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ABSTRACT 

Objective: The aim of this study was to compare the antibacterial activity of 96% (v/v) ethanolic extract of Javanese turmeric rhizome (Curcuma 
xanthorrhiza Roxb.) and nanoparticles containing the extract against 4 pathogenic bacteria.  

Methods: The synthesis of chitosan nanoparticles used ionic gelation method. The nanoparticles were evaluated for particle size, zeta potential and 
morphology. Dilution method was performed to determine minimum inhibitory concentration (MIC).  

Results: The nanoparticles showed particle size of 53.25 nm, polydispersity index of 0.442 and zeta potential value of+31.5 mv. The antibacterial 
activity results based on the broth dilution method demonstrated that both the extract and the nanoparticles could inhibit the growth of 
Staphylococcus aureus, Escherichia coli, Salmonella thypi, and Bacillus subtilis in a concentration of 500 µg/ml. The MIC of the extract against 
Staphylococcus aureus and Bacillus subtilis were 400 µg/ml and against Escherichia coli and Salmonella thypi in a concentration of 500 µg/ml. In 
addition, the MIC of the nanoparticles against Staphylococcus aureus was 300 µg/ml while against Bacillus subtilis and Salmonella thypi 400 µg/ml 
and against Escherichia coli 500 µg/ml.  

Conclusion: The nanoparticles have a promising strategy to formulate the extracts in order to decrease the MIC against Staphylococcus aureus and 
Salmonella thypi.  
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INTRODUCTION 

Javanese turmeric rhizome (Curcuma xanthorrhiza Roxb.) is one of 
the many medicinal plants found in Indonesia and has been widely 
used as jamu to show antidiuretic, anti-inflammatory, antioxidant, 
antihypertensive, antihepatotoxic, antibacterial, and antifungal 
effects. It can grow in other areas such as Thailand, Philippines, Sri 
Lanka, and Malaysia [1, 2]. The biological activities of C. 
xanthorrhiza

One of the nanoparticles preparation methods is ionic gelation in 
which nanoparticles are formed as a result of electrostatic 
interactions between cationic polymers and anionic crosslinkers. 
The most commonly used biodegradable polymer is chitosan 
which is a naturally occuring cationic polymer while sodium 
tripolyphosphate can serve as a crosslinker [7]. Therefore, it was 
the aim of this research to investigate both the antibacterial 
activity of 96% (v/v) ethanol extract and its nanoparticles of 
Javanese turmeric rhizome against Escherichia coli, Salmonella 
thypi, Staphylococcus aureus, and Bacillus subtilis. The rhizome was 
extracted by maceration using 96% (v/v) ethanol. The extract was 
then concentrated to get viscous extract which was then 
solubilized in capric triglyceride (captex), glyceril caprilate 
(capmul), and ethanol and mixed with chitosan solution to prepare 
the nanoparticles.  

 are due to some active compounds, including 
xanthorrhizol and curcumene, and a few volatile compounds. 
Xanthorrhizol has an important role as antibacterial, antiseptic, and 
antibiotic [1, 3]. 

Development of an antibacterial drug based on natural products has 
been developing because the use of synthetic antibacterial drugs in 
the long term can give rise many disadvantages effects [4, 5]. 
Nanotechnology is a new breakthrough in the field of 
pharmaceutical technology in which drug particles are prepared 
with dimensions less than 1000 nm. Thereby, there is a change in 
the physical properties of active compounds in such a way that it can 
increase the efficacy of a drug and reduce the doses so as to lower 
the toxicity of the drug [6].  

MATERIALS AND METHODS 

Materials 

Javanese turmeric rhizome, ethanol, chitosan, captex, capmul, 
sodium tripolyphosphate, Escherichia coli ATCC 25922, 
Staphylococcus aureus ATCC 6538, Bacillus subtilis ATCC 6633, 
Salmonella typhi ATCC 14028, Mueller-Hinton agar (MHA), Mueller-
Hinton broth (MHB), nutrient agar (NA), potato dextrose agar (PDA), 
and chloramphenicol. Captex and capmul were purchased from 
Abitex Corp. (Northampton, UK) and the bacterial strains were 
obtained from Department of Microbiology, Faculty of Pharmacy, 
Pancasila University. 

Ethanolic extract preparation 

Javanese turmeric rhizome was collected from Lembang Bandung, 
West Java, Indonesia in October 2017 and identified by The Center 
for Plant Conservation Botanic Garden–Indonesian Institute of 
Science with the authentic number is B-112/IPH.3./KS/I/2018. The 
speciment was deposited by Herbarium of Pharmacognocy 
Laboratory, Faculty of Pharmacy, Pancasila University 
(1/DR/HLF/UP). Extract of Javanese turmeric rhizome was 
prepared by maceration technique using 96% (v/v) ethanol. 500 g of 
simplisia was macerated with 5 l of 96% (v/v) ethanol for 24 h and 
was then filtered. The residue was re-macerated nine times with the 
same solvent and evaporated by a rotary evaporator. The resulting 
viscous extract was identified organoleptically for its color, odor, 
and taste. 

Determination of microbial contamination 

1 g of the extract was dissolved in 10 ml of phosphate buffer (pH 
7.2). 9 ml of phosphate buffer solution was poured into the test tube 
from which sixfold serial dilution was made. 1 ml of each dilution 
was inoculated in the petri dishes. 20 ml each of NA medium (liquid) 
and PDA medium (liquid) were used for total count plate (TCP) and 
total yeast mold count (TYMC), respectively. After solidification of 
each medium plates were incubated upside down at 37 °C for NA 
medium for 2 d and at 25 °C for PDA medium for 7 d. The growing 
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colonies were counted, recorded and the colony of forming units 
(CFU) of the extract was calculated [8-11]. 

Nanoparticles preparation by ionic gelation 

Ionic gelation method was performed to obtain the nanoparticles. 
Briefly, 1 g of the extract was dissolved in various concentrations of 
capmul, captex, and 70% (v/v) ethanol using a magnetic stirrer. 1% 
(w/v) chitosan solution was added to the mixture and mixed until 
homogeneous. Afterwards, 10 ml of 0.4% (v/v) sodium tripolyphosphate 
solution was added dropwise to the final mixture under a magnetic 
stirring of 400 rpm at room temperature. Distilled water was added to 
reach the extract concentration of 1% (w/v). The suspension was then 
evaluated for its particle size, zeta potential and morphology.  

Determination of inhibitory zone of the extract and the 
nanoparticles 

All the test strains obtained from Department of Microbiology, 
Faculty of Pharmacy, Pancasila University were sub-cultured on 
MHA medium, incubated at 37 °C for 24 h and stored at 4 °C in the 
refrigerator to maintain stock culture. Sterile filter paper was used 
to prepare 6 mm in diameter discs and 10 μl of the extract and the 
nanoparticles were impregnated on the disc. The determination was 
performed three times for each of the test bacteria. After incubation, 
the plates were observed for the presence of the clear zone and the 
diameters for each bacteria were measured in mm. A clear inhibition 
zone around impregnated disc was the indication of the presence of 
antibacterial activity. 

The antibacterial activity of the extract and the nanoparticles were 
performed against test bacteria namely Staphylococcus aureus, 
Escherichia coli, Salmonella thypi, and Bacillus subtilis. 0.1 ml of 
bacterial suspension (107

Determination of minimum inhibitory concentration (MIC) of 
the extract and the nanoparticles 

 CFU) was put into a petri dish then 15 ml 
of nutrient agar as a medium was poured, homogenized and allowed 
to solidify for 15 min. The extract was solubilized and the dried 
nanoparticles were suspended in sterilized water to obtain 
concentrations of 500, 250, and 125 µg/ml. The disc papers 
impregnated with the extract solutions or the nanoparticles 
suspensions were put on the surface of the solid medium in the petri 
dishes and incubated at 37 °C for 24 h. Chloramphenicol solution 
was served as control [12-14].  

MIC of the extract and the nanoparticles were determined by the 
dilution method using MHB medium. The bacterial suspension was 
made from an overnight culture and diluted to a turbidity 
comparable to that of a 0.5 McFarland standard and further diluted 
with broth so that the final concentration of the bacteria was 
approximately 106

For each of the tested bacteria, 1 ml of the extract solution or the 
nanoparticles suspension at various concentrations were poured 
into 12 test tubes (6 tubes for the extract and 6 tubes for the 
nanoparticles) containing 9 ml of peptone broth. 0.1 ml of bacterial 
inoculum was added into the mixture in each tube and incubated at 
37 °C for 24 h. The mixture of fresh medium and inoculum served as 
the positive control. The MIC is defined as the lowest concentration 
of an antimicrobial agent that prevents visible growth of test 
bacterias in the test tubes. The tube with no visible growth after the 
incubation was perceived as the MIC [12-14].  

CFU/ml. The tube was filled with a two-fold 
dilution of the extract stock solution or the nanoparticles suspension 
mixed with each the test bacteria in MHB medium. The purpose of 
the two-fold dilution is to reduce the concentration of the solution 
by a factor of two, which then reduces the original concentration by 
one half.  

Statistical analysis 

All experiments were carried out in triplicates. Data obtained were 
analyzed by one-way analysis of variance (ANOVA). Differences 
were considered significant at p<0.05. 

RESULTS AND DISCUSSION 

Ethanolic extract preparation  

The viscous extract obtained was evaluated organoleptically to 
investigate the specific identity of the extract as shown in table 1. 
The weight of the viscous extract was 135.2 g which was obatained 
from 500.5 g of the simplisia powder for the maceration. Nine times 
remaceration made the maceration exhausted, resulting in a 
comparatively high rendement. 

  

Table 1: Organoleptic evaluation of extract of Javanese turmeric rhizome 

Parameter Characteristic 
Viscosity Viscous 
Color Yellowish brown 
Odor Specific odor of the rhizome  
Taste Bitter 
 

Determination of microbial contamination  

The viscous extract obtained was evaluated for its microbial 
contamination including determination of TPC and TYMC. Microbial 
contaminations were performed to find out the amount of bacteria, 
yeast and mold present in the extract. The growing colonies will 
affect the antibacterial activity of the extract. Normally, the number 

of colonies of TPC ranges between 30 to 300 colonies, whereas the 
highest number colonies for TYMC is less than 50. Based on the 
results of microbial contamination as shown in table 2 and 3, the 
extract contained only a few colonies that were considered as too 
few to count (TFC). The extract possesses some active compounds 
which can act as an antibacterial agent, thus only a few amount of 
microbes are able to survive in the extract [15-17]. 

  

Table 2: TPC of extract of javanese turmeric rhizome 

Sample Colonies of dilution 
10 10-1 10-2 10-3 10-4 10-5 -6 

I <30 <30 <30 <30 <30 <30 
II <30 <30 <30 <30 <30 <30 

Notes: <: Less than  
 

Table 3: TYMC of extract of Javanese turmeric rhizome 

Sample Colonies of dilution  
10 10-1 10-2 10-3 10-4 10-5 -6 

I <10 <10 <10 <10 <10 <10 
II <10 <10 <10 <10 <10 <10 

Notes: <: Less than  
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Nanoparticles preparation by ionic gelation 

The preparation of nanoparticles was carried out by the ionic 
gelation method, in which nanoparticles are formed as a result of 
electrostatic interaction of positively charges of functional groups of 
chitosan with negatively charges of sodium tripolyphosphate [18]. 
The ionic gelation method enables the synthesis of nanoparticles in a 
simple way without the use of heat and high pressure so as to ensure 
the stability of the active substances during the process of 
generating nanoparticles. The solvents used to dissolve the extract 
were captex, capmul, ethanol 70% (v/v), and chitosan. The optimal 
formula used is shown in table 4. Generally, captex and capmul are 
used for the formulation of nanoemulsion and microemulsion [19, 
20]. It is beneficial to mix both components in proper ratio as oily 

phase was exist in the extract. Furthermore, the extract was more 
soluble in the presence of 70% (v/v) ethanol, but the oily phase 
separated out of the mixture. The addition of 1% (w/v) of chitosan 
made the final mixture stable and homogeneous. This phenomena 
demonstrated that chitosan is not only as a carrier but also as a 
stabilizer in the emulsification. This could be a novel rule and 
properties of chitosan. This system was further stabilized by the 
addition of sodium tripolyphosphate as a crosslinker. Obiviously, the 
nanoparticles system combines two technology namely 
microemulsion and ionic gelation. Moreover, the presence of 
chitosan in the system is necessary to render mucoadhesive and 
permeation enhancing properties [21]. This kind of nanoparticles 
did not leave any stain from curcumin after the application on the 
human skin. 

  

Table 4: The optimal formula of nanoparticles 

Ingredient Quantity 
Extract of Javanese turmeric rhizome 1 g 
Captex 15 ml 
Capmul 15 ml 
Ethanol 70% (v/v) 25 ml 
Chitosan 1% (w/v) 20 ml 
Sodium tripolyphosphate 0.4% 
Distilled water 

10 ml 
to 100 ml 

 

The preparation of nanoparticles which used the optimum formula 
resulted in a homogeneous dispersion of nanoparticles. The stability 
of nanoparticles suspension was observed for 5 d in regard to 
parameters such as color, turbidity, and sedimentation. Based on the 
observations, the change in color and turbidity did not occur and the 
sediment was not found on the bottom of the container. The stable 
nanoparticles suspension was characterized for particle size, zeta 

potential and morphology. Particle size of the nanoparticles was 
53.25 nm. The polydispersity index showed the homogeneity of the 
particle size. The polydispersity index of the nanoparticles was 
0.442 thus the nanoparticles displayed a comparatively good degree 
of homogeneity. In addition, zeta potential of the nanoparticles 
was+31.5 mV. The use of chitosan as a cationic polymer may affect 
the value of zeta potential. 

 

 

Fig. 1: Transmision electron microscopy of nanoparticles containing 95% (v/v) ethanolic extract of Javanese turmeric rhizome 
 

Determination of inhibitory zone of the extract and the 
nanoparticles 

Based on the result of determination of inhibition diameter of the 
extract, it was found that both the extract and the nanoparticles in 
a concentration of 500 µg/ml were able to inhibit the growth of 
the test bacteria as shown in table 5 and 6. In addition, the 
nanoparticles were able to inhibit the growth of all test bacteria in 

a smaller diameter compared to the extract. The slow release of 
the active compounds from the nanoparticles probably gives rise 
the low antibacterial activity. The MIC of the extract and the 
nanoparticles are shown in table 7 and 8, respectively. 
Surprisingly, the nanoparticles were more sensitive to inhibit the 
growth of Staphylococcus aureus and Salmonella thypi as 
demonstrated by the lower MIC against the corresponding 
bacteria. 

  

Table 5: Clear zone of ethanolic extract of Javanese turmeric rhizome 

Concentration  
(µg/ml) 

Clear zone diameter (mm)* 
Staphylococcus aureus Escherichia coli Salmonella thypi Bacillus subtilis 

500 10.22±1.19 11.24±4.39 19.05±0.84 8.96±2.30 
250 - - - - 
125 - - - - 
Ethanol 96% (v/v) - - 6.39±0.19 - 
30 (Chloramphenicol) 24.65±1.41 21.25±0.09 21.15±1.26 20.38±0.54 

Notes: Data are given in mean±SD, n=3, SD: Standard deviation 
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Table 6: Clear zone of nanoparticles of ethanolic extract of Javanese turmeric rhizome 

Concentration  
(µg/ml) 

Clear zone diameter (mm)* 
Staphylococcus aureus Escherichia coli Salmonella thypi Bacillus subtilis 

500 6.22±0.03  6.81±0.54 7.37±0.33 8.96±2.30 
250 - - - - 
125 - - - - 
Sterile aquadest - - - - 
30 (Chloramphenicol) 24.65±1.41 21.25±0.09  21.15±1.26 20.38±0.54 

Notes: Data are given in mean±SD, n=3, SD: Standard deviation 

 

The aim of broth dilution methods is to determine the lowest 
concentration of the extract and the nanoparticles (MIC) that are 
able to inhibit the visible growth of the test bacteria being studied. 

MIC values are used to determine susceptibilities of bacteria to the 
active compounds of the extract and also to evaluate the activity of 
the nanoparticles containing the extract. 

  

Table 7: MIC of ethanolic extract of Javanese turmeric rhizome 

Concentration 
(µg/ml) 

Type of bacteria 
Staphylococcus aureus Escherichia coli Salmonella thypi Bacillus subtilis 

500 - - - - 
400 - + + - 
300 + + + + 
200 + + + + 
100 + + + + 
50 + + + + 

Notes: -: Clear,+: Turbid 

 

Table 8: MIC of nanoparticles containing Javanese turmeric rhizome 

Concentration 
(µg/ml) 

Type of bacteria 
Staphylococcus aureus Escherichia coli Salmonella thypi Bacillus subtilis 

500 - - - - 
400 - + - - 
300 - + + + 
200 + + + + 
100 + + + + 
50 + + + + 

Notes: -: Clear,+: Turbid  

 

The nanoparticles could show an antibacterial activity against both 
Gram-positive and Gram-negative bacteria. Gram-negative bacteria 
have a double membrane to defend against extract interference. The 
hydrophilic cell wall structure of Gram-negative bacteria is able to 
block the permeation of antibacterial compounds [22, 23]. Based on 
the the MIC results, since the nanoparticles have an importanat role 
in the permeation enhancing properties it demonstrated that the 
nanoparticles could lower the MIC of the extract. 

CONCLUSION 

Nanoparticles containing 96% (v/v) ethanolic extract of Javanese 
turmeric rhizome were prepared by microemulsion and ionic 
gelation method using chitosan and sodium tripolyphosphate. In 
addition, chitosan can stabilize the system of microemulsion. Both 
the extract and the nanoparticles demonstrated antibacterial activity 
against all test bacteria. Therefore, the nanoparticles are a promising 
strategy to deliver the active compounds of the extract.  
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