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ABSTRACT 
Infectious diseases are diseases that can be life-threatening if left untreated and can be caused by pathogenic 
microbes such as Escherichia coli, Bacillus subtilis and Staphylococcus aureus. The irrational use of 
antimicrobials has caused many pathogenic microbes to adapt and become resistant to antimicrobials. 
Andaliman (Zanthoxylum acanthopodium DC.) and phylosphere bacteria are known to have antimicrobial 
activity due to the compounds they contain. This study aims to determine the antimicrobial potential of 
Andaliman phyllosphere bacteria (Z. acanthopodium DC.) against E. coli, B. subtilis and S. aureus. This 
research was an experimental laboratory research with qualitative data collection methods. The antagonist 
test was carried out by using spot technique. The five best isolates were identified molecularly based on the 
16s rRNA gene. Then, crude extracts of potential phyllosphere bacteria of Andaliman were carried out through 
secondary metabolite screening and Minimum Inhibitory Concentration (MIC) test with disc diffusion method. 
From the antagonist test results, six isolates inhibited the growth of S. aureus and 8 isolates inhibited B. 
subtillis. In the MIC test results, the best inhibitory zone was obtained with a concentration of 70% in the AF43 
isolate measuring 15.79 mm, which was included in the strong category against S. aureus bacteria and the 
MIC test results were also obtained at a concentration of 70% in the AF43 isolate measuring 13.57 mm. mm 
which falls into the strong category against B. subtilis bacteria. AF43 isolate extract is an isolate that has 
inhibitory power against S. aureus and B. subtilis bacteria, where a concentration of 100% produces the most 
significant inhibitory power, measuring 17.2 mm against B. subtilis bacteria and 23.4 mm against S. aureus 
bacteria.  
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INTRODUCTION 
Infection is a possible disease that threatens lives, and the incidence of infection in humans has increased in 
two decades (Barreto et al., 2006). Microorganisms like bacteria, fungi, parasites and viruses can cause 
infection in humans. Infections caused by bacteria can occur and attack various organ systems in the human 
body (Novard et al., 2019). Indonesian Basic Health Researches 2018 data shows infectious disease prevalence 
in Indonesia, such as Acute Respiratory Tract Infection (ARTI) (9.3%), pneumonia (4.0%), diarrhea (8.0%), 
and diarrhea in toddlers (12.3%) (Kemenkes RI, 2018). Bengkulu became the third province with the highest 
prevalence incidence of diarrhea, with a prevalence reaching more than 9% (Kemenkes RI, 2018). 

Staphylococcus aureus is a Gram-positive bacteria that is cocci-shaped and arranged like wine. S. aureus, 
known as the microbiome in humans, can be found in the human respiratory tract, digestion tract and skin and 
can cause diseases in humans (Syahrurachman et al., 2010). Infection of S. aureus in humans can cause various 
diseases, including bacteremia, endocarditis, skin and soft tissue infection, osteomyelitis, infection tool 
prosthetics, gastroenteritis, urinary tract infections and others (Taylor & Unakal, 2024).  

Escherichia coli is a rod-shaped, Gram-negative bacteria that has become a microbiome in the human intestine. 
It can cause primary infection of the intestine, for example, diarrhea in children and other organ tissue 
infections outside the intestines. E. coli infection can also cause poisoning of food, diarrhea, urinary tract 
infections, sepsis, and meningitis in children (Syahrurachman et al., 2010).  

B. subtilis is a Gram-positive bacteria that can form endospores. B. subtilis is normal microbiota in the gut 
(Djaenuddin & Muis, 2015). B. subtilis produces an extracellular toxin known as subtilisin. B. subtilis can 
cause diseases like bacteremia, endocarditis, meningitis, respiratory tract infections, urinary tract infections, 
and gastrointestinal tract (Utami et al., 2017). 

Using antimicrobials irrationally has caused many pathogen microbes to adapt to the environment and become 
resistant to drugs (Candrasari, 2014). In 2013, over 700,000 deaths occurred all over the world as a result of. 
The estimated number of deaths in 2050 will be 10 million as a consequence of antibiotic resistance, and 4.7 
million of them are Asian population. The significant impact of antibiotic resistance is an increase in morbidity 
and mortality because resistant bacteria infection risk spread and costs more expensive treatment (CDC, 2022).  

Based on a study by Asbur (2018) shows that fruit Andaliman (Zanthoxylum acanthopodium DC.) extract has 
bactericidal ability to Bacillus stearothermophilus, Pseudomonas aeruginosa, Vibrio cholera, and Salmonella 
typhimurium. (Asbur, 2018) Based on research conducted by Maysarah (2009) shows that the endophyte 
fungus of Andaliman is capable of inhibiting the growth of Aspergillus sp. (Maysarah, 2009). Besides the 
plant, antimicrobial compounds can also originate from secondary metabolism results of interaction between 
two phyllosphere bacteria (Rizqoh et al., 2016). A number of phyllosphere bacteria can produce bioactive 
compounds to compete with other microorganisms to obtain space and nutrition for growing (Lindow & 
Brandl, 2003). Based on research results by Rizqoh et al. (2016) stated that bacteria phyllosphere from 
Reundeu (Stauroyne longata) can produce antimicrobial compounds and inhibit the growth of 4 pathogen 
microbes that is E. coli, S. aureus, Candida tropicalis and C. albicans.  

Research conducted by Aritonang (2016) shows the ability of phyllosphere bacteria to inhibit the growth of 
fungi from the genera Aspergillus, Alternaria and Fusarium. Rizqoh et al. (2021) have carried out studies in 
isolation and characterization of Andaliman phyllosphere bacteria. The results of this research are advanced 
from this research, which aims to determine the antimicrobial activity of Andaliman phyllosphere bacteria, 
identify potential isolates of Andaliman phyllosphere bacteria, determine the minimum inhibitory 
concentration (MIC) of Andaliman phyllosphere bacteria crude extract and identify chemicals compound 
contained in Andaliman phyllosphere bacteria.   
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MATERIALS AND METHODS 
Reculture of Target Microbes 

Target bacteria (E. coli, S. aureus and B. subtilis) are reculture in Tryptic Soy Broth (TSB), then incubated at 
temperature 37 0C for 24 hours. Its turbidity was measured with spectrophotometry (OD = 0.3 concentration 
10 6 – 10 7 cells /mL).  

Antagonist Test  

Antagonist tests of phyllosphere bacteria isolates against target microbes are carried out with a two-layer agar 
media technique consisting of semi-solid NA media and solid NA media. Target microbes that have been 
measured its turbidity with spectrophotometry, mixed with semi-solid NA media, and then poured in on solid 
media that has been frozen previously on the plate. After that, phyllosphere bacteria isolates are dotted on it. 
The culture of antagonist tests was incubated for 24 hours at room temperature. Observation is done after the 
test culture has been incubated for 24 hours. A positive bacteria isolate has the potential to produce 
antimicrobial compounds if the isolate forms an inhibition zone. The diameter of the inhibition zone was 
measured with vernier calipers, and the power of inhibition activity was assessed based on Surjowardojo et al. 
(2015) categories (Table 1).  

Isolation of Phyllosphere Bacteria Genome  

Isolate bacteria cultured in Kings'B media for 24 hours. Amount 1.5 ml of culture was centrifuged at 10,000 
rpm for 10 minutes. Genomic DNA bacteria are extracted by following a bacterial DNA Presto Mini gDNA 
Bacterial Kit (Geneid) according to the instructions from the manufacturer.  

Amplification of the 16S rRNA Gene by Polymerase Chain Reaction (PCR)  

Amplification of the 16S rRNA gene was conducted on some of the best isolates that have antimicrobial 
activity. Gene amplification is carried out with mix 12.5 PCR buffer GC II, 4 μl dNTPs (2.5 mM/dNTP), 1 μl 
primer 63 F (CAGGCCTAACACATGC-AAGTC), 1 μl primer 1387 R (GGGCGGWGTGTACAA-GGC), 4 
μl DNA template, and 0.25 μl Taq DNA polymerase (GreenTaq) and 2.25 μl ddH2O. Amplification was done 
in the PCR machine for 30 cycles. The Amplification Stages regulated are predenaturation for 5 minutes and 
denaturation for 1 minute at 94 ºC, annealing for 1 minute at 55 ºC, and 1-minute polymerization and 2 minutes 
post PCR at 72 ºC. Visualization of 16S rRNA amplicons was performed through electrophoresis. This PCR 
gene amplification was then sequenced at 1st BASE PTE Ltd, Singapore.  

Analysis 16S rRNA sequence  

Bacterial DNA sequences are analyzed to identify phyllosphere bacteria. Species identification is done with 
homology sequence analysis using the Blast-N program from the NCBI website 
(http://www.ncbi.nlm.nih.gov/). Then, the sequences were analyzed for their relationship to each other with 
phylogenetics analysis. 16S rRNA gene sequences were aligned using the Mega 11 application program. The 
phylogenetic tree was also constructed with the Mega 11 application program.  

Extraction Isolate Bacteria Philosphere Andaliman Using Ethyl Acetate  

Culture is performed to potential Andaliman phyllosphere bacteria isolates. The isolates were cultured in 500 
ml NB media and incubated on a shaker at 170 RPM ( Rotary Per Minute) at 30ºC for 72 hours. Next, 500 ml 
of the ethyl acetate solvent was added to the culture, incubated at 30°C for 24 hours, and stirred for 20 minutes. 
After waiting 10 minutes on the funnel, the liquid is separated between the medium. The top layer part was 
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taken and evaporated using a vacuum rotary evaporator HS-2005V at a temperature of 40 oC with a speed of 
90 rpm. The crude extract was stored at 20ºC for the next step usage (Müller & Ruppel, 2014).  

Minimum Inhibitory Concentration (MIC) Test Andaliman Phyllosphere Bacteria Crude Extract to 
Pathogen Microbes  

Minimum Inhibitory Concentration (MIC) is the lowest concentration of antimicrobial agents that can inhibit 
other organism growth. MIC test in this research was conducted using the disc diffusion method. At the 
beginning of the MIC test, 12 treatments were used, with each treatment done three times repetition. Andaliman 
phyllosphere bacteria crude extracts are made concentration 10% (0.1 g/ml), 20% (0.2 g/ml), 30% (0.3 g/ml), 
40% (0.4 g/ml), 50% (0, 5 g/ml), 60% (0.6 g/ml), 70% (0.7 g/ml), 80% (0.8 g/ml), 90% (0.9 g/ml), and 100% 
(1 g/ml)—each concentration of crude extracts diluted with using 7% DMSO. The positive control of the fungi 
test used ketoconazole, the positive control of the bacteria test used amoxicillin, and the negative control used 
DMSO 7%.   

First, 1 ml of suspension bacteria or fungi was added to a liquid NA medium (for bacteria), then homogenized 
with a magnetic stirrer and poured into a petri dish to solidify. Next, a 6-mm-diameter paper disc was inserted 
into a petri dish test using tweezers. Then, the paper disc was dripped with 5 μl crude extract of Andaliman 
phyllosphere bacteria isolates with different concentrations and incubated for 3x24 hours at 37°C. After that, 
the clear zone that appears around the paper disc was observed. A clear zone around the paper disc indicates 
that the crude extract can inhibit targeted microbes. The inhibition zone calculation measured the clear zone 
around the paper disc. The inhibition zone was measured on three sides, then averaged from the results 
measurement and reduced with a paper diameter disc used. Furthermore, the inhibition zone category is 
classified based on Table 1.  

Tabel 1. Category of  Inhibition Zone  
Diameter of Inhibition Zone Category 

≥ 21 mm Powerful 
11-19 mm Strong 
5-10 mm Moderate 
≤ 5 mm Weak 

RESULTS 
 
Inhibited Ability of Phyllosphere Bacteria to Pathogenic Microbes 

Phyllosphere bacterial antagonist tests have been conducted against E. coli, S. aureus, B. subtilis, and C. 
albicans. Of the 64 isolates, only 51 isolates of phyllosphere bacteria were tested for antagonism against these 
microbes. That is because as many as 13 isolates of phyllosphere bacteria did not grow well, so they were not 
tested. Phyllosphere bacteria with antimicrobial activity form a clear zone in the antagonistic test (Figure 1). 
Several phyllosphere bacteria showed antimicrobial activity: 8 isolates were antagonistic against B. subtilis 
and 6 were antagonistic against S. aureus (Table 2). There is no antimicrobial activity against E. coli in 
Andaliman phyllosphere bacteria. 
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Figure 1. Inhibition Zone of the Andaliman Philosphere bacterial isolates antagonism test against pathogenic 
microbes; A-H: inhibition to B. subtilis ((A) AF 3, (B) AF 6, (C) AF 26, (D) AF 43, (E) AF 49, (F) AF 50, (G) 
AF 53, (H) AF 58); I-N: inhibition to S. aureus ((I) AF 23, (J) AF 26, (K) AF 49, (L) AF 58, (M) AF 63, (N) 
AF 64). 
 
Table 2. Potential antimicrobial activity of Andaliman Phyllosphere Bacteria 
Isolate 
Code 

Antimicrobial activity of Andaliman Phyllosphere Bacteria 
B. subtilis S. aureus 
Inhibition 
zone (+/-) 

ZOI 
Diameters 
(mm) 

Category Inhibition 
zone (+/-) 

ZOI 
Diameters 
(mm) 

Category 

AF 3 + 1,2 Weak - - - 
AF 6 + 4,0 Weak - - - 
AF 23 - - - + 1,2 Weak 
AF 26 + 2,6 Weak + 0,9 Weak 
AF 43 + 5,1 Moderate - - - 
AF 49 + 1,2 Weak + 1,1 Weak 
AF 50 + 2,5 Weak - - - 
AF 53 + 1,0 Weak - - - 
AF 56 - - - - - - 
AF 58 + 1,0 Weak + 5,1 Moderate 
AF 63 - - - + 3,2 Weak 
AF 64 - - - + 3,5 Weak 
Total 8   6   

 
Some Andaliman phyllosphere isolates showed inhibitory activity against more than one microbe. The 

widest antimicrobial spectrum was AF 49, which could inhibit B. subtilis and S. aureus. Furthermore, AF 26 
and AF 58 could inhibit B. subtilis and S. aureus. Then, AF 50 and AF 53 could inhibit B. subtilis. 
Molecular Identification of Potential Isolate of Andaliman Phyllosphere Bacteria  

The known base sequences of the 16S rRNA coding gene are used to determine bacterial species based 
on data in the gene bank and create a phylogenetic tree based on previously identified nearby organisms. From 
matching with data in the gene bank, it is known that AF26, AF43, AF49, AF50, and AF58 have the closest 
similarity to Brevundimonas sp. (99.24%), Pseudomonas sp. (71.45%), Brevundimonas sp (99.10%), 
Pseudomonas sp. (80.58%) and Bacillus altitudinis (98.52%). Based on phylogenetic analysis, isolates AF26 
and AF49 are closely related, as are AF43 and AF50 (Figure 2). 
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Figure 2. The phylogenetic tree shows the relationships between the five best Andaliman phyllosphere 
bacterial isolates that produce antimicrobial bioactive compounds. 

 
Extraction of Andaliman Phyllosphere Bacterial Isolates Using Ethyl Acetate  

In the previous step, the best isolates of Andaliman phyllosphere bacteria were isolated: AF26, AF43, 
AF49, AF50, and AF58. Table 3 shows the extraction process results of 5 Andaliman phyllosphere isolates.  
Table 3. Extraction results of Andaliman phyllosphere isolates using ethyl acetate solvent.  
Isolate Code Volume of extract (ml) 
AF26 6,7 
AF43 6,6  
AF49 6,6  
AF58 6,2  
AF50 5,9  

 
Minimum Inhibitory Concentration (MIC) Test of Five Isolates Phyllosphere Bacteria Extract 
Andaliman To B. subtilis and S. aureus  

MIC test results from five Andaliman phyllosphere bacteria extracts to B. subtilis and S. aureus can seen 
in Tables 4 and 5. Based on Table 3, it can be seen that not all concentrations of Andaliman phyllosphere 
bacterial isolate extracts have antibacterial activity against B. subtilis. Isolates AF26, AF49, and AF58 can not 
inhibit B. subtilis growth. Isolate AF43 has the power to inhibit B. subtilis at concentrations of 70%, 80%, 
90%, and 100%. MIC test results on isolate AF50 showed antibacterial activity in bacteria B. subtilis at 100% 
concentration.  

Based on Table 5, it can be seen that not all concentrations of phyllosphere bacterial isolate extracts 
activity against S. aureus. Isolate AF26, AF49, AF50, and AF58 do not have antibacterial activity against S. 
aureus at all concentrations. Isolate AF43 showed inhibitory activity at 70%, 80%, 90%, and 100% 
concentration. So, the MIC value of AF43 is 70%. 
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DISCUSSION 
The formation of an inhibition zone around the phyllosphere bacterial isolates inoculated onto the test media 
showed that the Andaliman Phyllosphere bacteria have antimicrobial activity. These results align with research 
conducted by Asbur (2018) which shows that Andaliman fruit extract is bactericidal against Bacillus sp. 
Andaliman plants have several biological activities such as larvicides, anti-inflammatory, analgesic, 
antimicrobial, antioxidant, and antifungal. The bioactive compounds in Andaliman, such as essential oils, 
alkaloids, flavonoids, saponins, and tannins, have an antimicrobial effect that can reduce the number of 
bacterial colonies (Rizqoh et al., 2024). According to Pelczar & Chan (2005) the mechanism of action of 
antimicrobial compounds is generally carried out by damaging cell walls, changing membrane permeability, 
disrupting protein synthesis, and inhibiting enzyme action.  

The results of the antagonist test in this study found that the Andaliman philosphere bacteria had higher 
inhibiting activity against B. subtilis than S. aureus . The defence of the Gram-positive bacterial cell wall is 
relatively more vulnerable because most of it is only composed of a peptidoglycan layer (Gow et al., 2017). 

This research found that phyllosphere bacteria species in Andaliman consist of Brevundimonas sp., 
Pseudomonas sp., and Bacillus altitudinis. Steven et al. (2018) characterized Pseudomonas and 
Enterobacteriaceae as the dominant taxa of apple. Several studies reveal Pseudomonas as the most abundant 
genus in the phyllosphere region.(Aleklett et al., 2014; Kecskeméti et al., 2016; Steven et al., 2018) Seed coat-
associated bacteria that have been reported in the phyllosphere are mainly Actinobacteria, Bacteroidetes, 
Firmicutes, and Proteobacteria.(Johnston-Monje & Raizada, 2011; Rodríguez et al., 2018; Sivakumar et al., 
2020)  

Ethyl acetate is a good solvent used for extraction because it is capable of easy evaporation, is not hygroscopic, 
and has low toxicity. Ethyl acetate is also a solvent with characteristic semi-polar ones that can interest polar 
or non-polar compounds and have low toxicity. Ethyl acetate is a solvent that can attract alkaloids, flavonoids, 
saponins, tannins, polyphenols, and triterpenoids (Putri et al., 2013).  

In this research, the antagonist test of isolates AF26, AF43, AF49, AF50, and AF58 have inhibition ability 
against the bacteria B. subtilis and S. aureus. However, only AF43 and AF50 had inhibition ability against the 
B. subtilis and S. aureus in the MIC test. The inhibition ability of antibacterial substances was influenced by 
several factors, including (1) the concentration substance antibacterial; (2) storage time; (3) environment 
temperature; (4) physical properties and chemical food, including water content, pH, and number of 
compounds in it.(Ati, 2018) The strongest possibility that influences the results of this research is storage time 
because these Andaliman phyllosphere bacterial isolates have been stored for two years.  

In this research, the MIC value of Andaliman phyllosphere bacteria crude extract is around 70-100%  with a 
diameter of up to 23,40 mm (powerful) (Table 4-6). In another research by Sihombing (2019), MIC of 
Andaliman fruit extract testing against Salmonella typhi obtained a concentration of 75 % with the biggest 
inhibition zone diameter of 19 mm (strong). MIC test of Andaliman fruit extract carried out by Muzafri (2018) 
against Salmonella thypii obtained a concentration of 100 %, with the most optimal resistance of 17.76 mm. 
Meanwhile, Rahmawati et al. (2022) found the antifungal activity of Andaliman extract against C. albicans 
with an MIC value of 10%. Based on studies conducted by Rizqoh et al. (2016), the isolation of phyllosphere 
bacteria from medicinal plants such as Reundeu (Staurogyne longata) has antibacterial activity against S. 
aureus, E. coli, C. albicans and Candida tropicalis. 

Phyllosphere and endophytic bacteria are known to produce various secondary metabolite compounds with 
various biological activities including antioxidant, antifungal, antibacterial, antiviral and antihelminthic 
(Gouda et al., 2016; Kasaei et al., 2017). These antifungal compounds are in the form of flavonoids, tannins, 
saponins and alkaloids which are obtained by the extraction process (Megawati et al., 2023). Phyllosphere 
bacterial populations are known to be influenced by plant genotype, immune system and species, soil type, 
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climatic conditions, and geographic location (Copeland et al., 2015). So it can be said that Factors from the 
metabolite components of phyllosphere bacteria that resemble the andaliman plant and also the use of ethyl 
acetate solvent influence the ability to properly inhibit some microbes (Devi et al., 2015; Janatiningrum et al., 
2021; Sitanggang et al., 2019). 
 
CONCLUSIONS  
Some Andaliman phyllosphere bacteria isolates could potentially produce antimicrobial bioactive compounds 
that could inhibit the growth of B. subtilis and S. aureus. From molecular identification based on 16s rRNA 
gene, it is known that AF26, AF43, AF49, AF50 and AF58 have the closest similarity to Brevundimonas sp. 
(99.24%), Pseudomonas sp. (71.45%), Brevundimonas sp (99.10%), Pseudomonas sp. (80.58%) and Bacillus 
altitudinis (98.52%). The Minimum Inhibitory Concentration (MIC) of Andaliman phyllosphere bacterial 
isolate extract, which has the potential to inhibit B. subtilis has the smallest activity at a concentration of 70% 
in isolate AF43 and 100% in isolate AF50 with a strong category. The MIC of AF43 isolate extract could also 
inhibit S. aureus at a concentration of 70%.  
 
Acknowledgement 
 
Thanks for the support from the Faculty of Medicine, University of Bengkulu. This research is supported by a 
grant from the Non-tax Revenue of the Faculty of Medicine, University of Bengkulu. 
 
Funding Source 
 
This research is supported financially by a grant from the Non-tax Revenue of the Faculty of Medicine, 
University of Bengkulu. 
 
Conflict of Interest 
 
Author declared that there is no conflict of interest. 

 
REFERENCES 
Aleklett, K., Hart, M., & Shade, A. (2014). The microbial ecology of flowers: an emerging frontier in phyllosphere 

research. Botany, 92(4), 253–266. https://doi.org/10.1139/cjb-2013-0166 

Aritonang, I. M. (2016). Potensi bakteri filosfer tanaman ornamental untuk menghambat pertumbuhan 
mirkoorganisme bioaerosol patogen dari lingkungan rumah sakit umum Pirngadi Medan. Skripsi. Universitas 
Sumatera Utara. 

Asbur, Y. K. (2018). Pemanfatan andaliman (Zanthoxylum acanthopodium DC) sebagai tanaman penghasil minyak 
atsiri. Jurnal Kultivasi, 17(1), 537–543. 

Ati, N. (2018). Uji MIC dan MBC Ekstrak Buah Mangrove Rhizophora Stylosa Dan Avicennia Marina Sebagai 
Antibiotik terhadap Vibriosis pada Larva Kepiting Bakau (Scylla Serrata Forsskal). . Universitas 
Muhammadiyah Makassar. 

Barreto, M. L., Teixeira, M. G., & Carmo, E. H. (2006). Infectious diseases epidemiology. Journal of Epidemiology 
and Community Health, 60(3), 192–195. https://doi.org/10.1136/jech.2003.011593 

Candrasari, D. (2014). Kajian Molekuler Resistensi Candida albicans Terhadap Antifungi. Jurnal Farmasi Sains 
Dan Komunitas, 11(1), 43–47. 

CDC. (2022). Antimicrobial Resistance Threats in the United States, 2021-2022. 



Frontiers in Health Informatics 
ISSN-Online: 2676-7104 

2024; Vol 13: Issue 3 

 www.healthinformaticsjournal.com 

Open Access 

 

 

 
 
 
  
 

6407 

 

https://www.cdc.gov/antimicrobial-resistance/data-research/threats/update-2022.html 

Copeland, J. K., Yuan, L., Layeghifard, M., Wang, P. W., & Guttman, D. S. (2015). Seasonal Community Succession 
of the Phyllosphere Microbiome. Molecular Plant-Microbe Interactions®, 28(3), 274–285. 
https://doi.org/10.1094/MPMI-10-14-0331-FI 

Devi, O., Rao, K., Bidalia, A., Wangkheirakpam, R., & Singh, O. (2015). GC-MS Analysis of Phytocomponents 
and Antifungal Activities of Zanthoxylum acanthopodium DC. Collected from Manipur, India. European 
Journal of Medicinal Plants, 10(1), 1–9. https://doi.org/10.9734/EJMP/2015/19353 

Djaenuddin, N., & Muis, A. (2015). Karakteristik Bakteri Antagonis Bacillus subtilis Dan Potensinya Sebagai Agens 
Pengendali Hayati Penyakit Tanaman. Prosiding Seminar Nasional Serealia, 489–494. 

Gouda, S., Das, G., Sen, S. K., & Shin, H.-S. (2016). Endophytes: A Treasure House of Bioactive Compounds of 
Medicinal Importance. Frontiers in Microbiology, 7, 1538. https://doi.org/10.3389/fmicb.2016.01538 

Gow, N. A. R., Latge, J.-P., & Munro, C. A. (2017). The Fungal Cell Wall: Structure, Biosynthesis, and Function. 
Microbiology Spectrum, 5(3). https://doi.org/10.1128/microbiolspec.FUNK-0035-2016 

Janatiningrum, I., Hasan, A. E. Z., & Riyanti, E. I. (2021). Isolasi dan Karakterisasi Bakteri Endofit dari Daun Sirsak 
Annona Muricata L. dan Aktivitas Antibakterinya terhadap Beberapa Bakteri Patogen. Pharmaceutical and 
Biomedical Sciences Journal, 3(2), 75–82. 

Johnston-Monje, D., & Raizada, M. N. (2011). Conservation and Diversity of Seed Associated Endophytes in Zea 
across Boundaries of Evolution, Ethnography and Ecology. PLoS ONE, 6(6), e20396. 
https://doi.org/10.1371/journal.pone.0020396 

Kasaei, A., Mobini-Dehkordi, M., Mahjoubi, F., & Saffar, B. (2017). Isolation of Taxol-Producing Endophytic Fungi 
from Iranian Yew Through Novel Molecular Approach and Their Effects on Human Breast Cancer Cell Line. 
Current Microbiology 2017 74:6, 74(6), 702–709. https://doi.org/10.1007/S00284-017-1231-0 

Kecskeméti, E., Berkelmann-Löhnertz, B., & Reineke, A. (2016). Are Epiphytic Microbial Communities in the 
Carposphere of Ripening Grape Clusters (Vitis vinifera L.) Different between Conventional, Organic, and 
Biodynamic Grapes? PLOS ONE, 11(8), e0160852. https://doi.org/10.1371/journal.pone.0160852 

Kemenkes RI. (2018). Hasil Riset Kesehatan Dasar Tahun 2018. Kementerian Kesehatan Republik Indonesia. 

Lindow, S. E., & Brandl, M. T. (2003). Microbiology of the Phyllosphere. Applied and Environmental Microbiology, 
69(4), 1875–1883. https://doi.org/10.1128/AEM.69.4.1875 

Maysarah. (2009). Isolasi dan uji kemampuan antifungal fungi endofit dari tanaman andaliman (Zanthoxylum 
acanthopodium DC.) terhadap fungi perusak makanan. Universitas Sumatera Utara. 

Megawati, E., Bangun, H., Putra, I., Rusda, M., Syahrizal, D., Jusuf, N., Eyanoer, P., Lubis, R., & Amin, M. (2023). 
Phytochemical Analysis by FTIR of Zanthoxylum Acanthopodium, DC Fruit Ethanol Extract, N-hexan, Ethyl 
Acetate and Water Fraction. Medical Archives, 77(3), 183. https://doi.org/10.5455/medarh.2023.77.183-188 

Müller, T., & Ruppel, S. (2014). Progress in cultivation-independent phyllosphere microbiology. FEMS 
Microbiology Ecology, 87(1), 2–17. https://doi.org/10.1111/1574-6941.12198 

Novard, M. F. A., Suharti, N., & Rasyid, R. (2019). Gambaran Bakteri Penyebab Infeksi Pada Anak Berdasarkan 
Jenis Spesimen dan Pola Resistensinya di Laboratorium RSUP Dr. M. Djamil Padang Tahun 2014-2016. 
Jurnal Kesehatan Andalas, 8(2S), 26. https://doi.org/10.25077/jka.v8i2S.955 

Pelczar, M., & Chan, E. (2005). Dasar-Dasar Mikrobiologi I. UI Press. 

Putri, W., Warditiani, N., & Larasanty, L. (2013). Skrining fitokimia ekstrak etil asetat kulit buah manggis (Garcinia 



Frontiers in Health Informatics 
ISSN-Online: 2676-7104 

2024; Vol 13: Issue 3 

 www.healthinformaticsjournal.com 

Open Access 

 

 

 
 
 
  
 

6408 

 

mangostana L.). Jurnal Farmasi Udayana, 2(4), 56–60. 

Rizqoh, D., Amelia, A., Kumala, W. O., Sipriyadi, S., Suryani, U. H., & Sariyanti, M. (2024). Novel Endophytic 
Bacteria Isolates from Andaliman (Zancthoxylum acanthopodium DC.) which Potentially Inhibit Escherichia 
coli and Staphylococcus aureus. Journal of Biomedicine and Translational Research, 10(1), 26–34. 
https://doi.org/10.14710/jbtr.v10i1.21740 

Rizqoh, D., Sharon, S., Dwi, I., Wulan, R., Kumala, O., & Nabilla, C. (2021). Exploration of Phyllosphere Bacteria 
From Andaliman ( Zanthoxylum acanthopodium DC .). 14(Kobicinc 2020), 442–446. 
https://doi.org/10.2991/absr.k.210621.075 

Rizqoh, Debie., Sari, Nita. Ratna., Wati, Rina. N., Santosa, F., & Hasanah, R. (2016). Aktivitas bakteri filosfer daun 
reundeu (Staurogyne longata) sebagai penghasil senyawa antimikroba Potensial. Jurnal Analis Laboratorium 
Medik, 1(1), 1–7. 

Rodríguez, C. E., Mitter, B., Barret, M., Sessitsch, A., & Compant, S. (2018). Commentary: seed bacterial 
inhabitants and their routes of colonization. Plant and Soil, 422(1–2), 129–134. 
https://doi.org/10.1007/s11104-017-3368-9 

Sitanggang, F. M. C., Duniaji, A. S., & Pratiwi, I. D. P. K. (2019). Inhibition of Andaliman Fruit Extract 
(Zanthoxylum acanthopodium DC.) in Ethyl Acetate Against The Growth of Escherichia coli. Jurnal Ilmu Dan 
Teknologi Pangan, 8(3), 257–266. 

Sivakumar, N., Sathishkumar, R., Selvakumar, G., Shyamkumar, R., & Arjunekumar, K. (2020). Phyllospheric 
Microbiomes: Diversity, Ecological Significance, and Biotechnological Applications. In Plant Microbiomes 
for Sustainable Agriculture (pp. 113–172). https://doi.org/10.1007/978-3-030-38453-1_5 

Steven, B., Huntley, R. B., & Zeng, Q. (2018). The Influence of Flower Anatomy and Apple Cultivar on the Apple 
Flower Phytobiome. Phytobiomes Journal, 2(3), 171–179. https://doi.org/10.1094/PBIOMES-03-18-0015-R 

Surjowardojo, P., Susilorini, T. E., & Sirait, G. R. B. (2015). Daya hambat dekok kulit Apel Manalagi (Malus 
sylvestris) terhadap pertumbuhan Staphylococcus aureus dan Pseudomonas sp. penyebab mastitis pada sapi 
perah. Jurnal Ternak Tropika, 16(2), 40–48. https://doi.org/10.21776/ub.jtapro.2015.016.02.6 

Syahrurachman, A., Chatim, A., & Soebandrio, A. (2010). Buku Ajar Mikrobiologi Kedokteran. Binarupa Aksara 
Publishers. 

Taylor, T. A., & Unakal, C. G. (2024). Staphylococcus aureus Infection. 

Utami, C. R., Rahardhian, M. R. R., & Sulistyarini, I. (2017). Aktivitas Antibakteri Pigmen Karotenoid Khamir 
Phaffia Rhodozyma Terhadap Pertumbuhan Bakteri Bacillus Subtilis Atcc 6231 Secara In Vitro. Jurnal Ilmiah 
Cendekia Eksakta, 2, 1–8. 

  
 

 


