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Screening and Identification of Cellulolytic Bacteria from Organic Waste for Antifungal Applications

ABSTRACT 

Municipal Solid Waste (MSW) is a significant source of lignocellulosic materials, creating a favourable condition that allow cellulolytic bacteria to flourish. Cellulose, the most abundant organic compound in both terrestrial and aquatic ecosystems, forms the major component of plant biomass. It is widely generated as waste from agricultural activities in the form of stalks, stems, and husks, and constitutes a large portion of organic waste, particularly plant-based materials. Cellulolytic bacteria play a crucial role in the breakdown of cellulose. The current study focused to isolate and identify cellulose-degrading bacteria from organic waste collected from various localities of Srinagar, and to evaluate their potential antimicrobial activity. Samples were processed using the serial dilution technique and cultured on modified Czapek (CMC) agar medium, followed by screening through the Congo red assay. A total of 24 cellulolytic bacterial strains were isolated. Among these, five isolates exhibited the highest zones of hydrolysis on CMC-containing agar plates after Congo red staining. These five isolates were identified based on morphological characteristics, Gram staining, biochemical tests, and reference to Bergey’s Manual of Bacteriology, and were found to predominantly belong to the genus Bacillus. The antimicrobial activity of these isolates (CB1, CB2, CB3, CB4, and CB5) was tested in vitro against Fusarium oxysporum and Venturia inequalis. All isolates demonstrated antagonistic effects against both pathogens; however, isolate CB2 showed the highest inhibition, with 61.02% against Fusarium oxysporum and 21.34% against Venturia inaequalis. The This study's primary goal was to isolate and identify the bacterial species that can effectively hydrolyze the cellulosic compounds in organic waste and are strong enough to produce antimicrobial agents that can be used to produce antibiotics and enhance the biodegradation process of these cellulosic compounds. This study filters the potential indigenous biocontrol agents those can be used as bio-pesticide to develop crop production and reduce the chemical dependency.
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INTRODUCTION 

Cellulose is the most abundant renewable organic resource in the biosphere, composed of glucose units linked by β-1,4 bonds. It can be derived from agricultural, urban, industrial and sewage sludge wastes, which have the potential to be bio-converted into value-added products through enzymatic actions. Cellulase, an inducible enzyme primarily produced by fungi, bacteria, and protozoans, catalyses the breakdown of cellulose and some polysaccharides. It has also been recognised for its role in waste management, as celluases can convert cellulosic municipal solid waste into valuable chemicals and energy while degrading lignocellulosic materials with various applications. Research shows that cellulose-degrading microorganisms can transform cellulose into soluble sugars through acid and enzymatic hydrolysis ( Vikas , 2024).
Microorganisms bring most of the natural degradation of cellulose. They employ a multi-enzyme system to help them meet this challenge. The enzymatic hydrolysis of the complex polymer is initiated in the first step by the microorganisms that cause cellulose to decompose. Together, these diverse enzymes are referred to as cellulase, which is the collective name for this enzyme system. The majority of effective cellulase activities have been found in fungi, but because bacteria grow more quickly than fungi, there is growing interest in the production of cellulase by bacteria. The anaerobic, thermophilic spore-forming Clostridium thermocellum was the source of the cellulase, which was initially identified in 1983. (Shankar and Isaiarasu, 2011). Some bacteria that produce cellulase are also present in the other elements that cause organic matter to break down and compost (Shankar and Isaiarasu., 2011). Apart from free bacterial cellulases, other viable options to decrease the duration and expense of existing bio-conversion procedures include whole cells in bacterial co-culture and strains with several exploitable traits. 
 Microbial decomposition enhances the nutritional value through processes like nitrogen fixation, phosphorus solubilization, and cellulose degradation (Manna et al., 1997). By degrading cellulose, cellulolytic microorganisms—particularly bacteria—use this waste as an energy source and produce commercially advantageous substances including monomeric sugars, antibiotics, and single-cell proteins. Even though bacteria grow quickly, cellulolytic fungal species have received more attention and study than bacterial cellulose-degrading species. Nevertheless, using effective cellulolytic bacteria to reduce cellulose is still a unique strategy. Typically, bacterial cellulases function as a powerful and efficient catalyst. Cellulose utilization is responsible for one of the largest material flow in the biosphere therefore the purpose of the study is to isolate cellulose degrading microbes from organic waste samples collected from different sources and to identify cellulose degrading microbes of bacteria with better cellulases production (Ahmad et al ., 2013 ).

2. Material and methods
 
2.1 Sample size and Location
A Total of 27 samples from three sources viz., Agricultural waste, Aquatic Weeds and Kitchen waste were gathered from different locations of Dal Lake and SKUAST-K Shalimar campus.
2.3 Screening, Isolation and Identification of cellulolytic bacteria
One gram of semi decomposed waste was initially suspended in 10mL of sterilized water to obtain a 10-1 dilution. This suspension was then serially diluted up to 10-5 using 9mL sterile water blanks. From the three highest dilutions, 1mL aliquots were aseptically plated onto 20mL of Nutrient Agar and spread evenly. The inoculated plates were incubated at 37oC for 1 week and monitored regularly for microbial growth. Following incubation, distinct colonies were isolated and purified, and the pure bacterial isolates were subsequently preserved on Nutrient Agar Medium slants for further analysis. 
Various bacterial isolates were obtained from semi decomposed organic wastes. Pure cultures of these isolates were individually inoculated onto Carboxymethyl Cellulose (CNC) agar plates to assess their cellulolytic potential. After incubation for 48 hours, the plates were flooded with 1% Gongo red solution and allowed to stand for 15 minutes at room temperature. This was followed by counterstaining with 1mL NaCl solution. The formation of clear zones around bacterial colonies indicated cellulose hydrolysis, confirming cellulolytic activity. 
Bacterial isolates exhibiting the largest zones of clearance were selected for further identification. These isolates were characterized based on morphological features, such as colony shape, size and color, as well as through biochemical tests, following the method described by Irfan et al. (2012). Further identification was carried out using morphological examination, Gram staining, and biochemical characterization according to the standard procedures outlined by Buchanon and Gibbons (1974). These selected isolates were then used for subsequent studies.
List 1 :  Functional characteristics of cellulolytic bacteria were recorded through below mentioned biochemical tests.
	Characters 
	 References

	Gram staining
	Gram test (Coico,2006)

	Catalase production 
	Catalase test ( Karen Reiner, 2010 )

	Oxidase production 
	Oxidase test (Win et al., 2006)

	Cellulase production 
	Filter paper assay test (Zhang et al,2017)

	Indole production (tryptophan decomposition
	Indole test (Mac Williams,2012)


	Gelatin hydrolysis
	Gelatin liquefaction test (Cruz et al.,2012)


2.6 Antifungal activity of bacteria against Fusarium oxysporom
Preliminary screening of isolated bacterial antagonism against the pathogen isolate Fusarium oxysporom was carried out using the dual culture method according to the methodology of Ríos (2016). PDA disc (5mm) with 5-day-old mycelia disk (1cm) of the phytopathogen were placed in the center of a Petri dish (90mm in diameter) with PDA. The bacterial strains were inoculated at the periphery, 25mm away from the mycelial disc. The plates with no bacterial strains inoculated were set as control. The incubation time was 7 days at 27℃ (Rafanonezantsoa et al 2022). An apparent inhibition zone around the colony was considered to be a positive result. In order to quantify the antagonistic potential of bacterial strains, the size of growth inhibition zones was measured after 7 days of incubation at 27 ˚C using the formula proposed by Suárez et al. (2018).
IR = R1- R2/R1 ×100
Where R1 represents the pathogen radial growth (diameter) in control plate and R2 represents the colony diameter in treated plate. 
 2.7 Antifungal activity of bacteria against Venturia inequalis
 The bacterial filtrate was evaluated for the antifungal effect against Venturia inequalis by Culture filtrate technique (Kalia et al., 2020). 5 ml bacterial suspension was made and grown in Nutrient Broth. The suspension after few days of growth of bacteria was passed through membrane filter. The bacterial filtrate obtained was used for further study. The filtrate was added separately to sterile potato dextrose agar medium in proper proportions and poured into petri dishes and left for solidification under aseptic conditions. One disc (3mm) of medium was cut from one month old Venturia inequalis culture and was transferred to the center of the petri dish under aseptic conditions. The inoculated plates were incubated at 28 ±1℃ and growth of the pathogen was measured on alternate days till 21 days (Porsche,2018).
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RESULT 

3.1 Screening, Isolation and Purification of Cellulolytic Bacteria Species from Organic Waste.
The screening and isolation process yielded 28 cellulolytic bacterial isolates from waste samples collected at different sites of Dal Lake and SKUAST-K, Shalimar. Further subculturing on modified Czapek agar supplemented with CMC resulted in the purification of five isolates. Of the total isolates, 13 were obtained from agricultural waste (Isolates 1–13), 10 from aquatic weeds (Isolates 14–23), and 5 from kitchen waste (Isolates 24–28). Among these, isolates 5, 10, and 13 from agricultural waste, isolate 17 from aquatic weeds, and Isolate 28 from kitchen waste were selected for further study. These selected isolates (I5, I10, I13, I17, and I28) exhibited the highest zones of hydrolysis on CMC medium, confirming their cellulolytic potential. They were therefore designated as cellulolytic bacteria (CB1–CB5), and subsequent analyses were carried out using these isolates.”
3.2 Morphological and Biochemical identification of Isolated Cellulolytic Bacteria.
“Bacterial isolates with maximum hydrolytic activity were morphologically characterized using colony diameter, colony shape, and colony colour.”
“The morphological characteristics of the selected cellulolytic bacterial isolates (CB1–CB5) are presented in the table 1. Colony diameter ranged from 4.1 mm to 5.0 mm. CB1 formed small, round, orange colonies, while CB2 exhibited large, irregular, white colonies. CB3 and CB4 both showed large, round colonies, with cream and yellow pigmentation, respectively. Among all isolates, CB5 recorded the largest colony diameter (5.0 mm).”
3.3. Biochemical identification of Isolated Cellulolytic Bacteria
Different bacterial identification methods and following Berge’s Manual of Systematic Bacteriology (1994), of the selected bacterial isolates (CB1–CB5) revealed that all strains were rod-shaped and appeared purple in colour upon staining, indicating Gram-positive nature. These observations confirm that all isolates are Gram-positive rod-shaped bacteria.
              The biochemical test results of the bacterial isolates (CB1–CB5) are summarized in the table 1. All isolates were Gram-positive and catalase-positive, indicating their aerobic nature and suggesting affiliation with the genus Bacillus. Oxidase activity was observed in CB3, CB4, and CB5, while CB1 and CB2 were oxidase-negative. All isolates tested negative for indole production. Gelatin hydrolysis was positive in CB2, CB3, CB4, and CB5, whereas CB1 showed a negative response. Based on the overall biochemical profile, all isolates were tentatively identified as members of the genus Bacillus.”



	Table 1 : Cumulative Characterization of Bacterial Isolates

	Isolate
	Code
	Colony Diameter (mm)
	Colony Shape
	Colony Colour
	Cell Shape
	Gram Reaction
	Catalase
	Oxidase
	Indole
	Gelatin
	Probable Group

	Isolate 5
	CB1
	4.1
	Small Round
	Orange
	Rod
	+
	+
	-
	-
	-
	Bacillus

	Isolate 10
	CB2
	4.3
	Large irregular
	White
	Rod
	+
	+
	-
	-
	-
	Bacillus

	Isolate 13
	CB3
	4.4
	Large Round
	Cream
	Rod
	+
	+
	+
	-
	+
	Bacillus

	Isolate 17
	CB4
	5
	Large Round
	Yellow
	Rod
	+
	+
	+
	-
	+
	Bacillus

	Isolate 28
	CB5
	3.3
	Small Round
	White
	Rod
	+
	+
	+
	-
	+
	Bacillus



3.4. Anti-fungal activities of bacteria against pathogenic fungi:
	Anti-fungal activity of all the five isolates was tested against the growth of Fusarium oxysporum and Venturia inequalis. All the bacterial isolates prevented the growth of both the fungi. After 7 days of incubation all the five bacterial isolates had inhibited fungal growth of Fusarium oxysporom by 30-61% in comparison to the control while after one month of incubation, the isolates inhibited the growth of Venturia inequalis by 14-22 % in comparison to the control as shown in table 2 and fig 1 respectively.
Table 2: Inhibition rate of isolated cellulolytic bacteria against Fusarium oxysporom
	Isolates
	Inhibition rate (%)

	CB1
	53.33

	CB2
	61.02

	CB3
	51.35

	CB4
	33.35

	CB5
	43.66

	C.D(p≤0.05)
	2.48


Table 3:	Inhibition rate of isolated cellulolytic bacteria against Venturia inequalis 
	Isolates
	Inhibition rate (%)

	CB1
	14.7

	CB2
	21.34

	CB3
	16.71

	CB4
	14.8

	CB5
	14.6

	C.D(p≤0.05)
	0.028



DISCUSSION 

Isolation, Screening and Identification of Cellulolytic Bacteria from Organic waste 
	Five potential cellulolytic bacteria were isolated from organic waste collected from various sources. The identification of these isolates was carried out based on morphological characteristics—such as colony diameter, colony shape, and colony colour—along with biochemical tests, following the guidelines of Bergey’s Manual of Determinative Bacteriology (1994).
Morphological examination revealed that the colonies exhibited rough surfaces with irregular and round shapes. The colonies appeared in different colours, including white, orange, yellow, and cream, suggesting aerobic nature of the isolates. The colony diameter ranged between 3 mm and 6 mm. Microscopic analysis showed that all five isolates were Gram-positive and rod-shaped.
Biochemical identification showed that all isolates were catalase positive and indole negative. In the oxidase test, isolates CB1 and CB2 were oxidase negative, indicating the absence of cytochrome c oxidase enzyme, whereas the remaining isolates tested oxidase positive. Gelatin hydrolysis results showed that CB1 was gelatin negative, while the other isolates were gelatin positive.
Based on the morphological and biochemical characteristics, and comparison with Bergey’s Manual of Determinative Bacteriology (1994), all isolates were identified as belonging to the genus Bacillus.
These findings are consistent with previous studies. For instance, Batubara et al. (2021) isolated cellulolytic bacteria from peatland ecosystems and identified bacterial genera such as Bacillus, Lactobacillus, and Corynebacterium based on morphological and biochemical characteristics. Similarly, Hussain et al. (2017) reported that cellulolytic bacteria isolated from soil and poultry waste were predominantly catalase positive and oxidase positive.
      Antifungal activity of isolated cellulolytic bacteria against Fusarium oxysporom and Venturia inequalis 
	Fusarium is a complex genus of ascomycete fungi that consists of plant pathogens of agricultural relevance. Fusarium wilt is one of the major diseases, attacking crop plants almost every year, resulting in huge crop loss. Fusarium oxysporum is recognized as the disease's major cause. It has recently escalated into a significant issue in Kashmir (India) and poses a major challenge to the Chili Pepper Industry. Coordination of many defence mechanisms is essential for a plant to successfully repel a pathogenic attack (Jabeen et al., 2009). On the basis of chosen cultivars and environmental factors, the overall yield losses caused by Fusarium wilt has been estimated to range from 10 to 80% globally (Prasannath et al., 2011).Controlling Fusarium infection in crops that leads to substantial yield losses is challenging and on the other side Apple scab caused by Venturia inequalis is a common and one of the most serious diseases of apple trees, causing a significant reduction in yield and deterioration of its quality and it has been seen that apple scab cause great economic losses until near 100 % in apple production industry worldwide. These economic losses along with environmental and human health concerns over the usage of chemicals in attaining disease control are shifting focus toward the use of biocontrol agents for effective control of both phytopathogens. Generally, there control is based in agrichemicals using, but irrational applications causing resistance problems, so the use of biocontrol agents are an alternative for disease management. In present study the five isolated cellulolytic bacteria (CB1, CB2, CB3, CB4, CB5) were evaluated for their antagonistic effect against Fusarium oxysporom by Dual culture method (Dennis and Webster, 1971) and Venturia inequalis by Culture filtrate method (Kalia et al.,2020) on PDA medium. In vitro evaluation of theses bacterial isolates against Fusarium oxysporom showed strong antagonistic activity in dual culture plate technique. Among the 5 isolates the CB2 isolate showed maximum inhibition of 61.02% against Fusarium oxysporom while the least inhibition of 33.35 % was observed by isolate CB4, for Venturia inequalis the isolate CB2 showed the highest inhibition of 21.34% and least inhibition of 14.6 % was observed by isolate CB5. The results were correlated to the study where the isolated Bacillus subtilis strains namely GM2 and GM5 were tested for their antifungal activity against the Phytopathogenic fungi Fusarium using dual culture technique and it was found that GM5 strain inhibited growth of phytopathogenic fungi more effectively than GM2 strain (Mardanova et al., 2016). In another study, biological effectiveness of Bacillus subtilis was validated against Venturia inequalis using dual culture technique and result was found that the bacterial isolates showed the inhibition for the fungal growth ranging from 33.4 to 41.3% (Jimenez et al., 2018).


CONCLUSION 
According to the findings of this study, bacterial species isolated from several SKUAST-K locations shown an exceptional capacity to break down carboxymethyl cellulose in the medium. Because they allow waste materials to be sustainably converted into useful products, cellulases have a great deal of potential in the exploitation of biomass. Additionally, they demonstrated their capacity to generate antifungal compounds against pathogenic fungus species. However, the cellulase production ranged from low to high, suggesting that these species have a variable capacity to break down CMC. As a result, these bacterial isolates can be utilized as inoculants to accelerate the breakdown of cellulose as well as for the production of therapeutic agents. The present research concludes that the isolation and characterisation of  efficient cellulolse- degrading bacteria will remain crucial for advancing bioremediation and biodegradation process and moreover the bacterial isolates would be best biocontrol strategy in reducing the fungal contamination with fusarium and venturia and  further investigation will be done under in vivo experiments to validate the efficacy as biocontrol agents.
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