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Abstract: 

As fruits are highly nutritious, they become a habitat for a diverse range of bacteria that can cause deterioration and be pathogenic 

or beneficial. Cellulolytic bacteria are one type of beneficial bacteria proven to digest the cellulose components of fruits. The 

present study aims at isolating, identifying and characterization of cellulolytic bacteria from compost made of fruit peels of 

apples, bananas, custard apples, guava, oranges, papaya, and pomegranates. It was used to isolate and identify bacteria from 

spoiled fruits of apples, bananas, custard apples, grapes, oranges, papaya, pear and pomegranates. 6 colonies of bacteria were 

obtained on CMC agar and nutrient agar, isolated from the compost sample and spoiled fruit sample respectively. When the 

bacterial strains obtained from compost soil were tested on CMC agar and flooded with safrannin and NaCl, they were observed 

to degrade cellulose. Gram staining, RAPD, AFLP, Sanger sequencing, BLAST and phylogenetic tree construction were used for 

morphological and molecular characterization of isolated bacteria. Results revealed that Pseudomonas chlororaphis and Bacillus 

licheniformis were cellulolytic bacteria, where as Micrococcus luteus, Bacillus subtilis and Lactobacillus colini were found to be 

present in spoiled fruits. The utilisation of cellulolytic properties of bacteria is becoming increasingly important in efficient 

conversion of cellulolytic wastes into useful and sustainable alternatives to chemical products. It's also crucial to determine 

whether bacteria present in spoiled fruits are beneficial or harmful. 
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I. INTRODUCTION 

Fruits play a vital role in human health and nutrition. India is one of the largest producers of fruits globally, but there is a 

considerable amount of loss due to mishandling, contamination and various other reasons at different stages from harvest to 

consumption. Different microbes present in the fruits can travel through the stomach and into the gut, where they interact with the 

host, resulting in a lot of health implications (Kharousi et al., 2016). Pathogenic bacteria can also induce spoilage, result ing in 

lethal infections that cause harm to consumers. Bacterial deterioration promotes tissue weakening as pectins get degraded, and the 

fruit may subsequently devolve into a spongy mess. Following that, starch and sugars are digested, resulting in disagreeable 

smells and flavors, as well as lactic acid and ethanol (Hasan and Zulkahar, 2018). Hence it is necessary to know the genera of 

bacteria present in fruits causing spoilage and ways to prevent spoilage. On the other hand, the beneficial properties of bacteria 

can be used to create a variety of sustainable products, such as organic manures. In higher plants, each cell is enclosed in an 

extracellular matrix (cell wall). Cellulose, hemicellulose, and pectin make up the primary cell wall. The secondary cell wall is 

thicker and more robust than the primary cell wall and includes cellulose, hemicellulose and lignin (Bashline et al., 2014). Plants 

contain approximately 33% of cellulose and they synthesize about 1012 tonnes of cellulose annually. Agricultural, industrial and 

municipal cellulosic wastes have accumulated in massive proportions. As carbon sources have been a matter of substantial 

commercial interest, the development of technologies for the successful treatment and exploitation of cellulosic wastes is crucial. 

Cellulases are enzymes produced by a wide range of microorganisms growing on cellulose materials (Kuhad et al., 2011). It 

catalyzes the hydrolysis of the β-1,4 bond that connects two glucose molecules in a cellulose molecule (Wilson, 2011). Cellulases 

are made of domains or modules that fold independently and have distinct structural and functional properties.  
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Individual cellulases have low activity on crystalline cellulose, but due to the extended half-life of crystalline cellulose, they have 

a very high catalytic enrichment. Cellulases are unique among enzymes in that they break down an insoluble substrate, which 

necessitates the enzyme to diffuse to the substrate and then migrate a portion of cellulose molecule into the active site from the 

insoluble particle, while the soluble substrates adhere onto the active site by diffusing to the enzyme on their own (Wilson, 2011). 

Noncatalytic carbohydrate-binding modules (CBMs) and/or other functional modules are found in cellulases. The majority of 

aerobic cellulolytic bacteria break down cellulose by secreting a series of separate cellulases, each bearing a CBM attached to the 

catalytic module via a flexible linker peptide. CBM can be found in the catalytic module's N-terminus or C-terminus, and its 

placement appears to have little to do with its function. Most anaerobic microbes form giant multienzyme complexes, known as 

cellulosomes that are usually bound to the microorganisms' cell surface. Some of the enzymes in cellulosomes have a CBM, but 

the majority of enzymes are coupled to the scaffoldin protein (Zhang et al., 2013). There are at least three categories of enzyme 

activity such as endoglucanase activity, exoglucanase activity, and β-glucosidases activity for complete hydrolysis of cellulose 

(polymeric substrate) into its monomeric unit (Lakhundi et al., 2015). The biodegradation of cellulosic waste in fruits by 

cellulases offers high potential in producing fermentable sugars that can be utilized to make bioethanol, lactic acid, Single Cell 

Protein (SCP) and other downstream products (Philip et al., 2016). The main objective of this study is to use microscopic, 

molecular approaches to identify and confirm bacteria in spoiled fruits and cellulose-degrading microbes.  

 

II. MATERIALS AND METHODS 

 

2.1 Collection of sample 

For examination of cellulose degrading bacteria, the soil was collected from farm land in Chikkabanavara and compost was 

prepared using fruit peels of Apple (Malus domestica), Banana (Musa paradisiaca L.), Custard apple (Annona squamosa), Guava 

(Psidium guajava), Orange (Citrus aurantium), Papaya (Carica papaya), and Pomegranate (Punica granatum). For determining 

the bacteria that causes fruit spoilage, different spoilt fruits such as Apple (Malus domestica), Banana (Musa paradisiaca L.), 

Custard apple (Annona squamosa), Grapes (Vitis vinifera), Orange (Citrus aurantium), Papaya (Carica papaya), Pear (Pyrus 

communis L.)and  Pomegranate (Punica granatum) were collected from a local market in Mathikere, Bangalore. 

 

2.2 Isolation of Bacteria 

A fivefold serial dilution was performed to isolate the cellulolytic bacteria from the soil sample. The spread plate technique 

was used to plate the 10-2 and 10-4 serially diluted bacterial samples on CMC Agar media. The medium used for isolation of 

cellulolytic bacteria contains CMC, 0.3g; Agar, 0.6g; Tryptone, 0.3g; Ammonium dihydrogen orthophosphate, 0.03g; Magnesium 

chloride, 0.006g; Di-potassium hydrogen orthophosphate, 0.03g; Ferrous sulphate, 0.0015g; Distilled water, 30mL. The plates 

were incubated at pH 7 for 24 hours at 37°C. For isolating the bacteria from spoilt fruits, 0.5g of total peels collected from all 

spoilt fruits were crushed using mortar and pestle. The crushed sample was serially diluted for five-folds and plated on nutrient 

agar media followed by incubation at pH 7, for 24 hours at 37°C. Nutrient agar media contains 1.5g of LB, 0.45g of Agar in 30ml 

distilled water. Preservation of the plates was carried out at 4°C for further use. 

 

2.3 Confirmatory test for Cellulolytic activity of Bacterial Isolates  

Individually the pure cultures of bacterial isolates were inoculated to CMC agar plates. Upon incubating the inoculated CMC 

agar plates for 24 hours, the colonies were flooded with 1% Safrannin and allowed to stand for 15 minutes at room temperature. 

One molar NaCl was utilised to countertain the colonies. The presence of clear zones around the bacterial colonies confirms 

cellulose hydrolysis. 

2.4 Isolation of DNA  

The C-TAB technique was used to isolate the DNA. DNA was run on agarose gel and visualized using ethidium bromide 

fluorescent dye. The DNA content and purity were determined by loading the samples through a 0.8 percent agarose gel and 

comparing the band intensities to a 100bp DNA marker (Shruthi et al., 2020). 

2.5 Random Amplified Polymorphic DNA 

Ribosomal RNA genes play an important role in protein synthesis. They are ubiquitous, so a classification based on ribosomal 

RNA gene analysis does not exclude any of the known bacteria. As a result, ribosomal RNA gene analysis is a useful method for 

bacterial species identification and taxonomic classification (Tshikhudo et al., 2013). Random amplified polymorphic DNA 

(RAPD) approach was used to determine taxonomic identity and to analyze mixed genome samples designing particular probes. 

(Hadrys, 1992). A single copy of a desired segment of DNA was amplified using Polymerase Chain Reaction where primers were 

employed to amplify DNA between positions 27 (5'-AGAGTTTGATCCTGGCTCAG-3') and 1492 (5'-

TACGGTACCTTGTTACGACTT-3') of bacterial 16S rRNA genes (PCR). The primers used are forward and reverse primers 

with lengths ranging from 30 to 60 nucleotides. A dendrogram was constructed using PyElph to determine the phylogenetic 

relationship between the bacterial isolates. After the dendrogram construction, microscopic characterization of the isolates was 

performed using gram staining (Wilson, 2011). The composition of PCR is listed in table 1. 

2.6 Amplified Fragment Length Polymorphism 

The AFLP method employs selective PCR to amplify restriction fragments from a complete digest of genomic DNA. The 

adapter and restriction site sequences are used as target sites for primer annealing in PCR amplification of restriction fragments 

(Vos et al., 1995). The EcoRI digested product was run on the gel after incubation. The gel pictures of the undigested and 
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digested 16s rRNA genes were analyzed for the length of the digested fragments by comparing them with the ladder. The analysis 

revealed the level of similarity between the isolates of compost soil and spoiled fruit samples, respectively, based on the digestion 

pattern of the DNA by the EcoRI enzyme. After that, the purified samples were submitted for DNA sequencing using the Sanger 

method.  

2.7 Gel Purification and Sanger Sequencing 

To obtain a purified gene product, the bands obtained from AFLP were cut and eluted on a 20µl gel. One-sided primer, template 

DNA, BDT containing fluorescent Big Dye terminator, dNTPs, ddNTPs, and Taq polymerase were added to a single reaction. 

Initial denaturation at 95°C for 2 minutes was followed by final denaturation at 95°C for 30 seconds and annealing at 50°C for 30 

seconds in the PCR. For 30 cycles, the reaction was terminated at 60°C for 4 minutes. The PCR result was then submitted to 

capillary electrophoresis after being washed in ethanol and dried. The plate was connected to a sequencer, and the resulting files 

were used to conduct data analysis. The plate was linked to a sequencer (Genetic analyzer 3130XL) and obtained.ab1 files were 

further used for data analysis (Shruthi et al., 2020). 

2.8 Data Analysis and Phylogeny 

The ".ab1" files received after Sanger sequencing were viewed to observe the peaks in the electropherogram obtained due to 

the fluorescence of ddNTPs incorporated. Fasta files were retrieved from the ".ab1" files and the nucleotide pattern was studied 

using BLAST. The unknown sequence was chosen from the blast based on the hits with the highest percentage and lowest e-

value. The obtained DNA sequences were aligned with nearby BLAST results in Clustal Omega to generate the tree. The purpose 

of constructing a phylogenetic tree was to identify helpful evolutionary perspectives for current species (Shruthi et al., 2020). 

 

 

III. RESULTS AND DISCUSSION 

Spoiled fruits samples of Apple, Banana, Custard apple, Grapes, Orange, Papaya, Pear, Pomegranate were collected along with its 

degrading soil for our research purpose (fig 1). Serially diluted inoculums of both the samples were cultured on CMC agar plate 

and nutrient agar plate, aseptically, and allowed to grow for 24 hours at 37°C. The bacterial colonies were obtained a day later (fig 

2). Six cellulose-degrading bacterial isolates were obtained from compost made of various fruit peels and soil samples collected 

from farmland, cultured on CMC agar media. These bacterial isolates were denoted as S1-S6. Six bacterial isolates were obtained 

from the spoilt fruits collected from a local market in Mathikere, which were cultured on nutrient agar plates. These bacterial 

isolates were denoted as F1-F6. The bacterial isolates S1-S6 were subjected to a confirmatory test for assessing the cellulolytic 

activity. All the isolates showed a clear zone when the 24-hour culture was flooded with safranin, which signifies their cellulose-

degrading potential as shown in fig 3. Characterization of the bacterial isolates was done based on the morphological features and 

gram staining. Morphological features include the shape, size, optical appearance and color of the bacterial colonies. The 

morphological characteristics of the bacterial isolates have been tabulated in table 2. 

 

Electrophoresis was performed for genomic DNA obtained from the bacterial colonies to determine the approximate 

concentration using a standard DNA ladder. The gel picture is shown in fig 4. The volume of DNA required for PCR was 

determined depending on the intensity of the bands obtained. PCR amplification yielded the desired amplicons of size 100bp of 

the 16S rRNA gene. The amplicons were loaded in 1% agarose gel and electrophoresis was carried out for 30 mins.  The resulting 

gel image (fig 5) was imported into PyElph software, and a dendrogram was created for compost soil samples and spoiled fruit 

samples. The dendrogram of compost soil samples revealed that the isolates S1, S5 have a significant degree of phylogenetic 

closeness, whereas isolates S2, S3, S4, S6 are related to one another but distinct from S1, S5 as shown in fig 6. The dendrogram 

of spoiled fruit samples reveals that F1, F3, and F4 are closely related but not identical to F2, F6. F2 and F6 are also dist inct from 

one another as shown in fig 7.The isolates S1, S2, F1, F2, and F6 were employed for further analysis. When the gram staining was 

conducted for the isolates S1, S2, F1, F2, and F6, the isolate S2 retained the purple color of crystal violet stain inferring gram-

positive, while the S1 strain held the pink color of safranin stain, implying it is gram-negative. All isolates of the spoiled fruit 

sample (F1, F2, and F6) retained the purple color of crystal violet stain revealing they are gram-positive. The gram stain and 

shape of bacterial isolates S1, S2, F1, F2, and F6 are shown in table 3. The EcoRI digested product was run on the gel after 

incubation. The gel images of the undigested and digested 16s rRNA gene (fig 8) were compared to the ladder to determine the 

length of the digested fragments. The analysis revealed the similarity level between the isolates of compost soil and spoiled fruit 

samples, based on the digestion pattern of the DNA by the EcoRI enzyme. After that, the purified samples were submitted to 

DNA sequencing using the Sanger method. 

 

The results of the Sanger sequencing were produced in the form of an electropherogram (fig 9 and 10) and converted to FASTA 

format. The close relationship between the organisms was studied using BLAST. Clustal Omega was used to develop a 

phylogenetic tree based on the 16SrRNA gene sequence to determine the evolutionary relationship of the organisms, as shown in 

fig 11. The same method was employed for the rest of the samples (Shruthi et al., 2020). Table 4 presents the total score, 

percentage identity, E value, query coverage and accession numbers of sequences that produced significant alignments with 

FASTA sequences of isolates. The cellulolytic bacteria isolated from the compost soil were identified as Pseudomonas 

chlororaphis (S1) and Bacillus licheniformis (S2) based on cultural, morphological, and 16s rRNA sequencing and the bacteria 

isolated from several spoilt fruit samples were identified as Micrococcus luteus (F1), Bacillus subtilis (F2), and Lactobacillus 

colini (F6). 
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Pieter et al (1995) investigated that Pseudomonas chlororaphis, Streptococcus, Bacillus subtilis, Bacillus licheniformis, Bacillus 

firmus, Bacillus smithii, Brevibacillus laterosporus, were dominantly found in the fruit and vegetable decaying wastes such a 

coconut coir, banana peel, cucumber peel, sugarcane bagasse, potato peel,  sponge guard, citrus wastes. Morphological and 

biochemical assays conducted by Riaz Mahmood et al. (2020) on bacterial strains isolated from samples collected from soil, 

domestic kitchen waste, and sawdust suggested that the cellulose-degrading bacterial isolates were members of the genus 

Staphylococcus aureus, Pseudomonas sp., Bacillus sp. , Salmonella sp. and S. epidermidis. Chaudhary and Dhaka (2016) 

collected eight types of various unwashed and unprocessed spoiled fruits such as apple, papaya, corn, guava, mango, grapes, 

orange, and pomegranate, and isolated Bacillus subtilis, Klebsiella pneumoniae, Shigella dysenteriae, Escherichia coli, 

Staphylococcus aureus, Micrococcus luteus,  Staphylococcus epidermidis, Proteus vulgaris, Bacillus cereus, Bacillus megaterium 

and Enterobacter aerogenes. The species of bacteria isolated from the fruit samples by Musa et al (2019) were Escherichia coli, 

Staphylococcus, Bacillus, Streptococcus, Pseudomonas, and Salmonella. Hasan et al successfully isolated six bacterial strains in 

three types of spoiled fruit samples and identified Klebsiella sp. , Staphylococcus sp. , Bacillus sp. , and Escherichia coli. 

 

 

 

Fig 1: Spoiled fruits samples of Apple, Banana, Custard apple, Grapes, Orange, Papaya, Pear and Pomegranate 

 
Fig 2: Serially diluted samples of compost soil and spoiled fruits inoculated and incubated at 37°C for 24 hours (A) 

Bacterial isolates obtained from 10⁻² dilution on CMC Agar media (B) Bacterial isolates obtained from 10⁻⁴ dilution on 

CMC Agar media (C) Bacterial Isolates obtained from 10⁻² dilution on Nutrient Agar media (D) Bacterial isolates 

obtained from 10⁻⁴ dilution on Nutrient Agar media 
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Fig 3: Clear zone of bacterial isolates S1(1), S2(2) and S3(3) (A). Clear zone of bacterial isolates S4 (4), S5 (5) and S6 (6) 

(B). 

 

 
 

Fig 4: Electrophoresis of genomic DNA to determine concentration for PCR. 

 

 

Fig 5: Gel picture of amplification of desired segment of genomic DNA. 
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Fig 6: Dendrogram of bacterial isolates (S1-S6) of compost soil showing that isolates S1, S5 have a significant degree of 

phylogenetic closeness, whereas isolates S2, S3, S4, S6 are related but distinct from the former. 

 

 

Fig 7: Dendrogram of bacterial isolates (F1-F6) of spoiled fruits showing that F1, F3 and F4 are closely related but not 

identical to F2, F6.  F2 and F6 are also distinct from one another. 

 

 

Fig 8:  Gel pictures of Digested and Undigested 16s rRNA gene isolates S1, S2, F1, F2 and F6. (UD-Bands of Undigested 

16srRNA gene isolates, D-Bands of Digested 16srRNA gene isolates). 
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Fig 9: Electropherogram of isolate S1 opened in Finch TV. 

 

 
Fig 10: Electropherogram of isolate S1 in pdf format. 
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Fig 11: Phylogenetic tree showing that 

(A) S1 query sequence has high similarity with Pseudomonas chlororaphis (LC516494.1) 

(B) S2 query sequence has high similarity with Bacillus licheniformis (AH010483.2) (C) F1 query sequence has high 

similarity with Micrococcus luteus (JN378531.1) 

(D) F2 query sequence has high similarity with Bacillus subtilis (MT071635.1) 

(E) F6 query sequence has high similarity with Lactobacillus colini (KU161107.1) 
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Table 1: Composition of polymerase chain reaction 

Sl no. Components Concentrations Volume taken 

1 Forward primer (27F) 10 pM 1µl 

2 Reverse primer (1492R) 10 pM 1µl 

3 10Mm dNTPS 10 μM 1µl 

4 ×10 polymerase chain 

reaction buffer 

2x 2.5µl 

5 25 Mm Mgcl2 2.5mM 0.5µl 

6 Template DNA 40ng 1µl 

7 Taq polymerase 0.5 unit 0.5µl 

8 Nuclease free water 

 

Make up to 25μl 17.5µl 

 

Table 2:  Morphological characteristics of the bacterial isolates. 

 

Bacterial Isolates Shape 

(Colony) 

Size 

(Colony) 

Optical Characteristics Colour 

S1 Tread like Moderate Translucent White 

S2 Circular Large Transparent Colourless 

S3 Circular Small Transparent Colourless 

S4 Circular Small Opaque Cream White 

S5 Circular Large Opaque Cream White 

S6 Irregular Large Opaque White 

F1 Circular Punctiform Opaque Yellow 

F2 Circular Medium Transparent Pale Yellow 

F3 Circular Punctiform Opaque White 

F4 Circular Punctiform Translucent Pale White 

F5 Circular Large Translucent Pale White 

F6 Circular Large Transparent White 

 

 

Table 3: Gram staining and shape of bacterial isolates. 

 

Bacterial Isolates Gram Stain Shape (Bacteria) 

S1 Negative Rod 

S2 Positive Rod 

F1 Positive Coccus 

F2 Positive Rod 

F6 Positive Rod 
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Table 4: Description of sequences producing significant alignments. 

 

Sample Hit Total 

score 

Percentage 

Identity 

E 

value 

Query 

coverage 

Accession 

Number 

S1 Pseudomonas chlororaphis DAC17225015 gene 

for 16S rRNA, partial sequence  

1808 97.66% 0.0 99.99% LC516494.1 

S2 Bacillus licheniformis 16S ribosomal RNA 

genes, partial sequence 

2349 97.31% 0.0 99% AH010483.2 

F1 Micrococcus luteus strain PCSH-2 16S ribosomal 

RNA gene, partial sequence 

2484 97.80% 0.0 99% JN378531.1 

F2 Bacillus subtilis strain IJ114 16S ribosomal RNA 

gene, partial sequence 

2154 94.49% 0.0 99% MT071635.1 

F6 Lactobacillus colini strain L3 16S ribosomal 

RNA gene, partial sequence  

1992 95.94% 0.0 99% KU161107.1 

 

IV. CONCLUSION 

Cellulose is a common biopolymer found in considerable quantities in fruits. Therefore, cellulose from fruit peels and other fruit 

wastes can be used to produce biofuels, biofertilizers, and other products. Chemical agents and artificial enzymes can be used to 

degrade cellulose into fermentable sugars, which would be expensive and detrimental to the environment. We observed 

cellulolytic activity in Pseudomonas chlororaphis and Bacillus licheniformis in the compost sample obtained in this study, 

demonstrating that Pseudomonas sp. and Bacillus sp. are key cellulase generating bacterial species. Fruits are high-nutrient 

natural sources that are consumed regularly all over the world. Fruits may include a range of bacteria that can be either beneficial 

or pathogenic to humans, inducing deterioration in the fruit. The bacterial strains identified were Micrococcus luteus, Bacillus 

subtilis and Lactobacillus colini. Further research is needed to learn more about the effects of these bacterial species on fruit 

rotting. As an outcome, it is critical to isolate bacteria that degrade cellulose more efficiently, are cost-effective, environmentally 

friendly and readily available. These bacteria can also be cultured and used in the production of cellulase, which acts as a vital 

component in different industrial applications. This research was also conducted to identify the strain of bacteria found in spoiled 

fruit samples. The bacteria's pathogenicity and beneficial nature can be explored further to determine the best way to control or 

harness them. 
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