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ABSTRACT

Introduction: Flooding may cause the microbial population in the soil to move from one area to another.
Actinomycete, a type of soil microbe, has the most commercial value due to its ability to produce secondary
metabolites. This study aimed to elucidate the antimicrobial activities of actinomycetes isolated from flooded
and unflooded areas. Methods: Soils samples were collected from flooded areas in Dabong, Kelantan, and
unflooded areas in Jeli, Kelantan. Three isolation methods were used to isolate actinomycetes; Sonication,
Centrifugation and Chloramine T. The isolated strains were screened for morphological characteristics based
on their growth pattern (spore formation), colony color, aerial and substrate mycelia color, and soluble
pigment formation in the growth medium. Morphologically different strains were tested against Escherichia
coli and Candlida albicans for its antibacterial and antifungal activities. Results: A total of 970 actinomycete
strains were isolated from soil samples (570 strains from flooded soil and 400 strains from unflooded soils).
Only 281 strains were morphologically different. Thirty actinomycete strains were tested for antibacterial
and antifungal activity. Seventeen of these inhibit at least one test microorganism. Conclusion: In conclusion,
our observations reveal that the soil samples obtained from flooded areas display a wide variety of
actinomycetes, as evident from their morphological characteristics. This finding suggests that the flooded
soil areas possess a higher diversity of actinomycetes compared to non-flooded soil areas. Furthermore,
we found that 57% of the tested actinomycete strains exhibited activity against at least one test organism,
indicating their potential for future research.
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INTRODUCTION

Aquatic environments differ considerably in chemical
and physical properties, and it is not surprising that
their microbial species compositions also differ.
Microorganisms’ natural habitats are incredibly diverse.
The growth of microorganisms can occur in any
environment that is suitable for the development
of higher organisms. Furthermore, there are many
habitats where higher organisms are absent due to
some physical or chemical extreme, but microorganisms
exist and occasionally flourish. In the consideration
of flooded areas, our attention inevitably turns to soil
because the most extensive microbial growth takes
place on the surfaces of soil particles, usually within
the rhizosphere. One of the major factors affecting

which has variety of material dissolved in it. Bacteria,
specifically actinomycete, a Gram-positive bacteria
that belong to the Actinomycetales order within the
Actinobacteria phylum and include a wide range
of members with significant medical and economic
importance. For example, filamentous actinomycetes,
such as Streptomyces species, produce a plethora of
bioactive secondary metabolites and form symbiotic
relationships with a variety of organisms, including
plants and insects. Investigating these bacteria is
both difficult and fascinating, but it can also vyield
substantial rewards (1). Actinomycetes are a significant
potential source of new bioactive substances due to
their diverse metabolite characteristics and advanced
metabolic differentiation. It is capable of producing
a wide range of biologically active secondary
metabolites (2) and responsible for approximately 80%
of the world’s antibiotics, most of which are derived
from the genera Streptomyces and Micromonospora;
the remainder are derived from filamentous fungi
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and non-actinomycete bacteria. (3, 4, 5). The
genus Streptomyces has the highest abundance of
actinomycetes in soil, accounting for 50% of the
total population, and is known for producing a
wide range of bioactive secondary metabolites for
pharmaceuticals and agricultural use (6, 7). The high
biodiversity of actinomycetes has led to the discovery
of numerous novel secondary metabolites (8, 9), and
their isolation from various environments has been
the focus of numerous studies. For example, a recent
review by Selim et al., 2021 (10) highlights the
importance of studying the secondary metabolites
and biodiversity of actinomycetes, particularly in the
context of drug discovery. Despite their significance,
actinomycetes remain underexplored, and there is
still much to be learned about their diversity and
potential applications. In this study, we focus on the
isolation and analysis of actinomycetes from flooded
and non-flooded areas, with the aim of identifying
potential sources of antimicrobial agents.

Antimicrobial resistance is a growing global health
threat, with the potential to cause significant morbidity
and mortality worldwide (11). The development of
new antimicrobial agents is essential for combating
resistant strains of bacteria, viruses, and fungi, and
for addressing the issue of antibiotic overuse (12).
Antimicrobial analysis is crucial for understanding the
mechanisms underlying resistance and for identifying
new treatment strategies (13). It can also provide
valuable information about the safety and efficacy
of existing antimicrobial agents, guiding clinical
decision-making and improving patient outcomes
(14). In this study, we used Candida albicans and
Escherichia coli in studying the activity of
antimicrobial agents in actinomycetes, which can
ultimately lead to the development of new treatments
for infectious diseases caused by these and other
pathogens.

C. albicans is an important fungus commonly
found in the human body, especially in the mouth,
gastrointestinal  tract, and female genital tract
(15). While it is typically harmless, under certain
conditions, it can cause infections, especially in
immunocompromised individuals (16). Its significance
in antimicrobial assay lies in its ability to serve as a
model organism for testing the efficacy of antimicrobial
agents (17). Due to its widespread prevalence and
potential for causing infections, Candlida is an important
target for developing new antimicrobial agents (18).
In addition, its ability to form biofilms, which are
highly resistant to antimicrobial agents, makes it an
excellent candidate for evaluating the activity of
potential biofilm-disrupting compounds (19).

E. coli is a gram-negative bacterium commonly used
as a model organism in antimicrobial analysis. It is
well characterized and has been extensively studied,

making it a useful model organism for understanding
the molecular mechanisms of antimicrobial resistance
(20). E. coli infections are a significant cause of
morbidity and mortality worldwide, particularly in
vulnerable populations such as children and the
elderly (21). Antimicrobial resistance in E. coli can
make infections more difficult to treat, underscoring
the need for effective antimicrobial agents (13).
Additionally, E. coli is commonly used in antimicrobial
susceptibility testing, an important tool for guiding
clinical decision-making and monitoring resistance
patterns (22). Thus, the current study was conducted
to investigate the antimicrobial properties of
actinomycetes isolated from soil samples collected
from both flooded and unflooded areas.

MATERIALS AND METHODS

Sample collection and pre-treatment process

In this study, we collected 10 soil samples, with five
samples obtained from a flooded area in a village
along the riverside of Dabong, Kelantan, while the
other five samples were collected from an unflooded
area at Universiti Malaysia Kelantan, Jeli, Kelantan,
which served as the control group for the experiment.
The soil samples were collected from a depth of 10 cm
below the soil surface and were subsequently placed
in zip-lock plastic bags. Afterward, the soil samples
were air-dried in the laboratory for one week and
then stored at 4 °C for future use.

Isolation of actinomycetes
With some modifications, we used three isolation
techniques from Muramatsu et al., 2009 (23):

i) Sonication

0.2 g of air-dried soils were mixed with 2 mL of
sterilized 0.01% polyoxyethylene sorbitan monoelate,
vigorously vortexed for 5 min and sonicated for
5 min. 200 pL of the suspension was inoculated onto
ZSSE media (24) (0.5% soluble starch, 0.1% potassium
nitrate (KNO,), 1% agar, and 98.4% soil extracts
solution) supplemented with cycloheximide (50 pg/
mL) and trimethoprim (50 pg/mL). The plates were
incubated for 7 to 14 days at 30 °C with daily observation.

ii) Centrifugation

0.2 g of air-dried soils were gently mixed with 2 mL of
sterilized 0.01% polyoxyethylene sorbitan monoelate
and incubated at 30 °C for 1 hr. T mL of suspension
was then centrifuged at 7000 rpm for 20 min. 200 pL
of the supernatant was inoculated onto ZSSE
media (24). The plates were incubated for 3 weeks
at 30 °C with daily observation.

iii) Chloramine T

0.2 g of air-dried soils were mixed with 2 mL of 4%
Chloramine T solution (dissolved in sterile water)
and vigorously vortexed for 5 min. Then, mixture
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was sonicated for 5 min and incubated at 30 °C for
30 min. 200 pL of the suspension was inoculated
onto ZSSE media (24). The plates were incubated for
3 weeks at 30 °C with daily observation.

Morphological Characteristics

Actinomycetes were streaked onto new ZSSE media
supplemented with trimethoprim (50 pg/mL) and
cycloheximide (50 pg/mL) using sterile toothpick.
The plates were incubated for 7 days at 30 °C. All
actinomycetes growth were observed and compared
to each other through morphological characteristics
such as color of substrate mycelium, color of aerial
mycelium, absence or presence of pigmentation
and spore formation (23). When multiple isolates
shared the same morphological features, only one
actinomycete strain was kept for future use.

Antimicrobial Assay

The antifungal activities of selected actinomycetes
were tested by agar plug method against C. albicans
(25). Selected actinomycetes were streaked on ZSSE
media and incubated at 28 °C for 7 days as a lawn.
C. albicans were grown on Sabouraud’s Dextrose
Agar (SDA). Agar plugs were prepared using sterile
10 mm cork borer from actinomycete lawns and
transferred onto freshly prepared C. albicans lawn.
Nystatin and sterile distilled water were used as
positive and negative control respectively. Plates
were incubated at 30 °C for 24 to 48 hours. Presence
or absence of inhibition zone was observed and
recorded during the incubation period.

Antibacterial activity of actinomycetes was tested
using agar plug method against Escherichia coli
(26). Selected actinomycetes were streaked on ZSSE
media and incubated at 28 °C for 7 days as a lawn.
E. coli was grown on Nutrient Agar (NA). Agar plug
from actinomycete lawn was prepared using sterile
10 mm cork borer and transferred aseptically onto
freshly prepared E. coli lawn.  Trimethoprim and
sterile distilled water were used as positive and
negative controls, respectively. Plates were incubated
at 37 °C for 12 to 24 hours. Presence or absence of
inhibition zone was observed and recorded during the
incubation period.

RESULTS

Ten soil samples were collected from each of the
flooded and unflooded areas in Dabong and Jeli,
Kelantan, Malaysia respectively. A total of 970
actinomycete strains were isolated from soil samples
(570 strains from flooded soil and 400 strains from
unflooded soils) using 3 methods; centrifugation (100
isolates), sonication (540 isolates) and Chloramine
T (330 isolates). The isolated strains were screened
for morphological characteristics based on their
growth pattern (spore formation), colony color, aerial
and substrate mycelia color, and soluble pigment
formation in the growth medium. Only 281 strains
were found to be morphologically different (Table I).
Of these, only 10 actinomycete strains isolated from
each isolation method were selected for antimicrobial
analysis. The morphological characteristics of these
strains are shown in Table Il. Antimicrobial assays
against E. coli and C. albicans were performed on
30 selected strains. Seventeen strains were able to
inhibit the growth of at least one test microorganism
(Table 111).

DISCUSSION

Floods in Malaysia are considerably common,
especially during the monsoon season. Floods can
create an environment that is conducive to the
survival and spread of microorganisms. Floodwaters
can carry a variety of pathogens, including bacteria,
viruses, and parasites, that can cause serious illnesses
such as diarrheal diseases, respiratory infections,
and skin infections. The movement of water during
flooding can transport pathogens over long distances,
increasing the risk of exposure to a large population.
Floodwaters ~can also  contaminate  drinking
water sources, which can lead to outbreaks of
waterborne diseases. However, the crisis has allowed
researchers to investigate the possibility of isolating
novel actinomycetes from the soil of flooded areas.
Flooding caused soil saturation, which led to a
reduction in soil oxygen. Because of this, the soil
has developed anaerobic conditions, which are
unfavorable to microorganisms that typically rely on
the soil’s oxygen. However, when saturated anaerobic

Table 1 : Morphologically different actinomycetes isolated from flooded and unflooded soils using three

isolation methods

Isolation method

Soil sample

Sonication Centrifugation Chloramine T
Flooded 96 25 81
Unflooded 38 20 21
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Table Il : Morphological characteristics of actinomycetes strains selected for antimicrobial assays.

Isolation method Is:':.te COI:?;CZfIizi:ial Colon:;)l’;?:l;trate Soluble pigment  Spore Formation
uo14 Cream Cream Brown +
uo15 Pink, purple Red, brown Maroon +
U020 Orange, white Orange, cream Red, brown +
U029 Green, white Green Green +
uo37 Pink, white Pink Brown +
Sonication
D001 White, grey, blue Cream, white ND +
D002 Brown Brown Brown +
D007 Pink, white Red, orange Purple +
D009 Purple, grey Brown grey ND +
D013 Pink, white Pink ND +
u109 Grey Grey ND -
U120 White White Yellow +
U122 White, grey Brown, cream Brown +
U126 Dark grey Dark grey Green +
uizz White, pink Cream, white Brown +
Centrifugation
U129 Purple, grey Cream, brown ND +
D102 Green, grey Pink, white Pink +
D108 Brown, cream Cream, orange layer Orange +
D112 Pink, white White ND +
D120 Grey, brown Cream, brown ND +
U202 Dark grey Grey Brown +
U209 Cream Cream, white Brown +
U211 White, pink Pink, white Pink +
u214 Pink Maroon, brown Red, brown +
D203 Brown Yellow, brown ND +
Chloramine T D212 Brown, grey Brown, grey ND +
D275 White Green, white Green +
D281 Pink, white Violet ND +
D285 White White ND +
D292 Yellow, grey, white Grey Green +

ND

45

: not detected
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Table 111 : Antimicrobial activities of actinomycetes against E. coli and C. albicans.

Diameter of inhibition zone against test microorganism

(mean + standard deviation in mm)

Isolation method Isolate No.
E. coli C. albicans
Positive control 24 11
Negative control ND ND
uo14 ND 14.2 + 0.06
uo15 ND ND
U020 10.6 + 0.06 ND
Sonication D029 ND ND
U037 ND 21.5+0.17
D001 ND ND
D002 ND 11.3+0.15
D007 ND 13.7 +0.10
D009 ND ND
D013 ND ND
Positive control 25 9
Negative control ND ND
u109 9.5 + 0.06 ND
U120 9.5+ 0.15 14.3 + 0.25
U122 ND 13.8 +0.10
Centrifugation U126 ND 15.2 +0.15
ui127 ND 21.7 +0.32
U129 ND 12.2 + 0.06
D102 10.2 + 0.10 ND
D108 ND ND
D112 10.8 + 0.12 ND
D120 ND ND
Positive control 19 9
Negative control ND ND
U202 ND ND
U209 14.0 + 0.10 ND
U211 22.5 +0.06 23.3+0.10
Chloramine T V214 ND D
D203 ND ND
D212 ND ND
D275 ND ND
D281 ND 15.7 + 0.10
D285 ND ND
D292 ND 18.8 + 0.10

ND: not detected.
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circumstances occurred, a change in the makeup
of the microbial population in flooded soil was
expected (27, 28, 29). Among the soil microorganisms,
actinomycetes have the highest commercial value and
are sources of antibiotics (30). Screening and isolating
actinomycete strains with potential antibiotics is a
promising approach to discovering new antibiotics.
Occasionally,  pathogens become resistant to
antibiotics, and the search for new antibiotics is an
ongoing process to update and improve antibiotic
effectiveness  (30) constantly. Although numerous
antibiotics have been found, only a small number
of them are currently used in the production of
medication for humans and animals. This is because
the majority of them are incredibly toxic. Thus, the
pharmaceutical sector needs to find new antibiotics
that are more potent and low toxicity. Approximately
80% of the world’s antibiotics are known to be
produced by actinomycetes, primarily the genera
Streptomyces and Micromonospora, with the remainder
produced by filamentous fungi and non-actinomycete
bacteria (3, 4, 5). The most abundant actinomycetes in
soil are from the genus Streptomyces, which accounts
for 50% of the total population of soil actinomycetes
and is known for producing a wide range of bioactive
secondary metabolites for pharmaceutical and
agricultural used.

In this study, we used three isolation methods to
identify 970 actinomycete strains from 10 different
soils, both flooded and unflooded. Of these strains,
58.76% were found in flooded soils. We observed
morphologically distinct characteristics in only 281
strains, and 26 (9.3%) were found in both types of soil.
Interestingly, a higher percentage of actinomycetes
(67.3%) were isolated from flooded soils compared to
unflooded soils (23.5%). These strains were identified
based on their morphology, and the majority produced
soluble pigment. Our findings suggest that the
potential  for discovering new or uncommon
actinomycetes is higher in flooded soils. The unique
and adaptable morphology that actinomycetes have
made it prevalent and can be isolated in even the most
extreme condition. The formation of various spores
is the primary mechanism for these actinomycetes
to survive in these environments. Actinomycetes
spores can be used to discriminate against other
Gram-positive  bacteria since they are typically
resistant to desiccation and heating (31). In response
to environmental stress, most actinomycete spores
are produced either endogenously or exogenously (32).
When given an energy source, these spores might be
coaxed to germinate in a specified medium despite
typically remaining dormant with minimal respiration
(33). To improve the efficiency of the isolation
process, we pre-treated the soil samples by air-
drying. This method has an advantage as many
Actinobacteria produce spores that have low
respiration rates and can survive for longer periods of

time (34). Sonication proved to be the most effective
method, isolating 47.7% of the morphologically
distinct actinomycete strains. Chloramine T and
centrifugation were used to isolate 36.3% and 16.0%
of the strains, respectively. Sonication is known to
release actinomycete propagules from sediment
particles into suspension and increase the number of
Actinobacterial strains while reducing undesirable
bacteria (35). While non-filamentous bacteria can
grow unhindered by the chlorine-releasing biocide
Chloramine T, motile actinomycetes like Actinoplanes
and Pseudonocardia can be isolated using the
centrifugation technique (35). Actinomycetes spores
are also resistant to various chemicals, including
sodium dodecyl sulphate, phenol and various
antibiotics. These substances increase the probability
of isolating actinomycetes while reducing other
microorganisms by killing or inhibiting aerobic Gram-
negative bacteria, endospore-forming bacilli, and
pseudomonads (36).

Thirty isolated actinomycete strains were tested for
antibacterial and antifungal activities. Seventeen
(57%) of the 30 actinomycete strains demonstrated
antimicrobial activity, inhibiting the growth of at least
one test microorganism (E. coli or C. albicans). Ten
actinomycete strains had antifungal activity against
C. albicans, 5 had antibacterial activity against
E. coli, and 2 had both antifungal and antibacterial
activities. Therefore, selected actinomycetes showed
higher antifungal activity against C. albicans than
antibacterial activity. Our findings are consistent
with several studies (37, 38, 39). They noticed that
actinomycetes typically exhibit strong activity against
Gram-positive  bacteria but little action against
Gram-negative bacteria. The actinomycete’s outer
membranes’ morphological variations may cause
varying sensitivity (4). Additionally, it is possible that
Gram-negative bacteria in the earlier environment
picked up the resistance genes from nearby resistant
bacterial cells (40). Among the actinomycetes
tested, strain U211 demonstrated the most potent
antibacterial and antifungal activities against E. coli
and C. albicans. The inhibition zone measured an
average of 22.5 mm in the antibacterial assay and
23.3 mm in the antifungal assay. The ability of
test isolates to produce the clear zone differed,
presumably due to secondary metabolites produced
(41) that can inhibit or kill other microorganisms.
This could be potentially useful in the development
of antibiotics or other therapeutic agents. However,
further testing would be needed to confirm the
antimicrobial activity of the compounds and
evaluate their potential applications. It's also worth
noting that large inhibition zones alone do not
necessarily indicate the potency or effectiveness of
the antimicrobial compounds produced by the
actinomycete strain (42). The variation in clear zone
diameter occurs because each isolate produces
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different types of secondary metabolites having
various  chemical structures, compounds, and
chemical concentrations (43).

CONCLUSION

Our findings demonstrate that the soil samples
collected from flooded areas exhibit a diverse
range of actinomycetes, as evidenced by their

distinct morphological features. This observation
implies that flooded soil areas may harbor a greater
variety of actinomycetes than unflooded soil areas.
Additionally, our study revealed that 57% of the
tested actinomycete strains demonstrated activity
against at least one test organism, highlighting their
potential for future research.
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