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ren 4.9 mmol/l Pansensaft. Das konnte darauf hindeuten, daB bei Flavomycin-
zulage weniger NH; fir die Proteinsynthese verwendet worden ist.

Die Pansenprotozoenpopulation hat sich eindeutig auf die Ration eingestellt.
Die beobachteten Vertreter der Gattung Epidninium verwerten Starke und
Zellulose, sind aber zur Nutzung léslicher Zucker, die in der angegebenen Ration
kaum vorhanden, nicht befihigt (Kolb und Gurtler, 1971).
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each case. Indeed, fungi may preferentially digest the more easily degradable fibre
fraction, leaving a less digestible residue (Agosin et al. 1985; Zadrazil 1984).

White rot fungi are able to increase the digestibility of plant residues without
chemical and physical pretreatment through selective lignin degradation (Zadra-
zil, 1984). They produce polyphenyloxidases (ligninase; Ishakawa et al., 1963)
which destroy lignin or split up linkages between lignin and polysaccharides. The
microbial lignin degradation follows pathways similar to those of lignin
autoxidation. Hydrogen peroxide plays a key role in the mechanism of fungal
lignin degradation (Forney et al. 1982; Greene and Gould, 1984). H,O, has been
produced by mycelia of the lignin-degrading fungi. Lignin-C-C bonds have been
ruptened in presence of hydrogen peroxide into nonphenolic units (Glenn et al.,
1983; Tien and Kirk, 1983).

The selection of suitable microorganism is of decisive importance for the
bioconversion of lignocelluloses. Particularly suitable are fast growing cellulolytic
fungi which allow fermentation times from 50 to 120 hours connected with
specific substrate consumption coefficients of about 2.3 g substrate per g
microbial biomass and crude protein yields of more than 12 %. Strains of the
genera Aspergillus, Chaetomium, Gliocladium, Penicillium and Trichoderma
proved to be the most appropriate ones. When we use active and adapted mycelia
as inoculum instead of spores it is possible to shorten the fermentation time.

Much research work has been done concerning the bioconversion of lignocel-
luloses by solid-state-fermentation as an alternative to submerged fermentation.
Favourable conditions of solid-state-fermentation are moisture content in the
substrate of 65-80% and mineral salt concentrations lower than 40 g/l. This
implies a compromise with respect to the degree of conversion and the protein
yield (Klappach, 1991). Solid-state fermentation will be applicable to bioconver-
sion of lignocelluloses with good success when it is focussed on the enrichment
of lignocellulosic substrates with protein, essential amino acids, vitamins etc. by
just sufficient fungal growth rather than on the total conversion into fungal
biomass.

The objective of the experiment was to investigate the influence of cellulolytic
enzymes in by solid state fermented fungi substrates on the in sacco dry matter

degradability of wheat straw.

2. MATERIAL AND METHODS

2.1. Fermented substrates
A substrate consisting of 20 % ground wheat straw (mash size of sieve: 2 mm),
40% wheat bran and 40 % dried sugar beet pulp was homogeneously mixed and
inoculated with four different fungi (Table 1). The solid state fermentation was
carried out over 120 hours.

After this time the fermented substrates had enzymatic activities as shown in
Table 1. Dry matter losses of solid state fermentation were not measured.
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Table 1 Enzymatic activities of fermented substrates

Fungi varieties Xvlanase Cellulase
(Units g~ ' DM) (Units ¢=' DM)
Wild variety 36.4 14.0
Chaetomium cellulolyticum 32.1 0.47
Trichoderma harzianum 22.1 2.3
Penicillium colony 10 78.6 49

2.2. Straw treatment

Ground wheat straw (mash size of sieve: 2 mm) was homogeneously mixed with
the cellulolytic enzymes containing fermented substrate. Fermented substrae and
straw were mixed in relations of 1 : 2, 1 : Sand 1 : 10 and moistened to 30 or
50 dry matter (DM). All mixtures were stored for 24 h at 50°C in airtight glasses
and than deep frozen.

2.3. In sacco degradability

The rumen dry matter degradability (DMD) of all samples was measured, using
the nylon bag technique as described by Orskov et al. (1980) and adapted to our
institute (Flachowsky et al., 1988). Four rumen fistulated male sheep (inner
diameter of fistula: 40 mm) of the Merino breed (body weight: 50 = 3 kg) were fed
with 1 kg artificially dried ryegrass. Minerals and vitamins were added to meet
the requirements of sheep. All samples (2.0+0.1 g DM) were incubated in nylon
bags (70 x 100 mm, pore size: 36 um) into the rumen for 48 h. After removal
from the rumen the bags were washed by washing machine within cold water
until the wash water was clear. After washing all samples were dried at 105°C for
24 h. The in sacco DMD (%) was calculated as difference before and after
incubation of samples divided by the sample weight before incubation.

2.4. Chemical and statistical methods

Enzyme activities (Table 1) were determined as described by Ghose (1987) and
Ghose and Bisaria (1987). Ligninase activity of fermented substrates was not
determined.

Statistical analyses of data included three factorial analysis of variance (fungi
substrate, DM content, ratio between fermented substrate and straw).

3. RESULTS AND DISCUSSION

The in sacco DMD of fermented substrate (without straw, 70 %) was higher than
that of wheat straw (44 % after 48 h incubation time). Therefore higher portions
of straw and lower portions of fermented substrate within the mixture decreased
significantly (P < 0.05) in sacco DMD from 52.0 to 44.2 % on the average (Table
2). In earlier experiments (Flachowsky and Klappach, 1991) we found a higher
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Table 2 In sacco DMD (%, 48 h) of wheat straw mixed with various fermented substrates

Ratio Added fungi substrate
DM content  between fungi Control Wild Chaetomium  Trichoderma Penicillium Overall
of mixture  substrate (Substrate variety cellulolyticum harzianum colony 10
(%) and straw without
Sungi) |
In sacco dry matter degradability (%)
1:2 55.0* 52.4% 53,72 49.5% 47.9° 317
#£2.1 *1.0 +3.7 +0.8 +1.4
30 L8 46.83° 46.3*  49.9° 46.7% 47,23 47.2
+1.0 +2.0 2.9 +0.7 +0.8
1:10 46.22 45.5*  44.0% 42.0° 42.0 43.9
*2.5 1.9 25 +1.1 +1.6
122 53.32 52.6%°  53.42 51.83® 50.7° 524
+0.3 1.5 +25 +2.7 +1.8
50 l:.5 47.5%% 46.1° 50.4° 46.4° 41.2¢ 46.3
+1.2 +3.2 +1.8 * 1.5 +2:5
1:10 44.1° 45,670 42 4bc 49.8° 40.7¢ 44.5
+1.0 +2.3 +2.6 +2.3 +2.6
Overall 48.8 48.1 49.0 47.7 45.0

a,b,c Means with different superscripts in the same line are significantly different (P < 0.05)

DMD when cellulase treated straw contained 30% DM compared with 50 % DM.

Cellulolytic enzymes from fermented substrate did not improve the DMD of
the straw-fermented substrate-mixtures (Table 2). On the contrary added fungi
substrates effected a decrease of DMD in some cases. Trichoderma harzianum
and Penicillium colony 10 decreased DMD in comparison to the control group
when DM content was 30 %. Penicillium colony 10 decreased DMD also in the
case of 50 % DM (Table 2).

It seems that some fungi use available nutrients (hemicelluloses, cellulose) from
straw for their own growth and residual substrates were enriched with less
degradable fractions. A higher moisture content of straw may be favourable for
straw degradation by some fungi (e.g. Penicillium colony 10) and effected a
decrease of DMD (Table 2). Similar results were reported by Flachowsky and
Klappach (1991).

The fungi used in the present experiment (Tables | and 2) probably did not
produce ligninase for lignin destruction.

In conclusion, a supply of cellulolytic enzymes containing fungi treated
substrate (22.1-78.6 Units xylanase; 0.47-14.0 Units cellulase g~ ! DM) to wheat
straw did not increase the in sacco DMD of straw. The cellulolytic activities of
rumen microbes seem high enough for degradation of available carbohydrates.

On the contrary some living fungi degraded straw, used it for their own
metabolism, enriched it with less degradable fractions and decreased in sacco
DMD.
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