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INTRODUGTION

Since a tobacco leaf is a sensitive living system, harvesting and curing

operations frequently damage the lamina by bruising. The final product, the cured

leaf, 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 beéfiggzggéét(

to design and development engineers who are concerned with speed, efficiency, and
ac,

‘ h .e machines developed. (2) Tobacco researchers, and others
I/

in related fields, realize the importance of care in harvesting and curingjbut find

inadequate their explanation of bruising effects. (5) Tobacco companies are interested

’in good quality 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

l95h 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 made by the Tobacco Chemistry‘Laboratory at N. C. State College.

(1) Approved for publication as Paper No. 812 of the Journal Series of the North
Carolina Agricultural Experiment Station. ,
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.PHYSICAL RESPONSES OF UNCURED TOBACCO TISSUE TO BRUISING

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 1—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 steal plate during the bruising tests. Figure 2 illustrates the

pattern of bruising given to the tobacco. Numbers on the circles indicate the heights
an; M

in inches from whica; theweéghts were dropped. In addition to the range of’Z'toVY'

inches, ranges of to le’inches and/f’to 15 inches were applied to other leaf samples.

Since living tobacco tissue responds to bruising at any stage, the samples were

bruised in both the green and yellow stages.
“do , mm % / .M- _‘ _ - ,. . , .t.Iyiv' Ive-- v;»—., t‘ - ”‘1' a .— a-.. V ’1
mx/fimwm'm ~.,;_, , , , l Vq 3" I. v. .1 vcv nu vv u w u-

dnzingaeeeweeainggpnocess. Samples, after bruising, were cured in laboratory curing

cabinets for preservation.

Results and Discussion.

The photograph in figure 5 illustrates three ranges of bruising given to tobacco

samples while in the green stage. The ranges of dropping distances for each eaf,

from left to right respectively) are grip/Z’inches, to %6 inches, and/f to 15 inches.

The photograph shows that the leaf tissue was extremely sensitive to bruising. Effects

of bruising appeared in the low range of l to *.inches drop with tissue damage

increasing 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 f
‘ bruising by impact; from left to right, } to

inches, )1 ’60 inches, and 7 to 15 inches.

M“
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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 h 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. is 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 A shows a photonicrograph 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 0

CHEMICAL RESPONSES OF UNCURED TOBACCO TISSUE T0 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—ioaded, rubber—covered rollerstq Bruised andénpnbruisedsamples were cured

in laboratory curing cabinets and later chemically analyzed. Summaries of these

analyses are Shown in tablerl and 2..

WW
”MacW

\



Figure A. 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. 0. State College, for
photomiorograph technique).
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Results and Discussion.’ 2
i‘

Table 1 gives the results of analyses of total and reducing sugars for nonjv-t

bruised tobacco vs. tobacco bruised in the green stage. The mean sugar levels a
. M'rand corresponding 99% confidence intervals are given. Tobacco bruised.at the

/€5’5 dreamt/“6"” ‘P""4 , K
green stage showed Wages—amin- total and reducing sugarfi’sihe means

#04 dl'dr 7’10 ”MI'IOI/ é‘c:€a. 73! Af/hre . . ._ .
for nonfbruised tobacco were 30.67 and 2h.51 for total and reducing sugars,

respectively,'while the means for bruised tobacco were 17.3h and 12.50. These

differences (13.33% Total, 12.01% Reducing) tested "significant" at the a per cent

level.

Table 2 gives the results of analyses of total and reducing sugars for non~
M breve/“J5

bruised tobacco vs 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 nonwbruised tobacco were 3b$60 and 2h.21 for total and reducing

sugars, respectively, and likewise the means for bruised tobacco were 52.35 and

25.05. These differences (2.27% Total, 1.18% Reducing) tested “not significant".4444,hJ
t9“ .at the 16 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 nonobruised 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 non‘bruised
tobacco vs. tobacco bruised in green stage.

Sample % Total Sugars % Reducing Sugars

None-bruised Bruised Non-Obruised Bruised

1 32.00 17.87 2n,55 12.h1

2 26.9LL 17.60 25.61 12.07

5 52-27 13.1)4 214.141 15.07

b. 51.h7 15.7b. 23.ha 12.b7

El” MEan 30.67 ( 17.3u 2h.51 12.50

'W = Range 5.33 2.110 2.13 1.00

99% c. LJ’c 23.65—57.71 114.17-20.51 21.70—27.32 11.184.33.82

amonfidence limits are given (Dixon, 1951) by: X - 7W7“; + 73w,

X - X
where 73.01) =:1.§2. The statistic 7’ =;__l________gd was used to test

W1 + W2

the significance of differences in the means, with T;( 01) == .618.
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Table 2. Analyses of total and reducing sugars for nonobruised
tobacco vs. tobacco bruised in yellow stage.

Sample % Total Sugars % Reducing Sugars

Non-Ibruised Bruised Non-Ubruised Bruised

1 37 .60 55 .07 21;. 08 25 .75

2 32.00 31.20 25.03 19.50

5 311.00 50.67 23.08 211.141

0. 30.00 30.00 . 20.21 22.01

x>= Mean 50.60 52.33 20.21 25.05

W'= Range 5.60 0.27 2.00 6.21

99% C. L.-w:- 27.21—01.09 26.70-57.96 ELM—27.38 10.85—51.25

*C-Onfidence limits are given (Dixon, 1951) by: X - 71W <f<x + le’

where 73.01) a 1.52. The statistic 7:! = X1 - X2 was used to test the
W1 + W2

significance of differences in the means, with Td(.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 obtained

in this investigation, the possible handling of leaf tobacco or tissue during

i the curing process and after yellowing involves more consideration to appearance

hen to the percentages of total and reducing sugars.
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