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Summary. The ability o f  45 fungal  strains to degrade  
wheat  straw and  beech  w o o d  was studied. Degrada t ion  
pat terns were def ined in terms o f  chemical  evolut ion o f  
substrates and  changes  in lignin and  polysacchar ides .  
Trametes versicolor p r o d u c e d  an impor tan t  degrada t ion  
o f  lignin and  increased substrate digestibility, bu t  it 
caused high weight  losses and  gave rise to similar decay  
patterns on bo th  substrates.  A preferential  degrada t ion  
o f  l ignin was p r o d u c e d  dur ing straw t ransformat ion  by 
Pleurotus eryngii. The increase o f  soluble lignin and  de- 
creases o f  l ignin content  and  H / C  ratio def ined the de- 
grada t ion  t endency  after pr incipal  c o m p o n e n t  analysis. 
The cat ion exchange  capaci ty  and water  and  alkali so- 
lubility presented  the highest  loading factors for  the 
character iza t ion o f  fungal  t ransformat ion  o f  beech  
wood.  

Introduction 

The white-rot  o f  w o o d  and  other  l ignocellulosic sub- 
strates is character ized by  the degrada t ion  o f  l ignin and  
polysacchar ides  by certain basidiomycetes ,  inc luding 
species responsible  for  very selective removal  o f  l ignin 
(Liese 1970; Blanchet te  1984). Such selective delignifi- 
cat ion has been  investigated for  its potent ia l  use in 
w o o d  b iopu lp ing  (Eriksson and  Kirk 1985), but  also for  
the p roduc t i on  o f  improved  feed f rom agricultural  
wastes (Zadrazi l  1980, 1985; Agosin  et al. 1985a; 
K a m r a  and  Zadrazi l  1988). However ,  impor tan t  in- 
creases in w o o d  digestibility can be achieved wi thout  
very selective lignin degrada t ion  (Zadrazil  et al. 1982; 
Gonz~lez et al. 1987). The physical  d is rupt ion o f  p lant  
tissues, chemical  al terat ion o f  the lignin polymer ,  
b r eakdown  o f  cellulose-lignin linkages and  prote in  en- 
r ichment  all contr ibute  to improve  the characterist ics o f  
these part ial ly delignified materials.  

This paper  presents a compara t ive  s tudy on w o o d  
and straw degrada t ion  by a selection o f  strains repre- 
sentative o f  l igninolyt ic  basidiomycetes .  
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Materials and methods 

Fungal strains. The 45 strains studied (Fig. 1) correspond to differ- 
ent species of basidiomycetes, and were isolated from decayed 
wood of Fagus sylvatiea (A 140, A 141, A 144, A 159), Eucryphia 
cordifolia (A 130), Drymis winteri (A 148, A 149), and Abies pin- 
sapo (A 196, A 198, A 200, A 201); from fungal fruit-bodies grow- 
ing on the wood ofF. sylvatica (A 135, A 136, A 157, A 160, A 166, 
A 180, A 181), Picea abies (A 175, A 176, A 178), Quercus sp. (A 
184) and A. pinsapo, (A 185, A 187, A 188, A 189, A 190, A 191, A 
197), on leaf litter of F. sylvatica (A 146, A 150, A 155) and A. 
pinsapo (A 186), on wheat straw (A 163, A 169) and on rabbit 
dung (A 224, A 225, A 226); or were obtained from the culture 
collections of the Centro de Investigaciones Biol6gicas, Consejo 
Superior de Investigaciones Cientificas (IJFM), Madrid, Spain (A 
104, A 110, A 111, A 112, A 137), and the Centraalbureau voor 
Schimmelcultures, Baarn, The Netherlands (CBS 316.75 = A 261). 
The cultures obtained from decayed lignocellulosic substrates 
were identified following the monographs of K~i~irik (1965), No- 
bles (1965) and Stalpers (1978) and by comparison with authentic 
cultures obtained from fruit-bodies. 

Substrates and transformation conditions. Wheat straw and beech 
wood were ground to 5 mm fragments, and 100-ml erlenmeyer 
flasks containing 2 g wheat straw or 3 g beech wood with 4 ml wa- 
ter and 2 or 3 ml, respectively, of 0.75% NH4NO3, to obtain a sim- 
ilar N concentration, substrate volume and saturation of the wa- 
ter-holding capacity, were autoclaved at 120°C for 15 rain. Two 
3 × 3 mm portions of 10-day-old cultures on 2% malt-extract agar 
were used as inoculum, and the 45 strains were grown in triplicate 
at 28 ° C for 2 months. 

Analytical methods. The water-soluble fraction, the alkali-soluble 
material and the Klason lignin content were determined by 
TAPPI methods (1974, 1976), and the 'acid-soluble lignin' was es- 
timated absorptiometrically (Sch6ning and Johansson 1965). The 
element composition was determined with a Heraeus CHN-O 
Rapid analyser (Hanau, FRG), and the cation exchange capacity 
by following Harada and Inoko (1980). The crystallinity index 
was estimated according to Segal et al. (1959), and digestibility 
was determined by the method of Roughan and Holland (1977). 
The degree of colonization was evaluated from the chitin content 
in the transformed samples (Chen and Johnson 1983), and the su- 
gars, after polysaccharide hydrolysis, were analysed as alditol ace- 
tates following Laine et al. (1972). For the infrared spectroscopy 
studies, a Perkin-Elmer 980B (Norwalk, Conn., USA) was em- 
ployed, using 300 mg KBr and 4 mg lignin. 

A dioxane lignin preparation was obtained by following Pep- 
per et al. (1959), dialysed after precipitation, and used for spec- 
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troscopic studies with a Shimadzu UV-240 OPI-11 (Kyoto, Japan) 
spectrophotometer using solutions of 200 ~tg ml - i and 20 ~xg ml- 1 
in 0.1 N NaOH for visible and UV spectroscopy respectively. The 
molecular size distribution of this lignin preparation was exam- 
ined by gel permeation using Sephadex G-100 (Swift and Posner 
1971), and the densitometric curves were recorded at 450 nm. 

Data analyses. The programmes of Orl6ci and Kenkel (1985) were 
used for the multivariate data treatment. The original values (ex- 
cept those for weight loss and fungal biomass) were transformed 
into percentages of their respective controls (undecayed wheat 
straw and beech wood) to examine the extent of the changes in- 
duced by the fungi. 

Results and discussion 

Screening o f  ligninolytic strains 

Figure 1 shows the weight losses caused by the fungal 
strains studied in the lignocellulosic substrates, and the 
portion corresponding to lignin degradation. The 
greatest weight losses were produced by strains of  Pha- 
nerochaete chrysosporium (52.5%), Ganoderma sp. 
(51.0%) and Fomesfomentarius  (50.0%) in wheat straw, 
and by Armillaria sp. (33.3%), Trarnetes versicolor 
(27.6%) and Ganoderma sp. (25.4%) in beech wood. The 

most important degradation of  lignin was produced by 
T. versicolor on wheat straw (79% of the lignin before 
decay) and beech wood (57%). A similar degradation of  
wheat straw lignin was produced by F. fomentarius. 

The lowest lignin contents in the transformed wheat 
straw were found after solid-state fermentation with 
Pleurotus eryngii, F. fomentarius, T. versicolor and Lac- 
carla amethystina, whereas those in beech wood were 
produced by Ganoderma sp. and T. versicolor. The pres- 
ent results with P. eryngff on wheat straw agreed with 
those reported by Agosin et al. (1985b) and Kamra and 
Zadrazil (1986). The intense degradation obtained with 
T. versicolor coincided with the results reported by 
Mtiller and Tr6sch (1986) and Otjen et al. (1988). 

From the above results, five fungal strains (G. appla- 
nature A 130, T. versicolor A 137, Ganoderrna sp. A 181, 
G. lucidum A 189 and P. chrysosporium A 261) were se- 
lected to compare the changes in chemical composition 
of  both lignocellulosic substrates after fungal decay. 

Analyses o f  the decayed substrates 

The extent of  fungal colonization of  wheat straw (3.3%- 
6.7%) was rather similar to that obtained by Agosin et 
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Fig. 1. Losses of weight and lignin in wheat 
straw and beech wood decayed by ligninolytic 
fungi: A, Armillaria bulbosa A 180; B, A. mellea 
A 186, C, Armillaria sp. A 196; D, Cerrena 
unicolor A 184; E-G, Coprinus sp. A 224, A 
225, A 226; H-L Fomesfomentarius A 159, A 
166; J-K, Ganoderma sp. A 181, A 190; L-N, 
G. applanatum A 130, A 148, A 149; O-P, G. 
lucidum A 188, A 189; Q, Gymnopilusjunonius 
A 146; R, G. penetrans A 175; S, Laccaria 
amethystina A 150; T-Y, Heterobasidion 
annosum A 176, A 187, A 197, A 198, A 200, A 
201; Z, Hypholoma sublateritium A 157; a, 
Marasmius alliaceus A 155; b, Merulius 
tremellosus A 191; c, Oudemansiella radicata A 
160; d, Panellus stipticus A 178; e, Peniophora 
gigantea A 104; f Phanerochaete chrysosporium 
A 261; g, Pleurotus eryngii A 169; h, P. 
ostreatus A 163; i, Pycnoporus cinnabarinus A 
168;j-k, Schizophyllum commune A 111, A 112; 
1, Sphaerobolus stellatus A 110; m-o, Trametes 
versicolor A 135, A 136, A 137; p, Tyromyces 
caesius A 185 ; q-s, unidentified basidiomycetes 
A 140, A 141, A 144. Total heights correspond 
to weight losses and solid bars indicate the 
portion corresponding to lignin degradation 
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al. (1985b), and lower values (1.3%-4.2%) were obtained 
on beech wood. An increase in acid-soluble lignin-de- 
rived products ('soluble lignin') was observed after fun- 
gal degradation of both substrates. The water solubility 
(21.3% in wheat straw and 5.3% in beech wood) in- 
creased after degradation, mainly in wheat straw de- 
graded by G. applanatum (36.8%) and beech wood ino- 
culated with T. versicolor (13.4%). The solubility in al- 
kali, an index of  the degree of  wood rotting, showed the 
accumulation of  altered polymers and tended to in- 
crease in decayed beech wood, but important  decreases 
were observed in wheat straw (49.3%) degraded by Ga- 
noderma sp. (26.7%) and G. lucidum (29.6%). 

The digestibility of  wheat straw (38%) and beech 
wood (15%) showed important  increases, as reported by 
Agosin and Odier (1985) and Zadrazil (1980). Trametes 
versicolor produced a 40% increase in both substrates 
and significant increases in digestibility were also ob- 
tained with G. lucidum (45% increase in wheat straw) 
and P. chrysosporium (36% increase in beech wood). Im- 
portant increases in wheat straw digestibility by T. versi- 
color were also found by Calzada et al. (1987). The 
three strains of  G. applanatum studied were isolated 
from naturally decayed wood with high digestibility 
(Zadrazil et al. 1982) and raised the digestibility of both 
substrates, although a very limited effect of  this species 
on wheat straw was reported previously by Zadrazil 
and Brunnert (1981). 

Several changes in some physical and chemical 
characteristics of the holocellulose and lignin fractions 
were observed. The yields obtained after acid hydroly- 
sis of  both substrates showed no preferential degrada- 
tion of  pentosans, whereas the mannose content tended 
to decrease after fungal degradation. Trametes versico- 
lor increased the glucose yields both in wheat straw and 
beech wood, but G. applanatum produced a greater in- 
crease in beech wood. The crystallinity index tended to 
decrease after fungal degradation, and the lowest val- 
ues on both substrates were produced by Ganoderma 
sp. (reduction of  19.9% in wheat straw and 20.7% in 
beech wood). 

An increase in the specific extinction at 465 nm of 
dioxane lignin was observed in most cases. The de- 
crease (around 68%) in the ratio between the specific 
extinctions (E) at 465 and 665 nm (E4/E6) in the straw 
lignin suggests an increase in the molecular sizes (Chert 
et al. 1977), corresponding to a preferential degradation 
of  the low molecular size lignin fractions by fungi. This 
coincides with the results from gel permeation of  the 
wheat straw dioxane lignin, which showed an increase 
in the amount  of  the excluded fraction mol. wt. > 10 4) 
(70.5% reduction by P. chrysosporium). In the case of 
beech wood, only T. versieolor produced an increase 
(24.8%) in this fraction. 

The values of  cation exchange capacity in decayed 
samples revealed the formation of carboxyl groups, and 
agreed with the increased intensities of  the 1720 cm -1 
peak in the lignin infrared spectra. The greatest values 
on wheat straw were obtained with G. applanatum 
(95.3% increase), whereas T. versicolor was responsible 
for a 237.1% increase on beech wood. The intensity of 

the 280-nm band of  the dioxane lignin was quantified 
in the first derivative of the spectral curves. The data 
obtained showed important  decreases in wheat straw, 
as found by Zadrazil (1974). Ganoderma applanatum 
was responsible for the most intense decrease both in 
wheat straw and beech wood. The infrared spectra of  
the dioxane lignins showed an increase in the relative 
intensity of  the alkyl vibrations around 2920 cm -1, and 
of  the 1720 cm -1 C ~ O  vibrations after fungal decay. 

An important  reduction of the syringyl/guaiacyl ra- 
tio (S/G),  as estimated from the ratio between the ab- 
sorbances at 1330 and 1270 cm-1 (Fengel and Wegener 
1984) was also observed. Such an effect coincides with 
the results obtained by Kirk et al. (1975) after acidolysis 
of lignin obtained from decayed wood. The most im- 
portant decrease in the S / G  ratio were obtained with T. 
versicolor and P. chrysosporium in wheat straw, and 
with G. applanatum in beech wood. 

Transformation patterns o f  wheat straw and beech 
wood 

The results of  principal components analysis revealed 
that the influence of the substrate tended to be more 
important than that of  the fungal species inoculated. 
Figure 2 represents data of  the first two components.  
The loading factors of  the original variables on the sec- 
ond component  (Y axis) show that fungal transforma- 
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Fig. 2, Sample arrangement after principal component analysis 
from the relative values of the analytical characteristics of wheat 
straw and beech wood transformed by ligninolytic fungi (varia- 
bles were divided by the values of the respective undecayed sub- 
strate); G.a. = Ganoderma applanatum ; G.1. = G. lucidum ; G. = Ga- 
noderma sp.; p.c. = Phanerochate chrysosporium; T.v. = Trametes 
versicolor; Control = undecayed control for both substrates, The 
total variance explained was 60%, and the variables with the high- 
est loading factors on every axis are indicated; ALK= solubility 
in alkali; BIOM = fungal biomass; C. E. C. = cation exchange ca- 
pacity; C/N ratio; H/C ratio; KLAS=Klason lignin; 
L.SOL = acid-soluble lignin; O/C ratio; W.L. = weight loss ; and 
W.SOL = water soluble 
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t ion  is d e f i n e d  m a i n l y  by  an  inc rease  in so lub le  l ignin,  
and  by  a d e c r e a s e  in the  K l a s o n  l ignin  con ten t  a n d  the  
H / C  a t o m i c  ra t io .  On  the  o the r  hand ,  the  first  c o m p o -  
nen t  (X axis)  revea ls  the  d i f fe ren t  p a t t e r n  o f  changes  in 
the  subs t ra tes .  W h e n  c o m p a r e d  wi th  w h e a t  s t raw,  fun-  
gal  t r a n s f o r m a t i o n  o f  beech  w o o d  is cha r ac t e r i z ed  b y  a 
h ighe r  i nc rease  in the  ca t ion  exchange  c a p a c i t y  a n d  in 
the  water -  a n d  a lka l i - so lub l e  f rac t ions .  The  grea t  in-  
f luence  o f  the  subs t ra tes  on  the  d e g r a d a t i v e  ac t iv i ty  o f  
the  fungi  s t u d i e d  was r e c o g n i z e d  by  a t e n d e n c y  to inde -  
p e n d e n t  d e c a y  p a t t e r n s  in w h e a t  s t raw a n d  beech  w o o d  
As  a whole ,  the  mos t  r e m a r k a b l e  changes  in bo th  sub-  
s t ra tes  were  o b t a i n e d  wi th  T. versicolor, p r o d u c i n g  in- 
c reases  in  a c i d - s o l u b l e  l ignin  and  in vi t ro  d iges t ib i l i ty ,  
and  dec reases  in the  H / C  ra t io  a n d  K l a s o n  l ignin  con-  
tent ,  as wel l  as in the  E4/E6, S / G  a n d  c a r b o x y l  con t en t  
o f  the  d i o x a n e  l ignin .  

Acknowledgements. The authors are indebted to Dr. J. M. Barrasa 
and Dr. G. Moreno (University of Alcalfi de Henares, Madrid) for 
valuable help in the taxonomic identification of the basidiomy- 
cetes. This work has been supported by the Spanish Biotechno- 
logy Programme (Grants PBT 85-10 and BI088-0185). 

References 

Agosin E, Odier E (1985) Solid-state fermentation, lignin degrad- 
ation and resulting digestibility of wheat straw fermented by 
selected white-rot fungi. Appl Microbiol Biotechnol 21:39%- 
403 

Agosin E, Daudin JJ, Odier E (1985a) Screening of white-rot 
fungi on (14C) lignin-labeled and (I4C) whole-labelled wheat 
straw. Appl Microbiol Biotechnol 22:132-138 

Agosin E, Monties B, Odier E (1985b) Structural changes in wheat 
straw components during decay by lignin-degrading white-rot 
fungi in relation to improvement of digestibility for ruminants. 
J Sci Food Agric 36:925-935 

Blanchette RA (1984) Screening wood decayed by white rot fungi 
for preferential lignin degradation. Appl Environ Microbiol 
48:647-653 

Calzada JF, Le6n R de, Arriola MC de, Rolz C (1987) Growth of 
mushrooms on wheat straw and coffee pulp: strain selection. 
Biol Wastes 20:217-226 

Chen GC, Johnson BR (1983) Improved colorimetric determina- 
tion of cell wall chitin in wood decay fungi. Appl Environ Mi- 
crobiol 46:13-16 

Chen Y, Senesi N, Schnitzer M (1977) Information provided on 
humic substances by E4/E6 ratios. Soil Sci Soc Am J 41:352- 
358 

Eriksson KE, Kirk TK (1985) Biopulping, biobleaching and treat- 
ment of Kraft bleaching effluents with white-rot fungi. In: 
Moo-Young M (ed) Comprehensive biotechnology, vol 4. Per- 
gamon Press, Oxford, pp 271-294 

Fengel D, Wegener G (1984) Wood. Chemistry, ultrastructure, 
reactions. De Gruyter, Berlin 

Gonz/tlez AE, Martinez AT, Almendros G (1987) Chemical char- 
acterization of wood at different stages of fungal degradation 

Note added in proof The Ganoderma species (strains A 130, A 148 
and A 149) producing extensive delignification of Chilean wood 
(Zadrazil et al. 1982) and formerly identified as G. applanatum, is 
actually considered as G. australe 

in Chilean forest. Abstracts if the FEMS Symposium on Bio- 
chemistry and Genetics of Cellulose Degradation, Paris, Sep- 
tember 7-9, p 95 

Harada I, Inoka A (1980) The measurement of the cation ex- 
change capacity of composts for the estimation of the degree 
of maturity. Soil Sci Plant Nutr 26:127-134 

K~irik A (1965) The identification of the mycelia of wood-decay 
fungi by their oxidation reactions with phenolic compounds. 
Stud For Suec 31 : 1-80 

Kamra DN, Zadrazil F (1986) Influence of gaseous phase, light 
and substrate pretreatment on fruit-body formation, lignin de- 
gradation and in vitro digestibility of wheat straw fermented by 
Pleurotus spp. Agric Wastes 18:1-17 

Kamra DN, Zadrazil F (1988) Microbiological improvement of 
lignocellulosics in animal feed production - a review. In: Za- 
drazil F, Reiniger P (eds) Treatment of lignocellulosics with 
white-rot fungi. Elsevier Applied Science, London, pp 56-63 

Kirk TK, Chang H-M, Lorenz LF (1975) Topochemistry of the 
fungal degradation of lignin in birch wood as releated to the 
distribution of guaiacyl and syringyl lignins. Wood Sci Tech- 
nol 9:81-86 

Laine RA, Esselman WA, Sweeley CC (1972) Gas liquid chroma- 
tography of carbohydrates. Methods Enzymol 28:159-167 

Liese W (1970) Ultrastructural aspects of woody tissue disintegra- 
tion. Ann Rev Phytopathol 8:231-257 

Mtiller HW, Tr6sch W (1986) Screening of white-rot fungi for bio- 
logical pretreatment of wheat straw for biogas production. 
Appl Microbiol Biotechnol 24:180-185 

Nobles MK (1965) Identification of cultures of wood-inhabiting 
hymenomycetes. Can J Bot 43:1097-1139 

Orl6ci L, Kenkel NC (1985) Introduction to data analysis. Inter- 
national Co-operative House, Burtonsville, Md 

Otjen L, Blanchette R, Effland M, Leatham G (1988) Assessment 
of 30 white rot basidiomycetes for selective lignin degradation. 
Holzforschung 41:343-349 

Pepper JM, Baylis PET, Adler E (1959) The isolation and proper- 
ties of lignins obtained by the acidolysis of spruce and aspen 
woods in dioxane-water medium. Can J Chem 37:1241-1248 

Roughan PG, Holland R (1977) Predicting 'in vivo' digestibilities 
of herbages by exhaustive enzymic hydrolysis of cell wall. J 
Sci Food Agric 28:1057-1064 

Sch6ning AG, Johansson G (1965) Absorptiometric determination 
of acid-soluble lignin in semichemical bisulfite pulps and in 
some woods and plants. Svensk Papperstidn 68:607-613 

Segal L, Creely JJ, Martin AE Jr, Conrad CM (1959) An empirical 
method for estimating the degree of crystallinity of native cel- 
lulose using the X-ray diffractometer. Text Res J 29:786-794 

Stalpers JA (1978) Identification of wood-inhabiting Aphyllopho- 
rales in pure cultures. Stud Mycol 16:1-248 

Swift RS, Posner AM (1971) Gel chromatography of humic-acid. J 
Soil Sci 22:237-249 

TAPPI (1974) Acid-insoluble lignin in wood and pulp. T 222 os- 
74 

TAPPI (1976) One percent sodium hydroxide solubility of wood 
and pulp. T 212 os-76 

Zadrazil F (1974) The ecology and industrial production of Pleu- 
rotus ostreatus, Pleurotus florida, Pleurotus cornucopiae and 
Pleurotus eryngii. Mushroom Sci 9: 621-652 

Zadrazil F (1980) Conversion of different plant waste into feed by 
basidiomycetes. Eur J Appl Microbiol Biotechnol 9:243-248 

Zadrazil F (1985) Screening of fungi for lignin decomposition and 
conversion of straw into feed. Angew Bot 59:433-452 

Zadrazil F, Brunnert H (1981) Investigations of physical paramet- 
ers important for the solid state fermentation of straw by white 
rot fungi. Eur J Appl Microbiol Biotechnol 11:183-188 

Zadrazil F, Grinbergs J, Gonz~ilez A (1982) "Palo podrido" - de- 
composed wood used as feed. Eur J Appl Microbiol Biotech- 
nol 15:167-171 


