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Introduction 

Part III of this series concerned 
a study of total 3�p-steroJ levels in 
unaged, flue-cured tobacco (Stedman 
et al

1 
1958) . The present report is. an 

extension of this work and describes 
the levels of glycosidated, esteri
fied and free sterols found in a wide 
variety of tobaccos using a semi
mi cro analytica l procedure. 

Description of Method · 
The method employed in Part III 

Was a macro technique devised for 
t\vo purposes : To obtain quantitative 
information and to isolate significant 
amounts of phytosterols for com
position studies2

• Since this method 
was too laborious for use in the an� 
alysis of a number of tobacco sam
ples, a semi��icro method wus 
sought. A well-known technic pre• 
viously developed at this laboratory 
(Wall and Kelley, 1947) for the an· 
alysis of green vegetable meals was 
ultimately modified for use with to• 
bacco. Details of the modification are 
as follows : 

Fifteen to thirty-five g of tobacco 
ground to pass a 50-mesh screen are 
extrac�ed for 24 hours with 100 ml 
acetone in a Soxhlet apparatus. The 
acetone extract is then cooled, made 

1, Ea.rte-rn Utifi.z,1tion Rescatch and [)yr,efop. 
ment Division, Agricrllturr,;.i Research Service 
Un:ted State$ Defa.rt,,.,;mt of Agriculture. 

' 

2. Part IV de,rcribcd thase sriulie.t {D;nnickj! 
an.d Stedman, 1959.) 

up accurately to 100 ml with acetone 
and three 25 ml aliquots are removed. 
One of these is evaporated to dryness 
in a 50 ml rou::id-bottom :fl.ask2

• 

Twenty-five ml o±' 95 per cent ethanol 
containing 250 mg sulfuric acid are 
added to the residue, and the mix
ture refluxed for fifteen hours to spH.t 
the glycosides. Fifteen ml of 10 per 
cent potassium hydroxide (in 95  per 
cent ethanol) are added to this flask1 

the contents are refluxed for thirty 
minutes to hydrolyze the esters and 
the sterols: are extracted as indicated 
below. - This flask gives a value for 
total stero!s since both gJycosides and 
esters of sterols have been hydro
lyzed. The second 25 ml aliquot is 
evaporated to dryness, the residue 
dissolved in 25 rr.l 95 per eent ethanol. 
the contents saponified by adding 15 
ml of 10 per cent potassium hydrox
ide (in 95 per cent ethanol) and after 
refluxing for thirty minutes the 
sterols are extracted as indicated 
below. This flask gives a value for 
free and esterified sterols. The third 
uHquot is evaporated to dryness, 25 
ml of ethanol are added, the flask 
contents are boiled and cooled, and 
the free sterois extracted as de
scribed below. Thus, values for free, 
and total sterols are obtained directly 

3. A larger ffo.sk cannot be ,;mp/ej!cd du to 
sterol d;ut-Htct-foii dnrinv acid-hydrolysis, Appar
ently, when. thf' t11r,d Gf the s,;,lutfort i-1 si:,1;ifi• 
c'.J.nt/y hefow the V'rn1st of thr flask, evapvra.tion of 
solvent a.t the glass-solution inte..-face durin9 rt
fi,u:rint7 cau.us a ('M!ctntration of acid with con• 
current tlestntctiott r;j sterol. 

(Tobacco Science 4-�) 

and levels of steroidal esters a::d 
glycosides can be calculated from tbe 
three aliquots. 

The sterols are extracted from the 
hydrolyzed and unhydrolyzed solu
tions by adding 25 ml Skellysolve B1 

to each oi the solutions and water 
just sufficient to obtain two layers, 
The Skellysolve layer is separated 
and the aqueous layer extracted three 

· more times with Skellysolve. 1'he-n 7
ml of water are added to the aqueous 
layer and four successive extractions 
with Skelly.solve are again n:ade. The 
eigh t Skellyso1ve extracts for each 
sample are corr:bined and v1ashed 
four times with methanol containing 
10 per cent water to remove xanH�o
phylls and other substances . The 
Skellysolve layer is evaporated lo 
drvness and the residue dissolved in 
25' ml 95 per cent alcohol. rren 1:11 ?f 
a 2 per cent solution of digitonm :r. 
80 per cent ethanol are added to the 
boiling alcoholic solution and the �� 
lution is boiled one minute ;  theu G.,> 
ml water are added, the boiling c?n� 
tinued one minute and the sol::.mon 
allowed to cool to - room ten1peran;r�
After standing overnight, the precipt� 
tate is collected on' a tared sinterc� 
glas,q Buchner funnel and washe 
with small amo-unts of 80 per cent
ethanol followed by diethyl ether: 
The funnel is dried at 100' C ,:�. 
one hour in a forced-draft O\ 
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cooled to room temperature m a 
desiccator and weighed. Since the 
digitonides are quite hygroscopic, ex
posure to the atmosphere must be re
duced to a minimum at all times. The 
weight of sterol is obtained by mul
tiplying the weight of digitonides by 
the factor, 0.253 (Wall and Kelley, 
1947). 

Preliminary Methodological Studies 

Considerable preliminary work was 
performed before adoption of the 
above method. Some of the informa
tion obtained in this work may be of 
interest to those concerned with the 
methodology of plant composition 
studies. Therefore, a summary of the 
more important finding,; will be 
given. 

Spectrophotometric vs. ymvimetric 
determination. Wall and Kelley in
vestigated the spectral characteris
tics of sterol digitonides prepared 
from green plant material and de
veloped a spectrophotometric deter
mination for sterols based on meas
urement of light absorption produced 
by the reaction of the digitonides 
with the Liebermann-Burchard rea
gent. Good agreement was reported 
between spectrophotome tric  and 
gravimetric values for such digi
tonides. In the present study a simi
lar approach was made with tobacco 
sterol digitonides. 

The reaction product obtained with 
purified tobacco sterol digitonides 
and the Liebermann-Burchard rea
gent gave an absorption spectrum 
from 400-1000 mu which had the 
same general shape as those of the 15 
vegetable and other sterol digitonides 
reported by Wall and Kelley. How
ever, the spectrum of the tobacco 
digitonides showed a distinct batho
chromic shift of the maximum at the 
longer wavelength compared to the 
spectra of these other plant sterols. 

A spectrophotometric tPchnique es
sentially similar to the Wall and 
Kelley method was developed using 
the above spectrum. The results ob
tained with the spectrophotometric 

, method and with the above gravimet
i ric technique were compared, and the 
· former was found to give erratic
valu es which were substantially
higher ( 5-80 per cent) than the
gravimetric method. The nature and
time-intensity relationship of the ab
sorption produced with the tobacco
digitonides suggested the presence
of trace amounts of non-steroidal
substances which reacted with the
Lieberm ann-Burch ard reagent.
Therefore, the gravimetric method
was employed in the analytical
studies. The precision of this method
is essentially the same as that re-

Table 1. Extraction of sterols from flue-cured tobacco 

( 50 mesh) under various conditions 

Total 
Sterols 

Extracted 
Solvents and Extraction Times* (Hours) % Sterols (%) 

A B C A B C 

Skellysolve ( 4) Acetone (2.5) None 0.27t 0.l0t 0.37t 
Acetone (4) Skellysolve (3) None 0.46t 0.Olt 0.47t 

(0.26) 
Acetone (4) Ethanol (12) Acetic 0.26 0.02 0.02 0.30 

acid ( 16) 
Acetone (8) Ethanol (8) None 0.32 0.03 0.35 
Acetone (28) None None 0.41 0.41 

� B and C refer to successive eztractions of the same tobacrn sample with rhe indicated 
sequence of solvents. 

t By spectrophotometric determination. All other values are gravimetric. 

ported for the Wall and Kelley gravi
metric method ( + 5 per cent). 

Extracting solvent,'!. Preliminary 
experiments showed that free and 
combined tobacco sterols are tightly 
bound within the plant cells. As ex
pected, solvents vary widely in their 
ability to extract these compounds 
from tobacco. Table 1 illustrates the 
amounts of total sterols extracted 
from a 50 mesh sample of flue-cured 
tobacco using different periods of 
time, different solvents and a succes
sion of three solvents. Data based on 
spectrophotometric measurement are 
included for comparative purposes 
subject to the limitations discussed 
above. On the basis of such findings 
the extracting solvent eventually se
lected was acetone and the final ex
tracting period, 24 hours. Although 
the sterols may not be completely ex
tracted, in the absolute sense, by 
these conditions, this approach pro
vides a practical means of rapid 
quantitative determination with pri
mary emphasis on comparative 
values. 

Mesh size of tobacco sample. Pre
liminary work was conducted on the 
same sample of unaged, flue-cured 
Type 12 tobacco used in the isolation 
study of Part III. This tobacco had 
been obtained by grinding leaf strips 
in a Wiley mill and was used with
out further screening. The degree of 
pulverization was such that all par
ticles passed a 10 mesh screen and 
most of them passed a 20 mesh 
screen. In the present study it was 
found that reducing the particle size 
to 50 mesh increased the rate of 
sterol extraction by approximately 
50 per cent. 

Relationship with the past study. 
In Part III it was reported that an 
unaged, flue-cured sample of Type 12 
tobacco contained 0.15 per cent total 

(Tobacco Science 45) 

3-t9-sterols. In the present study, 0.43
per cent total sterols was obtained
on the same sample. It is obvious that
either more sterols were extracted
or that extraneous material was
being weighfid by the present pro
cedure. Undoubtedly, more sterols
were extracted by decreasing par
ticle size. Perhaps of more import
ance was the overall effect of chang
ing the scale of extracting operation.
In the large-scale extraction, the
chamber containing the tobacco filled
slowly but the tobacco soaked in
solvent longer. In the small Soxhlets,
a very rapid filling and siphoning oc
curred and the temperature of the
solvent exposed to the tobacco was
generally higher.

The probability that extraneous 
matter was being weighed in the 
semimicro method is slight. The 
small amount of precipitated digi
tonides could be washed much more 
thoroughly than the large amounts 
precipitated in Part III; in general, 
the former were much cleaner on 
initial precipitation5

• No indication 
of significant contamination of the 
digitonides by hydrocarbons was ob
served in the current study; exten
sive Skellysolve rinsings of the digi
tonides removed no solids. The digi
tonides contained no substances in
soluble in glacial acetic acid. 

Sterol Levels in Various Tobaccos 

Twenty-three samples of leaf webs 
and midribs were analyzed, including 
freshly harvested, aged or fermented 
flue-cured, burley, Maryland, Turk
ish, fire-cured, cigar binder and cigar 
filler types. A few commercial blends 
used in the manufacture of cigarettes 
were also evaluated. The analytical 

-s.Turkish to,acco ;yielded digitonides (from 
fr,e stcrols only) that requ,:red e,;tensive W11shinv. 
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Table 2. Free, esterified and glycosidated sterols in 
various green, aged or fermented tobaccos. 

Percent* 
Glycosides Esters Free Total 

Flue-cured 
Green leaves, Hicks, overmature 0.11 0.06 0.10 0.27 
Green midribs, Hicks, overmature 0.03* 0.05* 0.05* 0.13* 
Aged leaves, Type 11, 1955 crop 0.10 0.14 0.11 0.35 

Aged leaves, blend of flue-cured types 0.16 0.16 0.13 0.45 
Aged midribs, blend of flue-cured 

types 0.05 0.04 0.06 0.15 

Burley 
Green leaves, Ky. 41A, overmature 0.05 0.11 0.18 0.34 
Green midribs, Ky. 41A, overmature 0.03* 0.05* 0.08* 0.16* 
Aged leaves, sample X 0.17 0.06 0.16 0.39 
Aged midribs, sample X 0.03 0.01 0.07 0.11 
Aged leaves, B3F grade 0.12 0.07 0.15 0.34 

Maryland 
Green leaves, Wilson strain, 

under mature 0.10 0.05 0.09 0.24 
Green midribs, Wilson strain, 

under mature 0.06* 0.01* 0.06* 0.13* 
Green leaves, Wilson strain, mature 0.06 0.09 0.11 0.26 
Green midribs, Wilson strain, mature 0.03* 0.04* 0.06* 0.13* 
Aged leaves, 1954 crop 0.18 0.09 0.11 0.38 
Aged midribs, 1954 crop 0.01 0.03 0.08 0.12 

Aged blend, Burley and Maryland 
leaves 0.15 0.08 0.13 0.36 

Turkish 
Aged leaves, Smyrna 0.11 0.06 0.09 0.26 
Aged leaves, Turkish blend 0.09 0.10 0.08 0.27 

Fire-cured 
Fermented leaves 0.03 0.08 0.09 0.20 
Fermented midribs 0.03 0.03 0.05 0.11 

Cigar types 
Fermented filler leaves 0.06 0.02 0.08 0.16 

Fermented binder leaves 0.05 0.01 0.08 0.14 

• All values are o_n a f!Wisture-free basis ercept the green mid1ibs. These midribs were partially 
dehydrated as described ,n tert and values calculated on the basis of total weight without moisture 
correction. 

results are given in Table 2: the 
values are for single determinations 
in most cases. 

The freshly harvested leaves were 
pooled samples collected late in the 
1958 growing season from top, mid
dle and bottom portions of plants on 
experimental plots at Department in
stallations in Beltsville. 

The aged and fermented tobaccos 
were representative commercial sam
ples. Available descriptive data are 
given in the table. "Leaves" refer to 
leaf webs; the term "green" includes 
all freshly harvested leaves regard
less of degree of maturity. All values 
have been corrected for moisture con
tent except those for midribs of 
green leaves. These midribs were ob
tained from the intact leaves and 
diced into small fragments and dried 

at room temperature and humidity 
for two weeks before analysis; the 
sterol values were calculated on the 
weight of this partially dried ma
terial. 

All inferences drawn from these 
data are presented with the usual 
reservations regarding biological 
variation, sample size and other fac
tors which limit broad generaliza
tions. 

Among the aged and fermented to
baccos, total sterol levels varied from 
approximately 0.1 to almost 0.5 per 
cent. Some indication of a correlation 
between total sterol content and to
bacco leaf type was noted. Aged 
bright, burley and Maryland had ap
proximately the same sterol levels 
and showed higher concentrations 
than the other types. Turkish, fire-

(Tobacco Science 46) 

cured and cigar types had progres
sively less total sterols. The various 
commercial samples of the same gen
eral tobacco type gave values quite 
similar except in the case of flue
cured leaves. In almost all instances, 
the midribs of aged or fermented 
leaves showed from one-third to 
one-half the total sterol levels of the 
leaf tissue associated with the mid
ribs. 

The sterol contents of the green 
and aged leaves cannot be compared 
directly since corrections for losses 
in dry matter during curing and 
aging are necessary. Experimental 
data on this point were unavailable. 
However, theoretical  corrections 
based on reported average losses 
(Frankenburg, 1946 and 1950) could 
be calculated. Corrected values ob
tained in this way6 showed that the 
sterol contents of green leaves were 
either slightly less (-10 per cent) 
than aged leaves (bright and Mary
land) or, in the case of burley, sig
nificantly more ( +30 per cent) than 
aged samples. Perhaps a logical con
clusion would be that curing and 
aging do not drastically alter the 
sterol levels of green tobacco. 

Although corrections for moisture 
were not made for green midribs, it 
would seem that the relative sterol 
contents of green leaves and midribs 
have essentially the same pattern as 
those of the aged or fermented to
baccos. This conclusion is based on 
the fact that the midribs ,would have 
had to contain 50 per cent moisture 
to give sterol contents comparable to 
the leaves. By inspection, the mois
ture contents of the midribs were 
considerably less than this figure. 

No consistent relationship was ob
served between the proportions of 
free, esterified and glycosidated ster
ols, and tobacco type. Some tendency 
toward leaves having a higher con
tent of free and glycosidated sterols 
compared to esterified forms was 
noted among the aged and fermented 
samples. This tendency could be in
terpreted as a reflection of differen
tial solubilities of the various steroi
dal forms in acetone. On the basis 
of chemical structure, Skellysolve B 
would be expected to be a better 
solvent for esters than acetone. How

ever, Huperficial experiments showed 
that the greater extractive proper
ties of acetone are evident with all 
three forms of tobacco sterols. 

Summary 

A semi-micro gravimetric method 

• The following average values reported by 
Frankenburg (1946, 1950) were used in the calcu• 
Jations: Losses in dry weight due to curing fiue
cured, 11 % ; burle;Y a,id Maryland ( not primed), 
25%; loss,s on aging, flue-cured, 2%; burley and 
Marylan,I, 4%. 
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for the determination of 3-/3 sterols 
in free and combined forms is de
scribed. Preliminary methodological 
studies are also ,summarized. 

A number of green, aged or fer
mented samples of tobacco leaves 
and midribs was analyzed with the 
developed procedure. The approxi
mate total sterol levels of all samples 
varied between 0.1 and 0.5 per cent. 
Aged samples of flue-cured, burley 
and Maryland leaves showed the 
highest sterol concentrations. These 
three types gave approximately simi
lar levels. Turkish, fire-cured and ci
gar types contained progressively less 
total sterols. 'The midribs of commer
cial samples of aged or fermented to
baccos showed significantly less 
sterols than the leaf tissue. Although 
an accurate comparison between the 
sterol levels of green and aged leaves 
was difficult to make, it appears that 
curing and aging do not drastically 
alter the sterol contents of green 
leaves. 

All samples contained free, esteri
fied and glycosidated sterols but no 
rigid correlation between the propor-

tions of each and tobacco type was 
observed. 
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