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Zingiber zerumbet (L.) Smith, popularly known as shampoo ginger, is one of the most commonly
used ingredients in Indo-Malaysian traditional medicines. The antioxidant and cytotoxic activities of
the ethanolic extract of Z. zerumbet rhizome (ZZ) was investigated. 2,2-di(4-tert-octylphenyl)-1picryl-hydrazyl (DPPH) and hydroxyl radical scavenging assays showed significant radical
scavenging activities of ZZ. The extract was rich in polyphenol and flavonoids. Cytotoxicity was
assessed in vitro by trypan blue exclusion test. Human peripheral blood lymphocyte cells were
incubated in different concentrations of ZZ (0, 15, 30, 60, 120, 300 and 600 µg/ml) for 3 h at 37 °C.
The rhizome extract was found to be cytotoxic at concentrations higher for human consumption. In
addition, HPLC analysis revealed ZZ as a rich source of kaempferol. Based on the results of the
present investigation the rhizome may be used safely as a therapeutic antioxidant.
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1. Introduction
In the past few years phytomedicines have witnessed a great deal of scientific attention mainly
concentrated on their role in preventing diseases by oxidative stress including cancer [1] aging [2],
atherosclerosis [3], cardiac arrest [4], immune disruption [5] and brain dysfunction [6]. Zingiber
zerumbet (L.) Smith, an important member of the family Zingiberaceae has been traditionally
used as a folk medicine across the globe especially in the southern part of Asia including India [7].
Z. zerumbet is known to have certain medicinal properties like anti-inflammatory [8], anti tumor
[9]
, anti-allergic [10], anti pyretic [11], anti platelet aggregation activities [12]. This plant is reported to
contain sesquiterpenoids, flavonoids, aromatic compounds, vanillin, kaempferol derivatives and
other polyphenolic compounds [13-15]. Polyphenolic compounds are reported to have multiple
biological effects including antioxidant activity [16]. These are aromatic benzene rings with
substituted hydroxyl groups and are secondary metabolites, ubiquitous to the plant kingdom [17].
Antioxidant capacity of Z. zerumbet demands more study.
Plants that are rich in phenolic contents are often reported to possess cytotoxicity [18, 19].
Nevertheless, information on cytotoxic effect of Z. zerumbet rhizome is scarce.
In the present work, antioxidant activities of ethanolic extract Z. zerumbet rhizome (ZZ) have
been studied. ZZ has been evaluated for its cytotoxicity in human peripheral blood lymphocyte
cells. The study focuses on characterization and quantification of one of the major active
constituent kaempferol using high performance liquid chromatography (HPLC). In addition, total
polyphenol content and flavonoid content of ZZ was determined.
2. Materials and Methods
2.1 Test Chemicals
Kaempferol standard (CAS 520-18-3), 2,2-di(4-tert-octylphenyl)-1-picryl-hydrazyl free radical
(DPPH, CAS 84077-81-6), phosphoric acid (H3PO4) were purchased from Sigma–Aldrich Fine
Chemicals, St. Louis, USA. Ethanol and Aluminium chloride anhydrous (CAS 7446-70-0) were
obtained from Merck Specialities (pvt.) Ltd., India.
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Acetonitrile (HPLC grade) was obtained from Qualigen Fine
Chemicals, USA. Other reagents like 2 deoxy-D-ribose sugar
(CAS 533-67-5), di-sodium salt of ethylene diamine tetra acetic
acid (EDTA) disodium salt, thiobarbituric acid (TBAR),
trichloroacetic acid (TCA), tris buffer, phosphate-buffered saline
(PBS) (Ca2+, Mg2+ free), RPMI-1640 media, Histopaque, quercetin
were purchased from Hi Media, India. Gallic acid, ascorbic acid,
Folin–Ciocalteu reagent were purchased from SRL, India. All other
chemicals like di-potassium-hydrogen phosphate (K2HPO4),
hydrogen peroxide (H2O2), potassium di-hydrogen phosphate
(KH2PO4), Ferric chloride (FeCl3), sodium hydroxide (NaOH),
sodium carbonate (Na2CO3) were purchased locally and were of
analytical grade.

were (A) 0.1% phosphoric acid and (B) acetonitrile. The gradient
was linear from 94 to 92.5% A for 4 min; stand on 92.5% for 3
min, from 92.5 to 10% A for 8 min, from 10 to 6% A for 5 min and
6% A for 5 min followed by washing with B and reequilibration of
the column for 5 min. The flow rate was 0.5 ml/min and injection
volume was 20 μl. UV–vis absorption spectra were recorded online from 190 to 600 nm during the HPLC analysis. Standard
kaempferol (Sigma-Aldrich, Co. USA), were used to calibrate the
standard curve. The DAAD detection was conducted at 254 nm for
the quantification. The compound was identified and quantified by
comparing both retention times and UV–vis spectra with those of
pure standard. The results were expressed as microgram of
kaempferol per one gram of ZZ.

2.2 Preparation of ZZ
Plant material of Z. zerumbet were collected locally, authenticated
by plant taxonomist and voucher specimen was submitted to the
herbarium of the department of Botany, University of Calcutta,
Kolkata. A total of 100 gm of the dried rhizome was soaked in 1L
of ethanol at room temperature (35.5 °C) and kept in dark for 7
days. The extract was filtered and evaporated to dryness. Finally
3.45 gm of semi-solid mass of ZZ was recovered and stored at
-20 0C.

2.6 Detection of Hydroxyl Radicals by Deoxyribose Assay
The assay was performed as described by Halliwell et al. [24] and
Stoilova et al. [25]. All solutions were freshly prepared. One ml of
the reaction mixture contained 100 µl of 28 mM 2-deoxy-ribose
(dissolved in KH2PO4–K2HPO4 buffer, pH 7.4), 500 µl solution of
various concentrations of the extract (at final concentration of 15,
30, 60 and 120 µg/ml in the reaction mix), 200 µl of 200 M FeCl3
and 1.04 mM EDTA (1:1 v/v), 100 µl H2O2 (1.0 mM) and 100 µl
ascorbic acid (1.0 mM). After an incubation period of 1 h at 37°C
the extent of deoxyribose degradation was measured by the TBA
reaction. 1.0 ml of TBA (1% in 50 mM NaOH) and 1.0 ml of 2.8%
TCA were added to the reaction mixture and the tubes were heated
at 100 °C for 20 min. After cooling, the absorbance was read at 532
nm against a blank (containing only buffer and deoxy-ribose). The
percentage inhibition (I %) was calculated by the formula:
I% = 100 – (Abs.sample / Abs.control) X 100

2.3 Determination of Total Polyphenol Content (TPC)
The total polyphenol content of the extract was determined
according to the method of McDonald et al. [20] and Roy et al.[21]
with modification. Briefly, 0.5 ml of extract (50 µg/ml) was mixed
with Folin–Ciocalteu reagent (5 ml, 1:10 dilution with distilled
water) and further neutralized by aqueous Na2CO3 (4 ml, 1 M)
solution. The reaction mixture was then allowed to stand for 15 min
at room temperature. The absorbance of the reaction mixture was
measured at 765 nm using a UV–visible spectrophotometer
[Beckman Coulter, USA]. The calibration curve was prepared using
solutions of gallic acid (standard) in ethanol with final
concentrations in reaction mix ranging from 0–35 µg/ml. The total
polyphenol content was expressed in terms of milligram of gallic
acid equivalent per gram of extract (mg GAE/g). Three replicates
were performed. Results are represented as mean ± standard
deviation.
2.4 Determination of Total Flavonoids
The method of Ordonez et al. [22] and Taie et al.[23] was followed for
the estimation of total flavonoid content with minor modifications.
Briefly, 0.5 ml of 2% AlCl3 in ethanol solution was added to 0.5 ml
of the extract (50 µg/ml). The reaction mixture was then allowed to
stand for 1h at room temperature. The absorbance was measured at
420 nm using a UV–visible spectrophotometer [Beckman Coulter,
USA] against the sample blank. Total flavonoid content was
calculated as quercetin equivalent (mg/g) obtained from calibration
curve (0-33 µg/ml). The total flavonoid content was expressed in
terms of milligram of quercetin equivalent per gram of extract (mg
QUE/g). Three replicates were performed. Results are represented
as mean ± standard deviation.
2.5 HPLC Analysis of Phenolic Compounds
HPLC analysis was carried out using a High Performance Liquid
Chromatography apparatus equipped with a Agilent DAAD
detector (Agilent, USA) and an Agilent Eclipse plus C18 column
(100 mm×4.6 mm, 3.5 μm) (Agilent, USA). The mobile phases

The IC50 value represents the concentration of the compounds that
caused 50% inhibition of radical formation. Quercetin was used as
a positive control. The data obtained at each point were the average
of three measurements.
2.7 Scavenging effect on 2, 2-di (4-tert-octylphenyl)-1-picrylhydrazyl free radical
The DPPH radical scavenging capacity was determined using the
method described by Liu et al. [26] and Lu et al. [27]. 10 μl ethanolic
extracts (at final concentration of 15, 30, 60 and 120 µg/ml in the
reaction mix) were mixed with 3 ml of 6×10−5 M DPPH in ethanol.
After 30 min of incubation in the dark at room temperature, the
absorbance at 517 nm was measured against blank. The inhibition
percentage of DPPH radical was calculated according to the
formula [28]:
DPPH radical scavenging capacity % = [(ADPPH–AEXTR) / ADPPH]
×100
Where, ADPPH is the absorbance of the control solution (containing
only DPPH), and AEXTR is the absorbance in the presence of
antioxidant. The IC50 value represents the concentration of the
compound that caused 50% inhibition of radical formation.
Ascorbic acid was used as a positive control. The data obtained at
each point were the average of three measurements.
2.8 Isolation of Human Peripheral Blood Lymphocytes
Human peripheral blood was obtained by venipuncture from
healthy 23-year-old male donors (non-smokers and not under any
medication) into vacutainers (heparin). Lymphocytes were isolated
from fresh blood according to the method of Bøyum [29]. Fresh
blood (1 ml) was diluted with equal volume of PBS and was
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layered over 3 ml of Histopaque and centrifuged at 800×g for 40
min. The buffy coat was aspirated into 3–5 ml of PBS and was
centrifuged at 250 ×g for another 10 min. The supernatant was
discarded and the pellet was suspended in RPMI-1640 media. All
experiments were conducted in accordance with the Institutional
guidelines and approved by ethical committee, University of
Calcutta.
2.9 Cytotoxicity Assay
Cytotoxic effects of ZZ at various concentrations (15, 30, 60,
120, 300, 600 µg/ml) were studied by the trypan blue dye exclusion
test [30]. Lymphocytes (2×105 cells/ml) were incubated at 37 °C
with different concentrations of ZZ in RPMI-1640 media. After
3 h the media was washed by centrifugation, and fresh media was
added. EC50 value was determined that represents the effective
concentration of the extract that causes 50% death of the cells.
2.10 Statistical Analysis
All experiments were done in triplicate, and data were expressed as
Mean±SD of 3 independent experiments. The data were analysed
using the Statistical Programme–SigmaStat3.0 (SPSS Inc., Chicago,
IL, USA). One-way analysis of variance (ANOVA) test, at P ≤
0.05, was done. 50% inhibitory concentrations (IC50/EC50)

were calculated by plotting the data in the graph as concentration
versus percentage inhibition/scavenging.
3. Results
3.1 Total Polyphenol and Flavonoid Content
The total polyphenol content of ZZ was 33.64±3.22 mg GAE/g, as
determined by Folin-Ciocalteu method, determined with reference
to standard curve and is reported as gallic acid equivalents with
reference to standard curve (y=0.088x+0.132, R2=0.99). Total
flavonoid content of ZZ was 26.79±0.68 mg quercetin equivalent/g
of the extract (QUE/g) determined with reference to standard curve
(y=0.037x+0.0017, R2=0.99) (Table 1).
3.2 HPLC analysis of Phenolic Compounds
HPLC analysis at 254 nm along with gradient elution program
revealed number of peaks in the chromatogram of the extract
(Figure 1). A comparison between retention time, spectra of the
sample peak and the reference standard confirmed kaempferol as
one of the major components in ZZ. Using the standard curve of
the reference standard (y= 92.68x-310.80; R2= 0.993; 25-100
µg/ml) the amount of kaempferol was 11.63 ±0.09 mg/g of extract
(Figure 1, Table 1).

Fig 1: High performance liquid chromatography analysis of Zingiber zerumbet rhizome extract at 254 nm

3.3 Detection of Hydroxyl Radicals by Deoxyribose Assay
Hydroxyl radicals are formed in free solution after incubation of
Fe-EDTA with H2O2 and ascorbic acid at pH 7.4. These hydroxyl
radicals were detected by their ability to degrade 2-deoxy-D-ribose
sugar in fragments that on heating with TBA at acidic pH forms
pink coloured complex [25]. In comparison with the control ZZ
significantly inhibited (p≤0.05) the degradation of the sugar by the

hydroxyl radicals (69.86-83.01%) at different concentrations of ZZ
(15, 30, 60 and120 µg/ml; Figure 2, Table 1). The IC50 value for
inhibition of degradation of sugar was 13.24 µg/ml. Quercetin was
used as a positive control. The IC50 value of quercetin was 2.46
µg/ml.
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Concentration (µg/ml)
Fig 2: Inhibition of the radical degradation of 2-deoxy-D-ribose sugar
3.4 Scavenging effect on 2, 2-di(4-tert-octylphenyl)-1-picrylhydrazyl free radical
Acceptance of an electron from an antioxidant molecule resulted in
bleaching of purple colour of DPPH free radicals. The ability of
scavenging DPPH by antioxidant molecules is assessed
spectrophotometrically by the quantitative estimation of the

discoloration of the same. ZZ at various concentrations (0, 30, 60
and 120 µg/ml) showed a weak effect in inhibiting DPPH. The
value was significant (p≤0.05) at the concentrations tested. IC50
was 417.14 µg/ml for ZZ and 2.71 µg/ml for ascorbic acid (Figure
3, Table 1).

Fig 3: DPPH free radical-scavenging activity
Table 1: Extraction yield, phenolic content and antioxidant activities of ZZ

Extraction yield
(%)
3.45

Total
Total flavonoid
IC50 (µg/ml)
Kaempferol
polyphenol
(mg QUE/g of
Hydroxyl
(mg/g of ZZ)
(mg GAE/g
ZZ)
scavenging
[mean±SD]*
of ZZ)
[mean±SD]*
activity
[mean±SD]*
33.64±3.22
26.79±0.68
11.63 ±0.09
13.24
*mean of three replicates; SD- standard deviation
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decreased significantly at concentrations 300 µg/ml and above. The
EC50 value of ZZ was 385.07 µg/ml.

3.5 Cytotoxicity assay
The cytotoxicity of ZZ is shown in Figure 4. The % viable cells
ranged between 12.33 - 99.33%.The numbers of viable cells

Fig 4: Viable lymphocyte cells at different concentration of ZZ by trypan blue assay
*Significantly different from control (p≤0.05)
4. Discussion
The rich world of herbs with thousands of species is being
extensively explored traditionally as herbal medicines since ages.
The rhizome of Z. zerumbet finds use in traditional medicines. In
the present study, the ZZ was studied for its antioxidant and
cytotoxic properties.
Antioxidants are micro constituents present in the diet that can
scavenge reactive oxygen species (ROS) by terminating the
oxidizing chain reaction [31, 32]. These ROS is considered to play a
very vital role in the pathogenesis of several degenerative diseases
from cardiovascular diseases to the carcinogenesis [33, 34]. The model
of DPPH scavenging antioxidant assay have gained wide
acceptance for its capacity to rapidly screen samples of interest [35].
Several members of the family Zingiberaceae were reported to
possess significant DPPH scavenging activities; however a few
were also known to show low scavenging capacity [36]. Although
not much data on antioxidant activity of Z. zerumbet is available,
solvent extracts (ethanol, methanol and isopropanol) of Z. zerumbet
spent have shown fair DPPH scavenging activity [37]. In contrast
our study revealed comparatively lower DPPH scavenging activity
of ZZ. Such discrepancy may be related to the difference in the
extraction method, cultivars, maturity and other environmental
factors that have been known to directly influence the antioxidant
capacity of fruits and vegetables [38, 39].
The hydroxyl radical is an extremely reactive free radical found in
biological systems and has been implicated as highly damaging
species in free radical pathology capable of damaging every
molecule found in living cells [35, 40]. Plants of Zingiberaceae have
been reported to possess considerable hydroxyl radical scavenging
activity [41]. The results of the present study showed that ZZ is a
powerful OH. scavenger in competition with 2-deoxy ribose sugar.
The hydroxyl radical scavenging capacity of ZZ is much higher
than its DPPH scavenging activity, as evident by respective IC50
values. Steric accessibility is the major determinant for DPPH
assay, since small molecules have better access to the radical sites
than the larger ones [42]. In addition, DPPH is stable, long-lived
nitrogen radical unlike radicals present in living organisms and has

no similarity to the highly reactive and transient radicals [43-44].
Thus, antioxidants that react quickly with these radicals may react
slowly or may be inert to the DPPH radical [44].
In our study HPLC analysis confirmed the presence of kaempferol
along with the appreciable amount of polyphenol and flavonoid
compounds. These phenolic compounds are known to impart its
biological activities in vitro and in vivo including anti-inflammatory
[45]
, antimicrobial [46], antimutagenic [47] and antitumor effects [48]. In
agreement with the findings of Lako et al. [39], presence of high
amount of kaempferol in ZZ was confirmed by HPLC analysis.
Kaempferol is reported to possess strong hydroxyl radical
scavenging activity [49] which might have contributed to similar
activity of ZZ in our study.
Although antioxidants of plant origin are rapidly gaining
popularity, their safety is of great concern. A few data are available
on the cytotoxic effects of the plants, belonging to the family
Zingiberaceae [50]. Crude ethanol extracts of the rhizome of Z.
zerumbet showed cytotoxicity against brine shrimp [51]. Tushar et
al. [52] reported cytotoxicity of Z. zerumbet in Raji cells at
concentrations 320 µg/ml and above .Our study on lymphocyte
cells are in agreement to that of Tushar et al. [52].
The demonstrated DPPH and hydroxyl radical scavenging activities
of ZZ substantiated its potential as a strong natural antioxidant.
Several authors reported direct correlation between phenolic
compounds and antioxidant activities of different plant extracts [27,
53-54]
.The abundance of phenolic compounds as estimated in ZZ
including kaempferol as a major flavonoid, might have contributed
to its antioxidant properties. ZZ with cytotoxicity at only higher
doses can be used as a therapeutic antioxidant in near future.
5. Conclusion
Z. zerumbet possesses antioxidant properties and the extract is non
cytotoxic at low concentrations. Further toxicological studies are
warranted for its use as phytomedicine.
The authors wish to state that there is no conflict of interest in
carrying this work.

~ 106 ~

Journal of Pharmacognosy and Phytochemistry

6. Acknowledgement
The authors would like to acknowledge DST, New Delhi,
Innovation in Science Pursuit for Inspired Research (INSPIRE) for
providing Junior Research Fellowship-Professional, Sanction No.
DST/INSPIRE Fellowship/2011) to Anish Nag.

24.
25.

7. Reference:
1.
2.
3.
4.
5.
6.

7.

8.
9.
10.
11.
12.
13.
14.
15.
16.
17.

18.
19.
20.
21.
22.
23.

Sies H. Antioxidants in disease mechanisms and therapy. Vol 38,
Academic Press, San Diego, 1997.
Finkel T, Holbrook NJ. Oxidants, oxidative stress and the biology of
ageing. Nature 2000; 408(6809):239-247.
Harrison D, Griendling KK, Landmesser U, Hornig B, Drexler H: Role
of oxidative stress in atherosclerosis. Am J Cardiol 2003; 91(3):7-11.
Sharma AB, Sun J, Howard LL, Williams AG, Mallet RT. Oxidative
stress reversibly inactivates myocardial enzymes during cardiac arrest.
Am J Physiol Heart Circ Physiol 2007; 292(1):H198-H206.
Miller J, Brzezinska-Slebodzinska E, Madsen F. Oxidative stress,
antioxidants, and animal function. J Dairy Sci 1993; 76(9):2812-2823.
Haorah J, Ramirez SH, Schall K, Smith D, Pandya R, Persidsky Y.
Oxidative stress activates protein tyrosine kinase and matrix
metalloproteinases leading to blood–brain barrier dysfunction. J
Neurochem 2007; 101(2):566-576.
Yob N, Jofrry SM, Affandi M, Teh L, Salleh M, Zakaria Z. Zingiber
zerumbet (L.) Smith: a review of its ethnomedicinal, chemical, and
pharmacological uses. Evid Based Complement Alternat Med 2011;
2011.
Nhareet S, Nur S. Antiinflammatory property of ethanol and water
extracts of Zingiber zerumbet. Indian J Pharmacol 2003; 35(3):181.
Huang G-C, Chien T-Y, Chen L-G, Wang C-C. Antitumor effects of
zerumbone from Zingiber zerumbet in P-388D1 cells in vitro and in
vivo. Planta Med 2005; 71(3):219-224.
Tewtrakul S, Subhadhirasakul S. Anti-allergic activity of some selected
plants in the Zingiberaceae family. J Ethnopharmacol 2007;
109(3):535-538.
Somchit M, Shukriyah M, Bustamam A, Zuraini A. Anti-pyretic and
analgesic activity of Zingiber zerumbet. Int J Pharmacol 2005;
1(3):277-280.
Jantan I, Rafi I, Jalil J. Platelet-activating factor (PAF) receptor-binding
antagonist activity of Malaysian medicinal plants. Phytomedicine 2005;
12(1):88-92.
Jang DS, Han AR, Park G, Jhon GJ, Seo EK. Flavonoids and aromatic
compounds from the rhizomes of Zingiber zerumbet. Arch Pharmacal
Res 2004; 27(3):386-389.
Jang DS, Seo EK. Potentially bioactive two new natural
sesquiterpenoids from the rhizomes of Zingiber zerumbet. Arch
Pharmacal Res 2005; 28(3):294-296.
Chien T, Chen L, Lee C, Lee F, Wang C. Anti-inflammatory
constituents of Zingiber zerumbet. Food Chem 2008; 110(3):584-589.
Kähkönen MP, Hopia AI, Vuorela HJ, Rauha JP, Pihlaja K, Kujala TS,
Heinonen M. Antioxidant activity of plant extracts containing phenolic
compounds. J Agric Food Chem 1999; 47(10):3954-3962.
Lin LZ, Harnly JM. A screening method for the identification of
glycosylated flavonoids and other phenolic compounds using a
standard analytical approach for all plant materials. J Agric Food
Chem 2007; 55(4):1084-1096.
Itharat A, Houghton PJ, Eno-Amooquaye E, Burke P, Sampson JH,
Raman A. In vitro cytotoxic activity of Thai medicinal plants used
traditionally to treat cancer. J Ethnopharmacol 2004; 90(1):33-38.
Zirihi GN, Mambu L, Guede-Guina F, Bodo B, Grellier P. In vitro
antiplasmodial activity and cytotoxicity of 33 West African plants used
for treatment of malaria. J Ethnopharmacol 2005; 98(3):281-285.
McDonald S, Prenzler PD, Antolovich M, Robards K. Phenolic content
and antioxidant activity of olive extracts. Food chem 2001; 73(1):7384.
Roy N, Mondal S, Laskar RA, Basu S, Mandal D, Begum NA.
Biogenic synthesis of Au and Ag nanoparticles by Indian propolis and
its constituents. Colloids Surf B 2010; 76(1):317-325.
Ordonez A, Gomez J, Vattuone M. Antioxidant activities of Sechium
edule (Jacq.) Swartz extracts. Food chem 2006; 97(3):452-458.
Taie HAA, Salama ZA-ER, Radwan S. Potential activity of basil plants

26.
27.
28.
29.
30.
31.
32.

33.
34.
35.
36.
37.
38.
39.

40.
41.
42.
43.
44.
45.
46.
47.
48.

~ 107 ~

as a source of antioxidants and anticancer agents as affected by organic
and bio-organic fertilization. Not Bot Horti Agrobo 2010; 38(1):119127.
Halliwell B, Gutteridge J, Aruoma OI. The deoxyribose method: a
simple “test-tube” assay for determination of rate constants for
reactions of hydroxyl radicals. Anal Biochem 1987; 165(1):215-219.
Stoilova I, Krastanov A, Stoyanova A, Denev P, Gargova S.
Antioxidant activity of a ginger extract (Zingiber officinale). Food
chem 2007; 102(3):764-770.
Liu H, Qiu N, Ding H, Yao R. Polyphenols contents and antioxidant
capacity of 68 Chinese herbals suitable for medical or food uses. Food
Res Int 2008; 41(4):363-370.
Lu M, Yuan B, Zeng M, Chen J. Antioxidant capacity and major
phenolic compounds of spices commonly consumed in China. Food
Res Int 2011; 44(2):530-536.
Benvenuti S, Pellati F, Melegari Ma, Bertelli D. Polyphenols,
anthocyanins, ascorbic acid, and radical scavenging activity of Rubus,
ribes, and Aronia. J Food Sci 2004; 69(3):164-169.
Bøyum A. Isolation of lymphocytes, granulocytes and macrophages.
Scand J Immunol 1976; 5(s5):9-15.
Tennant JR. Evaluation of the trypan blue technique for determination
of cell viability. Transplantation 1964; 2(4):685-694.
Tyug TS, Johar MH, Ismail A. Antioxidant properties of fresh, powder,
and fiber products of mango (Mangifera foetida) fruit. Int J Food Prop
2010; 13:682-691.
Sowndhararajan K, Joseph JM, Manian S. Antioxidant and Free
Radical Scavenging Activities of Indian Acacias: Acacia leucophloea
(Roxb.) Willd, Acacia ferruginea Dc. Acacia dealbata Link. and
Acacia pennata (L.) Willd. Int J Food Prop 2013; 16(8):1717-1729.
Taniyama Y, Griendling KK. Reactive oxygen species in the
vasculature molecular and cellular mechanisms. Hypertension 2003;
42(6):1075-1081.
Waris G, Ahsan H. Reactive oxygen species: role in the development
of cancer and various chronic conditions. J Carcinog 2006; 5(1):14.
Lee JC, Kim HR, Kim J, Jang YS. Antioxidant property of an ethanol
extract of the stem of Opuntia ficus-indica var. saboten. J Agric Food
Chem 2002; 50(22):6490-6496.
Mahae N, Chaiseri S, Antioxidant activities and antioxidative
components in extracts of Alpinia galanga (L.) Sw. Kasetsart J (Nat
Sci) 2009; 43:358-369.
Sreevani KH, Puranaik GSJ, Naidu MM. Studies on antioxidant
activity of Zingiber zerumbet spent and its constituents through in vitro
models. WJFT 2013; 1(13):48-55.
Prior RL, Cao G. Antioxidant phytochemicals in fruits and vegetables:
diet and health implications. HortScience 2000, 35(4):588-592.
Lako J, Trenerry VC, Wahlqvist M, Wattanapenpaiboon N,
Sotheeswaran S, Premier R. Phytochemical flavonols, carotenoids and
the antioxidant properties of a wide selection of Fijian fruit, vegetables
and other readily available foods. Food Chem 2007; 101(4):1727-1741.
Dhal Y, Deo B, Sahu R. Comparative antioxidant activity of nonenzymatic and enzymatic extracts of Curcuma zedoaria, Curcuma
angustifolia and Curcuma caesia. Int J Pharm Sci 2012; 2(4):343-346.
Prakash D, Suri S, Upadhyay G, Singh BN. Total phenol, antioxidant
and free radical scavenging activities of some medicinal plants. Int J
Food Sci Nutr 2007; 58(1):18-28.
Prior RL, Wu X, Schaich K. Standardized methods for the
determination of antioxidant capacity and phenolics in foods and
dietary supplements. J Agric Food Chem 2005; 53(10):4290-4302.
Huang D, Ou B, Prior RL. The chemistry behind antioxidant capacity
assays. J Agric Food Chem 2005; 53(6):1841-1856.
Ndhlala AR, Moyo M, Van Staden J. Natural antioxidants: fascinating
or mythical biomolecules? Molecules 2010; 15(10):6905-6930.
Nichols JA, Katiyar SK. Skin photoprotection by natural polyphenols:
anti-inflammatory, antioxidant and DNA repair mechanisms. Arch
Dermatol Res Archives 2010; 302(2):71-83.
Mayachiew P, Devahastin S. Antimicrobial and antioxidant activities of
Indian gooseberry and galangal extracts. Lebensm Wiss Technol 2008;
41(7):1153-1159.
Kuroda Y, Hara Y. Antimutagenic and anticarcinogenic activity of tea
polyphenols. Mutat Res 1999; 436(1):69-97.
48. Fresco P, Borges F, Diniz C, Marques M. New insights on the

Journal of Pharmacognosy and Phytochemistry

49.
50.
51.
52.
53.

54.

anticancer properties of dietary polyphenols. Med Res Rev 2006;
26(6):747-766.
Rafat Husain S, Cillard J, Cillard P. Hydroxyl radical scavenging
activity of flavonoids. Phytochemistry 1987; 26(9):2489-2491.
Muangnoi P, Lu M, Lee J, Thepouyporn A, Mirzayans R, Le X et al.
Cytotoxicity, apoptosis and DNA damage induced by Alpinia galanga
rhizome extract. Planta med 2007; 73(8):748-754.
Hossain S, Kader G, Nikkon F, Yeasmin T. Cytotoxicity of the rhizome
of medicinal plants. Asian Pac J Trop Biomed 2012; 2(2):125-127.
Basak S, Sarma GC, Rangan L. Ethnomedical uses of Zingiberaceous
plants of Northeast India. J Ethnopharmacol 2010; 132(1):286-296.
Pellegrini N, Simonetti P, Gardana C, Brenna O, Brighenti F, Pietta P.
Polyphenol content and total antioxidant activity of Vini Novelli
(young red wines). Journal of agricultural and food chemistry 2000;
48(3):732-735.
Kong B, Zhang H, Xiong YL. Antioxidant activity of spice extracts in a
liposome system and in cooked pork patties and the possible mode of
action. Meat science 2010; 85(4):772-778.

~ 108 ~

