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Abstract: Objective: The current study aimed to detect fungal isolates isolated from saline soil to 

produce active compounds with antimicrobial effects. Methods: Four types of fungi isolated from 

saline soils were obtained from different locations. The effectiveness of these fungal was tested 

against two types of gram-positive bacteria (Staphylococcus aureus and Streptococcus agalicae) as 

well as against two types of gram negative bacteria (Enterobacter sp.. and Pseudomonas sp.) by the 

method of diffusion in wells. Results: The results of the current study showed that four fungal 

isolates were obtained: Aspergillus niger, Aspergillus flavus, Penicillium notatum, and 

Bacillomyces sp. Symbols were given to the supernatant of each fungal isolate, and these symbols 

are AA, AB, AC, and AD, respectively. The results showed that the fungus Penicillium notatum 

produced secondary metabolites that have the ability to inhibit bacteria, especially gram-negative 

bacteria, while the fungus Aspergillus flavus was distinguished by producing secondary metabolites 

that have a more inhibitory effect on gram-positive bacteria. Conclusion: It can be concluded from 

the current study that it is possible to isolate microbes from the soil that have the ability to produce 

secondary metabolic compounds that are effective against Gram-positive and Gram-negative 

pathogenic bacteria. 
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Introduction 

Infection has been the main cause of diseases throughout human history, especially bacterial 

infections of microorganisms that pose a significant threat to human health and cause other acute 

deadly diseases [1,2]. Every year, millions of people suffer from these microorganisms. Infectious 

diseases primarily affect the elderly and the impoverished, particularly in developing nations where 

their daily activities expose them to harmful environments [3,4]. The extended disease brought on 

by the rise of drug-resistant diseases and the expense of treatment have caused their suffering to 

increase many times. Due to the annual rise in drug-resistant pathogens, estimates show that over 

70% of pathogenic bacteria are resistant to at least one antibiotic, making the development of novel 

and potent antimicrobial medications imperative [5,6]. 

A major component of ecosystems and one of the most significant tools in the field of 

biotechnology, fungi are regarded as one of the largest groups of living organisms found 

worldwide[7,8]. Applications for fungi are numerous and include industry, agriculture, medicine, 

and the environment. The most significant application of fungus is the synthesis of secondary 

metabolites, such as antibacterial compounds, which can aid in medical therapy [9,10].  

Antibiotics are, of course, antimicrobial compounds that are created by the secondary metabolic 

processes of some microorganisms, including bacteria, fungi, and actinomycetes. These agents are 

toxic to other microorganisms and have the ability to suppress or even eradicate them [11]. Through 

various methods of action, secondary metabolites are utilized to treat infections brought on by 

bacteria and other organisms that can infect humans and animals and cause sickness [12]. Due to 
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their structural nature and the degree of their binding to specific target sites within bacteria, they 

have been classified as follows: cell wall synthesis inhibitors (penicillin, bacitracin, and 

vancomycin), cell membrane function inhibitors (polymyxin B and colistin), protein synthesis 

inhibitors (aminoglycosides, chloramphenicol, and tetracycline), and nucleic acid synthesis 

inhibitors (quinolones, metronidazole, and rifampicin)[13,14]. Antibiotics can be found from a wide 

range of possible sources, including soil and medicinal herbs. However, the majority of researchers 

continue to focus their efforts on soil, a naturally occurring mixture of organic and mineral particles, 

in an attempt to find novel antibiotics with medicinal potential [15,16,17]. 

Small organic compounds known as secondary metabolites are created by living things and are not 

necessary for their growth, development, or reproduction. In order to occupy the proper niche and 

acquire access to food, they also contribute to antagonism, competition, and defense mechanisms 

against other organisms. Based on their chemical makeup, these substances are divided into four 

major groups: terpenoids, alkaloids, glycosides, and phenols[18]. Secondary metabolites from 

microorganisms have shown to be a valuable resource for medication development. Strong 

antibiotics that were separated from microbial nutrition broth were later discovered as a result of the 

discovery of penicillin. Additionally, the necessity to find novel pharmaceutical chemicals is 

important because the number of drug-resistant microbes is continuously rising [19,20]. 

Materials and Methods 

Collecting samples 

A spoon was used to collect five soil samples from various sites within the drainage ditches of 

Karbala, Hindia, at a depth of 10 cm. The samples were then transferred into sterile 200 ml glass 

containers. The microbiology research laboratory of the Department of Life Sciences, College of 

Pure Education Sciences, University of Karbala, Iraq, received the classified soil sample.  

Isolation and identification of fungal isolates:  

Following a series of tenfold dilutions, fungal isolation was carried out on agar plates using the pour 

plate technique. Nine milliliters of sterile distilled water were added to a 1-gram sample of dirt, and 

the mixture was thoroughly stirred.  

Using potato dextrose agar supplemented with 50 micrograms/ml of streptomycin to inhibit 

bacterial growth, 0.1 ml of the third and fourth dilutions were inoculated in duplicate onto PDA 

media after a series of tenfold dilutions. To promote fungal development, the medium's pH was also 

brought down to 5.8. After 96 hours of incubation at room temperature (28 ºC), the individual 

fungal colonies were taken out of the plates and repeatedly sub cultured until pure cultures were 

achieved [21]. 

Using suitable media, cultures, slides, and the most recent classification keys from pertinent 

sources, the isolated fungi were identified at the genus and species levels based on morphological 

characteristics (as the colonies were examined for slow or fast growth, colony surface (flat, piled, 

regularly or irregularly folded), texture (yeast-like, powdery, granular, velvety, or cottony), 

pigmentation (whether superficial or reverse), and fine morphological characteristics (hyphae, large 

conidia, small conidia, chlamydospores, and other specific fungal structures) [22,23]. 

Inoculation of the medium with the fungal isolate:  

The Heart Brain Infusion Agar medium was sterilized in the autoclave at 121 ºC for 60 minutes. 

Each test tube containing 10 ml of sterile medium was inoculated under sterile conditions with the 

pure fungal colony in PDA medium. The inoculated media were kept at room temperature (27-28 

°C) with a pH of 5.8 for 7 days in incubation. After incubation, the culture media were centrifuged 

using a centrifuge at 4000 RPM for 30 minutes. Following that, supernatant was evaluate using the 

agar well diffusion method [24]. 
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Bacterial activation 

Four types of bacteria were obtained from the main laboratory at Al-Husseini Hospital in Karbala 

Governorate, two types of Gram-positive bacteria: Staphylococcus aureus and Streptococcus 

agalactiae. In addition to two types of Gram-negative bacteria: Pseudomonas sp., Enterobacter sp. 

The test bacteria are activated in Mueller-Hinton broth half an hour before being cultured.  

Antimicrobial efficacy test 

After activating the bacteria in the liquid Mueller-Hinton medium, filter paper discs (6 mm 

diameter) are sterilized using an autoclave and immersed in each solution of the crude fungal 

extract for 5 minutes. After spreading using a bacterial spreader, the filter paper discs containing the 

extracts are put on top of the Mueller-Hinton agar medium in Petri dishes, to which 0.2 ml of the 

pathogenic bacteria's bacterial suspension is added. Inhibition zones surrounding the filter paper 

disc show the biological activity of the crude secondary metabolites generated by the tested fungal 

isolates after the plates were incubated for 24 hours at 37 ºC [24,25]. 

Statistical analysis 

A 5×2 factorial experiment analysis with 6 replications was part of the statistical analysis. The 

bacterial species and fungal supernatant were the factors that were examined. At a probability level 

of 0.05, the Least Significant Difference (LSD) test was also used to determine whether the mean 

differences were significant [26]. 

Results and Discussion 

Four types of fungi were identified from all soil samples, and these types are Penicillium notatum, 

Aspergillus flavus, Aspergillus niger, and Bacillomyces sp. A symbol was assigned to each 

supernatant for all fungal isolates as shown in the table.  

This study focused on evaluating the antibacterial efficacy against pathogenic strains of This study 

focused on evaluating the antibacterial effectiveness against pathogenic strains of Gram-positive 

bacteria for Streptococcus agalactiae and Staphylococcus aureus and Gram-negative bacteria for 

Streptococcus sp. and Enterobacter sp attempt obtaining a therapeutic antibiotic from extracts of 

salt marsh fungi. 

Table (1): Fungal strain codes for fungi isolated from saline soil. 

Innate isolation The candidate's code 

Aspergillus niger AA 

Aspergillus flavus AB 

Penicillinum notatum AC 

Bacillomyces sp. AD 
 

The results of Table (2) indicate that the best fungal extracts in their antibacterial activity against 

Gram-negative bacteria is the AC extract of the fungus Penicillium notatum, with inhibition 

diameters of 4.1 and 3.2 mm for Enterobacter sp. and Pseudomonas sp. respectively. and the 

bacteria Pseudomonas sp. Respectively as the efficacy of this extract was comparable to that of the 

standard antibiotic used here in this experiment. It is worth noting that the bacteria Enterobacter sp. 

They are more sensitive to fungal extracts.  

She is more sensitive to fungal pathogens. Pseudomonas sp is a type of bacteria.  

Table 2: Effectiveness of fungal filtrates against Gram-negative bacteria measured by 

inhibition diameters in mm. 

Morale level 

P value 

Gram-negative pathogenic bacteria 

Fungal exudate 
Pseudomonas sp. 

Enterobacter 

sp. 

0.820 0.8 ± 4.6 0.7 ± 4.2 Antibiotic 
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0.394 0.6 ± 2.2 0.4 ± 1.7 (Aspergillus niger) AA 

* 0.048 0.7 ± 1.9 0.8 ± 2.3 (Aspergillus flavus) AB 

* 0.039 0.5 ± 3.2 1.1 ± 4.1 (Penicillinum notatum) AC 

* 0.044 0.3 ± 1.2 0.4 ± 1.9 (Bacillomyces sp.) AD 

 * 0.007 * 0.032 
Morale level 

(P value) 

 1.091 1.723 
Less of a moral difference 

(LSD) 
 

The numbers indicate the mean ± standard deviation. 

* Indicates the presence of a significant difference  

The results of the statistical analysis in Table 3 indicate that there are significant differences 

(P<0.05) in the inhibition zone diameter of fungal supernatant against both types of Gram-positive 

bacteria, with the P value for S. aureus being 0.0391 and for Streptococcus agalactiae being 0.0407. 

It can also be noted that S. aureus bacteria were more sensitive than Streptococcus agalactiae 

bacteria to the AB supernatant, with inhibition diameters of 4.4 mm and 3.9 mm, respectively. 

Table 3: Effectiveness of fungal filtrates against Gram-positive bacteria measured by 

inhibition diameters in mm. 

Morale 

level 

P value 

Pathogenic Gram-positive bacteria 
Fungal exudate 

 
Streptococcus 

agalicae 
Staphylococcus aureus 

0.179 1.1 ± 4.1 0.8 ± 4.5 
Antibiotic 

 

0.207 0.4 ± 3.2 0.6 ± 3.7 (Aspergillus niger) AA 

* 0.042 0.8 ± 3.9 1.2 ± 4.4 (Aspergillus flavus) AB 

0.073 0.4 ± 2.2 0.3 ± 2.6 (Penicillinum notatum) AC 

0.081 0.5 ± 1.9 0.2 ± 1.7 (Bacillomyces sp.) AD 

 * 0.0407 * 0.0391 
Morale level 

(P value) 

 2.410 1.108 
Less of a moral difference 

(LSD) 
 

The numbers indicate the mean ± standard deviation.  

* Indicates the presence of a significant difference  

The results of this study revealed the presence of fungi in saline soil capable of producing 

secondary metabolites with antibacterial properties. The four fungal isolates from the saline soil 

showed an inhibitory effect against both Gram-positive and Gram-negative bacteria. The high rate 

of antibiotic production may be related to environmental factors and conditions (salinity, pH, 

temperature), where these secondary metabolites act as a defensive mechanism for the fungi and 

microbes that produce them to maintain their presence in this environment or enable them to invade 

another environment.  

While some studies' findings showed an inhibitory role comparable to the one found here, other 

studies' findings showed values that were either higher or lower. According to a study by the 

Adelaide group (2011), 23% of the 119 fungal isolates that were taken from soil sources were 

efficient against harmful bacteria [27].  

In 1998, Ivanova and his team found that 26% of the 491 bacteria they obtained from different 

marine sources had action against the test bacterium [28]. 
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According to Ivanova and his team (1998), out of 491 bacteria isolated from different marine 

sources, 26% of the isolates exhibited action against the test microorganisms [29].  

In addition to the agreement between the results of our current study and those reached by Al-

Daamy and his group (2012) in their study, which The inhibitory activity of the isolated fungal 

strains against three Gram-positive bacterial species and three Gram-negative bacterial species [30]. 

Conclusions 

Through the results of the current study, the following conclusions can be reached: 

1. Some types of salt-tolerant soil fungi can be isolated that have the ability to produce compounds 

with antibacterial activity against pathogenic bacteria.  

2. Gram-positive bacteria were more sensitive to the secondary metabolites produced by 

Penicillium notatum fungus.  

3. Gram-negative bacteria are the most sensitive to the secondary metabolites produced by the 

fungus Aspergillus flavus.  

References 

1. Moriel, D. G., Piccioli, D., Raso, M. M., & Pizza, M. (2024, January). The overlooked bacterial 

pandemic. In Seminars in Immunopathology (Vol. 45, No. 4, pp. 481-491). Berlin/Heidelberg: 

Springer Berlin Heidelberg. 

2. Mageed, A. H., Mohsin, M. I., & Al-Sahaf, S. (2023). One-Pot Multicomponent Synthesis, 

Antibacterial and Antiproliferative Evaluation of Indole Derivatives. Pharmaceutical Chemistry 

Journal, 57(2), 250-264. 

3. Mohsin, M. I., Al-Shamarti, M. J., Abbas, S. A., Mohsin, R. I., & Al-Sahaf, S. (2020). 

Approach to enhance antibiotics efficiency towards uropathogenic bacteria. Malaysian Journal 

of Microbiology, 16(3). 

4. Almsaid, H., & Khalfa, H. M. (2020). The effect of Ketogenic diet on vitamin D3 and 

testosterone hormone in patients with diabetes mellitus type 2. Current Issues in Pharmacy and 

Medical Sciences, 33(4), 202-205. 

5. Mondol M.A.M. and Hee Jae Shin H.J. "Antibacterial and Antiyeast Compounds from Marine-

Derived Bacteria". Marine drugs. 2014; 12(5): 2913-2921. 

6. Mohsin Ali, R. I., Mohsin, M. I., & Al-Muhna, A. (2020). Validation of Horizontal Genes 

Transfer Using Selected Clinical Strain of P. Mirabsilis for Swarming Activity. Indian Journal 

of Forensic Medicine & Toxicology, 14(4). 

7. Al-Msaid, H. L., & Al-Sallami, A. S. (2018). Study the level of cytokine in unexplained and 

idiopathic infertile men. Journal of Pharmaceutical Sciences and Research, 10(4), 808-811. 

8. AL-Msaid, H. L., Waleed, A. H., & AL-Sallami, A. S. (2019). Relationship Between 

Hyperviscosity and Sex Hormone in Azoospermia and Oligozoospermia Patients Compares 

with The Control Group. Int J Pharm Qual Assur, 10(4), 637-9. 

9. Farjana A., Zerin N. and Kabir M.S." Antimicrobial activity of medicinal plant leaf extracts 

against pathogenic bacteria". Asian Pacific Journal of Tropical Disease. 2014; 4(Suppl 2): S920-

S923.  

10. Mohsin, M. I., Al-Shamarti, M. J., Mohsin, R. I., & Al-Sahaf, S. (2020). Role of Interleukin-36 

in Response to Pseudomonas Aeruginosa Infection. Indian Journal of Forensic Medicine & 

Toxicology, 14(3). 

11. Hayder, L. F., & Alaauldeen, S. M. (2018). Study of Catsper1 Protein Levels in Unexplained 

and Idiopathic Infertile Men. International Journal of Pharmaceutical Quality Assurance, 9(2), 

195-198. 



  Journal of Science in Medicine and Life, Volume: 3 Issue: 1 Year: 2025                                     ISSN: 2992-9202 

6 
 

12. AL-Msaid, H. L., Aledhari, M., & Alrehbawy, R. (2024). Investigation of Some Clinical 

Parameters in Renal Failure Patients. Journal of Bioscience and Applied Research, 10(6), 174-

179. 

13. khalfa, H. M., al-msaid, H. L., abood, A. H., naji, M. A., & Hussein, S. K. (2020, December). 

Cellular genetic expression of purinergic receptors in different organs of male rats injected with 

cyclophosphoamide. In AIP Conference Proceedings (Vol. 2290, No. 1, p. 020033). AIP 

Publishing LLC. 

14. Tikki, K. A., Al-Ethari, A. S., & Al-Msaid, H. L. (2023, December). The effect of fingolimod 

drug on blood profile in multiple sclerosis patients. In AIP Conference Proceedings (Vol. 2977, 

No. 1). AIP Publishing. 

15. Bbosa G.S., Mwebaza N., Odda J., Kyegombe D.B. and Ntale M. "Antibiotics/antibacterial drug 

use, their marketing and promotion during the postantibiotic golden age and their role in 

emergence of bacterial resistance". 2014; 6(5): 410425.  

16. Ramesha A., Sunitha V.H. and Srinivas C. "Antimicrobial activity of secondary metabolites 

from endophytic fungi isolated from Nerium oleander L.". International Journal of Pharma and 

Bio Sciences. 2013; 4(1): 683-693.  

17. Yahaya S., Idris B., Yusuf I., and Rabiu M.K. " Screening and identification of antibacterial 

agents produced by Aspergillus species from the soil of Bayero University Kano". Bayero 

Journal of Pure and Applied Sciences. 2017; 10(1): 498 - 502. 

18. AL-Msaid, H. L., Khalfa, H. M., Rashid, A. A., & Hussain, N. N. M. (2024). Relationship 

between Sperm DNA Fragmentation and Interleukin 17 in Patients with Leukocytospermia. 

Journal of Bioscience and Applied Research, 10(4), 809-815. 

19. Gorlenko, C. L., Kiselev, H. Y., Budanova, E. V., Zamyatnin Jr, A. A., & Ikryannikova, L. N. 

(2020). Plant secondary metabolites in the battle of drugs and drug-resistant bacteria: new 

heroes or worse clones of antibiotics?. Antibiotics, 9(4), 170. 

20. Shakir Alkhafaji, R., Muhsin Khalfa, H., & Lf Almsaid, H. (2022). Rat hepatocellular primary 

cells: A cellular and genetic assessment of the chitosan nanoparticles-induced damage and 

cytotoxicity. Archives of Razi Institute, 77(2), 579-584. 

21. Raja M., Praveena G. and John William S. " Isolation and Identification of Fungi from Soil in 

Loyola College Campus, Chennai, India". International Journal of Current Microbiology and 

Applied Sciences. 2017; 6(2): 1789-1795. 

22. Takahashi, J. A., de Castro, M. M., Souza, G. G., Lucas, E. M., Bracarense, A. A., Abreu, L. 

M., ... & Oliveira, T. S. (2008). Isolation and screening of fungal species isolated from Brazilian 

cerrado soil for antibacterial activity against Escherichia coli, Staphylococcus aureus, 

Salmonella typhimurium, Streptococcus pyogenes and Listeria monocytogenes. Journal de 

Mycologie Médicale, 18(4), 198-204. 

23. Pitt J.I. "A laboratory guide to common penicillium species". 3rd Ed. Australia; Food Science 

Australia Publishers. 2000; 197 p. 

24. Ogbonna O.J., Ekpete W.B., Onyekpe P.I., Udenze E.C.C. and Ogbeihe G.O. "Antimicrobial 

agent production by fungi isolates from petroleum product contaminated soil". Archives of 

Applied Science Research. 2013; 5(3):1-6. 

25. AL-Msaid, H. L., Aledhari, M., & Alrehbawy, R. (2024). Investigation of Some Clinical 

Parameters in Renal Failure Patients. Journal of Bioscience and Applied Research, 10(6), 174-

179. 

26. Dequ G. and Tessema F. "Biostatistics". University Gondar, Funded under USAID from the 

American people, Cooperative Agreement No. 663-A-00-00-0358-00. 2005. 



  Journal of Science in Medicine and Life, Volume: 3 Issue: 1 Year: 2025                                     ISSN: 2992-9202 

7 
 

27. Dequ G. and Tessema F. "Biostatistics". University Gondar, Funded under USAID from the 

American people, Cooperative Agreement No. 663-A-00-00-0358-00. 2005. 

28. Ivanova E.P., Nicolau D.V., Yumoto N. and Taguchi T. "Impact of conditions of cultivation and 

adsorption on antimicrobial activity of marine bacteria". Marine Biology.1989; 130(3): 545–

551.  

29. Zheng L., Chen H., Han X., Lin W. and Yan X. "Antimicrobial screening and active compound 

isolation from marine bacterium NJ6-3-1 associated with the sponge Hymeniacidon perleve". 

World J. Microbiol. Biotechnol. 2005; 21(2): 201–206. 

30. Al-Daamy A.A., Ahmed A. and Mohammad G. “Antimicrobial agents’ production by fungi 

isolates from the whisperers”. Sci. J. Med. Res. 2018, 2 (6): 104-107. 


