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Abstract: Different conditions of culture medium,
incubation time, concentration and surfactant were
tested to determine xyloglucanase activity. Trichoder-
ma viride, Paecilomyces farinosus, Wardomyces inflatus
and Pleurotus ostreatus showed increased xyloglucan-
ase activities when the fungi grown on microcrystal-
line cellulose as the sole carbon source. Endoxylog-
lucanase activity increased with the growth of the fun-
gi and reached a peak on day 14 of incubation, prac-
tically 95% of the activity was associated with the
extracellular fraction. Precipitation with ammonium
sulfate was the best concentration method for detec-
tion of endoxyloglucanase activity of the fungi. En-
doxyloglucanase activity of the fungi was increased by
4 fold with the use of the non-ionic surfactant Tween
20. Six and three bands of xyloglucanase activities
were observed in T. viride and P. ostreatus, respective-
ly, whereas both P. farinosus and W. inflatus present-
ed only one xyloglucanase activity band. These results
indicate the presence of several xyloglucanases in the
saprophytic fungi examined.
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INTRODUCTION

Saprophytic fungi live in the rhizosphere and rhizo-
plane of plants, from which they obtain nutritional
benefit in the form of inorganic compounds, exu-
dates, and mucilages from living roots, as well as from
sloughed cells (Finlay and Soderstrom 1992). Al-
though saprophytic fungi are important and com-
mon components of the soil rhizosphere, they have
not been well studied. These fungi are important be-
cause of the large amount of microbial biomass they
supply to the soil, and because of their role in plant
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residue decomposition (Domsch et al 1980). Some
saprophytic fungi are involved in complex interac-
tions such as antibiosis (Cook and Baker 1983), fun-
gistasis (Pavlica et al 1978) or mycoparasitism (Elad
1986). Their metabolism may result in the produc-
tion of substances that promote or inhibit the growth
of other rhizosphere microorganisms (Dix and Web-
ster 1995).

Plant cell wall degradation may be important to
fungi not only for penetration and ramification in-
side the plant tissue but also for releasing, from the
wall polysaccharides, nutrients necessary for growth
(Radford et al 1996). Most fungi produce a wide ar-
ray of enzymes capable of depolymerizing the poly-
saccharides of the plant cell wall. Many of these en-
zymes are extracellularly targeted glycoproteins,
which are inducible upon exposure of the fungus to
plant cell walls (De Lorenzo et al 1997). Plant path-
ogenic fungi synthesize and secrete large quantities
of cell-wall-degrading enzymes to invade the plant tis-
sue and their regulation has been extensively studied
(Deising et al 1995). In contrast, saprophytic fungi
produce strictly regulated amounts of enzymes in or-
der to digest cellulose and to use it as the sole carbon
source (Mendgen and Deising 1993).

Xyloglucan is the major structural hemicellulose in
primary cell walls of plants. In addition to its struc-
tural role, xyloglucan can be hydrolyzed by plant and
fungal hydrolytic enzymes and the products used as
a source of signalling molecules (Hayashi 1989) and
as a food reserve (Fry 1989). Of the different hydro-
lytic enzymes, xyloglucanases are the least well
known; however, they play an important role in plant
cell wall degradation (Hoson et al 1995). There is
evidence that hemicellulases, including xyloglucan-
ases, are involved in the colonization of root by the
arbuscular mycorrhizal fungi (Rejón-Palomares et al
1996). No studies on the production of xyloglucan-
ases by saprophytic fungi have been described.

Because most fungi produce enzymes capable of
hydrolyzing the plant cell wall and because xyloglu-
canase is one of the major structural hemicelluloses
in primary cell walls, the purpose of this study was to
determine the presence of xyloglucanase in several
saprophytic fungi, their mode of action and the op-
timal conditions for their detection, localization and
production.
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MATERIALS AND METHODS

Organism and culture conditions. Fungi present in the spo-
rocarps of Glomus mosseae were isolated following the par-
ticle washing method (Widden and Bisset 1972) modified
as described by Fracchia et al 1998. From the resulting col-
onies Wardomyces inflatus (Marchal) Hennebert (BAFC
Cult. No. F8992; Hennebert 1968) and Paecilomyces farino-
sus (Holm and Gray) A.H.S. Brown and G.Sm. (BAFC Cult.
No. F8846; Samsom 1974) were selected. Trichoderma viride
and Pleurotus ostreatus present in the rhizosphere soil and
black poplar wood, respectively, were isolated by the particle
washing method using a multichamber washing apparatus
(Widden and Bisset 1972). The fungal isolates were main-
tained in tubes of potato dextrose agar (PDA). The fungi
were grown in the following media: i) potato dextrose me-
dium (PDB); ii) medium W composed of MgSO4·7H2O, 0.5
g; K2HPO4, 0.6 g; KH2PO4, 0.5 g; CuSO4·5H2O, 0.4 mg;
MnCl2·4H2O, 0.09 mg; BO3H3, 0.07 mg; Na2MoO4, 0.02 mg;
FeCl3, 1 mg; ZnCl2, 10 mg; biotin, 5 �g; thiamine-HCl, 0.1
mg; CaCl2, 0.11 g; distilled water to 1 L; iii) medium W plus
glucose 1%; iv) medium W plus glucose 0.75% and micro-
crystalline cellulose (Avicel) 0.25%; v) medium W plus glu-
cose 0.5% and Avicel 0.5%; vi) medium W plus 0.25% glu-
cose and Avicel 0.75%; vii) medium W plus Avicel 1%.

To analyze the effect of different surfactants on enzyme
production, culture medium W plus Avicel 1% was supplied
with polyoxyethylene sorbitan mono-laureate (Tween 20),
polyoxyethylene sorbitan mono-oleate (Tween 80) or poly-
ethylene glycol p-isooctylphenyl ether (Triton X-100).

The fungi were grown at 25 C with orbital shaking at 125
rpm in Erlenmeyer flasks (125 mL) containing 50 mL of
culture medium. Each flask was inoculated by transferring
a 3 mm plug cut out from the margin of a 5-d-old colony
grown on 2% malt extract agar (MEA). The mycelium was
harvested after 2, 4, 6, 8, 10, 12, and 14 d of growth. The
culture liquid was separated from the mycelium by centri-
fugation (5 000 � g). The supernatant was used as crude
or concentrate extracellular enzyme extract. The crude en-
zyme extract was concentrated by ammonium sulfate, ace-
tone precipitation, or lyophilization. Ammonium sulfate was
added up to 80% saturation; the solution was kept for 5 h
at 4 C and centrifuged at 20 000 � g for 20 min. For the
acetone precipitation 50 mL of acetone was added to 50
mL of supernatant; the solution was kept for 15 min at 4 C
and centrifuged at 16 000 � g for 15 min. The supernatants
obtained by the ammonium sulfate and acetone precipita-
tion were discarded, the respective precipitate and the re-
sulting powder obtained by lyophilization were dissolved in
a small volume of distilled water and dialyzed against several
hundred volumes of water for 16 h at 4 C.

For total enzyme assays (extracellular and hyphae-associ-
ated): 0.3% w/v Triton X-100 and 10 mM NaHCO3 were
added to the Erlenmeyer flasks and the suspension of hy-
phae was then homogenized. After centrifugation for 20
min at 1000 � g the pellet was discarded and the super-
natant was used as total enzyme source.

The culture solids (mycelium plus undegraded cellulose)
were washed twice with distilled water, dried at 70 C over-
night and weighed.

Total proteins (extracellular and mycelial) were mea-
sured by the method of Bradford (1976) using a Bio-Rad
kit with BSA as standard. Mycelial proteins were measured
after hydrolysis of the culture solids in 1N NaOH for 30
min at 100 C with BSA in NaOH as standard.

Enzyme assays. The extracts were assayed to determine the
activities of endoxyloglucanase (endo-XG) and exoxyloglu-
canase (exo-XG). Endoxyloglucanase activity was assayed by
the viscosity method, using xyloglucan as substrate from nas-
turtium seed (Tropaeolum majus L.) extracted as described
by McDougall and Fry (1989). The reduction in viscosity
was determined at 0–30 min intervals. Approximately 0.5
mL of the reaction mixture was sucked into a 1-mL syringe
and the time taken for the meniscus to flow from the 0.70
mL to 0.20 mL mark was recorded. The reaction mixture
contained 1 mL of 0.5% substrate in 50 mM citrate-phos-
phate buffer (pH 5) and 0.2 mL enzyme. Viscosity reduc-
tion was determined at 37 C. One unit of enzyme activity
was expressed as specific activity (U/mg prot) (U reciprocal
of time in h for 50% viscosity loss � 103) (Rejón-Palomares
et al 1996).

Exoxyloglucanase was quantified by measuring the reduc-
ing sugars with a 2,2�-bicinchoninate reagent (BCA) (Waf-
fenschmidt and Jaenicke 1987). Reaction mixtures at 40 C
contained 400 �L of 0.5% substrate in 50 mM citrate-phos-
phate buffer (pH 5), 25 �L of the enzyme sample diluted
to 400 �L with H2O, and 800 �L of 200 mM potassium
phosphate-citric acid buffer (PCA, pH 5). Product forma-
tion was measured as described by Mateos et al (1992). A
standard curve for reducing sugars was prepared with glu-
cose in the range of 0–20 nmol. One unit of enzyme activity
was defined as the amount of product released per h at 40
C and pH 5.

Polyacrylamide gel electrophoresis. Xyloglucanase enzymes
were separated by denaturing electrophoresis (SDS-PAGE)
on 6% polyacrylamide slab minigels (MiniProtean II, Bio-
Rad) amended with 0.05% xyloglucan in 50 mM Tris-HCl
1 M Glycine buffer (pH 8.8) (Garcı́a-Garrido et al 1996).
The electrode tank contained the Tris-Glycine buffer (pH
8.8) as used in the gel. The wells were filled with 25 �L of
fungus extract and 3 �L 0.05% bromophenol blue. Electro-
phoresis was done at 4 C and a constant current of 20 mA
per gel for 5 h.

The gels were incubated with 50 mM citrate-phosphate
buffer (pH 5) at 37 C for 8 h, after which they were stained
with 0.1% Congo red for 15 min. This was followed by wash-
ing in 1 M NaCl until colorless bands became visible against
a red background.

Statistical treatments. Each data point is the average of
three replicate samples. The data were analyzed by the one-
way ANOVA followed by Duncan’s multiple range test (P �
0.05).

RESULTS

Because cultural conditions of fungus play an impor-
tant role in the production of enzymes, studies were
carried out to see the effects of nutritional sources,
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TABLE I. Xyloglucanase (endo and exo) activities and mycelial dry weight of Trichoderma viride, Paecilomyces farinosus,
Wardomyces inflatus and Pleurotus ostreatus grown in different culture medium

Fungus species
Culture
medium

Endoxylo-
glucanase
(U/mg)

Exoxylo-
glucanase
(U/mg)

Mycelial
dry weight

(mg)

Trichoderma viride PDB
A
B
C
D
E

245 a
478 b

1003 c
1947 d
3182 e
5886 f

19 a
53 b
58 b
63 b
85 c

100 d

0.007 a
0.004 a
0.004 a
0.005 a
0.007 a
0.008 a

Paecilomyces farinosus PDB
A
B
C
D
E

1727 d
413 a
832 b

1424 c
2837 e
3304 f

16 a
89 b

110 b
147 c
192 c
214 d

0.003 a
0.002 a
0.002 a
0.003 a
0.003 a
0.004 a

Wardomyces inflatus PDB
A
B
C
D
E

180 a
279 b
430 c
891 d

2008 e
4868 f

21 a
32 a
46 b
64 c
88 d
91 e

0.006 a
0.004 a
0.004 a
0.004 a
0.005 a
0.006 a

Pleurotus ostreatus PDB
A
B
C
D
E

395 b
248 a
530 c
928 d

1427 e
3629 f

14 a
47 b
63 c
79 c
92 d

130 e

0.003 a
0.003 a
0.003 a
0.003 a
0.005 a
0.005 a

PDB � Potato Dextrose Broth; A � Medium W (see Material and Methods) � 1% glucose; B � Medium W � 0.75%
glucose � 0.25% Avicel; C � Medium W � 0.50% glucose � 0.50% Avicel; D � Medium W � 0.25% glucose � 0.75%
Avicel; E � Medium W � 1% Avicel. Each value is the mean of five replicates. Within each saprobe fungus column values
followed by the same letter are not significantly different according to Duncan’s multiple range test (P � 0.05).

incubation time, concentration methods and surfac-
tants on xyloglucanase activity.

The effect of carbon sources was studied after 14
days of incubations by adding different amounts of
Avicel to the basal medium and xyloglucanase activity
of T. viride, P. farinosus, W. inflatus and P. ostreatus
was detected with all the culture media used (TABLE

I). The fungi grown on microcrystalline cellulose as
the sole carbon source (medium W plus 1% Avicel)
showed more xyloglucanase activity than those grown
on other media. Quantitative differences referring to
enzyme production were observed among the cul-
ture media. Endo- and exoxyloglucanase activities of
all saprobes tested were increased in parallel with the
microcrystalline cellulose concentration but most of
the activity was found to be endoxyloglucanase. The
endoxyloglucanase activities of P. farinosus and P. os-
treatus grown in PDB culture medium were higher
than the activity of the fungi grown in medium with
low amount of Avicel. No significant differences in
the dry weight of mycelia of fungi grown in the dif-

ferent media were found (TABLE I). From the results
obtained, medium W plus 1% Avicel was the most
suitable growth medium for xyloglucanase detection,
therefore this medium was used in all subsequent ex-
periments.

TABLE II shows a time course study for the endox-
yloglucanase production of T. viride, P. farinosus, W.
inflatus and P. ostreatus grown in medium W plus 1%
Avicel. Endoxyloglucanase activity was detected ei-
ther in the supernatant or in the total enzyme frac-
tion. Practically 95% of all the enzyme activity was
associated with the extracellular fraction because the
enzyme activity recoveries in the total fraction were
very similar to the extracellular fraction (TABLE II).
Xyloglucanase activity of all the fungi increased with
time, reaching the maximum at 14 d, but afterwards
remained almost constant (data not shown). For the
subsequent experiments we used the supernatant
fraction (extracellular enzyme) of 14 d-old fungal
cultures.

As summarized in TABLE III, the effect of different
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TABLE II. Effect of incubation time on the extracellular and total endoxyloglucanase activities of Trichoderma viride, Paeci-
lomyces farinosus, Wardomyces inflatus and Pleurotus ostreatus

Fungus species
Xyloglucanase

(U/mg)

Incubation time

2 4 6 8 10 12 14

Trichoderma viride Extracellular
endoxyloglucanase

Total
endoxyloglucanase

742 a

772 a

1106 b

1128 b

1354 c

1362 c

2568 d

2579 d

3809 e

3863 e

4956 f

4982 f

5886 g

5932 g

Paecilomyces farinosus Extracellular
endoxyloglucanase

Total
endoxyloglucanase

848 a

958 a

1000 b

1028 b

1328 c

1332 c

2362 d

2373 d

2529 e

2592 e

2884 f

2892 f

3304 g

3382 g

Wardomyces inflatus Extracellular
endoxyloglucanase

Total
endoxyloglucanase

673 a

684 a

742 b

757 b

1821 c

1843 c

2369 d

2384 d

2490 e

2507 e

3734 f

3768 f

4868 g

4901 g

Pleurotus ostreatus Extracellular
endoxyloglucanase

Total
endoxyloglucanase

803 a

825 a

942 b

957 b

1249 c

1263 c

2128 d

2183 d

2432 e

2452 e

3242 f

3249 f

3629 g

3692 g

Each value is the mean of five replicates. Within each saprobe fungus row values followed by the same letter are not
significantly different according to Duncan’s multiple range test (P � 0.05).

TABLE III. Effect of different concentration methods on endoxyloglucanase activity of Trichoderma viride, Paecilomyces far-
inosus, Wardomyces inflatus and Pleurotus ostreatus

Fungus species Concentration methods

Total
protein
(mg)

Total
activity (U)

Specific
activity

(U/mg)

Trichoderma viride Crude extract
Ammonium sulphate
Lyophilization
Acetone

3.12 d
0.62 b
0.85 c
0.45 a

18.364 d
6.347 c
6.163 b
3.660 a

5.886 a
10.236 d
7.250 b
8.132 c

Paecilomyces farinosus Crude extract
Ammonium sulphate
Lyophilization
Acetone

1.99 d
0.42 b
0.61 c
0.25 a

6.574 c
2.412 b
2.481 b
1.140 a

3.304 a
5.743 d
4.068 b
4.563 c

Wardomyces inflatus Crude extract
Ammonium sulphate
Lyophilization
Acetone

2.91 d
0.49 b
0.72 c
0.38 a

14.165 d
4.148 b
4.317 c
2.555 a

4.868 a
8.466 d
5.996 b
6.725 c

Pleurotus ostreatus Crude extract
Ammonium sulphate
Lyophilization
Acetone

2.13 d
0.40 b
0.68 c
0.29 a

7.729 d
2.524 b
3.039 c
1.454 a

3.629 a
6.310 d
4.470 b
5.014 c

Each value is the mean of five replicates. Within each saprobe fungus column values followed by the same letter are not
significantly different according to Duncan’s multiple range test (P � 0.05).

concentration methods on the endoxyloglucanase ac-
tivity from cultures of T. viride, P. farinosus, W. inflatus
and P. ostreatus were determined. The endoxyloglu-
canase specific activity increased with all the concen-
tration methods relative to the crude endoxyloglucan-
ase extract. The ammonium sulfate precipitation re-

sulted in the highest endoxyloglucanase specific activ-
ities (TABLE III).

Because surfactants have stimulatory effects on cel-
lulolytic enzyme production and release (Pardo
1996), various types of surfactants have been selected
to study the effect on growth and endoxyloglucanase
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TABLE IV. Endoxyloglucanase activity and protein (extracellular and mycelial) of Trichoderma viride, Paecilomyces farinosus,
Wardomyces inflatus, and Pleurotus ostreatus grown with Tween 20, Tween 80, and Triton X-100 in the culture medium

Fungus species Surfactants

Endoxylo-
glucanase
(U/mg)

Extracellular
proteins
(mg/ml)

Mycelial
protein

(mg/ml)

Trichoderma viride Control
Tween 20
Tween 80
Triton X-100

5.886 a
16.615 d
15.554 c
11.029 b

0.005 a
0.006 a
0.007 a
0.026 b

0.051 a
0.092 c
0.072 b
0.054 a

Paecilomyces farinosus Control
Tween 20
Tween 80
Triton X-100

3.304 a
14.882 d
11.561 c
8.023 b

0.004 a
0.005 a
0.006 a
0.026 b

0.049 a
0.087 c
0.063 b
0.051 a

Wardomyces inflatus Control
Tween 20
Tween 80
Triton X-100

4.868 a
15.557 d
13.231 c
10.742 b

0.006 a
0.007 a
0.008 a
0.024 b

0.051 a
0.090 c
0.071 b
0.053 a

Pleurotus ostreatus Control
Tween 20
Tween 80
Triton X-100

3.629 a
13.983 d
12.001 c
9.132 b

0.005 a
0.006 a
0.007 a
0.025 b

0.058 a
0.088 c
0.070 b
0.060 a

Each value is the mean of five replicates. Within each saprobe fungus column values followed by the same letter are not
significantly different according to Duncan’s multiple range test (P � 0.05).

production of T. viride, P. farinosus, W. inflatus, and
P. ostreatus. Tween 20 was the best compound for
enhancing the endoxyloglucanase activity of the fun-
gi. These activities were approximately three times
higher than the control for T. viride and W. inflatus
and four times for P. farinosus and P. ostreatus. The
addition of Tween 80 and Triton X-100 to the culture
medium also resulted in significant increases of en-
doxyloglucanase activity. Triton X-100 resulted in a
rise in the extracellular proteins in the culture me-
dium, however growth in the presence of Tween 20
and 80 resulted in the same levels of extracellular
proteins as the controls. The growth of all four fungi,
measured as mycelial protein, changed in parallel to
their xyloglucanase activities (TABLE IV).

The electrophoretic gels of xyloglucanase activities
produced by T. viride, P. farinosus, W. inflatus, and
P. ostreatus are show in FIG. 1. Several electrophoretic
bands of xyloglucanase activities were observed with
different mobilities for all the fungi species tested
(FIG. 1). Trichoderma viride had six bands of endox-
yloglucanase activity, whereas P. ostreatus had three,
and only one of them coincided with those of T. vir-
ide. Both P. farinosus and W. inflatus presented only
one xyloglucanase activity band with similar electro-
phoretic mobility to bands observed in T. viride and
P. ostreatus (FIG. 1).

DISCUSSION

Fungi may degrade polysaccharides by production of
constitutive or inductible enzymes (Mullen and Bate-

man 1975). Endoxyloglucanase activities of T. viride,
P. farinosus, W. inflatus, and P. ostreatus were detect-
ed during their growth in medium with glucose as
the only carbon source, but there were significant
increases in activity when microcrystalline cellulose
was included in the medium. Induction of �-gluco-
sidase of Aspergillus terreus by cellulose has also been
reported (Pushalkar et al 1995). The ability to digest
cellulose and to use it as the sole carbon source is a
property of a significant number of fungal species
(Radford et al 1996). The fact that P. farinosus and
P. ostreatus show more activity in the PDB culture me-
dium than in the medium with a low amount of Av-
icel may be due to the presence of inducing com-
pounds originating from the potato extract in the
medium. The lack of effect of the substrate on the
mycelium dry weight in our experiments has also
been observed in A. solani grown with different pec-
tic substrates (Metha et al 1975).

With regard to the localization of xyloglucanases,
we can say that for all the fungi tested the endoxy-
loglucanase activity is primarily secreted into the cul-
ture medium. Contrary to the situation with bacterial
hemicellulases, which are generally cell-bound or
concentrated in microsomes, fungal hemicellulases
seem to be readily secreted into the growth medium
(Radford et al 1996). The physical limitation of the
xyloglucanolytic enzyme diffusion may be a potential
adaptative mechanism. In this way the efficiency in
polymeric insoluble substrate utilization, such as for
microcrystalline cellulose, would be optimized. When
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FIG. 1. SDS-PAGE of xyloglucanase activities pro-
duced by Trichoderma viride (lane A), Paecilomyces farinosus
(lane B), Wardomyces inflatus (lane C) and Pleurotus ostrea-
tus (lane D). The gel was stained with Congo red and dis-
tained as described in Materials and Methods.

competing with other microorganisms for a carbon
source, it would require the direct contact of the cells
to the substrate (Tate 1995).

To detect and measure hydrolytic enzymes from
microorganisms, the culture medium, incubation
time and concentration used are important. The
most suitable incubation time was found to be ap-
proximately 14 d and the highest specific activity was
obtained when the enzyme solution was concentrated
with ammonium sulfate precipitation. Acetone pre-
cipitation and lyophilization may have resulted in en-
zyme denaturation in the protein precipitate. A sim-
ilar situation was reported for pectinases in plants
colonized by arbuscular mycorrhizal fungus (Garcı́a-
Romera 1990).

The stimulatory effects of surfactants on cellulolyt-
ic enzyme production and release have been de-
scribed (Pardo 1996). The stimulatory effect of
Tween 20, Tween 80, and Triton X-100 on endoxy-
loglucanase activity may be a consequence of its ac-
tion on cell membranes causing increased perme-

ability (Reese et al 1969) and/or by promoting the
release of cell-bound enzymes (Reese and Manquire
1971). It is increasingly believed that at least some
fungal cellulolytic enzymes are either bound to the
hyphal wall or held in close association with the hy-
phae (Messner et al 1990). These two possibilities are
in agreement with the fact that Triton X-100 cultures
were higher in extracellular protein than the control.
However, these possibilities are not true for the in-
creased endoxyloglucanase activity with Tween 20 or
80, because no differences in extracellular protein
content were observed relative to the control. Tween
20 and 80 may increase the enzymatic stability against
the possible inactivation by shaking. Reese (1980)
found that some surfactant had a protective effect on
the cellulases of T. reesei against shaking inactivation.
The fact that the surfactants increase the T. viride, P.
farinosus, W. inflatus, and P. ostreatus growth is inter-
esting because the effect of surfactants in other sys-
tems was reported to be inhibitory due to a decrease
in oxygen supply (Hulme and Stranks 1970), or with-
out effect on mycelial growth (Yazdi et al 1990). Sur-
factants could also provoke an increase in cell mem-
brane permeability leading to a more efficient nutri-
ent uptake, without significant alteration in oxygen
supply.

Trichoderma viride, P. farinosus, W. inflatus and P.
ostreatus shared one band of xyloglucanase activity
with the same electrophoretic mobility, indicating a
possible relation between them. Different isozyme ac-
tivities in T. viride and P. ostreatus may result from
differences in the glucosylation of a common poly-
peptide chain, partial proteolysis of the enzymes, or
different gene products (Pardo et al 1997). Future
studies should help to elucidate the various roles that
xyloglucanase activity of these saprophytic fungi may
play in the degradation of hemicellulolytic waste.
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