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Abstract: Ginger (Zingiber officinale Roscoe) is a well known and widely used herb,
especially in Asia, which contains several interesting bioactive constituents and possesses
health promoting properties. In this study, the antioxidant activities of methanol extracts
from the leaves, stems and rhizomes of two Zingiber officinale varieties (Halia Bentong
and Halia Bara) were assessed in an effort to compare and validate the medicinal potential
of the subterranean part of the young ginger. The antioxidant activity and phenolic contents
of the leaves as determined by the 1,1-diphenyl-2-picryl-hydrazyl (DPPH) assay and the
total amounts of phenolics and flavonoids were higher than those of the rhizomes and
stems. On the other hand, the ferric reducing/antioxidant potential (FRAP) activity of the
rhizomes was higher than that of the leaves. At low concentration the values of the leaves’
inhibition activity in both varieties were significantly higher than or comparable to those of
the young rhizomes. Halia Bara had higher antioxidant activities as well as total contents of
phenolic and flavonoid in comparison with Halia Bentong. This study validated the
medicinal potential of the leaves and young rhizome of Zingiber officinale (Halia Bara) and
the positive relationship between total phenolics content and antioxidant activities in
Zingiber officinale.
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1. Introduction

Plants such as herbs have long been used in traditional/folk medicine in various cultures throughout
the world. Zingiber officinale is one of these traditional folk medicinal plants that have been used for
over 2000 years by Polynesians for treating diabetes, high blood pressure, cancer, fitness and many
other illnesses [1].

Generation of free radicals or reactive oxygen species (ROS) during metabolism and other activities
beyond the antioxidant capacity of a biological system gives rise to oxidative stress [2], which plays a
role in heart diseases, neurodegenerative diseases, cancer and in the aging process [3]. This concept is
supported by increasing evidence indicating that oxidative damage plays a role in the development of
chronic, age-related degenerative diseases, and that dietary antioxidants oppose this, thus lowering the
risk of disease [4]. Antioxidants are substances that when present in low concentrations, compared to
those of an oxidisable substrate significantly delay or prevent oxidation of that substance [5].

Apart from their role as health benefactors, antioxidants are also added to food to prevent or delay
its oxidation, normally initiated by free radicals formed during the food’s exposure to environmental
factors such as air, light and temperature [6]. At present most of the antioxidants used for this are
manufactured synthetically. The main disadvantage with the synthetic antioxidants is their side effects
when taken in vivo [7]. Strict governmental rules regarding the safety of the food has necessitated the
search for alternatives as food preservatives [8].

Plants are a potential source of natural antioxidants. Natural antioxidants or phytochemical
antioxidants are secondary metabolites of plants [9]. Carotenoids, flavonoids, cinnamic acids, benzoic
acids, folic acid, ascorbic acid, tocopherols, tocotrienols, efc. are among the antioxidants produced by
plants for their own sustenance. Beta-carotene, ascorbic acid and alpha tocopherols are widely used
antioxidants [10]. Zingiber officinale contains a number of antioxidants such as beta-carotene, ascorbic
acid, terpenoids, alkaloids, and polyphenols such as flavonoids, flavones glycosides, rutin, etc. [11].
Easily cultivable, Zingiber officinale with its wide range of antioxidants can be a major source of
natural or phytochemical antioxidants [12]. Although various extracts are obtained from ginger, it is
the CO, extracts that are richest in polyphenol compounds and have a composition that closely
resembles that of the rhizomes [13,14]. The method of preparation has been used in commercial ginger
preparation, since ginger has been widely speculated to be beneficial for human health because it
exerts antioxidant activity [11]. Previous studies on the antioxidant properties of various ginger species
had been confined only to the rhizomes [8,15], which have been reported to have tyrosinase inhibiting
properties [16]. Recently, skin-lightening cosmeceutical products have been developed from the
rhizomes of gingers [17]. Although the leaves of ginger species have been used for food flavouring and
in traditional medicine, insufficient research has been done on their antioxidant and tyrosinase
inhibiting properties.

Antioxidants affect the process of lipid oxidation at different stages due to the differences in their
mode of action. Because of the complexity of the oxidation process itself, the diversity of the
substrates and the active species involved, the application of different test methods is necessary to
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evaluation antioxidants. The objectives of the present study are to determine the antioxidant activity,
the total phenolic content, and the total flavonoid content of methanolic extracts from two varieties of
Malaysian Gingers (Zingiber officinale), namely Halia Bentong and Halia Bara.

2. Results and Discussion
2.1. Total phenolics (TP) and total flavonoids (TF)

The level of phenolic compounds in methanolic extracts of the leaves, rhizomes and stems in the
two varieties of Zingiber officinale are presented in Table 1. Polyphenolic compounds are known to
have antioxidant activity and it is likely that the activity of the extracts is due to these compounds
[10,18,19,20-22]. This activity is believed to be mainly due to their redox properties, which plays an
important role in adsorbing and neutralizing free radicals, quenching singlet and triplet oxygen, or
decomposing peroxides [15,23].

Table 1. Total phenolic and flavonoid contents of the methanolic extracts in different parts
of two varieties of Zingiber officinale.

Variety Leave Stem Rhizome
Total Flavonoids ® Halia Bentong 5.54+1.83 1.36 £ 0.85 3.66 £0.45

Halia Bara 7.05+74 1.77£0.75 4.21 £0.98
Total phenolics ® Halia Bentong 33.0+£1.13 7.8 £0.65 10.22 £ 0.87

Halia Bara 39.1£9.2 8.5+0.81 13.5+2.26

All analyses are the mean of triplicate measurements + standard deviation; a: Expressed as mg

quercetin/g of dry plant material; b: Expressed as mg gallic acid/g of dry plant material.

In both varieties, the total flavonoid and phenolic contents in the leaves were more than in the
rhizomes, followed by contents in the stems. Comparing the varieties, it was found that Halia Bara had
higher contents of TP (16.3%) and TF (20%) than Halia Bentong. Differences between the varieties
and also the parts of plants were highly significant (p < 0.001). The total content of flavonoids and
phenolics are influenced by the interaction between varieties and parts of plants. In fact, many
medicinal plants contain large amount of antioxidants such as polyphenols. Previous studies have
shown that some flavonoids components such as quercetin had anticancer activities and were able to
inhibit cancer cell growth [24-26]. Gallic acid was reported as a free radical scavenger and as an
inducer of differentiation and apoptosis in leukemia, lung cancer, and colon adenocarcinoma cell lines,
as well as in normal lymphocyte cells [27,28]. It has been postulated that GA plays an important role
in the prevention of malignant transformation and cancer development same as quercetin. Hence, the
results of this research showed that flavonoids are important components of this plant, and some of its
pharmacological effects could be attributed to the presence of these valuable constituents. Further
work is required to establish if quercetin or any other flavonoids have any role in the prevention of this
cancerous growth and development.
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2.2. Radical scavenging activity
2.2.1. 1,1-Diphenyl-2-picryl-hydrazyl (DPPH) assay

It was observed that methanolic extracts of the leaves and rhizomes had higher activity than that of
the stems (Table 2). At a concentration of 40 ug/mL, the scavenging activity of the methanol extract of
Halia Bara leaves reached 50.35%, while at the same concentration, that of the stem was 27.38%
(Figure 1). Similarly, using the same concentration for Halia Bentong, the scavenging activity of the
methanol extract of the leaves and rhizome yielded 42.3 ug/mL, while that of the stem was 27.56%.
The effect of antioxidants on DPPH is due to their hydrogen donating ability [29-31]. In this study,
results showed that DPPH radical scavenging abilities of the extracts of plant parts were less than those
of butylated hydroxyl toluene (BHT) (83.7%) and a-tocopherol (92.3%) at 40 ug/mL.

Table 2. DPPH scavenging activities of the methanolic extracts in different parts of two
varieties of Zingiber officinale. BHT and a-tocopherol were used as positive controls.

Variety Extract source Inhibition %"
Halia Bentong Leave 51.12+1.65
Stem 32.85+0.57
Rhizome 51.41+£0.51
Halia Bara Leave 56.36 +0.97
Stem 3145+ 149
Rhizome 58.22 +£1.19
Controls BHT 96.21 + 0.24
a-tocopherol 89.57+1.12

All analyses were the mean of triplicate measurements + standard deviation; a: Results expressed in
percent of free radical inhibition.

Figure 1. DPPH radical scavenging activity of the methanolic extracts in different parts of
two varieties of Zingiber officinale compared with positive controls, BHT and
a-tocopherol. L, S and R, respectively are: Leaves, Stems and Rhizomes of ginger.
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This study showed that ginger methanolic extracts have good free radical scavenging ability and can
be used as a radical inhibitor or scavenger, acting possibly as a primary antioxidant. The antioxidant
activities of the leaves (51-56%) were also similar with the young rhizomes (51-58%), and the leaves
could be served as food in the same way. Based on the results obtained, it is possible that several
compounds of different polarities may contribute to the antioxidative properties of ginger leaves,
stems, and rhizome extracts. Kikuzaki reported that methanolic extracts may include phenolic and
hydrox-phenolic compounds with acid, alcohol, sugar or glycoside [12]. Part of the antioxidative
activity may be due to these components or flavonoids. In addition, antioxidative activities observed in
ginger varieties could be the synergistic effect of more than two compounds that may be present in
the plant.

2.3. Reducing ability
2.3.1. Ferric Reducing Antioxidant Potential (FRAP)

The reducing ability of different parts of ginger extracts was in the range of 368.2-767.2 um of Fe
(II)/g dry weight (Table 3). In the leaves, rhizomes and stems, the antioxidant potentials in two
varieties of Zingiber officinale were estimated from their ability to reduce 2,4,6-tripyridyl-s-triazine
(TPTZ)-Fe (III) complex to TPTZ-Fe (II).

Table 3. Total antioxidant (FRAP) activity in different part of two varieties of Zingiber
officinale. BHT, a-tocopherol and Vitamin C were used as positive controls.

Variety Extract source FRAP?

Halia Bentong Leave 537.94 £37.3
Stem 376.94 £ 50.97
Rhizome 680.68 + 18.38

Halia Bara Leave 579.6 £ 61.94
Stem 368.27 £ 23.43
Rhizome 767.2 £41.53

Controls BHT 7431 £11.21
a-tocopherol 953.0 £23.41
Vitamin C 3107.28 + 42.31

All analyses were the mean of triplicate measurements + standard deviation; a: Results expressed in

umol Fe (II)/g dry weight.

The FRAP values for the methanolic extracts of the leaves, rhizomes and stems of in both varieties
were significantly lower than those of ascorbic acid (vitamin C) and a-tocopherol, but higher than that
of BHT. The ferric reducing ability (FRAP assay) is widely used in the evaluation of the antioxidant
component in dietary polyphenols [20]. Antioxidant activity is found to be linearly proporational with
phenolic contents. Oktay et al. reported a strong positive relationship between total phenolic contents
and antioxidant activity, which appears to be the trend in many plant species [32].
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3. Experimental
3.1. Plant material and maintenance

Two varieties of Zingiber officinale Roscoe (Halia Bentong and Halia Bara) seed rhizomes were
germinated for two weeks in small pots and then transferred to 15 x 18 cm white polyethylene bags
containing soilless mixture of burnt rice husk and coco peat at a ratio of 1:1. The plants were grown
under glasshouse conditions at the glasshouse complex of University Putra Malaysia (UPM) where
daily irradiance was approximately 790 umol m™s™. The plants were harvested after 16 weeks, with
the leaves, stems, and rhizomes separated. Once dried, they were all kept at -80 °C for future analysis.

3.2. Extract preparation

Leaves, stems and rhizomes were freeze dried to constant weights prior to being used in the
extraction. For antioxidant analysis, the leaves, stems, and rhizomes were powdered and 1 gram of the
powder was extracted continuously with methanol (50 mL). The solution was then swirled for 1 h at
room temperature using an orbital shaker. Extracts were then filtered under suction and stored at
-20 °C for further use.

3.3. Determination of total phenolic content

The total phenolic content was determined using Folin—Ciocalteu reagents with analytical grade
gallic acid as the standard. 1 mL of extract or standard solution (0-500 mg/L) was added to deionized
water (10 mL) and Folin—Ciocalteu phenol reagents (1.0 mL). After 5 minutes, 20% sodium carbonate
(2.0 mL) was added to the mixture. After being kept in total darkness for 1 h, the absorbance was
measured at 750 nm using a spectrophotometer (U-2001, Hitachi Instruments Inc., Tokyo, Japan).
Amounts of TP were calculated using gallic acid calibration curve. The results were expressed as gallic
acid equivalents (GAE) g/g of dry plant matter [33].

3.4. Determination of total flavonoid

A modified method [34] was used for this purpose/objective/part: diluted solution (1 mL)
containing flavonoids, 5% (w/w) NaNO, (0.7 mL) and 30% (v/v) ethanol (10 mL) were mixed for
5 min, and then 10% AICl; (w/w, 0.7 mL) was added and mixed altogether. Six minutes later, 1 mol/L
NaOH (5 mL) was added. The solution was then diluted to 25 mL with 30% (v/v) ethanol. After
standing for 10 min, the absorbance of the solution was measured at 430 nm with a spectrophotometer.
A standard curve was plotted using quercetin as a standard. Different concentrations of quercetin were
prepared in 80% ethanol and their absorbance was read at 430 nm using a spectrophotometer (U-2001,
Hitachi Instruments Inc., Tokyo, Japan). The results were expressed in mg quercetin/g dry weight by
comparison with the quercetin standard curve, which was made under the same condition.
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3.5. Determination of antioxidant activities
3.5.1. DPPH radical scavenging assay

1,1-Diphenyl-2-picryl-hydrazyl (DPPH) was purchased from Sigma—Aldrich (USA). Butylated
hydroxytoluene (BHT) and a-tocopherol were purchased from Merck (India). In order to determine the
radical scavenging ability, the method reported by Mensor et al. [35], was used. Briefly, 0.3 mM
alcohol solution of DPPH (1 mL) was added to samples (2.5 mL) containing different concentrations
originating from different parts of ginger varieties’ extracts. The samples were first kept in a dark place
at room temperature and their absorbance was read at 518 nm after 30 min. The antiradical activity
(AA) was determined using the following formula:

AA% = 100— ((Abs:sample _ Abs:empty sample)* 100)/ Abs:control

Blank samples contained 1 mL ethanol + 2.5 mL from various concentrations of ginger extract;
control sample containing 1 mL of 0.3 mM DPPH + 2.5 mL ethanol. The optic density of the samples,
the control and the empty samples were measured in comparison with ethanol. One synthetic
antioxidant, BHT (butylhydroxytoluene) and a-tocopherol, were used as positive controls.

3.5.2. Reducing ability (FRAP assay)

The determination of the total antioxidant activity using FRAP assay in the extract followed after a
modified method reported by Benzie and Strain [36]. The stock solution included 300 mM acetate
buffer (3.1 g C,H3NaO;,-3H,O and 16 mL C,H40;) at pH 3.6, 10 mM TPTZ (2,4,6-tripyridyl-s-
triazine) solution in 40 mM HCI, and 20 mM FeCl;-6H,0 solution in distilled water. Then acetate
buffer (25 mL) and TPTZ (2.5 mL) were mixed together with FeCl3-6H,0 (2.5 mL). The temperature
of the solution was raised to 37 °C before it was used. Plant extracts (150 uL) were allowed to react
with the FRAP solution (2.85 mL) for 30 min under dark conditions. The absorbance was measured at
593 nm. The standard curve was linear between 200 and 1,000 uM FeSO,. Results were expressed in
uM Fe (IT)/g dry mass and compared with those of standards for BHT, ascorbic acid, and a-tocopherol.

3.6. Statistical analysis

The experimental results were expressed as mean * standard deviation of three replicates. Where
applicable, the data were subjected to one-way analysis of variance (ANOVA) and the differences
between samples were determined by Duncan’s Multiple Range test using the Statistical Analysis
System (SAS, 1999) programme. P-value of <0.05 was regarded as significant.

4. Conclusions

The results of this study indicated that Zingiber officinale has a high antioxidant activity and
between the Malaysian varieties, Halia Bara possesses good medicinal potential. A positive
relationship between antioxidant activities and total phenolic contents was also observed. The high
level of total phenolic and flavonoid in Halia Bara variety indicated high antioxidant activities. This
relationship was also reported in previous studies on other plants [37,38]. Further work is required to



Molecules 2010, 15 4331

establish the components in phenolics and flavonoids that may have contributed to the high antioxidant
activities so far observed.

Acknowledgments

The authors are grateful to the Ministry of Higher Learning Malaysia for financing this work under
the Fundamental Research Grant Scheme FRGS/PHASE1-2009/FUNDAMENTAL SCIENCE/UPM/
(01-11-08-646FR).

References and Notes

1. Tepe, B.; Sokmen, M.; Akpulat, H.A.; Sokmen, A. Screening of the antioxidant potentials of six
Salvia species from Turkey. Food Chem. 2006, 95, 200-204.

2. Zheng, W.; Wang, S.Y. Antioxidant activity and phenolic compounds in selected herbs. J. Agric.
Food Chem. 2001, 49, 5165-5170.

3. Astley, S.B. Dietary antioxidants past, present and future. Trends Food Sci. Technol. 2003, 14,
93-98.

4. Atoui, A.K.; Mansouri, A.; Boskou, G.; Kefalas, P. Tea and herbal infusions: their antioxidant
activity and phenolic profile. Food Chem. 2005, 89, 27-36.

5. Halliwell, B.; Gutteridge, J.M.C. Free Radicals in Biology and Medicine, 2nd ed.; Clarendon
Press: Oxford, UK, 1989.

6. Hras, A.R.; Hadolin, M.; Knez, Z.; Bauman, D. Comparison of antioxidative and synergistic
effects of rosemary extract with alpha-tocopherol, ascorbyl palmitate and citric acid in sunflower
oil. Food Chem. 2000, 71, 229-233.

7.  Chen, C.; Pearson, A.M.; Gray, J.I. Effects of synthetic antioxidants (BHA, BHT and PG) on the
mutagenicity of IQ-like compounds. Food Chem. 1992, 43, 177-183.

8. Ying, W.M.; West, B.J.; Jensen, C.J.; Nowicki, D.; Chen, S.; Palu, A.K.; Anderson, G. Morinda
citrifolia (noni): a literature review and recent advances in noni research. Acta Pharmacol. 2002,
23, 1127-1141.

9. Walton, N.J.; Brown, D.E. Chemicals from Plants: Perspectives on Plant Secondary Products;
Imperial College press: London, UK, 1999.

10. Mccall, M.R.; Frei, B. Can antioxidant vitamins materially reduce oxidative damage in humans?.
Free Radical Biol. Med. 1999, 26, 1034-1053.

11. Aruoma, O.L; Spencer, J.P.; Warren, D.; Jenner, P.; Butler, J.; Halliwell, B. Characterization of
food antioxidants, illustrated using commercial garlic and ginger preparations. Food Chem. 1997,
60, 49—-156.

12. Kikuzaki, H.; Nakatani, N. Antioxidant effect of some ginger constituents. J. Food Sci. 1993, 578,
1407-1410.

13. Chen, Ch.; Kuo, M.; Wu, Ch.; Ho, Ch. Pungent compounds of ginger (Zingiber officinale (L)
Rosc) extracted by liquid carbon dioxide. J. Agr. Food Chem. 1986, 34, 477-480.

14. Ramanthan, L.; Das, N.P. Effect of natural copper chelating compounds on the pro-oxidant
activity of ascorbic acid in steam-cooked ground fish. Inter. J. Food Sci. Technol. 1993, 28,
279-288.



Molecules 2010, 15 4332

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Yingming, P.; Ping, L.; Hengshan, W.; Min, L. Antioxidant activities of several chinese medicinal
herbs. Food Chem. 2004, 88, 347-350.

Lee, K.T.; Kim, B.J.; Kim, J.H.; Heo, M.Y.; Kim, H.P. Biological screening of 100 plant extracts
for cosmetic use (I): Inhibitory activities of tyrosinase and DOPA auto-oxidation. Inter. J.
Cosmet. Sci. 1997, 19, 291-298.

Rehman, Z.U.; Salariya, A.M.; Habib, F. Antioxidant activity of ginger extract in sunflower oil. J.
Sci. Food Agr. 2003, 83, 624-629.

Chen, H.G.; Yu, Y.G.; Zeng, O.X. Study on extraction of flavonoids and Alkaloids from lotus
leaf. Food Sci. 2002, 23, 69-71.

Djeridane, A.; Yousfi, M.; Nadjemi, B.; Boutassouma, D.; Stocker, P.; Vidal, N. Antioxidant
activity of some Algerian medicinal plants extracts containing phenolic compounds. Food Chem.
2006, 97, 654-660.

Luximon-Ramma, A.; Bahorun, T.; Soobrattee, A.M.; Aruoma, O.I. Antioxidant activities of
phenolic, proanthocyanidin and flavonoid components in extracts of Acacia fistula. J. Agr. Food
Chem. 2005, 50, 5042-5047.

Osawa, M.T.; Huang, S.; Rosen, R.T. Chemistry and Antioxidative Effects of Phenolic
Compounds from Licorice, Tea and Compositae and Labiateae Herbs. American Chemical
Society: Washington, DC, USA, 1994; pp. 132-143.

Rozanida, A.R.; Nurul Izza, N.; Mohd Helme N.H.; Zanariah, H.A. Cosmeceutical product from
species in the family Zingiberaceae. In Harnessing Cures from Nature: Trends and Prospects;
Mazura, M.P., Ed.; Forest Research Institute: Kepong, Selangor, Malaysia 2006; pp. 31-36.
Louli, V.; Ragoussis, N.; Magoulas, K. Recovery of phenolic antioxidants from wine industry by-
products. Bioresour. Technol. 2004, 92, 201-208.

Elattar, T.M.; Virji, A.S. The inhibitory effect of curcumin, genistein, quercetin and cisplatin on
the growth of oral cancer cells in vitro. Anticancer Res. 2000, 20, 1733-1738.

Ferry, D.R.; Smith, A.; Malkhandi, J. Phase I clinical trial of the flavonoid quercetin:
pharmacokinetics and evidence for in vivo tyrosine kinase inhibition. Clin. Cancer Res. 1996, 2,
659-668.

Ranelletti, F.O.; Maggiano, N.; Serra, F.G. Quercetin inhibits p21-ras expression in human colon
cancer cell lines and in primary colorectal tumors. Inter. J. Cancer 1999, 85, 438-445.

Inoue, M.; Suzuki, R.; Koide, T.; Sakaguchi, N.; Ogihara, Y.; Yabu, Y. Antioxidant, gallic acid,
induces apoptosis in HL-60RG cells. Biochem. Biophys. Res. Commun. 1994, 204, 898-904.

Sohi, K.K.; Mittal, N.; Hundal, M.K.; Khanduja, K.L. Gallic acid, an antioxidant, exhibits anti
apoptotic potential in normal human lymphocytes: a Bcl-2 independent mechanism. J. Nutr. Sci.
Vitaminol. 2003, 49, 221-227.

Baumann, J.; Wurn, G.; Bruchlausen, F.V. Prostaglandin synthetase inhibiting O-2 radical
scavenging properties of some flavonoids and related phenolic compounds. Deutsche
Pharmakologische Gesellschaft Abstracts of the 20th spring meeting, Naunyn—Schmiedebergs.
Arch. Pharmacol. 1979, 307, R1-R77. (Abstract No: R27 cited)

Miliauskas, G.; Venskutonis, P.R.; Van Beek, T.A. Screening of radical scavenging activity of
some medicinal and aromatic plant extracts. Food Chem. 2004, 85, 231-237.



Molecules 2010, 15 4333

31.

32.

33.

34.

35.

36.

37.

38.

Mohd Zin, Z.; Abdul-Hamid, A.; Osman, A. Antioxidative activity of extracts from mengkudu
(Morinda citrifolia L.) root, fruit and leaf. Food Chem. 2002, 78, 227-231.

Oktay, M.; Gulcin,l.; Kufrevioglu, O.I. Determination of in vitro antioxidant activity of fennel
(Foeniculum vulgare) seed extracts. Lebensm. Wiss Techol. 2003, 36, 263-271.

Kim, D.; Jeond, S.; Lee, Ch. Antioxidant capacity of phenolic phytochemicals from various
cultivars of plums. Food Chem. 2003, 81, 321-326.

Bushra, S.; Farooq, A.; Muhammad, A. Effect of Extraction Solvent/Technique on the
Antioxidant Activity of Selected Medicinal Plant Extracts. Molecules 2009, 14, 2167-2180.
Mensor, L.L.; Menezes, F.S.; Leitao, G.G.; Reis, A.S.; Santos, T.S.; Coube, C.S. Screening of
Brazilian plant extracts for antioxidant activity by the use of DPPH free radical method.
Phytother. Res. 2001, 15, 127-130.

Benzie, L.LF.F.; Strain, J.J. The ferric reducing ability of plasma (FRAP) as a measure of
“antioxidant power”’: the FRAP assay. Anal. Biochem. 1996, 239, 70-76.

Hasna, O.; Afidah, A. Antioxidant activity and phenolic content of Paederia foetida and Syzygium
aqueum. Molecules 2009, 14, 970-978.

Praven, K.; Ramamoorty, A.; Awang, B. Anti oxidant activity, total phenolic and flavonoid
content Morinda citrifolia fruit. J. Eng. Sci. 2007, 2, 70-80.

Sample Availability: Samples of the compounds are available from the authors.

© 2010 by the authors; licensee MDPI, Basel, Switzerland. This article is an Open Access article
distributed under the terms and conditions of the Creative Commons Attribution license

(http://creativecommons.org/licenses/by/3.0/).



