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DIGESTIBILITY OF EXPLODED WOOD

INTRODUCTION

In order to determine how various treatments of wood affect 

the possible utilization of the material for animal feed a simple 

inexpensive method of assay is required. In vitro digestibilities 

in which rumen fluid from a fistulated cow is used as an inoculum 

in a test tube is considered to be the best method for this d e t e r 

mination. The method used by Iotech for many of their analyses 

ain v-Lt/io cellulose digestibilities (IVCD) -- involves determination 

of cellulose in the wood samples before and after rumen fluid 

digestion and the percent loss of cellulose is considered to be 

cellulose digestibility. This method however had certain s h o r t 

comings. It did not take into account any loss or change of 

cellulose during the cook and explosion and did not account for the 

presence of digestible hemicelluloses and sugars in the exploded 

wood. A sample with high IVCD may have lost a great deal of h e m i c e l l 

uloses whereas one with a lower IVCD may have retained enough h e m i c e l l 

uloses to give a similar true digestibility. Dry matter digestibilities 

(D M D ) , which we are now doing, is a measure of the percent of material 

which is solubilized by the rumen microorganisms. This takes into 

account the cellulose, hemicelluloses and any sugars which may 

have been produced during the cook and are still present in the cooked 

wood. Thus it can be used as an additional analyses to the IVCD 

to obtain a measure of possible digestibility of the cooked wood by 

the a n i m a l .
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Development of DMP Analyses for Wood

The method described by Pritchard and Macintosh (1) for 

determining tn. v-ctAO dry matter digestibilities of forage required 

some modifications when used with steam-treated exploded wood.

(1) Drying - The samples were either air-dried or dried at 

temperatures no higher than 40°C. There were indications 

from preliminary work that drying at 105°C would lower 

d i g e s t i b i l i t i e s .

(2) Grinding - It was found necessary to grind all samples

in a Wiley Mill to pass a 40 mesh screen. - larger particles 

required a longer time to be digested.

( 3 ) Inoculum Size and Inoculation Period - The method

specified using 24 ml of buffer and 3 ml of inoculum 

(rumen fluid) for 48 hours. With the wood samples it was 

found necessary to use 12 ml of inoculum and 24 ml of 

buffer for 0.25 gm of sample. Although slightly higher 

values were obtained when the digestion period was increased 

to 72 hours the extra time was considered to be inconvenient 

and comparative values could be obtained in 48 hours. 

Mellenberger etal (2) showed that there was a lag of 10-16 

hours before their wood samples started to digest and 

they required 96 hours for complete digestion. However, 

in our work the digestibility of the steam-treated wood 

levelled off at about 72 hours.

(4) Addition of Nitrogen - Suggestions that additional nitrogen 

might be required when treating wood samples with rumen 

fluid were investigated. - but the addition of urea had 

no e f f e c t .
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(5) Other Possible Improvements - Mellenberger etal (2)

reported that, in their work, digestibilities reached 

their maximum more rapidly if the samples were prewetted 

and if the tubes in which the incubation took place were 

sealed and placed in the bath horizontally. These 

techniques did not produce any improvement in our work.

Standardization of Inoculum

The problem of obtaining a consistent inoculum did present 

some difficulty. The amount of solid material in the collected 

rumen fluid varied considerably. Although filtered through several 

layers of cheese cloth as recommended (1, 2) the amount of insolubles

in the filtrate still varied from time to time. Blanks containing 

no substrate (exploded wood) were used to correct for this insoluble 

material. The activity of the inoculum also varied occasionally, 

giving inconsistent results. In an attempt to obtain a consistant 

inoculum some rumen fluid was passed through a sintered glass filter 

to remove all the insoluble solids. The digestibilities obtained 

with this clear inoclum were quite low after 48 hours indicating that 

a considerable amount of the organisms adhered to the solid particles 

in the rumen fluid. Thus it was still considered best to use the 

standard technique of filtering through cheese cloth and using blanks 

to correct for insoluble solids. With the same person using the 

same technique for filtering every time the results have become more 

consistent. A standard forage of known digestibility was used in 

each run to check the activity of each collected inoculum.
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Determination of Indiqestibles after Incubation

After the 48 hour incubation period at 39°C the amount of 

material left was subtracted from the amount of wood originally 

used as substrate and the difference was considered to be digestibles 

and calculated as a percent of the original substrate. The suggested 

method was to add 0-5 gm of filter aid (Hyflo Supercel) to the 

contents of the incubation tube and filter the contents through 

weighed glass fiber filter paper. The filtrate in all cases was 

turbid and it was feared that small particles of wood had passed 

through the filter. When some digested samples were centrifuged at 

15,000 rpm the supernatant was clear but the rumen microorganisms 

packed with the residual wood so that it appeared that the amount of 

wood which became soluble was low (by the weight of the microorganisms). 

At lower speeds (2,000 rpm) some of the wood particles did not pack 

down and were decanted with the supernatant liguor. After these 

attempts to improve the technigue it was still considered best to 

use the filtering method. Inspection of the filtrate by microscopic 

examination showed very few wood particles and the weight of these 

was considered to be insignificant. The turbidity was due to the 

microorganisms not, as originally feared, to fine wood particles.

Analyses During Development of Method

In all the work described here to develop and improve the 

method of DMD analyses about 100 duplicate analyses were done but 

will not be reported here.
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Yield of Exploded Wood

In all the work reported on IVCD and DMD no account has been 

taken of yield of exploded wood. It has been shown by work done 

with our small digester (which will be reported at another time) 

and by calculations from various analyses (H.B) that the recovery 

of wood after explosion could decrease to about 80?o as more drastic 

cooking conditions were used. The digestibility values reported in 

all cases are based on exploded wood recovered since no accurate 

data were available on the recovery yield of the samples supplied 

for analyses. It is quite possible that a mild cook could give a 

higher digestibility based on original wood than another cook with 

a higher DMD or IVCD but lower yield of exploded wood.

Non-Diqestibles in Water Solubles

The most serious problem in the DMD determination of cooked 

wood is the presence of n o n - digestible water-soluble material. This 

poses no problem with forage which has very little water-solubles 

and any material which is solubilized by the rumen microorganisms 

is considered to be digestibile. However, the exploded wood was 

found to have 20-27?o water-solubles which could contain lignin or 

lignin products, furfural products, dehydrated carbohydrates, sugars 

and sugar polymers. The proportion of digestibles in this mixture 

would have to be determined in order to obtain a true DMD. The 

percent water-solubles reported in Table 1 were obtained using exactly 

similar conditons to those used for DMD determinations but no 

inoculum was added. The values were practically the same as those
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obtained by treating 5% suspensions of exploded wood in water at 

50°C for 1 hour or 40°C for 30 minutes (Table 2). Thus it was 

considered that chemical analyses done on any of these extracts 

would be applicable to the other extracts. Table 2 also shows that 

further water extractions removed more material but this would 

not interfere in the DMD analyses and was not, for the present, 

i n v e s t i g a t e d .

The amount of pentosans in the water solubles decreased as more 

drastic conditions were used in cooking the wood (Table 3). On the 

other hand, the glucosans increased. The latter were determined by 

glucose determination of the enzymatically hydrolyzed water-solubles. 

Both these fractions were considered to be digestible and the 

remainder would most likely be n o n -digestibles. Thus the percentage 

of possible n o n - d i g e s t i b l es in the water-solubles increased with 

more drastic cooking conditions but the yield of water-soluble 

decreased. Based on the exploded wood the percentage n o n - digestibles 

in the water solubles ranged from 8.6 to 9.6%. Thus, over a broad 

range of cooks it appears that the values reported in Table 1 are 

approximately 9 to 10 percent too high. More work on the composition 

of the water-solubles would be necessary if true DMD values are 

required, but the values given in Table 1 are comparable and large 

differences in digestibility are highly significant.

Results of Analysis

The samples analyzed and reported here were provided by Iotech 

and priorities were largely set by them. The results are all given 

in Table 1.

... 1
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(1) E ffect of Time at Various Pressures

Figures 1-3 show the effect of cooking times for aspën at 

various pressures. At 552-364 psi the maximum digestibility 

occurred at about 70 seconds but unlike the IVCD results the 

DMD value for the 32 second cook was not a great deal lower.

As mentioned before, the presence of more h e m i c e l 1u 1 o s es and 

sugars in the milder cook would off-set the lower cellulose 

digestibility to some extent. If the higher yield of exploded 

wood at 32 seconds is taken into account the digestibility, at 

that time, based on original wood may be as good if not better 

than at 70 seconds. The effect of "poisoning" or possible loss 

of digestible cellulose at the longer times is evident in the 

decline of DMD after the 70 seconds.

At 460-480 psi the maximum appears to be between 60 and 

120 seconds and again there is a decline after the maximum 

but of course not as rapid.

At the lower pressures, shown in Figure 3, not enough 

samples were analyzed to enable us to obtain an exact maximum 

point. However, the trend is quite evident and no exact 

maximum point is really necessary since the results do not 

change rapidly near the maximum DMD.

At 195 psi a DMD value equivalent to maxima at other 

pressures was obtained in 15 minutes but we have no information 

as to when this value starts to decline —  again exact times 

do not appear to be critical over a broad range.

At 695 psi very little information was obtained but 

cooking for 100 seconds gave a very low value -- it was o v e r 

cooked very rapidly.
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All these results at various pressures show that a 

maximum can be obtained for each pressure at a certain time 

and this maximum appears to be practically the same for all 

pressures.

(2) Effect of Storage

Storage at 40°C and 65°C appeared to have no damaging 

effect up to 7 days but at 95°C the digestibility dropped 

dramatically between 23 hours and 7 days. After 7 days the 

digestibility was the same or less than that of untreated aspen wood

Storage at various pHs did not cause any loss in digestibility. 

Actually at pH 3, 6, 7 and 11 the values, strangely enough, 

were higher than those obtained from a wet sample or from 

material stored at the other pHs. The water solubility of the 

samples stored at pH 8, 10 and 11 were a little higher (2-3/□) 

than those stored at lower pHs.

(3) Effect of Water and Methanol Extractions

The DMD values obtained for samples treated with cold water 

were lower by the amount of water solubles; the samples treated 

with hot water gave DMD values a little higher than those for 

cold-water-treated samples. It is possible that hot water 

removed some n on-digestible material which was not soluble in 

cold w a t e r .

The samples treated with methanol all gave high values, 

especially since the water-solubles were also removed during 

the extraction. Evidently the n o n - d i g e s t i b l es were removed 

leaving a higher concentration of digestible material. Some

. . . 9
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of the values obtained here appeared to be too high and 

duplication was poor —  the analyses are being repeated 

because difficulties were encountered in the rumen fluid in 

this part of the run. The samples affected are marked in 

Table 1.

(4) Effect of Drying at 105°C or Acetone-Water Extraction

A series of cooks at 535-570 psi which were dried at

10 5 0 C and washed with 9:1 acetone-water were analyzed. The 

low values obtained were due either to the drying at the high 

temperature (which was noted in early work) or to removal of 

a great deal of digestibles by the solvent. The high temperature, 

we feel, was the main contributor to the low values.

(5) Exploded Spruce and Pine

Some samples of spruce and pine were analyzed. Details of 

the cooks were not obtained from Iotech but the results showed 

essentially no digestibility. The extractions with acetone- 

water or sodium hydroxide or ethanol removed some water solubles 

which dropped the values even lower.

Work in Progress

( 1 ) T oxicity

As well as continuing with the analyses of samples provided, 

toxicity tests are now being conducted using the sample cooked 

for 80 seconds at 560 psi as a standard. Various concentrations 

of chemicals reported to be toxic were added to the sample and 

then subjected to the standard DMD analyses. Preliminary work 

has indicated quinone to be highly toxic and pyrogallol slightly 

toxic. Extracts from samples which were overcooked will be

. . . 10
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added back to this sample in order to see if toxics are 

produced during the cooking. The low digestibility of o v e r 

cooked samples might simply be due to the fact that the 

carbohydrate has been converted to non-digestible material and 

no actual toxics are present. A preliminary experiment with 

a water extract of an overcooked sample indicates this as a 

distinct possibility.

(2) Water Solubles

Further study of the composition and digestibility of the 

water solubles from various cooks is necessary if a more exact 

digestibility value is reguired.

(3 ) Yield of Exploded Wood

The yield of exploded wood under various conditions should 

be further investigated so that digestibility based on original 

wood could be calculated with certainty. Preliminary work has 

been done with the small gun and more should be done in the

f u t u r e .
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Table 1 Dry Matter Digestibilites of Steam-treated Exploded Wood

Sample Conditions 0//0 DMD % Water Solubles

psi sec . duplicates av g . duplicates a v g .

Pressure - 552-565 psi

W 7 9 0 6 2 1 -20+21 561 32 60.3 , 59.6 60.0 23.2, 24.5 23.9
63.0, 63.3

18+19 564 70 63.3, 64.6 63.6 20.5, 21.2 20.9
62.8, 63.3

22 + 23 560 80 62.6, 62.7 62.7 19.5, 20.7 20.1
58.8, 58.8 20.8

24 + 25 565 90 65.3 , 61.1 61.0 18.9, 20.1 19.9
26+27 554 100 59.8, 58.2 59.0 19.5, 19.1 19.3
28+29 557 120 48.7, 47.6 48.1 17.2, 17.3 17.3

W790622 5+6 552 220 30.6, 32.5 31.6 18.7 , 20.0 19.4
W790625 1+2 553 300 34.2, 33.5 33.9 21.8, 20.1 21.0

Pressure - 460-480 psi

W790710-12 470 30 55.7, 57.4 56.6
4 460 60 66.4, 68.5 67.5

15 470 120 67.1 , 68.6 67.9
16 465 240 60.3, 59.8 60.1
17 465 300 47.5, 46.8 47.2
18 470 360 34.3 , 35.6 35.0
19 480 480 31.3, 32.2 31.8
20 475 960 22.8, 26.8 24.8

Pressure - 420-440 psi

W790710- 5 430 120 68.7, 69.1 68.9
6 440 240 69.1 , 68.5 68.8
7 420 300 68.2, 66.2 67.2
8 430 360 63.7, 66.7 65.2
9 430 480 55.1 , 53.8 54.5

10 430 960 41.2, 41.4 41.3

Pressure

W790622-1+2

- 400-401 psi 

400 60 56.9, 56.9 56.9 22.6, 22.2 22.4

3 + 4 401 240
61.4,
61.4,

64.3 
61.6 62.2 20.8, 20.0 20.4

Pressure - 370-390 psi

W 7 9 0 5 0 3 - 1 2 390 30 58.3 , 56.4 57.4
11 382 60 58.1 , 58.2 58.2

W790711- 2 370 240 64.1 , 66.1 65.1
3 385 480 59.4, 58.8 59.1

Pressure - 275-290 psi

W790426- 6 290 146 59.8, 58.5 59.2
7 285 240 63.6, 62.6 63.1
8 275 480 65.7, 63.8 64.8
9 285 700 61.7, 61.6 61.7

55.5, 56.1
10 285 960 60.5, 62.3 58.6
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Sample Conditions % DMD ?o Water Solubles

psi s e c . duplicates av g . duplicates avg.

Pressure - 230 psi

W790503- 6 250 60 52.8, 52.8 52.8

Pressure - 200-205 psi

W790503- 7 205 60 47.2, 45.1 46.2
1 200 900 64.5, 66.2 65.4

W 7 9 0 7 1 1 - 7 200 1800 53.6, 53.8 53.7
6 200 3600 60.9, 59.8 60.4

Pressure - 650-695 psi

59.6, 60.0
W790417- 2 650 20 61.8, 61.6 60.8 27.4, 26.7 27.1

W7906 21-14 + 15 690 40 59.6, 62.0 60.3 23.0, 21.3 22.2

16+17 695 100 29.9, 28.2 29.1 20.9 , 20.6 20.8

Storage - at 40°C, 65°C and 9 5 0 C

0621-20+21 4 0 0C - 8.75 hr 61.7, 63.1 62.4
(561 psi-32 sec ) 40°C - 7 days 65.3, 64.4 64.9

65°C - 2 hr 60.1, 61.9 61.0
8.5 hr 65.8, 65.4 65.6
23 hr 64.9, 64.6 64.8
7 days 61.0, 63.5 62.3

9 5 0C - 2 hr 67.4 67.4
8.5 hr 68.4, 66.8 67.6
23 hr 65.1, 63.5 64.3
7 days 21.1, 21.9 21.5

0621-24+25 65°C - 7 days 65.8, 65.1 65.5
(565 psi-90 sec ) 9 5 0C - 23 hr 63.0, 63.7 63.4

7 days 12.4, 11.1 11.8

Storage - at pHs From 1.5 - 11.0

560 psi 90 sec Stored at -

# 75 p H l . 5 - 0 h r 64.1 , 63.7 63.9
9 - 4 hr 63.8, 64.1 64.0

81 - 8 65.8, 64.1 64.8
12 - 24 64.5, 63.8 64.2
85 - 48 62.8, 63.4 63.1
65 96 58.0 , 61.3 59.6
84 p H 3 .0 - 0 hr 66.1 , 67.4 66.8
7 - 4 65.3 , 65.5 65.4

93 - 8 64.0, 65.7 64.9
59 - 24 67.4, 65.0 66.2
22 - 48 64.3 , 65.1 64.7
61 - 96 64.6, 63.4 64.0
71 p H 4 .0 - 0 hr 68.5, 67.7 68.1 21.3, - 21.3
82 4 67.5, 67.8 67.7 20.9, 23.8 22.4
20 8 65.1 , 63.9 64.5 21.0, 21.9 21.5
6 24 67.1 , 68.7 67.9 19.9, 19.9 19.9
3 48 69.3 , 68.9 69.1 20.6, 21.9 21.3

80 96 68.7, 66.2 67.4 21.5, 19.7 20.6
62 pH 5 - 0 hr 69.2, 69.2 69.2 19.7, 19.7 19.7
79 - 4 69.1 , 68.3 68.7 21.0, 20.9 21.0
53 8 67.5, 70.6 69.0 19.5, 21.0 20.3
58 24 68.0, 68.3 68.2 19.6, 19.7 19.7
72 48 68.4, 68.6 68.5 20.5, 18.1 19.3?
89 96 65.8, 67.1 66.4 19.9, 19.1 19.5
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Samples Conditions °° DMD Water Solubles

360 psi 90 sec Stored at - duplicates a v g . duplicates a v g .

# 16 pH6 - 0 hr 68.9, 67.4 68.2 20.5, 21.7 21.1
64 4 70.0, 69.2 69.6 21.0, 22.1 21.6
10 8 68.4, 68.4 68.4 23.4, 21.3 22.3

55 24 69.3, 70.7 70.0 22.4, 22.5 22.5

63 48 70.5, 68.9 69.7 20.8, 21.2 21.0

86 96 68.7, 69.2 69.0 24.1, 22.9 23.6

54 pH7 - 0 h r 70.3, 69.5 69.9 22.7, 23.1 22.9

56 4 70.7, 70.7 70.7 23.0, 22.9 23.0

69 8 69.3, 69.8 69.6 22.3, 20.9 21.6

13 24 70.1, 69.4 69.8 20.5, 20.6 20.6
83 48 70.7, 68.0 69.3 20.6, 21.4 21.0

78 96 67.6, 68.3 68.0 22.1, 22.0 22.1
60 p H 8 .0 - 0 hr 65.7, 64.5 65.1 25.0, 26.1 25.6
74 4 63.2, 67.8 65.5 24.3, 25.3 24.8
23 8 68.2, 67.9 68.1 23.9, 23.3 23.6
91 24 67.0, 62.5 64.8 23.1, 25.7 24.4
77 48 61.8, 68.9 65.4 23.0 23.0
66 96 70.7, 70.5 70.6 22.5, 23.0 22.8
87 p H I O .0 - 0 hr 70.5, 68.0 69.3 25.7, 24.9 25.3
14 4 66.9, 68.5 67.7 22.8, 23.6 23.2
76 8 67.5, 67.8 67.7 21.5, 23.6 22.6
67 24 66.6, 68.5 67.6 23.8, 23.1 23.5
4 48 66.8, 65.8 66.3 22.3, 24.8 23.6

73 96 67.2, 70.7 69.0 23.8, 25.3 24.6
52 p H l l .0 - 0 hr 73.0, 67.8 70.4 26.0, 26.0 26.0
18 4 67.3 , 70.2 68. 8 25.5, 25.9 25.7
57 8 67.3, 67.5 67.4 26.3, 25.9 26.1
70 24 68.2, 68.9 68.5 24.8, 25.1 25.0
68 48 69.5, 69.8 69.7 25.5, 25.6 25.6
2 96 69.2, 71.0 70.1 24.2, 23.7 24.0

Storage - after water wash

48 Cold W.W - 0 hr 49.7, 49.7 49.7 3.7, 3.7 3.7
5 4 51.9, 51.3 51.6 3.7, 2.5 3.1

29 8 54.8, 53.2 54.0 1.7, 2.5 2.1
28 24 52.4 , 49.3 50.9 2.1, 3.7 2.9
38 48 48.2, 48.2 48.2 0.8, 1.7 1.3
27 96 49.9 , 52.2 51.1 1.2, 1.7 1. 5
42 Hot W.W. - 0 55.0, 54.0 54.5 2.1, 0 1.0
49 4 53.5, 53.1 53.3 1.7, 1.7 1.7
46 8 51.7, 53.8 52.8 0.8, 0.8 0.8
45 24 54.6, 54.4 54.5 2.1, 0.8 1.5
21 48 51.0, 53.3 52.2 1.7, 0.4 1.1
39 96 51.5, 52.9 52.2 0.4 , 2.5 1.5

Storage - after water and methanol washes

Cold W.W
31* +Me0H W - 0 hr 68.9, 69.3 69.2
47 4 61.5, 61.3 61.4 2.1, 0.4 0.9
26 8 60.9, 61.5 61.2 0.8, 1.3 1.5
35 24 63.5, 58.8 61.2 0.8, 0 0.4
19 48 59.4, 61.0 60.2 2.1, 1.3 1.6
34*

Hot W.W
96 64.9, 66.1 65.5

17 +Me0H W 0 hr 58.0, 55.7 56.9 2.5, 0.4 1.1
33 4 67.4, 63.0 65.2
43 8 64.1, 66.8 65.5
40 24 65.6, 64.1 64.9
44 48 66.4, 61.7 64.1
1 96 59.1, 59.4 59.3 1.3, 0.8 1.1

4
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Sample Conditions

560 psi 90 sec Storage after

% Duplicates % Water Solubles

duplicates avg. duplicates avg.

Storage - after methanol washes 

Hot
36 MeOH W. - 0 h r 63.7, 64.4 64.1
25 4 63.0, 64.0 63.5
15 8 65.1 , 64.0 64.6
51* 24 74.3 , 56.7 65.5
24 48 64.8, 62.3 63.6
11

Cold
96 59.8, 63.8 61.8

30* MeOH W. - 0 h r 72.2, 74.8 73.5
41* 4 73.8, 64.4 69.1
50* 8 71.9, 74.2 73.1
32* 24 75.6, 74.3 75.0
37* 48 71.9, 74.1 73.0
8* 96 68.9, 76.0 72.5

* Difficulties encountered in rumen fluid - some values may be a little 
high. Analyses are being repeated

Dried :at 105°C overnight Acetone-water (9:1) washed

W790322- 1 535 20 30.8, 32.1 31.5
2 550 40 35.1 , 36.3 35.7
3 550 60 37.2, 38.7 38.0
4 560 80 36.0, 37.2 36.6
5 570 100 35.7, 35.7 35.7
6 565 120 32.9 , 29.6 31.3
7 570 160 32.4 , 33.5 33.0

SPRUCE Cooked spruce dried at 105°C and acetone-wat

W790221- 1 9.1, 8.2 8.7
2 5.4, 3.7 4.6
3 3.3, 3.6 3.5
4 2.9, 4.1 3.5
5 2.9, 2.3 2.6
6 2.7, 2.9 2.8

PINE Dried overnight at room temp .

W7 904 24-12 26.1 , 25.6 25.9
+1% NaOH 9.0, 7.6 8.3
+ET0H 12.6, 8.3 10.5

13 20.9 , 19.6 20.3
+ 15K NaOH 5.5, 5.1 5.3
+ ET0H 8.9 , 10.2 9.6

14 20.9, 20.1 20.5
+ l?oNa0H 3.1 , 5.6 4.4
+ ET0H 4.2, 2.9 3.6

16 24.3 , - 24.3
+ 1 ?oNa0H 9.9, 8.9 9.4
+ ET0H 9.4, 11.1 10.3

17 21.7, 23.8 22.8
+1 ?o N a 0 H 8.0, 8.5 8.2
+ ET0H 12.2, 10.8 11 . 5

18 14.5, 14.9 14.7
+1 ?o N a 0 H 10.4 , 11 . 2 10.8
+ ET0H 6.8, 6.8 6.8

11 25.4 , 23.7 24.6
+1 % N a 0 H 9.8, 8.4 9.1
+ ET0H 12.8, 12.3 12.6



Table 2 Percent Water Solubles - Based on Exploded Wood



Table 3 Analyses of Water Solubles of Cooked Aspen

Conditions Yield of 
water 
solubles 

( X  of 
exploded 
wood )

Pentosanin
water
solubles

(85)

Glucosans in 
water solubles

(85)

Glucosans + 
Pentosans

(85)

Possible 
N on-digestibles 
in water 
solubles

(85)

Possible 
N o n-digestibles 
(/o of exploded 
wood )

Lignin 
in water 
solubles

(85)

Unknowns 
in water 
s o l u b l es

(85)

i p s  i

3 2 sec 24.3 58.4 5.8 64.2 35.8 8.7 9.8 26.0

7 0 sec 20.1 47.7 9.6 57.3 42.7 8.6

90 sec 19.6 40.7 11.8 52.5 47.5 9.3 15.8 31.7

100 sec 17.9 35.7 13.5 49.2 50.8 9.1

120 sec 17.3 29.8 15.3 45.1 54.9 9. 6 18.5 36.4
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