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Abstract: The objectives of the present study were to investigate the degradation of
lignocellulosic complex of corn straw (CS) by the treatment with Pleurotus ostreatus (PO),
Pleurotus eryngii (PE) and Lentinula edodes (LE) and to determine both the most effective fungus
and incubation time. The chopped corn straws were treated with PO, PE and LE, and incubated
for 10, 20, 30 and 40 days at 26 °C. Chemical composition of control (CS-C) and treated corn
straw (CS-PO, CS-PE and CS-LE) samples were determined. The in vitro true digestibilities of
dry matter (IVTDMD), neutral detergent fiber (IVTNDFD), acid detergent fiber (IVTADFD) and
acid detergent lignin (IVTADLD) of CS-C, CS-PO, CS-PE and CS-LE were determined by
Ankom Daisy" incubator. PO treatment at 30 days incubation of corn straw increased the in vitro
true digestibility by approximately 17%. The obtained results showed that the most effective
fungus was Pleurotus ostreatus and incubation time was 30 days.

Keywords: Corn straw, digestibility, Lentinula edodes, Pleurotus eryngii, Pleurotus ostreatus.

Misir Samamnin Pleurotus ostreatus, Pleurotus eryngii ve Lentinula edodes ile
Muamele Edilerek Lignoseliilozik Kompleksin Sindirilebilirliginin Artirilmasi
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Oz: Bu galismada musir samaninin Pleurotus ostreatus (PO), Pleurotus eryingii (PE) ve Lentinula
edodes (LE) ile muamele edilip lignoseliilozik kompleksin pargalanmasi ve en etkin mantar tiirii
ile inkiibasyon zamaninin belirlenmesi amaglandi. Misir saman1 PO, PE ve LE miselleri ile
muamele edilip inkiibatdrde 26 °C*da 10, 20, 30 ve 40 giinliik inkiibasyonlara birakildi. Her bir
inkiibasyondan sonra in vitro ger¢ek kuru madde sindirilebilirligi (IVGKMS), in vitro gercek
organik madde sindirilebilirligi (IVGOMS) in vitro gergek notral deterjan fiber sindirilebilirligi
(IWVGNDFS), in vitro gergek asit deterjan fiber sindirilebilirligi (IVGADFS), in vitro gergek asit
deterjan lignin sindirilebilirligi (IVGADLS) ANCOM DAISY inkiibator teknigi ile belirlendi.
Ortalama OM, KM, NDF, ADF, ADL’nin IVGS degerleri PO, PE ve LE muamelelerinin
inkiibasyon stireleri artigina parelel olarak yiikseldi. Misir samaninin Pleurotus ostreatus ile 30
giin muamele edilmesi sonucunda musir samaninin in vitro gercek sindirilebilirliginin yaklagik
%17 artt1g1 belirlendi. Bulunan sonuglar en etkin mantar tiiriiniin Pleurotus ostreatus, inkiibasyon
stiresinin de 30 giin oldugunu gosterdi.

Anahtar kelimeler: Misir samani, sindirilebilirlik, Lentinula edodes, Pleurotus eryngii
Pleurotus ostreatus.
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INTRODUCTION

In Turkey, corn agriculture is carried out in
approximately 60 provinces and production is supported by
the government so that it increased to 5.6 million tons in
2018. The yield of corn straw was around 5.6 million tons
in 2018 (TMMOB, 2018).

The straws are rich in crude fiber due to the
containing of plant stems and leaves even stover thus the
nutritional value is very low. Microbial enzymes produced
by digestive enzymes in ruminants and rumen
microorganisms are not effective in lignin digestion. Non-
digestible lignin reduces both the digestibility and
utilization of feeds (Naser et al., 2011). For centuries,
research has been conducted to break down the
lignocellulosic complex found in cell walls of straws and
to increase the availability of cell wall elements such as
cellulose and hemicellulose. Biological (enzyme, white rot
fungi and bacteria treatment) methods, especially, white rot
fungi can depolymerize and mineralize lignin with high
molecular weight through ligninolytic enzymes (Han,
2001). The digestibility of straws depends on the
depolymerization of structural carbohydrates. With
enzymatic  degradation of macromolecules, the
digestibility of straw is increased (Fazaeli et al., 2004).
Lignocellulolytic enzymes that can be isolated from
fungiform peroxidases and oxidases, while hydrolytic
enzymes produce cellulase, hemicellulase, pectinase,
chitinase, amylase, protease, esterase, and mannase
(Godliving, 2012). Delignification can change according to
different fungi species (Akinfemi et al., 2010). White rot
fungi attack the lignin polymer and break lignol bonds and
aromatic rings hence digestibility of crop residues is
increased.

Formerly, studies on the improvement of
digestibility of crop residues by the treatment of lignin
digesting white rod fungi have been increased. In one of
the reported studies, fermentation of palm stem with P.
ostreatus for 3 months had significantly (p<0.05)
decreased the contents of NDF, ADF, hemicellulose and
lignin of palm stem. Fermentation of animal feed
ingredients with P. ostreatus to improve the quality was
suggested, especially feed used for ruminants (Metri &

Warl, 2018).
Corn stover was pretreated with Trametes
versicolor, Pleurotus  ostreatus, Phanerochaete

chrysosporium, Coriolopsis gallica, Pleurotus sajor-caju
and Lentinula edodes to investigate the potential fungus
among six fungi to enhance the production of products
such as enzymes, sugars, and ethanol. The most effective
fungus with the highest lignin degradation was determined
as 38.29% at 30 days for P. sajor-caju pretreatment (Ding
et al., 2019).
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Ceriporiopsis subvermispora was used to ferment
corn stover for increasing the degradability to produce
biomethane. Corn stover was treated with C.
subvermispora for 5-90 days then anaerobically digested.
It was indicated that the improvement resulted from the
degradation of lignocellulosic structures and bonds. C.
subvermispora had shown a high relative selectivity for
lignin degradation. The structure of the lignin and the
bonds among lignin and hemicellulose and cellulose were
broken by acetyl group removal, and the enzymatic
hydrolysis of cellulose was increased by 35.61%. The C.
subvermispora modification was one of the effective
methods for enhancing biomethane yield from corn stover
(Huang et al., 2019).

The selectivity of the three fungal species (I.
lacteus, P. ostreatus and P. chrysosporium) for the
cellulose, hemicellulose, and lignin degradation of wheat
straw was studied. The results were shown that the straw
treated with P.ostreatus had the highest (P < 0.001) lignin
to cellulose loss ratio. However, the loss ratio of lignin to
DM of the straw treated with I. lacteus and P. ostreatus was
at the same level (P = 0.897), which was significantly
greater (P < 0.001) than that of the straw treated by P.
chrysosporium (Niu et al., 2018).

Lignocellulolytic and hydrolytic  enzymes
prepared as feed additives are available however
commercial application is not practical and cost effective.
The objectives of the present study were to increase the
digestibility of lignocellulosic complex of corn straw by
the treatment of edible white rot fungi mainly PO, PE and
LE and to determine both the most effective fungus and
incubation time to prepare fermented corn straw for
ruminant nutrition.

MATERIAL AND METHODS

Chemical analyses and in vitro digestibility
experiments of treated and untreated corn straw samples
were carried out in the Ruminant Feed Evaluation
Laboratory of Department of Animal Nutrition and
Nutritional Diseases, Ondokuz Mayis University (OMU)
Faculty of Veterinary Medicine, Samsun, Turkey. White
rot fungi treatments were conducted in the Fungus
Laboratory of Department of Horticulture, OMU Faculty
of Agriculture, Samsun, Turkey.

Animals and rumen fluid: Florya Farm raises
beef cattle for their commercial meat production purpose
in Samsun, Turkey. Rumen fluid was obtained from 3 beef
cattle (400-500 kg LW and 2-3 years old) which were kept
in the Florya Farm. Animals were fed ad libitum with
compound feed composed of crushed corn, barley, wheat
bran and vetch seed, and corn straw. Rumen fluid was
collected from the rumen of slaughtered animals into the
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thermos flasks and transported immediately to the
Ruminant Feed Evaluation Laboratory of Department of
Animal Nutrition and Nutritional Diseases, OMU Faculty
of Veterinary Medicine. Rumen fluid was strained through
four layers of cheesecloth and held at 39 °C under CO till
in vitro digestibility experiments.

Feed material: Corn straw was collected from 10
farmers in Doganca, Bafra, Samsun, Turkey. Collected
corn straws were homogenously mixed and chopped into
2-3 cm in length by garden scissors. Chopped corn straws
were treated with PO, PE and LE fungi mycelium.

Biological treatment method by white rot fungi:
Biological treatment (preparation of corn straws,
sterilization, fungi mycelium inoculation and incubation
procedures) were carried out according to published
methods (Stamest, 1993; Dadayli, 2014). The chopped
corn straws were moistened approximately 23% with water
and then mixed thoroughly by hand. Then 100 g sample
was weighed and transferred into the flasks and holes were
opened in the center with the pens for the insertion of the
fungi mycelium. Then after flasks were covered with two
layers of aluminum foil to prevent contact with water and
air. The prepared samples were sterilized in an autoclave at
1 atm pressure for 1 hour at 121 °C. The treated corn straws
with PO, PE and LE fungi mycelium, incubated for 10, 20,
30 and 40 days in an incubator at 26°C. After each 10 days,
the treated corn straws were dried at 65 "C for 24 hours.
The dried white rot fungus treated samples were passed
through a mill with a diameter of 1 mm for chemical
analysis and in vitro digestibility experiments.

Chemical analysis: Dry matter (DM), crude
protein (CP), ether extract (EE) and crude ash (CA) of all
samples were analyzed according to AOAC methods
(AOAC 2006). Organic matter (OM) was estimated by
using the DM and CA values of samples. Neutral detergent
fiber (NDF), acid detergent fiber (ADF) and acid detergent
lignin (ADL) contents of samples were determined with the
method described by Van Soest et al. (1991) using the
ANKOM 200 Fiber Analyzer. Metabolic energy (ME)
values were calculated by using of ADF % values of
samples with the following equation (Kirchgessner &
Kellener, 1981). ME (MJ/kg KM) =14.70-0.150 x ADF

Preparation of bags for Ankom Daisy" in vitro
fermentation system: The bags (Ankom F57 filter bag,
Ankom Technology Corp., Fairport, NY, USA) were
rinsed in acetone for 3 min. Then they were dried at room
temperature. The dried bags were dried in an oven at 60 'C
for 8 h. and they were weighed. The bags containing
biologically treated corn straw samples were weighed (0.50
+ 0.01 g per bag, triplicate bags per treatment). The bags
were sealed by an impulse bag sealer (Ankom 1915/1920
Heat Sealer, Ankom Technology Corp., Fairport, NY,

767

J. Anatolian Env. and Anim. Sciences, Year:5, No:4, (765-771), 2020

USA). The bags without substrate were also included as a
blank.

Ankom Daisy" incubation technique: The
Ankom Daisy" in vitro fermentation system (Ankom
Technology Corp. Fairport, NY, USA) was used for the
determination of in vitro true digestibility of fungus treated
corn straw samples. The used procedure is based on the
method described by Czerkawski and Breckenridge,
(1977). Buffer solutions were prepared as described by the
Ankom Daisy" in vitro fermentation system procedure
(ANKOM, 2020). The prepared bags were placed into jars;
1600 ml buffer solution and 400 ml rumen fluid were
poured into each digestion jar. After 48 h of incubation,
bags were rinsed under running tap water and dried. NDF,
ADF and ADL contents of samples were analyzed (Van
Soest et al., 1991). The bags were then dried at 105 °C for
12 hours then burned at 550 ‘C for 4-6 hours. In vitro true
NDF, ADF and ADL digestibilities based on DM and OM
samples were estimated by using equations described in
Ankom Technology Method 3 (ANKOM, 2020).

Statistical analysis: White rod fungi (i=1,...,3)
and four incubation times (j=1,...,4) were modeled with
factorial design as following; yix= p+ a;j+ (ab)ij + ejjc where,
Yij: observation for i. fungus, u: population or overall
means, a;: effect of i. treatment group, (ab)j: interaction
effect of i. treatment group and j. incubation time, ejj:
individual error terms. The least square equation was
executed by the GLM procedure (1978). Data were
summarized with deterministic statistics with means and
their standard error of means. Differences among means
were determined by Duncan’s multiple range tests, and
also differences for interaction effects were tested with
Tukey’s range test (SAS, 2007).

RESULTS

The chemical compositions of samples are shown
in Table 1.

The invitro true NDF, ADF and ADL digestibility
values of the treated corn straw with PO are given in Table
2. Differences were found significant between
IVTNDFDpm and IVTNDFDom values of samples
(P<0.01). The IVTADLDpm and IVTADLDowm values of
the samples were not different between at 30 and 40 days
of incubation but the difference between the other
incubations were significant (P<0.01).

The true in vitro NDF, ADF and ADL digestibility
values of PE treated corn straw samples are shown in Table
3. The differences between mean IVTDpm and IVTDom
values of all samples for NDF and ADF contents were
significant  (P<0.01). However, IVTADLDpm and
IVTADLDowm values of the samples were not significant
for 20 and 30 days incubations.



Atalar & Cetinkaya, 5(4), 765-771, (2020) J. Anatolian Env. and Anim. Sciences, Year:5, No:4, (765-771), 2020

Table 1. Chemical composition of 10, 20, 30 and 40 days incubation of corn straw treated with Pleurotus ostreatus, Pleurotus eryngii and
Lentinula edudes (mean + SE).

CN% Cs-C CS-PO CS-PO CsS-PO CS-PO CS-PE CS-PE CS-PE CS-PE CE-LE CS-LE CS-LE CS-LE
od 10d 20d 30d 40d 10d 20d 30d 40d 10d 20d 30d 40d

DM 94.4+0.68 94.3x0.75 93.8+0.53 93.3+0.55 92.8+0.87 93.7+0.81 93.30.76 92.4+0.85 92.1+0.69 93.0:0.71 92.7+0.69 92.5:0.85 92.1:0.65
CA 6.80+0.35 7.35:0.43 7.20+0.39 7.01+0.49 6.70+0.85 6.90+0.76 6.80£0.37 6.20+0.88 6.10+0.91 6.51:0.67 6.50+0.90 6.32+0.33 6.20+0.48
oM 87.6+0.75 86.9+0.63 86.6+0.58 86.29+0.89 86.1+0.65 86.8+0.47 86.5+0.56 86.2+0.45 86.0+:0.69 86.5:0.56 86.2+0.79 86.1:0.68 85.9+0.74
cp 5.89+0.23° 7.50+0.312 9.0+0.43° 10.0+£0.54¢ 10.1£0.63¢ 7.68+0.47¢ 7.95£0.29 8.0+0.32° 8.80+0.54° 7.71£0.67¢ 7.98+0.65° 8.26+0.45° 8.78+0.53
EE 1.17+0.03 1.22+0.02 1.25+0.06 1.24+0.03 1.22+0.01 1.18+0.02 1.17+0.03 1.18+0.05 1.16+0.01 1.17+0.04 1.21+0.05 1.16:0.03 1.19+0.07
NDF 75.6+0.67 70.0+582 66.4+0.69"  65.5+0.55 60.8+0.71° 7340520  67.6£0.64°  67.0+0.41°  66.8+0.18"  74.4+0.63°  69.3+0.74"  67.8+0.63 66.7+:0.48
ADF 402+0.17°  38.6£0.21*  36.7+0.15°  34.7+0.34° 34.4+0.45°  37.6£0.32° 3584028  34.6:0.31°  342+026°  39.8:0.43"  39.7+0.29°  38.8+0.33" 38.4+0.30
ADL 9.90+0.112 7.5+0.10 6.50+0.11° 6.4+0.12¢ 5774013  8.15£0.15  8.01+0.15*  7.10£0.14°  4.62+0.10°  881x0.13 8210122  7.11x0.11° 6.51+0.10°
MEaor 9.30+0.10° 9.57+0.12°  9.8240.13° 10.0+0.14° 10.0+0.15° 9.70+0.13° 9.90+0.12° 10.1x0.16° 10.1x0.11° 9.40£0.12¢ 9.41x0.15° 9.70£0.18° 9.80£0.17°

abe Differences between the means with different superscripts on the same row were significant (P<0.01, n = 10). d: day, DM: Dry matter, OM: Organic Matter, CP: Crude Protein, EE: Ether Extract, CA: Crude Ash, NDF: Neutral Detergent Fiber, ADF:
Acid Detergent Fiber, ADL: Acid Detergent Lignin, ME: Metabolic Energy, CN: Crude Nutrient, CS-C: Corn Straw-Control, CS-PO: Pleurotus ostreatus treated corn straw, CS-PE: Pleurotus eryngii treated corn straw,CS-LE: Lentinula edodes treated
corn straw.

Table 2. In vitro true NDF, ADF, and ADL digestibility values IVTDopwm values of samples were statistically significant
based on DM and OM for 10, 20, 30, and 40 days of incubation (P<0.05). The differences between the mean values of the
of corn straw treated with Pleurotus ostreatus. . . -
nvitro True PO, PE and LE at the same incubation were significant
Digestibility Cs-C CS-POy CS-POx CS-POx» CS-POyg
Values (%) (P<005)
IVTNDFDom 60.73+2.54¢ 64.89+1.99¢ 69.84+1.95¢ 70.76+2.31° 74.64£2.132
IVTNDFDom 65.31+2.09¢ 68.58+1.95¢ 73.80+2.29¢ 74.78+1.97° 78.88+1.322
IVTADFDom 35.63+1.12¢ 3648+145° 36.74+1.11¢ 38.84+1.35° 40.87+1.542 H H il
IVTADFDom 36.05+1.00° 38.55+1.12¢ 38.83x141° 41.05+1.17° 432+1212 Table 5 In VI_tro true_ DM dlgestlblllty Values at Ol 101 201 301 and
IVTADLDow 44720165 6.3320.07° 637:098°  7.40:045° 40 days of incubation of corn straw treated with Pleurotus
IVTADLDom 4.24+0.18¢ 6.69+0.01° 6.73+0.09° 7.82+0.232 P .
abede Differences between lhe means with different superscripts on the same row were significant (P<0.01, n=10). 05treatus1 PIeurOtus eryng" and LentanIa edOdes-
CS-C: Corn straw control, CS-PO: corn straw treated with Pleurotus ostreatus, IVTNDFD: in vitro true NDF IVTDMD
digestibility, IVTADFD: in vitro true ADF digestibility, IVTADLD: in vitro true ADL digestibility. values based cs-C Cs-PO CS-PE CS-LE
on incubation X+SE X+SE X+SE X+SE
. . T times (%
Table 3. In vitro true NDF, ADF, and ADL digestibility values IVTDI\(/II;)m FYTESRI] 0512008 S0S2EL00 01814l
based on DM and OM at 0, 10, 20, 30, and 40 days of incubation IVTDMD2o 59.45 £ 2.29¢ 70.55 = 1.98¢ 67.18£1.340 66.96£1.77°
Of corn straw treated W|th Pleurotus eryngii_ IVTDMD30 59.45 + 1.56¢ 74.90 + 1.19° 69.18+1.63% 69.28+1.54%
Invito Tr IVTDMDao 59.45 +2.03¢ 76.50 + 1.99¢ 71.24+1.88° 73.04£1.922
vitro 1 rue Ccs-C CS-PEi CS-PEz CS-PEsp CS-PEsx abed Differences between the means with different superscripts on the same row were significant (P<0.05, n = 10).
Digestibility Values £+ SE %+ SE %+ SE K+SE +SE
(%) ) - - . . CS-C: Corn straw control, CS-PO: corn straw treated with Pleurotus ostreatus, CS-PE: corn straw treated with
IVTNDFDom 60732540 7129+1.89° 7154%1.93¢ 722742140 78431 89" Pleurotus eryngii, CS-LE: corn straw treated with Lentinula edodes. IVTDMD: in vitro true dry matter digestibility.
IVTNDFDom 6531+2.09¢ 75.34+2.04° 75.61£1.99° 76.30£2.09 82.89<1.712
IVTADFDom 35.63+1.12¢ 36.24+1.54° 36.62+1.09 38.02+1.13° 39.89+1.36*
IVTADFom 36.05+1.00° 38301150 38.70+1.09 38.18+143° 45.57+1.54*
IVTADLDpwm 4.24+0.03¢ 7.07 +0.05° 8.13£0.13% 821005
IVTADLDowm 4.47 +0.09° 7.47+0.120 8.59 £ 0.04% 8.68 £0.112
abed Differences between the meanswnh different superscripts on the same row were significant (P<0.01, n=10).CS- D I SCUSS I O N

C: Corn straw control, CS-PE: corn straw treated with Pleurotus eryngii, IVTNDFS: in vitro true NDF digestibility,
IVTADFD: in vitro true ADF digestibility, IVTADLD: in vitro true ADL digestibility.

The in vitro true NDF, ADF and ADL digestibility Chemical composition of untreated corn stover
of corn straw treated with LE are shown in Table 4 was found similar to previously published values for corn

Significant differences were found between IVTNDFDpwm stra\;v (Rusiel, 19;36; Alhassag & Aliyu, 1991). The mean
and IVTNDFDow values of samples (P<0.01). The mean DM%, CA%, EE% and OM % values of CS-C, CS-POy-

values of IVTADFDpm and IVTADFDow of samples were 40, CSO'?EN-“O? CS";E'HMO were cl;anged between 92-1?'
not significant at 10 and 20; 30 and 40 days of incubation 94.40%; 6.10-7.35%; 1.16-1.25% and 87.60-85.90%

periods but the differences among the others were respectively..
significant (P<0.01). The mean IVTADLDpm and Obtained results for DM%, CA%, EE% and OM

IVTADLDoy values of the same samples were not % values were different from the reported similar study
significant between 20 and 30 days of incubation, but the with bamboo and corn. straw (.Adenlpekun & Okunlade,
differences between the other incubation times were 2012). The reason for finding different results in our study

significant (P<0.01). may l_:)e due t.o dlfferent treatrnent .methods and the 90-day
long incubation period used in their study.
Table 4. In vitro true NDF, ADF, and ADL digestibility values PO, PE anq LE treatment of corn straw_lncrea§ed
based on DM and OM at 0, 10, 20, 30, and 40 days of incubation the CP% values in the present study at increasing
of corn straw treated with Lentinula edodes. incubation times. Akinfemi et al. (2010) reported that
In vitro True . . - -
Diesblty Valves o SN S SN S5 sorghum stover treatment with two different white rot fungi
IVTNDFDou 6073:2.54°  TLI2E1560  7220£190°  7395:2.17° 79274199 also improved d|gest|b|||ty and increased CP level. Langar
IVTNDFDom 65.31+£2.09¢ 75.16£2.27¢ 76.30+1.87¢ 78.16+1.650 83.78+1.322
IVTADFDoum 3563112 40.79+1.15 40.99+1210 4207+1 410 4231£132 et al. (1980) reported that wheat straw treated with
IVTADFDom 38.05+1.00¢ 43.11x1.37° 4332+1.11° 44.46+1.09* 4471128 R R R
IVTADLDow - 6824005 TOGNIG 82009 94l400R Agaricusbisporus fungus and incubated for 26-30 days and
IVTADLDom 6.49+0.08° 8.41+0.120 8.69 +0.15° 9.23 £0.062 ) A A ) i
D e Tt o L S T S P01 1) treated with Volvariella diplasia and incubated for 28-30
N TADFD i it rae ADF digestitity, N/ TADLD: m it e ADL digestiity - - days showed that soluble cell wall components, lignin and
hemicellulose were decreased but CP content was
The in vitro true DM digestibility values of corn increased. Obtained results for CP, NDF, ADF and ADL of
straw treated with PO, PE and LE for are shown in Table treated corn straw samples were in line with the reported
5. The differences between the incubation times of the values by Langar et al. (1980). The NDF values of CS-PO
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were found less than CS-PE and CS-LE at 30 and 40 days
incubations. The lowest NDF value for CS-PO was 60.8%
at 40 days incubation. Comparison of 10, 20, 30 and 40
days of incubations on NDF levels showed that mean
values were decreased with increasing incubation times.
The mean NDF values for 30 and 40 days were 65.5% and
60.8 % respectively. The results indicate that white rot
fungi were degraded the lignin content of CS. Similar to
our study, Bribiesca et al. (2010) reported that NDF levels
of corn straw were also decreased with PO treatment for 15
days incubation. It was also shown that the digestibility of
OM increased from 200 g/ mL to 309 g/mL after 49 days
of incubation of wheat straw with Ceriporiopsis
subvermispora fungus (Bribiesca et al., 2010).

Tuyen et al. (2012) reported that treated maize
stover with the white rot fungi Ceriporiopsis
subvermispora, Lentinula edodes, Pleurotus eryngii, or
Pleurotus ostreatus at 24 °C for 0-6 weeks, showed a linear
relationship (P<0.05) between the proportion of lignin in
the original substrate for C. subvermispora and L. edodes
treatments (R?=0.92 and 0.96, respectively). In our study,
IVTNDFD, IVTADFD, IVTADLD and IVTDMD of CS-
C, CS-PO, CS-PE and CS-LE were increased with
increasing incubation times for 0-40 days (Tables 4-7).
White rot fungus mainly Pleurotus ostreatus, Pleurotus
eryngii and Lentinula edodes treatments had a very good
effect to improve the digestibility of corn straw as
IVTNDFD reported values by Tuyen et al. (2012). Among
the estimated values of IVTNDFD, IVTADFD and
IVTADLD of fungi treated corn straw between 0-40 days
incubations as shown in Tables 6 and 7, the most effective
fungus was PO and incubation times were 30 and 40 days.
Even though the estimated digestibility of corn straw for
40 days incubated PO was similar to 30 days incubation
with the same fungus, unwanted physical appearances
occurred after 40 days of incubation time. In the
previously reported paper, in situ degradability of NDF
after PO treatment of corn stover was also increased (Diaz-
Godinez & Sanchez 2002). Biologically treated roughages
had higher digestibility for most of the nutrients (both cell
walls and cell soluble) with an increase in crude protein
content as compared to untreated material, besides
ensuring more fermentable substrates in the rumen
(Mahesh & Mohini, 2013). Inareported paper, exogenous
fibrinolytic enzyme supplementation to the high fiber
containing diet enhanced the feed intake and improved
growth performance in Lezhi black goats (Song et al.,
2018). Findings of our study also showed that all three
fungi PO, PE and LE treatments of corn straw increased
the true digestibility of NDF, ADF, ADL and DM at all
incubation times between 0-40 days (Tables 4-7). Thisisa
very good indication that treatment of corn straw with PO,
PE and LE can break the lignocellulose complexes and
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enhance its energy and protein values for ruminants.

Raghuwanshi et al. (2014) reported that wheat
straw treatment with the tannase enzymes isolated from
Ganoderma spp. increased CP by 1.28% and degraded
lignin, thus the digestibility of wheat straw was increased
(Kundu et al. 2005). Some of fungi species have high
ligninolytic activity, Pleurotus spp. is one of the type of
fungi improves digestibility of crop residues. Bribiesca et
al. (2010) demonstrated that corn straw treated with P.
ostreatus for 15 days increased the crude protein, soluble
protein, soluble carbohydrates, ash and decreased neutral
detergent fiber. In a study, Cyathusstercoreus was the best
observed among four white rot fungi (Phonerochaete
chrysosporium, Auricularia polytricha, and Sporotrichum
pulverulentum) tested with maximal ligninolytic and
minimal cellulolytic and hemicellulosic activity leading to
minimizing nutritional loss (Bakshi et al., 2011).

The ruminal degradability of various varieties of
wheat straw treated with Ceriporiopsis subvermispora and
Lentinula edodes were shown a very good degradation of
lignin on a more mature straw (89.0%) in comparison with
the straw harvested at an earlier stage (70.7%) (Nayan et
al., 2019).

Shrivastava et al. (2011) reported a significant
reduction in the number of cell wall components such as
ADF, NDF, hemicelluloses, lignin and cellulose by 35.00,
39.88, 45.00, 37.48 and 37.86% in P. ostreatus fermented
straw; 30.04, 33.85, 39.90, 31.29 and 34% in T. versicolor
fermented straw respectively. However, maximum
efficacy was observed in terms of low carbohydrate
consumption per unit of lignin degradation for P. ostreatus
on day 10 (17.12%) compared with T. versicolor (16.91%)
on day 30. Hassim et al. (2012) reported an increase in
rumen degradation of oil palm fronds leaves for white rot
fungi Ceriporiopsis subvermispora (13%) and Lentinula
edodes (10%) treatments but not for supplementation with
yeast or enzymes. White rot basidiomycetes are the most
potent lignin degraders of all known microorganisms
(Galhaup et al., 2002). Adenipekun et al. (2012) reported
that the degradation of rattan wood and maize stovers were
increased with Pleurotus ostreatus treatment, and the crude
protein in the treated substrates for both rattan wood and
maize stovers was higher than the untreated substrates
throughout the period of incubation (Adenipekun and
Okunlade, 2012). On the other hand, Belewu and Belewu,
(2005) indicated that the addition of fungal protein to rice
husk increased degradability and crude protein content of
rice husk. Jonathan et al. (2004) also reported an increase
in fungal protein when maize stovers were treated with
Pleurotus tuber-regium. Thi Huyen et al. (2019) reported
that biological treatments methods by using white rot fungi
were one of the best alternatives to improve the nutritional
value of rice straw since the effects of the utilization of
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fungal treated rice straw in the diet of sheep on feed intake
and nutrient digestibility was better than untreated or urea
treated rice straw.

CONCLUSIONS

The obtained results show that the most effective
incubation time is 30 days and white rot fungus is
Pleurotus ostreatus. The lignocellulosic complex
digestibility of corn straw was increased by 17 % at 30 days
incubation with Pleurotus ostreatus.  Besides, the
estimated digestibility of corn straw for 40 days incubated
corn straw with Pleurotus ostreatus is also close to 30 days
incubation with the same fungus, however, odor and color
changes occurred after 40 days of incubation time. Feeding
trials may be required to observe the effects of fermented
corn straw on animal productivity before putting into
commercial scale application of fermented corn straw
preparation. As a result, the present study indicated that all
studied white rot fungi Pleurotus ostreatus, Pleurotus
eryngii and Lentinula edodes have a potential to improve
the quality of corn straw for ruminant nutrition.
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