World Journal of Volume 11, Number 2: 41 - 45
ISSN: 2313-3937

Experimental Biosciences 2023

Research article

Antimicrobial Effect of Soil
Products against Different Clinical Bacterial Isolates

Microorganisms’

Sajjad Adnan Khudhair’, Hussain Ali Ismael’, Noor al-huda Rashak'!, Aya Munther Mallooki',
Jenan A. Ghafil', Ayaid K. Zgair'

ABSTRACT

Finding an effective antibacterial against a wide spectrum of antibiotic-resistant bacteria is a major challenge for scientists.
The current study aims to investigate microorganisms that produce antibacterial agents in soil. In the present study, 65 soil
samples were collected from different areas of Baghdad. Microorganisms were grown in nutrient broth to collect the
extracellular secretions of these microorganisms. The effect of substances secreted by microorganisms in each sample into
the growth media against four species of pathogenic bacteria (Escherichia coli, Staphylococcus aureus, Streptococcus
pneumoniae, and Enterobacter spp) was estimated using well diffusion method. The study showed that 9.1% of soil samples
produced antibacterial substances against four pathogenic bacteria, but with different levels and effectiveness. The highest
effect of these secretions was against S. aureus and E. coli, as the study showed that 8 samples produced anti-S. aureus
substances. Five samples containing microorganisms that produce anti-£. coli While the study showed that the
microorganisms present in one sample produced anti-S. pneumoniae and Enterobacter spp. Aspergillus and Peniciflium
represent the highest percentage of microorganisms in the soil samples, followed by Saccharomyces. It can be concluded
from the current study that there is a large percentage of microorganisms that can produce antibacterial substances, and
this opens the door to the possibility of obtaining new antibiotics that can help treat diseases caused by antibiotic-resistant
bacteria.
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1. INTRODUCTION

Microbial interactions within ecosystems have garnered vestigation. The intricate dynamics of microbial communities

significant attention due to their profound implications in various
fields, including medicine, agriculture, and biotechnology [1].
The interplay between fungus and yeast shows antagonistic
behavior against bacterial pathogens such as Escherichia coli,
Staphylococcus aureus, Streptococcus pneumoniae, and
Enterobacter spp. presents a complex and intriguing area for in-

have long been an area of interest, especially considering their
role in shaping diverse environments and their potential
applications in various industries [1]. Aspergillus is a ubiquitous
genus of filamentous fungi that encompasses various species
with diverse ecological roles and biotechnological potential. Its
versatile metabolic capabilities and ability to produce an array of
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bioactive compounds have positioned it as a significant
organism for scientific inquiry and industrial applications [2].
Saccharomyces, notably Saccharomyces cerevisiae, stands as
a prominent yeast species extensively studied for its
fermentative abilities in various biotechnological processes,
including brewing, baking, and bioethanol production. Its genetic
tractability and well-characterized metabolism have propelled its
use as a model organism for molecular studies [3].

The antagonistic relationship between Aspergillus spp. and E.
coli, a gram-negative bacterium and a common inhabitant of the
human gut, has piqued interest in recent years. Investigations
into the mechanisms underlying this interaction reveal potential
avenues for understanding microbial competition and the role of
secondary metabolites, a previous study showed the that genus
Aspergillus, was able to inhibit E. coli [4]. The interactions
between Aspergillus and Staphylococcus, a genus
encompassing pathogenic strains like Staphylococcus aureus,
hold implications for human health. Previous studies showed
that the antimicrobial effect of Aspergillus products inhibits S.
aureus growth [5]. Souza et al. (2016) found that Pereskia
aculeata leaf extracts showed inhibitory activity against
Staphylococcus aureus, with Aspergillus versicolor being more
effective in inhibiting growth [6].

Saccharomyces, often associated with fermentation processes,
exhibits intriguing interactions with Escherichia coli and
Staphylococcus. The mechanisms involved in these interactions
and the potential for utilizing Saccharomyces-derived
compounds in antibacterial strategies warrant comprehensive
investigation. Seddik et al. (2014) found that S. cerevisiae P9L1
has the potential as a probiotic, inhibiting the growth of
Escherichia coli and Staphylococcus aureus. Other
investigators found that S. boulardii in the presence of inulin
forms aggregates with E. coli and Enterococcus faecalis,
decreasing the number of microorganisms in feces [7]. Another
study of Srirama et al. (2019) reported the inhibition of S.
pneumoniae by the Bactericidal that produced by S. boulardii
[8].

The intricate interplay between Aspergillus fungus,
Saccharomyces, E. coli, and Staphylococcus embodies a
complex network of interactions with far-reaching implications.
Understanding the mechanisms underlying these interactions
offers prospects for novel therapeutic interventions,
biotechnological advancements, and insights into microbial
ecology. This paper aims to delve into the antagonism effect of
Aspergillus and Saccharomyces on the in vitro growth of E. coli,
and S. aureus. S. pneumoniae, and Enterobacter spp

2. MATERIALS AND METHODS
2.1. Clinical bacterial isolates

In the current study, the clinical isolates of S. aureus, E. coli, S.
pneumoniae, and Enterobacter spp. were procured from the
Medical Microbiology Laboratory at the Department of Biology,
College of Science, University of Baghdad, Baghdad, Iraq. The
pure isolates were maintained for a short time by being
inoculated onto a nutrient agar slant and after incubation for 18
h at 37 °C, the slants were stored at 4 °C for several weeks. The
pure isolates were stored for a long time by being inoculated into
the sterile nutrient broth (20 % glycerol) and after being
incubated for 18 at 37 °C, the tubes were stored at — 20 °C for
several months.

2.2. Soil samples

In this method, clean and sterile plastic containers were used.
The sampling sites were selected representing diverse
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environments (different land uses, vegetation types, moisture
levels, etc.) to get the highest probability of isolating the
Aspergillus spp. and Saccharomyces spp. The 100 soil samples
were collected from different sites in Baghdad city and
surrounding areas. The spots were chosen randomly within the
site to collect the samples. The samples of soil were collected
from the topsoil layer (typically the top 5-15 cm) to capture the
most active microbial community. The sterilized tool was used
to scoop the soil sample into the container. The surface debris
and organic matter have to be avoided. Multiple samples were
collected across the area of interest, and mixed to create a
composite sample for a representative analysis [9]. The
containers were labeled with unique identifiers, including
location, date, depth, and any other relevant information. The
samples were Stored in a cool, dark place or refrigerated until
processing to maintain microbial viability [10]. The samples
should remain sealed and at appropriate temperatures to
prevent changes in microbial composition during transit until
reach the lab.

2.3. Anti-bacterial effect of soil culture

One gram of soil samples was added to 10 ml of sterile nutrient
broth (NB). The inoculated NB tubes were incubated at 30 °C
for 4 days. The supernatants were collected and the anti-
bacterial effect of supernatants was checked against four clinical
isolates (S. aureus, E. coli, S. pneumoniae, and Enterobacter
spp) using well diffusion methods [11].

2.4. Isolation of Aspergillus and Saccharomyces
spp-

A hundred microliters of the supernatants that gave antibacterial
effects against the four clinical isolates of bacterial isolates were
cultured in Sabouraud dextrose agar (SDA) [12]. Incubate the
plates at a suitable temperature (25-30°C). Monitor regularly for
fungal and yeast colonies [13]. The colonies resembling
Aspergillus morphology and Saccharomyces spp (characterized
by color, texture, and spore formation) were selected and sub-
cultured the individual colonies onto fresh agar plates for
obtaining pure cultures.

2.5. Statistical analysis

The results are presented as mean and standard deviation (SD).
All data were statistically analyzed by a one-way analysis of
variance ANOVA test to determine whether there were
differences within the groups. P values smaller than 0.05 were
considered to be significant. The analyses were performed
using Origin Pro 7.5 software (Origin Lab Corporation, North
Hampton, MA).

3. RESULTS

In the current study, 65 soil samples were collected from
different areas of Baghdad. The antibacterial effect of the
microorganisms present in these samples was investigated. It
was demonstrated the anti-bacterial effect by the well diffusion
method. The effect suspension showed the clear zone around
the well that was filled with a suspension of soil microorganisms.
It was found that 14 samples (9.1 %) produced anti-bacterial
materials against one or more of the pathogenic bacterial
isolates used in this study. Table 1 shows that the highest effect
of the extracts was effected against S. aureus and E. coli. While
the lowest effect was seen against S. pneumoniae and
Enterobacter. Fig. 1 shows the morphological features of the
microorganisms that produced the anti-bacterial materials.
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Table 1. The microorganisms that were isolated from the different soil samples showed the anti-microbial effect against four clinical isolates,
S. aureus, E. coli, S. pneumoniae, and Enterobacter spp. R, Resistance response, S, sensitive response.

No of | The microorganism produced | Pathogenic bacteria isolates sensitive to anti-microbial materials
sample anti-bacterial agents S. aureus E. coli S. pneumoniae Enterobacter spp
1 Saccharomyces S R R R

4 Penicillium S R R R

5 Bacteria S S R R

7 Alternaria S R R R

9 Penicillium R S R R

11 Bacteria S R R R

12 Aspergillus S R R R

13 Saccharomyces S S R R

16 Penicillium R S R R

19 Aspergillus S R R R

20 Aspergillus R S R R

26 Aspergillus S S R R

27 Actinomycetes S S R R

40 Bacteria S S S S

Fig 1. Images of microorganisms that were isolated from soil and showed antimicrobial effects against four clinical isolates (S. aureus, E. coli, S. pneumoniae,
and Enterobacter spp), a, Aspergillus, b, Alternaria, c Saccharomyces spp., d, Penicillium, e, true bacteria, f, Actinomyces. Red arrow, head of fungus; green
arrow, fungal hyphae; back arrow, yeast; white arrow; actinomyces hyphae.
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4. DISCUSSION

Soil microorganisms have antimicrobial effects that are
important for their survival and reproduction. These microorga-
nisms, including bacteria, fungi, and actinomycetes, produce
antibiotics as a natural defense mechanism against other
microbes in their environment [14]. The production of antimicr-
obials is a potent strategy for adaptation in soil microorganisms
[15]. However, the indiscriminate use of antibiotics and
disinfectants has led to the emergence of multidrug-resistant
pathogenic microbes, highlighting the need for -effective
antibiotics [16]. Soil microbes remain a significant source for
antibiotic research [17]. Paint effluents from industries can
negatively impact soil microorganisms, causing a decrease in
their population. The environment soil fungi from the Arctic and
Antarctic show antimicrobial activity against human pathogenic
bacteria, and their secondary metabolite production is
influenced by environmental conditions [18].

In the current study, the effect of secretions of some microorga-
nisms isolated from soil against several clinical bacterial isolates
was studied. It showed that 9% of the soil isolates contained
microorganisms capable of producing clinical antibacterial
substances used in this study, and it was found that fungi
represented the highest percentage of microorganisms
producing antibacterial substances. This study requires further
investigation, which is related to determining the ability of these
microorganisms that were isolated from the soil to produce
antibiotics, in addition to determining the type of these antibiot-
ics, whether they are known or new. The current study opens
new horizons for investigating new antibiotics that may
contribute to reducing the problem of the aggravation of the
spread of bacteria resistant to a wide spectrum of antibiotics.
There is evidence of antagonistic relationships between soil
microbial organisms and clinical isolates of bacteria. Studies
have isolated microorganisms from natural sources such as sail,
water bodies, and plants, and found that they possess
antimicrobial properties against drug-resistant pathogens [19].
Actinomycetes isolated from soil have also shown antagonistic
activity against multi-drug resistant bacterial strains [20].
Additionally, bacteria and fungi isolated from the rhizosphere of
healthy onion plants have demonstrated the ability to inhibit the
growth of different pathogenic microorganisms [21]. These
findings suggest that soil microbial organisms have the potential
to antagonize clinical isolates of bacteria, highlighting the
importance of studying natural sources for the development of
new pharmaceutical substances and biological control agents.

5. CONCLUSION

The current study shows that a high percentage of
microorganisms can be isolated from soil, which produces
antibacterial substances. The current study showed that 14 soil
samples were identified out of 65 soil samples collected from
different areas of Baghdad. The microorganisms that were
isolated from the soil were almost fungus followed by yeast and
bacteria. It showed that the microorganisms present in these
samples can produce anti-bacterial substances against four
clinical isolates used in this study (S. aureus, E. coli, S.
pneumoniae, and Enterobacter spp). The study showed that S.
aureus and E. coli showed a high response, while the lowest
response was against S. pneumoniae and Enterobacter.

Acknowledgments

We would like to thank the staff members of the clinical lab at the Department
of Biology, University Baghdad for their valuable assistance during the
experimental work.

44

Funding information
This work received no specific grant from any funding agency.

Conflict of interest
The authors declare that they have no conflict of interests.

Ethical Approval

This review was approved by the University of Baghdad, Baghdad, Iraq (No
223, 2023).

Author contributions

Sajjad A Khudhair: Investigation; Methodology; and Resources.
Hussain A Ismael. Methodology, and Conceptualization.

Noor al-huda Rashak. Methodology; and Data curation.

Aya M Mallooki: Methodology; and Visualization.

Jenan A. Ghafil: Conceptualization; Formal analysis; Project administration;
Resources; and Writing - review & editing.

Ayaid K. Zgair: Conceptualization; Formal analysis; Project administration;

Resources; Supervision; Validation; Roles/Writing - original draft; and
Writing - review & editing.

6. REFERENCES

[1] Frey-Klett P, Burlinson P, Deveau A, Barret M, Tarkka M, Sarniguet A.
(2011) Bacterial-fungal interactions: hyphens between agricultural,
clinical, environmental, and food microbiologists. Microbiol Mol Biol
Rev 75:583-609. doi: 10.1128/MMBR.00020-11. PMID: 22126995;
PMCID: PMC3232736.

Huang X, Men P, Tang S, Lu X. (2021) Aspergillus terreus as an
industrial filamentous fungus for pharmaceutical biotechnology. Curr
Opin Biotechnol 69:273-280. doi: 10.1016/j.copbio.2021.02.004.
Epub 2021 Mar 10. PMID: 33713917.

Jacobus AP, Gross J, Evans JH, Ceccato-Antonini SR, Gombert AK.
(2021) Saccharomyces cerevisiae strains used industrially for
bioethanol  production. Essays Biochem 65:147-161. doi:
10.1042/EBC20200160. PMID: 34156078.

Arisanti S, Kuswytasari N, Shovitri M. (2012) Antimicrobial Assay of
Soil Mold Isolates from Wonorejo Surabaya. IPTEK. J Technol Sci 23:
111-117. https://doi.org/10.12962/J20882033.V2314.100.

Ke Y, Chen Z, Ma J. (2006) Studies of isolation of endophytic fungi
from Moringa sp. and antibiotic-active substance produced by the
Aspergillus sp. lyl4. J Hunan Agricultural University 32: 521.

Souza LF, Caputo L, Inchausti De Barros IB, Fratianni F, Nazzaro F, De
Feo V. (2016) Pereskia aculeata Muller (Cactaceae) Leaves: Chemical
Composition and Biological Activities. Int J Mol Sci 17:1478. doi:
10.3390/ijms17091478. PMID: 27598154; PMCID: PMC5037756.
Seddik HA, Ceugniez A, Bendali F, Cudennec B, Drider D. (2016)
Yeasts isolated from Algerian infants' feces revealed a burden of
Candida albicans species, non-albicans Candida species and
Saccharomyces cerevisiae. Arch Microbiol 198:71-81. doi:
10.1007/s00203-015-1152-x. Epub 2015 Sep 24. PMID:
26404657.

TC V, Srirama K, Mikkili I, Dulla JB, Alugunulla VN, et al. (2019)
Estimation of minimum inhibitory concentration (MIC) and minimum
bactericidal concentration (MBC) of antimicrobial peptides of
Saccharomyces boulardii against selected pathogenic strains.
Karbala Int J Mod 5:8. https://doi.org/10.33640/2405-609X.1219
Petersen GW, Klug MJ. (1994) Sampling design for microbiological
analysis: Theoretical and practical considerations. In Methods of Soil
Analysis: Part 2 Microbiological and Biochemical Properties pp. 25-37.
ASA-CSSA-SSSA.

Mendez MO, Maier RM. (2008) Phytostabilization of mine tailings in
arid and semiarid environments—-an emerging remediation technology.
Environ Health Perspect 116:278-83. doi: 10.1289/ehp.10608.
PMID: 18335091; PMCID: PMC2265025.

Zein R, Alghoraibi I, Soukkarieh C, Ismail MT, Alahmad A. (2022)
Influence of Polyvinylpyrrolidone Concentration on Properties and Anti-
Bacterial Activity of Green Synthesized Silver Nanoparticles.
Micromachines 13:777. https://doi.org/10.3390/mi13050777

[10]

[11]

World J. Exp. Biosci., 11 (2023) 41-45


https://doi.org/10.12962/J20882033.V23I4.100

Khudhair SA, et al. (2023).

[12] NiX, Streett DA. (2005) Modulation of water activity on fungicide effect
on Aspergillus niger growth in Sabouraud dextrose agar medium*. Lett
Appl Microbiol 41:428-33. doi: 10.1111/j.1472-765X.2005.01761.x.
PMID: 16238647.

[18] Ndfiez-Montero K, Barrientos L. (2018) Advances in Antarctic
Research for Antimicrobial Discovery: A Comprehensive Narrative
Review of Bacteria from Antarctic Environments as Potential Sources
of Novel Antibiotic Compounds Against Human Pathogens and

[13] Shokri H, Asadi F, Khosravi AR. (2008) Isolation of beta-glucan from Microorganisms of Industrial Importance. Antibiotics 7:90.
the cell wall of Saccharomyces cerevisiae. Nat Prod Res 22:414-21. https://doi.org/10.3390/antibiotics7040090.
doi: 10.1080/14786410701591622. PMID: 18404561. [19] Le VM, Asyakina LK, Velichkovitch NS, Kozlova OV, Milentyeva IS, et

[14] Chandra N, Kumar S. (2017) Antibiotics Producing Soil al. (2020) Screening and Characterization of the Antagonistic
Microorganisms. In: Hashmi M, Strezov V, Varma A. (eds) Antibiotics Properties of Microorganisms Isolated From Natural Sources. Open
and Antibiotics Resistance Genes in Soils. Soil Biology, vol 51. Access Maced J Med Sci 8(A):195-202. Available from:
Springer, Cham. https://doi.org/10.1007/978-3-319-66260-2_1. https://oamjms.eu/index.php/mjms/article/view/3573.

[15] Marzouk E. (2017) Effects of Dissolved Silver and Silver Nanoparticle [20] Ahmed RN, Daniel F, Gbala ID, Sanni A. (2020) Potentials of
on Soil Microorganisms. J Soil Water Sci 3:1-5. doi: Actinomycetes from Reserved Environments as Antibacterial Agents
10.21608/jsws.2017.6679. Against Drug-Resistant Clinical Bacterial Strains. Ethiop J Health Sci

[16] Jara MC, Frediani AV, Zehetmeyer FK, Bruhn FRP, Miiller MR, et al. 30:251-258. doi: 10.4314/ejhs.v30i2.13. PMID: 32165815; PMCID:
(2021). Multidrug-Resistant Hospital Bacteria: Epidemiological PMC7060374.

Factors and Susceptibility Profile. Microb Drug Resist 27:433-440. [21] Karim H, Azis AA, Jumadi O. (2021) Antagonistic activity and
doi: 10.1089/mdr.2019.0209. Epub 2020 Jul 24. PMID: 32706621. characterization of indigenous soil isolates of bacteria and fungi

[17] Abbas S, Senthilkumar R, Arjunan S. (2014) Isolation and molecular against onion wilt incited by Fusarium sp. Arch Microbiol 204:68. doi:
characterization of microorganisms producing novel antibiotics from a 10.1007/s00203-021-02663-2. PMID: 34950974.
soil sample. Eur J Experiment Biol 4:149-155.

Author affiliation

1. Department of Biology, College of Science, Baghdad, Iraq.
ORCID ID:
1. Jenan A. Ghafil: https://orcid.org/0000-0003-1461-302X
2. Ayaid K. Zgair: https://orcid.org/0000-0002-2356-3338

45

World J. Exp. Biosci., 11 (2023) 41-45


https://doi.org/10.1007/978-3-319-66260-2_1
https://doi.org/10.3390/antibiotics7040090
https://orcid.org/0000-0003-1461-302X

