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Abstract 

Protease enzymes are widely used in industries such as food processing, pharmaceuticals, detergent industry 

and biotechnology. This study focused on extracting protease enzymes from protease-producing bacteria. This 

study looks at how enzymes from bacteria, Staphylococcus aureus and Klebsiella, can help make detergents 

better at removing stains. Bacterial strains were isolated from environmental samples and screened for protease 

production using specific media. The most efficient strain was selected for enzyme extraction. The protease 

enzyme was then obtained through centrifugation and filtration of the bacterial culture. The extracted enzyme 

was analysed for its activity and stability under different conditions. The results showed significant protease 

activity, indicating its potential for industrial applications. By adding natural enzymes from microbes into 

cleaning products, the industry can create more eco-friendly and effective cleaning solutions. 

Keywords- Protease-Producing Bacteria, Detergent Industry, Stain removal, Microbes, Staphylococcus aureus, 

Klebsiella pneumonia 

 
 
 
 

 

1. INTRODUCTION 

Microbes, often referred to as microorganisms, are tiny life forms that can be found in nearly every corner of 

our planet. They display an astonishing variety and encompass a wide array of organisms, including bacteria, 

archaea, fungi, protists and viruses. [1] 

Within ecosystems, these microorganisms play vital roles such as aiding in nutrient cycling, assisting in 

decomposition processes and forming symbiotic relationships. 

Microbes are found everywhere in nature and play a crucial role in the overall health of holobionts. They are 

considered an abundant source of highly diverse and versatile enzymes. The increasing demand for industrial 

enzymes, driven by the necessity for sustainable solution to environmental challenges, has amplified the 

need for these microbial enzymes. They are employed in various sectors, including food and feed processing, 

polymer production, pharmaceutical manufacturing, detergent and paper production, textile and biofuel 

refinement. [2] 
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Detergent manufacturers are increasingly embracing the use of enzymes that are compatible with their 

products, marking a growing trend in the detergent industry. These enzymes include cellulases, lipases, 

proteases, and amylases, which are commonly employed in detergent formulations. [3] 

Most of the Detergent industry used microbial enzyme. Proteases are the most commonly used enzymes in 

industry. Important bacteria that produce these enzymes include Pseudomonas species, Bacillus species, 

Staphylococcus, and Klebsiella pneumoniae. [4] 

2. MATERIALS AND METHODS 

2.1  Collection of Sample and serial dilution- 1 gram of Soil sample is collected from the sewage area. It was 

then weighed aseptically into 100 mi of sterile distilled water. The samples were then serially diluted in 5 

different test tubes. [5] 

 

 

2.2  Isolation of Bacteria-  The bacteria were isolated and cultured on NAM (Nutrient Agar Medium) plates 

using the streaking methods. The cultures were then incubated at 37 °C for 24 Hours. [6] 

 

 

2.3  Characterization of bacteria 

2.3 a) Gram staining- Gram staining of the bacterial isolates revealed the presence of both Gram-positive and 

Gram-negative bacteria. The Gram-positive bacteria appeared as purple and the Gram-negative bacteria 

appeared as pink-coloured. [7-10] 

2.3  b) Microscopic Examination- The stainless stained samples were observed under a microscope to 

characterize the bacteria based on their morphology [11]. The Gram-positive bacteria appeared as purple, 

spherical cocci arranged in clusters, characteristic of Staphylococcus aureus the Gram-negative bacteria were 

pink-stained, rod-shaped cells with a mucoid appearance, consistent with Klebsiella spp. These findings 

confirm the distinct morphological and staining characteristics of the two bacterial species (Fig.1 and Fig.2). 
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Fig.1 Showing staining is Fig.2 Showing staining is 

Staphylococcus aureus Klebsiella pneumonia 

 

 
2.4  Biochemical Testing- Standard biochemical tests were performed on the isolated bacteria to identify 

their metabolic and enzymatic properties. [12-17] 

 

 

 

 

 

Table no. 1 Biochemical test describe the characterization of isolated bacteria. 
 

S.no. Biochemical Test S. aureus 
Results 

Klebsiella 
Results 

1. Catalase Test Negative Negative 

2. Sugar Test: 

 Dextrose 

 Sucrose 

 Maltose 

 D-Mannitol 

Positive 

Positive 

Positive 

Positive 

Positive 

Positive 

Negative 

Positive 
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3. Citrate Test Negative Negative 

4. Nitrate Test Positive Negative 

5. Urease Test Negative Negative 

6. H2S Positive Positive 

7. MR Test Positive Positive 

8. MR-VP Test Negative Negative 

9. Indole Test Positive Positive 

10. Amylase Positive Positive 

11. Protease Positive Positive 

 

 

 

3  Enzyme Extraction- The extraction of crude enzymes is performed for the study of the use of S. 

aureus and Klebsiella Bacteria in the Detergent Industry. This extraction contains a mixture of enzymes 

released from bacterial cells. While the extraction method is relatively simple and less time consuming 

compared to more advanced purification methods, it may yield a mixture of various enzymes and other cellular 

components. As a result, the crude enzyme preparation may not be as pure as highly purified enzymes obtained 

through specific purification techniques. [18-20] 

The crude enzyme extract can be used for various research applications, such as enzyme characterization, 

enzyme activity assays, and its various use in different industries. 

Evaluation of Stain Removal Abilities and Assessment of Detergent Industry Applications. 

3.1  a) Stain Removal Test- To test how effective the proteases from Staphylococcus aureus and Klebsiella 

pneumoniae are at removing stains, we compared their performance using three different washing solutions. 

[21-24] 

We check their compatibility test to remove stain from Detergent, S. aureus and Klebsiella. 

Requirements: In the stain removal test we used Ink, 3 piece of Fabric , 3 Jar , Detergent , Klebsiella enzyme 

extract , Staphylococcus enzyme extract ,Water. 

Procedure: 

 Take Clean fabric and cut it three pieces. 

 Apply a single drop of ink to each of the fabric samples. 

 Allow the fabric samples to dry completely. 

 Take three jars. In one jar, prepare a mixture of water and detergent. In the second jar, mix water with 

Staphylococcus aureus culture. In the third jar, combine water with Klebsiella pneumoniae culture. 

 Immerse the inked fabric samples in the respective solutions (detergent-water, Staphylococcus aureus-

water, and Klebsiella pneumoniae-water) for 5 minutes to facilitate thorough exposure. 

 Subsequently, rinse the samples with clean water and allow them to air dry completely. 

 

 

Before 
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Fig. 3 

After 
 

 

 

Fig. 4 
 

 

 

4. Discussion and conclusion 

The extraction of protease enzymes from bacteria is essential for their application in the detergent industry, 

where they serve as key additives for improving stain removal and fabric care. This method proved effective 

in concentrating active protease enzymes while maintaining their stability and efficiency, which are crucial for 

detergent formulations. 

1. In compatibility Test first one is Detergent test clean stain after 2-3 wash but 

after the 2-3 wash that is not clean properly. It leaves small spots. 

2. Second test is Staphylococcus aureus and Detergent clean stain after 2 washes. 

3. Third test is Klebsiella and Detergent clean stain in 1st wash. 
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The choice of bacterial strain significantly influenced enzyme yield, with some strains demonstrating superior 

protease production under optimized conditions. Additionally, environmental factors such as pH and 

temperature played a critical role in enzyme activity. The extracted protease exhibited optimal activity in 

alkaline conditions and demonstrated stability across a broad temperature range, aligning with the requirements 

for detergent applications. These properties ensure that the enzyme remains active in washing environments, 

even under varying conditions. 

Future research should focus on optimizing the purification process and exploring genetic and metabolic 

engineering approaches to enhance enzyme yield. Genetic modifications could improve bacterial strains' 

protease production capacity, making them more efficient and cost-effective for large-scale detergent 

manufacturing. Additionally, studies on enzyme immobilization techniques may further enhance protease 

stability and reusability, making them more suitable for repeated wash cycles. 

 

 

This study highlights the potential of bacterial proteases in the detergent industry and their significance in 

improving cleaning efficiency. The findings underscore the importance of optimizing extraction and 

purification techniques to maximize enzyme performance in detergent formulations. With continued research 

and technological advancements, bacterial proteases can be further developed to create more sustainable and 

effective detergent products. 
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