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Abstract— Present study was conducted to evaluate the 

hydrolysis efficiency of three different white-rot 

basidiomycete fungi including Pleurotus florida (PF), 

Pleurotus sajor-caju (PS) and Pleurotus eryngii (PE).   

Under this study, digestion of groundnut powder with 

reference to enzyme yield, release of free sugar, and loss in 

dry matter were investigaed. Initially these strains were 

cultivated under submerged conditions with groundnut husk 

substrate for the production of enzymes. Pleurotus florida 

comparatively produced its highest CMCase (345 UL-1), β-

glucosidase (69 UL-1), β-xylosidase (41 UL-1) and xylanase 

(277 UL-1) activity under the conditions of submerged 

fermentation. Furthermore, these enzymes produced were 

used to check in vitro degradability of groundnut powder. 

Direct enzymetic treatment of groundnut powder using 

mono extracts (PF, PS, & PE) and mixed enzyme extract 

(PF+PS, PF+PE, PS+PE and PF+PS+PE) combinations 

significantly hydrolyzed the substrate. These enzyme 

extracts from all three fungi resulted significant dry matter 

loss and free sugar yield. In consequence, the highest 8.2% 

dry matter loss was recorded with PF+PS+PE mixed extract. 

In addition, treatment with PF+PS+PE extract resulted 

highest 448 mg/g sugar content from the hydrolysis of 

groundnut husk powder. Therefore, based on the findings of 

the study; use of enzyme extracts from the Pleurotus florida 

is recomended for the saccharification of lignocelloses at 

large scale. 
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I. INTRODUCTION 

Pleurotus spp. is a unique genus of white rot basidiomycete 

fungi with more than 40 versatile species, which are well 

known for their complexity of the enzymatic system and 

prominent lignocellulolytic property (Naraian et al, 2010). 

The white rot bascidiomycetes are strong decomposers of 

lingo-cellulosic wastages due to their capability to 

synthesize the relevant and unique oxidative network of 

lignocellulosic extracellular enzymes (Eichlerova et al., 

2006). The member of this genuscolonizes a wide range of 

natural lignocellulosic wastes. Lignocellulosic substrates are 

generally used as low-grade domestic fuel and burnt 

negligently or thrown away, which create post disposal 

problems in our surroundings (Naraian et al., 2009). 

Therefore, their use can be a biotechnological approach to 

achieve valuavle products and efficient bioconversion at the 

non-harmful level. 

The use of multiple lignocellulolytic enzymes from 

Pleurotus spp. for the biodegradation of organopollutants, 

xenobiotics and industrial contaminants is one of the most 

important aspect (Cohen et al., 2002). The genus Pleurotus 

includes species that belong to group of white rot fungi and 

have unique ability to produce extra cellular 

lignocellulolytic enzymes including laccase and Mn 

peroxidase (Stajic et al., 2006), xylanase (Elisashvili and 

Kachlishvili, 2008), CMCase, β-glucosidase and β-

xylosidase. These enzymes have shown enormous 

biotechnological potential as they can be used in a wide 

variety of lignocellulose degradation (Ren and Buschle-

Diller, 2007). 

Direct use of enzymatic preparations for the 

simplification and bioconversion of lignocelluloses is an 

innovative approach (Naraian et al., 2010).  However, much 

information available reporting degradation of 

lignocellulosics directly by the use of crude enzyme extracts 

is not much reported. The efficient and reproducible 

bioconversion of the agricultural lignocellulosic residues on 

an industrial scale by using enzymatic preparation may have 

many practical applications for the hydrolysis of 

lignocellulosics (Cohen et al., 2002). 

The present study was designed to evaluate the 

influence of crude enzyme extracts produced by the three 

white-rot basidiomycete fungi Pleurotus florida, Pleurotus 

sajor-caju and Pleurotus eryngii on substrate hydrolysis, 

total dry matter loss and production of reducing sugars by 

the hydrolysis of groundnut husk. 

II. MATERIALS AND METHODS 

A. Fungal Culture and Their Maintenance 

Three white-rot basidiomycete fungi Pleurotus florida, 

Pleurotus sajor-caju and Pleurotus eryngii were procured 

from the Mushroom Training and Research Centre (MTRC), 

Veer Bahadur Singh Purvanchal University, Jaunpur, India. 

Cultures were grown on malt extract agar media at 22±10C 

and maintained in slants by sub culturing every fortnightly 

at 40C. 

B. Submerged Cultivation for Enzyme Production 

Submerged cultivation for each fungus was carried out in 

250ml of Erlenmeyer conical flasks. Tien and Kirk medium 

and malt extract broth medium having 4% corn cob powder 

were used for submerged cultivation to produce enzymes. 

The liquid medium was inoculated with 4% (v/v) of liquid 

inoculum. The inoculated conical flasks were then incubated 

in a rotatory shaker at 22±10C and at 150 rpm. Enzyme 

produced during fermentation was harvested and were used 

for further studies. 

C. Preparation of Substrate 

Groundnut husk was obtained locally after removal of the 

seeds. It was collected, sun dried, oven dried (600C for 

overnight) and then milled into small pieces (< 1mm) for 

further enzyme extract treatment studies. 
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D. Treatment Regimen For In Vitro Decay 

Ten gramof powdered groundnut husk powder was 

primarily soaked and saturated with 28 ml of distilled water 

in 250 ml conical flaskandwas sterilized by autoclaving. 

After cooling different sets were treated with equal volume 

(7ml) of monoextract (PS, PF and PE) or mixed extracts 

(PF+PS, PF+PE, PS+PE and PF+PS+PE) preparations. The 

treatment was repeated thrice until the complete period of 

incubation (22±10C in a BOD incubator for10 days. 

E. Analyses of Reducing Sugar 

Determination of sugar content was performed by the 

dinitrosalicylic acid (DNS) method (Miller, 1959). One 

gram of the treated or untreated samples were separately 

introduced with 10 ml of sterile distilled water and 

magnetically stirred for 15 min to extract sugar content. 

Then after, it was kept constant to settle down the solid 

substrate and obtained supernatant for further analyses. The 

sugar content available in the crude enzyme extract was also 

measured separately and it was subtracted from the value of 

the original sugar content to determine the actual reducing 

sugar content produced by the treatments of different 

combinations of extracts. 

F. Determination of Total Dry Matter Loss 

To determine the dry matter loss weighed substrate was kept 

in an Erlenmeyer conical flask of known weight. The 

conical flask having treated substrate was oven dried at 60oC 

up to complete removal of moisture and weighed promptly. 

After enzymatic treatments these conical flasks were again 

oven dried and weighed. Percent dry matter loss of the 

substrate was determined by the following equation. 

                                       m3__ m1 

                        Wdm = ___________× 100 

                                     m2__ m1 

Wdm=Dry matter of the sample (%) 

m1= Weight of the empty conical flask(g) 

m2= Weight of the conical flask containing sample (g) 

m3= Weight of the conical flask containing dry matter of 

treated sample(g) 

G. Statistical Analysis 

Statistical analysis of all data was performed by the analyses 

of variance through one way ANOVA and post hoc Tukey’s 

test, employing probability level below 5% (p<0.05). 

III. RESULTS AND DISCUSSION 

A. Enzyme Profile in Culture Extracts 

The enzyme activities studied in the study presented 

variable activities in different cultures of fungi. Enzyme 

profile of culture extracts of three white-rot fungi, Pleurotus 

florida, Pleurotus sajor-caju and Pleurotus eryngii were 

studied at different time intervals to get highest activities. 

Enzyme activity of different enzymes viz., 

carboxymethylcellulase (CMCase), xylanase, β-glucosydase 

and β-xylosidase, were investigated. (Table 1). The highest 

activity (345 U/L) of CMCase was found in culture extract 

of PF it was followed by 284 U/L and 204 U/L in extracts of 

PE and PS respectively. In addition, the highest xylanase 

activities noted were 277, 263 and 188 U/L in PS, PF and 

PE culture extracts respectively. However, the PF extract 

contained highest 41 U/L and 69 U/L of β-xylosidase and β-

glucosidase activities respectively. Besides, the PE extract 

represented overall lowest activities (32 and 22 U/L) for β-

xylosidase and β-glucosidase enzymes. 

Enzyme 

extracts 

Enzyme activities (U/L) 

CMC-

ase 
Xylanase 

β-

glucosidase 

β-

xylosidase 

PF 

 

PS 

 

PE 

345 

±9a 

 

204 

±7c 

 

286 

±9b 

277 ±10a 

 

263 ±8a 

 

188 ±6b 

69±4a 

 

58±5c 

 

42±3 a 

41±3a 

 

32±3a 

 

22±1b 

Table 1: Enzyme profile of enzyme extracts produced in 

culture of three different white-rot fungi 

PF=Pleurotus florida, PS=Pleurotus sajor-caju, 

PE=Pleurotus eryngii ±, Standard deviations (n=3), Means 

in a column having different superscript letters are 

significantly different (p<0.05)  

B. Effect of Culture Extracts on Yield of Reducing Sugar 

Effect of mono and mixed extract treatments were also 

tested the release of sugar content. As it was observed mixed 

crude enzyme extracts were more effective than mono 

extracts and significantly (p<0.05) produced higher content 

of sugar. Mono extract treatment produced 180.0, 161.0 and 

123.0 mg/g sugar content respectively in PF, PE, and PS 

extracts. The combination of PF+PS mixed extract produced 

223.0 mg/g it was followed by 196.0 mg/g sugar in PF+PE 

extract during 10 days incubation. When compared amongst 

several combinations tested PF+PS+PE extract was most 

effective which have significantly (p<0.05) produced 

highest 448.0mg/g sugar during 10 days incubation (Table, 

3). 

Combinations of enzyme 

extracts 

Sugar content (mg/g) 

After 5th 

day 

After 10th 

day 

PF 56.0±2.1d 180.0±2.3c 

PS 35.0±1.5e 123.0±2.2e 

PE 48.0±1.6d 161.0±4.5a 

PF+PS 78.0±2.1c 223.0±5.8b 

PF+PE 95.0±2.8b 196.0±3.9c 

PS+PE 89.0±2.3b 174.0±2.8c 

PF+PS+PE 217.0±3.8a 448.0±9.8a 

Table 3: Effect of different mono and mixed crude enzyme 

extracts on generation of reducing sugar from corn cob 

substrate after 5th and 10th day of incubation 

PF=Pleurotus florida, PS=Pleurotus sajor-caju, 

PE=Pleurotus eryngii ±, Standard deviation, Values are 

mean of three replicates, Means in a column having 

different superscript letters are significantly different 

(p<0.05)  

C. Total Dry Matter Loss by Individual Mono Extract 

Total dry matter loss of the substrate after mono extracts 

treatment have been presented in Fig. 1. The highest 4.5% in 

vitro dry matter loss was noted in PF extract treatment on 

10th day which was followed by 4.1% in PE extract 

treatment after 10days of incubation. The lowest 1.9% dry 

matter loss was recorded with PF extract on 5th day of 

incubation. Amongst several extracts tested, mono extract of 
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PF was found to be most effective for drymatter reduction 

(Figure 1). 

 
Fig. 1: Effect of different mono culture extractson total dry 

matter loss of groundnut husk substrate. Treatments having 

different letters at error bars are statistically different at 5% 

probability level (p<0.05) 

D. Total Dry Matter Loss by Mixed Extracts 

The substrate when treated with mixed extracts of different 

combinations have been remarkably reduced the dry matter 

in comparison to the individual extract treatments. A 

combination of three extract of PF+PS+PE has reduced 

highest 8.5% dry matter during 10 days of incubation; it was 

followed by 6.9% loss with PS+PE extract combination 

during same period of incubation. However, the lowest 3.7% 

loss was analyzed during 5th day by PF+PS extract 

combination. (Figure 2).  

 
Fig. 2: Effect of different mixed enzyme extracts on total 

dry matter loss of groundnut husk substrate. 

Treatments having different letters at error bars are 

statistically different at 5% probability level (p<0.05) 

Bioconversion of lignocellulosic materials into 

valuable metabolites such as enzymes and saccharified 

sugars is a most promising biotechnological approach. 

Variety of both hydrolytic and oxidizing enzymes are 

secreted in to the lignocellulosic substrate (Wood, 1985), 

acting to depolymerise the lignocellulosic polymers into 

compounds of lower molecular weight which can be 

assimilated by the fungus. The types of the extracellular 

enzymes produced include manganese peroxidase, laccase, 

cellulase, hemicellulases (Cohen et al., 2002) β-glucosidase 

and β-xylosidasewhich are responsible for biodegradation of 

different lignoecllulosics. 

The release of numerous extracellular enzymes 

under the conditions of submerged fermentation can be used 

in the hydrolysis of water insoluble cell wall components, 

namely lignin, cellulose and hemicelluloses (Naraian et al., 

2010). Several enzymes may act synergistically in 

producing high reducing sugars (Garcia and Wood, 1993). 

Elsafelet al. (1990) noted that most of the fungi produced 

cellulose (CMCase) and hemicellulase (xylanase and β-

xylosidase) for degradation which is quite obvious in our 

study. 

In the present study PF produced its highest 

CMCase and laccase activities while, PS produced highest 

xylanase and peroxidase activities. The results are in the 

agreement of Stajic et al. (2006) during production of 

laccase and peroxidase by selected Pleurotus spp. As it was 

observed mono culture andmixed extracts used contained 

their highest CMCase and Xylanase activities. The extracts 

were employed for degradation studies having highest 

activities of these enzymes. These observations are in 

agreement to our previous study (Naraian et al., 2010). The 

production of lignocellulolytic enzymes depends upon 

species (Naraian et al., 2010). It has been observed that all 

the strains used were capable for producing major 

lignocellulolytic enzymes (CMCase, β-glucosidase, β-

xylosidase and xylanase production of higher laccse and 

MnP was also reported by Arora and Gill (2005) which can 

be attributed due to the presence of complete pool of amino 

acids in the medium. 

In the order of the sugar production and dry matter 

loss during the treatments of several extract was very 

appreciable. Production of sugar in the reactor can be 

correlated with the enzyme activities of different enzymes 

available in the extracts. Generally, production of sugars 

during the cultivation of the fungi with the substrates takes 

place. This comes under the mechanism of simplification of 

complex cellwall components in to simpler sugar molecules 

to uptake by fungus, In the present study there was 

accumulation of sugar extent in large amount, this is quite 

fare that accumulation of sugar was due to absence of fungal 

mycelia that could use for their growth. Thus bioconversion 

of complex cellwall constituents into sugar with extract 

treatment, which have been resulted accumulation of sugar 

as unused. 

IV. CONCLUSIONS 

Based on the findings of the present study it can be 

concluded that the white-rot fungus P. florida is 

comparatively very unique which has been produced highest 

enzyme activities. The enzyme extract from the present 

fungus efficiently digested the groundnut substrate to release 

free sugar and ultimately highest dry matter loss. The mixed 

enzyme extract of three different species found most 

effective in contrast to mono enzyme extracts. The highest 

sugar release was recorded in the mixed culture extract 

(PF+PS+PE) of three distinct fungi within 10 days of 

incubation. Therefore, the present approach of direct 

enzymatic hydrolysis is recommended to exploit in the 

activities of bioconversion and digestion of various 

lignocellulosic materials viz., in paper industries, digestion 

of animal feed/ fodder and for pollutant recyclings.  



Enzymatic Hydrolysis of Groundnut Husk Using Three Different Pleurotus Spp 

 (IJSRD/Vol. 4/Issue 07/2016/136) 

 

 All rights reserved by www.ijsrd.com 572 

REFERENCES 

[1] Arora, D.S., Gill, P.K., 2005. Production of ligninolytic 

enzymes by Phlebia floridensis. World Journal of 

Microbiology and Biotechnology 21, 1021–1028. 

[2] Cohen, R., L. Persky and HaderY. 2002. 

Biotechnological applications and potential of wood 

degrading mushrooms of the genus Pleurotus. Applied 

Microbiology and Biotechnology 58, 582–594.  

[3] Eichlerova I, Homolka L, Nerud F. 2006. Synthetic 

decolorization capacity of white-rot fungus Dichomituss 

equalens. Bioresource Technology 97:2153–2159. 

[4] Elisashvilli, V. and Kachlishvili, E. 2008.  Effect of 

growth substrate, method of fermentation and nitrogen 

source on lignocellulose degrading producing enzymes 

production by white-rot basidiomycetes. Journal of 

Industrial Microbiology and Biotechnology 35, 1531-

1538. 

[5] Garcia-Campayo, V. & Wood, T.M. 1993. Purification 

and properties of a β-D-xylosidase from the anaerobic 

rumen fungus Neocallimastix frontalis. Carbohydrate 

Research 242, 229–245. 

[6] Miller, G. L. 1959. Use of dinitrosalicylic acid reagent 

for determination of reducing sugar.  

Analytical Chemistry 31, 426–8. 

[7] Naraian R. Singh D. Verma A. and Garg S. K. 2010. 

Studies on in vitro degradability of mixed crude enzyme 

extracts produced from Pleurotus spp. Journal of 

Environmental Biology 31, 945-951.  

[8] Naraian, R., R.K. Sahu, S. Kumar, S.K. Garg, C. S. 

Singh and R. S. Kanaujia 2009. Influence of different 

nitrogen rich supplements during cultivation of 

Pleurotus florida on corn cob substrate. The 

Environmentalist 29, 1-7. 

[9] Ren, X. and Buschle-Diller 2007. G. Oxidoreductases 

for modification of linen fibers, Colloids Surf. A: 

Physicochemical Engineering Aspects 299, 15-21. 

[10] Stajic, M., L. Persky, D. Friesem, Y. Hadar, S.P. 

Wasser, E. Nevo and J. Vukojevic: 2006. Effect of 

different carbon and nitrogen sources on laccase and 

peroxidases production by selected Pleurotus species. 

Enzyme and Micrbial Technology 38, 65-73. 

[11] Wood, T.M. 1985. Properties of cellulolytic enzyme 

systems. Biochemical Society Transactions., 13, 407-

410.  


