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This study was conducted in Ambo university, Ethiopia to evaluate the effect of white rot fungi 

Pleurotus ostreatus (PO) on organic matter (OM) composition, mineralization and fiber 

constituents of crop residues (wheat straw and maize stover), and their chopped mixtures at different 

levels. The experimental treatments were arranged in a completely randomized design (CRD) with 

three replications for each treatment into a treated and untreated groups. For chemical analysis, the 

spawn (Mushroom seed) of Pleurotus ostreatus was developed on yellow colored sorghum grain, 

wheat bran and calcium sulfate was prepared and used for the treatment of different levels of crop 

residues (wheat straw and maize Stover) at 100%; 75%: 50%, 25% wheat straw and 25%, 50%, 

75% and 100% maize stover. The data obtained from the experiment were subjected to analysis of 

variance (ANOVA) in a generalized linear model (GLM) of statistical analysis software (SAS 

Version-20). The result of the experiment showed that treating/incubating wheat straws and maize 

stover and their mixtures at different levels with PO significantly (P<0.05) reduced the neutral 

detergent fiber (NDF). Acid detergent fiber (ADF) and acid detergent lignin (ADL) were also 

significantly reduced by 6.32% and 5.27%, respectively. The fungal treatment similarly improved 

(P < 0.05) mineral composition of the crop residues in all treatments; and the rate of changes 

occurred in mineralization were significant, appearing to range between 12.31±.01 and 22.99±.01 

for wheat straw and maize stover, respectively. This suggested that the Pleurotus ostreatus could 

be used in treating low quality roughage feeds such as wheat straw and maize stover to enhance 

their feed value through reducing the less digestible fiber fractions such as ADF and ADL; and 

improving mineralization.  
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Introduction 

Livestock production plays a critical role in food 

security globally as demand always exceeds supply (Abu 

et al., 2019). Increase in human population and improved 

income has similarly led to increased demand for animal 

origin foods. Despite large demand of livestock and their 

products in developing countries, the productivity per head 

of livestock is usually low because of various factors. In 

Africa, specific novel feed resources such as native plants, 

agricultural by-products, food processing by-products, and 

even weeds are being explored to improve food security 

and circular economy through livestock feed.  

The most important cause of poor livestock 

productivity in tropical regions of the world is inadequate 

nutritional values and poor quality feeds (Duguma, 2021). 

Among animal feeds, forage makes the major and most 

economical source of energy for ruminants and a 

significant component of their diet, ranging from 40 to 

100% (Trujillo et al., 2010; Adesogan et al., 2019).  

The major feed resources in the tropics including 

Ethiopia are crop residues such as cereals, namely, maize 

(Zea mays), teff (Eragrostis tef), sorghum (Sorghum 

bicolor (L.) straws and roughages which are high in fiber. 

Moreover, these feed resources are characterized by their 

low digestibility, due to non-polysaccharide components 

such as phenolic acids and lignin putting them in the 

category of lower feed. For example, corn stover is 

reported found in abundance and underutilized as animal 

feed due to the inherent challenges of high fiber content 

(Bhandari, 2019; Singh, 2021). Yet, forage is composed of 

fiber, which limits its intake and digestibility since fiber 

http://creativecommons.org/licenses/by-nc/4.0/
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consists of structural carbohydrates (Van Kuijk et al., 2015; 

Lee, M. A., 2017), such as hemicellulose, and cellulose, 

complicated with lignin, which is known the primary 

component of forage that limits the digestion and 

digestibility of forages (Tarasov 2018). These fibrous 

fractions (hemicellulose and cellulose, complicated with 

lignin) are not degraded in the body of animals through the 

virtue of endogenous enzymes. Thus, microorganisms able 

to degrade these compounds, including fungi as well as 

actinomycetes and other bacteria, have an important role in 

increasing digestibility subsequently improving their 

feeding value (Jalk et al., 1998). 

Wheat straw mostly in the mid to highland areas, and 

maize stover in the mid to lowland regions of the country 

are among the dominant cereal origin crop residues in 

Ethiopia. However, on top of their poor nutritive value, the 

fact that the interventions from the side of biological or 

physical processing technologies are apparently low in the 

farming community. Hence, being among the dominant 

feed resources, particularly in the mixed crop-livestock 

farming communities, options should be sought to make 

better use of these agricultural by-products. To enhance 

straw quality, three main methods: (physical, chemical, 

and biological treatments) have been mostly suggested so 

far to improve the nutritional quality of straws and 

agricultural by- products (Tuyen et al., 2012). In this 

regard, lignin degradation is important for enhancing the 

digestibility and improving the nutritive quality of 

ruminant feeds (Arora and Gill, 2005).  

Biological agents such as fungi were reported to have 

extracellular enzymes such as laccase, manganese peroxidase, 

and lignin peroxidase that can degrade lignin in cell walls, and 

white rot species were identified to be suitable with no side 

effects for optimal improvement of crop residues (Gargano, 

2017). Among these are white-rot fungi, which are capable of 

decomposing and mineralizing plant cell components (Yu et 

al., 2009). Selective white rot fungi are believed effective at 

degrading lignin (Meehnian and Jana, 2017) and reducing 

fiber contents of low quality feeds thereby enhancing the 

utilization of these feed resources. In the past decades, efforts 

have been made to remove the lignin and/or to break-up the 

linkages between lignin and carbohydrates, and increase their 

feed values by biological treatments (Valdes et al., 2015). 

Hence this study was aimed to use the white rot fungi 

(Pleurotus ostreatus) treatment as an alternative and then 

investigate its role in influencing the feed value of the low 

quality crop residues.  

 

Materials and Methods 

 

Description of the Study Area 

The study was conducted in Ambo University main 

campus, Department of Microbiology. The study site is 

located at 120 km West of the capital city of the country 

(Addis Ababa) along latitudes and longitudes of 8, 59’N 

and 37°51’E respectively; and at elevation of about 2101 

m.a.s.) in the Ambo town.  

 

Fungal Culture and Maintenance  

The fungal strain, Pleurotus ostreatus (Oyster 

mushroom) was obtained from the Microbiology 

Laboratory, Department of Biology, Ambo University. A 

pure culture of Pleurotus ostreatus was transferred on to 

potato Dextrose Agar (PDA) and malt extract agar (MEA) 

prepared in the laboratory using fresh potato 250g glucose 

(Dextrose), 20g agar and Chloramphenicol 0.2g in 1000 

m1 of water. The medium was poured into the petri dishes 

and allowed to cool under aseptic condition in a laminar 

flow chamber. The cooled and solidified medium was then 

inoculated by a 1cm x1cm agar block of the fungal strain 

and incubated at 28°C. The growth of the culture and 

presence of contamination were visually inspected at three 

days’ intervals.  

 

 
Figure 1. Fungal (Pleurotus ostreatus) Culture in the Petri 

dish 

 

Spawn Development  

In this study, the spawn (Mushroom seed) of Pleurotus 

ostreatus was developed on yellow colored sorghum grain, 

wheat bran and calcium sulfate (gypsum) in the ratio of 

88:10:2 respectively according to Dawit, (1998). The 

required amount of sorghum grain was weighed and soaked 

overnight in sufficient amount of water. The grain was then 

washed and drained to remove the dead and floating seeds 

with water. After removing the excess water from the 

grain, the required amount of wheat bran and gypsum 

(CaSO4. 2H2O) were added and transferred to a 1000 ml 

glass bottles (75% filled) leaving a head space over the 

grain and autoclaved at 1210C temperature for 45 min. 

After cooling, each bottle was inoculated with 20g agar 

blocks (1 cm x1cm) of a 15-day old mushroom culture 

from the Petri dish and incubated for 21 days at 280C until 

the substrate was fully colonized by the mycelia invasion 

and contaminator was inspected at five-day intervals.  

 

Collection and Pre-treatment of Crop Residues 

Wheat straw and maize stover were collected during the 

harvesting time and pre-treated for inoculation using white rot 

fungus strain (Pleurotus ostreatus). They were collected from 

three/nearby ‘kebeles’ (‘Kebele’ is the smallest administrative 

structure in Ethiopia) namely (Senkale Faris, Awaro Kora and 

Kisose) and stored at cool and dry place prior to processing 

and utilization for the experiment. Before the inoculation 

process, the collected crop residues were chopped into 2 to 

3cm lengths by using multi-purpose feed processing 

machine/chopper, and then the straws were sun dried for 3 to 

5 days and stored at room temperature.  
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Fungus Culture Preparation, Spawns and 
Inoculation 

Initially, pure culture of commercially available fungus 
strains was developed on potato dextrose agar plates at 25OC 
for 7 days, and kept at 28OC until fungus mycelium would 
cover the entire agar plates. The spawn of fungus was 
prepared by mixing different substrates such as white 
sorghum, calcium sulphate and calcium bicarbonate 
according to developed protocols and guidelines for spawn 
preparation. The substrates were used for spawn preparation 
vary based on the amount of spawn needed to be prepared 
for inoculating crop residues. For the larger polypropylene 
spawn bags, the following recipe were 670g sorghum grain, 
330 ml water, 12 g calcium carbonate (lime) or 2 teaspoons, 
4g calcium sulphate (gypsum) or 1 teaspoon were mixed and 
sterilized for 120-150 minutes. Pleurotus ostreatus (PO), 
was used to inoculate the straw, at the rate of 3.5 kg spawn 
per 100 kg straw dried weight basis. 

 
Experimental Design and Treatments 
Table 1, presents the treatment combination to test the 

role of ‘Pleurotus ostreatus’ fungi in straws. Two crop 
residues (wheat straw and maize stover) in a setup of five 
different levels x 3 replication for each treatment category 
(with and without white rot fungi (P. ostreatus) and thus, a 
total of 30 observations) were used for the experiment. 
These crop residues were mixed at different levels of 
reciprocities. Then 200g of the sample of crop residues 
were used across all the treatments. 

The different levels of crop residues (wheat straw and 
maize Stover) were: 100%; 75%: 50%, 25% wheat straw 
and 25%, 50%, 75% and 100% maize stover. 

 
Chemical Analysis  
After completing days of incubation (17-21days), half 

of the bags (100gm from each replication) were removed 
from the fermentation room, and dried under the sunlight 
and sampled for chemical composition. The sub samples 
were dried at 650C for 48 hours and milled by Whilley mill 
with a sieve size of 1 mm. Thus, DM and ash were analyzed 
using the procedures of AOAC (1990). For ash 
determination, dried samples were ignited in a muffle 
furnace at 550°C for 4 hrs. The OM was calculated as the 
difference between 100 and ash content. Neutral detergent 
fiber (NDF), Acid detergent fiber (ADF) and Acid 
detergent lignin (ADL) were analyzed using the procedure 
described by Van Soest and Robertson (1985). 

The samples (1g each) were placed into polyester mesh 
bags (Ankom F57) and sealed; these bags and 2000 mL of 
neutral detergent were put into an ANKOM 200i semi-
automatic fiber analyzer (ANKOM Technology Corp, 
Fairport, NY, USA) at 100°C for 60 min. Then, the bags 

were washed to neutral with distilled water, dried, and 
weighed. The dried residue represents NDF. The remaining 
samples and 2000 mL of acid detergent were put into the 
semi-automatic fiber analyzer at 1000C for 60 min, then the 
bags were washed to neutral with distilled water, dried, and 
weighed. The dried residue represents ADF, whereas the 
loss represents hemicellulose. The dried residue was 
soaked in 72% (v/v) H2SO4 and kept at 250C for 2hrs. 
Afterwards, the bags were washed to neutral with distilled 
water, dried, and weighed and the loss represents cellulose. 
The remaining samples were kept at 5500C for 3h in a tared 
crucible and reweighed to calculate the loss as ADL.  

 
Statistical Analysis and Model Set 
All the collected data from the experiment such as 

chemical composition and mineralization and rate of changes 
in these parameters were subjected to General Linear model 
in SAS (Version 20), (2020). Data were tested for normality 
and homogeneity of variance before applying ANOVA. 
When statistical significance was declared, the least 
significance difference (LSD) was used to compare the 
means. The experiment was designed in a completely 
randomized design (CRD) and the model used was: Yijk = Pi 
+ Lj + eij+pilij; where: yijk: response variable, Pi = effect of 
fungi treatment (PO), Lj = level of straw (wheat and maize); 
and PiLj = interaction effect (of fungal treatment, the level and 
type of crop residues), and eij = random error. 

 
Results  

 
Chemical Composition of Treated Wheat Straws and 

Maize Stover  
The experiment conducted on investigating the effect 

of chemical composition of treated wheat straws and maize 
stover and their mixtures at varying levels addressed the 
dry matter (DM), organic matter (OM), ash, and fiber 
fractions of these crop residues considered for the trial. 

  
Dry Matter, Organic Matter and Ash Compositions of 

Treated and Un-Treated Straws  
The dry matter (DM), organic matter (OM), and ash 

composition of maize stover, wheat straw and mixture are 
presented in Table 2. The study revealed that the mean and 
standard deviation (SD) DM composition of wheat straw 
under T1 was 90.73±0.17 whereas it was 91.82±0.17 for 
maize stover under T5 with a mean of 91.21 in the PO 
(Pleurotus ostreatus) untreated group. For the PO treated 
crop residue, the mean DM composition 90.23±0.10 was 
recorded for wheat straw and 91.45±0.10% for maize 
stover. The overall mean dry matter content recorded for 
all treated and un-treated crop residue was 91.03% which 
had no significant difference among the two groups.  

 

Table 1. Treatment combinations to test the role of PO (Pleurotus ostreatus) fungi in straws in the present study 

Treatments Straw mixtures 

Control (Without Pleurotus 

ostreatus) 

Inoculated With Fungi (Pleurotus 

Ostreatus) 

Rep 1 Rep 2 Rep 3 Rep 1 Rep 2 Rep 3 

T1 100% Ws T1 T1 T1 T1 T1 T1 

T2 75% Ws & 25 % Ms T2 T2 T2 T2 T2 T2 

T3 50% Ws & 50 % Ms T3 T3 T3 T3 T3 T3 

T4 25% Ws & 75 % Ms T4 T4 T4 T4 T4 T4 

T5 100 % Maize Stover T5 T5 T5 T5 T5 T5 
Ws =  Wheat straw, Ms =  Maize stover 3 x 5 treatments with PO = 15 observations; + 5 treatments * 3 replications for control treatment (without 

PO) = 15 observations; and a total of 30 observations.  
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Table 2. The Mean and standard deviation dry matter, organic matter and ash contents of wheat straw and maize stover 

and their mixtures (%)  

Status of PO Treatments DM OM Ash 

Without PO 

T1 90.73±0.10 90.98±0.17b 9.02±0.11b 

T2 91.04±0.10 91.87±0.09ab 8.14±0.14c 

T3 91.04±0.11 93.05±0.09a 6.95±0.14d 

T4 91.40±0.10 93.88±0.14a 6.12±0.10e 

T5 91.82±0.10 94.65±0.13a 5.35±0.10f 

Mean 91.21 92.89 7.12 

Sig level  * ** 

Treated With PO  

T1 90.23±0.10 89.87±0.13b 10.13±0.17a 

T2 90.54±0.10 90.77±0.09ab 9.23±0.09b 

T3  90.84±0.10 91.65±0.10ab 8.35±0.14c 

T4 91.15±0.10 92.54±0.10ab 7.47±0.10cd 

T5 91.45±0.10 93.42±0.10a 6.58c±0.10de 

SE    

Mean 90.84 91.65 8.35 

Sig. level  * ** 
PO=Pleurotus ostreatus; T1=Entire wheat straw (100%); T2= 75% wheat straw and 25% maize Stover; T3= 50%wheat straw and 50% maize Stover; 

T4= 25 % wheat straw and 75% maize Stover; T5= entire maize Stover (100%) DM=dry matter; OM=organic matter; *= significant at P<0.05; **= 

significant at P<0.01; Means with different superscripts across column are significantly different. 

 

The mean organic matter (OM) content of the un-

treated wheat straw and maize stover was 90.98±0.10 and 

94.65±0.13respectively, whereas the OM composition of 

the mixtures of the two crop residues was more or less 

intermediate of these values, with values recorded in its 

ascending order observed as the level of maize stover in the 

mixture was increasing.  

In the same manner, the OM composition of the PO 

treated groups of wheat straw, maize stover and their 

mixture ranged between 89.87±0.13 for T1 (100% wheat 

straw) and 93.47±0.10 for T5(100% maize stover), where 

it was indicating the highest, despite the absence of 

statistical significance with different levels of mixtures of 

both crop residues. As the maize stover proportion 

increased from 25% to 75%, the organic matter content 

also increased accordingly.  

The ash content of wheat straw and maize stover and 

their different level mixtures ranged from 5.35±0.10% 

recorded for maize stover, which was the lowest (P<0.05) 

among the PO (Pleurotus ostreatus) free crop residues to 

9.02±0.11 in wheat straw(T1) that was recorded the highest 

among these un-treated groups. The mean ash content of 

the untreated crop residues considered for the trial was 

7.12%. Similarly, this feed component (Ash) was 

significantly (P<0.05) the lowest for whole (100%) maize 

stover (6.58%); and the highest (10.13%) in contrast for 

whole wheat straw in the groups which were inoculated 

with the PO (fungal strain). The ash content of the 

considered crop residues assumes a declining trend as the 

level of wheat straw in the mixture decrease from whole 

(100%) to its lowest (0% wheat straw and 100% maize 

stover). The overall mean ash content of the wheat straw, 

maize stover and their mixtures in the treated groups with 

PO fungi was 8.35% (Table 2).  

 

The Fiber Composition of Wheat Straw and Maize 

Stover with and without Pleurotus ostreatus (PO) 

As presented in Table 3 below, the neutral detergent 

fiber (NDF) composition of the crop residues ranged from 

64.05±0.11 to 70.05±0.10 for the 100% maize stover for 

wheat straw in the un-treated groups with the fungal strain 

Pleurotus ostreatus (PO). This fiber fraction was 

intermediately recorded when the levels of wheat straw and 

maize stover were nearly equivalent in the mixture. Yet, 

NDF did not widely vary when the level of maize stover 

was raised from 75-100% in its mixture with wheat straw 

despite numerically lower value for 100% maize. The 

mean NDF composition of these un-treated crop residues 

was 67.05%. 

As depicted in Table 3 below, the Acid detergent 

fiber(ADF) fraction of wheat straw and maize stover, and 

their mixture in the un-inoculated groups with PO widely 

varied (P<0.05) from 37.70±0.11 in the entire maize Stover 

(T5) to 42.70±0.10 for the entire wheat straw(T1). This 

fiber fraction in equivalent levels of mixture of the residues 

was fairly moderate. The ADF fraction was observed to be 

in its ascending order as the level of maize stover in the 

mixture declined from 100% to zero level; where it 

appeared the highest at zero level maize stover (100% 

wheat straw). The mean ADF content for this group was 

40.20%. All the treatments apart from T5 and T4, 

contained higher than 39% which characteristically put 

them under low quality roughages. This situation indicates 

the need for biological or physical treatments to improve 

the feed value of the residues. 

Conversely, the ADF content of the contemporary 

groups of crop residues treated with Pleurotus ostreatus 

(PO) fungal strain widely varied from 35±0.10% for entire 

maize Stover (T5) to 40%±0.11 for the entire wheat straw 

group (T1). The mean ADF content for these treated groups 

was 37.5%. With the exception of T1(entire wheat straw 

group), all the treatments inoculated/treated with PO 

fungal strain were found lower than 39% that would 

classify them as comparatively good quality roughages; 

that most of them resulted from fungal inoculation that 

followed chopping/physical intervention. The ADF 

composition of maize stover and wheat straw, and their 

varying levels of mixture tended to decline following 

inoculation by the Pleurotus ostreatus(PO) fungal strain, 

which might declare the good features of inoculating crop 

residues with lingo-cellulytic fungi that would 

subsequently improve the feed value of crop residues.  
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Table 3. The fiber fractions (NDF, ADF and ADL) of wheat straw and maize stover and their mixtures (%) 

Status of PO Treatments NDF ADF ADL 

Without PO 

T1 70.05±0.10a 42.70±0.10a 7.50±0.09a 

T2 68.55±0.11ab 41.45±0.10ab 7.25±0.10a 

T3 67.05±0.11ab 40.20±0.10b 6.70±0.10ab 

T4 65.55±0.10c 38.95±0.10bc 6.51±0.08ab 

T5 64.05±0.11cd 37.70±0.08cd 6.37±0.10ab 

Mean 67.05 40.20 6.87 

Sig level ** * * 

Treated With PO 

T1 68.00±0.11ab 40.00±0.11b 7.00±0.10a 

T2 66.50±0.10b 38.75±0.10c 6.75±0.10ab 

T3  65.00±0.10c 37.50±0.10cd 6.50±0.09ab 

T4 63.50±0.10d 36.25±0.10de 6.25±0.08ab 

T5 62.00±0.09e 35.00±0.10e 6.00±0.09b 

Mean 65.00 37.50 6.50 

Sig. level * * * 
PO=Pleurotus ostreatus; T1=Entire wheat straw (100%); T2= 75% wheat straw and 25% maize Stover; T3= 50%wheat straw and 50% maize Stover; 
T4= 25 % wheat straw and 75% maize Stover; T5= entire maize Stover (100%); NDF=Neutral detergent fiber; ADF= Acid detergent fiber; ADL= Acid 

detergent lignin; *= significant at P<0.05; **= significant at P<0.01; Means with different superscripts across column are significantly different. 

 

Table 4. Changes recorded on OM, Ash and fiber composition of wheat straw, maize Stover and their mixtures of the 

present study  

Compositions Treatments Un-treated with PO  Treated with PO Signi. level Overall % change/ 

OM (%) 

T1 90.73±0.17  90.23±0.09 NS  
T2 91.87±0.09a  89.87±0.11b *  
T3  93.05±0.09a  91.65±0.12b *  
T4 93.88±0.14  92.54±0.12 NS  
T5 94.65±0.13  93.42±0.11 NS  
Mean 92.84  91.54  1.39 

Ash (%) 

T1 9.02±0.11b  10.13±0.17a **  
T2 8.14±0.11b  9.23±0.08 a **  
T3 6.95±0.14b  8.35±0.11a **  
T4 6.12±0.10b  7.47±0.11a **  
T5  5.35±0.10b  6.58±0.11a **  
Mean 7.11  8.35  18.18 

NDF (%) 

T1 70.15±0.10a  68.00±0.10b *  
T2 68.55±0.11a  66.50±0.11b *  
T3 67.05±0.11a  65.00±0.11b *  
T4 65.55±0.10a  63.50±0.10b *  
T5 64.05±0.11a  62.00±0.11b *  
Mean 67.07  65.00  3.09 

ADF (%) 

T1 42.70±0.10a  40.00±0.11b **  
T2 41.45±0.10a  38.75±0.10b **  
T3 40.20±0.10a  37.50±0.10b **  
T4 38.95±0.10a  36.25±0.10b **  
T5 37.70±0.08a  35.00±0.10b **  
Mean 40.20  37.50  6.32 

ADL (%) 

Hemicellulose 26.87  27.50   
T1 7.50±0.09a  7.00±0.10b *  
T2 7.25±0.10a  6.75±0.10b *  
T3 6.70±0.10a  6.50±0.09a NS  
T4 6.51±0.08 a  6.25±0.08b *  
T5 6.37±0.10a  6.00±0.09b *  
Mean 6.87  6.50  5.27 

T1: 100% wheat straw; T2: 75% wheat straw mixed with 25% maize Stover, T3: Wheat straw and maize Stover at 50:50 mixtures: T4: 25% wheat 

straw and 75% maize Stover; T5: 100% maize Stover; OM: organic matter; NDF: Neutral detergent fiber; ADF: Acid detergent fiber; ADL: Acid 

detergent lignin; PO: Pleurotus ostreatus; *: significant at P<0.05; **: significant at P<0.01; NS: Not significant (P>0.05); means with different 
superscripts across column are significantly different 

 

The Acid detergent lignin (ADL) of the crop residues 

considered for the experiment ranged between 6.37±0.10 

and 7.5±0.09 in the entire maize stover and entire wheat 

straw, respectively for the groups which were not 

inoculated with PO. The mean ADL content for the group 

not treated with PO was 6.87%. On the other hand, the 

ADL content of crop residues in the trial which were 

inoculated with the fungal strain PO ranged from 6% for 

the whole maize stover (T5) to 7% in whole wheat 

straw(T1). The mean ADL concentration for this group 

was 6.5%. As might be noticed from the Table 3, the lignin 

content of the crop residues showed a slightly declining 

trend after treating with the PO fungal strain hinting the 

biodegrading potential of the fungal strain on 

lignocellulose fraction of the fibrous feeds. 
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The Comparative Changes in Chemical Composition 

of Incubated Crop Residues from Un-Incubated Crop 

Residues 

Table 3 depicts the significance and the extent that 

application of biological technologies / the Pleurotus 

ostreatus fungi improved the feed value (nutrient 

composition of the wheat straw and maize stover mostly by 

altering the ash (mineral) and fiber composition 

 

Changes in Organic Matter, Fiber and Ash 

Composition in Pleurotus Ostreatus Treated Crop 

residues  

The role of Pleurotus ostratus(PO) fungi in influencing 

the chemical constituents (organic matter (OM), ash, 

Neutral detergent fiber(NDF), Acid detergent fiber(ADF) 

and Acid detergent lignin (ADL) composition of wheat 

straw, maize stover and their different levels of mixtures is 

indicated in Table 3 below. As shown there, although no 

significant difference(P>0.05) was observed between the 

fungal incubated and un-incubated groups of whole wheat 

straw in the organic matter (OM) composition, the OM 

somehow decreased following fungal treatment; and 

appeared to significantly reduce in T2 and T3 when the 

level of wheat straw was 75 and 50% in the mixture with 

maize stover. The OM content insignificantly declined for 

T4 and 5 of the treated groups of the crop residues with PO 

as compared to the untreated groups. The decline in organic 

matter content and the tendency to decline in all cases in 

all of the treatment groups might associate to losses of parts 

of the organic constituent mostly the soluble 

carbohydrates/sugars etc. during microbial fermentation. 

This corresponds to the report of Yuqiong et al. (2018), 

observing significant losses of sugars during fermentative 

changes utilized by the organisms involved during the 

process. White rot fungi degrade organic compounds to 

obtain carbon and nitrogen necessary for their growth. 

(Lange, 2017; Nie, 2018). 

On the other hand, the Ash composition significantly 

(P<0.05) increased in all treatments of wheat straw, maize 

stover and their mixtures following incubation with 

Pleurotus ostreatus (PO) fungi. Incubation of whole wheat 

straw with PO increased the Ash content from 9.02-

10.13%(T1); and from 5.35-6.58% in whole maize stover. 

That is, the incubation of the wheat straw and maize stover 

with this fungal strain increased the Ash content by about 

12.30% and 22.99%, respectively. In general, the overall 

mean of the trial showed about 17.44% increase in the ash 

content of the crop residues considered for the trial as a 

result of incubation with the PO. Thus, incubating wheat 

straw and maize stover was found to improve the efficiency 

of the feed value of these crop residues by mineralization 

through fungal activity during the incubation period. 

Consistently, the decomposing and mineralizing ability of 

PO on plant cell components associated to fungal 

colonization of a suitable substrate, and easy conversion of 

digestible carbohydrates into simpler sugars was well 

illustrated in previous trials conducted by Yu et al (2009).  

With regard to the Neutral detergent fiber(NDF) 

composition, fungal incubation (PO) of the wheat 

straw(T1) significantly(P<0.05) reduced from 70.15% to 

68.00%; and from 64.05 to 62.00% in the whole maize 

stover (T5). This implies that, about 3.06 and 3.20% 

reduction in wheat straw and maize stover, respectively. 

Incubation of the different levels of mixtures of what straw 

and maize stover in other treatments also exhibited 

significant reductions of NDF from 68.55 to 66.50(T2) and 

65.55 to 63.50% for T4, with no as such significant 

difference for T3, for which 50:50 wheat straw and maize 

stover proportion was recorded. The overall performance 

in this parameter indicated that the NDF composition 

reduced from 67.05 to 65.00%. The result reflects that 

treatment of straws, stover and their mixture with the 

fungal strain PO reduced by nearly 3.10% which indicates 

the improvement in fiber digestibility by Pleurotus 

ostratus treatment. It is known that roughage feeds which 

contain more than 65% NDF are said to be of poor quality 

roughages and those which contain 65% or less NDF are 

categorized as medium to good quality ones.  

Previously, Singh and Oosting (1992), showed that 

fibrous feeds containing less than 450 g/kg DM are 

grouped as high quality, while those with 450-650g/kg are 

classified as of medium quality, and those with more than 

650g/kg NDF content are classified as low quality 

roughages. Thus, the crop residues considered for the trial 

were of poor quality ones before they got treated with 

Pleurotus ostreatus fungi(PO). However, they became in 

the category of relatively in medium quality categories, 

since their NDF content was reduced becoming in the 

range of 45-65% putting them in this class following 

treatment with the fungi strain(PO). Concurrent to the 

current observation, Yuqiong et al. (2018) demonstrated a 

significant reduction in the total fiber (NDF) in their 

experiment conducted on the highland barley straw using 

different strains of White rot fungi. 

Similarly, the Acid detergent fiber (ADF) content of the 

crop residues significantly reduced in all treatments 

following incubation with the fungal strain PO. For 

example, in T1, ADF content reduced from 42.70% to 

40.00% which is nearly about 6.40%. This fiber fraction 

also reduced from 41.45 to 38.75%, 40.20 to 37.50, 38.95 

to 36.25% and 37.70 to 35.00 in treatments 2, 3, 4 and 5 of 

the trial. The overall result associated to change/ decrease 

in ADF composition following incubation with PO fungi 

read a decline of this fiber constituent from 40.20 to 

37.50% which is equivalent to 6.72% reduction. 

Therefore, the fungal treatment of crop residues was 

known to reduce the ADF contents in wheat straw, maize 

stover and their mixtures. The ADF composition of fibrous 

feeds is the determining factor in influencing the 

digestibility and nutrient utilization in animals, as the 

indigestible fraction of the feeds (lignin) is analyzed as part 

of this fiber fraction after hemicellulose, the merely 

digestible portion is accounted. 

For Acid detergent lignin (ADL), the Pleurotus 

ostreatus fungi was known to significantly (P<0.05) induce 

its positive effect in reducing the lignin composition of 

wheat straw, maize stover and their mixtures in all 

treatments except T3 that showed numerical increase 

(Table 3).  

 

Variability in Rate of Changes in Chemical 

Composition among Different Levels and Types of Crop 

Residues 

The changes that occurred in chemical/nutrient 

composition among different levels of wheat straw and 

maize stover is shown in Table 5 below.  
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Table 5. Interaction effects related to the rate of changes in chemical composition of the current study  

Treatments Ash NDF ADF ADL 

T1(100% WS) 12.31±.01d 3.06±.01 6.32±0.01b 6.68±0.02a 

T2(75%WS+25%MS) 13.39±.02c 2.99±.01 6.51±0.02ab 6.89±0.02a 

T3 (50%WS+50%MS) 20.14±.02b 3.06±.01 6.72±0.02ab 3.00±0.01d 

T4(25%WS+75%MS) 22.06±.03a 3.13±.02 6.93±0.04a 3.99±0.01c 

T5(100%MS) 22.99±.01 a 3.20±.02 7.16±0.03a 5.81±0.02b 

Mean 18.18 3.09 6.73 5.27 

Significance *** NS * ** 
WS= wheat straw; MS= maize stover; Means with different superscripts across column are significantly different. 

 

As shown in the table, there was wide variation 

(P<0.05) in the efficiency of rate of change/improvement 

in Ash content among treatments as influenced by types 

and levels of mixtures of crop residues. The highest 

change/improvement in ash composition was recorded for 

the treatment composed of the entire maize stover (T5), 

with no significant difference from the treatment with the 

second largest (75%) proportion of maize stover (T4). 

Changes in the Ash content declined as levels of maize in 

the mixture declined appearing to be significantly the 

lowest for the treatment with 100% wheat straw. This 

might imply and associate to well colonization of the maize 

stover and thus better mineralization that led to better rate 

of change in mineral proportion. 

Likewise, except for neutral detergent fiber (NDF), rate 

of changes that occurred between the types of crop residues 

and different levels of mixtures widely varied(P<0.05) in 

other fiber fractions. For instance, the highest (P<0.05) rate 

of change (reduction) for Acid detergent fiber (ADF) was 

recorded for T5(whole maize stover) to be 7.16%; and the 

least was for T1(whole wheat straw) which was 6.32%. In 

other treatments, it appeared to be intermediate with the 

rising tendency towards the increasing levels of maize 

stover. This significant rate of change in reduction in whole 

maize stover as compared to wheat straw and other levels 

of mixture might be due to the better suiting maize stover 

hence, the well establishment of the Pleurotus ostreatus 

(PO) and fermentative bacteria that might have taken 

advantage of expected better soluble carbohydrates such as 

sugar contained in maize stover. However, all other 

treatments with different levels of mixtures did not widely 

vary(P>0.05) from whole maize, despite the observed 

numerical lower value at lower proportion of maize stover.  

On the other hand, the highest demonstrated rate of 

change/reduction in Acid detergent lignin(ADL) following 

incubation with PO was recorded for the treatment that was 

entirely composed of wheat straw(T1) and the treatment 

with another higher (75%) level of wheat straw(T2); with 

no as such wide variation between the two(P>0.05). The 

lowest value was obtained for T3 which was composed of 

50:50 wheat straw and maize stover.  

 

Discussion 

 

Chemical Composition 

Result in the current study presented in (Table 2), 

showed that the OM values recorded for the PO (Pleurotus 

ostreatus) treated groups of wheat straw, maize stover and 

their mixtures of different levels tend to decline as 

compared to its un-treated contemporary 

groups/treatments. The overall organic matter content of 

PO treated straw was lower than those of the untreated 

straws. This tendency of organic matter loss during 

microbial fermentation might relate to inevitable losses of 

soluble carbohydrates such as sugars and starch utilized by 

the microbes during anaerobic fermentation. In agreement 

to the present study, Khan, (2014) documented that the 

organic matter (OM) content in straw treated with 

Pleurotus ostreatus decreases compared to untreated straw 

because the fungus consumes organic matter as a food 

source, breaking down indigestible cell wall components 

like lignin, cellulose, and hemicellulose to increase 

digestibility for animal feed. Tuyen et al, (2013); 

Shrivastava et al, (2011) and Koutrotsios et al, (2014), also 

reported a decrease in the DM of rice straw, maize stover, 

and wheat straw treated with P. ostreatus. However, the 

result revealed that a significantly (P<0.05) higher 

composition of OM in the maize stover compared to the 

wheat straw was recorded which might be associated with 

a better concentration of nutrients such as soluble 

carbohydrates and proteins found in the maize stover than 

the wheat straw’s.  

From the feed value point of view, the value of NDF is 

considered high, that denotes these crop residues (wheat 

straw and maize stover) are of poor quality feed resources. 

The nature of such feed resources is labeled as poor quality 

that corresponds to the nutritional principle of roughages 

containing higher than 65% neutral detergent fibers which 

are categorized as poor quality roughages (Olagunju et al., 

2023). Other sources also have shown that agricultural 

wastes such as corn stover and wheat straw are noticed to 

be in abundance and underutilized as animal feed due to 

the inherent challenges of high fiber content according to 

Nie et al. (20), that is why biological and physical 

processing technologies are suggested if their feeding 

value should improve. 

However, the NDF content for the treated/inoculated 

groups of crop residues with PO significantly 

varied(P<0.05) from 62.00±0.10 recorded for entire maize 

stover to 68.00±0.10% in the entire wheat straw (100%). 

The mean composition of this fiber fraction for the group 

was 65%. The NDF constituents appear to decline to 65% 

at 50:50 wheat straw and maize stover mixtures reaching 

to the lowest value (62%), where the treatment was solely 

maize stover. From this observation it could be noticed that 

treating those crop residues with PO fungal strain reduced 

the composition of NDF, where in most of the treatments 

was reduced to 65% and lower, in agreement with report 

by Asmare et al. (2020); Kuhad et al. (2013) who 

documented white rot fungus was reported to degrade 

lignin to a great extent and at a fast pace when compared 

with any other group of organisms. This might make them 

in the category of good quality roughages and hence 

enhances the feed value and utilization of poor quality 
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roughages through application of biological treatments 

such as PO and physical technologies. 

Concerning the mineral content of the crop residues, the 

values indicated that the ash contents increased following 

the treatment/inoculation with the fungal strain Pleurotus 

ostreatus(PO). This rise in ash content of crop residues 

following fungal inoculation might be linked to 

mineralization and organic matter loss during anaerobic 

fermentation. Consistently, Yu et al. (2009) illustrated the 

phenomenon of decomposing and mineralizing capability 

of PO on plant cell components associated to fungal 

colonization with a suitable substrate and the conversion of 

easily digestible carbohydrates into simpler sugars increase 

the mineral content.  

 

Comparative change in Chemical Composition 

For instance, fungal treatment reduced the ADL content 

from 7.50 to 7.00% which was almost a 6.68% reduction 

in this fiber component. The overall mean value of the 

treatments showed the reduction in ADL content from 6.87 

to 6.50%; which is about 5.40% reduction in this fiber 

constituent. The ADL portion of feeds, known to be 

resistant to digestion, forms complexes with the cellulose 

and hemi-cellulose fractions and hinders exposure of these 

fairly digestible cell wall components to microbial 

enzymes. In fact, Lignin is the single most leading factor 

claimed to reducing digestibility of forages (Van Soest, 

1994). Thus any bio and physical technology that reduces 

the concentration of lignin need to be encouraged. In this 

case, the effect of the Pleurotus ostreatus in reducing this 

determinant fiber was well demonstrated to be promoted 

further. Consistent to the current finding, Yuqiong et al 

(2018) proven a significant reduction in ADL composition 

in highland barley where they associated the role to the fact 

that White rot fungi have important roles in the 

biodegradation of lignin making them suitable for the 

delignification of roughage; thereby improving the feeding 

value.  

Likewise, Fungal treatment was noticed to improve the 

nutritional value of various crop stalks, including the 

following kinds of straws: rice, corn, wheat, paddy, and 

rape accordance with report by Weatherburn, (1967). In 

another study, different strains of white rot fungi were 

evaluated on corn stover and observed to well reduce lignin 

concentration during 30 days of fungal pretreatment in line 

with the report of Ding et al., (2019). Therefore, such 

consistent and promising result obtained for PO’s 

biodegradation potential during treating poor quality crop 

residues particularly associated to lignification, would 

further encourage its use in animal feed technologies.  

It is apparent that crop residues with fine stems such as 

wheat straws might be fairly subjected to lignin 

biodegradation as reflected by efficient reduction in lignin 

constituentYet, this research did not notice a 

complementary/compensatory role of wheat straw in 

influencing the efficiency of delignification when its 

mixture with maize stover was 50% or lower. Such 

variations in rate of change among various fiber fractions 

might be associated to difference in magnitude of 

lignification and de-lignification during fungal incubation 

reported by Lydia et al., (2023).  

 

Consistent to the current finding, it was noted that 

fungal treatment has improved the nutritional value of 

various crop stalks, such as straws of rice, corn, wheat, 

paddy, and rape (Weatherburn, 1967; Yuqiong et al, 2023) 

mainly through reduction of fiber composition of forages 

such as ADF and ADL; well demonstrating that white rot 

fungi are efficient biological treatments for a wide range of 

agricultural byproducts. Previous studies have similarly 

shown that White rot treatment of different crop residues 

resulted in significant changes in the lignin, neutral 

detergent fiber (NDF), and acid detergent fiber (ADF) 

contents with significantly varying rate of changes among 

different crop residues (Adesogan et al., 2019; Asmare, 

2020). 

The ADF content of the crop residues considered for 

the trial were well brought down as a result of treating with 

the Pleurotus ostreatus fungi to far less than 40% to 

become good quality roughages, from the condition that 

most of them were poor otherwise, before incubated with 

the selected fungal strain (PO). In line with report by 

Kellems and Church, (1998) who showed that roughages 

with less than 40% ADF are categorized as of high quality 

feeds; and those with greater than 40% as poor quality. 

Safari et al., (2020) similarly reported reduction in this 

fiber constituent as a result of treating crop residues with 

strains of the White rot fungi substantiating the good role 

of the White rot fungi in improving the feeding value of 

poor quality fibrous feeds. Yuqiong, (2023) similarly 

reported a reduction in ADF composition of highland 

barley straw following incubation with different strains of 

White rot fungi. This finding also well corresponds to the 

current result obtained in our experiment. Such reduction 

in these fiber constituents might be linked to the 

biodegradation potential of the fungal strain considered for 

the study.  

 

Conclusions  

 

There were significant variations among types and 

levels of mixtures of chopped wheat straw and maize 

stover in Acid detergent fiber and Acid detergent lignin. 

These fiber fractions significantly reduced following 

treatment with Pleurotus ostreatus. The 

magnitude/efficiency of change in these fiber fractions was 

higher for the wheat straw and tends to be so in mixtures 

containing higher proportion of wheat straw. This fungal 

strain also improved mineralization, which its influence 

appeared to higher for maize stover.  

To conclude, incubation of wheat straw and maize 

stover; and their chopped mixtures at different levels with 

the White rot fungi, Pleurotus ostreatus is known to 

improve the feed value of these poor quality roughages at 

varying degrees through reducing the less digestible 

fibrous fractions and improving mineralization. Therefore, 

bio-technological applications, particularly using 

Pleurotus ostreatus fungi accompanied with physical 

processing technologies, would be good options altering 

fiber constituents and mineralization in poor quality 

roughages such as crop residues, necessitating importance 

in improving such fibrous feeds. 
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