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Mature leaves of various types of 
field-grown tobacco (N. tabacu,n L.) 
sho\v 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 as alkaloids and 
other compounds which have import­
ant effects on taste of the smoking 
products (3). Another group of com­
pounds, the· phenohc derivatives, are 
also l'elated to leaf quality and usa­
bility (2). Chlorogenic acid, rutin, 
scopolin, and scopoletin are included 
in this group. 

Since the rate of nitrogen ferti1i­
zatio11 affects the amino acid compo­
sition, and certain amino acids are 
involved in the biosynthetic pathway 
of phenolic compounds (6), it is im­
po1:tant to examine possible interre­
lationships among these groups of 
compounds which occur in tobaccos 
varying in types, cultures, curing 
methods, and species. 

Materials and Methods 

Three t:q1es of tobacco were pro-
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duced in the field under regular farm 
practices exeept 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 lbs/ 
A. Burley 21 was also- produced at 
Lexington, Kentucky, with four N 
levels: 60 lbs/ A, 120 lbs/ A, 180 lbs/ 
A, and 180 lbs/ A plus 10 tons man­
ure. Maryland Catterton was pro­
duced at Marlboro, Marylan,d, with 
three N levels: 80 lbs/ A, 120 lbs/ A, 
and 150 lbs/ A, and flue-cured Hicks 
was produced at Tifton, Georgia, 
with two N levels: 50 lbs/ A and 100 
lbs/ A. 

In addition, four Nicotiana species 
were produced at Florence, S. C.: N. 
tiabacum var. N. C. 95, N. rustica, N. 
giutinosa, and N. gla·uca. 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 t_o compare their respec­
tive chemical compositions. 

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

All chemical determinations were 
made on cured tobaccos except fhe 
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 thr:: 
American Tobacco Company ( 1). 
Am,ino acids were determined with a 
Technicon Amino Acid Analyzer*. 
The samples were prepared as pre-
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viously described (8) except the fol­
lowing modifications were made to 
conform with recommended Techni­
con•x• procedures: (A) Eth::_mol frac­
tion was adjusted to pH 2 for column 
separation, and (B) Hydrolyzate 
was prepared vvith 24 hours diges­
tion of plant tissue in 6N HCL 

Samples for determination of 
phenolic derivatives were extracted 
with 70% ethanol for one hour in a 
steam bath. 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:H2 0 
(5 :1). Reported results are semi­
quantitative estimation by visual 
comparison with standards. Con­
firmation of each compound was car­
ried out by employing other solvents, 
including 2% acetic acid:N-butanol: 
acetic acid:H,O (4:1:5), by Hoepf­
ner spray ( 4), and by hydrolysis. 
Results reported are averages of 
three: to five determinations. 

Total "polyphenols" 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 aliquot 
was assayed for total reducing ac­
tivity. Anothe-t aliquot of the same 
extract was treated with basic lead 
a•cetate which precipitates o-dihy­
droxyphenols and the resultant RU-

* lYiention of a specific trade 110.me is made for 
identification only a11d does not imp/y any endcwse­
me11,t by the U.S. Government or State Experi­
ment Stations. 
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AIR CURED BURLEY 
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Figure 3. Phenylalanine and tyrosine contents in field-grown Burley 21 
produced in Tennessee at different rates of nitrogen fertilization. 

Figure 4. Phenylalanine and tyrosine contents in greenhouse-grown 
Connecticut Broadleaf tobacco produced at different rates of nitrate 
nitrogen in solution culture. 

and 2) but not of Maryland Catter• 
ton. 

To examine, the· possible relation­
ship behve·en 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 
acids are converted to transcinna­
mic or p-coumaric acids which lead 
to the formation and accumulation 
of many phenolic and related com­
pounds. 

An air-cured tobacco (Burley 21) 
and a freshly harvested green to­
bacco (Connecticut Broadleaf) 
were used to examine the levels of 
aromatic amino acids in tobaccos 
Produced under different nitrogen 
f rt·1· e 1 1zation. Results are shown in 
:igures 3 and 4, resp,ectively. In 

?th cases, phenylalanine and tyro­
sme, either in free form or from 
hydrolyzate, increase as the rate of 
nitrogen fertilization increases. In 
each case, phenylalanine was al­
~~ays at a higher concentration 

1 an tyrosine. Although phenyla· 
_amne and tyrosine usually occur 
in ct·ff 

fl 
1 erent tobacco varieties the 

e ecr ' iveness of an operative en­
ZYnie sy t and s _em . for decarboxylation 

deammahon may decide the 

levels of phenolics in that particu­
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 cl-early in­
dicated. When Burley 21 and Hicks 
tobacco we-re 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 as caff-eic 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 
"phenolic derivatives" as shown in 
Table I. 

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 walls from air cur­
ing through partial decomposition 
of certain components of ceU mem­
brane. Similar oxidation, however, 
was believed not to occur in flue·­
curing (2) and therefore phenolic 
compounds present in the green 
leaf remain unchanged. In addition, 
decarboxylation and deamination of 
aromatic amino acids would con­
tribute to further increase of phe­
nolic compounds during flue-curing. 

Summary 

Exp,erimental 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 
proportional 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 
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plants and could explain the posi­
tive relationship between nitrogen 
and phenolics in certain tobacco 
plants when the decarboxylation 
and deamination enzyme, systems 
are operative. Methods of curing 
also demonstrated decisive effects 
on phenolic content in cured to­
bacco leaf. 
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