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URUUEQPMEUTU 13% BULK ‘WIU

Ufilliam H. Jahnaan, agrifialtfiral EagiUUEring Bayarfiwaat, U. 8. Stata Sakifigu
gala? 3. fiaaawa, Jr., Farm Elautrifiaatimn fiaatian,‘§a5.§*afi

Franais 3* Hasalwr; £gri¢altaral Engimawring napartmant, H. G; $$ata Gullaga
UL %; Ubldfin; agriaultural Engfifiaaring Eapavtmant, fig 3% fifiatU Gallfigfi

Eulk waving, a amW'uppraaah whiah affnra many paaaifiilitiUE far aimylim

flying fiabaaaa harwaahing anfi auring prfiaeaaafi, $3 an aafigrawth af yaamarfih‘afi

H, G; fitafia Gallagfi in fa &:fiwnfial atufliaa in.tahagaa auringfi Uaa$a Lafavmatian

(Kasaiar, 1&5b) partainifig ta Iaaf va$pwmfia ta tamparatnrawmnistnra awnéitiaas

pravifigfi a faandatian far may appraaahaa in iahacac waving. fiasalmr and his

agaaaiataa abafirvad that fiabanca laavafi aanld ha yallawnd ta gnad eolar by

placing thfim in pilaa am ymllmmu filthangh thaaa abaarvafiimna wmra mafia an a

small aaale, they auggagtad gmaa£bilitia$ af yallawing tabaaea in a hulk fia

aahiava gmod’aalar, than arraating tha gala? by aama flrying mathadw U£udiaa

in bulk yalluwing (Hanfiaa, 1956) wara mafia in whiah bulk yallmwiag mafi aaaam»

pliahad unfiar a variafiy sf aanditiang aifihwmt fiigflifiaant dagraéatian at laaf

anality gravidad fbraad vanflilatian wma amplayad ta pravanm tamparatara fi&magw

that mfiharwfiaa raaultefl fram.hwafi af ramgiratian. Stuéiga ggrbruiaing aha

adga effaata (Jahnaang 1956) eatabiiahafi mamditisna by whimh ahrfidéad tififiue

can by yallawad fia gaad anlar whila axhihiting negligibla mafia affefita whiah

raaultsflram pramatara arraatatimn 9f imparéanfi biaaham£aal raaatiunw. Tabaaam

was girwt yullawad in pilag in arfiar to gravida inéivifiual laaf awxalafi having

gaad «filer; H$w3V#r, tbs raaulba 5f atafiiafi an laafi raapansa ta anviranmUntal

canditianm, balk yallaning, and $633 affacts highly anggaatad that teba¢¢¢ wan

ha aurad aamplataly in the bulk, fiharaby"aamwmm®dating bialogimal twan$farmatioma

cf yallwwing féllawad by arraatatimn af 6010? by daaiacation. ‘
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MW inventiyfitfafinn in hulk during; by iinnnlnr in 19555 yaw madman“

mg waning by gnawing that. tnbfinnn nan ina and nnrnai in- n bulk. Fm

MW“ in bnmwnring, in midi; vann yarn gamma a unfinnntfilly in in mm, mm M’y

f4,flax/4' mmnnnnnml bddfinnn an? inn radian}, ddnnifiy mama an: than hulk Winn mammary:

Wynn airying. Snbnnnnnn’a Wnntiyntinnn, in mm and infirm W ariaaninai in a

‘fifitvnrtwfil}. ynnindnn, prnfidaai n m nnif my dfinnity and yarn mam?W

nan Wifig tannin warn nnntinnnd m1 3.9% in fnrhhfir annn mm W

$.me tn Wing; it ptmry finn‘nidnrnnidn in any daring nynmn in m making

andnpmnln nnnlifiy tfihnnfina 3% finnditinnn Warm wring man diffmnn fw

bulk nnbwaad fin nnnnnmd with ham tn‘dnnnn; in nnnld ”in amntnd that diffdmnnn

my nninia in they named madman; In nrainr fin dnisnrzzainn ban: will balm-onward inbfifidn

downy with nnmnnninnfillywnnrnd misfinfin, inn marmm nan danigmd ”in my”:

rmnmfifitivn mun fan“ nhyninfil find nnnninnl nynlnfininnn.

Tran nbjnntiynn fear him nzalkunnriny; nnpnrimnn m an mums

twin Wm“ finnnmnl and phyniaaal minanifinn n3? hath bulkwnnrnd mbfinfin (nun

it? find meddnd) and namtinmlxymnnrnd mnfindn.

2;. Ta mm mmmntfi pantinnnn in ”min: during fitniynnn and inward dnnign

nannidfirfininnnfi

3. Ta unplnrn 1mm 9:? npdxntinn in fanning nix twang}: bulk nnmnnn in Wing

adynrnninnfi.

Thin mpm in nnnnnrmai primarily minim *3&1.le nfithadn in mm mining,

wnpnnnd finfilynfin, and results firnilfinld fin main main.

3% Wriplnd and nvnlantidnn ni' n11}: curing mm M: mjnr innfirtfinnn,

madman fair build-um nnnwntinnfillymnmd mnfinnn my ddfiigndd tn mminn raw

nanny main qunntiniaa a! tnbannn fan- min mammal. Tm minim-tan Emma),
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aach having a uapaaifiy far aggrexiwataly‘lfi fitiaka Of tabaaaa, wfirg aawafixwafiaa
ta pravifia aanrantianallyhauwadr(chamk) %fi%fifififig Figura 2 ahwws anfi af thwa¢

2m.g¢wt@1y 36% paanda ax grfiaa tabaafiag

m: aaafiiat$ aflya.3afiwfiypa gag barfifir, $ aanzrifngal €1/5 hp) ffifig a «anw

imalvééatidnw a aylimdriual a¢atian, anfi a lauvwrad tap. Tha baramr wag fxéed

diraatly‘infia tha fan far flfiflV$n1$fi$$ in dagignfi and tag fiampamatura wi$him flhé

aanfiaal aaafiiaa waa tharmflatatiealmy aanfiyalzafig a matal:m¢ah aar¢ga lauataé

b$tuaan tag ayiinfiviaal aka afiniaai aaatiaafi gravifiad guppmrfi far tag fimkaaaau
Air flaw'was aanfirullafi ta yams axtanfi by‘tha adgmgtabla lauvaraa'fiapg & mulgiylaw

paint *fiu%%%$t§¥$ rfiaarflar ahamn in figmra E raawréad air inlsfi afié aika fiafigaratmrga.

Pifiat #ubma‘paai%iafiwd in the Sidfi af aha ahamhar at laaatiana divsatly abuva fiha

fang %a1mw fiha awra¢n anatian, and away tha ta? af aha aylinflrimal awafiian wwra asad

fur maasmring air valfima ané afiati¢:»saaaar&a flaring th$ aara, Figura 3 ahauu a

haikwaaring ahamkmf daaignad far fixplafiing lifiita af aparmtiaa in balkmfiwrimg, A

gentrirugal ran, pawared by a 1 hp matar, draw haatad air thraugh aha ahaahar

tram tha tapfi Fignra h ahawa tha ahrgdafir in awi

batmaam twa firivan b31ta, wmra whradflmd £w waifarmhwidtha by'a rmaluwypa b1mfia.‘

gtiafi’ Tgbaaaa laavafig waflfiifig

In mrflfir ta praviaa a signifimant naabmr a? aamplaa far analynaa, 32x taata

qr “priainga” wwra aaafl flramza.§lut 9f fiixim Eright 2hh tabaaaa; fifieh tefit wag

daaignad ha §r6V1é$ tun wvuwlaa a£,e&nvmn$iafiallywcurad fiahacaa and fihraa aamplaa

at walkwaaraé tmbaaao (in$&¢t afié ahrefiaad). fiinaa thrua eham%ar$ wara mafia far

balkwaarfifi tabacea, tun af tha ahamharw ware uaad £ar intaat babamaa amfi mna chamw

bar fur mhreédfid tahacaw far taata 1, 3, an& 5. In tests 2, h, &nfi 5, flag ahfimfigva

wmra aamd far fihraddad tahfiaan. '

$nbaaaa far aaah t$at max grimnfi and randmmizad inta fiva grmupg ffir flak fiwn

ahaak aabinats and thraa bulkhauring ehamhars. in laading intact tfihasca tag eh&mw



Figure 1. Snack cafifinafigfi aaak having a gapaaity far 15
sticka a? ta%aaam, wara aagfl fgr convantionfil
eating, “

Figure 2, a bulkucaring ahambar with multiplangeint tampfiratare
- racardar¢ Tabagaw wag glaced in tha cylindrical sagtimn

for curing.



Figure 3. a bulk-auring chambar in miah Mama air was pulled dawn
through 13% babwm, tharahy flrflng from the top ai‘ hm
Mk.

Fig‘tn‘a 1;. Tabaaco leaves mm ahracifiad ix: unifm width by this:
aim:trically pmrad ahmddar using a rmlwtyps blade.
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barn We: tunnel and bobnnnn planed nfli‘nmiy by the handful inbn bbn amber”,

banning bbn bubbn nrinntnd in bbn am dirngbinn ,( figure 5) . Wan n :2th

van filled, 1/2 inch natal man warn nnnhnd through bins inbnnnn be: hnip in nup—

parfing it. That fillnd chnngnr nan than tilted upriggzb and the inwmd tans:

immd into pnnibinn. War Weddad bobnebn, 1/2 an}: nnrndn warn saincnd W~

“my be n daptb dd 15 ~— 17 iwhnb 333mm ”and bananas. Figwn 6 mnnbrnbnn

Pmm'b nf

drumming far built: naming} diffnmd mm;— fm thaw bf ennmtmm
b-nbannn inbn n alumna-r far curing.

nnrmi In nnnwnbibmi buzzing, summing nan nnnrind cm 1:12 903.00 F. nnnirnn—

1- gradually 13:3 120—130 in inmm. After wilnwing the ern‘bm wan inn;

“fix” tab under and dry 9M 1M, Mann nnwd grndnnily in 170 F. ‘91.: fininh

drying “tam lanf’ and midrib. with buik nnring, bmwr, m $1:an heat nan

band timing ”11mg... Emmmin mmbinnn bf mspknbinn nnnnnd pm bmnwn—

Wren tn gradually 1mm3 Wetmrn it nan nnnnnnnry n; nnrnbn tbn pfln in

‘ brain? in maintain n pile tbmrnbm balm 100 F»... This nan mnwiinbed by an

earn—aft? bannnrnnnrn bnnbrni minkW and ninsnd the: fan nirnnib. Am

swimming, new Wrnbmn mn ma tar drsting flan bnbannn *— 150 F"... Mr 0—15

hnwn and 176 1"". until the leaf nan nmpinbuiy dry.

7mg nanb mat, mentnW main mm; mm Miami in nhnrnnbw—

fining; than bulk nmfing gamma. annba new nude; ab mgnlnr 2 can Mnnr

intbmnin during tam ewe with a. new ham" nniwbnd an that. tins: wbnn bnbnnnn

Wu... ,3 ~ -

nan 9mm in that nhmbnrn an? mini-nabs. Thu mum—mg anrnbnmn warn mnnM’s' M ' " ' A

(3.) Minnie “tins; and dry bulb bemmbw”, (a) dry bulb Marmara in nbmbnr

bnmnth naming; (‘3) mammal Wrnbm paint-n within than bulk batman, (14). wt,

and (by bulb mwnfimn 3:an bun bulk £0an, and (5) ant and m bnib ‘

mnemma in ma nbenk nabimtn.’ Gan; nnmwbinn in inn/hr ma Md may



€iy"1‘? 1?? fi. Intact %g%asea wag glaegfi §y fiha hanflfml into @fifi
balkmcuriag uhambgw. fiffiwr fillifig, tha ahamfiar
was ylfiflfifi in itfi marmal vwrfiical paflifiiam far fihm
auring yraa63$*

Figura 6. $hrafidaa tabacce was glacafl mmifarmly in a layar @Q
appraximataly‘lé inahaw in fiapth.
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from wall waters. Air vuluma through WWW bulkwcnring chambflrfi‘wafi‘mflafiflrfld

indiraatly’by'pitot WWWWW IWWWWWW in WWW chambWr WidWW. In addition, pWWWWuWW

Wrap threugh WWWiWWW WWWtiWWW Wf WWWW Whamber and WWWWWW WWW bulk tobWWWW‘WWrW

thermby’mWaWuWWd. WWighWW of bulk WWWWWWW WWWW WWWWWWWd thWrW and WEWWW Waring.4

Sevmral ththW.of analyWiW WWW planan fer WWhining the WWJWWWWWWW: '%

L, Wthical anleWWW. Samplaa Wf bulk and WWnWWntianallyweuWWd WWWWWWW «WWW

Wubmittad WW WWW TWWWWWW Labafatary} WilliWWW Wall, WW 6. SWWWW EWKEWgW far

analyWWW Wf Watal sugar, WWdWWing WWgWW,~WiWWW1WW, calcium, WWWWl nitrngan, WWW

soluble niWWWgWW. A statistinal WWWIyWiW of WWWiWnWW fWW WhW WWWultW Will WW

uWWW in eumpWWing thW Wthieal WaluWW WWW bath WWtthW Wf curing.

2. ,phyWiWW1 WWWIWWWiWWW. WWWplWW Wf bulk and WWWWWntiWnallyWWWWWd WobWWWW

WWWW WWWluWWWd by’ijWr WWWWWWO Wampanies WW WWW annual display Wf EWWWWWWWWW

Statian tobacco (Mangum WWrWWouWW, DWWth, DatanW agwfifi, 1956) AprWWWWWW,

color, WWWWWWW, WWWWW, WWW U. S. GWWWWWWWWW grade WWWW impartanW WhaWWWtWrthiWW

WWWlWWWWfl. 4 ‘

3. Wmcking and aging t83t3s Wamplas frcm all prarimenta WWW availablaifar

conducting Wmafiing WWW aging WWWWW. : ' 1

kW WnalyWiW Wf.WWWWWWWWWWWW, AnalyWWW cf tiWW, WWWpWWWWWWW::§WWWWWWW, WWW fual

Wanauwtien will be m6 in maximum ma bulk curing pWeWWWW, frag: an anginWWW-w

ing standeth. IanWWWWiWn will be WWnWidWrWd WW it WWpWWially WWIWWWW WW cWWin

acheaulaa, afficiancy of Waring, and unimenW WWWign far thWWW WWWWWWch‘ianWWJZ—

lgatienfl.

RWWWlWW and ConWluWieWW.

RWWultW of fihW 1956 bulkwcuring studies, althaugh pWWWWntly inWWWplWWW,

WWW ancauraging. Figura 7 atha a Whambar of bulkmcured intact WabWWWW; tha

WWWWWWWW lWaf illustratWW good color WehiWWWd.in tha aura. FiguWW 8 illqatrataa

uniform colcr of WhrdeWd tisWWW (1/2 inch shrst) curWd in the bulk. ‘Figura 9

Whaws a Wampariaan of bulkucured intact, bulk~cured shreddad, and convantiena114h



Figura 7. Ealkmaurfié intaefi tabaficg 3&awg gaafi awlnr aftar flh$ aura. ?hi$
chamber, fillafi ta 1&3 aapaai%g‘wifih unaurad tofiaamag mgw infiim
mataa “lgegamaafifl @f bulk aftar flaring.

Figmra 8. fihrfiddad tifiwue shawa unifwrmity‘af aalar aftar flaring. Tabamca
wag $hradéad in 1/2 inch stripfi fihilfl graan, than yallawafi_amfi
drigd in tha hulk.



$igura 9.

~l$~

Thig mhmfiagragh ahawg bmik imk&at %$%agcm an laffi, shrefifiaé
tshaaca in centar, and conv&&fiiafialiy~$ured tgbaaae 0n fiha
right. Qaad calor was charagtarifiiim 9f all threa samplas
far thig axpariment.



W intwt mandala (all atidk) a Goal! Efilfii‘ "dad dailid'ddli with all mfiwfia at

aiming»

Balk-«mall all all addmllmanmmd will warm ll all

mam dually ddddrfimg ill will mammal ltandardd ., Tabla 1 diam amparladm

of Mariafar dam fiddtd W pridlagd ,«

might all; m lhd illlld {if gnvarmaa‘i gala, aadlidn amragd, and llama pried

(mill Baily Tdamdd mat. Prim Rama-t a all l9, 0%.; $32, WES-6). ma mall

garland my dmwmidddllmdd ml balk-«awe! MWC: lmildddd mama aladpi-v __ ‘

dyad and lid-lad grad»l m lamnllamllmmd lama. V " W‘-

In ddmladidd till am liming gamma daggaaad paddibld admdgdl midi:

dad: had Willem if ball: tobaddd 1a landfill ad. #2001“ ldbadla. deadly air

malddl WWW la lhd pddailmiy air WMWI?‘ mahlailm lad WW3W

all daring lib-ma all animal dalmatian. Balk mm, by Military, mild

ha a M39!“ amp W32?“ trad lha lilbfixwfm will ml in macadamia}, ladl- land.-

1ing dpal'ldldm df‘ damntldml during. Mk dwing daggddld add-it'd» impact mating

thmd, grant.” affiaiamy in aiming, all demyldtdly autumnal daring

ddhaddldaa It id Wilma! mail will unitamlly df laid: dam ha demand with

a at lddvad aftdr wiring.“37am during; laid duggddta lam darting m." gr

Walling; df man tdbadddl “llama fl‘fl’uld 113% mm liar implldadldna in awhw

It drilling 11Wlitmg am during mallow.» Laaf Maximum, whldh lap

wasde with ‘Wwwad int-add ldbdada, wall the ldlgdr ha a pmhlm. Tdbaddd i

amid la mm in all field and mahaniadlly walla luau wanking all m» i

Matilda. V! j

Miamma in ”Wild—dwing madam}: do mt. madly Mal damntldnal dermal:

at dumg will awn bl abadldta. lull: during id ma, dis anal, a ma madman

W8 alimlfiatiing mmh (if till Malabar lawlwd in Wading and lama;
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Miamem. Estate m taming graham m M mmndad far was gMam,

m M ammmm in W wait? a!” the mica w m«mm; mm”.

mmfiwm Quality “Maw as wall w hamm- mm aamfiuml mmwm Mic

wring, in itmif, m net bin 3. Whiting; w the: tamaw Wing pmwaa; hm ‘

W, 1% Ma mam“ that mhMm at immmgamm, 1m mwamm

£2er ta m mtiml, my,mm mm mm,
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William H. amen, may Hf gamma, gr.
Fe 0310 Kualw and aw i1. WWW

Whiz W at a. (imam wtmM

in W imam» mm: mamm mfimfmiiwW aamnfianal W.

m fmlbmfy at“ balk ewtm m well «mm by liberam atme aiming

1955mm. mama; mi making mimiiom 9%de by war Wm

am them mum item may immee Mambm mmM in-

mi milieu-time! W amazed fwmlily with ' ' ‘ ’

' i in am awaiting at lm’i leaf mi

iam and mm awmtmn. mi wing WSWmW

~ "iii? at landing maWM We “a: Mixed WWW, Winn af

air flaw am 4 v tibial: meme the giant? a! the awed WW

mmmm ammml «firmimf We swim emulated “mummy iif a «swim

wmmixmb fa? mm We», a ‘= Mammy «gimme Manna: We, and

a Wmd Wt {w «mam walrmmd 3.11% “N £me landing the We

mm, m Wfim m mismd far fm them within. firm at

the eemmm mama 61' mm 335% is the fwaea m MW. an air, fife-M

up Waugh m make iif Mama at mm W M 36 fit/min;

mam m 12mm: Mod fabaaea firm seaming;

amulet free: the mm bulk ciwing «gammam amt. maelbflitha few

maximum ff fha bulk-«awed 1381‘ by the Wee-ea 1me. We). mums aim
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meet new heets at euttehlethat, hath that the eemeettemny twee -

fee ehgwettss. eewemmttee We at the hetkeewee that theme the pee

heartened he the that meet, with e htgh at We the

‘ teeth hitting the mute nestihthhttee the f w ; . netted heme W the

eentethiemt ewteg sheet. the 1? her weeeehne e were Were 1M he

theme enema: eetemtte eenhmt of Written the trying tenetttehee , It he

”tweed,teeewe ef the that eh teething the teeth the twine them then the been,

that With teeth tee he thawed he metheeett, teem newettteml mutate

he meets. the her-the hem he eneh We the we metres: by the ewe

theme. met-he thee the meme eely‘ 1/6 the spent meet by teen-ae-

them etheht en Wee the met. et‘ theme tweet en the there in the. the e:

”the e 6 W1 me'hemmed that many ewed in e. 16* e the t: he 4

them}. . thee heetee he thehwlhy eliettehee time the heeting tenet he We

the he the entire tee-ht. the ewtrt system: with tenet them he the est

en t that at: ten theatre the heat meaty lest tenet hemmimfl»). been

teetfletwa, new earthly twist the eewenhieml been tn eithetemy.

the easement exagtmtet eeteeeteenhe he tell: tweet we eminently min

when the henchmen metre, the there is the the important Whitey

eh tntem‘hhhe thwarted hematite etth hen: twine. tithe mane mehmm

the eeleehhvtty, wheththee, the twee tent heee meet heme met tie-hes,

toheeee threw}: hex-tething the gametes m theatre he he s new

healthy he the where teeter! that“. ‘
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1&1 William Stu
fiydnay, kustralin

Boar Mr. Rtttonz

Vb raaoivnd ymur letter af th 15, 1958 and are planned that ya“
are intermsted in aur curing research here at Barth Carolina $tete
Gollaga. Eb era certainly in accord with you in rmalizing that the
existing method of curing tobacco laavaa mueh to be desired in labor
efficionay, oeonamy; and praeeaa eontrole

Presently an are net in positian to publish an artiala desariblng the
bulk curing mathoda. Gar research work ha» been gnarad to finding the ‘
.dsgree of aucoptability at bulk cured tobaeea aamparad with eonvantion~
ally cured tabuaao by the damaatic eampanies. Basalta are onoauruging;
hauuvar, raaliaing that any new method cf auring could invclve radical
ahnngeu in markating and groaassing, we £331 that “a mmat havn semplete
canfidoneo in thin flaring mathnd bafora any roeammandatians are released.
Within the aaxt ynar “B may be able to rnport progroaa and further'inforu
mation on tha bulk flaring flatbed. A repart of thin nature will, no
doubt, appear firat in_xyhgggg nggmh

Uh npproeaite yaur interast and urn sorry that we do nut have available
information on tha pronoun at this tam».

aincoraly ynurs,

Hilliam E. Jahnuon
Rosearah Inatruetor

“£5133

W“ n" In“ ‘, .A.\ , . ' .'. m 3,W.5:WflihhmflkaMaa-w
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. ‘AUSTRALIAN LIGHT POWER COMPIIJN IR;
Telephones: [5| W|LL|AM STREET Telegraphic Address:OFFICE: FA 80“ “A U S L I G H T“WORKS: FX 2m SYDNEY SYDNEY

HEATING and VENTILATING ENGINEERS ° KEROSENE BLUE FLAME BURNING ENGINEERS
SOLE MANUFACTURERS OF

:1: ' “Reg. Trade Name
EROSENE MPROVED URING QUIPMENT OBACCO Primggggfi

TOBACCO CURING EQUIPMENT
15th,May 1958.

The Principal,
North Carolina State College,
Raleigh,N.C.,
U.S.A.

Dear Sir,
We have read with considerable interest your article

"Yellowing Flue~Cured Tobacco in the Bulk",which appeared in the
Tobacco Science section of volume 146 number 11,March 14th.1958
of "Tobacco". Also we read in a report in a previous issue of
either "Tobacco" or "The Tobacco Leaf",that leaf cured in the
manner apparently described in the article had been placed on
the open market and sold for an average priCe of 10% less than
conventionally cured tobacco leaf.

From the writer's recollection, the brief article in
this particular issue,mentioned that the leaf had been coloured
for a period of thirty hours approximately,then with ventilation in
the bOX,taken to 130°F. and held for a period of 24 hrs.until the
web of the leaf was dry,then lifted to 17OOF. for stem drying.

As we supply at least 50% of the curing equipment for
use in barns/Kilns throughout Australia,and curing of tobacco
leaf is of vital interest to us (not meant in any monetary sense)
we are wondering whether you will be printing any reports on the
method described in the Journals.lf so,and provided it caused
you no inconvenience,we would more than appreciate a copy of any
further relevant information on this method.

For four years now it has been the Writer's contention.
that the existing method of curing tobacco leaf is antiquated and
too costly because of the capital cost in erecting large,high
barns/kilns ,which in turn dry leaf unevenly,require manpower to
load and unload and are wrongly designed for the necessary
conditions of temperature and relative humidity.Years ago we
introduced humidity control in curing and to some extent we have
assisted the industry.



We realize you may not care to disclose information of any
nature which may benefit tobacco curing in another country,but,
as remarked before,our interest is not monetary.fie are genuinly
interested in improving our knowledge of curing leaf. Should any
information on the methods described by your officers be available
we should be most grateful to receive it.

Yours feithf
Australian Light & P

N.Ratten,
General fienager.
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BULK CURING SIMPLIFIES TOBACCO MECHANIZATIGNl

INTRODUCTIGN

A fundamental and age~old problem in tobacco production is the great amount

of hand labor required in the conventional methods of production. Some mechani—

zation has been achieved, particularly in.cultural operations, but approximately

has man~hours per acre are still necessary in tobacco production.2 This is based

on the awerage tobacco allotment of brfi acres and a yield of 1800 pounds per acre.

Approximately threedfourths of the total labor is required in the harvesting and

processing operations‘

?resent mechanical harvesters hare not been successful in the solution of ‘

this problem. It is true that a measure of convenience has been introduced, such

as conveying the field.workers, and.that the number of leaf handlings has been

slightly reduced. According to Chumnsy and Toussaint (l)%, labor reduction in

machine harvesting comes about largely through the elimination of a single har—

vesting operation --handing. pHowever all other essential operations (priming

and looping) are retained. Progress notwithstanding, high labor requirements

still exist. Furthermore, it is recognized that individual leaf handling opera—

tions essential for the conventional curing method, are the bottlenecks to the

development of mechanical complements for eliminating hand labor in harvesting

and processing. These operations, however, because of their complexity in terms

1 Approved for publication as raper No. )0 ii of the Journal Series of the
North Carolina Agricultural Experiment Sta ion.v

2 Private communication with Dr.‘W. D. Toussaint, Agricultural Economics De-
partment, North Carolina State College, Raleigh.

e- Numbers in parentheses refer to appended references.
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of requirements for selectivity, orientation, and timing, present a real challenge

to practical meohanizetion.

Systems engineering inpgenenala which is concerned-with overall processes,

involves application of new operational techniques which maximize efficiency.

Since the inherent difficulties to adnancing tobacco mechanization reside with

the conventional curing method, past research at North Carolina State College has

been directed tonerds the development of a curing operation'Which would be more

compatible with.9vef?ll mechanization. Results suggested the possibility of cur~

ing peeked leaves, and by this approach eliminating the reqnirenent for stringing

leaves on a stick.' Based on this conclusion, research and_development hate been

initiated to test the feasibility of a curing method referred to as Bulk Curing.

REVIEW'OF LITERATURE

”The deyelopment of the bulk curing tracess, radically diiferent from the

conventional as described by Brown and Weldon (2), was a gradual evolution based

upon aecunnlsted observations and measurements of a fnndemental nature. yStndies

by Hassleru(3,h) provided limits for environmental control and information help—

ful to proper yellowing of leaf tissue. Using a thermocoUple inserted betweenr

the layers of leaf tissue, he studied the phenomenon of color change as influenced

by temperature, drying rate, and leaf moisture content. Concerning browning re—

action hestwated? .. . ,, . _ . ,
"The rate of browning (sponging) Was found imperceptible below llOéF;
but the reaction speeds up with inoreaSing'tempereture; becoming suf~
ficiently rapid at 135“F to preduce total diécolnration‘within Six '””
minutes;’ Thermal killing of the enzyme system that produces the brown~
ing reaction was obtained within one second at 212?F."
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These tests showed the necessity of maintaining leaf temperatures consistent

with requisite biochemical changes and moisture content in order to produce a

satisfactory cure. Drying of the leaf to 75—80 percent of its initial moisture

content was also found desirable for hastening the green to yellow color change.

The impetus for curing in the bulk led to detailed studies on bulk yellow-

ing by Henson et al (5) who investigated the conditions existing in ventilated

and nonaventilated bulks of tobacco and evaluated the influence of these condi—

tions on certain chemical and physical properties of the cured leaf. In the non-

ventilated bulks, temperatures increased almost linearly with time for 35 to 51

hours after the leaves were bulked and reached peaks of 125° FLto 129° F. Almost

two-thirds of the tubacco was damaged by these high bulk temperatures which.re-

suited from heat of respiration. Ventilation of bulks with air velocities of
25 ft/nin.prevented temperature damage and resulted in yellowed tobacco having
good color and physical appearance. Chenical analyses showed that bulk yellow»

ing could be accomplished without appreciable reduction of total and reducing—

sugar contents, provided forced air was employed to prevent temperature damage.

Jehnson et a1 (6) studied the edge effects which resulted from shredding
tobacco during the green stage. Results illustrated that edge effects from

shredding green tissue were negligible when the tobacco was yellowed in a low-
drying environment of 96 percent relative humidity. However, drying conditions
of 82 percent relative humidity during yellowing amplified edge effects by pro—
ducing premature arrestation of certain biochemical reactions along the cut edges.
Under preperly controlled temperature and humidity conditions, shredded tissue
was predicted to
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yellew to good coldr in a bulk with negligible edge effects.

infurther study'by'Jchneon et a1 (7) Shared that bruising adversely affected

both appearance and sugar levels of green tdbacco tissue. Bruieing of green

tobacco tissue prevented normal chlorophyll disappearance and.impeded the cone

version of starches to sugars which ncrmally occurs during yellowing. These

results showed that, in order to maintain a quality product, nonwbruieing

methods of handling must be used in the development of new-approaches in

mechanieing harvesting and curing operations.

7_ EXFERIMENTAL

Labcraterg Investigaticne me @956 ‘

During 1956, leberatory studies were conducted to further evaluate the

potentialities of bulk curing. Objectives for the experiment were:

1. To make chemical and physical evaluations of both intact and
shredded‘bulkwcured tobacco in comparison with conrentionally
cured tobacco.

2. To make measurements pertinent to the design and construction
of equipment for bulk curing.

Three bulk7curing chambers of the design Shawn in figure 1 were constructed

for the initial tests of 1956. Each chamber consisted of a centrifugal fan, a

conical section» and.a cylindrical section. A metal meeh screen located between

the cylindrical and conical sections provided support for approximately ZOO-pounds

of uncured intact tcbeccc. This particular design'was selected because it was

considered that a circular chamber wculd provide uniform air distribution with

simplicity of design. Heat was furnished by'a jet-type gas burner which was fired

directly into the fan. The temperature within the conical section was thermo-

statically controlled by an onroff valve in the gas line, actuated.by a sensing
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bulb located within the cone. A multiple-point temperature recorder registered

the temperatures of thermocouples located in the air inlet and in the bulk. Air

volume rate was measured with pitot tubes positioned beneath the tobacco.

Six tests were conducted throughout the harvesting season in Which both in~

tact leaves and leaf material Shredded in l/Z—inch strips were cured in cylindri~

cal chambers, while check samples were cured conventionally'for comparison. In

loading intact tobaccOg the chambers were tilted and tobacco was placed uniformly

by the handful into the chambers, keeping the butts oriented in the same direction.

Shredded material was uniformly'placed into the chambers by hand to a depth of

15~l7 inches above the screen.

schedules for the initial bulk-curing tests differed markedly from the cone

ventional curing schedules. In conventional curing, yellowing was accomplished

in a 90-1000E,environment. After yellowing, the temperatures were increased

gradually'to lfio—lhDaE.to "set” the color and to dry the leaf, theniggéfigéradu~

ally to 170°‘F. to finish dryingthe leaf and midrib. with bulk curing, however,

no external heat was used during yellowing. Exothermio reactions of respiration

caused bulk temperatures to gradually increase; therefore it was necessary to

aerate the bulks in order to maintain bulk temperatures below lOOOF. Aeration

was accomplished‘by using a liquidafilled sensing bulb which actuated an onroff

microswitch in the fen circuit whenever the bulk temperature exceeded lOOOF.

After yellowing, two temperatures were used for drying the tObacco - lBOoE.£or

8~l§ hours and 1709R until the leaf was completely dry.

Observations during the initial tests showed many aspects of bulk curing

that needed improvement. Both intact and shredded leaf compared favorably in

color with connentionally cured tObacco; however, the bulk intact tObacco



-6...

enhibited a flat, “unnatural" appearance while shredded tObacco had an ebncr-

mal and undesirable aroma. It was believed that the bulkwcuring conditions

were not as favorable as the conventional curing conditions, thus causing these

noted differences. For example, the irregular air flow and temperature schedules

during bulk yellowing gave a non-uniform yellowing environment; also the rapid

temperature increases appeared to produce discoloration. Observations also sug-

gested that a limited amount of drying during yellowing would.be desirable for

preventing surface—moisture accumulation which occurred in the tightly'bulked

tobacco and also for promoting more desirable yellowing conditions. More uni-

form air distribution was obtained when the leayes were supported.with the butts

upward and with air flow from the tip end to the butt end. Furthermore, this

gave the advantage of drying in the same direction as yellowing, 1.6., frem tips

to butts. NOn~uniform air distribution, which resulted in uneven drying and

lowered quality, wasfiggfégéégiééfgfiétiem to the adrencement of bulk curing.

Since uniformity of air distribution depends directly on bulk uniformity, the

nonruniform loading method employed caused air channeling through less dense

sections of the bulk. The tightly packed sectione,which dried last, were damaged

by high bulk temperatures. Comparisons of energy efficiencies showed that bulk

curing using forced connection was less efficient than conventional curing, since

a large amount of sensible heat was discharged from the bulk chambers.

Lebcretcry Investigations - lggl

From the above observations, two additional objectives were added to the

following 1957 experiment:

1. To make improvements in the loading techniques and equipment
which would simplify the process and contribute to curing a
more acceptable and higher quality product.
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2. Tb improve the curing schedule and develop techniques of
recirculation for improving process efficiency.

Six climatic chambers of the type shown in figure 2 were used to provide

a controlled environment and to accommodate an improved loading techniques Elec-

tronic temperature controls maintained conditions within one degree E, while 31113;?3

flOW'and recirculation dampers allowed any desired air movement. A steam suppLy

to the chambers provided a positive method for maintaining high humidities dur~

ing yellowing as well as for conditioning the tabacco after curing.

An improved loading method contributed to faster, easier bulking, and allowed

much greater uniformity in packing of tobacco within racks. The loading rack

consisted of two woodfin members constructed of 2" X h" x hB" material. One member

had a series of 3/8-inch.metal rods spaced at 6—inch intervals along the rack to

provide support for the tobacco. In principle, a side member of the loading rack,

without the rods, was placed in the bottom of a loading form which.was similar to

a box with an open top and front. After tobacco had been placed to a given height
in the form (by the armful or handful), a second side menber of the loading rack

was connected to the first side member, thereby clamping the tobacco in a rectangu-

lar shape, 16“ X h8", and at the same time piercing the tobacco with the rods° A

filled rack of tobacco is shown in the chamber of figure 2. Each chamber held

two racks of intact tobacco (160 lbs) or one metal basket of shredded tobacco (100 lbp).

Six tests were conducted throughout the harvesting season in which‘bulh to-

bacco was cured with three replications in climatic chambers, while check samples
were cured conventionally for comparison. Temperature schedules for bulk curing
followed closely those for conventional curing. Aireflow and recirculation

schedules for bulk curing were designed to improve the efficiency.

'As a result of these modifications in equipment and improvements in the con-
trols, noticeable improvements were recognized in the quality of cured intact to-
bacco. Visual observations showed no apparent color differences between tobacco cured
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in the bulk and that cured conventionally. The appearance of tobacco cured in

the bulk was greatly improved over that cured in 1956, and.much of the objection~
able flat appearance was overcome by-adeqnstely'conditioning the tobacco after
curing. Shredded tobacco, however, still continued to exhibit an undesirable
aroma. As a consequence of the improved loading technique, uniform air distri~

bution and even.drying resulted, thus maintaining quality'by'proper drying. In

addition to upgrading quality; fuel efficiencies for bulk curing surpassed con~

ventionsl curing as a result of proper recirculation of air.
Results of sugar and nicotine essays by the Nbrth Carolina State College

Tobacco Laboratory on representative Samples of tobacco from the 1956 and 1957

tests are shown in table 1. In every case, shredded tobacco had lower contents
of sugar and nicotine while intact, bulk~cured leaf compared favorably with normally
cured leaf. Shemical evaluations'by several tobacco companies agreed closely
with the results of table 1. moreover, shredded tobacco had significantly

smaller contents of total alkaloid and petroleum ether extract but larger ash

content and specific volume. Although everything is not known concerning the

role played by each chemical component, it'was considered that significant
departures from the conventional analyses were undesirable.

Smoking tests on samples from both seasons were completed.by several

tobacco companies. Results were essentially the same for both seasons with

company evaluations agreeing closely. Bulk~cured leaf was similar in smoking

characteristics to that cured by the conventional method; however, the shredded

tobacco produced an undesirable smoke which lashed flavor and had an acrid aroma.
Because of the highly favorable results obtained in bulk curing of intact

leaf, from both standpoints of operation and quality of cure, development towards
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a practical curing system.was initiated. 0n the other hand, negative results

in bulk curing of shredded tObacco suggested.more fundamental research to find

ways of improving its curebility.

Pilot Operation - 195$

An.applied study in bulk curing of intact leaf was conducted in'which lobe»

retory'findings and techniques were extended to encompass a pilot operation, in-

termediate between laboratory and field operations; The design and operation of

this curing system.were concerned with.eimplifying the loading and unloading of

rocks of tobacco, adopting air-flow and temperature schedules which enhance the

quality of the cured product, and obtaining maximum operational efficiencies.

Figure 3 shows a schematic drawing of the curing system. It consisted essenp

tially of e curing compartment for bulked tObecco, a thermostatically controlled

heating furnace (indirectly gae°fired), and a dampered duct for regulating the

amount of air to be recirculated. To simplify'the operation'of loading the racks

of bulked tObecco into the barn, the structure was designed so that two men stand—

ing on the floor of the barn could lift the racks of tObacco onto the tiers. An
essential feature o£ this system is the forced air movement. Hot air, forced up

through the compartment floor and through the racks of tobacco at rates from 15

to 30 ft/nin, promoted drying and prevented "scalding" of the tightly packed to~

bacon.

The loading technique—eo—used in the preceding laboratory tests was improved

to allow more rapid clamping of tobacco into racks. As shown in figure h, tObacco

was placed uniformly into the loading form by the handful. By having the form

balanced on two pivot points, it was possible to place an approximately equal
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amount of tobacco in each rack -- the right amount indicated by a slight tilt-

ing of the form. Each rack, ggfeet in length and 16 inches wide, held approxi~

mately 120 119* of uncured tobacco. Twenty—eight racks of tobacco, required for

‘filling the 10' x 12: x 6 1/2! comparunent (figure 5), equalled that normally

required for filling a 16' x 16* x 20' conventioml barn.

Six cures were conducted throughout the harvesting season of 1958W 7C0 r
gain/76210}, a . .
We bull: curing with conventional curing.

During yellowing, the temperature was held between 90¢and‘100“E with complete

recirculation of the air. A temperature schedule similar to the conventional ell/994W?—

was then followed (figure 6). Color was "set" dwing a gradual teeperature rise
to l30-1L00E, then the temperature was advanced to 170°F. for stem drying. Bela-

tive humidities ranged from 80 to 90 percent during yellowing and as low as 10
to 20 percent during leaf and stem drying. The damper setting for air recircu-

lation was varied manually to obtain a drying envirorment consistent with the

stage of curing. V

Although a curing system may be operationally successful, it is recognized
that acceptability of the cured product must precede the introduction of the sy-

stem for practiced application. Results from the pilot operation of bulk curing
of bulkeccwed tobacco .

show good possibility for acceptancegby the tobacco imiustry. Chemical and smok~
ing evaluations performed by a cooperating tobacco company are shown in table 2.

Percentages of nicotine, nornicotine, reducing sugar, and total nitrogen agreed

closely for bulk and conventional curing. Smoking evaluations rated bulk—cured

tobacco as having low flavor (mild) and conventiomlly cured tobacco as having

low‘to medium flavor; both passed the flavor test as suitable for cigarettes.



a 11 n

,1 Table 3 gives the results of a sale of bulk-cured tobacco on the open market.u‘

t Representative samples averaged $62 per cwt, with a high of $70 per cwt. Samples

of bulk-cured and conventionally cured leaves from the entire season were also

graded according to USDA Marketing Standards. Average prices based on government

grades were $58.70 per cwt for bulk-cured tobacco and $56.15 per cwt for convene

tionally cured tobacco —~ indicating slightly'better acceptance for bulk-cured

tobaccogr

Indications are that the bulking method saved'both time and labor in the

barning operations. It is estimated, because of the rapidity and ease of fill-

ing the racks and placing them into the curing compartment, that harming labor(thw Cr07"n)

was reduced by threefourths, as compared.with conventional methods. This figure

was arrived at by comparing the total labor for stringing, handing, and loading

a conventional barn with that required for bulking and loading an equivalent

amount of tobacco for bulk curing.

DISCUSSION

Bulk curing has many possibilities for achieving marked advantages over

the conventional curing method. The potential for producing a more uniform leaf

is offered through automatic control of temperature and drying conditions. In

addition to saving labor during harming, ease of unloading tobacco from racks

speeds up the preparation for marketing.

' -v Bulk tobacco requires only 1/5.harm:
theAspece required by conventionally strung sticks. This suggests cost savings

for basic curing structures, as well as the possibility of designing curing eye

stems to accommodate the individual farmer's acreage. Fire hazard is virtually
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eliminated since the heating plant is exterior to the curing compartment. During

195%, fuel efficiencies were eqnivelent to conventional curing, although the damper

for recirculating air was manually controlled. Therefore, a compact system for

bulk curing, well insulated and automatically controlled, would easily surpass the

conventional barn in efficiency. The curing system also lends itself to the use

of a heat exdhanger for recovering the heat normally lost through conventional barn

ventilators.

The results of the developments to date show that there is high prdbebility

that bulk—cured leaf will be acceptable to the trade. However, before appropriate

curing systems can be developed for farm application, this principle mnst be evelu~

ated on a farm—scale operation. The described engineering advancements in bulk

curing are presently well adapted for conventional harvesting, but there is also

the important possibility of integrating mechanical harvesting with bulk curing.

The introduction.of these or other methods will serve to advance the engineering

of operational practices in tobacco harvesting and curing.

SUMMKRY

This paper describes the research and development of a curing operation

which is more compatible with mechanization of bright-deaf tobacco than conven—

tional curing. The feasibility of bulk curing was well estéblidhed by laboratory

studies during 1955-1957. Chemical enelyses and smoking evaluations performed by

major tobacco companies andflgg::;t;tgfitollege Tchacco Laboratory showed that in—

tact bulkucured leaf compared favorably'with normally cured leaf.

During 1958 an applied study in bulk curing of intact leaf was conducted

in which laboratory techniques and findings were extended to encompass a pilot
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operation, intermediate between laboratory and field operations. The owing

, system was designed for simplicity of loading and unloading racks of bulked

tobacco, regulation of air flow and temperature schedules which enhance the

quality of the cured product, and mamum operatioml efficiency.

Results of curing in the pilot operation show good possibility for accepw
of Laminated iobacco

tanceaby the tobacco industry. Chemical results showed that both bulk and con-

ventionally cured tobacco passed flavor tests as suitable for cigarettes. Re-

presentative samples of the bulk-cured leaf averaged $62 per cart on the open

market, with a high of $70 per cwt. i’ossibilities for achieving marked advan-

tages over the conventioml curing method are discussed.

The described engineering advancenents in bull: curing are presently well

adapted for conventional harvesting, but there is also the important possibility

of integrating mechanical harvesting with bulk curing. Sims many requjranents

for selectivity, orientation, and timing in the barning operations have been re-

moved through bulk curing, tobacco rechanization through harvesting and process-—

ing now appears to be a near reality.
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Table 1

Results of Chemical Analysas For laboratory Bulk Curing 1956-57-1:-

Total Sugar Percentage 1956: 1957

Conventionally Cured 52.5.21; 28.77
Intact Bulk Cured 31.83 28.145 ‘
Shredded Bulk Cured 29.01:,“ aim»

Reducing Sugar: Percentage

Conventionally Cured 27.50 25.53
Intact Bulk Cured 27.23? 23.5632
Shredded Bulk Cured 21.35985.- 18 $1.3m

Nicotine Percentage

Conventionally Cured 2.01; 3.11.3.7-
Intact Bulk Cured 1.93 3.55
Shredded Bulk. Gar-$1.7m Egan-x

4(- Analyses perfarmed by North Carolina State College Tobacco
Laberatory

1956 analyses an» average 9f 12 samples
1957 analyses “average of 18 samples

*1! Significantly lower at the gm]. level



Table 2E:

Company “W” Evaluation of Bulk and Conwnbiomlly Cured Tobacco (1958)

E intact Bulkéwea Eomemiomnyfiwed
(Fri-wings 2-6) (Frimings 2.5);

%1 Nicotine . 2.65 2.59.

% Narnicatim .10. .112»

% Reducing Sugar 15J5 ‘ 15 .62?

% Tubal Nitregen 2.26» 2.12:?

Sméking Evaluatien Law Flavor (mildjfi Law to medium Fhvar-x»

it" Piss flavor test as suitable for cigarettes;



Table 5

Sale 9f Bulk-Surat}. Tobacco (1958)?

Grade-Se“ Peunds Price Receified finount V supper-bEuction Av. ‘

X h K? 173 $2.62; $1169.36 ' 3.62 3-50:

x u KF 722 gaze. " men ’ .62 ‘ .50:

X 5 E; 160 .69 1ms.ho .70 .69

‘B 5 FV 216 511638.06? .55 .56)

B 5 EV 1555 .50.- 67 .00.: .55 .50:

B 5 F 106 '.f66 69 .96. .633 .55;

B LL 1? 17% .‘m 1235203 .61; .61

B )4 F ‘ 156 .69 1%931; .61; .61

1,22% W

Average price per pound .. $.62;

if» Representative samples from cures 1, 5, 1;, 5 and 6



Cylindrical chambers were used in the initial
experimentation on bulk curing.



Figure 2. Climatic chambers of this type, having sensitive
electronic temperature controls and air recirculation
dampers, improved the quality of cure.



CHAMBER DIMENSIONS ‘ ' [—DAMPER '
HEIGHT — 6'-6"
WIDTH — I2'—o" V
DEPTH —- IO'—O" W

’l

<—-—REARFRONT —>

GROUND ‘ mmmvvwww Wfiuflflzzv

' Vg j/

EXPERIMENTAL MODEL OF BULK CURING CHAMBER

Figure 3. On the basis of laboratory investigationsy
this experimental model was developed and
tested.



Figure )4. This method of bulking leaves eliminated
many individual leaf—handling operations.



Figure 5. Bulk tobacco, easily loaded into this compartment,
. required only 1/6 the space of conventionally strung

'bObacce.



bulk and conventionally cured tobacco (1958).

I70 ¥ : +47 ‘1?‘
— BULK CURED. PILOT / ’ /

OPERATION r
—— — CONVENTIONALLY ,’

CURED r
|50 ”’

1: A
2, /I
LIJ /
a: I3 ISO 1‘I- ,2
E /UJO.
E,_ HQ

90 , ’
O l 2 3 4

DAXS OF CURE

Figure 60 Comparison of temperature~$ime schedules far
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JOHNSON, W. H., W. H. HENSON, JR., F. J. HASSLER, and R. W. WATKINS

(N. 0. State College, Raleigh). Bulk Curing of Bright-Leaf Tobacco.

Tobacco Science 4: . 1960 — - Development of a new curing

method for bright-leaf tobacco was contingent upon accumulated observa~

tions on response of tobacco tissue to curing conditions. Shredding of

tobacco leaves prior to curing resulted in significant reductions of

sugar, nicotine, total alkaloid, and petroleum ether extract but larger

ash content and specific volume. Smoking evaluations rated shredded

tobacco as undesirable because of its low flavor and acrid aroma. Bulk

curing of intact leaves to an acceptable quality depended upon proper

conditioning of air at flow rates above 15 cfm per ft2 curing area.

Laboratory findings led to the development of a practical bulk curing

method for intact leaves which is more compatible with tobacco mechaniza-

tion than the conventional curing method. Possibilities for achieving

marked advantage over the conventional curing method are discussed.
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Dear Mr. Johnson:

Subject: Paper entitled "Bulk Curing Simplifies Tobacco Mechanization"

by W. H. Johnson, W. H. Henson, Jr., F. J. Hassler and R. W. watkins

In order to make it possible for you to receive comments of our Critical
Readers regarding your paper without further delay because of the large number
of manuscripts to be processed, we are making use of the following form. The,
comments we receive are offeredzjs constructive criticism. {A}

2,
Please let us know.if you agree with the Critical Readers and if you care

to make any revisions in the paper before it is published. Since readers often
disagree on recommendations, their comments are not considered-binding, but
rather contain the type of information they, themselves, would like to receive
concerning their own papers. ~

Comments of Readers:

"Introduction, review of literature, and the 1956 Lab. test should be shortened.
Instead of first two sections —- an introductory paragraph and a statement of the
fundamental ideas of related research (without discussion) would be in order.
Section 3, the 1956 study, could be cut by eliminating or briefing paragraphs 2k»
and on page 3." . . ‘

v/"**Significantly lower at the 0.01 level -- Table 1; what does it mean? Points
offered for condensation: Condense redraw of literature and include under introm
duction; page 6 -~ omit reference to Table 3; omit table 3. This adds very little
to such a technical publication. “This information would be available from the
author. vTable is summarized in text -~ pages 7 and 8. Summary and discussion\
have considerable duplication. Suggest combining as a summary only."

we trust that the above mentioned comments will be helpful to you and we
lookforward to receiving a reply to the readers' suggestions.

Sincerely,/\ ,

AMES BASSELMAN, 3517/
vz

Publications of the AMERICAN SOCIETY OF AGRICULTURAL ENGINEERS
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TOBACCO
INDUSTRY & SCIENCE WEEKLY
_ ESTABLISHED 1886

PUBL|S_HED EVERY FRIDAY
49 WEST 45th STREET, NEW YORK 36, N. v.

PLAZA 12370

February 25, liofi

Dr. William H. Johnson
Agricultural Engineering Department
North Carolina State College
Raleigh, fi.C.

Dear Dr. Johnson:

Enclosed are the proofs of the manuscript

“bulk Curing of Bright Leaf Tobacco“

which you submitted to "Tobacco Science” The manuscript will be
published in the "Tobacco Science" section of TOBACCO, issue of

March lo, 1Soo
It is essential that the proofs be returned to us by March 8
marked with any corrections that you may desire to be made in the
manuscript prior to publication. It wi1l be appreciated if you will
make corrections only for errors of fact or typesetting, as any material
changes will necessitate the return of the manuscript to the Editorial
Board for further processing. If the proofs are not returned to this
office by march 8 we will assume that no corrections are
desired and that the manuscript in galley form meets your approval
for publication.

»Attached is a schedule of prices for reprints of your article, Should
you desire reprints to be made by us, kindly enclose your order,
specifying kind and quantity, at the time you return the proofs.
A bill for reprints will follow their delivery.

Thank you for your support of "Tobacco Science".

With kindest regards,

Sincerely,

MM/ZLJWM

William G. Reddan
Editor

WGR/s
Enols



T.S. 12

Prices for reprints of your manuscript which is to be published in

"Tobacco Science" are as follows: F.u.fi., Rest 3*roudsburg, Rs.
61::

For Printed Reprints:
250 copies without cover §60.00

each additional 250 cys 11.75

250 copies with cover 72.00
each additional 250 cys 12.00

For Photo-Offset Reprints:
250 copies without cover 61.00

each additional 250 cys 6.00

250 copies with cover 61.00
each additional 250 cys 11.00

If you desire reprints of your manuscript, kindly submit your order

when you return the galleys of your article. Reprint requests received

after an article has been published will cause an additional charge for

taking the pages out of storage (unwrapping and wrapping charges).



TOBACCO SCIENCE

This will acknowledge receipt of your manuscript entitled,

“‘3‘ Ill: 23%;} ' 3 3337: ‘ ii ‘lif‘fxt'jiT‘ILJ ;.;Cii:.311§E‘iZlZJi'Ef'Lll‘

This manuscript has been assigned the Registration No
Which Will identify it in any future correspondence.

g incerely yo s,

. A. ey reW, Chairman
Editorial oard
Williams Hall, N. C. State College
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JOHNSON, W. H., F. J. HASSLER, and‘w. H. BENSON, JR. (N. C. State

College, Raleigh) Some determinations pertinent to removal of midrib from
bright-leaf tobacco during curing operations. Tobacco,lh5 (Tobacco

Science,l )1957. Edge effects from midrib removal by cutting and

stripping were negligible when the tobacco was yellowed under a 96% relative

humidity. A high drying condition of 82% relative humidity amplified edge

effects by producing premature arreetation of important biochemical reactions.

An analysis of translocation Showed that 7.5% of reducing sugar was tranelo~
cated from the lamina to the midrib during cabinet yellowing of tobacco, however

no significant tranelocation occurred with pile yellowed tobacco. Force require-
ments for separating Baineh sections of midribs from laminae by tearing, which
were slightly higher for pile yellowed than for cabinet yellowed tobacco, inr
creased from 3.5 lb. at the beginning of yellowing to 6.0 lb. after yellowing.
The implications of these findings as related to tobacco curing are discussed.

*-”~“‘ W. H. (lemon.
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Please reply to: Albert Morris, Jr., Associate Edilor, 2535 lcyton Drive, Lithonia, Georgia, Hudson 2-6101
305 East 45th Street, New York 17, New York ° ORegon 9-4000
W. J. RIDOUT. JR. Q KARL H. GORHAM I HUGH .J. HANSEN O RUTH GAFF‘NEY
GENERAL MANAGER ‘ BUSINESS MANAGER EDITOR HOME EDITOR
EDITORIAL DIRECTOR ADVERTISING MANAGER

ELECTRICITY

ON THEMW

2535 Layton Drive
Lithonia, Georgia
March 8, 1960

Mr. William H. Johnson
Research Instructor
Agricultural Engineering Department
North Carolina State College
Raleigh, North Carolina

Dear Mr. Johnson:

Enclosed are two copies of the article that I have written about
the work you and your associates have done on bulk curing tobacco.
This, of course, is based upon the papers you provided me several
weeks ago. Except for minor editorial changes that may become
necessary to fit Space, we prOpose to use the story in this form.
I wonder if you will be kind enough to review it, note on one of
the copies such changes as you find desirable, and return this to
me at your early convenience.

Also enclosed are two of the photographs which you sent meo I am
forwarding the other four illustrations with the story in the hope
that we shall be able to use all of these.

we shall look forward to hearing about further results of your works
May I thank you again for your kindness and your helpfulness.

S' erely yo 3,
8

M41»
lbert ior is

Southeast tor

Business Papers Division, The Reuben H. Donnelley Corporation
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ELECTRICITY ON THE FARM
Southeast Edition
Bulk Curing of Tobacco - 2

Forced Air Mbvement is Essential

In the curing chamber, the tobacco is held on 28 racks, each one 6 feet

long and 16 inches wide. Leaves are loaded into these racks by the hand~ or

armful. One man can load what amounts to 12 sticks of tobacco into a rack in less

than 5 minutes. Two men standing on the floor lift the loaded racks onto the barn

tiers for curing.

Forced air movement is essential in this bulk process. Temperatures

are almost the same as for conventional curing. Hot air is forced up through

the compartment floor and through the racks of tobacco at rates from 15 to 30

feet per minute. It promotes drying and prevents "scalding" of the tightly packed

leaves.

Price Comparison Is Favorable

Indications are that the tobacco industry will accept the bulk-cured

product. Chemical and smoking evaluations have been made, and these show little

difference between tobacco cured conventionally and that cured by the new bulk

process. Sales results also indicate that tobacco cured by this method will be

acceptable to the trade. Sold on the open market, samples of the bulk-cured leaf

averaged $62 per hundred, with a high of $70.

Other Uses for Special Curing Barn

While the bulk curing process will require a special barn, the cost of

the barn will vary depending on its size and design for other uses. The barn can

be sized to fit a tobacco allotment and perhaps designed for the curing and drying

of other farm crops such as sweet potatoes, peanuts and grain.

This study is conducted jointly by the North Carolina Agricultural Experiment

Station and the Farm Electrification Research Branch, Agricultural Research Service,

USDA.
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AMERICAN SOCIETY OF AGRICULTURAL ENGINEERS
SAINT JOSEPH, MICHIGAN

March at, 1959

Mr William H Johnson
Agricultural Engineering Dept
North Carolina State College
Raleigh, N C

Dear Mr Johnson:

Please permit me to welcome you as a scheduled speaker for our 52nd
Annual Meeting at Cornell University, Ithaca, New York, this June 21-21;.
A copy of the printed program and further aeteils regarding hotel reseru
vetions will be sent to you in May. ‘

We are enclosing a mimeogmphed sheet entitled "Information for
Speakers on ASAE Meeting Programs. " Will you please give this informa-
tion your careful attention so that our Conmittee on Public Relations
and our editorial staff for AGRICULTURAL ENGINEERmG can make the most
effective use of the information you present?

May we call to your mediate attention paragraphs 5 , 6, 9, 11 and
13 of the enclosed information. These sections refer to deadline dates
and other data requiring prompt attention. Information that should be
submitted to ASAE headquarters as soon as possible, but no later than
my h, includes:

1 T_y_o_ copies of your manuscript. If you went ASAE to prepare
additional copies, please get them to us as soon as possi—
ble. If you prepare copies for distribution, they should
reach Ithaca and. ASAE headquarters by June 12 (labels en-
closed). In either cese} send two copies for publicity
purposes to ASAE by May ii“. See instruction 5.

Ti? copies of sumary. See” instructions 6, 7 and 8.
EYE. copies of professional record. See instruction 9.
352. copies of projection equipment requirements. See

instructions 10 and ll.
For reference purposes , and for your information if you
reproduce your own paper (see instmction Sb) , your menu-
script has been designated paper number 59-311.

U1mom

I am sure your contribution to our meeting will be an outstanding
one. We wish to welcome you and offer our assistance in any way that
would. tend to make your presentation more effective.

Yours very truly

9:.me
Executive Secretary

of
Enc



AMERICAN SOCIETY OF AGRICUDTURAL ENGINEERS
Saint Joseph, Michigan

INFORMATION FOR SPEAKERS ON ASAE MEETING PROGRAMS

Speakers on ASAE meeting programs are asked to note carefully the fol~
lowing paragraphs containing certain requests and instructions, compliance
with which, infigignnafiiphacticable, will be appreciated by the Society.

Program Time

1 Each speaker is ordinarily allotted a specified amount of time
(noted on the program). The purpose of this is three-fold: (a) To have it
definitely understood in advance how much program time each speaker is to
have, (b) To insure sufficient time for questions and discussion from the
floor, and (c) generally to keep the program on schedule.

2 The Society suggests that the length of paper a speaker prepares be
governed by the material available and essential to a proper presentation
of his subject. But if the paper is too long to present in full within the
allotted program time, the speaker is asked to condense his oral presenta-
tion accordingly. However, the complete paper should be submitted for pos-
sible publication or other distribution by the Society.

3 Speakers are especially requested not to use program time for long,
detailed descriptions of methods, equipment, etc, used in performing exper-
imental or other work, or for developing involved mathematical formulas.
ASAE audiences prefer that a minimum of time be devoted to history, proce-
dure, etc, and that the speaker confine himself Qfil§}y §9_presenting results
gphigvede 7 ‘ ' *

Copies of Papers for Distribution at and Following Meeting

h Speakers usually find an active demand for copies of their papers at
and following the session at which their presentation is made. Past experi-
ence has indicated the desirability of distribution after the session from a
central location operated under the supervision of the Local Arrangements
Group and/or the Society as described in paragraph 5.

‘5 The preparation and distribution of papers for the 1959 Annual Meet-
ing will be handled in the following manner:

(a) As a service to speakers, and upon request, ASAE will repro-
duce (by mimeograph) all papers submitted in duplicate so as to
reach ASAE headquarters by or before may h. Photographs, formulas
using characters not on standard typewriters, and complex graphs
or drawings cannot be reproduced with existing facilities; there-
fore, authors are requested to develop their papers accordingly, or
to provide lettered stencils when this type of presentation is
essential to the paper. If stencils are provided, follow single-
Space format comparable to this instruction sheet. Stencils pre-
pared by ASAE will be proof read by typists but not by the ASAE
professional staff. If author elects to utilize this service, ASAE
will prepare all copies for subsequent distribution and will mail



-2-

25 copies to the author. Authors may obtain additional copies
for personal use at the rate of $1.00 per page, per 100 copies
(example: 200 copies of a 6-page paper - $12.00), provided ,
order is placed when manuscript is submitted.

(b) For speakers with facilities for reproducing their own
papers, 300 copies are requested. Fifty copies should be mailed \
directly to ASAE, St Joseph, Michigan; and 250 copies should be
mailed to ASAE Paper Distribution, c/o Orval C French, Agricul- ‘
tural Engineering Department, Riley~Robb Ball, Cornell University,
Ithaca, New York, so as to arrive there by June 12 (labels en— I
closed). Speakers supplying their own papers are requested to i
set up a title sheet similar to the one shown as Appendix A at-
tached. This will provide a uniformity of style and will aid in
indexing and ordering papers. \

(c) To help assure maximum and equitable distribution of papers
at the meeting, a punch card system of rationing copies to regis-
trants will be employed. Each registrant will be entitled to a
given number of papers upon payment of his registration fee. If
he wants more papers than are allocated on his card (for example,
to place in a department library), additional cards will be avail-
able at the registration desk at a nominal charge to help defray
handling costs. If the supply of a particular paper is exhausted,
cards will be provided to registrants, and the paper will be
mailed to them by ASAE following the meeting.

6 Mail to ASAE headquarters, as soon as possible, but not later than
May h, two copies each of your paper and a thorough summary of your presen—
tation 137 for use by our committee in preparing advance publicity, and
(2) for possible publication in AGRICULTURAL ENGINEERING. Publishing of a
summary or synopsis will bring the contents of your paper to the attention
of all ASAE members rather than only the 15 or 20 percent who normally
attend our meetings. It assures the author of an audience of at least 7500
persons.

7 It is the desire of the Society that speakers on ASAE meeting pro-
grams derive maximum possible publicity for themselves, their employers,
and the subject matter they present. To that end the cooperation of each
speaker is requested in regard to paragraphs 5 and 6 above. This allows
time for the preparation of news releases under the supervision of the
Society's Committee on Public Relations.

8 The preparation of news releases by a central agency from the com-
plete manuscript has been found more effective than when preparation is
attempted by the individual speaker or his agent. A certain uniformity of
style is obtained which facilitates the use of the material by news dis—
tributing agencies. If for some reason, however, the complete manuscript
cannot be supplied as requested above, a summary, abstract, or a prepared
news release supplied as far in advance of the meeting as possible is
urgently requested.



Professional Record of Speakers

9 Speakers are requested to furnish two copies of a brief typewritten
statement (not to exceed 100 words) of positions they have held and of
their professional training and accomplishments for use of the presiding
chairman in introducing them. These statements should be submitted to the
Secretary of the Society by May h.

Illustrative material

10 The Society encourages the use of illustrative material intended
for more effective presentation of papers. It is important, however, that
charts or other illustrations shall, when shown, be sufficiently large and
clear that they may be easily read the full length of a large meeting room.
Speakers are urged to prepare illustrations with special care to meet this
requirement. ASAE can provide on request copies of a pamphlet giving help-
ful suggestions regarding the preparation of slides and charts.

11 The Society will ordinarily provide projection equipment, including
screens, for 3%xh and 2x2 slides, film strips, and lo-mm silent and sound
motion pictures. Speakers who desire to show illustrative material should
notify the Secretary, ASAE, by May A as to their requirements. This ap-
plies to the above conventional sizes and types of illustrations as well as
any special requirements which the speaker may have.

Publication Information

12 It should be understood that papers presented before ASAE meetings
are considered to be the property of the Society, and Speakers are asked to
refer requests for copies to the Secretary of the Society. In general, the
Society reserves the right of first publication of such papers, in complete
form, in its JDurnal, AGRICULTURAL ENGINEERING or in TRANSACTIONS OF THE
ASAE; however, it has no objection to publication, in abstract form, in
other publications prior to use in the Society‘s publications.

13 Space is critical in the Society's Journal, AGRICULTURAL ENGINEER—
ING. All papers should be condensed as much as possible and still contain
the essential information. Shorter papers are usually given preference for
publication in AGRICULTURAL ENGINEERING, to provide a greater variety of
subject matter in the available space.

General

14 The Society does not pay honorariums or traveling expenses to
speakers appearing on its meeting programs.

15 Further information desired by speakers on ASAE meeting programs
will be furnished gladly on request to: Secretary, ASAE, Saint JOseph,
Michigan.
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BULK CURING OF TOBACCO Z
AN ADVANCEMENT FOR ENGINEmING HARVESTING

AND PROCESSING OPERATIONS

A fundamental and age-old problem in tabacco production is the great amount

of hand labor inherent—inxthe conventional methods.: ;-;»:-.’ l
M £4” Aim“ 0Jaw' fadedaQQAEA/L - ..
with«partial mechanization, 3W man-hours a”acquired to produ e one acre,4sith—~~
MLad
le 75. percent of the total laborArequired "the harfi‘esting and process-

ing operations (1) . . nagt'ely‘afifi percent qfthetotallab

.‘m

M, 61132.1;
The development and introduction of” mechanical harvesters have not been suc-

cessful in the solution of this problem. It is true that a measure of conven-
fixfifi namLMMimaMmMnaa

ience has been introduced, such asgédmfgw e field workers1 z
w; /1,JJ*“’£‘,"C; £94" ’K‘MaA/Qéd: ,4‘ ”(Man migyupwjézfg.A/‘AMfl

' the handingopenéion, Ahigh abor reduirements still exist, sincetheopera—

»tionsreemplexinterms "of selectivity, orientation and i-siming;9 have defied com-7
'iawm/‘IAW?

. platemechanization. Alt is recognizedrthWey that individual leaf handling
020/

operations‘required by the conventional curing methodWbottlenecks

to the development of mechanical complements for eliminating hand labor in harvest-
QAWE 6Waux—gum” W0 ,0(mam 07),; 211% ‘fl-MV’W “‘4":

ing and ProceSSingo gramme“? (1 fi‘fi-nth-17? z:Jilin 0!“ k1“"Emwfljmama zmzf'ii,glow new”gnu-due?)
WM“? 0 A};4.2 Mirage"!g“ ,fi 745 radio HéCM r242 a {i . a,{Ifixed, \
Systems engineering in gengral, which is concerned with Coverall processes, “

involves application of new operational techniques which mamize efficiency. Since
w WM W Lyljéffi:
Wdifficulties toWe; tobacco mechanizationmmme con-

ventional curing method, research for several years at North Carolina State College

has been directed towards a curing operation which would be more compatible with
Na. - '

overall mechanization. Results Juare- obtained that suggestd' the possibility of our--

ing packed leaves, and by this approach eliminating the requirement for stringing
. \4“491W

leaves on a stick. On this conclusion research and development were- initiated to
‘ A 'Mur “Egg” “'4;

1' — d Bflk-curing.test the feasibility of‘l"

”a?“W«walt/‘81,.



Fundamental Studies

The development of the bulk curing process, radically different from the

conventional:?was a gradual evolution based upon accumulated observations and

measurements of a fundamental natureo Basic information establiShed by HasslerM.~f'; m,1/ ,5; 1W“‘t.cxr
ngsjhsjf(2) pertaining to leaf response to temperature-moisture conditions provided a
DJ

foundation for this new curing approadh. Color change phenomena as influenced

by temperature, drying rate, and leaf moisture contentéfiégjstudied on an individual

leaf basis. Figure 1 shows the curing apparatus which allowed simultaneous mea-

surement of leaf weight and leaf temperature. This coupled with time-lapse photo-

graphy permitted the correlation of color change with environmental variables.

ReSults of these studies provided limits for environmental control and informa—

tion helpful to proper yellowing of leaf tissue. For example, it use found that

at 155° F leaf tissue temperature (thermocouple inserted between layers of leaf

tissue), a browning reaction occurred which within five minutes, completely de-

graded leaf quality.glnitial drying was aloe»foundfilliflig desiraole for hasten-

ing the green to yellow color change.

The impetus for curing in the bulk led to detailed.studies on'bulk yellow-

ing by'Henson (3), who investigated the conditions existing in ventilated and

non-ventilated bulks of tObacco and evaluated the influence of these conditions .s a‘ttm5s ron certain chemical and physical properties of the cured leaf. Figure 2 .JM j
mavws Q1

"typical-regglt ef—fereedlaorationaia-bulk yellowing tests. In the noneventilated

bulks, temperatures increased almost linearly'uith time with peak temperatures

ranging from 125° F to 129° F and occurring 55 to 51 hours after the leaves were

bulked. Wilmost two—thirds of this tObacco was damaged by high bulk temperatures

due to pagehermie-heataof respiration. ventilation of bulks with air velocities

up to 25 ft/min prevented temperature damage and resulted in yellowed tobacco having
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good color and physical appearance. Chemical analyses showed that bulk yellowing

was accomplished without appreciable reduction of total and reducing—sugar con-

tents,\provided forced air was employed to prevent temperature damage. ‘

Studies on.bruising and edge effects by'Johnscn (APE) establiShed.conditions(“we{flew‘f
by'uhich shredded tobacco can be yellowed to good color whale—exhabitingmnegligfliha

edge effects which resulgqgrom premature arrestation of important biochemical re-

actions. These findings were important because of the potential advantages sug-

gested by the possibility of bulk curing shredded material. It also pointed out

that, in order to maintain a quality product, nonstruising methods of handling

must be used in the development of,£new approaches in.mechanizing harvesting and

curing operations.

Laboratory Bulk Curing Investigations

During 1956 and 1957, laboratory studies were conducted to further evaluate

the potentialities of bulk curing. Objectives for the experiments were: ixxxim
1. To make chemical and physical evaluations of both intact and

shredded bulk-cured tobacccvald conventionally cured tobacco.

2. To make measurements pertinent to bulk curing analysis and design.

Three bulk curing chambers of the design shown in figure 3 were constructed

for the initial tests of 1956.. Each chamber consisted of a 1/6 hp centrifugal

fan, a conical section, and a cylindrical section. A metal mesh screen located

between the cylindrical and conical sections provided support for approxinetely

200 pounds of uncured.intact tobacco. This particular design was selected because

it was considered that a circular chamber would provide uniform air distribution

with simplicity of design. Heat was furnished by a jet-type gas burner which was

fired directly into the fan. The temperature within the conical section was ther—

mostatically controlled by an onroff valve in the gas line, actuated by a sensing
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b ”751 5 (a t
bulk located within the cone. A multiple-point temperature recorder reserdedré

air inlet and bulk temperatures. Air volume rate was measured with pilot tubes

positioned beneath the tobacco.

Replicated tests were conducted in which-both intact and 1/2" shredded leaf

material were cured in the cylindrical chamber, while check samples for compari—

son were conventionally cured.

Observations during the initial tests were important in advancing laboratory

bulk curing studies. Of primary importance was the fact that tobacco had.been

yellowed and cured in the bulk, Both intact and shredded leaf compared favorably

in color with conventional tobacco; however the bulk intact tobacco exhibited a

flat, "unnatural" appearance while shredded tobacco had an undesirable aroma. It

was believed that the bulk curing conditions were not as favorable as the conven—
fa! few;Mum.» We"

tiifigZggéamvC;§::f::£fém232:ifaggWthgge nfl::3g3%€£?fiiféifitu§:uwglifmnggon 25$“

with buttsa:p:::g gdfzii-figziafigiiiiift ygfo: gaffogzyai:tdisggi:}t on hoggver,1f

th;§ o:iagiationpresented the additio l requirement of vertical support for the

leaves. Leaf drying was found most desirable when air was forced upward from the

tips to the butts. Observations also suggested that a limited amount of drying

during yellowing was desirable for preventing surface—moisture accumulation in

tightly bulked tobacco and for promoting yellowing. One of the most important

problems encountered was non—uniform air distribution which resulted in uneven dryb

ing. Since uniformity of air distribution depends directly on bulk uniformity; the

non—uniform loading method employed caused air channeling through less dense sec-

tions of the bulk. Comparisons of energy efficiencies showed that bulk curing using

forced convection was less efficient then conventional curingo

From the above observations, two additional objectives were added to the fol~

lowing 1957 experiment:
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1. To make improvements in the loading techniques and equipment
for bulk curing which would simplify the process and contri—
bute to curing a more acceptable and higher quality product.

. ‘y u”(f
2. To improve the curing schedule and adopt techniques of recir—

culation for improving process efficiency. .

Six climactic chambers of the type shown in figure h.were selected and

modified for achieving both a controlled environment and an improved loading

technique.

Sensitive electronic temperature controls maintained conditions Within

one degree F., while air flow and.recirculation dampers allowed any desired

air movement. A special loading form was developed which allowed rapid load—

ing and clamping of tobacco into racks. Each chamber held 2 racks of~$ulgfitg-

bacco or eneéiggénetal basket with shredded tobacco.. Another modification in

equipment was the use of steam for conditioning tObacco after curing.

As a result of improving the equipment and control, marked improvements

were recognized in the quality‘of cured intact tobacco. Visual observations

showed no apparent color differences in tobacco cured by the two methods. .Leaf

appearance was greatly improved over that cured in 1956, and much of the objec—

tionable flat appearance was overcome by adequately conditioning the bulk tobacco

after curing. Shredded tobacco, however, still continued to exhibit an "unde—

sirable" aroma. The improved loading technique contributed to faster, easier

bulking and allowed.much greater uniformity of tobacco Within the racks. As a

consequence, uniform air distribution and even drying resulted, thus maintain~

ing quality by proper drying. In addition to quality upgrading, fuel efficiencies

for intact bulk curing surpassed conventional curing as a result of proper air

eflliI-recirculationo
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,Results.2£ Laboratory Bulk Curing .
QW Maire}! are"

»?erhaps mast importantdto the development of bulk curing were the physical

and chemical assays of tobacco samples by several major tobacco companies and

the State College Tobacco Laboratory. Visual inspection by tobacco leaf and re-

search men showed that intact bulk-cured leaf was gaining greater acceptance.

.Smoking tests completed by several tobacco companies agreed closely, and essen-

tially the same results were obtained for both 1956 and 1957 tests. Bulk—cured

leaf was similar in smoking characteristics to conventionally cured leaf, how—

' ever shredded tobacco produced an undesirable smoke which lacked flavor and aroma.

V Chemical evaluations by tobacco companies also agreed close} thereby giving

further substantdation for the differences noted in shredded tobacco. In general,

their results showed that intact bulk-cured tobacco closely resembled thatycon—

ventionally cured; however, shredded tobacco had significantly smaller contents

of total alkaloid, nicotine, sugar and petroleum ether extract but larger ash COD?

tent andspecific volume. More detailed statistical analyses of sugar and nicotine

percentages were made from results of the State College Tobacco Laboratory. Table

l showsfiythatfin every case, shredded tobacco had lower contents of sugar and ni-

cotine, significant at the .01 level, while intact bulk-cured leaf compared favor-

ably with normally cured leaf. d>gfizciaia
Because of the highly favorable results ashaeeed in bulk curing intact leaf,

from both standpoints of operation and quality of cure, gwa,}ev s-development to-

wards a practical curing system was initiated. On the other hand, negative results

in bulk curing shredded tobacco suggested more fundamental research to find ways

of improving its curability.

Bulk Curing Pilot Operation

During 1958 an applied study in bulk curing of intact leaf was conducted in
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which laboratory'findings and techniques were extended to encompass a pilot opera-

tion, intermediate to laboratory and field operation. Figure 5 shows a schematic

of the curing system. It consisted essentially of a curing compartment for bulked

tobacco, a thermostatically controlled heating furnace, and a dampered duct for

regulating recirculated air. To simplify'loading the berg; the structure was de-

signed for loading from the standing position. One of the essential features of

this system is the forced air movement. Hot air, forced up through the barn floor

and through the racks of tobacco at rates up t0,23;ft/minf prom%§egfiSEg:3gw:nij§:E; ’

cked.tobacco from salding.“Mg/6n two tiers in.the 10' X 121* 4*:
£14JWW'HIMét//G/X/éi*za

”' Conventional barnofwtahasdgm

vented the tightly,

A bulking method.for the pilot operation was developed.which proved toksave

time and labor (figure 6). Rather than.handle leaves individually, handfuls or

armfuls of tobacco were placed uniformly into a form, then clamped between two

members of a rack. Metal rods, which pierced the leaves, provided vertical support

and held the tobacco securely for curing. It is estimated, because of the ease of

loading the racks and placing them into the barn, that barning labor can be reduced

by three-fourths, assuming conventional harvesting methods. This figure was arrived

at by considering the total labor required for stringing, handing, and loading the

barn by the two methods. Filling 28 racks for the barn was equivalent to stringing

BhO conventional sticks (figure 7).

Environmental curing conditions in bulk curing were more easily controlled than

in the conventional method. During yellowing, the temperature was held between 90

and 100° F With complete recirculation of theg§§§§§gggir. A temperature schedule

similar to the conventional was then followed. Color was set during a gradual tempera-

ture rise to lhO—150° F, then the temperature was advanced to 170° F for stem drying.



Six complete cures were made, thereby covering the entire harvesting season

of 1958.

Results and Possibilities
“Anawaafianw

We the introduction of a new curing method. Results from the pilot bulk

curing operation show bright possibilities for acceptance. Chemical and smoking

evaluations performed by a cooperating tobacco company are shown in table 2.
M2

Chemical results agreed closely for both methods of cure, WW-

Wage fact that smoking evaluations for both bulk and co onally cured ‘
Zea‘hijmAm eagmuta

tobaccognaw as suitable for cigarettes/\.Another important

indication of acceptability was the results of selling bulk-cured tobacco on

the open market Viable 5). Representative samples averaged $626; per hundred,

with a high of $70 per hundred. Samples of bulk-cured and conventionally cured
”shining?

new;

.raWW:‘2“‘11..

leaves from the entire season were also graded according to USDA. Marketing Stan-

dards. Higher grades and average prices indicated slightly better acceptance

of bulk-cured tobacco.

Bulk curing has many possibilities for achieving marked advantages over the
LA"15%”as

3'it

{ 24a: T, 2r2», , if 351Wg/{ef W .
for producing a more uniform leaf/J 7%“addition to saving labor during barning, ease r (E

of unloading tobacco from racks speeds up t preparation for marketing. The barn—f 2 2
:f’a; mai‘rA (than

an is much smaller than there entional Since bulk tobacco requires only 1/6 the
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r”)o!4’‘t .Wu”H

Lspace required by sticks of tobacco. Fire hazard is virtually eliminated since
the heating plant is exterior to the curing compartment. During 195% fuel effi—
ciencies were equivalent to conventional curing; however the compact system,
~well insulated and automatically controlled, could easily surpass the conven-

, «:4iii-w 1"jr[/Ai 95 J F rtional berryin efficiency. J‘wfi“ ‘HV ”i W“ * I
w a. aa, «ewe a-34” If; {M’%&b{fifflwg'é‘hcefl £1617 f/vaif Ki”g ,.,
6’) The resu ts of e d lopments to daft/2] show that there is hfih probability ”cw,

that bulk-cured leaf will become acceptable to the trade, Howlelver,before appro—{a 4”
w @443 -~ 5" 5-1- gaff? 5. {News

priate curing systems can be developed fo0.};farm application,it“ night «'55,; #w (L. gm;fir¢inféLv€£ amtwee”
The ascribed engineering advancements in bulk curing are presently

well adapted for conventional harvesting, but there is also the important possi-
bility of integrating mechanical harvesting with bulkfcuringo The introduction
of these or other methods for advancing the operational practices in tobacco har—
vesting and curing will serve to reduce human labor, improve economic efficiencies,

» . . ‘ . t o AJJ‘ V'and engender sochal improvements - our real misalon H agriculture.
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