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1. Introduction
  

 The indigenous people in southwest Bangladesh and 
northeast India ferment bamboo shoots using various 
preparation methods, as these shoots offer numerous 
health benefits, possess great medicinal value, and are 
highly nutritious. The fermentation of bamboo has been 

extensively practiced in the hilly districts of Rangamati, 
Bandarban, and Khagrachari in Bangladesh. They are 
consumed in the form of curry, pickle, and soup, or used 
as an ingredient in the preparation of other cuisines 
(Singhal et al. 2021). Being called as Ngwopo, fermented 
bamboo is one of the most delicate and popular fermented 
products among the indigenous people of Bangladesh. 
The process of fermenting bamboo shoots not only 
enhances their taste, smell, texture, and appearance, 
but also increases their nutritional value and prolongs 

Fermented bamboo (also known as Ngwopo) is a traditional food item among the 
indigenous population living in the south-east of Bangladesh. Though fermented foods 
harbour a significant number of probiotics and enzyme-producing bacteria, there is a 
lack of research on isolating beneficial bacteria from native fermented food products 
in Bangladesh. Thus, considering the extensive utilisation of cellulase enzymes and 
probiotics, our study was conducted with the objective of isolating and characterizing 
native cellulase-producing bacteria from fermented bamboo and performing crude 
enzyme activity assay. The sample was collected from Khagrachari hill tracts district 
of Bangladesh. Three isolated bacteria, namely FB-1, FB-2, and FB-3, screened based 
on the carboxymethyl cellulose medium, were tested for biochemical and probiotic 
properties, and the best isolate was genetically identified by molecular characterization 
through 16S rRNA gene sequencing and evolutionary analysis. All three gram-
positive isolates were observed to be positive for starch hydrolysis and fermentation 
of sucrose, suggesting their ability to breakdown carbohydrates while testing negative 
for gelatinase, indole, and H2S test. The isolates demonstrated moderate bile salt and 
pH tolerance and low to medium autoaggregation. FB-2 had 75% susceptibility to the 
tested antibiotics, while other isolates were susceptible to 50% antibiotics. All of the 
bacteria were non-pathogenic, showing γ-haemolysis. FB-2 strain showed an enzyme 
production capacity of 1.56 units/ml. The best performing isolate was identified as 
Bacillus cereus. Therefore, the study discovered a native bacteria potentially suitable 
as probiotic and as a source of cellulase for industrial processes, highlighting the 
enriched indigenous cuisines of Bangladesh.
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their storage time. This is due to the activity of lactic 
acid bacteria, which acidify the product and facilitate 
the digestion of bamboo shoots (Singhal et al. 2021). 
Enzymes or microbes are employed in the production 
of fermented foods, leading to crucial biochemical 
transformations and substantial modifications in the food 
(Ramasubramanian et al. 2024). The fermented bamboo 
contains an extensive range of notable microorganisms, 
including lactic acid bacteria and yeast (Behera and 
Balaji 2021). The species identified in the fermented 
bamboo products were predominantly Bacillus subtilis, 
Bacillus cereus, B. pumilus, B. safensis, Lactobacillus 
brevis, L. plantarum, Carnobacterium sp., Enterococcus 
faecium, Pseudomonas fluorescens and Enterobacter 
(Jeyaram et al. 2010; Kumar et al. 2022). Moreover, 
Bamboo fibre is a regenerated cellulose fibre (Hejazi et 
al. 2012). Therefore, fermented bamboo products are 
likely to contain cellulase-producing probiotic bacteria 
that participated in the fermentation process. 
 Cellulose is a linear polysaccharide that consists of 
β-1,4 linked D-glucopyranosyl units. It is produced by 
all higher plants as well as other living beings including 
bacteria, fungi, protists, and invertebrates. It is regarded 
as the most plentiful renewable natural biological 
resource on earth (Afzal et al. 2012; Nallusamy et 
al. 2016). Cellulases are enzymes that catalyse the 
breakdown of cellulosic polymers (Sukumaran et al. 
2005). Cellulases have been essential biocatalysts for 
numerous decades. Microbial cellulases are utilised 
across multiple industries such as textile, paper and 
pulp, laundry and detergent, agricultural, medical, food 
and feed industries. Enzyme market research findings 
indicate that the key areas of application include food 
and drinks, the textile sector, livestock feed, and biofuels 
(Jayasekara and Ratnayake 2019). Cellulolytic microbes 
have been studied comprehensively along with the 
structure, function, and synergistic activity of different 
cellulases found in these organisms. Cellulases are 
synthesised by a diverse range of bacteria and fungi, 
including both aerobic and anaerobic species, as well 
as both mesophilic and thermophilic organisms (Lynd 
et al. 2002). Termites and crayfish, among other animal 
species, have also been documented as producers of 
cellulase (Afzal et al. 2012). While fungi are known 
for their efficient cellulase activities, there is a growing 
interest in cellulase production by bacteria due to their 
fast   growth rate and potential for application in cellulase 
production. The cellulolytic activity exhibited by the 
bacterial species is observed to be reliant upon its source 
(Mahjabeen 2016).

 Bacillus species have the capacity to produce 
cellulases. Bacillus spp. that are cellulolytic typically 
release endoglucanases that have the ability to break down 
carboxymethyl cellulose (Robson and Chambliss 1984). 
Bacillus spp. is commonly utilised in industries due to its 
non-pathogenic nature, ease of growth and reproduction, 
absence of foul odours or gases, ability of certain species 
to thrive in alkaline conditions and high temperatures, 
secretion of extracellular proteins, and overall safety in 
terms of health and environmental concerns (Beukes 
and Pletschke 2006; Nallusamy et al. 2016). Bacillus 
strains have been categorised as Generally Recognised 
as Safe (GRAS) bacteria for their application in human 
nutrition as meals or dietary supplements, as well as 
in animal nutrition as feed supplements (Dabiré et al. 
2022a). Also, certain strains of Bacillus are classified 
as probiotics, meaning they are living microbes that, 
when consumed in sufficient dosage, provide a health 
advantage to their recipient (Hill et al. 2014). Potential 
advantages of these substances encompass the ability 
to regulate the immune system, combat foodborne 
infections, decrease the risk of cardiovascular disease, 
lower serum cholesterol levels, and prevent intestinal 
diseases (Dabiré et al. 2022b).
 The studies on the enzyme producing or probiotic 
bacteria isolated from fermented food products in 
Bangladesh are rare. Exploring the reservoir of microbes 
in native fermented products and understanding their 
enzyme production capacity are of immense potential 
because of the multifaceted applications of the 
enzymes, enzyme-producing bacteria and probiotics in 
various industries. Therefore, the current research was 
undertaken to isolate and characterize probiotic bacteria 
from traditional fermented food item and assess the 
enzyme activity of the isolates.
  
2. Materials and Methods

2.1. Collection of Sample and Stocking of 
Bacteria
 The fermented bamboo samples were collected 
from hill tracts of Khagrachhari district and packed 
immediately in polythene bags with sample details which 
were later placed in icebox. The fermented samples were 
weighed aseptically and blended in 250 ml sterilized 
distilled water (DW). After stirring properly, and 10-
fold serial dilutions were prepared in sterile DW and 
inoculated in nutrient broth (NB) medium and incubated 
at 30°C for 12 hrs. Then, pure colonies were isolated. 
Pure isolates were labelled and stocked in NB broth 
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medium (Difco BD, USA) containing 30% (v/v) glycerol 
and stored at -80°C.

2.2. Screening and Isolation of Cellulase 
Producing Bacteria
 A volume of 5 μL of each broth culture of pure bacterial 
isolates were transferred in CMC (Carboxymethyl 
cellulose) agar plates (contains 1.0% peptone, 1.0% 
carboxymethylcellulose (CMC), 0.2% K2HPO4, 1% 
agar, 0.03% MgSO4.7H2O, 0.25% (NH4)2SO4 and 0.2 
% gelatine). After incubation at 28°C for 48 hours 
(hrs), CMC agar plates were flooded with 1% Congo 
Red and allowed to stand for 15 minutes (min) at 
room temperature. One molar NaCl was thoroughly 
used for counterstaining the plates. Colonies showing 
discoloration of Congo Red indicating cellulose 
hydrolysis were taken as positive cellulose-degrading 
bacterial colonies. The bacterial colonies having the 
largest clear zone were selected for identification and 
cellulase production in submerged system (Bai et al. 
2012; Li et al. 2016).

2.3. Biochemical Characterization of the Isolates
 For selective screening, the isolated bacterial 
strains were characterized by biochemical tests such 
as gram test, catalase test, oxidase test, MR-VP test, 
oxidative-fermentative test, H2S test, citrate agar test, 
gelatinase test, urase test, starch hydrolysis test and sugar 
fermentation test.

2.3.1. Gram Stain Test
 Gram stain test was carried out on the bacterial 
isolates as described by Dussault (1955). A fixed pure 
bacterial smear on a clean glass slide was flooded with 
crystal violet for 1 min, rinsed with running tap water, 
and then flooded with Gram’s iodine for 1 min followed 
by rinsing with running tap water. After that the slide 
was decolorized with 95% ethanol and washed with tap 
water. Then, the slide was counter stained with Safranin 
for 1 min, rinsed with running tap water and allowed to 
air dry. The dry slide was covered with immersion oil 
and viewed under a light microscope.

2.3.2. Catalase Test 
 This test is used to determine the ability of 
microorganisms to degrade H2O2 by producing the 
enzyme catalase. Overnight bacterial cultures were taken 
in the marked area of a glass slide and pea shaped smear 
formed. One to two drops of H2O2 were added over the 
test smear and bubble formation was noted down for 
catalase positive bacteria (Talaiekhozani 2013).

HAYATI J Biosci                                                                                                               
Vol. 32 No. 2, March 2025 549

2.3.3. Oxidase Test 
Oxidase was performed according to the description 
of Shields and Cathcart, (2010). A filter paper was 
soaked with the substrate N, N, N′, N′-tetramethyl-p-
phenylenediamine dihydrochloride, and then it was 
moistened with sterile DW. The test organism colony 
was picked and smeared in the filter paper. Finally, the 
inoculated area of the paper was observed for a colour 
change to deep blue or purple within 10-30 seconds.

2.3.4. MR-VP Test
 In MR (Methyl Red) test, the medium with buffered 
peptone, dextrose, and di potassium phosphate, was 
distributed 10 ml in test tubes. The medium was 
inoculated with isolates separately. 3-4 drops of MR 
reagent were added in the test tube and incubated at 35-
37ºC for 24-48 hrs.
 For VP (Voges Proskauer) test, 1 ml culture was 
transferred into screw cap test tube. Subsequently, 18 
drops of Baritt’s reagent (5g α naphthol with 100 ml 
95% ethanol and 16% potassium hydroxide-KOH) 
were added (Barritt 1943). The mixture was agitated 
vigorously for 1-2 min and kept unaltered for 1-2 hrs.  A 
cherry red colour would indicate a positive result, while 
a yellow-brown colour indicated a negative result (Barry 
and Feeney 1967).

2.3.5. H2S Test
 The isolates were inoculated into the agar medium 
with 2.61% peptone, 0.2% ferrous ammonium sulphate 
and 0.2% sodium thiosulphate in test tube by stab 
inoculation. Then the strains were incubated at 37°C for 
24-48 hrs. Black precipitation after incubation indicated 
positive for H2S production (Leber 2016).

2.3.6. Gelatinase Test
 Gelatine media was distributed 10 ml in test tubes 
followed by inoculation of isolated bacteria with loop. 
The culture was incubated overnight to 48 hrs and the 
consistency of the media was observed to notice the 
breakdown of gelatine (Cruz and Torres 2012).

2.3.7. Starch Hydrolysis Test
 Chemical for this test was prepared using peptic 
digest of animal tissue as per Dhawale et al. (1982). 
Using a sterile technique, a single streak inoculation 
of organism was made to be tested into the centre of 
labelled plate. After incubation of 48 hrs at 37°C, the 
surface of the plates was flooded with 1% iodine solution 
with a dropper for 30 seconds. Then the excess iodine 



was poured off. The clear zone was examined around 
the line of bacterial growth. A blue, purple or black 
coloration of the medium indicates that the organism 
failed to hydrolyse starch.
 
2.3.8. Urase Test
 Christensen’s Urea Agar was prepared for urase test 
following the description by Talaiekhozani (2013). A 
volume of 5 ml agar was poured in each test tube. The 
entire slant surface with a heavy inoculum of each isolate 
was streaked and the culture was incubated with loosened 
cap at 35°C. The slant was observed for a colour change 
at 6 and 24 hrs. If the organism produced urase enzyme, 
the colour of the slant would change from light orange 
to magenta; otherwise, the media retained its original 
colour.

2.3.9. Citrate Agar Test
 Simmon’s agar medium was formulated with 0.1% 
magnesium sulphate, 0.2% sodium citrate and 0.008% 
bromothymol blue (as an indicator). Overnight freshly 
cultured bacteria were inoculated in media plate and 
incubated at 35-37°C for 24-28 hrs. The colour of the 
slant changed from green to bright blue for positive 
identification and the colour remained unchanged for 
negatives (Leber 2016).

2.3.10. Sugar Fermentation Test
 The phenol red carbohydrate test media was prepared, 
and 10 ml was distributed in each test tube. 100 µL of 
respective bacteria isolates were poured in each test 
tube. The cultures were incubated at 35-37°C for 18-
24 hrs. After incubation when the liquid in the tube 
turns yellow to red, it indicated a drop in the pH level 
because of the production of acid by fermentation of 
carbohydrate in the media. The tube containing media 
remained red indicating the bacteria could not ferment 
the carbohydrate source (Reiner 2012).

2.4. Identification of Probiotic Properties
 In vitro tests were used to identify several probiotic 
qualities, such as tolerance to bile, resistance to low 
pH, auto aggregation, haemolysis, and antibiotic 
sensitivity.

2.4.1 Bile Salt Tolerance
 The tolerance to bile salts was assessed in NB 
medium containing 0.0 and 0.3% (w/v) of bile salts. 
Multiple bottles of this broth, which included varying 
quantities of bile salt, were inoculated with 100 μL of 

cultured isolates and incubated at 37°C. The growth rate 
was determined by measuring the optical density using 
a spectrophotometer (Spectrophotometer C7200S UV 
Visible Double Beam, Peak, USA) at a wavelength of 
600 nm after incubating for 3 h (Balcázar et al. 2008; 
Kim and Austin 2008). 

2.4.2. pH Tolerance Test
 The acid tolerance of the specified bacterium was 
examined at various pH levels. Initially, various NB 
solutions with distinct pH levels of 3, 4, and 7 (as 
the control), were prepared utilising 1% HCl and 1N 
NaOH (Samelis et al. 1994). The autoclaved broths were 
inoculated with a sub-culture broth of the chosen strain 
and then incubated at a temperature of 37°C. The growth 
rate of bacteria was determined by measuring the optical 
density (OD) using a spectrophotometer at a wavelength 
of 600 nm after incubation for 1 and 3 hrs. 

2.4.3. Auto Aggregation
 The experiment was conducted following the 
protocol described by Del Re et al. (2000), with certain 
adjustments. An amount of 0.1 ml of the overnight 
cultures were inoculated into 10 ml of NB media. The 
mixture was then incubated at 37°C for 24 hrs, while 
being kept under anaerobic conditions. Next, bacterial 
cells were collected using centrifugation at 14,000 g 
for 5 min, rinsed twice with 50 Mm K2HPO4 (pH 7.00), 
and subsequently reconstituted in the same buffer to 
achieve an absorbance of approximately 0.2 at 600 
nm (bacterial suspension). A 5 ml bacterial culture 
was well mixed by vortexing for 15 seconds (s) and 
then left to stand at room temperature. The absorbance 
changes of the cultured media caused by precipitation 
were determined at 600 nm using a spectrophotometer 
before (A0) and after 5 hrs interval (A). The auto 
aggregation percentage (AAg %) was determined using 
the following formula:

AAg % = ×100
A0 - A

A0 

 From AAg %, isolate could be classified into three 
groups: High auto aggregation (>70% AAg), Medium 
auto aggregation (20-70% AAg), and Low auto 
aggregation (<20%).

2.4.4. Hemolytic Activity Test
 This test was conducted to evaluate their pathogenic 
properties. To perform the assay, we streaked the 
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colony of the selected bacteria onto a blood agar plate 
containing 5% sheep blood. Subsequently, the outcome 
was evaluated following 24 hrs incubation period at 
37°C. The result was analysed by examining lysis of 
red blood cells under and around bacterial colonies as 
α-haemolysis (a partial hydrolysis and brown/green 
discoloration), β-haemolysis (clearing of red color), 
and γ-haemolysis (lack of discoloration or clearing/no 
reaction) (Kavitha et al. 2018). Only bacterial isolates 
with γ-haemolysis were analysed further. 

2.4.5. Antibiotic Susceptibility
 A disc diffusion technique was used to conduct an 
antibiotic sensitivity test using the most used antibiotics 
in aquaculture. Antibiotic disks included Ciprofloxacin 
(5 μg), Tetracycline (30 μg), Amoxycillin (10 μg) and 
Doxycycline (30 μg). 50 μL of the sub-culture broth of 
the isolates was spread on NB agar and, antibiotic discs 
were subsequently placed on plates after solidification. 
Afterwards, the plates were subjected to incubation at 
37°C for a duration of 24 hrs to visually examine and 
quantitatively assess the areas of inhibition following 
the Kirby-Bauer test table (Bauer et al. 1966; Kim and 
Austin 2008).

2.5. Cellulase Enzyme Activity Assay
 The measurement of cellulase activity was conducted 
following the protocol established by Denison and 
Koehn (1977) using 1% CMC in a 0.1 M citrate buffer 
solution of pH 5.0 as the substrate. The production 
media was formulated by combining 0.01% MgSO4, 
0.1% yeast extract, 0.2% KH2PO4, 0.7% K2HPO4, 
0.05% sodium citrate, and 0.1% CMC. The bacterial 
isolates were cultured at temperature of 37°C and speed 
of 200 revolutions per min in a shaker incubator for a 
duration of 72 hrs. Subsequently, 10 ml aliquot of broth 
culture was subjected to centrifugation at a speed of 
10,500 rpm for 10 m in to get the supernatant containing 
the crude cellulase enzyme. A total of 0.5 ml substrate 
solution was added with 0.5 ml culture supernatant 
(crude enzyme) and incubated at 50°C for 30 min. Then 
3 ml dinitro salicylic acid (DNS) reagent was mixed, 
and the mixture was boiled for 5 min. An amount of 20 
ml of distilled water was added, and the measurement 
of the synthesis of reducing sugar (glucose) from CMC 
substrate due to cellulolytic activity was conducted at a 
wavelength of 540 nm, using glucose as the reference. 
One cellulase unit is defined as the amount of enzyme 
per ml culture filtrate that released 1 µg glucose per 

Units/ml 
Enzyme =

× µ mol glucose 
equivalents released

volume of 
enzyme used

time of 
assay

volume used 
in colorimetric 
determination

× ×

total volume of 
assay

2.6. Molecular Identification
2.6.1. Identification by MALDI-TOF MS
 To identify the selected isolates at the molecular 
level, we initially employed Matrix-assisted laser 
desorption/ionization time-of-flight mass spectrometry 
(MALDI-TOF MS) to determine their genus. To 
conduct MALDI MS analysis, a distinct colony of 
pure isolates was generated by mixing them with 
an organic compound matrix solution, which acted 
as an energy-absorbing material. A laser beam was 
automatically used to ionize the sample inside the 
matrix. Subsequently, the ions in their protonated state 
were propelled forward by a constant electric potential. 
The charged analytes were subsequently identified and 
quantified using time of flight (TOF) analysers. The 
TOF information is used to develop a characteristic 
spectrum known as peptide mass fingerprint (PMF) for 
the analytes (Singhal et al. 2015).

2.6.2. Identification by Gene Sequencing
 The Monarch® Genomic DNA Purification Kit was 
employed to extract and purify genomic DNA from 
bacterial cells. A Nano drop spectrophotometer was 
used to assess the DNA's level of purity. The genomic 
DNA was then amplified using the polymerase chain 
reaction (PCR). Reaction volume was prepared using 
25.0 µL of PCR master mix, 2.5 µL of forward primer 
27F (AGAGTTTGATCCTGGCTCAG), 2.5µL of 
reverse primer 1492R (CGG TTA CCT TGT TAC GAC 
TT), 10 µL of DNA template and nuclease free water up 
to 50 µL. Amplified PCR product was observed on 1% 
agarose gel through gel electrophoresis and forwarded 
to gene sequencing. Amplified genomic sequences 
were uploaded to the dataset of NCBI and NCBI 
BLAST was used to distinguish the nearest neighbours 
of the isolates. The amplification conditions initially 
suggested by Williams et al. (1990) were implemented 
with minor adjustments. The Maximum Likelihood 
method and Tamura-Nei model (Tamura and Nei 
1993) were utilised to infer the evolutionary history in 

minute. Finaly, the activity of cellulase was calculated 
using the following formula:



the phylogenetic tree. The evolutionary studies were 
conducted with the MEGA11 program (Tamura et al. 
2021).

3. Results

3.1. Screening and Isolation 
Three bacteria, denoted as FB-1, FB-2 and FB-

3, were isolated from fermented bamboo sample 
collected from Khagrachhari hill tracts district, 
Bangladesh. The isolates exhibited hydrolytic activity 
on agar plates using CMC as the primary source of 
carbon. After staining with Congo Red, the diameters 
of the hydrolytic zones and colonies were measured 
and recorded in Table 1. 

3.2. Biochemical Characteristics 
Different morphological features (shape, colour, 

and motility) of colonies of pure isolates and their 
biochemical properties were observed and listed 
in Table 2. Biochemical characterization of all 
three isolates including variety of tests such as 
Gram test, catalase, oxidase test, MR-VP test, H2S 
test, gelatinase test, starch hydrolysis test, urease 
test, citrate agar test, sugar fermentation test was 
carried out for identification. All three motile and 

gram-positive isolates observed positive for starch 
hydrolysis and fermentation of sucrose, suggesting 
their ability to breakdown carbohydrates. All isolated 
bacteria yielded negative results for gelatinase, 
indole, and H2S tests, but tested positive for catalase. 
Nonetheless, they had mostly similar morphological 
features with rod shaped structure and, white and 
yellow colonies.

3.3. Probiotic Properties
3.3.1. Bile Salt Tolerance 

To assess the viability of the bacterial strains (FB-
1, FB-2, and FB-3) in the gastrointestinal system of 
the host, we measured their resistance to the adverse 
effects of bile salts (0.3% concentration) over 3 hrs 
incubation period. The control group (0.0% bile) was 
used as a baseline and all isolates exhibited the highest 
bacterial growth. In this experiment, all isolates showed 
substantial growth in 0.3% bile salt concentration 
(Figure 1). In this study, highest growth   was recorded 
for FB-2 (1.202) while the lowest was recorded for 
FB-3 (0.789).

3.3.2. pH Tolerance  
This study used pH levels of 3 and 4, which are 

commonly observed in the stomachs of both humans 
and animals. This experiment aimed to ascertain the 
ability of bacteria to thrive in acidic environments. 
Isolates FB-2 and FB-3 exhibited greater tolerance 
and proliferation (measured by OD) in an acidic 
environment compared to FB-1 after 3 hrs incubation 
(Figure 2).

3.3.3. Auto Aggregation 
The ability of probiotic strains to aggregate is 

essential for their attachment to intestinal epithelial 
cells. The isolates' auto-aggregation capacity is 
demonstrated in Figure 3. This study revealed out of 3 
isolates two FB-1 and FB-2 were ranked as moderately 
auto-aggregated isolates with 25.30±1.98% and 
30.03±2.89% auto aggregation capacity respectively  
whereas the other isolate (FB-3) had low auto-
aggregation ability (2.2±0.51) (Figure 3).

3.3.4. Haemolytic Activity 
The haemolytic activity assay is a crucial criterion 

used to differentiate between pathogenic and non-
pathogenic bacteria. In this test, all of three isolates 
(FB-1, FB-2, and FB-3) showed γ-haemolysis (non-
pathogenic) and there was absence of blood cell 

Table 1. Cellulose (CMC) hydrolysis zones of isolates
Isolate name

FB-1
FB-2
FB-3

Colony diameter 
(n)(mm)

7.5
7.0
7.6

Zone diameter 
(z)(mm)

11.25
16.8
15.2

(z/n) (mm)

1.5
2.4
2.0

Table 2. Biochemical features of the isolates
Biochemical test
Gram’s
Oxidase
Catalase
MR test
VP test
Gelatinase
Starch hydrolysis
Citrate agar
Sucrose fermentation
Dextrose fermentation
Starch fermentation
Glucose fermentation
H2S test
Motility test
Urase test
Indole test 
Morphology
Colony color (Visual test) 

FB-1 FB-2 FB-3
+
+
+
+
-
+
+
-
+
-
-
-
-
+
-
-

Rod
Yellow

+
+
+
-
+
-
+
+
+
-
+
+
-
+
+
-

Rod
White 

+
-
+
+
-
+
+
-
+
+
+
+
-
+
-
-

Rod
White 
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Figure 1. Bile tolerance test of isolated bacteria, with error bars 
indicating standard deviation (SD)

Figure 2. pH tolerance test of isolated bacteria at different incubation hour, with error bars indicating standard deviation (SD)
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measuring 1.56 units/ml. It was closely followed by 
FB-3, which displayed a cellulase activity of 1.46 
units/ml, and FB-1, which had cellulase activity of 1.44 
units/ml.

3.5. Molecular Identification
Colony of the best cellulase producing isolate (FB-

2) were identified down to genus through MALDI-TOF 
analysis. Different genera were identified such as FB-2 
as Bacillus with 99.45% identification. The genomic 
DNA of the chosen isolate FB-2 was amplified by PCR 
and observed using 1% agarose gel electrophoresis 
under UV light. The contig region of the 16S rRNA 
gene from the isolate was 945 base pairs long. By 
utilising the BLAST tool (http://www.ncbi.nlm.nih.
gov) to compare these contig areas with entries in 
the NCBI GenBank, it was determined that the FB-2 
isolate has a maximum similarity of 99.46% with the 
sequences of Bacillus cereus strain (NR_114582.1) 
(Figure 6).

breakdown (clear or green zone). The observed results 
were given below in Table 3 . 

3.3.5. Antibiotic Susceptibility
Our analysis showed that three isolates exhibited a 

wide range of susceptibility. FB-1 was highly susceptible 
to ciprofloxacin and intermediate for amoxicillin, while 
FB-3 was resistance to doxycycline and amoxicillin, 
intermediately susceptible to tetracycline and highly 
susceptible to ciprofloxacin. FB-2 was highly 
susceptible to all except for amoxicillin. Antibiotics 
susceptibilities of different isolates and their zone of 
inhibition are given below in Table 4.

3.4. Enzyme Activity Assay
Three isolates coded by FB-1, FB-2 and FB-3 were 

tested to produce crude cellulase enzyme. Selected 
media were prepared, and enzyme produced in shaker 
incubator. From the observed OD after enzyme 
production (Figure 4), FB-2 isolate was found to be the 
highest.

The DNS method is used to identify the reducing 
sugars that are released when hydrolase enzymes 
break down carbohydrates. Enzyme produced in 30°C 
and 72 h incubation was purified through ammonium 
sulphate precipitation and activity was measured 
using CMC through DNS method. Before that, a 
standard curve of glucose was constructed using the 
DNS method by measuring known concentrations of 
glucose (Figure 5). Based on the standard curve, FB-2 
released the maximum amount of glucose equivalent, 
measuring 1.27 mg. This was followed by FB-3, which 
released 1.19 mg, and FB-1, which released 1.17 mg. 
The cellulase activity was assayed in carboxymethyl 
cellulose (CMC) solution by DNS method by 
utilizing data from Figures 4 and 5. The isolate FB-2 
demonstrated the most significant cellulase activity, 

Table 4. Antibiotics susceptibilities and inhibition zone for different 
isolates 

Isolates code DO TE AX CIP

14/R
19/S
9/R

18/R
32/S
25/I

23/I
13/R
17/R

35/S
29/S
21/S

Zone of inhibition (mm)/antibiotics susceptibilities
FB-1
FB-2
FB-3

Table 3. Haemolytic activity of different isolates
Isolates code
FB-1
FB-2
FB-3

Haemolytic activity
γ
γ
γ

O
D

60
0

O
D

54
0

0.0

0.25

0.50

0.75

1.00 Isolate

FB-1FB-2FB-3

FB-1
Isolate
FB-2 FB-3

Figure 4. Optical density after enzyme production by the isolates 
for cellulase activity assay, with error bars indicating 
standard deviation (SD)

Figure 5. Standard curve of glucose

1

2

3

4

5

1.5
Glucose concentration (mg)

2.52.0 3.0
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During the process of examining the isolates for 
cellulase synthesis, three distinct strains exhibited 
positive outcomes on the Congo Red plate. The extent of 
hydrolysis caused by each microorganism was determined 
and displayed in Table 1. This proves that these bacterial 
strains could be employed for cellulose degradation. The 
isolated strain FB-1, FB-2 and FB-3 were identified by 
morphological characteristics, biochemical tests and 
molecular identification. Of the three species, FB-2 was 
determined to be the most effective cellulase producing 
probiotic bacteria among the isolates. MALDI-TOF assay, 
DNA sequencing and phylogenetic analysis was used to 
identify this best isolate as Bacillus cereus.
 In their study, Karthika et al. (2020) observed that 
out of the nine strains tested, Bacillus cereus exhibited a 
zone clearance value of 5 mm. In contrast, other species 
of Bacillus demonstrated hydrolysed zones ranging from 
5 to 10 mm. Gupta et al. (2012) conducted a comparable 
qualitative enzyme investigation. The cellulase activity 
can be initially quantified by calculating the ratio of 
the zone diameter to the colony diameter. An effective 
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4. Discussion

 Fermentation is a process that involves the growth 
and development of a significant number of microbes 
to produce a desired product (Ramasubramanian et al. 
2024). Furthermore, fermented bamboo products consist 
of several types of bacteria such as Lactobacillus sp., 
Enterococcus sp., Bacillus sp., Saccharomyces sp., and 
others (Behera and Balaji 2021). The bacteria involved in 
the fermentation process have been linked to numerous 
health advantages as probiotics, making them the subject 
of considerable interest (Şanlier et al. 2019). Furthermore, 
microbial enzymes possess the potential to serve as a 
sustainable resource for industrial processes. So, this 
study highlighted the identification cellulose-degrading 
microorganisms in the fermented bamboo and assessed 
its biochemical and probiotic properties and enzyme 
production capacity to characterize the bacteria and find 
the potential ways of application.
 In this current work, we initially evaluated the 
organisms by examining their shape and structure. 

6.00
Figure 6. Phylogenetic tree of FB-2 (Bacillus cereus) after gene sequencing



cellulase producer should have a ratio of at least 1.5. In 
a prior study, it was determined that the ratio B. subtilis 
ranged from 1.67 to 3 (Vimal et al. 2016). We observed 
a comparable ratio (1.5-2.4) for the isolates in our study. 
Nevertheless, the ability to undergo hydrolysis is greater 
in TSB, NB, and gelatine media, with values ranging from 
3.8 to 5.4 for the bacterial samples. This is attributed to 
alterations in the nutritional composition of the medium 
(Pandey et al. 2019).
 Various studies were conducted to determine the 
morphological and biochemical characteristics of 
cellulolytic bacteria. All three isolates demonstrated 
positive results in the fermentation of glucose and sucrose, 
suggesting that these isolates could be helpful in breaking 
down carbohydrates. Their biochemical test results have 
been verified by previously published works on Bacillus 
sp. and were mostly determined to be identical (Table 
5).
 To harness the advantageous qualities of probiotic 
microorganisms, it is crucial to examine them. Probiotics 
must meet certain criteria to be considered safe for both 
humans and animals. These criteria include the absence 
of virulence or antibiotic resistance genes, the ability 
to colonise and replicate within the host, the ability to 
reach the specific location to act, and the ability to work 
in actual host (Kesarcodi-Watson et al. 2008). 
 The genus Bacillus comprises Gram-positive bacteria 
that can generate spores and may survive in aerobic or 
facultative aerobic conditions. Some representatives 
of this genus, such as B. subtilis, B. coagulans, and B. 
cereus, are reported to have probiotic qualities. Bacillus 

cereus, a probiotic bacterium that can break down 
cellulose, is commonly found in various habitats such 
as sediment, dust, water, vegetation, and various types 
of food, including dairy products, meat, and both raw 
and processed foods and vegetables (Güven and Mutlu 
2009). Although certain B. cereus strains are human-
lethal and highly toxic, many other strains have probiotic 
properties (Trapecar et al. 2011; Zhu et al. 2016; Kumar 
et al. 2022).
 For probiotics to successfully survive and establish 
themselves in the gut to provide positive effects, they 
must be able to tolerate the low pH of the stomach and the 
high concentration of bile in the intestines (Kuebutornye 
et al. 2020). Prior to choosing a probiotic bacterium for 
consumption by humans and other animals, it is necessary 
for it to be able to tolerate a bile concentration of 0.3% 
(Gilliland et al. 1984). According to the findings, all the 
isolates in this study exhibited resistance and were capable 
of thriving in a bile salt content of 0.3%. Contrary to 
other types of probiotics, Bacillus species generate spores 
that exhibit greater resistance to low pH levels and high 
concentrations of bile. Study showed that spores of B. 
subtilis exhibited significant resistance to both simulated 
gastric juice and simulated intestinal juice containing 
2% bile salt (Barbosa et al. 2005). The results in another 
study indicated that B. cereus strain exhibited a high level 
of tolerance to bile, with 87.91% viability maintained 
after 3 hrs of incubation in 0.3% (w/v) bile concentration 
(Dabiré et al. 2022a). In a separate investigation, both 
the Bacillus sp. and B. cereus strains showed resilience 
to acidic conditions and a bile concentration of 0.5% 

Table 5. Comparison table of biochemical properties of FB-2 (B. cereus) with previous literatures on Bacillus sp.  
Biochemical test

Morphology
Colony colour 
Gram’s
Oxidase
Catalase
MR test
VP test
Gelatinase
Starch hydrolysis
Citrate agar
Sucrose fermentation
Dextrose fermentation
Starch fermentation
Glucose fermentation
H2S test
Motility test
Urase test
Indole test 

FB-2 (B. cereus)

Rod
White 

+
+
+
-
+
-
+
+
+
-
+
+
-
+
+
-

Amenyogbe 
et al. (2021)
 

+

+

+
-

+

+

-

Kavitha et 
al. (2018)

Rod

+
+
+
+
-

+
+
+

+
-
+
-
-

Croos et 
al. (2019)
 

+

+

+
+

Kuebutornye 
et al. (2020)

Circular/
Irregular

White
+

+
-
-

+
+

+
+

+

Rasool et 
al. (2017)
 

+
-
+

+

+
+

+

Islam and 
Roy (2018)

Rod
White

+

+
-
+

+
+

+
-
+

Islam and 
Roy (2019)

Rod

+
-
+

+
+

+
-
+
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(Amenyogbe et al. 2021). Since, to reach the small 
intestine they have to pass through from the stressful 
conditions of stomach where pH can be as low as 1.0 
(Chou and Weimer 1999; Çakir et al. 2003). Our analysis 
found that the B. cereus exhibited a moderate level of 
resistance to acidic conditions up to a pH of 3. In a separate 
study, researchers found that isolates of B. velezensis, B. 
subtilis, and B. amyloliquefaciens shown the potential 
to undergo sporulation and resist pH levels as low as 1 
(Kuebutornye et al. 2020). After 3 hrs of incubation at pH 
2, B. cereus was determined to be the most acid-tolerant 
strain (Dabiré et al. 2022a).
 Auto aggregation is a criterion used to assess the 
ability of probiotic strains to bind to epithelial cells and 
mucosal surfaces. Self-aggregation can also influence 
the ability of a bacteria to colonise the gastrointestinal 
tract ecosystem, giving it a competitive edge (Kos et 
al. 2003; Nikoskelainen et al. 2003). Previous research 
findings stated that B. cereus strain exhibited the highest 
auto aggregation ability of 34.49% (Kuang et al. 2024). 
Additional research has shown that the coaggregation 
capabilities of Bacillus strains can range from 9 to 48% 
(Samson et al. 2020). The results we obtained indicate that 
FB-2 (B. cereus) exhibits a high potential as a probiotic 
bacterium, displaying the most effective aggregation 
property of 30.03±2.89% among the isolates. Patel et 
al. (2009) also reported that B. subtilis showed best 
auto aggregation followed by Bacillus megaterium and 
B. thuringiensis exhibiting less auto aggregation and 
adhesion. B. cereus strains can survive longer in GI tract 
than B. clausii and B. subtilis because B. cereus spores 
can efficiently adhere to human epithelial cells owing 
to their hydrophobicity (Lee et al. 2019).
 The γ-hemolytic isolates (FB-1, FB-2, and FB-3) 
examined in the present research did not exhibit any 
activity that caused the lysis of red blood cells on the 
blood agar. This safety measure is vital during the 
characterisation process, since haemolytic bacteria have 
the potential to degrade the epithelial layer of host cells 
and disrupt the functioning of the defence system (A. 
Nurhidayu 2012). Neither γ-haemolysis nor α-haemolysis 
are believed to provide any risk, while β-haemolysis is 
thought to be hazardous (Kuebutornye et al. 2020). A 
study found that the bacterial strains B. subtilis, B. cereus, 
and B. amyloliquefaciens did not exhibit any haemolytic 
activity (γ-haemolysis) when exposed to human blood 
on a blood agar medium (Kavitha et al. 2018). Lee et 
al. (2017) has made similar observations for Bacillus 
strains. In an experiment conducted by Dabiré et al. 
(2022a), six Bacillus strains were shown to exhibit no 

haemolysis when cultured on sheep blood agar plates. 
Another study also reported similar outcomes for two 
strains of probiotic B. cereus (Nwagu et al. 2020).
 An antibiotic susceptibility experiment was 
conducted in the study to assess the appropriateness of 
these bacterial isolates for future probiotic production. 
Result demonstrated that the most effective isolate in 
the present investigation FB-2 was highly susceptible 
to all except for amoxicillin which indicated that the 
isolate was susceptible to a sufficient number (75%) of 
antibiotics tested. In a study, B. cereus was susceptible 
to 11, intermediate susceptible to 5 and resistant to 6 
antibiotics among 22 (Amenyogbe et al. 2021). Another 
study revealed that B. velezensis, B. subtilis and B. 
amyloliquefaciens were highly susceptible to 15 out of 
17 antibiotics tested (Kuebutornye et al. 2020).
 The assay for cellulase enzyme was performed by 
the ability of individual isolates to hydrolyse cellulose 
into reducing sugars (Karthika et al. 2020). The data 
from a research indicated that the isolate B.cereus is 
a more efficient cellulase producer when compared to 
B. subtilis. The 4.0% inoculums volume resulted in 
maximum cellulase activity of 4.12 units/ml (Vimal et 
al. 2016). Microbial productions of cellulase enzymes 
- exoglucanase, endoglucanase and bglucosidase of B. 
cereus were 3.52±0.002, 0.34±0.002, and 1.99±0.002 unit/
ml respectively (Karthika et al. 2020). In our findings, 
cellulase activity of native isolate B. cereus was 1.56 units/
ml which align with the above results. The optimization 
of media and conditions is needed to enhance enzyme 
production capacity. The microbial enzyme from FB-2 
(B. cereus) can be a potential substitute for commercial 
enzymes in multiple industries.
 In conclusion, the cellulase degrading bacteria isolated 
from fermented bamboo, a traditional food in the hill 
tracts of Bangladesh displays promising biochemical and 
probiotic properties. According to the data, Bacillus cereus 
is the most suitable isolate and has the potential to be 
used as probiotic-starter cultures for the development 
and promotion of products that can have a positive effect 
on human and animal health. Nevertheless, the optimal 
utilisation of these methods will necessitate additional in 
vivo investigations. Furthermore, its capacity to generate 
cellulase enzyme has the potential to broaden its scope 
of applications.

Conflicts of Interest
 
 The authors declare that there is no conflict of interest 
in this research.

HAYATI J Biosci                                                                                                               
Vol. 32 No. 2, March 2025 557



Acknowledgements

 This study was funded and supported by Program 
Based Research Grant (PBRG), National Agricultural 
Technology Program-Phase II Project, Bangladesh 
Agricultural Research Council (Sub-Project ID- 155).

References

A. Nurhidayu, 2012. Isolation, screening and characterization of 
potential probiotics from farmed tiger grouper (Epinephelus 
fuscoguttatus). Afr J Microbiol Res. 6,1924-1933. https://doi.
org/10.5897/AJMR11.913

Afzal, I., Shah, A.A., Makhdum, Z., Hameed, A., Hasan, F., 2012. 
Isolation and characterization of cellulase producing Bacillus 
cereus MRLB1 from soil. Minerva Biotecnol. 24, 101-109.

Amenyogbe, E., Huang, J., Chen, G., Wang, W., 2021. Probiotic 
potential of indigenous (Bacillus sp. RCS1, Pantoea 
agglomerans RCS2, and Bacillus cereus strain RCS3) 
Isolated from cobia fish (Rachycentron canadum) and their 
antagonistic effects on the growth of pathogenic Vibrio 
alginolyticus, Vibrio harveyi, Streptococcus iniae, and 
Streptococcus agalactiae. Front Mar Sci 8, 1-15. https://
doi.org/10.3389/fmars.2021.672213

Bai, S., Kumar, M.R., Kumar, D., Balashanmugam, P., Kumaran, 
M., Kalaichelvan, P., 2012. Cellulase production by Bacillus 
subtilis isolated from cow dung. Archives of Applied Science 
Research 4, 269–279.

Balcázar, J.L., Vendrell, D., de Blas, I., Ruiz-Zarzuela, I., Muzquiz, 
J.L., Girones, O., 2008. Characterization of probiotic 
properties of lactic acid bacteria isolated from intestinal 
microbiota of fish. Aquaculture 278, 188–191. https://doi.
org/10.1016/j.aquaculture.2008.03.014

Barbosa, T.M., Serra, C.R., La Ragione, R.M., Woodward, M.J., 
Henriques, A.O., 2005. Screening for Bacillus isolates in 
the broiler gastrointestinal tract. Appl Environ Microbiol 71, 
968–978. https://doi.org/10.1128/AEM.71.2.968-978.2005

Barritt, M.M., 1943. Notes on the α-naphthol modification of 
the Voges-Proskauer test and reference to the creatine 
modification. Journal of Hygiene 43, 214–216. https://doi.
org/10.1017/S0022172400012845

Barry, A.L., Feeney, K.L., 1967. Two quick methods for voges-
proskauer test. Appl Microbiol 15, 1138–1141. https://doi.
org/10.1128/am.15.5.1138-1141.1967

Bauer, A.W., Kirby, W.M., Sherris, J.C., Turck, M., 1966. Antibiotic 
susceptibility testing by a standardized single disk method. 
Am J Clin Pathol 45, 493–496.

Behera, P., Balaji, S., 2021. Health Benefits of fermented bamboo 
shoots: the twenty-first century green gold of Northeast 
India. Appl Biochem Biotechnol 193, 1800–1812. https://
doi.org/10.1007/s12010-021-03506-y

Beukes, N., Pletschke, B.I., 2006. Effect of sulfur-containing 
compounds on Bacillus cellulosome-associated ‘CMCase’ 
and ‘Avicelase’ activities. FEMS Microbiol Lett 264, 226–
231. https://doi.org/10.1111/j.1574-6968.2006.00465.x

Çakir, B., Agasse, A., Gaillard, C., Saumonneau, A., Delrot, S., 
Atanassova, R., 2003. A grape ASR protein involved in sugar 
and abscisic acid signaling. Plant Cell 15, 2165–2180. https://
doi.org/10.1105/tpc.013854

Chou, L.S., Weimer, B., 1999. Isolation and characterization of 
acid- and bile-tolerant isolates from strains of Lactobacillus 
acidophilus. J Dairy Sci 82, 23–31. https://doi.org/10.3168/
jds.S0022-0302(99)75204-5

Croos, A.M.B., Rajendran, S., Ranganathan, K., 2019. Isolation of 
a cellulase producing Bacillus cereus from cow dung and 
determination of the kinetic properties of the crude enzyme. 
J Natl Sci Found 47, 261. https://doi.org/10.4038/jnsfsr.
v47i2.9168

Cruz, D., Torres, T.E.E., 2012. Gelatin Hydrolysis Test Protocol. 
American Society for Microbiology 20161–20171.

Dabiré, Y., Somda, N.S., Somda, M.K., Compaoré, C.B., Mogmenga, 
I., Ezeogu, L.I., Traoré, A.S., Ugwuanyi, J.O., Dicko, M.H., 
2022a. Assessment of probiotic and technological properties 
of Bacillus spp. isolated from Burkinabe Soumbala. BMC 
Microbiol 22, 228. https://doi.org/10.1186/s12866-022-
02642-7

Dabiré, Y., Somda, N.S., Somda, M.K., Mogmenga, I., Traoré, A.K., 
Ezeogu, L.I., Traoré, A.S., Ugwuanyi, J.O., Dicko, M.H., 
2022b. Molecular identification and safety assessment of 
Bacillus strains isolated from Burkinabe traditional condiment 
“soumbala.” Ann Microbiol 72, 10. https://doi.org/10.1186/
s13213-022-01664-w

Del Re, B., Sgorbati, B., Miglioli, M., Palenzona, D., 2000. Adhesion, 
autoaggregation and hydrophobicity of 13 strains of 
Bifidobacterium longum. Lett Appl Microbiol 31, 438–442. 
https://doi.org/10.1046/j.1365-2672.2000.00845.x

Denison, D.A., Koehn, R.D., 1977. Cellulase activity of Poronia 
oedipus. Mycologia 69, 592.

Dhawale, M.R., Wilson, J.J., Khachatourians, G.G., Ingledew, W.M., 
1982. Improved method for detection of starch hydrolysis. 
Appl Environ Microbiol 44, 747–750. https://doi.org/10.1128/
aem.44.3.747-750.1982

Dussault, H.P., 1955. An improved technique for staining red 
halophilic bacteria. J Bacteriol 70, 484–485.

Gilliland, S.E., Staley, T.E., Bush, L.J., 1984. Importance of bile 
tolerance of Lactobacillus acidophilus used as a dietary 
adjunct. J Dairy Sci 67, 3045–3051. https://doi.org/10.3168/
jds.S0022-0302(84)81670-7

Gupta, P., Samant, K., Sahu, A., 2012. Isolation of cellulose-segrading 
bacteria and setermination of their cellulolytic potential. Int 
J Microbiol 2012, 1–5. https://doi.org/10.1155/2012/578925

Güven, K., Mutlu, M.B., 2009. Properties of Bacillus cereus collected 
from different food sources. Turkish Journal of Biology 33, 
101-108. https://doi.org/10.3906/biy-0806-2

Hejazi, S.M., Sheikhzadeh, M., Abtahi, S.M., Zadhoush, A., 2012. 
A simple review of soil reinforcement by using natural and 
synthetic fibers. Constr Build Mater 30, 100–116. https://
doi.org/10.1016/j.conbuildmat.2011.11.045

Hill, C., Guarner, F., Reid, G., Gibson, G.R., Merenstein, D.J., 
Pot, B., Morelli, L., Canani, R.B., Flint, H.J., Salminen, S., 
Calder, P.C., Sanders, M.E., 2014. The international scientific 
association for probiotics and Prebiotics consensus statement 
on the scope and appropriate use of the term probiotic. 
Nat Rev Gastroenterol Hepatol 11, 506–514. https://doi.
org/10.1038/nrgastro.2014.66

Islam, F., Roy, N., 2019. Isolation and characterization of cellulase-
producing bacteria from sugar industry waste. American 
Journal of BioScience 7, 16. https://doi.org/10.11648/j.
ajbio.20190701.13

558                                                                                                                                         Marma M et al.



Islam, F., Roy, N., 2018. Screening, purification and characterization 
of cellulase from cellulase producing bacteria in molasses. 
BMC Res Notes 11, 445. https://doi.org/10.1186/s13104-
018-3558-4

Jayasekara, S., Ratnayake, R., 2019. Microbial cellulases: an 
overview and applications. In: Pascual, AR, Martín MEE 
(Eds.). Cellulose, chapter 5. Rijeka: IntechOpen. https://doi.
org/10.5772/intechopen.84531

Jeyaram, K., Romi, W., Singh, Th.A., Devi, A.R., Devi, S.S., 2010. 
Bacterial species associated with traditional starter cultures 
used for fermented bamboo shoot production in Manipur 
state of India. Int J Food Microbiol 143, 1–8. https://doi.
org/10.1016/j.ijfoodmicro.2010.07.008

Karthika, A., Seenivasagan, R., Kasimani, R., Babalola, O.O., 
Vasanthy, M., 2020. Cellulolytic bacteria isolation, screening 
and optimization of enzyme production from vermicompost 
of paper cup waste. Waste Management 116, 58–65. https://
doi.org/10.1016/j.wasman.2020.06.036

Kavitha, M., Raja, M., Perumal, P., 2018. Evaluation of probiotic 
potential of Bacillus spp. isolated from the digestive tract 
of freshwater fish Labeo calbasu (Hamilton, 1822). Aquac 
Rep 11, 59–69. https://doi.org/10.1016/j.aqrep.2018.07.001

Kesarcodi-Watson, A., Kaspar, H., Lategan, M.J., Gibson, L., 
2008. Probiotics in aquaculture: the need, principles and 
mechanisms of action and screening processes. Aquaculture 
274, 1–14. https://doi.org/10.1016/j.aquaculture.2007.11.019

Kim, D.-H., Austin, B., 2008. Characterization of probiotic 
carnobacteria isolated from rainbow trout (Oncorhynchus 
mykiss) intestine. Lett Appl Microbiol 47, 141–147. https://
doi.org/10.1111/j.1472-765X.2008.02401.x

Kos, B., Šušković, J., Vuković, S., Šimpraga, M., Frece, J., Matošić, 
S., 2003. Adhesion and aggregation ability of probiotic strain 
Lactobacillus acidophilus M92. J Appl Microbiol 94, 981–
987. https://doi.org/10.1046/j.1365-2672.2003.01915.x

Kuang, X.Y., Fang, Z.X., Xiong, N.X., Ou, J., Wang, F., Luo, S.W., 
2024. Probiotic characterization of a novel Bacillus cereus 
strain fkW8-1-2 isolated from intestine of white crucian carp 
(Carassius cuvieri). Reproduction and Breeding 4, 95–101. 
https://doi.org/10.1016/j.repbre.2024.03.003

Kuebutornye, F.K.A., Lu, Y., Abarike, E.D., Wang, Z., Li, Y., Sakyi, 
M.E., 2020. In vitro assessment of the probiotic characteristics 
of three Bacillus species from the gut of Nile Tilapia, 
Oreochromis niloticus. Probiotics Antimicrob Proteins 12, 
412–424. https://doi.org/10.1007/s12602-019-09562-5

Kumar, V., Naik, B., Sharma, S., Kumar, A., Khan, J.M., Irfan, 
M., 2022. Molecular diversity of microbes associated with 
fermented bamboo shoots. Trop Life Sci Res 33, 151–164. 
https://doi.org/10.21315/tlsr2022.33.3.9

Leber, A.L., 2016. Clinical Microbiology Procedures 
Handbook. ASM Press, Washington, DC, https://doi.
org/10.1128/9781555818814

Lee, N.K., Kim, W.S., Paik, H.D., 2019. Bacillus strains as human 
probiotics: characterization, safety, microbiome, and 
probiotic carrier. Food Sci Biotechnol 28, 1297–1305. https://
doi.org/10.1007/s10068-019-00691-9

Lee, S., Lee, J., Jin, Y.I., Jeong, J.C., Chang, Y.H., Lee, Y., Jeong, 
Y., Kim, M., 2017. Probiotic characteristics of Bacillus 
strains isolated from Korean traditional soy sauce. LWT-
Food Science and Technology 79, 518–524. https://doi.
org/10.1016/j.lwt.2016.08.040

Li, H., Wu, S., Wirth, S., Hao, Y., Wang, W., Zou, H., Li, W., Wang, G., 
2016. Diversity and activity of cellulolytic bacteria, isolated 
from the gut contents of grass carp (Ctenopharyngodon 
idellus) (Valenciennes) fed on Sudan grass (Sorghum 
sudanense) or artificial feedstuffs. Aquac Res 47, 153–164. 
https://doi.org/10.1111/are.12478

Lynd, L.R., Weimer, P.J., van Zyl, W.H., Pretorius, I.S., 2002. Microbial 
cellulose utilization: fundamentals and biotechnology. 
Microbiology and Molecular Biology Reviews 66, 506–577. 
https://doi.org/10.1128/MMBR.66.3.506-577.2002

Mahjabeen, F., 2016. Isolation of cellulolytic bacteria from soil and 
identification by 16s rRNA gene sequencing [Dissertation]. 
Dhaka, Bangladesh: BRAC University.

Nallusamy, S., Amira, A.Z., Saif, A.B., Abdulkhadir, E., Elsadig, A.E., 
2016. Isolation and characterization of cellulolytic Bacillus 
licheniformis from compost. Afr J Biotechnol 15, 2434–2446. 
https://doi.org/10.5897/AJB2016.15641

Nikoskelainen, S., Ouwehand, A.C., Bylund, G., Salminen, S., 
Lilius, E.M., 2003. Immune enhancement in rainbow trout 
(Oncorhynchus mykiss) by potential probiotic bacteria 
(Lactobacillus rhamnosus). Fish Shellfish Immunol 15, 
443–452. https://doi.org/10.1016/S1050-4648(03)00023-8

Nwagu, T.N., Ugwuodo, C.J., Onwosi, C.O., Inyima, O., Uchendu, 
O.C., Akpuru, C., 2020. Evaluation of the probiotic attributes 
of Bacillus strains isolated from traditional fermented 
African locust bean seeds (Parkia biglobosa), “daddawa.” 
Ann Microbiol 70, 20. https://doi.org/10.1186/s13213-020-
01564-x

Pandey, B.R., Ghimire, S., Bhattarai, S., Shrestha, E., Thapa, P., 
Shrestha, B.G., 2019. Isolation, growth, enzyme assay and 
identification via 16S rRNA full sequencing of cellulolytic 
microbes from Nepal for biofuel production. Renew Energy 
132, 515–526. https://doi.org/10.1016/j.renene.2018.07.120

Patel, A.K., Ahire, J.J., Pawar, S.P., Chaudhari, B.L., Chincholkar, 
S.B., 2009. Comparative accounts of probiotic characteristics 
of Bacillus spp. isolated from food wastes. Food Research 
International 42, 505–510. https://doi.org/10.1016/j.
foodres.2009.01.013

Ramasubramanian, S., Balasubramanian, M., Singh, C.R., 
Muralikrishna, R., Bharathkumar, S., 2024. Fermented 
bamboo shoot health benefits and applications. International 
Journal of Food Science and Biotechnology 9, 1–9. https://
doi.org/10.11648/j.ijfsb.20240901.11

Rasool, U., Ahmad, A., Badroo, G.A., Mudasir, M., Fayaz, S., 
Mustafa, R.A., 2017. Isolation and identification of Bacillus 
cereus from fish and their handlers from Jammu, India. Int J 
Curr Microbiol Appl Sci 6, 441–447.

Reiner, K., 2012. Carbohydrate Fermentation Protocol. American 
Society for Microbiology 1-10.

Robson, L.M., Chambliss, G.H., 1984. Characterization of the 
cellulolytic activity of a Bacillus isolate. Appl Environ 
Microbiol 47, 1039–1046. https://doi.org/10.1128/
aem.47.5.1039-1046.1984

Samelis, J., Maurogenakis, F., Metaxopoulos, J., 1994. Characterisation 
of lactic acid bacteria isolated from naturally fermented Greek 
dry salami. Int J Food Microbiol 23, 179–196. https://doi.
org/10.1016/0168-1605(94)90051-5

HAYATI J Biosci                                                                                                               
Vol. 32 No. 2, March 2025 559



Samson, J.S., Choresca, C.H., Quiazon, K.M.A., 2020. Selection 
and screening of bacteria from African nightcrawler, 
Eudrilus eugeniae (Kinberg, 1867) as potential probiotics 
in aquaculture. World J Microbiol Biotechnol 36, 16. https://
doi.org/10.1007/s11274-019-2793-8

Şanlier, N., Gökcen, B.B., Sezgin, A.C., 2019. Health benefits of 
fermented foods. Crit Rev Food Sci Nutr 59, 506–527. https://
doi.org/10.1080/10408398.2017.1383355

Shields, P., Cathcart, L., 2010. Oxidase Test Protocol. American 
Society for Microbiology 1-9.

Singhal, N., Kumar, M., Kanaujia, P.K., Virdi, J.S., 2015. MALDI-
TOF mass spectrometry: an emerging technology for 
microbial identification and diagnosis. Front Microbiol 6, 
144398. https://doi.org/10.3389/fmicb.2015.00791

Singhal, P., Satya, S., Naik, S.N., 2021. Fermented bamboo shoots: 
A complete nutritional, anti-nutritional and antioxidant 
profile of the sustainable and functional food to food security. 
Food Chemistry: Molecular Sciences 3, 100041. https://doi.
org/10.1016/j.fochms.2021.100041

Sukumaran, R.K., Singhania, R.R., Pandey, A., 2005. Microbial 
cellulases-production, applications and challenges. J Sci 
Ind Res 64, 832–844.

Talaiekhozani, A., 2013. Guidelines for quick application of 
biochemical tests to identify unknown bacteria. SSRN 
Electronic Journal 2013, 1-26. https://doi.org/10.2139/
ssrn.4101035

Tamura, K., Nei, M., 1993. Estimation of the number of nucleotide 
substitutions in the control region of mitochondrial DNA 
in humans and chimpanzees. Mol Biol Evol. 10, 512–526. 
https://doi.org/10.1093/oxfordjournals.molbev.a040023

Tamura, K., Stecher, G., Kumar, S., 2021. MEGA11: Molecular 
evolutionary genetics analysis version 11. Mol Biol Evol. 
38, 3022–3027. https://doi.org/10.1093/molbev/msab120

Trapecar, M., Leouffre, T., Faure, M., Jensen, H.E., Granum, 
P.E., Cencic, A., Hardy, S.P., 2011. The use of a porcine 
intestinal cell model system for evaluating the food safety 
risk of Bacillus cereus probiotics and the implications for 
assessing enterotoxigenicity. APMIS 119, 877–884. https://
doi.org/10.1111/j.1600-0463.2011.02797.x

Vimal, J., Venu, A., Joseph, J., 2016. Isolation and identification of 
cellulose degrading bacteria and optimization of the cellulase 
production. International Journal of Research in BioSciences 
5, 58–67.

Williams, J.G.K., Kubelik, A.R., Livak, K.J., Rafalski, J.A., Tingey, 
S. V., 1990. DNA polymorphisms amplified by arbitrary 
primers are useful as genetic markers. Nucleic Acids Res 
18, 6531–6535. https://doi.org/10.1093/nar/18.22.6531

Zhu, K., Hölzel, C.S., Cui, Y., Mayer, R., Wang, Y., Dietrich, R., 
Didier, A., Bassitta, R., Märtlbauer, E., Ding, S., 2016. 
Probiotic Bacillus cereus strains, a potential risk for public 
health in China. Front Microbiol 7, 1-10. https://doi.
org/10.3389/fmicb.2016.00718

560                                                                                                                                         Marma M et al.


