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 Endophytic bacteria inhabiting root tissues represent a promising resource for 

biotechnological applications, particularly as chitinase producers for biological control. 

This study aimed to isolate, characterize, and identify chitinase-producing endophytic 

bacteria from strawberry (Fragaria spp.) roots. Root samples underwent surface 

sterilization and serial dilution before being plated on selective media containing a chitin 

colloidal substrate. They were then characterized morphologically and identified 

molecularly through analysis of the 16S rRNA gene. The initial screening on agar 

medium with a chitin colloidal substrate at 37 °C yielded four bacterial isolates. Two of 

the bacterial isolates showed high chitinolytic index (CI), where isolate RS-A1 had a CI 

(1.55) and isolate RS-A2 had a CI (1.65). The electrophoresis of the 16S rRNA PCR 

product showed an amplicon of approximately 1300 bp. BLAST analysis against 

GenBank showed that isolate RS-A1 had 98.06% similarity to Acinetobacter baumannii, 

whereas isolate RS-A2 had 97.21% similarity to Bacillus aerius. The quantitative result 

of specific chitinase activity was highest in the RS-A2 isolate at 0.01146 U/mg, while 

that of the RS-A1 isolate was 0.00781 U/mg. These results indicate that endophytic 

bacteria from strawberry plant roots have the potential to act as biocontrol agents.   
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1. INTRODUCTION  
One of the biggest challenges in agriculture 

today is finding ways to increase crop productivity and 

reduce losses without compromising the quality of 

agricultural products due to pathogen attacks. The use 

of synthetic pesticides is still often chosen as a solution 

in modern agriculture to tackle pathogen issues in 

crops; however, the use of synthetic pesticides has side 

effects on health, such as increasing oxidative stress, 

disrupting the endocrine system, and modulating gene 

expression, which can lead to health problems, 

including cancer 1. In addition to causing negative 

health effects, the use of synthetic pesticides also leads 

to environmental issues such as soil and water 

pollution2. Consequently, environmentally sustainable 

approaches are required to support long-term 

agricultural practices and address pathogen- or 

disease-related issues in crops. One potential strategy 

is the utilization of endophytic bacteria that inhabit 

internal plant tissues and contribute to plant growth 

and health as biological control agents. 

Recent research shows that endophytic bacteria 

hold substantial promise as biofungicides, 

biofertilizers, and biostimulators against pest and 

disease attacks in future agricultural applications 3. 

Several studies found that endophytic bacteria in 

tomato plants have potential as biocontrol agents 4. 

This is because isolated endophytic bacteria can 

produce secondary metabolites and chitinase, which 

have antifungal activity and promote plant growth. 

This is in line with research reporting that volatile 

organic compounds were successfully produced by 
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Pseudomonas sp. isolates, including 2-undecanone, 

methyl thiocyanate, 2-undecanol, and 2-nonanol. 

Among these four compounds, 2-undecanone showed 

antifungal activity against V. dahliae, while bacterial 

isolates of P. simiae produced several volatile organic 

compounds, including tridecane, 2,5-

dimethylpyrazine, 1-decene, and 2-decyloxirane, and 

it has been reported that these compounds have 

antifungal activity against several phytopathogens 

such as Pseudomonas syringae pv., Penicillium 

italicum, Sclerotinia minor, Pythium ultimum, R. 

solani, or B. cinerea (Montes-Osuna et al., 2022). 

Chitinase, also produced by Bacillus pumilus, has 

been genetically introduced into Bacillus subtilis using 

protein coating techniques to naturally inhibit the 

growth of plant pathogens, making it highly suitable 

for development as a new biopesticide 5. 

Chitinase is an enzyme that hydrolyzes chitin 

into its monomers. The main component of fungal cell 

walls is chitin compounds6. Therefore, in the context 

of plant disease control, chitinase acts as an antifungal 

agent by degrading chitin in fungal cell walls. 

Chitinase can be found in various organisms, 

including bacteria, fungi, plants, and animals, where 

chitinase is part of the plant's natural defense 

mechanism that helps activate responses to pathogen 

attacks 7–9. 

Strawberries (Fragaria spp.) are horticultural 

plants in the genus Fragaria, whose fruits are widely 

favored by the public but are highly susceptible to 

diseases caused by pathogenic fungi, making them an 

interesting subject for this study. Strawberry fruits 

contain volatile organic compounds (VOCs), phenolic 

compounds, vitamin C, and also have antioxidant 

activity 10,11. Research found that endophytic bacteria 

were also present in the roots of strawberry plants and 

have potential as antifungal agents 12. 

The issues outlined above form the background 

of this study. This study aims to isolate and identify 

endophytic bacteria from strawberry plant roots and to 

characterize the chitinase produced by the endophytic 

bacterial isolates. Therefore, further exploration is 

necessary to understand their potential as antifungal 

agents capable of controlling plant diseases caused by 

pathogenic fungi. The results of this study are intended 

to contribute scientifically to the development of 

innovative, effective, environmentally friendly, 

healthier, and more sustainable solutions for humans 

and the environment in managing plant diseases. 

Additionally, this study supports efforts to reduce 

reliance on synthetic pesticides. 

 

2. RESEARCH METHODS 
Materials 

Strawberry plant roots collected from the 

Malino area, Gowa regency, South Sulawesi province, 

Indonesia as a source of chitinolytic endophytic 

bacterial isolates, colloidal chitin as the enzyme 

substrate, distilled water, yeast extract, bacto agar, 

bacto peptone, peptone, Potato Dextrose Agar (PDA) 

(Merck Millipore), Aqua Pro Injection, NaOH (Merck 

Millipore), HCl (Merck Millipore), (NH4)2SO4, 

NaH2PO4, Na2CO3, K2HPO4, NaCl, CuSO4.5H2O, 

K3[Fe(CN)6], MgSO4.7H2O, N-acetyl-glucosamine 

(Sigma-Aldrich), Schales reagent, Crystal Violet 

solution (Himedia) as the primary stain, Gram’s Iodine 

solution (Himedia) as the mordant, and 95% acetone 

alcohol decolorizer (Merck), Safranin solution 

(Himedia), Primer Forward 63f: 5’-CAG GCC TAA 

CAC ATG CAA GTC-3. Reverse 1387r: 5’-GGG 

CGG WGT GTA CAA GGC-3. PCR Enzyme (Go Taq 

Master Mix Green), RNAse Free water, Agarose 

(Sigma-Aldrich), Ethidium Bromide (Merck 

Millipore), Buffer TBE 0.5, DNA Leader / Marker 

(100 bp) (Geneaid). 

 

Instruments 

Laminar Air Flow Cabinet (LAFC, model 

JSCB-900SB), analytical balance (Ohaus), centrifuge 

(Hermle), autoclave (model 8000-DSE Napco), shaker 

water bath (Memmert), gel electrophoresis set (Bio-

Rad), UV-Vis spectrophotometer (Genesys 20), 

vibrating platform shaker (Heidolph Titramax 1000), 

Polymerase Chain Reaction (PCR) machine (Bio-

Rad), laboratory glassware (Pyrex), and refrigerator 

(Toshiba). 

 

Isolation of Endophytic Bacteria from Strawberry 

Plant Roots 

Endophytic bacteria were isolated from 

strawberry roots rinsed with distilled water. Surface 

sterilization was performed in a Laminar Air Flow 

Cabinet (LAFC) using 70% ethanol, 1% sodium 

hypochlorite, and injection-grade sterile water to 

eliminate external contaminants. Approximately 1 g of 

fresh strawberry root tissue was inoculated into 90 mL 

of Nutrient Broth (NB) and incubated at 180 rpm for 

12 hours at 37 °C. The strawberry roots were then 

ground with the addition of 3 mL of sterile injection 

water. The homogenized root mixture was collected 

with a sterile pipette and transferred into sterile NB 

medium, then incubated with shaking for 2 hours. 

After mixing the homogenate, 1 mL of the bacterial 

suspension (supernatant) was collected using a sterile 

micropipette and transferred into a test tube containing 

9 mL of NB. Serial dilution was performed up to a 

dilution factor of 10-8. After dilution, 0.1 mL of the 10-

4 to 10-8 dilutions was spread on Nutrient Agar (NA) 

media supplemented with 0.1% L-tryptophan (Raut et 

al., 2017). Incubation was then carried out for 24 hours 

at 30 °C. 
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Bacterial Clear Zone Testing 

Screening for chitinase-producing bacteria can 

be performed on agar media containing colloidal 

chitin. The isolates are streaked on media containing 

0.1% (NH4)2SO4, 0.01% KH2PO4, 0.03% MgSO4 · 

7H2O, 3% NaCl, 0.5 g yeast extract, 15 g agar, 1% 

colloidal chitin, and then incubated at pH 7 and 37°C 

for 72 hours. Colonies that show a clear zone around 

the bacteria indicate the presence of chitinase-

producing bacteria 13. 

 

Bacterial Identification 

Selected bacterial isolate cultures were 

identified based on colony morphology (color, shape, 

margin elevation, and pigmentation), microscopic 

observations (cell arrangement and Gram staining). In 

addition, bacteria were also identified using 16S rRNA 

amplification 14. 

 

DNA Extraction 

Genomic DNA was extracted using a 

commercial extraction kit following the 

manufacturer’s protocol. Bacterial cells were first 

pelleted by centrifugation at 14,000–16,000 rpm for 3 

minutes. The supernatant was discarded, and the cell 

pellet was resuspended in GST buffer containing 

proteinase K, then vortexed and incubated at 60 °C to 

ensure effective cell lysis. Subsequently, the GSB 

buffer was added, and the mixture was incubated again 

at 60 °C to facilitate further breakdown of cellular 

components. For DNA binding, ethanol was added to 

the lysate, and the mixture was transferred into a GS 

column. After centrifugation, the bound DNA was 

washed sequentially with W1 buffer and Wash buffer 

to remove residual contaminants. The column was 

then centrifuged in a new collection tube to remove 

any remaining ethanol. Genomic DNA was finally 

eluted using pre-warmed elution buffer, yielding 

purified DNA suitable for downstream PCR 

amplification. 

 

PCR Amplification of the 16S rRNA Gene 

Amplification of the bacterial 16S rRNA gene 

was performed in a total reaction volume of 50 µL 

containing GoTaq Master Mix, the universal bacterial 

primers 63f(forward) and 1387r (reverse), nuclease-

free water, and template DNA. The PCR cycling 

conditions consisted of an initial denaturation at 94 °C 

for 2 minutes, followed by 30 cycles of denaturation 

at 94 °C for 30 seconds, annealing at 55 °C for 30 

seconds, and extension at 72 °C for 90 s. A final 

extension was carried out at 72 °C for 20 minutes to 

ensure complete synthesis of the amplicons. In this 

study, molecular analysis was performed up to the 

verification of PCR products. The confirmed 

amplicons were then submitted for sequencing 

through a commercial sequencing service (PT. 

Genetika Science Indonesia). 

 

Gel Electrophoresis 

PCR products were analyzed using 2% agarose 

gel electrophoresis prepared in 0.5× TBE buffer. 

Agarose was dissolved by heating, slightly cooled, 

supplemented with ethidium bromide, poured into a 

casting tray, and allowed to solidify. PCR samples 

were mixed with loading dye and loaded into the gel 

wells alongside a 100 bp DNA ladder used as a 

molecular size marker. Electrophoresis was conducted 

at 100 V for approximately 60 minutes. The resulting 

DNA bands were visualized under UV illumination. 

Successful amplification was determined by the 

presence of a clear band of the expected size 

corresponding to the positive control. 

 

Determination of the Growth Curve of Chitinolytic 

Bacteria  

The growth curve of chitinolytic bacteria was 

conducted by measuring bacterial growth every 12 h. 

The selected isolate was inoculated into 20 mL of 

inoculum medium. Luria Broth medium was prepared 

by mixing 10 g of tryptone, 10 g of yeast extract, 0.1 

g of NaCl, and 1000 mL of distilled water. The 

medium was then incubated at 30°C for 24 hours while 

being shaken at 150 rpm. A total of 2 mL of the 

inoculum solution was added to 20 mL of the same 

medium in a 100 mL Erlenmeyer flask, and the flask 

was incubated under the same conditions. Then, 2 mL 

samples were taken every 2 hours to measure the 

bacterial optical density (OD) until the early death 

phase. Bacterial OD measurement was conducted 

using a spectrophotometer at 600 nm. The growth 

curve was determined by plotting incubation time 

against optical density 15. 

 

Chitinase Production 

Inoculum Preparation 

One loop of the selected isolate was transferred 

into the inoculum medium and agitated on a shaker at 

180 rpm for 24 hours at 24 °C to increase aeration.16. 

 

Chitinase Production 

A total of 15 mL of the inoculum medium was 

pipetted into the production medium, then 

homogenized on a shaker with aeration at 180 rpm for 

72 hours. The culture was then centrifuged in a 

refrigerated centrifuge at 4500 rpm for 15 minutes to 

separate the pellet from the supernatant. The resulting 

supernatant, collected as the crude chitinase extract, 

was transferred into a storage bottle and refrigerated 

for subsequent analysis. The pellet (residue) was 

discarded. The crude enzyme extract was analyzed to 

determine chitinase activity using the Schales method 
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and total protein concentration using the Lowry 

method 17. 

 

Measurement of Chitinase Activity  

The principle of measuring chitinase activity is 

based on the amount of reducing sugar produced from 

the hydrolysis of colloidal chitin by mixing 50 μL of 

enzyme, 100 μL of colloidal chitin, and 150 μL of 

phosphate buffer solution in a test tube, then 

incubating at 55 °C for 30 minutes and heating at 100 

°C for 5 minutes. From the resulting mixture, 400 μL 

is taken and placed in a test tube, followed by the 

addition of 1600 μL of distilled water and 2 mL of 

Schales reagent. The mixture is then covered with 

aluminum foil and incubated in a boiling water bath 

for 15 minutes. Subsequently, the reaction mixture is 

centrifuged at 3000 rpm for 5 minutes at 4 °C. The 

absorbance is then measured at 420 nm. This 

measurement uses GlcNAc (N-acetyl-glucosamine) as 

the standard solution. One unit of chitinase activity is 

defined as the amount of enzyme that produces 1 µmol 

of N-acetyl-glucosamine (reducing sugar) per minute 

under the enzyme's optimum conditions 17. The 

activity of the chitinase can be determined using the 

following formula (1). 

Enzyme activity = [Xs-Xc] = 
1000

200
 × 

600

200
 × 

1

30
 ×

1

𝑀𝑊
         (1) 

Where: 

Xs  = Glucosamine levels in the sample (µg/mL) 

Xc  = Glucosamine levels in the control (µg/mL) 

1000 = Correction factor (1 = 1000 µL (p)) 

200 = Enzyme volume (µL) (w) 

600 = Total volume of enzymatic reaction (µL) (x) 

400 = The volume of sample mixture used for   

staining (µL) (y) 

30 = Incubation time 

BM = Molecular weight of N-acetylglucosamine 

(221.2 g/mol) 

 

3. RESULTS AND DISCUSSION 
Endophytic Bacteria from Strawberry Plant Roots 

(Fragaria sp.) with Chitinolytic Activity  

Samples were taken from 2–3-month-old 

strawberry plants (Fragaria sp.) growing in Malino, 

South Sulawesi. This study successfully isolated four 

endophytic bacterial isolates from the root tissues of 

strawberry plants (Fragaria sp.). The endophytic 

bacterial isolates that grew were given the codes RS-

A1, RS-A2, RS-A3, and RS-A4. The isolates obtained 

were then selected for their chitinolytic activity using 

an initial test on colloidal chitin as the substrate. 

Chitinolytic activity was assessed by observing the 

formation of clear zones around the colonies of the 

four bacterial isolates tested. The clear zones that 

formed were caused by the activity of extracellular 

chitinase produced by the bacteria, which hydrolyze 

chitin macromolecules into smaller molecules or N-

acetyl-D-glucosamine monomers 18. The results of the 

chitinolytic index screening are shown in Table 1 and 

Figure 1. 

 

Table 1. Results of chitinolytic index screening (cm) 

Isolate Name Day-1 Day-2 Day-3 Day-4 

RS-A1 1.1 1.4 1.45 1.65 

RS-A2 0.9 1.3 1.4 1.55 

RS-A3 0.85 1.15 1.25 1.4 

RS-A4 0.9 1.25 1.25 1.35 

 

 
Figure 1. Activity of chitinolytic bacterial isolates 

 

The chitinolytic index is a quantitative measure 

of a microorganism's ability to degrade chitin. The 

chitinolytic index value is obtained from the ratio 

between the diameter of the clear zone formed around 

bacterial colonies on chitin-containing media and the 

diameter of the bacterial colony itself. The chitinolytic 

index of each bacterial isolate varies, with the highest 

from isolate RS-A1 (1.65) and the lowest from isolate 

RS-A4 (1.35). The variation in chitinolytic index 

values obtained falls within the range generally 

reported in previous studies, such as research by 19, 

which reported that chitinolytic index values of 

isolates from pepper plant roots ranged from 0.3 to 7.5. 

Previous studies reported that the range of chitinolytic 

index values from isolates obtained from the roots of 

Ipomoea pes-caprae was 0.09 to 0.7 20. These results 



Jurnal Kimia Valensi, Vol 12 (1), May 2026, 14 - 25  

Aulia et al. |18 
 

are even lower than those obtained in this study. Each 

isolate produces a different chitinolytic index, 

influenced by the amount of N-acetyl-D-glucosamine 

monomers produced, so variation in monomer number 

plays a role in determining the size of the clear zone 

formed around the colony 21. 

The two isolates with the highest chitinolytic 

indices, namely isolates RS-A1 and RS-A2, were 

proceeded to the chitinase production stage. The 

selection of these two isolates was based on their 

chitinolytic index values, which indicated they had the 

most effective chitin-degrading ability compared to 

other isolates. A higher chitinolytic index reflects 

stronger enzymatic activity, thus these isolates have a 

greater potential to inhibit pathogens that have chitin-

containing cell walls. Differences in chitinolytic index 

values can also be influenced by several factors that 

affect chitinase activity, such as temperature, pH, 

substrate type, substrate concentration, and incubation 

time 22. Previous research stated that chitinase activity 

can also be affected by inappropriate chitin colloid pH 

and the presence of contaminants, which can result in 

suboptimal chitinase activity 23. 

 

Morphological and Molecular Characterization of 

16S rRNA Isolates of Bacteria RS-A1 and RS-A2 

Morphological and molecular characterization 

is an important step toward a comprehensive 

understanding of the features and identity of the 

bacterial isolates RS-A1 and RS-A2. Morphological 

characterization is conducted to observe the 

characteristics of bacterial colonies and cells, such as 

shape, size, color, and Gram staining reactions, which 

serve as initial indicators in grouping the isolates. 

Molecular analysis of the 16S rRNA gene is 

performed to obtain more accurate genetic information 

and to determine phylogenetic relationships with other 

bacteria. This combined approach provides a 

comprehensive picture, making the identification 

results of the bacterial isolates more valid. 

 

Morphological Characterization 

Microscopic and physiological observations 

revealed variations in morphology, including the 

shape and characteristics of the bacterial isolates. The 

results of the morphological observations are shown in 

Table 2 and Figure 2 below. 

Macroscopic morphological observations 

showed that the RS-A1 isolate has smooth, round, 

yellowish-white colonies with flat edges and convex 

elevations. The RS-A2 isolate, macroscopically, has 

irregularly round, white colonies with wavy edges and 

a convex elevation. Differences in colony morphology 

of bacterial isolates can be influenced by 

environmental factors or, in this case, the ability of 

different bacterial species to metabolize different 

culture media components 24. 

 

 
Table 2. Morphological characterization of bacterial isolates from strawberry plant roots (Fragaria sp.) 

Morphological Observation of Bacteria RS-A1 Isolate RS-A2 Isolate 

Colony shape Smooth round Irregular sphere 

Color Yellowish white White 

Edge Flat Wavy 

Elevation Convex Convex 

Cell shape Coccobacillus Bacillus 

Gram staining Negative Positive 

 

 
Figure 2. Morphological characterization of bacterial isolates from strawberry plant roots (Fragaria sp.) 



Jurnal Kimia Valensi, Vol 12 (1), May 2026, 14 - 25  

Aulia et al. |19 
 

Microscopic observations were also conducted 

to determine the cell morphology of the bacterial 

isolates, and the results showed that isolate RS-A1 has 

a coccobacill shape, whereas RS-A2 is rod-shaped. 

This morphological difference is influenced by the 

genetic traits of each isolate. Gram staining was also 

performed to complement the characterization results 

of the test isolates. Gram staining is a classical method 

that is still widely used in bacteriology because its 

procedure is considered relatively simple and quick 

for distinguishing between Gram-positive and Gram-

negative bacteria using different staining solutions 25. 

The Gram staining results indicated that the bacterial 

isolate RS-A1 is Gram-negative, while isolate RS-A2 

is Gram-positive. This is marked by a pinkish-purple 

color in isolate RS-A1 and a purple color in isolate RS-

A2 after staining. Previous studies indicate that color 

variations observed in bacterial cells after staining 

result from differences in the structure of bacterial cell 

walls 26. 

Gram-negative bacteria have cell walls 

dominated by lipid layers. This causes the bacteria to 

fail to retain the primary stain during staining, 

especially after the alcohol wash, which can damage 

the lipid layer. As a result, in the Gram staining 

process, these bacteria will appear red or pink 27. 

Gram-positive bacteria will appear purple after the 

Gram staining process because they can retain the 

primary stain, which is crystal violet, even after 

washing with alcohol. This is due to the cell wall 

structure having a thick peptidoglycan layer, so the 

crystal violet remains strongly bound and is not 

replaced by secondary stains like safranin 23. 

The results of macroscopic and microscopic 

observations of the bacterial isolate RS-A1 are 

consistent with previous observations of 

Acinetobacter baumannii morphology, which has 

creamy-colored colonies, smooth or flat edges, 

bacillococci-shaped cells, and is a gram-negative 

bacterium indicated by its pink Gram stain 28. When 

compared to previous studies, isolate RS-A2 also 

showed consistent results with Bacillus subtilis, which 

have white colonies, irregular colony shapes, and are 

Gram-positive bacteria, indicated by its purple Gram 

stain 29. 

 

Molecular Characterization of 16S rRNA 

Molecular characterization using the 16S rRNA 

gene was performed to accurately identify and classify 

bacteria based on their 16S rRNA gene sequences. The 

16S rRNA gene is widely used because it is highly 

conserved, making it a universal marker, yet it also 

contains variable regions that enable species 

differentiation, providing high sensitivity and 

specificity in bacterial identification. The 16S rRNA 

gene has proven highly effective for bacterial 

identification due to its high accuracy and relatively 

fast analysis compared to conventional methods. This 

makes it one of the most preferred methods for 

molecular classification. The gel electrophoresis 

results of the 16S rRNA gene amplification are 

presented in Figure 3. Molecular analysis based on the 

16S rRNA gene, with a base sequence similarity of 

97%, generally indicates similarity at the genus level, 

whereas a similarity of around 99% or higher may 

indicate similarity at the species level 30.  

The sequencing data were then analyzed using 

the BLAST-N program in the NCBI nucleotide 

database to assess sequence similarity and predict the 

possible genus of each isolate. The sequence 

alignment results for isolates RS-A1 and RS-A2 are 

presented in Table 3 and were subsequently used to 

construct the phylogenetic tree. The phylogenetic trees 

shown in Figures 1 and 2, based on BLAST analysis 

results obtained from RNA sequences, indicate that 

isolate RS-A1 has 98.06% similarity with 

Acinetobacter baumannii, and isolate RS-A2 has 

97.21% similarity with Bacillus aerius. 

 

 
Figure 3. Gel electrophoresis results of 16S rRNA gene 

amplification 

 

Several previous studies have reported various 

microorganisms successfully identified from 

strawberry plants, including Bacillus safensis from the 

fruit31, Bacillus cereus from the leaves 32, 

Streptomyces thermocarboxydus from the leaves and 

leaf petioles 33, Staphylococcus sciuri from the stolon 
34, and Sphingopyxis sp. from the meristem tissue 35. 

These endophytic bacteria are also known to produce 

various bioactive compounds that contribute to plant 

growth and protection against pathogens. The isolates 

found in this study belong to the genus Acinetobacter, 

which previous studies have reported that the species 

Acinetobacter indicus possesses antifungal properties 

and can produce chitinase, making it effective for 

  1300 bp 
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development as a biocontrol agent 36. Bacterial isolates 

from the genus Bacillus, according to research 37have 

shown that Bacillus safensis isolated from oil palm 

plants can produce chitinase that antagonistically acts 

against the pathogenic fungus Fusarium oxysporum. 

 

Table 3. BLAST alignment results of 16S rRNA sequences from endophytic bacterial isolates 

Isolate 

Code 
Closest sequence match 

Similarity 

(%) 

Accession 

number 
Query coverage (%) E-value 

RS-A1 

Acinetobacter baumannii 

strain 5689  
98.06 CP096731.1 97 0.0 

Acinetobacter baumannii 

strain ATCC BAA1605  
98.06 CP058625.1 97 0.0 

Acinetobacter baumannii 

strain 2018HLJAB1  
98.06 CP059358.1 97 0.0 

Acinetobacter baumannii 

strain VB958  
98.06 CP040041.1 97 0.0 

Acinetobacter baumannii 

strain Aci44  
97.98 CP101653.1 97 0.0 

 

 

 

 

RS-A2 

Bacillus sonorensis strain 

ONF1P  
97.21 KT362744.1 97 0.0 

Bacillus licheniformis strain 

S1 
97.57 KP342533.1 95 0.0 

Bacillus sp. (in: Bacteria) 

strain VPS45  
97.06 MH819973.1 96 0.0 

Bacillus licheniformis strain 

S3T1411  
97.06 MH017407.1 96 0.0 

 
Figure 4. Phylogenetic analysis of the RS-A1 isolate derived from 16S rRNA gene sequence alignment with homologous 

sequences sourced from the NCBI database 

 

 
Figure 5. Phylogenetic analysis of the RS-A2 isolate derived from 16S rRNA gene sequence alignment with homologous 

sequences sourced from the NCBI database 

https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_2238658934
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_2238658934
https://www.ncbi.nlm.nih.gov/nucleotide/CP096731.1?report=genbank&log$=nucltop&blast_rank=1&RID=4DGGRMWW013
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1868968897
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1868968897
https://www.ncbi.nlm.nih.gov/nucleotide/CP058625.1?report=genbank&log$=nucltop&blast_rank=2&RID=4DGGRMWW013
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https://www.ncbi.nlm.nih.gov/nucleotide/CP059358.1?report=genbank&log$=nucltop&blast_rank=3&RID=4DGGRMWW013
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1638215789
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https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_2727962797
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_2727962797
https://www.ncbi.nlm.nih.gov/nucleotide/CP101653.1?report=genbank&log$=nucltop&blast_rank=6&RID=4DGGRMWW013
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https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_822659730
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_822659730
https://www.ncbi.nlm.nih.gov/nucleotide/KP342533.1?report=genbank&log$=nucltop&blast_rank=2&RID=4DHY2DD801N
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1468561195
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1468561195
https://www.ncbi.nlm.nih.gov/nucleotide/MH819973.1?report=genbank&log$=nucltop&blast_rank=3&RID=4DHY2DD801N
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1353908831
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1353908831
https://www.ncbi.nlm.nih.gov/nucleotide/MH017407.1?report=genbank&log$=nucltop&blast_rank=4&RID=4DHY2DD801N
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Growth Curves of Acinetobacter baumannii and 

Bacillus aerius Bacteria 

The bacterial isolates Acinetobacter baumanii 

RS-A1 and Bacillus aerius RS-A2 were then cultured 

in production medium at 37°C and 180 rpm for 3 days. 

Samples were collected every 6 hours to monitor 

microbial growth using Optical Density (OD660nm) 

measurements, enzyme activity assays, and protein 

content analysis. OD measurements were conducted at 

a wavelength of 660 nm. The OD measurement data 

are presented in Figure 3. 

The bacterial growth curve consists of four 

phases: the adaptation (lag) phase, the exponential 

(log) phase, the stationary phase, and the death phase 
38. The research results shown in Figure 6 indicate that 

the growth of the bacterial isolate RS-A1 experienced 

a lag or adaptation phase at the beginning of the 

conditioning time, from hour 0 to hour 6. The bacteria 

were not yet actively growing because they were still 

adapting to the media environment. This lag phase 

occurs when the OD starts to rise slightly but is not yet 

significant. The log or exponential phase occurred 

between hours 6 and 42. The exponential phase is 

characterized by rapid bacterial growth and division, 

causing the OD to increase quickly and sharply. The 

stationary phase in this graph is indicated by the OD 

reaching a peak and starting to stabilize or slightly 

decline. This phase occurred at hour 42 as the critical 

point marking the beginning of the stationary phase. 

Based on the presented data, the stationary phase was 

very brief, with maximum OD reached at 42 hours. 

The death phase is marked by a continuous decrease 

in OD as many bacterial cells die. This death phase 

begins around 42-72 hours and occurs because the 

levels of substrate and nutrients are almost depleted, 

so the cells can no longer grow. 

The growth curve results for the RS-A2 

bacterial isolate showed an unusually short lag phase. 

Ideally, the lag phase is a period of adaptation at the 

beginning of conditioning, with no significant biomass 

increase. However, the high initial OD on the curve, 

which was 0.87 at 0 hours and immediately increased 

to 1.14 at 6 hours, indicates that the inoculum used was 

already in an active metabolic state. This was also 

reported by 39, who found that the lag phase was 

extremely short in fresh media where cells had already 

expressed genes, making them ready to grow. The lag 

phase was brief, occurring from hour 0 to hour 6. 

Although the OD value increased from 0.87 to 1.14, 

the increase was still slower than the subsequent 

growth phase. 

The log or exponential phase occurs between 6 

and 42 hours. The exponential phase is characterized 

by bacteria growing and dividing rapidly, causing the 

OD to increase quickly and sharply. Bacillus aerius 

RS-A2 reaches its highest OD peak at 42 hours, 

followed by the stationary phase, marked by the OD 

reaching its peak and beginning to stabilize or slightly 

decrease. This phase occurs between 42 and 72 hours. 

The initial gradual decrease cannot yet be classified as 

the death phase, which is characterized by a sharp 

decline in OD due to the massive death of bacterial 

cells. The 72nd hour is more accurately defined as the 

late stationary phase leading toward cell death. Longer 

data sampling is required to observe a clear decline in 

cell death. 

 

 

Figure 6. The effect of production time on chitinase by Acinetobacter baumanii RS-A1 and Bacillus aerius over 72 hours 
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Chitinase Activity and the Growth of Acinetobacter 

baumannii and Bacillus aerius 

The results of measuring the specific activity of 

chitinase, compared with the growth curves of two 

endophytic bacterial isolates, namely RS-A1 and RS-

A2, are shown in Figures 7 and 8. Based on the 

comparison of the growth curves and the specific 

activity of chitinase from both bacterial isolates, there 

appears to be a pattern linking the cell growth phase to 

enzyme production. In isolated RS-A1, the specific 

activity of chitinase reached its maximum value at 36 

hours, while bacterial growth reached the stationary 

phase at 42 hours. In isolated RS-A2, chitinase activity 

increased with incubation time and peaked during the 

early logarithmic phase at 24 hours before eventually 

declining upon entering the stationary phase. 

Both results indicate that chitinase production 

by endophytic bacteria from strawberry plant roots is 

growth-associated, meaning that enzyme activity 

increases alongside the logarithmic growth phase. 

During this phase, the bacteria undergo active division 

and require high energy and carbon sources. To meet 

these needs, the bacteria secrete chitinase 

extracellularly to hydrolyze chitin in the medium into 

simpler compounds such as N-acetylglucosamine, 

which is then used as a carbon source for cellular 

metabolism. 

The decline in enzyme activity after the 

logarithmic phase in both isolates is likely caused by 

several factors, such as the decreased availability of 

chitin substrate, the accumulation of metabolites that 

inhibit enzyme activity, and changes in the 

physiological conditions of cells during the stationary 

phase, which no longer support enzymatic protein 

biosynthesis 40. This phenomenon also indicates that 

enzyme production does not occur continuously but 

depends on the bacterial physiological conditions and 

metabolic needs. These findings are consistent with 

the report, which stated that the specific activity of 

chitinase in Pseudomonas aeruginosa DSM 50071 

reaches its maximum in the logarithmic phase and 

decreases upon entering the stationary phase 41. 

 

 
Figure 7. Comparison chart of the growth curve and chitinase activity of Acinetobacter baumannii RS-A1 isolate 

 

 
Figure 8. Comparison chart of the growth curve and chitinase activity of Bacillus aerius RS-A2 isolate 
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The specific activity of chitinase produced by 

the endophytic bacterial isolates in this study was 

0.00781 U/mg for RS-A1 and 0.01146 U/mg for RS-

A2. These values indicate the enzyme's ability to 

hydrolyze chitin substrate per unit of protein mass. 

The specific activity obtained here, when compared 

with previous research, shows that the chitinase 

produced by the endophytic bacterium Bacillus 

safensis from strawberries was 0.00966 U/mg 31. This 

value is higher than that of isolated RS-A1 and lower 

than that of RS-A2. Endophytic Pseudomonas 

aeruginosa bacteria from onion roots have also been 

reported to exhibit a specific chitinase activity of 

0.00566 U/mg 41. This value is also lower than the 

specific activity obtained from isolates RS-A1 and 

RS-A2. 

The differences in specific chitinase activity 

among each isolate can be influenced by several 

factors, such as pH and temperature conditions during 

bacterial growth, which play an important role in 

maintaining enzyme stability and performance, as 

reported in previous studies, indicating that chitinase 

works optimally under certain environmental 

conditions 42. This phenomenon is not restricted to 

chitinase enzymes but broadly influences enzymatic 

activity in general 43. The concentration of chitin 

substrate in the medium can also enhance or inhibit 

enzyme production. In addition to substrate 

concentration, the type of substrate used is also a 

factor that causes differences in specific chitinase 

activity, in line with previous research findings, which 

reported that among the three types of substrates used, 

namely colloidal chitin, chitin powder, and shell 

powder, colloidal chitin exhibited the highest chitinase 

activity 44. Differences in the genetic ability of each 

bacterial isolate to express chitinase also contribute to 

variations in specific activity. 

In general, both RS-A1 and RS-A2 isolates 

show potential as chitinase producers. However, the 

RS-A2 isolate demonstrates slightly greater stability 

of enzyme activity during the later growth phase than 

RS-A1. This is due to differences in the isolates' 

metabolic adaptation to the culture environment. 

Therefore, both isolates have the potential to be 

developed as biocontrol agents producing chitinase, 

but the RS-A2 isolate could be prioritized for enzyme 

production on a biotechnological scale due to its better 

activity stability. 

 

4. CONCLUSIONS  

This study successfully isolated and identified 

endophytic bacteria from strawberry plant roots. 

Molecular identification using 16S rRNA gene 

analysis showed that isolate RS-A1 had 98.06% 

similarity to Acinetobacter baumannii, while isolate 

RS-A2 had 97.21% similarity to Bacillus aerius. 

Quantitative measurements of chitinase production 

indicated that isolate RS-A2 exhibited the highest 

specific activity at 0.01146 U/mg. The observed 

chitinase activity suggests that Bacillus aerius RS-A2 

could be explored in future research as a candidate for 

biocontrol or biotechnological applications. 
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