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Abstract 
Pectinases are a vital class of hydrolytic enzymes that catalyze the breakdown of pectic 

substances, widely applied across various industrial sectors such as food processing, textile 

manufacturing, pulp and paper production, and environmental waste management. The 

present study focuses on the isolation and molecular characterization of pectinase-producing 

microbes from decomposed food samples, aiming to harness their enzymatic potential for 

sustainable biotechnological applications. A stepwise methodology was adopted, including 

sample enrichment, microbial isolation through serial dilution and culture techniques, 

screening for pectinase activity using pectin-specific agar, and enzyme quantification via 

DNSA assay. Molecular identification through 16S rRNA gene sequencing revealed two 

potent strains: Priestia flexa (formerly Bacillus flexus) and Bacillus subtilis, both exhibiting 

significant extracellular pectinase activity. These strains demonstrated promising enzymatic 

capabilities suitable for application in fruit juice clarification, textile biopolishing, and eco-

friendly bioprocessing. The findings underscore the importance of exploiting microbial 

biodiversity from organic waste sources as a sustainable and economically viable solution for 

industrial enzyme production. 
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1. Introduction 
Microbial enzymes have emerged as powerful biocatalysts owing to their ability to drive 

specific biochemical reactions under mild conditions, making them indispensable in both 

natural and industrial processes. These enzymes, produced by microorganisms, animals, and 

plants, are vital to essential life functions such as metabolism, DNA replication, and protein 

synthesis. Among them, microbial enzymes are especially valuable due to their high catalytic 

efficiency, stability, and cost-effective production capabilities (Li et al., 2012). 

Pectinase, a group of enzymes responsible for the breakdown of pectic substances found in 

plant cell walls, has attracted significant attention for its broad industrial applicability. These 

enzymes depolymerize pectin into simpler compounds such as galacturonic acid, facilitating 

numerous industrial operations, particularly in fruit juice clarification, wine production, and 

paper processing (Jayani et al., 2010). The efficiency and specificity of microbial pectinases 

have made them more favorable compared to plant or animal sources. 

Microbial sources of pectinase are highly diverse and include bacteria, fungi, yeast, and 

actinomycetes. These organisms are commonly found in pectin-rich environments such as 

soil, decaying fruits and vegetables, and compost heaps. Studies have shown that bacteria 

isolated from such decomposing materials can produce various forms of polygalacturonases 

and other pectinolytic enzymes (Tariq et al., 2012). 
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The application scope of microbial pectinase spans across multiple industrial sectors. In the 

food industry, it enhances juice yield and clarity; in textiles, it is employed for the 

bioscouring and degumming of fabrics; and in the paper industry, it assists in pulp bleaching 

and waste reduction (Ahlawat et al., 2009; Bhat, 2006). Furthermore, microbial pectinase 

plays a role in sustainable biotechnological practices due to its biodegradability and 

environmental compatibility. 

 

 

2. Materials and Methods 
2.1 Sample Collection and Enrichment 

Decomposed fruits and vegetables were collected aseptically from local fruit vendors and 

food waste sites in sterile plastic bags to ensure uncontaminated sampling. The samples were 

promptly transported to the microbiology laboratory for further processing. To enrich the 

microbial population, particularly pectinase-producing strains, samples were inoculated into 

Luria-Bertani (LB) broth and incubated at 37°C for 24 to 48 hours. This enrichment step 

facilitated the proliferation of target microbial populations by providing optimal nutrients and 

conditions. 

2.2 Isolation of Microorganisms 

Following enrichment, serial dilution was employed to reduce microbial load and isolate 

individual colonies. Aliquots from serially diluted samples were plated on solid LB agar 

using both the spread plate and streaking techniques. After incubation at 37°C for 18–24 

hours, morphologically distinct colonies were selected and sub-cultured repeatedly to obtain 

pure cultures (Malvessi et al., 2004). These cultures were preserved using glycerol stocks at 

−20°C for downstream assays. 

2.3 Screening for Pectinase Activity 

Isolated microbes were screened for pectinase activity using Pectinase Screening Agar 

Medium (PSAM), which was supplemented with 1% pectin as a substrate. The plates were 

incubated at 37°C for 24 hours. Post-incubation, Gram’s iodine solution was poured over the 

agar plates. The formation of clear halo zones around microbial colonies indicated 

pectinolytic activity due to pectin hydrolysis (Gupta et al., 2010). Colonies with prominent 

halo zones were selected for further enzyme quantification and molecular characterization. 

2.4 Enzyme Quantification 

Quantitative estimation of pectinase activity was performed using the 3,5-dinitrosalicylic acid 

(DNSA) method, which measures the concentration of reducing sugars released by enzymatic 

hydrolysis of pectin. The reaction mixture was incubated in a water bath, followed by 

spectrophotometric measurement at 540 nm. A standard curve was generated using glucose to 

calculate enzyme activity in experimental samples (Soares et al., 2001). 

2.5 Molecular Identification 

Genomic DNA was extracted from high-performing pectinase-producing isolates using 

standard lysis and precipitation protocols. The quality and concentration of DNA were 

verified using agarose gel electrophoresis. Amplification of the 16S rRNA gene was carried 

out using specific primers through polymerase chain reaction (PCR). PCR products were 

visualized via gel electrophoresis, purified, and subjected to Sanger sequencing. The 

sequences were analyzed using the NCBI Basic Local Alignment Search Tool (BLAST) for 

species identification (Jayani et al., 2005). 
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Table 1: Sample Collection and Enrichment 

Sample 

ID 
Source Location 

Type  of 

Sample 

Enrichment 

Broth 

Incubation 

Time 
Temperature 

S1 
Fruit shop 

(Market A) 

Rotten Apple 

Peel 
LB Broth 48 hours 37°C 

S2 Vegetable stall Banana Peel LB Broth 24 hours 37°C 

S3 Dump site 
Overripe Potato 

Skin 
LB Broth 48 hours 37°C 

Explanation: Three different decomposed food samples were collected and enriched in LB 

broth to amplify microbial content. Samples were incubated at optimal temperature to favor 

bacterial growth. 

 
 

 

 

Table 2: Isolation and Morphological Characteristics of Colonies 

Sample ID Colony Code Morphology Description Growth on LB Agar 

S1 S1C1 Circular, creamy white, opaque +++ 

S2 S2C1 Irregular, rough, off-white ++ 

S3 S3C3 Round, smooth, light yellow +++ 

Explanation: After serial dilution and plating, distinct colonies were identified and labeled. 

S1C1 and S3C3 showed robust growth and were selected for further screening based on 

colony morphology. 

Table 3: Pectinase Screening on PSAM Media  

Colony Code Halo Zone Diameter (mm) Pectinase Activity Indicator 

S1C1 16 mm Strong Positive 

S2C1 8 mm Weak Positive 

S3C3 14 mm Moderate Positive 

Explanation: Colonies were streaked on pectin-containing agar. After iodine treatment, 

zones of clearance indicated pectin degradation. Larger halos correlate with stronger enzyme 

activity. 

 
 

 

 

 

 

Table 4: Enzyme Quantification Using DNSA Method 

Colony 

Code 

OD540 

Value 

Reducing Sugar Released 

(µmol/ml) 

Relative Pectinase 

Activity 

S1C1 0.78 62.3 High 

S2C1 0.31 21.4 Low 

S3C3 0.65 51.8 Moderate 
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Explanation: The DNSA method was used to measure the amount of reducing sugar 

produced by pectin hydrolysis. Higher OD values reflect greater enzyme efficiency. 

Table 5: Molecular Identification by BLAST (16S rRNA Sequencing) 

Colony 

Code 

Query Coverage 

(%) 

Max Identity 

(%) 
Identified Organism 

GenBank 

Accession 

S1C1 99% 99.6% 
Priestia flexa (formerly 

Bacillus flexus) 
NR_112931.1 

S3C3 98% 99.2% Bacillus subtilis NR_027552.1 

Explanation: Sequencing results matched highly with known strains in the GenBank 

database. These matches confirm species identity and validate their relevance for industrial 

applications. 

 
 
 
 
 
 
 
 
  Halo Zone Diameter Chart – Shows the pectinase activity of different isolates based on 

the diameter of halo zones formed on pectin agar. 
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  OD540 and Reducing Sugar Release – Compares the optical density (pectinase activity) 

and the corresponding amount of reducing sugar released by each isolate. 

 

 
 

 

 

 

 

 

 

  BLAST Identity Match – Displays the percentage identity of the sequenced DNA with 

known bacterial strains (Priestia flexa and Bacillus subtilis). 
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3. Results and Discussion 
3.1 Isolate Identification 

The molecular identification of selected pectinase-producing isolates through 16S rRNA gene 

sequencing revealed that the strain labeled S1C1 corresponded to Priestia flexa, previously 

known as Bacillus flexus, while strain S3C3 was confirmed as Bacillus subtilis. Both strains 

demonstrated high sequence similarity to known type strains in the NCBI GenBank database, 

with identity percentages exceeding 99%. The reclassification of Bacillus flexus under the 

Priestia genus reflects recent advancements in bacterial taxonomy and molecular 

phylogenetics. 

3.2 Pectinase Activity Comparison 

Among all the isolates screened, S1C1 and S3C3 exhibited the most pronounced pectinolytic 

activity. This was evident through the formation of clear halo zones on pectinase screening 

agar medium and corroborated by quantitative estimation using the DNSA assay. The optical 

density at 540 nm (OD540) and the concentration of reducing sugars released further 

confirmed their superior enzymatic activity compared to other isolates. Such results 

underscore their efficiency in degrading pectin substrates, qualifying them as promising 

candidates for industrial-scale applications. 

3.3 Industrial Relevance 

The enzymatic capabilities of Priestia flexa and Bacillus subtilis hold significant industrial 

relevance. In the food industry, pectinases are crucial for fruit juice extraction, clarification, 

and viscosity reduction. Additionally, these enzymes are employed in the textile sector for the 

biopolishing of cotton blends and in the pulp and paper industry for reducing lignin content 

during bleaching processes. Their functionality across a range of pH and temperature 

conditions enhances their commercial viability (Ahlawat et al., 2009; Semenova et al., 2008). 

The strains identified in this study could be efficiently harnessed for such industrial 

applications given their robust extracellular enzyme production. 
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3.4 Sustainability and Biotechnological Implications 

An important aspect of this study is the sustainable sourcing of microbial isolates from 

decomposed fruits and vegetables, effectively valorizing food waste into valuable 

biotechnological inputs. This not only supports waste minimization strategies but also 

reduces dependency on synthetic chemicals and expensive fermentation substrates. The cost-

effective cultivation and high yield potential of these microbes further contribute to the 

environmental and economic sustainability of enzyme production processes (Garg et al., 

2016). Such integration of microbial biotechnology with circular economy principles 

highlights the broader impact of the study beyond laboratory-scale research. 

 

4. Conclusion 
The present study successfully isolated and molecularly characterized potent pectinase-

producing bacterial strains from decomposed food samples. Among the isolates, Priestia 

flexa and Bacillus subtilis demonstrated superior pectinolytic activity, as validated by halo 

zone formation, quantitative DNSA assays, and 16S rRNA-based molecular identification. 

These findings reinforce the growing relevance of microbial pectinases as efficient, eco-

friendly alternatives to chemical catalysts in diverse industries such as food processing, 

textiles, and paper manufacturing (Ahlawat et al., 2009; Semenova et al., 2008). 

Furthermore, the use of food waste as a microbial source underlines the environmental and 

economic benefits of adopting sustainable biotechnological practices (Garg et al., 2016). This 

research contributes to the broader framework of bioresource valorization and enzymatic 

green technologies. Future directions may include the application of genetic engineering tools 

to enhance enzyme yield, thermostability, and substrate specificity, as well as process 

optimization for cost-effective fermentation at industrial scales. 
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