Study of Physico-Chemical Parameters of Organic Waste and Isolation and Identification of Cellulolytic Bacteria from Organic Waste
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Organic waste represents a valuable reservoir of ligno-cellulosic materials, creating a favorable environment for the proliferation of cellulolytic bacteria. The microbial degradation of cellulose plays a pivotal role in sustaining material cycling within the biosphere. The present investigation was undertaken to analyze the physico-chemical properties of organic waste and to isolate and identify cellulose-degrading bacterial strains. Samples were collected from diverse sources, including agricultural residues, aquatic weeds, and kitchen waste, at multiple sites around Dal Lake and the Shalimar campus of SKUAST-K. A total of 24 bacterial isolates were obtained, of which five exhibited pronounced zones of hydrolysis on carboxymethyl cellulose (CMC-Na) agar plates following Congo red staining. These five isolates were subjected to morphological characterization, Gram staining, and biochemical profiling, with identification guided by Bergey’s Manual of Determinative Bacteriology. The results revealed that the majority of the potent cellulolytic strains belonged to the genus Bacillus. This study highlights the potential of such bacterial species to utilize cellulose as a cost-effective carbon source, thereby offering promising applications in biodegradation processes and the production of therapeutic agents. The findings provide a foundation for harnessing cellulolytic bacteria in sustainable waste management and biotechnological innovations.
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Introduction
The phenomenal increase in the world’s population, coupled with the accelerated pace of urbanization, has led to a surge in waste generation, posing significant challenges for organic waste management worldwide, particularly in Asian countries. Organic waste is largely composed of cellulose, especially in plant-based materials. Cellulose is a major component of plant biomass. It is an abundant, cheap biopolymer, and a renewable resource of energy (Khaleel et al., 2018). Each year, plants produce approximately 4×109 tons of cellulose, making it one of the planet’s most important carbon sources. (Ram et al., 2014). Approximately 100 billion metric tons cellulose is produced naturally every year, while the entire biomass is around 280 billion metric tons (Cheng et al., 2010). Cellulose is mainly a polysaccharide having a fibrous crystalline appearance and made up of the repeating units of D-glucose, which is linked by β-1, 4- glycosidic linkage (Zaghoud, et al., 2019). It has a high molecular weight and is soluble in water (Malherbe and Cloete, 2003). It can be changed into glucose and other soluble sugars by the process called cellulolysis. For cellulolysis, a set of enzymes named cellulase are required, which includes endoglucanase (endo-1, 4-β-D-glucanase); cellobiohydrolase or exoglucanase (exo-1, 4-β-D glucanase), and β-glucosidase (1,4-β-D-glucosidase) (Li and Gao, 2008). Different microorganisms produce this inducible bioactive compound during their growth and development on cellulosic matters (Gomashe et al., 2013). Cellulolytic microorganisms’ chiefly fungi and bacteria help in degradation of cellulosic compound in soils (Ojumu et al., 2003).
Agricultural activities are a major source of waste, arising from cultivation, livestock, and aquaculture. Misuse of chemicals and intensive farming practices exacerbate environmental degradation. Due to limited disposal facilities, agricultural residues are often burned or incinerated, contributing to pollution (Kadir et al., 2016). Similarly, aquatic weeds have emerged as a serious ecological hazard across tropical and subtropical regions. Species such as Eichhornia crassipes (water hyacinth), Ipomoea aquatica, Hydrilla verticillata, and Salvinia molesta are among the most problematic, with water hyacinth ranked among the world’s ten worst weeds (Murphy et al.,1988). These weeds impair navigation, degrade water quality, increase flood risks, and threaten biodiversity. (Kumar, 2011).
In addition, kitchen waste represents the most common anthropogenic organic waste, consisting largely of starch, protein, fat, and cellulose ( Li X, et al.,2009].India singly produces approx 0.1 million tons of municipal solid waste daily, much of which is consigned to landfills, leading to severe environmental pollution (Li et al., 2009).  Collectively, agricultural residues, aquatic weeds, and kitchen waste contribute to indiscriminate pollution of air, water, and soil, thereby endangering ecosystems and human health. In many developing countries, lack of awareness and infrastructure results in poor waste management practices. (Bouallagui et al., 2005). With growing concerns about the adverse effects of chemical treatments, biological approaches to waste degradation are gaining prominence. Biodegradation, the microbial breakdown of organic matter, offers an eco-friendly solution for waste management and environmental remediation. Screening and purification of efficient cellulolytic microorganisms is therefore a global priority.
Microorganisms capable of degrading cellulose are of immense biological and ecological importance. Although, there is a dearth of microorganisms that can produce a substantial amount of cellulase enzyme to competently transform  cellulose into fermentable products (Maki et al., 2009). Bacteria are currently being extensively investigated for cellulase synthesis due to their extremely high natural diversity and ability to generate robust enzymes for industrial application (Haakana et al., 2004; Ashjaran and Sheybani, 2019). Bacterial cellulases typically function as highly effecient and robust catalyst (Gautam et al., 2010) and extensively utilised, owing to their rapid growth, expression of multi enzyme complexes, durability at extreme pH and temperature, reduced product inhibition and capacity to inhibit diverse variety of environmental niches (Maki et al., 2009).   Notable bacterial species include Bacillus subtilis, Bacillus methylotrophicus, Bacillus pumilus, and Clostridium spp. (Jahangeer S, et al. [2005]. 
Studies focusing on the isolation of potent cellulase producing microorganisms from diverse organic wastes, decayed plant materials have remained a long-term research focus (Doi, 2008). However, most research has emphasized fungal rather than bacteria cellulase production. Therefore, this study focused on isolating and identifying bacteria with high cellulolytic potential to act as an alternative for the biodegradation of cellulosic compounds.
2 -MATERIAL AND METHODS 
2.1 Study area and Sample Collection
The research was performed on organic waste samples. Samples were of three different sources viz., Agricultural waste, Aquatic Weeds and Kitchen waste with each sample collected from three different locations of Dal Lake and SKUAST-K Shalimar Campus. A Total of 27 samples were collected from these locations.
2.2 Study of physico-chemical parameters of organic waste
	List 1 : Waste sample were collected and studied for physiochemical characteristics by following below given methods
	Parameters
	 Methods

	Ph
	Potentiometric method (Jackson,1973)

	Electrical Conductivity (dS/m)
	Wheat stone bridge method (Jackson,1973)

	Total Nitrogen (%)
	Microkjaldal’s method (Jackson,1973)

	Total Phosphorus (%)
	Vandomolybdate method ( Jackson , 1973)

	Total Potassium (%)
	 Flame photometric method (Jackson,1973)

	Total Carbon (%)
	Walkley and Black Titration Method (Grewal et al.1991)


2.3 Isolation of Cellulolytic Bacteria from Organic Waste 
	To begin, one gram of semi-decomposed waste was diluted in 10 ml sterilized water (10-1) in a test tube. This mixture was serially diluted to a final concentration of 10-5 ml using 9 mL water blanks. Aliquots (1ml) from the three highest dilutions were plated on 20 ml Nutrient Agar and spread uniformly. The plates were maintained at 37℃ for one week with regular monitoring. After isolation, pure bacterial isolates were then preserved on NAM slants for subsequent analysis.
2.4 Screening and Identification of isolated cellulolytic bacteria 
	Various isolates of bacterial strains were obtained from semi-decomposed organic waste. Pure cultures        of bacterial isolates were individually inoculated onto (Carboxymethyl-cellulose) CMC agar plates. Following a 48 hours’ incubation period, the agar plates were stained with a 1% Congo red solution for 15 minutes at ambient temperature. Subsequently One molar NaCl was used for counter staining the plates. Clear zones around growing bacterial colonies signified (cellulolytic activity) cellulose hydrolysis. The bacterial colonies showed the largest clear zone were selected for identification based on both morphological characters (colony shape, colony diameter and colony color) and biochemical tests. (Irfan et al.2012). These bacterial isolates were used for further study. These specific isolates were subjected to identification and were identified through morphological examination, gram staining and biochemical characterization according to the methods of Buchanon and Gibbons (1974).


List 2 :  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)



RESULTS
3.1 Physico-chemical parameters of organic waste
pH
	The pH of different sources Agricultural waste (S1), Dal weed (S2) and Kitchen waste (S3) was recorded as 4.41, 6.14, 5.42 respectively and for different locations L1, L2 and L3 was recorded as 5.36, 5.31, 5.29 respectively.
Table 1 : Physico-chemical parameters of organic waste
	
Locations
Sources
	L1
	L2
	L3
	Mean

	S1 : Agricultural Waste
	4.45
	4.47
	4.30
	4.41

	S2 : Aquatic Waste
	6.16
	6.08
	6.18
	6.14

	S3 : Kitchen Waste
	5.40
	5.39
	5.39
	5.42

	Mean
	5.36
	5.31
	5.29
	

	C.D(p≤0.05)
	

	Sources (S)
	0.137

	Locations (L)
	NS

	S×L
	NS

	
	



Fig. 1: Graphical comparison of pH of organic waste collected from various sources at different locations
   Electrical conductivity (dS/m)
The Electrical Conductivity (EC) of different sources Agricultural waste (S1), Aquatic weed (S2) and Kitchen waste (S3) was recorded as 0.83, 1.24,0.74 (dS/m) respectively and for different locations L1, L2 and L3 was recorded as 0.89, 1.02, 0.9 (dS/m) respectively.
Table 2: Electrical conductivity (dS/m) of organic waste from various sources collected at different locations of Dal lake and Shalimar campus SKUAST-K
	
Locations
Sources
	L1
	L2
	L3
	Mean

	S1 : Agricultural Waste
	0.83
	0.86
	0.81
	0.83

	S2 : Aquatic Waste
	1.12
	1.40
	1.14
	1.24

	S3 : Kitchen Waste
	0.73
	0.75
	0.75
	0.74

	Mean
	0.89
	1.02
	0.9
	

	C.D(p≤0.05)
	

	Sources (S)
	 0.096

	Locations (L)
	 0.096

	S×L
	 0.016



Fig. 2:	Graphical comparison of EC of organic waste collected from 
various sources at different locations
Total Nitrogen (%)
	Total Nitrogen of different sources of Agricultural waste (S1), Aquatic weeds (S2) and Kitchen waste (S3) was recorded as 2.65, 3.11 and 1.52% respectively and for different locations L1, L2 and L3 was recorded as 2.36, 2.39, 2.52% respectively.
Table 3:Total Nitrogen (%) of organic waste from various sources collected at different locations of Dal and SKUAST-K
	
Locations
Sources
	L1
	L2
	L3
	Mean

	S1 : Agricultural Waste
	2.85
	2.47
	2.65
	2.65

	S2 : Aquatic Waste
	3.14
	2.98
	3.20
	3.11

	S3 : Kitchen Waste
	1.10
	1.74
	1.70
	1.52

	Mean
	2.36
	2.39
	2.52
	


	C.D(p≤0.05)
	

	Sources (S)
	 0.054

	Locations (L)
	 0.054

	S×L
	 0.09


[image: ]
Fig. 3:	Graphical comparison of total nitrogen content of organic waste collected
from various sources at different locations
Total Phosphorous (%)
	Total Phosphorous (%) of different sources Agricultural waste (S1), Aquatic weed (S2) and Kitchen waste (S3) was recorded as 0.82, 0.33 and 0.46% respectively and for different locations L1, L2 and L3 was recorded as 0.51, 0.55 and 0.56% respectively.
Table 4: Total Phosphorous (%) of organic waste from various sources collected at different locations of Dal and SKUAST-K
	
Locations
Sources
	L1
	L2
	L3
	Mean

	S1 : Agricultural Waste
	0.80
	0.83
	0.85
	0.82

	S2 : Aquatic Waste
	0.31
	0.36
	0.34
	0.33

	S3 : Kitchen Waste
	0.44
	0.46
	0.48
	0.46

	Mean
	0.51
	0.55
	0.56
	

	C.D(p≤0.05)
	

	Sources (S)
	0.043

	Locations (L)
	0.043

	S×L
	0.076



Fig. 4:	Graphical comparison of total phosphorous of organic waste from 
Various collected at different locations

Total Potassium (%) 
Total Potassium of different sources Agricultural waste (S1), Aquatic weed (S2) and kitchen waste (S3) was recorded as 0.34, 0.53 and 1.18% respectively and for different locations L1, L2 and L3 was recorded 0.51, 0.55 and 1.75 % respectively.
Table 5: Total Potassium (%) of organic waste from various sources collected at different locations of Dal and SKUAST-K
	
Locations
Sources
	L1
	L2
	L3
	Mean

	S1 : Agricultural Waste
	0.28
	0.33
	0.42
	0.34

	S2 : Aquatic Waste
	0.49
	0.54
	0.56
	0.53

	S3 : Kitchen Waste
	1.05
	1.36
	1.14
	1.18

	Mean
	0.51
	0.55
	1.75
	

	C.D(p≤0.05)
	

	Sources (S)
	 0.063

	Locations (L)
	 0.063

	S×L
	 0.01
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Fig. 5:	Graphical comparison of total potassium of organic waste
from various sources collected at different locations
Total Carbon (%)
	Total Carbon of different sources Agricultural waste (S1), Aquatic weed (S2) and Kitchen waste (S3) was recorded as 8.56, 10.45 and 8.81 % respectively and for different locations L1, L2 and L3 was recorded as 9.11, 9.37 and 9.29% respectively.
Table 6:Total Carbon (%) of organic waste collected from various sources collected at different locations of Dal and SKUAST-K
	
Locations
Sources
	L1
	L2
	L3
	Mean

	S1 : Agricultural Waste
	8.6
	8.33
	8.75
	8.56

	S2 : Aquatic Waste
	10.54
	10.37
	10.44
	10.45

	S3 : Kitchen Waste
	8.13
	9.40
	8.9
	8.81

	Mean
	9.11
	9.37
	9.29
	

	

C.D(p≤0.05)
	

	Sources (S)
	 0.034

	Locations (L)
	 0.034

	S×L
	 0.05



Fig. 6:	Graphical comparison of total carbon of organic waste
Collected from various sources at different locations

Table 7: Physico-chemical parameters of organic waste of various sources
	
Parameter
Sample
	PH
	EC(dS/m)
	N(%)
	P(%)
	K(%)
	C(%)

	S1 : Agricultural waste
	4.41
	0.83
	2.65
	0.82
	0.34
	8.56

	S2 : Aquatic weed
	6.14
	1.24
	3.11
	0.33
	0.53
	10.45

	S3 : Kitchen waste
	5.42
	0.74
	1.52
	0.46
	1.18
	8.81

	C.D(p≤0.05)
	0.137
	0.096
	0.09
	0.043
	0.063
	0.034








Fig. 7: Graphical comparison of physico-chemical parameters of organic waste

3.2 Isolation of Cellulolytic Bacteria from Organic Waste
24 isolates were isolated from all the waste samples collected from different sites of Dal and SKUAST-K as shown below: 
Table 8: Isolates obtained from organic waste collected from various sources
	Site
	No of isolates
	Labelled

	S1 : (Agricultural waste)
	11
	Isolate 1- Isolate 11

	S2 : (Aquatic weed)
	8
	Isolate 12-Isolate 19

	S3 : ( Kitchen waste)
	5
	Isolate 20- Isolate 24


	Out of 24 isolates, 11 isolates were obtained from Agricultural waste labelled as (Isolate1- Isolate 11). 8 isolates were obtained from Aquatic weed labelled as (Isolate 12-Isolate 19) and 5 isolates were obtained from Kitchen waste labelled as (Isolate 20-Isolate 24) respectivelyas shown in fig.8. Isolate (3), Isolate (4) and Isolate (9) from Agricultural waste, Isolate (18) from Aquatic weed and Isolate (23) from Kitchen were selected for further study. These five bacterial isolates (I3, I4, I9, I18, I23) out of twenty-four isolates were identified as cellulolytic bacteria as they form the highest zone of hydrolysis when grown on CMC (Carboxymethyl-cellulose) and were named as cellulolytic bacteria (CB) respectively as shown in fig 9. So the further study was conducted by using these five bacterial isolates identified as CB1-CB5.


Table 9: Isolates named as cellulolytic bacteria (CB1- CB5) used for further study
	Bacterial isolates
	Named as

	Isolate (3)
	CB1

	Isolate (4)
	CB2

	Isolate (9)
	CB3

	Isolate (18)
	CB4

	Isolate (23)
	CB5


3.3   Morphological Identification of Isolated Cellulolytic Bacteria
	The isolated cellulolytic bacteria which showed highest zone of hydrolysis were morphologically identified on the basis of colony diameter, colony shape and colony colour.
Table 10: Morphological characters of isolated cellulolytic bacteria showing highest zone of hydrolysis.

	Isolate No
	Colony diameter(mm)
	Colony shape
	Colony colour

	CB1
	4.0
	Small round
	Orange

	CB2
	4.6
	Large irregular
	White

	CB3
	4.8
	Large round
	Cream

	CB4
	5.2
	Large round
	Yellow

	CB5
	3.1
	Small round
	White



3.4 Biochemical identification of Isolated Cellulolytic Bacteria
Biochemical identification was performed in accordance with Gram staining, different biochemical tests and Berge’s Manual of Systematic Bacteriology (1994).
1. Gram Staining 
	Morphological features of isolates were determined by Gram staining test.   All the isolates retained the purple colour of crystal violet stain implying that they were Gram positive rods. 
Table 11: Gram staining of the isolated cellulolytic bacteria
	Bacterial strains
	Shape of the organism
	Colour
	Characteristics

	CB1
	Rod shaped
	Purple
	Gram +ve,

	CB2
	Rod shaped
	Purple
	Gram +ve,

	CB3
	Rod shaped
	Purple
	Gram +ve,

	CB4
	Rod shaped
	Purple
	Gram +ve,

	CB5
	Rods shaped
	Purple
	Gram +ve


2. Catalase Test
 	The formation of bubble in figure indicated that the isolates were catalase positive and CB1, CB2, CB3, CB4, CB5 all the five isolates were able to produce enzyme catalase and converts hydrogen peroxide into water and oxygen. 
3. Oxidase Test 
	After performing the oxidase test, CB3, CB4 and CB5 showed a visible colour change in oxidase disc which clearly indicates that these isolates were oxidase positive while, in CB1 and CB2 there was no colour change seen on the discs, hence depicting that these isolates were oxidase negative.
4. Indole Test
	There was no visible change in the solution as shown in fig 10. All isolates CB1, CB2, CB3, CB4, CB5 remained unchanged after incubation which indicated that all these isolates were indole negative.
5. Gelatine test 
	After one week of incubation, the growing media containing CB1 isolate was liquefied depicting that CB1 was gelatine negative while the all the other isolates showed no visible change in the growing media depicting that all these isolates were gelatine positive. 
 Table 12: Result of Biocshemical Tests
	Tests
	CB1
	CB2
	CB3
	CB4
	CB5
	Probable group

	Gram Staining
	+
	+
	+
	+
	+
	Bacillus

	Catalase
	+
	+
	+
	+
	+
	Bacillus

	Oxidase
	-
	-
	+
	+
	+
	Bacillus

	Indole
	-
	-
	-
	-
	-
	Bacillus

	Gelatine
	-
	+
	+
	+
	+
	Bacillus



Discussion
Physico-chemical parameters of organic waste
1.	pH
	pH (potential hydrogen) refers hydrogen ion activity and is expressed as the logarithm of the reciprocal of the hydrogen ion activity at a given temperature. The pH of different sources ranged from 4.41 to 6.14 and for different locations ranged from 5.39 to 5.40 presented in table.1. The pH of waste is known to influence the availability of both micro and macronutrients. The pH levels of Agricultural waste, Aquatic waste, Kitchen waste was (4.41) (6.14) and (5.42) respectively. The pH of Aquatic weed was higher (alkaline) at location 3 (Brain Laam) as compared to the other substrates, this might be because of the water pH, temperature and presence of various minerals in the water (Rozy, 2016). The lower (acidic) pH in agricultural waste at locations 3 (High density apple orchard), might be attributed to composition of the waste mainly comprised of tomato straw and fallen apple which are all acidic in nature and have been proven to have acidic pH (Chenhall, 2020; Anonymous, 2021). The pH of Kitchen waste might be related to the microbial decomposition of materials which has a correlating effect on odour and pH (Sundberg et al., 2013; Wu et al., 2016; Tang et al., 2017).
2.	Electrical conductivity (dS/m)
	 Electrical conductivity is mainly attributed to the dissolved ion liberated from decomposed plant matter and input of inorganic and organic waste. The data in table.2 showed variation in EC levels of Agricultural waste (0.83) Aquatic waste (1.24) and for Kitchen waste (0.74 dS/m). The EC being the measure of dissolved solid in solution which indicates the presence of high amount of dissolved inorganic substances in ionised form. The higher electrical conductivity of the aqueous extract of Aquatic weed at Location 2 (STP, Nishat) is attributed to the presence of high amount of phytochemicals as compared to other wastes. This could be related to the previous findings where Electrical Conductivity of 10 different herbal extracts was measured and it was found that herbal extract of Persicaria odorata had the highest conductivity conferring to the presence of highest amount of phytochemicals in Persicaria odorata as compared to the other nine herbal extracts (Saad et al., 2015).
3.	Total Nitrogen (%)
	Nitrogen is one of the macronutrients which is required in large amount for plant metabolism and growth act as a primary nutrient for plants. It is absorbed in Ammonium (NH+), Nitrate (NO3-) ions forms. The total nitrogen content of Agricultural waste, Aquatic weed and Kitchen waste was 2.65, 3.11 and 1.52% respectively as shown in table.3. The higher content of total nitrogen in Aquatic weed at Location 3 (Brain Laam), might be due to the fact that macrophytes absorb large amount of nitrogen in the form of nitrates for the development of chlorophyll and amino acids (Yu et al., 2015). (Su et al., 2019) also reported higher concentrations of total nitrogen in Aquatic weeds. While as for agricultural waste the large amount of nitrogen is present in Ammonical form (NH4-N), which is soluble in nature and after hydrolysis stage is converted into ammonium ions and is available for bacterial use only (Riuji, 2009); Yang, 2011).
4.	Total phosphorous (%)
	 Phosphorous is a nutrient important for plant growth. The most commonly used measure of the amount of phosphorous in plants is the total phosphorous (TP). It’s the sum of the contents of all P-containing compounds in the plant sample. In present study Total phosphorus for Agricultural waste was (0.82) for Aquatic weed (0.33) and for Kitchen waste was 0.46(%) as shown in table.4. Phosphorus is an important nutrient for plants, therefore its presence in Agricultural waste, Aquatic weeds and Kitchen waste is expected (Li et al., 2016; Fan et al., 2020). The low concentration of TP in Aquatic weed at Location 1 (SKICC, Srinagar), might be due the fact that its availability in water is less due to its fixed ability with sediments. Also due to the increase of pH in Dal weed and the effect of temperature might have allowed Dal weed to frequently release phosphorus under reducing circumstances (Baldy et al., 2006; Thiébaut, 2008).
5.	Total potassium (%)
	Potassium is an essential mineral nutrient that affects most of the biochemical and physiological processes that influence plant growth and metabolism. It’s the most abundant inorganic cation in plants. Total potassium recorded for Agricultural waste was (0.34) for Aquatic weed (0.53) and for Kitchen waste 1.18 (%). Data reveal that total potassium increase was significantly higher in Kitchen waste at Location 2 (Girls Hostel) as compared to Aquatic weeds and agricultural waste. The production of acids by the microorganisms and enhanced mineralization rate through increased microbial activity during the decomposition process play a key role in the solubilizing of insoluble potassium hence increased concentration. (Khwairakpam and Bhargava, 2009).
6.	Total carbon (%)
	Carbon is the primary energy source and building block for plant tissues. In order to generate vital biological substances like proteins and carbohydrates, plants absorb CO2 from the air and soil and use it as fuel. Total carbon of Agricultural waste was (8.56), for Aquatic weeds (10.45) and for Kitchen waste 8.81 (%) shown in table.6. The total carbon was significantly higher in aquatic weed at Location 1 (SKICC, Srinagar) because a part of total carbon might have originated from the breakdown of cells of organisms due to low temperature and storage as has been reported earlier by (Ogura et al.,1975). The low temperature evidently might have resulted in the setting of decomposition process by bacteria earlier than expected and the consequent release of dissolved organic carbon (Serruya et al.,1980).
5.2		Isolation, Screening and Identification of Cellulolytic Bacteria from Organic waste 
	 Five potential Cellulolytic bacteria were isolated from Organic Waste collected from various sources. Identification of the isolates was carried out on the basis of morphological characters’ colony diameter, colony shape and colony colour and biochemical tests and Bergey’s Manual of Determinative Bacteriolog (1994). Morphological examination showed the surface of the colonies to be rough, irregular, round, white, orange, yellow and cream coloured indicating that the species is aerobic and the size of colony diameter varied from 3mm to 6mm. All the five isolates were found to be Gram-positive and rod shaped. Based upon the performed biochemical tests all the isolates were catalase positive and indole negative whereas in oxidase test CB1 and CB2 were oxidase negative which indicated that these two isolates were not able to produce cytochrome c oxidase enzyme while others were oxidase positive. Gelatine hydrolysis revealed CB1 gelatine negative and rest isolates were gelatine positive. After performing Bergey’s manual of Bacteriology it was determined that the isolates belonged to the Bacillus genus. This could be related to the previous studies where cellulolytic bacteria were isolated from peatland ecosystem and the isolates were characterized for their morphological characters and the identification of bacteria was done based on gram staining, biochemical test and Bergey's Manual of Determinative Bacteriology (1994) which showed that three isolates among the seven isolated strains had the same characteristics as the genus Bacillus, Lactobacillus and Corynebacterium (Batubara et al.,2021). In another study, different biochemical tests of cellulolytic bacteria isolated from soil and ward poultry were performed and it was found that all the isolates were catalase positive and oxidase positive (Hussain et al., 2017). 


CONCLUSION
Cellulases hold immense promise for biomass utilization, offering sustainable pathways for converting waste into valuable products (Wen et al., 2005). The findings of this study confirm that cellulolytic microorganisms are capable of transforming cellulose into soluble sugars through enzymatic hydrolysis or acidic reactions. Given the abundance of cellulose in organic waste, it emerges as an attractive and cost-effective raw material for the production of industrially significant commodities.
The broad applicability of cellulases spans multiple sectors, including alcoholic beverage production, starch processing, malting, juice clarification, brewing, pulp bleaching, textile manufacturing, and animal feed formulation (Sreeja et al., 2013; Bakhy et al 2018). Moreover, the isolation and characterization of efficient cellulose-degrading bacteria remain crucial for advancing biodegradation, bioremediation, and biofuel research. Continued efforts to identify potent strains, optimize operational techniques, and enhance end-product yields will strengthen the role of cellulases in industrial biotechnology.
Future improvements in enzyme performance, achieved through advanced molecular and bioprocessing techniques, are expected to expand their industrial relevance and contribute to sustainable waste-to-value conversion (Mahmood et al., 2020). Thus, cellulolytic bacteria represent a vital resource for both environmental management and biotechnological innovation.
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