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The search for effective natural antioxidants has been increasing nowadays due to human
health concern. Further investigation of the Zingiberaceae plants such as Etlingera
philippinensis, a Philippine endemic plant, and Curcuma longa (turmeric) is key towards
alleviating this concern. The present work aimed to provide fundamental information on the
total antioxidant activity (TAA), total phenolic content (TPC), and curcumin content of the
ethanolic extracts of the fresh and cured rhizomes of C. longa and E. philippinensis. Healthy
and fresh rhizomes of E. philippinensis were collected from Kibawe, Bukidnon, while C.
longa were from Musuan, Bukidnon, Philippines. TAA determination was done using
phosphomolybdenum method, while TPC and curcumin content using spectrophotometric
method. Results showed that the TAA of fresh and cured rhizomes of C. longa were
significantly higher than those of fresh and cured rhizomes of E. philippinensis. The TPC of
fresh and cured rhizomes of C. longa were significantly higher than those of fresh and cured
rhizomes of E. philippinensis. Significantly higher curcumin content was also observed in the
rhizomes of C. longa as compared to that in the fresh and cured rhizomes of E. philippinensis.
Generally, the ethanolic extracts of the cured rhizomes of E. philippinensis and C. longa
exhibited higher TAA, TPC, and curcumin content than the fresh one. TAA, TPC, and
curcumin were significantly correlated with each other. It can thus be concluded that E.
philippinensis could also be a source of valuable curcumin.
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Introduction
Plants are well-known to possess medicinal
properties
that
fight
numerous
diseases
(Shahid-Ud-Daula et al., 2015). These medicinal
plants are rich in secondary metabolites such as
alkaloids, glycosides, flavonoids, steroids, and other
phenolic compounds that are important sources for
new chemical substances with significant therapeutic
effects (Omodamiro and Jimoh, 2014) such as
antibacterial and antioxidant activities. The search for
novel and effective antibacterial and antioxidant
compounds of plant origin has been done due to their
low
toxicities
and
strong
bioactivities
(Shahid-Ud-Daula et al., 2015).
Among the natural sources of bioactive
compounds is the Zingiberaceae plant, commonly
known as ginger, which is a perennial herb that
produces aromatic rhizomes. The plant exists in about
50 genera and 1,300 species worldwide, and is mainly
distributed in the South and Southeast Asia (Chen et
al., 2008). According to Chan et al. (2008), the leaves
and rhizomes of ginger species are widely used as
*Corresponding author.
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spice, condiment, and traditional medicine. It is
generally believed that antioxidants produced by
ginger plants are transported to the rhizomes where
they are accumulated (Chan et al., 2008). Several
studies have shown that the rhizome contains higher
phenolic content, antioxidant, and antibacterial
activity than its leaves (Chan et al., 2008; 2011).
In this present work, two genera from the
family Zingiberaceae were investigated, namely
Curcuma longa L. (Figure 1a and 1b) and Etlingera
philippinensis (Ridl.) R.M.Sm. (Figure 1c and 1d). C.
longa is also known as turmeric. It is traditionally
produced and consumed as turmeric powder (Prasad
and Aggarwal, 2011), and widely used as food additive
in many Asian dishes, and also as traditional remedy
to treat diseases such as diarrhoea, coryza, dermatosis,
rheumatism, and household remedy for sprains and
swellings (Ammon and Wahl, 1991). According to
Suhaj (2006), the major functional compound present
in C. longa is curcumin which has a pharmacological
effect such as anti-inflammatory, antioxidant,
antidiabetic, antibacterial, hepatoprotective, and
anti-cancerous properties (Krup, 2013).
DOI:
https://doi.org/10.47836/ifrj.28.4.20
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Figure 1. Photographs of the leaves and rhizome of Curcuma longa [(a) and (b)] and
Etlingera philippinensis [(c) and (d)], respectively.

E. philippinensis, locally known as "tagbak"
in Bisaya, is an endemic species of the Philippines
(Elmer, 1915; Acma, 2010). According to Chan et al.
(2007), Etlingera species exhibited antibacterial
properties. Phytochemical screening in the leaves and
rhizome of E. philippinensis revealed the presence of
alkaloids, tannins, saponins, flavonoids, and steroids
(Barbosa et al., 2016). High levels of chlorogenic acid
have also been reported in the leaves of E.
philippinensis (Barbosa et al., 2017).
Moreover, ethanol and water extracts of E.
philippinensis leaves and rhizomes were found to
possess 2,2-diphenyl-1-picrylhydrazyl (DPPH)
radical scavenging activity (Barbosa et al., 2016).
Methanolic extracts of the leaves and rhizomes of E.
philippinensis also exhibited antioxidant activity
(Mabini and Barbosa, 2018). Gounder and
Lingamallu (2012) have reported that the cured
rhizomes of C. longa have higher yield of volatile oils
than those of the fresh and dried. Additionally, the
dried rhizome exhibited higher antioxidant activity
than those of the fresh and cured.
The present work was conducted to
investigate the effect of curing process on the
antioxidant activity and level of phenolic compounds
such as curcumin in fresh rhizomes. In the present
work, the ethanolic extracts of the fresh and cured
rhizomes of C. longa and E. philippinensis were
evaluated with respect to their total antioxidant, total
phenolic content, and curcumin content. Curing
process was done by boiling fresh and clean rhizome
of the E. philippinensis and C. longa separately in

distilled water for 40 min prior to cutting into thin
pieces and sun-drying.
Materials and methods
Chemicals
The chemicals and reagents used in the
present work were liquid nitrogen, analytical grade of
absolute ethanol, gallic acid, ascorbic acid, curcumin,
Folin-Ciocalteu reagent, sodium carbonate, sodium
phosphate, ammonium molybdate, and sulphuric
acid.
Sample collection
Fresh rhizomes of C. longa and E.
philippinensis were collected from Musuan,
Maramag, Bukidnon (7° 46' 49'' North, 125° 03' 29''
East, and 1,086 ft. elevation) and Kibawe, Bukidnon
(7° 29' 15'' North, 125° 03' 38'' East, and 1,202 ft.
elevation), respectively. The collected samples were
placed in a clean net bag, and transported to the
Laboratory of Chemistry, Department of Chemistry,
College of Arts and Sciences, Central Mindanao
University for sample preparation. The plant samples
were identified by Dr. Fulgent P. Coritico of the
Centre of Biodiversity Research and Extension,
CMU.
Sample preparation and solvent extraction
Fresh rhizome
Sample preparation and solvent extraction of
the fresh rhizomes were performed using the method
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described by Chan et al. (2007). The fresh and clean
rhizomes of E. philippinensis and C. longa were
powdered using mortar and pestle under liquid
nitrogen. One gram of the powdered rhizomes was
placed in 50 mL centrifuge tube, and then extracted
with 50 mL absolute ethanol with continuous mixing
at 850 rpm for 1 h at room temperature. Extracts were
filtered using Whatman No. 1 filter paper, and stored
at -20°C for further analyses. Five separate
extractions were done per plant species. The extract
obtained after filtration was considered as the fresh
rhizome sample.
Cured rhizome
Sample preparation and solvent extraction of
cured rhizomes were performed using the method
described by Prasad and Aggarwal (2011) and Chan
et al. (2007) with slight modification on the grinding
process. The fresh and clean rhizomes of E.
philippinensis and C. longa were boiled separately in
distilled water for 40 min. The rhizomes were
removed from the water, sliced thinly, and immediately sun-dried until the loss of weight was more than
80%. The sun-dried samples were grounded to a fine
powder using a blender (Oster; 10-speed). One gram
of the powdered rhizome was placed in 50 mL
centrifuge tube and then extracted with 50 mL
absolute ethanol with continuous mixing at 850 rpm
for 1 h at room temperature. The extracts were filtered
using Whatman No.1 filter paper, and stored at -20°C
for further analyses. Five separate extractions were
done per plant species. The extract obtained after
filtration was considered as the cured rhizome sample.
Determination of total antioxidant activity
Preparation of standards and sample solutions
Four hundred mg/L stock solution of ascorbic
acid was prepared by dissolving 0.0100 g of ascorbic
acid in ethanol, and diluting the resulting solution to
25 mL. Various concentrations (0, 1, 20, 40, 60, 80,
100, 120, 140, and 160 mg/L) were prepared as
working standards for the calibration curve. From the
sample stock solution (20 g/L) of fresh and cured
rhizomes of C. longa, 5 µL of sample was diluted to
400 µL to give 0.25 g/L test solution. For the fresh
and cured rhizomes of E. philippinensis, 20 g/L
sample stock solution was used as test solution in the
assay.
Assay

The total antioxidant activity (TAA) of the
sample extracts was determined by adapting the
method previously described by Prieto et al. (1999)
with several modifications such as the use of

Eppendorf tubes as the reaction vessel and centrifugation after the reaction. In an Eppendorf tube
containing 400 µL of the test solution, 1,200 µL of a
reagent solution (prepared by mixing equal amount of
0.6 M sulphuric acid, 28 mM sodium phosphate, and
4 mM ammonium molybdate) were added. The
Eppendorf tubes were then covered tightly with
aluminium foil, and incubated at 95°C in an oven for
90 min. Following incubation, the mixture was cooled
to room temperature. The mixture was centrifuged at
5,000 rpm for 3 min. Two hundred microliters of the
supernatant liquid were transferred into a 96-well
plate. The absorbance of the mixture was measured at
695 nm using a microplate reader. The same
procedure was done on the ascorbic acid standards for
the calibration curve and blank (ethanol). The TAA,
expressed in milligram ascorbic acid equivalents per
gram sample (mg AAE/g sample), was calculated
using Eq. 1:

Total antioxidant activity, (

)=
(Eq. 1)

where, A = ascorbic acid concentration of the sample
solution determined from the calibration curve (mg
AAE/L), and B = concentration of the sample test
solution (g/L).
Determination of total phenolic content
Preparation of the standards and sample solutions
Six hundred mg/L stock solution of gallic
acid was prepared by dissolving 0.0300 g of gallic
acid in ethanol, and diluting the resulting solution to
50 mL. Various concentrations (0, 6, 12, 18, 24, 36,
48, 60, and 72 mg/L) were prepared as working
standards for the calibration curve. From the sample
stock solution (20 g/L) of the fresh and cured rhizomes
of C. longa, 9 µL of sample was diluted to 300 µL to
give 0.6 g/L sample test solution. For the fresh and
cured rhizomes of E. philippinensis, 20 g/L sample
stock solution was used as test solution in the assay.
Assay

The determination of total phenolic content
(TPC) of the sample extracts was determined
following the method previously described by
Ainsworth and Gillespie (2007) with modifications
using Eppendorf tubes and centrifugation after
reaction. In an Eppendorf tube containing 300 µL of
the test solution, 300 µL of 10% Folin-Ciocalteu
reagent was added. After 5 min, 1,200 µL of 10%
sodium carbonate was added. The tubes were
incubated at room temperature for 90 min. After
centrifugation at 5,000 rpm for 3 min, 200 µL of the
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supernatant was transferred into a 96-well plate. The
absorbance was determined at 750 nm using a
microplate reader. The same procedure was done for
the working standards of the calibration curve and
blank (ethanol). The TPC, expressed as milligram
gallic acid equivalent per gram sample (mg GAE/g
sample), was calculated using Eq. 2:

Total phenolic content, (

)=

(Eq. 2)

where, A = gallic acid concentration of the sample
solution determined from the calibration curve (mg
GAE/L), and B = concentration of sample test solution
(g/L).
Determination of curcumin content
Preparation of standards and sample solutions
The determination of the curcumin content
was done using the method previously described by
Sharma et al. (2012) with some modifications using
Eppendorf tubes and microplate. The standard stock
solution of curcumin with the concentration of 100
mg/L was prepared by dissolving 10 mg of curcumin
in ethanol, and diluting the solution to 100 mL.
Various concentrations (0, 1, 2, 3, 4, 5, 6, and 7 mg/L)
were prepared as working standards for the calibration
curve. From the sample stock solution (20 g/L) of the
fresh and cured rhizomes of C. longa, 10 µL of sample
was diluted to 2,000 µL to give 0.10 g/L sample test
solution. For the fresh and cured rhizomes of E.
philippinensis, 20 g /L sample stock solution was used
as test solution in the assay.
Assay

Two hundred microliters of the test solution
were transferred into a 96-well plate. The absorbance
of the working standard and sample extract was
determined at 421 nm using a microplate reader. The
same procedure was done for the working standards
and blank (ethanol). The curcumin content, expressed
as milligram curcumin per gram sample

(mg curcumin/g sample), was calculated using Eq. 3:

Curcumin content, (

)=

where, A = curcumin concentration of the sample
solution determined from the calibration curve (mg
curcumin/L), and B = concentration of sample test
solution (g/L).
Statistical analysis
Five replicates and five trials per replicate
were done for the determination of the TAA, TPC, and
curcumin content. The obtained data were subjected
to statistical analysis using analysis of variance
(ANOVA) at 0.05 level of significance. Correlations
between TAA and TPC, TAA and curcumin content,
and TPC and curcumin content were determined using
Pearson Correlation Analysis. Grubb's Test was used
for outliers.
Results and discussion
Total antioxidant activity
The quantification of TAA of the fresh and
cured rhizomes of E. philippinensis and C. longa was
determined using phosphomolybdenum method. The
results of the determination of the TAA, expressed as
milligram ascorbic acid equivalents (AAE) per gram
sample of the fresh and cured rhizome of E.
philippinensis and C. longa, are summarised in Table
1. The results of ANOVA showed that there was a
significant difference in the TAA between E.
philippinensis and C. longa for both the fresh and
cured rhizomes. There was also a significant
difference in the TAA between the fresh and cured
rhizomes of C. longa. However, there was no
significant difference in the TAA between the fresh
and cured rhizomes of E. philippinensis. Generally,
the TAA of the cured rhizomes for both ginger species
were higher than that of the fresh rhizomes. In
addition, the TAA of C. longa was significantly

Table 1. Mean of total antioxidant activity of the fresh and cured rhizomes of Etlingera
philippinensis and Curcuma longa.
Plant

(Eq. 3)

Total antioxidant activity,
mg AAE/g sample (% RSD)
Fresh

Cured

Etlingera philippinensis

0.53bc (1.98)

1.17bc (4.11)

Curcuma longa

28.18ad (6.01)

37.66ac (2.57)

Means (n = 25) with the same superscript letter in a column (a,b) and in a row (c,d) are not significantly different at p > 0.05.
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higher than that of E. philippinensis. These findings
indicate that the TAA of ginger rhizomes depends on
the preparation process as well as the ginger species.
In
phosphomolybdenum
method,
molybdenum (VI) is reduced to molybdenum (V) in
the presence of a reducing agent (antioxidant) with
subsequent formation of a green phosphomolybdate
(V) complex which has the maximum absorption at
695 nm (Kumaran and Karunakaran, 2007). The
higher antioxidant activity of C. longa rhizome may be
attributed to its major phenolic compounds such as
curcumin and demethoxycurcumin (Zaeoung et al.,
2005; Jayaprakasha et al., 2006). Masuda et al. (1999)
have also reported strong antioxidant activity of
curcuminoids from turmeric. The TAA has been
accounted for the presence of oleoresin and essential
oil such as aromatic turmerone and alpha-turmerone in
the rhizome of C. longa (Singh et al., 2010). Chan et
al. (2008) have also reported that ascorbic acid
equivalent antioxidant capacity (AEAC) of methanolic
extracts of the rhizomes of C. longa (390 ± 127
AA/100 g) was significantly higher than the rhizomes
of Etlingera species such as E. elatior (295 ± 96
AA/100 g) and E. maingayi (122 ± 53 AA/100 g).
Curing process has the advantage of
sterilising the rhizomes before drying (Plotto, 2004).
Curing of the rhizomes reduces drying time, lowers
the moisture content, as well as improves
curcuminoids extractability; but, has no effect on the
total volatile oil content (Buescher and Yang, 2000).
It has been previously reported that volatile oils from
the cured C. longa rhizomes exhibited higher
antioxidant activity than that of the fresh (Gounder
and Lingamallu, 2012). The volatile oil is present in
the oil cells and ducts located in the meristematic
region of the rhizome (Ravindra et al., 2007). In the
case of the cured rhizomes, oil cells are not damaged,
and the loss during drying process is avoided
(Gounder and Lingamallu, 2012). The retention of the
volatile oils and enhancement of the curcuminoids
known as antioxidants by curing process may explain
higher TAA in the cured than fresh rhizomes observed

in the present work.
Total phenolic content
The quantification of TPC in the fresh and
cured rhizomes of E. philippinensis and C. longa was
determined by employing Folin-Ciocalteu method
with gallic acid as standard. The results of the assay,
expressed as milligram gallic acid equivalents (GAE)
per gram sample of the fresh and cured rhizome of E.
philippinensis and C. longa, are summarised in Table
2. The results implies that there were more phenolic
compounds in the rhizomes of C. longa such as
curcuminoids and sesquiterpenoids (Kumar et al.,
2016) than the rhizomes of E. philippinensis. The
results of ANOVA showed that there was significant
difference in TPC between E. philippinensis and C.
longa for both the fresh and cured rhizomes. There
was also significant difference in TPC between the
fresh and cured rhizomes of C. longa. However, there
was no significant difference in TPC between the
fresh and cured rhizomes of E. philippinensis.
Plants are known for containing rich sources
of phenolic compounds (an -OH group attached to a
benzene ring). These phenolic compounds are known
for its antioxidant activity because of its high redox
potentials which allow them to act as reducing agents,
hydrogen donors, and singlet oxygen quenchers (Tsao
and Deng, 2004). Thus, phenolic compounds can
scavenge reactive oxygen intermediates without
promoting further oxidative reactions (Smirnoff,
2005). Moreover, Folin-Ciocalteu method was used
to determine the TPC. The mechanism involved in this
method is electron transfer in alkaline medium from
phenolic compounds to phosphomolybdic/phosphotungstic acid complexes to form blue complexes
that are determined spectroscopically (Singleton et
al., 1999). The phenolate ions present in the sample
had likely destroyed the yellow Folin-Ciocalteu
phenol reagent and reduced the reagent, thereby
producing the characteristic blue colour of the
resulting solution (Craft et al., 2012). Similar results
have been noted in the study of Chen et al. (2008)

Table 2. Mean of total phenolic content of the fresh and cured rhizomes of Etlingera
philippinensis and Curcuma longa.
Plant

Total phenolic content,
mg GAE/g sample (% RSD)
Fresh

Cured

Etlingera philippinensis

0.21bc (7.62)

0.88bc (2.46)

Curcuma longa

7.11ad (7.38)

32.36ac (4.52)

1 Means (n = 25) with the same superscript letter in a column (a,b) and in a row (c,d) are not
significantly different at p > 0.05.
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Table 3. Mean curcumin content of the fresh and cured rhizomes of Etlingera philippinensis and Curcuma longa.
Curcumin content,
mg curcumin/g sample (% RSD)

Plant

1

Fresh

Cured

Etlingera philippinensis

0.01bc (1.76)

0.02bc (4.37)

Curcuma longa

3.00ad (3.59)

14.32ac (4.17)

Means (n = 25) with the same superscript letter in a column (a,b) and in a row (c,d) are not
significantly different at p > 0.05.

which showed significantly higher TPC in the
rhizomes of C. longa than some of the Etlingera
species such as E. elatior and E. maingayi.
Curcumin content
Curcumin content, expressed as milligram
curcumin per gram sample of the fresh and cured
rhizome of E. philippinensis and C. longa, are
summarised in Table 3. The results of ANOVA
indicate that there were significant differences in
curcumin content between E. philippinensis and C.
longa for both the fresh and cured rhizomes. There
was also a significant difference in curcumin content
between the fresh and cured rhizomes of C. longa.
However, there was no significant difference in
curcumin content between the fresh and cured
rhizomes of E. philippinensis.
The quantification of curcumin content in the
fresh and cured rhizomes of E. philippinensis and C.
longa was determined using a micro- spectrophotometer with maximum absorption peak around 421 nm
(Hazra et al., 2015). Curcumin, in an analogy to other
β-diketones, is expected to exist in the enol
configuration based on the results of the unirradiated
curcumin and curcuminoids through nuclear magnetic
resonance. Conjugation of the π-electrons may result
in the coupling of the two feruloyl chromophores into
one extended π-electron system if the two ends of the
chromophore communicate via resonance structures
in the enol forms (Bong, 2000).

Several studies have reported that
curcuminoids in the rhizomes of C. longa contain
curcumin and derivatives such as demethoxycurcumin, bis-demethoxycurcumin, 5'-methoxycurcumin,
dihydrocurcumin, and cyclocurcumin (Revathy et al.,
2011; Sambhav et al., 2014). Habsah et al. (2005)
reported that E. elatior was found to have curcumin
derivatives
such
as
1,7-bis(4-hydroxyphenyl)-2,4,6-heptatrienone, demethoxycurcumin, and
1,7- bis(4-hydroxyphenyl)-1,4,6-heptatrien-3-one.
Correlation between TAA, TPC, and curcumin
content
Pearson correlation analysis was used to
evaluate the relationship between TAA and TPC,
TAA and curcumin, and TPC and curcumin content
in all samples. As shown in Table 4, there was a
significantly strong positive correlation between TAA
and TPC, TAA and curcumin, and TPC and curcumin
content observed in all samples as evident in the
p-values which were less than 0.01 at 0.01 level of
significance. This implies that the levels of TPC,
TAA, and curcumin content were significantly related
to each other. This further suggests that the TAA,
TPC, and curcumin content significantly affected
each other.
The present findings imply that antioxidant
activities can be attributed to the presence of phenolic
compounds in the fresh and cured rhizomes of E.
philippinensis and C. longa. The higher antioxidant

Table 4. Pearson correlation coefficient (r) between TAA, TPC, and curcumin
content.

1

Correlation
coefficient (r)

p-value*

TAA vs TPC

0.851

0.000

TAA vs curcumin content

0.854

0.000

TPC vs curcumin content

0.998

0.000

*p-value < 0.01 is considered statistically significant.
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activity of C. longa could be due to the presence of
phenolic compounds including curcumin which is
very well known for its antioxidant activity (Miquel
et al., 2002). Toda et al. (1985) have reported that the
antioxidant activities of curcumin, demethoxycurcumin, and bisdemethoxycurcumin were stronger
than that of alpha-tocopherol. This strong activity of
curcuminoids suggests the antioxidant potentials of C.
longa extracts.
Mabini and Barbosa (2018) have reported on
the contribution of phenolic compounds in the
methanolic extracts of the leaves and rhizomes of E.
philippinensis to TAA, and the significant correlation
between TAA and TPC. A strong correlation has also
been reported previously between TAA and TPC in
the methanolic extracts of the leaves and rhizomes of
H. coronarium (Redondo and Barbosa, 2018). A study
of Kasangana et al. (2015) also proved that there was
a strong correlation between TAA and classes of
phenolic compounds such as hydroxycinnamic acids.
Conclusion
The TAA, TPC, and curcumin content of the
cured rhizomes of C. longa and E. philippinensis were
significantly higher as compared to those in the fresh
rhizomes. The TAA, TPC, and curcumin content of
C. longa rhizomes were also significantly higher than
those of E. philippinensis. Based on the correlation
analysis, a significant positive correlation was
observed between TAA and TPC, TAA and curcumin,
and TPC and curcumin content in all the analysed
samples.
Acknowledgement
The authors are grateful to Gloria Jesusa D.
Baltazar and Melania M. Enot for the improvement of
the manuscript. Heartfelt thanks are also given to
Rainear A. Mendez of the Natural Science Research
Centre, CMU and to the staff of Tuklas Lunas
Development Centre, CMU for the help in the
chemical analyses. Special thanks also go to the
Department of Chemistry, College of Arts and
Sciences, CMU.
References
Acma, F. M. 2010. Biosystematics of the genus
Amomium Roxb. (family Zingiberaceae) in the
Philippines. Philippines: University of the
Philippines Los Baños, PhD thesis.
Ainsworth, E. A. and Gillespie, K. M. 2007.
Estimation of total phenolic content and other

845

oxidation substrates in plant tissues using
Folin-Ciocalteu reagent. Nature Protocols 2(4):
875-877.
Ammon, H. P. and Wahl, M. A. 1991. Pharmacology
of Curcuma longa. Planta Medica 57(1): 1-7.
Barbosa, G. B., Jayasinghe, N. S., Natera, S. H.,
Inutan, E. D., Peteros, N. P. and Roessner, U.
2017. From common to rare Zingiberaceae
plants - a metabolomics study using GC-MS.
Phytochemistry 140: 141-150.
Barbosa, G. B., Peteros, N. P. and Inutan, E. D. 2016.
Antioxidant activities and phytochemical
screening of Amomum muricarpum, Hornstedtia
conoidea and Etlingera philippinensis. Bulletin
of Environment, Pharmacology and Life
Sciences 5: 22-32.
Bong, P. H. 2000. Spectral and photophysical
behaviors of curcumin and curcuminoids.
Bulletin of the Korean Chemical Society 21(1):
81-86.
Buescher, R. and Yang, L. 2000. Turmeric. In Lauro,
G. L. and Fancis, F. J. (eds). Natural Food
Colorants - Science and Technology, p. 205-226.
New York: Marcel Dekker.
Chan, E. W., Ng, V. P., Tan, V. V. and Low, Y. Y.
2011. Antioxidant and antibacterial properties of
Alpinia galanga, Curcuma longa, and Etlingera
elatior (Zingiberaceae). Pharmacognosy Journal
3(22): 54-61.
Chan, E., Lim, Y. and Omar, M. 2007. Antioxidant
and antibacterial activity of leaves of Etlingera
species (Zingiberaceae) in Peninsular Malaysia.
Food Chemistry 104(4): 1586-1593.
Chan, E., Lim, Y., Wong, L., Lianto, F., Wong, S.,
Lim, K., … and Lim, T. 2008. Antioxidant and
tyrosinase inhibition properties of leaves and
rhizomes of ginger species. Food Chemistry
109(3): 477-483.
Chen, I.-N., Chang, C.-C., Ng, C.-C., Wang, C.-Y.,
Shyu, Y.-T. and Chang, T.-L. 2008. Antioxidant
and antimicrobial activity of Zingiberaceae
plants in Taiwan. Plant Foods for Human
Nutrition 63(1): 15-20.
Craft, B. D., Kerrihard, A. L., Amarowicz, R. and
Pegg, R. B. 2012. Phenol‐based antioxidants and
the in vitro methods used for their assessment.
Comprehensive Reviews in Food Science and
Food Safety 11(2): 148-173.
Elmer, A. 1915. Notes and descriptions of
Zingiberaceae. Leaflets of Philippine Botany
8(116): 2885-2919.
Gounder, D. K. and Lingamallu, J. 2012.
Comparison of chemical composition and
antioxidant potential of volatile oil from fresh,

846

Barbosa, G. B. and Minguillan, J. M. O./IFRJ 28(4) : 839 - 847

dried and cured turmeric (Curcuma longa)
rhizomes. Industrial crops and products 38:
124-131.
Habsah, M., Ali, A. M., Lajis, N., Sukari, M., Yap,
Y., Kikuzaki, H. and Nakatani, N. 2005.
Antitumour-promoting
and
cytotoxic
constituents of Etlingera elatior. The Malaysian
Journal of Medical Sciences 12(1): 6-12.
Hazra, K., Kumar, R., Sarkar, B. K., Chowdary, Y.
A., Devgan, M. and Ramaiah, M. 2015.
UV-visible spectrophotometric estimation of
curcumin in nanoformulation. International
Journal of Pharmacognosy 2: 127-130.
Jayaprakasha, G., Rao, L. J. and Sakariah, K. 2006.
Antioxidant activities of curcumin, demethoxycurcumin and bisdemethoxycurcumin. Food
Chemistry 98(4): 720-724.
Kasangana, P., Haddad, P. and Stevanovic, T. 2015.
Study of polyphenol content and antioxidant
capacity of Myrianthus arboreus (Cecropiaceae)
root bark extracts. Antioxidants 4(2): 410-426.
Krup, V. 2013. Pharmacological activities of
turmeric (Curcuma longa Linn): a review.
Journal of Homeopathy and Ayurvedic Medicine
2013: article no. 133.
Kumar, A., Singh, M., Singh, P. P., Singh, S. K., Raj,
P. and Pandey, K. D. 2016. Antioxidant efficacy
and curcumin content of turmeric (Curcuma
longa L.) flower. International Journal of Current
Pharmaceutical Research 8(3): 112-114.
Kumaran, A. and Karunakaran, R. J. 2007. In vitro
antioxidant activities of methanol extracts of five
Phyllanthus species from India. LWT - Food
Science and Technology 40(2): 344-352.
Mabini, J. M. and Barbosa, G. B. 2018. Antioxidant
activity and phenolic content of the leaves and
rhizomes
of
Etlingera
philippinensis
(Zingiberaceae). Bulletin of Environment,
Pharmacology and Life Science Volume 7(9):
39-44.
Masuda, T., Hidaka, K., Shinohara, A., Maekawa, T.,
Takeda, Y. and Yamaguchi, H. 1999. Chemical
studies on antioxidant mechanism of
curcuminoid: analysis of radical reaction
products from curcumin. Journal of Agricultural
and Food Chemistry 47(1): 71-77.
Miquel, J., Bernd, A., Sempere, J. M., Diaz-alperi, J.
and Ramirez, A. 2002. The curcuma
antioxidants: pharmacological effects and
prospects for future clinical use. A review.
Archives of Gerontology and Geriatrics 34(1):
37-46.
Omodamiro, O. and Jimoh, M. 2014. Evaluation of
anti-inflammatory and diuretic effects of ethanol

leaf extract of Piper guineense on Wistar albino
rats. American Journal of Ethnomedicine 1(4):
250-259.
Plotto, A. 2004. Turmeric: post-harvest operations.
Rome: Food and Agriculture Organizations of
United Nations (FAO).
Prasad, S. and Aggarwal, B. B. 2011. Turmeric, the
golden spice: from traditional medicine to
modern medicine. In Benzie, I. F. F. and
Wachtel-Galor, S. (eds). Herbal Medicine:
Biomolecular and Clinical Aspects, p. 273-298.
United States: CRC Press.
Prieto, P., Pineda, M. and Aguilar, M. 1999.
Spectrophotometric quantitation of antioxidant
capacity through the formation of a phosphomolybdenum complex: specific application to the
determination of vitamin E. Analytical
Biochemistry 269(2): 337-341.
Ravindra, P. N., Nirmal Babu, K. and Shiva, K. N.
2007. Botany and crop improvement of turmeric.
In Ravindra, P. N., Nirmal Babu, K. and
Sivaraman, K. (eds). Turmeric—The Genus
Curcuma. Medicinal and Aromatic Plants—Industrial Profiles (volume 45), p. 15-77. United
States: CRC Press.
Redondo, M. S. and Barbosa, G. B. 2018.
Antioxidant activity and phenolic content of the
ethanol extracts of Hedychium coronarium
(Zingiberaceae) in Mindanao. Bulletin of
Environment, Pharmacology and Life Science
Volume 7(10): 97-105.
Revathy, S., Elumalai, S. and Antony, M. B. 2011.
Isolation, purification and identification of
curcuminoids from turmeric (Curcuma longa L.)
by column chromatography. Journal of
Experimental Sciences 2(7): 21-25.
Sambhav, J., Rohit, R., Ankit Raj, U. and Garima, M.
2014. Curcuma longa in the management of
inflammatory diseases–a review. International
Ayurvedic Medical Journal 2(1): 34-40.
Shahid-Ud-Daula, A., Kamariah, A., Lim, L. and
Ahmad, N. 2015. Phytochemical screening,
antioxidant, and antimicrobial activities of
leaves, stems, and rhizomes of Etlingera
coccinea (Blume) S. Sakai and Nagam.
International Journal of Pharmacognosy and
Phytochemical Research 7(5): 873-883.
Sharma, K., Agrawal, S. and Gupta, M. 2012.
Development and validation of UV spectrophotometric method for the estimation of curcumin
in bulk drug and pharmaceutical dosage forms.
International Journal of Drug Development and
Research 4(2): 375-380.
Singh, G., Kapoor, I., Singh, P., De Heluani, C. S.,

Barbosa, G. B. and Minguillan, J. M. O./IFRJ 28(4) : 839 - 847

De Lampasona, M. P. and Catalan, C. A. 2010.
Comparative study of chemical composition and
antioxidant activity of fresh and dry rhizomes of
turmeric (Curcuma longa Linn.). Food and
Chemical Toxicology 48(4): 1026-1031.
Singleton,
V.
L.,
Orthofer,
R.
and
Lamuela-Raventós, R. M. 1999. Analysis of total
phenols and other oxidation substrates and
antioxidants by means of Folin-Ciocalteu
reagent. In Abelson, J. N., Simon, M. I. and Sies,
H. (eds). Methods in Enzymology (volume 299),
p. 152-178. United States: Elsevier.
Smirnoff, N. 2005. Antioxidants and reactive oxygen
species in plants. United States: Wiley Online
Library.
Suhaj, M. 2006. Spice antioxidants isolation and
their antiradical activity: a review. Journal of
Food Composition and Analysis 19(6): 531-537.
Toda, S., Miyase, T., Arichi, H., Tanizawa, H. and
Takino, Y. 1985. Natural antioxidants. III.
Antioxidative components isolated from rhizome
of Curcuma longa L. Chemical and Pharmaceutical Bulletin 33(4): 1725-1728.
Tsao, R. and Deng, Z. 2004. Separation procedures
for naturally occurring antioxidant phytochemicals. Journal of Chromatography B 812(1-2):
85-99.
Zaeoung, S., Plubrukarn, A. and Keawpradub, N.
2005. Cytotoxic and free radical scavenging
activities
of
Zingiberaceous
rhizomes.
Songklanakarin Journal of Science and
Technology 27(4): 799-812.

847

