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be involved, however. Flue-cured samples from two loca-
tions and three cultivars were relatively uniform. However,
the Va. 509 sample differed from other burley samples, pri-
marily in neutral lipid content. Thus, cultivars, location of
production, or local curing conditions may be involved in
the differences among burley samples, and location and
cultivar differences may be involved in the differences in
lipid composition between burley and flue-cured tobacco.
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Protein Composition and Classification of Tobacco

T. Powell Gaines* and James D. Miles

Protein composition and classification of flue-
cured tobacco were studied during maturation and
flue curing, and flue-cured leaf was contrasted
with that of air-cured Burley and Maryland types.
Most of the N in immature leaves was proteina-
ceous (77% PN:23% NPN) and composition was
23% simple and 77% residual proteins. Upon ma-
turity PN had declined (53% PN:47% NPN) and
protein composition for mature leaf was 36% sim-
ple:64% residual proteins. After flue curing PN
had further declined (38% PN:62% NPN) as sim-
ple proteins increased (49% simple:51% residual

protein). Simple proteins made up about half the
total protein for all three types of cured tobacco,
although Maryland had a higher PN ratio (51%
PN:49% NPN) than flue cured or Burley (38%
PN:62% NPN). More of the simple proteins for all
three types of cured tobacco were glutelins. The
enzyme proteins (albumin and globulin) increased
slightly during flue curing. The data suggest that
fraction I protein was located in the residual pro-
tein fraction and was rapidly broken down during
flue curing.

Few significant studies have appeared in the recent liter-
ature on the protein composition of tobacco leaf (Stedman,
1968). Yet the degradation of leaf proteins is an extremely
important aim of tobacco processing. It is believed that
these compounds are associated with poor smoking quality
(Pogel et al., 1957; Johnstone and Plimmer, 1959). Shmuk
(1953) demonstrated that tobacco quality is positively cor-
related with soluble sugars and negatively correlated with
proteins. Increased alkalinity of cigarette smoke caused by
a preponderance of ammonia and other alkaline products
of partial combustion of proteins causes a harsher and
more disagreeable smoke and increases irritation of mucous
membranes. Abdallah (1970) stated that a decrease in pro-
tein content always increased taste quality but some
amount of protein is needed to enhance taste sensation.

Studies on green tobacco leaf have shown the presence of
a soluble cytoplasmic protein termed ‘“fraction I” and a

Agronomy Department, College of Agriculture, Universi-
ty of Georgia, Georgia Coastal Plain Experiment Station,
Tifton, Georgia 31794 (T.P.G.), and the Plant Science Re-
search Division, Agricultural Research Service, U.S. De-
partment of Agriculture, Georgia Coastal Plain Experiment
Station, Tifton, Georgia 31794 (J.D.M.).

699 J. Agric. Food Chem., Vol. 23, No. 4, 1975

minor heterogenous protein component termed ‘“fraction
IT” (Wildman et al., 1949). Recently fraction I protein, once
thought to be ribulose diphosphate carboxylase until An-
derson et al. (1968) showed it was significantly different in
molecular weight in some microorganisms, has been desig-
nated by Kawashima and Wildman (1970) as a particular
high molecular weight protein found wherever chlorophyll
a is present. Fraction I protein is rapidly broken down dur-
ing curing; however, appreciable amounts of fraction II
protein remain after curing (Pogel et al., 1957). Kawashima
et al. (1967) reported a marked increase of smaller molecu-
lar weight proteins during curing. Extensive studies reveal
that many of the proteins possessing much enzymatic ac-
tivity remain relatively stable during curing (Johnstone
and Plimmer, 1959). Rapid proteolysis occurs during curing
with liberation of amino acids from hydrolyzed proteins.
Proteins from fresh leaves are usually grouped into the
three categories of chloroplastic, cytoplasmic, and nuclear
proteins (Miller, 1957). The classical Osborne method of
classifying proteins according to solubility has traditionally
been used on storage proteins, namely seeds. Commercial
tobaceo, although a leaf, is bought and sold in a dried state
(not fresh leaf). Chemical analysis of commercial tobacco is
normally preceded by drying the leaf to a moisture-free
state and mill grinding the leaf into a fine dry powder.
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Table I. Chemical Profile of Major Nitrogenous Constituents in Three Types of Tobacco Samples

% composition

of total N
% total
Sample alkaloids® % total N¢ % PN % NPN*® PN NPN

Flue cured

Green leaf (immature) 0.90 4.38 3.38 1.00 71 23

Green leaf (mature) 2.46 1,73 0.92 0.81 53 47

Cured leaf 2.74 1.92 0.73 1.19 38 62
Burley (cured leaf) 4.24 3.62 1.36 2.26 38 62
Maryland (cured leaf) 2.67 2.20 1.12 1.08 51 49

@ Values can also be expressed as milligrams since they are based on a 100-mg sample.

Since dried tobacco powder is not in a fresh leaf state with
sap intact the normal concept of classifying leaf proteins as
chloroplastic, cytoplasmic, and nuclear is not as applicable
as classifying them by solubility such as the Osborne meth-
od. Another advantage of the Osborne method for classi-
fying dried tobacco tissue is that the simple proteins, pro-
teins which yield only amino acids upon hydrolysis, are
separated by solubility and amino acid composition of
these fractions can later be studied and compared.

The purpose of this work was to study the composition
and classify the tobacco proteins by the Osborne solubility
scheme during the maturation of flue-cured tobacco, to ob-
serve the effect of flue curing on the protein composition
and classification of mature green leaf, and to compare the
protein composition and classification of flue-cured leaf
with that of air-cured Burley and Maryland type tobaccos.

MATERIALS AND METHODS

Three types of tobacco were grown in the field during
1973 under recommended cultural practices. Flue-cured
Hicks was produced at Tifton, Ga., Burley 21 at Greene-
ville, Tenn., and Maryland Catterton at Marlboro, Md.
Green leaf samples, referred to in this study as immature,
were harvested approximately 4 weeks after transplanting
when about 38 cm (15 in.) tall. Green leaf mature samples
were replicated four times in the field and harvested as
they ripened with four harvests required to strip the stalk.
Upon harvest, leaves were divided into two lots. The first
lot was dried in a microwave oven (Amana Radar Range
Model IRR-2, 1600 W) as described by Stephenson et al.
(1971) to immediately halt enzymatic activity. The second
was flue cured in a conventional manner. Analyses were
run on each rep and the average appears in the tables for
green leaf mature and cured leaf. Burley and Maryland
type tobacco were air cured in their respective conventional
manner. Samples were composited over stalk positions, mid-
ribs were ‘removed, and dried laminae were ground in a
Wiley mill to pass a 2-mm screen. Chemical analyses
(Table I) were conducted by methods described by Gaines
(1971).

Extraction of Proteins. Proteins were extracted based
on solubility differences by the classical Osborne method
(1907) as described by Lund and Sandstrom (1943).

(A) One gram of the ground tissue was weighed into a
100-ml beaker and stirred for 1 hr in 20 ml of distilled
water (pH 5.88). The slurry was transferred to a 40-ml cen-
trifuge tube and centrifuged 5 min at 2500 rpm. The super-
natant containing the peptizates was decanted in a beaker
and second and third extractions were made by stirring the
residue for 20 min in 20 ml of distilled water with a glass
rod. The three extractions were combined and diluted to a
70-ml volume. To a 10-ml aliquot 5 ml of 10% trichloroace-
tic acid (Cl3CCOOH) was added and sample was placed in
an 80° bath for 20 min to precipitate the water-soluble pro-
tein. After centrifugation 8 ml of concentrated sulfuric acid

was added to the precipitate and the dissolved fraction was
transferred to a 100-ml Kjeldahl flask. The percent N of
the digested protein was determined by the Kjeldahl meth-
od (Gaines, 1971) and reported as albumin N.

(B) The residue in the 40-ml centrifuge tube, after the
water-soluble protein had been removed, was next extract-
ed with 5% potassium chloride (pH 5.85). Three extractions
were made according to the procedure described in para-
graph A. The saline-soluble N is reported as the globulin
fraction and percent N was determined on a 10-ml aliquot.

(C) The residue in the 40-ml centrifuge tube from para-
graph B was extracted with 70% ethyl alcohol at 70° ac-
cording to the procedure described in paragraph A. This
fraction represents the prolamin fraction and a 10-ml ali-
quot was used for N determinations.

(D) The residue after fractions A, B, and C had been re-
moved was next extracted with 0.2% potassium hydroxide
(pH 12.20). Three extractions were made according to
paragraph A. This fraction represents the glutelin fraction
and percent N was determined on a 10-ml aliquot.

(E) The residue from paragraph D was extracted in 20
ml of 5% Cl3CCOOH for 20 min at 80° to remove any re-
maining nonprotein N. The residue was recovered after
centrifugation and is listed as residual protein N.

RESULTS

Major Nitregenous Constituents in Three Types of
Tobacco. Chemical analysis of the three types of tobacco is
shown in Table I to present a profile of the major nitroge-
nous constituents of the samples used in this study. As
flue-cured tobacco matured total N decreased. Most of the
N in early growth was proteinaceous (77%), but as the
leaves matured and became fully expanded, a definite in-
crease in nonprotein N (NPN) was noted. After curing, an
even higher amount of NPN (62%) was observed. Our PN/
NPN ratio for the cured leaf sample agrees well with the
ratio of 39%/61% reported by Darkis and Hackney (1952)
for better grades of flue-cured tobacco. A similar ratio
(38%/62%) was found in Burley tobacco (Table I), but a
slightly higher ratio was found in Maryland tobacco (51%)/
49%). Darkis and Hackney (1952) reported the same trend
for better grades of Burley and Maryland tobaccos.

The total N/total alkaloids ratio for all three types of
cured leaf ranged from 0.70 to 0.85 indicating a good bal-
ance between the nitrogen and nicotine levels (Bacot, 1960)
in the samples selected for the protein classification study.

Classifying Protein Fractions. The classification of
proteins based on solubility differences is still essentially
that arrived at by Osborne in 1907. As with all solubility
classification schemes, there is overlap between fractions.
However, if fairly well-defined procedures are followed, i.e.,
conditions of pH and extraction, the four groups may be
obtained relatively free from one another and still with
their own distinctive properties. An attempt to relate the
various schemes for classifying protein fractions has been

J. Agric. Food Chem., Vol. 23, No. 4, 1975 691



GAINES, MILES

Table 1. Various Schemes for Classifying Protein Fractions

Basis of classification

Protein fractions

Protein species Albumin Globulin Prolamin Glutelin
(Osborne)
Solubility Aq soln Salt soln 70% aq Alkali soln
EtOH soln
Starch gel Fast Fastest Slow Immobile
electrophoretic moving moving moving
mobility e ——
Location in cell Cytoplasm Cytoplasm (mem Granules
(attached + endoplasmic (protein
to mem) reticulum) bodies)
Function in cell Metabolic Structural Storage
(enzymic)
Amino acid e T ——
composition: More Less
basic amino acids
Molecular weights Lower Higher
Table III. Protein Classification (Based on Solubility) of Three Types of Tobacco;
Percent Actually Found in Various Nitrogen Fractions?
% % % % % %
albumin globulin prolamin glutelin residual total
Sample N N N N protein N protein N
Flue cured
Green leaf (immature) 0.15 0.16 0.15 0.33 2.59 3.38
Green leaf (mature) 0.07 0.08 0.07 0.10 0.60 0.92
Cured leaf 0.09 0.10 0.06 0.11 0.37 0.73
Burley (cured leaf) 0.16 0.15 0.16 0.23 0.65 1.36
Maryland (cured leaf) 0.09 0.12 0.12 0.22 0.57 1.12
2 Values can also be expressed as milligrams since they are based on a 100-mg sample,
Table IV. Protein Classification (Based on Solubility) of Three Types of Tobacco;
Percent of Total Protein N
% % % % % simple % residual
Sample albumin globulin prolamin glutelin proteins proteins
Flue cured ]
Green leaf (immature) 4 5 4 10 23 ¥
Green leaf (mature) 8 9 8 11 36 64
Cured leaf 12 14 8 15 49 51
Burley (cured leaf) 12 11 12 17 52 48
Maryland (cured leaf) 8 11 11 19 49 51

described (Kent, 1970) and a modification of this scheme is
shown in Table IL

Proteins of the albumin and globulin classes include the
enzyme proteins (Redman, 1971) which are of particular
importance during tobacco curing. These are cytoplasmic
proteins in which their function in the cell is believed to be
enzymic and structural in the case of globulins. Prolamins
and glutelins are granule protein bodies located in the cell
and their chief function is for storage. The prolamins de-
rive their name from the large quantities of proline and
ammonia they liberate on hydrolysis. Only small amounts
of basic amino acids are present. The glutelins generally
make up a large percentage of the proteins in plants as
large quantities are found in the storage organs. The glutel-
ins and prolamins are termed gluten proteins in.wheat and
comprise up to 80-90% of the total proteins (Redman,
1971).

Prolamin and glutelin are often referred to as insoluble
protein by cereal chemists (Kent, 1970), because of their
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insolubility in water and salt solution. They are often
linked together because of similar properties, composition,
and source of origin (Table II). Consequently, soluble pro-
tein refers to albumin and globulin, and has been shown to
have lower molecular weights and faster electrophoretic
mobility on starch gel than the other fractions (Table II).
The amino acid composition of soluble and insoluble pro-
teins of wheat (Redman, 1971) reveals they have similar
amino acid sequences and quantitative values.

The residual protein refers to proteins other than simple
proteins that are not soluble and are bound by a nonpro-
tein group. These probably are conjugated and derived pro-
teins and include some of the nucleoproteins, phosphopro-
teins, chromoproteins, glucoproteins, lipoproteins, etc.
These proteins are separated from NPN by their insolubil-
ity in Cl3CCOOH.

Classification of Tobacco Proteins. The classification
of tobacco proteins is shown in Tables IIT and IV. The data
in Table III show the actual amounts of N found on a dry
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Table V. Effect of Stirring vs. Homogenizing on the Soluble Protein Fractions®

% albumin N % globulin N % prolamin N % glutelin N 7 total
Sample Stird Homogd Stird Homogd Stird Homogd Stird Homogd Stird Homogd
Flue cured
Green leaf {(mat.) 0.07 0.06 0.08 0.09 0.07 0.06 0.10 0.11 0.32 0.32
Cured leaf 0.09 0.08 0.10 0.10 0.06 0.08 0.11 0.11 0.36 0.37
@ Values can also be expressed as milligrams as they are based on a 100-mg sample.
Table VI. Effect of Cl;CCOOH Precipitation on 10-ml Aliquots of the Soluble Protein Fractions®
% globulin N &% prolamin N % glutelin N Total
10-ml 10-ml 10-ml 10-ml
aliq., aliq., aliq., aliq.,
10-ml CL,CCOOH 10-ml Cl;CCOOQH 10-ml Cl;,CCOOH 10-ml Cl,CCOOH
Sample aliq. ppt. aliq. ppt. aliq. ppt. aliq. ppt.
Flue cured
Green leaf (mat.) 0.08 0.07 0.07 0.06 0.10 0.10 0.25 0.23
Cured leaf 0.10 0.09 0.06 0.06 0.11 0.10 0.27 0.25

2 Values can also be expressed as milligrams as they are based on a 100-mg sample.

weight basis in the various protein fractions and Table III
shows the percentage these amounts comprise of the total
protein N.

Most of the PN was residual (Tables III and IV). Only
23% of the total protein N made up simple proteins in the
leaves of young growing plants, and the glutelin fraction
comprised the largest amount of simple proteins (10% of
the total protein N, Tables III and IV). After the leaves
matured and ripened, much of the N in the leaves had de-
clined. Yet, despite a reduction in the actual amounts
found (Table III), an increase in the percent of simple pro-
teins was observed (36%, Table IV). Still most of the PN
was in the residual form (64%). We did not determine if
this pattern was typical during the growth of Burley and
Maryland tobacco, but for flue cured, as the plants ma-
tured, the ratio of simple proteins to the total amount of
PN increased, and more of these simple proteins were glu-
telins,

Residual protein N decreased during flue curing from
0.60 to 0.37% (Table III). This breakdown of bound protein
during curing is not reflected in an increase in simple pro-
teins (Table III) as most of the fractions remained the
same. This reduction of residual protein N, however, does
lower the total protein N level from 0.92 to 0.73% (Table
ITT) which accounts for the apparent gain in simple pro-
teins (Table IV). It was obvious from Table III that flue
curing had little effect on the simple proteins; in fact a
slight increase in the enzymic proteins (albumin and globu-
lin) was observed.

Almost equal amounts of simple and residual proteins
were found in the three types of tobacco (excluding green
leaf) although Burley had slightly more simple proteins
(52%, Table IV). The data in Table IV indicate that more
of the simple proteins of all three types of tobacco were
glutelins. Flue cured was relatively high in enzymic pro-
teins (albumins and globulins) and Maryland relatively low
(Table IV) based on these observations.

Extracting Soluble Protein Fractions. [t was reported
by Pirie (1955) that histological studies show some cells
have not been torn open after usual grinding procedures
and the extent to which chloroplasts are destroyed varies
with species and physiological state. To see if some of the
cells had not been torn open and entrapped protein re-
mained intact, we homogenized the tissue in sequence with
the respective solvents in a Virtis 45 homogenizer at top

speed for 5 min and compared the N content of these pre-
cipitated proteins (precipitated with 5% Cl3CCOOH as de-
scribed) from this treatment with the N content of the pre-
cipitated proteins extracted by the mild stirring of the Os-
borne treatment. The results in Table V show about the
same N values for these two treatments which indicate that
homogenizing offers no advantage over stirring. Apparently
no protein was left bound in the cells after stirring.

Is the N of the Soluble Protein Fractions Proteina-
ceous? In the solubility scheme used in reporting the data
in Tables III and IV, only the aliquot from the albumin
fraction was precipitated with 10% ClgCCOOH. This is be-
cause much nonprotein N is soluble in water. To determine
whether the other soluble protein fractions (globulin, pro-
lamin, and glutelin) were in fact proteinaceous, 5 ml of 10%
ClsCCOOH was added to a 10-ml aliquot from each of the
fractions and the samples were placed in an 80° bath for 20
min to see if a precipitate formed. A precipitate formed in
each of the fractions. Nitrogen determinations were made
on the precipitates from each fraction and compared with
the N content of the 10-ml aliquots. The results shown in
Table VI indicate the N content of the precipitates is about
the same as the N content of the 10-ml aliquots for each
fraction. These data show that the N of the 10-ml aliquots
from each fraction is for the most part proteinaceous, and
can be almost totally precipitated with Cl3CCOOH.

In another test to see if the Cl3CCOOH precipitate was
in fact protein we used the xanthoproteic test for proteins.
The test is specific for proteins containing amino acids
which was well suited for our means because simple pro-
teins yield amino acids upon hydrolysis. A yellow color pro-
duced when concentrated nitric acid is added to a protein
whether solid or liquid confirms the presence of protein.
We got an intense yellow color for each of the precipitates
from the four fractions and this could be repeated contin-
uously,

To determine if the water-soluble fraction (albumin) did
contain enzyme, we tested for one that was sure to be pres-
ent in tobacco, amylase, The other fractions were also test-
ed for amylase. The test was to add a portion of the frac-
tion to a starch solution treated with iodine to produce a
blue color. If amylase was present it would cause the blue
color to disappear by hydrolyzing starch and interfering
with the starch-iodine complex. Of the four fractions test-
ed, only the water-soluble fraction caused the blue color to
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disappear. This test indicated that amylase was present
only in the water-soluble fraction. This test was repeated
using various temperatures, volumes, and concentrations of
starch solution, iodine, and aliquots from the four fractions
and the water-soluble fraction was the only fraction that
caused the disappearance of the blue color and the color
disappeared in a manner of minutes.

DISCUSSION

It has been reported (Redman, 1971) that the albumin
and globulin classes include the enzyme proteins. Table IV
shows an increase in the percent of total protein N for
these two protein classes in flue-cured tobacco during cur-
ing. Albumin increased from 8% before curing to 12% after
curing and globulin increased from 9% before curing to 14%
after curing. Although there is a slight increase in the N ac-
tually found in these two fractions (Table ITI) what made
this apparent gain was the big loss in residual protein N
during curing from 0.60 to 0.37%, a loss of 38% residual pro-
tein during curing. Simple proteins had a net increase dur-
ing flue curing of 0.04% (Table III), which is only 7% of the
residual protein N. Therefore, a 31% loss in residual pro-
tein N is unaccounted for, since it was not picked up by the
simple proteins. It is suggested that fraction I protein was
located in the residual protein N fraction of the green ma-
ture leaf, and during curing was rapidly broken down. It is
well known that fraction I is rapidly broken down during
curing (Pogel et al., 1957; Johnstone and Plimmer, 1959;
Kawashima et al.,, 1967), and although it is referred to as a
soluble protein, it is usually extracted by a phosphate buff-
er ranging in pH from 7 to 8. Probably only a portion of
this protein would have been soluble in extractions em-
ployed in this study. Water-soluble albumins were extract-
ed in distilled water (pH 5.88), globulin in 5% KCl (pH
5.65), and glutelins in 0.2% KOH (pH 12.20). Therefore,
probably most of fraction I protein was left intact after
simple protein extraction in green mature leaf, but was bro-
ken down during flue curing.

Perhaps it was not surprising to find the enzyme proteins
(albumin and globulin) remained relatively stable during
flue curing as Axelrod and Jagendorf (1951) found phos-
phatase, in\;ertase, and peroxidase activities remained con-
stant in autolyzed leaf and Garner (1951) stated there is ev-
idence for the presence even after flue curing of protease,
lipase, emulsin, amylase, invertase, phosphatase, glycolase,
pectase, ketone aldehyde mutase, oxidase, peroxidase, cata-
lase, and reductase activities, although specific amounts
were not cited. Pogel et al. (1957) found pectin methylest-
erase remained relatively unchanged during curing. Frac-
tion II proteins possess much enzymatic activity and are
relatively stable during curing (Johnstone and Plimmer,
1959; Kawashima et al., 1967). Zelitch and Zucker (1958)
reported activity for some oxidative enzymes disappeared
during curing but acknowledged activities for nonoxidative
enzymes persisted even beyond 12 days (Frankenburg,
1946; Axelrod and Jagendorf, 1951; Pogel et al., 1957; Bar-
rett, 1957).

The enzyme proteins, albumin and globulin, are reported
to be cytoplasmic proteins (Kent, 1970; Redman, 1971).
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However, Sheen and Townes (1970) in their zymogram
studies of soluble leaf proteins found a decrease in the
number of bands during simulated air curing and conclud-
ed that cytoplasmic and structural proteins in membrane
and cell wall disintegrated during curing, except for three
glycoprotein bands. The results of our study suggest the cy-
toplasmic proteins Sheen and Townes found to disintegrate
during curing were not albumin or globulin, or any of the
simple proteins.

Also the data reported here suggest the familiar phrase
“half of the soluble leaf protein is lost during curing” is
misleading and applies mainly to fraction I protein, as sim-
ple proteins, technically the soluble proteins, remained rel-
atively stable during curing.

Perhaps future studies on how increased fertilizer rates
affect these levels of simple proteins and studies on the
amino acid composition of simple protein fractions will tell
us more about how various kinds and quantities of proteins
affect the smoking quality of tobacco.

ACKNOWLEDGMENT
We thank Ellen Hall for excellent technical assistance.

LITERATURE CITED

Abdallah, F., “Can Tobacco Quality Be Measured?,” Lockwood
Publishing Co., Inc., New York, N.Y. 1970, pp 14-15.

Anderson, L., Price, G. B., Fuller, R. C., Science 161, 482 (1968).

Axelrod, B., Jagendorf, A. T\, Plant Physiol. 26, 406 (1951).

Bacot, A. M., U.S. Dep. Agric. Tech. Bull. No. 1225 (1960).

Barrett, R. E., J. Agric. Food Chem. 5, 220 (1957).

Darkis, F. R., Hackney, E. J., Ind. Eng. Chem. 44, 284 (1952).

Frankenburg, W. G., Adv. Enzymol Relat. Subj. Biochem. 6, 309~
387 (1946).

Gaines, T. P, Ga. Agric. Exp Stn. Res. Rep. No. 97, 1-62 (1971).

Garner, W. W., “The Production of Tobacco”, Rev. lst ed,
McGraw-Hill, New York, N.Y., 1951, p 317.

Johnstone, R. A. W., Plimmer, J. R., Chem. Rev. 59, 885 (1959).

Kawashima, N., Imai, A., Tamaki, E., Plant Cell Physiol. 18, 595
(1967).

Kawashima, N., Wildman, S. G., Annu. Rev. Plant Physiol. 21,
325-358 (1970).

Kent, N. L., “Proteins as Human Food”, Lawrie, R. A, Ed., Avi
Publishing Co., Inc., Westport, Conn., 1970, pp 280-299.

Lund, A. P., Sandstrom, W. M., J. Agric. Res. 66, 349 (1943).

Miller, E. V., “The Chemistry of Plants”, Reinhold Publishing
Corp., New York, N.Y.. 1957, pp 26-29.

Osborne, T. B., Publication No. 84, Washington, D. C., 1907.

Pirie, N. W., “Modern Methods of Plant Analysis”, Paech and
Tracey, Ed., Vol. IV, 1955, p 36.

Pogel, B. M., Moseley, J. M., Likes, C. J., Koenig, D. F., J. Agric.
Food Chem. 5, 301-304 (1957).

Redman, D. G., Chem. Ind. (London), 1061-1068 (1971).

Sheen, S. J., Townes, B. L., Beitr. Tabakforsch 5, 285 (1970).

Shmuk, A. A, “The Chemistry and Technology of Tobacco”, Vol.
I1I, Gavrilov, N. 1., Ed., Pishchepromizdt, Moscow, U.S.S.R.,
1953.

Stedman, R. L., Chem. Rev. 68, 153 (1968).

Stephenson, M. G., Gaines, T. P., Hammond, W. C,, Tob. Sci. 15,
43 (1971).

Wi(ldma)n, S. G., Cheo, C. C., Bonner, J., J. Biol. Chem. 180, 895

1949).
Zelitch, 1., Zucker, E. M., Plant Physiol., 33 (1958).

Received for review September 20, 1974, Accepted March 21, 1975.
The Georgia Agricultural Commodity Commission for Tobacco is
thanked for their financial contributions to the Tobacco Analytical
Laboratory, Coastal Plain Experiment Station, Tifton, Ga.



