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ABSTRACT 

Pennisetum sinese is a giant grass with a fast-growing and high rooting rate, high sugar, protein con-

tent, and high biomass yield, which causes it to be an efficient and economic energy crop of high produc-

tivity, application in phytoremediation, and fodder production. The composting system of this grass that is 

adapted to the simplest formulation is easy and economically feasible in small farms for cultivating oyster 

mushrooms. In this study, giant grass compost was employed as a substrate for cultivating three Pleurotus 

species: P. florida, P. pulmonarius, and P. ostreatus to assess their enzyme activities, growth, and yields. 

Lignin peroxidase (LiP) was the most active enzyme in each species, while other enzymes were differently 

expressed between species and developmental phases. The average mass of fruiting bodies formed on the 

giant grass compost was 173.4 g, 166.5 g, and 152.2 g. The biological effectivity was 82.6%, 78.6%, and 

72.5% for P. pulmonarius, P. ostreatus, and P. florida, respectively. The obtained results indicate the use-

fulness of giant grass compost for the cultivation of the three studied Pleurotus species. 
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INTRODUCTION 

 

Mushrooms are a particular class of macro 

fungi with a unique epigeous (superficial) fruiting 

body that generally grows in decomposing organic 

matter. The majority of cultivated mushrooms, in-

cluding Pleurotus spp., can be grown on the raw ma-

terials of crop or agro-industrial wastes, such as, 

amongst others, coffee bean dregs, cereal straw, ba-

nana leaves, brewery waste, maize cobs, sawdust, 

and cotton wastes (Philippoussis et al. 2001; Obodai 

et al. 2003). Oyster mushrooms have an enzymatic 

complex containing the ligninolytic or oxidative en-

zymes (manganese-base peroxidase, lignin peroxi-

dase, and laccase) that break the lignin polymers 

down (Arora et al. 2002; Knop et al. 2015), and the 

hydrolytic enzymes (endoglucanase, i.e., CMCase, 

beta-glucosidase, exoglucanase, FPase, and xy-

lanase) that break the cellulose and hemicellulose 

polymers down (da Luz et al. 2012; Amore et al. 

2013). The enzyme activities and nutritional com-

position of oyster mushrooms differ depending on 

their species, nature, and composition of the cultiva-

tion substrate (Çağlarırmak 2007; Bhattacharjya et 

al. 2015; Knop et al. 2015; Xie et al. 2016). 

Pennisetum sinense is a perennial giant grass 

with a high cellulose and crude protein content, which 

can provide a biomass yield of up to 200 t FW·hm-2 

(Zhang et al. 2015). In addition to being widely used 

as a raw material for livestock feed and biomass en-

ergy (Lin et al. 2012), it controls soil erosion and im-

proves soil properties (Lin et al. 2014). Partial degra-

dation through composting can make this grass more 

easily digestible by mushrooms. Compost used as 

a soil amendment gives numerous biological benefits 

and restricts the growth of harmful mushroom mi-

crobial competitors (Oh et al. 2003; Martínez-Blanco 

et al. 2013). Compost stimulates the formation of 

aggregates (mycelia thread biofilm) that improve 

soil structure, increase disease resistance in some 

cases, stimulate the indigenous soil microflora 

with the substances it provides, enhances re-

sources, reduces the volume of waste products by 

over 40%, and reduces pollution (Dada & Fasidi 2018).  
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Given that the present residues can vary greatly 

from one region to another, the composting system 

that is adapted to the simplest formulation, ideally 

with only one agro-industrial component is simple 

and economically feasible in small farms for culti-

vating oyster mushrooms. 

It was reported that various species of Pleurotus 

can be viably cultivated using only elephant grass 

(Pennisetum purpureum) (Bernardi et al. 2007). In the 

study on the cultivation of oyster mushrooms using 

one-component composts of corn-cob hay, sawdust, 

and wheat straw, P. ostreatus readily produced fruit-

ing bodies on composted sawdust with a yield level 

comparable to commercial production of Agaricus 

campestris (Block et al. 1958). P. ostreatus and 

A. bisporus were effectively produced on wheat straw 

compost (Vajna et al. 2010; Vieira & Pecchia 2018). 

Globally, oyster mushrooms take the second po-

sition of mostly cultivated mushrooms and account for 

25% of total mushroom production (Vasudewa et al. 

2007). However, only a few investigations were car-

ried out, on the use of composts for growing Pleurotus 

spp. The use of giant grass compost in mushroom 

cultivation is advantageous for regions, which have 

a high production of this grass. Therefore, the goal of 

this study was to assess the enzyme activity, growth, 

yield properties, and nutritional content of three 

Pleurotus species growing on giant grass compost. 
 

MATERIALS AND METHODS 
 

Preparation of primary and secondary spawn 

The experiment was carried out at the Academy of 

Juncao Science and Technology, Fujian Agricultural 

and Forestry University. Three Pleurotus strains P377, 

P27, and P30 were originally obtained from different 

geographic locations in China and collected at the Fu-

jian Agricultural and Forestry University. They were 

identified further as P. florida, P. pulmonarius, and 

P. ostreatus, respectively, using DNA sequencing, ac-

cording to (Menolli et al. 2010). The above strains 

were selected after the initial screening process. They 

were maintained on PDA medium (as the first) and 

also in polyethylene bags filled with 500 g of sterile 

substrate made up of raw materials of 50% Pennise-

tum sinense, 28% Miscanthus floridulus, 20% wheat 

bran, and 2% of gypsum (as the second spawn). 

Preparation of cultivation substrate and mush-

room growing 

Fully mature plants were cut and ground to 0.5–

1.5 cm particle size, sun-dried for 3 days, then piled 

1 × 1 × 1 m, and composted for 21 days. The heap 

was turned over every 5 days, and the compost tem-

perature was monitored daily. The highest and low-

est temperatures were noted at 6 and 21 days, re-

spectively. After 21 days the compost was sun-

dried. For the experiment, the giant grass compost 

was mixed with 10% wheat bran and 2% gypsum 

powder, then moistened to a water content of 58% 

and loaded in polyethylene bags according to the 

methods of Rajapakse et al. (2007) and Okal et al. 

(2021). Five hundred grams of substrate mixture 

(pH 7.8) was loaded into the polyethylene bags. Ac-

cording to Rajapakse et al. (2007) and Okal et al. 

(2021), the polyethylene bags were sealed with per-

forated caps to allow for some aeration, then pas-

teurized for 6 hours at 80 °C and 90% relative hu-

midity. After cooling, the experimental substrate 

was inoculated with 30 g of the second spawn sub-

strate. For each of the evaluated species, 18 repli-

cate bags were prepared. The bags were incubated 

in the climate box QHX-400BSH-III (Shanghai 

CIMO) at a temperature of 24 °C, a humidity of 

50%, and in the dark. To compare growth rates be-

tween Pleurotus species, the time required for the 

substrate to fully colonize and for primordial initi-

ation was recorded in each bag. After the bags had 

colonized completely, they were opened and taken 

to the growing room with a temperature range of 

19–24 °C, and 80–85% humidity that was kept by 

regularly spraying with water (Ahmed et al. 2013). 

The mycelial samples were obtained by randomly 

selecting one bag from each species, and after thor-

oughly mixing, three replicate samples were taken 

at the substrate inoculation stage, mycelial coloni-

zation stage, and fruiting body stage. In harvesting, 

fruiting bodies were twisted and uprooted from the 

base. The harvest from two subsequent flushes for 

each bag was recorded to determine its total yield 

(g). Samples of fruiting bodies and colonized sub-

strate were frozen utilizing liquid nitrogen and then 

kept at −80 °C until later use. To find the biological 

efficiency (BE) for each species, we used the for-

mula (Zervakis & Balis 1992): 

BE =
Fresh weight of fruit body × 100

 Dry weight of the substrate
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Analysis of enzyme activities 

The Elisa method was used to perform the assays for 

enzyme activity of laccases, manganese peroxidase 

(MnP), lignin peroxidase, xylanases, exoglucanases 

(FPase), endoglucanases (CMCase), β-glucosidase, 

and amylase in the samples of mycelial and fruiting 

phases, according to Okal et al. (2021). Briefly, 

50 µL of the standard solution (prepared by mixing 

1 µg of supplied ELISA standard with 1 ml of ELISA 

diluent, then mixed 10 µL of the reconstituted stand-

ard with 990 µL of incubation buffer) was added to 

a micro-Elisa test strip plate (standard well), and 

40 µL of the sample dilution buffer was added to the 

testing sample well. Then, 10 µL of the testing sam-

ple was added to the wells and gently mixed. Except 

for the blank well, 100 µL of HRP-conjugate reagent 

was then added to the wells, followed by the closure 

of each plate with an adhesive strip and incubated for 

30 minutes at 37 °C. Then, a wash solution was pre-

pared, diluted 30-fold with distilled water, and kept. 

The closed plates were then uncovered, followed by 

discarding the contents and drying with a swing. 

Then, the washing buffer was added to each well and 

allowed to stand for 30 seconds, and then drained. 

Except for the blank well, 50 µL of HRP-conjugate 

reagent was then added to each well and incubated 

for 30 min at 37 °C, followed by washing with buffer. 

Then in each well, 50 µL of chromogenic solution A 

and 50 µL of chromogenic solution B were gently 

mixed, protected from the light, and incubated for 

15 minutes at 37 °C. To stop the reaction, 50 µL of 

H2SO4 solution was added to each well, and when 

the color changed from blue to yellow, the absorb-

ance (optical density – OD) was then read at 450 nm 

within 15 minutes of adding the stop solution. 

A standard curve was drawn and the OD value was 

used to calculate the sample’s corresponding density. 

The actual sample density for each enzyme was de-

termined by multiplying the sample density on the 

graph by the dilution factor. 

Analysis of the fruiting body composition 

The analysis of contents of polysaccharides, fiber, 

carbohydrates, fat, proteins, amino acids, crude ash, 

and heavy metals (cadmium, arsenic, lead, and mer-

cury) in fruiting bodies from each Pleurotus species 

was performed. To quantify the content of polysac-

charide, the phenol-sulfuric acid method (Nielsen 

2010) was applied. Polysaccharides were extracted 

in the water and precipitated in alcohol. Then, 

0.05 g of the crushed sample was mixed with 1 ml 

of water into a test tube and homogenized in a water 

bath at 100 °C for 2 hours. The mixture was then 

centrifuged for 10 minutes at 10,000 rpm, and the 

supernatant was removed. The 0.2 ml of supernatant 

was mixed with 0.8 ml of anhydrous ethanol, and 

the mixture was then employed for quantifying pol-

ysaccharides at 490 nm. The content of carbohy-

drates was determined by the phenol-sulfuric acid 

method according to Nielsen (2017). Fiber content 

was examined by referring to the method used by 

(Bragg & Shofner 1993) and protein content using 

the BCA kit (Walker 2009; Yanos et al. 2013). The 

standard working solution was prepared in a ratio of 

100 volumes of BCA reagent A to 2 volumes of 

BCA reagent B, where the reagent A was prepared 

by dissolving 1 g of sodium bicinchoninate, 2 g of 

sodium carbonate, 0.16 g of sodium tartrate, 0.4 g 

of NaOH, and 0.95 g of sodium bicarbonate in 50 ml 

of distilled water, then brought to 100 ml with dis-

tilled water, and the pH was then adjusted with 10 M 

NaOH to 11.25. The reagent B was prepared by dis-

solving 0.4 g of cupric sulfate (5 × hydrated) in 5 ml 

of distilled water, then brought to 10 ml with distilled 

water. The absorbance measurement of the known 

standard was performed at 562 nm. The fruiting 

body fat was evaluated according to (Randall 1974). 

The total amino acids were investigated using the 

RP-HPLC method described by Bartolomeo and 

Maisano (2006). The ion exchange method was uti-

lized to analyze the fruiting body’s Cd, Pb, As, and 

Hg (Huang et al. 2010; Liu et al. 2015). 

Statistical analysis 

The data from three independent biological repli-

cates were analyzed with a one-way ANOVA test 

using SPSS software version 22. The means be-

tween enzymes of one strain and between strains 

were compared utilizing the Duncan test at a 5% 

significance level. 

 

RESULTS 

 

Enzyme activity 

The enzyme assays performed immediately after 

inoculation, at the twentieth day of mycelia growth,   
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and at fruiting stages showed various activities of 

lignocellulolytic enzymes depending on Pleurotus 

species grown on the same substrate. The results 

presented the highest activity of LiP of each Pleuro-

tus species (Fig. 1) at the inoculation stage but differ-

ent at the mycelia colonization and fruiting stages 

(Table 1). Apart from LiP, every Pleurotus species 

showed the participation of all enzymes in the degra-

dation of lignocellulosic substances, but their activity 

differed between developmental stages (Figs. 1–3). 

Amylase, laccase, and CMCase exhibited signifi-

cantly higher activities in P. florida, while gluco-

sidase and MnP exhibited higher activity in P. pul-

monarius and P. ostreatus. Xylanase and FPase 

showed significantly higher activities in P. pul-

monarius and CMCase in P. ostreatus. During the 

stage of mycelial colonization, the complex of amyl-

ase, CMCase, and FPase had a higher activity in 

P. florida, xylanase had a higher activity in P. pul-

monrius, and the complex of glucosidase, MnP, and 

laccase in P. ostreatus (Table 2). At the fruiting phase 

(Table 3 & Fig. 3), LiP activity remained to be the 

highest for each Pleurotus species. LiP and CMCase 

peaked in P. pulmonarius. Besides LiP, MnP and lac-

case exhibited higher significant activity in P. florida, 

whereas in P. pulmonarius, a complex of amylase, 

xylanase, LiP, and CMCase activities were signifi-

cantly higher. In P. ostreatus, a complex of gluco-

sidase, laccase, and FPase activities were the highest. 

In brief, during all growth stages, the LiP enzyme 

(Figs. 1–3) was the most active, displaying the high-

est significant activity at the fruiting phase, especially 

in P. pulmonarius. 

Mycelium growth and fruiting body yield 

The results showed that the mycelial growth of 

P. florida was faster (23.9 days) than that of P. pul-

monarius and P. ostreatus (26.5 and 25.3 days, re-

spectively). However, P. pulmonarius was the first 

in producing the primordia (38.9 days), followed by 

P. ostreatus (42 days), and P. florida (46.4 days). 

P. plumonarius produced the highest number and 

highest mass of fruiting bodies with the highest bi-

ological efficiency of 82.6%. The lower number of 

fruiting bodies in the two other species was accom-

panied with lower BE. Differences in stipe lengths 

and pileus diameters were not correlated with their 

number and mass (Table 4). 

Content of compounds and heavy metals in fruit-

ing bodies 

The highest content of polysaccharides, proteins, car-

bohydrates, and fiber was detected in P. ostreatus, 

whereas the highest contents of total amino acids and 

fat were detected in the P. florida, and crude ash in 

P. pulmonarius (Table 5). Differences in the content 

of heavy metals were not high although statistically 

significant. The highest content of Hg was detected 

in fruiting bodies of P. florida and the highest con-

tents of As, Pb, and Cd in P. pulmonarius (Table 6). 
 

Figure 1. Comparison of enzymatic activities of three Pleurotus species cultured in composted giant grass at the inoc-

ulation phase (comparisons were made within species)  
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Figure 2. Comparison of enzymatic activities of three Pleurotus species cultured in composted giant grass at the my-

celial colonization phase 

 

 

Figure 3. Comparison of enzymatic activities of three Pleurotus species cultured in composted giant grasses at the 

fruiting stage 

 

 

Table 1. Enzyme activities (Iu·dm-3 ± SD) at the inoculation stage of three different Pleurotus species cultured in 

composted giant grass 
 

Pleurotus species Glucosidase Amylase MnP Xylanase LiP Laccase CMCase FPase 

P. florida 153.7±1.5b 372.7±5.3a 148.9±14.4b 143.5±2.3b 601.4±5.6a 163.2±8.0a 495.8±21.6a 257.3±13.1b 

P. pulmonarius 164.8±3.7a 249.0±12.9b 273.4±6.9a 173.4±8.1a 632.6±18.1a 90.4±4.0b 311.4±14.9b 418.7±13.8a 

P. ostreatus 165.1±4.7a 202.7±16.4c 271.7±13.9a 118.0±3.2c 603.6±23.6a 98.7±7.7b 478.6±1.3a 154.5±21.1c 

Different letters in a column represent a significant difference in enzyme activity between various species of Pleurotus at p ≤ 0.05 

by Duncan’s multiple range tests (n = 3)  
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Table 2. Enzyme activities (Iu·dm-3 ± SD) at the mycelia colonization stage of three Pleurotus species cultured in 

composted giant grass 
 

Pleurotus species Glucosidase Amylase MnP Xylanase LiP Laccase CMCase FPase 

P. florida 125.5±2.8b 320.3±10.5a 223.2±4.6b 93.6±2.8c 611.8±11.1a 97.2±2.6c 524.5±15.0a 311.1±8.8a 

P. pulmonarius 93.8±4.4c 256.9±10.6b 158.1±15.3c 145.1±5.5a 481.9±24.5b 113.7±4.7b 373.1±16.2b 214.2±2.8c 

P. ostreatus 156.8±2.3a 266.5±5.7b 248.3±9.6a 116.4±7.2b 649.6±26.8a 141.7±6.0a 278.4±23.0c 257.3±8.9b 

See explanation in Table 1 
 
 

Table 3. Enzyme activities (Iu·dm-3 ± SD) at the fruiting stage of three Pleurotus species cultured in composted giant 

grass 
 

Pleurotus species Glucosidase Amylase MnP Xylanase LiP Laccase CMCase FPase 

P. florida 98.7±1.8b 181.2±9.9b 272.7±4.7a 132.3±4.8b 610.3±11.2b 147.5±3.4ab 301.3±4.5b 237.6±9.8b 

P. pulmonarius 99.6±4.5b 300.1±14.4a 177.6±7.2b 198.9±8.2a 715.0±16.1a 145.8±2.3b 550.3±30.4a 204.1±12.8c 

P. ostreatus 151.3±5.2a 144.9±16.5c 184.6±4.7b 98.4±6.2c 441.1±6.8c 154.9±6.0a 288.4±15.2b 349.5±11.2a 

See explanation in Table 1 
 
 

Table 4. Mycelia growth and productive capacity of three Pleurotus species cultured in composted giant grass 
 

Pleurotus species 
Mycelia growth 

(days) 

Primordia initiation 

(days) 

No. of fruiting 

bodies 

Fresh fruiting 

body weight (g) 

Stipe length 

(cm) 

Pileus diameter 

(cm) 

BE* 

(%) 

P. florida 23.9±1.2a 46.4±1.5c 15.8±3.2c 152.2±11.0b 5.9±0.4a 8.2±0.7b 72.5±5.2c 

P. pulmonarius 26.5±3.0b 38.9±3.0a 23.2±3.3a 173.4±13.0a 5.4±0.4b 7.5±0.8c 82.6±6.2a 

P. ostreatus 25.3±1.5b 42.0±1.9b 18.5 ± 2.6b 166.5 ±12.7a 5.6±0.5b 8.7±0.4a 78.6±5.8b 

Means ± SD followed by letters indicating a significant difference at 5% probability; in a column, different letters represent a sig-

nificant mean difference between Pleurotus spp ± SD at 5% probability; the total number of replicate bags per species was 18 bags 

(500 g per bag) 
*BE – biological efficiency 
 
 

Table 5. The content of nutrients in fruiting bodies (mg·g-1 ± SD) of three Pleurotus species cultured in composted 

giant grass 
 

Pleurotus species Polysaccharides Protein Carbohydrate 
Amino acids 

total 
Fat Crude ash Fiber 

P. florida 3.47±0.01c 114.25±0.98b 96.29±1.10c 2.89±0.01a 51.18±0.11a 12.63±0.23b 19.89±0.48a 

P. pulmonarius 3.88±0.01b 108.55±1.03c 105.54±1.55b 2.68±0.01b 43.56±0.77c 15.26±0.22a 17.30±0.62b 

P. ostreatus 4.11±0.02a 121.54±1.03a 110.75±1.03a 2.35±0.07c 48.77±0.07b 11.69±0.27c 20.42±0.72a 

In a column, different letters represent a significant nutrient content difference between Pleurotus species, at p ≤ 0.05 according to 

Duncan’s multiple range tests; the total number of replicate bags per species was 18 bags (500 g per bag) 
 
 

Table 6. The content of heavy metals (mg·kg-1 ± SD) in fruiting bodies of three Pleurotus species cultured in com-

posted giant grass 
 

Pleurotus species Hg As Pb Cd 

P. florida 0.015a 0.043b 0.017b 0.130b 

P. pulmonarius 0.012c 0.047a 0.018a 0.136a 

P. ostreatus 0.014b 0.042c 0.015c 0.123c 

In a column, different letters represent a significant metal content difference between various Pleurotus species at p ≤ 0.05 accord-

ing to Duncan’s multiple range tests; the total number of replicate bags per species was 18 bags (500 g per bag) 
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DISCUSSION 

 

The significant differences in enzyme activity 

between Pleurotus species found in this study were 

also reported by Cavallazzi (2004), Ohga (1992), 

and Mata and Savoie (1998). Knop et al. (2015) 

found that the lignocelluloses’ conversion into solu-

ble sugars by P. ostreatus hinges mainly on the se-

cretion of different nonspecific oxidative enzymatic 

systems, which are mainly consisted of laccases, 

versatile peroxidases, and short manganese peroxi-

dases. The observation of the high activity of LiP in 

the three Pleurotus species studied here is similar to 

the earlier findings (Johjima et al. 1999; Hammel & 

Cullen 2008) that it is the most efficient and best 

known ligninolytic enzyme oxidizing lignin in 

white-rot fungi. In addition, this high activity of LiP 

is connected with a relative capability of colonizing 

and degrading the recalcitrant lignin polymer by the 

Pleurotus species (Ruiz‐Dueñas & Martínez 2009). 

The study showed that the production and activity 

of LiP are influenced by the pH of culture media 

(stable from acidic to basic pH) and fermentation 

time (Morais et al. 2001; Sánchez-Ruiz et al. 2021), 

and it is also connected with substrate composition, 

temperature, and the growth phase of the fungus 

(Kaal et al. 1995; Bellettini et al. 2019; Abon et al. 

2020). The observation of a high yield of P. pul-

monarius compared to other Pleurotus species in 

this study is similar to the findings reported by de 

Siqueira et al. (2012), which showed that P. pul-

monarius yielded the highest productivity of 

24.32% and BE 68.8% than P. ostreatus (produc-

tivity of 21.08%, BE 61.75%) and P. eryngii (the 

weakest growth) when cultivated on composted 

bean straw. The advantage of our study is that all 

three species of Pleurotus grown on giant grass 

compost gave higher yields than these reported 

above. The P. ostreatus yielded at the level of 

21.08% of productivity per 10 kg of fresh bean 

straw compost (de Siqueira et al. 2012), 10.97 g 

per 50 g of dried sawdust compost (Dada & Fasidi 

2018), and 183.1 g per 1 kg of fresh Triplochiton 

scleroxylon compost (Obodai et al. 2003), which 

is significantly less than we obtained on fresh gi-

ant grass compost in this study (166.5 g per 500 g). 

The protein contents (111.25, 108.55, and 121.54 mg 

per g of P. florida, P. pulmonarius, and P. ostreatus, 

respectively) obtained in this study, are much higher 

than the protein content range of 25.35–27.3% of 

P. ostreatus grown separately on six varied sawdust 

substrates (Bhattacharjya et al. 2015), 0.92% pro-

tein content of P. ostreatus, and 1.76% of P. sajor-

caju (Çağlarırmak 2007), as well as 20.82% protein 

content of P. ostreatus and 21.3% of P. sajor-caju 

(Chirinang & Intarapichet 2009). The contents of 

carbohydrates, amino acids, fat, and crude ash in 

this research are also higher than the results reported 

by Çağlarırmak (2007), Chirinang and Intarapichet 

(2009), and Bhattacharjya et al. (2015). The obser-

vation of different contents of heavy metals between 

diverse Pleurotus species is alike to the findings re-

ported by Wang et al. (2017). Furthermore, the 

heavy metal amounts obtained in the fruiting bodies 

of each of the three species used in this study were 

below minimum allowable concentrations in vege-

table food (Zarcinas et al. 2004; Pan et al. 2016). 

 

CONCLUSION 

 

Giant grass compost can be effectively used 

for the production of fruiting bodies of three Pleu-

rotus species, which have high enzymatic activity, 

allowing for further decomposition of organic mat-

ter in the compost, which results in high yield and 

biological efficiency. 

 

Acknowledgments 

We would like to thank the Academy of Juncao Science 

and Technology, Fujian Agriculture and Forestry Univer-

sity for funding this work. 

Conflicts of interest 

No conflicts of interest. 

 

REFERENCES 

 

Abon M.D., Dulay R.M.R., Kalaw S.P., Romero-Roman 

M.E., Arana-Vera L.P., Reyes-Borja W.O., Reyes 

R.G. 2020. Effects of culture media and physical 

factors on the mycelial growth of the three wild 

strains of Volvariella volvacea from Ecuador. Jour-

nal of Applied Biology and Biotechnology 8(6): 

60–63. DOI: 10.7324/jabb.2020.80610. 



74............................................................................................................................. ............................................O. Niyimbabazi et al. 

 

 

Ahmed M., Abdullah N., Ahmed K.U., Bhuyan M.H.M.B. 

2013. Yield and nutritional composition of oyster 

mushroom strains newly introduced in Bangladesh. 

Pesquisa Agropecuária Brasileira 48(2): 197–202. 

DOI: 10.1590/s0100-204x2013000200010. 

Amore A., Giacobbe S., Faraco V. 2013. Regulation of 

cellulase and hemicellulase gene expression in 

fungi. Current Genomics 14(4): 230–249. DOI: 

10.2174/1389202911314040002. 

Arora D.S., Chander M., Gill P.K. 2002. Involvement of 

lignin peroxidase, manganese peroxidase and lac-

case in degradation and selective ligninolysis of 

wheat straw. International Biodeterioration and Bi-

odegradation 50(2): 115–120. DOI: 

10.1016/s0964-8305(02)00064-1. 

Bartolomeo M.P., Maisano F. 2006. Validation of a re-

versed-phase HPLC method for quantitative amino 

acid analysis. Journal of Biomolecular Techniques 

17(2): 131–137. 

Bellettini M.B., Fiorda F.A., Maieves H.A., Teixeira G.L., 

Ávila S., Hornung P.S. et al. 2019. Factors affecting 

mushroom Pleurotus spp. Saudi Journal of Biolog-

ical Sciences 26(4): 633–646. DOI: 

10.1016/j.sjbs.2016.12.005. 

Bernardi E., Donini L.P., Minotto E., do Nascimento J.S. 

2007. Cultivation of three Pleurotus (Jacq.: Fr.) P. 

Kumm. species on pasteurized elephant grass (Pen-

nisetum purpureum) substrate. International Jour-

nal of Medicinal Mushrooms 9(3–4): 373–378. 

DOI: 10.1615/intjmedmushr.v9.i34.110. 

Bhattacharjya D.K., Paul R.K., Miah M.N., Ahmed K.U. 

2015. Comparative study on nutritional composi-

tion of oyster mushroom (Pleurotus ostreatus Fr.) 

cultivated on different sawdust substrates. Biore-

search Communications 1(2): 93–98. 

Block S.S., Tsao G., Han L. 1958. Production of mushrooms 

from sawdust. Journal of Agricultural and Food Chem-

istry 6(12): 923–927. DOI: 10.1021/jf60094a009. 

Bragg C.K., Shofner F.M. 1993. A rapid, direct measure-

ment of short fiber content. Textile Research Journal 

63(3): 171–176. DOI: 10.1177/004051759306300307. 

Cavallazzi J.R.P., Brito M.S., Oliveira M.G.A., Villas-

Bôas S.G., Kasuya M.C.M. 2004. Lignocellulolytic 

enzymes profile of three Lentinula edodes (Berk.) 

Pegler strains during cultivation on eucalyptus 

bark-based medium. Food, Agriculture and Envi-

ronment 2(1): 291–297. 

Chirinang P., Intarapichet K.-O. 2009. Amino acids 

and antioxidant properties of the oyster mush-

rooms, Pleurotus ostreatus and Pleurotus sajor-

caju. ScienceAsia 35(4): 326–331. DOI: 

10.2306/scienceasia1513-1874.2009.35.326. 

Çağlarırmak N. 2007. The nutrients of exotic mushrooms 

(Lentinula edodes and Pleurotus species) and an es-

timated approach to the volatile compounds. Food 

Chemistry 105(3): 1188–1194. DOI: 

10.1016/j.foodchem.2007.02.021. 

Dada T.E., Fasidi I.O. 2018. Growth of Pleurotus os-

treatus on short and long composted sawdust in 

a controlled environment. International Journal of 

Advanced Scientific and Technical Research 8(4): 

115–122. DOI: 10.26808/rs.st.i8v4.12. 

Hammel K.E., Cullen D. 2008. Role of fungal peroxi-

dases in biological ligninolysis. Current Opinion in 

Plant Biology 11(3): 349–355. DOI: 

10.1016/j.pbi.2008.02.003. 

Huang C., Chen Q., Zhao Y., Zhang J. 2010. Investigation 

on heavy metals of main wild edible mushrooms in 

Yunnan province. Scientia Agricultura Sinica 

43(6): 1198–1203. 

Johjima T., Itoh N., Kabuto M., Tokimura F., Nak-

agawa T., Wariishi H., Tanaka H. 1999. Direct in-

teraction of lignin and lignin peroxidase from 

Phanerochaete chrysosporium. Proceedings of the 

National Academy of Sciences 96(5): 1989–1994. 

DOI: 10.1073/pnas.96.5.1989. 

Kaal E.E.J., Field J.A., Joyce T.W. 1995. Increasing lig-

ninolytic enzyme activities in several white-rot ba-

sidiomycetes by nitrogen-sufficient media. Biore-

source Technology 53(2): 133–139. DOI: 

10.1016/0960-8524(95)00066-n. 

Knop D., Yarden O., Hadar Y. 2015. The ligninolytic pe-

roxidases in the genus Pleurotus: divergence in ac-

tivities, expression, and potential applications. Ap-

plied Microbiology and Biotechnology 99(3): 

1025–1038. DOI: 10.1007/s00253-014-6256-8. 

Lin X.S., Lin Z.X., Lin D.M., Lin H., Luo H.L., Hu Y.P. 

et al. 2012. Effects of different years of planting 

Pennisetum sp. on the plant- and insect diversity in 

Pennisetum sp. communities. Chinese Journal of 

Applied Ecology 23(10): 2849–2854. [in Chinese] 

 



Giant grass compost, a potential substrate for Pleurotus growth...........................................................................................75 

 

 

Lin X., Lin Z., Lin D., Lin H., Luo H., Hu Y. et al. 2014. 

Effects of planting Pennisetum sp.(Giant Juncao) 

on soil microbial functional diversity and fertility 

in the barren hillside. Acta Ecologica Sinica 34(15): 

4304–4312. DOI: 10.5846/stxb201212071760. [in 

Chinese with English abstract] 

Liu B., Huang Q., Cai H., Guo X., Wang T., Gui M. 

2015. Study of heavy metal concentrations in wild 

edible mushrooms in Yunnan Province, China. 

Food Chemistry 188: 294–300. DOI: 

10.1016/j.foodchem.2015.05.010. 

da Luz J.M.R., Nunes M.D., Paes S.A., Torres D.P., da 

Silva M.C.S., Kasuya M.C.M. 2012. Lignocellulo-

lytic enzyme production of Pleurotus ostreatus 

growth in agroindustrial wastes. Brazilian Journal 

of Microbiology 43(4): 1508–1515. DOI: 

10.1590/s1517-83822012000400035. 

Martínez-Blanco J., Lazcano C., Christensen T.H., 

Muñoz P., Rieradevall J., Møller J. et al. 2013. 

Compost benefits for agriculture evaluated by life 

cycle assessment. A review. Agronomy for Sustain-

able Development 33(4): 721–732. DOI: 

10.1007/s13593-013-0148-7. 

Mata G., Savoie J.-M. 1998. Extracellular enzyme activ-

ities in six Lentinula edodes strains during cultiva-

tion in wheat straw. World Journal of Microbiology 

and Biotechnology 14(4): 513–519. DOI: 

10.1023/a:1008886521091. 

Menolli N. Jr., Asai T., Capelari M., Paccola-Meirelles 

L.D. 2010. Morphological and molecular identifi-

cation of four Brazilian commercial isolates of 

Pleurotus spp. and cultivation on corncob. Brazil-

ian Archives of Biology and Technology 53(2): 

397–408. DOI: 10.1023/a:1008886521091. 

Morais H., Ramos C., Forgács E., Cserháti T., Oliviera J. 

2001. Lignin-modifying enzymes of Pleurotus os-

treatus grown on agro-residues. Acta Alimentaria 

30(4): 363–372. DOI: 10.1556/aalim.30.2001.4.5. 

Nielsen S.S. 2010. Phenol-sulfuric acid method for total carbo-

hydrates. Food Analysis Laboratory Manual. Springer, 

USA, pp. 47–53. DOI: 10.1007/978-1-4419-1463-7_6. 

Nielsen S.S. 2017. Total carbohydrate by phenol-sulfuric 

acid method. Food Analysis Laboratory Manual. 

Springer, Switzerland, pp. 137–141. DOI: 

10.1007/978-3-319-44127-6_14. 

Obodai M., Cleland-Okine J., Vowotor K.A. 2003. Com-

parative study on the growth and yield of Pleurotus 

 

ostreatus mushroom on different lignocellulosic 

by-products. Journal of Industrial Microbiology 

and Biotechnology 30(3): 146–149. DOI: 

10.1007/s10295-002-0021-1. 

Oh S.J., Shin P.G., Weon H.Y., Lee K.H., Chon G.H. 

2003. Effect of fermented sawdust on Pleurotus 

spawn. Mycobiology 31(1): 46–49. DOI: 

10.4489/myco.2003.31.1.046. 

Ohga S. 1992. Adaptability of Lentinus edodes strains to a saw-

dust-based cultivating procedure. Mokuzai Gakkaishi 

38(3): 301–309. [in Japanese with English abstract] 

Okal E.J., Lawandi I.D., Yulong Z., Nyimbo W.J., Li J., 

Lin H., Yankey R., Lin D., Zhanxi L. 2021. Differ-

ential influence of supplements on lignocellulolytic 

enzyme activities, growth and production of Pleu-

rotus ostreatus. Journal of Horticulture 8(3); 10 p. 

Pan X.-D., Wu P.-G., Jiang X.-G. 2016. Levels and po-

tential health risk of heavy metals in marketed veg-

etables in Zhejiang, China. Scientific Reports 6(1); 

20317; 7 p. DOI: 10.1038/srep20317. 

Philippoussis A., Zervakis G., Diamantopoulou P. 2001. 

Bioconversion of agricultural lignocellulosic 

wastes through the cultivation of the edible mush-

rooms Agrocybe aegerita, Volvariella volvacea and 

Pleurotus spp. World Journal of Microbiology and 

Biotechnology 17(2): 191–200. DOI: 

10.1023/a:1016685530312. 

Rajapakse J.C., Rubasingha P., Dissanayake N.N. 2007. 

The effect of six substrates on the growth and yield 

of American oyster mushrooms based on Juncao 

technology. Journal of Agricultural Sciences 3(2): 

82–85. DOI: 10.4038/jas.v3i2.8105. 

Randall E.L. 1974. Improved method for fat and oil anal-

ysis by a new process of extraction. Journal of As-

sociation of Official Analytical Chemists 57(5): 

1165–1168. DOI: 10.1093/jaoac/57.5.1165. 

Ruiz‐Dueñas F.J., Martínez Á.T. 2009. Microbial degrada-

tion of lignin: how a bulky recalcitrant polymer is 

efficiently recycled in nature and how we can take 

advantage of this. Microbial Biotechnology 2(2): 

164–177. DOI: 10.1111/j.1751-7915.2008.00078.x. 

Sánchez-Ruiz M.I., Ayuso-Fernández I., Rencoret J., 

González-Ramírez A.M., Linde D., Davó-Siguero I. 

et al. 2021. Agaricales mushroom lignin peroxi-

dase: from structure–function to degradative capa-

bilities. Antioxidants 10(9); 1446; 23 p. DOI: 

10.3390/antiox10091446. 

 



76............................................................................................................................. ............................................O. Niyimbabazi et al. 

 

 

de Siqueira F.G., Maciel W.P., Martos E.T., Duarte G.C., 

Miller R.N.G., da Silva R., Dias E.S. 2012. Culti-

vation of Pleurotus mushrooms in substrates ob-

tained by short composting and steam pasteuriza-

tion. African Journal of Biotechnology 11(53): 

11630–11635. DOI: 10.5897/ajb12.451. 

Vajna B., Nagy A., Sajben E., Manczinger L., Szijártó N., 

Kádár Z. et al. 2010. Microbial community structure 

changes during oyster mushroom substrate prepa-

ration. Applied Microbiology and Biotechnology 

86(1): 367–375. DOI: 10.1007/s00253-009-2371-3. 

Vasudewa N.S., Abeytunga D.T.U., Ratnasooriya W.D. 

2007. Antinociceptive activity of Pleurotus os-

treatus, an edible mushroom, in rats. Pharmaceuti-

cal Biology 45(7): 533–540. DOI: 

10.1080/13880200701498853. 

Vieira F.R., Pecchia J.A. 2018. An exploration into the 

bacterial community under different pasteurization 

conditions during substrate preparation (compost-

ing – phase II) for Agaricus bisporus cultivation. 

Microbial Ecology 75(2): 318–330. DOI: 

10.1007/s00248-017-1026-7. 

Walker J.M. 2009. The bicinchoninic acid (BCA) assay 

for protein quantitation. In: Walker J.M. (Ed.), The 

Protein Protocols Handbook. Springer Protocols 

Handbooks, Humana Press, USA, pp. 11–15. DOI: 

10.1007/978-1-59745-198-7_3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Wang X., Liu H., Zhang J., Li T., Wang Y. 2017. Evalua-

tion of heavy metal concentrations of edible wild-

grown mushrooms from China. Journal of Environ-

mental Science and Health, Part B 52(3): 178–183. 

DOI: 10.1080/03601234.2017.1261545. 

Xie C., Yan L., Gong W., Zhu Z., Tan S., Chen D. et al. 

2016. Effects of different substrates on lignocellu-

losic enzyme expression, enzyme activity, substrate 

utilization and biological efficiency of Pleurotus 

eryngii. Cellular Physiology and Biochemistry 

39(4): 1479–1494. DOI: 10.1159/000447851. 

Yanos A.A., Bautista M.N., Angelia M.R.N., del Rosario 

E.J. 2013. Digital photometric determination of pro-

tein using biuret, Bradford, and bicinchoninic acid 

reagents. Philippine Science Letters 6(2): 168–175. 

Zarcinas B.A., Ishak C.F., McLaughlin M.J., Cozens G. 

2004. Heavy metals in soils and crops in southeast 

Asia. 1. Peninsular Malaysia. Environmental Geo-

chemistry and Health 26(3): 343–357. DOI: 

10.1007/s10653-005-4669-0. 

Zervakis G., Balis C. 1992. Comparative study on the cul-

tural characters of Pleurotus species under the influ-

ence of different substrates and fruiting tempera-

tures. Micología Neotropical Aplicada 5: 39–47. 

Zhang X., Yang Z., Zhang Y., Gao Q. 2015. Introduction 

experiment of Pennisetum sp. in central and southern 

region of Hebei. Journal of Anhui Agricultural Sci-

ences 36: 78–80. [in Chinese with English abstract] 


