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INTRODUCTION

Since a tobacco leaf is a sensitive living system, harvesting and curing
operations frequently damage the lamima by bruising, The final product, the cured
leaf, then exhibits "scars" or visible indications of wough treatment,
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and chemieal responses of uncured tobaceo tissue to ‘wuising, (1) Research in
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timeliness of operation in the machines developed, (2) Tobaceo researchers, and others
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inadequate their ewplanation of brulsing effects. (3) Tobaceo companies are interested
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Comparisons of bruised laminae were made visuallyj and in addition, comparative
chemical analyses were made by the Tobacco Chemistry Laboratory at M, C, State College,
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PAYSTCAL RESPONSES OF UNCURED TOBAGCO TISSUR 0 BRUISING

A common method of bruising or testing for rigidity and durability is impact
loading, Tobacco tlssue can be bruised, of course, by several means of force appliw
cationy however, impact loading was selected since the foree can be calibrated by
varying the distance of fall for a given load, Figure 1 illustrates a variable impact
tester designed for bruising tobaecco tissue with ealibwated forces, A leinch copper
tube having a series of holes drilled one ineh upart along ite length was designed
to allow a metal ball (weight-h9 gm) to be dropped from various heights; the ball would
strike a round impact plate of one square inch area resting on the tobacco leaf, The
leaf rested on a stesl plate during the bruising tests, ﬂm!innmtq‘ﬁ.
pattern of braising given to the tobaceo, Humbers on the circles indicate ' heichts
in inches from which the weights were dropped. Ialdditientothanmofxt’e?
inches, ranges of L to 10 inches and 7 to 13 inches were anplied to other leaf samples, -

Since living tobacoo tissue responds to bruilsing at any stage, the samples were
truised in both the green and yellow stages, Consideration of leaf response to bruising
at two stages of the cure should characterize brulsing as a function of the yellowing
phase of tobacco - important in view of mechanical handling of tobacco before or
during the curing process, Samples, after bruising, were cured in laboratory curing
cabinets for proservation,

Results and Disoussion.

The photograph in figure 3 illustrates three ranges of bruising given o tobacso
samples while in the green stage, The ranges of dropping distances for each leaf,
from left to right respectively, are 1 to 7 inches, li to 10 inches, and 7 to 13 inches,
The photograph shows that the leaf tissue was extremely sensitive to bruising, WUffsets
of bruising appeared in the low range of 1 to L inches drop with tissue damage obviously
M“mumgfw’am Small lateral veins were bruised first,



Figure 1.

Impact deviee for bruising tobaceco tissue
with calibrated forces.






Figure 3. lLeaves bruised while green by three ranges of
bruising by impacts: from left to right, 1 to
7 inehes, L %o 10 inches, and 7 to 13 inches.
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since the impact plate rested essentially on them instead of uniform flat leaf
surfacej lateral veins are distinetly visible in damaged areas, A fairly uniform
bruise occurred when the ball dropped L inches, Tobaceo bruised in the green stage
failed to yellow properly, exhibiting an undesirable greenish appearance in bruised
aveas in the cured leaf, This condition suggested a disruption in the normal chloro-
phylledestruction processes that occur in tobacco leaves during the yellowing phase,
Tobaceo samples which were yellowed before bruising veeponded to bruising by
turning an undesirable brown, As with samples bruised in the green stage, bruised
tissue appeared progrescively darker as the height of drop was increased, Yellowsd
tobacco appeared te be more sensitive to bruising than green tobacco, since uniform
bruises were perceptible with less impact force,
FWHM.MMQ!!&.‘M“IMM. The
tissue, having responded to bruising by swelling, is shown by the wide cross-section
in the left portion; the normal tissue is shown by the narrow cross-section on the
i e -8

CHEMICAL RESPONSES OF UNCURED TOBACCD TISSUE T0O BRUISING

High percentages of total and reducing sugars are desirable in cured bright
leaf tobacco since they contribute to pleasing taste and smoking quality of cipgareties.
Because of the importance of total and reducing sugars, amalyses of these constituents
were selected for making comparisons of the chemical vesponse of tobacco tissue to
braising. As in the study of physical response to brulsing, leaf samples were bruised
in both the green and yellow stages of the cure., Samples were uniformly bruised by
mmWMmW,MM Bruised and none
bruised samples wers cured in laboratory curing cabinets and later chemically analyued,
Summaries of these amalyses are shown in table 1 and 2,
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Figure Lo

A microscopie comparison of bruised vs. normal
tobacco tissue (66X). Enlarged area on the left
{1lustrates leaf response to bruising. (Courtesy
of Dr. Brnest Ball, N, C. State College, for
photomicrograph technique).




Results and Discussion.
Table 1 gives the results of analyses of total and reducing sugars for none

bruised tobaceo ve, tobaceo bruised in the green stage, The mean sugar levels

and the corresponding 99% confidence intervals are given, Tobaceo bruised at the
green showed a lack of increase in both total and reducing sugars. The means for
MMMmM?uﬂﬁ.ﬂhmmmmm.Wo
while the means for bruised tobacco were 17,3 and 12,50, These differonces were
mum.upxwmmx.

Table 2 gives the vesulte of amalyses of total and reducing sugars for nope
bruised tobaceo ve tobacco bruised in the yellow stage, The mean sugar levels and
the correspending 99¢ confidence intervals are given, Tobacco bruised at the yellow
stage did not show similar differences in sugar combent after curing, The means for
nonelruised tobacco were 34,00 and 21,21 for total and reducing sugars, reepectively,
and likewise the means for bruised tobacco were 32,33 and 23,03, These differences
were not significant at the 1 per cent level,

SUMMARY AND CONCLUSTONS

Visual observations indicated that brulsing is detrimsntal to the appearance
of tobacco tiasue, mammmmww
blochenteal transformations which mormally ocour during the yellowing phase, Tissie
bruised green did mot yellow properly and exhibited a greenish, starchy appearance
cﬁ&m This appeavance, which was proportional to the intensity of bruising,
indicated that the rate of chlorophyll disintegration was reduced by bruising,
Tobaceo tissue brulsed after yellowing turned a light brown color.

Chemieal analyses of bhruised and nonebruised tobaeco tissue for total and ree
ducing sugars indicated conclusively that bruisine alse affects the chemieal values,
Brulsing of green tobaceo tissue impeded the conversion of starches to sugars whish
normally ocours during yellowinge Sugar percentages for bruised and non-bruised



Table 1. Analyses of total and reducing sugars for non<bruised
tobaceo vs. tobacco btruised in green stage.

# Tobal Sugars # Redueing Sugars
Seghe Non=bruised Rruised Non-bruised Bruised
1 32,00 17.87 255 iz.a
2 26,90 17.60 2561 12,07
3 32.27 18,10 2 13.07
L 7 15.7h 5.8 1247
¥ = Nean 30467 17.34 251 12,50
W = Range 5433 2.0 233 1.00

o9% €. 1. BE33T UWAT-2051  2A.70-27.32  11.38.13.62

Confidence limits are g&vn 'ruf“!or.'.v.,
Th (@) = 1432 The statistic --‘:_;_'k:h byt om0

signifieance of differensces in the means, m‘fi(.u) = 618,

"mﬂu.v.a.-u.a.m,u. Introduction to statistical
analysis. MeGraw-fill Book Compeny, Inc., New York, 1951, pp. 21-23.



Table 2. Analyses of tobtal and reducing sugars for non-bruised
tobaceo ve. tobaceo bruised in yellow stage.

Sample o $ Tobal Sugave % Rodueing Sugars
’ _Non-bruised Bruised  Non-bruised  Broised
1 3760 33.07 2,08 5.7
2 52400 31.20 58 19.54
3 5hels0 M 23.08 2l
b 30 30,0 P 22,11
T = soan 34a60 32.33 2.g 25.03
W = Range 5460 Leat 2.40 6.2
9% CuLok 27.20-41.99 26703796 ZL.0w27.38  1y835-31.23

mm-mumnm;pr- T, WeuseX ¢ 711, where
1”, ('a)'IJR- The statistic 7u= 1-& was used to tesh the

W oW
significance of differences in the mesns, with 7d (.01) = 614,

#Dixon, W. Jo and V. J. Nassey, Jr, Introduction to statistical
snalysis. MeOraw-iill Boglk Company, Ine., New York, 1951, pp. 2id-2i3.
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tisme differed significantly as much as 50 per cent, Since the majority of biocheme
uam.unmumumm?mmmma-mmn
the end of yellowing, and since these transformations ave arrested shortly after
yellowing during the drying phase, bruising of yellowed tobacco tissue had no signie-
ficant effect on the total and reducing sugars,

Regarding new approaches and techniques in mechaniszing the harvesting and curing
phases of tobaceo processing, leaf bruising must be given careful consideration in the
interest of good quality in the final product, ?mnhuumm.m-
ling with nom-bruising methods will be essential in maintaining good quality and
appearance, Possible handling of leaf tobacco or tissue during the curing process,
and after yellowing, will involve considerations of appearance rather than chemical
quality.

ACKNOWLEDOEMENTS
This study was conducted under joint cooperation of the N, C, Agricultural
Experiment Station and the Farm Electrification Section, Agricultural Research Service,
U.8.D,4,



BIBLIOORAPHY

Anderson, R, L,, and T, A, Bancroft, 1952, Statistical theery in
research, MeOraw-Hill Book Company, Inc., New York,

m,c.v...u;.mx. Biochemical changes in tobacco during flue curing.
;«chm No, 1032, U. 5. Department of Agriculturs, Washington,
. .

Dixon, W, J, and F, J, Massey, Jr, 1951, Introduction %o statistical amalysis,
bm-u'u-an .OQN;,IH..ICO!GI,M

hnu-.l.l.w. -Tobaeco curing, Farmers' Bulletin, Mo, 523, U, S,
Department of Agriculture,

Meyer, B, S,, and P, B, dnderson, 1952, Flant physioclogy. D, Ven NHostrand
Company, Inc., Hew York,

%m&.m& An introduction to scientific research, NMolrawe
Boole Company, Inc., New York,

Wits, Richard L, 195k, Measuring rezistance of potatoes to bruising, Jour,
Agr. Eng. 31 2d-2hk,



JOHNSON,; We Hep Fu Jo HASSLER, and W, H, HENSON, JR. (N, C. State College,
Raleigh) Bffects of n_tobaceo curability, Tobaecco, LG
(Tobaceo Scisnce, 1 ) 1957. PRruising of tobaceo tissue in the green
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green exhibited a preenish appearance sfter curing, and chemical analyses
showed that there was less accumilation of totsl end reducing sugars than in
unbruised tobacco. Neans for nontruised tobacco were 30.67 and 2,51 per cent
total and reducing sugars, respectively, wiils the wmeans for rulsed tobasce
were 17,34 and 12,50, Tobacco tissue bruised after yellowing turned a light
brown colers however, bruising of yellowed tobacco tissue had no detectable
effect on tre total and reducing sugars.—i, 1, Johnson,
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EFFECTS OF BRUTSING ON TOBACCO CU'RABILITY]'
Editorjal Board
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INTRODUCTION

Since a tobacco leaf is a sensitive living system, harvesting and curing
operations frequently damage the lamina by bruising. The final product, the cured
léaf, then exhibits "scars" or visible indications of rough treatment.

Several factors have indicated the need for studies related to the physical
and chemical responses of uncured tobacco tissue to bruising. (1) Research in
tobacco harvesting and curing, directed toward reducing labor requirements in those
operations, implies the substitution of mechanical devices for present hand opera-—
tions. An understanding of leaf response to bruising would undoubtedly bem/
to design and development engineers who are concerned with speed, efficiency, and

:Ww
H&"ﬁi of-Operation-i % machines developed. (2) Tobacco researchers, and others

in related fields, realize the importance of care in harvesting and curing‘but find
inadequate their explanation of bruising effects. (3) Tobacco companies are interested
in good gquality tobacco having uniform color and minimum bruising.
In view of the above factors, two objectives were established for the experiment.
1. To determine the physical responses of uncured tobacco tissue to bruising.
2. To determine the chemical responses of uncured tobacco tissue to bruising.
Experimental work was performed at the Oxford Tobacco Research Station during
1954 and 1955, using tobacco leaves of mature Dixie Bright 101 for sample material.
Comparisons of bruised laminae were made visually; and in addition, comparative

chemical analyses were madé by the Tobacco Chemistry Laboratory at N. C. State College.

(1) Approved for publication as Paper No. &l2 of the Journal Series of the North
Carolina Agricultural Experiment Station.
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PHYSICAL RESPONSES OF UNCURED TOBACCO TISSUE TO BRUISING

Joadimgs Tobacco btissue can be bruised, of course, by several means of force appli=
cation; however, impact loading was selected since the force can be calibrated by
varying the distance of fall for a given load. Figure 1 illustrates a variable impact
tester designed for bruising tobacco tissue with calibrated forces. A l=inch copper
tube having a series of holes drilled one inch apart along its length was designed
to allow a metal ball (weight-h9 gm) to be dropped from various heights; the ball would
strike a round impact plate of one square inch area resting on the tobacco leaf, The
leaf rested on a steel plate during the bruising tests. Figure 2 illustrates the
pattern of bruising given to the tobacco, Numbers on the circles indicate the heights
one Lot
in inches from which the wejights were dropped. In addition to the range of ,Z vo /T
inches, ranges ofé;(}e’inches and)f to 1% inches were applied to other leaf samples.
Since liﬁng tobacco tissue responds to bruising at any stage s, the samples were

Foromen

74
bru:.sed in both the green and yellow stages. Consideration—ef—leat—response Eo—orutains

’nhnqn

durine—the—euni P Samples, after bruising, were cured in laboratory curing

cabinets for preservation.

Results and Discussion.

The photograph in figure 3 illustrates three ranges of bruising given to tobacco
samples while in the green stage. The ranges of dropping distances for Wed,
from left to right respectively, are %’o] inches, to % inches, and/?' to 13 inches.
The photograph shows that the leaf tissue was extremely sensitive to br;lising. Effects
of bruising appeared in the low range of L to f; inches drop with tissue damage

inereasing as the height of drop was increased. Small lateral veins were bruised first,



Figure 1. Impact device for bruising tobacco tissue
with calibrated forces.






Figure 3. Leaves bruised while green by three ranges of
e bruising by impactg from left to right, } to
inches , 1nches s and 7 to 13 inches.
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since the impact plate rested essentially on them instead of uniform flat leaf
surface; lateral veins are distinctly visible in damaged areas. A fairly uniform
bruise occurred when the ball dropped l. inches. Tobacco bruised in the green stage
failed to yellow properly, exhibiting an undesirable greenish appearance in bruised
areas in the cured leaf., This condition suggested a disruption in the normal chloro-
phyll-destruction processes that occur in tobacco leaves during the yellowing phase.

Tobacco samples which were yellowed before bruising responded to bruising by
turning an undesirable brown. As with samples bruised in the green stage, bruised
tissue appeared progressively darker as the height of drop was increased. Yellowed
tobacco appeared to be more sensitive to bruising than green tobacco, since uniform
bruises were perceptible with less impact force.

Figure ly shows a photomicrograph of bruised and normal tobacco tissue. The
tissue, having responded to bruising by swelling, is shown by the wide cross~section
in the left portion; the normal tissue is shown by the narrow cross-section on the

right.
CHEMICAL RESPONSES OF UNCURED TOBACCO TISSUE TO BRUISING

High percentages of total and reducing sugars are desirable in cured bright-
leaf tobacco since they are generally accepted as contributing to the pleasing
taste and smoking quality of cigarettes. Because of the importance of total and
reducing sugars, analyses of these constituents were selected for making comparisons
of the chemical response of tobacco tissue to bruising. As in the study of physical
response to bruising, leaf samples were bruised in both the green and yellow stages
of the cure, - Samples were uniformly bruised by passing intact leaves between
spring=loaded, rubber-covered ro]_'i.ers./r B}:uised and rionbruised samples were cured
in laboratory curing cabinets and later chemically analyzed. Summaries of these
analyses are shown in tablq,-l and 2.

%ng-le hikborences—Loporen Vol )
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Figure li. A microscopic comparison of bruised vs. normal
tobacco tissue (66X). Enlarged area on the left
illustrates leaf response to bruising. (Courtesy
of Dr. Ernest Ball, N. C. State College, for
photomicrograph technique).






Results and Discussion.

Table 1 gives the results of analyses of total and reducing sugars for non'l
bruised tobacco vs. tobacco bruised in the green stage. The mean sugar levels ‘
and corresponding 99% confidence intervals are given, Tobacco bruised 4{?’ the

a /.f/'” dF‘al“
green stage showed e&eojlg—’esi‘—im.in.lm total and reducing suga.rkél'he means
Foan 5

o] Ahe towbrursed Fobaccos TFe Faslere .

for nongbruised tobacco were 30.67 and 2451 for total and reducing sugars,

respectively, while the means for bruised tobacco were 17 o3l and 12,50, These

differences (13.33% Total, 12.01% Reducing) tested "significant" at the @ Per cent

level.

Table 2 gives the results of analyses of total and reducing sugars for none |

MWM = ‘

bruised tobacco s tobacco bruised in the yellow stage. The mean sugar levels

and the corresponding 99% confidence intervals are given. Tobacco bruised at

the yellow stage did not show similar differences in sugar content after curing.

The means for non-bruised tobacco were 3L.60 and 24,21 for total and reducing

sugars, respectively, and likewise the means for bruised tobacco were 32,33 and ‘

25403. These differences (2.27% Tobtal, 1.18% Reducing) tested '"not significant" _ercen

2
at the 1@ per cent level,

SUMMARY AND CONCLUSIONS |

Visual observations indicated that bruising is detrimental to the appearance |
of tobacco tissue. Bruising of green tobacco tissue apparently disrupted important
biochemical transformations which normally occur during the yellowing phase.

Tissue bruised green did not yellow properly and exhibited a greenish

appearance after curing. This appearance, which was proportional to the intensity
of bruising, indicated that the rate of chlorophyll disintegration was reduced

by bruising. Tobacco tissue bruised after yellowing turned a light brown color.

Chemical analyses of bruised and nonebruised tobacco tissue for total and
reducing sugars indicated conclusively that bruising also affects the chemical

values, Bruising of green tobacco tissue impeded the conversion of starches to



Table 1. Analyses of total and reducing sugars for nonsbruised
tobacco vs. tobacco bruised in green stage.

Sample % Total Sugars % Reducing Sugars

Nonebruised Bruised Non4bruised Bruised

1 32.00 17.87 21,55 12.41

2 26,9l 17.60 25,61 12,07

3 32,27 18,1k 2hJi1 13.07

L 3147 15.7h 23.148 12.47

X = Mean 30.67 17.3L 2,51 12.50
W = Range 5.33 2.40 2.13 1.00

9% Co Le#% 23.63-37.71 14.17-20.51  21.70-27.32 11.18<13.82

#Confidence limits are given (Dixon, 1951) by: X = 7"1w s/a-q-( + 7']‘.w,
X -X

where 77(.01) = 1,32, The statistic 77 = 4o
W+ W

3 was used to test
the significance of differences in the means, with Tg( o) © 618,
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Table 2. Analyses of total and reducing sugars for nonebruised
tobacco vs. tobacco bruised in yellow stage.

Sample % Total Sugars % Reducing Sugars
Nondbruised Bruised Nond4bruised Bruised

1 37460 33407 24,08 25.75
2 32,00 31.20 25.48 19.54
3 3l..130 3,67 25,08 2yl
L 3l.40 30,40 2l.21 22,11
X = Mean 3,60 32433 2L.21 23403
W = Range 5460 L..27 2.140 6.21

9% Ce Lot 27.21-41.99 26.70-57+9% 21.04-27.38 1y.83-31.23

*Confidence limits are given (Dixon, 1951) by: X = T W<m<X + TW,

where 7;_( .01) = 1.52, The statistic rd = Xy - X, was used to test the

¥y =W
significance of differences in the means, with 7g(.01) = 618,
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Regarding new approaches and techniques in mechanizing the harvesting and

curing phases of tobacco processing, leaf bruising must be given careful
consideration in the interest of good quality in the final product. Especially
with green tobacco, handling with non-bruising methods will be essential in
maintaining good quality and appearance. On the basis of the results obbained
in this investigation, the possible handling of leaf tobacco or tissue during
the curing process and after yellowing involves more consideration to appearance

han to the percentages of tobtal and reducing sugars.
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