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INTRODUCTION

FLUE-CURED, or bright, tobaceo comprises at present about 62
percent (26)° of the annual tobaces production of the Tnited States.
The agronomic and other aspects of flue-sured tobaceo have been
studied extensively. Despite its great, importance, however, less
attention has been given to the biochemistry of its spectal euring
processes than o that of the air-cured tebaccos,

The Aue-curing drocess, requiring only about 5 days for its comple-
tion, redically deparis {from the older process of air curing in certain
eonditions. The long-used atr-curing process, requiring 1 to 2 months
for its complelion, is carried oul in curing barns under the prevailin
weather condition, with certain excoplions, and the only econtro
Ppossible is obtained by rvegulating ventilation,  Small fires are at
present in general use lor the curing of cigar-wrapper tobaceo and to
& limited extent are used for {he curving of hurley tobacco. "The
resulting brown-colored cured tobaces may well be considered as o
natural product. In the Mue-curing process aviificial head is employed,
and its regulation, tegether with changes in ventitation, pormits a
controlled curing opeorstion that results in ihe production of an
entirely different, yellow-eolared product o aboul i davs, The cured
tobacce produeed is very different n compesition from the product
oblained by air curing and is essentinlly an nrlificial produet.

The name of the euring method and of the tobaceo itsell was taken
from the sheet-ivon flues that were originally used {o distribute the
heat.  The fues, running Trom an emnside furiace, wore located near
the floor of the baen and termiinated in o sinoke pive outside the barn,
thus removing the fnenaes pases from the various fuels used {rom con-
tact with the toebaeeo. Howeeer, Beating sysloms without foes are
now 1 conunon uxe,  Theyv employ different luets, as kerpsene, {uel
ails, and the eompressed guses propane and butane, in which ail the
producis of combustion are Hberated (nstile the barn,

REVIEW OF LITERATURE

The origin of {he fee-citing provess and s stbsoguent modifien-
{ions, ws well as the agricoltural and cvononmie situgtions arising from
it widdespread use, ave interestinaly told by Filloy 0271,

The ochemieal changes trking plnes in g consida rable anmber of
the constitueuts of lobareo daring aiv enring were eaddy stwdied by
Gavner, Bacon, atud Fonbert 2£3 somevhat lnter Garmer, Bacon, and
Bowling (L2 reported on the pelotonslip of production condilions (o
the chemien] and physreal chameneeistios of cigaretie (ebacvos fye-
cured and other (vnesy and of cirar cobaceos, They divenssed the
eontrasts o methods of peoduetion, eoripg, chenienl composition.
physical ehaeneteriabics, snd comgereial gees of these tnhacens, Lat
did not censider the elinteees e anyige their different curing
processes. Tuoa series of Do extensize st lies on Boe-enee | tnbaeeo,
Darkis with Dixon and eoworkers o 508, 8 vave the o<t epmplete
data on the chemicnl commposition of this ddas: of tobaees vei Toand,
The Iarge number of fobaces sanplos analyvacd wes obinised in worl
covering many aspecks of fliue-cnred -obaceo produetion. The stadies
covered work on types, seassnad differences, aging, sladh position,

5 Tealic nambers in pareptloac s refer o Literature Clted, n, 36,
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and & limited consideration of fertilizer treatment. All the tobacco
examined, however, had been subjected to the flue-curing process,
and changes in compesition resulting from this treatment were not
studied.

In the studies on the flue curing of tobacco by Garner (16}, Cooper,
Delamar, and Smith (5}, and Moss and Teter (16), brief consideration
was given to the physiclogical processes involved. No quantitative
data on the changes that take piace in thechemical constituentsof
the tobacco leaf during the fMue-curing process, however, were given.,
Garner (11), In his recent hook on The Production of Tobacco, con-
stdered flue curing briefly and indicated some of the chemical changes
occurring during curing, altheugh detailed biochemical anelyses of
tobacco before and after flue curing were not given.

Ward (27) was the first to study some of the physiological changes |
taking place in tobaceo during the flue-curing process. He siudied
the changes in the carbohy-drates and the hemicellulose in flue-cured
tobaceo. Fhe carbohydrates determiied included starel, dextrose,
lovulose, sucrose, and dextrin.  Beginuing né harvesttime the changes
in pereentage composition of these constituonts in the euring tobaceo
leaf were determined at 12-hour intervals throughout the curing
process.  While muany annlyses of (he composition of Mac-cured
tobacceo sell hnd been made, (his study was the lirst one in whicli
the initial composition amd the subsequent progressive changes
during the process of curing were compnred.

The work of Ward was carried oul on the White Aemmoth variety
of Aue-curcid lobaceo grown at Otlawn, Canwda. - The fertilizer
applicd wias 1,000 pounds per acre of 12 -10- 8 mixture.

Askew and Blielk (f) workine in New Zoaland studind ihe changes
at frequent mtervals that ocenrred in glucose, [ruetose, and suerose
during flue coving. '

PLAN OF THE TESTS

Two series of speeinl teat< of lue-cured tobareo were made in Lhe
prosent stude. D the liest test tobaeeo of eigerotte prade of three
of the hmportant types was used: Tepe Ll from Oxford, N, O
type 13 Teom Flovenee, 8. Cuztvpe 4 from Tilton, Ga. The earbo-
hydrates in these tobnecos woere defermine:!| at the end of the vuring
process anek afier tiey bl been sabsequently processed in bulks in
the puek house of the grower in the w=oal manoer prior to marketing.
Also, limited consideration was given to the #ffect of the commercial
redeying proeess on the suaar chunges. Special attention was given
to the composition of {he fres redieing sugars nnd o the changes in
sucrose conlent of (he loaf,

Iz the second series of tosts, corsdveted nt Florenee, 8, CL, ehanges
tnkmg plaee in the curbobisdeates and 12 other constituents of (obaeeo
during the fhie-enring process were determined,  Sanples of the
tobaeeo, &5 harvested, af the end of e vellowing stage, aind at the
completion of the vuring provess. were analyvzed, T addition, limited
analyses were made ol lobaceo that Lad been ewred in the nurmal
way anc of similar iohacco cured by procederes differing consiglorubly
al cerluin steges of the proeess. Speetal aitntion was given the
vellowing stage, the leaf-dreving stuge, and the final tenmernture
used Tor the stem dryving.
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CARBOTIYDRATES IN TLUE.CURED TOBACCO OF DIF-
FERENT TYPES AND CHANGES ASSOCIATED WITU TIIE
BULKING PROCLESS

MeETHons UF SAMPLING AND ANALYSIS

The Jeaves were selected from plants in the fickl in order to obtain
material of uniform pipeness and composition,  In some cases 4 pair
of similar leaves wore seleeted from cach of 30 plants and, alternating
the upper and lower leaves of puch pair, were made into (wo lots and
used for compurative tests, Inoother texts three uniform lots woere pro-
pared by picking three similar leaves from eacli plant,  The middle
leafl of the three picked was put into one loC and the othor two leaves
wore used o prepare two additional Tots as outlined above. The
scleeled Jots of leaves wore cured In the regular curing barns at the
several locations where experinental work of the Division was being
carried on,

In the curing barn the treatment of all samples of a series was the
same and like that of other 1ehaeeo being eured ol the same (ime.
However, as zoon as the curing was complete and fiving of the barn
had ceased, the sumples representing the eured tebaceo were remaved
while the barn was <tiff ot s .d immediately put in atrtigiht containers.
Samples that were to be placed direetly in the paek house were allowoed
to remain in the baro and after teking up sulficient moisture were
placed with other tobacco to be subjected to the bulking process,
Other samples were allowed to take up motsture, redreied ¢ at o com-
mereial plant, and subjected to the bulking process with other snmples.

In conducting the analyses, (he free reducing sugars were extracted
by the offieinl method 12, g 2380 for oraln and eottle feed and the
determination wus carried out by the QGuisumbing aid Thomas
method G2, p. £381 The redieing suear solution was invertod aecord-
ing to the offtein] method 2, p 138, e, 48 (5120 by the uso ol n propa-
ration of inveriase (Wallerateln -, and (he snepase wys ealealated Trom
the inerease in redueing snears,  The Jaekson-MMathews modifiention
(20 pooatir of Nyns seleetive method Tor levilose was aswl. The
dextrose valnes were obtnived as the difference between the Tfree
reducing sugars and the levidose,

Couamonypravres v Tonween Brrors o ArTER BULRING

Flue-cured tobhaeco 13 enstomarily removed frony the enving baen,
ax =000 as the dey leal has taken ap @ifficient moisture From the uir
to pormit dnoulling withomnr loss tropt bevadiare, Phie tobaeeo s
then packed inon speeiad muruier e larwe pites, or bolk<, in o pack
house for dillecent peviis ol tiwe, depsnding on the type, aende,
and other Taetors, uand it = prepared for mrkeling, e maoisture
contenl of the obieeo when renoved from the barn and when held
i the paek houseo may very weesatly with weather eowditions, 1

ol the redeving wpergior the Cbareo wias passed themeh ke marhine in
abioarr T bonrs dyapige iVne tie e leat Lt Tyt adtnost ectig ivtely freed from
e maistre at oo cheosted terapenenare, approvimatiog 170 Tl oeantied ta 100
fo P17, ad peordered 1o g geedisgre eoptert of glueg 12 mereeat by the e af
ST,
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may be (1) relatively dry and contain only about 10 prreent moisture;
(2) n good handling condition, with about 20 prreent moisture; or
(3) so sofl that spoilnge takes place. T'he color of the leaf beromes
more uniform, andl any modernte amount of green color that remains
in the viens of the leal at the end of the curing is usuvally removed.
These changes, especially the removal of green color, add considerably
to the value of the tobaceo when marketed.

The quantities of sugars found in the different types of leaf immedi-
ately alter they had been eured and after they had been kept in bulks
arc shown i tubles 1 and 2. Free reduelng sugars in the cared
legves eanged from aboul 8.5 to 17 perveent, values that are on the
low side for these tobaccos, The tobaceos were selected to represent
cignrette grades that, as a role, show higher values (6), Whea the
free reducing sugars were mverted, however, there was & very con-
siderable inerease in total 1oc|u<|n(r sugnrs, which then ranged from
about 16 to 3L pereent.  The average inerease on inversion, which
was carried oul hy means of invertase, was 9.26 pereent, which is the
equivaleni, of 8.80 percent suernse, The valuos lor the Cotal rodue ing
sugars were in ggreement with the values usually given for these t\'pos
(6). The inerease in reducing sugars upon aeil h\'([lOlVbl‘-s is usuaily
given as only about 1 or 2 pereent.  In the munl}lus that had been
bulked (with the exceplion of one Lhat bad been in the pack house
for only 17 days) the observed inerease in reduecing sugars on inver-
sion. caleolated as suerose, averaged aboul 2.5 pereent. The large
inerease Tound in the samples that were cured only is probably the
result o the faet that the material was analyzed in the condition that
it was in ol the time the euring was completed and before it had
been held in s pack house in bulks,

Confirmution of the large inerease i reducing sugars found on
hydrolesis is given by Ward 1273, who reported inerenses, caleulated
as suerose, averaging ahout 10 pereent. In thal work the material
wins .m.tl\ zedd nl the ond of the curing process proper and any changes
i sugnr relations due to Lhe process of bulking were clintinated.
A qmnlzu large inerense of sugars from hydrolvsis was reported also
by Nuguli, Ok, and Otuka 77+ Although only limited data were
recorded, inerenses in value of redneing sughpe eantent of 4 to 8 Pereent
wore reportid. The Yellow Orinaeo v variety of tobaceo was used,
and the feal erop was subjeeted 1o lhie caring,

While the feal reswined in the hidks for perinds rnging from 17 to
138 days, there was an averaze inerease of free edueing sugars content
of 6.12 pereent tiable 2.0 Thix Inerease apparent{y was obained ab
the expense of the sherase, whicl showed an averawe deerense of
(1.5 poreent at the sawe tine, This deereg=e would account Tor the
Tormation of somewhal more redueing s than was Tound by
analysis,  The Huures shaw that i whiition (o pliss<ieal changes
oveurring during ie hulking proee-s, chemioal chinees of econ-
sidderable mpgenitude wore alse tking plase. “The inerease in redncing
sugar could result in somewhat of an nerease 0 e hyveroscopie
property of the wobaeeo. sinee levuiose & much more hygroscapic
than suerose.

(in twe of the series of samples the eilvet of redeving the (ohaeeo in
a compwereind plant belore putling it in the prek house was studied,
Liosses of sucrose were found io take place It very el the same




Tamie i —Sugars in flue-cured tobacea of several types at the end of the curing process and after storage in bulks in a pack o
house for different-lengths of time

[Waler-free b‘ms]

e e N ey i S 3 et

Free reducing sugars | Lovualose
in free

; reducing

Levulose | Dextrose SUZATS

N |
) Free 3 Total ;
Sample] podueing sugars l“”! BUEFOSE. L e o
;
i

Type, localion al which grown, and {reatment

No. sugars 1 | Invertase !
pinversion!

Type 11 4hy, Oxford, N. (%.: Perernt 4 Percent ' Percenl Percent v+ Percend Percent
‘ured onl\ e Cees . 0,01t 15. 84 4 G. 49 5.2 3. 80 57.8
Cured ()xll\ . . e e e i 1 17. 15 . 30.61 3 12, 82 7. 9. 47 44, 8
Cured, Ttked 84 days... oL L L el 2 23. 42 28. G4 4. 96 12, 2 11,20 52.2
(‘nr(’d Dlked 188 daySe e o v b 25 10} 28. M . 62 12. 12. 48 50. 3
Cured onlyv. ... .. L et 7 Bt 15 02 L 11 . 4. 22 50.0
{‘ured, 1(*(1110([, and l)ull\x W1 116 (i:u~ e 11 ' 14, 37 .72 X 4. 03 57.9
{ mcd bulked 118 days. oo oL i Ll 14349 5 01 4 .62 .15 6.24 56. 6
Cured only . .. I - e .82 21,03 9. 70 6. 27 4. 55
Cured, redried, and hulked 120 rla\s i -2 1818 . : L0934 10. 7.89
¢ uu‘(l bulked 120 days 00 L0 oL L 39-3 17,25 ¢ 0. ‘ 2.21 | 9. 7. 61
()n"nml groendeaf. o oo L e . L 63 : LOY - o [ SO
(uw(l onlyo . oL L
Air-cured 42 (Im~ -
Ty pe 13, Flovener, 8, iz
tured only-
Cured, bulked 17 days.
Cured only. ..
Cured, bulked 40 (13\3
Cured onl\ .
Cured, bulked 38 duys. .
Type 14, Tifton; Ga.:
uredonl\ - [P
C‘urc‘d buiked 26 (]fu~ e mmaa

S 2801 NILATING TIVDINHOAL

R B ke b

BUALINDIEOV d0 "Ldud

Average._ ... . - - Sl PSP A s Rt bECECEE

1 Qaienlated ag invert sugar,
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TanLn 2.—Changes in sugars taking pluce in flue-eured tobacco of
different types during storage in o pack house for different lengths of
time

[Water-frée basis]

Increase
in free | o Decrease

\ rose [,
reducing DUCrOSe | siierose

sugurs !

Tree re-
ducing
sugars !

Type, logation ak whieh grown, |Sample
and treatment No,

Type 11 (I3), Oxfard, ¥, C.: Pereent | Pereend | Percent | Percent
Cured, Dulked 84 davs -2 23,442 4. 06
Cured’ only..._.. - z l 17. 15 i . 82
('ured, bulked ]ab duu e : 25. . 62
Cured only oo oo s ! 17. 15 . . ]2
Cured, bulked 118 days. i -0 1 . 62
Cured’ only . - 8 : ; L1
Cured, :etinc-d bulled 116 days. -l 11. 72
Cured only . sl 3, &
Cluredl, bulked 120 (]‘1\5 : - 17.
{nred only LL0oB0LL, 10
(‘ured, redrip d bulked 120 (1.1\‘\_5 30-2 1 1810
Cured ﬂnly.-- DI :
Ty pe 13, Florenee, S0 '
e ur(-d bulked 17 days. o ...
Cured only e e
("ared, \mlked 40 dmb ;
Cured only . .. i
(‘ured, bulked 38 tla\ S o
Cured’ omly o oo L L
Txpe 14, Tifton, (a.:
C'ured, hulked 28 days - 3. B¢ 2 68
Cured only . oo : 1

1
21
70
93
70

72
G5
30
20
3
48

S et S B il
—_

Average

1 (‘.\Ir'ul'u(l:l s frwerl spgnr.

amounts as in the tobaceo that had not been redried.  Although the
number of tests were small, they appear to show that the inversion of
sucrose is not changed nmu\n.\ll\' by the dryving treatment.

It was found 110%11)10 to bring 1houf the Cllfmﬂ‘t‘ of some of the
sucrose presens in tohacco after ('mmv' in the laboratory in mueh the
same manner s in the bulking process itself. A small quantity of
powdnre(l flue-cured tobacco was exposed in n desiceator over o
satnrated solution of sodium niteate, which mmintained a relative
humidity of ahaut 72 percent, for a weel, and analyses were made
before and after the treatment. .\ reduction in the sucrose content
from 8.7 to ahout 3.7 pereent und an accompanying increase in [free
reducing sugars was found.  Tlus indicates that under favorable condi-
tions the process of inversion takes place rapidly,

The difference in camposition of tobacco brought about by the
method of euring used is shown in a special comparison (table 1).
YWhen tobacco wis flue-cured the sugar content was about 23 percent,
but when air-cured only about 0.4 percent sugar was found.  Also,
the flue-cured lepves were yellow and the air-cured leaves, brown—
the usual colors obtained by these methods of curing.
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Narure oF tng Carconypnaries 1¥ Foue-Curen Tosacco

Although earbohydrates are present in large amounts and different
forms in flue-cured tobaeco, they have never heen completely identi-
fied. Some of the methods of analysis used in the study of earbohy-
drates in (luc-cured tobnceo indicate the presence of suerose, dextrose,
and levulose specifically. The freo reducing sugar fractions nve usually
hydrolyzed by a mineral acid or one of the stronger orgunic acids, antl
the inerease in reducing sugars is caleulated as suerose. However,
their action is more or less general and not limited to any particular
compound that would result in the formation of a redicing sugar.
‘The action of the enzyme invertase is specific, and only sucrose is
Livdrolyzed. Also, the hydrolvsis of sucrose results theoretienlly
in the formation of equal parts of doxtrose und levulose, and special
analysis for the levulose eciaponent showed that it made up abaut
52 pereent of the free vedueing sugnr feaction.  Further evidence of
the identity of the sucrose was given by n polarimetric tost of the
reducing sugar from one sample before and after invertase treatment,
when more than 10 percent ol suerose was [ound,

BIOCHEMICAL CITANGES 1N FLT£-CURED TOBACCO DURING
THLE CURING PROCESS

Mernons or Coxpucriye TEsTs

AL the Pee Dee Experiment Station TFlorence. S. C., biochemiecal
changes in the carbobydrates and 12 other constituents of tobacco
during the flue-curing process wore studied.  Materinl for the tests
was supplied by a large planting of the Gold Dollar vaviety of tobacco.
The fertilizer treatment consisted of 1,000 pounds por acre of g 3-8—6
mixture and a top dressing of 30 pounds of nitrate of soda and 100
ponnds of sullate of potash fapplied at the first ewltivation.

The curing tests were mnde in o specially construeted barn divided
into four complelely soparate nnits, each 9 foot by 0 feet by 1S Teet, or
approximately one-foirth the size of a regularcuring barn.” The buill-
Ing wits of double bowrd-wall constrietion, with two lavers of building
paper and roek wool insulution.  Each compartment was complote and
wis provided with ils own eleetrie hoating systom, foreed-air hent-dlis-
fributing svsteny teith return durty, o recording thermometoer, and a
recording psyeluvometer, The thermometer bulb was loeated in the
center ol the compartn ent under the iest tier pole, and the ventilated
psychrameter bulbs were wonnted in the center of the compartment
af the level of the middie ter pole.

The tobnees sunples that were analyvzed were cured in ane of the
units filled with similar feaves of the saine priming picked at the same
time,  Undamased lenves of avernge taiturity and size woere dealt
nto as pany lots of leaves us desired for a stady, When lots of 25
leaves each had heen <efected, o ~econd <eries was prepared in the
same panaer. Lots of 50 leaves eneh were then made by combining
the lot of greatest weicht from one <eries with that of Teast welglt
fram the other series wnd repeative the operation with the renaining
Io(s.
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One of the selected leal samples in cach test was used as a conlbrol
to represent the original condition of the ripe tobacco when harvested.
Control samples were dried In a large foreed-air ventilated oven at
a temperature of 140° 1o 149° F. (60° to (5° C.). The midribs were
cut away from the Lissue, split, and (hen hung witls the leaf tissue in
the drying oven. At the end of the curing the Tully cured leaves were
removed from the barn Delore the temperatuve was allowed o [all.
As the stems as well as the leal tissue were thoroughly dry, the male-
rial was broken up immedintely awd placed in preserve jars, Prior
to analysis the dry sample was ground in o Wiley mill, then passed
through a 40-mesh sivve, and stored in preserve jors,

The analytical data were corrected for the moeisture vemaining in
the diy leaves and zlso for the small amount of mechanically held
sand found in the ash determinations; In addition, since (here was
o loss in weight of dry matter during the curing, it was necessary to
make a correction for Lthis loss and to express ull the results on the
same original weight basis. Otherwise, the changes occurring during
the curing process would not have bheen correetly shown., Fhe correc-
tion factor for the loss in weight during curing can be determined
directly from the welght of dry matter found in the leaves when
havvested and thatl present in similne leaves alter having been cured.
However, as the ealeium content ol the feaves could not change during
the process, it was (found more desirable to use e values Tor this
element in the original aid eured material as the basis for calculating
the correction fuector, except in the first two curings on which weight
losses were determined from Lhe actoal feal weights.

MeTHons or ANaLvsis

Starch.—Naterial previously extracted with 80 pereent aleohol for
the determination of sugars was used.  Afler drying at reom Lemper-
alure the starch was gelatinized by the oflicial method for grain and
stock feeds in the presence of intorfering polysaceharides (2, p. 860).
Hydrolvsis was effected by malt amylase (Wallerstein) in thwe presence
of Mellvaine’s bulfer solution (1L4) having a pHll of 5.2. Reducing
sugars were then determined by (he Phillips metlhod (178, 14).

Sugars -~The several sugars were extracted by the official method
for sugnrs In plats (2, p. 138, The lree reducing sugars present as
such snd associated with the determinations of levulose and sucrose
were determined by the Phillips methad (75, Levulose was determined
after removing dextrose by oxidizing with jodine in potassium iodide
solution (7. F. Suilivan,” privete communiealion). Phe inversion of
sucrose was earried out with invertuse (Wallerstein) by the offieial
method for suerose In plants €2, p. 134, xee 38 (b 2).

Crude fiber.—~The oflicial method €2, p. 3371 was uzed.

Nitrogen.- “Total nitrogen determination was made according Lo
the official Kjeldahl method modified to jnelude the nitrogen of
nitrates (2, pp. 20-27). The protein nitrogen was delermined by (he
Mol method £151 by boiling 2 gm. of the material for 5 minutes with
100 ml. of 0.5 percent aectie acid, filtering when eold, and washing
with hot 0.5 percenl acetic ncid.  The nitvogen in the residue was

7 Physiotogist, U, 8. Regional Pasture Research Laboratory, State College, Pa,

942388—351 2




IO TECHNICAL BULLETIN 1032, U, 8. DEPT. OF AGRICULTURE

determined by the official Kjeldahl-Gunning-Arnold method (2, p. 26).

Nieoline~—~The official silicotungstic acid method for tobncco and
tobacco products (2, p. 64) was used.

Ask,~The tobacco was ignited in a silien disl in a muffle furnace
for 2 howrs at 550° C., until light gray in eolor. The crucde ash was
then treated with hot water, filiered, and washed. The filter paper
and residuc were returned to the original dish and ashed until white.
The filtrate was added, evaporated on steam bath, and ignited to
constant weight, The sand present was determined (2, p. 125), and
the results calculated as sand-free ash.

Caleium.—~The official macro method for plaats (2, p. 127) was used,

Oralie, citric, and malic acids.—Extraction of the tebacco aftor
mixing with sulfuric acid and pumiee stone was made with cther for
40 hours, using the method of Pucher, Vickery, and Wakeman (22).
The ether was removed, and the extracted acids taken up in a water
solution. For the determination of oxalic acid, the solution wns first
treated with hydroehloric acid that eaused Lthe precipitation of some
interfering organic malerial, which was removed by filtration. A
double precipitation of the oxalic acid was then made with ealeium
chloride, The coleium oxalate was determined hy Litradion with
potassium. permanganate solution. The citric ncid was determined
by the pentabromoncetons method of Pucher, Vickery, and Leaven-
worth (20). The malic acid was also determined by the melhod of
Pucher, Vickery, and Wakeman (21). This method is based on the
formation of a bromine compound volatile with steam that combines
with dinitrophenylhydrazine to form an insoluble compound. Solu-
tion of the compound in pyridine in the presence of alkali develops
a blue color that is measured spectraphictometrieally.

Tlesins.—Delermination of the resins was mare following the method
of Pyriki (23) of extraciing the tobacen with ethy! aleehol and (hen
washing the resins so obtained. The final purified product weighed
conlning the total resins and waxoes, as well as the ethereal oils with
boiling poinls above that of ¢thyl aleohol.

Pecting~The method of Balabuha-Topzova (3) for delermining
pectinic acid by the carbon dioxide formed from the docomposition of
the peelin materials was used,  The tolweco was first boiled with 75
pereent aleehol and then washed on a filter paper with more of the
alcohol to remove substances of a nonpeetin nature, which liberate
carbon diexide under fhe eonditions of the method.  Tabaeco and
filter paper were then placed in the decomposition flask and hydro-
chloric neid added, and any earbon diovide formed by the deconiposi-
tion ol carbonates present was removed by mesns of o ecurrent of
earbon dioxide free air,  The reaction mixture was hented ot 130° C,
for 3 hours, and (he welght of carbon dioxide evolved, after passing
through a purilying Irain, was detormined by absorbine in a sodiuni
hydroxide-ashostos preparaiion contuined in an ahsorption huli.

pIl ralye--The pllyalue was delormined electrometrically by use
of n glass clectrode.  The water extenel was propared neeording Lo
Bricicner (4) by shuking 5 am. of tobacco with 100 ml, of freshly
boiled distilled water, allowing it to stand, and filiering.

Moisture.~The powdered tobaceo (2 gm.) was dried in alaminum
moisture dishes for 4 hours at 100° O,
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Cuances 1x ComrosrrioNn Durine Frue Courine

Curing tests were made on two primings of tobaceo each year for 3
years, The third or fourth pickings were used of leaf of the high geade
usurlly employed i clgnrelte manufncture.  Analyses were made of
the leaf as harvested, when yellowed, and when the curing was com-
pleie.

The differences in composition belween the original green tobacco
and the yellowed leaf and the differonces between original leaf and
cured leaf also were determined.

The compesition of the material usod varied to a cerfnin exlent
from year to year. Some of the variation in the eomposition of ma-
terials resulted also because of difficully in selecting strictly comparn-
ble samples of plant materials.  Flowever, the nature of the changes
oceurring during the curing process remained the same and, in order Lo
simplify their considerntion, the results of the several {ests, caleulatod
as averages, are shown in table 3, T'he results of the 3 years! lests are
shown scparafely in tables 4, 5, and 6. All the vaues are on 2 sand-
and water-free basis, and the date for the material in the yvellow si age
and when cured have been corrected Lo the original dryv-weight basis,
The average loss of weight, with one exception, was approxinmalely 8.8
perdent at the yellowed stage and 13.3 pereent when fully cured.

Tanry 3.—Changes in composition of iobaces during the flue-curing
process !

{Averpges of 6 curbings]

I- [}
1
| bitrer- | © Differ-
b Y- 1 enee, 1, ' oenee
) * ") L}

i lowed | proen fo! Cured - green (o
[ Dyvelloweds +oeared

Constituents Greon

l
i

o Prreead © Peveent ' Preeent - Pereend . Pereent
Btareh . ..o .l T29.30 0 1240 — G U0 T 5,52 ) —23.78
Free reducing sngars? go68 0 )5 020 421 o870 0.7
Levuioso . 2,87 . o6 400 LOG o 1
Strerose . e e LT 22 340 L3 4R AT
Crude ber L., . L28 16 LD Lo -1 LA
Tolnl nitengen ... L L. 08 a1 . NG .03
Trotein alrogen. ..o oo e . B3 Lol -, i Ll Nk
Nicotine _ R I i} .02 -, 08 tr L d
.23 , 2. - 0 25
Cadeinee 3 s e . 37 3T s .37
(realic acid e e U3 L9200 - h) .83
Cikrie acid._. .. _. .. . LMY I . 88
Malieacid _... . .. _.__.... 3 B2 .87 1,23 LT
Reslow ., oo L 0 . . LG i, 33 C ) G
Peetinme acid . .. ..., e SN 14, 22 . % AR
5,30 . bt 3. 00

L Pl

—=]

- L

Uik an o watee- sl ebbree basis Yollowed el enieed samigde edlenbsted gl dey et
L<toL

2 Caleolatend o desivose,

w Averpe of L el
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TasLe 4.—Changes in composition of tobacco oceurring during the flue-curing process, 19401

Third priming 2 Fourth priming ?

&

Constituents | i Gain i

~ 4014, 1 4021, ¢ VT

green \'e]]m\'wl lows | &1 I(‘(l
i i

s e ] e s

i
) Pereeni ; Percenl o Pereent !
Stareh, ..o oL e X 049 23,88
Free reducing &ugars _______ e —————— ‘ . 92 19051 |+ 14 504

or . N i or o or
loss green iyellow edé loss crred loss
:

1022, | Gain 10-38, | 40 -39, (ain 10-31, kGam
i

Pc reend [’1 reent Pereent + Pereeat  Pereenl i Pereent | Percent
5. 61 27,76 28. 56 13, 44 1 18,07 448 1 —2L 08
19.12 1. 20 5. 53 12,14 +6.61 12. 35 --6. 82

6. -3, U2 2 41 5.87 1 +3.46 6. 78 +4. 37
G. ; .67 7. (:S 7.15 0 —.58 7. 59 —. 09
1 ! 1. 127 . 04 —. 07

i%; .84 55 —. 10
1. I8 ¢ 94 —. 15

51100 (TR S et e : 3 44 92
Crade fiber_ . 0o ..o e o] 5. G y .03
Total nitrogen i .05 OL -~ 01

Protein nitrogen B . | .65 . .18
Nicotine . L1 - 210,

{
1
Levulose L B 3 Sd +6.69 | 82 .15 1.81 4935 +3.09 5. 81 +4-3.97
4
i
i

E ) 3 3. ; . § i 1 . 8¢ —. 61
Oxalicadd ... ... .. . ! .12 . ! .00 95 . —. L ] . —. 07
Citrie acid _ i i - -08 410 —.08 ¢ L34 : s —. 02
Matieaceld oo s i 58 4 . .02 I ! . 36 4L +.05 ‘ —-1.12
Resins.oo . .. .o.oaiiillill : i X : .83 30 —1.46 Sl { ol 2 —-1.11

] 3 [ L ' 30 o S 04 . .30

I Daty on water- and sand Aree hasis, Yellowed and eared samples caleniuted 1o origingl dry-weight b.xst:.
2 414, ete,, indicate the yeurand the lof number of the sample.
3 Calenlated a3 dextrose,
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TasLe 5.—Changes in composition of tobacco occurring duriag the flue-curing process, 1941 *

a

Third priming * Fourth priming 2

Canstituents : : i P : ‘ :

DAL, d-21, T Gain | 41-20, | Gain | 41-23, | 41-27, | Gain 41-29, ¢ Gain
green - yellowed! orloss | cured | orloss | green !yellowed! orloss | cured | or loss

-t # e b

; | I ‘ | ,

b Pereent E Percent i Pereent & Percent - Percent | Percent b Percent { Porcent | Percent | Percent

Stareh. . .o L 33.48 ¢ 74T i—206. 01 6.35 '~ 27 13 38. 61 17.92 1—-20. 69 7:90 | —30.71

Froe reducing sugars 3. .. . : .36 0 1724 ¢ +8.88 .93 +11. 57 7. 70 15.60 { +7.90 15. 23 +7. 53

Loevulose ) L3601 A ¢ 38 3 4 4 2.79 7.17 + 4. 38 2 +4. 12

SUerose_. il LT L4 .57 ¢ +2.08 ! 47 180 | +3.33 L O +6. 52

7. 3 1.
Crude fiber . ¢ b oi .26 0 +.50 . 5¢ i, 8% 7. 40 A —.25 —. 34
1.

Total nitrogen_ ... .___ . _. - it . ; . i -+.01 08 . —.02 —. 10

Protéin nitrogen_. . _ __,,‘_-".»_____,1 . i .83 —. 15 55 .1 BVE? . — 16 . —.21
Nieotime. ..o oo L0600 .80 . 16 .72 2 97 . —. 03 . —. 02
Ash. . 0 . . . N i 5 Al 11.¢ L ‘ .28 . - A +. 86
Calelwme.. ... . T .21 . i .2 .04 : 294 +0
Oxalicaeid ... . . . . ... 42 | 89 .03 .1 . T4 . . o —.26
Citrie acid_ .. .~ Ll .25 I S ; . .25
Malic.acid . o el 6,86 : 6.°30
Resing . .0 o EEVSET S i % 1IN 8 i : 6. 79
Pectinie acid. ... . ... . P10.56' 0 9. 85 1 -~ TL 11. 75
pHwvalues . .. .. . SEREE VS . 55 ; 5. 60
i i i

0DDVEOL NI SEONVHD TVOINEHOOIL

ous N

! Data on weter- and sand-free basis.  Yellowed and cured samples ealenlated fo original dry-weight basis.
241-13, ete., indicate the year 2nd lot nutber of the sample,
3 Caleulated as dextrose.




TasLe 6.—Changes in composition of tobacco occurring during the flue-curing process, 19421

2

Third priming * Third priming

Constituents : : . ;
' jo-14, | 42— | Gain ) oy go- | ao- | Galn e g ) Geln

or or or
O o o 2 e v ’ B
a1 CC;I }’C“O\\ ed loss cured green Y cllowed toss cured IQSS

ILATING TVOINHOEL - T

Perrent | Pere nl r Perceni| Percent | Percent | Percent
Starch 17..66 12. 50 5.1 4. Gf L ¢ : 11. 52-{—12. 62 4.07 | —20.0
Free redueing sugnrs ? : 5. 16 |16, 61 4 . 14, +17. 14. +7.

T e VUIO8C s o e o e e i . 88 7. 41 . 5. 62 7 4274 . 5. 02 3. 0F g ]

+
r

RIS B e

SUCTOSE . i v oo i a gt i Sdie 2l , 88 5. 26 . L4 5. 52 .45 5.
Crude fiher 3. 70 6. 67 j
Total NItrOgeN . e v 2 adwe e e i 2044 .87
Protein nitrogen . | .46
Nicotine. .. cumiona, RN N

Claleium

Oxalie acid

Citrie acid

Mali¢ acid

ResINg . L o e el
Peetinie acids- .. .- e
PH value. o oL i

L5

11. 18
7.09
6.
5.

—t’

1

L &

[
=

56
61

1 Data on water- and sand-frée basis. - Yellowed and cured samples caleulated to original dry-weight basis.
249-14, elc., indicate the year and lot number of the sample.
3 Calculated as dextrose.
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The outstanding changes in composition of the tobacdo during the
flue-curing process were . the carbohydrate group.  The initial valuc
of approximately 29 pereent starch was reduced to about 12 percent
when the leaf was yellowed and to about 5.5 percent when the leaf
was cared. The total free reducing sugars inerensed about 10 and
levulose about 4 percent.  The entire change in these two sugars ap -
peared to take place during the yellowing stage. Suerose had in-
creased by about 3.5 pereont at the end of the yellowing and contin-
ued to Increase to a final value of aboutb 3.5 percent at the end of the
curing.  The tobacco in the green condition was low in all three sugar
components, and the origin of the increased uantities found was
evideutly associated with the lnrge Joss of starch. The finnl lotal
sugar content of sbout 24 percent characterizes good fluc-cured to-
baceo and stands in marked contrast with the sugar content of the
atr-cured types in which these components ave practically absetib.

"The origin of the incvease in sucerose, which averages about 5.5 por-
cent in the cured leaf, is of interest from (he standpoinl of plant
plhysiology.  Although inereases in sucrose were acconipanied by loss
of starveh, its decivation from starch is sperulative.  The ameount of
sucrose lound is »lso higher than usually veported, since, as previously
noted, many of the analyses vecorded were made on loaf that had been
held for a constderable Lime in baurge bulks in a packing house.  Undor
such conditions change of sucrese Lo reducing sugars readily takes
place.  The present samples wore removed from the curtng units
whea dey and before there had been a drop in the temperature and
were not allowed to take up moisture again.

The content of crude riber, which s essentially collulose, remained
very near the valoe ol 7.25 percent af all stages of curing, A malerial
change in amount present was not indiealed ab any time, which was
to have been expected, considering the very stable properlies of
cellulose.

Althougly the sugar content of the tobacco under observalion was
at o maxinm yalue, (he nilrogen-containing compounds were cor-
respondingly low.  The leal was of n light color and (hin and of the
type genernlly econsidered as bhaving 2 very high carbohivdrate and
fow nitrogen content. Smnall Josses of a Tew hundeedihs of o pereent
of nitrogen were found, aud the tolal quantity presend was about 1
pereent. Corresponding to the low total nitrogen content the prolein
nitrogen in the tobaeco was alo exceedingly low,  Although the
elunge tn Uus component was small, a consistent loss of ahout 0.15
percent was found between the green and cured matevial,  Tho totad
amount present wus anbont (63 percent, and the lass ropresents aboul
20 pereent. of that originally presentl. The nivotine content of the
satrplos was also low and averaged about 1,10 pereent, and tere was
wn budicated loss of aboul 0,13 pereent during the curing procoss.
Highest temperalures renched in the tests were about 180° R, aud,
under the earing conditions employed, there wis no ammoniaecal or
similar odor at any stage of the process (o indicate the decomposition
of nitrogen compoends. When higher temperatures are used, an ieri-
tating atmosphere and penctrating oders are developed.

The ash eoustituents of fue-cured Tobaceo are low when compared
with other types—only about 9.25 pereenl was presest in the original
material.  As the constituents of the ash could nol be changed by
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the conditions of the curiug process a real loss or gain could hot oceur.
Altheugl changes in percentage were found for separale lests, when
averaged no differences were found in the value for ash. The value
{or caleium, which could be determined with greater aceurney than that
for total ash, was used as the basis lor making the carrection for the
losses in weight occurring during the curing.  Obviously on this basis
all calcinm values in o serles would be the same, as well 2s the value
of the original material itsell, which averaged ahout T4 pereent.

Oxalie, citrie, and malie aclds, {requently considered together ns
total arganie acids, represented approximately 10 pereent of the weight
of the criginal leaf,  They are, withoul doubt, important in deter-
mining the eharacter of the tobaceo leaf.  Greater atlention would he
given them except for {he fael that (he methed for their extraction
(continuous Jong-lime extraction with ethery and the none too satis-
factory method for determining malie acid male their study very
difficult.

Abhout 1 pereent of oxatie geid was found in the green leaf, and theee
was an indicated loss of nbout 0,10 pereent during the curing. This
acid is a constituent ol all types of tobareo and is litte changed by
any method of curing.  Only about 040 pereent citrie aeid wns
present, and the changes in pereentage during enving were consistently
so smult that no real change was indicatmd. The matie avid value
was much higher than either oxalic or eitrie; an average value of 8.6
pereent was found in the green tobaceo.  An indicated avernge gain
of about 1 pereent was found during the vellowing and practivally no
change at the end of the process, Malic acid s known to nndergo
changes quile veadily, bt ax the chinnges {found varied considerably
for the different vears aud the method of sualysis uged is got entively
satisfaetory, po signifieance is attaehed to the bdicated chuange.

Phe resins inelude vavious compounds of the nalure of reains, guns,
and wixes, and malke up about 7 pereent of the composition of the
green {obacco, 4 small loss af tiese compounds aceurred, hut lro
the chemieal naturee af the group it s nol considered signifieant. These
comporunuls are af spectal terest because ol theie effeet on the avoma
ol labaceo.

Ineluded in e peetinie neid deterntinafion are varvious compoids
conlained i the eell-wall strueture of the tohaceo leal. The average
quantity of this neid found was ahout 11 pereent, with wide varintion,
and ihere was oo apparent loss of around 2 pereent. The materinls
of the group are congidered important in delermining the water-
holding properties of the tolmeeo 1.3,

Phe aeidity of the Hue-cured Tepe of wohaero ts higher than that of
any ol the other lobaeeo (ypes and Isan importmt fietor in its smok-
ing chaelervisties. The ph values fonnd were around 5.5 in the
tobacco as harvested, and as the groawst dilferences were only ahout
0.2 pil no real change was ronsidered as hoving talken pliee,

Curmiye 124ry o1 SavrLEs Avanyzen asn Lovrese Gosprrioss

The tobaeco analyzed was cured in the special curing untts under
fhe direetion of expericneed persons, ina manner considered desivable
for the partieniar lot of tubaeco being tested. The details of ihe
oprraling conditions anctunlly wsed are given in lable 7. The condi-
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tions under which different tobacen “curers™ operate differ {0 a con-
stderable degree although they all result in a good final produet.  As
shown in the table, the tobaceo used in Lhe first three cures was lefl
in the compar (menls overnight unheated while in the last three cures
the heating of the tmnp.ntlm'nla wis begun shortly after they were
filled.  Conditions used for the \v”(mlntf slage of curing vary more
thon those used for the other stages, and practices used suecossiully
with one type of flue-cured tobacco ennnot he applied successfully (o
all the others,

Fortunately (he tobaeeo leal itself allords n good index to experi-
eneed persons of (he progress of its curing. Otherwise the commercial
caring of the enemmous produciion of this Gype, qppm\unnlvlv
1317 466,000 pounds in 1948 0261, could not he aceomplished,  Cer-
1in dvpmlmn from an indicatw] normal curing provedure were
intentionally mwade, and the results obtained are considered in g lnter
avetion. These tests showed that & considerable range of curing con-
ditions can be used without mnterially changing the cured (obaceo
ohtaiined.

The suecessful conduet of the curing depends upon the contralled
action of the enzymes of the tohaceo plant o bring about the desired
bioehemicul changes. 1T the temperature that the enzymes ean tol-
erate is exceeded tow soon, the transformations are abruptly ended and
aless desirahle producet will resull,  Mso, if the leaf dries to such an
extent that the enzaoies are anable to hinetion and produee the de-
sivet]l echanges in the Teal, the cure will be unsatisfaeiory.

The highest tetuperature (o whiel 1t is safe (o subjoet the (nbaeeo
leal vnzymes will vars, und as I Geae of olber enavmes (he eritieal
temperature will tllpvm{ wpon sueh factors as length of time of
exposure, mostire conditions, presenee of olher substances, and neidity,
Consequently, il beeomes a matter of Judzment on the part ol the
operafor (o detormine the upper fimits of temperiture (o use during
the eritieal vellowing peviod. ” Tobaceo Teaves varye so mueh in ripe-
ness at the same time that it 2 only poessible 10 harvest leaves in
npproximately the same degree of vipeness, (hreat eace 13 used (o
Keep caring conditions of temperatwre and drying \\IlIIJI‘I sufe linils,
hut the faet that there s always some green calor remaining in some
leaves praobably indieates (hat for those leaves. at loast, he upper
linits of (he euving operation have been execeded,

THE FLUE-CURING PROCIESS

The prodaction of hright, or Hoe-enred, tobaceo of yellow color is
of comparatively reeont origin compared ta the production of ather
tobaceos. Following the demand for lighter colored, milder tobaceo,
suceessful prodnetion of Ui gew (ype by the use of elmreand huened
i small fires unsler the leaves in the 11‘:1:1 wits ovolved,  Subsaeque atly,
farees plaesd outsikle the harm wud boening \\:mai wore II‘-{'(| t
conjunetion with sheet-iron flues inside the baen 2 p.oots The
original (ue-curing systenm was used without magor l|l‘1||"’t'H for about
i) years; more :(‘wnil\ madern hoose-henting h\'—-[(lllh using oil
and coul, have been n:luplr-cl Lo the purpose,

M is ulll\ recettdly that investieations of the Bue-curing process
itsell and tie nse of different Direls Tor beating the enring buwrns have

L B Ti T
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t After harvesting the tobaceo for 1040 and. the-third priming of 1841, the loisremained ¢ Yellowed fi 1 day 3 hours.  Curing completed in 4 days 6 hours.
i the closed compurtments overnlght hefore tlip heating, asshown above, was begun; $ Yellowed jn 1 day 19 licirs. Curing ¢completed in+ days 8 hours.
for fourth priming of 1941 and for the 1042 {abaceo, the hegting was begon thesame day & Yellowed in 1day 17 hours,  Leaf tissue dry in - days,” Curing completed in 4 days
the compartments were filled. 23 hours,

2 Yellowed in 1 day 6 hours, Leal tissue dry in about. 2 davs 22 houss. Curiie Y ellowed in 1 day 10 hours.  Leaf tissite dry in nbout 3 days 16 hours, Curing comn-
completed in 3 days 9 hours, pleted in 4 days 10 hours.

3 Yellowed in I day 6hours.. Leafl tissue dry in shout 2 dayvs ™ howrs,  Crring com-
pleted in 3 days 10 hours. :
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been carried out. Cooper, Delamnr, and Smith (41 studied the curing
of bright-leal tobaceo by means of conditioned air.  Moss and Toter
(16} reported on the curing of bright-leaf tobaceo and eharted the
atmaospheric condilion that it is desivable (o maintin in the barn
during the curing.  Also, the use of wood, ail, and conl as fuel was
mvesligated, including their operating costs.  Toter and Moss 2.4
made g speelal study of the installation and operation of coal s{okoers
for tobaevo curing.

The ftne curing of tobaceo as ordinarily carried onl is an elpirieal
process, the success of which dopends (o & considerable dogroe ou the
experience of the curer, nud pariieularly his sxperienee with (he Lype
and variely of leal being processed.” The {obaceo of particilar
(tne-cured {ypes is nol (he same: soil and seasonal differenees in
tobaceo-growing nreas are large, and the degree of pipeness, the posilion
of the teal on the plant, the moisture condition of the leal as hamvested,
el the eultural practices followed in growing it all have an effect on
the tobacco produced.  The various qualities in (he tebaceo will, to a
considerable degree, determine the hest plan o follow in curing it,
The eperator conduets the earing on the basis of lis obseevation of the
condition of the leaf, especially its color and degree of drviess, and
on the tempersture and humidity of the air within the barn and
oulside as well. While the eanges ol tomperature and nanidity
employed will not vaey materially Wit a series ol curings, the duration
of the several conditions for eneh sl the Gme of their appliention
will he subjeet to change. The reeont atilization of automatic heating
equipment siud contrels in curing barns has geeatly redueed the abor
required in supervising the curing process.

The exact conditions under which one lot of lohaeeo s property
cured will ol necessarily be most desivable in snother curving, This is
especially true with respect 1o the conditions obiaining while (he
tobaceo 1 in tie vellowing stage. The destruetion of the green rolor
that should take place must be accomplished during tha stage atl
before the curing process ean be wdvaneed safely to the next slhige,
fneomplete vellowing cannot he correeted later in fhe process,
its effect on the rared leal will he self-evident and detrimeniad to the
value of the tobacen produced,  With the Hmited applieabilita of
any particular set of curing condiBons in mind, the record of 2 vormal
euring of a fourth priming of South Caroling tobaeeo ins boen ehapted
o figuee 1 The chart shows the wsoad fime, tempersture, anl
humidity relations, and sl the changes i water contetd of the leal
as well as the Tuel consumption.  Vhe ewring was e in one of
the electrically heated compartiments of the specindly constmreded
curing barn, which was equippod with retarn-air cirenlation. -

The desived high humidity and low femperatnre duving the vel-
fowing stage are shown, ss well ax the very eonsidersble Toss of origin]
greeis wetghit that teok place i the suoe e, Losses i weight of
around 30 peresnt were absorved in o monber of te<fs. These losses
ave desiable in order that too mnel moistore will not remain in the
leal when the temperatore s inereased aid the remaining msaistuee
will come off more maphily. The thicksess of the leal determines to
a considerable degree the temporature that can be safely used withoud
caustng the feal tps to dry ontwhen Sl containing some wreen color
ated also delermines the length of e voguited Lo complete the
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of tobaeeo, and fiel con~imption HQecioe o enrfg by e Boe-etieed wethor,

vellowing of Jeal web and leaf veins,  Althongh 2 davs may e
reguired for yellowing, the fuel consnmption daring this period will
be only a emall percentage of the tatal,

The deying of the feal continted mpidiy as the temperatuge was
eabsed. AL atemperature of about 1307 F wad g pedative bumidity of
about 30 pereent.alter abont 3% davs twere was an ilica (ed Toss of ahout
o pereent of the wriginnl gren weizht and a fuel consamption of
about 51 pereent of the tnal. The deyine of the Jeaf Cissue is freguent -
v completed at this temperatore, amd the deyine of the <tem. which
still contains 4 larce amount of water, s enrvied out at 2 tomperstury of
1757 ¥., or consilerably higher. A final weight loss of 82 peceent of
the orizinal green leal was found, wt which time the humidity was
decreased to the very low figure of about 12 pereent,  The final leaf
and stem drving ean be sevomplished withont material ehange in (he
produet at varving deving rates, depending to sone extent on (he
capacity of the heating system,

The large differenee in eate of Jos< of water from the leal web and
leal stem greatly extonds the time required for enring.  Csing tobaceo
grown at Oxford, N, O, the moistare content of the two parts of the
leal was determined ar several stages of the euring in two tests and the
resulls avernged,  The following avernge pereentages of mwoi<ture con-
tent were obtained: Orieinal uneueed leal —whole leal, 542, Llade,
St4, stem, 90.7; vellowed leaf —whole leal, 76.7, Blade, 70.9, atem,
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86.5; leal-dry stage—whole feal, 40,0, blade, 16,10 stem, 783, euaad
leaf—whole lexf, 5.8, blade, 5.4, stem. 6.9,

EFFECTS OF CHANGING THE CURING CONDITIONS ON
THE COMPOSITION OF TIHE TOBACCO

Several tesls were made on the effeets of departures from the normal

curing conditions on the composition of the tobaceo produeed,  The
compm(mvni euring units were usod, and i each lest in which the
Gold Dollar variety was eraployed o compurison was oade with sim-
Har tobaceo cured Wt the normal nmnner, s the echanges made in the
ering conditions were not great enough (o destroy lhv value of the
tobaceo, the dilferences I'mmrl in eomposition were in the degree of
change only rather than in qualitative dilferenees. The va lues given
in the tables are the composition values of the material fiself al (he
completion of the Dreatinents, The valne ligures are nol correeled to
an original dry-weight basiz, as eomparisons based on the final com-
]}()Hlll(}l‘l of the maierial itsell seemed of most interest .

LEerrers of DIFFERENT YELLOWING TEMPERATURES

A series af three curings was made of second prinines of Lobaceo in
which a temperature differener of aboul 107 1. was gsed during the
yellowing of the leal, A lower femperature range of aboutl 85° Lo 85°,
a normal temperature range of about 90° (o 1002 and o higher
Lemperature range of about 953° (o 105° woere used,  The yellowing
periods used Tor The Tower, normal, and higher (rentments were 49, 46,
and 46 hours, respectively. The vellowing of the leaves at the lower
temperalure treatmenl wias not =0 c'm|1|}h'tt' as ot the normal sl
higher temperatures. The eurings were completed ot the snme rela-
Live rates, with a final temperature of abont 1707 and womi rolared
tobueeo was obtained inalb the tests, Curing time was 5 {ln\a 5 hours
for the lower, + <lavs 23 hours for the normal, and 4 days 18 hours for
(he higher vellowing tmnpvmiuw treatment,  Cieadine of the cured
tobneca al the station pul 7 pereent of the leal from the lower Lem-
perature treatment, 0.5 Mo the noral, and G0 from the higher
temperature into a “Green” grade. Resolts ol shemieal composition
determinations recorded ure given i tnble 8,

AL the vellowed stage of the curinges the content of reduring sugar
in the (obaeco Trem the (hree vellowing trestments differed by only
1.25 pereent, and al the eured stage by 370 pereent. The suerose
valites were all ahoul (he same at the vellowed stnge, regardless of the
treatment used. buf at ihe cured stage (he suerose value from the
fower tempernture Lecatient was slightly less ilian when the normal
or the high tempermiure treatments were used. The tolal sugars in
e Lobaceo al the yellowed stage of the {ests were praetienlly the
same from the three different lemperafure (reatments, aned at the
cured stage there was g range of only slightly more than 3 pereent in
the total sugar values,  Apparently the different rellowing femperature
treatmients had litte or no elfect on the shgar content of the tobaceo.
Regurdless of the yellowing treatment used, the streh values were
shoul the sume for all comparisons, and no material diferenees were
Tound in totsd nitrogen vontent of the tebaceo obiained (rom any of
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Tanue 8.--Compesition of second priming of tobuceo yellowed ab three
different tem peratures
[Moisiores and sund-froe hasis)

T Free ;
Condition of leafl \ oy - i Tolal
. qlue- BRI ! : NICo- v
wnud yellowing rlilllllét {'rllllw ‘:EIEL;I, Starch \llllrttg i nitro-
ratire e b ’ 7
temperature Mugars . Een

Pereeat - Prereeat © Percent Prreent - Pereent - Pereent
Orviginal green - 3. 08 JTD 8280 270y 147 . I, 42
Yellewed, at teapera- - : : ;
tures of-— i
83% (o 3% 14, 88 A, SR P E T I Pl 5 C a8
W° Lo 10Q% I 312 2 07 20019 0 10,47 0G| .48
93° Lo 105° ' . 1381 5 S hodr T 10,31 50
Cured, with vellowis : ; .
letnperatires of - : i :
LSl G L O L. 8805 2310 ; . ! L 06 1. G4
909 te NS B X ILJa7 2L 6 . i . i . 54
us3® to Wa° 1+ L [P 0, 38 MY . t .65

the yellowing treatnents. The indicnted lnervase of 0.23 pereent in
the nicotine content of the cured tobaces from the higher vellowing
temperature trealment over the lower teiperature trealnent was not
considerad sienificant,

Lrveers of Lsise Thener Temeerareke Derese ™ie Secosn 1Ak
OF THE Y iowise Perion

As is well knowa, attempts to inerense the temperature vesy mueh
ubove 95° K. at (e heginning of the yellowing usually results in fixing
the green color in the tips of some of the thinner leaves, I'he possi-
bility of increasing (he tempernture during (he second paet of the
vellowing was testel. The curing of three lots of leaves of & Uhird
priming (table 91 was begun at a temperature of about 88°, and the
yellowing continued withoul material change for whout 17 hours, after
which diferent yellowing temperatures were enployed,  Temperature
differences of absut 102 and 202 above the normal were nsed, and when
the Ieaves were collowed the normal temperature was 95°, the inter-
mediate 1052, and the yppee 115° The curings were completed at
the same relative mtes, and fnal temperatures of 175° woere used,

The cured deal yellowed at the highest tempernture contained sote
green color bul had a better yellow color than (hat vellowed at the
normal temperature, The intermediate-tempereture leal had perbps
the hest color, ns it was lighter than the normal and had less green than
the higher temperature Teal. The normad-tempersture leal contained
more orange color than the others. The farm grades of the tobacen
cured in the snme barns at the highest temperature containel about
14.2 pereent green leaf, at the intermediale temperature abouat 3.2,
and al the normal b The gvernge price of the eaf Trom the two
higher yellowing temperature treatments was about the same: nnd
beeaose of the large amount of Whe less desirable ormnge color in it
the price of the tobaveo front (e normal-lemperature treatment was
nbout $7.50 per hundeed pounds loss,
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"The confent of reducing sugars in the leafl (table 10) at the vellowed
and the cured stages of the treatments was in agreement within 2
percent, and the corresponding values for suerose within 3 pereent.
The values for the total sugars differed by about 4 pereent at the
vellowed stage, bub when cured all values were within 1.5 percent,
‘The dilferences found in tolal nitrogen and nicoline contenls in both
the vellowed and the cured stage were so smnll that they were not
significant.  "The differences in composition did not, appear (o have
been caused by (he different tempertures during the second hall of
“the vellowing, although a less desirable orange eolor was present in
onc of the tesls.

Tasue 1-~~Composition af third primings of tobaces from tests wsing
higher temperabures during the second half of the yellowing peviod 1

[Moistare- and =awd-free hasix)

. o . = Tofnl

Coandition of feaf nnd . . Tmal Nivo- .

. . reliieing Suerose s HH g
APRCTRITe Herisye ESSICH R .

LeInPerai ure e resisy s FLH R LY e

Yreeaf Poreent Proread Prreeal Poreent
{Original green (.78 124 G 07 1. 1. 38
Yellowed, with temperature in-
eregee in seeomd bl of :
Nurmal . a0l .12 2838 TS L 53
107 B, duerease . H i) 223, 80 .60 , ol
207 F, ineroase | B o3y 25, 71 o 50
Cared, with tempoerature ip- :
erease it seeond hndf ol yel-
towing peeiml of
Nownnd
10- V. inereasc
200 17, ineeen~e. .

R Labde % fup abhior of iof Do

The test ol the effects of inereasing the tenpersture during the
second half of the vellowing was essontially duplieated with o Tourth
priming of tobneea, The vellowing was begun at about 88¢ 1, (table
$ and comtinued for 16 hours.  The tewperatures were then incrensed
and when the loaves wore eonsiderd vellowed, the normal temperature
was about 1027, althowgh it bad heen at abont 852 for nearly all the
period, the medim-taereazed Temperatire was about 106°, and the
high temperatore about 1167 The normal sample was well vellowed,
that Trow the medinn tewpersture had considerable wreen color,
and thal from the high-temperature trentseent had the most wreen
and Che leal iips were deving ant, T'he cures were finished in the same
relative nunner and  the final femperature was ahout 1769 Jor
the normal and sbout 1757 Tor the wediunm- and high-temperature
freatinenis,

The eured sample of the norsml freatiment was of » very good vellow
color, while the other two saeples contained sowe green, the amount
being grenlest in the high-temperature materinl,  The eolor of the
tobaceo in the baras was stintlne to (hat of the sanples.  Two of the
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farm grades containing green color made up more than 50 percent of
the high-temperature tobaeco. The normal-temperature lot con-
taincd 21 pereent and the medium-temperature lot 25 percent of the
same form grade corrying green color. The price por 100 pounds
varied inversely with the anmount of the green color present, namely,
$40.60, $46.50. and $48.23.

The sugar, total nitrogen, and nicotine compositions of the tobaceo
(table 11) did not show any matevial diffevences ns o resuib of the
different trentments and were similar to those ol the Arst tests.  The
presence of green color resulting from the high temperature vsed in
vellowing decreased the market wvalue,

TasrLe 11 -C’omposmon of fowrth primings of tobacco from tests using
higher temperatures during the second half of the yellowing period?

[\fonlurc- and sundd- f:et, basis]

i :' P Tolal

ot Troe | L
Canditicn of leaf and : Tolal | Nico- A
. N T . eduecing, Ruerpwe - 00 1 2 nitro-
tempernture nerease sugars | | sugars | bine gen
meni Pereent ! Percent o Pereend | Pereent
Original green.. . _._.._....._7 3,327 L24! L5 1 54 15
Yetlowed, wilh {emperalure in- i |
erease in seeond hall of-- . [
XNormal, oo el 19.53 . 5021 2.0 1. 72 1.78
0% . inerense oo oaaoL.oo. 1L 31 8. 09 23. 3¢ 1. 74 1, 62
20° F, inerense Lo aaaa| 18032 .43 1 22,495 1. G6 1,76
Cured, with lunpcminrc in- : |
eroase n seeond half of vel- ; i
lowing period of — ' ‘l
Normmad . oo oo 13.66 . 874, 2240 1. 6O 1. 81
7, IneTOASe e o ca e cman . 12300 10.65 ¢ 2296 LG 1.75
20° B lerenst., oo oo l Loy 148 2217 1. 66 1,77
. : |

1 8pw bt lhi@ 3 I‘ur ulh( T (Imu of test.

Bereors of Yerwowine ror Dirererent Penions oF Tive

Tests were made on the effeets of reducing and extending the length
of the yellowing time on the composition of the tobacco.  The elfect of
a reduced fime of yellowing —about 30 hours, a normal Lun(‘—-:tbout 4.4
hours, and an extended pvrmdw -thout 64 hours, was tested in the
\*vllm\mrr of a thied el of a fourth priming (Lables 12, 13, 14), A
_\'olln\nngf temperaiure of about 94° F. was used and the final curing
tempernture was abont 172°0 The compiction of the curing of the
tobacco subsequent o the vellowing freatiments was miude in the
same relative manner.  Approximale Lime for the completion of the
curings was 4 days 17 howrs for the reduced-time vellowing lests,
5 days 1 hour for the nornal-time tests, aned 5 days 17 hours {or the
sxtended-time  yelowing Lests.
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TanLe 12.—~Curing conditions used in the length-of-yellowing-period lests

Test, curing stage, and condition

Underyellowed

Normal-yellowed

Overyellowed

Test with third primings:
Yellowing time
Yellowing temperature. .. o.uoouoon. e -
Curing time :
Final temperature
Loss of original weight at end of yellowing
Test with fourth primings:
Yellowing time .
Yellowing temperature. .. ..o ol .ol ol
Curing time
Final temperature
Loss of original weight at end of yellowing.

4 days 16 hours
170° F

1 day 19 hours
92° to 96° ¥

5 days 1 hour
172° F

2 days 17 hours.
92° {0 96° F.

5 days 17 hours.
172° B,

29.9 pereent.

2 days 16 hours.
94° to 95° I,

5 days 16 hours.
170° F.

30.7 .percent.
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Tapue 13.-—Composition of third primings of tobucco produced by
yellowing for different periods of time?

[ Moisture- and sand-free basisi

1
Tree !
Condition of leal nud redue- Total |
yellowing Line g sugars |
SUpERLS .

Tota!
U nitro-
goi

| Sieo.
Hueroset | Nieo
{

i

Swnrch tine

Pereent | Pereent | Pereent | Pereent) Percont | Pereent
Original green 307 1. 31 a2 1820t L7y i L 16
Yellowed— \ i .
tnder pormal lime.. .. 1:1, 24 083 1 1,12 0 11 G4
Normad Lime . i8. 60 582 24,42 K 42
Cver wormal Ume. .o o] 20, 81 U8 28,70 6.3
Cured, when yellowing period :
was—
Under pormnl, oo o 34,00 ] 12,80 ; 26,98, 4, 5t
NOFNS e e oonn oo 1668 | U057 12825 0 1182
CGver normal . _ ... ... 1787 .07 26,84 0 338

| | Lot
I oLuzl o 128
] . L2

V Ser tutsle 32 (o other dadn of 1¢ar,

Tasue d.-Composition of fouwrth primings of fobacco produced by
yellmwing for different periods af Lime?

{Moisture- and sand-free hasiz]

i
. 1 ]
Free | : U ol
Condition of Jea! and retlue- 1, | - i .
. . . ; O b ol ] ey
vellowing Lime ing .IH“(]O‘\(E SEArs - tareh Potin t “'Iri(f‘?
: : i =b

SULILS | i
i

Tolal Nica-

| : ! !
Peeeed | Peveend | Pereewt | Prreend : Pereent I Hervent
Original green 1 3.06 Lisa b LS 1330 168 h 12
Yellowod- - l i : : I
Under nonnal tiwie .. 21 13,3 La o 177 A 1, tin [ L35
Normal thne P | & G. 07 © 22,82 A5 L LTS .34
Over nopmnd fime L 1k 49 L7 P - R L8
Cured, when vellowing period : : |
Wy : : : i
Under normad. o . Lo ..y L0 L. D27 a3 A
Wornal .. oL L Ll .o 18 28, 21 LOS 1.780
Over normal L L. ___.F 18, . & SR 2560 LLTH .

i

|
i
i

tEer bable 12 G ot Taew bt of test

The ieaves of the tebaeco receiving the nnderyellowed Lreatinent
contnined groen color at the end of {tus trealiment nwed alsoe conlatned
green color at the end of the curing, although the leaf color on the
whole was clear and bright.  The leaves given the norminl-line Lread-
ment were well vellowed, although there was some green renmaining
in the Tourth priming test, The leaves of ihe extended-time tests
were of o definite orange color and were doll, A green Tarm greade
was separaled from the leaves of the undervellowoed trentment ot
in the first test that represented aboul 3 percent of the tolnl; and
from Lhe noral and extended-yellowing-time treatmeat lots that
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represented about 1 pereent of the total. In the ense of the lfouwrth
priming test more green, 18 percent, was found in the normal-time
lot than in the undervellowed lot, in which 11 pereent was found.
Even the extended-yellowing-test materinl contained 6 porcent of
the green grade.  The muket value per 100 pounds of the {obacco
from all the treatments varied only $0.60.

In bolh tests (he free reducing sugars in the leaves at the yellowed
stage were considerably less in the underyellowed (4.3 and 3.4 per-
cent) than in {he normal, and about 6.5 pereent less than in (he over-
vellowed matevial. "There was also loss sucrose in the underyellowed
leaves than in {he (obaceo from the olther two {reatments at the same
stage.  When the deaf had been cured, the underyellowed tobaeco
sHIl contained from 2.5 10 3.8 pereent less froe reduteing sugars than
the tobacen from the other two trentments,  The suerose at the cured
stage in the undervellowed tobaceo averaged 1.7 poreent more (han
the normal wnd 3.6 pereent move than (he overyellowed leaf,  Appar-
ently the Tree reducing sugars were increased when the vellowing was
extended, hut extended vellowing reduced the suerose content ol the
euredd materials, The total sugaer content of the underyellowed
at the yellowed singe averasged 5.2 pereent less than that ol lhe
normal and 8.6 pereent fess than the overvellowoed material. When
cured, however, the grentest difforence foand between any of e
ireatments was only Td pereent. The stareh content at (he yellowed
slage was approxinutely 1.9 to 4.8 percent groater in the under-
yellowed (han in the material from the other trealments.  YWhen
cured, however, the undervellowed in one comparisen was about 0.3
peveent less than the novmal and (.1 pereent more than the ovor-

vellowed: bhut in the other vomparison the values were [rom 0.4 to
0.8 pereent Iarger than the normal or overvellowed tobaceo. No
change considered large cnough (0 be slenifican! was indicated in
cither the nicotine or total-nitrogen values in any of the treatments.

Lrreers o Devine roe LEar ar Dirreext TEMPERATURES

The curing of three lots of tobaceo was earried out under Uhe same
conditions up (o tre time the leal drying was bogun (lable 15). A
lower temperature of about 5° 12 helow (he normal and o Ligher
temperature of about 10° ahove (he normal was used. The com-
pletion of the curings was made in the same relative manner and ab
the same final temperatores. All the samples nl the yellowed alage
nul also al the end of the curings were uniform in appearance and ol
a similar light-vellow color,

Annlyses were minde of the tobaceo when the Teaf tissue was dry,
as wellas at the other curing stagos. The differences in the free redue-
ing sugars (lable 16) fromn the tree dilferent roatments—normal
temperatire, lower femperature, and highor temperature--—-at the
three stages ranged from 0.88 Lo 1.61 pereent. The suerose-content
variations for the several comparisons were also within practically
the same vange difference. between 6.70 and 1.82 pereent, The range
(hiference in the total sugar content was also practically (he sane,
The small diff erences hetween (he nicotine values found were withoub
sighificancee. The tolal nitrogen content of the tobaceo dried nt the
higher temperafure was lower nl all stages than that deicd ab the




TaBLi 15—Curing conditions used in tests at different leaf-drying temperatures

Curing stage and condition 5° F., lower temperature Normal temperature 10° F., higher temperature

Yellowing time T day 23 hours_.____...___.. 1 day 22 hours 1 day 23 hours.

Yellowing temperature 88° to 100° F 88° to 100° F 88° to 100° F.

Time o end of leaf drying 3 days 19 hours 3 days 18 hours 3 days 17 hours.

Leaf-drying temperature._.........._..| 100° {o approximately 130°.__| 100° to approximately 135° F_{ 100° to approximately 145° F.

Curing timea.. ...l .ooo oo L) ddays 20 hours...o.o..... _.| 4 days 19 hours_.__._..______| 4 days 17 hours.

Final temperature. o ovvw v in s 175° F F 175° F.

Lois of original weight when leaf tissue | Approximately 68.1 percent...| Approximately 72.5 percent.. .| Approximately 77.1 percent.
dry.
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normal or reduced temperatures. These differences ranged frony
. 0.14 to 0.30 percent and may indicaie & response to leal drying at a
kigher temperature.

Tasre 16.—Composition of second primings of tobacco produced by
driying the leaf at three different temperatures

fMoisture- and sand-free basis)

Free re- .
dueing | Suerese Total
sugars

Condition of leaf and teat-dry-

Tg Tolal
ing temperature Nicotine

SUEANS nitrogen

Pereent | Percent | Percent | Percent | Percent
Original green -+ 87 226 7. 13 L 18 1. 53
Yeliowed, for leaf-drying fosts
with tcmperature of—
5°F. below normal . 20 . 21, 02 .20
Ll X 19. 51 .25
.22 , 21, 38 .32
Leaf tissuc dry, leaf-drying lom-
perature of—
5°F. below normnal . 33 , 23. 8% .42
Normal . 65 A 23. 56 .33
10° ¥, ahove normal 4. Od . T 23. 68 . 28
Cured, with leaf-drying lemper-
alure of—
5°F. helow normal . 20 9. 0. 21, 24 .30
Normal .18 1) 21. 65 .30
. 18 . 21, 95 .17

¢ Boe talsde 15 for ether dagn of 108t

Erreers oF Duvine tue SteEM AT DiertrenT TEMPERATURES

A test was made of the effects on the composition of tobacco of
varying the temperature in the stem-drying, or final, stage of the curing.
Stem-drying lemperatures ol 140°, 170° {normal}, and 160° F. wore
employed with similar lots of lobacco that hiad been cured in the earlier
stages under essentially the same conditions (tuble 17).  Good curing
was obtained in all the tests, but the leal from the high-temperature
treatmient was of & darker yellow or orange color and carried the oder
of strongly healed tobacco. The lightest ecolored leaf was from the
lowest temperature treatment, and the eolor of the normal was inter-
mediate.  The market price of all the leal was the same, and Lhe
distribution between the grades was quile uniform.

At Lhe end of the yellowing the reducing sugar values were within
1.2 percent of each olher under all the temperature trealments, and at,
the ¢ured stage the lnrgest difference wags 2.6 poreent, which was founcd
between the lowest and highest tempernture-treatment samples
(table 18).  ‘The dilferences in sucrose velues were all within 1.0 per-
cent al Lhe vellowed stage, and in the cured stage the greatest differ-
ence of 2.6 occurred belween the low-temperature and normal-
temoperature tveatments.  The variations in total-sugar values were
within 2.1 percent of each other at the yellowed stage, but when eured
the low-lewmperature-treatment figure was 4.0 percent more than that




-TasrLe 17,—Curing conditions of different stem-drying temperaiures used in test:
TanLe 1 Curing conditions of different stem~drying temperat ed in tesls

Curing stage and condition preceding stem drying 140° F. 170° F. 190° ¥,

i
Yellowing Lemperatire. fooo o ooiwen foiean o1 190% to 103° T L.t 90° to 103° 1. S 90° to 102° T,
Y (‘1!0\\111" time. ... - L R, .1 Lday 22 hourse_ ... 1 1 day 21 hours .. cme o o ] Tday 20 hours.
me—dnuw temper ature. - . . 103% {0 140° F_ ...~ .1 108% to 144° . -} 102% to 142° 1,
me—drnng time. oo el - 3 days 17 hours. oo Sdays 17 hours .........| 3 days 17 hours,
Curing time . .. ... oo . - o du.v T4 hours.. .. .. § <tdays 17 hours... ... _._{ 4 days 15 hours.
Final temperature.. ) . S I 0 R S 190° F. -
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of the high-temperature dried Jeaf. The starch values were unusually
uniform in all cases; the greatest difference was only about 0.4 pereent.
A material change is not considered {o have occurred in the nicotine
or total-nitrogen values, as the largest differences found, in the yellow
or cured stages, were 0.10 percent in the nicotine value and 0.15 per-
cent in the total-nitrogen value,

TasLe 18.—Composition. of second primings of tobacco produced by
use of three different stem-drying temperatures !

[Moislure- and sand-free basis]

. Free [

ondition of ieal and redue- .

stem-drying temperature ing Sucrose sugars
 sugnrs '

. Total
Total Slareh nitro-
gen

| '
;Pm'rcnf  Pereent | Percent | Percent | Percent | Percent
0. 35 } 2. 45 2.80 [ 2L.24 2, 02 1. 76

Original green :

Yellowed, for stem-drying |

tests with Lemperature of— | i

140°.F S13.021 5081 18 10 . 24 L2 . B3

: EOBBY P IRTT . 50 2 AL

L QL g 20022 . 26 . . 86

Curcd, with stem-drying ;
temperniure of— : :

0° S < B6G 1 20, 14 .22 1. 30

: .01 1 16. 50 .07 . LG5

.28 | 16, 14 .88 X . 88

1 Ses table 17 for other datn of test,

SUMMARY

The biochemieal changes in (he earbohydrates of flue-cured tobacco
from North Carelina, South Caroling, and Georgin during the usual
storage of the leal in a pack hwuse prior to markeling were investi-
gated. At the end of the barn euring the tobaceos contained a con-
siderable quantity ol sucrose, but following completion of the bulking
process the quantity had heen greatly redoeed snd there was a cor-
responding inerease in free reducing sugars.  Published analyses of
tobarco ordinarily show only a small quantity of sucrose; this is
because the leal hns previously been bulked and the inversion of
sucrose has already oceurved, The hydrolysis of sucrose readily tools
place when powdered tobneeo was exposed it a desicentor to & moist
atmosphere.  The Inerense in reducing sugars on acid hydrolysis is
usually assumed Lo be due to suerose.  Special methods of anlaysis for
sucrose itsell ps well as Lhe finding of aboul equal parts of dextrose
and levulese, appear to confirm the presence of this sugar in consider-
able guantity in (lue-cured tobaeco.

The biochemical changes that oecurred in 16 constiluents of (e
cured tobaceo during the curing process were defermined.  Analysis
of the lobaceo was made when harvestod, when vellowed, and al the
end ol the curing process.  From the study of two curings lor cach of
3 years it was found that the outstanding changes in composilion were
m the carbohydrate gronp.  An avernge origing! value of about 29
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percent of starch was redueed to about 12 percont when the leal was
yvellowed rnd to about 5 peeeent when cured.  There was an inerease of
about 10 pereent in the free reducing sugars and aboul 4 perecnt of
levulose, practically all of which took place during the vellowing stage.
Sucrose had increased by about 3.5 pereent when the leal was vellowed
and by aboul 5.5 percont when cured, The very slable component
ccllulose, as represented by the erude fiber value, remained practieally
conslant.

The nilrogen and nicotine contlents of the flue-cured type used were
very low, and the changes thal look plaer durine the curing were
small,  Losses of a few hundredths pereent of nitrogen were found;
there was 2 loss of about 0.1 percent of protein nitrogen when the
Teal was vellowed and abouil 0.15 pereeut when eured.  The very low
nicotine value of ahout 1.1 pereent was redueed by about 8.1 pereent
when Lhe curing was couniplete,

The ash content of the leaves, of course, was not chuanged and
remained at about 925 pereent st all stnges of the curing,  The
eatetum conlent of the harvesied leal was shout 1.4 pereent, and the
content of this element was used as 2 basis Tor enfculating the loss
of weight during the curing proeess.

The ovganic acids, oxalie, eitrie, and malie, made up about 10
pereent of the original leal.  There was an indieated loss of about
0.05 pereent of exalie aeid when the leaf was vellowed and about 0.10
pereent when it was cured, Loss than 0.3 pereent of citrie ncid was
found, and the indienled changes in quantity were 20 small a8 to be
considered negligible, A malie acitd content of about § pereent was
present in the oviginel leaf, and ehanges of nboat { percent wove found ;
hut, owing to the nature of the method of analysis emploved, the
differences Toaned were not considered as necessarily significant,

The content of resins, which inclide various compounds of the nature
of resing, gns, and waxes, was about 7 pereent,  Athough there was
& {oss of about 0.5 pereont in resins al the yellowed and cured stages,
this loss was not considered material, heeause of the nature of the
compounds being defermined,

The oviginal leal eontnined abont 11 percent of materials determined
as peetinie ackd.  Considerable variation in ehanges was abserved
bul ne sigoifiennce was attached to them,  The acidity of le-eured
tobaeeo s higher than that of other wobareo trpes, The pll values
were around 0.3, and, as the greatest ditferences Tound were aboul
0.2 pli, no real change was considered o< having takon pinee.

Continuous records of the temperature and humidity in the enring
barns during the curing of the speeinl snmples analyvzed were ohinined.
The temperature toleranee of the wbaero leaf enzyores, which bring
about the changes in the leal during (he vellowing stage, varies with
the differeut lots of tabreco being cured. The leaf fself is 2 good
index of the progress of its curing,  In most curings n cortain nmount
of umlesisable groen eolor is left in <ome of the keaves for the renson
thet limiting conditions arve reached for at lonst those leaves,

The record of an entive enving ix given in which the temperature,
humidity, pereentage of original weightl, and fuel consumption are shown
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as curves,  Losses of original weight of about 30 percent at the ond of
the yellowing stage were found Trom a number of tests and wore
consklered desirable, "The leal lamina was dried at around 130° F.,
with a relative humidity of aboul 30 percent, .\ final drving tom-
perature of 175° was used. al which time he humidity had been
redueed to about 12 percent and there fud been un indicntod loss of
original weight of about 82 pereent.  The lavze difference in rale of
maisture loss hetwern the leaf wob and stem extends (he euring fime
and requires the vse of devated ontperatures,  When the Toaf lissue
was practically dry and contuined only aboul 16 pereent of water,
the stom was found 1o <4l contain abont 78 pereent moisture. whiclt
ean readily be removed only by inerensing the temperature,

To determine the effects of varied curing conditions on leal com-
position, departuves from the normal caving practice were intentionaliy
made and samples of the tobaeeo produced were analyzed.  An
inerease of about 100 F, iu the yellowing temperainre did not result
inan important change in the anadytienl resulls of (e tobaeco piro-
dueed,  Some green eolor, however, reinained in the eurved leaf (hat
wis vellowed at (the Bighest tempernfure. An inerease in temperaliiee
of uboul 20° during the ~econd Wl of the yollowing period resultel
in the rejewtion of considesalble green colod in (e tobaeeo, and the
leal {rom the lower temperatare reatmenl was of an undesirablo
orange color.  Materiad differonees in eomposition were not fowmnd on
analysis of the eured tobueen abiained.  Tobacco was yellowed Tor
perinds of 30, 44, and 61 hours,  Green color remained in he tobreeo
vellowed under the shorter period, but the yollow eolor was brighit,
while the ewred Jeal from the longest yellowing period was of n dull-
orange color,  The smallestamonnt of sugaes was found m leat yellowed
for the shortest period 1 the completion of (he vellowing stage, hut
there was no renl difference in the quantity of sugar Tound in (he
final enred leaves,

Differenees in temperiinre of 150 F., maintained during the leaf-
drying period, vesulted 0 (he production of (shaeco of about the
sape desinble yellow color, The earbohyerate and nicotine contonts
ol the leaf rom the dilferent trentnents wore nepely Ure same, although
some nilrogen was lost ot the higher temperature treatmonl,  Stem-
devimge temperntures of LIO=0 170% and 180% all produesd wood
tobreco, nlthough the leaf <ibjerted 1o the highest femperalure was
of an erange eolor and carvied the ador of strongly heated tobarea,
The only materinl dilference in composition of {ohbaceo used in these
tests waus a sl Joss ol suganes i the produet dried 2t (he highest
temperatare.

On the whaole the departures from the noemal curing praciice,
which reflerted modernte rather than radieal changes, resultod Tor
the mnost pavt in onhy =inadl quantitntive ditferences i the constituents
for whieh analyees were nnde,
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