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ABSTRACT
Crude aqueous, 70% ethanol and 96% ethanol extracts from different part of rhizome of Curcuma aeruginosa RoxB., namely primary rhizome (PR),
secondary rhizome (SR) and tertiary rhizome (TR) were screened for phytochemical compounds using qualitative methods, antioxidant activity using
1,1-diphenyl-2-picrylhydrazyl (DPPH) free radical and cytotoxicity using brine shrimp lethality test (BSLT). The crude 70% ethanol extract of PR
(IC50, 437.07 µg/ ml) had stronger DPPH scavenging activity compared to the other crude extracts of different part of rhizomes of C. aeruginosa.
None of the extracts from different rhizome parts of C. aeruginosa were found to be more active than standard (ascorbic acid, IC50, 32.91 µg/ ml) for
DPPH scavenging activity. In the BSLT, we found than the crude 96% ethanol and 70% ethanol extracts of PR exhibited most activity, which had
LC50 values of 90.40 and 265.17 µg/ml, respectively. Phytochemical screening revealed the presence of tannins and triterpenoids in all extracts, and
saponins in the 70% ethanol and pure aqueous extracts, but alkaloids, flavonoids, and steroids were absent in all the extracts of different part of
rhizome of C. aeruginosa.
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INTRODUCTION
Curcuma aeruginosa Roxb. also known as “temu hitam”
in Indonesia, is a perennial herbaceous plant from the
family Zingeberaceae distributed throughout Indonesia.
Traditionally, its rhizomes have been used medically to
treat colic, obesity and rheumatism, asthma and coughs,
scurvy and mental derangement1. This plant has been
reported to have various pharmacological activities like
antioxidant2, anti-inflammatory3, inhibitory of HIV-14,
anti-cancer5, and antifungal6. The C. aeruginosa rhizome
has three levels of different parts, namely the primary
rhizome (PR), the secondary rhizome (SR) and tertiary
rhizome (TR). The PR and SR of C. aeruginosa were the
most frequently utilized plant part for medicinal and
pharmacological properties. Up to now, comparisons of
pharmacological activities and phytochemical constituents
among different parts of the rhizome of C. aeruginosa and
effects of various solvents have not been reported. The
DPPH (1, 1-diphenyl-2-picrylhydrazyl) and BSLT (brine
shrimp lethality test) are general bioassays for
pharmacological activities of active phytochemical
components of medicinal plants. The DPPH test is a well
established assay for the In vitro determination of
antioxidant activity in medicinal plant extracts7. BSLT is
a general bioassay that appears capable of detecting a
broad spectrum of bioactivity present in crude extracts of
medicinal plants8. Therefore, the objective of the present
study was to assess crude extracts (aqueous, 70% ethanol

and 96% ethanol) from different part of rhizome of C.
aeruginosa for phytochemical analysis and antioxidant
and cytotoxic activities.
MATERIALS AND METHODS
Materials
The rhizomes of C. aeruginosa were collected from
Cirebon, West Java, Indonesia, in September 2014. A
voucher specimen (BMK0064032015) was deposited at
Biopharmaca Research Center, Bogor Agricultural
University, Indonesia. The 1, 1-diphenyl-2-picrylhydrazyl
(DPPH) and ascorbic acid were purchased from SigmaAldrich (St Louis, USA). The Artemia salina eggs was
obtained from aquarium shops in Bogor, Indonesia, while,
the analytical grade ethanol and DMSO for solvent
purposes were obtained from Merck (Darmstadt,
Germany).
Extraction of different parts of the rhizome
Fresh rhizomes of C. aeruginosa were immediately
separated into three parts, namely primary rhizome (PR),
secondary rhizome (SR) and tertiary rhizome (TR)
(Figure 1A). The raw materials were washed with water,
cut into small pieces and dried for 5 days in the sun (to
give a moisture content of <10%). They were then ground
in a grinder to give a powder (particle size, 100 mesh).
Extraction of the powder (PR, SR, and TR) was carried
out using a solvent maceration method with aqueous, 70%
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ethanol, and 96% ethanol. The PR, SR and TR (25 g each)
of C. aeruginosa were separately macerated (250 ml
each) in a tightly closed round bottom flask at room
temperature for a period of 24 h and then filtered with
Whatman filter paper (type 4). The whole process was
repeated once (1 x 24 h). The filtrate of the aqueous, the
70% ethanol, and the 96% ethanol of different parts of the
rhizome were then concentrated under reduce pressure on
a rotavapor (BUCHI, R-250, Switzerland) at ± 50°C.
These extracts (aqueous extracts: 4.09 g (PR), 4.56 g
(SR), 6.06 g (TR); 70% ethanol extracts: 1.31 g (PR),
2.02 g (SR), 3.33 g (TR); 96% ethanol extracts: 1.05 g
(PR), 1.28 g (SR), 0.71 g (TR)) were then used to conduct
the experiments reported here.

extracts were plotted on a graph, and LC50 values was
calculated.

Phytochemical screening
The crude aqueous, 70% ethanol and 96% ethanol
extracts of different part of rhizome (PR, SR, and TR) of
C. aeruginosa were screened for alkaloids, flavonoids,
tannins, saponins, triterpenoids, and steroids by standard
phytochemical methods as described by Harborne9.

Phytochemical screening
The phytochemical screening of crude aqueous, 70%
ethanol and 96% ethanol extracts of different rhizome
parts (PR, SR, TR) of C. aeruginosa revealed the
presence of some secondary metabolites such as tannins
and triterpenoids in all extracts in all parts of the rhizome
as shown in Table 1. Saponins were detected in the 70%
ethanol and the aqueous extracts, but not detected in the
96% ethanol extracts in all different parts of the rhizome.
Alkaloids, flavonoids, and steroids were absent in all the
extracts from different parts of the rhizome of C.
aeruginosa.

DPPH radical scavenging assay
The free radical scavenging activity of the crude aqueous,
70% ethanol and 96% ethanol extracts of different
rhizome parts (PR, SR, TR) of C. aeruginosa was
determined by DPPH assay method10, with modification.
In a well of a 96-well plate, 50 µL of different
concentrations of extracts (25-800 µg/ ml) and ascorbic
acid, as standard (0.25-20 µg/ ml), was added to 150 µL
of ethanolic DPPH solution (300 µM) and then incubated
in the dark for 30 min at 37°C. The decrease in
absorbance was determined at 515 nm using a microplate
reader (Epoch BioTek, USA). The percentage was
calculated as follows: % inhibition = ((Ac - Acb) - (As Asb)) / (Ac - Acb) x 100. Where Ac is the absorbance of
DMSO plus DPPH (in ethanol), Acb is the absorbance of
the blank (DMSO plus ethanol without DPPH), As is the
absorbance of the sample plus DPPH (in ethanol), and Asb
is the absorbance of the sample plus ethanol without
DPPH. All experiments were conducted in triplicate (n =
3). IC50 values were derived from the inhibition curves
obtained.
Cytotoxic activity by BSLT
The brine shrimp lethality test (BSLT) was used to
explore the potential biochemical activity of the extracts
of different parts of the rhizome (PR, SR, TR) of C.
aeruginosa11. Briefly, 2 x 24 h were given to hatch the
shrimp larvae in seawater and to mature as nauplii. The
test extracts were prepared by dissolving them in dimethyl
sulfoxide (DMSO) added to the seawater to make final
concentration of 10, 50, 100, 500, and 1000 μg/ mL. A
vial containing DMSO was used as the control. The
nauplii of A. salina (n = 10) were applied to each
experimental and control vials. After 24 hours of
exposure, the dead nauplii were counted as percent of
mortality. From these data, the percent of lethality of the
brine shrimp nauplii and the concentration variations of

Statistical analysis
The experimental results were expressed as the mean ±
standard deviation (SD). Analysis of variance was
determined by completely random design using Statistical
Tool for Agricultural Research (STAR) 2.0.1 program.
Significant differences between the means were
calculated according to Tukeys's multiple range tests.
Differences at p < 0.05 were considered statistically
significant.
RESULTS

DPPH radical scavenging assay
The result for the DPPH free radical scavenging effect of
the crude aqueous, the 70% ethanol and the 96% ethanol
extracts of different rhizome parts (PR, SR, TR) of C.
aeruginosa are shown in Figure 1 and Table 2. The
percentage of scavenging of DPPH free radicals was
found to rise with increasing concentrations of the
different parts of the rhizome. Extracts with the highest
scavenging were the 70% ethanol ones of the primary
rhizome of C. aeruginosa (Figure 1B). The IC50 values of
different extracts of different parts of the rhizome of C.
aeruginosa are show in Table 2 and compared with those
of the standard antioxidant ascorbic acid. The crude 70%
ethanol extract of PR (IC50, 437.07 µg/ ml) had better
DPPH scavenging activity compared to the other crude
extracts of different rhizome parts. None of the extracts of
C. aeruginosa were found to be more active than the
standard (ascorbic acid, IC50, 32.91 µg/ ml) for DPPH
scavenging activity.
Cytotoxic activity by BSLT
The results of BSLT of the crude aqueous, the 70%
ethanol and the 96% ethanol extracts of different parts of
the rhizome (PR, SR, TR) of C. aeruginosa (% mortality
at different concentrations and LC50 values) are shown in
Table 3. The percentage mortality increased with an
increase in extracts concentration. In the BSLT for LC50
values, we found that the crude 96% ethanol and 70%
ethanol extracts of PR exhibited most active, which gave
LC50 values of 90.40 and 265.17 µg/ml, respectively.
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Table 1: Results of phytochemical screening of the different extracts of different parts of the rhizome of C. aeruginosa
Phytochemical

Result (Extracts: different part of rhizome)
70% Ethanol
96% Ethanol
Aqueous
PR
SR
TR
PR
SR
TR
PR
SR
Alkaloids
Dragendroff’s test
Mayer’s test
Wagner’stest
Flavonoids
+
+
+
+
+
+
+
+
Tanins
Saponins
+
+
+
+
+
+
Triterpenoids
+
+
+
+
+
+
+
+
Steroids
The different part of rhizome: PR = primary rhizome; SR = secondary rhizome; TR = tertiary rhizome. + = showed positive result;
and - = showed negative result.

TR
+
+
-

Table 2: IC50 values of the crude aqueous, 70% ethanol and 96% ethanol extracts from different part of rhizome of C.aeruginosa
IC50*, µg/ mL
Different rhizome parts
Standard
Primary rhizome
Secondary rhizome
Tertiary rhizome
Ascorbic acid
Aqueous
1141.45 ± 218.83a 898.14 ± 63.64abc 1061.42 ±
72.89ab
32.91 ± 1.62e
70% Ethanol
437.07
±
36.35d
791.19 ± 63.19bc
986.59
± 98.74abc
96% Ethanol
681.39
± 16.17cd 849.36 ± 31.58abc 1002.45 ± 266.22ab
*Data are expressed as the mean of triplicates ± SD. Means with different superscript indicates significant differences (p < 0.05) among different
extract samples and standard.
Extracts

Table 3: Results of brine shrimp lethality on crude aqueous, 70% ethanol and 96% ethanol extracts from different parts of the rhizome of
C.aeruginosa
% Mortality at different concentration*
LC50*, µg/ mL
10 µg/ mL
50 µg/ mL
100 µg/ mL
500 µg/ mL
1000 µg/ mL
Aqueous
PR
30.0
±
0.0
33.3
±
5.8
40.0
±
0.0
53.3
±
5.8
56.7
±
5.8
387.1abc
±
58.0
SR
20.0
±
10.0
16.7
±
5.8
30.0
±
10.0
46.7
±
5.8
53.3
±
5.8
1131.1ab ± 639.4
± 812.2
TR
13.3
±
5.8
16.7
±
5.8
33.3
±
5.8
43.3
±
5.8
50.0
±
10.0
1380.4a
±
70%
PR
16.7
±
5.8
30.0
±
0.0
40.0
±
0.0
83.3
±
5.8
93.3
±
5.8
103.6bc
6.5
bc
Ethanol
SR
±
13.3
±
5.8
26.7
±
5.8
33.3
±
5.8
56.7
±
5.8
73.3
±
5.8
249.4
35.2
16.7
±
5.8
26.7
±
5.8
33.3
±
5.8
53.3
±
5.8
63.3
±
5.8
361.9abc
26.0
TR
±
96%
26.7
±
5.8
40.0
±
10.0
63.3
±
11.5
90.0
±
10.0
100.0
±
0.0
53.5c
21.8
PR
±
Ethanol
SR
± 228.0
10.0
±
0.0
23.3
±
5.8
20.0
±
0.0
36.7
±
5.8
76.7
±
5.8
510.6abc
abc
10.0
±
0.0
23.3
±
5.8
26.7
±
5.8
46.7
±
11.5
63.3
±
5.8
510.6
TR
± 228.0
The different parts of rhizome: PR = primary rhizome; SR = secondary rhizome; TR = tertiary rhizome. *Data are expressed as the mean of triplicates
± SD. In LC50 values, different superscript indicates significant differences (p < 0.05) among different extract samples.
Extracts

Figure 1: (A) The different part of rhizome of C.areruginosa, namely primary rhizome (PR), secondary rhizome (SR), and tertiary rhizome
(TR); (B) DPPH radical scavenging activity of crude aqueous, 70% ethanol (EtOH) and 96% ethanol (EtOH) extracts from different parts of
rhizome of C.aeruginosa.
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DISCUSSION

2.

The antioxidant (DPPH radical scavenging) and cytotoxic
activities are associated with phytochemical compounds.
Our results indicates that a 70% ethanol extract of
primary rhizome of C.aeruginosa was the most active as a
radical scavenger than other extracts of different rhizome
parts. However when compared to our positive control
(ascorbic acid) it showed very weak activity (significant
at P < 0.05). For the cytotoxic activity according to Meyer
et al.11, when assessing the toxicity of plant extracts with
BSLT, a LC50 value of less than 1000 µg/ml is considered
to be bioactive. Therefore, we found that the samples
analyzed in this study, were most active for biochemical
and pharmacological activities, except for our aqueous
extracts of SR and TR (LC50>1000 µg/ ml) of C.
aeruginosa. The crude 96% ethanol and the 70% ethanol
extracts of PR showed good activity in the BSLT, which
had LC50 values of 90.40 and 265.17 µg/ml, respectively.
Preliminary phytochemical screening of the different
extracts of different rhizome parts from C. aeruginosa
revealed the presence of tannins, triterpenoids, and
saponins. The phytochemical compounds detected are
known to have medicinal importance for antioxidant and
cytotoxic activities. Tannins, naturally occurring plant
polyphenols, have been reported to have multiple
biochemical and pharmacological effects, including as
antioxidant12, 13, and cytotoxic activity as antitumor14.
Triterpenoids and saponins are also reported to show
antioxidant and cytotoxic activities15, 16.
CONCLUSION

4.

5.

6.
7.

8.
9.
10.

11.

12.
13.

Based on the results of the present study, it can be
concluded that the 70% ethanol extracts of primary
rhizome of C. aeruginosa have antioxidant and cytotoxic
activities. The 70% ethanol extracts of primary rhizome
of C. aeruginosa contains secondary metabolites such as
tannins, triterpenoids, and saponins.
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