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ABSTRACT 
Curcuminoid is the main compound found in the Curcuma xantorrhiza rhizome. C. xantorrhiza plant which in 
Indonesia is known as temulawak is an herbal plant that is traditionally used to cure hepatitis, increase stamina, and 
as an anti-cholesterol. To enhance the stability, solubility and activity of the curcuminoid, should be developed into 
a product nanoparticle. The purpose of this study was to characterize nanocurcuminoids from ethanol extracts from 
the C. xantorrhiza rhizome loaded by chitosan and alginic acid, and its antioxidant activity test. The 
nanocurcuminoid formulation method uses ionic gelation. Chitosan nanocurcuminoid is made by mixing 
curcuminoid solution and chitosan solution, then adding sodium tripolyphosphate (Na-TPP). Meanwhile, alginic 
nanocurcuminoids are made by mixing a solution of curcuminoids and alginic acid solutions, which are then added 
to calcium ions. The activity of the nanocurcuminoid products obtained was tested as an antioxidant activity by the 
DPPH method (2,2-diphenyl-1-picrylhydrazyl). The results showed that chitosan nanocurcuminoid can be obtained 
in the addition of chitosan and sodium tripolyphosphate having a particle size of 251.8 to 874.3 nm, polydispersion 
index (PI) 0.104 to 0.376,  with a zeta potential of +19.4 to +30.8 mV. Alginic nanocurcuminoid can be formulated 
in the addition of alginic acid and calcium chloride having a particle size range of 161.6 to 210 nm, PI 0.115 to 
0.444, with a zeta potential of -12.8 to -27.8 mV. The morphology of nanocurcuminoid particle products was a 
spherical surface. Chitosan nanocurcuminoid and alginic nanocurcuminoid showed higher antioxidant activity than 
original curcuminoid.  
Keywords: Alginic Canocurcuminoid, Antioxidant, Chitosan Nanocurcuminoid, Curcuma xanthorrhiza  
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INTRODUCTION 
Nowadays, the use of nanotechnology has been applied in various fields such as electronics, energy, 
medicine, food, chemical sensors and molecular manufacturing. The particle size in the nanoscale is 1-
1000 nm, so it will have specific physical, chemical and biological characteristics. The use of 
nanotechnology in the medical field focuses on the application of technology in rapid diagnosis, drug 
administration, imaging, and therapy. Nanoparticle-based drug delivery systems have made a very 
interesting difference in studies using chemotherapy agents. Several nanoparticle products have been 
developed and used clinically1,2. The use of nanotechnology in the discovery of cancer drugs shows that it 
can reduce normal cell damage, increase absorption and distribution so that cancer drugs can work more 
optimally3.             
The basic principles of making nanoparticles include nanoemulsion, dendrimers, nano-gold, liposomes, 
conjugated drug carriers, antibody complexes, and magnetic nanoparticles, mainly based on the use of 
raw materials of synthetic compounds, natural or biological compounds, metal ions, oils and fats as 
carriers. However, the potential success of these products in clinical trials depends on the consideration of 
important parameters such as nanoparticle fabrication strategies, efficient use of drugs, the potential for 
drug release, and most importantly, has a low level of toxicity4. Some cancer drugs have been made in the 
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form of nanoparticles and have been approved by the FDA (Food and Drug Administration), for example, 
Abraxane is a breast cancer drug that is bound to albumin which has a particle size of 130 nm (FDA 
approved) in 2005). Doxil is also an ovarian cancer drug in the form of lipid nanoparticles with 
polyethylene glycol (PEG). Likewise, Tricor which is a cholesterol-lowering drug in the form of colloidal 
nanocrystals (FDA approved in 2004)5.            
Some natural polymers such as chitosan, alginic, albumin, and gelatin have biodegradable and 
biocompatible properties. The materials are widely used as a matrix for the manufacture of nanoparticles. 
Chitosan is a natural polysaccharide consisting of [β (1 → 4) glucosamine (2-amino-2-deoxy-d-glucose) 
and N-acetyl-D-glucosamine (2-acetamin-2-deoxy-d-glucose)]. Chitosan is widely used in the 
pharmaceutical, food and health industries. Some of the beneficial properties of chitosan are anti-
microbial, non-toxic, biocompatible, easily biodegradable, water-soluble, and relatively inexpensive5. 
Chitosan nanoparticles can avoid the use of organic solvents and prevent damage to the active ingredients 
of the drug. Therefore chitosan is widely used as a good drug delivery agent6. Likewise, alginic is a linear 
polysaccharide consisting of (1-4) α-L-guluronic and β-D-mannuronic bonds. Alginic is mucoadhesive, 
biodegradable and biocompatible. Micro and alginic nanoparticles can be obtained easily by inducing 
gelation with calcium ions. This is an easy gel that can be used to produce pre-gels consisting of 
aggregates which are very small gel particles. The polyelectrolyte complex layer can be formed by the 
addition of polycationic solutions such as Poly-L-Lysine7.                  
Curcuma xantorrhiza is an herbal plant that is widely available in Indonesia, known locally as 
temulawak. These herbs are traditionally used to cure hepatitis, increase stamina, anti-hemorrhoids, and 
anti-cholesterol8. Curcuminoid extract from C. xanthorrhiza consists of curcumin and 
demethoxycurcumin9. Several studies exploring the pharmacological effects of curcuminoid compounds 
extracted from the Zingiberaceae family show typical anticancer properties10;11;12, anti-inflammatory13, 
anti-osteoarthritis14, anti-alzheimer15, immuno-stimulatory activity16, anti-cholesterol, and triglyceride17; 

18. Research related to the absorption, distribution, metabolism and excretion of curcuminoid, reveals that 
curcuminoid is difficult to absorb and is very quickly metabolized by the body thereby limiting biological 
availability19. Research shows that curcumin made into nanoparticles can increase its therapeutic 
potential. The results showed that curcuminoid in the form of nanoparticles with poly (butyl) 
cyanoacrylate was more stable for acidic conditions and did not experience damage in storage for up to 6 
months20. Likewise, curcuminoid in the form of solid lipid nanoparticles shows better stability21. Some 
nanocurcuminoid formulation methods that can be performed include ionic gelation method, 
emulsification method, coacervation or precipitation method, and spray drying method5. The ionic 
gelation method involves cross-linking between polyelectrolytes and the presence of multivalent ion 
pairs. Ion gelation is usually done by forming a polyelectrolyte complex with other polyelectrolytes that 
have opposite charges. The formation of a crosslinker will strengthen the mechanical strength of the 
particles formed. Polymer nanoparticles are usually made using biodegradable and hydrophilic polymers 
such as chitosan, gelatin and alginic. 
In this study, nanocurcuminoid formulations were carried out by the ionic gelation method using chitosan 
and alginic acid. Curcuminoid was obtained from the ethanol extract of C. xanthorrhiza. Chitosan 
nanocurcuminoid is made by putting curcuminoid into the chitosan solution, then adding sodium 
tripolyphosphate (Na-TPP). Meanwhile, alginic nanocurcuminoids are made by inserting curcuminoid 
into the alginic acid solution and adding calcium ions. Chitosan is a positively charged polymer of an 
amino group, while alginic acid is a negatively charged polymer of a carboxyl group. Chitosan will form 
a crosslinked polymer with tripolyphosphate ion, while alginic will crosslink with calcium ions. 
Furthermore, curcuminoids will be trapped inside the crosslinked polymer matrix. 
                                      

EXPERIMENTAL 
Apparatus and Reagents 
Equipment used in this study includes glassware, digital analytical scales, evaporator Buchi Rotavapor R-
114, magnetic stirrers, centrifuges, refrigerators, spectronic 20 (Genesys), scanning electron microscopy 
(SEM, Jeol T-300), FTIR Shimadzu Prestige 21, and analytical equipment particle size (PSA), 
polydispersion index (PI), and zeta potential using Horiba SZ-100.The materials used include ethanol, 
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aquabidest, chitosan (low molecular weight, Sigma), sodium tripoliphosphate (Na-TPP, Sigma-Aldrich), 
acetic acid (pa Sigma), alginic acid (pa Sigma), calcium chloride (pa Sigma), curcuminoid extract from C. 
xanthorrhiza, 2,2-diphenyl-1-picrylhydrazyl (DPPH, Aldrich), and ascorbic acid (Aldrich). The material 
is used in this work without further purification. 
 
Preparation of Curcuminoid Fraction from C. xanthorrhiza  
A total of  C. xanthorrhiza powder (1 kg) was extracted by maceration with ethanol for 24 hours at room 
temperature, so extracts were obtained. The ethanol extract was then fractionated with n-hexane to 
remove the essential oil content, lipid or non-polar components, and then partitioned with chloroform to 
obtain yellow to orange solids from the curcuminoid fraction. The curcuminoid fraction is dried under 
vacuum and used for further experiments. 
 
Preparation of Chitosan Nanocurcuminoid  
Chitosan nanocurcuminoid formulation was carried out using the ionic gelation method. This method was 
chosen because it does not require heating, so the active compound is not damaged. In this ionic gelation 
method, it uses sodium tripolyphosphate as a crosslinking of chitosan particles to form a nanoparticle-
sized matrix, so that the curcuminoid gets trapped into the pores of the nanoparticle. Curcuminoid (0.1 g) 
is dissolved in 10 mL ethanol and 40 mL water. After the homogeneous solution is followed by the 
addition of 30 ml of chitosan at various concentrations (0.1; 0.08; 0.06; and 0.04% w / v in 1% acetic 
acid) while mixed with a magnetic stirrer until homogeneous. The resulting solution was then added with 
100 mL Na-TPP at various concentrations (0.01; 0.015; 0.02% w / v in aquadest). The mixture is then 
stirred with a magnetic stirrer at medium speed for 2 hours. The mixture obtained is stabilized overnight 
in the refrigerator. Chitosan nanocurcuminoids in the form of colloids are then analyzed in terms of 
particle size, polydispersity index, and zeta potential. Next to obtain nanocurcuminoid in the form of 
solids is carried out by centrifugation at 12,000 rpm for 15 minutes. The precipitate is washed with 
distilled water repeatedly and dried with a freeze dryer. Characterization of nanocurcuminoid solid 
products using IR spectroscopy, and SEM (Scanning Electron Microscopy). 
 
Preparation of Alginic Nanocurcuminoid  
Curcuminoid from C. xanthorrhiza (0.1 g) was dissolved in 10 ml of ethanol and 40 mL distilled water 
until homogeneous. The solution was added with 30 mL of alginic acid at various concentrations (0.1; 
0.08; 0.06; and 0.04% w / v in 0.1 M NaOH), while stirring using a magnetic stirrer until it was 
homogeneous. The mixture was then added with a solution of calcium chloride at various concentrations 
(0.01; 0.015; and 0.02% w / v) while stirring with a magnetic stirrer at medium speed for 2 hours. The 
mixture was stabilized overnight in the fridge. Alginic nanocurcuminoid in the form of colloids are then 
analyzed in terms of particle size, polydispersity index, and zeta potential. Next, to obtain alginic 
nanocurcuminoid in the form of solids is carried out by centrifugation at 12,000 rpm for 15 minutes. The 
precipitate is washed with distilled water repeatedly and dried with a freeze dryer. Characterization of 
alginic nanocurcuminoid solid products using IR spectroscopy, and SEM (Scanning Electron 
Microscopy). 
 

Biological Activity As An Antioxidant  
Determination of the antioxidant activity of nanocurcuminoid products using the DPPH (2,2-diphenyl-1-
picrylhydrazyl) method22,23. In this method, DPPH functions as a source of free radicals. Each colloidal 
nanocurcuminoid is taken about 5 mL mixed with 5 ml of DPPH methanol solution (0.12 mM) and stored 
in the dark at room temperature for 30 minutes. The DPPH radical scavenger activity was determined by 
using spectroscopy at 516 nm and compared with the DPPH solution as a control. Samples were tested in 
triplicate. Antioxidant activity was calculated as a percentage decrease in absorbance of the sample 
solution compared to the control. Antioxidant activity was determined using IC50 calculations. 
 

RESULTS AND DISCUSSION 
Curcuminoids fraction obtained from the ethanol extract of C. xanthorrhiza (1 kg) rhizome powder as 
much as 106 g (10.6%) are yellow-orange solids. Analysis using chromatography (TLC Scanner) with 
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pure demethoxycurcumin as standard showed the presence of 20% demethoxycurcumin content in the 
curcuminoid fraction which was used further in this study. The curcumnioids are then used to make 
chitosan nanocurcuminoids and alginic nanocurcuminoids using ionic gelation methods, respectively. As 
a chitosan crosslinker Na-TPP is used, while for alginic are used calcium ions. In the study, variations in 
the concentration of each chitosan, Na-TPP, alginic, and calcium ions were used to obtain optimal 
products. Chitosan nanocurcuminoid products are bright yellow colloids, while alginic nanocurcuminoids 
are light brown colloids. Each colloid was then analyzed particle size, polydispersity index (PI), and zeta 
potential using Horiba SZ-100, for example, the data obtained in graphical form for the sample AK-1 is as 
shown in Fig.-1. The results of the analysis of each colloid obtained were then analyzed particle size, zeta 
potential, polydispersity index as listed in Tables-1 and 2. 
 

 
 

 
 

Fig.-1: Results of Particle Size Analysis (PAS), Polydispersity Index (PI), and Zeta Potential of Alginic 
Nanocurcumnoid (AK-1) 

 
Table-1: Characteristic of Chitosan Nanocurcuminoid Product 

*Cc = Curcuminoid 
Table-1 shows that the concentration of chitosan and Na-TPP used in the formulation affected the 
characteristics of the chitosan nanocurcuminoid formed. In the variation of the use of chitosan 0.08% w/v 
and Na-TPP 0.01% w/v, chitosan nanocurcuminoid (100%) was obtained with an average particle size 
(average Z) of 309 nm, PI showed 0.376, and zeta potential +30.8 mV. Another concentration variation 
obtained by nanocurcuminoids is less than 100 percent. The lowest percentage of chitosan 
nanocurcuminoid (45%) in the variations in the use of chitosan 0.1% w/v and Na-TPP 0.06% w/v. Thus, 
the comparison of the concentration of chitosan and Na-TPP will determine the chitosan 

Formula 
Code 

Cc 
(g) 

Chito-
san 
(% 

w/v) 

Na-
TPP 
(% 

w/v) 

% 
Nano 
Parti-

cle 

Size 
(nm) 

% 
Micro 
Parti 
cle 

Size 
(µm) 

Z-
avera-

ge (nm) 

PI Zeta 
Poten-

sial 
(mV) 

K1 0.1 0.1 0.01 54.10 356.1-
945.74 

45.9 1068.52-
6667.14 

836.8 0.230 + 22.3 

K2 0.1 0.08 0.01 100.00 93.02-
837.07 

0.00 - 309.9 0.376 + 30.8 

K3 0.1 0.06 0.01 94.52 57.09 -
945.74 

5.48 1068.52-
2511.05 

251.8 0.299 +30.01 

K4 0.1 0.1 0.02 95.45 218.6 4.55 1068.52-
1363.97 

438.0 0.140 +26.5 

K5 0.1 0.1 0.04 45.27 356.2-
945.74 

54.73 
 

1068.52-
4622.81 

823.2 0.285 +25.3 

K6 0.1 0.1 0.06 52.41 356.2-
945.74 

47.59 1068.52-
5222.96 

874.3 0.104 +19.4 
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nanocurcuminoid product obtained. Previous researchers have obtained a chitosan / Na-TPP ratio of 6: 1 
obtained by nanoparticles with sizes in the range of 300-400 nm with a zeta potential in the range between 
+54 to +25 mV24. The size and composition of the nanoparticles obtained in addition to being determined 
by the chitosan / Na-TPP ratio used in the experiment were also influenced by the components in the 
extract and the type of chitosan used. Furthermore, the stability of nanoparticles is determined by the zeta 
potential which is a measure of the surface charge of nanoparticles in a solution or colloid. Nanoparticles 
have a surface charge that can attract particles with opposite charges. Zeta potential is the electrical 
potential in the surface layer that has typical values between +100 mV to -100 mV. The potential of zeta 
nanoparticles with a value of more than +25 mV or less than -25 mV has a high level of stability. Colloids 
that contain a large percentage of nanoparticles will show a high zeta potential value so that it will be 
stable and difficult to form a precipitate25. 
Table-2 showed that alginic nanocurcuminoid obtained more than 96% from this experiment with 
variations in the concentration of alginic acid and calcium ions used almost all of them can produce 
colloids with Z averages ranging from 161-298 nm, PI 0.115 to 0.444. The colloid also shows high 
stability with zeta potential value between -12.8 mV to -27.8 mV. Therefore, a colloid of alginic 
nanoparticles at centrifugation of 12,000 rpm did not get a precipitate, so that the characterization of 
nanoparticles in solid form, ie characterization using IR and SEM spectroscopy cannot be done.   
The centrifugation of colloid from chitosan nanoparticle was carried out on all formulated samples, but 
the samples that could produce sediment were K2, K4, and K5, with dry sediment weight of 15 to 35 mg. 
Furthermore, from solid chitosan nanoparticles further analysis using IR spectroscopy and data obtained 
as shown in Fig.-2.  

Table -2: Characteristic of Alginic Nanocurcuminoid Product 

*Cc = Curcuminoid 
IR spectroscopy was carried out on chitosan, curcuminoid, chitosan nanocurcuminoid (K2, K4, and K5). 
The data shows that chitosan nanocurcuminoids have been successfully formulated. The absorption peak 
of chitosan nanocurcuminoids K2, K4, and K5 show the combination of absorption of functional groups 
found in chitosan and curcuminoid. Curcuminoid extracted from C. xanthorrhiza usually contains 
curcumin and demethoxycurcumin, both of these compounds show almost the same IR spectrum 
characteristics. Absorption at wave number 1627 cm-1 indicates the presence of delocalized C = O 
carbonyl groups and tends to form C-OH (enol), 1600-1400 cm-1 absorption characteristic of aromatic C = 
C groups. Chitosan nanocurcuminoid shows uptake as a combination of functional groups found in 
chitosan and curcuminoid. Morphological characterization of chitosan nanocurcuminoids using scanning 
electron microscopy (SEM) shows the morphology of chitosan nanoparticles K2, K4, and K5 which have 
a rounded surface shape (Fig.-3). 
The results of the analysis of antioxidant activity using the DPPH (2,2-diphenyl-1-picrylhydrazyl) method 
from each chitosan nanocurcuminoid and alginic nanocurcuminoid solution were expressed as IC50 μg / 
mL as shown in Table-3. Variations in the concentration of nanocurcuminoids and each tested colloidal 

Formula 
Code 

Cc 
(g) 

Algin
ic 
(% 

w/v) 

Na-
TPP 
(% 

w/v) 

% 
Nano 
Parti-

cle 

Size 
(nm) 

% 
Micro 
Parti 
cle 

Size 
(µm) 

Z-
avera-

ge (nm) 

PI Zeta 
Poten-

sial 
(mV) 

A-K-1 0.1 0.1 0.01 99.964 50.53-
945.74 

0.036 1068.52 183.3 0.341 -27.8 

AK-2 0.1 0.1 0.015 97.813 50.53-
945.74 

2.187 1068.52-
7532.65 

210.4 0.240 -22.1 

AK-3 0.1 0.1 0.02 100 57.05-
837.07 

0 - 180.4 0.362 -15.2 

AK-4 0.1 0.08 0.01 100 57.09-
655.76 

0 - 181.8 0.115 -18.4 

AK-5 0.1 0.06 0.01 100 44.72-
655.76 

0 
 

- 161.6 0.362 -19.8 

AK-6 0.1 0.04 0.01 96.852 39.58-
945.74 

3.148 1068.52-
6667.10 

198.7 0.444 -12.8 
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solution tested for nanocurcuminoids were expressed as IC50 μg/mL as shown in Table-3 is 2.7, 1.3, 0.69, 
0.34, 0.17, and 0.086 μg / mL. The data shows that chitosan and alginic nanocurminoids both have very 
active antioxidant activity. Chitosan nanocurcuminoid and alginic nanocurcuminoid show IC50 which is 
much lower than free curcuminoid, so it has higher activity. Thus it shows that curcuminoid in the form 
of nanoparticles is more effectively used as an antioxidant. This is caused in the form of nanoparticles 
which makes radical capture reactions easier. Chitosan nanocurcuminoid which have an average diameter 
of 215 nm showed the highest antioxidant activity (IC50 = 0.07μg / mL) and were more active than 
ascorbic acid (IC50 = 1.27 μg / mL). 
 

 
Fig.-2: FTIR Spectroscopy of Chitosan, Curcuminoid, Chitosan Nanocurcuminoid (K2, K4 and K5) 

 

In this study the curcuminoid used was obtained from ethanol extract of C. xanthorrhiza which contained 
curcumin and demethoxycurcumin. Previous studies showed that curcumin encapsulated into methoxy 
poly (ethylene glycol) nanoparticles (cap-caprolactone) showed more effective anti-inflammatory activity 
and had a much higher absorption capacity (bioavailability) compared to curcumin powder26. Likewise, 
the curcumin encapsulation in PLGA and PEG shows higher efficacy and faster cellular absorption than 
the original curcumin by in vitro27. Curcuminoids in the form of nanoparticles have a larger surface area, 
so they can increase their reactivity in capturing radicals. Therefore nanocurcuminoids chitosan and 
nanocurcuminoid alginic show higher antioxidant activity compared to original curcuminoids. This is 
consistent with the results of previous studies that showed antioxidant activity using DPPH method from 
nanoparticle curcumin which showed higher activity than the original curcumin28. 
 

 

Table-3: Antioxidant Activity of Chitosan Nanocurcuminoid and Alginic Nanocurcuminoid 

Sample 
Z-Average 

(nm) 
Regression Equation 

Antioxidant 
Activity (IC50) 

μg/mL 
Chitosan Nanocurcuminoid: 

K1 
 

836.8 
 

y = 19.848x + 38.62 
 

0.57 
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Fig.-3: SEM Images of Chitosan Nanocurcuminoid of K2, K4, and K5 

R² = 0.9446 
K2 309.9 y = 17.642x + 43.754 

R² = 0.9505 
0.35 

K3 251.8 y = 15.542x + 48.864 
R² = 0.9688 

0.07 

K4 438.0 y = 10.748x + 37.687 
R² = 0.9952 

1.14 

K5 823.2 y = 15.379x + 1.0497 
R² = 0.9692 

3.18 

K6 874.3 y = 9.7468x - 4.639 
R² = 0.9553 

5.60 

Alginic Nanocurcuminoid: 
AK1 

 
183.3 

 
y = 18.693x + 6.0382 

R² = 0.8498 

 
2.35 

AK2 210.4 y = 5.9706x + 0.6272 
R² = 0.8889 

8.27 

AK3 180.4 y = 7.4119x + 0.9018 
R² = 0.8896 

6.62 

AK4 181.8 y = 10.595x + 9.0443 
R² = 0.9197 

3.86 

AK5 161.6 y = 9,1045x + 11.25 
R² = 0,8928 

4.25 

AK6 198.7 y = 9.4007x + 2.3268 
R² = 0.8891 

5.07 

Curcuminoid - y = 1.0778x + 23.099 
R² = 0.9774 

24.97 

Ascorbic acid - y = 13.76x + 32.51 
R² = 0.883 

1.27 
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CONCLUSION 
Chitosan nanocurcuminoid and alginic nanocurcuminoid have been formulated using the ionic gelation 
method. Chitosan nanosurcuminoid have an average particle size (average Z) of 309 nm, PI of 0.376, and 
zeta potential of + 30.8 mV, while alginic Nanocurcuminoids have an average particle size of 116.6 - 
181.8, PI shows 0.115 - 0.362, and zeta potential of -15.2-19.8 mV. Chitosan nanocurcuminoid and 
alginic nanocurcuminoid exhibit higher antioxidant activity compared to  original curcuminoid. Chitosan 
nanocurcuminoid which have an average diameter of 215 nm showed the highest antioxidant activity 
(IC50 = 0.07μg / mL) and were more active than ascorbic acid (IC50 = 1.27 μg / mL). 
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