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A method for the isolation and partial character- Gel-permeation chromatography has shown that 
ization of hemicelluloses in tobacco stems has been some of the hemicellulose in tobacco consists of 
developed. The carbohydrate composition of a mixed molecular weight materials, which can be 
hemicellulose fraction extracted with 5 %  KOH fractionated on a Sephadex G-150 column into a 
consists of a xylan, to which other carbohydrates are relatively large molecular weight substance (70,000 
attached. Some of the lignin in tobacco stems is to 100,000) and one of smaller molecular weight 
probably chemically bound to  the hemicellulose. (6000 to 15,000). 

he importance of reconstituted tobacco leaf in cigar 
and cigarette manufacturing practice has resulted in T an increased utilization of tobacco stems. The 

trend toward a reconstituted tobacco sheet free of non- 
tobacco additives requires a thorough knowledge of the 
carbohydrate constituents in the tobacco, since some of 
them serve as structural components of the sheet while 
others act as the necessary adhesives. There are few re- 
ports in the literature on the hemicellulose in tobacco 
(Mizuno and Kimpyo, 1957; Nagasura, 1954, 1956), and 
nothing on the hemicelluloses in tobacco stems. 

The objectives of this study were to isolate the hemicellu- 
loses from tobacco, to resolve them partially into chemical 
types, and finally to characterize the hemicelluloses with 
respect to their carbohydrate composition and molecular 
weight. 

EXPERIMENTAL 

Fractionation. The fractionation procedure used to 
isolate the hemicelluloses from tobacco is presented in 
Figure 1. 

The procedure up to the delignification step has been 
described (Jacin et al., 1967). 

Two delignification methods were used in parallel: the 
sodium chlorite-acetic acid method of Wise et ul. (1946) 
and the Angel1 and Norris (1936) procedure where the 
material was refluxed with 50% ethanol containing 1% 
NaOH. 

In the sodium chlorite procedure the pectin-free tobacco 
representing 8.635 grams of original stems was suspended 
in 160 ml. of water. To the mixture were added 1.5 grams 
of sodium chlorite and 10 drops of glacial acetic acid, while 
nitrogen was being bubbled through the mixture. The 
operation was carried out in a hood. The passage of nitro- 
gen was continued and after an hour the same quantities of 
reagents were added to the mixture. After another hour 
the addition of reagents was repeated. The mixture was 
left overnight in the hood. A well-bleached tobacco 

~~ 

American Machine & Foundry Co., 689 Hope St., 
Stamford, Conn. 06907 

sample was dialyzed against running water for 24 hours. 
The material in the dialysis bag was filtered on a Biichner 
funnel. The filter cake was suspended in 200 ml. of 5% 
K O H  solution and stirred magnetically at room tempera- 
ture for one hour. The mixture was filtered through a 
Biichner funnel into a flask containing sufficient acetic acid 
to neutralize the available K O H  and to make the filtrate 
acidic. The filtrate obtained was mixed with 2 volumes of 
absolute ethanol, stirred, and left in the refrigerator over- 
night. The filter cake was suspended in a 10% KOH solu- 
tion and treated in the manner described above for the 5% 
suspension. The filter cake treatment was subsequently 
repeated with 20% KOH. The alcohol solution was re- 
moved from the precipitates by decantation. The precipi- 
tates were transferred into dialysis tubing and dialyzed 
against running water for 24 to 48 hours. The contents 
from the dialysis tubing were concentrated under vacuum 
and freeze-dried. 

In the alternate delignification procedure the pectin-free 
tobacco was suspended in 200 ml. of 50% ethanol solution 
containing 1% NaOH. The mixture was refluxed for 12 
to 16 hours and filtered on  a Biichner funnel, and the filter 
cake was washed several times with 50% ethanol solution. 
The washed filter cake was treated with 5, 10, and 20% 
KOH, in a manner described above. The effect of the 
delignification procedure on the yield of hemicellulose was 
noted only in the case of the hemicellulose fract'on ex- 
tracted with 5% KOH. The 10 and 20z KOH ext-acted 
ma'erials were unaffected. The 5 %  KOH extracted hemi- 
cellulose yield was higher by about 0.5% when the sodium 
chlorite-acetic acid delignification procedure was used. 
The hemicellulose yields from a number of tobacco stem 
types are shown in Table 1. The sodium chlorite-acetic 
acid delignification procedure was used on these stems. 

Samples of the 
isolated hemicellulose (0.1 to 0.3 gram) were hydro!yzed 
in 0.2N HCI at 100" C. for 16 hours. Aliquots of the 
hydrolyzates were spotted on  silica gel G plates (Jacin 
and Mishkin, 1965). The development was carried out 
in 1-butanol-acetic acid-water (5 :4 : 1). The sugars were 
made visible by spraying the plates with a 1-naphthol 
sulfuric acid reagent followed by heating. Figure 2 shows 
a photograph of a plate containing unhydrolyzed and 

Thin-Layer Chromatography of Sugars. 

VOL. 16, NO. 4, JULY-AUG. 1968 669 



TOBACCO + 80% MeOH 

ACIDIFIED EtOH + SOLIDS I 
(95% EtOH IN 0.1N HCI) 

__FILTRATE I 

DELIGNIFICATION 
NaCIOz + CHaCOOH 
50% EtOH + NaOH 

Table I. Hemicellulose Yield 
% of KOH 

Solvent 
Used to % of 
Extract Hemi- 

co Hemicellulose cellulase 
------ 5 5.3 

10 5 . 2  
20 2.0 

5 4.1 
10 3 . 2  
20 1.6 

5 6.4 
10 3.4 
20 1.8 Figure 2. Tobacco hemicelluloses and their hydro- 

Sweated Manila stem 5 6.0 
10 6.1 
20 3.0  

hydrolyzed samples of hemicellulose isolated from Mary- 
land stems. The delignification was carried out by the 
sodium chlorite-acetic acid method. 

The ethanol sodium hydroxide procedure gave a hemi- 
cellulose, fraction 1, which contained xylose only, whereas 
the fraction 1 hemicellulose obtained by the sodium chlo- 
rite-acetic acid delignification method contained glucose 
and xylose, and in some tobaccos, also arabinose. Both 
delignification procedures gave hemicelluloses of similar 
carbohydrate composition for the two other hemicellulose 
fractions. A photograph of a thin-layer chromatography 
plate containing the acid hydrolyzate of a fraction 1 hemi- 
cellulose is shown in Figure 3. Gas chromatographic tests 
confirmed the TLC findings. 

Gas Chromatography of Sugars. The determination 
was carried out on a Perkin-Elmer 800 gas chromatograph 
using a flame ionization detector (Sweely ef al., 1965). 
The conditions were as follows: The column was stainless 
steel 20 feet long by L/s-inch 0.d. The coating was Carbo- 

lyzate products 

1,2. Maryland stem hemicellulose fraction 1 
?,4,5,6. Hydrolyzate of above hemicellulose showing 

glucose and xylose 
7. Mixture of known sugars in ascending 

order. nalacturonic acid. nalactose. Aucose. 

8,9. 
IO, l l ,  
12,13. 

14. 
15. 
16. 

xylose,;hamnose 
Maryland stem hemicellulose fraction 2 
Hydrolvnte nrnduct of ahnve material 
sh< 
XY 
Giucose 
Galacturonic I 

wax 20 M terminated with rerpnrnaiic acio on a Lnrnmo- 
s o r b P  (60- to 80-mesh) support. The column temperature 
was 180" C. The injection block temperature was 340" C .  
The nitrogen flow was 60 ml. per minute. The deter- 
minations were made isothermally. A Honeywell recorder 
of 1-mv. sensitivity and 2 seconds' full scale deflection was 
used. The chart speed was inch per minute. The peak 
areas were determined with a planimeter. 

An aliquot of the hemicellulose hydrolyzate (5 ml.) was 
evaporated to dryness under nitrogen. To  the dry material 
was added 1 ml. of trimethylsilyl reagent (TRISIL, Pierce 
Chemical Cn., Rockford, Ill.). After 15 minutes at  room 
temperature aliquots of the mixture were injected into the 
gas chromatograph. The ratio of the sugars was calcu- 
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Table 11. Ratio of Monosaccharides in Hemicellulose 
Isolated from Tobacco, in Per Cent 

% 
of KOH 
Used to 
Extract 
Hemi- Arab- UW 

Tobacco cellulose inose Xylose Glucose identified 
Bright stem ’ 5 2.5 74.0 23.5 . . .  

10 2.2 86.6 9.2 2.7 

Havana seed 
leaf 5 3.7 49.5 43.4 0 . 4  

10 . . .  73.0 20.6 6 .6  
20 , . .  90.0 7.0 3.8 

Manila stem 5 1 .8  54.0 43.5 0.4 
10 . . . 79.0 21.0 . .  . 
20 6 .2  70.0 20.0 3 . 8  

Figure 3. Carbohydrate composition of a frac- 
tion 1 hemicellulose where delignification WBS 

carried out by alcoholic sodium hydroxide 

1. Xylose 
2. Rhamnose 
3. In ascending order galacturonic acid, 

sucrose, fructose, glucose, xylose, 
rhamnose 

4. Galacturonic acid. palactose. alucose. - - 
xylose, rhamnose 

lose only 
5,6,7,8. Hemicellulose hydrolyzate, shows xy- 

9,lO. Unhydralyzed hemicellulose fraction 

lated from the obtained peak areas. The results are shown 
in Table 11. 

Gel-Permeation Chromatography. The work was car- 
ried out on  columns (2.5 X 50 cm.) of Sephadex G-150 
(Pharmacia, Piscataway, N. J.) using 0.1M sodium chloride 
as eluent. The gel preparation and column packing were 
carried out according to instructions supplied by Pharma- 
cia. Eluent was allowed to flow for 48 hours before the 
columns were calibrated with dextrans of known molecular 

weight (Anderson and Stoddart, 1966). Polysaccharide 
(about 20 mg.) dissolved in 0.5M sodium chloride (1 ml.) 
was applied to the column. Fractions collected from a 2- 
ml. siphon by an automatic collector were screened by the 
phenol-sulfuric acid method (Du Bois er al., 1956). Elu- 
tion volumes were estimated to the nearest milliliter from 
peak maxima. The calibration results are shown in 
Table 111. 

A plot of peak elution volume os. molecular weight (on 
semilog paper) was linear in the molecular weight range of 
about 2000 to 110,000, The elution volume of “blue dex- 
tran” (mol. wt. 2 X lo6) was taken as the void volume. 

The elution patterns of a pair of fraction 1 hemicellu- 
loses from a Sephadex G-150 column are shown in Figure 
4. Each hemicellulose showed two peaks, indicating the 
presence of a relatively large molecular weight component 
and a smaller molecular weight material. The molecular 
weights of each component were determined from the plot 
of peak elution volume us. molecular weight, and are listed 
in Table IV. 

488 rn” I 

Figure 4. 
G-150 column 

Elution pattern of hemicelluloses from a Sephadex 

0 Sweated Manila stems 
A Bright stems 

Figure 5. 
Sephadex G-75 column 

Elution pattern of a tobacco hemicellulose from a 

0 Test for sugars 448 rnw 
A Test for lignin 280 mp 
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Table 111. Calibration of Sephadex G-150 Column 
with Dextrans of Known Molecular Weight 

Molecular Elution Volume 
Substance Weight Peak, MI. 

Blue dextran 2 x 108 46.0 
Dextran-1 50 1 .5  x 105 46.0 
Dextran-1 10 1 .1  x 105 48.0 
Dextran-80 8 X lo4 53.0 
Dextran-40 4 x 104 73.0 
Dextran-20 2 x 104 88.0 
Dextran-10 1.1 x 104 105.0 
Sucrose 345 152.0 

Table IV. Molecular Weights of Tobacco Hemicelluloses 
as Determined by Gel-Permeation Chromatography 

Component 
Tobacco 1 2 

Maryland stems 95,000 8,000 
Havana seed leaf 110,000 5,500 
Bright stems 75,000 11,Ooo 
Manila stems 95,000 8 ,OOo 
Sweated Manila stems 110,Ooo 9,ooO 

Purity of Isolated Hemicellulose. The delignification 
procedure of Wise et a/. (1946) has been shown to be non- 
destructive of carbohydrates (Whistler, 1953). However, 
the isolated polysaccharide retains 2 to 4 z  lignin. An 
examination of an isolated hemicellulose fraction on a 
Sephadex G-75 column revealed that the material con- 
tained a small amount of lignin which was determined 
spectrophotometrically (Kringstad and Ellefsen, 1964). 
The elution pattern is shown in Figure 5 .  

DISCUSSION 

The fractionation procedure shown in Figure 1 gives a 
hemicellulose free of pectic material and other carbo- 
hydrates. The 80% methanol treatment removes mono- 
and disaccharides, while the pectic materials are removed in 
the subsequent four steps (Jacin et d., 1967). 

The delignification method of Angell and Norris (1936) 
gives a fraction 1 hemicellulose which shows xylose only in 
its hydrolyzate product. This indicates that the isolated 
hemicellulose probably consisted of a xylose backbone with 
other carbohydrate moieties attached as side chains. The 
hot alcoholic sodium hydroxide solution degraded the 
polysaccharide side chain according to a reaction mecha- 
nism described by Kenner and Richards (1953). This pro- 
ceeds via a so-called “peeling reaction” wherein one mono- 

mer unit after another is peeled off from the reducing end of 
the side chain. In the case of glucose the monomers are 
converted into isosaccharinic acid. The monosaccharide 
ratio, as determined gas chromatographically, showed 
D-xylose to be the predominant monosaccharide in the 
hemicellulose isolated from tobacco. 

Gel-permeation chromatography indicated that the 
isolated hemicellulose was of mixed molecular weight. 
One fraction had a degree of polymerization (DP) of 
about 500, while the other had a DP of about 30. 
In assessing the validity of these findings one must 
keep in mind that the column was calibrated with dex- 
trans, which are linear polysaccharides, while the hemi- 
celluloses investigated were most likely branched materials. 
The differences in shape of the hydrated molecules may af- 
fect the fractionation on a gel to a greater extent than the 
molecular weight (Kringstad and Ellefsen, 1964). The high 
DP value is, however, not entirely beyond the realm of 
possibility since DP values of 470 have been reported by 
Swenson (1962) for highly purified xylans. 

The amount of lignin present in the hemicellulose is very 
small. This is evident from the absorbances in Figure 5 .  
Although the amount of material used in the lignin deter- 
mination was twice that used in the carbohydrate deter- 
mination, the absorbancy remained low. The larger 
amount of material was used to obtain an absorbance in the 
range of at least 0.100. An attempt to remove the lignin 
completely is undesirable because of concomitant loss of 
carbohydrates under the more drastic conditions (Wise 
et cil., 1946). 
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