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Mature leaves of various types of
field-grown tobacco (N. tabacum L.)
gshow total nitrogen to range from
‘about 1.3 to 6% of dry weight, or
total nitrogenous compounds from
about 7.5 to 34.0% (2). This frac-
‘tion contains characteristic tobacco
components such ag alkaloids and
-other compounds which have import-
.ant effects on taste of the smoking
products (3). Another group of com-
pounds, the phenolic derivatives, are
_aI.SO related to leaf quality and usa-
bility (2). Chlorogenic acid, rutin,
:scopolin, and scopoletin are included
“in this group.

S_ince- the rate of nitrogen fertili-
'-Z{itllon affects the amine acid compo-
Sition, and certain amino acids are
Anvolved in the biosynthetic pathway
-of phenolic compounds (8), it is im-
Portant to examine possible interre-
Iationships among these groups of
oMmpounds which oceur in tobaccos
Yarying in types, cultures, curing
Inethods, and gpecies.

aterials and Methods

_' Three types of tobacco were pro-
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duced in the field under regular farm
practices excepi that different levels
of nitrogen fertilization were used.
Burley 21 was produced at Greene-
ville, Tennessee, with three N levels:
no nitrogen, 150 lbs/A, and 300 1bs/
A. Burley 21 was also produced at
Lexington, Kentucky, with four N
levels: 60 1bs/A, 120 lbs/A, 180 lbs/
A, and 180 lbs/A plus 10 tons man-
ure. Maryland Catterton was pro-
duced at Marlboro, Maryland, with
three N levels: 80 lbs/A, 120 1bs/A,
and 150 lbg/A, and flue-cured Hicks
was produced at Tifton, Georgia,
with two N levels: 50 Iba/A and 100
Ths/A.

In addition, four Nicotiana species
were produced at Florence, 3. C.: N.
tabacwm var. N. C. 95, N. rustica, N.
glutinosa, and N. glowca. At Waynes-
ville, N. C., Burley 21 and Hicks
were grown in the field and samples
from both were subjected to air- and
flue-curing fo compare their respec-
tive chemical compositions.

Connecticut Broadleaf tobacco was
egrown in nutrient solution under
greenhouse conditions. McMurtrey's
nutrient formulation (5) was used,
but with additional nitrate fo
achieve four N levels: 225 ppm, 450
ppm, 675 ppm, and 1125 ppm.

All chemical determinations were
made on cured tobaccos except the
solution-cultured Connecticut Broad-
leaf tobacco, which was analyzed at
the matured green stage. Nitrogen
fractions in cured tobaccos were de-
termined through the courtesy of the
American Tobaeco Company (1).
Amino acidg were determined with a
Technicon Amino Acid Analyzer®.
The samples were prepared as pre-
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litrogenous and Phenolic Compounds
f Nicotiana Plants.
sreenhouse Grown Plants

l. Field

T. C. Tso', T. P. Sorokin', M. E. Engelhaupt’, R. A. Andersen?,
C. E. Bortner?, J. F. Chaplin® J. D. Miles*, B. C. Nichols", L. Shaw*,

viously described (8) except the fol-
lowing modifications were made to
conform with recommended Techni-
con® procedures: (A) Ethanol frac-
tion was adjusted to pH 2 for column
separation, and (B) Hydrolyzate
was plepared with 24 hours diges-
tion of plant tissue in 6N HCI

Samples for determination of
phenolic derivatives were extracted
with 70% ethano! for one hour in a
steam hath. The extracts were con-
centrated under reduced pressure
and chromatographed on pH 6.75
buffered W-1 paper in a solvent sys-
tem containing t-amyl alcohol :H,0O
(5:1}. Reported resuits are semi-
quantitative estimation by visual
eomparison with standards. Con-
firmation of each compound was car-
ried out by employing other solvents,
including 29 acetic acid:N-butanol:
acetic acid:H,O (4:1:5), by Hoept-
ner spray {(4), and by hydrolysis.
Results reported are averages of
three to five determinations.

Total “polyphenocls” were deter-
mined on some of these samples. As-
says were performed with an auto-
analyzer by a spectrophotometric
procedure which employed ferricy-
anide as an oxidizing reagent. Cured
samples of tobacco were extracted
with boiling water and an aligquet
was assayed for total reducing ac-
tivity. Anothet aliguot of the same
extract was treated with basic lead
acetate which precipitates o-dihy-
droxyphenols and the resultant su-

* Mention of e specific trade nomte is wade for
{dentification only and dpes not imply any endaorse-
ment by the U5, Government or State Erperi-
ment Stations.



Table 1. Nitrogen and pherolic content {%) in samples of various nitrogen
fertilization, species, and curing methods

Nitrogen Fraction

Protein Chlero-
(As Nitro- genic
Total gen) Nitrate Acid
1. Nitrogen Fertilization
{lbs/ A)
Tenn. (Burley 21 air-cured)
0 3.23 1.28 08 —*
150 4.46 1.51 54 —
300 . 5.42 1.68 .98 —
Ky. (Burley 21 air-cured}
60 4.63 1.76 .39 01
120 0.04 1.78 b8 .02
180 5.11 1.79 1 .06
180 -+ 10 ton manure 5.32 1.88 .61 05
Md. (Cotterton air-cured)
90 2.99 1.37 a7 .05
120 3.21 1.37 31 05
150 3.44 1.40 40 .04
Georgia (Hicks flue-cured)
Low N B0 1.53 73 .02 1.50
High N 110 1.98 79 02 2.00
2. Species [N.C. 95 flue-cured, others air-cured)]
(S. CJ)
N. tebacum (N.C. 95) 2.55 81 .03 2.00
N. rustica 4.45 .86 .02 20
N. glutinosa 3.93 - .86 .16 .20
N. groauea 3.01 .84 05 .30
3. Curing (Waynesville, N. C\]
Burley 21 air-cured 4.69 1.74 .53 .10
flue-cured 4.78 1.99 .53 50
Hicks air-cured 3.83 1.54 .34 10
flue-cured 4,22 1.42 46 1.00

Phenolic Derivates
Seopo-

Rutin  Scopolin  letin Total
— — 01 .01
— — 01 .01
— Tr. 02 .02
Tr. — 01 02
.02 — 01 05

.03 Tr. 02 10
.03 Tr. 03 A1
03 — 02 10
03 — — 08
05 Tr. -— 09

1.00 .02 .03 255

1.00 06 .07 3.13
50 .08 10 2.68
— — .05 25
— — .07 27
— _— 07 37
— — .03 13
.20 — . .0 75

Tr. — 03 a3
50 — .05 1.55

* Not detected.

pernatant was assayed in the auto-
analyzer. The difference in reducing
power is proportional to total poly-
phencl content.

Results of nitrogen fractions and
of total “polyphenols” are expressed
onn moisture-free basis; “phenolic
derivatives” are expressed either on
air-dry basis or on fresh weight
basis, depending on the condition at
which the samples were received.

Results and Discussion

The levels of protein and nitrate
nitrogen and of phenolic com-
pounds of tobacco samples from
various treatments are shown in
Table I. Generally, the total nitro-
gen, protein nitrogen, and nitrate
nitrogen in tobacco leaf increased
as the rate of nitrogen fertiliza-
tion increased, except in one case
when manure was added the ni-
trate content decreased. Otherwise,
this general pattern holds true in
Burley, Maryland, and flue-cured

tobaccos studied. The ‘“total phe-
nolie” derivatives, a summation of
chlorogenic acid, rutin, scopolin,

and scopoletin, appear to be in pre- -
_portion with total nitrogen content
of Hieks and Burley 21 (Figures 1
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Figure 1. Phenolics, protsin N, and nitrate N
contents in Hicks tobaceco produced at dif-
ferent rates of nitrogen fertilization.
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Figure 2. Phenolics. protein M, and nitrat® No
confants in Burley 2| tobacco pmd?‘;ed 4t
different rates of nitrogen ferfitizafion.
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* Figure 3. Phenylalanine and tyrosine contents in field-grown Burley 21
i produced in Tennesses at different rates of nitrogen fertilization.

“and 2) but not of Maryland Catter-
ton,
To examine the possible relation-
ship between nitrogen and phenolic
" fractions in tobacco, it is necessary
- to study the biosynthetic pathways
-of phenolic components in plants.
- Phenolic compounds, usually con-
sidered as secondary metabolites in
plants, arise by further metabolism
~of the aromatic amino acids or from
- intermediates involved in the syn-
thesis of the aromatic amino acids
" (6). Through decarboxylation and
loss of ammonia, aromatic amino
_aqids are converted to transcinna-
. mie or p-coumaric acids which lead
to the formation and accumulation
of many phenolic and related com-
_pounds.
* An ajr-cured tobacco (Burley 21)
and a freshly harvested zreen to-
:batco  (Connecticut Broadleaf)
- Were used to examine the levels of
-8romatic amino acids in tobaceos
broduced under different nitrogen
fertilization. Results are shown in
Igures 3 and 4, respectively. In
'bf’th cases, phenylalanine and tyro-
-Sine, either in free form or from
_h§’d1‘ﬂlyzate, increase as the rate of
Egtr}?gen fertilization increases. In
. ; case, ph(?nylalanine was al-
: thaszqs tat a higher concentration
Janine ¥rosine. Atlthough phenyia-
in dix and tyrosine usu:‘a.lly pceur
effect; e€rent tobacco vanetl.es, the
. veness of an operative en-
“and 4 System for decarboxylation
o famination may decide the

FPhen.,..... -
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Figure 4. Phenylalanine and tyrosine contents in greenhouse-grown
Connecticut Broadleaf tobacco produced at diffsrent rates of nitrats

nitrogen in solution culture.

levels of phenolics in that particn-
lar plant. The relative effectiveness
for utilization of either of these
amino acids to form phenolic com-
pounds in tobacco plants is a sub-
ject of separate study and will be
reported elsewhere.

Method of curing demonstrated
prominent effects on phenolic content
in cured tobacco leaf {7, 9). The
four Nicotiana species, as shown in
Table I, were produced under the
same farm practices and fertilizer
rates. All components except the pro-
tein nitrogen fraction varied widely,
especially nitrate nitrogen and phen-
olic compounds. Although there are
differences among species, it should
be noted that N. tabacum, N.C. 95,
was flue-cured, while the other spe-
cies were air-cured. Within the same
group of plants, the effect of curing
method on phenolics was clearly in-
dicated. When Burley 21 and Hicks
tobacco were grown in the same field,
and each was subjected to flue and
air curing, most prominent differ-
ences were found in phenolic frac-
tions, although the levels of total
nitrogen, protein nitrogen, and ni-
trate nitrogen appeared unaffected.
The “total polyphenol” content, cal-
culated ag caffeic acid, is 0.5% for
air-cured Hicks, and 3.7% for flue-
cured Hicks tobacco. These results
are in agreement with the data of
“phenoclic derivatives” as shown in
Table 1.

In green tobacco phenolic com-
pounds are relatively stable. This
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is due to the presence of compon-
ents with strong reducing ability
in green tobacco and also due to the
fact that oxidative enzymes and
phenolic compounds are confined in
separate leaf structure (2). Oxida-
tion of phenolics takes place when
the phenolics and the oxidases were
brought into contact resulting from
corrosion of cell wallg from air cur-
ing through partial decomposition
of certain components of cell mem-
brane. Similar oxidation, however,
wag believed nof to occur in flue-
curing (2) and therefore phenolic
compounds present in the green
ieaf remain unchanged. In addition,
decarboxylation and deamination of
aromatic amino acids would con-
tribute to further increase of phe-
nolic ecompounds during flue-curing.

Summary

Experimental tobaccos of various
types were produced with different
rates of nitrogen fertilization. The
amount of phenolic compounds, in-
cluding chlorogenic acid, rutin,
scopolin and scopoletin, appears to
be positively correlated to the rate
of nitrogen fertilization and there-
fore nitrogenous fractions in tobac-
co plants. The levels of phenylala-
nine and tyrosine in experimental
cured and green tobaccos are also
propertional to the levels of nitro-
gen fertilization. These results sug-
gest that aromatic acids are in-
volved in the biosynthetic pathways
of phenolic compounds in tobacco



plants and could explain the posi-
tive relationship between nitrogen
and phenolics in certain tebacco
plants when the decarboxylation
and deamination enzyme gystems
are operative. Methods of curing
also demonstrated decisive effects
on phenolic content in cured to-
bacco leaf.
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