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INTRODUCTION

Considerable work has been done on the dry matter digestibility 

(DMD) of aspen after various steaming treatments. This was done by a 

standard technique (1) using rumen fluid from a fistulated cow. The 

results have been reported elsewhere (2). Since then further work has 

been done on the digestibility of other hardwoods as well as more work on 

attempted improvement of digestibilities of softwoods.

Using steaming treatments which, with aspen, gave DMD values over 

60% produced a product from spruce or pine with digestibilities of only 

15-20%. Several treatments were tried to improve this digestibility but 

with very limited success. These results were reported in the previous 

CFS report (2). Further attempts were made to attack the lignin in the 

softwood in the hope that the resulting product might be more susceptible 

to rumen or enzymatic attack. Some of this work will be reported here.

The chemical composition of steamed wood prepared under varying 

conditions has also been studied in order to determine the best way to 

separate the various products for further possible uses.

The carbohydrate fractions could be used as substrates for alcohol 

production and the lignin as a possible component of adhesives.

Some work has been done on steaming of bark and this will also'be 

mentioned in this report.
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DISCUSSION

Steam Treatments of Softwoods

Various techniques have been used in attempts to improve softwood 

digestibilities. Using acidified sodium chlorite which will remove lignin 

from wood it was possible to attain very high digestibilities. However 

this, of course, is completely impractical on a commercial scale because 

of the high cost of the procedure. A partial removal of the lignin, 

leaving 16.7% lignin in the wood (spruce) followed by a 3-minute steaming 

at 235°C produced a product with very high digestibility (76%). Again 

the expensive sodium chlorite was used to remove the lignin. However, 

the possibility of attaining similar results with cheaper oxidizing 

agents to attack the lignin encouraged further work along this line. The 

lignin is known to be more sensitive to certain oxidizing agents than the 

carbohydrates in wood.

Nitrogen dioxide and hydrogen peroxide were tried as oxidizing agents 

for the lignin. Even when much of the lignin oxidized by nitrogen dioxide 

was removed before the steaming, the digestibility of the resulting product 

was very low. Evidently the nitrogen dioxide degraded the carbohydrate 

sufficiently to lower its digestibility. With the use of hydrogen peroxide 

before steaming there was also no increase in digestibility. However in 

this case the oxidized lignin was not removed before steaming since it was 

felt that the oxidation alone might have disrupted the bonding sufficiently 

to allow improvement in digestibility. This evidently did not happen. 

Further work is required in which the oxidized lignin will be removed 

before the steaming.
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As a further extension of this work, the effect of the presence of

oxygen during the steaming was investigated, again in the hope that the 

lignin would become water soluble and leave the carbohydrate available 

for rumen microorganism attack. At the time this work was done it was 

not possible to do dry matter digestibilities so that the samples obtained 

were merely analyzed and similarly treated spruce and aspen were compared. 

The results of this work are shown in Table I. Using the 3-minute treat-

ments for comparisons, the yields of water and alkali-insolubles were 

slightly greater with spruce than aspen but otherwise they appeared to 

behave similarly. The use of oxygen did cause a significant change in 

the alkali-solubility of the lignin. Normally, without oxygen most of 

the lignin or steamed wood became alkali soluble (this even appeared true 

with the spruce treated for 3 minutes at 240-248°c). However when the 

oxygen was used, the alkali-insoluble material still contained a great 

deal of lignin-like material. These products were not further analyzed 

and in vitro digestibilities of these samples are necessary to further 

evaluate the material obtained in each case. The steaming of wood im-

pregnated with dilute acid in the presence of oxygen caused considerable 

degradation - the final product would be of no use for any further work. 

However the use of wood impregnated with dilute acid without the oxygen 

produced interesting results which will be reported later.

The use of sulphur dioxide in the steam digester, up to 16% concen-

tration based on the wood, did not help in producing digestible material 

from spruce steamed at 235°C for 30 to 180 seconds. The use of mineral 

acids during the steaming and alkali pretreatments apparently had no effect 

on improving rumen digestibility.
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Digestibility of Barks

The amounts of reducing sugars obtained after hydrolyzing various 

barks and the calculated amounts of carbohydrate present are given in 

Table II (3). These amounts are quite low and thus the percent digesti-

bility possible even if all the carbohydrate became available would be 

low. However the inner bark of maple did attain a digestibility of 

about 39% after steaming at 235°C for 2 minutes. Poplar bark also attained 

a digestibility of over 40%. None of these values were high enough to 

be of value in themselves but did indicate that, if present with wood 

they could add a little to digestibility. In any case it was shown that 

with the hardwood barks no toxic effect was observed when bark present 

with wood was steamed for use as animal feed.

Steaming of Aspen for Isolation of Xylans

Until recently only hexose sugars and primarily glucose were used 

for fermentation to alcohol and it was not possible to use pentose sugars. 

However, newly developed strains of yeast have been obtained which can 

produce alcohol from xylose. With this possibility in view it has become 

important to find methods for obtaining maximum yields of both glucose 

and xylose from wood. The hemicellulose fractions of hardwoods contain 

considerable amounts of xylans which could yield xylose with proper treat-

ments. The softwoods contain much less xylan than the hardwoods (4)

(Table III) . Acid hydrolysis of wood to obtain good yields of glucose could 

be too drastic for producing good yields of xylose since the xylans are 

much more easily degraded than the hexosans. Thus, for optimum recovery
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of xylose from wood it would be necessary to use a mild hydrolysis which,

after removal of the xylose, could then be followed by a more drastic
to

treatment pf obtain glucose from the residual cellulose.

High pressure steaming of aspen for various times will make certain 

amounts of the wood water-soluble. Much of this fraction has been found 

to be hemicellulose, which in aspen is primarily xylan (Table III).
A

Treatments for 15 seconds to 120 seconds at 240 C yielded water-solubles 

from 15.6% to 20.2 % of the original wood. The maximum yield was obtained 

after a 90 second treatment (Table IV). The pentosan content (primarily 

xylan) of the water-solubles from the 15 to 60-second treatments ranged 

from 53.0 to 54.3%. These values dropped after the 90-and 120-second 

treatments. A 15-second digestion at 250°C yielded 22.5% water-solubles 

and the pentosan content of this fraction was 51.4%. When fractionated 

with methanol the water-solubles of the 60 to 120-second treatments were 

around 96% methanol soluble whereas from the shorter treatments of 15 

and 30 seconds 26.2% and 34.0% of the water-solubles respectively were 

soluble in the organic solvent. The pentosan contents of these methanol 

soluble fractions were lower than those of the methanol insoluble fractions. 

The exact composition of these fractions and the reason for the different 

solubilities of the pentosans has not yet been determined. Analyses by 

HPLC indicated the absence of any monomeric sugars, so that the pentosans 

in the water solubles were still present largely as xylans, but of low- 

enough-molecular weight to become water-soluble. It is possible that the 

methanol-soluble fractions have even lower molecular weights. The highest
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yield of pentosan isolated in the water-solubles after treatment at 240 C 

was from the 60-second treatment. Of the total pentosan present in the 

wood 51.7% was obtained in the water-solubles of this cook, 13.8% was 

still present in the water-insolubles and the rest was lost as degraded 

material. There was much less loss by degradation with shorter treat-

ments but much less pentosan was recoverable as water-solubles-; after the 

15-second treatment at 240°C only 41% of the pentosans were present in 

the water-solubles. The treatment at 250°C for 15 seconds gave even 

better results - 57.1% of the total pentosans were obtained in the water- 

solubles and 26.1% remained in the water insolubles.

The addition of small amounts of acid to the wood being steamed for 

15 or 30 seconds did increase the amount of water-solubles and water- 

soluble pentosans (Table V) as compared to treatments at 240°C without 

acid. Using 0.2% sulphuric based on the wood 55.2% of the total pentosans 

were recovered in the water-solubles of the 15-second treatment. This 

was increased to 60.1% after the 30-second treatment. With 15 seconds 

there was very little degradation of pentosan - 86.7% of the total pentosan 

was present in the water-sôlubles and water-insolubles combined. This 

treatment (15 seconds) yielded almost equal quantities of methanol-soluble 

and methanol-insoluble material from the water-solubles. The pentosan 

content of the methanol solubles was lower than that of the methanol 

insolubles.

The highest yield of water-solubles and best recovery of pentosan 

in the water-solubles was obtained from a 15-second treatment of aspen
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impregnated with 0.4% sulphuric acid. Again the water-solubles contained 

around 50% pentosan so that the pentosan content of the water-solubles 

based on the wood was 14.1% or 69.5% of the original pentosan. When 

taking into account the pentosan in the water-insolubles only 18% of 

the original pentosan was lost. As the time was increased to 30 seconds 

the amount recovered in the water-solubles was lowered - more degradation 

was starting to occur. A treatment of 60 seconds caused enough degra-

dation to lower the yield of steamed wood and the product was dark 

coloured. A 3-minute treatment yielded still less water-solubles and 

the pentosan content of this fraction was only 19%. Again the product 

was dark coloured instead of the light brown of the less degraded material.

The lignin contents of the water-solubles (insoluble klason lignin and 

soluble lignin) of the steamed wood ranged from 12.2 to 17.2%, which was, 

in these cases, only 2.7-3.5% based on the original wood. Only about 

63 to 70% of the water-solubles are accounted for as pentosan and lignin. 

The remainder must be residues of cellulose, hexosans from the hemi- 

celluloses, uronic acids (60% of which do not analyze as pentosans) and 

a small amount of ash.

In one case trifluoroacetic acid was impregnated into the wood instead 

of sulphuric acid. Using 2% TFA followed by a 15-second steaming at 240°C 

yielded 23.8% water solubles with 44.4% pentosan or 10.6% pentosan based 

on original wood. This was a little lower than from the equivalent treat-

ment with sulphuric. The trifluoroacetic would be more expensive than the 

sulphuric but has the advantage of being volatile and could be removed 

merely by evaporation and be recovered by condensing the vapours.
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A 30-second steaming at 235°C of aspen impregnated with 1% sulphuric 

yielded a dark-coloured tacky material with 43.4% "Klason lignin". Based 

on original wood this was 26.7%, higher than the 20.4% Klason lignin 

originally in the wood. The high "lignin" value was obviously due to 

production of some pseudo lignin under the conditions of steaming. This 

material was readily dissolved in alkali and could be reprecipitated 

with acid. The recovered material had a "Klason lignin" value of 90%.

Acid Hydrolyses of Hemicelluloses

After the hemicelluloses are obtained the next step, in possible 

production of organic solvents (alcohols) from the pentosans would be 

to hydrolyze them to monomeric sugar, in this case xylose. In order to 

determine how much xylose could be obtained from the various samples they 

were hydrolyzed by the method described by Saeman etal (5) and later used 

by Sjostrom etal (6). The highly diluted sugar solution obtained was 

concentrated and then quantitatively analyzed for xylose by HPLC. This 

hydrolysis was a laboratory analytical method which would be too costly 

to be used commercially. Some degradation of xylose was found to occur 

and corrections are now being applied when using this method on samples of 

isolated hemicelluloses. Since this method could not be used commercially 

much higher ratios of sample to acid solution were tried and the amounts 

of xylose obtained were compared with those obtained by Saeman's method. 

This work is now in progress and only partial results can be reported 

(Table VI).
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A hemicellulose (pentosan content 85.5%) obtained by extracting 

aspen sawdust with 24% KOH as well as a commercially-obtained xylan 

(pentosan 76.6%) from Sigma Chemical Company were used as standards in 

the hydrolyses. The results from these samples were compared with results 

from water-extracted steamed wood with about 50% pentosan. Full results 

have not yet been obtained, but from the Sigma xylan it has been possible 

to obtain between 65 and 80% of theoretical xylose using 3-5% sulphuric 

acid with a 10:1 ratio of solution to sample. This method is now being 

applied to the water-soluble samples of steamed wood and the amounts of 

xylose obtained are being determined.
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METHODS

High Pressure Steaming

In all experiments dealing with dry matter digestibilities thin 

wafers of wood (25 gm) were steamed in the small high pressure digester 

used in previous work. In some cases when the wood was steamed for 

isolation of hemicelluloses, sawdust (10-20 mesh) was used. To impreg-

nate the wood with acid 25 gm of it was first evacuated in a suction 

flask for 1 hour and then the acid solution (50 cc) was allowed into the 

flask from a dropping funnel. In this way when using a 0.1% solution of 

acid the amount of acid in the wood amounted to 0.2% of the wood since 

all of it was sucked into the wood. The same method was used to im-

pregnate wood with alkali when it was steamed under oxygen. The oxygen 

was put into the digester, after all the air was flushed out, up to the 

pressure specified (in this case 50 psi). .

Water Extraction of Steamed Wood

The steamed wood was quantitatively collected from the cyclone after 

being exploded from the digester, air-dried and weighed. Moistures of 

representative samples were determined at 105°C for several hours and 

these values were used to obtain yields of the steamed wood. Aliquots 

of the air-dried wood were put into 10 times their weight of distilled 

water and heated with stirring at 40°c for 1 hour. After filtering through 

a medium sintered glass funnel the aqueous solution was taken to dryness 

under vacuum at 50°C and the water insolubles were air-dried. In some
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cases the whole sample of steamed wood was extracted with water without 

the intermediate air-drying. Where acid was used in the steaming treat-

ments the aqueous solution was neutralized with ammonium hydroxide before 

being evaporated to obtain the water-solubles. The small amount of 

ammonium sulphate in the water-solubles could easily be calculated.

Hydrolyses

For comparison and as a standard with which to compare other hydrol-

yses methods Saeman's technique (5) was used. In order to obtain more 

concentrated sugar solutions a much lower ratio of solution to sample 

was used. For analytical work 0.2 gm of the water-soluble material or 

isolated hemicellulose was mixed with 2 cc of 3 or 5% sulphuric acid 

solution in a small stainless-steel bomb (5 cc capacity) and heated for 

1 or 2 hours in an oil bath at 125°C. The resulting product was neu-

tralized with calcium carbonate or 1R 45 amberlite resin, filtered, washed 

and then concentrated under vacuum to about 1 or 2 cc. After diluting 

up to 5 cc the resulting solutions were analyzed for xylose by HPLC 

using the Varian method described for sugar analyses.

Preparation of Hemicelluloses

Alcohol-benzene (1:2) extracted aspen (100 gm), Wiley-milled to 

pass a 20 mesh screen, was immersed in 800 cc of 24% KOH for 6 hours at 

room temperature under nitrogen. The insoluble residue was removed on 

a sintered glass funnel and the filtrate poured into a mixture of 3000 ml of 

ethanol containing 300 ml of acetic acid. The precipitated hemicellulose 

was collected on a sintered glass funnel and washed well with 70% ethanol 

and 95% ethanol. The resulting product was dried in the air.
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SUMMARY

Attempts to increase digestibility of spruce by oxidation with 

nitrogen dioxide or hydrogen peioxide prior to steaming did not show any 

promise. The use of oxygen in the digester with spruce or aspen pro-

duced an increase in sodium hydroxide insolubles and, with spruce, an 

increase in water-insolubles also. The alkali insolubles in all cases 

where oxygen was used also had a much higher Klason lignin value. The 

high alkali-insoluble "lignin" value may inhibit digestibility but this 

requires corroboration. The digestibilities of all barks were low but no 

inhibitory effect was noted when they were mixed with wood and steamed 

to produce digestible material.

When aspen was steamed at 240°C for various times the largest yield 

of water-solubles was obtained after a 90 second treatment. However the 

water-solubles of the 60 second treatment yielded the largest amount of 

pentosans, 51.7% of the pentosans originally in the wood. Less pentosan 

was recovered in the water-solubles from shorter or longer treatments.

The water-solubles of the 60-120 second-treated material were about 96% 

methanol soluble whereas the water-solubles from the shorter treatments 

had much less methanol-solubles - evidently the pentosans were not broken 

down as much. At 250°C 57.1% of the total pentosans were recovered in 

the water-solubles after a 15-second treatment. However the highest 

recovery of pentosan in the water-solubles was after a 15-second treatment 

of aspen impregnated with 0.4% sulphuric acid. In this case 69.5% of 

the total pentosan in the wood was present in the water-solubles. As
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the time was increased the yield of pentosan dropped rapidly and after 

60 seconds the dark colour of the products indicated considerable degra-

dation. Trifluoroacetic acid (0.2%) in place of sulphuric appeared to 

give similar results at 240°c for 15 seconds.

Isolated hemicellulose, a commercial xylan and the water extracts 

with about 50% pentosan were hydrolyzed with 3-5% sulphuric acid at 

125°C for 1 hour. By this method at least 60% of the theoretical xylose 

could be obtained. Further work is being done to improve this yield. The 

ratio of sample to solution was 1:10 but it is possible that more con-

centrated solutions could be used.
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Table I

Analyses of Spruce and Aspen Steamed at 235 and 245°C 
With and Without Alkali and Oxygen

Species Duration
of

Steaming

Alkali
used

Oxygen
Pr

% Water 
Insoluble

% K. Lignin 
on water 
Insoluble

% NaOH 
Insoluble

% K. Lignin 
on NaOH 
Insoluble

Aspen 2 min. 4% NaOH 50psi 0^ 80.1 71.8

3 min. 4% NaOH 50psi 02 67.5 52.0 15.2

5 min. 4% NaOH 50psi 02 66.5 55.2

3 min. - 50psi C>2 65.6 35.3 45.1 28.4

3 min. - - 69.0 30.7 44.4 3.7

Spruce 3 min. 4% NaOH 50psi 02 73.9 69.5 31.7

5 min. 4% NaOH 50psi 02 70.9 28.2 65.2 29.7

3 min. - 50psi 02 69.5

3 min.* - 50psi 0^ 65.3 53.6 34.9

3 min.* - - 66.6 40.4 52.7 4.46

*Temperature of Steaming 240-248°C all others were 235-237°C.



TABLE II

Carbohydrate Composition of Various Barks (3)

Species
% Reducing 

Sugar
%

Hexose
%

Pentose
% Carbohydrate 
in Bark (Calc)

Sugar Maple 35.4 67 31 31.0

Red Alder 38.6 58 40 33.8

Paper Birch 32.2 56 42 28.1

Quaking Aspen 41.4 63 35 36.3

White Oak 27.8 66 31 24.1

Red Oak 32.4 57 41 28.3

American Elm 37.0 76 20 31.8

Black Spruce 47.9 77 20 41.6

Jack Pine 30.6 77 21 26.9



TABLE III (4)

Composition of North American Woods (per cent of extractive-free wood)

Uronic
Species Glucan Mannan Galactan Xylan Arabinan anhydride Acetyl Lignin Ash

Hardwoods

Trembling aspen
(Populus tremuloides)

57.3 2.3 0.8 16.0 0.4 3.3 3.4 16.3 0.2

Beech
(Fagus grccndifolia)

47.5 2.1 1.2 17.5 0.5 4.8 3.9 22.1 0.4

White birch
(Betula papyrifera)

44.7 1.5 0.6 24.6 0.5 4.6 4.4 18.9 0.2

Yellow birch
(Betula lutea)

46.7 3.6 0.9 20.1 0.6 4.2 3.3 21.3 0.3

Red maple
(Acer rubrum)

46.6 3.5 0.6 17.3 0.5 3.5 3.8 24.0 0.2

Sugar maple
(Acer saccharum)

51.7 2.3 < 0.1 14.8 0.8 4.4 2.9 22.7 0.3

White elm 53.2 2.4 0.9 11.5 0.6 3.6 3.9 23.6 0.3
(Ulrnus americana)



Species Glucan Mannan Galaetan Xylan Arabinan
Uronic
anhydride Acetyl Lignin Ash

Softwoods

Balsam fir
(Abies balsamea)

46.8 12.4 1.0 4.8 0.5 3.4 1.5 29.4 0.2

Eastern white-cedar
(Thuja oeeidentalis)

45.2 8.3 1.5 7.5 1.3 4.2 1.4. 30.7 0.2

Eastern hemlock
(Tsuga canadensis)

45.3 11.2 1.2 4.0 0.6 3.3 1.7 32.5 0.2

Jack pine
(Pinus banksiana)

45.6 10.6 1.4 7.1 1.4 3.9 1.2 28.6 0.2

White pine
(Pinus strobus)

44.5 10.6 2.5 6.3 1.2 4.0 1.3 29.3 0.2

Douglas-fir
(Pseudotsuga taxifolia)

43.5 10.8 4.7 2.8 2.7 2.8 0.8 31.5 0.4

Black spruce
(Picea mariana)

47.9 10.5 b 8.0 b 4.1 1.1 28.0 0.4

White spruce
(Picea glauca)

46.5 11.6 1.2 6.8 1.6 3.6 1.3 27.1 0.3

Tamarack
(Larix lavicina)

46.1 13.1 2.3 4.3 1.0 2.9 1.5 28.6 0.2

b Galactan included with glucan and arabinan included with mannan
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TABLE IV

Analyses of Products from High Pressure Steaming of Aspen

Temperature
Time
(sec)

Yield 
(% of 
wood)

Yield of 
Water 
Solubles 
(% of wood)

Pentosan 
in Water 
Solubles 
(% of WS)

Methanol 
Solubles 
of WS 
(% of WS)

Pentosan 
in MS 
(% of MS)

Pentosan 
in WS

(% of wood)

Pentosan 
in Water 

Insolubles 
(% of WI)

Pentosan 
in WI

(% of wood)

Pentosan 
in WS 
and WI 

(% of wood)

Lignin 
in WS 
(%)

Lignin 
in WI 
(%)

240°C 15 96.0 15.6 53.0 26.2 33.7 8.3 11.4 9.0 17.3 16.2 24.0

30 94.2 18.0 53.8 34.0 48.5 9.7 8.0 6.0 15.7 14.2 23.8

60 89.0 19.4 54.3 95.7 54.0 10.5 4.0 2.8 13.3

90 87.8 20.2 45.5 96.0 45.0 9.2 2.2 1.5 10.7

120 85.8 18.4 41.1 95.6 40.2 7.6 1.5 1.0 8.6

250°C 15 95.2 22.5 51.4 11.6 7.3 5.3 16.9 12.2 25.3



TABLE V

Analyses of Products from Acid-impregnated Aspen Steamed under High Pressure

Temperature
Time
(sec)

Additive 
(% of 
wood)

Yield of 
Steamed 
Wood

Yield of 
Water 
Solubles 
(% of wood)

Pentosan 
in WS 

(% of WS)

Methanol 
Solubles 
of WS 
(% of WS)

Pentosan 
in MS 

(% of MS)

Pentosan 
in WS 
(% of 
wood)

Pentosan 
in Water 
Insolubles 
(% of WI)

Pentosan 
in WI 
(% of 
wood)

—
Pentosan 
in WI 
and WS 

{% of wood)

Lignin 
in WS 
(%)

Lignin in 
Water , 

Insolubles 
(%)

240°C 15
0.2%

h 2s04
96.7 21.6 52.6 50.7 40.7 11.4 8.2 6.2 17.6 17.2 24.2

240°C 30
0.2%
h 2S°4

91.9 23.9 51.2 68.6 47.3 12.2 5.2 3.5 15.7

239°C 15
0.4%

H2S04
90.6 27.8 50.6 92.4 51.4 14.1 4.3 2.7 16.8 12.9 26.6

238°C 30
0.4%

H2S°4
83.8 22.0 53.3 11.7 3.0 1.9 13.6 27.2

239°C 60
0.4%

H2S°4
78.0 Dark-co! oured proc uct - higl ly degrade d

243°C 180
0.4%
H2S°4

76.6 16.8 19.0 Dark-co; oured proc uct - higl ly degraded
■

240°C 15 1%
H2S°4

57.6 28.3 Dark-co; oured proc uct - higl ly degraded 52.0

240°C 15
0.2%
TFA

23.8 44.4 10.6 7.8 5.9 16.5


