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Treatments for Optimized Enzymatic Hydrolysis of Wood

Technical Report 

ABSTRACT

Partial hydrolysis of White Birch woodmeal (Betula papyrifera) 

in a small steam gun was investigated as a pretreatment for enzymatic 

hydrolysis. The wood was treated at three temperatures: 185°C, 200°

and 220°C for 30, 60 and 90 sec. at each temperature}with and without 

addition of dilute sulphuric acid.

Potential glucose and xylose in some of the partially hydrolyzed 

wood samples were determined by high pressure liquid chromotography

after total hydrolysis.



Introduction

Cellulose fibres as they occur in wood, are highly ordered due 

to the crystallinity of the cellulose macromolecule. The enzymes 

used in the hydrolysis of cellulose being mixtures of large protein 

molecules are unable to penetrate such a structure and reaction 

occurs only in the amorphous areas of the cellulose at loose chain 

ends and exposed surfaces. Enzymic attack is made even more difficult 

by the presence of high-molecular weight lignin.

Many pretreatments have been attempted to decrystallize the 

cellulose and breakdown the lignin component. Among these are physical 

treatments such as ball-milling, roll-milling, high energy electron 

and gamma-ray radiation treatments. The chemical pretreatments 

included alkaline pretreatments with sodium hydroxide and ammonia 

and acidic pretreatments including autohydrolysis, dilute acid, 

concentrated acid and sulfur dioxide. Cellulose solvents, lignin 

solvents and biological pretreatments have also been used.

In this study a brief steam pre-hydrolysis of white birch 

with or without added dilute sulphuric acid, in a small steam gun 

followed by explosive decompression is described. This approach, 

using a different hydrolysis apparatus, has been shown to be very 

efficient in promoting subsequent enzymatic hydrolysis of oakwood(4).
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Experimental

Material

Freshly cut White Birch and Red Maple (Acer rubrum) logs were 

cut into discs about one inch thick. The bark was removed and the 

air-dried discs were chipped with a hand chipper. The chips were 

ground in a Wiley mill to pass a coarse screen. The woodmeal (about 

5 lbs) was then passed through the mill again until it all went through 

the medium screen.

Analyses

Ethanol-benzene solubles were determined in a Soxhlet extractor 

according te Tappi T6M-50. The hemicelluloses were determined by 

extraction of the chlorite holocellulose, first with 5% KOH followed 

by a second extraction with 24% KOH, according to the method of Wise 

et al. (1)• The residue from the hemicellulose extraction was the 

alpha-cellulose. The ash in the hemicellulose fractions was 

determined according to Wise _et al. (1).

The woodmeal Klason lignin was determined according to 

Tappi T222-OS-74.

The potential glucose and xylose of both species was determined 

following the total hydrolysis method of Saeman et a_l, (2) except 

that the primary hydrolysis was carried out for 2 hours at 30°C.

The hydrolyzate was analyzed for glucose and xylose following the 

method of SjOstrOm et al.(3). The sugar concentrate was injected
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into a high pressure liquid chromatograph, Varian model 5000, equipped 

with a refractive index detector. Carbohydrate column, Varian 

Mikropak NH^-IO, was used. The solvent was a mixture of 80% Acetonitrile; 

20% water; flow rate was 1.5ml/minj injection volume, 20pl.

Steam Treatment

Treatment was carried out in a small gun, equipped with a ball 

valve for sudden pressure release. Twenty-gram samples of air-dry 

woodmeal could be steamed at one time. All samples were treated at 

1:1 ratio of water to wood or dilute sulphuric acid to wood. Three 

temperature levels were investigated: 185°C, 200°C and 225°C; three

treatment times: 30, 60 and 90°C at three acid concentrations: no

acid added, 0.5% and 1.0% sulphuric acid. After steaming, the woodmeal 

was briefly washed with water on a filter to remove excess acid, 

until the pH of the wash water was about 4.0. The steamed samples 

were stored in the wet condition (moisture 60-70%) in a freezer, 

awaiting enzyme hydrolysis. Twenty-seven samples were thus prepared.

Results and Discussion

The results of the chemical analyses of White Birch and Red 

Maple are shown in Table 1. The hemicellulose yield is the sum of 

the yields obtained from the successive extraction of the holocellulose 

with 5% and 24% KOH. The yields were corrected for ash. The potential 

glucose and xylose indicate the yields obtained upon total hydrolysis 

of the wood with sulphuric acid,as described above.
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Table 2 shows the potential glucose and xylose obtainable from 

total hydrolysis of the steamed wood with and without acid added, 

under various conditions of treatment. The acid was added as 0.5 

and 1.0% solutions, mixed with air-dry woodmeal, in equal weight ratios.

It may be seen that the yields of xylose decrease with increasing 

severity of the steam treatment with a corresponding increase in the 

glucose content of the steamed wood.

Conclusions

With increased steaming time of the temperatures used in this 

study more potential glucose was formed. This in effect would result 

in more ethanol through fermentation of the liberated sugars.

Recommendations

It has been shown (4) that a mild prehydolysis treatment of 

Oakwood is efficient in promoting subsequent enzymatic hydrolysis. 

Although this prehydrolysis treatment was different than the one 

used in this study, it is felt that steam hydrolysis followed by 

explosive decompression should be as efficient. Also, very 

little work of this nature has been done on species other than 

Aspen. This work should therefore be pursued further with other 

wood species and with enzymatic conversion of the lignocellulosic 

polymers to their composite sugars.
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Table 1 - Composition of White Birch and Red Maple

White Birch Red Maple

Extractives (%) 2.55 3.62
Lignin % 18.2 23. Û
Hemicelluloses % 26.6 23.2
Alpha-cellulose % 42.6 44.1
Potential Glucose 42.5 44.5
Potential Xylose 22.0 15.5

* Results are expressed in percent of oven-dry original wood.

Table 2 - Potential Glucose and Xylose in Steamed White Birch*

Sample

Untreated
Woodmeal

Steaming 
Time (Sec-)

Temp.(°C) H SO 
2 4

% dry wood

Potential 
Glucose %

42.5

Potential 
Xylose %

22.0
W.B-1 30 185 0 44.3 20.7
W.B-4 30 185 0.5 41.4 19.5
W.B-9 90 185 1.0 51.9 12.1
W.B-10 30 200 0 44.8 21.7
W.B-rl3 30 200 0.5 46.5 14.2
W.B-18 90 200 1.0 56.1 7.3
W.B-19 30 220 0 47.7 14.2
W.B-22 30 220 0.5 48.8 13.6
W.B-25 90 220 1.0 55.5 6.7

* In percent of dry? steamed wood.
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