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ABSTRACT

Background: Some of Zingeberaceae are not widely used for medicine of food, although
in Thailand have been used them for many reasons about health or the diet. This study
evalued the phytochemicals and anti-tyrosinase activities of 16 plant species of Alpinia,
Amomum, Curcuma, Etlingera and Kaemferia (Zingiberaceae). Methods: The extractions
of dried powdered rhizomes were performed using n-hexane, ethylacetate and ethanol.
Percentage extract yield of the samples varied among species and solvent extracts. Chemical
groups (alkaloids, flavonoids, tannins, polyphenols, steroids and terpenoids) were identified
using phytochemical screening. The total phenolic contents (TPC) were analyzed using the
Folin-Ciocalteu's reagent, while antioxidant activities were detected using 2,2-diphenyl-1-
picrylhydrazyl (DPPH) and the 2,2'-azino-bis (3-ethylbenzothizoline-6-sulphonic acid) (ABTS ).
The anti-tyrosinase was expressed to the half maximal inhibitory concentration (IC, ) value
(mg/mL). Results: The ethyl acetate extract of Amomum showed the highest value of TPC.
The strongest antioxidant activity were found in Amomum and Kaemferia extracts, while
ethyl acetate and ethanol extracts of all samples have a better antioxidant properties than the
n-hexane extracts. On the other hand, the n-hexane extracts have the highest anti-tyrosinase
potential in all samples and of these, Curcuma extracts were the best group. Conclusion: Our
research indicated that plants of the Zingiberaceae would be new sources of antioxidants and
anti-tyrosinase for further natural product developments in cosmetics, food or nutraceuticals.
Key words: ABTS assay, Anti-tyrosinase, DPPH assay, Phenolic content, Phytochemicals,

Zingiberaceae.

INTRODUCTION

The phytochemicals are biological compounds
that produced by plants throughout primary and
secondary metabolisms. Many phytochemicals
are widely known for nutritional, biological and
pharmacological for health benefits."” Phenolic
compounds are strong antioxidants and important
parts in the human diet. The antioxidant property
of phenolic compounds depends on the structure,
the positions and number of the OH groups, in
particular the aromatic substitutions.> Moreover,
phenolics possess anti-inflammatory activities
and potentially reduce the risks of cardiovascular
diseases.” Other phytochemicals, such as
flavonoids, tannins and terpenoids are also strong
antioxidants that are known to reduce the risk
of cardiovascular diseases, brain dysfunction
neurodegenerative disorders and rheumatism.?
Phenolic compounds could againt melanin
synthesis and tyrosinase is the key enzyme, which
present in plant, animal and human tissues that
catalyses the production of melanin from tyrosinase
by oxidation process as brown pigments on human
skin, vegetables and fruits. The accumulation of
melanin formation causes freckles, melisma, age
spots, post-inflammatory hyperpigmentation and
skin cancer.*!

Zingiberaceae family is widely distributed in the
tropical and subtropical regions of the world.'"'?
In Asia, Zingiberaceae can be found in South

and South East Asia. Twenty six genera and three
hundred species of ginger plants are found in
Thailand. Rhizome parts of Zingiberaceae are
used by human for medicinal purposes such as the
rhizomes of Curcuma longa, Boesenbergia rotunda,
Alpinia galanga and Zingiber officinale which are
typically used to treat diarrhea, stomachache and
flatulence that involved in their phytochemicals.’*¢
Zingiberaceae species have been previously reported
about phytochemicals of several parts, especially in
rhizome. The rhizome of Alpinia nigra contained
total flavonoids (54.14 mg), total phenols (120.7
mg) and high level of total alkaloids (215.0 mg)."”
The aqueous and methanolic rhizome extracts of
Curcuma aromatica and C. xanthorrhiza presented
flavonoids, tannin, saponin, sterols, terpenoids.
Curcuma extracts contained amount of Curcumin
at 1.0863 g/100g for C. xanthorrhiza and 0.0175
g/100g for C. longa, moreover C. xanthorrhiza and
C. longa extracts were demonstrated to inhibit the
negative grams pathogenic bacteria, Pseudomonas
aeruginosa, Escherichia coli, Proteus vulgaris, and
Salmonella typhi, which are in nature.'® While,
ethanolic rhizome extract of turmeric (C. longa) had
presented reducing sugars, alkaloids, coumarins,
flavonoids, phenol, steroids and terpenoids at
high concentration and the turmeric extract was
found to affect against the bacteria that cause of
diarrhoea (Shigella flexnerri, Staphylococcus aureus,
S. epidermidis, Klebsiella pneumoniae, E. coli, P
aeruginosa, Lactobacillus, Vibrio cholerae, and S.
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typhi.'® From previous research were suggested that turmeric have
anti-inflammatory, anti-fungal, anti-tumor, against arthritis, anti-
wrinkles and antityriosinase.”* Phytochemicals of methanolic leaves
and stems extracts of Etlingera coccinea presented cardiac glycosides,
steroids, saponins, anthraquinones, while rhizome of E. coccinea was
found cardiac glycosides and steroids, leaves of E. coccinea had total
antioxidant capacity, antibacterial, and antifungal higher than stem
and rhizome parts.”® Another, stigmast-4-en-3-one and stigmast-4-
en-6b-ol-3-one were isolated from the rhizome extracts of E. elatior,
which were displayed high anti-tumour activity.?* Methanolic extract of
leaves of E. elatior, E. flugens, and E. maingayi displayed the tyrosinase
inhibition activity at 55.2%, 49.3%, and 42.6% respectively.”® Finally, the
chloroform rhizome extract of Kaempferia rotunda showed inhibition
against DPPH radical scavenging.”® Ethyl acetate rhizome extract of K.
rotunda showed antibacterial activity and contained alkaloids, steroids,
terpenoids, flavonoids and saponins.”” The extract of K. rotunda have
tyrosinase inhibition activity that safe and effective ingredient, which
use in skin lightenning cosmetics.?® Rhizome of K. rotunda are used for
traditionally medicine as diarrhea, cold, cancer diseases, skin diseases
and abdominal pain that used in food flavoring and cosmetics.”
However, although some species of the Zingiberaece are commonly
used as medicinal or food ingredients. In contrast, many species of
ginger plants are not widely used, while the local people in Thailand
have been used them for many reasons such as anthelmintic, antifungal,
antibacteria, anti-inflammatory, anti-diabets, anti-cancer or the diet.'”*

Therefore, the purpose of this research was to study phytochemicals,
antioxidants and anti-tyrosinase activities of some selected ginger
plants collected in Thailand. These findings would be considered as new
knowledge about natural ingredients for future pharmaceutical, food or
cosmetic products.

MATERIALS AND METHODS

Plant materials and sample preparation

The rhizomes of 16 species of Zingiberaceae, Alpinia sp., 4 Amomum
spp., 7 Curcuma spp., 3 Etlingera spp. and Kaempferia sp. were used for
our experiments. The samples were collected from different locations
in Thailand and voucher specimens were taxonimically identified
according to Zingiberaceae experts’ comments and literatures from the
Queen Sirikit Botanic Garden (QSBG)." The plant specimens were then
deposited at the Queen Sirikit Botanic Garden herbarium (QBG). The
rhizomes were weighted and thoroughly washed, after that rhizomes
were sliced into small pieces by using a slicer. The sliced rhizomes
were dried by hot air oven (Memmert UF750, Germany) at 45°C for
48 h or moisture content in samples were reduced below 5% for sample
preservation of microbial while storage and moisture or microbial in
sample may cause a certain amount of error in the reserch and then
grounded to a fine powder by using an electrical grinder (DMF - 6A,
Japan) at high speed.**3

Sample extraction

A dried powder was macerated with solvent (powder:solvent, 1:5
w/v). First the sample was extracted with n-hexane. The mixture was
shaken for 24 hours at ambient temperature, and then the mixture was
filtered by using vacuum filtration with filter paper (Whatman, No.1).
The supernatant was collected and evaporated with rotary evaporator
(BUCHI R-3, Switzerland). The residue powder was repeated
processing with ethyl acetate and 95% ethanol respectively. Crude
extract from each solvent was kept at 4°C that used for antioxidant and
anti-tyrosinase analyses. The extraction of each solvent was performed
in tripicate replication.*-*’
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Phytochemical screening of the extracts

Qualitative phytochemical screening of the extracts were evaluted
phytochemical  constituents including alkaloids, flavonoids,
anthocyanins, tannin and polyphenol, saponin, steriods and terpenoids
that follwing the standard method.

Alkaloids

0.025 g of crude extracts were dissolved in 20 mL of 5% hydrochloric
acid (HCI) and sonicated to improve solubitity. The mixture was used to
determine with the following test;*

Dragendorff’s test

A drop of extract was plated on microscope slide and added a drop
of Dragendorft’s reagent. The presence of reddish-brown precipitates
indicated the presence of alkaloids.

Wagner's test

A drop of extract was plated on microscope slide, a drop of Wagner’s
reagent was added. The formation of reddish-brown precipitates
indicated the presence of alkaloids in the extract.

5% Tannic acid test

A drop of extract was plated on microscope slide, and then a drop of 5%
tannic acid was added. The formation of white precipitates indicated
the presence of alkaloids in the extract.

Flavonoids test

0.5 g of 0.01 g/mL crude extracts in reverse osmosis-deionization (RO-
DI) water was transfered into test tube and a few drops of ammonia
T.S. reagent were added. The solution which show yellow, orange red,
orangish-brown or immediately redish-purple coloranation indicated
the presence of flavonoids.*

Anthocyanins test

0.5 g of 0.01 g/mL crude extract in RO-DI water was transfered into
test tube. One drop of 2N HCI and ammonia T.S. reagent were added.
The appearance of red color after dropped 2N HCI and turned to
blue color when dropped ammonia T.S. reagent indicated presence of
anthocyanins.”

Tannin and polyphenol

0.1 g of crude extracts were dissolved with 10 mL of RO-DI water. The
mixture was used to perform the following test;*

1% gelatin solution test

0.5 mL of extracts were pipetted into test tube and a few drops of
1% gelatin solution were added. The formation of white precipitates
indicated the presence of tannin and polyphenol.

Gelatin salt solution test

0.5 mL of extracts were pipetted into test tube and a few drops of gelatin
salt solution were added. A white precipitates indicated the presence of
tannin and polyphenol.

1% Ferric chloride test

0.5 mL of extracts were pipetted into test tube. a few drops of 1%
Ferric chloride were added. A blue-green or black colour indicated the
presence of tannin and polyphenol.
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Saponins

3 mL of 0.025 g/mL extracts in RO-DI water were transfered into test
tube and shaken with vortex (Fine vortex, FINEPCR) at level 5 for 1
min. The formation of stable bubble (1-10 cm) indicated the presence
saponins.”

Terpenoids and steroids

0.5 mL of 0.002 g/mL of extracts in chloroform were pipetted into test
tube. 0.5 mL of sulfuric acid) were slowly added. The formation of
reddish-brown coloranation of the interface indicated the presence of
terpenoids while the appearance of red coloranation in CHCI, layer and
yellow fluorescent coloranation in H,SO, layer indicated the presence
of steroids.**!

Total phenolics content

Total phenolics content of the samples was evaluted following a modified
procedure.* 20 pL of 1 mg/mL extract in methanol were transferred
into a 96-well plate and 100 pL of 10% of Folin-Ciocalteu’s reagent was
added. After incubation (1 min), 80 L of 7.5% of sodium carbonate
was added, and then incubated for 30 min in the dark at ambient
temperature. Finally, the absorbance of the solution was measured
at 765 nm by using a microplate spectrophotometer (EZ Read 2000,
England). Total phenolics content was reported as mg of Gallic Acid
Equivalents per g of extracted sample (mg GAE/g extract). Gallic acid
was obtained from Sigma-Aldrich (Hong Kong, China).

DPPH radical scavenging activity

2,2-diphenyl-1-picrylhydrazyl or DPPH radical scavenging activity
is an antioxidant assay based on electron transfer reaction. DPPH is
a stable free radical that generates the deep purple colour in solution.
The presence of antioxidant, the DPPH will become colourless
or pale yellow when neutralised this processing can be measured
spectrophotometrically. Although DPPH assay is easy and quick method,
it has some limitation about the structure of DPPH. Nitrogen atom is
located at the centre of structure and while this location is accessible to
small or large molecules may have limited enter to the radical portion
or nitrogen atom due to the steric hindrances.*** DPPH assay was
determined following the modified method.** 40 mg of crude extract
was dissolved in 1 mL of methanol, then diluted the methanol extract
wtih methanol (0.01 mg/mL upto 4 mg/mL). 67 uL of methonol extracts
were transferred to a 96-well plate and 133 uL of methanolic DPPH
solution were added. The mixtures were then incubated for 30 min in
the dark and at ambient temperature. After incubation, the absorbance
was measured at 517 nm with a microplate spectrophotometer (EZ
Read 2000, England). Trolox, 3-tert-Butyl-4-hydroxyanisole (BHA),
L-ascorbic acid, and alpha-Tocophenol were used as positive control.
The DPPH radical scavenging activity of each sample was expressed
as the IC_; value for DPPH (mg/mL) and the percent inhibition (%),
which was calculated using the following equation: DPPH scavenging
activity (%) = [1-(absorbance of sample / absorbance of control)] x 100,
where the control sample was contained of 67 uL of methanol and 133
ul of methanolic DPPH solution. Trolox, BHA and L-ascorbic acid were
obtained from Sigma-Aldrich (MO, USA) and alpha-Tocophenol was
obtained from Fluka (Buchs, Switzerland)

ABTS* radical scavenging activity

2,2"-azino-bis (3-ethylbenzothiazoline-6-sulphonic acid) (ABTS*)
radical scavenging activity is used a coloured stable radical compound.
ABTS+* radical cation has a dark blue colour. In the presence of
antioxidant, colour of ABTS* will charged to colourless because
antioxidant can be reduce ABTS* into ABTS. ABTS* method is similar
to DPPH method that based on electron transfer reaction. In contrast,
the radical form of ABTS must be oxidised into the radical cation form
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at the beginning of method, while radical form of DPPH is already
generated. The advantage of ABTS is soluble in organic and aqueous
solvent that can be used to determinate antioxidant capacity of both
hydrophilic and lipophilic compounds.** ABTS* radical scavenging
activity was determined following the slightly modification procedure.*
ABTS* was dissolved in RO-DI water to the concentration of 7 mM,
and potassium sulfate was added up to the concentration of 2.45 mM.
The mixture was incubated in the dark at room temperature for 16-
18 hours before use. ABTS* stock solution was diluted with absolute
ethanol to obtain an absorbance value of 0.70-0.90 at 734 nm with a
microplate spectrophotometer (EZ Read 2000, England), this solution
was the ABTS+* working solution. 20 mg of crude extract of each sample
was dissolved with 1 mL of absolute ethanol. 1.9 uL of the ethanol
extract and transferred into a 96-well plate, followed by 7.5 uL of
absolute ethanol and 190.6 pL of ABTS+* working solution. The mixture
was softly shaken and incubated in the dark at room temperature for 5
min. After incucation, the absorbance was measured at 734 nm with
a microplate spectrophotometer (EZ Read 2000, England). The ABTS
results were expressed as mg of Trolox Equivalent Antioxidant Capacity
per g of extracted sample (mg TEAC/g extract). ABTS* radical and
Trolox were obtained from Sigma-Aldrich (MO, USA)

Anti-tyrosinase activity

Tyrosinase inhibitory test of ginger plants were investigated following
the modified procedure.”* Crude extract of each sample was dissolved
in 10% DMSO and then diluted the extract (0.39 mg/mL upto 12.5
mg/mL). 30 uL of 50 mM phosphate buffer (pH = 6.8) and 30 uL of
the extract of each sample were pipetted into a 96-well plate. Then,
30 uL of 5 mM L-DOPA was added into each well. After incubation
in the dark at room temperature for 10 minutes, 30 puL of 500 units/
mL mushroom tyrosine (substrate) was added and incubated the plate
in the dark at room temperature for 30 minutes. An absorbance was
measured at 475 nm with a microplate spectrophotometer (EZ Read
2000, England). This determination, Kojic acid (1 mg/mL) was used
as the positive control. A percent inhibition of anti-tyrosinase activity
(% inhibition) was calculated as follows: Tyrosinase inhibition (%) =
[((A-B) - (C-D)) x 100] / (A-B), where A was the absorbance of control,
B was the absorbance of blank of control, while C was the absorbance
of sample, and D was absorbance of blank of sample. Anti-tyrosinase
activity was expressed as the half maximal inhibitory concentration
(IC,,) value (mg/mL) Mushroom tyrosinase was obtained from Sigma-
Aldrich (MO, USA), Kojic acid was obtanied from Sigma-Aldrich
(Prague, Czech Republic) and L-DOPA was obtained from Sigma-
Aldrich (Hong Kong, China)

Statistical analysis

All results were performed in triplicate and reported as means + SD.
Differences between samples were determined by Duncan’s multiple
range tests in SPSS statistical program ver.17 (SPSS Inc, Chicago, IL,
USA). A probability level of 99% was used in testing the statistical
significance of all experimental data.

RESULTS AND DISCUSSION

Percentage yield of ginger plant extracts

Rhizomes were extracted with non-polar solvent, and then gradually
increase the polarity to most polar by n-hexane, ethyl acetate and
ethanol respectively. The difference in polarity of the solvents that effects
the solubility of the components in solvent,” from this reason that may
be affects to the variation of %yield in each sample extract (Figure
1). The n-hexane extraction, rhizome of Curcuma aromatica showed
the highest % yield of 9.30% (w/w) and followed by C. longa [9.02%
(w/w)], C. latifolia [7.675% (w/w)] and C. areruginasa [7.22% (w/w)].
The highest %yield of ethyl acetate extraction was found in rhizome of
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Figure 1: The percentage yield of of selected 16 ginger plants which extracted with n-hexane, ethy
acetate and ethanol respectively; AN =Alpinia nigra, AMA=Amomum aculeatum, AMC=Amomum

coriandriodorum, AMD=Amomum dealbatum, AMU=Amomum

uliginosum, CA=Curcuma

aeruginosa, CAM=Curcuma amada, CAR=Curcuma aromatica, CC=Curcuma candida, CL=Curcuma
latifolia, CLO=Curcuma longa, CM=Curcuma mangga, EA=Etlingera araneosa, EL=Etlingera elatior,

ELI=Etlingera linguiformis, KR=Kaempferia rotunda.

C. longa [7.73% (w/w)] followed by rhizome parts of C. latifolia [4.69%
(w/w)] and C. aromatica [3.04% (w/w)], while the highest %yield of
ethanol extraction was found in rhizome of Amomum aculeatum
[10.84% (w/w)] followed by C. amada rhizome [4.19% (w/w)].

Phytochemical screening

Results of phytochemical screening of ginger plant extracts were
demonstrated in Table 1, the different solvent that using for extraction
and different species of sample showed variation in their chemical
compounds. Alkaloids, which are found in roots, stems, leaves or
seeds of plants and expressed various biological properties such as
anti-inflammatory, antioxidants, antitumoral and antibacterial®'*
Flavonoids are phenolic compounds and widely distributed in plants.
Flavonoids are important for plant pigments that composes flavonone,
flavone, isoflavone, flavonol, catechin, naringin and anthocyanins,
which are found in vegetables, fruits and some beverages such as tea and
wine. Moreover, flavonoids provides health benefits and have biological
activities including antioxidants, anti-inflammatory, antitumoral
and antimicrobial.**** While anthocyanin are a subclass of flavonoids
and can occur in any tissues of higher plants. Many researches
about anthocyanins have shown to have anti-cancer, antioxidants
and anti-aging.**” Antioxidation capacity of anthocyanins that
depends on its structure. Anthocyanins have the glycosylated B-ring,
orthohydroxylation and methoxylation in the structure.’® Moreover, in
previous research mentioned that anthocyanin isolated from Hibicus
sabdariffa can inhibit melanin synthesis in human A375 melanocytes,
the inhibition of melanin synthesis was evaluted through two different
regulatory mechanisms, one is the direct inhibition of tyrosinase
activity was measured with cellular tyrosinase assay, the result found
anthocyanin could inhibited tyrosinase actvity in 30% of control (A375
cells) at concentration 50 mg/mL and the other is suppression of protein
expression of tyrosinase that was measured using Western blot analysis.*.
Anthocyanin (cyanidin-3-O-glucoside, delphinidin-3-O-glucoside and
peonidin-3-O-glucoside) from the seed coat of black soybean possed
antihuman tyrosinase activity, the % inhibition rate showed high
antihuman tyrosinase activity (94.8%). While anthocyanins contents
from red rice bran had the IC_ value of mushroom tyrosinase activity
were 4.26 ug/mL that showed anthocyanin has a good inhibitory of
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tyrosinase although these anthocyanins is slightly weaker tyrosinase
inhibition than ascorbic acid (IC =2.18 pg/mL), which was used
the positive control. Ascorbic acid was a strong tyrosinase inhibitor
refered to reducing melanin by binding to copper in tyrosinase.® The
classification of tyrosinase inhibitor strenge or the IC_; value based on
the structure and mechanism of tyrosinase action is not easy due to
the results of the kinetics presented with different testing system from
mushroom tyrosinase, mammaliam tyrosinase, melanocytic cultures,
cocultures of keralinocytes and melanocytes and in vivo application
to animal skin.” Saponin can be found in vegetables, herbs and
beans such as peas, soybeans, saponin have foaming propterties that
caused by the combination between a hydrophobic and a hydrophillic
parts. Health benefits of saponins are shown in many from research
including protective bone loss, cholesterol reduction, anti-cancer
and antibacterial.®*%* Antioxidants, anti-cancer, antimicrobial and
antibiotic are biological properties of tannins that used in various fileds
of food and beverage, animal nutrition and agriculture.®® Terpenoids
are organic compound that found in all tissues of higher plants and
terpenoids are widely use for colourant and fragrance in food industry,
raw materials of resin manufacturer and printing ink manufacturer.*¢
About steroids, which are used widely used in pharmaceutical to anti-
inflammatory, anti-cancer, antioxidants and contraception.®*®Alpinia
extract was found alkaloids in n-hexane and ethanolic extracts, while
flavonoids, tannin and polyphenol were found in ethanolic extracts
only. Terpenoids were found in n-hexane and ethyl acetate Alpinia
extracts. Our results were related with previous research that discoverd
chemical groups of alkaloids, flavonoids and phenol in the water extract
of A. nigra shoot.”

Alkaloids and terpenoids were found in all solvent extracts of Amomum,
except for A. aculeatum extract that found alkaloids in ethyl acetate
extract alone. There were absent of alkaloids in all solvents extraction of
A. dealbatum, while the ethyl acetate and ethanolic extracts of Amomum
were found to contain flavonoids, tannin and polyphenol. For Curcuma
extracts, alkaloids were found in all solvents extraction of C. amada, C.
candida, C. latifolia, and C. mangga. Then flavonoids were found in all
solvent extraction of C. amada, C. aromatica, C. longa, and C. mangga,
except for C.candida extract which showed flavonoids in ethyl acetate
and ethanolic extracts. Saponin was found in the n-hexane extract of
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Table 1A: Phytochemical screening results of the rhizome extracts by different solvent extraction.

Plants Solvent Extraction Alkaloids Flavonoids Anthocyanins  Saponins Tanins and polyphenol Steroids Terpenoids

A. nigra Hexane v v
Ethyl acetate v
Ethanol 4 v v
A. aculeatum Hexane
Ethyl acetate v v v
Ethanol v v
A. Hexane 4

coriandriodo-
rum

Ethyl acetate v
Ethanol v v v
A. dealbatum Hexane
Ethyl acetate v
Ethanol v
A. uliginosum Hexane v
Ethyl acetate v v
Ethanol v v
C. aeruginasa Hexane v
Ethyl acetate v
Ethanol v
C. amada Hexane v
Ethyl acetate v
Ethanol v

C. aromatica Hexane

AN N N N Y N N N N NN

U N N NN

Ethyl acetate
Ethanol

NN NN
\
\

C. candida Hexane

<

Ethyl acetate

Ethanol

C. latifolia Hexane
Ethyl acetate

Ethanol

\
\
A N N N N N N N Y N U NN

AN NN
SN NN

Table 1B: Phytochemical screening results of the rhizome extracts by different solvent extraction (continued).

Plants Solvent Extraction  Alkaloids  Flavonoids Anthocyanins Saponins  Tanins and polyphenol Steroids Terpenoids

Curmuma longa Hexane v 4 v
v v v
v v

Ethyl acetate
Ethanol
C. mangga Hexane v

AN

Ethyl acetate
Ethanol

AR N N NN

<

Etlingera Hexane v

<
<
<

araneosa Ethyl acetate

Ethanol

E. elatior Hexane
Ethyl acetate

Ethanol

E. linguiformis Hexane
Ethyl acetate

Ethanol

Kaemferia Hexane
rotunda Ethyl acetate

Ethanol

SN N N N N VNN

SNRENEENEEN
AN NN
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C. aromatica. In addition, anthocyanins were found in three solvents
extraction of C. aeruginasa, while tannin and polyphenol were found
in all solvent extracts of C. aeruginasa, C. aromatica, C. latifolia and C.
longa. Steroids were found in the ethyl acetate extracts of C. aeruginasa,
C. aromatica, C. latifolia and C. longa, On the other hand, the ethanol
extract of C. candida was showed steriods. Terpenoids were found in all
solvents extraction of Curcuma extracts in this investigation except C.
mangga that found terpenoids in the ethyl acetate extract. In previous
studies, terpenoids, flavonoids, tannin and alkaloids were detected in
the n-hexane extract, while the ethanolic extract was expressed steroids
and alkaloids.”””> For Etlingera extracts alkaloids were found in all
solvent extraction of E. elatior and E. linguiformis, except ethyl acetate
and ethanolic extracts of E. araneosa. While flavonoids were found in
ethyl acetate and ethanolic extracts of E. araneosa and ethanolic extracts
of E. elatior and E. linguiformis. Tannin and polyphenol of Etlingera
extracts were found in the ethanolic E. elatior extract. Moreover
steroids and terpenoids evaluation, steroids were showed in the ethyl
acetate extracts of E. araneosa and E. elatior, ethyl acetate and ethanolic
extracts of E. linguiformis, while terpenoids were found in the n-hexane
and ethyl acetate extracts of E. araneosa, the ethyl acetate extract of E.
elatior, ethyl acetate and ethanolic extracts of E. linguiformis. The results
in this study are related with previous research, which was reported that
ethanolic rhizome extract of E. linguiformis was presented alkaloids,
steroids and tannins.” Finally, alkaloids, flavonoids and terpenoids
were found in all extracts of Kaempferia rotunda.

Total phenolic compounds

Phenolic compounds have antioxidant properties that depend on the
presence of OH groups in their chemical structure. In addition the total
phenolic concentration has been used to screen for antioxidant activity
of plants.”*” Total phenolic compounds (TPC) of the sample extracts are
ranged from 0.94 to 587.15 mg GAE/g extract. As presented in Figure
2, the comparison among different solvent extracts showed that ethyl
acetate and ethanol extracts contained more TPC than the n-hexane
extract due to the the difference in polarity of the solvents and chemical

compounds in plants.”® The n-hexane extracts were ranged 1.55 to 77.72
mg GAE/g extract, A. aculeatum contained the highest levels of TPC
at 77.92 mg GAE/g extract, followed by C. latifolia, C. amada and C.
longa at 60.96 mg GAE/g extract, 55.18 mg GAE/g extract and 43.92 mg
GAE/g extract respectively, while the extract of E. linguiformis had the
lowest TPC content at 1.55 mg GAE/g extract. About the ethyl acetate
extracts had TPC levels between 16.37 to 587.15 mg GAE/g extract, the
highest TPC was expressed in the ethyl acetate extract of C. longa at
587.15 mg GAE/g extract, followed by A. uliginosum (536.67 mg GAE/g
extract), and C. amada (508.42 mg GAE/g extract). While TPC in the
ethanolic extracts are ranged from 0.94 to 232.29 mg GAE/g extract.
A. nigra had the highest value of TPC at 232.29 mg GAE/g extract,
followed by A. uliginosum (128.71 mg GAE/g extract) and C. amada
(86.50 mg GAE/g extract).

DPPH radical scavenging activity

DPPH assay was reported as a percentage of inhibition against DPPH
radical (% inhibition) at 4.0 mg/mL and as the IC,; value (Figure 3).
Percentage inhibition of the n-hexane extracts were ranged from 23.34
to 94.04%, while the IC_ values were ranged from 0.23 to more than
4.00 mg/mL. A. aculeatum extract had the highest % inhibition and
lowest IC,_ values, which were 94.04% and 0.23 mg/mL respectively
which congruent with the highest level of TPC contents and highest %
inhibition at 93.81% (IC_: 0.04 mg/mL) in ethyl acetate extract. These
results can support the potential of A. aculeatum for its antioxidant
property. While the rest ethyl acetate extracts of C. latifolia showed %
inhibition at 93.07% (IC_=0.04 mg/mL) followed by C. aromatica (%
inhibition=93.04%, IC, =0.25 mg/mL) and C. candida (% inhibition
=30.55%; IC_, > 4.00 mg/mL) respectively. Finally, ethanolic extract of
A. aculeatum presented the highest % inhibition at 93.89%, on the other
hand C. longa had the lowest of IC,  value at 0.12 mg/mL, followed by
C. latifolia at 0.13 mg/mL, and A. aculeatum at 0.32 mg/mL. From
this research, ethyl acetate and ethanolic extracts had stronger DPPH
radical scavenging activity than n-hexane extracts.
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Figure 2: Total phenolic compounds of selected 16 ginger plants which extracted with n-hexane (A), ethyl acetate (B) and ethanol (C). Mean
value with different letters of each peak are significantly different at P<0.07; AN =Alpinia nigra, AMA=Amomum aculeatum, AMC=Amomum
coriandriodorum, AMD=Amomum dealbatum, AMU=Amomum uliginosum, CA=Curcuma aeruginosa, CAM=Curcuma amada, CAR=Curcuma
aromatica, CC=Curcuma candida, CL=Curcuma latifolia, CLO=Curcuma longa, CM=Curcuma mangga, EA=Etlingera araneosa, EL=Etlingera

elatior, ELI=Etlingera linguiformis, KR=Kaempferia rotunda.
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Figure 3: Percentage inhibition of DPPH at 4.0 mg/mL and IC,, of DPPH radical scavenging (mg/mL) of
selected 16 ginger plants which extracted with n-hexane (A), ethyl acetate (B) and ethanol (C). Mean value
with different letters of each peak are significantly different at P<0.01. The capital letters are significantly
different data of % inhibition of DPPH, and another are significantly different data of IC,, (mg/mL) value; AN
=Alpinia nigra, AM=Amomum aculeatum, AMC=Amomum coriandriodorum, AMD=Amomum dealbatum,
AMU=Amomum uliginosum, CA=Curcuma aeruginosa, CAM=Curcuma amada, CAR=Curcuma aromatica,
CC=Curcuma candida, CL=Curcuma latifolia, CLO=Curcuma longa, CM=Curcuma mangga, EA=Etlingera
araneosa, EL=Etlingera elatior, ELI=Etlingera linguiformis, KR=Kaempferia rotunda.

ABTS* radical scavenging activity

The ABTS radical scavenging activity of ginger plant extracts were
ranged from 1.08 to 521.42 mg TEAC/g extract. According to different
solvent extractions, n-hexane extracts were ranged from 1.08 to 133.52
mg TEAC/g extract (Figure 4). A. aculeatum had the highest ABTS*
value at 133.52 mg TEAC/g extract followed by E. araneosa at 71.00 mg
TEAC/g extract, K. rotunda at 67.24 mg TEAC/g extract and C. latifolia
at 61.15 mg TEAC/g extract. For the ethyl acetate extracts were ranged
from 2.88 to 528.42 mg TEAC/g extract, C. longa had the highest ABTS
value at 481.96 mg TEAC/g extract followed by C. latifolia (372.48 mg
TEAC/g extract) and K. rotunda (307.18 mg TEAC/g extract). While
A. coriandriodorum was presented the highest ABTS value (359.90 mg
TEAC/g extract) for the ethanolic extract and followed by K. rotunda
(280.18 mg TEAC/g extract), C. longa (278.34 mg TEAC/g extract) and
C. latifolia (255.68 mg TEAC/g extract). ABTS results were exhibited

878

similar trend to TPC and DPPH results except the sample that using
ethanol as the extracting solvent. The anti-oxidant analyses of ethanolic
extracts evaluated by DPPH were not correlated with ABTS* assay
probably due to the difference of chemical structure or the location of
hydroxylation, glycosylation and methoxylation in the plant extracts.”®

Anti-tyrosinase activity

Tyrosinase is a key enzyme that can catalyse enzyme browing and
melanin synthesis that obtained from bacteria, fungal, plants, insects
and UV radiations. In human, tyrosinase can lead melanin on the
skin, freckles and age spots, while free radicals are important role
for biosynthesis of melanin.”””® The effects of sample extract on
anti-tyrosinase activity are reported as IC, value that presented in
Figure 5. The IC,; value were ranged from 0.01 to more than 12.50
mg/mL, while kojic acid was used as a effective control that had
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the lowest IC, value at 0.01 mg/mL. The n-hexane extracts had IC,|
value ranged from 0.20 to more than 12.5 mg/mL and C. amada had
the lowest IC_; value at 0.20 mg/mL followed by A. nigra (IC,=0.76
mg/mL), A. coriandriodorum (IC_=1.51 mg/mL) and E. araneosa
(IC,,=1.81 mg/mL). The ethyl acetate extracts were ranged from 9.09
to more than 12.5 mg/mL. Alpinia nigra had the lowest IC,  value both
in ethyl acetate extracts and ethanolic extracts at 9.09 mg/mL and 9.35
mg/mL respectively. The similar results of IC, value (more than 12.5
mg/mL) among different extracts obtained by three different solvent
extractions, because some inhibitors in plant extracts may be active
in a high concentration and depend on the each solvent capability.”
The biological activity of plant extracts depend on active compounds
obtained from different solvent extractions. This study demonstrated
that the hexane extract had the lowest IC,, value, which similar to
the previous result, plant hexane extract had the highest in tyrosinase
inhibitory activity.®

CONCLUSIONS

Our results were indicated that rhizomes of 16 ginger plants
(Zingiberaece) could be sources of phenolic compounds and strong
antioxidants, which presented in ethyl acetate and ethanolic extracts
of Alpinia, Amomum and Curcuma. Their result had antioxidant
activity value nearby positive control, expecially Ascorbic acid,
which have a strong antioxidants and an efficient antioxidant agent
in cosmetic product.®#> On the other hand, the n-hexane extracts of
Alpinia (A. nigra), Amomum (A. coriandriodorum), and Etlingera
(E. araneosa) showed anti-tyrosinase properties, while Curcuma (C.
amada) displayed the strongest anti-tyrosinase because its IC, value
of tyrosinase nearby kojic acid that use as a positive control. From
qualitative and quanlitative value can be used for further research on
natural science, food science or pharmaceutical science including with
natural product developments.
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