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ABSTRACT

Rapid industrialization and population explosioe apme of the major causes which has depleted alhdqul
the natural resources like never before. The laxgdlability of agricultural and agro industriakidues makes it
possible to use these materials for energy appitatand as chemical feedstock . The major stepthen
conversion system are pre-treatment and enzymaticharification, to convert into fermentable sugars
Delignification is necessary since the presenckgofn makes the residue more resistant to enzyrattack.
Cellulose is available in great abundance in agitical crop residues and forestry wastes, and sféeigreat
scope for bioconversion.

Among the biological delignification methods whitat-fungi belonging to the class Basidiomycetesraginly
used. In the present study 20 known white rot fumgiie used for screening using bagasse, rice stnalwheat
straw. Out of which five cultures i.€hanerochaetes chrysosporium, Ganoderma applanatum, Lenzites adusta ,
Lenzites acuta and Dadela flavida were found significant in lignin removal. Prefetiahsubstrate for all selected
white rot fungi are bagasse in comparison to rcawsand wheat strawPhanerochaetes chrysosporium showed
maximum delignification upto 40% among all the ¢éekisolates.
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INTRODUCTION the decomposition to high quality feed for
The lignocellulose bioconversion is naturally ruminants [3], or utilizing the polysaccharides
slow and limited to few microorganisms, due to liberated by hydrolysis and fermentation, in order
its complex and heterogeneous structure. Theéo produce fuels and other chemicals [4] There
white rot fungi stand out for being especially are few white rot fungi which can efficiently
active as lignocellulose decomposers. They arelecompose lignocellulosic substrate without the
the only fungi that can take the complete ligninneed of pre-treatment. Thus a great variety of
mineralization [1, 2]. These organisms are alscagricultural residues can be used as substrates
able of delignifying lingocellulosic substrate and simultaneously favor its recycling [5]
selectively, modifying or degrading the lignin Lignin is a heterogeneous polymer consisting of
and transforming the lignocellulose substrate ofphenylpropanoid structures connected through
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various covalent linkages. White rot fungi are theresidue were also determined at regular intervals
organisms able to mineralise lignin efficiently to by standard methods.

carbon dioxide and water. They produce ligninDetermination of different components of
modifying enzymes such as lignin peroxiasesbagasse, wheat straw and rice straw

(Li-P), manganese peroxidases (MnP), laccase$he contents of lignin, cellulose and
and glyoxal oxidase (GIOX) during the processhemicellulose in all the substrates were
of lignin mineralization. However, all these determined using the methods recommended in
enzymes are not produced in single organismTAPPI 1993 [6].

Therefore, it is important to screen the organismdPrepar ation of Bagasse

that remove lignin efficiently and to study their Sugarcane bagasse was gathered from a local
enzymatic process. These lignolytic enzymessugar mill and stored in a freezer until used. The
have many biotechnological applications rangingbagasse was dried at°80in oven to a constant
from the production of biofuels, chemicals, andweight and then grinded to a fine powder in a
proteins, improving textiles, wood pulping and wiley mill, which can pass through a 40-mesh
animal feeds for domesticated herbivores. Hencesifter. The sieved bagasse was then stored in an
our current study is focused on screening ofair tight container after exposing to average
various white rot fungi that can remove lignin atmospheric conditions and was used for all the

using various agricultural residues. experiments.
MATERIALSAND METHODS RESULTS
Strains and growth conditions Among 20 strains of fungi screened, five fungal

A total of twenty white rot fungus were procured strains  viz. Phanerochaete chrysosporium,
from Forest Research Institute (FR'), Dehradunpycnoporous Sang”’]eus’ Cydornyces faba_rnus’
and  National ~ Centre  for  Industrial padela flavida and Flavida flavus were shown to
Microorganisms (NCIM) Pune, India. All the pe the most selective molds in delignification of
cultures were maintained on 2% malt extractrice straw, wheat straw and bagasse. However,
plates and Potato dextrose agar media. these species showed varying delignification
Culture conditions abilities depending upon the substrate used.
5.0 g of milled agricultural residue (<2 mm size) Under certain culture conditions white-rot fungi
in 250 ml flask is mixed with 50 ml distilled use ||gn|n preferentia”y, producing soluble
water and autoclaved for one hour at 0.[21 monomers, breaking up the cellulose-
Twenty blocks of 5 mm dia fungal discs were hemicellulose matrix, and making the solid more
inoculated into each flask aseptically andsysceptible to further enzymatic action.
incubated at 2& for 28 days. Bagasse, wheat These conditions, however, remain as vet

straw and rice straw were procured from thegpecific for each fungus-substrate combination.

market and used as substrates. All of them have enzymatic capacity to use the
Gravimetric analysis cellulose components as a source of carbon and
Deter mination of weight loss energy. These make the solid-state fungal

Weight loss of the substrate was determined afelignification process an attractive and

regular intervals of time by directly weighing the ajternative for converting lignocellulose into

substrate after drying in an oven at’®0till  ytjlizable substances. Recent research reported
constant weight. Percent weight loss of thegn this subject has been briefly reported [7, 8]
substrate was determined  gravimetrically. and most of the work has been done with cereal

Delignification ~ activity i.e percent lignin straw and very less information is available
I’emoval, cellulose and hemicellulose left in theregarding utilization of rice straw. Hence in our
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studies we report the results of solid-state growtlobserved that weight loss of the substrate
of 20 basidiomycetes on rice, wheat straw andbagasse) varied markedly with fungal sps. All
bagasse and its effect on chemical composition. the tested fungi showed weight loss; an average
Chemical composition of bagasse, rice straw  of 25% after 28 days of incubation. Fungi
and wheat straw showing significant weight loss i.e. more than 30
The chemical composition and comparison of all% are Lenzites adusta, Flavida flavus,

the three substrates used in the presenPhanerochaete chrysosporium, Sporotrichum,
investigation are shown in the figures [2] and Ganoderma lucidium, Pleurotus ostreatus,
table [1]. Bagasse had 2.2 % ash which is mucfirametes hirsute and Dadela flavida. Further
higher than that of wood (usually less than 1%)five best cultures causing significant weight loss
but, lower than that of rice and wheat straw (5.1of the substrate were analyzed for their
and 3.6% respectively). Compared with bagasselelignification ability.

and wheat straw, rice straw had more ligninBiochemical changesin lignocellulosic fraction
(Klason lignin) which constituted upto 18%. of bagasse, wheat and rice straw

Cellulose, susceptible to enzymatic hydrolysis toWith the analytical data of weight loss of
simple sugars, represented 39% for bagasse, 34%ubstrate from each fungal treatment and the
and 37% for rice and wheat straw respectively.corresponding vyields, a mass balance of
Maximum of 2.9% moisture content was noted inlignocellulose  fraction  (estimated lignin,
bagasse where as wheat and rice straw containaxtllulose and hemicellulose loss) was made. The
2.1 and 1.8% respectively. It was noted thatresulting data are shown in table 3 for bagasse,
bagasse contained maximum of 1.1% nitrogertable 4 for wheat straw and table 5 for rice straw,
content. Rice straw contained 0.3% less tharexpressed in percent change relative to original
1/4" of that in bagasse where as wheat stravsample values. All the five tested fungi showed
(0.6%) showed almost half the nitrogen contentlignolytic activity with an average lignin loss of
in comparison to bagasse. Since protein is a mai5% for bagasse, 28% for wheat and 29.6% for
component of nitrogenous constituents in plantgice  straw  respectively. Phanerochaete

[9] it can be deduced that rice straw containedchrysosporium, Ganoderma lucidium and
very less protein in comparison to wheat strawPleurotus ostreatus showed highest lignin losses
and bagasse as shown below. This could explaiwith bagasse, wheat straw and rice straw
an experimental observation that wheat strawrespectively after 28 days of incubation at
was more easily delignified than rice straw optimal conditions Practically all fungi showed
because protein tends to condense with lignimpreference to degrade hemicellulose over
and retard subsequent delignification [10]cellulose. The ratios of hemicellulose/lignin and
However, residues like rice straw and woodhemicellulose/cellulose losses were observed to
shavings with high lignin and low readily be on average 1.26 & 1.17 with bagasse as
available nitrogen contents have slow substrate, 1.67 & 1.26 with wheat straw and 1.41
decomposition rates [11] & 1.38 with rice straw as substrate respectively.
Solid state fermentation with basiodiomycetes In lignocellulosic material, lignin forms a part of
The delignification process was studied usinglignin-carbohydrate complex which is stabilized
SSF and for that cultures of white rot fungi wereby phenolic acids such as ferulic acid, p-
prepared and allowed to grow on moistenedcoumaric acids and acetyl constituents of the cell
baggase as solid substrate at optimal conditionsvalls [12, 13]. Hence, it is not unexpected to
[Fig 1] The gravimetric analysis (weight loss of have the fungi degrade about the same amount of
the substrate) at regular time intervals of thehemicellulose and lignin. These lignin-
investigation is shown in [Table 2]. It was carbohydrate complexes are usually chemically
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modified during microbial attack [14] and are not lignin to residual cellulose reached lower than
recovered in the residue. According to Zabell and0.4 after 60 days of incubation indicating mainly
Morrell, 1995 [15], hemicellulose is the cell wall lignin was degradedstrophoria rugosoannulata
component that is often degraded first by whiteandPleurotus cornucopiae degraded wheat straw
rot fungi. This is probably due to fact that 60 to 65 %;P. florida degraded 45% and.
hemicellulose has shorter chain and loweraegerita degraded wheat straw up to 25% only in
molecular weight compared to cellulose, higherl7 weeks at 3 incubation [18]. P.
ability to dissolve and locate at open side aroundhrysosporium when tested individually caused
cellulose microfibril. Lignin can be degraded 26.45% weight loss of the substrate and 28.95%
without loss in cellulose; however hemicellulose lignin loss when grown on wheat straw for six
will be simultaneously degraded. This fact weeks, where as caused lignin loss upto 36%
implies that white-rot fungi needs carbon sourcewhen combination ofP. chrysosprium and D.

that is relatively easy to be metabolized. Henceflavida were used.

hemicellulose/lignin  (ratio) loss can be Masayuki et al., 2005 [19] reported three white
considered as important parameter to evaluateot fungi Pleurotus ostreatus, Phanerochaete
biodelignification data. chrysosporium and Trametes versicolor that
For bagasse, hemicellulose/lignin loss ratio wascause 41, 21 and 37% lignin loss when grown on
greater than 1 ranging from 1.2 to 1.7, with therice straw for 60 days at %5. Sirlene et al.,
exception ofPhanerochaete chrysoporium which 2002 [20] reported white rot fungus
degraded more lignin than hemicellulose. In caseCeriporiopsis subvermispora caused higher loss
of wheat straw four strains showed ratio greaterof dry weight (32%) in bagasse when incubated
than 1 with exceptionGanedorma lucidium  for 30 days with 1% inoculum under solid state
degrading more lignin than hemicellulose. fermentation. Xin Li et al., 2002 [21] reported
However, Dadela flavida caused maximum Phlebia sp. can cause more than 50% lignin and
hemicellulose loss in wheat straw. Whereas,10% holocellulose loss when incubated on
using rice straw as substrate all the tested strairsugarcane bagasse, which further can be
showed a ratio of >1 ranging from 1.4-1.9. employed as a raw material in the pulp and paper
Though, all the tested fungi degraded moreindustry after biopulping witfPhlebia.

hemicellulose loss than the lignin, two of the Differences in lignin and polysaccharide losses
moldsLenztes adusta andDadela flavida caused were also evident in all the tested substrates by
more hemicellulose loss. different strains of white rot fungus. Five
DISCUSSI ON different isolates differgd in the extent of weight
The ranges of experimental weight losses in ou}OSS’ as well lignin and polysaccharide

results observed to be 18-36% for bagasse, 21d_egradatlon. Kirk and Moore [22] first reported

34% for wheat straw and 29-39% for rice strawthag “bg.m?] remo(\j/al by Whlfe rot fungi from gsgez
after 28 days of incubation using five different and birch woods was always accompanied by

molds. Antai and Crawford [16] showed that in removal . of polysaccha_rlde, although — not
10 weeks at 2€, C. versicolor degraded more necessarily correlated with removal of any

dry matter of 53.8%, in grass. Some what highe|part|cular fraction. In fagt, lignin dggradatlon by
. If’hanerochaete chrysosporium was stimulated by
weight losses have been reported for cerea

straws and with some specific white rot fungi. addition of carbohydrates in the medium [23].

Studies conducted by Breccia et al., 2004 [17 gricultural residues contain polysaccharides

revealed that white rot fungi when incubated on hich provide the energy required for lignin

) . . ttack. So, during or previous to lignolysis,
long fibre sugarcane baggase, ratio of readuaﬁ ) o .
olocellulose degradation activity is shown. This
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phenomenon has been studied by Martinez 199DISR/TePP/1021/2011) for funding this research
[24] using transmission electron microscopy work

(TEM) of wheat straw degraded byP.
chrysosporium and P. eryngii and reported that
in delignified areas the middle lamella was L
degraded, causing an extensive cell
defiberization. Most of the literature on 2.
biodelignification of agricultural residues with
white rot fungi till today supports that lignin bs

is accompanied by polysaccharide loss, however
varying loss percents depends upon the culturé-
and incubation conditions. Our results are also no
exception.

Inorganic and organic nitrogen available in thes,
substrate or medium are quickly assimilated by
the fungus and free intracellular glutamate
accumulates, repressing lignolytic enzymes [25].
Reducing the nitrogen concentration in the
medium greatly enhanced degradation of lignin/-
from wheat lignocellulose b¥. chrysosporium

and C. versicolor [26,27]. Agricultural residues
bagasse, wheat straw and rice straw known t@.
contain less amount of nitrogen content than in
wood hence our results showed some what
higher delignification values than others.

CONCLUSION .

Finally comparing our data and literature data it

is clear that the effects of white rot fungi on the 10.

lignocellulose matrix is a complex phenomenon
controlled by many variables and their 14
interactions. The results observed so far seem
quite fungi-substrate specific, hence its very hard
to define general trend and reasons.
Delignification can not be predicted only by the
chemical composition of the residue, the type of

bonds hydrolysed, the type of new compounds!3-

synthesized by fungi but, other physical
characteristics of the residue also play major
roles in determining the extent and rate of
degradation.
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*Control values are for uninoculated material received the same

stetilization proess and incubation

Table 3: Biochemical changes in the lignocellulose fractin
bagasse after 28d.

White rot | Cellulose | Lignin | Hemicellulose| H/L | H/C
fungi loss loss loss ratio | ratio
P. ) 30.1 40.5 35.8 0.8 1.18
chrysosporium
L. adusta 48 345 50.4 1.4 1.0%
P. ostreatus 54.1 32 40 125 0.7%
G. 31 | 331 56 16 15
applanatum
D. flavida 32 36 41 132 1.28
Average 39.86 35.22 44.64 1.26 1.17
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Table 4: Biochemical changes in the lignocellulose fraction Fig1: Solid-state delignification of agricultural residue
of wheat straw after 28d.

White rot fungi | Cellulose | Lignin | Hemicellulose| H/L | H/C
loss loss loss

P. g
chrysosporium 38 32 34 1.06 0.89
L. adusta 50 24 43 1.79] 0.86
P. ostreatus 29 28 51 1.82 1.79
G. applanatum 41 36 33 091 038
D. flavida 28 20 56 28| 20
Average 37.2 28 43.4 167 1.26

Table: 5 Biochemical changes in the lignocellulose fractio

straw after 28d.

White rot fungi Cellulose | Lignin | Hemicellulose| H/L | H/C
loss loss loss

P. . 26.2 29 331 114 1.2
chrysosporium

L. adusta 36 26 50 192 1.3
P. ostreatus 48 36 43 1.2| 0.89
G. applanatum 51 31 44 1.41 0.8
D. flavida 20 26 51 19| 2.55
Average 36.2 29.6 44.22 141 1.

Loss of cellulose, lignin and hemicellulose is the % loss

H/L: Hemicellulose/Lignin ratio
H/C: Hemicellulose/Cellulose ratio

(A: Control, B: Inoculated with.chrysosporium).

8

Fig: 2 Chemical Composition of various agricultural

residues used in the study
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