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Abstract

Annona muricata is a plant broadly reported to have various medicinal benefits and has been widely used
around the world. The leaves are a part reported to have antimicrobial activity. This study aimed to determine
the antimicrobial properties of A.muricata leaves partitioned extract against Propionibacterium acnes and
Staphylococcus aureus. The partitioned extract was obtained by liquid-liquid partition of ethanolic extract using
N-hexane, ethyl acetate, and ethanol. An antimicrobial study was conducted using the Kirby-Bauer method.
The result showed that at the highest concentration model used, antimicrobial activity was shown in N-hexane
partitioned extract and ethyl acetate partitioned extract. Those properties were known to correlate with some
groups of secondary metabolites, including flavonoid, steroid, phenolic, and saponin.
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Abstrak

Tanaman Annona muricata telah dilaporkan memiliki beragam khasiat yang sejak dulu telah dimanfaatkan
secara tradisional. Bagian daun dari tanaman A.muricata merupakan salah satu bagian tanaman yang
diketahui bertanggungjawab pada aktivitas antimikroba. Penelitian ini bertujuan untuk mengetahui potensi
antibakteri ekstrak terpartisi daun A.muricata terhadap bakteri Propionibacterium acnes dan Staphyloccous
aureus. Ekstrak terpartisi dibuat dari ekstrak etanol yang dipartisi ke dalam pelarut N-heksan, etil asetat, dan
etanol. Aktivitas antimikroba dari ketiga esktrak terpartisi diuji menggunakan metode Kirby-Bauer. Diperoleh
hasil bahwa pada model konsentrasi yang digunakan, aktivitas antimikroba ditunjukkan pada ekstrak
terpartisi N-heksan dan ekstrak terpartisi etil asetat. Hasil yang ditunjukkan tersebut berhubungan dengan
golongan senyawa yang dimiliki masing-masing ekstrak terpartisi. Pada kedua ekstrak terpatisi yang
memberikan respon positif pada pengujian antimikroba terhadap P.acnes dan S.aureus, terdeteksi adanya
kandungan golongan senyawa flavonoid, steroid, fenolik serta saponin.

Kata Kunci: Soursop, Leaves, Propionibacterium acnes, Staphylococcus aureus.
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Introduction

Annona muricata is a fruit plant widely inhabited in tropical and subtropical continents, including
Indonesia. This plant belongs to the genus Annona in the Annonaceae family, order Magniliales and
Magnoliophyta division. A.muricata is also known as soursop (English), and sirsak or nangka belanda
(Indonesia). The plant is a 5-10m tall tree that blooms and fruits most of the year. The fruit is edible with white
and creamy flesh and has a particular taste and aroma [1,2]. Apart from using fruit as food, A.muricata has a
long history of medicinal traditional history. The utilisation of the whole part of the plant was reported and is
still being studied. The tree, bark, root, seed, leaves and fruit were all utilised as medication traditionally for
several indications. The reported usage includes arthritis, neuralgia, skin rashes, rheumatism, malaria, fever,
dysentery, aches and pain, flu, asthma, diarrhoea, hypertension, diabetes, insomnia, cancer, and parasitic
infection [1,3]. In Indonesia, A.muricata is traditionally used to treat hypertension, diabetes, cancer, and skin
rashes [4].

Some indications reported were known to correlate with microbial infection. This activity is mainly
shown by the leaves, seed, and fruit skin through extraction, infusion, and endophytic microbial potential [5-
7]. The leaves of A.uricata were reported to have microbial properties by inhibiting the growth of various
bacteria, either positive gram or negative gram [8-10]. To correlate the traditional use of A.muricata as
antimicrobial medication, this study explored the microbial study of a partitioned extract of A.muricata leaves
against Propionibacterium acnes and Staphylococcus aureus responsible for skin disease infection.

Experimental Section

Materials and Apparatus

Annona muricata Lim. was obtained from East Sakra Lombok Timur, NTB, on March 2024 and was
confirmed through plant determination number 18/UN18.F7/LBL/2024 by Laboratorium Biologi Lanjut
Universitas Mataram. The leaves used were the third to fifth leaves counted from shoots. The chemicals used
were technical grade, including ethanol, ethyl acetate, and N-hexane. Microbiology materials were
Propionibacterium acnes ATCC 6919, Staphylococcus aureus ATCC 2913, Nutrient Agar (Himedia), Nutrient Broth
(Himedia), Blank disc (Oxoid), Streptomycin disc (Oxoid), and Dimethyl Sulfoxide (Merck, pro analysis). The
apparatus used were the Oven (Automatic Thermo-Controller TEW IL-80EN), rotary evaporator (Heidolph
Hei-Vap), and incubator (Memmert IN55).

Extraction

The leaves were washed and dried using Oven at 50°C for 48 hours. The dried leaves were then
powdered before maceration in ethanol with powder: solvent ratio (1:4) for 72 hours by stirring occasionally.
The filtrate obtained by filtration was further concentrated using a rotary evaporator at 50°C 48rpm. The
concentrated extract was partitioned by liquid-liquid partition using N-hexane, ethyl acetate and ethanol and
subjected to phytochemical screening.
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Preliminary Phytochemical screening

Flavonoid was evaluated in 5mg of each partitioned extract dissolved in ethanol and reacted with 0,1g
Mg powder. The presence of flavonoid was confirmed by orange-yellow to red colouration following the
addition of HCl to the mixture. Steroid content was evaluated by reacting each partitioned extract with some
drops of Liebermann-Burchard reagent. The positive response of steroid content showed as a bluish-green
mixture solution. The orange sediment formation confirmed Alkaloid since mixing 0,1 g of each partitioned
extract with 1 mL Dragendorff reagent. Phenolic content was evaluated by forming a blackish-green colour in
a mixture of 5mg of each partitioned extract with 2-3 drops of 1% FeCls. Saponin was tested using five
milligrams of each partitioned extract and was shaken to induce foam formation. After reacting each sample
with ImL 2N HCl, the remaining foam indicates the presence of Saponin.

Antimicrobial evaluation

The antimicrobial properties of nutrient agar were evaluated using Kirby Bauer's methods. P.acnes
ATCC 6919 and S.aureus ATCC 2913 were cultured in nutrient broth media and were diluted in sterile normal
saline to obtain 1x108 CFU/mL. Those cultures were then inoculated with sterile cotton swabs on sterile
nutrient agar. Disc tests were prepared by soaking the 6mm blank discs into each partitioned extract at
concentration levels 10%, 5%, and 2,5% (w/v) in 5% DMSO and placed immediately onto inoculated media.
Streptomycin 10ug disc (Oxoid) was used as the positive control, and 5% DMSO was used as a negative
control. The test was conducted in triplicate before performing incubation at 37°C overnight.

Data analysis
Antimicrobial properties were studied by observing the inhibition zone around the disc triplicate. The
data is expressed as mean + SD.

Results and Discussion

Extraction

Maceration is the simplest and oldest extraction method to obtain several contents of secondary
metabolites in some dried and raw natural products, including Annona muricata Lim. Leaves in this study.
This technique is practised at room temperature by soaking the dried plant material in a selected solvent for a
longer time with frequent agitation. The absence of heating in maceration permits various metabolites to yield
and secure heat-sensible metabolites from instability [11]. Maceration allows cell wall rupture and liberates
the soluble secondary metabolite [12]. In this study, due to its character as the universal solvent, ethanol was
used to strain metabolites contained in Annona muricata Lim. Leaves. Partition was conducted to the
concentrated extract using the liquid-liquid partition technique using three different solvents. This technique
aimed to separate the metabolites by their solubility in a particular solvent. In this study design, the three
different solvents used had distinct polarity to facilitate the solubility of the metabolites. This model resulted
in 3 partitions,d extracts: N-hexane, ethyl acetate, and ethanol.

Phytochemical Screening

As the preliminary examination, phytochemical screening was conducted to provide an overview of the
compound content class in some natural product samples. Table 1 shows the result of some metabolites in
three different partitioned extracts. Yellow, orange, and red indicate reduced benzopyrone core in flavonoids
by HCl and Mg powder [13]. Positive results of steroid confirmed by the formation of a bluish colour as the
esterification of Steroid by Liebermann-Burchard reagent [14]. The positive response of steroids initially
appeared as red and turned blue to green end[15]. When interacting with an alkaloid, Dragendorf will form
an orange precipitate due to the interaction of tetraiodobismuthate (III) ions in the reagent [16]. Identification
of phenolic content was conducted using FeCls reagent. A blackish-green stain developed during the reaction
signed the presence of phenolic as Fes* ions undergo the hybridisation reaction [17]. Saponins are triterpenoids,
steroid glycosides, alkaloid steroids or steroids with nitrogen [18]. In the presence of Saponin, the foam is
formed by glycoside through agitation that will not subside by adding 2N HCI [18,19].
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Table 1. Phytochemical Screening of Annona muricata Lim. Folium Partitioned Extract

Partitioned Extract

Class of Compound

N-hexane Ethyl Acetate Ethanol
Flavonoid - + +
Steroid + - +
Alkaloid - - +
Phenolic - +
Saponin - + -

A current study reported the leaves of A.muricata to contain several classes of compounds: flavonoid,
steroid, alkaloid, phenolic, and saponin [20-22]. Among those, alkaloids, flavonoids and phenolics are
significant components of A. muricata leaves [21]. Those findings align with the result of this study in Table 1.
The extract contains flavonoid, steroid, alkaloid, phenolic and saponin, partitioned into three polarity solvents.
N-hexane partitioned extract showed a positive response to steroids. Subandrate et al. [23] and Pratiwi et al.
[24] reported that steroids tend to draw to nonpolar solvents such as N-Hexane. In ethyl acetate partitioned
extract, phenolic, flavonoid, and saponin gave a positive qualitative response. Phenolicis a class of compounds
characterised by the presence of single aromatic rings coupled to a single or more hydroxyl group. Phenolics
were known as the most common secondary metabolites of plants with over 8000 structures. Due to its
variousity of the structures, phenolics have nonuniformity solubility [23]. As a part of phenolic classes,
flavonoids were generally known to dissolve in ethyl acetate [24].

Since it is known as the sort of steroid class with a glycoside functional group, saponins are likely to
draw to a more polar solvent, such as ethyl acetate, rather than N-hexane, which draws the steroids.
Partitioned extract, phenolic, flavonoid, alkaloid, and steroid were detected preliminary in ethanol. Ethanol
and ethyl acetate are two solvents with significant differences. Ethanol has been discovered to be more
compatible with draw polar components such as phenolic and flavonoid than ethyl acetate [23]. Apart from
phenolic and flavonoid, the quaternary alkaloid had good compatibility to dissolve in ethanol as a polar
solvent [18]. Notwithstanding the likely steroid to non-polar solvent, a positive result was shown in ethanol
partitioned extract. This might lead to the presence of some polarity steroids which dissolve in ethanol, and
the residue of compounds remains. This finding supports Qorina et al. [22] that steroid was detected in
ethanolic extract of Annona muricata.

Antimicrobial Properties

Kirby-Bauer method was conducted to study the antimicrobial properties of A. muricata partitioned
extract. Kirby-Bauer classified it into the qualitative diffusion method, where the antibiotic sample tested in
the disc spread across the plate and cultured by specific bacteria forced by diffusion force [25,26]. The
antimicrobial properties were studied by observing the inhibition zone formed around the sample against
Propionibacterium acnes and Staphylococcus aureus. The result showed that Annona muricata folium has
antimicrobial properties against Propionibacterium acnes and Staphylococcus aureus (Picture 1, Table 2).
Compared with P.acnes, it was found that S. aureus is more susceptible to N-hexane partitioned extract. Ethyl
acetate partitioned extract showed the same completion against P. acnes and S. aureus. The clear zone around
the disc formed at 10% partitioned extract. P.acnes and S.aureus showed unsusceptibility to ethanol partitioned
extract even at the highest concentration exposure. These results aligned with Pinto et al. [29], who reported
that Annona muricata has more excellent antimicrobial activity against S. aureus by targeting plasma and outer
membrane mechanisms. The result shows that ethyl acetate partitioned extract has more excellent faculty than
N-hexane and ethanolic partitioned extract. This might indicate that the active secondary metabolites
responsible for this activity are likely partitioned into ethyl acetate. Since the highest concentration model
level did not show superior activity, further study may explore providing more apparent properties of Annona
muricata folium partitioned extract as antimicrobial.

According to the results in Table 2, it was known that the antimicrobial properties in this study model
were shown by N-hexane and ethyl acetate partitioned extract. This material might be due to 4 compounds
detected by preliminary phytochemical tests on those two partitioned extracts: steroid, flavonoid, phenolic
and saponin (Table 1). That class of compounds known as responsible as active components for antimicrobial
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properties shows positive results against bacterial and fungal strains [27]. Steroids are reported to have
potential biological properties, including antibacterial properties [28,29]. Steroids may induce cell lysis and
blockage the nutrient's passage into the cell due to interaction with the lipid membrane layer of the bacterial
cell [30,31].

The presence of flavonoid, phenolic and saponin as the preliminary screening of ethyl acetate
partitioned extract revealed might allow the antimicrobial performance. As the main class of phenolic
compounds, flavonoid is the most important class to be explored. It was found in various chemical diversity
due to their biosynthetic pathway and ring changes. Flavonoid studies submitted reports on antibacterial
mechanisms. It conducts the activity through several pathways to suppress nucleic acid synthesis, and
cytoplasmic membrane function reduces biofilm formation and membrane permeability, which are important
to the growth and survival of bacterial cells [32]. A diversity class in the phenolic group facilitate the diversity
process for bacterial inactivation. It may be performed by damaging cell walls and disrupting cell membranes,
intruding on protein synthesis through molecular disturbance, and even generating apoptosis-like death [33].
Antimicrobial activity of saponin related to their interaction with cell membranes. The interaction leads to
morphological changes and cell membrane integrity destruction [34].

The primary antibacterial mechanism of alkaloids as a nitrogen-containing heterocyclic compound
includes cell wall synthesis inhibition, cell membrane permeability change, metabolism inhibition, and nucleic
acid and protein synthesis inhibition [35].

Figure 1. Kirby-Bauer Test of Annona muricata Lim. Folium Partitioned Extract against P.acnes and S.aureus
All treatment was conducted in triplicate. A-C (N Hexane; Ethyl acetate, Ethanol partitioned extract against P.acnes); D-F (N Hexane; Ethyl acetate, Ethanol
partitioned extract against S.aureus); (-) DMSO 5%; (+) Streptomycin 10ug.
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Table 2. Antimicrobial properties of Annona muricata Lim. Folium Partitioned Extract

Inhibition Zone (mm)

Sample Concentration P acnes S aureus
10 % 0+0 7+0
N-hexane 5% 00 00
2,5% 0+0 0+0
10% 7+0 7+0
Ethyl acetate 5% 0+0 0+0
2,5% 0+0 0+0
10% 0+0 0+0
Ethanol 5% 00 00
2,5% 0+0 0+0

Streptomycin 10 ug 26 +0 23 +0,58
DMSO 5% 0+0 0+0

All values are expressed as mean + SD (n=3). Disc diameter=6mm.

Conclusions

Two of the three partitioned extracts showed positive antimicrobial properties at the highest
concentration. N-hexane partitioned extract has potency against S. aureus, while ethyl acetate partitioned
extract positively responded to P. acnes and S. aureus through bacterial growth inhibition. Those properties
were known to correlate with some groups of secondary metabolites, including flavonoid, steroid, phenolic,
and saponin.

Conflict of Interest

The author has declared no conflict of interest.

Acknowledgement

This work was supported by Universitas Hamzanwadi through Internal Decentralization Research
Grant no 055/UH.P3MP/Ktr./2024. The author thanked Wilada El Rahmah and Usriatul Asri for their
assistance in the preliminary phytochemical screening of this work.

References

[1] Coria-Téllez A V., Montalvo-Goénzalez E, Yahia EM, Obledo-Vazquez EN. Annona muricata: A
comprehensive review of its traditional medicinal uses, phytochemicals, pharmacological activities,
mechanisms of action and toxicity. Arabian Journal of Chemistry 2018;11:662-91.
https://doi.org/10.1016/].ARABJC.2016.01.004.

[2] Moghadamtousi SZ, Fadaeinasab M, Nikzad S, Mohan G, Ali HM, Kadir HA. Annona muricata
(Annonaceae): A review of its traditional uses, isolated acetogenins and biological activities. Int ] Mol
Sci 2015;16:15625-58. https://doi.org/10.3390/ijms160715625.

[3] Patil H V., Dhankani MA, Dhankani AR. A Review on Marvel Fruit: Annona muricata. In: Mousa S,
editor. Med.Sci.Forum, MDPI AG; 2023, p. 26. https://doi.org/10.3390/ecb2023-14355.

[4] Qomaliyah EN. Etnofarmakologi dan Potensi Bioaktivitas Daun dan Buah Sirsak (Annona Muricata):
Artikel Review. Biocity Journal of Pharmacy Bioscience and Clinical Community 2022;1:36-55.
https://doi.org/10.30812/BIOCITY.V1I1.2488.

.. 631
V= Electronic ISSN : 2656-3088

o[ S
- PS Homepage: https://www journal-jps.com



(5]

(6]

(7]

(10]

(11]

(12]

(13]

(14]

[15]

[16]

(17]

(18]

(19]

(20]

Journal of Pharmaceutical and Sciences 2025; 8(2), (e745)- https://doi.org/10.36490/journal-jps.com.v8i2.745

Nurmiati N, Periadnadi P, Syahril SF, Edelwis TW. Annona species' antimicrobial and antioxidant
potentials  (A. muricata, A. squamosa, and A. reticulata) through leaf infusions. Biodiversitas
2024;25:3422-30. https://doi.org/10.13057/BIODIV/D250813.

Abdel-Rahman T, Hussein AS, Beshir S, Hamed AR, Ali E, El-Tanany SS. Antimicrobial Activity of
Terpenoids Extracted from Annona muricata Seeds and its Endophytic Aspergillus niger Strain SH3
Either Singly or in Combination. Open Access Maced ] Med Sci 2019;7:3127.
https://doi.org/10.3889/OAM]JMS.2019.793.

Iyanda-Joel WO, Omonigbehin EA, Iweala EE], Chinedu SN. Antibacterial studies on fruit-skin and
leaf extracts of Annona muricata in Ota, Nigeria. IOP Conf Ser Earth Environ Sci, vol. 331, Institute of
Physics Publishing; 2019. https://doi.org/10.1088/1755-1315/331/1/012029.

Mithun Pai BH, Rajesh G, Shenoy R, Rao A. Anti-microbial efficacy of Soursop leaf extract (Annona
muricata) on oral pathogens: An in-vitro study. Journal of Clinical and Diagnostic Research
2016;10:ZC01-4. https://doi.org/10.7860/JCDR/2016/18329.8762.

Rahman FA, Haniastuti T, Utami TW. The effect of ethanol extract of soursop leaf (Annona muricata
L.) on Adhesion of Streptococcus mutans ATCC 35668 to hydroxyapatite discs. Majalah Kedokteran
Gigi Indonesia 2018;4:22-6. https://doi.org/10.22146/MAJKEDGIIND.24852.

Nurmiati N, Periadnadi P, Syahril SF, Edelwis TW. Annona species' antimicrobial and antioxidant
potentials  (A. muricata, A. squamosa, and A. reticulata) through leaf infusions. Biodiversitas
2024;25:3422-30. https://doi.org/10.13057/BIODIV/D250813.

Nurhaliza S, Gemantari BM, Febriani Y. Antioxidant Activity Screening of Callophyllum inophyllum
Linn. Seed Fractions. Healthy-Mu Journal 2023;7:13-8. https://doi.org/10.35747/HM].V711.576.
Senapati MR, Behera PC. Novel extraction conditions for phytochemicals. In: Pati S, Sarkar T, Lahiri D,
editors. Recent Frontiers of Phytochemicals: Applications in Food, Pharmacy, Cosmetics, and
Biotechnology, Elsevier; 2023, p. 27-61. https://doi.org/10.1016/B978-0-443-19143-5.00019-0.

Rahman NF, Nursamsiar, Megawati, Handayani, Suares CAM. Total Phenolic and Flavonoid Contents
and Antioxidant Activity of Kembang Bulan Leaves (Tithonia diversifolia (Hemsley) A. Gray).
Indonesian Journal of Pharmaceutical Science and Technology Journal Homepage 2021;1:57-65.
Saputra MY, Zakaria MR, Silalahi D, Sartika W, Hasibuan HFZ, Kurniawan R, et al. Potential
Antioxidant Constituent from Leaf of Rhizophora apiculata an Typical Mangrove at Lempasing, South
Lampung Coast. Stannum:JurnalSainsdanTerapanKimia 2022;4:60-7.
https://doi.org/10.33019/jstk.v4i2.

Prasad SK, Veeresh PM, Ramesh PS, Natraj SM, Madhunapantula SR V., Devegowda D. Phytochemical
fractions from Annona muricata seeds and fruit pulp inhibited the growth of breast cancer cells
through cell cycle arrest at GO/Glphase. ] Cancer Res Ther 2020;16:1235-49.
https://doi.org/10.4103/JCRT.JCRT_494_19.

Hasairin A, Pulungan ASS, Hartono A. Phytochemical Screening of Lichens Extract Usnea Sp. On Pines
in  The Barrian  Hill  Forest, North Sumatra. JBIO: JurnalBiosains  2022;8.
https://doi.org/10.24114/jbio.v8i3.42602.

Subaryanti, Triadiati T, Sulistyaningsih YC, Iswantini D. TotalPhenol content of Accessions of kencur
(Kaempferia galangan L.) at Different Altitudes. NaturalScienceJournalofScienceandTechnology
n.d.;11:1-6. https://doi.org/10.22487/25411969.2022.v11.i1.15696.

Puspitasari FA, Kartikasari NB, Mutiyastika S, Purnamasari R, Lusiana N, Agustina E. Effect of
Different Solvents in the Extraction Process of Kelor (Moringa oleifera) Leaves on Bioactive Resources
and Phenolic Acid Content. InternationalConferenseonSustainableHealthPromotion, Surabaya: 2023,
p. 167-78.

Yuniati R, Zainuri M, Kusumaningrum H. Qualitative Tests of Secondary Metabolite Compounds in
Ethanol Extract of Spirulina platensis from Karimun Jawa Sea, Indonesia. Biosaintifika 2020;12:343-9.
https://doi.org/10.15294/biosaintifika.v12i3.23153.

Hasmila I, Natsir H, Soekamto NH. Phytochemical analysis and antioxidant activity of soursop leaf
extract (Annona muricata Linn.). ] Phys Conf Ser 2019;1341. https://doi.org/10.1088/1742-
6596/1341/3/032027.

632
= Electronic ISSN : 2656-3088

PS Homepage: https://www journal-jps.com



(21]

(22]

(23]
[24]
[25]

[26]

(27]

(28]

[29]

(30]

(31]

(32]

(33]

(34]

(35]

=== Electronic ISSN : 2656-3088
PS Homepage: https://www journal-jps.com

Journal of Pharmaceutical and Sciences 2025; 8(2), (e745)- https://doi.org/10.36490/journal-jps.com.v8i2.745

Agu K, Okolie N, Eze I, Anionye JC, Falodun A. Phytochemical analysis, toxicity profile, and
hemomodulatory properties of Annona muricata (Soursop). The Egyptian Journal of Haematology
2017;42:36. https://doi.org/10.4103/1110-1067.206431.

Qorina F, Arsianti A, Fithrotunnisa Q, Tejaputri NA. Phytochemistry and antioxidant activity of
soursop (Annona muricata) leaves. International Journal of Applied Pharmaceutics 2019;11:1-6.
https://doi.org/10.22159/ijap.2019.v11s6.33524.

Alara OR, Abdurahman NH, Ukaegbu CI. Extraction of phenolic compounds: A review. Curr Res Food
Sci 2021;4:200-14. https://doi.org/10.1016/].CRFS.2021.03.011.

Tarigan DB, Lenny S, Zuhra CF. Analysis of Total Flavonoid Content and Antioxidant Activity Assay
of Guava Variety Crystal (Psidium guajava L.) Leaves Extract. Jurnal Kimia Riset 2024;9:90-9.

Patel K, Bunachita S, Agarwal AA, Bhamidipati A, Patel UK. A Comprehensive Overview of Antibiotic
Selection and the Factors Affecting It. Cureus 2021;13:e13925. https://doi.org/10.7759/CUREUS.13925.
Luthfiyani Citra Pradana D, Farida Muti A, Puji Rahmi E, Elzuhria N, Hanidah U, Buulolo F, et al.
Antibiotics Sensitivity Test Diffusion and Dilution Methods. Journal of Research in Pharmacy and
Pharmaceutical Sciences 2023;2:38—-47. https://doi.org/10.33533/JRPPS.V211.7027.

Gemantari BM, Romadhonsyah F, Nurrochmad A, Wahyuono S, Astuti P. Aktivitas Antimikroba
Ekstrak Etil Asetat Fungi Endofit Eutypa linearis. Majalah Farmaseutik 2022;18:241-6.
https://doi.org/10.22146/FARMASEUTIK.V18I3.64133.

Ke S. Recent Progress of Novel Steroid Derivatives and Their Potential Biological Properties. Mini Rev
Med Chem 2018;18. https://doi.org/10.2174/1389557517666171003103245.

Vollaro A, Esposito A, Antonaki E, Iula VD, D’alonzo D, Guaragna A, et al. Steroid Derivatives as
Potential Antimicrobial Agents against Staphylococcus aureus Planktonic Cells. Microorganisms
2020;8:468. https://doi.org/10.3390/MICROORGANISMS8040468.

Sumarna S, Islam MF, Irunsah A, Sadsoeitoeboen MJ, Mandatjan KI. Phytochemicals Screening and
Antibacterial Activity of Teijsmaniadendron Holrungii from West Papua. Techno Jurnal Penelitian
2023;12:20-7. https://doi.org/10.33387/tjp.v12i1.5467.

Felisbino JKRP, Vieira BS, de Oliveira A, da Silva NA, Martins CHG, Santiago MB, et al. Identifying
substances produced by cercospora brachiata without light and evaluating antibacterial activity.
Journal of Fungi 2021;7:680. https://doi.org/10.3390/JOF7090680/S1.

Shamsudin NF, Ahmed QU, Mahmood S, Shah SAA, Khatib A, Mukhtar S, et al. Antibacterial Effects
of Flavonoids and Their Structure-Activity Relationship Study: A Comparative Interpretation.
Molecules 2022;27:1149. https://doi.org/10.3390/MOLECULES27041149.

Chen X, Lan W, Xie ]J. Natural phenolic compounds: Antimicrobial properties, antimicrobial
mechanisms, and potential utilisation in the preservation of aquatic products. Food Chem
2024;440:138198. https://doi.org/10.1016/]. FOODCHEM.2023.138198.

Li ], Monje-Galvan V. In Vitro and Silico Studies of Antimicrobial Saponins: A Review. Processes 2023,
Vol 11, Page 2856 2023;11:2856. https://doi.org/10.3390/PR11102856.

YanY, Li X, Zhang C, Lv L, Gao B, Li M. Research Progress on Antibacterial Activities and Mechanisms
of Natural Alkaloids: A Review. Antibiotics 2021;10:318.
https://doi.org/10.3390/ANTIBIOTICS10030318.

633



