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FIGURE 2. Force required to fear a 3 inch section

of lamina from midrib at different

stages of the cure.
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FIGURE .5. Force required to tear a 3-inch section of lamina

from midrib at different stages of cure. (Pile Yellowing) '



FIG.2 BRUISING PATTERN OF TOBACCO LEAF FOR
IMPACT TEST, (NUMBERS INDICATE HE/GHTS
nv INCHES FROM WHICH WEIGHTS WERE
DROPPED 7'0 LEAF SURFACE.)
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FIGURE 3, Force required to tear a 3-inch section of lamina

from midrib at different stages of cure. (Pile Yellowing)“
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IMPACT TEST. (NUMBERS IND/CAIE HE/GHTS
/N /NCHE5 FROM WHICH WEIGHTS WERE
DROPPED T0 LEAF SURFACE.)



BRUISING PATTERN OF Maximo LEAF FOR
tMPACT TEST (M-‘Mé’tfiHS lNL’D/C‘Aff HE/GHTS
//v /‘NCHES FROM war, HE’SHTS WERE
DROP/950 7'5? 1.1.1,; SUP/CAGE.)











;l.

ttlaxtlr.

git...

127-20..

itby.

idlilntiif

,[(.1!

















QI

.i-Q

.4.

w,

W.





V
mm”:





‘m ,1‘g









m,.

u

I,“

I











WWW

mE/flflmW

3-5: /ag7//z 7(/7f{/



:Bull. Agr. Chem. Soc. Japan. Vol. ‘7‘7_-. No.1. .Zl~ 23. 1035

Chlorogenic Acid in the Tobacco Leaf during Flue-curing
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Chlorogenic acid in the tobacco leaf during flue—curing lnf‘l‘t‘ftsf"\' to about nine times as much
as that of its content in the fresh leaf.
stage. 0.71 ; streching stage. 0.68: yellowing stage, 1.61: fixing stage.
c ured lea f, 3 .06 7;.

This is shown as follows: fresh leaf, 0.34: warming
2.05: killing stage, 3.0];

From above it is clear that chlorogenir acid in 1hr tobacm leaf is formed
in considerably great quantities during flue-curing.

AlthOugh polyphenols, mainly chlorogenic
acid, in the tabacco leaf during flue-curing
were. discussed in detail by Frankenburg“,
little attention has been paid to the accurate
content of chlorogenic acid during flue-curing.
On the other hand, Porcsalmy3‘ has found
that tannin (polyphenols) in Hungarian types
of tobacco leaves increases during normal
air-curing and flue-curing. using the Lowenthal
method to the determination of tannin. How-
ever, ehlorogenic acid during flue-curing has
not been determined till the present. In green
or cured leaf, chlorogenic acid has been
determined‘nu< . In this paper, after attempts
were made, a paper chromatographic method
similar to that described by Dawson and
\N'ada5 was adopted for the determination of
chlorogenic acid during flue-curing. However,
the chromatography, using the same filter
paper and solvent, was almost impossible to
give the same RF values as those obtained by
Dawson and Wada. This seemed to be due
to the difi‘erence of the moisture of filter
paper caused by humidity in the air, therefore.

ll WCG. Frankenburg, Alumni 5'1 Enzgmnlz/zy, 6. 309-387
(1946i.2,! I. Porcsalmv, Rez‘. intern. 131/213, 28. 235—5 (1953?; CA. 48.
6656b.5: F.B. \V'illinson, M. Phillips,andA.M. Bacot, J. Ana 057.
Aer. 035771., loul-I'il.’ 11954;.

4» M. Shiroya, T. Shir'iya, and S. Hattori, Pbytiof. P/Jm‘q 8.594-603 was.
5/ R.F. Dawson and E. \V'ada. Thiarr SJ. (711:9. in Tr.»"z.zrt'm

1+4, No. n. 137:1 (mm.

both the solvent and filter paper were ex-
changed with others.

EXPERIMENTAL
Plant Material :

(1957 crop) were supplied and flue-cured by the courtesy
The adult leaves of Bright yellow

of the Utsunomiya Tobacco Experiment Station of
The fourth and

top were primed and
the Japan N'Ionopoly Corporation.
fifth leaves located from the
collected. The collected leaves were hung in a vertical
position alternatively on straw—rope for flue-curing.
The temperature and humidity during flue-curing are
shown in Fig. l. The times of sampling for investiga-

i 17 1 I L . l l I i '28 35 42 49 56 63'70 77 84 El 96Times
FIG. 1. Flue-curing Process.

H: Percent relative humidity inside the brimT Temperature inside the barn
tion are shown in Table I. The leaves used for in-
vestigation were dried in a forced-draft hot-air oven
at 703C for one hour and ground by a mortar and
stored.
Preparation of Extract: By a method similar to

that described by Dawson and \Vada. 10g of dried
100ml of 60 per cent

methanol for thirty minutes on a boiling-water bath.
powder was refluxed with



Masatoshi NAGASAWA
TABLE I

TIMES AND Tt-IIVIPERATUREs or SAMPLING AND (ZoNTIgNTs OF CHLonoonxic ACID
H rs .

Fresh leaf t)
\Varming stage 12
Streching stage 19
Yellowing stage 44
Fixing stage 61
Killing stage 74
Cured leaf 95
a: calculated to original dry~weight basis.

Chlorogenic acid/_J
32.1) 0.34
36. 0 . 71 208
39. (1.68 200
41. ' 1.61 473
17.? 2.05 602
57. 3.01 885

3.06 900

Temp. .rat to
lflf)

The calcium content in the leaf served as the basis for making corrections.
The extract was filtered and the residue was washed
with the same solvent. The combined filtrate and
washings were concentrated under reduced pressure,
and transferred to a 50-1111 volumenic flask and then
made up to volume with water.
Quantitative Assay:

tract were applied to Toy?) No. 5] filter paper sheets
Fifty microlitcrs of the ex-

(60X60 cm) and separated on the sheets with n-butanol-
butylacetatc-acetic acid-water (2 : 2 : l : l) as the solvent
by the descending method. After about six hours the
strip was removed and allowed to dry in the air for

Under
chlorogenic acid showed (1.634168.

conditions. RF values of
Depside B and (I,

described by Dawson and Wada. should give the same
one hour. these

{[3 values as clilorogcnic acid obtained in this method.
Consequently, the content, of chlorogenic acid otained
in this study. might have contained depside B and (I.
The strips cut out were eluted with water and the

flasks.
Optical density nteasuren’ients were made with a Beck-eluates were transferred to ltl-ml volumetric

man l)l_' spectropl’iottiincter at 324 my using the elnatcs
from blank strips of the same filter paper for zeroing
the instrument. The recovery of chlorogenic acid was:
69:235. The results obtained are shown in Table 1.

RESULTS AND DISCUSSION
Roberts6‘ described that if the leaf is still

moist when the critical temperature is reached
at which the scmi-permenbility of the pro-
toplasmic membranes breaks down (about
557(1). polyphenols diffuse into the cytoplasm
where they are oxidized to form brownish
red pigments. According to his theory, the
enzyme causing the oxidation of phenols and
polyphenols is contained in the cytoplasm in

m E.A.H. Roberts, Ben/Aw. _/., :53, IJH\)<12~>7 110111.

the cells of the leaf, whereas the phenolic
compounds are in the extracellular medium“.
In flue-cured leaf the polyphenols are “ frozen”
in the leaf without further changes owing to
the rapid removal of most of the moisture
from the leaf and to the inactivation of the
oxidative enzymes by the high final tempera-
tures of the flue-Curing processS'. Therefore.
it is assumed that the content of chlorogenic
acid of fresh leaf should be rather more than
that of flue-cured leaf. However, it is proved
from the results of this investigation that the
chlorogenic acid increases during flue-curing
to about nine times as much as that content
in the fresh leaf, especially more increases
are observed in yellowing. fixing and killing
stages, as shown in Table I. It is clear that
the chlorogenic acid is formed in considerably
great quantities during flue-curing, as Por-
csalmy described about polyphenols in tobacco
leaves during flue-curing—‘t.
The mechanism by which chlorogenic acid

is formed during flue-curing is assumed to be
as follows:

In the tobacco leaf during flue—curing. the
enzymes. such as oxidasc and peroxidase. are
strongly activatcd'hll“ and the oxygen uptake

As a result. oxidative respira-
For

7) E.A.H. RobertS, Adl’dflc’w in EH;_1‘I/‘mlngy, 2. 113 11012).
St \‘é't‘r. Fixinkenburg. Adzwrrer in [instinct/(nay, 10, 3-18 (1950).
U) T. Nukti and Y. Inaba, J. A27. C/wn. Stu. Japan, 24.

l()“)»lltl 'l‘fil'.
101 K. lshidoyit and S. Mntsuvamt, Buff. OéJJJWa Ill/[aura

Fen Sax. film: .llwnp. Cm. i

increaseslim’.
tion in the tissues comes to a high level.

13.104 ‘i t19§“)_



-;_tgr;x_.;t Agni ii. Ti‘n‘ Intuit” Le-ai (11,221: a» Hun-(urn;A T
the supp: of the Emhdmx—tht-rhuf- that is. a normal intermediate in the direct
Parnas pt by oxygen. Ktitmn as the oxidative pathway. as that in the himynthesis
Pasteur er 1 the direct uxidatixe pathway of the benzene ring of tyrosine. phenylalanine
may take 2 tt-xrccdingh- on the queolytie and tryptophane as described by Dayisirg
process, a- ri»’-\,r:‘ibed hy Engelhardtli'. In Acknowledgement. The author wishes tn
consequen -. hlorngenie arid may derive its thank to XIiss. ’I‘aeko Itai5hi for her assistance
benzene '32; from a series of precursors in tarrying out the determination of Chloro-
through «d!)i’it‘ptn‘ime-l . 7-diphosphate13fl‘ . genie acid. and to .\Ir. M. Ihida, .\Ir. ’1'. Kisaki,

.121 NE. 51km,5 and Mr. K. Saito for thei‘ cooperations for
sampling 0f the leaves.

Hr BVD. Dams, :1};er :7: F:’:;fl:),' 2w.
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