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DEVELOPMERTS IN BULK CURING

William H, Johnson, Agricultural Enginesring Department, N, C, State College
Wiley H. Henson, Jr,, Farm Clectrification Section, U.S.D.A.
Francis J, Hassler, Agricultural Engineering Department, N, C. State College
N, W, Weldon, Agricultural Engineering Department, N, C, State College

Bulk curing, a new approach which offers many possibilities for simpli-
fying tobaceo harvesting and curing processes, is an outgrowth of research at
N, C, State College in fundamental studies in tobacco curing, Rasic information
(Hassler, 195L) pertaining to leaf response to temperature-moisture conditions
provided a foundation for new approaches in tobaceo curing., Hassler and his
agsociates observed that tobacco leaves could be yellowed to good color by
placing them in piles to yellow, Although these observations were made on a
small scale, they suggested possibilities of yellowing tobacco in & bulk te
achieve good color, then arresting the color by some drying method, Studies
in bulk yellowing (Henson, 1956) were made in which bulk yellowing was accom-
plished under a variety of conditions withont significant degradation of leaf
quality provided forced ventilation was employed to prevent temperature damage
that otherwise resulted from heat of respiration., Studies -:: bruising and
edge effects (Johmson, 1956) established conditions by which shredded tissue
can by yellowed to good color while exhibiting negligible edge effeets which
result from premature arrestation of important biochemical reactions. Tobaceo
wag flrst yellowed in piles in order to provide individual leaf samples having
good color. However, the results of studies on leaf response to environmental
conditions, bulk yellowing, and edge effects highly suggested that tobacco can
be cured completely in the bulk, thereby accommodating biological transformations
of yellowing followed by arrestation of color by desiccation,



Preliminary investigations in bulk cwring by Hassler in 1957 gave encourag-
ing results by showing that tobacco can be vellowsd and cured in a bulk, First
attempts in bulk-curing, in which leaves were placed horizontally in a bulk, were only

f"ﬁ"'”/ wmsuccessful because of the vertical density gradient of the bulk which encouraged
uneven drying, Subsequent investigations, in which the leaves were oriented in a
vertical position, provided a more uniform bulk density and gave better results.
Bulk curing tests were continued during 1956 to further evaluate this new
approach to curing. A primary consideration in any curing system is to produce
acceptable guality tobacco. Sinece conditions during curing are different for
bulk tobacco as compared with barn tobacco, it would be expected that differences
may exist in the cured products. In order to determine how well bulk-cured tobacco
compares with conventionally-cured tobacco, the experiment was designed to provide
representative samples for physical and chemical evaluations.
The objectives for the bulk-curing experiment are as followss
1,_{;1'.: make chemical and physical evaluations of both bulk-cured tobacco (intact
and shredded) and conventionally-cured tobaceos
2, To make measurements pertinent to bulk enring analyses and future design
considerationsa
3. To explore limits of operation in forcing air through bulk tobaceo in curing
operations.
This report is concerned primarily withthe experimental methods in bulk curing,
proposed analyses, and results availalle at this time.
Since principles and evaluations of bulk curing were of major importance,
equipment for bulke- and conventionally-cured tobacco was desipned to furnish re-

latively small quantities of tobacco for sample material, Two cabinets (figure.l),
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each having & capacity for approximately 15 sticks of tobacco, were constructed

to provide conventionally-cured (check) tobacco. Figure 2 shows one of three
bulk-curing chambers designed for approximately 200 pounds of green tobacco.

The thamber consists oft a jet~type gas burner, 2 centrifugal (1/6 hp) fan, a cone
ical section, a cylindrical section, and a louvered top, The burner was fired
directly into the fan for convenience in design, and the temperature within the
conical section was thermostatically controlled. A metal mesh screen located
between the eylindrical and conical sections provided support for the tobacco.

Air flow was controlled to some extent by the adjustable louvered tope A miltiple-
point temperature recorder shown in figure 2 recorded air inlet and pile temperatures,
Pitot tubes positioned in the side of the chamber at locations directly above the
fan, below the screen section, and near the top of the cylindrical section were used
for measuring Air volume and static pressures during the cure, Figure 3 shows a
bulkecuring chamber designed for exploring limits of operation in bulkecuring, A
centrifugal fan, powered by a 1 hp motor, drew heated air through the chamher

from the top, Figure L shows the shredder in operation. Tobacco leaves, passing
between two driven belts, were shredded to uniform widths by a reel-type blade,

In order to provide a significant number of samples for analyses, six tests
or "primings" were used from a plot of Dixie Bright 2l tobacco., Bach test was
designed to provide two samples of canventionally=-cured tobacco and three samples
of bulk-cured tobacco (intact and shredded). Since three chambers were nsed for
bulkecured tobacco, two of the chambers were used for intact tobacao and one cham—
ber for shredded tobacco for tests 1, 3, and 5, In tests 2, L, and 6, two chambers
were used for shredded tobaccos

Tobacco for each test was primed and randomized into five groups for the two
check cabinets and three bulk-curing chambers., In loading intact tobacco the chame
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Figure 1., Check cabinets, each having a capacity for 15
sticks of tobaceo, were used for conventional
curing,

Figure 2, A bulkecuring chamber with multiple-point temperature
recorder, Tobacco was placed in the eylindrical section

for curing.



Figure 3. A bulk-curing chamber in which heated air was pulled down
through the tobaceco, thereby drying from the top of the
bulk.

Figure lj. Tobacco lesaves were shredded to uniform width by this
electrically powered shredder using a reel-type blade.



bers were tilted amd tobacco placed uniformly by the handful into the chambers,
keeping the butts oriented in the same direction (figure 5)« Yhen a chamber
was filled, 1/2 inch metal rods were pushed through the tobacco to help in sup=
porting it. The filled chamber was then tilted upright and the louvered top
lowered into position. For shredded tobacco, 1/2 inch shreds were placed une -
iformiy to a depth of 15 = 17 inches above the secreen. Fipure 6 illustrates
placement of shredded tobacco into a chamber for curing. W

Schedules for bulk curing differed markedly from those of conventional
curing. In conventional curing, yellowing was carried on in & 90100 F, environ-
ment. After yellowing the temperature was increased gradually to 120~130 F. to
"fix" the color and dry the leaf, then moved gradually to 170 F. %o finish
drying the leaf and midrib, With bulk curing, however, no external heat was
used during yellowing. Exothemmic reactions of respiration caused pile tempera-
tures to gradually increase; therefore it was necessary to aerate the pile in
order to maintain a pile temperature below 100 F.. This was accomplished by an
on-of f temperature control which opened and closed the fan circuit. After
yellowing, two temperatures were used for drying the tobacco == 130 F, for &-15
hours and 170 F. until the leaf was completely dry.

During each test, measurements were made which are important in character-
izing the bulk euring process. Measurements were made at regular 2 or li=hour
intervals during the cure with a zero hour selected as that time when tobacco
was placed in the chambers or cabinets., The following temperatures were recordeds
(1) ambien’ wet and dry bulb temperatures, (2) dry bulb temperature in chamber
beneath tobaceo, (3) several temperature points within the bulk tobacco, (L) wet
and dry bulb temperatures above the bulk tobacco, and (5) wet and dry bulb
temperatures in the check cabinets, Gas consumption in lbs/hr was read directly



Figare 5. Intact tobacco was placed by the handful into the
bulk-curing chamber. After filling, the chamber
was placed in its nomal vertical position for the
curing process.

Shredded tobacco was placed uniformly in a layer to

Figure 6.
approximately 16 inches in depth.
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from wall meters. Air volume through the bulk-curing chambers was measured

indirectly by pitot tubes located in the chamber sides. In addition, pressure

drop through various sections of each chamber and across the bulk teobacco were

thereby messured. Weights of bulk tobacco were recorded before and @r curing,
Several methods of analysis are planned for achieving the objectives:

1. chemical analyses. Samples of bulk and conventionally-cured tobacco were

submitted to the Tobacco Laboratory, Williams Hall, N. C. State College for

analyses of total sugar, reducing suger, nicotine, calcium, total nitrogen, and

soluble nitrogen. A statistical analysis of variance for the results will be

used in comparing the chemical values for both methods of curing.

2. physical evaluations. Samples of bulk and conventionally-cured tobacco

were evaluated by major tobacco companies at the ammual display of Experiment

Station tobacco (Mangum Warehouse, Durham, October 29-30, 1956). Appearance,

color, testure, aroma, and U, S. Govermnment grade were important characteristics

evaluated.

3. smoking and aging tests. Samples from all experiments are available for

conducting smoking and aging tests, ‘

lie analysis of measurements. Analyses of time, t.emperature::;rsssm, and fuel

consumption will be used in evaluating the bulk curing processg from an angineer-

ing standpoint, Information will be considered as it especially relates to curing

schedules, efficiency of curing, and equipment design for future research investe —

fgations.

Results and Conclusions.

Results of the 1956 bulk-curing studies, although presently incomplete,
are encouraging, Figure 7 shows a chamber of bulk-cured intact tobaceco; the
extended leaf illustrates good color achieved in the cure. Figure & illustrates
uniform color of shredded tissue (1/2 inch shreds) cured in the bulk. Figure 9

shows a comparison of bulk-cured intact, bulk-cured shredded, and conventionally-



Figure 7. Bulke-cured intact tobacco shows good color after the cure., This
chamber, filled to its capacity with uncured tobacco, now indi-
cates "looseness" of bulk after curing,

Figure 8, Shredded tissue shows uniformity of color after curing, Tobacco
was shredded in 1/2 inch strips while green, then yellowed and
dried in the bulk.



10w

Figure 9. This photograph shows bulk intact tobaceo on left, shredded
tobacco in center, and conventiomally-cured tobacco on the
right, Good color was characteristic of all three samples
for this experiment,
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cured intact tohaceo (on stieck), Oood eolor was achieved with all methods of
curing.

Bulk-cured intact and conventionally-cured samples were graded ai the
Durham display according to USDA Marketing Standards, Table 1 shows comparisons
for seven tests or primings (ens—above—ihe—rmmer—ofslaaned Sesbnd of Dixie
Bright 24l on the basis of govermment grade, auction average, and advance price
(UsDA Daily Tobaceo Market Price Report - No. 29, Oct. 22, 1956)s The mean
prices for conventionally-cured and bulk-cured tobacco indicate greater accsp'y.-
ance and higher grades for conventionallyscured tobacco, .

In conclusion the bulk curing proooin suggests possible advantages which
can be achieved if bulk tobacco is accepted as "gooc}" tobacco, Probably of
greatest importance is the possibility of completely mechanizing the harvesting
and curing phases of tobacco production, Bulk handling, by machinery, would
be a major step away from the laborsome tasks requirsd in individual leaf hande
ling operations of conventional ewring. Bulk curing suggests more compact curing
structures, greater efficiency in curing, and completely automatic euring
schedules, It is believed ﬂmt greater uniformity of color can be achieved with
bulk curings this suggests less sorting or grading of leaves after curing,
Shredding of green tobacce tissue could have ewen greater implications in mech-
anizing harvesting and curing operations. Leaf orientation, which appears
necessary with bulk-cured intact tobaeco, would no longer be a problem, Tobaceco
could be shredded in the field and mechanieally handled until reaching the mam=~
facturer. )

Developments in lbulk—cm'ing regearch do not imply that conventional methods
of curing will soon be obsolete. Bulk curing is now, at most, a mew approach
towards eliminating much of the hand-labor involved in harvesting and curing
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tobacco, Before new curing systems can be recommended for tobacco producers,
complete confidence must be established in the ability of the system to cure
acceptable quality tobacco as well or better than conventional methods, DBulk
curing, in itself, may not be a solution to the tobaceo curing procéss; how-
ever, it does indicate that new horizons of investigation, not necessarily
adhering to the conventional, may provide the answer.




Table 1. Price” and U. S. grade comparisons for bulk - cured
vs
conventionally - cured tobacco (1956)

Auction Bid Average and Advance Prices Per Hundred Pounds

Priming Conventionally Conventionally Bulk Cured Bulk Cured
Cured Cured - High Low Volume High Volume
Moist.Yellowing Air Air

Ue Se Auc, Adv. Ue S Aue, Adv, Us S. Aue, Adv. U, S, Aue, Adv,
Grade Avg.Price Grade Avg.Price COrade Avg.Price Grade Avg.Price

lza“msshsrsrsvhsm'hen

2e2 PUF L2 37

g.d P 57 L9 CoL 63 62 P L2 37

o2

:-101&6565055&60%1650

g2 XL L2 W X L5 L5

g O5KL 50 L9 O5KL 50 L9  XukL L2 Lh XiG. L2 Lk
"4
:.1massws5ammwmww
8.2

gl BSF 56 L8 BSF 56 L8 BSKF L5 Lo BSKF L5 o
g2

g1l BR 53 3 BUR 59 L2 BF 56 L8

* Price based on USDA, Agri. Marketing Service, "Daily Tobacco Market Price
Report - Pype 11(b)", Middle Belt Flue-Cured, No. 29, Oct. 22, 1956,

**  Grades 1 and 2.
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SUMMARY
oF

BULK CURING SIMPLIFIES TOBACCO MECHANIZATION
(Paper No. 59-311)

by
william He Johnson, Wilsy He Henson, Jr.
F+ Jo Hassler and Rupert W, Watkins

This paper deseribes the research and development of a curing operation which
is more compatible with bright-leaf tobacco mechanization than conventional curing.
The feasibility of bulk curing was well established by laboratory studies dwring
19551957, Chemical analyses and smoking evaluvations performed by major tobaceo
companies and the North Carolina State College tobaceco laboratory showed that in-
tact bulkecured leaf compared faverably with normally cured leaf.

During 1958 an applied study in bulk cwring of intact leaf was conducted in
which laboratory techniques and findings were extended to encompass & pilot opera-
tion, intermediate to laboratory and field operation, The curing system wes design-
ed 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 maximum operatiomal efficiency. The system 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 comparte
ment, the structure was designed for loading from the standing pesition. One of
the essential features of this system is the forced air movement. Hot air, forced
up through the racks of tobacco at rates up to 30 f£t/min, promoted drying and pre-
vented the tightly packed tobacco from scalding.

Results from the pilot bulk curing operation show bright possibilities for
acceptance of the bulk-cured leaf by the tobaceo industry, Chemical results showed
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that both bulk and econventiomally cured tobacco passed flavor tests as sultsble
for cigarettes. Representative samples of the bulkecured leaf averaged $62 per
hundred on the open market, with a high of §70 per hundred,

Bulk curing has many possibilities for achieving marked advantages over the
conventional curing method. The potential for producing 2 more uniform leaf is
offered through automatie control of temperature and drying conditions, 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 comventiomal harvest-
ing methods. The curing space is much smaller than that required by the convenw
tiomal method since bulk tobacco requires only 1/6 the space required by conven=
tional sticks of tobaceo, The amount of tobacco cured on two btiers in the 10' x
12' x 6 1/27 compartment equalled that normally cured in a 16" x 16' x 20' conven-
tiomal barn, Fire hagard is virtwlly elimimated since the heating plant is exter-
ior to the curing compartment, The curing system, which lends itself to the use
of a heat exchanger for recovering the heat normally lost through conventiomal barn
ventilators, should easily surpass the conventiorel barn in efficiency.

The deseribed engineering advancements in bulk ewring are presently well
adapted for conventiomal harvesting, but there is also the important possibility
of integrating mechanical harvesting with bulk cwring. Since many requirements
for selectivity, orientation, and timing have been removed through bulk curing,
tobaceo mechanization through harvesting and processing ncw appears to be a near
reality in the eastern United States.
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May 26, 1958

Mr. N, Ratten, General Manager
Auetralian Light & Power Co, Piy. Ltd.
161 William St.

Sydney, Australia

Dear Mr. Ratten:

We received your letter of May 15, 1958 and are pleased that you
are interested in our curing research here at North Carolina State
College. We are certainly in accord with you in realizing that the
existing method of curing tobacco leaves much to be desired in labor
efficiency, economy, and process control,

Presently we are not in position to publish an article describing the
bulk curing methods., Our research work has been geared to finding the
degree of acceptebility of bulk cured tobacco compared with convention-
ally cured tobacco by the domestic companies. Results are encouraging;
however, realizing that any new method of curing could involve redical
changes in marketing and processing, we feel that we must have somplete
confidence in this curing method before any recommendations are released,
Within the next year we may be able to report progress and further infor-
mation on the bulk curing method., A report of this nature will, no
doubt, appear first in ITobacgo Magazine.

We apprecaite your interest and are sorry that we do not heve available
information on the process at this time,

Sincerely yours,

William H, Johnson
Research Instructor

WHJ:AS
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SOLE MANUFACTURERS OF

& *Reg. Trade Name
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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 "Tobaecco" 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 170°F. 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 meart in any monetary sense)
we are wondering whether you will be printing any reports on the
method described in the Journals.If so,and provided it caused
you no inconvenience,we would more than appreciate z copy of any
further relevant information on this method.

For four years now it has been the VWriter'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 %o
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.




Vie realize you may not care to disclose information of any
nature which maynbenefit tobacco curing in another country,but,
as remarked before,our interest is not monetary.We are geruinly
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 faithf

J s
Australian Light & P Co.Pty.Litd.,

L ~/

N.Ratten,
General Manager.
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420 Main Street, St. Joseph, Michigan
Telephone: YUkon 3-2700

July 20, 1960

Mr. William H. Johnson, Research Instructor
Agricultural Engineering Department

North Carolina State College

Box 5906

Raleigh, North Carolina

Dear Mr. Johnson:
Titles Bulk Curing of Bright Leaf Tobacco

The enclosed proofs of the above-titled article are being sent to
you for final checking and approval prior to publication in AGRICULTURAL
ENGINEERING. Please check the proofs carefully for typographical or other
errors, and make any corrections previously overlooked. Also, add or de-
lete such matter as you may care to. When you have done this, kindly sign
your name in the space provided on the first proof sheet and mail in the
return envelope enclosed.

It is important also that corrected proofs reach us by the return date
stamped thereon, so the article will be ready for use when it can be fit-
ted into our publication schedule. This does not always mean, however, that
it is definitely scheduled for the next issue.

If reprints of the article are desired following publication, infor-
mation on prices, etc, will be found on the pimk sheet enclosed, and it is
suggested that at least a tentative order be placed when returning the cor-
rected proofs.

y

(15«'— 2o2lv/ & 1:/'. »f_’.v:,'//‘,, -
encls. (JAMES BASSELMAN, Editor
Air Mail
N.B. Checking proofs of articles for AGRICULTURAL ENGINEERING &re made on
a hand press, and usually bhalftone cuts do not proof up well; however,
careful make-ready and presswork will bring them out sharp and clear in the
final printing.

Publications of the AMERICAN SOCIETY OF AGRICULTURAL ENGINEERS
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November 30, 1959

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

Dear Mr. Johnson:

This is to acknowledge the receipt of and thank you for submitting
for publication your paper entitled "Bulk Curing Simplifies Tobacco
Mechanization".

Since other papers have been rated above this paper in our prelim-
inary evaluation by members of the executive committee of each division,
I doubt seriously that it can be published within the next eight or ten
months. Therefore,we suggest that you submit the paper to "Tobacco
Science", with the understanding that proper credit be given to ASAE
and place of presentation. We often grant permission to other publica-
tions where little duplication of readership exists as a means of bring-
ing the name of ASAE and the agricultural engineer before the public.

In the meantime we will process your paper in the usual manner by
sending it to our critical readers and will appreciate hearing from them
before making a final decision.

Sincerely,
Arnio //r/‘;)lf/«ﬂflzﬁ‘“" A
MES BASSEIMAN, Editor

vz
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Mr, Jeames A, Basselman, Editor
Agricultursl Engineering

420 Main “treet

ft, Joseph, Michigen

Dear Mr, Basselman:

The peper entitled "Bulk Curinmg Simplifies Tobscco Mechgni-
zation" by Williem H. Johnsonj Wiley H., Henson, Jr.; F, J, Hassler;
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BULK CURING SIMPLIFIES TOBACCO MECHANIZATION]'

INTRODUCTION

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
1120 man-hours per acre are still necessary in tobacco prcduction.2 This is based
on the average tobacco allotment of L-5 acres and a yield of 1800 pounds per acre.
Approximately three-fourths of the total labor is required in the harvesting and
processing operationse

Present mechanical harvesters have 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 Chumney and Toussaint (1)#, labor reduction in
machine harvesting comes about largely through the elimination of 2 single har-
vesting operation —- handing. However 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 Paper Noe. / O ¢ of the Jourmal Series of the
North Carolina Agricultural Experiment Station.

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

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

Systems engineering in-genexral, which is concerned with overall processes,
involves application of new operational techniques which maximize efficiency,
Since the inherent difficulties to advancing tobacco mechanization ﬁside with
the conventional curing method, past research at North Carolima State College has
been directed towards the development of a curing operation which would be more
compatible with ovez:all mechanization, Results suggested the possibility of cur-~
ing packed leaves, and by this approach eliminating the requirement for stringing
leaves on & stick. Based on this conclusion, research and development have been

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

REVIEW OF LITERATURE

The development of the bulk curing brocess, radically different from the
conventional as described by Brown and Weldon (2), was a gradual evolution based
upon accumulated observations and measurements of a fundamental nature. Studies
by Hassler (3,l4) provided limits for envirommental control and information help~-
ful to proper yellowing of leaf tissue. Using a thermocouple inserted between
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 he stated:

"The rate of browning (sponging) was found imperceptible below 110°F,
but the reaction speeds up with increasing temperature, becoming suf-
ficiently rapid at 135°F to produce total discoloration within six

minutes. Thermal killing of the enzyme system that produces the brown-
ing reaction was obtained within one second at 212°F .M
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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 non-ventilated 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° F. to 129° F, Almost
two-thirds of the tobacco was damaged by these high bulk temperatures which re-
sulted from heat of respiration. Ventilation of bulks with air velocities of
25 ft/min prevented temperature damage and resulted in yellowed tobacco having
good color and physical appearance. Chemical 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.

Johnson et al (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 lmidity., 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 properly controlled temperature and humidity conditions, shredded tissue
was predicted to
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yellow to good color in a bulk with negligible edge effectse.

& further study by Johnson et al (7) showed that bruising adversely affected
both appearance and sugar levels of green tobacco tissuee Bruising of green
tobacco tissue prevented normal chlorophyll disappearance and impeded the con=
version of starches to sugars which normally occurs during yellowing. These
results showed that, in order to maintain a quality product, non-bruising
methods of handling must be used in the development of new approaches in

mechanizing harvesting and curing operations.

EXPERTMENTAL
Laboratéry Investigations — 2956

During 1956, laboratory studies were conducted to further evaluate the
potentialities of bulk curinge Objectives for the experiment were:
1. To make chemical and physical evaluations of both intact and
shredded bulk-cured tobacco in comparison with conventionally
cured tobaccoe

2, To make measurements pertinent to the design and construction
of equipment for bulk curings

Three bulk-curing chambers of the design shown 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 mesh screen located between
the cylindrical and comical sections provided support for approximately 200 pounds
of uncured intact tobacco., This perticular 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 thermo=—

statically controlled by an on-off 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 1/2-inch strips were cured in cylindri-
cal chambers, while check samples were cured conventionally for comparison. In
loading intact tobacco. the chambers were tilted and tobacco was placed uniformly
by the handful into the chambers, keeping the bubtts oriented in the same direction.
Shredded material was uniformly placed into the chambers by hand to a depth of
15-17 inches above the screen.

Schedules for the initial bulk-curing tests differed markedly from the con-
ventional curing schedules., In conventional curing, yellowing was accomplished
in a 90-~100°F, enviromment., After yellowing, the temperatures were increased
gradwlly to 130~110°F. to "set! the color and to dry the leaf, thengléidgadu-
ally to 170°F to finish drying the leaf and midrib, With bulk curing, however,
no external heat was used during yellowing. Exothermic reactions of respiration
caused bulk temperatures to gradually increase; therefore it was necessary to
asrate the bulks in order to maintain bulk temperatures below 100°F, Aeration
was accomplished by using a liquid-filled sensing bulb which actuated an on-off
microswitch in the fan circuit whenever the bulk temperature exceeded 100°F,
After yellowing, two temperatures were used for drying the tobacco —— 130°F. for
8=15 hours and 170°F, 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 conventionally cured tobacco; however, the bulk intact tobacco



=0 e
exhibited a flat, "unnmatural" appearance while shredded tobacco had an abnor-
mal and undesirable aroma, It was believed that the bulk-curing 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 enviromment; 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 leaves were supported with the bubts
upward and with air flow from the tip end to the butt ends Furthermore, this
gave the advantage of drying in the same direction as yellowing, i.e., from tips
to butts. Non-uniform air distribution, which resulted in uneven drying and
Lonrnd ausiity, 400, da i, Mo ibe Vhe Sivaibesint o bull odiligs
Since uniformity of air distribution depends directly on bulk uniformity, the
non-uniform loading method employed caused air chamneling through less dense
sections of the bulk, The tightly packed sections, which dried last, were damaged
by high bulk temperatures. Comparisons of energy efficiencies showed that bulk
curing using forced convection was less efficient than conventiomal curing, since

a large amount of sensible heat was discharged from the bulk chamberse

Laboratory Investigations —- 1957

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, To 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 enviromment and to accommodate an improved loading technique, Elec~
tronic temperature controls maintained conditions within one degree E, while air 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 tobacco 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 woodjan members constructed of 2" x 4" x 48" 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 member of the loading rack
was connected to the first side member, thereby clamping the tobacco in a rectangu-
lar shape, 16" x 48", 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 15(!) or one metal basket of shredded tobacco (100 lhf).

Six tests were conducted throughout the harvesting season in which bulic 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. Air-flow 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 adequately conditioning the tobacco after
curing, Shredded tobacco, however, still continued to exhibit an undesirable
arom2. 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=
ventional curing as a result of proper recirculation of air,

Results of sugar and nicotine assays by the North Carolina State College
Tobacco Iaboratory on representative samples of tobacco from the 1956 and 1957
tests are shown in table 1. 1In every case, shredded tobacco had lower contents
of sugar and nicotine while intact, bulk-cured leaf compared favorably with normally
cured leaf, Chemical 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 lacked 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 towerds
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a practical curing system was initiated. On the other hand, negative results
in bulk curing of shredded tobacco suggested more fundamental research to find

ways of improving its curability.

Pilot Operation —— 1958

An applied study in bulk curing of intact leaf was conducted in which labo-
ratory 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 simplifying the loading and unloading of
racks 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 essen—
tially of a curing compartment for bulked tobacco, a thermostatically controlled
heating furnace (indirectly gas-fired), and a dampered duct for regulating the
amount of air to be recirculated. To simplify the operation of loading the racks
of bulked tobacco into the barn, the structure was designed so that two men stand-
ing on the floor of the barn could 1lift the racks of tobacco onto the tiers. An
essential feature of 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/min, promoted drying and prevented M"scalding" of the tightly packed to-
bacco.

The loading technique as-used in the preceding laboratory tests was improved
to allow more rapid clamping of tobacco into racks. As shown in figure L, 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, 5éaérfeet in length and 16 inches wide, held approxi-
mately 120 lb¥ of uncured tobacco, Twenty-eight racks of tobacco, required for
f£illing the 10t x 12! x 6 1/2' compartment (figure 5), equalled that normally
required for filling a 16! x 16! x 20' conventiomal barn.

Six cures were conducted throughout the harvesting season of 1958 in-order S r
So-cbnpard bulk curing with conventional curing. Bmimesmental-sonditions dur-

During yellowing, the temperature was held between 90°and 100°F. with complete
recirculation of the air. A temperature schedule similar to the conventional schedule
was then followed (figure 6). Color was "set! during a gradual temperature rise

to 130-1L0°F, then the temperature was advanced to 170°F. for stem drying, Rela-

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 enviromment consistent with the

stage of curing.

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 practical application. Results from the pilot operation of bulk curing

of bulk -cured tobacoe
show good possibility for acceptance,by the tobacco industry, 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 conventiorally cured tobacco as having

low to medium flavor; both passed the flavor test as suitable for cigarettes.
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' Table 3 gives the results of a sale of bulk-cured tobacco on the open market. )
Representative samples averaged $62 per cwhb, 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 goverrment
grades were $58,70 per cwt for bulk-cured tobacco and $56.15 per cwt for conven—
tiomally cured tobacco —— indicating slightly better acceptance for bulk-cured
tobacco.”
VIndicatiors 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 barning labor (after Cr“‘f’/""!)
was reduced by thr;g'fowths, as compared with conventional methods. This figure
was arrived at by comparing the total labor for stringing, handing, and loading
a conventioral barn with that required for bulking and loading an equivalent

amount of tobacco for bulk curinge

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 barning, ease of unloading tobacco from racks
speeds up the preparation for marketing, The—euring-space—is-much-smaller than
‘that-required by the—eenventional-method-sinee- Bulk tobacco requires only 1/6
th;:;;‘ace required by conventionally strung sticks, This suggests cost savings
for basic curing structures, as well as the possibility of designing curing sy-

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
1958, fuel efficiencies were equivalent to comventional 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 exchanger for recovering the heat normally lost through conventional barn
ventilators.

The results of the developments to date show that there is high probability
that bulk-cured leaf will be acceptable to the trade. However, before appropriate
curing systems can be developed for farm application, this principle must be evalu-
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 curinge.
The introduction of these or other methods will serve to advance the engineering

of operational practices in tobacco harvesting and curinge

SUMMARY

This paper describes the research and development of a curing operation
which is more compatible with mechanization of bright-leaf tobacco than conven—
tional curinge. The feasibility of bulk curing was well established by laboratory
studies during 1955-1957. Chemical analyses and smoking evaluations performed by
major tobacco companies a.miﬂta:;xf:f;é;t:wcdlege Tobacco Laboratory showed that ine
tact bulk=~cured 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 curing
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 meximum operationel efficiencye

Results of curing in the pilot operation show good possibility for accep=

of bulk-cured tobacco
tance,by 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 cwt on the open
market, with a high of $70 per cwt. Possibilities for achieving marked advan-
tages over the conventioral curing method are discussede

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. Since many requirements
for selectivity, orientation, and timing in the barning operations have been re-
moved through bulk curing, tobacco mechanization through harvesting and process-

ing now appears to be a near reality.
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Table 1

Results of Chemical Analyses For Iaboratory Bulk Curing 1956-57%

Total Sugar Percentage

Conventionally Cured
Intact Bulk Cured
Shredded Bulk Cured

Reducing Sugar Percentage

Conventionally Cured
Intact Bulk Cured
Shredded Bulk Cured

Nicotine Percentage

Conventionally Cured
Intact Bulk Cured
Shredded Bulk Cured

1%6

3242l
31488
290l

27 30
2723
21 485

2.0L
1.9%
1.70%%

157

28077
28..5
Ay oyl

23653
23430
18 ,8ly

* Analyses performed by North Carolina State College Tobacco

Laboratory

1956 analyses = average of 12 samples
1957 amalyses = average of 1% samples

#% Significantly lower at the D0l level

v



Table 2

Company WAM Evaluation of Bulk and Conventionally Cured Tobacco (1958)

Tntact Bulk Gured Conventionally Cured
(Primings 2<6) (Primings 2-6)
% Nicotine 2465 2659
4 Nornicotine «l0 oLl
% Reducing Sugar 15415 15,62
% Total Nitrogen 2626 2412

Smoking Evaluation Low Flavor (mild)#  Low to medium Flavors

% Pass flavor test as suitable for cigareties.



Table 3

Sale of Bulk-Cured Tobacco (1958)

Grades Pounds Price Received Amount Auction Ave Support
XL kP 178 $62 $110.36 $62 $.50
X LK 72 b2 Lile6ly b2 50
X3L 160 59 11040 o710 69
B 5 FV 216 S50 108,00 55 50
B 5 FV 135 S50 67400 55 50
B5F 106 &6 69.% 60 55
BLF 1F 70 125,20 o 1
BLF 186 69 128034 xan 6L
1,228 “§7161.90

Average price per pound = $.62

# Representative samples from cures 1, 3, L, 5 and 6




Figure 1,

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




Figure 2,

Climagtic chambers of this type, having sensitive
electronic temperature controls and air recirculation
dampers, improved the quality of cure.
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EXPERIMENTAL MODEL OF BULK CURING CHAMBER

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




Figure e

This method of bulking leaves eliminated
many individual leaf-handling operationse.




Figure 5. Bulk tobacco, easily loaded into this comparitment,
required only 1/6 the space of conventionally strung
tobaccoe
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Figure 6, Comparison of temperature-time schedules for
bulk and conventionally cured tobacco (1958).
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JOHNSON, W, H., W, H, HENSON, JR., F. J. HASSLER, and R. W. WATKINS
(N. C. 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 accumilated 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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extra carbons of the abstract on plain paper). ‘

Acceptance of your revised paper will be acknowledged. At the time the printer sends
you the galley-proof of your paper, he will furnish you with the prices of reprints in lots
of 250 copies. Your reprint order should accompany the return of the galley.

We appreciate having had the opportunity to consider your manuscript for TOBACCO

SCIENCE.
Sincerely yours,
S Togea %
J. A. Weybrew
Chairman, Editorial Board
PP
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Manuscript Review Form

TOBACCO SCIENCE

Registration No._ 142 Date December 12, 1959

AUTHORS. William H. Johnson, Wiley H. Henson, Jr., F. J. Hassler, Rupert Watkins

TITLE___ BULK CURING SIMPLIFIES TOBACCO MECHANIZATION

REVIEW COMPLETED_ December 23, 1959  ppcOMMENDATION: ___APPROVE IN ITS

PRESENT FORM; ___ NOT APPROVE (Give reasons below) ; _%* APPROVE TENTATIVELY,

SUBJECT TO THE FOLLOWING SUGGESTED REVISIONS: (itemize below) : |

/1. The title is ambiguous and the tone of the manuscript is somewhat lacking in ‘
objectivity., We suggest revision to eliminate promotional tone. Throughout ‘
the manuscript there are many statements without supporting data. Claims

for process are disproportionate to data presented.

2, Ve have the following specific comments: |

v a. Pigo 1, P_a_rl;‘ir-ﬁeh 1, Line 5 - Ve are under the impression that the average

ue-cure t is around 3% acres and that the average acre yield f
is somewhat lower than 1800 pounds. We suggest that the term "average" |
be eliminated.

+"b. Page 5 h 2, Line 3 - "compared favorably" is a rather loose term.
8 ent. para poorly worded, also paragraph 3.

J G _P_ng-_%ljgnrgglﬁa_g - Statement that higher government grades means better
acceptance is subject to question. The sale price of check samples cured
in the conventional manner would be of interest.

! q, % 7 - Discussion - Automatic control of temperature and relative
y outs: heat source can be provided for conventional curing

barns. The loading capacity of conventional barns can be increased
through carefully controlled heating and ventilation.

NOTE—Execute in triplicate using additional sheets if more space is required. Retain the third
copy for your file. Return the original (signed) and the first carbon (unsigned) along with the
manuscript to this office. The unsigned copy and the manuscript will be returned to the author
for his consideration.



2=

e. Page 7 - % and Table 2 - The statement that the bulk-cured tobacco
pasi vor as suitable for cigarettes appears to be inconsistent
with the classification "low flavor"., It would seem that some explana-
tion should be added to the effect that such tobacco would be suitable

for cigarettes if blended with full-flavored tobaccos.

f. Table 3 - The purpose of the last two colums is not obvious, nor is the
m& clear. One might suppose that the "auction average" is the
season average of this particular government grade, but this would be
a guess. Since the support price agrees with the price received in three
instances, does it follow that three out of seven piles went into the
Flue-Cured Stabilization Corporation?

g. The choice of words is not the best in many cases; for example: ‘

|/ Page 1, Line 1 - What is a fundamental problem?
v Page 3, Line 17 - "volume rates" or "velocity"?

| Page 7: Pu‘:%gh 5, line 2 - What chemical tests were used
or vor evaluation

We feel that the present research represents a noteworthy scientific achievement
and that the results should be published in TOBACCO SCIENCE with proper emphasis
on the technical aspects of the work.



TOBACCO SCIENCE

EDITORIAL OFFICE
WEYBREW, CHAIRMAN
40! WiLLIAMS HALL

RALEIGA N & December 12, 1959

Mr. C. M. Sprinkle
Research Department
R. J. Reynolds Tobacco Company
Winston-Salem, North Carolina

Dear Mr. Sprinkle:

This is to request that you serve as a reviewer on the enclosed manuscript, Registra-
tion No.__142 :

Title: BULK CURING SIMPLIFIES TOBACCO MECHANIZATION

Authors: W. H. Johnson, W. H. Henson, Jr., F. J. Hassler, R. W. Watkins

Review forms are enclosed for your convenience. We would appreciate your recommen-
dations as to the suitability of this paper for publication in TOBACCO SCIENCE. The
authors will welcome your constructive criticisms.

We recognize that you are busy with other things, but please be as prompt as possible.

Sincerely yours,

@ W

J. A. Weybrew
Chairman, Editorial Board

g
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Manuseript Review Form

TOBACCO SCIENCE

RegistrationNo.__ 142 Date_  December 12, 1959

AUTHORS_W. H. Johnson, W. H. Henson, Jr., F. J. Hassler, R. W. Watkins

TITLE_____BULK CURING STMPLIFIES TOBACCO MECHANIZATION

REVIEW COMPLETED. LLec /£, / 95 ¥ RECOMMENDATION: _VAPPROVE IN ITS

PRESENT FORM; ____NOT APPROVE (Give reasons below) ; — APPROVE TENTATIVELY,

SUBJECT TO THE FOLLOWING SUGGESTED REVISIONS: (itemize below) :

NOTE—Ezxecute in triplicate using additional sheets if more space is required. Retain the third
copy for your file. Return the original (signed) and the first carbon (unsigned) along with the
manuscript to this office. The unsigned copy and the manuseript will be returned to the author

for his consideration.
2 /
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ELECTRICITY
ON THEM )

466 Lexington Ave., New York 17, N. Y. ORegon 9-4000

March 10, 1960

Mr. William H. Johnston

Research Instructor

Agricultural Engineering Department
North Carolina State College
Ralelgh, North Carolina

Dear Mr. Johnston:

Al Morris, our Southeast Editor, has sent in the
article on "Bulk Curing of Tobacco" which is based on some
research work done by you and your colleagues at N. C. State.
This is a very interesting report indeed and I am sure it
will be most useful to our readers in the Southeastern
States.

Al tells me you gave him considerable help in
‘the preparation of this article. He also informs me that
you have offered to check the final copy for accuracy before
it is printed. We will be looking forward to receiving your
ok'd copy in the near future.

As a small token of appreciation for your efforts in
working with Al on this article I've instructed our Accounting
Department to mail you a check directly. You should be
receiving it within the next couple of weeks. In behalf of
Al we certainly want to thank you for your fine assistance in
making this the best possible report on the subject.

Sincerely,

Sy —
H. J. Hansen
HJH :RW Editor

Magazine Publishing Division, The Reuben H. Donnelley Corporation




TOBACCO SCIENCE

. February 2, 1959 .
Dear Mr., Johnson .. ... ....... .. .........

This is to advise you that your manuseript (No. 142 ) has

been approved for publication.with Priority No. 12 about 3/18
If you desire reprints of your article, write immediately to
“Tobacco Science,” Lockwood Trade Journal Co., 15 West 47th St.,
New York 36, N. Y. and state the quantity desired. They will
inform you of the cost of reprints with or without covers.

Order reprints when you

return galley Sincerely yours,

J. A. Weybrew, Chairman
Editorial Board
Williams Hall, N. C. State College




NORTH CAROLINA STATE COLLEGE

RALEIGH

DEPARTMENT OF March 10, 1960
AGRICULTURAL ENGINEERING

Mr, Albert Morris, Jr.
Associate Editor
Electriecity On The Farm

Magazine
2535 Layton Drive
Lithonia, Georgia
Dear Mr, Morris:
Thank you for the article on "Bulk Curing Tobacco", I
have reviewed this article with the authors and have made two

corrections on the second page. For your convemience, this
page has been retyped.

I shall be looking forward to seeing this article in print
and will be glad to assist you in future articles whenever re-
sults become available,

Sincerely yours,

William H. Johnson
Instructor

WHJ :mae

Enclosure



ELECTRICITY ON THE FARM
Southoast Edition
North Carolina State College

BULK CURING OF TORACCO
May Be Just Around the Corner
This New Process Would Cut Sharply into Laber Costs

Scientists at North Carclina State College are ready for en-the-famm
testing of a new bulkecuring process for tobacco. They estimate that it will
eliminate up to three-fourths of the labor now needed for barning after the
leaves have been cropped, and it will save still more labor when racks are
being unloaded for market.

The product of years of curing research, the new bulk process hits
hard at the prime cost factor in tebacce production. AWtolr 420 man-hours
”rmmmmformstmempnthpmtgqnm. Bulk /—-
curing combined with mechanical harvesting may practically eliminate hand labor
in these two operations. '

More Efficient Curing Barn

Pilot studies by the scientists -~ W. H. Johnson, W. H. Henson Jr.,

Fo J, Hassler and Rupert W. Watkins -- also indicate that the bulk process will
produce a more uniform leaf because there is closer control of curing and drying
conditions. And the cempact bulk cwring chamber, well-insulated and equipped
with automatic controls, hmckdhprmumuoﬂuiutm{rmm
conventional barns.

The experimental bulk curing chamber is 10 x 12 x 6% feet. It will hold , -
as much tobacco as a conventional barn that is six times larger. It consists of
a curing compartment, a thermostatically controlled heating furnace, and & dampered
duet Zor rogulating the anommt of air 10 be yectreulated.

(voRE )



ELECTRICITY ON THE FARM
Southeast Edition
Bulk Curing of Tobacco - 2

Forced Air Movement Is Lssential

In the curing chamber, the tobacco u}axd 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 ean load what amounts to 12 sticks eof tobacco into a rack in less
than § minutes. Two men standing on the floor 1ift the loaded racks onto the barn
tiers for curing.

Foreed 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 floer and through the racks of tobacce at rates from 15 to 30
feet per minute. It promotes drying and prevents "scalding" of the tightly packed
leaves.

Price Comparison Is Faveorable

Indications are that the tobacco industry will accept the bulkecured
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.

Average prides based on government grades indicate that the grower might
get a slightly higher price for his tobacce by bulk curing. This is another
evidence o acceptability. Sold on the open market, samples of the bulkecured
leaf averaged $62 per hundred, with a high of $70.

Other Uses for Special Curing Barn
mmbmmugprmuue\ndmnmnmcidm, the scientists |
estimate that,‘l-uld not cost appreciably more than present barms . It would be
smaller and might be sized to fit the tobacco allotment. And they believe it might
be used for curing other farm crops like sweet potatces, peanuts and grain.

Tnis study is conducted jointly by the Nerth Carolina Agricultural Experiment

Station and the Farm Electrification Research Evanch, Agricultural Research Service, USDA.
#



ELECTRICITY ON THE FARM
Southeast Edition
Bulk Curing of Tobaceo = Cutlines

1)

2)

3)

k)

Experimental model of bulk curing chamber.

Costly hand labor in the tobacco barning process is reduced sharply.
Tobacco leaves are handled in bulk, placed evenly in form, and clamped
between two sides of rack. One man loads equivalent of 12 sticks of
tobacco in less than 5 minutes.

Frames holding bulk tobacco are easily lifted onto barn tlers by two
mén. Experimental curing chamber holds 28 racks. In bulk, tobacce
nqum1/6lpuo/uododuemnumm.

Comparison of temperature-time schedules for bulk and conventional
curing shows temperatures under two systems were about the same.



March 7, 1960

Dear Mr, Basselmans
&mummwahmu.lm.wmmm

of yowr Critical Readers and have made several improvements
as ]
1. A footnote to Table 1 has been from Wee
lover at the 0,01 level" to resd "#* Putest exceeds the tabular
F at the 1% level of significance"

In addition to these the authors have made several revisions in
Wdﬂmwﬁm a review committee from Tobacco Science
(the appear in March 18th issue of Tobacco magasine), and

udﬂmr-.::hnlmnlhﬂl vity to the manuseript.
hruwhtthuthmm to 8 -
.'“ww,m.mznud-
I am enclosing a of the revised less for your
approval. Mﬁn':'ﬂrthm th manuseript,
Sincerely yours,

Williem H, Johmson
Research Instructor



March 7, 1960

Dear Mr, Baseelmans

nmummmdhmu 1960, the authors have considered
the your Critical Readers and have made several improvements
as N

2, Table 3 and its text reference have beem cmitted
3., The last paragraph in "™Discussion" has been emitted

In addition to these the authors have made several revisioms in
(mwﬂﬁ nﬁummcmm} and
uﬁhm'lp-m 5
These revisions

1
'ﬁg
¢
i

I am enelosing a uwacihm—-rt r\zw:t-m
approval, Captiens for the photographs are th manuseript.

Sincerely yowrs,

William H, Johnson
Research Instructer

VI /ul
Enel,



AGRICULTURAL
ENGINEERING

and

Agricultural Engineers Y earbook

420 Main Street, St. Joseph, Michigan
Telephone: YUkon 3-2700 February 15, 1960

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

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
ccmments we receive are offered as constructive criticism.

2]

Please let us know. if you sgree with the Critical Readers and igyou care
to make any revisions in the pager before it is published. Since readers often
disagrze on recommendations, thair comnents are not consicered binding, but
rather contain the type of information they, themselves, would like to receive
concerning their own papers. 3

Comments of Readers:

\k "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 2
and/3 on page 3."

~"#%Significantly lower at the 0.0l level -- Table 1; what does it mean? Points
offered for condensation: Condense rewiew of literature and include under intro-
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. “Table is summarized in text -- pages 7 and 8. Summary and discussion.
bave 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,
¥ ﬂW
AMES BASSELMAN, Edito

Publications of the AMERICAN SOCIETY OF AGRICULTURAL ENGINEERS



Aprdl 26, 1960

I am writing in reference to purchase order No,
A=10391 for 500 Photo-Offset reprints withoub
cover of the manuseript "Bulk Curing of Brighte
leaf Tobacco" by W, H. Jolmson, W, He Henson, Jr,,
P, J, Hassler, and R, W, Watkins.

Would you please check on the status of this order
and let me lmow as soon as possible when we may

expect to receive the reprints? Numerous requests
for this paper are now being received.

With kindest regards.

William H, Johnson
Research Instructor

WHT/ml



Mareh 2, 1960

AIR MAIL

Mr, William G, Reddan
TOBACCO Magazine

49 West 45th Street
New York 36, New York

Dear Mr, Reddang

Enclosed are the proofs of the manuseript "Bulk Curing
of Bright-leaf Tobacco" which is to be published in
"Tobaceo Science" sectiom of TOBACCO, The authors have
reviewed the proofs and made two minor corrections as
indicated on the proofs.

I am placing a purchase order through the college
channels for 500 copies of photo-offset reprints withe
out cover, You should receive this order within twe

or three weeks,
Sincerely yours,
William H, Johnson
Research Instructor
WHY /ml

Enel,



TOBACCO

INDUSTRY & SCIENCE WEEKLY

ESTABLISHED 1886
PoU B L 1S HE D EY E R Y FRIDAY

49 WEST 45th STREET, NEW YORK 36, N. Y.
PLAZA 7-2370

February 25, 1960

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

Dear Dr. Johnson:

Enclosed are the proofs of the manuscript

"ulk €Guring of Bright Leaf Tobacco"

which you submitted to "Tobacco Science®. The manuscript will be
published in the "Tobacco Science" section of TOBACCO, 1ssue of

March 18, 1960
It is essential that the proofs be returned to us by warch 8
marked with any corrections that you may desire to be made in the
manuscript prior to publication. It will be appreciated if you will
make corrections only for errors of fact or typesetting, as any materilal
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 Sclence".
With kindest regards,
Sincerely,
L tln B Rk

William G. Reddan
Editor

WGR/s
Encls



T8 52
Prices for reprints of your manuscript which is to be published in

"Tobacco Science" are as follows: F.0.B., East § roudsburg, Pa.

Goo

For Printed Reprints:

250 copies without cover $60.00
each additional 250 cys 11.79
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 manuscript has been assigned the Registration No.. :“* e
which will identify it in any future correspondence.

ard
Williams Hall N. C. State College



September 18, 1957

Dre Jo A« Weybrew

Chairman Editorial Board
L09 Williams Hall

North Carolina State College
Raleigh, North Carolina

Dear Dr, Weybrews

I am transmitting herewith two copies of the manuscript entitled
"Some Determinations Pertinent to Removal of Midridb from Brighte
Leaf Tobacco During Curing Operations" by W, H, Johnson, F. J.
Hassler, and W. H. Henson, Jr, This manuseript, having Registration
No. 45, has been revised after consideration of each suggestion made
by the reviewers.

I have a rebuttal to one questions "Is it a case of translocation
entirely or is it in part due to the conversion of starches into sugars?"
I would interpret from the reviewers comment that this question is made
with reference to possible greater drying of the leaf as a result of
midrib removal which in twrn would inhibit starch conversion. The

nature of the data, however, does not support this proposal., Assume that
no translocation occurred, i.e, that the reduction or increase of sugars
in midrib or lamina was attributed to accelerated drying due to midrib
removal, Then the sugar concentration in the lamina and midrib should
be lower for midrib removal at an early stage. However, the data shows
that the lamina sugar percentage was greater for early midrib removal,
The sugar percentages for lamina decreased for late midrib removal,
whereas the midrib sugars increased. In amswer to the question, the data
would seem to indicate that the differences in sugar percentages for midrib
and lamina are due entirely to translocation.

Simcerely yours,

William H, Johnson
Research Instructor

WHJ sAS

encl,



JOHNSON, W. H., F, J. HASSLER, and W. H. HENSON, JR. (N. C, State
College, Raleigh) Some determinations pertinent to removal of midridb from
bright~leaf tobacco during curing operations, Tobacco,ll5 (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 &2% relative himidity amplified edge
effects by producing premature arrestation of important biochemical reactions.
An analysis of translocation showed that 7.5% of reducing sugar was translo-
cated from the lamina to the midrib during cabinet yellowing of tobacco, however
no significant translocation occurred with pile yellowed tobacco. Force require=-
ments for separating 3-inch sections of midribs from laminae by tearing, which
were slightly higher for pile yellowed than for cabinet yellowed tobacco, in-
creased from 3.5 1b. 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. Johnson,



February 1, 1960

Dr. :. A ﬂq‘h‘.\l
Editorial Board
409 Williams Hall

Williem H, Johnson
Research Instructor

Enel,



Please reply to: Albert Morris, Jr., Associate Editor, 2535 Layton Drive, Lithonia, Georgia, HUdson 2-6101
305 East 45th Street, New York 17, New York + ORegon 9-4000

W. J. RIDOUT. JR. Ld KARL H. GORHAM L HUGH J. HANSEN @ RUTH GAFFNEY
GENERAL MANAGER BUSINESS MANAGER EDITOR HOME EDITOR
EDITORIAL DIRECTOR ADVERTISING MANAGER

ELECTRICITY
ON THEMW

2535 Layton Drive
Lithonia, Ceorgia
March 8, 1960

Mre. 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 me. 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 work.
May I thank you again for your kindness and your helpfulness.
Sincerely yoyrs,

(V2

lbert Morpis
Southeast tor

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

Forced Air Movement Is Essential
In the curing chamber, the tobacco 1+n1d on 28 racks, each one 6 feet
long and 16 inches wide., Leaves are leaded 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 § minutes. Two men standing on the floor 1ift the loaded racks onto the barn
tiers for curing.
Forced air movement is essential in this bulk process. Temperatures
are almost ths same as for conventional curing, Hot air is forced up through
the compartment floer and through the racks of tobacco at rates from 15 to 30
feet per minute, It promotes drying and mrevents "scalding" of the tightly packed
leaves.
Price Comparison Is Faverable
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
ProcesBe  Sufes recuits ales indicWl Hlot lafaces cureot L thes prdTled
zoite Re Qcceetlate. Fi Xde Drrade ., g,
> - government grades indicate that the grower might
evidence “of - acceptability. 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 Barm
While the bulk curing process Iﬂgeuquirc a special barn, the scientists
“/utmn.o tlut:fould not cost appreciably more than present barms. It would be
smaller and might be sized to fit the tobacco allotment. And they believe it might
be used for curing other farm crops like sweet potatoes, peanuts and grain,.

\

b This study is conducted jointly by the North Carolina Agricultural Experiment

Station and the FParm Electrification Research Branch, Agricultural Research Service, USDA.
#



ELECTRICITY ON THE FARM
Southeast Fdition
Bulk Curing of Tobaceo - 2

Forced Air Movement 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 1ift the loaded racks onto the barn
tiers for curing.

Forced sir 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 Brgnch, Agricultural Research Service,

USDA.



BULK CURING OF BRIGHT-LEAF TOBACCO

By

William H, Johnson

Basic studies indicated the possibility of curing packed
leaves whereby the requirement for stringing leaves on sticks
could be eliminated. During 1955-1959, development proceeded
from laboratory bulk euring to a pilot stage operation, inter-
mediste between the laboratory scale and a farm-scale operation.
Thie new methed of curing offers the potential for marked ad-
vantages over conventional curing in labor and other economics,
simplicity of operation, snd safety. The development of the new
bulk curing method from laboratory investigetions to its present
etatue is discussed, along with implications for practical ap-

plication,

0



NORTH CAROLINA STATE COLLEGE

RALEIGH

AGRICULTURAL ENGINEERING May 22, 1959

Dr. T. E. Heinton

Farm Electrification Secticn
U.8.D.A., A.E.R.B., A.R.S.

North Building, Plant Industry Station
Beltsville, Maryland

Dear Dr, Heinton:

1 am enclosing three copies of a manuscript entitled "Bulk Curing
Simplifies Tobacco Mechanization", by W, H, Johason, W. H. Henson,
F. J. Hassler and R. W, Watkins.

This manuscript has been reviewed by the Agricultural Experiment
Station at N. C. State College, a journal series number assigned and
approved by Dr. R. L. Lovvorn. We are submitting it to you for
review and approval by A.R. S,

I believe Wiley Henson transmitted to you a preliminary copy
earlier. The authors would like to get approval as quickly as possible
so that copies can be duplicated in time for handify out in conjunction
with the Cornell meeting, It is William Johnson's inteation to present
this at the Cornell meeting. It is my understanding that the copies
must be duplicated and in che mail from this point by June 14th. I
suspect, however, that arrangements could be made to have them
duplicated at a later date if arrangements were made in advance. Your
fine cooperation in moving this forward,as rapidly as possible, would
be greatly appreciated.

Youre very truly,

G. W. Giles, Head
Agricultural Engineering
Department

al

encl.

¢c: W, H. Johneon . —
W. H, Henson






AMERICAN SOCIETY OF AGRICULTURAL ENGINEERS
SAINT JOSEPH, MICHIGAN

March 2k, 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 spesker for our 52nd
Annusl Meeting at Cornell University, Ithaca, New York, this June 21-2h.
A copy of the printed program and further details regarding hotel reser-
vations will be sent to you in May.

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

May we call to your immediate 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
May 4, includes:

1 Two copies of your manuscript. If you want 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 end ASAE headquarters by June 12 (labels en-
closed). In either case, send two copies for publicity
purposes to ASAE by May 4. See instruction 5.

Two copies of summary. See instructions 6, 7 and 8.

Two copies of professional record. See instruction 9.

Two copies of projection equipment requirements. See
instructions 10 and 11.

For reference purposes, and for your information if you
reproduce your own paper (see instruction 5b), your manu-
script has been designated paper number 59-311.

v Fw

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
g,x Bt
L B 4.

Executive Secretary

of
Enc




AMERICAN SOCIETY OF AGRICULTURAL 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, insofar as practicable, 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 mainly to presenting results
achieved. [ -

Copies of Papers for Distribution at and Following Meeting

4 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 4. 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
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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 Hall, Cornell University,
Ithaca, New York, so as to arrive there by June 12 (labels en-
closed). Speakers supplying their own papers are requested to
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 then
May 4, two copies each of your paper and a thorough summary of your presen-
tation TTT 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 parsgraphs 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 4.

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 3ixl and 2x2 slides, film strips, and 1o-mm silent and sound
motion pictures. Speakers who desire to show illustrative material should
notify the Secretary, ASAE, by Mey 4 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 Journal, AGRICULTURAL ENGINEERING or in TRANSACTIONS OF THE
ASAE; hovever, 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.



Paper No. 59-123

(TITLE OF YOUR PAPER IN CAPITAL LETTERS)

By

(John W. Doe)
(Title)
(Your Department or Company)
(Your address, city and state)

For Presentation at the 1959 Annual Meeting -
AMERICAN SOCIETY OF AGRICULTURAL ENGINEERS
Ithaca, New York
June 21-24%, 1959

Papers presented before ASAE meetings are considered to be the
property of the Society. In general, the Society reserves the right
of first publication of such papers, in complete form; however, it
has no objection to publication, in condensed form, with credit to
the Society and the author, in other publications prior to use in
the Society's publications. Permission to publish a paper in full
may be requested from ASAE, 420 Main Street, St Joseph, Michigan.
The Society is not responsible for statements or opinions advanced
in papers or discussions at its meetings.

(Appendix A)




NORTH CAROLINA STATE COLLEGE
RALEIGH

DEPARTMENT OF
AGRICULTURAL ENGINEERING

May 5, 1959

Mr, G, W. Giles, Head

Agricultural Engineering Department
North Carolina State Gollege
Raleigh, North Carolina

Dear Mr. Giles:

Enclosed are four copies of the manuscript entitled "Bulk Curing
Simplifies Tobsceo Mechanization". These copies are submitted for
approval as a publication of the Journal Series of the North Carolina
Agricultural Experiment Station, and for approval by the USDA,

The paper will be presented at the Summer Meeting of ASAE at Ithaca, New York,
June 21-24, and then, we would hope, published in AGRICULTURAL ENGINEERING.

T would recommend Bill Splinter, Charles Suggs, and Dr. J. A. Weybrew
as review committee for this manuseript.

Very truly yours,

William H., Johnson
Research Instructor

WHJT
encl. (4)
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By
William H, Johnson, Research Instructor
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F. J, Hassler, Professor

Rupert W, Watkins, Research Instructor

Agricultural Engineering Department
North Carolina State College
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For Presentation a2t the 1959 Annual Meeting
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Papers presented before ASAE meetings are considered to be the
property of the Society., In general, the Society reserves the right
of first publication of such papers, in complete form; however, it
has no objection to publication, in dondensed form, with credit to
the Society and the author, in other publications prior to use in
the Society's publications. Permission to publish a paper in full
may be requested from ASAE, 420 Main Street, St. Joseph, Michigan.
The Society is not responsible for statements or opinions advanced
in papers or discussions at its meetings.




BULK CURING OF TOBACCO 7
AN ADVANCEMENT FOR ENGINEERING HARVESTING
AND PROCESSING OPERATIONS

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

P sinadd )"1
of hand labor :Lmerent 4in the conventional methods.
vt L ral aM ru/‘(ud
“With partial mechanization, BW man-hours are Axﬂ-equred to prod

QN Loaok
approximately 73 percent of the total labor, requiredéffthe harvesting and process—
ing operations (1). Amaly 33 pevgent o'f,—tl:;e ‘total labords reguu’edg;lfhe A
opera/t/lons/effcro | Handiy g5 . Sy and~plg;;n@ tobéc/cvﬁxtc) \hs/mg
/bérn.
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The development and introduction ofﬁ mechanical harvesters have not been suc-

K vtenna L6,
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one acre, -with—

cessful in the solution of this problem. It is true that a measure of conven—
Bl M..—L Au&uu.u«_ A

ience has been introduced such as -a&dmigﬁe field workers/
ol cpcansibareid s st Froyraee st d 0T ok
the handing Epenz-g 3 h:x.gh bor requirements still exist, since the opera-

+tions, complex in terms of selectiwdty, orientation and timing, have defied com=—
Wz

pletemechanizatiea It is recogm.zedm,— that individual leaf handling
ahd—
operations,requjred by the conventionmal curing methoc} hz%*—ppaﬁ:d_a bottleneck s

to the development of mechanical complements for elimimtlng ha.ndélabor in harvest-
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ing and process:.ng S
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Systems englneerlng in genéral, which is concerned with overall processes,
involves application of new operational techniques which maximize efflciency. Since
,ééc odansnt M‘,

—underdying difficulties to F@¥aReing tobacco mechanization were-;mpus!ds;y_the 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

PEvES
overall mechanization. Results wewe obtained that suggestest the possibility of cur-

ing packed leaves, and by this approach eliminating the requirement for stringing

L aobigrrn—
leaves on a stick., On this conclusion research and development were initiated to
&.A-.«» MY" nu,’/ vf 2y
test the feasibility of 5 d Pplk-curing,



Fundamental Studies

The development of the bulk curing process, radically different from the
0L
corxvenbionai,’was a gradual evolution based upon accunulated observations and

measurements of a fundamental nature. Basic information established by Hassler

g2 ion

54

>

o j:::w(E) pertaining to leaf response to temperature-moisture conditions provided a
0

ut

S
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foundation for this new curing approach. Color change phenomena as influenced
by temperature, drying rate, and leaf moisture content "ﬁ'af;}étudied 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 envirommental variables.
Results of these studies provided limits for envirommental control and informa-
tion helpful to proper yellowing of leaf tissue. For example, it was found that
at 135° F leaf tissue temperature (thermocouple inserted between layers of leaf
tissue), a browning reactlon occurred which, within five minutes, completely de-
graded leaf quality. , Inlt:.al drying was adse found Wligisy desirable 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 eadsting in ventilated and

non-ventilated bulks of tobacco and evaluated the influence of these conditions y

NS

: / LatL
on certain chemical and physical properties of the cured leaf., Figure 2 .eﬁéw(e-e- 4
Sor+ & Q.

i offorced-asration-ia bulk yellowing tests. In the non-ventilated
bulks, temperatures increased almost linearly with time with peak temperatures
ranging from 125° F to 129° F and occurring 35 to 51 hours after the leaves were
bulked. Almost two-thirds of this tobacco was damaged by high bulk temperatures

4
due to exeblesmie- heat>of 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 Johnson (L-5) established.conditions
prt o
by which shredded tobacco can be yellowed to good color whi i i
edge effects which result from 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, non-bruising methods of handling

must be used in the development of Anew 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: xcxEm

1. To make chemical and physical evaluations of both intact and
shredded bulk-cured tobacco, e conventionally cured tobacco.

2. To make measurements pertinent to bﬁ]k curing analysis and design.

Three bulk curing chambers of the design shown in figure 3 were constructed
for the initial tests of 1956. BEach 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 approximately
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 on-off valve in the gas line, actuated by a sensing
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buli located within the cone. A multiple-point temperature recorder -I:)e/eerdeé- 1
air inlet and bulk temperatures. Air wolume 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
vellowed and cured in the bulk. Both intact and shredded leaf compared favorably
in color with conventiomal tobacco; however the bulk intact tobacco exhibited a
flat, "unmatural" appearance while shredded tobacco had an undesirable aroma. It
was believed that the bulk curing conditions were not as favorable as the comven=

M AerafVian Qan
tlona . f;g c;g(d;fl:{zs/ C,“ /tfzs dfalrzzyg 'bl'i&e n tf{iv dlf/iz‘?f'?gce/sg:w . 1"‘.%Mi?m,a.f);.on ﬂ&
with but:;f upzzrl-[d( paozed mafj.z sati ;fj_nt {«r{?ﬁ uniform air dis‘?l?zzon Ah%‘??zef,
th\ls oE:L? 111;71 presented the "additiondl requirement’of vertlcal support for the
i/eaves. £é;f drying was found most desirsble 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 dry-
ing., Since uniformmity 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 curing.

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.

2, To improve the curing schedule and adb&'jiechniqueS of recir-

culation for improving process efficiency.

Six climactic chambers of the type shown in figure L were selected and
modified for achisving both a controlled enviromment 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. Bach chamber held 2 racks of éulfk flo-
bacco or a—d:?;;;k metal 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. 4s 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

-233m- recirculation.
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Results of Laboratory Bulk Curing ’
corlrediniiosr

Perhaps-mest imporbant*to 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.
Smokfing 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 conwenbtionally curegd leaf, how-
ever shredded tobacco produced an undesirable smoke which lacked flavor and aromae.

Chemical evaluations by tobacco companies also agreed closel] thereby giving
further substantﬁ'ation for the differences noted in shredded tobacco. In general,
their results showed that intact bulk-cured tobacco closely resembled thab,con-
verrbionallyiured; however, shredded tobacco had significantly smaller contents
of total alkaloid, nicotine, sugar and petroleum ether extrect but larger ash con-
tent and specific volume. More detailed statistical analyses of sugar and nicotine
percentages were made from results of the State College Tobacco Laboratory. Table
1 showsy, that in every case, shredded tobacco had lower contents of sugar and ni-
cobine, significant at the .01 level, while intact bulk—cured leaf compared favor-
ably with normally cured leaf, LTt

Because of the highly favorable results ;ek;awd ih bulk curing intact leaf,
from both standpoints of operation and quality of cure, cemiswsd development to-
wards a practical curing system was initiated. On the other hand, negative results
in bulk cwring 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 thef'mos‘bat:.cal]‘.y controif.led.heatlng'fwna:‘;;g:d a dampered duct for

regulating recirculated air. To simplify loading the , 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 to 30 ft/mln, promoted drying and pre-
A Goeces

vented the tlghtlyL&acked tobacco from s 1d:|.ng. ,&1 two tlers 1n the 10! x 121X 63 2
. /6 x/6h20"
&e{-’m) conventlonal barn of-bebacco

— was. cuned;—

A bulking method for the pilot operation was developed which proved to save
time and labor (figure 6). Rather than handle leaves individually, hand?ulg 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 convenbtional 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
340 conventional sticks (figure 7).

Envirommental 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 the

EOvag eiT. A temperature schedule
similar to the conventional was then followed. Color was set during a gradual tempera-—

ture rise to 140-150° F, then the temperature was advanced to 170° F for stem drying.

Puring-slre—leaf—drying-phase;
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manual. Z@ ffhe a:.r reéﬁrc\ﬂavfgg/d?pﬁ /gre@sed the dny:mg/ otential; \

d/lng Eﬁe damper s again‘closed,

8ix complete cures were made, thereby covering the entire harvesting season

of 1958, |

Results and Possibilities

.—(W‘._ e B g |
It is recognized that acceptability of the product to the trade is-para-

—mount~to the inbroduction 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,

Chemical results agreed closely for both methods of cure, ?M—

Wa{:t that smoking evaluations for both bulk and co: z:t onally cured )
Ve e ntriSagang

tobacco L as suitable for clgarettes. Another important

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

the open market (/Itable 3). Representative samples averaged $62; per hundred,

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

.

Loy

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

Oyl

dards. Higher grades and average prices indicated slightly better acceptance

of bulk-cured tobaccoe

\
Agnn gy

Bulk curing has many possibilities for achieving marked advantages over the

conventional curing method. Mere—precise control of curins—and-dryins-—eenditions : l

in_thi i n%ro]&ed»sysiem, g—lansﬁhe potential P
J L pwers b e T Asrrngpyet
for producing a more uniform lea.f’/ (én adda.t:.on to saving labor durlng barning, ease 1

= D

of unloading tobacco from racks speeds up preparation for marketing. The bazn-/

of ptgrnd fgl & ud ety . /)' ca
adpe is much smaller than ke ceénventio ince bulk tobacco requires only 1/6 the
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the heating plant is exterior to the curing compartment, During 1958 fusl effi-
ciencies were equivalent to conventional curing; however the compact system,

well insulated and automatically controlled could easily surpass the conven-

‘/A'/né 4' 4 7"// pIZr>

space required by stlcks of tobacco. Fire hazard is virtually eliminated since ‘

./’a{b Al i <

tional barn, in efficiency. B ’
47 & ﬁ_‘,/,ﬁ/f, % ’I((!‘[‘G//(_rv —'ﬁfé /4(&7’/’( g;.,iu 1-7)'(/ ) ‘, I_‘
/) The results of % 4elopments to dagé show that there is high probability &7 ;/
¥ Dinj e L 4
that bulk-cured leaf will become acceptable to the trade, However, before appro-
Uhio poeienie. gmst Ao

priat‘,e curing systems,can be developed fo _g_ fa.rm application,
veilidtoal onr o A e S Cate . » ‘UU"

m The described engineerlng advancemen‘ts in bulk curing are presently |

well adapted for comventional harvesting, but there is also the important possi-

bility of integrating mechanical harvesting with bulk#curing. 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,

and engender social improvements - our real mission ¥ agriculture,
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