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Introduction 
 

Lignocellulosic biomass represents the most abundant, 

renewable biopolymer on Earth, composed 

predominantly of cellulose, hemicellulose, and pectin 

interwoven within a complex matrix (Kulkarni et al., 

2025). The conversion of agricultural residues and agro-

industrial waste into valuable bioproducts—such as 
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Lignocellulosic biomass represents an abundant, renewable resource for bio-based production; 

however, its recalcitrant structural matrix limits efficient bioconversion. This study evaluated 

the biochemical properties and hydrolytic potential of cellulolytic and pectinolytic bacteria 

isolated from fresh bovine dung. A total of 12 Gram-positive bacterial strains (8 cellulolytic and 

4 pectinolytic) were isolated and characterized through morphological and biochemical 

profiling, demonstrating widespread catalase, urease, and amylase activities alongside diverse 

fermentative capabilities. Qualitative screening using cellulose Congo-Red and yeast extract 

pectin (YEP) agar confirmed active extracellular endoglucanase and pectinase production via 

clear hydrolytic zones. Quantitative enzyme assays revealed significant variation in catalytic 

efficiency among the isolates. Among cellulolytic strains, isolate BrR displayed the highest 

endoglucanase activity on amorphous cellulose (0.0080 ± 0.0006 IU/ml), while isolate BrRs 

exhibited the highest total cellulase activity on microcrystalline filter paper (0.0046 ± 0.0005 

IU/ml). A Two-Way ANOVA confirmed that substrate type (F = 1977.36, p < 0.0001), isolate 

identity (F = 71.93, p < 0.0001), and their interaction (F = 32.73, p < 0.0001) significantly 

affected cellulase yields. Among pectinolytic strains, isolate PcL3 demonstrated superior 

pectinase activity (1.52 ± 0.12 µmol.ml-1.min-1) on commercial citrus pectin, releasing 2100 μg 
of glucose equivalents (F = 66.42, p < 0.0001). These findings highlight isolates BrRs, BrR, and 

PcL3 as promising biocatalytic candidates for agricultural waste valorization, biopulping, and 

biofuel production. 
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bioethanol, animal feed, organic acids, and industrial 

enzymes—has gained significant global attention in the 

context of bioeconomy and sustainable waste 

management (Khan et al., 2011). However, the 

recalcitrant nature of plant cell walls remains a major 

rate-limiting bottleneck for industrial bioprocessing 

(Bahlawan et al., 2026). Depolymerization of these 

structural biopolymers requires a synergetic cocktail of 

hydrolytic enzymes, principally cellulases and 

pectinases, to break down complex polysaccharide 

networks into fermentable monosaccharides (Khan et al., 

2011).  

 

Cellulose, a linear polymer of β-1,4-linked D-glucose 

units, is hydrolyzed by cellulolytic enzyme complexes 

consisting of endo-β-1,4-glucanases, exo-β-1,4-

glucanases, and β-glucosidases. Concurrently, pectin—a 

structural heteropolysaccharide abundant in the middle 

lamella and primary cell walls of plants—requires 

pectinolytic enzymes such as polygalacturonase, pectin 

lyase, and pectinesterase for efficient degradation. While 

fungal strains have historically dominated commercial 

enzyme production, bacterial isolates offer distinct 

industrial advantages, including higher growth rates, 

greater physiological adaptability, superior genetic 

tractability, and enhanced stability under harsh 

environmental conditions (Khan et al., 2011).  

 

Herbivorous animal excreta, particularly fresh bovine 

dung, serves as a natural micro-habitat rich in plant cell 

wall-degrading microorganisms. The digestive tract of 

ruminants functions as an efficient natural bioreactor 

where a specialized anaerobic and facultative microbial 

consortium breaks down complex forage 

polysaccharides.  

 

Consequently, cow dung contains a diverse population of 

active cellulolytic and pectinolytic bacteria capable of 

secreting robust extracellular enzymes. Screening fresh 

cow dung for high-yielding enzyme-producing strains 

presents a cost-effective and promising strategy to 

discover novel bio-catalysts for bioprocessing 

applications (Kulkarni et al., 2025).  

 

Despite extensive research on lignocellulolytic microbes, 

there remains a ongoing demand for robust local bacterial 

strains possessing high hydrolytic efficiency and specific 

substrate affinities. Therefore, this study was designed to 

isolate, screen, and evaluate the functional potential of 

cellulolytic and pectinolytic bacteria derived from fresh 

cow dung. Herein, this study report the morpho-

biochemical profiling and quantitative enzymatic 

potential of different cellulose-degrading and pectin-

degrading bacterial isolates, aiming to identify potential 

candidates for agricultural biomass valorization and 

bioprocess engineering.  

 

Materials and Methods 
 

Collection of Cow dung 
 

Bovine fecal samples were collected from a farm beside 

the Vidyasagar University road. The sample was taken 

from an adult cow of age around 4years. Freshly voided 

feces were collected immediately post-defecation using a 

sterile spatula, taking strict care to sample only the top 

portion to avoid contact with soil or bedding at morning. 

The fecal material was directly inverted into a pre-

labeled, sterile specimen container. Containers were 

filled to approximately 75–80% capacity to leave head 

space for gas expansion. Immediately following 

collection, samples were placed upright inside an 

insulated cooler containing frozen gel packs to maintain a 

temperature of approximately 4°C during field collection. 

Samples were transported to the laboratory immediately 

and stored at -200 C for microbial isolation. 
 

Isolation of Cellulolytic Bacteria 
 

The collected cow dung (5gm) was inoculated in a basal 

salt media (NaNO3 2.5 g; KH2PO4 2 g; MgSO4 0.2 g; 

NaCl 0.2 g; CaCl2・6H2O 0.1 g in a liter) containing 

filter paper (Whatman filter paper no. 1 of area 70.541 

cm2) for the isolation of cellulolytic bacteria. These 

cultures were incubated for 7 days in a shaker incubator 

at 37o C at 100 rpm. Bacterial colonies capable of 

utilizing cellulose as sole source of carbon were isolated 

on cellulose agar media composed of KH2PO4 0.5 g 

MgSO4 0.25 g cellulose 2.0 g agar 15 g gelatin 2 g and 

distilled water l L and at pH 6.8–7.2.  

 

Confirmation of cellulose-degrading ability of bacterial 

isolates was performed by streaking on the cellulose 

Congo- Red agar media with the following composition: 

KH2PO4 0.5 g, MgSO4 0.25 g, cellulose 2 g, agar 15 g, 

Congo-Red 0.2 g, and gelatin 2 g; distilled water 1 L and 

at pH 6.8– 7.2. The use of Congo-Red as an indicator for 

cellulose degradation in an agar medium provides the 

basis for a rapid and sensitive screening test for 

cellulolytic bacteria. Colonies showing discoloration of 

Congo-Red were taken as positive cellulose-degrading 

bacterial colonies (Jing Lu et al., 2004), and only these 



Int.J.Curr.Microbiol.App.Sci (2026) 15(9): 256-267 

258 

 

were taken for further study.  

 

Isolation of Pectinolytic bacteria 
 

For isolation of Pectinolytic bacteria Serial dilution 

method was used. Yeast extracts pectin (YEP) agar 

media used in this isolation as selective media. This 

media composed of pectin 1%, yeast extract 1%, agar 

1.5%, and NaCl 0.5% (having pH 7.00). Serially diluted 

cow dung spread over the YEP agar plate and incubate 

for a period of 48 hour at 37o C. After completion of 

incubation period plates with viable colony were flooded 

with iodine-potassium iodide solution (5.0 g potassium 

iodide, 1.0 g iodine, and 330mL H2O) (Roy et al., 2018). 

Only clear zone producing colonies with variable 

morphology were preceded for further studies. 

 

Screening of Bacteria by Colony Morphology, 

Gram Staining and Biochemical test 
 

The bacterial isolates were subjected to morphological, 

Gram-staining and biochemical characterization for their 

preliminary identification and differentiation. Colony 

morphology was examined based on colony size, shape, 

margin, elevation, surface texture, pigmentation and 

opacity. Gram staining was performed to determine the 

Gram reaction and cellular morphology of the isolates 

using a standard staining procedure, followed by 

microscopic examination under the oil-immersion 

objective. 

 

The isolates were further characterized by biochemical 

tests including catalase, urease, amylase, indole, methyl 

red (MR) and Voges–Proskauer (VP) tests. Catalase 

activity was determined based on the decomposition of 

hydrogen peroxide, while urease activity indicated the 

hydrolysis of urea. Amylase production was assessed by 

the ability of isolates to hydrolyze starch. Indole 

production was tested to determine tryptophan 

degradation, whereas MR and VP tests were performed 

to assess glucose fermentation pathways and the 

production of stable acidic end products and acetoin, 

respectively. The observed morphological, Gram-staining 

and biochemical characteristics were recorded and used 

for preliminary characterization of the bacterial isolates. 

 

Enzyme production assay for cellulolytic bacteria 
 

The chosen isolates of cellulose-degrading bacteria were 

cultivated at 37°C and 150 rpm in an enzyme production 

medium that contained 0.5 g of KH2PO4, 0.25 g of 

MgSO4, 2 g of gelatin, 1 L of distilled water, Whatman 

filter paper No. 1 (1×6 cm strip, 0.05 g per 20 ml), and a 

pH of 6.8–7.2. Following a three-day incubation period, 

the broth culture was centrifuged at 5000 rpm for 15 

minutes at 4°C. For further enzyme tests, the supernatant 

was gathered and kept at 4oC as a crude enzyme 

preparation (Gupta et al., 2012).  

 

Enzyme Assay  
 

The amount of reducing sugar produced from filter paper 

was used to calculate the total cellulose activity. The 

amount of reducing sugar from amorphous cellulose was 

used to measure the activity of endoglucanase (β1-4 

endoglucanase-EC 3.2.1.4). The International Union of 

Pure and Applied Chemistry (IUPAC) commission on 

biotechnology's suggested procedures were used to 

determine the enzyme activity (Ghose, 1987). In order to 

measure endoglucanase activity, 0.5 ml of supernatant 

and 0.5 mL of 2% amorphous cellulose were incubated in 

0.05M sodium citrate buffer (pH 4.8) at 50 for 30 

minutes. To measure FPC activity, 0.5 ml of supernatant 

was incubated with 1.0 ml of 0.05M sodium citrate 

buffer (pH 4.8) containing a 1.0 × 6.0 cm Whatman no. 1 

filter paper strip (50 mg). Following an hour of 

incubation at 50°C, the process was stopped by adding 

3ml of 3, 5-dinitrosalicylic acid (DNS) reagent to 1ml of 

reaction mixture. In these experiments, reducing sugars 

were measured spectrophotometrically using glucose as 

standards and 3, 5-dinitrosalicylic acid (Miller, 1959). 

Endoglucanase and total FPCase enzymatic activity were 

measured in international units (IU). The amount of 

enzyme that releases 1 μmol of reducing sugars 
(measured as glucose) per millilitre per minute is known 

as one unit of enzymatic activity. The same experiment 

has been done for five times and result reported as Mean 

± SD. 

 

Production of Pectinase Enzyme  
 

In a 250 mL conical flask, the inoculum (5% v/v) was 

aseptically transferred to 50 mL of production medium 

(yeast extract pectate broth) with the following 

composition: yeast extract 1%, pectin 1%, NaCl 0.5%, 

and distilled water 100 ml. The mixture was then 

incubated at 37 °C for 72 hours at 125 rpm in a shaking 

incubator (Kashyap et al., 2000). To produce cell-free 

supernatant, the production medium was centrifuged at 

7000 rpm for 15 minutes at 4oC after incubation. For 

additional research, the supernatant served as the crude 

enzyme. 
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Pectinase Assay 
 

The amount of reducing sugars generated by the 

enzymatic breakdown of citrus pectin under assay 

conditions was used to estimate the pectinase activity. 

The reaction mixture, which contained 0.2 ml of 

appropriately diluted enzyme solution and 1.8 ml of 

substrate (citrus pectin) solution, was incubated for one 

hour at 40 °C in a water bath. Nelson's adaptation of the 

Somogyi method was used to measure the amount of 

reducing sugar released (Nelson, 1944; Somogyi, 1952). 

According to Silva et al., (2002), one unit of enzyme 

activity (U) is the quantity of enzyme needed to release 

one 𝜇mol of reducing sugar per millilitre per minute 

under conventional test conditions. Spectrophotometer 

(SpectroT60 (UV-VIS RS)) was used to assess the colour 

intensity at 500 nm. The results were compared to a 

standard curve made using "D-glucose" (25–200 

micrograms). The color intensity was measured at 500nm 

in a colorimeter [SpectroT60 (UV-VIS RS)] and 

compared with a standard curve prepared with “D-

glucose” (25–200 micrograms). Control was maintained 

with uninoculated media and boiled enzyme. Relative 

activity of the enzyme was calculated as the percentage 

by using the following formula (Haile et al., 2022): 
 

 
 

 
 

TVA = Total volume of assay (ml) 

IT = Incubation Time (min)  

VEA = Volume of enzyme used (ml)  

 

Statistical analysis 
 

All quantitative data were compiled and processed using 

Microsoft Excel. Data were presented as Mean ± SD to 

illustrate experimental variability. Differences in 

enzymatic activity across bacterial isolates and substrates 

were evaluated using inferential statistical tests. One-

Way Analysis of Variance (ANOVA) applied to evaluate 

differences in pectinolytic and cellulolytic activity among 

distinct bacterial isolates on a single substrate. Two-Way 

Analysis of Variance (ANOVA) Applied to examine the 

main effects of isolate identity, substrate type 

(Amorphous Cellulose vs. Filter Paper), and their 

interaction effect on cellulase production. Assumptions 

of normality and homogeneity of variance were verified 

prior to parametric testing. Statistical significance was 

defined at p < 0.05 with p < 0.0001 designated as highly 

significant.  

 

Result and Discussion 

 

Morphological and Gram-Staining 

Characterization of Bacterial Isolates 
 

Screening bovine fecal samples yielded 12 distinct 

bacterial isolates showing active growth on targeted 

selective media. Initial phenotypic profiling revealed 

substantial diversity in colony characteristics, Gram 

reaction, and cellular morphology across both cellulolytic 

and pectinolytic isolates.  

 

All 12 isolated bacterial strains tested positive for Gram 

staining (Gram +ve), displaying either coccal or bacillary 

cellular forms under microscopic evaluation. As 

presented in Table. 1 eight isolates (BrRs, BrR1, BrR2, 

YrIR, YrIRs, YR, TIy, and SpF) were recovered from 

cellulose-selective media at 10−1 dilution. Pigmentation 
ranged from black (BrRs, BrR1, BrR2) to yellow (YrIR, 

YrIRs, YR, TIy) and white (SpF). Shape and margin 

profiles varied from small circular or circular with entire 

to wavy margins to irregular forms. Microscopic 

examination confirmed cocci morphology for BrRs, 

BrR1, YrIRs, and YR, while BrR2, YrIR, TIy, and SpF 

exhibited bacillary forms.  

 

Table. 2 shows four distinct isolates (PcL1, PcL2, PcL3, 

and PcL4) were selected based on clear zone formation 

on Yeast Extract Pectin (YEP) agar. Pigmentation 

included white (PcL1, PcL4), yellowish (PcL2), and 

blackish (PcL3). Colony forms presented round to 

circular shapes with regular wavy, irregular wavy or 

double-layered margins, displaying flat or raised 

elevations. Microscopically, PcL1 and PcL2 were 

identified as Gram-positive cocci, whereas PcL3 and 

PcL4 exhibited Gram-positive bacillary morphology.  
 

Biochemical Profiling and Fermentative 

Pathways 
 

Table. 3 shows Biochemical evaluation—encompassing 

catalase, urease, amylase, indole, Methyl Red (MR), and 

Voges–Proskauer (VP) assays—highlighted metabolic 

functional diversity among the isolates:  
 

Catalase & Urease Activity: Catalase activity was 

positive in 5 of 8 cellulolytic isolates (BrRs, BrR1, BrR2, 

YrIRs, SpF) and all 4 pectinolytic isolates (PcL1–PcL4), 
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demonstrating oxidative stress protection via H2O2 

decomposition. Urease production was widespread, 

present in 11 of 12 isolates (all except BrR1), indicating 

urea hydrolysis capabilities.  

 

Amylase Activity: Starch hydrolysis via amylase was 

confirmed in 6 cellulolytic strains (BrRs, BrR2, YrIR, 

YrIRs, YR, TIy, SpF) and 2 pectinolytic strains (PcL2, 

PcL3), demonstrating broader polysaccharide-degrading 

potential beyond structural biomass.  

 

Indole & Fermentation Pathways (MR/VP): 

Tryptophan breakdown (indole positive) was observed in 

7 cellulolytic isolates and 2 pectinolytic isolates (PcL2, 

PcL4). Mixed-acid glucose fermentation (MR positive) 

was limited to YR and SpF. Conversely, the acetoin 

pathway (VP positive) was dominant across most strains 

(BrRs, YrIR, YrIRs, YR, TIy, SpF, PcL3, PcL4).  

 

Phenotypic responses are illustrated in Figure 1 (Methyl 

Red test showing negative result for BrR and positive 

result for YR), Figure 2 (Amylase test showing negative 

result for PcL4 and positive halo for PcL2), and Figure 3 

(Catalase test showing non-effervescent negative reaction 

for YrIR and effervescent positive reaction for YrIRs). 

 

The observed physiological adaptability and variable 

morphological profiles reflect the complex microbial 

consortium naturally inhabiting the bovine digestive tract 

(Hungate, 2013; Flint et al., 2008).  

 

Bovine dung acts as a specialized bioreactor where 

diverse microflora co-exists to break down structural 

forage polysaccharides (Flint et al., 2008).  

 

Finding Gram-positive spore-forming bacilli and robust 

cocci with multiple hydrolytic enzymes supports 

previous findings that herbivorous excreta serves as a 

rich reservoir for diverse bioprocess biocatalysts 

(Kulkarni et al., 2025). 

 

Qualitative Screening and Hydrolytic Potential 
 

Screening for cellulolytic activity using cellulose Congo-

Red agar confirmed active extracellular endoglucanase 

production via distinct discoloration halos around 

positive colonies. Similarly, pectinolytic screening on 

YEP agar using iodine-potassium iodide solution yielded 

clear hydrolytic zones around colonies (e.g., PcL1–
PcL4), validating pectin breakdown. These qualitative 

outcomes are depicted in Figure 4 (discoloration zones 

on Congo-Red agar for cellulose degradation) and Figure 

5 (clear halo zones on YEP agar flooded with iodine-

potassium iodide solution for pectin degradation).  

 

Because plant cell walls consist of complex interwoven 

networks of cellulose, hemicellulose, and pectin, single-

enzyme processing limits bioconversion efficiency. 

Isolating bacteria capable of producing both cellulases 

and pectinases—or maintaining amylolytic cross-

activity—provides a basis for formulating synergistic 

enzyme mixtures required to overcome lignocellulosic 

recalcitrance.  
 

Quantitative Enzymatic Activity and Statistical 

Evaluation 
 

Quantitative assays measured endoglucanase (β-1,4-

endoglucanase) activity on amorphous cellulose, total 

cellulase activity (FPCase) on Whatman No. 1 filter 

paper, and pectinase activity on citrus pectin. All 

quantitative data were expressed as Mean ± SD across 

fove replicates 

 

As detailed in Table 4 and visually depicted in Figure 6, 

the enzymatic potential of the cellulolytic bacteria was 

assessed using both amorphous cellulose and filter paper 

as substrates, revealing varied levels of activity. Among 

the isolates, BrR exhibited the highest enzymatic activity 

on amorphous cellulose, with 0.0080 IU/ml, while BrRs 

showed the greatest activity on filter paper, with 0.0046 

IU/ml. In comparison to other recent study (Gupta et al., 

2012) reported maximum cellulolytic activities of 0.400 

IU/ml for amorphous cellulose and 0.194 IU/ml for filter 

paper. 

 

The Two-Way ANOVA presented in Table 5 

demonstrates that the main effect of substrate type is 

highly significant (F(1,64)=1977.36, p<0.0001). Across all 

isolates, cellulase activity on Amorphous Cellulose 

(overall mean: 0.00615 IU) is substantially higher than 

on Filter Paper (overall mean: 0.00143 IU). 
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Table.1 Morphological and gram-staining characterization of Cellulolytic bacterial isolates. 

 

Isolation 

Code 

Media Colony 

Shape 

Margin Elevation Pigmentation Gram 

Reaction 

Microscopic 

Morphology 

BrRs 10−1  Small 

Circular 

Entire Raised Black +ve Cocci 

BrR1 10−1  Circular Entire Raised Black +ve Cocci 

BrR2 10−1  Circular Wavy Raised Black +ve Bacilli 

YrIR 10−1  Irregular Entire Raised Yellow +ve Bacilli 

YrIRs 10−1  Small 

Irregular 

Entire Raised Yellow +ve Cocci 

YR 10−1  Circular Wavy Flat Yellow +ve Cocci 

TIy 10−1  Circular Entire Flat Yellow +ve Bacilli 

SpF 10−1  Irregular Smooth Flat White +ve Bacilli 

 

Table.2 Morphological and gram-staining characterization of Pectinolytic bacterial isolates. 

 

Isolation 

Code 

Media / 

Target 

Colony 

Shape 

Margin Elevation Pigmentation Gram 

Reaction 

Microscopic 

Morphology 

PcL1 10−1  Round Regular 

wavy 

Flat White +ve Cocci 

PcL2 10−1  Circular Irregular 

wavy 

Flat Yellowish +ve Cocci 

PcL3 10−1  Circular Irregular 

wavy 

Raised Blackish +ve Bacilli 

PcL4 10−1  Round Double 

Layered 

Raised White +ve Bacilli 

 

 Table.3 Biochemical evaluation of Cellulolytic and Pectinolytic bacterial isolates.  

 

Isolation Code Catalase Urease Amylase Indole Methyl Red (MR) Voges–Proskauer (VP) 

BrRs +ve +ve +ve +ve -ve +ve 

BrR1 +ve -ve -ve -ve -ve -ve 

BrR2 +ve +ve +ve +ve -ve -ve 

YrIR -ve +ve +ve +ve -ve +ve 

YrIRs +ve +ve +ve +ve -ve +ve 

YR -ve +ve +ve +ve +ve +ve 

TIy -ve +ve +ve +ve -ve +ve 

SpF +ve +ve +ve +ve +ve +ve 

PcL1 +ve +ve -ve -ve -ve -ve 

PcL2 +ve +ve +ve +ve -ve -ve 

PcL3 +ve +ve +ve -ve -ve +ve 

PcL4 +ve +ve -ve +ve -ve +ve 
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Table.4 Quantitative estimation of cellulase activity on amorphous cellulose and Filter paper (IU/ml) 

 

Isolate Code Amorphous Cellulose (Mean±SD) Filter Paper (Mean±SD) 

BrRs 0.0069 ± 0.0006 0.0046 ± 0.0005 

BrR 0.0080 ± 0.0006 0.0011 ± 0.0001 

BrR2 0.0057 ± 0.0005 0.0011 ± 0.0001 

YrIR 0.0069 ± 0.0006 0.000 ± 0.000 

YrIRs 0.0057 ± 0.0005 0.0023 ± 0.0002 

YR 0.0034 ± 0.0003 0.000 ± 0.000 

TIy 0.0069 ± 0.0006 0.0023 ± 0.0002 

SpF 0.0057 ± 0.0005 0.000 ± 0.000 

 

Table.5 Two-Way ANOVA to evaluate the effects of 8 cellulolytic bacterial isolates and 2 cellulose 

substrates on enzyme activity (n=5, N=80). 

 

Source of 

Variation 

Sum of 

Squares (SS) 

df Mean Square 

(MS) 

F-value p-value Significance 

Substrate 4.120×10−4 1 4.120×10−4 1977.36 <0.0001 Highly 

Significant 

Isolate 1.050×10−4 7 1.500×10−5 71.93 <0.0001 Highly 

Significant 

Interaction 

(Isolate × 

Substrate) 

4.800×10−5 7 6.857×10−6 32.73 <0.0001 Highly 

Significant 

Residuals (Error) 1.300×10−5 64 2.031×10−7 
   

Total 5.780×10−4 79 
    

 

Table.6 Quantitative estimation of Pectinolytic activity on Commercial pectin. 

 

Isolation Code Released Glucose (μg) Enzymatic Activity (Mean±SD) 

PcL1 1300 µg 0.95 ± 0.08 

PcL2 1475 µg 1.07 ± 0.09 

PcL3 2100 µg 1.52 ± 0.12 

PcL4 1075 µg 0.78 ± 0.06 

 

Table.7 A One-Way ANOVA across the four bacterial isolates (n=5, N = 20). 

 

Source of 

Variation 

Sum of Squares 

(SS) 

Degrees of 

Freedom (df) 

Mean Square 

(MS) 

F-

value 

p-value Significance 

Between Isolates 1.5170 3 0.5057 66.42 P < 

0.0001 

Highly 

Significant 

Within Groups 

(Error) 

0.1218 16 0.0076 — — — 

Total 1.6388 19 — — — — 
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Figure.1, 2 & 3 Respectively Methyl red, Amylase and Catalase test of a few isolates 

  

   

 
 

Figure.4 & 5 Confirmatory screening of Cellulolytic and Pectinolytic bacteria on Congo red agar media and 

YEP agar media with Iodine-potassium iodide solution flooding 
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Figure.6 Bar diagram representing the Cellulase activity of different isolates on different substrate 

 

 
 

Figure.7 Bar diagram representing the Pectinase activity of different isolates 

 

 
 

This outcome aligns with cellulolytic enzyme kinetics: 

amorphous cellulose lacks crystalline ordering, allowing 

endoglucanases unrestricted access to internal β-1,4-

glycosidic bonds. Conversely, filter paper consists of 

microcrystalline cellulose, which requires synergistic 

action between exoglucanases/cellobiohydrolases and 

endoglucanases. 

 

Differences among the 8 isolates are statistically 

significant (F(7,64)=71.93, p<0.0001). BrR demonstrates 

the highest enzymatic activity on amorphous cellulose 

(0.0080 IU), making it the most effective isolate for 

amorphous substrate degradation. BrRs shows the most 

balanced and complete cellulase profile, exhibiting the 

highest activity on filter paper (0.0046 IU) along with 

strong amorphous cellulose activity (0.0069 IU).  

 

Isolates YrIR, YR, and SpF show minimal to non-

detectable activity (0.0000 IU) on filter paper, indicating 

a potential lack of cellobiohydrolase production. 
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A significant interaction effect (F(7,64)=32.73, p<0.0001) 

indicates that individual isolates respond differently 

depending on the substrate provided. For instance, while 

BrR outperforms BrRs on amorphous cellulose (0.0080 

IU vs. 0.0069 IU), BrRs is over four times more potent 

on filter paper (0.0046 IU vs. 0.0011 IU). This suggests 

distinct enzyme systems (e.g., varying ratios of endo- vs. 

exo-cellulases) among isolates. 

 

Pectinolytic activity was also studied, but this was 

studied on commercial pectin. Five times estimation 

result is presented as mean value for released glucose 

and their enzyme activity reported as Mean ± SD. 

 

Quantitative pectinase activity evaluated on commercial 

citrus pectin is summarized in Table 6 and illustrated in 

Figure 7. Isolate PcL3 exhibited the highest pectinolytic 

activity (1.52 ± 0.12), releasing 2100 µg of glucose 

equivalents. It outperforms all other isolates 

significantly. PcL2 ranked second (1.07 ± 0.09), 

releasing 1475µg of glucose. PcL1 showed moderate 

activity (0.95 ± 0.08) with 1300µg glucose released. 

PcL4 produced the lowest enzymatic yield (0.78 ± 0.06) 

with 1075µg glucose released. 

 

The One-Way ANOVA in Table. 7 reveals a highly 

significant difference among the isolates (F(3, 16) = 66.42, 

p < 0.0001). This confirms that the variation in enzyme 

activity across isolates reflects distinct biochemical 

capacities rather than experimental error. The direct 

linear relationship between released reducing sugar (µg 

glucose) and total enzymatic activity indicates effective 

depolymerization of pectin. The superior activity of 

PcL3 makes it the primary candidate for industrial 

degradation of pectic substrates, biopulping, or juice 

clarification. 

 

These findings align with prior research establishing that 

bacterial endoglucanases exhibit distinct structural 

preferences depending on whether the substrate is 

amorphous or crystalline (Berisio et al., 2022; Pereira et 

al., 2010). Compared to traditional fungal sources, these 

cow dung-derived bacterial isolates offer key operational 

advantages for bioprocess engineering, including higher 

growth rates, physiological adaptability, and stability 

under harsh industrial conditions (Ejaz et al., 2021; 

Maryam et al., 2018) 

 

In conclusion, this study isolated and biochemically 

characterized 12 Gram-positive bacterial strains derived 

from fresh bovine dung, demonstrating their functional 

potential for hydrolyzing cellulose and pectin 

biopolymers. Morphological and biochemical profiling 

revealed broad metabolic diversity, including 

widespread catalase, urease, and amylase activities 

across isolates. Quantitative enzymatic assays and 

statistical evaluations (ANOVA) confirmed significant 

variations in substrate degradation capacities, among 

cellulolytic strains, isolate BrR exhibited the highest 

endoglucanase activity on amorphous cellulose 

(0.0080IU/ml), whereas isolate BrRs showed the highest 

total cellulase activity on microcrystalline filter paper 

(0.0046 IU/ml). Two-Way ANOVA demonstrated that 

substrate type, isolate identity, and their interaction 

effect significantly governed overall cellulase yields (p < 

0.0001). Among pectinolytic strains, isolate PcL3 

produced the highest enzymatic yield (1.52 ± 

0.12µmol.ml-1.min-1), releasing 2100µg of glucose 

equivalents.  

 

Overall, isolates BrRs, BrR, and PcL3 show potential as 

biocatalysts for agricultural biomass valorization, bio-

ethanol production, biopulping, and industrial enzyme 

formulations. Future research will focus on strain 

identification through 16S rRNA gene sequencing, 

optimization of culture conditions, and evaluation of 

multi-enzyme consortium synergy on complex agro-

industrial waste residues.  
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