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A b s t r a c t  Residual wood meal after extraction of milled 
wood lignin (WMEM) of Eucalyptus globulus was extracted 
with alkali and LiC1/N,N-Dimethylacetamide (DMAc). 
These agents dissolve mainly hemicellulose and cellulose, 
respectively. The extractability of WMEM in alkali solu- 
tions was influenced by the degree of swelling of the cellu- 
lose. Under good swelling conditions, considerable amounts 
of cellulose and lignin were extracted with the hemicel- 
lulose. Maximum extractability was about 60% of the 
WMEM under optimum conditions (3 M or 5 M LiOH or 
3M NaOH solution). Some portion of cellulose was ex- 
tracted with LiC1/DMAc at room temperature. Thus, lignin 
in E. globulus WMEM was divided into three fractions: 
hemicellulose-lignin fraction, cellulose-lignin fraction, and 
insoluble-lignin fraction. 

Key words Wood meal after extraction of MWL - Alkali 
extraction �9 Swelling of cellulose �9 LiC1/DMAc extraction 

Introduction 

At present, milled wood lignin (MWL) is used mainly to 
investigate the chemical structure of lignin, but MWL does 
not represent the total lignin. 1 Therefore, elucidation of the 
chemical structure of lignin in wood meal after extraction of 
MWL (WMEM) is important. 

In this study, lignin in WMEM was fractionated by ex- 
tractions with solvents for polysaccharides (hemicellulose 
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and cellulose). The purposes of this fractionation was to 
extract lignin together with polysaccharides using such sol- 
vents under mild conditions for further chemical structural 
analyses. At first, lignin together with hemicellulose was 
extracted with alkali. Then, lignin together with cellulose 
was extracted with LiC1/N,N-dimethylacetamide (DMAc). 
Lignin contents assays, nitrobenzene oxidation, and sugar 
analyses were then carried out to characterize the behaviors 
of lignin and polysaccharides during extraction. 

Experimental 

Materials 

Wood meals of Eucalyptus globulus from Chile was ex- 
tracted with 95% ethanol/benzene (1:2 v/v) solution for 6h 
to remove extractives using a Soxhlet apparatus and subse- 
quently with 0.25% potassium acetate solution at 60~ for 
13 days to remove pectin with stirring. 2 The resulting ex- 
tracted wood meal was further ground for 48 h. Milled wood 
lignin (MWL) was prepared by the standard method 3 using 
dioxane/water (9:1) as the extracting solvent. The yield of 
MWL was 4% of the extractive-free wood meal. 

Alkali extraction 

Wood meal after extraction of MWL (1 g) was suspended in 
distilled water (7.5 ml) and stirred overnight at room tem- 
perature (r.t.). The suspension was then cooled to 4~ fol- 
lowed by addition of alkali (LiOH, NaOH, KOH)  solution 
(7.5 ml) to prepare the desired concentration (1, 3, or 5 M). 
The suspension was cooled and stirred for l h  at 0~ and 
then centrifuged (15000rpm • 15rain). The precipitate 
was acidified with excess acetic acid, washed repeatedly 
with distilled water until the washing solution was pH 6, and 
then freeze-dried. The extractability with each solvent was 
expressed by Eq. (1). 

Extractability (%) = (W - Wi)/W • 100 (1) 
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where W is the weight before extraction, and W~ is the 
weight of the precipitate. 

LiC1/DMAc extraction (heating method) 

For the heating method 4 WMEM (lg)  was dried in a 
vacuum oven overnight at 100~ The sample was trans- 
ferred to a round-bottom flask (100ml). After DMAc 
(40ml) was added to the flask, the atmosphere of the mix- 
ture was replaced with N2. The suspension was stirred for 
2h at 120~ and then cooled to 100~ LiC1 (3g) was then 
added. The suspension was kept for 10min at 100~ and 
then stirred for 24h at r.t. The suspension was centrifuged 
(15000rpm • 15min). The supernatant was poured into 
distilled water (50ml), and the precipitate was suspended 
in distilled water (50ml). Both fractions (supernatant and 
precipitate) yielded gel-like substances. They were then 
centrifuged (3000 • 10min). After removing the super- 
natant, each fraction was washed five times with distilled 
water (50ml). The LiC1/DMAc-soluble and LiC1/DMAc- 
insoluble fractions were freeze-dried. Extractability was 
calculated the same way (Eq. 1) as for the alkali extraction. 

LiC1/DMAc extraction (solvent-exchange method) 

For the solvent exchange method 4 WMEM (lg)  was 
suspended in distilled water (15ml) for 12h at r.t. The 
suspension was centrifuged (15000rpm • 10min). The 
precipitate was washed twice with acetone (15ml) and 
then suspended in acetone for 24h at r.t. The suspension 
was centrifuged (15000rpm • 10min). After removing the 
acetone, the precipitate was washed twice with DMAc 
(15ml). Dimethylacetamide (40ml) was added subse- 
quently to the precipitate. The suspension was stirred for 4 h 
at r.t., then LiC1 (3 g) was added. The suspension was stirred 
for 24h at r.t. followed by centrifugation (15000rpm • 
15rain). The precipitate was suspended again in DMAc 
(40ml) and LiC1 (3 g) for 24h for further extraction at r.t., 
then centrifuged. This procedure was repeated twice, so the 
wood meal was ultimately extracted three times with LiC1/ 
DMAc (3g/40ml). The supernatant and the precipitate 
were treated the same way as described for the heating 
method. 

Successive extraction with alkali and LiC1/DMAc 

Wood meal after extraction of MWL ( lg)  was extracted 
with 3 M NaOH at 0~ for 1 h. The suspension was cen- 
trifuged (15000rpm • 15rain). Both the supernatant and 
precipitate after alkali extraction were acidified with excess 
acetic acid. The supernatant (i.e., the alkali-soluble frac- 
tion) was dialyzed using cellulose ester dialysis membranes 
(Spectrum Laboratories) (cutoff molecular weight of 500) 
until the dialyzed solution reached about pH 6. The alkali- 
insoluble fraction was treated in the same manner as for the 
alkali extraction. 

The alkali-insoluble fraction was suspended in distilled 
water (Tml) 12h at r.t. The suspension was centrifuged 
(15000rpm • 10min). The precipitate was washed twice 
with acetone (7ml), after which acetone (Tml) was added. 
The suspension was stirred for 24h at r.t. followed by cen- 
trifugation (15000rpm • 10min) to remove the acetone. 
After washing the precipitate with DMAc (20ml) twice, the 
precipitate was suspended in DMAc (20ml). The suspen- 
sion was stirred for 4h at r.t. LiC1 (1.5g) was then added to 
the suspension, which was stirred for 24h at r.t. followed by 
centrifugation (15000rpm • 15min). The extraction was 
repeated three times with LiC1/DMAc (l.Sg/20ml). The 
collected LiC1/DMAc-soluble fraction and residue were 
treated in the same manner as described above. The alkali- 
soluble fraction, LiC1/DMAc-soluble fi'action, and ex- 
tracted residue were freeze-dried. 

Successive extraction with LiC1/DMAc and alkali 

Wood meal after extraction of MWL (lg)  was extracted 
with LiC1/DMAc by the solvent-exchange method three 
times as described above. The LiC1/DMAc-insoluble frac- 
tion was extracted with 3 M NaOH at 0~ in the same way 
as for the alkali extraction. The LiC1/DMAc-soluble frac- 
tion, alkali-soluble fraction, and residue were freeze-dried 
and weighed. 

Determination of Klason lignin 

The Klason lignin content of the WMEM was determined 
by the conventional method. 5 

Determination of lignin by the acetyl bromide method 

The acetyl bromide technique was carried out according to 
the conventional method. 6 Ultraviolet (UV) spectra were 
recorded on a Shimadzu UV-365 UV-VIS-NIR spectrom- 
eter. An absorptivity value of 20.091g lcm-I was used. 7 

Alkali-nitrobenzene oxidation 

Samples were subjected to alkaline nitrobenzene oxida- 
tion according to the method modified by Katahira and 
Nakatsubo. 8 Nitrobenzene (0.24ml) and 2M NaOH (4ml) 
were added to the sample (5rag) in a Teflon reaction tube. 
The reaction tube was heated at 170~ for 1 h in an autoclave. 
Dioxane solution (100~tl) of 5-iodovanillin (0.02M) was 
added as an internal standard, and the reaction mixture was 
filtered. The filtrate was acidified with 4M HC1 and then 
extracted with ethyl acetate (15 ml). The ethyl acetate layer 
was dried over NaaSO4 and then concentrated in vacuo. 

The acetyl derivatives of nitrobenzene oxidation prod- 
ucts were analyzed by a Shimadzu GC-17A gas chromato- 
graph (High Cap-17 capillary column: 30m • 0.25mm i.d.; 
column temperature 230~ injector temperature 270~ 
detector temperature 270~ carrier gas He; 98kPa at the 
column head). 
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Neutra l  sugar analysis (alditol  acetate  procedure)  

The  neutra l  sugars in the hydrolysate  during sulfuric acid 
hydrolysis  were analyzed as their  aldi tol  acetates by a 
Shimadzu GC-17A gas chromatograph  (SP2330 capil lary 
column: 15m • 0.24ram i.d.; column t empera tu re  220~ 
injector t empera tu re  240~ de tec tor  t empera tu re  250~ 
carr ier  gas He; 98kPa at the column head).  9 

Results and discussion 

Alkal i  extract ion 

Eucalyptus globulus W M E M  was first suspended  in disti l led 
water  to be dispersed well in alkali  solution; then alkali  
solut ion was added  to the suspension. Figure  1 shows the 
extractabi l i ty  depending  on the concentrat ions  of the vari- 
ous alkali  solutions. Max imum extractabi l i ty  was about  
60% of the W M E M  (3M or 5 M  L i O H  or 3 M  NaOH) .  
However ,  about  only 37% of the W M E M  was ext rac ted  
with K O H  under  the  op t imum concentra t ion  (5 M). These  
alkali  extract ives contain not  only hemicel lulose but  also 
o ther  wood  components .  

Ze ron ian  and Cabradi l la  s tudied the swelling behavior  
of cot ton cellulose t rea ted  with aqueous solutions of L iOH,  
N a O H ,  and K O H .  1~ Max imum swelling of cot ton with 
K O H  solut ion is lower than that  with L i O H  or N a O H  
solution. The swelling in L i O H  solut ion increased initially 
with the concentra t ion  and leveled off at 3 N. The  swelling 
of cot ton with N a O H  reached  a max imum at a concen- 
t ra t ion of 3N and then decreased to some extent.  The  
extractabi l i t ies  of W M E M  (Fig. 1) agreed with the swelling 
behavior  indica ted  by Ze ron ian  and Cabradil la .  1~ Conse-  
quently,  it was clearly indicated that  the  extractabi l i ty  of 
W M E M  by alkali  solut ion depends  strongly on the swelling 
of cellulose. 

Lignin content ,  n i t robenzene  oxidat ion,  and neutral  
sugar (aldi tol  acetate  procedure)  analyses of the fractions 
are shown in Table  1. The  solubili ty of the wood compo- 
nents in 3 M N a O H  and 3 M K O H  calculated from the data  
in Fig. 1 and Table  i (nos. 4 and 5) is based on the following 
assumptions:  Al l  of the glucosyl residue and sugar residues 
other  than glucose in Table  1 or iginated from cellulose and 
hemicellulose,  respectively.  For  example,  the extractabil i ty 
of cellulose in wood meal  in 3 M N a O H  can be calculated to 
be 54% [{43.1 - (1 - 0.58) • 47.0[ • 100/43.1] from the 
da ta  shown in Fig. 1 and Table  1. Those of hemicel lulose 
and lignin are  ob ta ined  by the same calculation. 

Figure  2 indicates the following results: (1) Both  3M 
N a O H  and 3 M K O H  solutions are good solvents for hemi- 
cellulose. (2) The  solubil i ty of cellulose and lignin in 3 M  
N a O H  solut ion is higher  than that  in 3M K O H  solution. 

Fig. 1. Extractability with alkali solution. LiOH (open bars), NaOH 
(gray bars), and KOH (filled bars'). WMEM, wood meal after extrac- 
tion of MWL 

Table 1. Lignin contents: results of nitrobenzene oxidations and 

No. Sample Quantity (%) 

sugar compositions 

Lignin Sugar composition (%) 

Content (%)~ s + v (%) s/v Ara. Xyl. Man. Gal. Glc. 

1 Extractive free wood meal 100 20.4 b 49 4.0 1.4 13.3 1.0 1.4 41.7 
2 MWL 4 ND 38 2.5 0.4 4.0 0.2 0.3 0.2 
3 WMEM 96 18.6 b 51 3.9 1.2 14.5 1.2 1.6 43.1 
4 WMEM extracted with 3 M NaOH 40 28.0 48 3.5 0,6 7.5 1.2 1.8 47.0 
5 WMEM extracted with 3 M KOH 61 24.9 49 3.3 0.6 5.9 1.6 1.4 58.5 
6 LiC1/DMAc extract 1st 26 6.0 42 2.9 0,3 6.4 2.0 0.8 86.6 
7 LiC1/DMAc extract 2nd 5 10.3 42 3.1 0,4 6.5 0.9 0.7 57.7 
8 LiC1/DMAc extract 3rd 2 18.5 53 3.3 0.8 10.5 1.3 1.2 46.7 
9 Hemicellulose-lignin (HCL) 45 16.4 47 3.4 0.3 10.1 1.6 0.8 48.0 

10 Cellulose-lignin (CL) 8 17.8 47 4.0 0.4 7.7 1.3 0.8 66.8 
11 Insoluble-lignin (IL) (A-D) 27 37.3 47 3.9 0.5 6.8 1.1 1.8 35.0 
12 Insoluble-lignin (IL) (D-A) 29 36.1 48 3.5 0.6 7.1 0.8 1.6 38.3 

MWL, milled wood lignin; WMEM, wood meal after extraction of MWL; DMAc, N,N-dimethylacetamide; A-D, residual wood meal extracted 
with at first 3 M NaOH, then with LiC1/DMAc; D-A, residual wood meal extracted with at first LiC1/DMAc, then with 3M NaOH; ND, not 
determined; s, syringaldehyde; v, vanillin in 100mg of lignin 
aDetermined by acetyl bromide method except for nos. 1, 2 and 3 
b Klason lignin 



Fig. 2. Solubility of wood components in 3 M NaOH and 3 M KOH. 
Cellulose (open bars), hemicellulose (gray bars), and lignin ~lled bars) 
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Fig. 3. Fractionation of wood meal. MWL, milled wood 1ignin; DMAc, 
N,N-dimethylacetamide 

These data indicate that KOH solution has higher selectiv- 
ity for extraction of hemicellulose but lower total extract- 
ability than 3 M NaOH extraction. Schuerch reported that 
LiOH and NaOH solutions are better solvents for polysac- 
charides and better swelling agents for cellulose than KOH 
solution, probably because their hydrated cations are larger 
than the potassium ion. 1~ The selectivity of the KOH solu- 
tion shown in Fig. 2 supports this previous study. Thus, 3 M 
and 5M LiOH and 3M NaOH solution are appropriate 
solvents for extracting lignin. 

LiC1/DMAc extraction 

Eucalyptus globulus WMEM was extracted with LiC1/ 
DMAc, which is known to be a cellulose solventJ Two 
essential pretreatments are reported to dissolve cellulose in 
LiC1/DMAc. The first procedure is to heat a suspension of 
cellulose fiber in DMAc for 2h at 120~ then dissolve it by 
adding LiC1 at 100~ (heating method). Another is the 
solvent-exchange method. 

Both methods were applied to the WMEM. The heating 
method extracted 34% of the WMEM; and the extract- 
ability by the solvent-exchange method was 37% when 
the extraction procedure was repeated three times. The 
solvent-exchange method may be better than the heating 
method for avoiding denaturation of wood components. 

Sugar analyses of extracts by solvent-exchange method 
implied that the major extracted component was cellulose 
the first time (Table 1, no. 6). The proportion of other 
components increased, however, after repeated extractions 
(Table 1, nos. 7 and 8). 

Successive extraction with alkali and LiC1/DMAc 

Wood meal after extraction of MWL was extracted with 3 M 
NaOH and subsequently with LiC1/DMAc by the solvent- 
exchange method (repeated three times). Wood meal after 
extraction of MWL was divided into three fractions: the 

3M NaOH-soluble fraction [hemicellulose-lignin (HCL) 
fraction, no. 9 in Table 1], the LiC1/DMAc-soluble fraction 
[cellulose-lignin (CL) fraction, no. 10 in Table 1], and the 
insoluble-lignin (IL) fraction (no. 11 in Table 1), as shown 
in Fig. 3. There was considerable loss during dialysis after 
the alkali extraction due to the low molecular weight of part 
of the HCL fraction. The HCL fraction can be analyzed 
because of its solubility in solvent. The CL fraction is also 
expected to be analyzed, although it contains only a small 
amount of lignin. Quantitatively, the IL fraction is the most 
important. Further analyses of the three fractions may 
elucidate the chemical structure of the WMEM in the near 
future. 

The yield of products of alkaline nitrobenzene oxidation 
suggests no significant difference in the aromatic composi- 
tion of the lignin in each fraction. The syringaldehyde/ 
vanillin (s/v) ratio of the HCL fraction was lower than those 
of other fractions. Cellulose remained in significantly large 
quantities in IL. It seems likely that residual cellulose in the 
IL fraction is part of the lignin-carbohydrate complexJ 2-~4 

When the WMEM was first extracted with LiC1/DMAc 
and subsequently extracted with 3 M NaOH, the lignin con- 
tent of the IL fraction was slightly lower than that first 
extracted with 3 M NaOH and then with LiC1/DMAc. The 
order of extraction did not significantly affect the solubility 
of other components. 

Conclusions 

When Eucalyptus globulus WMEM was extracted with al- 
kali and LiC1/DMAc the following results were obtained. 
(1) Swelling of cellulose was a dominant factor and affected 
the extractability of E. globulus WMEM in alkali solution. 
(2) Aqueous 3M NaOH and 3M or 5M LiOH solutions 
were appropriate solvents for extracting polysaccharides 
and some lignins. About 60% of the WMEM was extracted 
under those conditions. (3) LiCI/DMAc extraction dis- 
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so lved  37% of the  W M E M  at r.t. (4) E. globulus W M E M  

was d iv ided  into  hemice l lu lose- l ign in ,  cel lulose- l ignin,  and 
inso lub le  l ignin fract ions.  
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