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i./SELECTION OF THE MOST PROMISING BROWN-ROT FUNGI
 

wor- was done before the beginning of the
 
This part of the 


A paper was already written with the results obtained 
and
 

grant. 

Microbial Technology. The paper 	 is
 submitted to Enzyme and 


currently in press. I enclosed you a copy of it.
 

appeared that the brown-rot fungi

From this work, it 


able to grow
and Wolfiporia coccos are
GloeophyllLum trabeLm 

important
quick on pine sawdust, allowing a very
relatively 


structural polysaccharides
increase of rumen digestibility 	of 

This seems to be related to the
 

during the early stages of decay. 


rapid depolymerization of these polymers during wood
 

colconization.
 

June 1988 were directed
all our efforts since
Therefore, 

of the agent responsible of the
 

towards the identification 

well at of its
 

oxidative depolymerization of cellulose, as 


as it was proposed in "Physiology o-f cellulose

regulation, 


the grant).

depolymerization by brown-rot fungi" (seq pp. 8-12 of 


OF CELLULOSE
OF THE AGENT RESPONSIBLE
II.IDENTIFICATION 

DEPOLYMERI ZATI ON
 

placenta
During these e,toeriments, the strains Poria 

are
included because they

and ConiophorA puteana were also 

by the absence of secretion of aromatic metabolic


characterized 

and oxidative


compounds and for possessing an hydrolytic 


cellulolytic system, respectively.
 

this work has been done in collaboration with
Part of 

the principal investigator at
 Dr. T.K. Kirk, during the stay of 


and Microbial Technology, Forest

the InsCitute of Enzyme 


Products Laboratory, USDA, Madison, Wisconsin,
 

The following experiments were conducted:
 

cotton cellulose bY Coniophora puteana,

1. Depolymerization of 


and Poria placenta under solid-stateGloeophyllum trabeum 
conditions
 

sources (mannose, glucose and

Three different carbon 


1%) and two oxygen levels (21% and 50.% 
cellobiose at 0.2, 0.5 and 

obtained

oxygen) were tested. No significant growth could be 


after 20 days of incubation.for any of these cultures 

on cellulose d!polymeri.ation by 	 Poria
2. Efect of an "inducer" 

placenta
 

above were employed, except that 	after
The same conditions as 

and the residue ftom a 
ten days of funqal growth. a water extract 

were addcicdi at 0.I and 1% (w/w)
highly depolymeri.:ed culture 

same levels, No
level. Lactose was also assayed at Lhe 



significant growth could be obtained under 
these conditions, too.
 

that under these conditions,
it was 	 concluded
Therefore, 

cellulose decay generated during


inhibition by end-products of 

have been occurred.
the first steps of degradation could 


of 	dry matter content on cellulose depolymerization 
by


3. 	Effect 

Poria placenta
 

feeder strips were incubated in Petri dishes with

Colonized 


30 	and 40% final
 cotton cellulose containing 2, 10, 20,
200mg of 

After three weeks incubation, depolymerization
dry matter (w/v). 


of cellulose was significantly higher for vellulose with 
307% dry
 

No difference was determined
 matter content and more (Figure 1). 

of cotton cellulose


in the 	 degree of depolymerization (DP) 


dry matter contents superior to 30% as well as for those
 between 

dry matter.
that contained less than 30% 


imply that the examination of cultural
These results 

indicated
 
parameters important for cellulose depolymerization, 

as 


in page 9 of the grant, will have to be reassessed.
 

4. 	Kinetics of cellulose depolymerization by 
Poria placenta
 

the results obtained auove, the kinetics
 As 	a consequence of 

the soil 	block
determined using
of cellulose depolymerization was 


Two phases of cellulose depolymerization
procedure (Figure 2). 

was very 	rapid (5 days); cotton
 

were observed. The first phase 

to 	a DP of 800. Then, a slower phase


cellulose was depolymerized 


took place, during which cellulose was linearly depolymerized 
to
 

200-250 	was
 
230 after 21 days. Finally, a constant DP of 

42 days of incubation. 1% NaOH solubility
determined until 


after which time, althoughtill 21 days,increased linearly 

32%slowered. A maximum of 


increase still linear, the rate was 


reached after 42 days of decay. MW
 
alkali-soluble compounds was 


times of depolymerization
of 	 the different perioddistribution 
to explain the
 

(currently under determination) should allow us 

for cellulose
 

reasons of the occurence of two different rates 


depolymerization.
 

14
 
C-qlucose during depolymerization of
 

5. 	Pulse-labelling. of 


cellulose by Poria pjlacenta
 

any low molecular weight
In 	an effort to identify if there was 

the active

compound(s) which were specifically secreted during 
a
phase of cellulose depolymerization, pulse-labelling of 14C­

set up. 15ui of 14C-glucose (7,5x106 dpm/culture)
glucose 	was 


of cotton
 
to decayed feeder strips containing 4:lOOmg

were added 
 was
 
at 	time when the second phase of depolymerization
cellulose 


cold

(i.e. 10 days). Two "hot" cultures and one 


developping 
(a total of 1.2 gr of cellulose) were harvested after 1,

Culture 
3 and 7 days of incubation with radiolabpled glucose. Cotton 

of 50mM NaCI were added. After 
cellulose waa harvested and 5mI 


stirring, extracellular water-soluble
 
2 	 hours with occasional 




compounds were squeezed, centrifuged, and low molecular compounds
 
(eluent:
in a 50xi cm Sephadex G-25 column 


were separated 

I ml fractions were collected and assayed for
 

distilled water). 

14C. Results indicated that
 

ninhydrine, absorbance at 280nm and 


low MW compounds were synthesized under these 
conditions,


two new 

and 2C)00 D, respectively


have a MW of apro:ximately 1100C)
which 

Only the second one was ninhydrine


(FigLres 3., 4 and 5). 
that it
 to the presence of primary amines or 
positive, pointing 

the
 
could be a peptide. Currently, transition metals analysis of 


determine if one (or

different fractions collected is underway to 


Mn, whir.h have been recently shown to
 
both) peaks carry Fe or 


in brown-rotted
 
be the only transition metals that accumulate 


cellulose (T.K.Kirk, personnal communication). It is interesting
 

to point out that both elements have been shown 
to participate in
 

a 
closely related fungi.

lignin degradat4.on by white-rot fungi, 


FUTURE WORK
 

times of cellulose
of different period
- MW distribution 

depolymerization.
 

analyses for samples extracted and
 
- Transition metals 

The solidpermeation chromatography.
fractionnated by gel 

17 and 50 will
 

residue remaining after e;xtraction for days 13, 


also be analyzed in order to determine the relative importance
 

(see exp. 5).

of extracellular transition metals 


Cu or Fe 	was discovered,
 
- In the case that a chelator for Mn, 

decayed
and important amount (50-10()gr) of cellulose will be 


days, extracted and
 
under the same conditions for 20-30 


Sephadex G-25 will
 
as above 	(a bigger column of 


The main peaks collected will be

fractionated 

then be needed). 


to similar cultures
 concentrated, filter-sterilized and added 

and compared to
 

as above. Depolymerization will be followed 


If one of these peaks represent the
 non-inoculated cultures. 


step in cellulose depolymerization of inoculated
 
limiting 


compared to controls.
cultures, as 


a column of
be fractionated in 


be characterized 

- The high MW fraction will 

for
Collected 

activity, endo and excglucanase, heme


Sephadex G-50. 	 peaks will 


general oxidase 


proteins, etc...
 

the kinetics of secretion of organic acids and its
 
- Finally, 

be

relationship with cellulose depolymerization 

will 

possible 


research period.
evaluated during this new 
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FIG. 1 
Effect of Dry Matter Content on Cellulose Depolymerizatlon 
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FIG.2 
Kinetics of Cellulose Depolymerization by P. placpnta 

2500 

2000 
-30 

-- D.P. 

% NaOH 

1500120 

1000F 

0 

200 

0 

z 

600­

10 

0---
0 10 20 30 40 

--- 0 
50 

Days 



160001 

14C glucose after one day addition to activilyFig. 3. Pulse labeled 

depolimerizing cellulolytic cultures of P. placenta
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Fig. 4. Pulse labeled 14C glucose after three days addition to activily
 

depolimerizing cellulolytic cultures of P. placenta
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Fig. 5. Pulse labeled C glucose after seven days addition to activily
 

depolimerizing cellulolytic cultures of P. placenta
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Solid-state fermentation of phie sawdust
 
by selected brownv-rot fumgi
 

Eduardo Agosin, Sergio Jarpa, Eduardo Rojas and Eduardo Espejo 

Laboratorio de Bioteenologia, Universidad de Chile, Santiago, Chile 

effects of sel-cted culture parameters on the solid-state fermentation of radiata pine (.'inus
The 

were examined. Ox'gen concentration is
radiatmt by the brown-rot figus Gloeophyllum trabeum 

for wood decay: a twofold increase was observed itheni 21/) 0., was enplovtd as comparedto.critic-
5%0,. The highest *'iel. were obtained with p2 > 50 .' Although optimum pllforfitigal growth 'ias 90 i-b 
4.5. p'lower than 4.0 appeared to be 	 essential fir wood degradation by these fingi. Culture 

conditions alloing the highest decay capacities were then employed to) folloi the chemical change" 

occurring during decay of radiata pine by G. trabeum. Lcntinus lepideus, and Wolfiporia cocos and 

their effects on ruonen digestibility were assessed. Dr'v matter digestibility increased froin 0 to tnore 

than 20(1' during the first week of wood colonization by the three tested fungi. Then. after 4 week. OtL% 

incubation, digestibility/fell to less than 5,'-fa, W. cocos and L. lepideus. Increase in digestibility could 

be related to polysaccharide depolymerization, its wite/l as to the alkali-solubilizable fraction of 

structural poly accharides and lignin in decayed wood. 

Keywords: Solid-state fermentation; sawdust: fungus: GhoophYlhanl trabeiunt 

which may allow the integral use of these abundant.
Inlroduction 

low-cost materials.Traditional approaches to the utilization of lignocellu-	 and Cowling and Brown 7 suggested thatroes utiliaton dlisruinol 
losic materials by microorganisms rely on disruption the basic mechanism employed by these fungi to decayTr atrials bypp e ly 	 Cow!ing' 

is related to their capacity to depolymerize
of the lignin barrier, followed by the conversion of wood 
cellulose to glucose. The high cost of these pretreat- cellulose during the initial stages of decay. it has been 

9 that cellulose depolymerization opens 	up
viability of proposed

fractions have hampered the economic 	
the wood cell wall. allowing cellulolytic and hemicellu­

such processes.' Furthermore, most 	 of the studied 
lolytic enzymes of the brown-rot fungi to reach their 

processes show little response with sofwoods.t 3 
'	 use ofrose owfunitl reshic h so 'wredominantly on substrates despite the presence of lignin. The 

to improve enzymic access
Brown-os fungi, which occur predominantly on this particular mechanism 

to softwood polysaccharides-by rumen microor­
softwoods, have scarcely been studied 	for biotechno-

ganisms, for example-has not been evaluated.
logical purposesa despite their unilue ability to remove 

Among structural polysaccharides, hemicelluloses,
stncturh polysaccharides in fully lignifed native tis-

frac- and particularly glucomannans, are preferentially de­
sues without significant depletion of the lignit 

tion.This makes them potential candidates for the graded during colonization of softwood by brown-rot 
into fungi.' However, the mechanism employed by these 

direct bioconversion of softwood polysaccharides 
rthermore, the residue remain- fungi to remove the hemicellulose fraction and its rolefermentable sutgars. 

as a in the opening of the wood cell wall have received verying after decay-mainly lignin-has 	 potential 
12 

source of other valuable products, such as adhesives, little attention.t0-

The present study has the following specific objec-Therefore, brown-rot fungi could provide a newv sac-

charification system for lignocellulosic substrates, tives: (i) to determine cultural parameters important
 

for semisolid fermentation of pine sawdust by brown­
•ldress 	 repnlt requests Ito D~r. F.. Agosin. 1,.,b ,rio de Diotec - rot fungi, (ii) to evaluate the potential of these fungi as 

mde lliicn wood saccharifying aents; and (iii) to provide infor­
nO relntuto te tr. y "lccn, t,_, 

no i ut deNmtrcVp y Ilh& de los Alimcntos. 
mation on the alkali-soluble substances generated dur­SIN'tl'A.nivcrsidad tie Chile.,,'asilla 1.5138( S~mtiago 11, Chile 


iedS August 19Sing the process.
iJcNd6June 1988; * 

k. C,.. 

'© 1989 Butterworth Publishers 
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Materials and methods 

Fungi and inocula 

The following brown-rot fungi were used in this study: 
Wolfiporia cocos FP 90850-R, kindly provided by the 
Center for Forest Mycology Research. CFMR (Forest 
Products Laboratory, Madison, USA), Gloeophyllum 
trabeum, obtained by courtesy of Prof. K. E. Eriksson 
(STFI, Sweden), and Lentinus lepideus CTB 67-03-A, 
donated by Dr. C. Delatour (CNRF, France). 

Mycelial inocula were prepared as described else-
where. 3/.J 

Selection ofoptimal culture parameters 
for brown-rot decay 

The effects of the following parameters on wood decay 
have been tested: removal of extractive substances 
(extracted in a Soxhlet apparatus with ethanol/toluene 
11). dry mattercontent (in grams ofdry wood/lOOgof 

humidified wood) (15, 20, 25, and 30%), oxygen partial 
pressure (5, 21, 50, and 100% 02), and buffer concen-
tration (20 and 50 msi sodium L-tartrateAjd 4.5). The 
strain Gloeophlhv/um trabeum was employed in tfhese 

experiments. Cultures were grown for 4 weeks under 
the general conditions described below, except that 
flasks were periodically flushed with humidified air. 

Cultivation methods 
Culture experiments were conducted with Pinus raji-

tSuresexerients(5.4% re condtedr th pimra-
alta sawdust (5.4% H-./ content) under the optimal 
culture conditions determined above: 6.0 g of pine 
sawdust (particle size <1 mm) were added to a 500-ml 
conical flask and autuclaved with 12 ml of distilled 

.--.. 
water. Twenty replicate flasks per fungal strain were 

then inoculated with 12 ml o-f a filter-sterilized double­
strengdi mineral mediuni,'4)containing 0.1% glucose 
and 0.02% yeast extract, as well as the ground myceli-
um.13 The flasks were stoppered with rubber stcppers 
and incubated at the optimal growth temperature of 
each fungal strain (26°C for Lentinus lepideus and 
28-30'C for the others). The flasks were flushed every 
2--3 days with a humidified mixture of nitrogen and 
oxygen in a I/ ratio. 

After 0, 1, 2. 4, 6, 8, and 10 weeks of cultivation, 
three cultures per fungus were harvested, the pli of 
the fermented samples was measured directly, and 
weight losses were determined after drying the resi-
dues at 60'C for 72 h. 

Exiraction of water-soluble substances 

Sawdust samples (3.0 g) were extracted at 80'C with 3 

x 40 nil of distilled water, dried at 60'C for 72 h, and 
weighed. Reducing sugars were determined as de-
scribed elsewhere. 6 

(" , Cellulose, hemicelltloses, and lignin were determined 
on extracted samples, essentially as described by 
Effland and Mont ies."' 

Alkali solubility of decayed samples was deter­
mined after incubating 1.0 g of unextracted wood with 
25 ml of 2 M NaOH (30'C, 4 h under nitrogen). The 

residue was thoroughly washed with distilled water, 
dried at 60'C for 72 h, and weighed. Cell wall polysac­
charides were determined in the residue, as above. 
The molecular weight distribution of alkali-soluble 
polysaccharides and lignin was determined by ap­
plying I ml of the alkali-soluble substances extracted 
from decayed samples to a column (110 x 2.0 cm) 
of Fraktogel TSK HW-55/F (Merck), equilibrated in 
0.1 m NaOtl. Polysaccharides were eluted frm the 
column with the alkali eluent according to their molec­
ular weight. Two-milliliter fractions were coll.Lled" 
and total sugars were determined in each tube using
the oricinol-sulfuric acid method.19 Lignin was fol­
lowed at 280 nm. The column was calibrated using 
pn 

(Shodex, Japan) with known molecular,pullulans
weights. 

Alkali-soluble galactoglucomannan of sound radiata 
pine was isolated according to Timell.2 ' 

D 

Replicate samples of fungus-treated wood (2.0 g) were 
weighed into nylon bags of 50-/Lm pore size (Silk . 
Bolting Cloth MFG Co Ltd. Switzerland) and sus­
pender' in the rumen of three sheep (6 bags/shzep) 
fitted with a rumen-cannula, and maintained on alfalfa 
hay. One replica',e of sound wood was incubated 
simultaneously with each series to allow comparisons
between the three sheep and between the different 
series. After 48 i incubation, the bags were removed 
from the rumen, extensively rinsed under cold water, 

pressed, dried, and weighed. 

Results 
Influence of culture parameters on 
brown-rot decay of pine 

The effects of different culture parameters on solid­
state fermentation of pine sawdust by G. trabewn are 
illustrated in Figure1.Partic!z size was found to have 
a pronounced effect on pine decay. Maximum degra­
dation was observed for pine with a I-mm particle 
sizf, with substantial decrease in wood decomposition 
for higher or lower sizes. 

The dry matter content of fermented wood ap­
peared to have little influence on decay between 15 
and 25% dry matter, but higher contents were inhib­
itory. 

The effect of oxygen concentration on pine decom­
position was also examined. Results showed that 0, 
substantially stimulates pine decay: almost 60"i in­
crease in weight loss was reached when the gaseous 
concentration of oxygen in the cultures increased from 
5 to 21,t. The hij'hest decomposition was observed 
when oxygen partial pressure was 50%. 

-thanol/toluene (l/1) extractable pine components 
were found to have a significant effect on decay. 

http:method.19
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Figure I Effect of some cultural parameters on degradation of 
pine sawdust by the brown-rot fungu5s Gloeophy//um trabeum 
under semisolid conditions. Each 500-ml conical flask contained 
6 g of radiata pine sawdust moistened with a mineral medium 
(20% final D.M.). Incubation period: 4 weeks at 30-C. Data 
represent the mean value for 3 replicates. All coefficients of 
variaticn were lower than 5% 

Extracted wood showed substantially less decom-
position, compared to sound pine sawdust. 

Finally, the effect of pi on pine decay was as-
the optimmpiu p1Hfrgotfor growth was 4.5,.,sessed. Beas h a 

and substantial inhibition was observed for values 

below pH 3.5 (7ibe 1), we tested the effect of sodium 
on pine decay. Our results 

ss .Because 

lartrate buffer, plt 4.5, 
(


(Figure 1) confirm those obtained in vitro by Koenig. 
-
and Schmidt et a. 1in that acidic pll is critical for 

polysaccharide degradation of pine sawdust by brown­
rot fungi. 

The culture conditions allowing the highest decay 
capacity of pine by G. trabeutm were used in all 
subsequent experiments. These conditions are de-
scribed in Materials and Methods under Cultivation 
Methods. 

In situ dry inatterdigestibility of 
fermented wood 

The pattern of development of insittu dry matter 
digestibility of pine sawdust decayed by G. trabeum, 
IV.cocos, and L. lepideus is illustrated in Figure 2. All 
three fungi produced a very rapid increase in dry 
matter digestibility during the first 2 weeks of incuba­
lion from 0 to 17-23%. These results were obtained 
before weight losses higher than 15% were achieved 
(Table 2). Thereafter, subsantial decreases in digest-
ibility occurred, oarticularly in the cases of It'. cocos 
and L. ,'pidcus, .- llowed by slight increases. 

PolysacchariJes present in sound pine sawdust ap­
peared to be inaccessible to ruren microorganisms, as 
shown by the negative valucs of dry matter digesti-

.ISSobtained afer8 incuibation (if this suibstrlate in
bility obtane hirtcr eit otis ifte in 
the rumen. The hi-her wei.ht obtained after rumen 
incubation of the undecayed wood presumably reflects 

Table 1 Effect of medium pH on growth of Gloeophyllum 
trabeum" 

pH 	 Growthb 

Initial Final (mg of dry mycelium) 

3.0 2.87 	 38.6 ±"0.7 
3.30 	 48.4±t 1.5 

4.0 3.86 	 55.4 ± 2.0 
4.5 4.31 	 62.3 ± 5.6 
5.0 4.65 	 53.1 ft 3.3 

* Seven day static liquid cultures in 250-ml conical flasks con­
taining 30 ml of mineral salts medium with 2% glucose, 2.6 mm 

tartrate, and 50 mM sodium tartrate buffer 
b Mean ± s.d. of 2 liquid cultures 

incomplete removal of adhering .umen microor­
ganisms during the washing step. 

Waler-soluble suibstances 

All the fungi caused a rapid increase in the water­
soluble substances from 5%to nearly 10% of total dry 
matter during the first days of incubation (Figure 3). 
After this time, changes in water-soltble substances 
were considerably less, although G. trabetm solubi­
lized almost !8% of decayed pine after 8 weeks offermentation. 
reducin.
 

Reducing Sugars increased constantly durin the 
first stages of decay, reaching a maximum of 12% of 
total water-soluble substances after 4 weeks of culti­
vation. After 4 weeks, reducing sugars decreased to 
less than 3%. 

25 ­

20 

DRY 

MATTEI, I 

DIGESTIBILITY 
t to 

0 
2 4 6 8 

INCUBATION TIME (esils 

Figure 2 Changes of in situ dry matter digestit,;ity by rumen 
microflora during solid-state ferinentation of pine sawdustby­
the brown-rot fungi Gloeophyllum trabeum (0. LentifuJrLep­

ideus (), and Wolfiporia cocos (6). Each point is te,ean ­
s.d. of two replicates 
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Table 2 Evolution of pH, total weight, and structural components during solid-state fbrmentation of pine sawdust by three selected 
brown-rot fungi 

Strain 

0 c(t az. 
Gloeophy/Ium trabeum 

~A A1''A0, 5. 
Wolfiporia cocos 

V. 


Incubation Loss" in 
Time 

(weeks) pH Weight Cellu!ose Hemicellulose Lignin 

Ob 
1 

5.0 
3.6 

0 
11.9 

0 (45.4) 
10.8 

0 (26.7) 
19.2 

0 (25.7) 
3.3 

2 3.5 15.2 11.7 27.9 4.3 
4 3.4 233 20.5 40.4 6.6 

8 

L2.9 >IT-
2 

3.3"7 
3.6 

39.4 _-
11.8 

42.89.0­
.013.34.

9.2 

58.9 

2'i.3 

8.7 

5.0 
4 
8 

3.3 
3.2 

13.6 
17.8 

11.1 
14.9 

22.0 
34.7 

3.2 
3.8 

3.2 _5.6 -A!.8__ _..6 

Lentins lepideu 

C 
2 
4 
8 

4.0 
3.9 
3.6 
3.5 

9.7 
12.8 
13.6 
21.9 

6.2 
12.6 
12.8 
19.7 

17.0 
19.9 
21.6 
34.3 

5.0­
6.3 
7.0 
9.2 

'The average coefficient of variation was lower than 6% 
bValues in parentheses indicate the content of each structural component in sound wood 
Results are expressed ir oof original component 

Evolution of p11, dry maler, and 
structural coinponents 

Table 2 gives the temporal changes in pH, dry matter, 

and structural components during pine decay by the 
three selected brown-rot fungi. G. trabeum possess
the highest decay capability, reaching almost 50% 

wheighester eaycapabiltireaing almos 5nd 

weight loss after 10 weeks of cultivation. IV.cocos and 
L. lepidgus showed a very similar pattern of decay, 
degrading only 221 of dry matter after 10 weeks of 
incubation. 

After the first week of incubation, the cultures 

z 15 

o 

LU 10 
-


-j 

Vo0 "fraction 

W NI"'- I I I\ 

0 1 2 4. 8 
INCUBATION TIME tw,,eks) 

Figure 3 Amount of water-soluble substances and reducing 
sugars IM) formed during solid-.tate fermentation of pine 
sawdust by the br-own-rot fungi Gloeophyllurn trabeum (L3), 
Lentinus lepideu( Ind Woliporia cocos () 

became increasingly acidic, especially for pine fer­
mented with IV.cocos. As the incubation progressed. 
the pH slowly dropped to pHi 3.3-3.2. 

The highest decay rate (between 0.9% for IV.cocos 
an 1.1%per day for G. irabew.,) was observed for the 
tree strains (luring the first 2 weeks of decay. Upon

further incubation, the decay rate decreased. espe­
cially between 2 and 4 weeks of cultivation, after 
which a new increase in the degradation rate occurred. 

Hemicelluloses were degraded in preference to cel­
lulose by the three strains tested. Thus, after a 21-231t 
loss in total dry matter, twice as much of the hemicel­

luloses as cellulose had been removed by G. trabeum 
and even more in the case of IV.cocos. Similar results 
have been published by Kirk and Highley,4 although 
these authors found that loss of cellulose was always 
greater than total weight loss. This was not the case 
with radiata pine, at least until 30% dry matter degra­
dation was achieved. 

Lignin, as shown also by others, 6 was poorly 
degraded by the brown-rot fungi. The slight depletion 
determined could have resulted either from solubiliz­
ation of lignin during extraction of water-soluble sub­
stances, or from an increase in the acid-soluble lignin

during decz-y.22 

Alkali-soluble substances 

Alkali-soluble substances substantially increased in 
cultures during decay, reaching almost W0%. of the drymatter (decayed weight basis) after 401/; weight loss 
(Table 3). Although similar amounts (10%) of each 

releasd by sodiumn hydroxide, the rate and extent of 
ethdcasolubilizai nf themonntsduin 

solubilization of these components during the decay
 

process were rather different depending upon the 
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Table 3 Evolution of 2 M,sodium hydroxide-soluble structural components during decay of pine sawdust by two brown-rot fungi' 

S 

Weight Total 
Strain loss (/) substances 

0 9.811.9 26.5 

Gloe hHum trabeum 15.2 .29.9 
23.3 35.0

58.1 

9.25 
Volfipoia cocos 11.813.4 20.621.3 

17.8 36.1 

'Results are expressed as % of each compor.'lt in decayed wood 

fungus. Thus, after 12% weight loss, 22% of the 
remaining hemicelitloses in pine decayed by G. Ira-
betan were soluble in 2 Nt sodium hydroxide, whereas 
more than 31% of these carbohydrates were solubi-
lized in pine fermented by IV. cocos, 

The changes in the molecular weight of alkali-solu-
ble polysaccharides released during brown-rot decay 
are i!lustrated in Figure 4. G. traheum strongly depo-
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Molecular weight distribution of alkali-soluble poly-

FFigure 4iCUbation of pine sawdust with the brown-rot fungiI week,, 

S Wo'ltq ri, cocos (A) and Gloeophyllum trabeu rn(M). Frations 


~,IL-n7 

S. 0 

Alkali-soluble 

Cellulose Hemicellulose Lignin 

8.6 9.8 11.6 Li2,Li­32726.2 21.8 

28.2 34.7 27.8 
38.5 38.2 28.0 
61.1 w..:..46.0 

18.6 19. 
14.5 31.2 20.5
23.9 20.4 17.7 
38.9 43.1 26.0 

lymerized structural polysaccharides. as compared to 
sounu pine hemicelluloses, during the first days of 
incubation. The average molecular weight of alkali­
soluble polysaccharides decreased from 25,000 (D.P. 
of 150) after I week of incubation with G. trabeum to 
about 5,000 (D.P. of 30) after 8 weeks of incubation. In 
the case of IV. cocos, significant depolymerization 
occurred only after 4 weeks of decay. 
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0.1 M NaOH as 

HW 55/1' (Merck) using 

were followed by the orcinol method. a- td..gzpullulans of 
known M .W ., p ' ai z-ttiaolucomanr, a - O , .and millcd 

N X4 

t... f,' 

http:w..:..46


A significant release of alkali-soluble lignin was 
observed after the first week of incubation, especially 
for G. trabeum 7'7able 3). Soluble lignin increased 
slightly during the next 3 weeks of decay, after which 
another substantial increase was found. These soluble 
fractions are polymeric and show two main elution 
peaks (Figure4). Upon incuation, a relative increase 
in the peak for high moieular weight was seen (FiThe 
4). 

Discussion 

Results obtained in this work indicate that acidic pH 
and high oxygen concentration are important culture 
parameters for brown rot decay of radiata pine under 
semisolid conditions. Acidic conditions (due to secre-
tion of oxalic acid) developed by brown-rot fungi 
during wood decay have been related with Fe(lll) 
reduction to Fe3Il). The F6 kll) has been suggested to 
react with 112 generating'h ydroxyl radicals, which 
depolymerize the cellulose. 2' This hypothesis, 
however, has not been adequately explored. Indeed, 
H202 could not be detected in liquid cultures of several 
brown-rot fungi.24 Furthermore, several organic acids, 
and not exclusively oxalate, were detected in cultures 
of G. trabe'un and IV. cocos (unpublished results). In 
any event, low rH, which could allow the expression 
of specific depolymerizing enz\ - es or potentiate oxy-
gen-reduced species, like supLJoxide, seem to be 
indispensable for wood degradation by these fungi. 
More studies are required to better understand the role 
of secreted organic acids in brown-rot decay of wood. 

The rapid depolymerization of cellulose, reported 
as the initial step of polysaccharide degradation by 
brown-rot fungi, has been shown to be oxidative.8 ' 
Furthermore, lignin modifications resulting after 

25brown-rot are also largely oxidative. 22 . These facts 
suggest that oxygen concentration might be an impor-
tant factor for brown-rot decay of wood. The results 
obtained here confirmed that oxygen concentration is 
critical for brown-rot decay of pine and are in accord 
with oxidative reactions being involved in wood decaywit oxdtv enecin 

by brown-rot fungi. Interestingly, the role of cellulose 
oxidizing enzymes in fungal degradation ol this struc-
rural polysacchanide was erphasized some .,ears


h sm 
ago by Eriks ,onand coworkers.-" These authors sug-
gested that insertion ef uronic acid moieties in the 
cellulose chains leads to cellulose swelling, which 
could increase the accessibility of hydrolytic enzymes
to lhe crystalline paris. Finally, in tion of pine 

decomposition by low oxygen levels, rather than stim-
ulation by hig.h oxygen concentrations, should also be 
considered to explain our results. 

The effect on runmn or po!,sacharidase digesti-
bility of wood decayed by bro',n-i ot fungi ha appar-

i 
ently previously not been reported. The signilicant 
increase in rurnen biodeeradabilitv cauSed by tlese 
fungi in the first staies of decay is probably related to 
tile rapid early d(pol yncri zat[ion of structural carbo-
hydrates. Indeed, as shown by I'uri,27 depolymer-
ization should open up the cell walls, increasing the 

specific surface area of wood, thus allowing rumen 
cellulolytic bacteria and their enzymes to gain access 
to the-tructural polysaccharides. 

The substantial increase in alkali-solubility of both 
polysaccharides and lignin on the decay of pine is also 
probably relatcd to this improvement of digestibility. 
Indeed, the presence of ionizable groups in cellulose 
and hemicelluloses could increase their susceptibility 
to polysaccharide hydrolases, as discussed above. 
Furthermore, Agosin and Odier 3 recently showed the 
existence of a close relationship between polymeric
water-soluble lignins, from white-rotted straw, and 
improvement of dry matter digestibility. This solubi­
lization probably arose from oxidation of the lignin 
component, which resulted in the generation of hydro­
philic groups such as carboxyl groups. 2 Similar re­
actions were found in brown-rotted lignins 22 and 
included extensive lignin demethylation:2 and ring 
hydroxylation,2' apparently without depolymeri­
zation. 

All the results presented here suggest that brown­
rot fungi, or their polysaccharide degrading system, 
have potential as saccharifying agents for lignified 
tissues. Research on the enzymes 
process is now n!dc progress. 
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