opeddt&Y¥ and profBoded diy centuit functionssd@sAgned foPC
el ectromagnet current 4.3 A Ef ficiency 80% Further, a
typi cal m cawwemes ige redamenusdrogpeAiore cEhpol ettesicalefainesdonsant tleee
an out put connection (WR 975 waveguide) in the top of the cabinet at an
appr opr i at e3¢RRERG VN .are monitprgdt Ay gieiRKA Aedbe SORFEPOWAFBEE obheeated

drying system generally designed as describe bove effective to
elininate YRNef2BBBELF PRE: m?@ﬁr“@t@&'ﬁt"’@nt”ﬁq“%ﬁé I W i 2RPde

' d I 15 ds af | ' initial t
contont o HoL SA9% ol GRuIY dEtR: GHC- B o LS UGG LoRveyhaotY otgh Bt
m crowave caykty.dd Sidug eﬁtebgg; t hi C&E@?&ﬁ;n ¢ akgeof eggﬁg;_.og%_ghw&gfr

hour. The Leaves were wei g _aft_er exiting the cavity. The ending wei ght
was 4.6 | bsint OF1 30 ctiBasl 8id intdniWir@ldt by désisgndinsed a@pst Dechbeli Gh

assuned water content, therer remained 2.35 pounds of water in the | eaves,

cor r espondi tige t Corltr S mdndlhe iRddh aliowatverecppivent generator cabinet has
full width doors for maximum accessibility to the components.
A built-in electromagnetic interference shielding enclosure
houses the magnetron and associated microwave components. A door
allows for installation of the magnetron and electromagnet. The
system includes a circulator and water lecad, mounted inside the
cabinet, which functions as an isolator to protect the magnetron
in the event of a high reflected power condition. The microwave
power generator uses both forced air and water for cooling the
heat producing components. The magnetron and electromagnet are
water cooled by a closed loop demineralized water system. A
_separate watexr source and a heat exchanger can be used to cool
the water in this loop. The separate water source also flows
through a water to air heat exchanger inside the cabinet to cool
the cabinet air. A high pressure centrifugal blower provides
cooling to the magnetron output window and the cathode structure.
Water and cabinet temperatures are interlocked in the control

power chain. Typical reference data for each microwave generator

in a system of this are as follows:
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As disclosed in FIG 2, the mcrowave treatnent of yellow tobacco in
accordance with the present invention preferably results in a dried,

gol den-colc}p{)gg/sgsgpacco product . The data presented hereiw&g};“ﬁh t hat

such drie obacco, inits )

unsnoked form has dramatically reduced car ci nogeni c -
ni trosam nes, papbiyedl arpye NNN and N ks, oposied tmmosnphiage, CYberz

t obacco. It has al so been di scovered that concentrated fornms of

el ectromagneti c padeat batplt. e., cormekW attedlds +di-stiondidzshed from
general exposure to sunlight or electric light within the visible
spectrum) havi njagheghen thbequenci@sL, &M hdrter wavel engths than the
m crowave domai n di scussed above, can be _used to, achi eve the basic objects
of the pres@ypirakemagpatron epeEdtin HIexaNss dRtPaPreePSnitRALPYA: of
TSNAs in tobacco _products, fré treati ng}ﬁ;he,\}obacco wi th such energy
forms in approxPhefélyment ¥ane?9% me frame Post-harvest as di scussed above
with regard to tge nm crowave egpodi ment. oo In other words, the sane
general and pref 6FFBUERacHRFETeS and pringl ples di scussed above regarding

m crowavi ng can pe apphled.yhen. such an alfefpate energy source is used,
for exanple, the tobacco Is treated with such radiation at approxi mately

the same tinme frapB8=pPOStrenharvest, the d gaves can be de-stemmed, pressed
between rollers or steamed prior to irradiation, etc. However, while
such al ternate epergyesovtagesnéavenheet de¥ &y mned to significantly and
desirably reduce or substantially elimnate or prevent formation of TSNAs,
none of the otheEffeabedeyents tested to &t e have been as effective in
drying the |eaves as the m_crowave techni que described_in detai]. Thus,
when using SUERhan, ab il BHEFGYaYEUBBRETRECTHEAhETR O PabREPCD Steel

enclosure and have an output connection (WR $75 waveguide) in the
top of the cabinet at an appropriate location.

In a throughput test, a microwave tobacco drying system
generally designed as described above was effective to eliminate
over 80% cof the moisture content of the leaves. In particular,
in one measured sample, 15 pounds of leaves with an assumed
initial water content of 85 wt% and solids content of 15 wt% was
conveyed through a microwave cavity in single leaf thickness at
a rate of about 180 lbs per hour. The leaves were weighed after
exiting the cavity. The ending weight was 4.6 1lbs., or 31% of
the initial weight. Thus, based on the initial assumed water
content, therer remained 2.35 pounds of water in the leaves,
corresponding to 18.5% of the initial water content.

As disclosed in FIG. 2, the microwave treatment of yellow
tobacco in accordance with the present invention preferably
results in a dried, golden-colored tobacco prcduct. The data

presented herein establish that such dried tobacco, in its
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to subject the irradi ated tobacco | eaves to further processing to conplete

the curing cycle, such as conbining the irradiation step wth a subsequent

oven-dryi n& or tunbl e-drying step. 36

SUBSTI TUTEVQB5E556RULE 26) In particular, itPCEUBI/I2Ea8ed

that any el ectromagnetic radiation source, and accelerated particle beams

such as electron b ams, havi n%frequenm es, higher th the m crowave -
I

domai n wi t hi FPSTHEE onvEFETonal D3t ect W Yspect et e cﬁ?éi"dﬂoxﬁémtl@
fi tl bst ant.i al.l t oo f t f
si gni ficantly, E?géjgr?insgfc‘}% 18] a%% &\Jﬁl’g%tn% R/ or s é:%rée or rra 10 1y

TSNAs when t 0bacco I Suscepti
anount of TSNASe& eduGed. Or formatl on thereof arrested On a scal e V\Athl n
t he el ectronagnetl c spectrum where mcrowaves are generally defined as

inclusive of thosgr heEMu1G ebebd r QIBEHEETEd T @A i UhdEM i ) f ESAHENOYE
of 10[err] Hz and a wavelength of 3 x 10[err] neters, such energy sources

i nclude, wi ¢hectrdmagriediconadian-donf r@r.ed ,ardnicehraneedr adi atisan ndadished
frequenci es of about 10[err] to 10[err] Hz and wavel engths of 3 x 10[err]
to 3 x 10[ efrdmmpeneal xpoanre do sadildghon oraeleg tinequddgdite sy ishinalbet
10[err] to 10[err] Hz and wavel engths of 3 x 10[err] to 3 x 10[err]

meters, sof tVxSHeys ofPeelsei®), chating r%&%h%-a sth%%H?’é"F’eﬁegéf‘iivelsi"korter

h d el ect t he, cat hod di cul
o 1 he. surf Steye TsATshA Ehar el i ST o?owwc FhenaT aeberErotatse
having frequencs eéooggﬁ%sﬂhg'z TR G L \fﬁxvfskg“gt hs.

woul d be apparént t0 one of i nary kil |n the art e greater 't he

dose of radiaddoi el i vered Byrhhe: eNergy: stiChn e Ieagd | %tfe%Fla%a\ses
need to be subjected thereto to achieve the desi red resul ts. Typi ca

radi ati on apptédedtion by Megedtingeshet byt Miith e suphefataky f@ﬁrﬁst han

30 seconds and even
approximately the same time frame post-harvest as discussed above
with regard to the microwave embodiment. In other words, the
same general and preferred techniques and principles discussed
above regarding microwaving can be applied when such an alternate
energy socurce is used; for example, the tobacco is treated with
such radiation at approximately the same time frames post-
harvest, the leaves can be de-stemmed, pressed between rollers
or steamed prior to irradiatiocn, etc.

However, while such alternate energy scurces have been

_determined to significantly and desirably reduce or substantially
eliminate or prevent formation of TSNAs, none of the other
embodiments tested to date have been as effective in drying the
leaves as the microwave technigue described in detail. Thus,
when using such an alternate energy source, it may be preferable
to subject the irradiated tobacco leaves to further processing
to complete the curing cycle, such as combining the irradiation

step with a subseguent oven-drying or tumble-drying step.
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nore preferably | ess than about ten seconds are needed when using such
hi gher frequency radi ati on sources. Defined another way, radiation

applicati(wO #ggg of at |east about one second are
37 tf)’ Tred. However, as shown in the Exanpl es belGMUSIsH2128

exposure rate can be controlled to deliver the radiation dosage over tine,_

if desired. For gxa %hi%hlrﬁgar ad qfg g aLlo8 ('\c%gtbea%l ie\i%rc%%omsgPSWLFn

i nst ant aneously (as e é!ectron beam accel erator scusse
Exanpl e 17) radfiadliocd §6EHEL CIHHNEH-EXPPSLES PAlE i3S belsﬁengééﬁla%dnsgécgggn

cl osed chanber gamma irradiation testing discussed below in Exa

wherein 1 megamsd KdeikErasquehciies’ RihRét Ahats hdehi yesRSvaldRia iIGXROSHER
rate of about .8 megarad per hour). Wen using high frequency radiation
sources, it the poetentbchdd wecarcanguetiofl sadcatien are clpaghiteves ab

| east a 50%reduction in TSNAs, in conparison to untreated sanples. Wile
t he parti culSaSrnifdranton doshges afidbes@dsiakly acdininptedepulibonptaeent
parti cul ar %ﬂyipnent and té e of radiatjon source being applied, as would
be appar ent FCETBREOBf Vr dFRAPY NS FAPAEHR &t WREUFIdgemet al Py apretate ed

to subject the to o sanples to radiation of fromabqut .1 to_about 10

negar alds, nore ceﬁggﬁlﬁ? ag?;R?YBW abdTt 2™ 2h 319303%1\1%5 nﬁagVﬁﬁg, °HnicRBReion
f bl b 75, t .5 . - illustrated i

Phe for o SHeRibE iliesdlh | oA LEat Ou IR A elorerdibonebid Frcinyt

sanpl es usi geed8 ECebLRhILed axel &AM INGATe A LLF  LE] 1296151300 ARy ge
radi ati on as exenplary of these additional radiation sources. I'n eac

i nstance, fhemsuofusbshtidniafiadied rzdhationsagpliag wereegdesnRostsat e tip,

contain significantly reduced and/or substantially elim nated TSNA

contents. and al|wavedteragtdt bér 3 exbigd? merttewd, tsvweh evemtiyoaputceat imgl ddee,
without limitation, far-infrared and infrared radiation having
frequencies of about 10* to 10'* Hz and wavelengths of 3 x 10™* to
3 x 10°° meters, ultraviclet radiation having frequencies of
about 10% to 10** Hz and wavelengths of 3 x 10% to 3 x 10°%°
meters, soft x-rays or lasers, cathode rays (a stream of
negatively charged electrons issuing from the cathode of a vacuum
tube perpendicular to the surface), x-rays and gamma radiation
typically characterized as having frequencies of 10* Hz and
higher at corresponding wavelengths.

As would be apparent toc one of ordinary skill in the art,
éhe greater the dose of radiation delivered by the energy source,
the less time the leaves need to be subjected thereto to achieve
the desired results. Typically, radiation application times of
less than one minute, preferably less than 30 seconds and even
more preferably less than about ten seconds are needed when using
such higher freqguency radiation sources. Defined another way,

radiation application times of at least about one second are
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tobacco while in its susceptible state in a recirculating air convection
oven has al so been denonstrated to reduce the TSNA

38 SUBSTI TUTE SHEET (RULE 26) content,
albeit witWIBHIEd | eaf quality. Unlike-a conventional baREHySeensshi ch
is not as effective in |lowering TSNA content and atso |owers the tobacco

uality, heating in a recirculatin ai r .copvection ove t tenperatures of
19r om a)t;out 186Fg’??fe?o %&&ver?,oﬁs%h‘?vg} %FPS%‘?%%%#PB% gﬁ% HRpsSHe

the |ow end Qll%’@ ig, abaul, %ﬂg&ik% q'%tli%? Phoh £0d, iod B %ggpc% [ e
scale, can also e ectlver Feduce the cont ent of of arrest Fornaty on "5¥
TSNAs in tobagcgexhidg, i @’o&;gxézﬂéf@mﬂ Rkgashat &f %ﬂ%ftlir&ﬂcah%sldbliﬁ}é%g
nore preferably, an oven conbining recirCulating air convection heat an
m crowave radhathffageusShpr{anwike theadldt Adidenhi A€cHLOYAED NG i SHYLaRd
quality to the | eaves. For exanple, when a convection oven alone is used,
t he veins andelswveis Bxempbe CONpl etelay dr iperkdrt erime neidne e uraniraz ear @ s
dried, thus leading to overdried and crunbly |am na sections. Conbining

t he ni cr owavexerphthbed Wit hthecicloabdt iR cgaMem S¥Eadiasionciesting
i nprove the |l eaf quality by giving a nore uniformy dried roduct .

In anot her aSpBEESSeReLpte¥cht FFRAEMLS ok r SIRREET ¢ ISHR (¥ Gregiciofg

or substantially.elimnating the content of tobacco- . specific. nitrosam nes
in a hunman o?’ra%?h%'fl%%lﬁ“iaé’c e\t}(ﬁgegﬁak%%,an EHBRE Y lfﬁ%eero%c ?%O}”ﬁge t"’sega’:""r‘]i
t obacco, by vi di f i lﬁ?g&: . havi Co g
significantl é?e %%‘gg o%}sl%%rs\?%%?# arfc‘){%/h afe%? ”na(?"é_ #%N%%sldw é_&gccﬁjsbj e%t ilﬁg
the uncured $088£60-4 O L OURY @rnfun@l BEr rahadt 2bh OPh £ Dh i Sodlermnstsated
herein to be effective to provide tobacco have surprisingly |ow

ni trosam ne goBbenk&duction in TSNAs, in comparison to untreated samples.

While the particular radiation dosages and exposure rate will
depend on the particular equipment and type of radiation source
being applied, as would be apparent to one of ordinary skill in
the art, it is generally preferred to subject the tobacco samples
to 7radiation of from about .1 to about 10 megarads, more
preferably from about .5 to about 5 megarads, and more preferably
from about .75 to about 1.5 megarads.
As illustrated in the following Examples, testing has been
carried out on variocus tobacco samples using an accelerated
, electron beam, a CO, laser and gamma radiation as exemplary of
these additional radiation sources. In each instance, the
uncured, irradiated tobacco samples were demonstrated to contain
significantly reduced and/or substantially eliminated TSNA
contents,
In yet another embodiment of the invention, treating the
tobacco while in its susceptible state in a recirculating air

convection oven has also been demonstrated to reduce the TSNA
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These techniques can be facilitated by peeling and disposing of the stem
down one-third to one-half length of the tobacco |eaf,

39 wosskisial ly in cases where the stemis to be di spe.f/gg% t he
noi st ure-w i nging or steam ng steps descri bed above are not .
Where the stemis renmoved in this manner, the resultant mcrovvaved

tobacco | eafe#@8tN0L1HEYH WA hedusedofedr duMmsher URLhkeea sivis@nthenal
undesi rabl e part of the stemis al r eady renoved. As a result, the

typi cal | 0S%aXidg0kaes0 whikbdyet nassaai atfdeanite timr d<iveny nigs ’nsNAmctmaﬂtedt
reduci ng tobacco waste by approximtely 10%to 30% The i nproved
tobacco of tarel plesedbwensenhe ohokadchequabibey i theadding thd eesigsaratiog

normal | y-cured tobacco in any tobacco product, ingcluding CI arettes,
cigars, chewiry cosyassdon PEbRcaD EHBRFFRL YIRS ff%bfa&% 3 gl&o {tehabest

h ff t ob d food addit t
of - sroki ng, 24 For ssgnﬁgfwésnf‘:fv%iégg%&”@&%%el Bebenak bhe ik S e 28°°
i nt h t t d d I
nor el i oS c?m S R b oedd o EkRonPRR=Yekure 3Edien ia

food addi tiveg, theJd0hagsq oedhe UL SEM W oot o8 Baseaur If%&maleheﬂse@t

flavor. resent rnvention 1s now il lustrated by reference to the

fol I owi ng ex@@sesln wWeisghcake wipt1d nigndads t gubkbebtibbe seoepe Ohs le’éfflned
i nvention in any manner. Example 1

Virginia fl ugedeihaccEwms mdafey gileddradiy,t e lveresomriaing aved ioulating
curing barn at about 100-110[err]F to begin the flue- curing process.
Sanpl es 1- 3 ager ecomkert foronheht leamdnh wiceewate rRrEAREICRad-dTur ABETYER| SWe

about 24-36 hours post-harvest. Sanple
heating time while prov1d1ng improved quality to the leaves. For

example, when a convection oven alone is used, the veins and
stems are not completely dried at the time the lamina are dried,
thus leading to overdried and crumbly lamina sections. Combining
the microwave treatment with recirculating convection oven heat
can improve the leaf guality by giving a more uniformly dried
product.,

In another aspect, the present invention relates to a method
for reducing or substantially eliminating the content of tobacco-
sp.ecific nitrosamines in a human or animal subject who smokes,
chews or otherwise ingests tobacco, by providing for consumption
,a tobacco product having significantly reduced or substantially
eliminated TSNAs.

Subjecting the uncured tobacco to microwave or other
radiation energy is demonstrated herein to be effective to
provide tobacco have surprisingly low nitrosamine contents.
These techniques can be facilitated by peeling and disposing of

the stem down one-third to one-half length of the tobacco leaf,
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1 was a lamna sanple, stripped of the mdrib, and baked in a

40 convection air oven at about 400-500[err]C for about 1 hour,

whi ch  browned t he | am na. Sample 2 was a yellow leaf, placed in a

Gol dst ar RWEHMYSSRAR- 1572M ni crowave oven (2450 MHz), and heabed/usss/i2zizse hi gh
power setting (1,000 watts) while.rotating for about 2[err] mnutes. -
Sanple 3 was a yell Qqw | eaf, untreated, used as a control, Sapples 4 and™S
remai ned i n $SIREAGLINg lﬁhrcf?s(ﬁﬁjéff%’ezéq At F TRt [}?% ?sco\%‘%?d 137 the

, g BarR AR e &V e of SEboit- 1%
Facks, ' SampliS s e AelieaEs W oxktrakrS AR, MaRT RO AR er

racks. Sanpl r havrng un

flue-cure pr, .f o C
PIRERg. nggé}]&gé Y$88 VBI&n PeLT oL OB QD 63 htﬁf?rrg:wﬁnh%r the

det ermi ne NNN, NNK contents. In this and the ow ng

exanpl es, 'YESWAtantCRiESeRhTed! BBbastd 184f ddw@saot! edquikebageonspestfic
nitrosam nes. Sanple work-up and extraction followed a typical procedure

for anal ysi $hafashebAsmd Sietne f @inexamiee, uBfiés bnaele abart "d¥ Sthéebuttiean Dé
Tobacco Constituents in Tobacco Leaf Tissue. 1. Tobacco-specific

Ni t r osam neglrealyt regmgved Ni t Ag ea rastltAl Kdleoi depicdl Agsic.cfovobd@hem
Vol ume 40, No. 6, 1992), and_ individual TSNAs were quantified on a

Ther medi cs PR@AUTEARfPeR] at e 3itiel HERSHRS gy ghaPiBeretodsdging obacco
Hew et t - Packard ngel 5890A gaﬁ chromat ograph. The results are shown in
Tabl e 1 bel 6®SteAPY BRPEOFATBEEHY ABF e*Befdiv are presented in micrograms of

the nitrosam ne per gramof;samect! -§e- WY ' rRELnl | {dWihedlod €ELLI/ G -
substituted in whole or part for normally-cured tobacco in any
tcbacco product, including cigarettes, cigars, chewing tobacco,
tobacco chewing gum, tobacco lozenges, tobacco pouche's, snuff,
or tobacco flavoring and food additives. For the purposes of
smoking, the present invention provides a less noxious odor while
maintaining good smoking characteristics and providing full
flavor with normal nicotine content. For the purposes of
chewing, snuff, pouch and food additives, the tobacco of the
present invention has a rich, pleasant flavor.
The present invention is now illustrated by reference to the
following examples, which are not intended to limit the scope of

,the invention in any manner.

Example 1
Virginia flue tobacco was harvested, and the leaves were
placed in a curing barn at about 100-110°F to begin the flue-
curing process. Samples 1-3 were taken from the barn after the
leaves had turned yellow, about 24-36 hours post-harvest. Sample

1 was a lamina sample, stripped of the midrib, and baked in a
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41 TABLE 1 Sanpl e # NNN

NAT + NAB “NNK' - TSNA 1 - yellow 0.0310 0. 843

<0. 0004 0.1157 baked lamna 2 - yellow <0.0004 <0. 0006
<0.0005 WO%ESEN14 nmicrowaved 3 - yellow 0.0451 REHYspgazI28

0. 0356 0.2061 control 4 --rapid 0.6241 ° 1.4862 1.2248_
3.3351 dryi dg; .f 5 bBﬁE'Qoo 9034§5for aboﬁt599§ou ., which
1. 3568 vl Bh glfng%?‘ngu e YT T W07
2. 2534 brbwdef4 + HeQWr@ma f | USakpI€d2 was a yellow leaf placed in a
Exanpl e 2 Virginia flue tobacco was harvested. Sanple 7 Was a fresh-

cut, green leadldstaedveden NI S TEM mifuriowaSenpivens (2480 aMiz)es rrcliheagedebn
| eaf whi ch was subj ected to mcrowave radiation in a nmultinode m crowave
appl i cat or rneuhaghup@debysad wingdr (L, 600 WelbksVi Whélei@h‘tmkf‘yg oy ot g 2%t

2450 MHz at 2.5 kilowatts, for about 20 seconds n‘gl es 9-12 were nade
fr om nor nal Iﬁglnﬁllt@@ cﬁ&@ﬁl@)r dwwag opade&d1o ﬁﬁ@t?ébaé’@@d f&dnia
formed cigarette; l e 10 was | qose, shred dto cCco mag

ci garettes: gs 11 FRILa ﬁe@@dtt‘?e E‘”a'ﬁ%l?;l% Shfpl u‘(’c’f% %’fge)‘mgﬁﬁ

10 (I t | t
D e e e

S “Wer e ana the " sane

Lrn;nner as inExanplke &ndngmofgsé'lfﬁs‘a&é’ SHOWL Al Tal o2 D& Qs a cured,
brown leaf, having underwent the normal flue-cure process.
Analyses were performed on each sample to determine NNN,
NAT, NAB and NNK contents. In this and the following examples,
"TSNA" represents the sum of these four tobacco-specific
nitrosamines. Sample work-up and extraction followed a typical
procedure for analysis of TSNAs (see, for example, Burton et al.,
"Distribution of Tcbacco Constituents in Tobacco Leaf Tissue.
1. Tobacco-specific Nitrosamines, Nitrate, Nitrite and
Alkaloids", J. Agric. Food Chem., Volume 40, No. 6, 1992), and
individual TSNAs were quantified on a Thermedics Inc. TEA Model
543 thermal energy analyzer coupled to a Hewlett-Packard Model
5850A gas chromatograph. The results are shown in Table 1 below.
All data in each table belcw are presented in micrograms of the

1

nitrosamine per gram of sample (i.e., parts per million or pg/g):
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Tabl e 2 Sanpl e # NNN NAT + NAB NNK TSNA 7

- fresh <0 0104 0.126 0. 0005 0.126 | eaf control
8 - fresh 029 0. 135 0. 0004 0. 164 | eaf -
mcrowavedW°9§f=8555 1.997 3.495 - 2.735 8. XXBI/USISARIRS ol
cigarette 10 - 2.067 3:742 2.982 - 8.791 control
| oose 11 - 2. 056 3.499 8. 359 cigarette
m cr owaved 12 - | oose 2.139 !@é%%gi 2. 957 8. 707
m cr owaved —ETaﬁghe=%===== Sra==f=grl—gid =Gt =ga-ot]
brands sho islaﬂ'@megS re NPNrchasedvzg + amghon] at vaNKous ret ai Irgms in
Lexi ngt on, analryzed Tar. TSNA cont e USiNg tne |pr ocequre
described i ﬂ@wl 0.031 0.843 TéBI@ 8 Sandt B3 Code
No. @Iﬁ NAT 4 NAB NNK TSNA | 13- 288292
3. 565 @ggna 0Qq Q. 202  Marlboro ki-pg~—pe—I1l4
288292 12146yellow4. 992.0004 1.14.0006 10. 2[/Q0. MaoSboro <Kj ogr4c
15- 28822 rowavads80 4.290 1.106 8. 977 Nbrlboro
SEEE$ ?%ULE gggtyellow 0.0451 (ﬂ%253 0.0356 S L2061
itrol

4 - rapid 0.6241 1.4862 1.2248 3.3351

drying

outside

racks

5 - rapid 0.7465 1.5993 1.3568 3.7044

drying

inside

racks

6 - 1.0263 1.7107 2.2534 4.9904

regular

flue-cured

Example 2

Virginia flue tobacco was harvested. Sample 7 was a fresh-
cut, green leaf used as a control, while Sample 8 was a fresh-cut
green leaf which was subjected to microwave radiation in a
multimode wmicrowave applicator manufactured by MicroDry of
Louisville, Kentucky, operating at 2450 MHz at 2.5 kilowatts, for
about 20 seconds. Samples 9-12 were made from normally flue-
cured brown tobacco. Sample 9 was tobacco from a formed
cigarette; Sample 10 was loose, shredded tobacco for making
cigarettes; Samples 11 and 12 were the same as Samples 9
(cigarette) and 10 (loose), respectively, except that each was
subjected to the same microwave conditions as Sample 8. TSNA
contents were analyzed in the same manner as in Example 1. The

results are shown in Table 2 below:
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Sampl e # Code No. NAT + NAB NNK TSNA  16-
288292 3. 849 4,748 1.130 9.728 Marlboro -king-pc 17-
288192 5.662 1.223 11.489 Marl boro - 1] Q0' s-bx
18- Reesss 300 3.859 1,211 8.541 Marl ‘gp%gi”?’?bzﬁts-_
100" S-pc  19- 288182  3.488 4.136 1.074 8. 698 Marl bora
-lights- 100's-pc 20- 288182 37566e 2 4.240 1.164 8. 970
Marl boro -lights- 100's-pc 21- 123143 2.311 2.968 1.329
6. 608 W nstdn- 100 S-pc 1225 73103 Z, 281 2. 650 T 70—
6. 348 W nst dn-_Sefede #3- NN 123 | NAT| g NAB 831NNK 1 326 TSNB. 319
W nston- King,bx ¢24sn oL 2343 .05 %56 3. 180 0posl 207 | g 16,914
W nst on- ki rjg bxs 255 < I%éios 1. 988 2. 563 1.234t ~~5.786
W nst on- Ki Nige®strfHb- 123133 P. 161 2.;@6 1. 258 6. 124
Wnston- i S 100"S=py—27- TP3133 2 T 2. 099 262
6. 150 W nst n§ T%fgm%h 10@ -$25% 0.135 0.0004 49164

ea -

microwaved

S - 1.997 3.495 2.735 8.226

control

cigarette

10 - 2.067 3.742 2.982 8.791

control

loose

11 - 2.056 3.499 2.804 8.359

cigarette

microwaved

12 - loose | 2.139 3.612 2.957 8.707

microwaved

Example 3

The following cigarette brands shown in Table 3 were
purchased at random at various retailers in Lexington, Kentucky,

and analyzed for TSNA content using the procedure described in

Example 1:
Table 3

Sample # [{Code No. NNN NAT + NAB NNK TSNA
13- 288292 3.5865 4.538 1.098 9.202
Marlboro

-king-pc

14- 288292 4,146 4,992 1.142 10.279
Marlboro

-king-pc

15- 288282 3.580 4.250 1.106 8.977
Marlboro

-king-pc
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Sampl e # Code No. NNN NAT + NAB NNK TSNA 28-
123133 2. 394 3.385 2. 330 8.109 Wnston- | i ghts-
100" s- pc Exanpl e 4

was har ves™98/85%5 t he | eaves were

100-110[err]F to begin the flue-

yel | ow, about

24-36

hours post-harvest

.curing proc
fhey

ess.

and m crowa
power settin
| eaves were
turn brown,
wer e shredde
batch | abel e
| abel ed blu
f ood store,
anal yzed for
the results

P T o

MA- ], M m
jout err]

ghewavgapyen (R4d

m nut es

ile

ffcutivciy
Wb+ nst ead
rd-heade |i
g—
15ight. Sa
eI Hohe b
TINARgent g

rand Nat ur g
nt using t#
nohowx iln Table 4 bel ow

thed—by—t
288aPhed
nt o

ci garn

S procced
Feif49 gol d
ettes.
ile Sanple

<,

34- 38

ot
- e8| ow ¢dl-dB0 The
Sampl es 29- 38 were take

1 el
) I UTITY

e taken fr

rotatj ng.

n froma

Virginia flue tobacco

pl aced in a curing barnpat/usdznaizs
After the | eaves turned

) g

P eA¥®S

m a_bat chj

Al Aneri can
e procedur

Spirit.

e descri bed

NPEESs39- 42 MRIA Cigafetges pur¢hased at 4
Sanmpl es 29-

i n Exanp

le 1, and

ggaiw

wer e

45

18-

Marlboro
-lights-
100’s-pc

288182

3.471

e X
3,859

1.211

.541

19-

Marlboro
-lights-
100’s-pc

288182

.488

.136

.074

.658

20-

Marlboro
-lights-
100's-pc

288182

.566

.240

.164

.970

21-
Winston-
100’s-pc

123143

.311

.968

.329

.608

22~
Winston-
king

123103

.241

.850

.256

.348

23-
Winston-
king-bx

125123

.162

.831

.326

.319

24-
Winston-
king-bx

123123

.577

.130

. 207

.914

25-
Winston-
king-pc

123103

.988

.563

.234

.786

26-
Winston-
lights-
100’s-pc

123133

.161

.706

.258

.124

27-
Winston-
lights-~
10C0’s-pc

123133

.189

.698

.262

. 150
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Sanpl e # NNN NAT + NAB NNK TSNA  29-RED

0.138 0.393 <0. 0005 0.532 FULL FLAVOR REP 1 30- RED

0.192 Wd)9825§%< <0. 0005 0.423 FULL FLAVOR REP_2 31-RED

0.129 0 330 <0. 0007 0.349  FULL FLAVOR REPPST/US¥/IRdPS

0. 145 0. 260 <0. 0007 "0.406 FULL FLAVOR REP 4 33-RED _

0. 140 lﬁ# : G666 F RER 5

AVG 0. 14%ample #).|Zde No. <(. 000®IN 0| 7AY +SFEB NNK 0Oj 022rsNa

0. 062 0. 0001 0. 059 34-BLUE d.173 D. 162

<0. 0005 35 LI GHT | 35- BLU 0.( 0] 22

<0. 0005 fééétt GHI P 30, pae 3.385 458330 ) §ggos

<0. 0005 14 _LGHT REP 3 37{BLUE 0.j067 D. 215

<0. 0005 1492 | REP 4 38- BLUE 0. 122 0] 218

<0. 0005 ; 5= 20—

<0. 0005 0. 304 STD 0. 044 0. 024 0. 0000

0.028 30- 0. 747 Ex el BL5 4 1. 455 4.017 NATURAL

AVERI CAN SPIRIT 46 Sampl e #

NNN NAT + NABirgimNK flue tobSMAo wé@- harvested, and thel.Iires wekeB05

1.458 4,025 NATURAL AVERI CAN SPIRIT 41- 0.749

1.826 pldédd in a4c@39ng barn at about 100-110°F to begin the Fflue-
curing process. After the leaves turned yellow, about 24-3¢

hours post-harvest, they were taken out of the barn and
microwaved in Goldstar Model MA-1572M microwave oven (2450 MHz),
high power setting (1000 watts), for about 2% minutes while
rotating. The leaves were effectively dried by this procedure,
although they did not turn brown, but instead retained their
golden-yellow color. The leaves were shredded and made into
cigarettes. Samples 29-33 were taken from a batch labeled Red
Full Flavor, while Samples 34-38 were taken from a batch labeled
blue Light. Samples 39-42 were cigarettes purchased at a health
food store, under the brand Natural American Spirit. Samples 29-
4é were analyzed for TSNA content using the procedure described

in Example 1, and the results are shown in Table 4 below:
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NATURAL AVERI CAN SPIRIT 42- 0.749 1.760
1. 462 3.971 NATURAL AMERICAN SPIRIT AVG 0.752 .
1.802 1. 460 4.013 STD 0. 006 0. 025
0. 004 WE 9558555 STDin the Tables herein is the staREREsIsdzReBat i on
for the average of the sanples shown. Exanpl e
5 Virginia flue tobacco was harve d, %nd the | eaves were placed iii
a curing bar 100- 110l ecr St =CULiNg Drocess,
Sanpl es 43- 44 g@ied akgn from the|bar gyaf t er| ke 4 heaves hagikt urded yelhow
about 24-36 fours postejtarvest;—arnd auchutUU'LU’nlblumuvc racHator—+H
the M croDry) #JI-RE appl i cat of 0dd38ri bed @b¥R% for | 8080050 Fndl. B
seconds, re i vely,|] at a powef |evel of jabout 6 ki{owatts. Sgnples 43
and 44 were ORgolcen-yellow eaves aftdgr the mcrpwaving. Sanples .
45-51 were Ll eaves haui pt— the ndgrpnl
flue-cure prpgesgepSangl e 45 was @ocapbrol ; |Samdes 4p<andod? ware, paked
in a convect) @uLbven prieheated tojabout 400-f 500 [err]F for abouyt 1 and
about 3 mnu @@Avoaspectlvely, ang Sanples |48 and 49 Wwere subjeqted to
m crowave rafiREPi &n (915 MHz) in & Wavegui de applicatpr Mddel WR- 975, a
| arge mul ti _qQuen 47
manuf act ur ed ] §ro y (power sepf%ﬁas frdm #2° 75 mmeaPOQB Ki § ot t s
for about 10j @ Q segonds, respgctively. $anmpl es 50 | and 51 werle cut
(reconstitutpedgpheet) tobacco made fromthe [fl ue- curpd | eaves. Sampl e 50
was subj ect e to T Trowave Tad T at o T TTrJI Wavegurder T trowave jover—at—54
Kilowatts f E38b8§P 1.5 minutes, | ®iLEe Saml® BL was paReflOPR a |cblEct i on
oven preheatpdYf0 aboyt 400-500 [err]F for |about 3. mihutes.  THese
sanpl es wer g FLAVOR
REP ¢
33-RED 0.140 0.293 <0.0006 0.434
FULL
FLAVOR
REP 5
AVG 0.149 0.278 <0.0006 0.429
STD 0.022 0.062 0.0001 0.059
34-BLUE 0.173 0.162 <0.0005 0.335
LIGHT
REP 1
35-BLUE 0.046 0.229 <0.0005 0.275
LIGHT
REP 2
36-BLUE 0.096 0.188 <0.0005 0.285
LIGHT
REP 3
37-BLUE 0.067 0.215 <0.0005 0.282
LIGHT
REP 4
38-BLUE 0.122 0.218 <0.0005 0.341
LIGHT
REP 5
AVG 0.101 0.202 <0.0005 0.304
STD 0.044 0.024 0.0000 0.028
39- 0.747 1.815 1.455 4.017
NATURAL
AMERICAN
SPIRIT
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Exanmple 1, and

anal yzed for TSNA content using the procedure described in
Table 5

the results are shown in Table 5 bel ow

Sanpl e # wgog/ NAT + NAB NNK TSNA -
<0. 0106 280%68 <0. 0007 <0.1181 M CROMAVE f’%ﬁ%ﬁ%&&? |
<0. 0103 <0. 1065 <0.0004 . <0. 1172 M CROMVE  45- CONTROL 0.92
2.05 S, L G, 00 N ™M CRO [A40° OVEN-—T i e R,
5.10 gawle MN  47-OVEN 3 NWNg9 | NAT + NAGS NNK 2./68 TSNA
5. 64 M N 8- 1.00 .31 an= 3.2P 6.p
WAVEGUI DE || 13,585 50| KW  49- 0.762 31, 14,805 % A1 gse 1,03
3.86  WAVEGHMRE T ca%0 |SEC 50 KW 50- CUT 4.22 4. 91
0.99 ¥orkir TOBACCO WAVEGUIDE 1.5 MN 50 KW 51- SUI‘
4.76 5. 00 08 T AT TOBACEO d
48 41- 0.7435 Exanpl-82% lviE4i ni a |f4ue3s
t obacco was edi{ and the lfaves were| placed inla curing byar at abou
100- 110[ err im the flue-| curing pjocess. Sanples 52-55 were
cigarettes j Lhad been pulled fraomithe barn
after aboutlf 24-36 holrs, and subpperied to|M . cresenwave |aduagbi on i|nzag71
ol dst ar trauaxe oyen, Model |MA-1572M (2450 MHz), for about 2 m nutes
on the high} pMEBICA®t i ng (1000 watts). Foi conparison, Sanples | 61 and 62
wer e ci gar eff S8EREHde from | eaves| whi ch had[undergone | the norndl
flue-cure rocess, Wth mic e thea nt. IS 56 |_Cur ed|
| eaf ; Sanpl p~b+—was—post ,(R‘e How é*c F—H-y el’ta% ?I'TE%S vf(af_&:;

STD 0.006 0.025 0.004 0.025

STD in the Tables herein is the standard deviation for the

average cf the samples shown.

Example §

Virginia flue tobacco was harvested, and the leaves were

placed in a curing barn at about 100-110°F to begin the flue-

curing process. Samples 43-44 were taken from the barn after the

leaves had turned yellow, about 24-36 hours post-harvest, and

subjected to microwave radiation in the MicroDry multimode

applicator described above for about 20 and 30 seconds,

respectively, at a power level of about 6 kilowatts. Sémples 43
and 44 were dried, golden-yellow leaves after the microwaving.
Samples 45-51 were made from brown, cured leaves having underwent
the normal flue-cure process. Sample 45 was a control; Samples
46 and 47 were baked in a convecticn oven preheated to about 400-
500 °F for about 1 and about 3 minutes, respectively; and Samples
in a

48 and 49 were subjected to microwave radiation (915 MHz)

Waveguide applicator Model WR-975, a large mnultimode oven
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cured; Sanple 58 was a cured lamna, while Sanples 59 and 60 were cured
m dribs. TSNA contents were neasured as in Exanple 1, and the results are
set forth in Table 6 bel ow

Tabl e 6 Sampl e # NNN - NAT + NAB NNK TSNA_
52- . 34 e 0 r settk ££3R] dsnokes ' es
53- mgnégic“*edobgz%‘cmnry (‘8‘%%3‘ se '%4 B snors <) %%
34- leé%gtts fozo a}ﬁﬁlt 10 an@ @@%econds@ Mpec%bd&ﬁﬂ)kesam@ﬁaéﬂ‘m
55- 0.531 CGol dsnoke 100' s

Sanple B aﬁﬁ-§ﬁrm§1% cut3(£@80nstltuted1.slzﬁ]at tobacc®.n@®® from the F8HE3
v cured leaves. Sample 50 was subjected to microwave radiation in
the Waveguide microwave oven at 50 kilowatts for about 1.5
minutes, while Sample 51 was baked in a convection oven preheated
to about 400-500 °F for about 3 minutes. These samples were

analyzed for TSNA content using the procedure described in

Example 1, and the results are shown in Table 5 below:

Table 5

Sample # NNN NAT + NAB NNK TSNA
43-20 SEC <0.01086 <0.1068 <0.0007 <0.1181
MICROWAVE
44-30 SEC <0.0103 <0.1065 <0.0004 <0.1172
MICROWAVE
45 -CONTROL 0.82 2.05 3.71 6.68
NO MICRO
46-0VEN 1 1.14 2.41 5.10 8.66
MIN
47-QVEN 3 0.89 2.06 2.68 5.64
MIN
48- 1.00 2.31 3.29 6.58
WAVEGUIDE
10 SEC 590
KW
45~ 0.62 1.55 1.69 3.86
WAVEGUIDE
40 SEC 590
KW
50-CUT 4 .22 4.91 0.99 10.12
TOBACCO
WAVEGUIDE
1.5 MIN S50
KW
51-CUT 4.76 5.60 1.08 11.44
TOBACCO
OVEN 3 MIN
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57- Sanpl e 0. 267 0.720 0. 954 1.941 B-C

58- Lam na 0.933 - 1. 456 1.968 4.356 MC 59-WM
0. 996 wo?s%%s 0. 408 2.432 60-SM 1. 745 1.753

0. 306 . 61- 1. 954 1.544 0. 492PCT/USO3428287
Gol dsnoke  control 62- _ "1.952 1.889 - 0.424 4. 265
Gol dsnmoke  control Example &Xxanple 7 Virginia flue

t obacco was harvested. Sanples 63 and 66 were uncured, fresh-cut green
t obacco, al t houghiayaiia fleek tapsesh wed orerdEitedreasnd eoRat Seuees Lakan,
so sonme air-curing had taken place. The remai ning | eaves were placed in
a curing baphaetd aboat ci@@ngl®aer —ltF abeuredi 0 111 ofF ume chegiyg phec&lse-
Sanple 68 was a |leaf taken fromthe barn after it had turned yell ow, about
24- 36 houpwringtprurmasssst , Sangleas53ubf et ¢iganaiitemaradeadiram yellow

50 SUBSTI TUTE SHEET. (RULE 26 in the V\avegw de
nul ti node atﬁ)?)t?"i‘%‘é? o"l’h%écrﬁcbe*&e%r%oﬁ’/‘el OB RS 4BrERcBABST apboBE 24

Kil owatts. n es 4/ 65 ‘}%c#] aves ,and 67/ 70 e onstituted ? (ig

t obacco, or Q%{ﬁ"' ac%‘t’) j%cé Pat S THAVEFS o ASLEF PR presentiotdstar

| nvention "\@e cﬁ&g&%é e deﬁ nyan3Led, skhe H§5’bl ?85:6ng8~ 91 iS0RLS

radi ati on. wer e | eaf sanpl es oné e normal

flue-curi ngorPr&fée§1§gth$@¥§rse‘S?iH§l efl%owaﬁttg?hy@@é %%n@éz&%w ngaklﬁﬂéé an
open faucet for about 5-10 seconds. The |eaf absorbed si gni fi cant

moi sture. d&Eachdie2 Sarel esghtcands Ghad@stiden leleenaredn hatihandéygeHede
mul ti node applicator for about 40 seconds at 25 kilowatts. Sanples 67 and
70 were recumst nooted shbe¢-twbacerosaspl esyinboet f mommwee® keaunesent.
Sanmpl e 67 was rehydrated by addi ng water so that a
Sample 56 was a cured leaf; Sample 57 was post-yellow, not fully
cured; Sample 58 was a cured lamina, while Samples 59 and 60 were
cured midribs. TSNA contents were measured as in Example 1, and

the results are set forth in Table & below:
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significant quantity was absorbed,

descri bed f

69, 71 and 72 are additi onal

or Sanple

64.

cured | eaf

Sanmpl e

70 was not

sanpl es,

then m crowaved under the
m cr owaved.

used as cont

condi ti ons

Sanpl es

rols. The

TSNA cont &Mt ¥ 4&¥e neasured as in Exanple 1, and the resuPETUSIEIA®own i n
Tabl e 7 bel ow Tabl e 7 Sanpl e # NNN
NAT + NAB NNK ' TSNA 63- 0. 010 0.263
0. 000 0. 274 UNCURED 64- CURED EéggggggL 1.252 1.893
3.882 40 S —EBF $=520- —
4.516 40 SECsH@mIeNGURED  Qo@io NATO.+26AB Nfx000 TSR 272
40 SEC 51 Sanplrg 7 NN
NAT + NAB 52* '\L 0.12 TSNA | %sF3cuT B: 989 9-3®8
0. 308 BOXEe TOBACCO CURED| 40 SEC (WET) 68- UNCURED 0. 051
0. 244 Cﬁqﬁqﬁttes 0308 .40 BEC 25 KW MAVEGUIDE—69-[CLURED
0. 866 53-548 0 .26245 0.42960 CONT&R1670- CONTROL404l. 872
2.536 GBldB#oke 5.197 CUTI TOBACCO 7]1- CONTROL 0.[230
0. 606 II10. §96mm 1.582 'Al MHCLE LEAF 72- SML 0.413
0. 884 1 514 810 WH
Exanpl e 8 Gold %I#%? tobaccc%mag harveste% Oand the 1|leave¥ vere
placed in g g r* g arn at about 1004110 F to bedin the flue- | curing
process. S .p.c—.g was—a—Heaf—taker—+omthe—bara—af-tet

55- 0.166 0.317 0.047 0.531

Goldsmoke

100’'s

Sample B

56-Sample 3.269 4.751 0.833 8.853

M-M

57-Sample 0.28687 0.720 0.954 1.941

B-C

58~Lamina 0.933 1.456 1.968 4.356

M-C

59-WM 0.9%6 1.028 0.408 2.432

60-5M 1.745 1.753 0.306 3.804

61- 1.954 1.544 0.492 3.990

Goldsmoke

control

62- 1.5852 1.889 0.424 4.265

Goldsmoke

control

uncured,

Virginia f£lue tobacco was harvested.

Example 7

fresh-cut green tobacco,

Samples 63 and 66 were

although over a week lapsed

before TSNA measurements were taken, so some air-curing had taken

P

about 100-110°F to begin the flue-curing process.

lace.

The remaining leaves were placed in a curing barn at

Sample 68 was

a leaf taken from the barn after it had turned yellow, about 24-

36 hours post-harvest, and was subjected to microwave radiation
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it turned yellow, about 24-36 hours post-harvest, and mcrowaved in a

Gol dstar Model MA-1572M for about 2 m nutes on the high setting. Sanpl es
74-76 wer@ddgugsggured in the normal way. Sanple 74 was a ggiﬁgg&gﬂzgol.
Sanples 75 and 76 were rehydrated as in Exanple 7 (Sanple : eén each
sanpl e was subjected to microwave radiation in the McroDry applicator -
(2450 MHz) fiarechabpufe At S GRNGS rodaMRbS1 754t 88 hahatin 4D a%@]d%o&séﬂm}g
76), respectively, at” power |evels of about 6 kilowatts. Sanples 77- 7
wWer e reconstbt seedngbeet tebRiTovatmee fromthe flue-cured |eaves. Sanple
77 was a control, while Sanples 78 and 79 were rehydrated as in Exanple 7
(Sanpl e 67). SanBhwpl#8 o/ &® wdeaves) and 67/70 (reconstituted &Reet
m crowaved in the McroDry applicator for about 30 seconds each; Sanple 78
rested on t Gebagen, box t'eMt "whPbacsahplanors tias o shecRiffegt s afechle Prehest by
resting the sheet sanple on a styrofoamcup, whjch permtted npre uniform
heating. T8 n“&%ﬁ?@ﬁf‘-‘g Shed %&Ped-sgsr‘?brydé?éﬁﬂ'e ey b Ret eI uFe s

are set forth in Table .8 bel ow

Sampl e # MICTORRKE radlamc‘n._l_' ﬁ&g&ples 64 WGS were leajﬁsﬁgmpI%gl_f;%?}w
0. 052 e . G _ ; 1 CH, d. 74-A:
1.168 undfrgille che noxmpll U8 curing brdcedd CliNEL %aéﬁ’rlg‘ds%‘fﬁ

20 0. 79%ehydrated 1 tAiPSrunning uhdel® an open 3£8hdeSEENDS 1 EBuE 48-1¢
0. 808 {.624 1.168 3.592 SECONDS 77- 4.417
3.697 secOn@60 The 1eRf07RLEMNIRO sighecicadBe 3doisture.2. 7Fach of
2. 553 0. 644 5. 952 SECONDS 79- 30 1. 606 1.732
0. 350 SamB8l 6876 SERONBES RFREVARED microwaved in the Waveguide multimode

applicator for about 40 seconds at 25 kilowatts. Samples 67 and
70 were reconstituted sheet tobacco samples, wmade from cured
leaves. Sample 67 was rehydrated by adding water so that a
significant gquantity was absorbed, then microwaved under the
conditions described for Sample 64. Sample 70 was not
microwaved. Samples 69, 71 and 72 are additional cured leaf
samples, used as contrels. The TSNA contents were measured as

in Example 1, and the results are shown in Table 7 below:

Table 7
Sample # NNN NAT + NAB NNK TSNA

63-CONTROL 0.010 0.263 0.000 0.274
! UNCURED

64 -CURED 0.737 1.252 1.883 3.882

40 SEC

(WET)

65-CURED 0.767 1.5820 2.228 4,516

40 SEC

66 -UNCURED 0.010 0.261 0.000 0.272

40 SEC
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53
Exanple 9
retail.

ol dst ar

Sagml 530

Sanmpl es 82-83 were Skoal

SUBSTI TUTE SHEET (RULE 26)
Sanpl es 80-81 were Rednan chew ng tobacco purchased at
was a control, while Sanple 81 was microwaved in a
1572M for abolt 1-2 minutes on the high BOWRISI82128 ng.
snuf f purchased at reta|I Sanple 82 was a

control, whi g 2 _sal as for Sanple
81. TSNA ¢ PNt ehs1 deg e | measyRd, aﬁd e Iq@gtgk aremﬁpwn | t Tab!lfﬂf
bel ow: Tabte—9 Sarmpire—# NN ‘
NAB NNIQ 67-CUT TSNA 0.38S CHEW NC‘1@278_L2 00 3987 2049%5
1.713  TOBAPGOBACEBEFORE | 81- CHEW NG| 0. 856 0. 906 0.122
1.884 TOBA EQA#? R | 82- SNUFF 4. 896 0. 545 .973
17. 414 BEFCREC {HETN\ | 6 860 14 610 1901 23 370
AFTER 68-UNCURED | 0,051 Exanple Jdy Toot.e3tls Whet hef o TSHS
accunul ate o¥en BeEgezeven after yelloy tobacco is|mcrowaved ih accordance
with the prefe&mt inventign, additional sanples (dgsignated -A)] of the
cigarettes tgp¥pyEGUADEEXgNPl e 4, Sanplles 29, 35 and 39 (control) were
retested fof E§NéURED 0.866 1.548 2.545 4.960

CONTROL

70~CONTROL | 1.872 2.536 0.789 5.197

cuT

TORACCO

71~CONTROL | 0.230 0.606 0.746 1.582

’AL‘ WHOLE

LEAF

72-SML 0.413 0.884 1.514 2.810

WHOLE LEAF

., Sample 74 was a cured control.

Example 8

Virginia flue tobacco was harvested, and the leaves were

placed in a curing barn at about 100-110° F to begin the flue-

curing process. Sample 73 was a leaf taken from the barn after

it turned yellow, about 24-36 hours post-harvest, and microwaved
in a Goldstar Model MA-1572M for about 2 minutes on the high

setting. Samples 74-76 were flue-cured in the normal way.

Samples 75 and 76 were rehydrated

as in Example 7 (Sample 64), then each sample was subjected to

microwave radiation in the MicroDry applicator (2450 MHz) for

about 20 seconds (Sample 75) and about 40 seconds {(Sample 76),

respectively, at power levels of about 6 kilowatts. Samples 77-

79 were reconstituted sheet tobacco, made from the flue-cured

leaves. Sample 77 was a ccntrol, while Samples 78 and 79 were
rehydrated as in Example 7 (Sample 67). Samples 78 and 79 were
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SUBSTITUTE SHEET (RULE 26)



content nore than seven nonths after the TSNA contents were first
nmeasured, as reported in Exanple 4. The results are shown below in Table

10: 54 SUBSTI TUTE
SHEET ( RULE O78{%8555 - Tabl e 10PCT/USSSiRIRS #
NNN NAT NAB NNK - TSNA  29A-RED  0.1109 0.1877

0.1078  0.0L% 140 | 411 35A-BLUE_ O 0. 1930
0.1075  0.0012 wavecg.l%gge IEF%%BQI&E%DP#%@%\- br 9"8‘3‘9231%13*"0"]?352?@?*1:

0.1072 0.2 e 78 ZeBi®d NALHRALveAMERE €N, Wi R TSadfhiR #b was raiseq

Exampl e 11 Virginia flue tobacco was harvested, and the | eaves were
placed in a upsSevgrbdr inaheabnytrektinglOhersidet camegienohhe $4werfo By
process. After the | eaves turned yell ow, about 24-36 hours post-

harvest, thé&hi@y epearentedomete badfoand ksedjirded TBNAI crowvmatts were
radiation in a CGol dstar Mdel MA-1572M m crowave oven for about 2 to
2[err] m nutEaswed RE Anghpmnet setaih§hecgerules are seaviartbmsnaTable
gol den-yel | %WbC(1| or, and effectively dried. Certain sanples, designated by
"ground”, wereatdr ground up into a flour-like substance, which would be

useful as, for exanple, a gum Iozengeracglé‘o&d additive. After nore than
six nmonths fromthe time the | eaves were-mrcrowaved, the TSNA cont ent

Sample # NNN NAT + NAB NNK TSNA
73-yellow/ | 0.052 0.260 <0.0004 0.313
microwaved
74-A- 1.1€8 1.904 1.6862 4.734
control
leaf,
cured
75-B- 20 0.791 1.705 1.115 3.611
SECONDS
76-C 40 0.808 1.624 1.160 3.592
SECONDS
77~ 4,417 3.697 0.960 9.073
CONTROL~
sheet
78-30 2.7585% 2.553 0.644 5.952
SECONDS
79-30 1.606 1.732 0.350 3.687
SECONDS
ELEVATED
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of the follow ng sanples were neasured using the procedure described in
Exanple 1. The results are shown in Table 11 bel ow

55 . Table 11 Sanpl e NNN NAT
NAB Q858555 tona  84- 0.0013  0.0018 0. OBEEUSIBIM015
0.0064 ground 85- 0.0469 - 0.0341 0. 0011 0. 0009 0. 0831 _
ground 86- 0.0009 ©0.0582 G0 o 0.0011 0.0615 ground
87- 0.0113 0.1078 0.1078 —0.001I5 0.2284 ground 88-

0. 0569 0.1401 gamP1d87%k0-5810. HELS Redm@n3Q§kwngKPUﬂQba8&o purchaQeQ1Q%
0.1642 0. 1073 . 0011 0. 2835 ground 90- 0008 0. 0011
0. 0011 0reea9l . ihrﬁﬂ!?eB sogtwasnd coffirol, whilke GRoRle BQ.QQé.ZhucrcﬂlaQ@ZiZ
0. 0010 0.0044 ground 92- 0. 0012 0. 1059 0. 0017 0. 0014
0.1101 grouAd a @8ldstar MOdeDIMA-15DP2K509r abouipQi92 min@FQEHQh the) HiTR6
ground 94- 0. 0012 0. 0613 0. 0017 0 0014 0. 0657 ground
95- 0. BSWBT sSeGtdngg  SaTphes 82-83 oeMe Skephsspuf éréﬁﬁ&haged at

0.0017 0. 0894 0,0 0.0019 . 0. 0954
0.0017  0.ABF31 “éiéﬁtsz “§50861°" gF tind” 'sample 680‘6‘1% mlcré’wéc’fé

00013 o d8d T BUR AR S8 §%ofaPleg Thso S 0620teneEo Wt

0.0070 groungleasured, and the results are shown in Table 9 below:

Table 9
Sample # NNN NAT + NAB NNK TSNA
80-CHEWING | 0.712 0.927 0.975 1.713
TOBACCO
BEFORE
81-CHEWING | 0.856 0.906 0.122 1.884
TOBACCO
AFTER
82 -SNUFF 4.896 10.545 1.973 17.414
BEFORE '
83 -SNUFF 6.860 14.610 1.901 23.370
AFTER
Example 10

To test whether TSNAs accumulate over time even after yellow
tobacco is microwaved in accordance with the present invention,
* additional samples (designated -A) of the cigarettes tested in
Example 4, Samples 29, 35 and 39 (control) were retested for TSNA
content more than seven months after the TSNA contents were first
measured, as reported in Example 4. The results are shown below

in Table 190:
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101-leaf 0.0013 0. 0539 <0. 0019 <0. 0016 0. 0587 102-1eaf 0.0009
0. 0012 <0. 0012 <0.0010 0. 0043 56
Sanpl e # wo J¥Pdikss NAT NAB NNK TSNAp&PRrs98/12128
0. 0202 0. 0327 <0. 0007 <0. 0006 0. 0542 shredded | eaves :
Exanmpl e 12 Virginia flue tobacco was harvested, and the | eaves were -
placed in a curing barn at about 100-110&kie]¥O0to begin the flue- curing
process. | es 104 and 105 were | eaf sanples haV|no under gone the
normal fl ue-%ﬁ W T NOQIit M _cT ovav ¢
cured mdrib dhiinl o NHE wad ¢ i
t obacco, takgndhrampt hg o bards aft eérp el eaves havisturre:do,cajs ow, | abagtg
24-36 hours post reparvegst. After|being taken fromthelbarn, the|leaves
were subjecjed to m crlowave radi Ation in a Gol dstar Mpdel I\/A—157?M
m crowave OVEN Tor apout_Z-Z[errJ | m nutes, t I gh ett Each
of the | eaveE B &ol derf | ow (90I18|3% and ?gﬁl vel 3’ \Q%)rllzs ?512?’1 of
the dried | ep re flurther progessed in a conventi ¢nal manner{to form a
t obacco extr Was——desi-ghat-ed—Sarpte—10+—for—ftrposes—ofranfatys+s
The TSNA co Bemt—s of Sampdiexs 1041 102366r e neasueed usirfy I3 propeédasez
described in 1. The resul{s are sho In Tabl e|12 bel ow.

AMERICAN

SPIRIT

REP #1

Example 11

Virginia flue tobacco was harvested,

and the leaves were

placed in a curing barn at about 100-110°F to begin the flue-

curing process.

hours post-

harvest,

After the leaves turned yellow,

about 24-36

they were taken from the barn and subjected

to microwave radiation in a Goldstar Model MA-1572M microwave

oven for about 2 to 2% minutes, on the high power setting.

Each

of the leaves was a golden-yellow color, and effectively dried.

Certain samples,

into a flour-like substance,

example, a

gum,

designated by "ground",

lozenge or food additive.

which would be useful as,

were later ground up
for

After more than six

. months from the time the leaves were microwaved, the TSNA content

of the following samples were measured using the procedure

described in Example 1.
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The results are shown in Table 11 below:
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Table 12 Sanpl e # NNN NAT & NAB NNK TSNA
104 - ,wogggggg 0. 180 <0. 003 0.266 _control mdrib
105 - . 1. 367 2.613 4. 908 PLERPFAI28 | ani na
106 - <0. 004 <0. 006 ' <0. 005 <0.015 mcrowaved  _
| eaves 107 - <0. 004 <0. 0@9p1e 17 <0.004 <0. 013
m crowaved extract — . Exanple 13 Virginia
flue tobaccwmmﬁﬁm :
about 100- 1}0Ferpl& #o0| begNNNt he |f | UBNAT cur if ng PRBcess. BE#fpl es 1asBNand
109 were | egf , sanpl es v unde Tery! t he{nor flyesc C
Sanpl e 108 8z red 3 gﬁ? hé]e gﬁnplq%18g§§as g CLﬁgé md % 8324
Sampl es 110 B+ yeT'lfm tobaceo—tpier—freom-tthe—barn—ai-er—t-he-
| eaves had {t&88ned yel | owp4about |220-BBtThour $ Opostihar e®tQ00d t er loebagl
taken fromijtdmeowatn, Sanples 11Q and 111 were heated]in a circu ating ai
convection v, a Shay gﬁ usel %QPM t|01/NI mave &Qﬂﬁ Rﬂ?ﬁ%
Sanpl e 110 ﬂ ggg&pd dIy ﬁé ég out ee“’\%00[1 ]Oé bet weeh 5- 18 tes
Sarrpl e 111 - heat£€ at-—-everf + eper atttres—st+art+ "l'gLﬁ'}t —5o4
100[ err] F afdBbei ng st eppemmp tqQ 0 dbbAR 15Q[PelPVE af tje¥. k% t han.2084
m nutes, foff grawtdl heating tinmd of over 20 nminutes.] The TSNA tontents o
Sanpl es 1081l were a d uging ffie prpgedyre degcyidpsh in Fya 1.
The results &r&g@omrﬁhéﬁt | e Jqube[ﬁ owW. ) ) 35

89- 0.0109 0.1642 0.1073 0.0011 0.2835

ground

90- 0.0008 0.0011 0.0011 0.0009 0.0038

ground

91- 0.0009 0.0012 - 0.0012 0.0010 0.0044

ground

92- 0.0012 0.1059 0.0017 0.0014 0.1101

ground

93- 0.0013 0.0529 0.0019 0.0015 0.0576

ground

94- 0.0012 0.0613 0.0017 0.0014 0.0657

ground

95- 0.0506 0.0989 0.0013 0.0010 0.1518

ground

96 - 0.0017 0.0894 0.0024 0.0019 0.0954

ground

97- 0.0012 0.0017 0.0017 0.0014 0.0061

»l ground

98-~ 0.0016 0.0023 0.0023 0.001S8 0.0082

ground

99- 0.0342 0.0016 0.0016 0.0013 0.0386

ground

100- 0.0014 0.0020 0.0020 0.001e 0.0070

ground

10i-leaf | 0.0013 0.0539 <0.0019 <0.0016 0.0587

102-leaf | 0.0009 0.0012 <0.0012 <0.0010 0.0043
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58 Tabl e 13 Sanpl e #  NNN

NAT & NAB NNK TSNA 108 - 1. 267 2.509

1.377 3 control lamna 109 - <0. 004 46

<0.004 "° 98/38.5%517; control mdrib . 110 - <0. 004 PCT/US%H.‘%%% y
<0. 004 <0.013 convection-""rapid 111 - <0. 003 - <0.004

<0. 003 =00l 0—conyeati-ahr——_l-gur— A
heati ng wag shephet® | edussw TSNA | evels, f{he oaal i.ty of XM t obaccrsNags
inferior tg rhat obtgined upon mMCrowaving 1n accor cg &é preferrea
exampl es  ¢f1%3e, | nyehfr BA22Al sd, % 9 heat | 7§ PP i d FEcEE i |
t han when c‘ﬁ-rrr crowave rgdiation treatnment or |other forng of h| gher
frequency on Lp_narticl heat-ag—uwas—unabl o |
lock the color in at the desired gol den- yellow, and the | am na had a’

tendency to be over-dried and _theretﬁa%ljlarl EI e, while the veins and

mdrib were not conpletely drled st, in accordance with the

rost preferred (aubdiiente Of: NI | el ciproved 1eauss yere

effectively dri e Hetai ne den-yel I ow col or after being

to treat men1adii 11§ St aHiPtheUpPHe andapbiableoforood Wd Neegdi oges SENes -
especially as cigarettes. In convection-oven produced sanples, the | am na
when dried diaing tadeney t Gamipldd €104 ndnd al asisvermdlsabl satpba cloaving

particles. 59 ‘ .
undergone the normal flue-curing process, without wmicrowave

treatment. Sample 104 was a cured midrib, while Sample 105 was
cured a lamina. Sample 106 was yellow tobacco, taken from the
barn after the leaves had turned yellow, about 24-36 hours post
harvest. After being taken from the barn, the leaves were
subjected to microwave radiation in a Goldstar Model MA-1572M
microwave oven for about 2-2% minutes, on the high power setting.
Each of the leaves was a golden-yellcocw color, and effectively
dried. Certain of the dried leaves were further processed in a
conventional manner to form a tobaccoc extract, which was
designated Sample 107 for purposes of analysis. The TSNA
con'tents of Samples 104-107 were measured using the procedure

described in Example 1. The results are shown in Table 12 below.
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Exampl e 14

post - har vest .
processed 3O ¥58F¥ws. Sanple 112 was ni crowaved
same conditions as Sanple 106 in Exanple
gol den-yel | ow col or and effectively dri
were heated in the same circul ating
Exanpl e 13, Sanple 113 being
conditions a

sane conditi
350[err]F fo
was akin to
Sampl es 115
oven describ

Kentucky burl ey tobacco was harvested, and the |eaves were
processed as follows after they began to turn yellow, about 24-48 hours

bnss argysl SHP|

e 1land S

ai

Sanpl es 112-117 were | eaf sanples fromthis
under apprRGE/ESa8EL128t he

12. The

£

hniae &1¥abei

bat c

| eaves were a

nmpl es 113, and 114 and 117
tion oven as described in
heat ed under approxinately the sane .

ng hemyed at

h, further

abOUfSNA )

"0

s

(al

Sany
FLwere

about Z0 m nures.

h
128310 and
heated in th

B quality of
111885 descr
p Sharp Car oy

-

anpl €s 113,
i Be9h Exanmp
sel Convecti

[0 M W atV VAL VZAY
HH--C-O e

TITZand—TT7
1% 263,

on/ M cr owav

(30% / convec
dried to gol
measur ed usi
in Table 14

2

No.

P

EOE'QSOO[err

13 usina t
tS——t S

]6392$atd?e‘

he—Go
int. sk 7t he

o Tr=TrTreo

| &

avesiwvere eff

ectdogel y

Hepnyeblow cqgl or. The TSNA contents df Sanples 112-117 were
hgampgapr ocedure described in Exanplg 1. The resullts are show;
Pglhgw. <0.004 <0.006 <0.005 <0.0%Y
microwaved

leaves

107 - <0.004 <0.005 <0.004 <0.013
microwaved

extract

Virginia flue tobacco was harvested,

Example 13

and

the leaves were

placed in a curing barn at about 100-110°F to begin the flue-

curing process.
undergone the normal flue-curing process,
lamina, while sample 109 was a cured midrib.

were yellow tobacco,

Samples 108 and 109 were leaf samples having
Sample 108 was a cured
Samples 110 and 111

taken from the barn after the leaves had

turned yellow, about 24-36 hours post-harvest. After being taken

from the barn, Samples 110 and 111 were heated in a circulating

air convection oven, a Sharp Carousel Convection/Microwave Model

R-9H84B.
between 5-10 m

temperatures,

Sample 110 was rapidly heated at about 300°F for

inutes.

Sample 111 was more slowly heated at lower

starting at about 100°F and being stepped up to

about 150°F after more than 10 minutes, for a total heating time

of over 20 minutes.

measured using the procedure described in Example 1.

are shown in Table 13 below.
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The TSNA contents of Samples 108-111 were

The results



Table 14 _Mwwmsanprém#wmwmww N AT & NAB K -

—t12= <0.007 <0. 010 <0. 008 <0.025 mcrowaved 113
- : : <0. 003 <0.010 convection 114 -
<0. 012 WO 93%8%7 <0.014 <0.043 convection_ 115 -
<0. 002 . 003 <0. 003 <0.008 nicrowave PCIQEPS/)2128
convection 116 - <0.002 - <0. 003 <0. 002 <0. 007 _
m crowave (30%/ convection 117 - gap1e013%31 0. 156
<0. 003 0. 290 convectlon Exanple 15

V'rglnla fl 5 ; Sjop " e e gt
curing barn fat &ﬁmnhﬁ ﬁOO 110[@@@1F to b@Bﬂn&tN@Bflue- Nﬂmw ng procassa

Sanpl es 118- mere | eafl ,s es, ta<§n5§ om the Jbarn after .Ee gpset ot
yel | owi ng, Lily t éréafter supjéected to mjcrovwave radi rdR%in a
conventi onal 5&§ gn typ n1cromave pven for aboyt 2 to 2 1/R mnutes-
until the | wet-e—~etfectrvety—drred—to—agorder—yettonw-color—w-t-hout-|

burning or {ch@Prtn

g Same .994121- 12B0web€ sanpl ¢x0f00Kent ucklyobar ey
t obacco, har é@ﬂéﬁo nd

pfocessed after t he onset ¢f yellowing jn each

i nstance ag.™ place ILn__a _conyventional
st eam t unbl gyer typically g4 bgbacco |induyslysry, ati ag 13
tenperature goﬁbggglggD[err]F unti | the ?eaves had = browned pnd’ dri ed
sonmewhat . ianp plazz wag m crowaved | n the above-referenced (ol dstar

m crowave orf Mg Tor appur_ 2 T Mares 61

par 1@

the rehydratledthi th wat ef <En@9l aced | A%t PB4t unbl ¢ <BrPé8 to
slight bro ﬁgnY%ct%@PTPaves which i believed t¢

Although the convection oven heating was shown to reduce
TSNA levels, the quality of the tobacco was inferior to that
obtained upon microwaving in accordance with preferred examples
of the invention. Also, the heating time is necessarily longer
than when using the microwave radiation treatment or other forms
of higher frequency radiation. In particular, the convection
heating was unable to lock the color in at the desired golden-
vellow, and the lamina had a tendency to be over-dried and
therefore brittle, while the veins and midrib were not completely
dried. In contrast, in accordance with the most preferred
embodiments of the invention, the microwaved 1leaves were
effectively dried and retained a golden-yellow color after being
subjected tc treatment, while staying supple and pliable for
further processing, especially as cigarettes. In convection-oven

produced samples, the lamina when dried has a tendency to crumble

into a dust and small tobacco particles.
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enhance the flavor. Sanmpl e 123 was treated |ike Sanple 122, except that
It was mcrowaved for 1 mnute and was not rehydrated before being put in

the tunble dryer.  TSNA contents were |ikew se neasured as in Exanple 1,
and the re¥01%®5%%57 e shown in Table 15 bel ow PCT/US98/1212

Table 15 Sanpl e # - NAT & NAB NNK TSNA
118 <0. 003 0.150 E“§3qu314 0.156 119

<0. 003 <0. 004 <0. 003 : 120 <0. 002

<0. 003 <0. @3 tycky viF1@IBtopaddo was hardbt¥, and thelifaVes were
<0. 003 1.548 127 20. 004 <0. 005 <0. 004

<0.013 123processed 5@ 888lows aftex0tf0@¢ began te0tiiPd yellow,<BbOdE 24-48
Exanpl e 16 North Carolina burley tobacco was harvested, and the

| eaves wer ehquos gesad asviesltl. owsamfley 1le\l ITeyane t keaflsampdlesofironbichits
2-3 days post-harvest. Sanple 118 was a | eaf sanple _which had been
subj ect ed t oPateh oV hexdipaocersed apefablawy ypSagPlechldsras M erovarad

oven descri bed above, on the_high power setting for about Il nutes. After
mi crowavi ng PHLT SRPFO¥AERE LY gB?o%ﬁi“%/éﬂmt&Bﬁﬁr?s aﬁé?&‘Pgrer 3@ i VBIEFRS.
The TSNA conj.ent : .

SUBSTI TUTE TTRRUEE YR wWere a golden-yeligw salagfanfbd BELesFavehy dried.

described Tnsipfil 915, aRBP114 %M 11 ALE NANACLR (IARKR dGmBeLPYEulating

air convection oven as described in Example 13, Sample 113 being
heated under approximately the same conditions as Sample 110,
Sample 114 being heated under approximately the same conditions
as Sample 111, and Sample 117 being heated at about 350°F for
about 20 minutes. The gquality of Samples 113, 114 and 117 was
akin to that of Samples 110 and 111, as described in Example 13.
Samples 115 and 116 were heated in the Sharp Carousel
Convection/Microwave oven described in Example 13, using the
combined microwave (30%)/convection (300°C) feature until the
leaves were effectively dried to golden-yellow coclor. The TSNA
contents of Samples 112-117 were measured using the procedure

described in Example 1. The results are shown in Table 14 below:

R
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Sampl e #
0. 048

Thi s exanphg sdgesstrates the effectiveness of using
radi ation to reduce the content of,
in yellow tobacco

TSNAs,

har vest ed. Sanpl es

NNK

NNN 0. 024

<0. 001

TSNA 118
Exanple 17
elect
or substantially preven?ﬂPohwzklon of
sanpl es.. North Carolina burley tobacco was
119- 122 were | eaf shaplesi4 air-cured by hangi ng outS|de

NAT & NAB
0.073

in a normal manner, until the | eaves were effectively dried and brown.
Sampl e 119 S U T Sa S
to el ectron on ¥ onveyor™el® N8 ngy a2 M¥anitron ET6ERr on
Beam Accel er gtor, Jmanufac g?egopy Radilatg @1 o Dynan| cH.. Obgc of [Edgeywod,
N. Y., at an ¢xpesiduvedat negerLd Sanpl e 12p was subjectied to
nicromave r agiatT ' TCTOWavVE OVE[T { Or —apout 2 rotes—on
the high powgril3setting. (SafpP@3 123 wassh-&9én fronj cReCPPp of o HUArPEY | eaf
after it had ple 124 was | eaf stem Ilportion.
taken fromthesame pl ant| ag. Spgpl e 1230 .a0g was sf bl g1 gomewhat .o o043
gr een- col or efll.consai®elies 125 and 126 re whol e | eaf burley sanples, at the
yel | ow st agel[~ Eachrof—Sanptes_123-126 SuUbj ectEd O _&er ectron pbeam
radi ati on usfjigX hte abovd- 8@s®%% bi ng B@n&ﬁﬁtron /9 AB3sanme nanhe?0&nd
under the sahﬁ’ ¥S{fe rjate as Sanplles 120 and 1R1, as descrilbed above.
The above safpi?¥S) /were tlested to measure TSNA cont ent accordi%g to the
procedur e convection 63- set—forthlin Exanple
1, and the r#au%ts are shoyw.age Tabl e| k0. obel ow <0.002 <0.007
Tabl e 17 alfe NNN NAT & NAB NNK TSNA 119
- 3.63p230%)/ 1.0847 0. 0470 4. 7668 control,

convection :

117 - 0.131 0.156 <0.003 0.25%0

convection

Example 15
Virginia flue tobacco was harvested, and the leaves were
placed in a curing barn at about 100-110°F to begin the flue-
taken from

curing process. Samples 118-120 were leaf samples,

the barn after the onset of yellowing, and shortly thereafter
subjected to microwave radiation in a conventional kitchen-type
the leaves

microwave oven for about 2 to 2 1/2 minutes until

*were effectively dried to a golden-yellow color, without burning

or charring. Samples 121-123 were samples of Xentucky burley

tobacco, harvested and processed after the onset of yellowing in

each instance as £follows, Sample 121 was placed in a

conventional steam tumble dryer typically used in the tobacco
industry, at a temperature of about 200°F, until the leaves had
browned and dried somewhat. Sample 122 was microwaved in the

above-referenced Goldstar microwave on high for about 2 minutes,
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cured 120 - high 6.5718 3. 7037 0. 4368 10. 7123 power,

cured 121 - low 4.4771 ~1.6112 0. 7468 6. 8369 power,
cured 12§0-98 4.8974 1.6393 1.1200 7.6567 m crowave,
cured 12%0Q9%38555 4 1319 0. 3667 0.0013 PEAGP81328| ow ti p
124 - 0.1918 0. 8310 . 0. 0016 1: 0243 green stem 125 -

0.0014 tﬂ%%g%%dratedgygggjg wz;zter %rgé;: ,-.ac‘./wl gﬁll %ﬁta T le dr erdgti'g(31646

0. 2465 whol e t hough the above

show that el fed#0n, baanyhadidldudfing ST E86t LuavES Whe¥RNY of GidmBld Y of
substantial quantities of tobacco-specific nitrosamnes in the yell ow ] eaf
sanpl es t eséithncd hthd efvgBoner € Saepbldriled am=fthmcitiodelilas shild egyes in
a simlar state post-harvest were subjected to mcrowave radiation, as
descri bed iexegttethexahplvwss ofi ddewsvagpforat momute Fhdiwas cotmeshyditated
applications of the electron beamirradi ation process nmmy require an

addi ti onal RREATR) Beépg fwth &8 CoeveyRmRle hErYREr adi BE¥Y |conFestshrearsh a
conventi on .drv}/j ng oven, to facilitate the cu i@g Qroc SS. '

64 ikewise measured as 1in Exampgaln,p@él ghe esui’ﬁ?sa’é%a?ﬁﬁ“é‘ in
dermnstratef tlhat h!F% ener gy beans produced by lasers are also effective
to achi eve %%ﬁo]\ﬁ Wgoal s of the present invention. A CJerr] |aser
made by Luxar Corp., Mddel LX- 20SP, was used to irradiate yellow Virginia
flue tobacco | eaves, at about 2-3 days post-harvest. A NovaScan handpi ece
was used wunder the superpul se E progragrewhsch determ nes the speed of
application in patterns per second. A setting of E10 was used, whi.ch

delivers 1Fpatteris pejl secord. B ghntsuosanpres. or. T eavep, 1- L to-1§,
wer e irradiflat é8mateo¥di ng t oNNNe f ol || OWRRg: NAB XNK TSNA

118 <0.003 0.150 . <0.003 | 0.156

119 <0.003 <0.004 <0.003 <0.010

120 <0.002 <0.003 <0.003 <0.008

121 0.486 1.059 <0.003 1.548

122 <0.004 <0.005 <0.004 <0.013

123 <0.003 <0.004 <0.004 <0.011

Example 16
North Carclina burley to&a‘éco was harvested, and the leaves
were processed as follows after they began to turn yellow, about
2-3 days post-harvest. Sample 118 was a leaf sample which had
been subjected to microwave radiation in the same type of
Goldstar microwave oven described above, on the high power
setting for about 2 minutes. After microwaving the leaves were

a golden yesllow color, and effectively dried. The TSNA content
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pr ot ocol : E10 - 2 watts E10 - 4 watts T-1 -
1 pass each side ' T-5 - 1 pass each side T-2 - 2 passes each

si de WO s 2 passes each side T-3 - 3 passes each T-7
- 3 passes e?ésﬁsy de T-4 - 4 passes each side T- 8P§+ §9|osé]§132ess each
si de At 2 watts, approximately 120 m) of energy is delivered in
each scan OWaBa&&asWﬁéBeuainé vakt proappuoxi gasetybed0inlEkampuel uverqqllel n
each such scan. Subsanples T-1 to T-4 were nm xed and conbi ned

t oget her torebuins| ané QammhelriZI?a,bl\ma@hbnégweval uated for TSNA content in
the sanme manner as described in Exanple 1. Subsanples T-5to T-8 were
simlarly mixed and conbi ned toget her abkelf | eaf Sanpl e

65 SUBSTITUTE_SHEET (RULE 26) 128, _which _

\ggfo{/\rl kew sg eé’é’}:'xpﬂaet%y flor TSNA, cont g tN;aTT?‘eNE\ESql t;nﬁﬁg ihown m,R ﬁ e Ip
; e—13 Serpe—4 ]

NAT & NAB 118 NNK 0.02KSNA 12?5 048 0.|1681001 0.|1202573

0. 0006 ‘Eﬁﬁﬁ T28 0. 1019 ~U. 1287 0. 0010

0. 2315 As with the sanpl es described in Exanple 17, the CJerr]

| aser I rradi ated sanples were not @Exaswblas i6ffectively as the
m crowaved sanpl es, although the TSNA contents were | ow, and therefore an

addi tional dryi nghts epeounile balegwpstystieso sheedcifattdvandssyy pfocessng
Al so, after the CJerr] laser iirradiation but
electron beam radiation to reduce the content of, or
substantially prevent formation of TSNAs, in yellbw' tobacco
samples. North Carolina burley tobacco was harvested. Samples
119-122 were leaf samples, air-cured by hanging outside in a
normal manner, until the leaves were effectively dried and brown.
Sample 119 was untreated as a control. Samples 120 and 121 were
subjected to electron beam radiation on a conveyor belt using a
Dynamitron Electron Beam Accelerator, manufactured by Radiation
Dynamics, Inc. of Edgewood, N.Y., at an exposure rate of 1
megerad. Sample 122 was subjected to microwave radiation in the
Goldstar microwave oven for about 2 minutes on the high power
sétting. Sample 123 was taken from the tip of a burley leaf
after it had begun to turn yellow. Sample 124 was a leaf stem
,portion, taken from the same plant as Sample 123, and was still
somewhat green-colored. Samples 125 and 126 were whole leaf
burley samples, at the yellow stage. Each of Samples 123-126 was
subjected to electron beam radiation using the above-describing
Dynamitron, in the same manner and under the same exposure rate

as Samples 120 and 121, as described above. The above samples

were tested to measure TSNA content according to the procedure
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prior to TSNA testing, six of the eight subsanples turned sonmewhat brown,
with no apparent effect on TSNA content.

Exanpl e 1QY Thi s exanpl e denonstrates that gamma radiation is al so
effective %9%§B§§fenti ng formation of significant amounts oPCT/BBYS/121i8

yel | ow tobacco. Virginia flue tobacco was taken about 2-3 days post
harvest, ju ati the I aves d tur eIIo Each of Sanples 129 132
was taken fr%f)m {18 Tarf ne{ieﬁlg}pt ?ilofarfdr:etqw\}// Sed\Fés, l"eﬂ’fﬁl & 3h
an encl osed yehiagber to gamma irradiation of 10 kC?ey (1 negarad) at an
exposure rate of 8 kGey (.8 negarad) per hour, for a total exposure tine
of about 75 mnutes. The irradi ated sanpl es were subsequently eval uat ed

as to TSNA content in the same fashion as described above, and the results

are shown below in Table 19: Table 17 66
SUBSTI TUTE SHEET (RULE 26) Tabl e 19
Sanpl e # QQQ “NAT & NAB NINR SNV AN 4 A
0. 098 pSammle # 0 (b NAL fg@dVAB 130 NNK < 001TSNA
<0. 001 156 001 3.6495003 13ﬁ;0847 <Pa08470 <%;8€%3
<0. 001 cofrl@3 132 0}0 D. 079 <0.
0.113 ldursid | be gpparent to those skilled |n the art tHhat various
changes and |T|%at ons_Tay be nadé N tne prer erred —enpodiments wth
departing f t Re"SErY ilté ahttScope o 14987 cl ai np8-£368ntion.| 10 ThER®fore
t he foregoi u@%ﬁ rlptlcn is intendéd to be illustrative only and shoul d
not be vi ewpe—H—a—HHH-Rg—Sense-
121 - low 4.4771 1.6112 0.7468 1 6.8369
power,
cured _
122 - 4.8974 1.6393 1.1200 7.6567
microwave,
cured
123 - 0.1812 0.3667 0.0013 ] 0.5492
yellow tip
124 -~ 0.1918 0.8310 0.0016 1.0243
green stem
125 - 0.0014 0.1019 0.0016 0.1048
whole leaf
126 - 0.0646 0.2465 0.0019 0.3130
whole leaf

Although the above data show that electron beam radiation
ig effective to prevent formation of substantial quantities of

 tobacco-specific nitrosamines in the yellow leaf samples tested,

3.

the leaves were not dried as effectively as when leaves in a

similar state post-harvest Qere subjected to microwave radiation,
as described in other examples of this application. Thus,
commercial applications of the electron beam irradiation process
may require an additional drying step, such as conveying the
irradiated 1leaves through a conventiocnal ~drying oven, to

facilitate the curing process.
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67 SUBSTI TUTE SHEET (RULE 26) What is
clainmed is: 1. A process for reducing the anmount of or preventing

for mat i onyRf ogiigkds0sam nes in harvested tobacco plant, conprisi
(i) a step of (a) renoving stens fromthe tobacco | eaves, Pc?‘g%gg}zégssi ng

t he tobacco | eaves to renobve exceéss noisture or (c) subj ecting the -
tobacco | eaves to a steamtreatnent, agdmple 18 (ii) a step of subjecting
at least a portion of the plant to m crowave radiation, while said portion

is uncured and | This shaimplauskeephshrates havaitngithe earwyyt bebmsi prodaseaes
reduced or formation of nitrosamnes arrested, for a sufficient time to
reduce the &olasest are Alsn @ftifiesitiyeprevapiden s dAWoTSMA gdadas bfohke
nitrosam ne, wherein said subjecting_to mcrqwayve
present invention. A CQO, laser made by Luxar Corp., Model LX-
208P, was used to irradiate yellow Virginia flue tobacco leaves,
at about 2-3 days post-harvest. A NovaScan handpiece was used
under the superpulse E program, which determines the speed of
application in patterns per second. A setting of E10 was used,
which delivers 10 patterns per second. Eight subsamples of

leaves, T-1 to T-8, were irradiated according to the following

protocol:
E10 - 2 watts E10 - 4 watts
T-1 - 1 pass each side T-5 - 1 pass each side
T-2 - 2 passes each side T-6 - 2 passes each side
T-3 - 3 passes each side T-7 - 3 passes each side
T-4 - 4 passes each side T-8 - 4 passes each side

At 2 watts, approximately 120 mJ of energy is delivered in
each scan or pass, while at 4 watts, approximately 240 mJ is
delivered in each such scan.

Subsamples T-1 to T-4 were mixed and combined together to
form leaf Sample 127, which was evaluated for TSNA content in the
same manner as described in Example 1. Subsamples T-5 to T-8

were similarly mixed and combined together to form leaf Sample

SUBSTITUTE SHEET (RULE 26)



radiation is carried out on a tobacco |eaf or portion thereof after onset
of yellowing in the |eaf and prior to substantial accunulation of

t obacco- speC| fic nitrosamnes in the leaf, and wherein said tobacco | eaf

or portion WPREEES? i s arranged |n singl e | ayer thickness WCTAA%1428cki ng
or piling of the |eaves. 2... The process according to claim 1, '

wher ei n sai b) and t.he .topacco ves co stem;

3. A proccejjés ofwnsll%’sg"&ﬁt ?éﬂgvlﬁ?e‘?/ %‘T%tge%jgf’ﬁa?# B rl:r %‘Fn’é%s‘ﬂ%tsd
harvested t c RANL, Itaqu'eorl%cggio onprising subj ecting at |east a
portion of t ant to a concentrated formof radiation having a frequency

hi gher than the m crowave region of thegghechgomagnetic spectrum while
said portion is uncured, yellow, and in a state susceptible to having the

formation Omﬁmmm#‘
prevent fornatiSenpde &t |[east Nde ni tfr oNARI KeNAB NNK TSNA

68 4, Thejpr s accoy di o cl ai erein{sa

o 127 ) 3o

subj ecti ng tjle—+eatatt+or @ ?g%ﬁ €66 gu.ré’i%m* haec? . u?. —oF—pPo *% ggs%hﬂrﬂo
prior to suljstadti al accymuliattioon of { 0ba2&8D- speci|fd.© 0l r osani ne23[LB t he

| eaf or portTon tnereor. 0 accorarn Crarm
3, Wwherein saits wSuh ecld @gn@oeeadeatrﬂhecﬂslzcaﬂxanqﬂa)un pl’t'JhQI’ c‘og laser
substantial | oss of the plant's cellular integrity.

process accorgiatiated| sampldeswhereen noe tdbiasto asi S°1flfaetnmbézcoaand:rwi d

subjecting to radiation is carried out wthin about 24 to about 72 hours
post - har vest@icrowavedy sampirs, prbelaugh aelor @Ry cpptegrai iers, lasherasich
said radiation is appl ied to.the pI ant for a peébfg of at | east about one

second at a PrEFEEmaTed Pwdrngdy drying step c be employed to speed

the curing process. Also, after the CO, laser irradiation but
prior to TSNA testing, six of the eight subsamples turned

somewhat brown, with no apparent effect on TSNA content.

Example 19

This example demonstrates that gamma radiation is also
effective in preventing formation of significanﬁ amounts of TSNA
in yellow tobacco. Virginia flue tobacco was taken about 2-3
days post harvest, just after the leaves had turned yellow. Each
of Samples 129-132 was taken from the lamina portion of the

:yellow leaves, and subjected in an enclosed chamber to gamma
irradiation of 10 kGrey (1 megarad) at an exposure rate of 8§
kGrey (.8 megarad) per hour, for a total exposure time of about
75 minutes. The irradiated samples were subsequently evaluated
a8 to TSNA content in the same fashion as described above, and

the results are shown below in Table 19:
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8. The process according to claim 3, wherein said subjecting to
radi ati on prevents normal accunul ation of at |east one tobacco- speci fic
ni t r osamwe sg/Egskhe | eaf . 9. The process accordi ng I;(,OI‘IP cfg
wherein said at |east one tobacco-specific nitrosamne is se ecte from
the group consisting of N -nitr.osonornicotine, 4- (N-nitrosonethylan no)-
-1-  (3-pyridyl)-1-butanone, N - ni Debdeandt abi ne and N -

ni t r osoanabasi ne. 10. __The process according to claim 4, _ wlerein
sai d subj eqt to radi pt1on carrfied, Quf on. tdbaccq__Teave arm
single |ay Mmaf‘“.r?&ﬁ&a thg—of L N

11. The prgcess accordi hg.pescl aim 10¢. iwther cqQnpsos1 ng priiragp said

subjecting{fo. radrationj a SLeEp Of (|a) _Tenpving |Stens _from e topaccto
| eaves, (bjljt®ssing thb<Pelldco | equed-001 <0.001 <0.003 -
69 13P renove exgeggimoi sturgy o®f (C) guby adi ng the Iphacco

| eaves toffa—steanrtrearment: t2—Fre—pryctess accordrg—to—etaa3
further corl@:i%i ng dryPr§38he portli®nO&iter canr rQ P out the dddidation 1
st ep. 13. The process according to claim 3, erein sard -
radi ation is gedéruisd by apdeasat beaphrose skilleinThie ;i ddsitaveridiung

to claim3, wherein said radiation is an electron beam generated by
an el ect r GRandgecel@fat godificationgs. maYhebeprﬁéégs iBccEP8i ngreferretai m
3, wherei ion i.s A_.t obacco @r oduct

Comprt ol oo SRR ey e h P HepE Rt TR BrRoFRe: SPisLE AR SooRECE!
shect {1 ¢ MELasanl ey dliced by 4 J06ss, £OMRLLSLd-Subl el toggt .

t obacco, i s uncure ow, ~an

to having theHoEaBELORLOE éigbgrQEﬁ@aéhl?nﬁn&OQﬁSﬁPa nSPeELf L,€a) h ﬁﬁagﬂ ne
arrested, to a concentrate ormof radiation having a frequency hi gher

t han the mieliewaye seggbon of the el ectromagnetic spectrum 17. The

t obacco product according to claim16. wherein said subjecting to radiation
is carried out prior to substantial accunulation of tobacco-specific
nitrosamnes in the | eaf.
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18. The tobacco product according to claim16, wherein said subjecting to

radiation is carried out prior to, ial Toss of the tobacco's
cel lular jptearity. o“ ”]‘i ﬂ!}! ul’
70 J8I385557 19, The tobacc ng to cl aPRFPE/ A% ei n

the tobacco is flue tobacco and said subj ectlng to radiation is carried _
out within ghout; 24.10. abputs 72 hours post-harvest. 20. The tobacco
product accor nlg to ég][ alm 16 wherein said mcrowave radiation is applied

to the plant forla pa{lg dogbsat sokeaslare e srcend 8t dradaisijed
power |evel. he- t obacco product according to claim 20, wherern

sai d subj eCdtmer ian Edhat rosapt syenirs hagvesk edcroivat @t ipdrnaf, admpensing one
t obacco-specific nitrosamne in the |eaf. 22. The tobacco product
according to clal¥h 2, svdmeref n(zhi deneniteastennef 1o ddvo-BpP@rdda deaves;

nitrosamne is sel ect ed fromthe group consi sting of
N - ni t r oson&PhiR¥ASHigg the topapgp leaves to remove excess moisture or (c)

t th I 1-(,3- d but it t abi d
N -t 0soaRUBIRT RSt pt%%%ele@ef%g?@e”%aaaefn s%%%?%?ﬁaat%r? ai m 17,

are ST T b R 8 Sk g
| eaves. to microwave radiation, while said portion is uncured and in a
state susceptible to having the amount of nitrosamines reduced
or formation of nitrosamines arrested, for a sufficient time to
reduce the amount of or substantially prevent formation of at
least one nitrosamine, wherein said subjecting to microwave
radiation is carried out on a tobaccc leaf or portion thereof
after onset of yellowing in the leaf and prior to substantial
accumulation of tobacco-specific nitrosamines in the leaf, and
wherein said tobacco leaf or portion thereof is arranged in
single layer thickness without stacking or piling of the leaves.
2. The process according to claim 1, wherein said step is

{b) or (c) and the tobacco leaves contain stems.
3. A process for reducing the amount of or preventing
,formation of nitrosamines in harvested tobacco plant, comprising
subjecting at least a portion of the plant to a concentrated
form of radiation having a frequency higher than the microwave
region of the electromagnetic spectrum, while said portion is
uncured and in a state susceptible to having the amount of
nitrosamines reduced or formation of nitrosamines arrested, for
a sufficient time to reduce the amount o¢of or substantially

prevent formation of at least one nitrosamine.
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24. The tobacco product according to ctarm23, further conprising, prior
to said subjecting to radiation, a stegmmmmmnm“ng stens fromthe
t obacco |eaves, (b) pressing the tobac ve excess noi sture,
or (c) subj®WIY the tobacco |eaves td astbar t reaf ment PCT/USISIZBS The

t obacco product according to claim16, further conprising drying the
portion after carryi ng]ﬂout t he radiation,. The.t obacco

tep. , 26
product according-to ¢fi n?ﬁ%?e%eraecf%o%%ﬁ% e&é’di SEPET i &1 geRbBrEEER byah

| aser beam g4 : o . . 24 e Té]e.
ecting t diation ,is carri out on a .t )
t obacco proé\fuclJ accordi r?g o ctah 116, Whersin sald radi act)tblac?r?% |]sea n°T

el ectron beap:iganehateds R¥tePNonSLECEE0Pe1184LEL 1R Ohe leaf andSpridf
t obacco product according to claim 16, wherein said radiation Is ggrma
radi ation. to subs289ntfalltd SOemofadiRHIfcIC ttbbadgoasbebagee ALeddshmines in
conpri sing subj ecting harvested tobacco | eaves to a concentrated
form of radhbatileafhaving a frequency higher than the mcrowave regi on of
the el ectromagnetic spectrum while said |eaves are uncured and in a state
susceptibl e to havi ngThte RFYTRRS ofaqsalddd tope€ilRid nBtrovharads reaided
or formation of tobacco-specific nitrosamnes arrested, for a sufficient
time to red§ERIEREIBFDEMIEABR TGO EBsERRT 18R | SN pRAVETR CPoFHRELSAt AR atoss
| east one tohagcgco- _specific nitrosamne .in the |eaves, and form ng
sai d tobacc8?p§§8u€}a€5|ﬁ)r?%}ﬂ‘blﬁzh_ew 'ecgrrd\ﬁé’\/e_d | eaves, the tobacco product
bei ng sel ected fpom ChIaneli€sss RAding 188 1k083CkRer 8! En8"obaceo
t obacco- cont ai ni ng gum a

is flue tobacco and said subjecting to radiation is carried out

within about 24 to about 72 hours post-harvest.

7. The process according to claim 3, wherein said
radiaticn is applied to the plant for a period of at least about
one second at a predetermined power level.

8. The process according to claim 3, wherein said
subjecting to radiation prevents normal accumulation of at least
one tobacco-specific nitrosamine in the leaf.

9. The process according to claim 8, wherein said at least
one tobacco-specific nitrosamine is selected £rom the group
coﬁsistingcxﬁN”—nitrosonornicotine,4-(N-nitrosomethylamino)—l-
(3-pyridyl) -1-butanone, N’ -nitrosoanatabine and N’ -
hitrosoanabasine. 10. The process according to claim 4,
wherein said subjecting to radiation is carried out on tobacco
leaves arranged in single layer thickness, without stacking or
piling of the leaves.

11. The process according to claim 10, further comprising,
prior to said subjecting to radiation, a step of (a) removing

stems from the tobacce leaves, (b) pressing the tobacco leaves

-
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| ozenges. 30. The process according to claim?29, wherein the | eaves
are subjected to said radi atim; L | f yellowing in the |eaves and
prior to_substantial accumul el “lﬂ““ﬁmw specific nitrosamnes in the
| eaves. WO 98/58555 N PCT/U§48/12128 t obacco
product conprising cured non-green or yellow Virgi'nia flue tobacco suitable
for human consunption, substantially free of an.c liquids.used to

ext ract ex%é’n&gg‘ggﬁgﬁﬁf:(e,sﬁafng?iséﬂlgean%x h§<\:/)| nsg%a]g‘ec:%llnéctl Ve (?Bﬁfgﬁti%‘?ves
N-ni t rosonquy coti.n E gitrosonet hyl am no)- 1 -(3-pyridyl)-1-butanone,
N -ni trosoanat abi ng’magge§§:m nfL't rosoanabasi ne which is less than 0.2
[err]g/g. 32. 12A tebhaCeeokeddUalcedPhiSitdy cadiadNofugtRen BbmyLtsONg

t obacco suitable for numan consunption, substantially free of organic

| i qui ds useltyimgexteapbreipandédeor gantgingt ent atlse aratiiwebiiony szepol | ecti ve
content of N -nitrosonomnicotine, 4-(N nitrosonethylamno)- 1
-(3-pyridyl)-1 1But afbee, pbeassr osoedrd tily net@ndINim nidt r owbanabasi seid
which is 0.05 [err]g/g or |less, wherein said cured non-green or yellow

t obacco is Xdiasiea fisogrnREagREUBY cBNSRSRY NGEHP- Virginia flue and Burl ey

varieties. 33. A tobacco product conprising cured non-green or yello
t obacco suit abl é4f‘orTHGnaHrBEﬁ§ﬁrrp??6‘P£g?%9l e‘g‘? O SN 'haVF‘ﬁgeén said’

col l ective tent _of .N - nitr nomi_cotine,

4-(N-nitr ogo%(r%egtaﬁﬁﬁgm ﬁg) - f-n( 3-%%%’:%3[}}1) - %?gﬁt aﬁgﬁgfaﬁ?? n}|3¥r o%%an%%ea TR and
N - ni trosogpahkasi-gewhich is 0.05 [err]g/g or Iess, wherein said cured
non-green or yellow tobacco is selected fromthe group consisting of
Virginia flue and Burhey yasbtebkeSaccsdddind tbachaipt odyct wheppihsi sgid
cured non-green or yellow Virginia flue tobacco suitable for hunman
consunpt i oradiathieaf isogamaadrhdvangom. col | ective content of N -

ni trosonom cotine, 4-(N-nitrosonethylam no)-1-(3-pyridyl % 1- but anone, N -

ni t r osoanat abi n@SandAN-ChAC o sPEPRABLETS | Frmmn £ing §q4{3§§0t aNingoa [ eedgesd).
35. A tobacco product conprising cured non-green or _yellow tobacc

suitabl e fGPnﬁ&ﬁ-gnOcoﬁ§uH=ﬁai56n,OI‘seut&?P&ﬁFiOals %ﬁgé@ Wt%Pﬁaﬁ?Eef i BEPdeceed
to extract,expanded organic.materials and hayin col | i.ve nt ent _ of

N -nit rosor}fgm SO GE S pmrlﬁilfllgo?glﬁ%?%)[n f%\r{{léa) -gfgfgg?)y%dlyﬁe) P%gb%ct?%an%%%,

N -ni trOSOq@ahﬁbwsdagﬂa'\éaseéﬁéﬁpér@&aﬁmgm%a'ﬁoheég 58288 O 21east
[err]g/g, wherein said cured non-green or yellow tobacco is selected from
the group e@BStShddth Hdpddi £l nStabasmVhed Mtastddie tand ddricdetd ratatieform
Burley varieties. 36. A tobacco product conprising cured non-green or
yel | ow t obaccpadilkt fbh endoindundregaeanyphigheri thdreathef oniorawdvaavegipra
collective content of N - nitrosonom cotine,

4- (N-ni t r ooénehhykaathodPmdg(8t pyr spgdyrdmbut anone, N - nitrosoanat abi ne and
N -ni trosoanabasi ne which is less than 0.2 [err]g/g, wherein said cured
non-green or.yellow TBOHIRAGIC PEPEUCERFFIRLLFE TGr 6UBIROHy ¥PPRELBISAH t ed

States Vir %'uﬁ';%cft'lgg %rc])d rUan&itaetdioSr} azt.s?s cglf'gtligé \é%rtl ect>r|1 eg. tobacce leaf or

portion thereof after onset of yellowing in the leaf and prior
to substantial accumulation of tobacco-specific nitrosamines in
the leaf.

18. The tobacco product according to claim 16, wherein said
subjecting to radiation is carried out prior to substantial loss

of the tobacco’s cellular integrity.
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73 37. A tebaeeo—product—Tonprising cured non-green or yellow

t obacco suitable for o substantially free of organic

| i qui ds usgg 95@85<g§t rmﬂmm H'HIMHMm c materials and havi EQE{% %g]r} ent of
4- (N-ni trosonet hyl am mo) &l L (3-pyrityl)-1- butanone_which i 8 ?@rr]g/g
or less. 38. A tobacco product .conprising cured non-green or yellow

tobacco suitable for henandereEdREbalct] Acteadidprdd @uﬁlhxayvngwﬁei:@m e
of 4-(N-nitrosonethyl am no)-1- (3-pyridyl)-1-butanone which is 0.00

[err]g/g or ftadsscco 39s flliee taobmoow pnddusetidofsuddpdanihg 0t03&a\diiathbR sy d
content of 4-(N-nitrosonethyl am no)-1-(3-pyridyl)-1-butanone is 0.001
[err]g/g or ¢@EEied it wilthen ciiasdo 2 dduebost FRAyhonesopostahasvedr. 33,
35, 36, 37, 38, and 39, wherein said_cured non-green or yellow tobacco is a
Virginia flue vard®ty. *hQLEObaCTHeP’E%‘é%%@W@&éH B HRi®AS . ofhereimsady,

33, 35, 36, 37,38, and 39, wherein said cured,non-gre r yeIIowtobacco
is a Burley UhFYMdve zpdldtign 4%, eﬁf(fdh&heof-lgﬁ&r %r?é' Gf ReTHiaFs of1 at

34, 35, and A6, oMLl %%%ge,ﬁ"de% 4eGANLeNL i 8 13 Ler1LoLg of | ess.

43. The t obacco produc erern sal ectiv htent is

0.1 [err]g/g or I#ss. rififeonalhs BARRGSO RIRFUGhHg oéowmaoofw dﬁé{?f sdla

-43, wherein said tobacco suitable for human consurrptl oni1s cure

tobacco. 45%ubjedigdphacendphodustpodvaiys il abauﬁxﬁls&loﬂ%fm qféa's% a
product selected fromthe group consisting of cigarettes, cigars, chew ng

t obacco, snuife tahdebapeaicdat ainrpgaganeatd thzehges. 46. A

t obacco product conprising cured non-green or yellow tobacco suitable for
human consunpt i or?2and ThevFrjaaco mamt etcardiagsto gi@ imobace cdrepeint fsiadd
nitrosam ne sel ected fromthe group consisting of N -nitrosonornicotine,
4-(N- nitrdonkaff @R PRbAqeR FRSTiLE fifFosasree is selected from the
N - nitrosoanatabi ne andb%\%{ﬁm t rosg naba i,ne.which is at |east about 75%

by weight |Gt X han T Bt of °Sai d Xt PEASCEFFILHALEBS speci #réN-

g'4t rosam ne 4;R eubL&ade R PYR 4 HRACCE g?g‘?dyl -1-butanone, N’-nitrosoanatabine

and N’ -nitrcsoanabasine.

23. The tobacco product according to claim 17, wherein said
subjecting to radiation is carried out on tobacco leaves arranged
in single layer thickness, without stacking or piling of the
leaves.

24. The tobacco product according to claim 23, further
comprising, prior to said subjecting to radiation, a step of (a)
removing stems from the tobacco leaves, (b) pressing the tobacco

'leaves to remove excess moisture, or (c) subjecting the tobacco
leaves to a steam treatment.

25. The tobacco product according to claim 16, further
comprising drying the portion after carrying out the radiation
step.

26 . The tobacco product according to c¢laim 16, wherein said

radiation is generated by a laser beam.
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fromthe sanme tobacco crop from whi ch-the—nen-green-or—yell ow t obacco

was nmade, but which was cured in the a ] desi gned to reduce
the conteqs %f said at |east one tobaczﬂﬂmmlmmmglnitrosam' ne.
47. The UCHEEEFproduct according to clal m 46, ® wierein PCHESW/RE8tent is
at | east about 90% by wei ght | ower than the content of said cured brown

t obacco. 48.... The .t obacco pr.oduc caordi ta claim47, wherein
said content is S hi’;?t%’(%‘u c°9§%> lﬁgg\ea}%%c%ﬁg’\%elr:g%%aa%q Fl’ig’ w%%ﬁlﬁlé'hﬁab?l
said cured br@y1ODACLY. an electrd?d: bIAR LANAGGR LF odyct Bccardipg Lo
claim48, which is a product selected from~™the group” consisting ~of

ci garettes, acc€l@adtsor chewi ng tobacco, snuff and tobacco-contai ning gum and
| ozenges. 50. A process of substantially preventing the formation of
nitrosam nes i n 28 hartesttetactobpecdupt aticorcddnpr tsialggim 16, whbndingsatd

| east a portion of the plant, while said portion is uncured, yellow, and in
a state sustagiablen tis hzanmey i aftdomti on of nitrosam nes arrested, with

circulating air convection at a tenperature of from about 100[err]F to
about 500[err]F $dr &t PRERQET frai erRiduG nslbsRanEPRFEYE pPéveaatt RSt one

formation of .at | east one nitrosamne. .,51. T rocess of claimb50 |,
wher ol oa R R I PR R AR BT PRI S obaced ChlPE oniag
t obacco | eaf or { - r.eqf j_of st ial accunul ati on of
nitrosamnes in ﬁ{é}#%;:flqbegg% &{#ﬁg 5%%8§g§’ogﬂél ai m 50 wherein said

drying with circiliddig R tneORYRGEEQPed S SUdd L Ot chrid e At RS LANG £ al
| oss of the plant's cellular integrity. 53. The process of claimb50
wher ei n saixhdpbsieeo Has iVigr gi bréqhéney trobaeao tand vhereidraaivk dieylisg yfth
circulating air convection is carried out within about 24 to 72 hours

post - har vesthe electromagneti€ spdctrn, Bt apedetEyaipedcessray levalnf&d,
wherein said drying with circul ating air convection prevents
nor mal accunmPERIGeIingd leagthoré téBaeco- specific nitrosamine in the

| eaf . 55. The process of claim54 erein said at |east one .

t obacco- speci fi @q?ri t rk mmﬁég’iog sBFECTEUFr ot h‘g'ag‘r"buﬁ con§’?’§f‘?ﬁﬁ ofaid

N SSRGS BUPESTATE BRI (8 B bl ancpe,

wher ei n saihROrddNHaddl® 190650 P Althoud©! b OWAe Sk Sl Y% 10% by
weight up to a maximum absorption capacity.

31. The method according to claim 29, wherein said at least
one tobacco-specific nitrosamine is selected from the group
congisting of N’ -nitrosonornicotine, 4- (N-nitrosomethylamino) -1-
(3-pyridyl) -1-butanone, N’ -nitrosoanatabine and N/ -
nitrosoanabasine.

32. A method of manufacturing a tobacco product, comprising

subjecting harvested tobacco leaves to a concentrated form
of radiation having a frequency higher than the microwave region
of the electromagnetic spectrum, while said leaves are uncured
and in a state susceptible to having the amount of tobacco-

specific nitrosamines reduced or formation of tobacco-specific
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with circulating air conve , et of said at | east one

t obacco-specific nitrosam ne:mu_ I [ t 75% by wei ght | ower than the
content of said_ at |east one”-' Q(I“uam"mﬁ nitrosam ne in_cured brown
tobacco nEEE ¥ t he same t obaccolcrbp dbut* which was cur e§THPHE & hsence
of steps designed to reduce the content of said at | east one

t obacco-spegific_nitrosamnpe., .5b7. Qeess Phnmel @ i jd
content 15 ot cFeasptaBBTt Shve S0 sem Ao P S 2 It FRl il
tobacco. 58¢ orThEHAEARESE19] glrebahé?fw@aemhs@& hiEOné £t biSe A LA -
about 95% | ower than the contén

in said cured brown tobacco. 59. A
process of sgbstantiaktyoparyestingehaeldoremt iaom of

4- (N-ni trosonet hyl am no) - 1-(3- pyridyl)-1-butanone in a harvested tobacco
pl ant, conprisinforming saiird/i hgbatcpeanoduqsor ePoRE b¥inde theanticypiawed
said portion is uncured, yellow, and in a state susceptible to having the

formati on ofleaver, nitthreosbabrAGPamLRANCE (BEIRF i 69ﬂ?gigﬁutféﬁ?6he°’a$‘?"é%‘ﬂﬁfl
with circulating air_convection at a te rature of from abaut. 100[err]F,to
about 500[ eFFPRTFor CRSMWLRE SHORCECent®F “crfg%gﬁﬁlaﬁl?aﬁq%fcﬁf%\?elﬁm@o% igd'ﬁi of -
4- (N-ni trosgrret hgl am no) - 1- (3-pyridyl)-1- butanone. 60. The process of

cl ai m 59 whefé&FRI§8rd tobacco is Virginia flue tobacco and wherein said
drying with circylati ' ectd ' rd 0 LbhbiBiAborE 124 72
hour s post - har vegk.' gg?%{tﬁ'ﬁgg%r%%%ﬁéhiﬁg gﬁidr%%gg \?\%é\r/\‘gi Eksai d por%ié%\flé%of
the tobaccoapkaghy;betb@WH0ssad drdH Vi ibiNid it et bagkat bBgyal Lowdiny e itk
has a content of 4-(N-nitrosonethylam no)-1-(3-pyridyl)-1- butanone which
is at | east 125%=byaneimghtod awesubbaant hel cormtemtlagfion of tobacco-specific

4- (N-ni trosonet hyl am no)-1- (3-pyridyl)-1-butanone in cured brown tobacco
made from t héetzamemionbactn thepldawesni ch was cured in the absence of steps
designed to reduce the content of said 4-(N-nitrosonethylam no)-1-
(3-pyridyl)- 1butanone. 62. The process of claim®61 wherein said content
is at |east about 90% | ower than the content in said cured brown tobacco.

63. The process of claim®62 wherein said content is at |east about 95%
| ower than the content in said cured brown tobacco.
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