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ABSTRACT

This study was conducted to investigate the changes of starch, total sugar, nicotine, and total

nitrogen contents in green leaves at various stages of maturity(50-106 days after transplanting),
and to relate between chemical constituents for flue—cured tobacco(Cv . NC82 and BY 4.

For the two cultivars and all stalk positions, starch contents increased with maturation, but

decreased with senescence. Nicotine contents increased, while total nitrogen contents decreased with

delay of harvest. Total sugar contents had a tendency of decrease.
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For the two cultivars, starch correlated negatively with total nitrogen, and positively with nico—

tine. Total nitrogen correlated negatively with nicotine.

A delay of 5 to 7 days than conventional harvesting time would reach to the better ratio of the

reducing sugar to nicotine ratio.

INTRODUCT ION

A general definition of quality is
the total properties of any particular
entity that adapts it to its intended
use. Paraphrasing this definition for
flue—cured tobacco, quality is the sum
of its physical and chemical attributes
that best suits it for the manufacture
of cigarettes. Much has been written
about the chemical quality of tobacco
and although much is known about the
role many of the chemical constituents
play in affecting tobacco quality,

“ chemical quality ” has never been de-
fined to the satisfaction of all toba-
cco interests (13). No single chemical
quality index has been found to be
applicable to all grades, types, or blen—
ds of tobacco(1). Instead, “quality”
represents a balance of essential pro-
perties that varies with person, time,
and locality : and “ taste” refers to a
balance of major chemical constituents
(15).

Nicotine, nitrogen, and sugars are
recongnized as being important to flue
—cured tobacco quality, and ranges for
each of these constituents are used
as the criteria for new cultivars to
be eligible for release (3). Tso pointed
out that for desirable quality flue-

cured tobacco, the ratio of total nitro-

gen to nicotine should be less than
1.0(15). Weybrew et al(17) reported
that the key to flue—cured quality is
the time of the metabolic transition
from nitrate reduction to starch
accumulation. And they concluded that
the best tobaccos are compositionally
balanced with respect to sugars and
nicotine(ratio, S/N=6-8).

Sugar contents in cured tobacco
are related to starch contents in
harvested leaves. Glucose is the pro-
duct of starch hydrolysis during cur-
ing and, its concentration in the cur-

ed leaf is directly proportional_ to

'starch accumulation in the green leaf

at harvest. The conversion factor is
approximately 0.6 (17). Therefore, to
know the sugar content for cured
leaves, investigation for starch and
other constituents in green leaves is
important during maturation and scen-
esence in flue~cured tobacco.

“ The objective of this study was to
investigate the changes of starch, to-
tal sugar, nicotine, and total nitrogen
contents in green leaves at various
stages of maturity, and the relation—

ship between chemical components.

MATERIALS AND METHODS

The experiment was conducted at

the Eumseong Experiment Station,
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Korea Ginseng and Tobacco Institute
in 1986. The cultivars were NC82 and
BY4, Tobaccos were grown according
to conventional production practices.
Leaves were harvested weekly from 50
days to 106 days after transplanting.
Harvested leaves were classified by
stalk positions;Lugs, cutters, leaf,
and tips were 4-5th, 8-9 th, 12-13 th,
and 16~17 th leaf from bottom, res-
pectively. The leaves were dried in
dry oven at 80°C. The mid-ribs were
removed from the tobacco leaves
immediately after drying, and all sam-
ple were ground to pass l-mm sieve
and redried prior to analysis.
Samples were analyzed for total nit-
rogen (Modified kjeldahl method ; 7)),
for starch(8), and for nicotine and
total sugar(9). All these contents

were calculated percent for dry weight

RESULTS AND DISCUSSION

Changesof chemical constituents
Starch: Changes of starch contents
in leaves at various stages of matur-
ity are shown inFigure 1. Starch
contents for the two cultivars and
all stalk positions increased with ma-—
turation, but decreased with senes—
cence. The time when they were the
highest content in each stalk position
were 71 days after transplanting(DAT)
for lugs, 85 DAT for cutters and leaf,
and 85-92 DAT in NC82 and 99 DAT in
BY4 for tips, respectively. These times
were coincident with conventional har-
vest time for all stalk positidng, respec—
tively. Of the stalk positions,cutters
and leaf were higher contents than
lugs and tips, and lugs was the lowest.
Weybrew and Woltz (19) reported that
starch content was the highest in
middle leaves and followed by upper,

basis. and the lowest in lower at harvest for
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Fig.l. Changes of starch contents in green leaves at various stages of
% . .
maturity for flue-cured tobacco ( :Topping time).
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fluecured tobacco, and that Starch
contents for three stalk positions
increased with delay of harvest, byt
tended to decreasge slightly in senile
leaves.

The mean value for starch content
was higher in NCB82 than in BY4:Star-
ch accumulation reached about 50%
for the leaf of NC82, and about 36%
for the cutters of BY4.Ripe leaves
at harvest averaged about 42% for
NC82, and 30% for BY4.Weyberew(20)
reported that if starch content of
harvested leaves reached 30%, quality
would be excellent ; The tobacco would
analyze about 3% nicotine and 18%
sugars and would yield a balanced and
full-flavored smoke, and that if it
reached 40%, the tobacco would anal-

-0l

yze about 2% nicotine and 24% sugars
and would unbalance and would insipid
and biting. Therefore, this result
indicate that BY4 would yield more a
balanced and full~flavored smoke than
NCs2.

. Total nitrogen and Nicotine :Chang~

es of total nitrogen and nicotine con-
tents in green leaves at various sta-
ges of maturity are shown inFigure 2
and 3. Total nitrogen contents decreas
ed with maturation for the cultivars
and all stalk positions (Figure 2),

while nicotine contents gradually incre
ased (Figure 3). Total nitrogen and
nicotine contents increased with prim
ing at conventional harvesting time.
Levels of nitrogenous congtituents,
except alkaloids, decreased as the
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Fig.2. Changes of total nitrogen contents in green leaves at various st
stages of maturity for flue-cured tobacco. (* : Topping time).
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Fig.3. Changes of nicotine contents in green leaves at various stuges of

maturity for flue-cured tobau:t:o.(,'= : Topping time ).

leaves matured (2.4,5). Alkaloids in -
creased as the leaves matured (2,4,5,
11), but the ratio of change was less
than that for other nitrogenous con-
stituents (11). Walker(16) reported
that total chlorophyll and the nitro-
genous constituents, except alkaloids,
decreased with delay of harvest and
increased with priming.

Total nitrogen contents of NCR82
declined drastically after topping (61
DAT). BY contrast, those of BY4
declined slowly., However, nicotine con—
tents of BY4 and NC82
The ratio of increase of nicotine con-
tent for NC82 was less than that for
BY4 after topping. Yoshida (21,22)
reported that the nicotine was synthe-

increased.

sized using the nitrogen present abs-—
orbed before and after topping, and
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nitrogen absorbed after topping was
effectively incorporated into nicotine,
comparing with nitrogen absorbed be -
fore topping.

In this respects, the differences
of changes of the nicotine and total
nitrogen between the cultivars at
various stages of maturity may be
because of the differences of nitrogen
absorbing ability for them before and
after topping.

Total sugar ; Changes of total su-
gar contents in green leaves at vari-
Ous stages of maturity are shown in
Figure 4. Total sugar contents tended
to decrease at the beginning of matu-
rity and increased at the end of ma-
turity. This result was agreed with
that sugars reach a maximum prior to
maturity and even start to decrease
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Fig.4. Changes of total sugar contents 1n green leaves at various stages of
maturity for flue-cured tobacco.(* t Topping time )

at topping (4,5), and that the con~- contents of cured leaves from har-

tent of ethanol-soluble sugars decre- vested leaves for flue-cured tobacco,
ased temporarily at beginning of ma=- we suggest that starch contents of
turity and inéreased at the end of green leaves may be more important
maturity (6). than sugar contents of those, and

For the two cultivars and all st- moj‘re r.elated to sugar contents of
alk positions, starch contents incre- cured leaves.

ased with maturation (Figure 1), but Relationship between constituents

total sugar contents decreased (Fig- For all stalk positions in two cul-
ure 4). The change of starch conten- tivars, starch correlated negatively
ts in green leaves was more clear with total nitrogen (Figure 5), and'po-
than that of total sugar. Kakie (6) ' sitively with nicotine at various sta -
reported that total saccharide con- ge of maturity.(Figure 6)
tent increased with leaf maturity Photosynthesis is the source of
and its major component was starch. the energy required for the reduction
Weybrew et al (18) reported that st- of nitrate (10). During early growth
arch is hydrolyzed enzymatically in- the demands for reduced nitrogen are
to glucose during curing, and only 60 high, almost all of the photosynthate
percent of starch is recovered as is utilized for this reduction ;
reducing sugars in cured tobacco. there is little surplus to be stored
Therefore, to p~adict the sugar as starch. Only when the pool of

_64_
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Fig.5. Relationship between starch and total nitrogen

contents in green leaves at various stages of

maturity for flue-cured tobacco.

NO™; within the tissue diminishes—nor-
mally as the external reserves approa-
ch depletion, or temporarily when dr-
ought limit nitrogen uptake-is any ex-
cess of photosynthate converted into
starch. Thus . physiologically, starch
accumulation follows nitrate reduction
although the transition is not discrete
(17). These reports means that starch

accumulation occurs only when the ex-

ternal nitrogen reserves approach de-
pletion. Therefore, the negative cor—
relation between starch and total ni-
trogen due to the decrease of nitro—
gen content stimulate the increase
of starch content in green leaves.
Total nitrogen correlated negatively
with nicotine for all stalk positions in
two cultivars (Figure 7). Noguchi et al
(12) reported that the nitrogenous
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Fig.6. Relationship between starch and nicotine contents
in green leaves at various stages of maturity for

flue-cured tobacco

components of green leaves decreased
with delay of harvést, except the so-
luble nitrogen fraction which includes
nicotine. The general decrease in the
nitrogenous fractions in leaf lamina

associated with increasing maturity

appeared to be related to depletion of
available soil nitrogen and normal phy-—

siological changes which accompany ma-

turation and senescence of plants (14).

These result means that the nicotine

is synthesized using the nitrogen which
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absorbed both before and after topp-
ing. Therefore, the negative correla-
tion between total nitrogen and ni-
cotine due to the nicotine is synthe=
sized using the nitrogen in the leaves
after topping. The positive correla-
tion between starch and nicotine due
to the starch accumulation by the ni-
trogen depletion and nicotine synthe-
sis after topping.

As seen from this experiment, to=

baccos harvested at conventional time
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Fig.7. Relationship between total nitrogen and nicotine
contents in green leaves at varijous stages of
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for each stalk position contain high
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