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Abstract 

Due to industrialization and human hunger for a better life all over the world, there was an increased 

utilization of forest products which generate huge amount of wastes. These wastes accumulate in the 

environment in which a larger parts is burned leading to environmental pollution and damages to ozone 

layer. However, treatment of these wastes products with appropriate species of fungi can increase their 

economic value in the feeds industries. Thus, the present study aimed at investigating the effect of 

Pleurotus pulmonarius, Neurospora intermedia and its combination on proximate, fibre fraction and 

nutrient content on treated Adansonia digitata tree sawdust subjected to 42 days of incubation through 

solid state fermentation. Proximate, fibre fraction and mineral contents were assessed using the standard 

methods. Dry matter and pH are significantly (p< 0.05) decreased at the end of incubation period. The ash 

content significantly increased. The crude protein were significantly increased from 2.6 to 5.7% and same 

for ether extract which ranged from 1.63 to 3.62%. The crude fibre decreased significantly and it ranged 

from 22.69 to 39.47. The ash content ranged from7.12 to 11.96% which is a significant increase. Mineral 

content of treated substrate improved considerably. The results of this study revealed increased in the 

nutritive value of the agro-industrial substrate after mono and co-culture fungal treatment through solid 

state fermentation.  
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INTRODUCTION 

 

As a result of increasing industrialization in the 

developing countries of the world, there are 

increased demand and usage of agro-industrial 

products most especially in densely populated 

country like Nigeria which resulted in huge 

accumulation of wastes. Most agricultural 

residue are rich in lignocellulosic compounds 

whose handling and disposal are often 

problematic due to their chemical structure and 

decomposition properties. Waste and their 

disposal have become enough substance of 

environmental concern worldwide especially 

when these wastes are biodegradable to useful 

goods and services (Belewu and Banjo, 1999). 

These wastes are usually disposed through 

burning whose unacceptable end product of 

combustion contain high percentage of carbon 

dioxide which when released to the environment 

causes pollution and may lead to global warming 

(Akinfemi and Ladipo, 2013). 
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The global concern for reduction in activities that 

lead to depletion of ozone layer has long being 

encouraged. Also, the pollution arising from 

burning poses tremendous danger to human, 

livestocks and aquatic animals as well as 

disturbance in ecological balance. Among 

common agro –industrial wastes are wood wastes, 

brewing wastes, paper wastes, cassava wastes and 

cereal wastes (Jonathan et al., 2008). Agricultural 

wastes possessed high level of hemicelluloses and 

recalcitrant lignin which are not easily digestible 

by the ruminants. Lignin, which physically and 

chemically forms a complex with cellulose and 

hemicellulose, make polysaccharides less 

accessible to ruminal digestion by blocking access 

to rumen bacteria and their enzymes 

(Karunanandaa et al., 1995). Besides, these rumen 

microorganisms do not perform ligninolytic 

activity (Zadrazil et al.,1995). So, there is the need 

to develop a technology that can limit air pollution 

associated with burning agro-industrial wastes as 

well as to decrease environmental pollution due to 

unutilized agricultural wastes (Jonathan et al., 

2012). 

The concept of preferential delignification of 

lignocellulose materials by white rot fungi has 

been applied to increase the nutritional value of 

forages (Akinfemi et al., 2012). In Nigeria, higher 

fungi including mushrooms are important 

constituents of forest produce. These organisms 

grow on virtually all agro-industrial wastes 

including most abundant biomolecule of the 

biosphere, known as cellulose (Gbolagade, 2005). 

They are gaining much attention in pharmaceutical 

industries, medicines and agro allied companies 

(Jonathan et al, 2012; Aina et al., 2012). Pleurotus 

pulmonarius is an edible white rot fungi (WRF) 

commonly known as the Indian Oyster, Phoenix 

Mushroom, or the Lung Oyster. It belongs to the 

Kingdom: Fungi, Division: Basidiomycota, Class: 

Agaricomycetes, Order: Agaricales, Family: 

Tricholomataceae Genus: Pleurotus, Species: 

Pulmonarius (Jonathan et al., 2012).  

Neurospora is a genus of Ascomycete fungi. The 

generic name Neurospora was introduced in 1972, 

the genues neurospora includes Neurospora 

crassa, Neurospora intermedia, Neurospora 

discrete, Neurospora tetrasperma, Neurospora 

sctopila studied in North America as well as 

Europe (Jacobson et al., 2006). N. intermedia is 

believed to be the only mold belonging to 

Neurospora which is used in food production 

(Garcia et al., 2004). Therefore, this study was 

conducted to determine the potential fungal 

bioconversion of Adansonia digitata sawdust into 

product of high nutritive values and reduction in 

recalcitrant compounds. 

MATERIALS AND METHODS 

The fungi 

The mycelia of Pleurotus pulmonarius and 

Neurospora intermedia were obtained from the 

culture collection of Mycology unit of the 

Department of Microbiology, University of Ilorin, 

Ilorin, Kwara State Nigeria. It was subcultured on 

potato dextrose agar supplemented with 5% yeast 

extract and stored in the refrigerator at 4 
o
C. 

Substrate Collection 

Fresh samples of Adansonia digitata was collected 

from Sawmill along University road, Tanke, 

Ilorin. The samples were milled and oven treated 

at 60
o
C to a constant weight for dry matter 

determination. 

Preparation of substrate 

The jam bottles used for this study were dried and 

grease free. Fifty grams of dried milled substrates 

were poured into each of the bottles and 150ml of 

distilled water was added. The bottles were 

covered with aluminum foil and autoclaved at 

121
o
C for 15 min. Each treatment were carried out 

in triplicates 

Inoculation 

Each of the bottles was inoculated at the center of 

the substrate with two mycelia disc (10mm) and 

covered. They were kept in the dark cupboard in 

the laboratory at 28±2
o
C at 100% relative 

humidity (RH). The bottles were incubated for 

42days. The bottles were harvested at the end of 

incubation and the growth of fungi was stopped 

and dried at 60
o
C in dry air oven for 48h. 

Chemical analysis 

The pH of the substrate were determined 

according to the method of Jonathan et al., 2009. 
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Substrate (4g) was measured into a beaker 

containing 80ml of distilled water which was left 

to stand for 4h. The pH was measured using 

digital pH meter (Hanna Instruments Inc Rhode 

Island, USA). Dry matter of substrate was 

determined by oven drying to constant weight at 

105
o
C for 8 hours.  Crude protein was determined 

as Kjeldahl nitrogen x 6.25 (AOAC, 2006). Ether 

extracts, Crude fibre (CF) and ash were 

determined using standard methods (AOAC, 

2006). Neutral detergent fibre (NDF), Acid 

detergent fibre (ADF) and Acid detergent lignin 

(ADL) was also determined using the standard 

method (Van Soest et al., 1991). Hemicellulose 

was calculated as the difference between NDF and 

ADF while cellulose is the difference between 

ADF and ADL. The mineral content was 

determined by atomic adsorption 

spectrophotometer (AAS). The substrates were 

digested as described by AOAC (2006). Standard 

solution was prepared for each mineral before 

analysis using AAS (UNICAM 929 London). 

Statistical analysis 

Randomized factorial design was used for this 

study, two fungi was used to treat a substrate for 

42 days which was compared with the control. 

Data were subjected to analysis of variance 

(ANOVA) and the mean separated by Duncan’s 

multiple range using SPSS package. 

RESULT 

The isolates P. pulmonarius and N. intermedia 

were selected for this study because they are 

readily available. They are found to be capable of 

utilizing many substrates. Regarding the physical 

composition of treated sawdust, the initial values 

were found to be different from the final 

depending on the fungus used, as shown in Table 

1. The pH values ranged from 4.1 to 6.3. The 

highest pH was recorded in substrate treated with 

NIM while the least was recorded in co-culture of 

PPR and NIM. Co-culture of PPR and NIM 

increased significantly by 34.9% compared with 

the control. In this study, loss of organic matter 

(OM) varied between 0.02 to 7.7%. The highest 

loss in OM was observed in Co-culture of PPR 

and NIM. The dry matter of fungal treated sawdust 

reduced significantly. There was no significant 

difference between sawdust treated with NIM and 

the control. However, significant different existed 

between the co-culture treatment of PPR and NIM 

and the control. The results for ash content shows 

that there was no significant differences between 

the fungal treated co-culture of PPR and NIM and 

PPR alone. Although, there was 68.0% increase in 

ash content of substrate treated with co-culture of 

PPR and NIM. 

 

TABLE 1: Physical screening of fungal treated sawdust. 

Parameters Control PPR NIM PPR and NIM SEM       

pH 6.30
a
 4.40

c
 5.16

b
 4.10

d
 0.003      

OM 0.03c 6.56
a
 7.58

b
 6.47

a
 0.005      

DM 91.88a 87.23
b
 89.45

a
 86.94

b
 0.003      

Ash 7.12
c
 11.72

a
 10.08

b
 11.96

a
 0.001      

a, b, c, d 
Mean with different superscripts in each row are significantly different at p ≤ 0.05 according to Duncan’s 

multiple range test. 

OM- Organic matter, DM- Dry matter,  PPR- Pleurotus pulmonarius, NIM- Neurospora intermedia and SEM- 

standard error of mean 

The results of chemical composition of treated 

substrate is shown in Table 2. Crude fibre 

content of fungal treated sawdust reduced 

significantly compared to control. Fungal 

treatment depleted the crude fibre (%) from 

39.5% in the control to 24.3% in P. 

pulmonarius, 26.31 in N. intermedia while the 

highest reduction in CF was recorded in co-

culture of PPR and NIM (22.7%). The crude 

protein of fungal treated sawdust increased 

significantly. The CP content ranged from 

2.56 to 5.68. The highest CP increased (%) 

being recorded in co-culture of PPR and NIM 

(5.68) followed by 4.5% in PPR while the 
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least was in NIM (3.92) compared to control 

(2.6%). The ether extract also increased 

significantly after the 42 days fungal treatment 

with co-culture of PPR and NIM recording the 

highest increase 3.6% while the lowest was 

NIM.
 

Table 2. Chemical composition (g/100g DM) of fungal treated sawdust. 

Parameters Control PPR NIM PPR+NIM SEM 

CF 39.47
a
 24.28

c
 26.31

b
 22.69

d
 0.003 

CP 2.56
d
 4.53

b
 3.92

c
 5.68

a
 0.001 

EE 1.63
d
 3.16

b
 2.74

c
 3.62

a
 0.005 

a, b, c, d 
Mean with different superscripts in each row are significantly different at p ≤ 0.05 according to Duncan’s 

multiple range test. 

CF- crude fibre, CP- crude protein, EE- Ether extract, PPR- Pleurotus pulmonarius, 

 NIM- Neurospora intermedia and SEM- standard error of mean. 

 

The result of fibre fraction constituents of 

fungal treated sawdust is shown in Table 

3.The NDF of fungal treated sawdust reduced 

significantly compared to the control, the least 

reduction being recorded in co-culture of PPR 

and NIM (61.6%) compared to the control 

(74.7%). The ADF and ADL also reduced 

significantly compared with the control. The 

reduction in ADF and ADL was recorded in 

co-culture of PPR and NIM  with 48.72 and 

14.1% respectively. The lignin content of co-

culture PPR and NIM reduced by33.9%, while 

the least reduction was found in NIM treated 

sawdust with 22.8% reduction. The 

hemicellulose content (%) shows no 

significant difference in sawdust treated with 

PPR and NIM. While the sawdust treatment 

with co-culture of PPR and NIM differs 

significantly with the control. The cellulose 

content of sawdust treated with NIM has no 

significant difference with control while the 

co-culture of PPR and NIM are not 

significantly different from each other. 

 

Table 3. Screening of Fibre fraction (g/100g) of fungal treated sawdust. 
 

a, b, c, d 
Mean with different superscripts in each row are significantly different at p ≤ 0.05 according 

to Duncan’s multiple range test. 

NDF- Neutral detergent fibre, ADF- Acid detergent fibre, ADL- acid detergent lignin,  

HC- Hemicellulose, Cell- Cellulose, PPR- Pleurotus pulmonarius, NIM- Neurospora 

Intermedia and SEM- standard error of mean. 

 

Mineral content of treated sawdust is shown in 

figure 1 and 2. The results shows significant 

(p< 0.05) increase in the major and minor 

element after the period of incubation. The 

potassium content is highest in co-culture of 

PPR and NIM in the fermented substrate 

followed by PPR treated substrate, while least 

was recorded in NIM treated substrate alone. 

There was no significant difference in the 

phosphorus in co-culture of PPR and NIM and 

PPR treated substrate. 

 

Parameter Control PPR NIM PPR+NIM SEM 

 

NDF 74.66
a
 63.67

c
 66.41

b
 61.59

d
 0.01 

ADF 57.25
a
 49.22

c
 52.26

b
 48.72

d
 0.05 

ADL 21.36
a
 14.29

c
 16.58b 14.11

d
 0.06 

HC 17.41
a
 14.45

b
 14.15

b
 12.87

c
 0.03 

Cell 35.89
a
 34.93

b
 35.68

a
 34.61

b
 0.01 
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Figure 1. Mineral content (g/Kg) of treated 

sawdust (major element) 

PPR- Pleurotus pulmonarius, NIM- 

Neurospora intermedia 

 

Figure 2. Mineral contents (PPM) of 

treated sawdust(minor elements) 

PPR- Pleurotuspulmonarius, NIM- 

Neurospora intermedia. 

DISCUSSION 

This study revealed that there was a decrease 

in pH of biodegraded sawdust. The change in 

pH value may be associated with the increase 

in amino nitrogen content and the presence of 

metabolic waste products within the 

substrates. This agrees with the finding of 

Jonathan et al. (2004) who observed a change 

in pH during the growth of V. esculenta in 

submerged medium. Jahromi et al. (2011) 

reported that biological treatment usually 

brings reduction in pH and fungi generally 

carry out their activities better at acidic pH. 

The Ash content of biodegraded sawdust has 

no significant difference (P ≤ 0.05) in 

substrate treated with N. intermedia, P. 

pulmonarius and both test organisms. The 

result of this study shows a decrease in the 

organic matter content of biodegraded 

substrate, this agrees with the finding of 

Belewu, (2006) who reported a decrease in the 

organic matter of sawdust and cotton plant by-

product treated with Pleurotus sajorcaju. A 

decrease in organic matter might be due to the 

release by fungi during the period of 

degradation of the substrate (Adenipekun and 

Okunlade, 2012) who observed a decrease in 

organic matter of Rattan wood and maize 

stover by Pleurotus osteratus. 

One of the main goals of biodegradation using 

lignin degrading fungi is to ensure adequate 

digestibility of substrate carbohydrate; which 

can be achieved by rapid lignin degradation 

(Adenipekun and Fasidi, 2005). Crude fiber 

content of biodegraded sawdust decrease the 

incubation period, this agreed with the 

findings of Jonathan et al. (2012a) and and 

Akinfemi et al. (2013) who reported crude 

fiber loss in sorghum, rice straw and sawdust 

after fungal treatment. Belewu et al., (2005) 

also reported that degradation of banana 

leaves decreased in fiber content due to the 

production of various enzymes during the 

vegetative and reproductive phases with 

lignocellulosic degrading properties. Decrease 

in neutral detergent fiber fraction at 

significance level (P≤ 0.05) was also observed 

after the incubation period, similar trend of 

fiber fraction degradation were found by other 

researchers (Belewu and Banjo, 1999; 

Akinfemi et al., 2009). The decrease observed 

in fiber fraction in the biodegraded sample 

may be due to the extensive utilization of 

cellulose and hemicelluloses by test fungi. 

Moreso, P. pulmonarius are known to produce 

lignocellulosic enzymes capable of degrading 
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lignin, cellulose and hemicelluloses (Jonathan 

et al., 2012a).  

Crude protein content of biodegraded 

substrate increased significantly (P≤ 0.05) 

with respect to incubation period, this is in 

line with Belewu and Belewu, (2005) where it 

was observed that the addition of fungal 

protein during solubilization and degradation 

of rice husk increased the crude protein 

content. Similar result was observed by 

Jonathan et al. (2012) in rice straw degraded 

by P. pulmonarius. The increase may be due 

to the addition of fungal protein to the treated 

substrates during the fermentation process. 

This also confirms the finding of Belewu and 

Banjo, (1999) and Belewu, (2006). Protein 

content increase could also be as a result of 

hydrolysis of starch to glucose and its 

subsequent use by the same organism as a 

carbon source to synthesize fungal biomass 

rich in protein (Fasidi and Kadiri, 1991; 

Kadiri, 1999). Other researchers affirmed that 

protein increase may be due to secretion of 

certain extracellular enzymes which are 

proteinous in nature into the waste during their 

breakdown and its subsequent metabolism 

(Jonathan et al., 2012b; Belewu and Belewu, 

2005; Howard et al., 2003). There was 

increase in ether extract of treated substrate, 

this corresponds to the findings of Salama et 

al. (2011) who reported that treatment of 

sugarcane bagasse with fungi led to increase 

in Crude protein and Ether extract of the 

substrate. Major and minor mineral contents 

of treated substrate also increased significantly 

after the incubation period,this agrees with the 

findings of Anikeet al. (2016) who also 

reported increase in peanut’s shell and corn 

stalk mineral content after treatment with 

Pleurotus ostreatus. Other researchers 

reported minerals in fungal treated substrate 

which they found to be of health benefits to 

the consumer (Kayode and Sani, 2010; 

Kayode et al., 2016). The findings of Parani 

and Eyini, 2010 also affirmed the result of this 

study that co-culture lead to better degradation 

of substrate which brings about depletion of 

recalcitrant compound like lignin and also 

reduction in the fibre values.  

CONCLUSION 

Solid state fermentation byPleurotus 

pulmonarius and Neurospora intermedia and 

its combination resulted in reduction of fibre 

fraction and crude fibre content and increase 

crude protein content of experimental 

substrate. It can therefore be suggested that 

treatment of lignocellulosic waste can be 

converted to useful products thus reducing 

environmental pollution. 
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