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Abstract: Papaya seed endophytic bacteria have been reported to exhibit antibacterial activity against 

pathogenic microorganisms, including Staphylococcus aureus and Escherichia coli. However, their 

antibacterial production remains suboptimal. This study aimed to determine the optimal conditions for 

antibacterial production and to identify the most potent bacterial isolate through 16S rRNA gene-based 

molecular analysis. Three endophytic bacterial isolates (CPA2, CPA8, and CPA9) were evaluated. 

Characterization was performed based on pH variations (5, 7, and 9) and growth media (Nutrient Broth 

(NB) and Tryptic Soy Broth (TSB)), followed by antibiotic sensitivity testing against ciprofloxacin, 

amoxicillin, gentamicin, and tetracycline. Antibacterial activity was assessed using the Kirby–Bauer 

method against S. aureus and E. coli. The results showed that all isolates grew optimally in TSB medium 

at neutral pH (7). Ciprofloxacin and tetracycline exhibited stronger inhibitory effects compared to 

gentamicin and amoxicillin. Among the isolates, CPA2 in TSB media pH 7 demonstrated the highest 

antibacterial activity, producing inhibition zones of 30.2 ± 1.77 mm against S. aureus (very strong) and 

11.8 ± 0.02 mm against E. coli (strong). Molecular identification revealed that isolate CPA2 was closely 

related to Bacillus cereus strain JCM 2152 with 99.90% similarity. In conclusion, papaya seed 

endophytic bacteria, particularly isolate CPA2, show significant potential as a source of antibacterial 

compounds under optimized culture conditions. These results have the potential as an alternative source 

of antibacterial agents. 
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1. INTRODUCTION 

Endophytic bacteria inhabiting the internal 

tissues of plants are increasingly recognized as a 

promising source of bioactive compounds, 

particularly those with antibacterial properties. 

These bacteria establish a symbiotic relationship 

with their host plants and are capable of producing 

secondary metabolites that contribute to plant 

defense mechanisms. In recent years, endophytic 

bacteria have received significant attention due to 

their potential applications in combating 

pathogenic microorganisms and addressing the 

growing global challenge of antimicrobial 

resistance (Numan et al., 2022; Yunita et al., 

2022; Pratiwi et al., 2024).  

Papaya (Carica papaya L.) is one of the 

plants reported to possess considerable 

antibacterial activity. The extracts derived from 

various parts of the plant, including leaves, fruit 

peel, and papaya seeds, have been shown to 

inhibit Gram-positive and Gram-negative 

pathogenic bacteria (Torar et al., 2017; Ariani et 

al., 2019; Buang et al., 2019). Ethanol extract of 

papaya seeds showed higher antibacterial activity 

compared to leaf extract, indicating that papaya 

seeds have potential sources of bioactive 

compounds  (Dagne et al., 2021; Gangga Dewanti 
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Gita Maharani et al., 2022). Despite this, research 

focusing on the microbial communities associated 

with papaya seeds, especially endophytic bacteria, 

remains relatively limited. This suggests that, in 

addition to plant-derived compounds, microbial 

communities associated with papaya seeds may 

also contribute to their bioactivity. 

These endophytic bacteria from papaya 

plants can be isolated from various plant tissues, 

including leaves, stems, roots, and seeds, and have 

been reported to inhibit the growth of pathogenic 

bacteria (Faujiah et al., 2023; Irwandi et al., 2023; 

Pratiwi et al., 2024). Previous studies have 

demonstrated that endophytic bacteria isolated 

from papaya seeds exhibit antibacterial activity 

against important pathogens such as 

Staphylococcus aureus and Escherichia coli 

(Pratiwi et al., 2024). However, these studies were 

limited to preliminary screening, with limited 

exploration of factors influencing antibacterial 

production. In particular, there is a lack of 

investigation into the optimization of culture 

conditions, such as nutrient composition and 

environmental parameters, which are known to 

significantly influence the biosynthesis of 

microbial secondary metabolites, including 

antibacterials.(Al-Ghazali & Omran, 2017; Isleem 

et al., 2025; Muthma & Supriyono, 2023; 

Sánchez-clemente et al., 2018; Widjajanti et al., 

2022). This gap limits the ability to fully exploit 

the antibacterial potential of papaya seed 

endophytic bacteria. 

To date, only a few studies have addressed 

the optimization of antibacterial production from 

endophytic bacteria associated with papaya. 

Therefore, more in-depth investigations are 

needed to enhance antibacterial production and 

identify bacterial strains with superior bioactivity. 

In this context, this study offers a novel 

contribution by optimizing culture conditions to 

enhance antibacterial production from endophytic 

bacteria isolated from papaya seeds. Unlike 

previous studies that primarily focused on 

screening for antibacterial activity, this study 

integrates optimization strategies with the 

identification of the most potent bacterial isolates 

in producing antibacterials. This study aimed to 

determine the optimal conditions for antibacterial 

production by endophytic bacteria from papaya 

seeds and identify bacterial species with the 

highest potential as optimal antibacterial 

producers. The findings of this study are expected 

to contribute to the development of sustainable 

microbial-based antibacterial agents and provide 

new insights into the utilization of endophytic 

bacteria in agricultural and biomedical 

applications. 

 

2. RESEARCH METHOD  

Time and Place Research 

This research was conducted from September 

2025 to January 2026. The samples consisted of 

papaya seed endophytic bacterial isolates that had 

been previously isolated (CPA-2, CPA-8, CPA-9) 

(Pratiwi et al., 2024). All bacterial analyses were 

carried out at the Microbiology Laboratory, 

Faculty of Health Sciences, Universitas Maarif 

Hasyim Latif, Sidoarjo.  

 

Research Design 

 This research uses a laboratory experimental 

method. The three endophytic bacterial isolates 

(CPA2, CPA8, CPA9) were found to inhibit 

Staphylococcus aureus & Escherichia coli, were 

further characterized by evaluating the effects of 

pH variation (5, 7,9) and antibiotic sensitivity 

(Ciprofloxacin, Amoxcillin, Gentamycin, 

Tetracycline) with each test repeated three times. 

Endophytic bacteria were further optimized to 

enhance antibiotic production against 

Staphylococcus aureus and Escherichia coli by 

the Kirby–Bauer disc diffusion method. 

 

Characteristics of endophytic bacteria based on 

different pH   

The effect of pH on the growth of endophytic 

bacterial isolates was evaluated using a modified 

method (Nurmalasari et al., 2020). Nutrient Broth 

(NB) and Tryptic Soy Broth (TSB) were adjusted 

to pH  5, 7, and 9. Starter culturses of endophytic 

bacterial isolates with equal culture age and cell 

density were inoculated into the respective media 

and incubated at 30 °C for 24 h. Bacterial growth 

was monitored by turbidity observation, followed 

by optical density (OD) measurement and cell 

density determination to assess the effect of pH 

variation. 

 

Antibiotic susceptibility Assay 

Antibiotic susceptibility of endophytic 

bacterial isolates was evaluated using the Kirby–

Bauer disk diffusion using a modified method 
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(Ashitha et al., 2019; Sharma & Mallubhotla, 

2022). Each endophytic bacterial isolate was 

cultured in NB and TSB and incubated at 30 °C 

for 24 h. Each cultures with the same age and cell 

density were inoculated (0.1 mL) onto Mueller–

Hinton Agar (MHA) plates. Antibiotic disks 

(ciprofloxacin, amoxicillin, gentamicin, and 

tetracycline) were placed to the agar surface, 

followed by incubation at 37 °C for 24 h. 

Antibiotic sensitivity was determined by 

measuring inhibition zones according to 

sensitivity criteria (Pratiwi et al., 2024). 

 

Optimization of Culture Conditions for 

Antibacterial Production 

Optimization assay were conducted to 

enhance antibacterial production and improve 

inhibitory activity against Staphylococcus aureus 

and Escherichia coli. Optimization was achieved 

by varying the pH media and using different 

fermentation media.  Optimization of pH and 

fermentation media was performed following 

established (Al-Ghazali & Omran, 2017; Myo et 

al., 2020). Fermentation was perfomed at pH  5, 7, 

and 9 using Tryptic Soy Broth (TSB) and Nutrient 

Broth (NB) media supplemented with 1% glucose. 

Each isolate was incubated at 30 °C for 24 h. The 

cultures were centrifuged at 10,000 rpm for 30 

min. The supernatants were separated from the 

pellets and sterilized by filtration through a 0.22 

µm membrane filter. 

Antibacterial activity was assessed using the 

Kirby–Bauer disc diffusion method. Sterile blank 

discs (6 mm) were impregnated with 60 µL of 

supernatant and dried under laminar air flow. 

Pathogenic bacterial suspensions (10⁸ CFU/mL) 

were spread (0.1 mL) onto Mueller–Hinton Agar 

plates, and the dried discs were placed on the agar 

surface. The plates were incubated at 37 °C for 24 

h. Inhibition zones formed around the discs 

indicated the presence of antibiotic metabolites 

produced by endophytic bacteria against 

Staphylococcus aureus and Escherichia coli. 

Antibacterial activity was classified as sensitive, 

intermediate, or resistant based on inhibition zone 

diameters (Pratiwi et al., 2024). 

 

Identification of 16S rRNA gene 

Potential endophytic bacterial isolates were 

subcultured and subjected to chromosomal DNA 

extraction using a modified method (Pratiwi et al., 

2020). The isolates were grown on Nutrient Agar 

(NA) at 28 °C for 24 h. Bacterial colonies were 

suspended in buffer solutions (GT1 and GT2) with 

proteinase K, followed by incubation at 56 °C. 

DNA purification was performed using a spin 

column protocol with sequential washing steps 

(W1 and W2 buffers), and DNA was eluted in 

elution buffer and stored at −20 °C. The extracted 

DNA was verified by 1% agarose gel 

electrophoresis.  

The DNA was then amplified using PCR 

(Bio-Rad) targeting the 16S rRNA gene with 

primers 27F and 1492R. The PCR reaction was 

carried out in a total volume of 30 µL consisting 

of 15 µL PCR master mix, 2 µL forward primer, 

2 µL reverse primer, 2 µL DNA template, and 9 

µL nuclease-free water. Amplification conditions 

included initial denaturation at 95 °C for 2 min, 

followed by 28 cycles of denaturation (95 °C, 30 

s), annealing (50 °C, 30 s), and extension (72 °C, 

2 min), with a final extension at 72 °C for 7 min. 

PCR products were analyzed using 1–1.5% 

agarose gel electrophoresis with a 1000 bp DNA 

ladder and visualized using a gel documentation 

system. 

 The amplified products were subsequently 

sent for sequencing to 1st BASE Laboratories 

Sdn. Bhd. The 16S rRNA gene amplicons were 

sequenced by First BASE, Malaysia. The obtained 

sequences were edited using BioEdit, aligned 

using ClustalW, and compared with reference 

sequences using BLAST against the NCBI 

(GenBank) database. Phylogenetic analysis was 

performed using MEGA 12 based on the 

Maximum Likelihood method, with bootstrap 

analysis of 1000 replicates to assess sequence 

similarity.  

 

3. RESULTS AND DISCUSSION  

Characteristics of Endophytic Bacterial Isolates 

Under Different pH Conditions 

The characterization was conducted based on 

variations in pH and growth media. Qualitative 

results (Table 1) showed that all bacterial isolates 

were able to grow within a pH range of 5–9 in both 

Nutrient Broth (NB) and Tryptic Soy Broth (TSB) 

media. The change in medium color to turbidity 

indicated bacterial growth. All isolates exhibited 

optimal growth at pH 7, consistently in both media 

types, as indicated by a very high (robust) growth 

category (+++). The viability of endophytic 
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bacterial cells was further quantified (Table 2) 

using a spectrophotometer to measure turbidity 

based on optical density (OD₆₀₀) and a 

haemocytometer to determine cell density. The 

highest OD₆₀₀ values and cell densities were 

generally observed at pH 7, particularly in TSB 

medium. Isolate CPA9 grown in TSB at pH 7 

exhibited the highest growth, with an OD₆₀₀ value 

of 1.109 and a cell density of 12.95 × 10⁴ CFU 

mL⁻¹. In contrast, the lowest growth was observed 

at pH 9, especially in NB medium. Isolate CPA8 

in TSB at pH 7 showed a cell density of 10.33 × 

10⁴ CFU mL⁻¹ with an OD₆₀₀ of 0.813, while 

isolate CPA2 under the same conditions reached 

8.28 × 10⁴ CFU mL⁻¹ with an OD₆₀₀ of 0.711. 

These results indicate that all endophytic bacterial 

isolates exhibited optimal growth in TSB medium 

at pH 7. 

 

Table 1. Characterization of Endophytic Bacterial Isolates under Different pH Conditions of the 

Growth Medium 
Bacterial isolate Growth medium pH 5 pH 7 pH 9 

CPA2 NB + +++ + 

TSB ++ +++ ++ 

CPA8 NB + +++ + 

TSB ++ +++ +++ 

CPA9 NB + +++ ++ 

TSB ++ +++ +++ 

*Note : +++ Robust Growth  (OD600 ≥ 0,70) 

 ++ Moderate Growth (OD600 0,40 - 0,70)  

 + Poor Growth (OD600 ≤ 0,40) 

 

Differences in endophytic bacterial growth 

across pH variations indicate that medium pH is a 

critical factor influencing metabolic activity and 

cell growth rate. Neutral pH (pH 7) is optimal for 

most mesophilic bacteria because it supports 

enzyme stability and efficient nutrient transport 

into the cell. Pada penelitian ini,  TSB media 

consistently produced higher OD₆₀₀ values and 

cell densities than NB media across all isolates 

and pH variations. This is likely due to TSB media 

more complex nutrient content and richer carbon 

and nitrogen sources, which support optimal cell 

growth. The relatively decreased growth at pH 9 

indicates environmental stress due to alkaline 

conditions, which can affect cell membrane 

permeability and intracellular enzyme activity. 

Nevertheless, the ability of isolates to continue 

growing at extreme pH demonstrates the potential 

physiological adaptation of endophytic bacteria to 

environmental variations. 

According to research (Mushtaq et al., 2021), 

bacterial isolates obtained from plants have an 

average optimal growth at pH 6-8 for isolate SM-

WD6 (Escherichia coli), pH 7-10 for isolate SM-

8 (Staphylococcus scuiri), pH 6-9 for isolate SM-

WD23 (Bacillus flexus) and isolate SM-25 

(Bacillus cereus), and pH 7 for isolate SM-42 

(Brevibacterium borstelensis). Meanwhile, isolate 

SM-82 (Klebsiella pneumoniae) only grows 

optimally at pH 9-10. The degree of acidity (pH) 

of the media plays an important role in influencing 

the activity of intracellular enzymes, the level of 

nutrient ionization, and the transport mechanism 

across the cell membrane, which ultimately 

determines the rate of bacterial growth and the 

biosynthesis process of secondary metabolites 

such as antimicrobials (Al-Ghazali & Omran, 

2017). Changes in pH variations are an important 

factor that influences the production of secondary 

metabolites. Antibiotic production is influenced 

by the composition of the media and culture 

conditions such as pH, temperature, aeration, and 

agitation, the responses of which differ in each 

organism. Changes in the pH of the medium can 

induce the formation of new compounds and 

affect the rate of antibiotic production (Nurmiati 

et al., 2024). Changes in pH have been shown to 

depend on the carbon source used. Cell growth 

with glucose or glycerol does not affect the 

extracellular pH, whereas the use of citrate causes 

an increase in the pH (alkalization) of the medium 

(Sánchez-clemente et al., 2018).
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Table 2. Effect of pH variation and growth media on the growth of endophytic bacteria
Bacterial 

Isolate 

Growth 

Medium 

OD600 

pH5 

Cell Density 

pH 5  

(CFU mL-1) 

OD600 

pH7 

Cell Density 

pH 7 

(CFU mL-1) 

OD600 

pH9 

Cell 

Density 

 pH 9 

(CFU mL-1) 

CPA2 NB 0.381 4.15 x 104  0.444 4.90 x 104  0.236 3.16 x 104  

TSB 0.578 5.98 x 104  0.711 8.28 x 104  0.646 6.88 x 104  

CPA8 NB 0.273 3.99 x 104 0.572 5.87 x 104 0.233 2.98 x 104 

TSB 0.608  6.01 x 104 0.813 10.33 x 104 0.737 8.43 x 104 

CPA9 NB 0.386  4.26 x 104 0.506 5.58 x 104 0.452 4.93 x 104 

TSB 0.869 11.59 x 104 1.109 12.95 x 104 0.864 11.57 x 104 

Antibiotic Susceptibility Profiles of Endophytic 

Bacteria 

Antibiotic susceptibility testing showed that 

all endophytic bacterial isolates (CPA2, CPA8, 

and CPA9) exhibited different responses to the 

four antibiotics tested (Table 3). Ciprofloxacin 

and tetracycline produced larger inhibition zone 

diameters compared to gentamicin and 

amoxicillin for all isolates. Isolate CPA9 

demonstrated the highest sensitivity to all 

antibiotics, particularly to ciprofloxacin (25.4 ± 

0.85 mm) and tetracycline (24.20 ± 0.21 mm). In 

contrast, amoxicillin produced the smallest 

inhibition zones across all isolates, especially in 

isolate CPA8 (6.45 ± 0.10 mm), indicating a low 

level of sensitivity to this antibiotic. 

Differences in inhibition zone diameters 

indicate varying levels of sensitivity of 

endophytic bacteria to the antibiotics tested. 

Isolate CPA9 exhibited the largest inhibition zone 

for almost all antibiotics (ciprofloxacin, 

amoxicillin, gentamicin, and tetracycline), 

indicating that this isolate was relatively more 

susceptible to antibiotics, while CPA2 and CPA8 

exhibited higher tolerance to certain antibiotics. 

These results provide preliminary information 

regarding the antibiotic sensitivity profiles of 

endophytic bacterial isolates, potentially 

important for safety considerations and further 

characterization. The antibiotic ciprofloxacin, a 

fluoroquinolone, demonstrated the highest 

effectiveness against all isolates, likely due to its 

mechanism of action by inhibiting DNA gyrase 

and topoisomerase IV enzymes, thereby directly 

disrupting bacterial DNA replication (Tamanna & 

Ramana, 2016). Tetracycline and gentamicin 

demonstrated moderate effectiveness, likely 

related to their mechanism of protein synthesis 

inhibition via different ribosomal subunits 

(Graber, 2021). Conversely, low sensitivity to 

amoxicillin may be due to the ability of 

endophytic bacteria to produce β-lactamase or 

modification of the antibiotic target, resulting in 

reduced β-lactam antibiotic effectiveness.

 

Table 3. Sensitivity of Endophytic Bacterial Isolates to Antibiotics

Bacterial Isolate 

Inhibition Zone Diameters 

Antibiotics 

Ciprofloxacin 

(mm) 

Tetracycline 

(mm) 

Gentamicin 

(mm) 

Amoxicillin 

(mm) 

CPA2 21,9 ± 0,37 17,4 ± 0,38 16,4 ± 0,48 10,7 ± 0,19 

CPA8 19,5± 0,06 21,2± 0,77 16,2± 0,19 6,4± 0,10 

CPA9 25,4± 0,85 24,2± 0,21 20,2± 0,24 18,2± 0,38 

Optimization of antibacterial production 

Optimization of antibacterial production was 

carried out on two different fermentation media,  

using TSB and NB liquid media. Each medium 

was adjusted at pH variations of 5, 7, and 9 to see 

the most optimal antibacterial production activity 

of endophytic bacterial isolates. Based on Table 

(Table 4), the results of the antibacterial activity 

against Staphylococcus aureus in the form of the 

diameter of the inhibition zone were affected pH 

variations and the type of growth media (NB and 

TSB). In NB media, isolate CPA2 showed the 

highest activity at pH 7 (25.7 ± 1.77 mm), 

compared to pH 5 (11.0 ± 0.07 mm) and pH 9 
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(11.6 ± 0.22 mm). A similar pattern was also seen 

in CPA9, with the largest inhibition zone at pH 7 

(19.9 ± 1.03 mm), while CPA8 showed relatively 

low activity at all pH variations, with the highest 

value remaining at pH 7 (12.3 ± 0.08 mm). In TSB 

media, all isolates showed an increase in the 

diameter of the inhibition zone compared to NB. 

The highest overall activity was obtained in CPA2 

grown in TSB pH 7 (30.2 ± 1.77 mm), followed 

by CPA9 under the same conditions (22.3 ± 0.23 

mm). In TSB media pH 9, activity was still 

relatively high in CPA2 (22.5 ± 0.37 mm) and 

CPA9 (16.7 ± 0.54 mm), while CPA8 still showed 

the lowest activity compared to the other two 

isolates. In general, pH 7 was the optimum 

condition for the production of antibacterial 

compounds in all three isolates, and TSB medium 

produced higher inhibitory activity than NB 

(Figure 1).  Based on inhibition zone, the CPA2 

isolate in TSB media (pH7) has a very sensitive / 

very strong category to inhibit S.aureus.  

 

 
Figure 1. The effect of pH and types of growth 

media on the antibacterial activity of endophytic 

bacterial isolates against Staphylococcus aureus.

 

Table 4. Antibacterial activity of endophytic bacterial isolates against Staphylococcus aureus based 

on growth media and pH variations 

Bacterial 

isolate 

Inhibition Zone (mm)   

Staphylococcus aureus 

NB Medium TSB Medium 

pH 5 pH 7 pH9 pH 5 pH 7 pH9 

CPA 2 11,0 ± 0,07 25,7 ± 1,77 11,6 ± 0,22 12,8 ± 0,37 30,2 ± 1,77 22,5± 0,37 

CPA8 10,2± 0,02 12,3± 0,08 9,3 ± 0,06 10,1 ± 0,29 13,5 ±0,49 10,9 ± 0,17 

CPA9 11,0 ± 0,10 19,9 ± 1,03 15,5 ± 0,11 11,4± 0,13 22,3 ±0,23 16,7 ± 0,54 

Based on Table 5, the antibacterial activity of 

endophytic bacterial isolates against Escherichia 

coli showed variations in the diameter of the 

inhibition zone affected by the type of media and 

growth pH. In general, all isolates (CPA2, CPA8, 

and CPA9) showed inhibitory activity in all 

treatments, although with different intensities. In 

NB media, the highest activity was obtained at pH 

7 for all isolates, with inhibition zone diameters of 

10.5 ± 0.10 mm (CPA2), 9.8 ± 0.08 mm (CPA8), 

and 8.1 ± 0.04 mm (CPA9), respectively. 

Meanwhile, in TSB media, antibacterial activity 

also reached a maximum value at pH 7, namely 

11.8 ± 0.02 mm (CPA2), 10.2 ± 0.04 mm (CPA8), 

and 8.7 ± 0.01 mm (CPA9). Overall, the CPA2 

isolate showed the highest inhibitory activity 

compared to other isolates in almost all 

treatments, especially in TSB pH 7 media. TSB 

media generally produced a larger inhibition zone 

diameter than NB media at the same pH (Figure 

2). Based on inhibition zone, the CPA2 isolate in 

TSB media (pH7) has a sensitive / strong category 

to inhibit E.coli. 
 

 
Figure 2. The effect of pH and types of growth 

media on the antibacterial activity of endophytic 

bacterial isolates against Escherichia coli.
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Table 5. Antibacterial activity of endophytic bacterial isolates against Escherichia coli based on 

growth media and pH variations 
Bacterial 

isolate 

Inhibition Zone (mm)   

Escherichia coli 

NB Medium TSB Medium 

pH 5 pH 7 pH9 pH 5 pH 7 pH9 

CPA 2 7,6± 0,40 10,5 ± 0,10 8,0 ± 0,20 8,8 ± 0,15 11,8 ± 0,02 8,7± 0,28 

CPA8 7,3± 0,13 9,8± 0,08 7,6 ± 0,33 8,3 ± 0,02 10,2±0,04 7,4 ± 0,11 

CPA9 6,8± 0,04 8,1 ± 0,04 6,1 ± 0,01 7,5± 0,03 8,7 ±0,01 6,7 ± 0,07 

The results of the study showed that the 

antibacterial activity of endophytic bacterial 

isolates was significantly affected by the pH and 

composition of the growth medium. The increase 

in the diameter of the inhibition zone at pH 7 

indicated that neutral conditions are the optimum 

pH for the synthesis of secondary metabolites that 

act as antibacterial agents. At extreme pHs (acidic 

or basic), activity tended to decrease, likely due to 

disruption of enzyme stability and the 

biosynthesis pathway of active metabolites. The 

significant differences between the NB and TSB 

media used in the study indicate that nutrient 

composition affected the production of bioactive 

compounds. TSB media, richer in nutrients 

(especially peptone and complex nitrogen 

sources), enabled increased cell growth and higher 

production of secondary metabolites compared to 

NB media. This is in line with the principle that 

optimal availability of carbon and nitrogen 

sources can enhance the expression of genes 

involved in antimicrobial compound biosynthesis. 

The highest overall antibacterial activity was 

obtained in isolate CPA2 grown in TSB pH 7 

(30.2 ± 1.77 mm) followed by CPA9 under the 

same conditions (22.3 ± 0.23 mm). According to 

criteria (Pratiwi et al., 2024), both are classified as 

very strong inhibitors (very sensitive) against S. 

aureus and strong (sensitive) against E.coli. 

Isolate CPA2 showed the highest antibacterial 

activity in almost all treatments, especially in TSB 

pH 7 media, which indicates the potential for 

secondary metabolites in the form of stronger 

antibacterials compared to isolates CPA8 and 

CPA9. The differences between these isolates are 

likely caused by genetic variations, metabolite 

production capacity, or differences in secondary 

metabolism regulation. Overall, the combination 

of TSB and pH 7 media is the optimum condition 

to maximize the antibacterial activity against 

Staphylococcus aureus and E.coli. This is 

important as a basis for optimizing the production 

of antibacterial metabolites on a laboratory scale 

and further development on a larger scale. 

The results showed that pH 7 was the optimal 

condition for the production of antibacterial 

compounds by the three endophytic bacterial 

isolates against. This indicates that the production 

of secondary metabolites that act as antibacterials 

tends to be optimal at neutral pH conditions. 

Physiologically, neutral pH supports enzyme 

stability and bacterial cell metabolic activity, so 

that the synthesis of bioactive metabolites can take 

place more efficiently. TSB media produced 

higher antibacterial activity than NB. This is 

likely due to the more complex nutrient 

composition of TSB and its richness in nitrogen 

sources and growth factors, thus supporting 

increased biomass and secondary metabolite 

production. The availability of sufficient nutrients 

is known to play an important role in regulating 

the biosynthesis of bioactive compounds in 

bacteria. 

Overall, among the three isolates, isolate 

CPA2 showed the highest antibacterial activity, 

indicating that this isolate has greater potential in 

producing antibacterial compounds against Gram-

negative bacteria such as E. coli. However, in 

general, the diameter of the inhibition zone 

against E. coli was smaller than against 

Staphylococcus aureus (Gram-positive), which 

can be attributed to differences in cell wall 

structure. Gram-negative bacteria have an outer 

membrane containing lipopolysaccharide (LPS) 

that can inhibit the penetration of antibacterial 

compounds, so their sensitivity tends to be lower. 

The structure of the bacterial cell wall plays an 

important role in maintaining cell shape and 

regulating the transport of water, ions, nutrients, 

and other molecules, including antibiotics that 

target cell wall components (Sarkar et al., 2017; 

Riu et al., 2022). Gram-positive and Gram-
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negative bacteria have different cell wall 

structures that affect their level of sensitivity to 

antibacterial compounds. Gram-positive bacteria 

are generally more susceptible than Gram-

negative bacteria because they have a single-

layered cell wall with thick peptidoglycan without 

an outer membrane, making it easier for 

antibacterial compounds to enter and reach the 

target cell (Torar et al., 2017; Pratiwi et al., 2024). 

In conclusion, in this study, pH and growth 

medium optimization proved to play a significant 

role in increasing the antibacterial activity of 

endophytic bacterial isolates. CPA2 isolates in 

TSB pH 7 media can be recommended as the best 

condition for antibacterial production against E. 

coli and S.aureus.  

The pH of the medium affects cellular 

enzyme activity, nutrient ionization, and transport 

processes through cell membranes, thus impacting 

bacterial growth rate and secondary metabolite 

biosynthesis. The results of this study align with a 

previous study (Al-Ghazali & Omran, 2017) 

which reported that antibiotic production by 

Streptomyces sp. LHR 9 is optimal at neutral or 

near-neutral pH (around pH 7). This strain is 

capable of producing antibacterial metabolites 

with inhibition zone diameters of 18.33±2.52 mm; 

19.33±3.21 mm; 24.00±1.73 mm; and 20.00±2.00 

mm, respectively, against E. coli, P. aeruginosa, 

S. aureus, and S. agalactiae. Antibacterial 

metabolite production in bacteria is strongly 

influenced by pH stability because pH 

homeostasis plays a crucial role in maintaining 

protein structure and function, enzymatic reaction 

kinetics, and the balance of cellular energy 

metabolism. Bacterial intracellular pH is 

maintained near neutral to maintain integrity and 

metabolic capacity, despite changes in 

environmental pH. Variations in media pH, 

growth phase, and physiological characteristics of 

each isolate can influence metabolic activity and 

secondary metabolite biosynthesis pathways. 

Furthermore, bacterial metabolic activity itself 

can alter environmental pH, potentially affecting 

antibacterial compound production and 

interactions with other microorganisms in the 

same niche. Therefore, the neutral pH conditions 

used in this study likely support optimal enzyme 

stability and antibacterial metabolite synthesis 

efficiency. 
 

Identification of endophytic bacterial species 

The selected endophytic bacterial isolate 

(CPA2) that is most optimal in producing 

antibacterials was identified molecularly based on 

the 16S rRNA gene. The results of PCR 

visualization of endophytic bacterial isolates are 

shown in Figure 3. Next, sequencing was carried 

out to determine the nucleotide sequence so that 

the identity of the bacterial species of each 

bacterial isolate could be known. Based on the 

results of 16S rRNA gene sequencing (Table 6), 

the CPA2 isolate showed a very high Query 

Coverage value (100%), with a similarity level of 

99.90% to Bacillus cereus strain JCM 2152. 

Molecular identification showed that isolate 

CPA2 had a high similarity to Bacillus cereus 

strain JCM 2152. The B. cereus group is a Gram-

positive, spore-forming bacterium with wide 

genomic and phenotypic diversity, including non-

pathogenic to potentially pathogenic strains. 

Some strains are known to have biotechnological 

value as antibiotic producers, while others can 

produce enterotoxins (Acevedo et al., 2020). The 

other Bacillus groups such as endophytic bacteria 

Bacillus velezensis Ea73 has inhibitory activity 

against Staphylococcus aureus in culture medium 

conditions containing 6.55 g/L yeast extract, 6.61 

g/L peptone, 20.00 g/L NaCl in broth conditions 

of 7.95 pH, with 51.04h harvest time, and a 

temperature of 27.97◦C (Ren et al., 2022). 

Bacillus subtilis strain EP1 as endophytic bacteria 

with antibacterial activities against E.coli (Numan 

et al., 2022).

 

Table 6. Identification data of papaya seed endophytic bacterial species 
Bacterial 

Isolate 

Nucleotide  

Lenght 

Query 

Coverage  

(%) 

Species Similarity 

(%) 

CPA2 1474 bp 100 Bacillus cereus strain JCM 2152 99.90 
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Figure 3.  Phylogenetic trees and PCR 

amplification of endophytic bacteria isolate 

 

4. CONCLUSION  

It was concluded that the characteristics of all 

papaya seed endophytic bacterial isolates (CPA2, 

CPA8, and CPA9) showed optimum growth in 

TSB media with neutral pH (7) and sensitivity 

tests showed that all isolates were more 

responsive to Ciprofloxacin and Tetracycline 

antibiotics compared to Gentamicin and 

Amoxicillin. Optimization of culture conditions 

showed that TSB media at pH 7 was the best 

condition for the production of antibacterial 

compounds. Isolate CPA2 in TSB pH 7 media 

produced the highest inhibitory activity against 

Staphylococcus aureus (30.2 ± 1.77 mm) and 

Escherichia coli (11.8 ± 0.02 mm) compared to 

other isolates. Molecular analysis identified the 

most potential isolate (CPA2) as Bacillus cereus 

strain JCM 2152 (99.90%), which has the 

potential to be developed as a source of new 

antibacterial candidates. Further studies are 

required to evaluate the potential for broad-

spectrum antibacterial production through testing 

against a broader range of pathogenic 

microorganisms. 
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