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Abstract In order to improve the digestibility and

nutrient availability in rumen, wheat straw was

subjected to solid state fermentation (SSF) with

white-rot fungi (i.e. Pleurotus ostreatus and Trametes

versicolor) and the fermented biomass (called myco-

straw) was evaluated for biochemical, enzymatic and

nutritional parameters. The fungal treatment after

30 days led to significant decrease (P \ 0.05) in cell

wall constituents viz, acid detergent fiber (ADF),

neutral detergent fiber (NDF), hemicellulose, lignin

and cellulose to the extent of 35.00, 38.88, 45.00,

37.48 and 37.86%, respectively in P. ostreatus

fermented straw, while 30.04, 33.85, 39.90, 31.29

and 34.00%, respectively in T. versicolor fermented

straw. However, maximum efficiency of fermentation

in terms of low carbohydrate consumption per unit of

lignin degradation, favoring cattle feed production

was observed for P. ostreatus on the 10th day

(17.12%) as compared with T. versicolor on the 30th

day (16.91%). The myco-straw was found to contain

significantly high (P \ 0.05) crude protein (CP; 4.77%

T. versicolor, 5.08% P. ostreatus) as compared to

control straw (3.37%). Metabolizable energy (ME, MJ/

kg DM), percent organic matter digestibility (OMD)

and short chain fatty acids (SCFAs; mmol) production

also increased considerably from control straw (4.40,

29.91 and 0.292) to a maximum up to P. ostreatus

fermented straw (4.92, 33.39 and 0.376 on 20th day)

and T. versicolor fermented straw (4.66, 31.74 and

0.334 on 10th day), respectively. Moreover, the myco-

straw had lower organic carbon and was rich in

nitrogen with lower C/N ratio as compared to control

wheat straw. Results suggest that the fungal fermen-

tation of wheat straw effectively improved CP content,

OM digestibility, SCFAs production, ME value and

simultaneously lowered the C/N ratio, thus showing

potential for bioconversion of lignin rich wheat straw

into high energy cattle feed.

Keywords Bioconversion � Fermentation � White-

rot fungi � Myco-straw � Animal feed � Metabolizable

energy � Digestibility

Introduction

Agricultural crop-residues constitute a major part of

the ruminant’s diet and among them wheat straw is

one of the most abundant plant residue available

throughout the world. However, rumen microbial
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utilization of energy-rich cell walls of wheat straw is

hindered by the presence of lignin, which limits its

overall digestion process and can significantly influ-

ence the animal performance in livestock production

systems (Basu et al. 2002). Thus, for the maximum

utilization of wheat straw as cattle feed either

complete or partial degradation of lignin from

lignocellulosic complex is necessary. Among various

pretreatment methods used to improve the digestibil-

ity of wheat straw, the biological delignification has

several advantages over chemical and mechanical

treatments, including mild reaction conditions, avoid-

ance of toxic and corrosive chemicals, higher product

yields, fewer side reactions, less energy demands and

less reactor resistance (Teymouri et al. 2005; Kuhar

et al. 2008; Okano et al. 2009).

White-rot fungi (WRF) have been studied for

degradation of crop-residues under solid-state fermen-

tation (SSF), as they are reported to degrade lignin

more efficiently than any other group of microorgan-

isms (Kuhad and Singh 2007; Kuhar et al. 2008;

Shabtay et al. 2009). The white-rot fungi mainly

degrade polysaccharide by hydrolytic enzymes

(cellulases and xylanases) and lignin by oxidative

ligninolytic enzymes such as lignin peroxidase (LiP),

manganese peroxidase (MnP) and laccase. A majority

of WRF degrade polysaccharide and lignin simulta-

neously, while some degrade lignin selectively under

SSF (Eriksson et al. 1990; Kuhad et al. 1997). SSF is a

polyfactorial event, in which the fungus, its enzymes,

physical structure of substrate, physiological factors of

fermentation and culture and nutritional conditions

play an important role in controlling lignin degrada-

tion and digestibility of fermented substrate (Zadrazil

1986).

White-rot fungi such as Phanerochaete chrysospo-

rium, Pleurotus sp. Lentinus edodes, Coriolus versi-

color Phelbia sp. and Ceriporiopsis subvermispora

have largely been studied for their ability to ferment

the different crop residues (wheat straw, olive mill

solid waste, madake bamboo etc.) to produce

improved animal feed (Zafar et al. 1989; Yadav and

Tripathi 1991; Moyson and Verachtert 1991; Tripathi

and Yadav 1992; Basu et al. 2002; Shabtay et al. 2009;

Okano et al. 2009). Recently Pleurotus ostreatus has

shown a higher rate of substrate decomposition and

increase in digestibility of cowpea shells and olive mill

solid wastes (Kinfemi et al. 2009; Shabtay et al. 2009).

For large scale production of animal feed, it is

necessary to obtain higher degradation of lignin with

minimum cellulose utilization (Jung and Vogel 1986;

Basu et al. 2002). According to Basu et al. (2002)

inoculum type/seed culture has a major role to play in

achieving high level of lignin degradation under SSF.

They further prioritized that seed culture in the form of

individual and separated pellets as opposed to mycelia,

for uniform inoculation of moist wheat straw sub-

strate. The fungal pellets as inoculum has been

reported to be advantageous as compared to filamen-

tous inoculum in obtaining decreased viscosity, desir-

able mixing, better mass and oxygen transfer into the

biomass and lower energy consumption for aeration

and agitation (Suijdam et al. 1980; Liao et al. 2007).

Thus use of fungal pellet inoculum would improve the

biodegradation of lignin and eventually improve the

digestibility of the fermented feed in ruminants.

In this study we examined the effect of fungal pellet

inoculum of Pleurotus ostreatus (F6) (Jaquin ex Fr.)

Kammer and Trametes versicolor (L. ex Fr.) Quelet

(ATCC 11235) on bioconversion of wheat straw into

improved animal feed in relation to digestibility,

secretion of degradative enzymes, metabolizable

energy and nutritive value.

Materials and methods

Substrate

Wheat straw collected locally was sieved to a uniform

particle size (1.5–2.0 cm) and dried at 60�C before

SSF. The unfermented and fermented straws were

powdered by milling in the laboratory mill (Remi

Motors, Delhi, India) and sieved (30 mesh) for

analytical purposes.

Organisms and inoculum preparation

Fungal cultures, P. ostreatus (F6) (Jaquin ex Fr.)

Kammer and T. versicolor (L. ex Fr.) Quelet (ATCC

11235) procured from Institute of Forest Botanisches,

Gottingen, Germany, were grown and maintained on

malt extract agar (MEA) containing (gl-1): malt

extract, 20.0; KH2PO4, 0.5; MgSO4�7H2O, 0.5;

Ca(NO3)2�4H2O, 0.5; agar, 20.0 (pH 5.5) at 30�C

(Dhawan and Kuhad 2003, Vasdev et al. 2005). The

cultures were stored at 4�C and sub-cultured every

fortnight.
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Inoculum was prepared by growing each fungus in

250 ml Erlenmeyer flasks having 50 ml of sterile malt

extract broth (MEB). Each flask was inoculated with 2

mycelial discs (8 mm dia. each) from the periphery of

7 days old fungal culture growing on MEA. The

mycelial mat thus obtained was further homogenized

and inoculated in 2 l Erlenmeyer flasks containing

500 ml MEB each. The flasks were incubated on a

rotary shaker (Innova 43, New Brunswick Scientific,

Germany) at 200 rpm and 30�C for 4 days and the

pellets formed were used as inoculum. The fungal

mass was separated from the culture broth by filtering

through dried and preweighed whatman filter paper

no. 1. The fungal pellet mass was thoroughly washed

with deionized water and weighed after drying at 55�C

till constant weight.

Solid state fermentation

Enamel trays (25 9 20 cm2) containing 50 g of wheat

straw were moistened with mineral salt solution

containing (gl-1): KH2PO4, 0.5; MgSO4�7H2O, 0.5;

Ca(NO3)2�4H2O, 0.5 (pH 5.5) and autoclaved at 121�C

for 15 min. Each sterilized tray was inoculated with

desired volume of inoculums to obtain 0.25 g ± 0.016

(0.5% w/w) of fungal dry mass. Sterile mineral salt

solution was added to the trays to obtain a final

substrate to moisture ratio of 1:3 and incubated at 30�C

for 30 days. The uninoculated trays without fungal

mycelia were used as control. The trays in duplicates

were harvested at a regular interval of 5 days and a

fixed amount of wet fermented straw was taken out for

enzyme extraction. Weight loss of wheat straw was

determined by deducting the oven dried myco-straw at

60�C to a constant weight from the weight of dried

unfermented (control) straw.

Enzyme assays

The myco-straw (wheat straw along with fungal

mycelium; 5 g wet weight) removed aseptically from

flasks after various intervals, was suspended in 20 ml

acetate buffer (20 mM, pH 5.0) and shaken gently for

2 h. The extrudates were squeezed through muslin

cloth for maximizing the enzyme extraction and

centrifuged at 67089g for 20 min at 4�C. The enzyme

solution thus obtained was assayed for various

enzyme activities. Laccase (E.C. 1.10.3.2) activity

was determined by monitoring the A420 change related

to the rate of oxidation of 1 mM 2,20-azinobis-

[3-ethylbenzothiazoline-6-sulfonic acid] (ABTS, e =

36,000 cm-1 M-1) following the method described

by Paavola et al. (1990). The assay was performed in

1 ml cuvette at 25�C with 100 ll of adequately diluted

culture liquid, 100 ll of 1 mM ABTS and 800 ll of

50 mM sodium acetate buffer (pH 5.0). One unit

of enzyme activity (U) was defined as the amount of

enzyme which leads to the oxidation of 1 lM of

ABTS/min. Laccase activity was calculated as

follows:

Enzyme U=mlð Þ ¼ DD� V� 106=DE e� Dt

where DD = O.D difference for 1 min; V = volume

of assay mixture (1 ml); DE = volume of enzyme

(100 ll); e = Molar extinction coefficient (36,000

cm-1 M-1 for ABTS); Dt = time in minutes (1 min)

Enzyme units=g of substrateð Þ¼ fEnzyme units=mlð Þ
�volume of total enzyme solution

obtained after harvestingg=
Dry weight of solid substrate myco-strawð Þf g

Manganese dependent peroxidase (MnP) activity

(E.C. 1.11.1.13) was measured by oxidation of DMP

(2,6-dimethoxy phenol, e = 27,500 cm-1 M-1) in the

presence of H2O2 and MnSO4. Increase in absorbance

was measured with spectrophotometer A469 nm and

one unit of enzyme activity (U) was defined as the

amount of enzyme catalyzing the oxidation of 1 lM of

DMP/min (Martinez et al. 1996). Presence of laccase

activity was corrected as laccase assay was performed

in 3 ml cuvette with 500 ll of adequately diluted

culture liquid, 500 ll of 1 mM MnSO4, 1.0 ml of

50 mM sodium acetate buffer (pH 5.0) and 1 ml of

1 mM DMP without addition of H2O2. The xylanase

activity was determined by measuring the release of

reducing sugars from Birchwood xylan (1.0% w/v) by

dinitrosalicylic acid method (Miller, 1959). The assay

mixture consisted of 490.0 ll of substrate in citrate–

phosphate buffer (100.0 mM; pH 6.0) and 10.0 ll of

enzyme solution. The reaction mixture was incubated

at 60�C for 10.0 min. One unit of xylanase was defined

as the amount of enzyme required to release 1 lM of

xylose from Birchwood xylan in 1 min under the

standard assay conditions described elsewhere

(Kapoor et al. 2008; Kuhar et al. 2008).
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Proximate and chemical composition of wheat

straw

The dried straw was analysed in triplicates for

moisture content, dry matter, ether extract, crude

fiber, total carbohydrate, CP and total ash (AOAC

1995). The contents of ADF, NDF, cellulose, hemi-

cellulose and lignin were determined by methods

described by Van Soest (Goering and Van Soest

1970; Van Soest et al. 1991). Carbon and Nitrogen in

fermented samples were estimated using CHNS

analyzer (Elementar—Vario EL III, Analysensysteme

GmbH, Germany). Percent efficiency of SSF process

is expressed as the loss of lignin compared to

carbohydrate breakdown and calculated using the

method described by Moyson and Verachtert (1991).

Losses of components of wheat straw after treat-

ment were calculated as follows:

U1 ¼ G0C0 � G1C1ð Þ=G0C0½ � � 100

Where, G0 and G1 are the substrates dry weight at the

beginning and end of fermentation. C0 and C1 are the

dry weights of the components at the beginning and

end of fermentation.

Estimation of in vitro gas production, ME, OMD

and SCFAs production

Mineral buffer solution was prepared and placed in a

water bath at 39�C under continuous flushing with

CO2. Rumen fluid was collected into pre-warmed

insulated bottles and filtered through three layers of

muslin cloth and purged with CO2. Thereafter, this

rumen fluid was added to the mineral buffer solution

(1:2 v/v), and mixed. Samples (200 ± 10 mg) of pre-

dried fermented straw were accurately weighed into

syringes fitted with plungers. Buffered rumen fluid

(30 ml) was pipetted into each syringe, containing the

feed samples, and the syringes were immediately

placed into the water bath at 39�C. Three syringes

with only buffered rumen fluid were incubated and

considered as blanks. The syringes were gently

shaken after every 2 h and the gas production was

recorded after 24 and 48 h of incubation. Total gas

values were corrected for the blank incubation and

reported gas values are expressed in ml per 200 mg of

dry matter (DM). The post incubation parameters

such as ME and OMD were estimated at 24 h (GP24)

post gas collection according to Menke et al. (1979)

and Menke and Steingass (1988). While, the short

chain fatty acids (SCFA) were predicted according to

Getachew et al. (2002).

Statistical analysis

Differences in various components through fungal

treatments were tested by one way analysis of

variance (ANOVA) followed by Bonferroni’s pos-

thoc test (P \ 0.05). Statistical analyses were per-

formed using SYSTATE (6.0.1) software. However,

the level of significance was tested between control

and fungal treatments of wheat straw on different

incubation periods.

Results and discussion

Enzyme production and substrate transformation

during fungal fermentation of wheat straw

Lignocellulosic residues have been shown to stimu-

late enzyme production by basidiomycetes (Eichler-

ova et al. 2000). In this study, P. ostreatus produced

maximum laccase (3518 U/g) and MnP (213.4 U/g)

on the 10th day, while T. versicolor exhibited

maximum laccase (2711 U/g) and MnP (834 U/g)

production on 5th day and the enzyme production

declined thereafter in both the fungi (Figs. 1, 2). A

second peak in laccase and MnP production was

observed for P. ostreatus and T. versicolor on 25th

and 20th day, respectively. Whereas maximum

xylanase activity obtained for P. ostreatus and
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Fig. 1 Ligninolytic and Xylanolytic activities of P. ostreatus
during the cultivation on wheat straw
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T. versicolor were 16 and 14 U/g, respectively on 5th

day and xylanase production declined thereafter.

However it peaked again after 20–25 days for

P. ostreatus (Fig. 1) and 15 days for T. versicolor

(Fig. 2). The twin peak in enzyme production during

studied process could be attributed to mycelial

autolysis and release of mycelial bound enzymes or

it might be due to nitrogen starvation in the second

phase of cultivation (Arora et al. 2002; Dhawan et al.

2005; Gupte et al. 2007).

Both fungi colonized and degraded wheat straw

rapidly and brought about variable dry matter loss

(DML). P. ostreatus resulted in a higher DML in

wheat straw (30.9%) as compared to T. versicolor

(24.38%) after 30 days of incubation. Interestingly,

P. ostreatus exhibited a higher DML at the initial
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Fig. 2 Ligninolytic and Xylanolytic activities of T. versicolor
during the cultivation on wheat straw

Table 1 Chemical composition (g/100 g DM) of wheat straw subjected to treatment with P. ostreatus for various incubation periods

Days of

incubation

Parameters

Weight ADF NDF HC Lignin Cellulose CP ESSF

(%)

0 100 48.97 ± 0.29 79.78 ± 0.41 30.81 ± 0.69 9.77 ± 0.08 34.10 ± 0.21 3.37 ± 0.35 –

5 94.88 ± 1.17 47.95 ± 1.24 74.60 ± 1.71 26.65 ± 2.91 9.22 ± 0.98 33.28 ± 1.50c 3.67 ± 0.30 11.12

10 84.68 ± 0.57 41.98 ± 0.58c 66.41 ± 3.28c 24.44 ± 3.77 7.77 ± 0.28b 28.77 ± 0.37c 3.72 ± 0.36 17.12

15 73.58 ± 3.07 35.27 ± 1.15c 55.78 ± 2.37c 20.51 ± 2.83a 6.73 ± 0.21c 24.2 ± 0.98c 4.08 ± 0.10 15.03

20 71.15 ± 0.50 33.70 ± 1.29c 51.99 ± 2.44c 18.29 ± 3.63b 6.36 ± 0.44c 22.92 ± 1.40c 4.17 ± 0.22 14.40

25 70.46 ± 2.19 33.28 ± 1.26c 50.76 ± 2.31c 17.49 ± 2.62b 6.26 ± 0.78c 22.37 ± 0.73c 4.64 ± 0.47b 14.72

30 69.10 ± 1.34 31.83 ± 1.16c 48.76 ± 1.94c 16.93 ± 3.10b 6.11 ± 0.19c 21.19 ± 1.31c 5.08 ± 0.14c 10.98

ADF Acid detergent fiber, NDF Neutral detergent fiber, HC Hemicellulose, CP Crude protein, ESSF Efficiency of SSF

Data are presented as mean ± SD of 3 replicates: Significance (a p \ 0.05; b p \ 0.01; c p \ 0.001)

Table 2 Chemical composition (g/100 g DM) of wheat straw subjected to treatment with T. versicolor for various incubation

periods

Days of

incubation

Parameters

Weight ADF NDF HC Lignin Cellulose CP %

ESSF

0 100 48.97 ± 0.29 79.78 ± 0.41a 30.81 ± 0.69 9.77 ± 0.08 34.10 ± 0.21 3.37 ± 0.35 –

5 96.73 ± 0.40 46.30 ± 1.37 74.32 ± 2.23c 28.03 ± 2.72 9.52 ± 0.35 31.38 ± 1.05 3.85 ± 0.24 4.61

10 93.70 ± 0.34 45.05 ± 1.44a 69.91 ± 1.71c 24.86 ± 1.16b 9.04 ± 0.53 29.95 ± 1.49a 3.86 ± 0.20 7.20

15 92.87 ± 0.56 43.97 ± 0.68b 68.21 ± 1.38c 24.24 ± 0.78b 8.9 ± 0.24 29.69 ± 0.45b 3.81 ± 0.39 7.94

20 86.07 ± 1.10 39.62 ± 1.19c 61.06 ± 2.54c 21.44 ± 1.37c 7.82 ± 0.61c 26.52 ± 0.93c 4.59 ± 0.69a 11.50

25 77.90 ± 1.34 34.69 ± 1.67c 53.93 ± 2.08c 19.23 ± 0.52c 7.00 ± 0.06c 22.15 ± 1.65c 4.77 ± 1.16b 14.00

30 69.61 ± 2.72 34.26 ± 1.44c 52.78 ± 0.45c 18.52 ± 1.81c 6.70 ± 0.16c 22.50 ± 1.33c 4.69 ± 0.22a 16.91

ADF Acid detergent fiber, NDF Neutral detergent fiber, HC Hemicellulose, CP Crude protein, ESSF Efficiency of SSF

Data are presented as mean ± SD of 3 replicates: Significance (a p \ 0.05, b p \ 0.01, c p \ 0.001)
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stage of SSF and comparatively caused lesser DML

after the 15th to 30th day of SSF (Tables 1, 2). While,

T. versicolor colonized straw poorly in the initial

stage of SSF and caused a comparatively less DML,

which increased after 15th day of SSF. The degra-

dation of lignin was higher in P. ostreatus treated

straw (37.48%) compared with T. versicolor

(31.29%) with a decrease in cellulose content up to

37.86 and 34.00%, respectively till the 30th day.

However, when statistically analyzed the difference

in lignin degradation between P. ostreatus and

T. versicolor was not found significant (P = 0.070).

The high loss in cellulose in the present study is well

in accordance with the findings of Okano et al.

(2006), where despite being a selective lignin

degrader Ceriporiopsis subvermispora caused higher

cellulose loss than Lentinus edodes, which is not a

selective lignin degrader. This could be because of

difference in cell wall assembly and chemical struc-

ture of lignin and lignin–carbohydrate complex.

P. ostreatus and T. versicolor both degraded ADF,

NDF and hemicellulose up to 35.00, 38.88, 45.00 and

30.04, 33.85, 39.89%, respectively after 30th day of

incubation (Table 3). The decrease in ADF, NDF and

hemicellulose was more pronounced during preli-

minary stage of SSF with P. ostreatus, but in contrast,

degradation of ADF, lignin and cellulose with

T. versicolor was more apparent after 20 days of

incubation. Moreover, T. versicolor exhibited ini-

tially greater consumption of hemicellulose and

lesser but consistent cellulose consumption through-

out the SSF of straw, indicating its simultaneous

degrading nature (Table 3). Arora and Sharma (2009)

also reported an increase in DML along with

hemicellulose and cellulose degradation and P. ostre-

atus was found to dominantly degrade the lignin over

hemicellulose and cellulose. Adamovic et al. (1998)

while studying the biodegradation of wheat straw by

P. ostreatus for cattle feed production also reported

the similar pattern of degradation and the fungus

consumed more hemicellulose (27%) than cellulose

and lignin (3.75% and 20%, respectively) till the 30th

day of incubation. Various workers have reported

similar degradative capabilities of both the fungi and

showed DM, hemicellulose, cellulose and lignin

losses ranging from 5–50, 2–20, 5–30 and 2–40%,

respectively (Yadav and Tripathi 1991; Tripathi and

Yadav 1992; Shabtay et al. 2009).

The degradation of wheat straw (i.e. in terms of

substrate weight loss, lignin, cellulose and hemicel-

lulose degradation) continued throughout the studied

period and substrate degradation was not found to be

directly correlated with the production of laccase,

manganese peroxidase and xylanase by P. ostreatus

and T. versicolor (Figs. 1 and 2, Table 3), as has been

reported by Li et al. (2008) and Mendonca et al.

(2008). Recently, Sharma and Arora (2010) have also

observed that the enzyme production profile could not

be correlated well with the degradation of specific

polymer, which showed that fiber degradation not

only depends upon the production of the enzymes but

also regulated by a variety of physiological factors.

The progressive degradation of the substrate by

Pleurotus ostreatus and Trametes versicolor through-

out the studied process could be as a consequence of

several enzyme complexes working in consortia and

are active at different stages of incubation. It is well

documented in the literature that several additional

Table 3 Disappearance (%) of cell wall components in wheat straw subjected to treatment with P. ostreatus (PO) and T. versicolor
(TV) for various periods

Days of incubation Disappearance (%) of cell wall components

DML ADF NDF HC Lignin Cellulose

PO TV PO TV PO TV PO TV PO TV PO TV

5th day 5.12 3.26 2.09 5.46 6.50 6.84 13.50 9.04 5.67 2.60 2.41 7.97

10th day 15.32 6.30 14.28 8.00 16.75 12.38 20.69 19.33 20.52 7.45 15.64 12.18

15th day 26.42 7.12 27.98 10.21 30.08 14.50 33.43 21.34 31.09 8.93 29.03 12.92

20th day 28.85 13.92 31.18 19.10 34.83 23.47 40.64 30.41 34.92 19.94 32.79 22.22

25th day 29.85 22.10 32.05 29.15 36.37 32.40 43.25 37.57 35.91 28.40 34.39 35.03

30th day 30.9 24.38 35.00 30.04 38.88 33.85 45.05 39.89 37.48 31.29 37.86 34.00

DML dry matter loss, ADF acid detergent fiber, NDF neutral detergent fiber, HC hemicellulose
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enzymes such as glyoxal oxidases, Cellobiose oxi-

dase, Cellobiose oxidase: quinone oxidoreductases

(CBQase) are reported to play an important role in

substrate degradation (Cullen and Kersten 1996).

Pleurotus ostreatus and Trametes versicolor exhib-

ited maximum SSF efficiency (*17%) on 10th and

30th day of incubation, respectively. Higher SSF

efficiency resulted in better assimilation of nutrients

for fungi and thereby causing a consistent increase in

CP content of myco-straw (41–50%) (Tables 1, 2).

Similarly Basu et al. (2002) also reported the maxi-

mum desirability coefficient on the 6th day (achieving

19.5% lignin and 17.8% cellulose degradation)

although the fungus kept continued to degrade the

substrate thereafter as well. In addition to that, our

results showed lower C/N ratio in fermented substrate,

however P. ostreatus consistently brought it down to a

minimum of 40.45 (30th day) compared with

T. versicolor (54.62 on 30th day) and control (77.6)

(Fig. 3). This observation is consistent with the earlier

report of Bisaria et al. (1997).

In vitro gas production (IVGP) and estimated

parameters (ME, OMD and SCFAs)

Pleurotus ostreatus and Trametes versicolor fer-

mented straw when tested, produced more gas

(IVGP) (18.25 and 16.5 ml/200 mg DM, on 20th

and 10th day, respectively) as compared to the

unfermented straw (14.75 ml/200 mg DM). The

elevation in gas production evidenced the higher

availability of ME (MJ/kg DM) and increase in

percent OMD in straw fermented with P. ostreatus

(4.92, 33.39) and T. versicolor (4.66, 31.74) on the

20th and 10th day, respectively than in unfermented

straw (ME: 4.4, OMD: 29.91). Similar higher gas

production (11–13 ml/100 mg unfermented and

13.5–14 ml/100 mg in fermented) is reported by

Okano et al. (2005) in wheat straw degraded by

Pleurotus sp. Moreover, in the present study, ME and

OMD in P. ostreatus and T. versicolor fermented

straw were observed to be declined after 20th and

10th day, respectively which could be attributed to

the addition of degradable nitrogen compound to fiber

rich feeds and due to that improved capturing of

nutrients and higher production of microbial protein

and the carbon source may possibly be diverted from

gas to microbial protein (Menke and Steingass 1988).

The maximum increase in ME, OMD and SCFAs

were 11.81, 11.63, 28.76% and 6.00, 6.11, 14.3% for

P. ostreatus and T. versicolor, respectively on the

20th and the 10th day of incubation (Table 4).

Zadrazil and Puniya (1995) also reported that cultur-

ing bagasse with P. eryngii raised OMD (3–16%).

Similarly, Kinfemi et al. (2009) reported an increase

in OMD (45.65–62.14%) and ME (6.97–9.41 MJ/kg

DM), while degrading cowpea husk using P. ostre-

atus for ruminant feed production. They correlated an

increase in CP with OMD and described that fungal

degradation of cellulose and hemicelluloses into

monomers could serve as a carbon source for the

fungus to produce biomass and high gas production.

Although the decrease in hemicellulose and cellulose

causes a loss of nutrients as feedstuff, this undesirable

change in fungal treatment could be compensated by

increase in digestible substrate, consequently provid-

ing higher gas production.

Higher digestibility also resulted in elevated

production of SCFAs which was found to be 0.376

and 0.334 mmol for P. ostreatus and T. versicolor,

respectively on the 20th and the 10th day. The

elevation in SCFAs concentration might have

resulted in part from more active digestion of fiber

in straw, which may support the hypothesis that

increased level of rumen N may result in an increased

available amount of energy from low quality straw

(Kinfemi et al. 2009). Blummel and Orskov (1993)

have found that gas production from feed incubated

in vitro in rumen fluid is closely related to the
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production of SCFAs, which is based on carbohydrate

fermentation and a high gas production is expected to

yield higher value of SCFAs. High SCFAs production

in the present study suggests that more energy was

available to the ruminant in the myco-straw than

unfermented wheat straw.

Conclusion

The present findings suggest that P. ostreatus, an

edible fungus can potentially be used for the biocon-

version of wheat straw into enriched animal feed.

Furthermore, the optimization of fungal inoculum in

the form of pellets and minimizing the period of SSF

is highly recommended for improving the animal

feed.
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