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ABSTRACT

Wheat straw is a rich source of carbohydrate (50-70%) in the form of cellulose and
hemicellulose, associated with a lignin (20%) matrix in the form of the of lignocellulose,
which hinders  the  availability  of  carbohydrates. In  the  present  study  Trametes
versicolor  was used  to  biodegrade  the  lignin of wheat straw to free  the  cellulose and
hemicellulose  in  an  efficient, economical  and  environment  friendly  manner  by
manipulating  the  nutrient  composition  of  fermentation  media. Maximum  removal  of
lignin  (36.29%)  with  minimum  loss  of  organic  matter was observed  in  glucose
supplemented media. Glucose proved a better source of carbon than  molasses.
Ammonium-N sdecreased the lignin degradation. Nitrogen + glucose containing medium
removed 20.96% lignin at the expense of 19.90% organic matter. Dry matter digestibility
(DMD) of wheat straw was improved by 64.34%. The DMD of the fermented wheat straw
was equivalent to good quality hay i.e. up to 70%.

Key words: Wheat straw, Trametes versicolor, lignin biodegradation, improvement in
rumen digestibility.

INTRODUCTION

Dry roughages in the form of straws (mainly
wheat, barley, rice and oat) are abundantly
available, as food crop residues or by-
products. They represent a vast potential as
a feed resource on a world scale with lignin

(20%) matrix. The association of cellulose,
hemicellulose and organic matter with
lignin make it poor quality roughages,
because the digestibility and voluntary
intake by ruminant animals is small.
Association of lignin  hinders and masks
the degradation of carbohydrates into
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simpler digestible or metabolisable sugars by
rumen microbes. To achieve the increase in
digestibility of such straws it is necessary to
rupture the bonds between lignin, cellulose
and hemicellulose of the plant cell wall.
Therefore, it is necessary to remove or modify
the lignin by mechanical, physical or
biological means. Although mechanical
treatment (grinding), physical treatment (heat)
and chemical treatment (caustic alkali,
ammonia) can break down these bonds7, these
methods are expensive, require energy input
and pollute the atmosphere. Whereas,
microbial fermentation is an inexpensive
method, which takes time, but is complete and
environment friendly6. Many bacteria and
fungi are capable of breaking the lignin-
cellulose, hemicellulose bonds. Efficiency of
lignin removal depends upon the fungal
species and varies from substrate to substrate
and on composition of media provided to the
microbes4,11. The white rot basidiomycete
Trametes  versicolor (L.:Fr.)Pilat was found
to be a potent degrader of  wheat  straw
lignin2,9,17. Though T. versicolor causes
simultaneous degradation of lignin and
polysaccharides17. The preferential metabo-
lism can be controlled by manipulating the
cultural conditions as well as the nutrient
composition of the media for maximum
delignification at the minimal expense of
cellulose/hemicellulose of the straw19.
Tremendous work was done by Abdullah and
Zafar1,22 and Zafar et al.20,21 using T. versicolor
to degrade lignin from other crop residues.
Therefore, the present study was initiated
to achieve maximum delignification of
wheat straw by T. versicolor manipulating
the media composition to make a biological
delignification process economical, efficient
and increase the nutrients availability for
ruminants. The efficiency of delignification
will be evaluated by changes in chemical
composition of the wheat straw and increase
in ruminant digestibility.

MATERIALS AND METHODS

Fungus and inoculum. T. versicolor PRL-
2276 obtained from National Research
Council of Canada, Prairie regional
laboratory, Saskatoon, Saskatchewan,
Canada, was maintained on standard potato
agar medium in test tubes slants at 5-7 C.
Inoculum preparation and substrate
inoculation were done as previously
described20,21.

Preparation of media. The composition of
the various media is given in Table 1.

Table 1. Composition of the media.

Nutrients NA G M G+N

KH
2
PO

4
2.0 g 2.0 g 2.0 g 2.0 g

MgSO
4

0.3 g 0.3 g 0.3 g 0.3 g
CaCl

2
 2H

2
O 0.4 g 0.4 g 0.4 g 0.4 g

Yeast extract 0.100 g 0.100 g 0.100 g 0.100 g
Glucose - 50.00 g - 50.00 g
Molasses - - 100.00 g -
(NH

4
)

2
SO

4
- - - 2.1 g

Distilled water 1.0 L 1.0 L 1.0 L 1.0 L

Media  were dissolved in the litre of distilled water, boiled to
sterilize in flasks, cooled and stored for further use.

Preparation of substrate. Dust free wheat
straw (Maxi-Pak) was ground to pass
through 30 mm size mesh. The ground
wheat straw (WS) was dipped in sufficient
water and boiled for 15 minutes. The boiled
WS was filtered on thick nylon cloth to drain
off excess water and allowed to cool for two
hours, so that the adhering water is drained
off. This straw was hence called treated
wheat straw (TWS).

Cultivation of micro-organism on substrate
(TWS). Twenty 250-ml capacity neat and
clean erlenmeyer glass flasks were taken.
To each of the flask 100g wet (moisture
contents 65-70%) TWS was added. Then 40
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ml of the each media (Table 2) was added
to four flasks each, mixed thoroughly by
mechanical shaking, plugged with tight
cotton swabs and all the flasks were
sterilized.  The sterilized flasks containing
TWS with various media were inoculated
with equal quantity of T. versicolor (PRL-
2276), that had been maintained on potato
dextrose agar medium at 5-7 C. They were
incubated at 25 C for 14 days. The flasks
were then opened, residue was dried to
perform analyses. This was called the
fermented wheat straw (FWS).

Chemical analysis. Proximate chemical
composition of TWS, with media and FWS
was determined according to the methods
of AOAC3.

Percentage organic matter was calculated
according to weight of dried sample (wt.-
ash)/wt.x100.

Cellulose and lignin were determined
according to Van Soest and Wine18 methods.

Digestibility trial. To determine the extent
of improvement in digestibility as a function
of microbial delignification of wheat straw,
a 375 kg-rumen fistulated dry cow was used
for evaluation of dry matter digestibility of
various wheat straw treatments.  The in vivo,
nylon bags technique was used8. The bags
made of indigestible nylon, with 31-thread
counts per cm, measured 7x8cm, were filled
with 10-15 g of dry ground thoroughly

mixed material and were fastened with
nylon fishing cord. The bags in triplicate per
sample were placed in vertical portion of
the rumen and fastened to a float with the
help of a 40 cm long nylon cord attached to
the entering of the fistular cap. The bags
were removed from the rumen after 96 h.
Immediately after removal, the bags were
washed with distilled water many times and
dried at 75 C in forced air oven to constant
weight. The loss in weight of dry matter was
assumed as digested.

Statistical analysis. The data on various
parameters were tabulated, mean values
were calculated and deviations from the
means were calculated as standard
deviations of the means according to Steel
and Torrie15.

RESULTS AND DISCUSSION

Results of the study are shown in Tables 2-
4.

Cellulose biodegradation. Cellulose
contents of the wheat straw was reduced
from 42% to 38% on fermentation using
various media (Table 2). Maximum loss was
in NA medium and minimum in medium
containing available sugars in the form of
molasses or glucose.  This indicated that T.
versicolor used extraneous glucose or invert

Table 2. Wheat straw biodegradation with Trametes versicolor at different supplementation in the
medium for 14 days solid-state fermentation.

Supplementation Cellulose (%) Cellulose Lignin (%) Lignin Organic matter
utilization (%) degradation (%) utilization (%)

Control (as sample) 42.30+ 1.78 - 12.4 +1.82 - -
Defined medium (NA) 38.0+ 2.1 10.10+1.75 10.9+1.53 12.10+2.21 15.80+2.81
Glucose (G) 40.7+1.42  3.78+2.84   7.9+ 2.11 36.29+1.34 10.85+2.32
Molasses (M) 41.2+2.14  2.60+1.72 10.2+1.57 17.74+1..82 14.84+2.78
Glucose+nitrogen (G+N) 39.3+1.81  7.16+2.35   9.8+1.78 20.96+2.11 19.90+2.45
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sugars for its energy requirements instead
of cellulose. The small amount of cellulose
used in the presence of molasses can be
attributed to the constituent’s mixture of
sugar (4-7% reducing and 93-96% non-
reducing)5,6. The phenolic compounds
contained in beet pulp molasses may also
cause of small cellulose degradation, since
inhibition of cellulose-degrading enzymes
by phenolic compounds has been reported5.

Lignin biodegradation. The primary
objective was to remove lignin and to make
the wheat straw rich in available
carbohydrates. Fermentation with T.
versicolor for 14 days resulted in reduction
of lignin from 12.10% to 20.96% in various
media (Table 2). These observations
indicated that degradation of lignin was
more in the presence of added glucose and
was extremely small in the unsupplemented
wheat straw over the 14 days of fermentation.
The most immediate inference that can be
drawn is that an additional supply of readily
available assimilable carbon, as energy
source, notwithstanding the cellulose
present helped in increasing the degradation
of lignin.  Similar observations were made
by Leisola10, who linked increase in
degradation of lignin present in kraft wood
by Ph. chrysosporium with excess of
available energy in the form of glucose.
Lignin removal from the oat straw by
Polyporus sp. A-3362 was maximum, when
excess glucose was added as source of
energy. It was further observed that the rate
of cellulose utilization, during fermentation,
had no quantitative correlation with lignin
degradation  (Table 2). Similar results, that
basidiomycetes using glucose in the media
produced maximum lignin degrading
enzymes have been reported16. Hence, it can
be concluded that T. versicolor preferably
hydrolyzed lignin in the presence of simple
sugar, i.e. glucose.

Ligninolytic efficiency. Supplementation of
glucose-straw medium with ammoniacal
nitrogen indicated a decrease in degradation
of lignin. T. versicolor grows, degrades lignin
and liberates cellulose better under nitrogen
starved conditions than N-supplemented
medium (Table 2). These observations
agreed with the findings that Polyporus
tulipiferae attacked lignin  in the presence
of glucose alone, but less when ammonium
sulfate was added in oat straw fermented11.

These results were also in agreement with
the report that greater lignin degradation by
Ph.  chrysosporium in nitrogen starved
conditions. Wood rotting basidiomycetes
have been noted in their capability of
recycling available proteinous nitrogen in the
fermentation medium13,17.

Table 3. Lignin:cellulose loss and lignin:organic
matter loss ratio of wheat straw fermented with
Trametes versicolor.

Supplementation Lignin:cellulose   Lignin:organic
      loss ratio matter loss ratio

Defined medium (NA) 0.76 1.19
Glucose (G) 3.34 9.55
Molasses (M) 1.19 6.81
Glucose+Nitrogen (G+N) 1.10 2.95

Organic matter. The organic matter
utilization was 10.85%, when glucose was
present in the medium. Whereas, Levonen-
Munoz11 reported that 27.0%, 20.1% and
11.1% organic matter use occurred in 14 days
when  Ph. chrysosporium,  Pleurotus
tulipiferae and   Pl.  ostreatus were
propagated on oat straw without any
supplementation. Organic matter utilization
for 36.29±1.34% lignin degradation, the
greatest delignification, from wheat straw
after 14 days of fermentation with glucose
was only 10.8±2.32%. Whereas lignin
removed per unit organic matter degraded
(3.34:1) was the greatest  (Table 3).
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Biodegradation in the presence of molasses
also remained significantly in favor of
lignin, in comparison with organic matter
being 6.81:1. Lindenfelser et al.12 reported
40% lignin degradation during 70 days of
fermentation with 32% cellulose utilization
when wheat straw was degraded by Pl.
ostreatus. While in the present study, the
utilization of cellulose was less per unit
lignin removal when T. versicolor was
employed (Table 2). This indicated that T.
versicolor was a better ligninolytic
microorganism than Pl. ostreatus when
wheat straw was used as a substrate19.

sulfate; its DMD was 58.3±4.58%. This may
be due to lesser (20.96±2.11%) lignin
biodegradation. The other treatments did not
show appreciable change in DMD. The
results indicated that the nutritional quality of
fermented wheat straw was better than alkali
treated straws or similar lignocellulosic
materials8,14,16. Similar findings were observed
using Trichoderma viride, suggesting the use
of two or more organisms to bring about the
complete hydrolysis of lignocellulose
complex. However, in case of T. versicolor
the degradation of the complex was sufficient
to increase the digestibility of straw to a good
quality hay. The cellulose and hemicellulose
released were easily available for VFA
production by rumen microbes. Similar results
have been reported by Zafar et al19.

Hence it can be concluded from the study
that T. versicolor removed lignin from wheat
straw in such a way that its ruminant
digestibility was improved. The process
might be taken up at industrial scale.
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