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ABSTRACT:  

Production of second-generation bioethanol has created enormous interest globally as sustainable and ideal 

alternative source due to the gradual depletion of fossil fuels. In view of this, the present study was investigated 

to isolate cellulase producing bacterium from poultry soil sample and assess its role in the saccharification of 

Brachiaria mutica (Para grass). Initially, the cellulase producing bacterium was identified as Bacillus subtilis 

strain KPA based on biochemical and molecular characterization tools. Further, B. mutica was pre-treated using 

NaOH solution (4% w/v) and utilized for saccharification process as per the standard methodology. Results 

showed low impact of cellulase on untreated Para grass biomass with TRS yield of 2.24±0.18, 3.11±0.2, 

4.1±0.17, 4.98±0.2, and 4.14±0.18 mg/g at 12, 24, 48, 72, and 96 h of treatment. The alkali (NaOH) pre-treated 

biomass exhibited maximum TRS yield of 3.23±0.2, 4.34±0.18, 5.25±0.17, 7.88±0.17, and 6.16±0.17 mg/g 

from 12-96 h. Similarly, the saccharification ability of untreated Para grass biomass was estimated lower than 

that of pre-treated one. The alkali pre-treated biomass showed maximum saccharification efficiency of 

29.07±0.8, 39.06±0.8, 47.2±0.7, 70.9±0.7, and 55.4±0.8% in the presence of 4% (w/v) NaOH from 12-96 h. In 

conclusion, the findings suggested the prominent role of strain KPA-associated cellulase in the saccharification 

of B. mutica and its potential role in biofuel production in future. 

 

1. Introduction 

Lignocellulose is a vital renewal energy source 

composed of cellulose, hemicellulose, and recalcitrant 

lignin [1]. Among these, cellulose, is the most abundant 

natural homopolysaccharide in the biosphere [2]. The 

enzymatic hydrolysis of lignocellulosic biomass into 

fermentable sugars is a key step in bioethanol production, 

facilitated by cellulolytic enzymes that act 

synergistically [3]. 

Cellulase is a complex enzyme system comprising endo-

1,4-beta-D-glucanase (EC 3.2.1.4), exo-1,4-beta-D-

glucanase (EC 3.2.1.91), and beta-glucosidase (EC 

3.2.1.21). Endoglucanase randomly cleaves internal 

beta-1,4 bonds in cellulose, generating oligosaccharides 

of varying lengths. Exoglucanase further degrades these 

oligosaccharides by removing cellobiose units from the 

chain ends. Beta-glucosidase hydrolyzes cellobiose into 

glucose, completing the saccharification process [2, 4]. 

Beyond bioethanol production, cellulases have broad 

industrial applications, including food processing, 

brewing, pulp and paper manufacturing, textiles, 

pharmaceuticals, detergents, livestock feed, and 

agriculture [5]. 

Various microorganisms, such as yeast, bacteria, and 

fungi serve as natural sources of cellulase. However, 

bacteria have gained considerable attention due to their 

rapid growth rates, thermal stability, alkali tolerance, and 

ability to produce multi-enzyme complexes [6]. Several 

novel cellulase-producing bacterial species have been 

identified in the past [2, 7, 8]. Nevertheless, the search 

for hyper-cellulase-producing bacteria remains ongoing. 

In this regard, a significant study was undertaken to 

saccharify Brachiaria mutica (Paragrass) for 

fermentable sugar production using crude cellulase from 

Bacillus sp., highlighting its potential for industrial 

applications. 
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2. Methods 

Isolation of cellulase producing bacteria 

Bacteria were isolated from poultry soil sample using 

serial dilution technique. Soil sample (1 g) collected was 

mixed with 9 mL of sterile distilled water. The 

suspension was serially diluted (10−1-10−6) and 1 mL of 

the suspension was poured onto sterilized Nutrient agar 

medium (g/L: peptone 5.0, beef extract 3.0, yeast extract 

2.0, sodium chloride 5.0, agar 18.0, and pH 7.0±0.2) 

plates containing 0.5% carboxy methyl cellulose (CMC). 

After spreading the suspension using L-rod, plates were 

incubated at 37°C in incubator for 24 h under aerobic 

condition. After required period of incubation, the 

appearance of different colonies on the agar plates was 

observed. A single colony was picked and purified. 

Bacterium was identified using molecular 

characterization and bioinformatics tool.  

Cellulase production- 

Plate assay (Qualitative analysis) 

The purified isolate was streaked on Nutrient agar 

medium plate containing 0.5% CMC and incubated at 

37°C for 24 h. After 24 h, the agar plate was flooded with 

Lugol’s iodine solution for 5 min. The plate was 

observed for the halo zone of CMC hydrolysis [2]. 

Cellulase activity (Quantitative analysis) 

Cellulase activity was estimated using 0.5% CMC as the 

substrate. The isolate was inoculated in Nutrient broth 

containing 0.5% CMC and incubated at 37°C for 24 h 

with an agitation speed of 130 rpm. After required period 

of incubation, the culture was centrifuged and the 

collected supernatant was used as crude cellulase. The 

crude cellulase (1 mL) was mixed with 1 mL of 0.5% 

CMC and incubated at 37°C for 30 min. After incubation 

period, 1 mL of DNS reagent was added into the reaction 

mixture to stop the reaction, and then boiled in water bath 

for 5 min. The mixture was cooled, and the absorbance 

was read spectrophotometrically against the reagent 

blank at 540 nm. Cellulase activity (U) was defined as 

the amount of enzyme that liberated 1 µg of reducing 

sugars per minute under the standard conditions [2].  

Para grass saccharification- 

Collection of biomass 

Brachiaria mutica (Para grass) was collected from 

Loktak lake, Imphal West, Manipur. It was brought in 

polythene bags to the laboratory and dried for 7-10 days. 

After complete drying, it was powdered and stored at 

room temperature. 

Alkali pre-treatment of Para grass 

The alkaline treatment was carried out by mixing 10% 

(w/v) of powdered Para grass biomass with NaOH 

solution (4% w/v). The mixture was incubated at room 

temperature for 2-3 h, autoclaved at 121°C for 30 min, 

and then washed with water until neutral pH was 

achieved. 

Cellulase-based hydrolysis of Para grass 

Crude cellulase (50 mL) was added into 10 g of pre-

treated Para grass and incubated for 96 h. Every 24 h, the 

content was filtered and the supernatant was used to 

quantify total reducing sugar (TRS: mg/g) production. 

TRS quantification 

The production of TRS after the hydrolysis process was 

quantified using DNS method. One millilitre of the 

collected supernatant was incubated with 1 mL of DNS 

reagent, boiled for 5 min, and then cooled at room 

temperature. The volume of the solution was made up to 

10 mL by adding sterile distilled water and the 

absorbance was read at 540 nm. The TRS production 

(mg/mL) was quantified using standard curve of glucose 

[3]. 

Saccharification efficiency 

The saccharification rate (%) was calculated according to 

the equation as mentioned below [9]:  

% Saccharification =
Reducing sugars (mg/g) × 0.9 

Initial substrate concentration
 × 100 

Statistical analysis 

All the experiments were carried out in triplicate and data 

were represented as mean±standard deviation 

(mean±SD). ANOVA was implemented to analyse the 

significance (P≤0.05) level. 

 

3. Results 

Bacteria identification 

Based on the morphological, biochemical, molecular 

characterization, and sequence analyses tools, the isolate 

was identified as Bacillus subtilis strain KPA (Accession 

no.: KC918878). 

Cellulase assay 

Strain KPA showed zone of hydrolysis on CMC agar 

medium plate, indicating the production of cellulase (Fig. 

1). Further, as per quantitative analysis, cellulase activity 

was estimated as 265.34±13.42 U/mL. 

 

http://www.jchr.org/


 
 

 

714 

Journal of Chemical Health Risks 

www.jchr.org 

JCHR (2025) 15(4), 712-716 | ISSN:2251-6727 

 
              Fig. 1: Cellulase assay  

 

TRS production and saccharification efficiency 

Table 1A illustrates the effect of cellulase on TRS yield 

from untreated and pre-treated B. mutica biomass. 

Cellulase exhibited low impact on untreated biomass 

with TRS yield of 2.24±0.18, 3.11±0.2, 4.1±0.17, 

4.98±0.2, and 4.14±0.18 mg/g at 12, 24, 48, 72, and 96 h 

of treatment. The alkali (NaOH) pre-treated biomass 

exhibited maximum TRS yield of 3.23±0.2, 4.34±0.18, 

5.25±0.17, 7.88±0.17, and 6.16±0.17 mg/g from 12-96 h. 

The saccharification degree of untreated and pre-treated 

B. mutica biomass is shown in Table 1B. The 

saccharification ability of untreated biomass was 

estimated as 20.1±0.6, 27.9±0.7, 36.9±0.6, 44.8±0.8, and 

37.2±0.8% at 12, 24, 48, 72, and 96 h of treatment. The 

alkali pre-treated biomass showed maximum 

saccharification efficiency of 29.07±0.8, 39.06±0.8, 

47.2±0.7, 70.9±0.7, and 55.4±0.8% in the presence of 4% 

(w/v) NaOH from 12-96 h. 

Table 1: TRS production (mg/g) from untreated and 

NaOH pre-treated B. mutica biomass. 

Incubation period TRS (mg/g) 

Untreated NaOH-treated 

12 2.24±0.18e 3.23±0.2e 

24 3.11±0.2d 4.34±0.18d 

48 4.1±0.17c 5.25±0.17b 

72 4.98±0.2a 7.88±0.17a 

96 4.14±0.18b 6.16±0.17c 
abcdeValues with different superscript letters within the same 

column are significantly (P<0.05) different. 

 

Table 2: Saccharification efficiency of untreated and 

NaOH pre-treated B. mutica biomass. 

Incubation period Saccharification (%) 

Untreated NaOH-treated 

12 20.1±0.6e 29.07±0.8e 

24 27.9±0.7d 39.06±0.8d 

48 36.9±0.6c 47.2±0.7b 

72 44.8±0.8a 70.9±0.7a 

96 37.2±0.8b 55.4±0.8c 
abcdeValues with different superscript letters within the same 

column are significantly (P<0.05) different. 

 

4. Discussion 

To address the growing global energy demand, various 

plant biomasses are being pretreated and converted into 

biofuels through the fermentation of reducing sugars 

derived from saccharification [10-12]. In recent years, 

aquatic weeds have emerged as promising next-

generation bioresources for sustainable value-added 

products through saccharification [13, 14]. 

Enzyme-based hydrolysis plays a crucial role in breaking 

down pretreated lignocellulosic biomass into reducing 

sugars, thereby determining saccharification efficiency 

[3]. This study focuses on the saccharification of B. 

mutica using cellulase derived from Bacillus subtilis. 

Previous studies have reported total reducing sugar 

(TRS) production and saccharification of various aquatic 

weeds, including Alternanthera sessilis, Typha latifolia, 

Eichhornia crassipes, Bacopa monnieri, B. mutica, 

Ipomoea aquatica, and Pistia stratiotes, utilizing both 

commercial and bacterial cellulases [14-16]. 

In this study, the saccharification efficiency and TRS 

production from untreated aquatic weed biomass were 

found to be lower than those of pretreated biomass. This 

difference is likely due to the high lignin content in 

untreated biomass, which reinforces the plant cell wall 

structure and restricts cellulase accessibility. However, 

NaOH-pretreated weed biomass exhibited the highest 

TRS production and saccharification efficiency. The 

superior efficiency of alkaline pretreatment can be 

attributed to its ability to increase the surface area and 

reduce the crystalline nature of cellulose, facilitating 

better enzyme penetration. This method effectively 

removes lignin and depolymerizes cellulose, thereby 

enhancing the overall saccharification process [3, 14]. 

The findings of this study underscore the significance of 

pretreatment strategies in optimizing biofuel production 

from aquatic weed biomass and highlight the potential of 

B. subtilis-derived cellulase as a cost-effective enzymatic 

tool for bioethanol generation. 

http://www.jchr.org/
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5. Conclusions  

In summary, this study represented the isolation of 

cellulase producing bacterium from poultry soil sample 

and was identified as B. subtilis strain KPA. Further, 

strain KPA-associated cellulase exhibited its 

potentialities to hydrolyze pre-treated B. mutica and 

produced TRS with high saccharification efficiency. In a 

nutshell, cellulase produced from strain KPA can be 

employed as a crucial agent to saccharify aquatic weeds 

efficiently towards the production of next generation 

biofuel in future. 
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