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Abstract: Background: Cellulose is mainly dominating Agricultural waste and available naturally on earth as  

biopolymer. Being a  renewable and abundant resource, it can be degraded by cellulase producing microbes.  

Generally, the raw material is considered as key factor in enzymatic production. Solid waste materials that are often 

reliable and abundant can be the best substitutes per se. Cellulase enzyme has been reported in numerous 

biotechnological applications including chemicals, single cell protein, food  and agriculture. Thus, increasing 

potential of cellulase applications prompts screening for isolation of newer cellulase producing microorganisms, 

which can meet the industrial demand. Keeping in view the potential applications of cellulases, the present min-

review was undertaken to summarize the role of microbes in sustainable cellulase productions using diverse solid 

waste feedstock to make the process economically viable. Methods: Microbial information regarding underutilized 

plants was acquired from a literature exploration of diverse databases for instance Scopus, Google Scholar and 

Pubmed. Results: Earlier studies revealed that traditionally only wheat and rice based sources were used. However, 

with the advent of time many other solid wastes like  Coconut coir pith, Sweet sorghum silage, Sugar Cane, Round 

nut shell, Palm Kernel Cake, Rice bran,  Filter Paper Cornmeal, Soybean hull, Soybean hull, Corn cob residue and 

wheat, bran ,Corn silage digestate, Soybean hulls and wheat bran, Soybean hulls and wheat bran, Paper, wood, 

litmus paper Freshly ripe tomato fruit, Olive processing residue, Apple pomace, Sawdust, Bagasse. Conclusion: 

The biotechnological facet of cellulase research using solid waste feedstock and their future prospects are also 

elaborated. 
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1. Introduction 

Typically, cellulose which  constitutes more 

than 50% of plant biomass, is the key predictable 

sustainable resource of fuels for human mankind. 

Therefore, agricultural based waste products like corn 

straw, wheat straw, rice straw etc are alternative 

cheap, renewable chiefly unexploited sources of 

biomass (Damato et al., 2010). Besides, industrial and 

agricultural processes produce multiple sources of 

lignocellulosic waste such as coconut biomass, citrus 

peel waste,  paper pulp, sawdust, industrial waste, 

paper mill sludge and municipal cellulosic solid waste 

(Krishna, 1999). Cellulose structure is composed 

anhydro-D-glucose units, unbranched, linked by 1, 4-

-D-glucoside bonds, which can be hydrolyzed by 

microbial cellolytic enzymes (Acharya et al., 2008). 

Traditionally, hydrolysis of cellulose could be 

performed acids and enzymatic hydrolysis. But as 

reported by Mandels et al., (1974),  enzyme based 

hydrolysis is typically favored as it yields  smaller 

amount by-products and profits under milder 

condition. Also this conventional method is highly 

uneconomical because of low conversion efficiency, 

yellowing and bleaching of fibers during 

manufacturing and finishing. Therefore, microbial 

cellulases which cleave cellulose by a single step 

reaction, offer an attractive alternative.  Cellulase, 

generally inducible and usually excreted in the 

medium, is designated as group of enzymes that are 

involved in cellulose degradation to glucose (Fig. 1) 

(Kawamori et al., 1985).    As per Jing D et al., (2007) 

cellulose hydrolysis (Fig 1)  can be performed by 3 

components of cellulases indicated in Table 1. In the 

last decades cellulase enzyme has been reported in 

numerous environmental friendly technologies  and 

biotechnological applications like single cell protein, 

pulp industries, fiber manufacturing and finishing 

(Howrad et al., 2003).  Oinonen and Suominen (2002) 

cited that  well-known application is the use of 

cellulases in biostoning and deinking of waste paper.   

Some other applications include: cotton processing, 

paper recycling, juice extraction, green-tea 

components extraction, malting, alcohol fermentation, 

ethanol production, are few practical citations 

promoting the usefulness of the enzyme.  Keeping in 

mind the potential applications of cellulases, the 

present chapter summarizes the cellulase production 
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ability of microbial strains using cost effective solid agro wastes.  

 

Table 1: Microbial cellulose system  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2: Some traditionally used microbial substrates 
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2. Material and Methods  

Microbial information regarding underutilized 

plants was acquired from a literature exploration of 

diverse databases for instance Scopus, Google Scholar 

and Pubmed up to 2020 from research publications. 

The foremost keywords used were “cellulases”, “solid 

waste feedstocks”, “agrowastes”. 

 

1. Microbial Sources of Cellulases 

Environmental pollution is majorly governed by 

agricultural and industrial based solid wastes. 

Majority of  solid agro wastes which are  also 

underutilized include wheat and rice husk, black gram 

husk, rice bran.  Although these wastes worldwide  

mostly used as animal feeds. However, many of them 

left in fields which are decayed by cellulase producing 

microorganisms. The most common producer of 

cellulase is fungi, in addition to bacteria or 

actinomycetes. Traditional studies revealed that most 

commonly used substrate for cellulase productions 

was either wheat or rice based derivatives (Table 2). 

For instance: Mandels and Reese (1957) cited 

cellulase production by Trichoderma viride on wheat 

bran and metals. Saddler et al (1982) also utilized 

wheat bran as carbon source to produce cellulase. 

Although mostly used carbon sources were based on 

wheat and rice, however, some authors have 

documented role of some other carbon sources too like 

(Table 2). Aspergillus and Trichoderma are mostly 

used genera for commercial agricultural use as shown 

in table 1 and 2.   

 

3.1 Bacteria 

Zhuang et al.,(2007) studied for production 

of cellulase by using solid waste biomass. Table 3 

illustrates studies based on  consumption of 

lignocellulosic biomass for cellulase creation by 

bacterial.     Odeniyi et al., (2009) also studied  that 

agro wastes like pineapple are organic and is easily 

despoiled by microorganisms. Lah et al., (2012) 

utilized palm kernel cake as carbon solid waste 

courcee for Bacillus pumilus EB3 for production of 

cellulase and reported substancial yield. Acharya and, 

Chaudhary, (2012) used filter sheet as carbon source 

for Bacillus licheniformis and documented cellulase 

activity. Annamalai et al. (2014) cited cellulase 

enzyme activities on rice bran in Bacillus 

carboniphilus CAS 3. 

 

3.2 Fungus 

Gordillo-Fuenzalida et al., (2019) reported 

cellulase by using food manufacturing wastes 

(FMWs), like solid from mills, tomato and grape 

waste, using Trichoderma reesei.  Darabzadeh  et al., 

(2019) used rice bran, rice husk, and rice straw for 

Trichoderma sp. It was observed that max activity was 

1.37 U/ml. Singhania et al., (2006) using wheat bran, 

and Brijwani et al., (2011) used soybean hull reported 

significant cellulase activities.  Using rice straw 

Dhillon et al. (2011) evaluated cellulase by 

Penicillium atrovenetum, Aspergillus flavus and 

Aspergillus oryzae (Omajasola  et al., 2008). Wong 

Kok Mun et al., (2008) reported cellulase using palm 

oil effluent solid by Thermoascus aurantiacus and 

Aspergillus niger. For pineapple waste Omojasola et 

al., (2008) used Trichoderma longibrachiatum, 

Aspergillus niger and Saccharomyces cerevisiae. 

Muhannad et al., 2001 using Trichoderma reesei 

QM9414 and Aspergillus terreus SUK-1 exploited 

sugarcane bagasse for cellulase production. Against 

the bio wastes, coir waste and saw dust Immanuel et 

al., 2007 documented the cellulase enzyme production 

by  Aspergillus niger and Aspergillus fumigates. Jing 

et al., 2007 used mix culture of Trichoderma koningii, 

Aspergillus niger, Lactobacillus for cellulase 

production on waste pea shrub woody biomass . Ajayi 

et al., 2007 described cellulytic ability of Aspergillus 

flavus Linn from tomato fruits.  Jhadhav et al. (2013) 

studied millet husk, banana peels, wheat bran Rice 

husk,  coir waste  for the productivity of cellulase 

enzyme using  Trichoderma reesei and Apergillus 

phoenicis QM329. Similarly  Waghmare et al. (2014) 

cited cellulase production by using aricultural wastes 

like paddy straw, corn straw, sugarcane bagasse/ 

barbojo, grass powder, sorghum husks, and for 

cellulolytic enzyme production by Klebsiella sp. 

PRW-1 (Table 1).  
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Table 3. Compilation of studies of cellulase 

production 
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Case specific study:  

Lignocellulosics agricultural wastes key source in 

cellulase production by different microbial strains in 

submerged and solid state cultivations 

  Earlier studies showed that under submerged 

or solid-state fermentations, the main factor for the 

production of cellolytic enzymes is the choice of an 

appropriate inducing substrate [Kulkarni et al., 1999]. 

Therefore, keeping in mind the reduction in the 

production cost, use of inexpensive waste materials, 

such as rice straw, wheat straw, waste paper, 

sugarcane bagasse etc. are often reliable and abundant. 

In the present study, the effect of various 

lignocellulosics on extracellular cellulase enzyme 

production was studied for comparative purposes. The 

present study reports indigenously isolated 

Staphylococcus and Bacillus strains and two fungal 

Aspergillus strains (purchased from microbial bank) 

for their cellulase production ability on different 

lignocellulosics agricultural wastes under different 

fermentations conditions.  

 

Cellulase Production on Different Substrates under 

Different Fermentation Conditions By Staphylococcus 

Strains 

For determining the time course of cellulase 

production, Staphylococcus strains were cultivated in 

different fermentation conditions using 1% 

agricultural wastes as the carbon sources at 37°C.  The 

data showed that there was a significant difference in 

the enzyme production when different carbon sources 

were used. Among different carbon sources, cellulase 

production was higher when strain ScLKC1 grew on 

wheat straw after four days of cultivation under 

stationary conditions, following by an eventual 

decrease (Figure 2A). However, with waste paper as a 

carbon source, two peaks of activity maxima (after 2 

and 4 days of cultivation) were observed. As 

compared with other carbon sources used, ScLKC2 

gave highest activity on wheat straw and eucalyptus 

bark after 4 days of cultivation under stationary 

conditions (Figure 2B). The depression in enzyme 

activity was observed between 2 and 4 days with saw 

dust and sugarcane molasses. Using ScLKC3, 

cellulase activity increased to the maximum at 4 days 

of stationary cultivation for all lignocellulosics 

materials used (Figure 2C). Among different carbon 

sources, maximum production was observed with saw 

sawdust and sugarcane molasses.  

Under shaking conditions, ScLKC1 grown on 

sugarcane molasses gave the highest cellulase activity 

(0.610 IU/ml) after 3 days of cultivation, however, 

with eucalyptus bark the enzyme production was 

maximum after 2 days of cultivation and remained 

stable up to 3 days before the eventual decrease in the 

activity. Moreover, when saw dust was used as the 

carbon source, the maximum cellulase activity was 

observed after 1 day of cultivation. Further, as 

observed in stationary fermentation, the depression in 

enzyme activity was observed between 1 to 3 days, 

common to five substrates except eucalyptus bark 

where no depression in enzyme activity was observed. 

Similar results of enzyme activity have been reported 

by Ozumu et al (2003) in Aspergillus flavus. ScLKC 2 

under shaking conditions, maximum activity was 

observed after 3 d of fermentation followed by a 

stable decrease. A depression in enzyme activity was 

observed at 2
nd

 day of fermentation, common to five 

substrates except sugarcane molasses. In ScLKC 3, 

under shaking conditions, wheat straw supported 

maximum enzyme production after 3 days of 

fermentation, however, with all other carbon sources 

the enzyme production was maximum after 4 days of 

cultivation. A strong depression in enzyme activity 

was observed between 1 to 3 days with waste paper 

and eucalyptus bark.  

Under stationary conditions, cellulase activity 

increased to maximum at 4 day of production with all 

the lignocellulosics materials used, however, with 

eucalyptus bark, another maxima of enzyme activity 

was observed after 2 days of cultivation (Figure 3). 

Under shaking conditions, the enzyme activity 

continued to increase up to 3 days of incubation for all 

the substrates used followed by a substantial decrease. 

Maximum activity was observed with sugarcane 

molasses. Since ScLKC4 strain gave higher activity 

(~0.6 IU/ml) using eucalyptus bark just after 2 day of 

cultivation under stationary conditions, hence, in 

addition of stationary and shaking fermentations, the 

strain ScLKC4 was also tested on solid-state 

fermentation condition. The strain depicted maximum 

activity with wheat straw, saw dust, eucalyptus bark 

and waste paper after 4 days of fermentation, 

however, with rice straw and sugarcane molasses the 

activity was maximum at 3
rd

 day of cultivation.  

 

Cellulase Production on Different Substrates Under 

Different Fermentation Conditions By Bacillus Strains 

For determining the time course of cellulase 

production, two Bacillus strains designated as: 

BaLKC1, and BaLKC2 were cultivated in different 

fermentation conditions using 1% agricultural wastes 

as the carbon sources at 37°C. Among all the 

substrates tested, BaLKC1 grown on waste paper gave 

the highest activity of 0.581 IU/ml after one day of 

stationary fermentation (Figure 4). However, with 

wheat and rice straw, the productivity was maximum 

after 3 and 4 days of cultivation, respectively. Under 

shaking conditions the maximum activity (0.811 

IU/ml) was observed with sugarcane molasses after 3 

days of incubation. Rest with all the substrates 
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maximum activity was observed after 4 days of 

fermentation. 

The highest enzyme activity was observed 

with eucalyptus bark after 4 days of stationary 

conditions, however, with wheat straw the maximum 

enzyme activity was observed after 2 days of 

incubation (Figure 5). Under shaking conditions, the 

production rate was higher with wheat straw after one 

day, however, saw dust and sugarcane molasses gave 

maximum activity after 3 days. Moreover, a 

depression in enzyme activity was observed between 1 

to 3 days, common to wheat straw, eucalyptus bark 

and rice straw which is in agreement with the earlier 

studies [Kotchoni et al., 2003) . Notably this strain 

depicted higher enzyme activity just after two days of 

cultivation using wheat straw in stationary and saw 

dust and molasses in shaking conditions, respectively. 

Therefore, further, when this strain was tested in solid-

state fermentation, maximum enzyme production was 

supported by waste paper as a carbon source after 4 

days of incubation. However, with eucalyptus bark, 

maximum activity was observed after 3 days of 

fermentation.  

Cellulase Production 0n Different Substrates Under 

Different Fermentation Conditions By Aspergillus 

niger 

During stationary conditions, A. niger grown 

on, saw dust, waste paper, sugarcane molasses and 

eucalyptus bark gave maximum enzyme production 

after one day followed by a sluggish decrease (Figure 

6). However, maximum enzyme activity was observed 

with paper as a carbon source. The wheat straw and 

rice straw supported maximum enzyme production at 

3 and 4 day of fermentation, respectively. Under 

shaking conditions, with all the substrates the enzyme 

activity maxima climaxed at one day followed by a 

dramatic decrease. The enzyme production was 

relatively same with all the different substrates tested. 

Under solid-state cultivation, the enzyme activity was 

maximum using wheat straw after 2 days of 

cultivation, however, using rice straw and eucalyptus 

bark the enzyme activity peaked at 2 and 3 day, 

respectively. 

Cellulase Production On Different Substrates Under 

Different Fermentation Conditions By Aspergillus 

oryzae 

Among different carbon sources utilized, the 

maximum enzyme activity was observed with waste 

paper after one day of fermentation (Figure 7). 

However, with wheat straw and rice straw the activity 

maxima peaked at 3 and 4 day, respectively, followed 

by a sharp decrease. On the contrary, under shaking 

conditions the strain depicted maximum activity after 

1 day of cultivation and decreased thereafter. Under 

solid-state cultivation the highest activity was 

observed with rice straw after 3 days, however, with 

waste paper, sugarcane molasses and saw dust, the 

maximum activity was observed 2 days of 

fermentation. 

To conclude, a look at the present and 

previous studies clearly reveals that irrespective of the 

carbon source and cultivation conditions used, the 

strains reported in this study produced higher activity 

than the earlier reported strains e.g. Bacillus sp. (0.25 

IU/ml) (Kotchoni et al., 2003); Caldibacillus 

cellulovorans (0.005 IU/ml) (Huanag and Monk, 

2004) and Aspergillus sps (0.056-0.076 IU/ml)( 

Ojumu et al., 2003). Therefore, microbial species 

isolated in the present study could be another 

promising organisms for various industrial 

applications. The possibility of producing cellulase 

from agricultural wastes has also been demonstrated 

in the study and it may be an effort in improving the 

economy of enzyme production in biotechnological 

industries. A further study on characterization, 

purification and immobilization of this enzyme is 

underway for exploiting its commercial potential. 
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Figure 2: Cellulase production by different Staphylococcus strains viz; ScLKC1 (A), ScLKC2 (B), ScLKC3 (C), 

under stationary (a) and shaking (b) conditions. Symbols used: P, waste paper; S, saw dust; M, sugarcane molasses; 

R, rice straw; W, wheat straw; B, eucalyptus bark. 
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Figure 3: Cellulase production by Staphylococcus strains viz; ScLKC4 under stationary (a), shaking (b) and solid 

state (c) conditions.  
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Figure 4: Cellulase production by Bacillus sp. LKC1 under stationary (a) and shaking (b) conditions.. 
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Figure 5: Cellulase production by Bacillus sp. LKC2 under stationary (a), shaking (b) and solid state (c) conditions.  
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Figure 6: Cellulase production by Aspergillus niger under stationary (a), shaking (b) and solid state (c) conditions 
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Figure 7: Cellulase production by Aspergillus oryzae under stationary (a), shaking (b) and solid state (c) conditions 
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