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Lignocellulolytic white-rot fungi allow the bioconversion of agricultural 
wastes into value-added products that are used in a myriad of applications. 
The aim of this work was to use corn residues (Zea mays L.) to produce 
valuable products under solid-state fermentation (SSF) with Pleurotus 
ostreatus.  White-rot fungus P. ostreatus was isolated from maize silage 
(MS) and thereafter it was inoculated on MS as substrate and compared 
with maize stover (MSt) and maize cobs (MC) to determine the best 
lignocellulosic substrate for the production of lignocellulolytic enzymes and 
extracellular protein. The MS gave the highest productivity of CMCase 
(368.2 U/mL), FPase (170.5 U/mL), laccase (11.4 U/mL), and MnPase (6.6 
U/mL). This is compared to productivity on MSt of 222 U/mL, 50.2 U/mL, 
4.55 U/mL, and 2.57 U/mL, respectively; and productivity on MC at the 
same incubation period as 150.5 U/mL, 48.2 U/mL, 3.58 U/mL, and 2.5 
U/mL, respectively. The levels of enzyme production declined with 
increasing incubation period after 15 and 20 days using MS and MC, 
respectively, as substrates. Maximum liberated extracellular protein 
content (754 to 878 µg/mL) was recorded using MS, while a low amount 
(343 to 408 µg/mL) was liberated with using MSt and MC. 
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INTRODUCTION 
 

Lignocellulosic biomass is one of the most abundant renewable natural 

resources in the world (Dong et al. 2020). Among the different cereal crops that are 

cultivated worldwide, corn (Zea mays) is one of the most abundant crops (Abdel Ghany 

2012). Therefore, large amounts of lignocellulosic materials as waste are collected from 

corn fields (Rahman et al. 2020). Agricultural and agro-industrial activities also produce 

tons of by-products such as sugarcane bagasse, citrus bagasse, fruit peel, corn straw, and 

corncobs. The existence of these wastes in the field leads to a serious disposal problem for 

the agroindustries. Because these residues are nutritious, they have ample potential for 

being used directly as feed or as components for industrially formulated animal diets (Yang 

et al. 2001; Rahman et al. 2020). Intensive agriculture practices, particularly in the recent 

decades, has resulted in an increase in lignocellulosic biomass and its wastes, besides the 

wastes of food manufacturing (Mtui and Nakamura 2005; Peng et al. 2020). The abundance 
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of these wastes either pre-harvest or post-harvest, has encouraged scientists to re-purpose 

these wastes and create vital products (Foyle et al. 2007; Abdel Ghany and Bakri 2019; 

Abdel Ghany et al. 2020; Rahman et al. 2020). Various studies have shown that 

lignocellulolytic fungi, particularly white-rot fungi (WRF), such as Pleurotus ostreatus, P. 

cornucopiae, and P. kumm, play a critical role for degrading lignocellulosic wastes and 

assist its conversion into an attractive bioproduct in many fields (Moya et al. 2016; Peng 

et al. 2020). Recently, Han et al. (2020) mentioned the potential ability of P. ostreatus for 

lignocellulolytic enzymes production under solid-state fermentation (SSF) using variable 

lignocellulosic sources.  

The main value-added products recovered include enzymes, reducing sugars, 

furfural, ethanol, protein and amino acids, carbohydrates, lipids, organic acids, phenols, 

activated carbon, degradable plastic composites, cosmetics, biosorbent, resins, medicines, 

foods and feeds, methane, biopesticides, biopromoters, secondary metabolites, surfactants, 

fertilizer, and other miscellaneous products (Demirbas 2008; Rodríguez-Luna et al. 2020). 

The biotransformation of lignocellulosic wastes by WRF was achieved by the generation 

of extracellular ligninolytic enzymes such as laccase, versatile peroxidases, benzoquinone 

reductases, lytic polysaccharide monooxygenases, etc. (Gupta et al. 2018). Previously, 

DeSouza et al. (2006) mentioned that lignin peroxidases (LiPase), manganese-dependent 

peroxidases (MnPase), and laccase are the three major lignin-degrading enzymes with great 

potential in industrial applications. These enzymes are responsible for the degradation of 

the major constituents, i.e., cellulose, hemicellulose, and lignin, into low molecular weight 

molecules that can be assimilated for fungal nutrition (Abdel Ghany and Bakri 2019). 

White-rot fungi secrete one or more of the three enzymes essential for lignin degradation. 

The same unique nonspecific mechanisms that give these fungi the ability to degrade lignin 

also allow them to degrade a wide range of pollutants, including polycyclic aromatic 

hydrocarbons (PAHs), polychlorinated biphenyls (PCBs), explosives, pesticides, and dyes 

(Ganash et al. 2016; Elisashvili et al. 2020). The aim of the present study was to explore 

the use of corn residues (Zea mays L.) including silage as well as stover and cobs under 

SSF conditions as an eco-friendly manner to produce valuable products of lignocellulolytic 

enzymes. 

 

 

EXPERIMENTAL 
 
Materials 
Fungi and maize wastes used 

One fungus was isolated from maize silage (MS) (Zea mays L.) that is made out of 

whole ensiled maize plants. The isolate was purified and identified morphologically as 

Pleurotus ostreatus according to taxonomic keys of Sharma (1989). The fungus was 

cultivated on potato dextrose agar (PDA) plates for 12 d at 30 °C. Mycelium agar plugs 0.5 

mm in diameter (cut along the edge of an actively growing colony) were used as inoculum. 

Different samples of maize wastes including MS, maize stover (MSt) consisting of leaves 

and stems without grains and cobs, maize cobs (MC) after removal of grains were dried, 

cut to different small lengths, ground in an electric grinder, and passed through a sieve 

(mesh size 5 mm) to obtain uniform sized particles.  

                    

Enzymes preparation 

Five grams of each sample under solid-state fermentation (SSF) conditions was 
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placed in a 250-mL conical flask. The substrate was moistened with 20 mL moisture agent 

(distilled water) and then autoclaved at 121 °C for 30 min followed by inoculation by 5 

discs (0.5 mm) of growing fungus on PDA, and then homogenized, followed by incubation 

at 30 °C for different incubation periods up to 25 d. Distilled water (50 mL) was added to 

each flask after the incubation period and mixed for 30 min on a shaker (300 rpm). The 

content of the flask was clarified through muslin cloth confined in a glass funnel into a 

clean dry flask. The filtrates were centrifuged at 80,000 rpm for 10 min. The obtained 

supernatant was used as crude enzymes.  

 

Protein and reducing sugar assays  

Approximately 1.0 mL of 3,5-dinitrosalicylic acid (DNS) reagent was mixed with 

1.0 mL of sugar sample, and 1.0 mL of distilled water was used a blank. The tubes 

containing the reaction mixture were placed in boiling water bath for 10 min, followed by 

cooling at room temperature, then 5 mL of distilled water was added to each tube. The 

change in intensity of yellow to orange color was recorded by measuring the absorbance at 

540 nm. Glucose was used as a standard (Miller 1959). Estimation of the total soluble 

protein in the fungal filtrate (supernatant) was carried out following Lowry et al. (1951) 

method, using bovine serum albumin as a standard. 

                                                          

Carboxymethyl cellulase (CMCase) assay  

Carboxymethyl cellulose (CMC) as a substrate of CMCase was prepared by the 

addition of 1.0 g of CMC to 100 mL of sodium acetate buffer with pH 5.0. Then, 1.0 mL 

of the supernatant (enzyme) was added to substrate in test tube, followed by incubation at 

63 °C for 30 min; then the liberated reducing sugar was estimated by using DNS reagent 

(Miller 1959), through recording the absorbance at 540 nm. Distilled water was added 

instead of enzyme for blank experiments. Reducing sugar content was determined via 

glucose standard curve. One unit of CMCase is considered as the micromoles of glucose 

liberated per mL of supernatant per minute (Wang et al. 1988).  

 

Manganase peroxidase (MnPase) assay  

For MnPase assay, 100 µL of the supernatants were added to 1.0 mL of 2 mM 

solution of 2,2-azino-bis(3-ethylbenzo-thiazoline-6-sulfonic acid) (ABTS) and 1.0 mM 

MnSO4 in Mcllvaine buffer (pH 5.0) followed by the addition 0.4 mM H2O2 for peroxidase 

activity initiation (Field et al. 1996; Garzillo et al. 2001). The enzymatic activity was 

estimated in IU by monitoring of the change in absorbance at 420 nm (ABTS), Є420 = 36 

Mm-1cm-1 at 30 °C. 

 

Laccase assay. 

For laccase assay, 100 µL of the supernatants were added to 1.0 mL of 2 mM ABTS 

in Mcllvaine buffer (pH 5.0). Then the enzymatic activity was recorded according to 

Garzillo et al. (2001). The enzymatic activity was estimated in IU by monitoring the 

absorbance change at 420 nm (ABTS), Є420 = 36 Mm-1cm-1 at 30 °C. 

 

Filter-paperase (FPase) assay  

According to Gadgil et al. (1995), FPase was assayed by mixing 1.0 mL of the 

supernatant with 2 mL of 0.1 M citrate buffer (pH 4.8) containing 0.04 g filter paper 

(Whatman No. 1) in a clean dry tube. Then, the reaction mixture was incubated at 50 °C 

for 1 h. Then, the liberated reducing sugar was measured by the DNS method by measuring 
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the absorbance at 540 nm. Distilled water was used instead of enzyme in blank sample. 

Reducing sugar was determined via glucose standard curve. One unit of FPase, is the 

micromole of glucose liberated per mL of supernatant per min. 

 
Statistical Analysis  

The mean ± SD (standard deviation) of three results were calculated by computer 

using SPSS ver. 22.0 software. Error bars in all figures referred to SD of three values of 

treatments  

 
 
RESULTS 
 

In this study, P. ostreatus, a white rot-fungus was isolated from MS (Fig. 1A), 

applied for maize wastes degradation, and production of lignocellulolytic enzymes. PDA 

medium was suitable for sub-culture and growing the inoculum of P. ostreatus (Fig. 1B), 

followed by appearance of fruiting bodies using maize silage (Fig. 1C). Lignocellulose 

degradation by P. ostreatus was further studied on maize residues including MS, MSt, and 

MC.  

 

 
 

Fig. 1. Maize silage showing P. ostreatus growth (A) where arrows refer to growth, P. ostreatus 
growth on PDA (B), and fruiting stage of P. ostreatus on maize silage (C) 
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The production amounts of CMCase by P. ostreatus were recorded after 5 d on MS 

(100.25 U/mL), MSt (76.42 U/mL), and MC (44.54 U/mL). The CMCase production 

increased with increasing incubation period of 15 d in MS, and of 20 d in MSt and MC 

utilizations (Fig. 2).                    

The highest amount of CMCase (368.24 U/mL) was recorded using MS compared 

with using MC or MSt as substrates. The highest FPase were recorded after 10 d (170.50, 

50.22, and 48.20 U/mL) on MS, MSt, and MC, respectively. Surprisingly, at 25 d of 

incubation period, the FPase production of 90.34 U/mL was achieved, silage produced a 

lesser amount (150.45 U/mL) at 5 d of incubation period, unlike leaves with stems or MC 

(Fig. 2). 

 

 
Fig. 2. Production of CMCase by P. ostreatus on cobs, stover, and silage of maize under SSF  

 

 
Fig. 3. Production of FPase by P. ostreatus on cobs, stover, and silage of maize under SSF  
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The results revealed that the highest laccase production (11.45 and 4.55 U/mL) was 

obtained after 15 d of incubation period on MS and MSt substrates, while 20 d was the 

optimum period for laccase production (3.77 U/mL) on cobs substrate (Fig. 4). As the 

incubation period was increased, the MnPase production also increased to reach the highest 

productivity (6.58 U/mL and 2.58 U/mL) after 15 d on MS and MSt, respectively (Fig. 5). 

Meanwhile, it reached the highest production of 3.77 U/mL at 20 d of incubation period 

using the MC substrate. 

 

 
Fig. 4. Production of Laccase by P. ostreatus on cobs, stover, and silage of maize under SSF 
 

 
Fig. 5. Production of MnPase by P. ostreatus on cobs, stover, and silage of maize under SSF 

 

The highest extracellular protein content was recorded on MS within the range of 

754 to 878 µg/mL, while the lowest extracellular protein was recorded on MSt and MC 

substrates within the range 343 to 408 µg/mL (Fig. 6). 
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Fig. 6. Extracellular protein production by P. ostreatus on cobs, stover, and silage of maize  

 
 
DISCUSSION 
 

Various lignocellulosic wastes that are generated worldwide result in serious 

environmental pollution and loss of valuable materials. Therefore, its bioconversion to 

several value-added products such as enzymes is important. The production of some 

lignocellulolytic enzymes by P. ostreatus was evaluated in the current study under SSF 

conditions using MS, MSt, and MC as substrates. The three substrates are from the same 
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potential sources of lignocellulolytic enzymes. Fungi compared with other microorganisms 
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conditions. Early and recent studies mentioned that P. ostreatus contributes to the 

disintegration of cellulose, hemicellulose, and lignin via the synthesis of enzymes (Cohen 

et al. 2002; Alfaro et al. 2020). Several studies have reported that white-rot fungi are 

capable of breaking down all constituents of lignocellulose (Huang et al. 2008; Rahman et 
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MC substrates. Trejo-López et al. (2020) obtained laccases and cellulases using P. 

ostreatus by degrading agricultural wastes and applied these substances to enhance goat 

milk products. These studies confirmed the safe applications of P. ostreatus. Currently MS 

has become the major feed constituent in the ration of dairy animals in many countries. 

The results obtained in this study showed the production of variable enzymes 

depending on the substrate type. For example, the amount of CMCase produced was 368.2, 
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enzymes. These findings were in agreement with Vladimir et al. (2009) who mentioned 

that lignocellulosic substrate type had the greatest impact on enzyme secretion. The 

greatest amount of enzymes using MS might be attributed to the constituents of MS that 

may contain proteins, minerals, and fats. These constituents encourage fungal growth and 

ligninolytic enzymes activity. The MSt and MC were lacking higher contents of these 

constituents. Although they come from the same plant, the MSt, MC, and MS were found 

to differ in chemical structure, as well as in mechanical and physical properties that 

influence the enzyme production. 

With increases in the incubation period, the productivity of enzymes increased 

initially, but at 15 d or at 20 d of incubation the productivity began to decline (Figs. 2 to 

5). The early rate of higher production of enzymes activity on maize substrates may be due 

to mycelial growth, which then decreased at fruiting stage that started after two weeks. The 

MSt and MC indicated the highest productivity of CMCase up to 20 d of incubation, unlike 

MS. This phenomenon might be attributed to the hemicellulose and cellulose degradation 

that were faster for MS than MSt and MC. Furthermore, the difference in enzyme activity 

in the current study could also be attributed to the ingredients of applied substrate, as 

reported partially by Ozcirak and Ozturk (2017). 

According to Sharma and Arora (2010), the maximum laccase production (0.72 

U/L) was obtained after 21 d incubation of wheat straw inoculated by Phlebia floridensis 

at 27 °C. From the obtained results, P. ostreatus has drawn considerable attention as an 

appropriate fungus for the creation of lignin-degrading enzymes or direct application in 

lignocellulose bioconversion processes.    

The highest protein contents were obtained in MS compared to MSt and MC (Fig. 

6). This observation may be explained on the basis of substrate constituents, and also that 

P. ostreatus was able to secrete a large quantity of extracellular protein from silage. 

However, these proteins as indicated from the results for lignocellulolytic enzymes, may 

be due to production of another lignocellulolytic enzymes or proteolytic enzymes. These 

findings agree with previous studies (Bosco et al. 1999; Ruggeri and Sassi 2003) 

 
 
CONCLUSIONS 
 

1. The best substrates from corn residues for lignocellulase production were determined 

in this study and followed the order: silage > stover > cobs of corn (Zea mays L.) (MS 

> MSt > MC). 

2. The highest productivity for lignocellulases was recorded at 15 d of incubation period 

for most enzymes. 

3. Current findings designate that maize waste was evaluated for its potential application 

in the creation of lignocellulosic enzymes. However, the variability of waste 

constitution affects enzymes production and its amounts. 
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