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Biodegradation of plant remnants by micromycetes
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Degradation of lignin and cellulose in rye straw was investigated when the micro-
mycetes Galactomyces geotrichum, Myrothecium verrucaria and Sporotrichum prui-
nosum were cultivated.

Galactomyces geotrichum was found to be most successful in rye straw biocon-
version. This strain after 60 days of cultivation on rye straw diminished the lignin
content 1.92 and cellulose 9.6 times in comparison with control.

Myrothecium verrucaria was found to be more successful in the degradation of
the lignin—cellulose complex in rye straw. After a 60-day cultivation it diminished
the lignin content 1.65 times. Sporotrichum pruinosum was more efficient in cel-
lulose degradation. It diminished the cellulose content 2.4 times in comparison
with control.

Analysis of destruction metabolites showed that anhydride of chemipin acid,
veratraldehyde, veratryl alcohol, ketonic compound, palmitic and linoleic acids and
their derivatives were the main components after cultivation of the micromycetes
Galactomyces geotrichum and Myrothecium verrucaria. Palmitic, linoleic acids and
their derivatives, dioxiglucose prevailed after cultivation of Sporotrichum pruino-
sum. The ester of guaiacolglyceril coniferil was detected among compounds of
high molecular mass. We could conclude that the oxidation processes were faster
in substrates on which micromycetes Galactomyces geotrichum and Myrothecium

verrucaria had been cultivated.
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INTRODUCTION

Destruction of plant remnants by microorganisms is
a complicated biochemical and physiological process
with many enzymatic systems involved. The most
difficult problem is to ascertain the degradation of
lignin. The main enzymes produced by fungi are
phenoloxidases (lignin peroxidase, manganese pero-
xidase and laccase), which participate in lignin de-
gradation [1-5].

Various compounds such as alcohols, ketonics,
organic acids, compounds of phenolic origin, amino
and neutral compounds are formed during disinte-
gration of plant remnants. For example, white-rot
fungi synthesize aromatic alcohols such as veratrol,
anizol and chloranizol or de novo they are synthe-
sized from aromatic amino acids or phenolic com-
pounds. All of them (first of all veratrol) are indis-
pensable elements of a lignolytical system [6].

Microbial ligninolytic systems have been used in
improving the digestibility and nutritive value of ani-
mal feeds [7], degradation of toxic pollutants [8, 9],
bioconversion of lignin into useful organic com-
pounds [10], and in increasing the fermentability of
lignocellulosic residues [11].

There are a few works dealing with decomposi-
tion of lignin-cellulose complex in plant remnants
by mycelium fungi [12-16].

Delignification of wheat straw by complexes of
micromycetes from various taxonomic groups and
the role of phenoloxidases in the degradation pro-
cess of these substrates were investigated [12-14].
Differences of lignin degradation in rye straw and
flax boons with the participation of macro- and mic-
romycetes was ascertained [15]. The demetoxilation
and oxidation of lignin component become deeper
during cultivation of macromycetes. A considerable
difference of the enzyme complex of fungi-destruc-
tors was ascertained [16].

The ability of micromycete to utilize lignin—cellu-
lose complex in plant remnants is different. Some
micromycetes can carry out deeper hydrolysis of this
complex in a short term, meanwhile some of them
need much time to induce small changes in the
structure of this complex.

The aim of the present work was to investigate
the degradation of lignin-cellulose complex in rye
(Secale) straw by solitary micromycetes and to carry
out a qualitative analysis of the decay product of
this complex.
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MATERIALS AND METHODS

The object of the study was three strains of micro-
mycetes and rye (Secale) straw. Micromycetes iso-
lated from various materials were used in experi-
ments. The following strains were isolated, identi-
fied and investigated: 1. Galactomyces geotrichum
(Butl. et Petersen) Redhead et Malloch - isolated
from soil (Botany Gardens of Kaunas); 2. Myrothe-
cium verrucaria (Alb. et Schweinitz) Ditmar ex Fr. -
isolated from roots of cereal plants (Dotnuva); 3.
Sporotrichum pruinosum Gilman et Abbott. — iso-
lated from a glued together multi-layer film (sort of
3LARK TU 6-19-051-237-79).

The plant remnants were fine-cut and moistened
with a mineral solution (0.3 g NHNO, and 0.1 g
KH,PO, were added to 10 g of dry material) and
sterilized at 121 °C for 30 min. Then the plant ma-
terial was inoculated with fungi. Micromycetes were
cultivated on straw for 30, 60 and 90 days at a
temperature of 28 °C. Then the degradation of the
lignin—cellulose complex content and the qualitative
composition of the decay product were analyzed.

Lignin content was evaluated in rye straw fol-
lowing Khudiakova’s method [17].

Cellulose content was evaluated in rye straw fol-
lowing Kiirschner’s and Hafer’s method [18].

Elution of destruction metabolites of rye straw
was made with 96° ethyl alcohol. Analysis of de-
struction metabolites was performed applying gas
chromatography (HP-5890) with a mass detector (HP
5971A).

RESULTS AND DISCUSSION

Degradation of lignin—cellulose complex of rye straw.
The results showed that lignin made up 16.2% in
the control straw (Fig. 1). When the micromycete
Galactomyces geotrichum was cultivated for 30 days
on rye straw, the content of lignin decreased to

8.6%, i.e. became 1.3 times lower than in the con-
trol. When the micromycete was cultivated for a
longer time, the content of lignin changed and after
60 days was 1.92 times lower in comparison with
control. The results indicated [19] that degradation
of lignin by the micromycete in the initial stage of
cultivation (20 days) changed the content of lignin
very slightly. It was in line with data of other au-
thors [20] that degradation of this polymer appears
in the further course of cultivation of micromycetes.

The cultivation of the micromycete Myrothecium
verrucaria on rye straw for 30 days diminished the
content of lignin 1.55 times in comparison with con-
trol and after 60 days reduced it to 9.8%. This was
1.65 times lower than in control.

The minimum decrease of lignin (in comparison
with the above-mentioned strains of micromycetes)
was observed after a cultivation 30-day of the micro-
mycete Sporotrichum pruinosum. Its content de-
creased only 1.15 times in comparison with control.
The same lignin degradation degree as after cultiva-
tion of Myrothecium verrucaria was observed in the
further course of cultivation (60 days), and its con-
tent decreased to 9.8%.

Investigations of cellulose degradation in rye
straw (Fig. 2) showed that degradation of this poly-
mer, like that of lignin, was most rapid after culti-
vation of Galactomyces geotrichum. After 30 days of
cultivation the cellulose content diminished 2.76 and
after 60 days even 9.6 times in comparison with
control.

Degradation of cellulose was noticed after culti-
vation of micromycete Sporotrichum pruinosum; af-
ter 30 days the cellulose content was 45.58% and
after 60 days 21.78%. The minimum content was
observed after Myrothecium verrucaria cultivation: af-
ter 30 and 60 days it was respectively 1.07 and 1.29
times lower in comparison with control.

Destruction metabolites of plant remnants. De-
struction metabolites, which affect enzyme systems
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Fig. 1. Changes of lignin content in rye straw after cul-
tivation of micromycetes for 30 and 60 days (% of air-
dried matter): I — Galactomyces geotrichum, 2 — Myrothe-
cium verrucaria, 3 — Sporotrichum pruinosum, 4 — control

Fig. 2. Changes of cellulose content in rye straw after
cultivation of micromycetes for 30 and 60 days (% of air-
dried matter): I — Galactomyces geotrichum, 2 — Myrothe-
cium verrucaria 3 — Sporotrichum pruinosum, 4 — control
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involved in the degradation of this complex, are pro-
duced during degradation of plant remnants.

Destruction metabolites of the micromycetes that
are the most successful degraders of the lignin—cel-
lulose complex in plant remnants were investigated
after 90 days of cultivating Galactomyces geotrichum,
Myrothecium verrucaria and Sporotrichum pruinosum
on plant remnants. Compounds of different nature
were detected in the solution of an alcoholic ex-
tract.

The research showed (Fig.3) that after cultiva-
tion of Galactomyces geotrichum and Myrothecium

verrucaria the main component was the anhydride
of chemipin acid, which is formed from natural com-
pounds during their deep oxidation process (time
of escape 13.8 min). Also, the following compounds
were detected: veratralaldehyde (time of escape
9.1 min), veratryl alcohol (time of escape 9.9 min),
ketonic compound (time of escape 14.07 min), pal-
mitic acid (time of escape 14.8 min), linoleic acid
(time of escape 16.6 min) and their derivatives.
The larger amount of palmitic, linoleic acids and
their derivatives was ascertained after cultivation of
Sporotrichum pruinosum. Dioxiglucose was also de-
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Fig. 3. Chromatographic characteristic of metabolites of plant remnant destruction after cultavation of micromycetes:
A — Galactomyces geotrichum, B — Myrothecium verrucaria, C — Sporotrichum pruinosum
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tected (time of escape 9.78 min). Most compounds
of high molecular mass that have a time of escape
over 26 min were not detected, except the ester of
guaiacolglyceril coniferil (time of escape 26.07 min).

One can see from the chromatogram that after
cultivation of Galactomyces geotrichum and Myrothe-
cium verrucaria no compounds of high molecular
mass were detected in the plant remnant hydrolysis
products. Thus, we can conclude that oxidation pro-
cesses were faster in the substrates on which these
micromycetes were cultivated.
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AUGALINIU ATLIEKU BIODEGRADACIJA
NAUDOJANT MIKROMICETUS

Santrauka

Istirta lignino ir celiuliozés degradacija rugiy Siauduose
kultivuojant ant jy mikromicetus Galactomyces geotrichum,
Myrothecium verrucaria ir Sporotrichum pruinosum.

Nustatyta, kad perspektyviausias kamienas rugiy Siau-
dy biokonversijoje yra Galactomyces geotrichum. Po 60 kul-
tivavimo pary ant rugiy Siaudy Sis kamienas lignino kiekj
juose sumazino 1,92, o celiuliozés — 9,6 karto, palyginus
su kontrole.

Kitas perspektyvesnis mikromicety kamienas rugiy Siau-
dy degradacijai buvo Myrothecium verrucaria, lignino kiekj
po 60 kultivavimo pary sumazines iki 1,65, o celiuliozés
degradacijai — Sporotrichum pruinosum, sumazings jos kie-
ki 2,4 karto, palyginus su kontrole.

Metabolity destrukcijos tyrimas, po mikromicety Ga-
lactomyces geotrichum ir Myrothecium verrucaria Kultivavi-
mo pagrindinis komponentas buvo chemipino riigsties an-
hidridas, veratraldehidas, veratrilo alkoholis, ketoninis jun-
ginys, palmitino, linolo rugstys ir ju dariniai. Po Sporotri-
chum pruinosum kultivavimo nustatyti didesni kiekiai li-
nolo ir palmitino riigs§ciy bei jy dariniy, dioksigliukoze. I§
didesnés molekulinés masés junginiy issiskyré gvajakolgli-
cerilo koniferilo esteris. Taigi oksidaciniai procesai spar-
Ciau vyksta substratuose, ant kuriy buvo kultivuojami Ga-
lactomyces geotrichum ir Myrothecium verrucaria.



