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					ABSTRACT  

					ARTICLE INFO  

					Actinobacteria, a significant group of soil microorganisms, are notable for producing bioactive  

					compounds, including antibiotics. This study aims to explore the antimicrobial activity of  

					actinobacteria isolated from unexplored areas in South Sulawesi, Indonesia. Twelve  

					actinobacterial strains were evaluated for their antimicrobial potential versus Staphylococcus  

					aureus ATCC 6538, Escherichia coli ATCC 25922, and Candida albicans ATCC 10231 using  

					the agar plug diffusion assay, which was performed based on their growth in agar media.  

					Potential actinobacteria was extracted from the biomass and supernatant with ethyl acetate, and  

					the infrared spectrum was observed via Fourier-transform infrared (FTIR). The findings  

					demonstrated that the optimum secondary metabolite production time varied among strains, with  

					maximum activity observed on specific growth days for different target microorganisms.  

					Actinobacteria TTR22-029, exhibited the most potent antibacterial activity, on the six days of  

					growth, particularly against S. aureus, which provide a diameter zone of inhibition of 16.83±0.3  

					mm. According to Fourier-transform infrared analysis, the ethyl acetate extracts of TTR22-029  
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					revealed the presence of functional groups, including hydroxyl and carbonyl, which are  

					permits unrestricted use,  

					distribution,  

					and  

					generally linked to bioactive substances. These outcomes underline the prospect of  

					actinobacteria from South Sulawesi as an origin of novel antimicrobial agents, emphasizing the  

					importance of exploring diverse ecosystems for drug discovery. Further research is necessary to  

					purify and characterize the bioactive compounds.  

					reproduction in any medium, provided the original  

					author and source are credited.  
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					Microorganisms.  

					Introduction  

					These microorganisms produce bioactive molecules that are vital for  

					Actinobacteria are a promising group of microorganisms  

					being studied for their potential as antimicrobial agents.1,2 These  

					bacteria are the natural source of several clinically important  

					antibiotics used in clinical practice, including erythromycin,  

					chloramphenicol, neomycin, tetracycline, streptomycin, amphotericin  

					B, oxytetracycline, clavulanic acid, kanamycin, daptomycin, and  

					others. In addition to these well-known antibiotics, many  

					actinobacterial compounds are currently under investigation as  

					potential new drug candidates in both preclinical and clinical stages.3,4  

					Actinobacteria can be found in various environments, including as  

					endophytes in plant tissue, as well as in terrestrial and marine  

					ecosystems. Notably, up to 80% of antibiotics derived from  

					actinobacteria belong to the Streptomycetaceae family.5  

					discovering medicinal compounds and provide a foundation for  

					developing new drugs.6 Therefore, exploring diverse actinobacterial  

					sources is crucial in finding novel antimicrobial agents. Moreover, the  

					rising issue of antimicrobial resistance poses a significant public  

					health threat, as microorganisms continue to evolve resistance to once-  

					effective antibiotics, thus compromising the effectiveness of  

					treatments for infections caused by these pathogens. In 2019,  

					antibiotic resistance was attributed to approximately 1.27 million  

					global deaths.7  

					Specifically, Indonesia’s vast biodiversity offers great potential for  

					discovering actinobacteria-derived compounds with antimicrobial  

					properties. For instance,  

					secondary metabolites produced by  

					Actinobacteria from Enggano soil in Bengkulu, Indonesia, have  

					demonstrated antimicrobial effect against the bacterial Staphylococcus  

					aureus and the yeast Candida albicans at a concentration of 7.81  

					μg/mL.8 In the Tuban region of East Java, research by Fatimah et al  

					identified actinobacteria from mangrove soil that exhibited  

					antibacterial activity against Escherichia coli ATCC 25922.9  

					Additionally, actinobacteria isolated from the endophyte of the  

					Curcuma zedoaria on Pramuka Island, Seribu Islands, Indonesia, have  

					been shown to produce secondary metabolites capable of inhibiting  

					the growth of Mycobacterium tuberculosis strain H37Rv.10  
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					Candida albicans ATCC 10231, Staphylococcus aureus ATCC 6538,  

					Bacillus subtilis BTCC B-612, and Escherichia coli BTCC B-614,  

					suggesting the potential for antimicrobial compound production.11  

					Hence, exploring actinobacteria from underexplored regions, such as  

					Tana Toraja and several areas in South Sulawesi, Indonesia, offers  

					significant scientific and biotechnological potential. The region’s high  

					biodiversity and diverse environmental conditions may foster the  

					development of actinobacteria with unique metabolic pathways.  

					Optimizing the production of secondary metabolites in the  

					underexplored area is also crucial for maximizing yields and  

					facilitating the discovery of bioactive compounds, particularly for  

					antimicrobial drug development. Previous studies have demonstrated  

					the impact of environmental factors, nutrient availability, and growth  

					phases on secondary metabolite biosynthesis.2 However, a systematic  

					approach is still lacking to accurately determine the optimal timeframe  

					for metabolite production across different actinobacterial strains. The  

					study, thus, seeks to investigate the antimicrobial activity of  

					actinobacteria collected from South Sulawesi, Indonesia, using agar  

					plug method, focusing on the effects of incubation time on metabolite  

					production. The findings aim to identify the optimal period for  

					extracting secondary metabolites to enhance their potential for drug  

					development. By implementing the screening approach using agar  

					plug, the study seeks to contribute valuable insights into the discovery  

					of new antimicrobial-producing actinobacteria.  

					ATCC 6538 and Escherichia coli ATCC 25922 were inoculated in  

					nutrient broth and incubated overnight at 37 0C to obtain bacterial  

					suspensions. The bacterial density was adjusted to 1 x 108 CFU/mL  

					prior to the antibacterial assay.15 A diluted inoculum of the test  

					organism (1 x 105 CFU/mL) was spread evenly onto Muller-Hinton  

					agar plates. Candida albicans ATCC 10231 were inoculated in  

					Sabouraud Dextrose Broth (SDB) and incubated overnight at 30 0C.  

					The fungal suspension was set accordingly to 1 x 105 CFU/mL, and  

					the inoculum was spread on Sabouraud Dextrose Agar (SDA)  

					plates.16,17  

					Subsequently, a 5 mm agar plug containing actinobacteria growth was  

					aseptically placed in MHA or SDA plates inoculated with the test  

					microorganisms14. Streptomycin (1 mg/mL in 5% DMSO) served as  

					the positive control for antibacterial activity, while Nystatin (50 ppm  

					in distilled water) served as the positive control for assessing  

					antifungal activity. The plates were incubated at 37 0C for 24 hours for  

					the bacterial assay and at 30°C for the fungal assay.18,19 Antimicrobial  

					activity was indicated by a clear zone of inhibition surrounding the  

					actinobacterial colonies, which was measured in millimeters.20 All  

					tests were conducted in triplicate to ensure reproducibility. Data of  

					diameter zone of inhibition are reported as means ± standard deviation  

					(SD) using Microsoft excel software. Data was further outlined using  

					table showing the summary of antimicrobial inhibitions.  

					Screening for Morphology of Actinobacteria  

					The macroscopic characterization of Actinobacteria grown on SYP  

					agar was analyzed, focusing on colony morphology and pigmentation  

					using visual observation.21 Observations included features such as  

					colony edges, texture, and shape.12 Additionally, the color of the  

					substrate mycelium was documented to provide further differentiation  

					among the actinobacteria isolates.  

					Materials and Methods  

					Materials  

					The following media and chemicals were used: Mueller Hinton Agar  

					(MHA) (Himedia), Nutrient Broth (Oxoid), Sabouraud Dextrose Agar  

					(SDA)(Oxoid), Sabouraud Dextrose Broth (SDB) (Himedia), starch  

					(Merck), yeast (Himedia), peptone (Oxoid), and bacteriological agar  

					(Oxoid), distilled water, 70 % alcohol, dimethyl sulfoxide (DMSO)  

					Fermentation  

					Among isolated actinobacteria, the strains that demonstrated the most  

					potent activity against the test organisms during primary screening  

					were selected for further analysis. A total of 50 mL of Starch Yeast  

					Peptone (SYP) broth was prepared in a 250 ml Erlenmeyer flask. Four  

					mycelial agar plugs were cut from the pure culture of the selected  

					actinobacteria and transferred into the broth. The flasks were  

					incubated in a rotary shaker (Orbital Shaker–Incubator ES-20/60,  

					Biosan, Latvia) at 180 rpm at 30 0C for 7 days.22  

					(Merck-Emsure, Germany, purity  

					≥

					99.9%), Nystatin (Kalbe  

					Company, Indonesia), Streptomycin (Tokyo Chemical Industry), and  

					ethyl acetate pro analysis grade (Mallinckrodt, USA, purity 99.5%).  

					The test microorganisms used in this study included Staphylococcus  

					aureus ATCC 6538, Escherichia coli ATCC 25922, and Candida  

					albicans ATCC 10231, which were obtained from the Department of  

					Microbiology Faculty of Medicine, Public Health, and Nursing (FK-  

					KMK) Universitas Gadjah Mada.  

					Extraction of secondary metabolite  

					Sample Collection  

					Following incubation, the fermented broth was collected and  

					centrifuged at 4500 rpm for 20 minutes at 4 C. The supernatant and  

					biomass were separated through filtration. The biomass was further  

					processed by sonicating it for 20 minutes to release intracellular  

					metabolites. Each fermentation liquid (supernatant) and biomass were  

					extracted with ethyl acetate in a 1:1 (v/v) ratio. The mixture was  

					The actinobacteria isolates utilized in this study were obtained from  

					the National Research and Innovation Agency (Badan Riset dan  

					Inovasi Nasional, BRIN) and the Indonesian Culture Collection  

					(InaCC). The samples were gained from limestone soil in Londa  

					graveyard (3° 2' 31.344'' S119° 52' 17.4864'' E) and Kete Kesu  

					graveyard (3° 0' 34.866'' S119° 56' 10.77'' E), as well as sea sand in  

					Gusung (5° 6' 2.3004'' S119° 15' 56.2788'' E) located in South  

					Sulawesi, Indonesia. A total of twelve actinobacteria isolates were  

					collected from South Sulawesi, Indonesia. The isolates were cultured  

					in agar media containing starch yeast agar (SYA) and incubated at  

					30°C to promote growth.  

					0

					vigorously shaken in an orbital shaker and left at room temperature  

					23  

					overnight to allow separation of the organic and aqueous phases  

					.

					The extraction process was repeated three times to ensure thorough  

					metabolite recovery. The organic phase was then collected and  

					evaporated at 60 0C using a water bath to remove ethyl acetate.24  

					FTIR characterization of extract  

					Growth of Actinobacteria on Agar Plates  

					As much as 3 mg of the potentially active extract, which was TTR22-  

					029, was subjected to Fourier transform infrared spectrophotometer  

					(FTIR) using attenuated total reflectance (ATR) mode to analyze the  

					presence of functional groups (Shimadzu IRSpirit-T, Japan). The  

					FTIR spectra were recorded over the range of 4000–450 cm−1 at a  

					resolution of 4 cm−1 and 45 times of scans. The recorded spectra were  

					plotted as transmittance (%) against wavenumber (cm−1).23  

					Aseptically, the actinobacterial obtained from InaCC were inoculated  

					onto fresh starch yeast peptone (SYP) agar medium, composed of  

					starch 1%, yeast extract 0.4%, peptone 0.2%, and agar 2%.11 The  

					0

					cultures were incubated at 30 C for 7 days, prior to the experiment.  

					The actinobacterial growth was tracked by observing colony formation  

					and mycelial pigmentation.12 Once growth was successfully  

					confirmed, the isolates were further processed to optimize secondary  

					metabolite production. The antimicrobial activity of the actinobacteria  

					was assessed on the 6th,13th, and 20th day of growth, with day 0  

					defined as the day of inoculation onto the agar medium.  

					Results and Discussion  

					Actinobacteria are typically present in soil environments and specific  

					ecosystems, where they generate a variety of valuable secondary  

					metabolites and bioactive compounds with diverse characteristics.  

					Actinobacteria obtained from limestone deposits displayed distinct  

					cultural characteristics and produced soluble pigments, suggesting the  

					potential for novel bioactive compounds commonly utilized in  

					biomedicine. Identifying the optimal production time for specific  

					Screening of Antibacterial Activity  

					The experimental procedure adhered to the method described in the  

					previous study.13,14 The antimicrobial activity of actinobacteria was  

					evaluated using the agar plug diffusion method.15 Actinobacteria  

					grown on SYP agar media on the 6th, 13th, and 20th days of incubation  

					were tested against selected microorganisms. Staphylococcus aureus  
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					isolates highlights the importance of monitoring growth kinetics and  

					optimizing cultivation conditions during the bioprospecting process. In  

					Table 1: The Origin of Samples  

					Number  

					Code  

					of Sampling Site  

					Location  

					Sample  

					1

					TTR22-008  

					TTR22-009  

					TTR22-024  

					TTR22-025  

					TTR22-026  

					TTR22-029  

					TTR22-031  

					TTR22-033  

					TTR22-037  

					TTR22-045  

					TTR22-047  

					TTR22-058  

					Soil, Kete Kesu 1  

					Soil, Kete Kesu 1  

					Soil, Kete Kesu 2  

					Soil, Kete Kesu 2  

					Soil, Kete Kesu 2  

					Soil, Londa 1  

					Toraja, Indonesia  

					2

					Toraja, Indonesia  

					3

					Toraja, Indonesia  

					4

					Toraja, Indonesia  

					5

					Toraja, Indonesia  

					6

					Toraja, Indonesia  

					7

					Soil, Londa 1  

					Toraja, Indonesia  

					8

					Soil, Londa 1  

					Toraja, Indonesia  

					9

					Soil, Londa 1  

					Toraja, Indonesia  

					10  

					11  

					12  

					Gusung Losari, sea sand  

					Gusung Losari, sea sand  

					Gusung Losari, sea sand  

					South Sulawesi, Indonesia  

					South Sulawesi, Indonesia  

					South Sulawesi, Indonesia  

					Table 2: Antimicrobial activity  

					S. aureus ATCC 6538 E. coli ATCC 25922  

					Number  

					Sample  

					C. albicans ATCC 10231  

					Day 6  

					Day 13  

					Day 20  

					Day 6  

					Day 13  

					Day 20  

					Day 6  

					Day 13  

					Day 20  

					1

					2

					3

					4

					5

					6

					7

					8

					9

					TTR22-008  

					TTR22-009  

					TTR22-024  

					TTR22-025  

					TTR22-026  

					TTR22-029*  

					TTR22-031  

					TTR22-033  

					TTR22-037  

					TTR22-045  

					TTR22-047  

					TTR22-058  

					DMSO 5%  

					Streptomycin  

					aquadest  

					-

					-

					-

					-

					-

					-

					-

					-

					-

					-

					-

					-

					-

					-

					-

					-

					-

					-

					-

					-

					-

					-

					-

					-

					-

					-

					-

					-

					-

					-

					-

					-

					-

					-

					-

					-

					-

					-

					-

					-

					-

					-

					-

					-

					-

					-

					-

					-

					-

					-

					-

					14.67±0.3  

					-

					-

					-

					-

					-

					13.67±1.0  

					9.17±0.3  

					-

					-

					-

					-

					9.00±0.0  

					10.33±0.6  

					8.00±1.0  

					11.67±2.9  

					11.33±2.3  

					15.67±1.5  

					-

					-

					-

					-

					16.83±0.3  

					15.17±1.9  

					-

					-

					-

					-

					-

					-

					-

					-

					-

					-

					-

					-

					6.00±0.0  

					6.50±0.9  

					15.67±0.8  

					6.67±0.3  

					-

					-

					-

					-

					-

					-

					-

					-

					-

					-

					8.67±0.3  

					-

					-

					-

					-

					10  

					11  

					12  

					13  

					14  

					15  

					16  

					-

					-

					-

					-

					11.00±1.4  

					8.00±1.4  

					-

					-

					19.28±1.99 21.72±0.95 20.67±0.50 13.83±0.78 17.06±1.27 14.50±1.74  

					-

					-

					-

					Nystatin  

					10.94±1.08 10.00±1.10 9.17±0.80  

					Note: Values of the observed zone of inhibition (in mm diameter) including the diameter of well (5 mm) after 24 h incubation against different  

					microbial species. Symbol negative (-) indicate that no inhibition zone. The assay was performed in triplicate and results are the mean of three values ±  

					standard deviation. The asterisk sign (*) denotes the most potent actinobacteria towards bacterial test S aureus. D: day of growth.  

					this research, twelve actinobacteria strains were successfully obtained  

					from soil samples gathered from multiple locations in South Sulawesi  

					(Table 1). Five samples were collected from Kete Kesu, a Toraja  

					traditional burial in cliffs and caves, four samples were collected from  

					Londa ancient graves in Toraja area, and three samples were collected  

					from sea sand in Gusung Losari, South Sulawesi.  

					Antimicrobial activities  

					The agar plug diffusion method is comparable to the disk-diffusion  

					method.15 In this method, the microbial strain was grown in a selected  

					agar medium. During growth, the microbial cells secrete bioactive  

					molecules that diffuse into the surrounding agar medium.  

					Antibacterial  
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					Table 3: Macroscopic/ morphology observation  

					No. Sample  

					Characteristic  

					Shape  

					D13  

					Texture  

					D13  

					Little powdery Little powdery Powdery white  

					Colony color  

					Substrate mycelium  

					D6  

					D20  

					D6  

					D20  

					D6  

					D13  

					D20  

					D6  

					D13  

					D20  

					1

					2

					3

					4

					5

					6

					7

					8

					9

					TTR22-008  

					Circular  

					Circular  

					Circular  

					Circular  

					Circular  

					Circular  

					Circular  

					Circular  

					Circular  

					Circular  

					Circular  

					White  

					White  

					White  

					Trans-parent  

					White  

					Trans-parent  

					White  

					Trans-parent  

					cream  

					(white)  

					(white)  

					and light yellow  

					TTR22-009  

					TTR22-024  

					TTR22-025  

					TTR22-026  

					TTR22-029  

					TTR22-031  

					TTR22-033  

					TTR22-037  

					Circular  

					Circular  

					Circular  

					Circular  

					Circular  

					Circular  

					Circular  

					Circular  

					Circular  

					Circular  

					Circular  

					Circular  

					Circular  

					Circular  

					Circular  

					Circular  

					Non powdery  

					Non powdery  

					Non powdery  

					Non powdery  

					White  

					White  

					White  

					Transpa-rent  

					White  

					Trans-parent  

					White  

					Trans-parent  

					White  

					Non powdery  

					Non powdery  

					Brownish orange  

					Brownish orange  

					Brownish orange  

					Brownish  

					Brownish orange  

					Brownish orange  

					Brownish  

					Brownish  

					Brownish  

					Brownish  

					orange (light) orange (light)  

					orange (light)  

					Little powdery Little powdery Little powdery Brownish orange  

					(white) (white) (white)  

					Little powdery Little powdery Little powdery Brownish orange  

					(white) (white) (white)  

					Powdery white Powdery white Powdery white White  

					(thick) (thick) (thick) and purple inside  

					Little powdery Little powdery Little powdery White and cream  

					(white) (white) (white-cream)  

					Powdery white Powdery white Powdery white White  

					Brownish  

					orange  

					Brownish  

					orange  

					Brownish  

					orange  

					Brownish  

					orange  

					Brownish  

					orange  

					Brownish  

					orange  

					outside White  

					and purple inside  

					White and cream  

					outside White outside and Light purple  

					Light purple  

					Light purple  

					(faded)  

					black inside  

					White chalk  

					Trans-parent  

					White  

					Trans-parent  

					White-cream  

					Trans-parent  

					White-cream  

					outside White  

					outside White outside and Light purple  

					Light purple  

					Light purple  

					(thick)  

					(thick)  

					(thick)  

					and purple inside and purple inside  

					purple inside  

					Gray-white  

					Powdery white  

					Powdery white Powdery white White and cream  

					and stone color and stone color  

					White and cream  

					Trans-parent  

					Trans-parent  

					Trans-parent  

					broken White  

					broken White broken White  

					(thick)  

					(thick)  

					10 TTR22-045  

					11 TTR22-047  

					12 TTR22-058  

					Circular  

					Circular  

					circular  

					Circular  

					Circular  

					circular  

					Circular  

					Circular  

					circular  

					Non powdery  

					Little powdery Non powdery  

					(white)  

					White  

					White and cream  

					White and cream  

					White and cream  

					Yellowish  

					Trans-parent  

					White  

					Trans-parent  

					White  

					Light  

					yellowish  

					Little powdery Little powdery Little powdery White and cream  

					Yellowish  

					Trans-parent  

					White  

					Trans-parent  

					White  

					Light  

					(white)  

					(white)  

					(white)  

					yellowish  

					Non powdery  

					Non powdery  

					Non powdery  

					White and cream  

					White and cream  

					Trans-parent  

					White  

					Trans-parent  

					White  

					Trans-parent  

					White  
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					activity is indicated by the presence of a clear zone around the agar  

					plug on a plate containing the test microorganism. This method is  

					useful for screening actinobacteria strains to identify promising strains  

					for further investigation.20 The agar plug offers a direct assessment of  

					bioactivity from the microbial culture.  

					verified using Response Surface Methodology (RSM) and Central  

					Composite Design (CCD). These identified conditions are pH of 11, 2  

					g/l starch, 4 g/l yeast extract, and 2 g/l peptone (CCD).33  

					Actinobacteria TTR22-029 showed the largest zone of inhibition  

					among the other samples. Thus, this sample was proceeded for  

					extraction. Actinobacteria TTR22-029 was collected from the Londa  

					graveyard, which consists of limestone deposits. Actinobacteria  

					isolated from limestone environments, such as caves and mining sites,  

					are known to exhibit significant antimicrobial activities. For example,  

					Streptomyces sp. isolated from the limestone mining area in  

					Meghalaya, India, revealed that 19% of the total 47% actinobacterial  

					isolates demonstrated antibacterial activity against at least one of the  

					tested bacterial strains using agar well diffusion assay.34 A study from  

					Hundung, Manipur, India, reported the first isolation of Janibacter and  

					Kitasatospora from limestone habitats. It also confirms the presence of  

					other genera like Streptomyces, Micromonospora, Arthrobacter,  

					Amycolatopsis, Rhodococcus, Nocardia, and Pseudonocardia. There  

					are five potent antimicrobial strains, with two Streptomyces species  

					(MBRL 201 and MBRL 251) showing vigorous activity against  

					Bacillus subtilis using agar well diffusion.35 A study by Aguilar et al.  

					reported that actinobacteria from harsh environments produce  

					bioactive secondary metabolites using metagenomics, metabolomics,  

					and evolutionary genome mining approaches.36  

					The antimicrobial screening result presented in Table 2 indicates that  

					several strains exhibited antibacterial activity toward S. aureus ATCC  

					6538, while no activity was against E coli ATCC 25922. This finding  

					showed that the strains are more effective in antibacterial growth  

					against Gram-positive bacteria than Gram-negative bacteria. Based on  

					the observations in an agar plug assay towards S aureus ATCC 6538,  

					it was found that five strains exhibited optimal secondary metabolite  

					production on the 6th day (TTR22-024, TTR22-025, TTR22-029,  

					TTR22-033, TTR22-037), while TTR22-026 showed the best  

					production on 13th day. Those strains were collected from stone grave  

					in Kete Kesu and Londa regions. The antibacterial activities might  

					affected by the condition of environment.25,26 Meanwhile, three strains  

					(TTR22-031, TTR22-045, TTR22-047) showed good activity on 20th  

					day. Sample TTR22-031 was collected from the Londa region, a stone  

					grave area. On the 6th and 13th day of growth, TTR22-031 did not  

					exhibit a zone of inhibition toward S aureus ATCC 6538. However,  

					the zone of inhibition was observed on the 20th day of growth. Sample  

					TTR22-045 and TTR22-047 were collected from sea sand in Gusung  

					Losari. The zone of inhibition on S aureus ATCC 6538 was produced  

					in the 20th day of growth.  

					Morphology Observation  

					Colonies exhibiting actinobacterial characteristics were detected on  

					the SYP agar medium. The growth of actinobacteria in a fresh SYP  

					agar medium showed various characteristics. As described in Table 3,  

					several stains produce hypha and mycelia, powdery texture, and  

					changed the color of agar medium. For instance, in TTR22-024,  

					TTR22-025, and TTR22-026 which were collected from Kete Kesu  

					region, the color of the SYP medium became brownish. The color  

					change of the colony could also be observed, such as in TTR22-037,  

					which was collected from the Londa region. The longer the duration of  

					growth on agar media, the darker the color of some colonies becomes.  

					The substrate mycelia were changed from transparent white to light  

					yellowish in TTR22-045 and TTR22-047 on the 20th day. The samples  

					TTR22-045 and TTR22-047 were collected from Gusung Losari sea  

					sand. In other strains, the more extended incubation period (growth)  

					might change the color of the media, which happened in TTR22-029,  

					collected from the Londa region that changed media became faded  

					purple (Figure 1). Sample TTR22-029 produce a thick white colony,  

					which gave a powdery texture. The color of the agar medium was  

					changed from transparent white to purple, as observed on the sixth  

					day. The morphological diversity observed among actinobacteria may  

					be influenced by the type of strain or species.12 Additionally, growth  

					conditions are environmental factors and can further modify their  

					morphological characteristics. The previous study reported that the  

					pigment produced by actinobacteria might give bioactivity. The  

					soluble pigment has been produced by the isolates B11 and B17 from  

					the soil Streptomyces sp from the medium ISP 2. Among all the  

					isolates identified, two Actinomycetes isolates demonstrated  

					antifungal properties in the screening using antagonistic assay against  

					A. niger ATCC 16404 and C. albicans ATCC 10231.22 The pigments  

					in a variety of colors were produced by numerous Actinomycetes  

					genera.37 A basic observation of actinobacterial growth is substrate  

					and aerial mycelium morphology.12 Colonies of Actinomycetes exhibit  

					a desiccated, nebulous, and granular morphology, characterized by  

					powdery colonies that possess a filamentous structure cultivated on a  

					specific medium, and their proliferation is not homogeneously  

					dispersed. Actinobacteria colonies exhibit a dry, cloudy, and granular  

					texture, while the powdery colonies possess a filamentous structure  

					when cultivated on a medium.38 Furthermore, various studies have  

					demonstrated that these pigments may exhibit bioactive properties,  

					such as antibacterial, antifungal, antioxidant, and anticancer  

					effects.2,39,40 Colonies originate from a dense mass, though some  

					exhibit further expansion. Their size is influenced by species, growth  

					conditions, and age. The colonies may appear either raised or flat,  

					Antifungal activity was demonstrated by the inhibition zones against  

					Candida growth inhibition zones, which were observed in two strains,  

					TTR22-031 and TTR22-033, which were collected from the Londa  

					region. The optimum antifungal activity of TTR22-031 occurred on  

					the 20th day, while for TTR22-033, it was on the sixth day. The  

					variation in inhibition zones observed in the antibacterial activity  

					assay based on the growth days of actinobacteria may be attributed to  

					the geographical conditions of their natural habitat. Environmental  

					factors such as temperature, humidity, soil composition, and nutrient  

					availability in specific geographic locations can influence  

					actinobacteria's metabolic processes and secondary metabolite  

					production.25 Additionally, the production of secondary metabolites by  

					actinobacteria highly depends on their growth phase and cultivation  

					time. The ten-day-old actinobacteria strain Streptomyces sp collected  

					from wetland mangrove in Enggano Island showed the best  

					antibacterial activity toward S. aureus using the agar plug method.27  

					Rante et al. reported that optimal secondary production of fermented  

					actinobacteria isolated from the karst environment in Maros-Pangkep,  

					Indonesia, in SYP medium showed optimum antifungal activity  

					toward C. albicans on the 8th day of fermentation period for isolate  

					B11 and on the 12th day for isolate B.17.22 An obligate marine  

					actinobacterial species Salinispora arenicola, isolated from The Great  

					Barrier Reef indicated that a 14 days incubation period in SYP media  

					is optimal for the maximum production of rifamycin B based on the  

					LC-MS-based metabolomics approach. In contrast, incubation period  

					at 29 days could maximize the secondary metabolite production of  

					rifamycin S and W.28 This result indicates that different species give  

					optimum secondary metabolite production.  

					The incubation temperature is essential for ensuring the optimal  

					growth of actinobacteria. Research has found that the ideal incubation  

					0

					temperature for the optimal growth of actinomycetes culture is 30 C,  

					typically maintained for seven days.25,29,30 Nutritional factors also play  

					a critical role in the growth and bioactivity of actinobacteria. A study  

					by Palla et al. (2020) showed that the optimal bioprocess condition of  

					S. hydrogenans KMF-A1 obtained from mangrove soil was achieved  

					using an experimental design approach. The most notable antifungal  

					effect against C. albicans was observed under the following  

					conditions: soyabean meal (1.5%), glucose (1.030%), glycerol  

					(0.25%), NaCl (0.5%), CaCO3 (0.1%), seawater (50%), pH 7.0,  

					inoculums level (10%) and incubation time of  

					5

					days.31  

					Supplementation of glucose, starch, and sodium nitrate in the culture  

					media enhanced antibiotic production and increased the zone of  

					inhibition, while the addition of peptone positively impacted  

					secondary metabolite production.32 The optimal conditions for  

					producing anti-C. albicans compounds from Streptomyces  

					albidoflavus S19 strain which was isolated from wastewater were  

					occasionally featuring  

					a

					velvety or powdery rough texture.  

					Additionally, the colony’s density ranges from extremely soft to  

					exceptionally firm.41  
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					Table 4: The functional groups present in the FTIR analysis  

					for supernatant and biomass of TTR22-029  

					Wavelength  

					(cm-1)  

					Functional  

					group or bond  

					O-H stretch  

					- CH stretch  

					C=O group  

					C-O stretch  

					O-H stretch  

					- CH stretch  

					C=O group  

					C-H bend  

					Intensity  

					(%)  

					Sample  

					Biomass  

					3421.49  

					2925.95  

					1654.17  

					1044.06  

					90.55  

					71.92  

					73.85  

					59.63  

					84.44  

					78.09  

					61.36  

					71.69  

					71.50  

					63.53  

					Supernatant 3412.89  

					2927.38  

					1654.17  

					Figure 1: Morphology of TTR22-029 (a) reverse side of 6th  

					day growth, (b) reverse side of 13th day growth, (c) reverse side  

					of 20th day growth, (d) top view of 6th day growth, (e) top view  

					of 13th day growth, (f) top view of 20th day growth  

					1456.53  

					1270.35  

					C-O stretch  

					C-O stretch  

					1011.12  

					FTIR Characterization of the Extract  

					The extract of supernatant and biomass gave a clear solution with a  

					transparent color and light brownish, respectively, as shown in Figure  

					2. The yield of biomass extract was 12.2 mg, while the supernatant  

					extract was 6.6 mg. The FTIR spectrum of ethyl acetate extract of  

					supernatant showed an absorption band ranging from 3412.89,  

					2927.38, 1654.17, 1456.53, 1270.35, and 1011.12 cm-1, while the  

					FTIR spectra of biomass shows an absorption band ranging from  

					3421.49, 2925.95, 1654.17, and 1044.06 as shown in Table 4. The  

					presence of 3412.89 and 3421.49 were possibly due to hydroxyl group  

					stretch; 2927.38 and 2925.95 were due to -CH stretch;42 1654.17 was  

					probably due to carbonyl C=O group; 1456.53 was probably due to C-  

					H; spectra of 1270.35, 1011.12, and 1044.06 were possibly due to the  

					presence of C-O stretch. This finding corresponds to the research by  

					Singh et al 2018 in which soil Streptomyces levis possesses a  

					compound that gives antibacterial toward pathogenic bacteria K.  

					pneumoniae, P. aeruginosa, and S. aureus that has infrared spectra of  

					3425 and 1648 cm-1, which show hydroxy and conjugated carbonyl.43  

					The characteristic spectra of the supernatant and biomass of TTR22-  

					029 ethyl acetate extract are presented in Figure 3. In the group  

					frequency region (4000-1500 cm-1), the spectra of both extracts were  

					similar. Nevertheless, some spectra were not identical in the  

					fingerprint region (below 1500 cm-1). This study showed that several  

					spectra are similar based on the biomass and supernatant spectra. Still,  

					it needs to be explored more whether the active metabolite was  

					generated from biomass or supernatant. The similarity of the two  

					extracts recorded on the FTIR instrument was 84%. The signal from  

					the spectrum indicates that the extract of supernatant and biomass of  

					ethyl acetate extract of TTR22-029 possibly contains aliphatic alcohol  

					derivative compounds. Further research should be conducted to purify  

					the active compound.  

					Figure 2: Ethyl acetate extract of TTR22-029 (a) biomass (b)  

					supernatant  

					Conclusions  

					The study provides significant insights into the antimicrobial potential  

					of actinobacteria isolated from South Sulawesi, Indonesia. The results  

					indicate that the actinobacteria exhibit promising bioactive properties  

					under specific growth conditions, particularly antibacterial activities.  

					The discovery of optimal production times for secondary metabolites,  

					varying from 6 to 13 days, highlights the importance of precise  

					monitoring and tailored cultivation for effective bioprospecting. The  

					research also underscores the diversity of actinobacterial species, with  

					some producing soluble pigments and displaying unique  

					morphological characteristics such as hyphae, mycelia, and colony  

					changes during incubation. The antimicrobial screening using the agar  

					plug diffusion method revealed that a specific strain, notably TTR22-  

					029 from Londa graveyard, exhibited significant inhibition against  

					Figure 3: FTIR characterization of TTR22-029 ethyl acetate  

					extract (a) supernatant (b) biomass  
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					specific bacterial strains, further supporting their biotechnological  

					Actinobacteria  

					-

					Basics and Biotechnological Applications.  

					potential. Additionally, the FTIR analysis of the ethyl acetate extracts  

					suggests the existence of bioactive compounds, such as aliphatic  

					alcoholic derivatives. Further research is required to purify and  

					characterize the active compounds and optimize cultivation conditions  

					for large-scale production of bioactive substances.  
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