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ABSTRACT

This study evaluated the inhibitory effectiveness of organic solvent (ethanol,
chloroform, and ethyl acetate) extracts of secondary metabolites from bacteria (Bacillus
subtilis, Kytococcus sedentarius, and Pseudomonas fluorescens) isolated from the local
environment in the city of Ramadi against bacterial growth. The diffusion method was used
to investigate the susceptibility of the isolates to 10 different multidrug-resistant bacteria
and biofilm producers isolated from clinical samples (urinary tract infections, diarrhea,
wound infections, and burns). Alcoholic extracts have shown antibacterial activity against a
wide range of bacteria, including Gram-positive and Gram-negative bacteria. Results
showed that the ethanol extract of P. fluorescens highly inhibited the growth of
Staphylococcus aureus with an inhibition zone diameter of 23+2 mm. Meanwhile, it was
less effective against Escherichia coli with an inhibition diameter of 10+2 mm. The
chloroform extract of K. sedentarius had the highest activity against Acinetobacter
baumanii with an inhibition zone diameter of 28+2 mm. The ethyl acetate extract of B.
subtilis highly inhibited the growth of S. aureus with an inhibition zone diameter of 31+2
mm and had the lowest effectiveness against Klebsiella pneumonia with an inhibition
diameter of 202 mm. The ethyl acetate extract of P. fluorescens had the highest inhibition
against S. aureus bacteria (31£2 mm) and the lowest effectiveness against Pseudomonas.
aeruginosa (9+1 mm).

1. INTRODUCTION
Numerous

manufactured

chemical Since ancient times, humans have relied on primitive

pharmaceuticals can fight microorganisms, but many of
them have side effects. Furthermore, their prolonged
usage can lead to their loss of effectiveness and the
development of resistance in germs [10,11].

Despite the unprecedented development in the medical
domain, many infectious diseases still pose a threat to
human health through the emergence of many resistant
strains resulting from the indiscriminate use of
antibiotics [5]. The lack of efficiency of medical drugs
has led to great interest in plants and natural products
through the utilization of secondary metabolites as
therapeutic alternatives, raw materials for medicinal
drug production, or a source of active substances in
medicine formulation [16].
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treatment methods, using materials in their raw form,
such as plant or animal materials, which are effective
against pathogenic microorganisms [12]. Antibiotic-
producing microorganisms are naturally widespread and
found in soil, water, and the decaying residuals of plants
and animals. Soil is the primary source for their isolates.
Therefore, many researchers focused on the soil to
obtain microorganism strains for producing new
antibiotics [14]. Hence, the idea of using nonpathogenic
microorganisms to inhibit the pathogenic ones present in
cultivated soil without affecting the rest of the microbial
groups has been initiated [6,7]. Bacteria produce
secondary metabolic compounds through a series of
chemical reactions, which start from the intermediate
compounds produced during basic metabolic processes,
such as the metabolism of carbohydrates and proteins.
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Scientific evidence has denoted the efficiency of
biotherapeutics in influencing pathogens, and this
approach includes many types of bacteria [1]. The term
antibiotics were used for the first time in 1942 by the
scientist Waksman, who defined antibiotics as metabolic
substances produced by microorganisms that inhibit the
growth of other microorganisms without affecting the
producing bacteria [9]. Secondary metabolites are a wide
range of chemical compounds produced by living
including bacteria. They are usually
generated as side products or byproducts of primary
metabolism, breaking down organic compounds to
produce energy. In some cases, secondary metabolites
are produced specifically for a particular purpose, such

organisms,

as defending the organism against predators or
Humans have also used secondary
including the

competitors.
metabolites in various applications,
pharmaceutical industry where many secondary
metabolites have been used as drugs or drug ingredients.
Many physical and chemical methods have been tried to
overcome antibiotic resistance and biofilm production
[19]. However, the materials used are expensive, require
a long period to show their effect, or decompose to
produce environmentally toxic substances. For this
reason, researchers have searched for naturally sourced
materials that are environmentally friendly, low cost,
and have low or no toxicity, such as microorganisms.
Bacteria produce antibiotics in various environments,
including soil, water, and food. Many of the first
antibiotics were found in natural environments, such as
soil or water. Several antibiotics have been discovered
through research and development, such as using
species  (Bacillus  subtilis,
sedentarius, and Pseudomonas fluorescens), which are
widespread in soil and water, have simple growth

bacteria Kytococcus

requirements, and can produce a wide range of non- or
low toxic substances that are effective against other
withstand
environmental conditions, such as high or low
temperature or pH. These characteristics made them the

microorganisms  and  can extreme

focus of research on utilizing these bacteria or their
secondary metabolites for inhibiting the growth of
antibiotic-resistant bacteria or biofilm producers [23].
This study aimed to investigate the effect of organic
solvent extracts (ethanol, chloroform, and ethyl acetate)
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from bacteria (B. subtilis, K. sedentarius, and P
fluorescens) isolated from local environments, extract
their secondary metabolites, and examined their
inhibitory ability against antibiotic-resistant bacteria and
biofilm producers.

2. MATERIALS AND METHODS
2-1. Bacterial isolates

Previously identified environmental bacterial isolates
were obtained from the laboratory of the Department of
Biology, College of Education for Pure Sciences,
University of Anbar by the department researchers.
Three bacterial isolates (B. subtilis and K. sedentarius
from soil and P. fluorescens from water) were obtained.
Samples were also collected from patients suffering
from urinary tract infections, diarrhea, and wound and
burn infections from 1/10/2022 to 1/2/2023. Bacterial
species were isolated from the samples collected in the
Women and Children’s Hospital and Ramadi General
Hospital.

2-2. Bacteria identification

The isolates were identified through the following
morphological and biochemical tests and based on
scientific sources used internationally for bacterial
identification: microscopic examination and cultural
traits including the IMViC tests (indole test, methyl red
test, VVoges—Proskauer test, and citrate consumption
test), catalase test, and oxidase test. Assessment for
some virulence factors included tests of urease, protease

degradation, hemolysis, antibiotic resistance, and
biofilm formation. The samples consisted of
Staphylococcus aureus, Pseudomonas aeruginosa,
Klebsiella pneumoniae, Escherichia coli, Proteus

mirabilis, and Acinetobacter baumanii.
2-3. Production of virulence factors

The ability of the isolates (S. aureus, P. aeruginosa, K.
pneumoniae, E. coli, P. mirabilis, and A. baumanii) from
different infections to produce four virulence factors
(hemolysin  enzyme  production, urea enzyme
production, protease enzyme production, and biofilm
formation) was tested.

2-4. Testing the susceptibility of the bacterial isolates
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to antibiotics

The susceptibility of bacteria to the following antibiotics
was tested following the Kirby-Bauer procedure [32]:
amoxicillin  clavulanic,  piperacillin,  ceftriaxone,
ceftazidime, cefotaxime, amikacin, meropenem,
imipenem, ciprofloxacin, and levofloxacin.

2-5 Biofilms production

Biofilm formation was detected with the sterile
microtiter plate method of 96 wells [13].

2-6 Production of secondary metabolic compounds
by bacterial isolates

Isolates from B. subtilis, K. sedentarius, and P.
fluorescens were grown in liquid SOY media (prepared
in the laboratory) [20] and incubated in a shaking
incubator at a speed of 120 rpm and a temperature of 30
°C for 72 hours. The bacterial cultures were then
centrifuged at a speed of 10,000 rpm for 20 minutes, and
the supernatant was sterilized by passing it through a
0.22 mm filter paper. The bacterial activity was tested
against Gram-positive bacteria, represented by MRSA,
and Gram-negative bacteria, represented by P.
aeruginosa, E. coli, P. mirabilis, A. baumanii, and K.
pneumoniae, by using the method of wells [ 20].

2-7 Secondary metabolite extraction from the
bacterial isolates

The secondary metabolites of bacteria (B. subtilis, K.
sedentarius, and P. fluorescens) were extracted as
previously described [28]. The product was dissolved in
three organic solvents of different polarities, namely,
ethanol (99.9), chloroform (99) as a polar solvent, and
ethyl acetate (88.11) as a medium polar solvent. After
100 ml of the filtrate was mixed with 100 ml of each
solvent, the mixture was left in a water bath for 24
hours. The extracted material was concentrated in a
rotary evaporator at a temperature of 40 °C-45 °C.
According to the concentrations in the experiment, a
stock solution of the organic solvent extract was
prepared to test the inhibitory effectiveness against the
tested bacteria.

2-8. Bacterial dilution preparation

The bacterial dilution was prepared as previously
described [2] by growing the activated bacteria on
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nutrient agar media and incubating them at 37 °C for 24
hours. Ten colonies of each bacteria used in the
experiment were transferred to a tube containing 5 ml of
nutrient broth media under sterile conditions and then
incubated at 37 °C for 4-6 hours. Appropriate dilutions
were made for each type of bacteria to achieve a cell
count of approximately 10 per ml.

2-9 Antagonistic effectiveness test of bacterial
extracts

The susceptibility of pathogenic bacteria to the bacterial
extracts was tested using the method in [3], where the
dishes containing the Mueller-Hinton agar were
inoculated by spreading 0.1 ml of the bacterial
suspension. The plates were left at room temperature for
15 minutes to absorb the vaccine, after which wells were
made in the nutrient media inoculated with bacteria
using an 8 mm diameter sterile perforator. A
micropipette was used to transfer 50 pl of each
concentration of the bacterial extracts to each well.
Control dishes were also prepared by placing 50 pl of
organic solvent in the well instead of the bacterial
extract and then incubated at 37 °C for 18-24 hours.
Finally, a ruler was used to measure the inhibition zone
diameter, representing the area of nongrowing bacteria
surrounding the well.

2-10. Secondary metabolite production

Isolates of B. subtilis, K. sedentarius, and P. fluorescens
were cultured in liquid SOY media (prepared in the
laboratory) and incubated in a shaking incubator at a
speed of 120 rpm and a temperature of 30 °C for 72
hours. The highest production of secondary metabolites
was recorded for Bacillus spp. 48 hours after growth
when the bacterial culture entered the idiophase of the
stationary phase. The production of secondary
metabolites begins when the bacterial growth rate
decreases as a result of the consumption of one of the
major nutrients, such as carbon, nitrogen, or phosphorus
[27].

2-11. Test of the effectiveness of the bacterial
supernatant against the target bacteria

The ability of the microorganisms isolated from local
environments to inhibit pathogenic bacteria was tested.
After the bacteria were grown on soy media, they were
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placed in test tubes and centrifuged at 10,000 rpm for 20
minutes. The resulting supernatant was separated with
0.22 filter paper to ensure no bacterial cells had passed.
The effectiveness of the obtained filtrate containing
secondary metabolites was tested by spreading one of
the test bacteria in Mueller—Hinton agar and leaving it
for 15 minutes. The filtrated supernatant was placed in a
well and incubated at 37 °C for 24 hours. The antibiotic-
producing microbes were detected through the
appearance of inhibition zones around the well [4].

2-12.Extraction of bacterial secondary metabolites
with organic solvents

The secondary metabolites of B. subtilis, K. sedentarius,
and P. fluorescens bacteria were extracted as previously
described [28]. The product was dissolved with organic
solvents (ethanol, chloroform, and ethyl acetate) in a
ratio of 50:50.

2-13. Statistical analysis

The experimental results were designed using the SPSS
program for data analysis to study the effect of different
treatments on the studied traits.

3. RESULTS AND DISCUSSION
3-1. Bacteria isolation and identification

Isolation and identification through microscopic
and biochemical tests showed that Gram-negative
bacteria and Gram-positive bacteria accounted for
77.83% and 22.17% of the total number of infections,
respectively, as confirmed using the VITEK 2 System
for the species (S. aureus, P. aeruginosa, K.
pneumoniae, P. mirabilis, A. baumannii, and E. coli).
The higher number of Gram-negative bacteria isolates
compared with Gram-positive bacteria isolates in
infections is due to their increased resistance to
antibiotics and their virulence factors, such as
endotoxins that are present within the outer cells’ walls
and released after the germs enter the bloodstream [17].
hemolysin enzyme production, urea enzyme production,
protease enzyme production, and biofilm formation

3-2. Virulence factor production
3-2. Virulence factor production
The ability of common bacteria isolated from
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different infections to produce the following four
virulence factors was tested: hemolysins enzyme
production, urease enzyme production, protease enzyme
production, and biofilm formation. The results were as
follows.

Table 1. Bacterial isolates’ ability to produce virulence factors

Isolate Eﬁgfgjilésilonns Urease | Protease f oEr’-Ir:;g'lcirgn
S.aureus no(43) 100% 70% 0% 87.5%
E. coli no(52) 65% 0% 100% 90.9%
K.pnneOLE?f?)nlae 0% 100% 0% 88.8%
Ps-aﬁgt’fz')”osa 100% 100% | 100% | 90.9%
A. bumannii 0% 0% 100% 100%
no(13)

3-3. Antibiotic susceptibility test
The antibiotic resistance of common bacteria isolated
from different infections was also studied. Some S.
aureus isolates showed resistance to various antibiotics
(piperacillin, amoxiclav, ceftazidime, cefotaxime,
ceftriaxone, ciprofloxacin, levofloxacin, amikacin,
imipenem, and meropenem by 100%, 98%, 96%, 78%,
100%, 67%, 89%, 80%, 90%, and 88%, respectively)
and susceptibility to others. These findings agreed with
previous studies [33, 41]. P. aeruginosa isolates showed
100% resistance to amoxiclav and piperacillin, which
are part of the penicillin group, which was consistent
with [18]. For ceftriaxone, cefotaxime, and ceftazidime,
which are part of the cephalosporins group, the
resistance percentage was also 100% [34]. The
resistance to amikacin, imipenem, meropenem,
ciprofloxacin, and levofloxacin was 85%, 45%, 28%,
30%, and 32%, respectively, agreeing with the results of
[35,36]. K. pneumoniae was resistant to ceftriaxone,
ceftazidime, amoxiclav, piperacillin, and cefotaxime by
83.68%, 94%, 100%, 98%, and 96%, respectively. These
results were close to the findings of [44]. The resistance
to amikacin, imipenem, meropenem, ciprofloxacin, and
levofloxacin was 50%, 77%, 85%, 100%, and 86%,
respectively, which was almost consistent with [45]. The
resistance of E. coli to ceftazidime, cefotaxime, and
ceftriaxone reached 92%, 93%, and 100%, respectively,
and that to the penicillin antibiotics piperacillin and
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amoxiclav was 95% and 98%, respectively. This result
was consistent with [37] in India, which showed high
susceptibility to imipenem and meropenem by 88% and
89%, respectively. [46] showed that susceptibility of E.
coli isolates to imipenem and ciprofloxacin was 100%
and 79%, respectively, which was consistent with [38].
For levofloxacin and amikacin, E. coli showed
resistance percentages of 84% and 93%, respectively,
which were consistent with [8]. The bacterial isolates of
A. baumannii showed high resistance to all types of
tested antibiotics (100%), which was consistent with
[39,40]. P. mirabilis was resistant to ceftriaxone,
piperacillin, ceftazidime, and cefotaxime by 100%,
which was almost consistent with [42]. P. mirabilis
bacteria had high resistance to amoxiclav, levofloxacin,
and ciprofloxacin (100% and 98%). The resistance of P.
mirabilis to imipenem and meropenem has reached
100%. For the antibiotics belonging to the
aminoglycosidic group, the resistance to amikacin was
100%. This finding was consistent with [42], as their
isolates were 100% resistant to the two antibiotics.

Table 2. Resistance percentage of the studied bacteria
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Antibiotic Inhibition Zone Diameters Against Bacteria A.
baumanii

ps. aeruginosa

Antibiotic Inhibition Zone Diameters Against Bacteria
ps.aeruginosa

3-4. Bacteria identification

The isolates selected from the Laboratory of Biology in
the College of Education for Science were distinguished
through their effectiveness in producing secondary
metabolites as B. subtilis, K. sedentarius, and P.
fluorescens.

3-5. Extraction of bacterial secondary metabolites
with organic solvents

The secondary metabolites of B. subtilis extracted with
ethyl acetate had the best antagonistic efficiency against
S. aureus, P. aeruginosa, K. pneumoniae, P. mirabilis,
A. baumannii, and E. coli compared with the metabolites
extracted with the other organic solvents. Several
solvents can be used to extract secondary metabolites
from B. subtilis [25]. This study demonstrated the
apparent inhibitory activity of B. subtilis secondary
metabolites against Gram-negative and Gram-positive
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bacteria (S. aureus, P. aeruginosa, K. pneumoniae, P.
mirabilis, A. baumannii, and E. coli). This result is
consistent with [26], which indicated that the secondary
metabolites extracted from P. fluorescens with ethyl
acetate exhibited the best noticeable antagonistic activity
against the target bacteria compared with the metabolites
extracted with other organic solvents. The researchers
also found that the secondary metabolites extracted from
K. sedentarius with ethyl acetate had significantly better
antagonistic activity against the target bacteria than
those extracted with other organic solvents. They
suggested that the effectiveness of ethyl acetate in
extracting secondary metabolites may be due to its
ability to proteolysis and lipolysis, resulting in the
release of secondary metabolites from bacterial cells
[26].

3-6. Antibacterial inhibitory effectiveness of extracts
determinedby well diffusion
Antagonism tests showed significant variation between
extracts and between solvents. The antibacterial
effectiveness of B. subtilis extracts against the antibiotic-
resistant bacteria was determined through diffusion in
wells by measuring the diameters of inhibition around
the wells on the Mueller—Hinton agar. The ethyl acetate
extract of B. subtilis had the highest inhibitory
effectiveness against S. aureus with an inhibition zone
diameter of 31+2 mm, followed by E. coli at 24+2 mm,
P. aeruginosa at 23+2 mm, A. baumanii at 30+2 mm, P.
mirabilis at 30£2 mm, and the lowest effectiveness on
K. pneumoniae at 20+2 mm. For the chloroform extract,
the greatest inhibitory effectiveness was observed for S.
aureus with the largest inhibition zone diameter of 2512
mm, followed by E. coli at 132 mm, P. aeruginosa at
15+2 mm, A. baumanii at 20+2 mm, K. pneumoniae at
12+2 mm, and the lowest effect on P. mirabilis at 11+2
mm. For the ethanol extract, the greatest effectiveness
was recorded against S. aureus with the highest
inhibition zone diameter of 16+2 mm, followed by E.
coli at 15+2 mm, P. aeruginosa at 13 +2 mm, A.
baumanii at 15+2 mm, K. pneumoniae at 13+2 mm, and
the lowest effect on P. mirabilis at 11+2 mm. Bacillus is
a rich source of lipopeptides, organic acids, diacetyl,
protease, lipase, hydrogen peroxide, amylase, ethanol,
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bacteriocin, and other antibacterial substances that are
produced during lactic fermentation [29]. The excellent
protein secretion ability of B. subtilis makes it an
essential host for producing proteins, including
subtilosin A, a cyclic peptide produced by B. subtilis as
one of its primary bacteriocins. The specific action of
subtilosin A involves anchoring to a membrane receptor
while electrically bound to the plasma membrane [21]
this electrostatic binding dissipates the pH gradient
across the membrane, causing an influx of intracellular
ATP that starves the cell and ultimately leads to its
death. Bacteriocins isolated from bacteria are a valuable
alternative to antimicrobial agents for combating
infections. They have shown antimicrobial activity
against several bacteria, including Gram-positive, Gram-
negative, aerobic, and anaerobic bacteria [31].
Therefore, B. subtilis shows potential as a new
therapeutic agent. This result is similar to the findings in
[30], which indicated that B. subtilis had antibacterial
activity against E. coli isolates with 18 mm growth
inhibition zone at the dilution of 0.01 pl/ml. [22] also

showed that B. subtilis metabolites inhibited P.
aeruginosa, S. aureus, E. coli, P. mirabilis, K.
pneumoniae, Salmonella typhi, Bacillus cereus,

Corynebacterium diphtheria, and Dysentriae shigella).

m Ecoli Pasruginosa w5 Asruse
B P mirabilis B i baumannii K. pneumania
M 3030
25
24,5
2 2

Chlorofom Ethanol

Ethyl acetate

Figl. Effect of B. subtilis extract with organic solvents
(ethanol, chloroform, and ethyl acetate) against
antibiotic-resistant bacteria

The antibacterial effectiveness of K. sedentarius
extracts against antibiotic-resistant bacteria was studied
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using the method of diffusion at the wells by measuring
the diameters of inhibition around the wells on the
Muller-Hinton agar. The ethyl acetate extract of K.
sedentarius exhibited the greatest effectiveness on S.
aureus, producing the highest inhibition zone diameter
of 24+2 mm, followed by E. coli at 20+2 mm, P.
aeruginosa at 18+2 mm, A. baumanii at 30£2 mm, K.
pneumoniae at 21+2 mm, and the lowest effect on P.
mirabilis at 152 mm. The ethanol solvent extract of K.
sedentarius also showed inhibitory effectiveness against
antibiotic-resistant bacteria, exhibiting the highest
effectiveness on S. aureus with the highest inhibition
zone diameter of 19+2 mm, followed by E. coli at 11+2
mm, P. aeruginosa at 152 mm, A. baumanii at 17+2
mm, P. mirabilis at 132 mm, and the lowest effect on
K. pneumoniae at 10+2 mm. For the chloroform extract,
the greatest inhibitory effectiveness was observed on S.
aureus with the largest inhibition zone diameter of 24+2
mm, followed by E. coli at 20£2 mm, P. aeruginosa at
18+2 mm, A. baumanii at 30+2 mm, K. pneumoniae at
21+2 mm, and the lowest on P. mirabilis at 132 mm.
Through the method of diffused wells, the
inhibitory activity was determined by measuring the
inhibition zone diameter in the Muller—Hinton agar. The
ethyl acetate extract of P. fluorescens had inhibitory
effectiveness against the antibiotic-resistant bacteria,
with the highest inhibitory area of 332 mm on S.
aureus, followed by 22+2 mm on P. mirabilis, 30+2 mm
on P. aeruginosa, 302 mm on A. baumanii, 202 mm
on K. pneumoniae, and the lowest of 13+2 mm on E.
coli. The results also revealed the inhibitory
effectiveness of the ethanol extract of P. fluorescens
against antibiotic-resistant bacteria, with the largest
inhibition diameter of 252 mm on S. aureus, followed
by 13+2 mm on K. pneumoniae, 11+2 on P. aeruginosa,
18+2 mm on A. baumanii, 152 mm on P. mirabilis, and
the lowest of 10+2 mm on E. coli. The chloroform
extract of P. fluorescens also showed inhibitory
effectiveness against the antibiotic-resistant bacteria,
with the highest effect on S. aureus with an inhibition
diameter of 202 mm, followed by E. coli at 16£2 mm,
P. aeruginosa at 152 mm, A. baumanii at 19+2 mm,
and the lowest on K. pneumoniae at 12+2 mm. In [47],
the growth of human pathogens such as S. typhi,
Shigella sp., Klebsiella sp., E. coli, and Staphylococcus
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ssp. were inhibited by all of the cultures of the cell-free
supernatants from P. fluorescens isolates.

m E.coli staph.aureus m A baumonii
m K.pneumonia | ps.aeruginsa = pr.mirabilis
33
30 30
25
2
0 EEEE%_E
15
13 3 13 112
10

Chlorofom Ethanol

Ethyl scetate

Fig2. Effect of Kytococcus sedentarius extract with
organic solvents (ethanol, chloroform, and ethyl acetate)
against antibiotic-resistant bacteria

® E.coli 5. BUreus B Pzasruginosa

u A baumanii = p. mirahilis k. pneumaonia

30 30

21 21

11

Ethanol

Ethyl scetate

Chlorofom

Fig3. Effect of Ps. fluorescent extract used with organic
solvent(Ethanol, chloroform ,Ethyl acetate) against
antibiotic-resistant bacteria

The antagonistic activity of the extracts was higher than
that of the raw bacterial supernatant of the same isolate.
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This finding is consistent with [24], which inferred that
the inhibitory activity of bacterial secondary metabolite
extract is higher than that of the raw supernatant of the
same bacteria cultured in liquid culture media. This
phenomenon may be due to the low external
permeability of Gram-negative bacteria and the presence
of a lipopolysaccharide layer that acts a barrier against
hydrophobic compounds.

Conclusions

Beneficial  bacteria isolated from local
environments can be an effective tool in combating
pathogenic bacteria and can be used as a food
supplement or as a preventive or therapeutic treatment
for bacterial infections.
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