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Abstract– Municipal solid waste (MSW) harbors diverse microbial populations that can serve as valuable
resources for discovering novel bioactive compounds and enzymes. This study aimed to isolate,
characterize, and functionally assess bacteria from three active MSW dumping sites in Dehradun, India.
Sixteen morphologically distinct bacterial strains were isolated and examined for biochemical properties,
extracellular enzyme production, intra-isolate antagonism, antimicrobial activity against bacterial and
fungal pathogens, and antibiotic susceptibility. Over half of the isolates were Gram-positive (56.25%), with
catalase activity prevalent in 76.5% and diverse carbohydrate fermentation patterns observed. All isolates
produced protease, while lipase, DNase, and lecithinase activities varied. Antagonism assays identified
strains S8, S13, and S16 as potent inhibitors of other isolates. Strain S13 exhibited broad-spectrum
antimicrobial activity, inhibiting Escherichia coli, Staphylococcus aureus, Salmonella spp., Candida albicans, and
Candida glabrata. Antibiotic susceptibility profiling revealed sensitivity to ciprofloxacin, imipenem, and
tetracycline in most isolates, with ampicillin resistance common. The co-occurrence of high enzyme
productivity and antimicrobial activity in several strains highlights their potential for integrated waste
treatment, biocontrol, and antimicrobial discovery. These findings underscore the value of MSW microbiota
as source of biotechnologically relevant microorganisms and warrant further genomic and metabolomics
exploration.

INTRODUCTION

The rapid expansion of urban populations has
intensified the generation of municipal solid waste
(MSW), creating significant environmental,
economic, and public health challenges, particularly
in developing countries (Kaza et al., 2018). MSW
dumping sites are often regarded as environmental
liabilities; however, they also represent complex
ecological niches enriched with diverse microbial
communities adapted to nutrient fluctuations, toxic
compounds, and oxidative stress (Alexander, 1977;
Berkeley and Campbell, 1972). Such extreme and
competitive conditions can drive the evolution of
unique metabolic pathways and secondary
metabolites, making these sites promising sources
for biotechnologically relevant microorganisms.

Microbes from waste environments are increasingly
recognized for their ability to produce hydrolytic
enzymes and antimicrobial compounds (Rao et al.,
1998; Bhagat et al., 2022). Enzymes such as proteases,
lipases, and DNases have wide-ranging industrial
applications in food processing, detergents,
pharmaceuticals, and bioremediation (Gupta et al.,
2004). Similarly, antimicrobial-producing strains
from environmental niches are of growing interest
as the global antibiotic resistance crisis demands
novel drug discovery strategies (Riley and Wertz,
2002).

Although studies have explored bacterial
diversity in landfill soils and compost systems
(Bhagat et al., 2022; Ezugworie et al., 2020), there is a
scarcity of systematic screening that integrates both
enzymatic and antimicrobial potential of strains
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from active MSW dumping sites. Moreover, the
microbial ecology of waste environments in the
Himalayan foothill region of India, such as
Dehradun, remains largely unexplored. The unique
climatic and waste composition patterns in this
region may shape distinct microbial communities
with untapped functional potential. The present
study addresses this gap by isolating and
characterizing culturable bacteria from three major
dumping sites in Dehradun, India. We performed
comprehensive morphological, biochemical, and
enzymatic profiling of the isolates, assessed their
antagonistic interactions, and evaluated
antimicrobial activity against bacterial and fungal
pathogens. By identifying strains with both strong
enzyme production and broad-spectrum
antimicrobial properties, this work highlights novel
microbial resources with potential applications in
environmental management, industrial
biotechnology, and the search for next-generation
antimicrobial agents.

MATERIALS AND METHODS

Sample Collection

Soil samples (~200g) were aseptically collected from
three MSW dumping sites in Dehradun: Kumhar
Mandi (KM), Prem Nagar (PN), and ISBT Road.
Samples were transported to the laboratory within 2
h for analysis (Ezugworie et al., 2020).

Physicochemical Analysis

Moisture content of the waste samples was
determined gravimetrically at 105°C (APHA, 2017).
pH was measured in a 1:10 (w/v) suspension using
a digital pH meter (Eutech Instruments, Singapore)
(Pepper et al., 2019).

Isolation of Bacteria

Serial dilutions were plated on nutrient agar and
incubated at 37oC for 24-48h. Colonies with distinct
morphologies were sub-cultured on Nutrient Agar
(NA), MacConkey Agar (MAC), Blood Agar,
Sabouraud Dextrose Agar (SDA), and Cetrimide
Agar (HiMedia, India) Tabatabaei et al., (2019).

Morphological and Biochemical Characterization

Colony morphology was documented by colour,
shape, margin, and elevation. Gram staining was
performed to determine Gram reaction and cell
morphology, as described by Harold (2002).
Standard biochemical tests including catalase,

oxidase, IMViC test, nitrate reduction, SIM and
sugar fermentation tests (dextrose, lactose, sucrose)
were performed using conventional methods
(Cappuccino and Sherman, 2014).

Enzyme Assays

Qualitative enzyme assays were performed on solid
media to assess the production of protease, lipase,
DNase, lecithinase, catalase, and oxidase activities
were assessed qualitatively on appropriate agar
media (Ghosh et al. (2011); Rao et al. (1998).

Antagonistic Activity

Intra-isolate antagonism was assessed using the
perpendicular streak method. Each test strain was
streaked perpendicularly to other isolates on NA
plates and incubated at 37°C for 24 hours. Zones of
inhibition at the intersection were recorded as
evidence of antagonism, as per Riley and Wertz
Riley et al. (2002).

Antibiotic Sensitivity Testing

Antibiotic susceptibility was evaluated using the
disc diffusion method on Mueller–Hinton agar
(HiMedia) in accordance with the CLSI guidelines,
2024. Discs of Amikacin (30 µg), Ampicillin (10 µg),
Ciprofloxacin (5 µg), Imipenem (10 µg), and
Tetracycline (10 µg) were used.

Antimicrobial Activity against Pathogens

The antimicrobial potential of the isolates was tested
against Escherichia coli, Staphylococcus aureus,
Salmonella spp., Candida albicans, and Candida glabrata
using the agar well diffusion method. Zones of
inhibition were measured after 24-48 hours of
incubation at 37°C.

RESULTS

Bacterial Isolation and Diversity

A total of 16 morphologically distinct bacterial
strains (S1-S16) were isolated from three municipal
solid waste (MSW) dumping sites of Dehradun,
India. Among the isolates, 9 (56.25%) were Gram-
positive and 7 (43.75%) were Gram-negative.
Colony morphology varied in colour (white, cream,
yellow, green, orange), shape, and elevation,
reflecting microbial diversity (Table 1).

Microscopic and Biochemical Characterization

Microscopic examination following Gram staining
revealed varied cellular morphologies, including
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cocci, streptobacilli, palisades, and diplococci (Table
1). Biochemical testing demonstrated that 76.5% of
the isolates were catalase-positive, while oxidase
activity was observed in 37.5% (Table 2.1). Indole
production, citrate utilization, and MR-VP test
results varied among isolates. All strains showed
positive growth on Nutrient Agar Medium (NAM)
and exhibited distinct sugar fermentation profiles.
For example, isolates S2 and S8 fermented all three
tested sugars (dextrose, lactose, sucrose) with acid
and gas production (Table: 2.2).

Antagonistic Interactions among Isolates

Antagonism assays revealed strong inhibitory

capabilities in S8, S13, and S16 each suppressing the
growth of all other isolates (Table 3).

Strains S5, S11, S12, and S15 showed antagonism
against 11 other strains, highlighting their broad-
spectrum antagonistic potential. Following this
group, strains S2, S3, S4, and S6 each exhibited
antagonistic activity against 10 strains. Some strains,
such as S7, S10, S14, S9, and S1, showed limited
antagonistic ability, indicating possible niche
specialization or lower competitive fitness in the
presence of more dominant strains.

Antibiotic Sensitivity Profile

Antibiotic susceptibility testing using five antibiotics

Table 1. Colony characteristics and cell features of isolated bacteria

Isolate Name Colony Color Nature of Colony Gram Nature Cell Shape

S1 White Small, smooth colonies - Coccus
S2 Pale white Large, flat spreading colonies - Coccus
S3 Pale white Irregular, flat colonies + Streptobacilli
S4 Pale white Round, convexed colonies + Coccus
S5 Pale white Irregular, flat + Coccus
S6 White Flat, spreading colonies + Palisades
S7 White Large, irregular colonies + Streptobacilli
S8 White Irregular, flat - Coccus
S9 Yellow Large irregular colonies + Streptobacilli
S10 Cream Round, smooth colonies + Coccus
S11 Off white Large, irregular flat - Coccus
S12 Yellow Flat spreaded colonies + Coccus
S13 Green Flat smooth colonies - Coccus
S14 Orange Flat spreaded colonies + Coccus
S15 Off white Large flat spreaded colonies - Coccus
S16 Off white Large Irregular - Diplococci

Table 2.1. Biochemical test of bacterial isolates

Isolate Name Growth on SIM Catalase Oxidase IMViC Test
NAM Indole MRVP Citrate

S1 + - + + - - +
S2 + - + + + - +
S3 + + - - + + +
S4 + + + - + - -
S5 + + - - + - +
S6 + + + - - - +
S7 + + + - + + -
S8 + - + - + - -
S9 + - + + + - +
S10 + - + - + - +
S11 + - + - + + -
S12 + - + - - - -
S13 + - + - - - +
S14 + - + + - - -
S15 + + + + - + +
S16 + - + + + - -

+= Positive; -= Negative; +/-= Variable
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indicated that the majority of isolates were sensitive
to at least three antibiotics (Table 4). Strains S6 to
S11, as well as S14 and S16, were sensitive to four or
more antibiotics, including ciprofloxacin and
imipenem. All strains displayed (e.g., S1 and S5)
displayed resistance to ampicillin, consistent with
the expected environmental resistance profiles of
waste-associated bacteria.

Antimicrobial Activity against Pathogens

The antimicrobial screening revealed broad-

spectrum activity in several isolates. Strain S13
inhibited all five tested indicator organisms: E. coli,
S. aureus, Salmonella spp., C. albicans, and C. glabrata.
Strain S3 inhibited four pathogens. E. coli and S.
aureus were the most frequently inhibited organism
with 9 out of 16 strains showing activity against it,
while C. glabrata was the least affected, indicated
only by strain S4, S9 and S13 (Table 5).

Enzymatic Activity

The qualitative enzymes production assay revealed
that 15 bacterial isolates exhibit protease activity,
indicating their strong potential for protein
degradation (Table 6). Lipase activity was detected
in 9 strains, DNase production were observed in 4
strains, and  lecithinase production were observed
in 3 strains. Catalase activity was prevalent in 14
strains. Oxidase activity was less common, found in
only 6 strains. Notably, strain S1 produced all six
tested enzymes, followed by S12 (five enzymes), and
S2, S9, S13, and S16 (four enzymes each).

DISCUSSION

The whole study tells the microbial diversity of the
municipal solid waste by isolating and
characterizing bacterial strains from three large
active dumping sites of Dehradun, India. The result
shows the waste-rich in different bacterial
communities which are capable of enzymatic
activity, antimicrobial production, and resistance
modulation, highlighting their potential for

Table 2.2. Biochemical tests of bacterial isolates

Isolate Nitrate Carbohydrate Fermentation
Name  Reduction Dextrose Lactose Sucrose

S1 - A A+G A
S2 - A+G A+G A
S3 - A A A
S4 - A - A
S5 + A - A
S6 - A A A
S7 + A A+G A
S8 + A+G A+G A+G
S9 + A - A
S10 - A - A+G
S11 - A - A+G
S12 - A - A+G
S13 + A - A+G
S14 - A A -
S15 - A A+G A
S16 + A - A

+= Positive; -= Negative; A=Acid; G=Gas; A+G= Acid + Gas

Table 3. Antagonism within the isolated bacteria

Strain Antagonism with
No. S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 S16

S1 X - - + + - - + + + - - + - - +
S2 - X - + + - + + - + + + + - + +
S3 - - X - + + + + + + - - + + + +
S4 + + - X - + - + + - + + + + - +
S5 + + + - X + + + - - + + + - + +
S6 - - + + + X - + - + - + + + + +
S7 - + + - + - X + + - + - + + - +
S8 + + + + + + + X + + + + + + + +
S9 + - + + - - + + X - + - + - - +
S10 + + + - - + - + - X - + + - + +
S11 - + - + + - + + + - X + + + + +
S12 - + - + + + - + - + + X + - + +
S13 + + + + + + + + + + + + X + + +
S14 - - + + - + + + - - + - + X + +
S15 - + + - + + - + - + + + + + X +
S16 + + + + + + + + + + + + + + + X

+ = antagonism present; - = antagonism absent
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applications in biotechnology and environmental
microbiology.

In earlier studies there is dominance of Gram-
positive bacteria (56.25%) on waste and compost
microbiomes, which report dominance by spore
formation genera such as Bacillus and Paenibacillus
due to their resilience in fluctuating environmental
conditions Bhagat et al. (2022),Collins  et al. (1987).
The variety in colony morphology, pigmentation,
and cell structure further supports the hypothesis
that municipal waste provides a conducive

environment for heterogeneous microbial
colonization.

Biochemical result shows that the catalase activity
(76.5%), which indicates the adaptive responses to
oxidative stress, which shows that the waste
decomposition zone is aerobic, different results in
sugar fermentation and IMViC tests tells metabolic
versatility among the isolates, enables them to
utilize multiple carbon sources which is a key trait
for survival in nutrient-variable waste substrates
Alexander, (1977), Ghosh et al. (2011).

Table 4. Antibiotic Sensitivity of Bacterial Strains

Isolates Antibiotic Test
Name Amikacin Tetracycline Ciprofloxacin Imipenem Ampicillin

S1 + + + - -
S2 + + - + -
S3 - - + + -
S4 + + + + -
S5 + - + + -
S6 + + + + -
S7 + + + + -
S8 + + + + -
S9 + + + + -
S10 + + + + -
S11 + + + + -
S12 + - + + -
S13 + - + + -
S14 + + + + -
S15 + + - + -
S16 + + + + -

+ = Growth inhibited; - = Growth not inhibited

Table 5. Antimicrobial activity of Bacterial strain

Strain No. Bacterial strain
E. coli S. aureus Salmonella spp. C. albicans C. glabrata

S1 + - - - -
S2 - + - - -
S3 + + + + -
S4 - + - - +
S5 - + + + -
S6 + + - - -
S7 - - + + -
S8 - - - - -
S9 + + - - +
S10 - - - - -
S11 + + + - -
S12 - - + + -
S13 + + + + +
S14 + - - + -
S15 + - - - -
S16 + + - - -

+ = antimicrobial activity present; - = antimicrobial activity absent
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In antagonistic result it is observed that in strains
such as S5 and S8 indicates the production of
inhibitory compounds, which are possibly
bacteriocins or other secondary metabolites.

Such ecological competition is well suited in
environmental microbiomes and has been used in
biocontrol strategies to inhibit pathogens in
agriculture and wastewater treatment Riley et al.
(2002),Raaijmakers et al. (2002).

The antimicrobial screening against clinical
pathogens shows the bioactive potential of these
environmental isolates. Strain S13 shows inhibition
against all five test organisms, which includes
Candida species, which shows the presence of potent
and possibly broad-spectrum antimicrobial
compounds.

Same result has been recorded in environmental
isolates from compost and landfill soils,
underscoring their capacity in the development of
the next-generation antibiotics. Antibiotic sensitivity
shows that the most strains were sensitive to
ciprofloxacin, imipenem, and tetracycline,
suggesting limited prior exposure to these agents.
Several isolates show resistance to ampicillin which
reflects environmental antibiotic contamination or
natural resistance traits, which is common concern
in urban waste Microbiota Wellington, et al. (2013).

The extensive presence of the extracellular
enzymes- mainly proteases and lipases- supports
the potential industrial relevance of these isolates.
Enzymes extracted from environmental bacteria are
widely used in detergents, food processing, and

bioremediation due to their stability and catalytic
efficiency under extreme conditions Rao, et al.
(1998), Gupta, et al. (2004).

By summing up the findings shows that the
municipal waste environments are reservoirs of
biotechnologically valuable bacteria. However,
future genomic and metabolomic investigations are
required to identify clusters of gene responsible for
secondary metabolite biosynthesis and to evaluate
these strains under scaled-up conditions for their
potential commercial application.

CONCLUSION

The conclusion of the study shows the microbial
diversity and functional potential of bacteria
isolated from the municipal solid waste dumping
sites in Dehradun, India. Out of 16 isolated bacterial
strains S13 shows strong antagonistic and
antimicrobial characteristic, that indicates their
potential as sources of novel bioactive compounds.

The extensive presence of the extracellular
enzymes- mainly proteases and lipases are best
suited for industrial and environmental purposes,
which involves waste treatment and bioremediation.

The result of the antibiotic sensitivity test also
shows the ecological succession and resistance traits
of the microbes that are present in waste.

In end result, of this study tells the valuable,
hidden reservoir of biotechnologically relevant
microorganisms. It shows the importance of
exploring non-conventional environments for

Table 6. Qualitative assay for enzyme production-

Strain Enzyme
No. Protease Lecithinase DNase Lipase Catalase Oxidase

S1 + + + + + +
S2 + - - + + +
S3 + - + - - -
S4 + - - + + -
S5 + + - + - -
S6 + - - - + -
S7 + - - - + -
S8 + - - - + -
S9 + - - + + +
S10 + - - + + -
S11 + - - - + -
S12 + + + + + -
S13 + - + + + -
S14 + - - - + +
S15 - - - - + +
S16 + - - + + +

+ = enzyme activity present; - = enzyme activity absent
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discovery of novel microorganisms with
biotechnological applications, particularly in
addressing the global challenge of antimicrobial
resistance.

Future studies focusing genomic, proteomic, and
metabolomic analyses are required to further
characterize these isolates and fully explore their
potential in applied microbiology, environmental
microbiology, and pharmaceutical development
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