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The extract flower of Etlingera elatior (kecombrang) is one of herb interested for 

research. This flower known to have a beneficial antioxidant activity. This antioxidant 

effect was obtained as a results of high flavonoid content. Photosensitivity and low 

bioavailability and their fast metabolism were the main limitations for its use, which can 

be overcome through encapsulation of the extract (flavonoids) into nanoparticle-based 

chitosan-tripolyphosphate by ionic gelation method. This is an observational study aims 

to encapsulate kecombrang flowers extract that is already form in nanoextract and assess 

the characterization. The nanoparticle extract of this flower obtained has a particle size 

of 312.7 nm with a zeta potential of -16.2 mV and a polydispersity index value of 0.502, 

amorphous (non-uniform) morphology, has a tendency to be spherical, and has an 

imperfectly spherical shape, has functional groups –OH, -NH, C=O, and a phosphate 

group. Overall Kecombrang flowers extract is able to be encapsulated in chitosan-

tripolyphosphate. 
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1. INTRODUCTION

Antioxidants are substances that have the ability to either 

absorb or neutralize free radicals, thereby it can be applied for 

preventing a variety of degenerative diseases, including stroke, 

diabetes mellitus, cardiovascular disease, and cancer, and 

among others. Synthetic antioxidants are frequently utilized, 

but since they sometimes may have negative effects on the 

body, therefore, natural antioxidants derived from natural 

sources must be employed in their place. One natural source 

that may be used as a natural antioxidant is the kecombrang 

flower (Etlingera elatior). Secondary metabolites including 

phenolics, flavonoids, triterpenes, saponins, tannins, steroids, 

alkaloids, and glycosides are found in all parts of the 

kecombrang plant, including the roots, stems, leaves, and 

flowers. Many researchers are starting to pay attention to 

kecombrang flowers because of its potential as a traditional 

medicine through its antioxidant activity. Kecombrang 

flowers has a diversity of chemical compounds where the 

methanol extract of kecombrang flowers contains secondary 

metabolite compounds such as phenolic compounds and 

flavonoids [1-3]. Kecombrang flowers and stems are also 

reported to have antidiabetic and antioxidant activity in obese 

rats due to their secondary metabolite content [4, 5]. 

Flavonoids are a group of natural products that have a 

variety of biological activities, and are widely used as 

therapeutic agents to treat diseases, and play an important role 

in the pharmaceutical industry [6]. Several studies have shown 

that flavonoids are known to exhibit strong antioxidant activity 

[7]. Secondary metabolites, one of which is flavonoids, have 

low bioavailability under conditions of large particle size, fast 

metabolism and are unstable to the influence of high light 

intensity so they are easily oxidized, so one potential strategy 

that can be applied is to encapsulate them into nanoparticle 

preparations that are more easily dispersed and stable in 

methanol [8]. 

The ionic gelation method is one of the methods applied to 

encapsulate extracts into nanoparticles using a cross-linking 

mechanism between chitosan using polyanion salts such as 

NaTPP. Kecombrang flowers extract can have a negative 

charge in water because the hydroxyl groups of flavonoid 

compounds can hold ionic interactions with the positively 

charged amine groups of chitosan [9], and the addition of 

NaTPP which functions as a crosslinker agent to stabilize the 

nanoparticles formed [10]. 

Based on the background above, this research is conducted 

in order to gain kecombrang flowers extract nanoparticles by 

applying the ionic gelation method. In addition, this research 

also aims to characterize the nanoparticle obtained, in term of 

particle size, also their phytochemical determination was 

assessed. Finally, in this study an encapsulation of the nano 

extract was carried out. 
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2. MATERIAL AND METHODS 

 

2.1 Material 

 
The main material used in this research was kecombrang 

flower (Etlingera elatior) obtained from local markets in 

Denpasar. The chemicals used were aqua DM, glacial acetic 

acid, chitosan, sodium tripolyphosphate (NaTPP), 10% 

sodium hydroxide (NaOH), concentrated sulfuric acid 

(H2SO4), concentrated hydrochloric acid (HCl), and 

magnesium powder. 

 
2.2 Equipment 

 
The equipments used in this research included a set of 

maceration containers, filter paper, spatula, magnetic stirrer, 

centrifugation, rotary evaporator (Buchi), particle size 

analyzer (PSA) of the Zetasizer Advanced Pro Blue Mlvern 

brand, scanning electron microscope (SEM) of the JSM 

6510LA, infrared spectrophotometer (IR) of the Shimadzu 

IRPrestige-21, and a set of laboratory glassware. 

 

 

3. PROCEDURE 
 

3.1 Sample extraction 

 

As usual, a standard procedure was carried to determine the 

water content of the kecombrang flower. For extraction, a 

number of 800 g of Kecombrang flowers powder with a water 

content of 7.56% was extracted by maceration using methanol 

solvent. Maceration was carried out overnight for four times. 

After macerated along overnight, a brownish yellow filtrate of 

8.0 L was obtained. The filtrate was then evaporated using a 

press dryer produced a crude product ready for continues step. 

 

3.2 Preparation of kecombrang flower nanoparticles 

 

The encapsulation process was carried out initially by 

preparing 0.5% chitosan solution in 1% glacial acetic acid and 

1% NaTPP solution in aquadest. Then 50 mL of 0.5% chitosan 

solution in a beaker glass was added with 50 mL of 1% NaTPP 

solution drop by drop, resulting in an observable precipitation 

indicating that nano chitosan-NaTPP was formed. Then 

methanol extract of kecombrang flower (2%) was added to the 

nano chitosan-NaTPP drop by drop, and stirred using a 

magnetic stirrer at a speed of 3800 rpm for 120 minutes. The 

formed nanoparticle colloids were separated by centrifugation 

for 15 minutes at a speed of 3000 rpm. The formed 

nanoparticle precipitate was dried in the refrigerator until 

kecombrang flower nanoparticle crystal was obtained. The 

nanoparticle crystal was then analyzed using FTIR, SEM, and 

PSA to determine the characteristics of the nano encapsulant.  

 

3.3 Phytochemical test 

 

A total of 3 pairs of test tubes were prepared. A pair of test 

tubes contained as much as 2.0 mL solution of kecombrang 

flower extract and 2.0 mL solution of kecombrang 

nanoparticles in each separate tube. In the first pair of test 

tubes, 3 drops of concentrated HCl and a little magnesium 

powder were added in each separate tube, in the second pair, 

3 drops of concentrated H2SO4 were added and heated for 15 

minutes, and in the third pair, 3 drops of 10% NaOH were 

added. The occurring color changes were then observed and 

recorded. 

 

 
4. RESULTS AND DISCUSSION 

 
4.1 Plant anatomical determination  

 

The sample used in this research was kecombrang flowers 

obtained from Klaci Marga Village, Tabanan, Bali-Indonesia. 

The plant determination process was carried out at the LIPI-

UPT Plant Conversion Center of the Bali "Eka Karya" 

Botanical Garden. Kecombrang plant as can be seen in Figure 

1, is a plant traditionally in Indonesia used as an herb or food 

sour. The anatomical determination of this plant was presented 

as follow: Kingdom: Plantae; Subkingdom: Spermatophyta; 

Division: Magnoliophyta; Classs: Liliopsida; Subclass: 

Commelinidae; Ordo: Zingiberales; Familiae: Zingiberaceae; 

Genus: Etlingera; and Species: Etlingera elatior (Jack) 

R.M.Sm. 

 

 
 

Figure 1. Kecombang plant 

 

4.2 Simplicia extraction 

 

A number of 800 g of kecombrang flowers powder was 

macerated with methanol at a temperature of 70-80℃, in order 

to maximize the maceration process due to higher temperature 

of the solvent leads to the plant tissue damage more quickly. 

Finally, the bioactive compounds contained can be more 

quickly solved by the solvent [11, 12]. The macerate obtained 

is then evaporated using a press dryer to remove the 

maceration solvent. The crude extract obtained was 45.32 g. 

 

4.3 Phytochemical test 

 

The results of phytochemical tests using 10% Sodium 

Hydroxide (NaOH), Bate Smith-Metcalfe and Wilstater 

reagents produced a specific color in the kecombrang flowers 

extract and nanoextract of kecombrang flowers. All of 

phytochemical tests were presented in Table 1. The 

kecombrang flowers crude extract obtained was yellow in 

color reacted with 10% NaOH reagent, red with the reagent 

Bate Smith-Metcalfe and Wilstater's reagent. In the 

nanoextract of kecombrang flowers, a yellow-orange color 

was obtained with 10% NaOH, with Bate Smith-Metcalfe and 

Wilstater reagents yellow. From these results, it can be seen 
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that the most obvious intensity of color change is produced by 

the nano extract of kecombrang flowers, so it can be said to 

have a higher flavonoid content than the extract of 

kecombrang flowers [10]. 

 
Table 1. Phytochemical test results of kecombrang flowers 

extract and nanoextract 

 

Fraction 

Color Test 

Remark NaOH 

10% 

Bate smith-

Metcalfe 
Wilstater 

Extract Yellow Red Red ++ 

Extract 

Nano 

Yellow-

orange 
Yellow Yellow +++ 

Note: +++: flavonoid content Higher 

++: flavonoid content Higher 

 

4.4 Kecombrang flowers extract nanoparticles 

 
Kecombrang flower nanoparticles were made using the 

ionic gelation method, namely polyelectrolyte complexation 

between positively charged chitosan and negatively charged 

tripolyphosphate. This method was chosen because the 

process is simpler, avoids the use of high temperatures, and 

can be controlled easily [13]. The bioactive substances 

contained in the kecombrang flower extract were cross-

encapsulated in chitosan-tripolyphosphate nanoparticles. 

Chitosan is dissolved in a dilute acid solution to obtain 

chitosan cations, namely the amine group. The positively 

charged amine group will cross-link with the negative group 

of NaTPP polyanion to form a complexation between these 

different charges which causes the resulting chitosan 

nanoparticles to be more stable [14]. 

The NaTPP polyanion is formed because it dissociates in 

water releasing sodium ions and tripolyphosphate ions which 

then react with NH3+ from chitosan. NaTPP salt is used to 

function as a cross-linking agent, because this material tends 

to have non-toxic properties, so this additional material has 

been approved by the United States Food and Drug 

Administration [10]. The addition of the NaTPP solution drop 

by drop accompanied by stirring using a magnetic stirrer aims 

to prevent solidification so that the resulting nanoparticles do 

not form large lumps, as well as to obtain a constant stirring 

speed [13]. The nanoparticles obtained can be seen in Figure 

2. 

 

 
 
Figure 2. Kecombrang flowers nanoparticle (a), kecombrang 

flowers (b) 

 

4.5 Characterization results with Particle Size Analyzer 

(PSA) 

 

Particle Size Analyzer (PSA) is used to see whether a 

formula has become a nanoparticle which can be determined 

from the particle size distribution, zeta potential value and 

polydispersity index. The test was carried out 3 times, the 

resulting particle size was 312.7 ± 3.09 nm as presented in 

Figure 3. 

 

 
 
Figure 3. Size of kecombrang flowers nanoextract particles 

 
According to Umair et al. [15] a size of 200 to 300 nm is 

considered suitable for crossing biological barriers, avoiding 

the RES (Reticulo Endothelial System), and avoiding 

glomerular filtration. Sizes up to 400 nm are also considered 

acceptable (evaluated in the case of liposomes) [16]. A study 

reported a suitable size for the permeability and retention (EPR) 

effect which is in the range of 10–500 nm [17]. 

The zeta potential value obtained from kecombrang flowers 

extract nanoparticles is -16.1 mv which provides short-term 

stability as can be depicted from Figure 4. As a rule of thumb, 

zeta potential values of ±30 mV will provide good stability and 

±60 mV has excellent stability.  

 

 
 

Figure 4. Zeta potential value of kecombrang flowers 

nanoextract 

 

The average value of the polydispersity index (PI) obtained 

was 0.502, which indicates that the particle size is well 

controlled with narrow dispersion. PI is a measure of particle 

homogeneity, ranging from 0 to 1, where the closer the PI 

value is to zero, the more homogeneous the system becomes 

(mono-dispersed) while the higher the PI value produced, the 

more unstable the formula. 
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4.6 Characterization results using Scanning Electron 

Microscopy (SEM) 

 

Scanning Electron Microscopy (SEM) is a material 

characterization technique that is widely used to view the 

surface morphology of particles down to 1 nm in size. The 

SEM test results of agarwood leaf nanoextract can be seen in 

Figure 5 has a tendency to be spherical, and there is an 

imperfect round shape. Spherical shaped nanoparticles have 

greater cellular absorption than rod shaped ones. The less 

spherical shape of the nanoparticles will facilitate contact 

between particles, leading to aggregation [17]. The instrument 

SEM is also equipped with EDX (Energy Dispersive X-Ray).  

EDX is a detector found in SEM tools. EDX is used to 

analyze the chemical composition on the surface of the sample. 

The chemical composition based on EDX in Table 2, is 

known to consist of 43.62% oxygen (O), 24.53% carbon (C), 

18.15% sodium (Na) and 6.66% nitrogen (N). as the main 

component. This indicates the formation of nanoparticles in 

the presence of chitosan biopolymer, NaTPP, and the active 

compound contained in the ethylacetate extract. Other 

elements were found in small amounts such as P, K, Si, Al, 

while the element hydrogen (H) was not detected on EDX. 

This is most likely because the hydrogen element is lighter 

than other elements, so it is above the surface and cannot be 

detected by instruments [18, 19]. 

 

 
 

Figure 5. The result SEM particle nano kecombrang flowers 

with Electron Microscopy results of combrang flower 

nanoparticles with a magnification of 7500x (a), 

magnification of 1000x (b) 

 
Table 2. Surface chemical composition of nanoparticles kecombrang flowers extract 

 
Atom Number Element Symbol Element Name % Atom Content % Total Weight 

8 O Oxygen 43.62 37.56 

6 C Carbon 24.53 15.86 

11 Na Sodium 18.15 22.45 

7 N Nitrogen 6.66 11.11 

15 P Phosphorus 3.46 6.45 

19 K Potassium 1.97 4.14 

14 Si Silicon 1.50 2.27 

13 Al Aluminium 0.11 0.16 

 
4.7 Characterization results with Fourier Transform Infra 

Red (FTIR) 

 
Characterization of kecombrang flowers extract 

nanoparticles using FTIR serves to determine change in 

functional groups that indicate chemical interactions. The 

spectrum result of chitosan,methanol extract and n-heksan 

extract nanoparticles of kecombrang flowers using FTIR are 

shown in Figure 6, Figure 7 and Figure 8, indicates that 

kecoombrang flowers extract nanoparticles have been formed 

using the ionic gelation method.  

Figure 6 shows the stretching vibration of the O-H group in 

chitosan with a wave number of 3563 cm-1 and the stretching 

vibration of the N-H group appears at a wave number of 1639 

cm-1. In the FTIR results of nanoparticles of kecombrang 

flower extract, the wave number of N-H has shifted to 1540 

cm-1. This wave number shift is thought to be due to the 

interaction between chitosan and kecombrang flower extract, 

namely cross-linking between the NH2 group of chitosan and 

Na-TPP as well as interactions with the –OH group phenolics 

from flavonoid compounds in kecombrang flower extract [1, 

4]. The discovery of a wave number of 912 cm-1 in 

nanoparticles indicates the presence of a phosphate group 

which is a typical group of NaTPP [18]. In the spectrum of 

kecombrang flower extract, the O-H group was detected at a 

wave number of 3658 cm-1, whereas in the spectrum of 

kecombrang flower nanoparticles extract, it shifted to 3650 

cm-1. This is due to the interaction between the -OH group in 

chitosan and the phenolic -OH group from the flavonoid 

compounds in kecombrang flower extract [14]. Absorption at 

a wave number of 1700 cm-1 with weak intensity indicates the 

presence of the C=O group [20]. 

 

 
 

Figure 6. FTIR spectrum of chitosan 
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Figure 7. FTIR spectrum kecombrang flowers extract 

 

 
 

Figure 8. FTIR spectrum of kecombrang flowers nanoextract 

 

 

5. CONCLUSION 

 
Chitosan-tripolyphosphate-Kecombrang flowers extract 

nanoparticles were successfully made using the ionic gelation 

method with a particle size of 312.7 ± 3.09 nm. The color 

change in the results of the phytochemical test showed that the 

flavonoid content in the nanoextract of the kecombrang flower 

was higher than that of the kecombrang flower extract. Further 

research needs to be carried out to increase the stability of 

kecombrang flowers nanoextract produced with the addition 

of surfactants. 
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