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Abstract 

Sonneratia caseolaris is a mangrove species of considerable pharmacological importance; however, its natural 

populations are increasingly threatened by habitat degradation and overexploitation. Endophytic biotechnology provides 

a sustainable alternative for exploring the bioactive potential of this plant without imposing additional pressure on its 

fragile ecosystem. This study aimed to evaluate the antibacterial and antioxidant activities of endophytic fungal extracts 

isolated from the roots of S. caseolaris. Morphological and molecular techniques were employed for fungal 

identification, while antibacterial activity was assessed using the disc diffusion assay, and antioxidant capacity was 

evaluated through the DPPH radical scavenging assay. The selected fungal isolate, RSC2, exhibited strong antibacterial 

and antioxidant activities. Thin Layer Chromatography (TLC) analysis confirmed the presence of flavonoid compounds, 

and molecular identification verified the isolate as Aspergillus niger. This study reports, for the first time, the isolation 

of A. niger from S. caseolaris roots with the ability to produce flavonoid metabolites exhibiting notable bioactive 

potential. These findings provide a scientific basis for future in vivo investigations aimed at developing natural 

compounds from mangrove-associated endophytes as promising pharmaceutical candidates. 
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Introduction 

Sonneratia caseolaris is a mangrove species that 
grows naturally along tropical and subtropical 

coastlines (Audah, 2024; Pratiwi et al., 2024). 
Conserving mangrove biodiversity, particularly S. 

caseolaris, is strategically important for both 

ecological stability and human well-being (Arifanti 
et al., 2022; Pratiwi et al., 2024). Ecologically, S. 

caseolaris provides habitat for numerous marine 

organisms and serves as a natural barrier against 
coastal erosion. Beyond its environmental 

significance, this plant also shows considerable 
potential as a traditional medicinal resource. Its 

roots, leaves, and bark are known to contain a wide 

range of bioactive compounds, including alkaloids, 
flavonoids, and terpenoids, which exhibit anti-

inflammatory, antimicrobial, and antioxidant 

properties (Kartikaningsih et al., 2025; Melki et al., 
2009). Several studies have further reported the 

therapeutic use of S. caseolaris extracts for treating 
microbial infections and digestive disorders (Kalor 

et al., 2025). 

However, habitat loss, climate change, and 
overexploitation pose increasing threats to the 

survival of this species (Alongi, 2015; Ward et al., 

2016). Protecting and preserving S. caseolaris is 

therefore essential to prevent local extinction and 

maintain ecosystem resilience. To utilize its 
therapeutic potential in an environmentally 

sustainable manner, alternative strategies that 

reduce the need for direct harvesting are required 
(Chen et al., 2016). One promising approach 

involves the use of endophytic fungi, symbiotic 
microorganisms that inhabit plant tissues without 

causing disease symptoms. These endophytes are 

capable of producing diverse secondary metabolites 
with biological activities such as antioxidant and 

antibacterial effects (Koche et al., 2016; Yu et al., 

2025). Endophyte-derived metabolites not only 
represent valuable sources of novel pharmaceutical 

compounds but also contribute to mangrove 
conservation by reducing destructive collection of 

plant materials (Nasution et al., 2024; Noviyanto et 

al., 2025). 

Although the bioactive potential of S. caseolaris 

endophytic fungi has been reported in previous 

studies, the diversity of root-associated isolates and 
their specific biological functions remain poorly 

understood. Therefore, this study aims to isolate, 
morphologically and molecularly characterize, and 

evaluate the bioactivity of endophytic fungi derived 

from the roots of S. caseolaris. This research seeks 
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to explore the secondary metabolites produced by 
these fungi as potential sources of new bioactive 

compounds, while simultaneously supporting 

mangrove biodiversity conservation. 

Materials and Methods 

Sampling and Isolation of Endophytic Fungi  

Fresh and healthy roots of S. caseolaris were 

collected from Pulau Payung, Sungsang IV, 

Banyuasin II Subdistrict, Banyuasin Regency, 
South Sumatra, Indonesia (30971). The samples 

were washed under running tap water to remove 

surface debris. Endophytic fungi were isolated from 
the root segments following surface sterilization 

with 70% ethanol for 1 minute and sodium 
hypochlorite solution (1%) for 1 minute, followed 

by rinsing three times with sterile distilled water. 

The sterilized roots were cut into approximately 0.5 
cm segments and placed on potato dextrose agar 

(PDA) plates. The plates were incubated at room 

temperature (28 ± 2°C) for 3–7 days. Hyphal tips 
emerging from the plant tissues were sub-cultured 

onto fresh PDA to obtain pure isolates (Budiono et 
al., 2019; Oktiansyah et al., 2023; Permatasari et al., 

2023). 

Morphological Characterization and 

Identification  

Morphological identification of the fungal isolates 

was conducted through both macroscopic and 
microscopic observation. Macroscopic features 

such as colony color, texture (cottony, granular, or 
mucoid), and radial or concentric growth patterns 

on PDA were documented. Microscopic 

characteristics, including hyphal and spore 
morphology, were examined under 1000× 

magnification using the slide culture method. 

Species-level identification was carried out by 
comparing morphological data with standard 

taxonomic keys and literature (Watanabe, 2010). 
Isolates showing notable bioactivity were selected 

for molecular identification. 

Cultivation and Extraction of Endophytic 

Fungal Metabolites 

Pure isolates were first grown on PDA plates for 5–
7 days and then transferred into 250 mL 

Erlenmeyer flasks containing potato dextrose broth 

(PDB). Cultures were incubated statically for 30 
days at room temperature to allow the production of 

secondary metabolites. After incubation, the 

cultures were filtered, and the filtrates were 
extracted three times with equal volumes of ethyl 

acetate. The combined organic phase was 

concentrated using a rotary evaporator to obtain 
crude extracts (Fadhillah et al., 2019; Habisukan et 

al., 2024). 

Antioxidant Activity Assay (DPPH Method) 

The antioxidant potential of the fungal extracts was 

evaluated using the 2,2-diphenyl-1-picrylhydrazyl 

(DPPH) assay following Molyneux (2003). Extracts 
at concentrations of 1000, 500, 250, 125, 62.5, 

31.25, and 15.625 µg/mL were each mixed with 3.8 
mL of 0.5 mM DPPH solution in methanol and 

incubated in the dark for 30 minutes. Absorbance 

was measured at 517 nm using a UV–Vis 
spectrophotometer. The percentage of free radical 

scavenging activity was calculated using the 

following formula: 

 
Where Aₖ is the absorbance of the control and Aₛ is the 

absorbance of the sample. 

The IC₅₀ value (concentration required to scavenge 
50% of DPPH radicals) was determined from the 

linear regression equation of inhibition percentage 

(Y) versus extract concentration (X). 

Antibacterial Activity Assay (Disc Diffusion 

Method) 

Antibacterial activity was evaluated using the disc 

diffusion method. Sterile paper discs (6 mm 

diameter) impregnated with 400 µg/mL of fungal 
extract were placed on Mueller–Hinton agar (MHA) 

plates inoculated with bacterial cultures: 
Salmonella typhi (IPCCCB.11.669), Escherichia 

coli (ATCC 25922), Staphylococcus aureus (ATCC 

25923), and Bacillus subtilis (ATCC 6633). Plates 
were incubated at 37°C for 24–48 hours. 

Antibacterial activity was determined by measuring 

the diameter of the inhibition zones around the 
discs. Tetracycline (30 µg/disc) served as the 

positive control, and DMSO was used as the 
negative control (Aini et al., 2022; Hapida, 2021; 

Syarifah et al., 2021). The antibacterial activity 

index (AI) was calculated according to Mossie 

(2024) and Rathnayake et al. (2020). 

 

Thin Layer Chromatography (TLC) Analysis 

Crude ethyl acetate extracts were dissolved in the 

same solvent and spotted onto silica gel TLC plates 
using a capillary tube. A solvent system of ethyl 

acetate: n-hexane (1:1) was used for elution. The 

plates were allowed to air-dry and examined under 
UV light at 254 nm and 365 nm. Subsequently, the 
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plates were heated at 100°C to visualize color spots 
indicative of secondary metabolites. Plates were 

sprayed with 20% H₂SO₄ in methanol to enhance 

spot visibility. The retention factor (Rf) values and 
spot characteristics were recorded as indicators of 

compound diversity (Aisyiyah et al., 2023; 

Nasution et al., 2024). 

Molecular Identification of Endophytic Fungi 

Genomic DNA was extracted using a commercial 
DNA extraction kit or the cetyltrimethylammonium 

bromide (CTAB) method. The internal transcribed 

spacer (ITS) region of ribosomal DNA was 
amplified by PCR using universal primers ITS1 and 

ITS4. The amplified products were purified and 

sequenced, and the resulting sequences were 
analyzed using BLAST and MEGA software to 

identify the isolates and determine their 

phylogenetic relationships (Budiono et al., 2019). 

Results and Discussion 

Isolation and Morphological Identification 

A single endophytic fungal isolate, designated 

RSC2, was successfully obtained from the root 

segments of S. caseolaris. Morphological 
identification was performed based on both 

macroscopic and microscopic observations (Figure 

1 and Table 1). 

 
Figure 1. Macroscopic and Microscopic Characteristics of RSC2 isolate grown on Potatoes Dextrose Agar (PDA) after 3 

days. a: front view, b: reverse view, c: hyphae, d: vesicle, e: conidiophore, f-g: conidia 

Macroscopically, the fungal colony exhibited a 

black surface with a white to cream reverse, 
irregular margins, and a slightly uneven texture. 

The colony displayed concentric growth zones and 

radial lines, indicative of active mycelial expansion. 
Microscopically, the isolate consisted of transparent, 

septate hyphae with small spherical spores arranged 

in chains. The presence of upright conidiophores 

bearing spherical vesicles covered with phialides 
that produced black conidia is characteristic of the 

genus Aspergillus. Based on these morphological 

traits, the RSC2 isolate was provisionally identified 
as an Aspergillus species.

Table 1. Macroscopic and Microscopic Characteristics of RSC2 

Observation Parameter Description 

Macroscopic 

Surfacescolonys Blacksin color (a). 

Reversescolonys White to pale cream in color (b). 

Structures Dense colony with irregular margins. 

Elevation_ Raised with an uneven surface. 

Patterns Shows concentric rings and radial growth. 

Exudatesdropss 
No distinct exudate droplets were observed on the colony 

surface. 

Radial lines Fine radial lines are visible in the colony growth. 

Concentricslines Concentric rings were observed due to different growth zones. 

Microscopic 

Shapes Small, spherical (g), consisting of conidia arranged in chains. 

Hyphaes Hyaline (transparent) hyphae, septate (c). 

Sporas  Conidia (g) borne on conidiophores. 

Distinctivescharacteristics 
Erect conidiophores (e) ending in a round vesicle (d) covered 

with phialides forming black conidia (f). 
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Antibacterial and Antioxidant Activities 

The bioactivity assays for the RSC2 extract are 

summarized in Table 2. The ethyl acetate extract 

exhibited strong antibacterial activity against 
Escherichia coli, Staphylococcus aureus, 

Salmonella typhi, and Bacillus subtilis, as indicated 

by prominent inhibition zones. 

Antioxidant potential, evaluated using the DPPH 
radical scavenging assay, yielded low IC₅₀ values, 

confirming a strong free-radical scavenging 

capacity comparable to that of ascorbic acid. These 
results suggest that the endophytic fungus 

associated with S. caseolaris possesses substantial 

antioxidant and antibacterial properties, aligning 
with previous reports of Aspergillus-derived 

metabolites exhibiting multifunctional bioactivities. 

Table 2. Antioxidant and Antibacterial Activity of RSC2s 

Sample IC50 (μg/mL) 
(mm) Antibacterial Activity 

E. coli S. typhi  S. aureus B. subtilis 

RSC2 21.437*** 18.70 ± 0.25  18.28 ± 0.50 21.52 ± 0.04 82.1 ± 0.41*** 

Positive control 
Ascorbic acid 
10.083**** 

Tetracycline 
24.9 

Tetracycline 
24.5 

Tetracycline 
26.8 

Tetracycline 
28.2 

Note: Antioxidant activities IC50 (𝜇g/mL): .****very strong.<20 𝜇g/mL; .***strong <100 𝜇g/mL; .**moderate 100–

500.𝜇g (Budiono et al., 2019). 

Classification of bacterial growth inhibition zones responses based on the diameter of the clear zone includes weak 

responses (diameter 5 mm), moderate responses (diameter 5-10 mm), strong responses (diameter 10-20 mm), and 
very strong responses (diameter > 20 mm) (Putri et al., 2023). 

 

TLC and Phytochemical Characterization 

Thin-layer chromatography (TLC) of the RSC2 

extract (Figure 2 and Table 3) revealed two major 

spots with Rf values of 0.21 and 0.28 after spraying 
with 20% H₂SO₄. Under UV light (254 nm), both 

spots exhibited quenching, and upon heating, they 

turned brown, features consistent with conjugated 
aromatic compounds such as flavonoids. The low 

Rf values further indicate polar characteristics, 
supporting their classification as flavonoid-type 

compounds. 

 
Figure 2. Chromatogram profiles of the endophytic 

fungus extract of RSC2. (a) UV light at λ 254 nm; (b) 

UV light at λ 366 nm. (b); (c) after spraying with 

20% H₂SO₄ (c). 

The presence of flavonoids strongly correlates with 
the extract’s observed bioactivity since these 

metabolites are well-documented for their potent 
antioxidant and antimicrobial properties. Thus, the 

TLC results confirm the involvement of flavonoid 
metabolites in the biological effects of the RSC2 

extract. 

Table 3. Determination of Secondary Metabolite 

Sample 
Number 

of spots 

Rf 

Value 

(cm) 

Color after 

H2SO4 20% 

Secondary 

Metabolite 

Extract 
of 
RSC2 

1 0.21 Brown Flavonoid 
2 0.28 Brown Flavonoid 

 

Molecular Identification and Bioactivity 

Implications 

Molecular analysis based on ITS region sequencing 

confirmed the RSC2 isolate as Aspergillus niger 
(Figure 3). A. niger is a widely distributed 

opportunistic species capable of surviving in 

diverse environments (Mousavi et al., 2016; Yu et 
al., 2021). Although this species can act as an 

opportunistic pathogen, its adaptability, rapid spore 

dispersal, and frequent plant associations suggest 
that it can also function as an endophyte (Dias et al., 

2021; Gurgel et al., 2023). Biosafety considerations 
are essential when exploring its pharmaceutical 

applications; however, endophytic strains of A. 

niger have repeatedly demonstrated the ability to 
produce bioactive secondary metabolites similar to 

those found in their host plants (Khan et al., 2020; 

Yang et al., 2023; Muteeb et al., 2023). 

In this study, the ethyl acetate extract of A. niger 

exhibited strong antioxidant and antibacterial 
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activities, with an IC₅₀ value comparable to ascorbic 
acid and inhibition against all tested bacterial 

strains. This biological potency can be attributed to 

the presence of flavonoids and other secondary 
metabolites, as confirmed by TLC analysis. The 

fungus’s extensive biosynthetic gene clusters 
(BGCs) enable the production of diverse 

metabolites such as amides, cyclopeptides, 

polyketides (e.g., asperyellone), flavonoids, 
alkaloids (e.g., purolles, pyridones), and sterols (He 

et al., 2022; Yu et al., 2021). Among these, 

flavonoids are particularly notable for their broad-
spectrum antioxidant and antimicrobial properties 

(Alam et al., 2021; El-Zahar et al., 2022; Ndezo 

Bisso et al., 2022). 

 

Figure 3. Phylogenetic tree of the RSC2 isolate (marked 

with an asterisk) constructed using the Neighbor-Joining 

method (bootstrap value = 1000) 

The use of ethyl acetate, a semi-polar solvent, 

proved effective in recovering a wide range of 

metabolites due to its ability to dissolve both polar 
and nonpolar compounds. Overall, these findings 

highlight the remarkable potential of the A. niger 
endophyte from S. caseolaris as a natural source of 

pharmacologically active compounds. 

Future work should focus on compound 
purification using LC–MS/MS or NMR 

spectroscopy and in vivo validation to assess 

pharmacological efficacy and safety in model 
organisms. This study thus provides a valuable 

foundation for future bioprospecting and 
sustainable drug discovery from mangrove-

associated endophytic fungi. 

Acknowledgments 

We gratefully acknowledge the Integrated 
Laboratory of Biology, Universitas Islam Negeri 

Raden Fatah, for providing laboratory facilities and 

technical support that enabled the successful 

completion of this study. 

References 

 Aini, K., Hary, W., Arum, S., & Kurniawati, A. R. 

(2022). Antibacterial activity of endophytic fungi 

isolated from the stem bark of jambu mawar 

(Syzygium jambos). Biodiversitas, 23(1), 521–532. 

https://doi.org/10.13057/biodiv/d230156 

Aisyiyah, I. N., Rahmawati, H., Agustini, D. M., 

Purbaya, S., Aisyah, L. S., & Yun, Y. F. (2023). 

Antioxidant properties of the ethyl acetate extract of 
endophytic fungus Penicillium citrinum from 

Kalanchoe millotii stem through secondary 

metabolites. Al-Kimiya, 10(2), 123–132. 

https://doi.org/10.15575/ak.v10i2.30323 

Alam, B., L ǐ , J., G ě , Q., Khan, M. A., G ōng, J., 

Mehmood, S., Yu á n, Y., & G ǒ ng, W. (2021). 

Endophytic fungi: From symbiosis to secondary 

metabolite communications or vice versa? Frontiers 

in Plant Science, 12, 791033. 

https://doi.org/10.3389/fpls.2021.791033 

Alongi, D. M. (2015). The impact of climate change on 

mangrove forests. Current Climate Change Reports, 

1(1), 30–39. https://doi.org/10.1007/s40641-015-

0002-x 

Arifanti, V. B., Sidik, F., Mulyanto, B., Susilowati, A., 

Wahyuni, T., Subarno, Y., Yulianti, Y., Yuniarti, N., 

Aminah, A., Suita, E., Karlina, E., Suharti, S., 
Pratiwi, P., Turjaman, M., Hidayat, A., Rachmat, H. 

H., Imanuddin, R., Yeny, I., Darwiati, W., & Novita, 

N. (2022). Challenges and strategies for sustainable 

mangrove management in Indonesia: A review. 
Forests, 13(5), 695. 

https://doi.org/10.3390/f13050695 

Audah, K. A. (2024). The potential of Sonneratia 

caseolaris mangrove plant as functional food and 
medicine. Journal of Functional Food and 

Nutraceutical, 6(1), 5. 

https://doi.org/10.33555/jffn.v6i1.163 

Budiono, Elfita, Muharni, Yohandini, H., & Widjajanti, 
H. (2019). Antioxidant activity of Syzygium 

samarangense L. and their endophytic fungi. 

Molekul, 14(1), 48–55. 

https://doi.org/10.20884/1.jm.2019.14.1.503 

Chen, S. L., Yu, H., Luo, H. M., Wu, Q., Li, C. F., & 

Steinmetz, A. (2016). Conservation and sustainable 

use of medicinal plants: Problems, progress, and 

prospects. Chinese Medicine, 11(1), 10. 

https://doi.org/10.1186/s13020-016-0108-7 

Dias, M. C., Pinto, D. C. G. A., & Silva, A. M. S. 

(2021). Plant flavonoids: Chemical characteristics 

and biological activity. Molecules, 26(17), 5377. 

https://doi.org/10.3390/molecules26175377 



Life Science and Biotechnology 

Volume 3, Number 1, May 2025 
Pages: 20 - 26 

 

 

25 

 

Dominggus Kalor, J., Wanimbo, E., & Indrayani, E. 

(2025). A systematic review of bioactive compounds, 
traditional uses, and conservation perspectives of 

Sonne 

ratia caseolaris. International Journal of Pharmaceutical 

and Bio-Medical Science, 5(5), 350–357. 

https://doi.org/10.47191/ijpbms/v5-i5-10 

El-Zahar, K. M., Al-Jamaan, M. E., Al-Mutairi, F. R., 

Al-Hudiab, A. M., Al-Einzi, M. S., & Mohamed, A. 

A. Z. (2022). Antioxidant, antibacterial, and 
antifungal activities of the ethanolic extract obtained 

from Berberis vulgaris roots and leaves. Molecules, 

27(18), 6114. 

https://doi.org/10.3390/molecules27186114 

Fadhillah, Elfita, Muharni, Yohandini, H., & Widjajanti, 

H. (2019). Chemical compound isolated from 

antioxidant active extract of endophytic fungus 

Cladosporium tenuissimum in Swietenia mahagoni 
leaf stalks. Biodiversitas, 20(9), 2645–2650. 

https://doi.org/10.13057/biodiv/d200929 

Gurgel, R. S., de Melo Pereira, D. Í., Garcia, A. V. F., 

Fernandes de Souza, A. T., Mendes da Silva, T., de 
Andrade, C. P., Lima da Silva, W., Nunez, C. V., 

Fantin, C., de Lima Procópio, R. E., & Albuquerque, 

P. M. (2023). Antimicrobial and antioxidant activities 

of endophytic fungi associated with Arrabidaea 
chica (Bignoniaceae). Journal of Fungi, 9(8), 864. 

https://doi.org/10.3390/jof9080864 

Habisukan, U. H., Oktiansyah, R., & Anjeli, R. (2024). 

Bioactivity of endophytic fungi extract isolated from 
the leaves of mistletoe (Dendrophthoe pentandra) on 

the lime plant (Citrus aurantifolia). Berita Biologi, 

23(3), 431–441. https://doi.org/10.55981/berita 

Hapida, Y., Elfita, H., & Widjajanti, S. (2021). 
Biodiversity and antibacterial activity of endophytic 

fungi isolated from jambu bol (Syzygium 

malaccense). Biodiversitas, 22(12), 5668–5677. 

https://doi.org/10.13057/biodiv/d221253 

He, Y. K., Yang, Q., Sun, Y. R., Zeng, X. Y., 

Jayawardena, R. S., Hyde, K. D., & Wang, Y. 

(2022). Additions to Neopestalotiopsis 

(Amphisphaeriales, Sporocadaceae) fungi: Two new 
species and one new host record from China. 

Biodiversity Data Journal, 10, e90709. 

https://doi.org/10.3897/BDJ.10.e90709 

Kartikaningsih, H., Fitriana, N., Anggraeni, I. L., 
Semedi, B., & Pertiwi Koentjoro, M. (2025). The 

potential of Sonneratia caseolaris mangrove leaves 

extract as a bioactive food ingredient using various 

water extract. F1000Research, 13, 143708. 

https://doi.org/10.12688/f1000research.143708.4 

Khan, R., Ghazali, F. M., Mahyudin, N. A., & Samsudin, 

N. I. P. (2020). Morphological characterization and 

determination of aflatoxigenic and non-aflatoxigenic 
Aspergillus flavus isolated from sweet corn kernels 

and soil in Malaysia. Agriculture, 10(10), 450. 

https://doi.org/10.3390/agriculture10100450 

Koche, D., Shirsat, R., & Kawale, M. (2016). An 
overview of major classes of phytochemicals: Their 

types and role in disease prevention. Hislopia 

Journal, 9(1–2), 1–11. 

Melki, Mustopa, A. Z., & Effendi, H. (2009). Bio-
potentials activity of Sonneratia caseolaris 

(mangrove) extract as antibacterial collected from 

South Sumatera. Marine Science. 

Molyneux, P. (2003). The use of the stable free radical 
diphenylpicryl-hydrazyl (DPPH) for estimating 

antioxidant activity. Songklanakarin Journal of 

Science and Technology, 50(June 2003), 211–219. 

Mossie, T. (2024). In vitro antibacterial activity of 
Bersama abyssinica Fresen crude extract against 

representative Gram-positive and Gram-negative 

bacterial isolates. Veterinary Medicine and Science, 

10(4), 1–8. https://doi.org/10.1002/vms3.1498 

Mousavi, B., Hedayati, M. T., Hedayati, N., Ilkit, M., & 

Syedmousavi, S. (2016). Aspergillus species in 

indoor environments and their possible occupational 

and public health hazards. Current Medical 
Mycology, 2(1), 36–42. 

https://doi.org/10.18869/acadpub.cmm.2.1.36 

Muteeb, G., Rehman, M. T., Shahwan, M., & Aatif, M. 

(2023). Origin of antibiotics and antibiotic resistance, 
and their impacts on drug development: A narrative 

review. Pharmaceuticals, 16(11), 1–54. 

https://doi.org/10.3390/ph16111615 

Nasution, S. S. A., Elfita, Widjajanti, H., & 
Ferlinahayati. (2024). Diversity, bioactivity, and 

phytochemistry of endophytic fungi in various organs 

of nipa palm (Nypa fruticans) mangrove. 

Biodiversitas, 25(10), 3928–3942. 

https://doi.org/10.13057/biodiv/d251053 

Ndezo Bisso, B., Njikang Epie Nkwelle, R., 

Tchuenguem Tchuenteu, R., & Dzoyem, J. P. (2022). 

Phytochemical screening, antioxidant, and 
antimicrobial activities of seven underinvestigated 

medicinal plants against microbial pathogens. 

Advances in Pharmacological and Pharmaceutical 

Sciences, 2022, 1–10. 

https://doi.org/10.1155/2022/1998808 

Noviyanto, Widjajanti, H., & Elfita. (2025). Biodiversity 

and analysis of antioxidant and antibacterial activity 

of endophytic fungi extracts isolated from mangrove 
Avicennia marina. Science and Technology 

Indonesia, 10(1), 139–151. 

https://doi.org/10.26554/sti.2025.10.1.139-151 

Oktiansyah, R., Elfita, E., Widjajanti, H., Setiawan, A., 
Mardiyanto, M., & Nasution, S. S. A. (2023). 

Antioxidant and antibacterial activity of endophytic 

fungi isolated from the leaves of sungkai (Peronema 

canescens). Tropical Journal of Natural Product 
Research, 7(3), 2596–2604. 



Noviyanto et al.- Antibacterial and antioxidant 

 

26 

 

https://doi.org/10.26538/tjnpr/v7i3.20 

Oktiansyah, R., Elfita, Widjajanti, H., Salni, & Setiawan, 
A. (2023). Antibacterial and antioxidant activity of 

endophytic fungi extracts isolated from the petiole of 

sungkai plant (Peronema canescens). Biodiversitas, 

24(12), 6516–6526. 

https://doi.org/10.13057/biodiv/d241213 

Permatasari, F. P., Elfita, Widjajanti, H., Ferlinahayati, 

Hariani, P. L., & Oktiansyah, R. (2023). Antioxidant 

activity of endophytic fungi isolated from cashew 
(Anacardium occidentale) leaves. Tropical Journal of 

Natural Product Research, 7(12), 5486–5494. 

https://doi.org/10.26538/tjnpr/v7i12.18 

Pratiwi, M., Utami, R., Pudja Kharisma, S., Rizki 
Fauzan, A., Amelia, D., & Salaman Ahmad 

Nasution, S. (2024). Antioxidant and antibacterial 

activity of endophytic fungi isolated from the stem 

bark of Sonneratia caseolaris. Journal of Biology 

Scientist Research, 1(2), 37–46. 

Putri, R. N., Wahidah, S. N., Hafidz, I. T. Al, & Faisal. 

(2023). Uji daya hambat antimikroba secara difusi 

sumuran dan difusi paper disk potential. Era Sains: 
Journal of Science, Engineering and Information 

Systems Research, 1(4), 1–7. 

Rathnayake, H., De Zoysa, M. H. N., Hewawasam, R. 

P., Wijayaratne, W. M. D. G. B., & Doi, K. (2020). 
Comparison of in vitro antibacterial activity of 

Epaltes divaricata and Vetiveria zizanioides against 

methicillin-resistant Staphylococcus aureus. 

Scientifica, 2020, 1–6. 

https://doi.org/10.1155/2020/8239053 

Syarifah, Elfita, Widjajanti, H., Setiawan, A., & 

Kurniawati, A. R. (2021). Diversity of endophytic 

fungi from the root bark of Syzygium zeylanicum, and 
the antibacterial activity of fungal extracts, and 

secondary metabolite. Biodiversitas, 22(10), 4572–

4582. https://doi.org/10.13057/biodiv/d221051 

Ward, R. D., Friess, D. A., Day, R. H., & Mackenzie, R. 
A. (2016). Impacts of climate change on mangrove 

ecosystems: A region by region overview. Ecosystem 

Health and Sustainability, 2(4), 1–25. 

https://doi.org/10.1002/ehs2.1211 

Watanabe, T. (2010). Pictorial atlas of soil and seed 

fungi. Boca Raton: CRC Press. 

https://doi.org/10.1201/ebk1439804193 

Yang, X., Dai, Z., Yuan, R., Guo, Z., Xi, H., He, Z., & 
Wei, M. (2023). Effects of salinity on assembly 

characteristics and function of microbial 

communities in the phyllosphere and rhizosphere of 
salt-tolerant Avicennia marina mangrove species. 

Microbiology Spectrum, 11(2), 1–15. 

https://doi.org/10.1128/spectrum.03000-22 

Yu, R., Liu, J., Wang, Y., Wang, H., & Zhang, H. 
(2021). Aspergillus niger as a secondary metabolite 

factory. Frontiers in Chemistry, 9(July), 1–12. 

https://doi.org/10.3389/fchem.2021.701022 

 

Yu, W., Zhang, Y., Lu, Y., Ouyang, Z., Peng, J., Tu, Y., 

& He, B. (2025). Recent research on the bioactivity 
of polyphenols derived from edible fungi and their 

potential in chronic disease prevention. Journal of 

Functional Foods, 124(November 2024), 106627. 

https://doi.org/10.1016/j.jff.2024.106627  


