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Abstract. A study was carried out to determine the antioxidant properties and total phenolic compounds
from different stages of the leaves of B.racemosa and B.spicata. The highest total phenolic content (TPC)
was shown to be in the methanolic extracts, stage one leaf of B.racemosa and B.spicata. In the chloroform
extracts, the highest TPC were found in stage five leaf of B.racemosa and B.spicata. The free radical
scavenging ability of the plant extract using DPPH assay was evaluated. The highest antioxidant activity
were showed from methanolic extract from stage three leaf of B.racemosa with IC50 at 33.33 µg/ml and in
B.spicata, was shown in stage four at 42.33 µg/ml as compared to the chloroform extraction that gave below
20% of free radical inhibition. The capacity of extracts to inhibit lipid peroxidation was determined by ferric
thiocyanate (FTC) and thiobarbituric (TBA) assay. All extracts were active in antioxidant activity with the
value above 88%. This study showed B.racemosa and B.spicata methanolic extracts contain antioxidant
compounds when assayed for free radical scavengers and lipid peroxidation inhibition.
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1. Introduction
Natural antioxidants like phenolics that are present in plants play important roles in inhibiting free
radicals and oxidative chain reactions within tissues and membranes [1, 2]. Barringtonia racemosa and
Barringtonia spicata leaves are widely used to treat ailments besides the young leaf were consumed in the
daily diet as vegetables by community in South-East Asia [3, 4]. According to [5], the ethanol and
chloroform extract of B.racemosa roots showed antibacterial activity. The bark is claimed to be specific for
gastric ulcers [6] and toxic to aphis [7]. B.racemosa leaf extracts also showed anti-inflammatory [8] and
antifungal activity [9].
The biological activity of the leaf sometimes can be differ based on its developmental stage, hence will
gave varieties of results [10]. Hence, a study was carried out to determine the total amount of phenolics and
to evaluate the antioxidant properties in different stages of the leaves. The young leaf was divided into five
stages: stage one means first leaf from the shoot tip, followed by stage two as the second leaf until the fifth
leaf. Such study would contribute to further knowledge relating to the screening of antioxidant compounds in
these plants species.

2. Material and Methods
2.1. Plant materials
The leaves were obtained from trees planted in the herb garden in the Research Station of Malaysian
Agricultural Research and Development Institute (MARDI) Jerangau, in Kuala Terengganu.

2.2. Extraction of extracts
The dried leaves (±5g) were macerated with 500 ml of methanol (Fisher, USA) at room temperature for
three days. The solvent was then filtered and evaporated in a rotary evaporator (Buchi, Switzerland) under
vacuum at 40°C. The crude extract was stored in a refrigerator at 4°C until used for assays. The above
procedure was repeated using chloroform (Fisher, USA) as solvent.
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2.3. Total Phenolic Content (TPC) assay
The amounts of total phenolics were determined using Folin-Ciocalteu’s reagent (Sigma-Aldrich, USA)
according to the method of [11] with some modifications. The extracts (0.5 ml) and gallic acid (SigmaAldrich, USA) (as standard in various concentrations) were mixed with 2.5 ml of Folin-Ciocalteu’s reagent
(diluted 1:10) and 2 ml of 7.5% of sodium carbonate. The mixture was incubated at room temperature for 90
min, and then absorbance was measured at wavelength 765nm with a UV-Vis spectrophotometer (Shimadzu
Corporation, Japan). The amount of total phenolic compounds was calculated as mg of gallic acid
equivalents (GAE) from the calibration curve and expressed as mg gallic acid equivalent/g dry weight of the
plant material. The data were presented as the average of triplicate analyses.

2.4. Antioxidant assays
2.4.1. Free radical scavenging ability onto 1,1-diphenyl-2-picrylhydrazyl (DPPH)
The scavenging activity of extracts against DPPH was evaluated spectrophotometrically by slightly
modified method of [12], with adaptation on the micro-plate reader. The reaction mixture consist of 100 μl of
0.3 mM DPPH (Sigma-Aldrich, USA) and 50 μl of leaf extracts and standards were incubate for 30 min. The
remaining DPPH was measured their absorbance value by micro-plate reader (Infinite M 200, Tecan,
Switzerland) at 517 nm. The data were presented as the average of triplicate analyses. The concentration of
each sample reaction for 50% scavenging of DPPH free radicals (IC50) were determined graphically by
plotting inhibiton percentage of DPPH free radicals. The inhibition of DPPH free radicals in percentage (I %)
was calculated as given below:
I % = [(Abs control/Abs sample)/Abs control] X 100

2.4.2. Ferric thiocyanate (FTC) assay
The assay was conducted in a linoleic acid emulsion to determine the amount of peroxide at the initial
stage of lipid peroxidation. As described by [13], a mixture of 4 mg of sample was placed in 4 ml of ethanol
(Merck, Germany), 4.1 ml of 2.52 % (v/v) of linoleic acid (Sigma-Aldrich, USA) in ethanol, 8 ml of 0.05 M
phosphate buffer (pH 7.0) and 3.9 ml of water was placed in a vial and placed in an oven at 40°C in the dark.
The same reaction medium without any additive was used as a control.
To 0.1 ml of this solution, 9.7 ml of 75% (v/v) of ethanol and 0.1 ml 30% (w/v) of ammonium
thiocyanate (Sigma-Aldrich, USA) was added. Exactly three minutes after the addition of 0.1 ml of 0.02 M
ferrous chloride (Sigma-Aldrich, USA) in 3.5% (v/v) of hydrochloric acid (Fisher, USA) to the reaction
mixture, the absorbance was measured at 500 nm with a UV-Vis spectrophotometer (Shimadzu Corporation,
Japan) every 24 hours until the absorbance of the control reached maximum. The inhibition percent of
linoleic acid peroxidation was calculated same with DPPH assay. The data were presented as the average of
triplicate analyses.

2.4.3. Thiobarbituric acid (TBA) assay
The method according to [13] was used to determine the formation of malonaldehyde, a product from
lipid peroxidation. One ml sample solution was prepared and incubated as in the FTC method. A volume of 2
ml of 20% (w/v) of trichloroacetic acid (Sigma-Aldrich, USA) and 2 ml TBA aqueous solution were added
to 1 ml of sample. The mixture was then boiled for 10 min. After cooling at room temperature, it was
centrifuged at 3,000 rpm for 20 min (Refrigerated Centrifuge, Sigma) and the absorbance of the supernatant
was measured at the wavelength of 532 nm. Antioxidant activity was determined based on the absorbance on
the final day of FTC assay. The inhibition percentage of linoleic acid peroxidation was calculated same with
DPPH assay. The data were presented as the average of triplicate analyses.

3. Results and Discussion
3.1. Total Phenolic Content assay
The highest levels of total phenolic compounds were detected in stage 1 for both species in methanol
extract (Table 1). The decline level of total phenolic compounds started from stage 2 to stage 5 indicated the
beginning of leaf senescence. These results suggest that leaf of earlier stage were most active in biosynthesis
and accumulation of secondary metabolites [14, 15, 16]. Extraction by methanol showed higher content of
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phenolics compare to chloroform. The finding in agreement with [17, 18] who found methanol was better
due to its ability to inhibit the reaction of polyphenol oxidase that oxidize phenolics, easy to evaporate and
higher extraction efficiency [19]. In addition, the colour measurement of Folin-Ciocalteu reagent is nonspecific to the phenol only, but other non-phenolics substances such as water, fat, sugars, proteins and other
pigments [20].
Table 1. Total phenolic compounds of B.racemosa and B.spicata leaf. Results are expressed as mg of gallic acid
equivalents (GAE) per g of dried weight (mg/g DW).
B.racemosa

B.spicata

Leaf stages

Methanol

Chloroform

Methanol

Chloroform

Stage 1

0.34±0.01c,3

0.013±0.01a,b,1

0.19±0.06c,2

0.022±0.01c,1

Stage 2

0.22±0.08b,2

0.016±0.01b,c,1

0.10±0.05a,b,1

0.020±0.01b,1

Stage 3

0.11±0.01a,2

0.009±0.01a,1

0.15±0.01b,c,3

0.023±0.01c,1

Stage 4

0.08±0.01a,2

0.010±0.01a,b,1

0.15±0.01b,c,3

0.022±0.01c,1

0.018±0.01c,2
0.07±0.00a,3
0.013±0.01a,1
Stage 5
0.08±0.00a,4
Values with different letters in the same column were significantly (p<0.05) different between stage of leaf. Values with
different numbers in the same row were significantly (p<0.05) different between species and solvents. Values represent
the mean ± SD according to Duncan’s Multiple Range Test.

3.2. Antioxidant assays
3.2.1. Free radical scavenging ability onto 1,1-diphenyl-2-picrylhydrazyl (DPPH)
In methanol extract, stage 5 leaf of B.racemosa gave the highest antioxidant activity with 93.68% and in
B.spicata, it was observed in stage 1 (92.24%). In contrast, chloroform extraction gave only 20% of
antioxidant activity (data were not presented). In comparison of the results from Table 1 and Table 2, it
showed that most of the sample with high amount of total phenolic compounds did not gave high inhibition
of free radical activity. Thus, it can be conclude that the inhibition percentage of Barringtonia was not
reflected by the amount of total phenolic compounds.
Besides that, methanol extraction gave higher activity as compare to chloroform and showed that more
polar solvent gave higher antioxidant activity [21, 22]. According to [23], changed in solvent polarity alters
its ability to dissolve a selected group of antioxidant compounds and influences the antioxidant activity
estimation. Thus it was indicating that different types of antioxidant compounds could be present in the
B.racemosa and B.spicata.
Table 2. Inhibition percentage (I%) and IC50 (µg/ml) of free radical radical scavenging activities from DPPH assay in
B.racemosa and B.spicata leaf extract at the 500 µg/ml.
B.racemosa
B.spicata
Quercetin
I%
IC50
I%
IC50
I%
IC50
Stage 1
93.14±0.03c
36.00±2.00a
92.24±0.22b,c
44.33±0.58a,b
92.84±0.09
25.33±1.15
Stage 2 92.92±0.07b,c
47.33±0.58b
92.45±0.07c,d
47.67±0.58b,c
Ascorbic acid
a,b
a
e
Stage 3 92.69±0.15
33.33±4.16
92.73±0.06
50.67±2.31c
93.36±0.13
42.00±2.65
Stage 4
92.39±0.39a
35.00±1.73a
91.98±0.25a,b
42.33±2.52a
BHT
Stage 5
93.68±0.29d
35.33±2.31a
91.92±0.11a
60.67±2.31d
92.91±0.74
34.67±0.58
Values represent the mean of triplicate ± SD according to Duncan’s Multiple Range Test. Values with different letters
in the same column were not significantly (p<0.05) different.
Samples

3.2.2. Ferric thiocyanate (FTC)
The absorbance values of the control reached the maximum on day six of incubation so the percentage
inhibition of lipid peroxidation was calculated on that day (Table 3). The highest percent inhibition was
showed in stage 5 (93.83%) for B.racemosa methanolic extract and for B.spicata, the highest value were
from chloroform extract, stage 2 leaf (94.55%). Generally, each extract showed very strong antioxidant
activity with the percent inhibition ranged from 88.59% to 94.55 %. High percents of lipid peroxidation
inhibition for all the extracts tested indicate that the Barringtonia extracts tested contain antioxidant
constituent that could inhibit lipid peroxidation.
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Table 3. Percentage inhibition of lipid peroxidation as measured by the FTC method.
B.racemosa
B.spicata
Leaf stage
Methanol
Chloroform
Methanol
Chloroform
Stage 1
93.13±0.37b,2
92.78±0.78c,1,2
93.72±0.41a,2
91.79±0.76 a,1
Stage 2
93.34±0.81b,2
89.60±0.75a,b,1
94.39±0.00 a,2,3
94.55±0.37 c,3
b,2,3
b,c,1
a,3
90.64±0.73
94.18±0.45
92.65±0.31a,b,2
Stage 3
93.40±0.12
a,1
c,d,2
a,3
91.63±0.31
93.61±0.75
93.14±0.14b,3
Stage 4
88.59±0.71
b,2
a,1
a,2
88.59±0.49
94.41±0.85
93.27±0.88b,2
Stage 5
93.83±0.49
Standards
BHT
Quercetin
α-tocopherol
94.14±0.26
89.76±0.57
86.66±3.05
Values with different letters in the same column were not significantly (p<0.05) different between stage of leaf. Values
with different numbers in the same row were not significantly (p<0.05) different between species and solvents. Values
represent the mean of triplicate ± SD according to Duncan’s Multiple Range Test.

3.2.3. Thiobarbituric acid (TBA) assay
The absorbance was measured on the day seven of FTC assay incubation with low absorbance value
corresponding to high inhibition percentage of lipid peroxidation. As shown in Table 4, the inhibition
percentage of lipid peroxidation of most samples were very high where most sample showed higher than
90% of inhibition and higher than quercetin and α–tocopherol. The results have indicated that methanolic
and chloroform extracts of B.racemosa and B.spicata could inhibit the linoleic acid peroxidation.
Table 4. Percentage inhibition of lipid peroxidation as measured by the TBA assay
B.racemosa
B.spicata
Methanol
Chloroform
Methanol
Chloroform
Stage 1
91.09±1.83 a,2
91.46±0.22 a,2
86.75±3.27 a,1
96.51±0.28 a,3
Stage 2
94.42±0.51 b,2
93.50±0.17 b,1
97.56±0.55b,4
95.34±0.29 b,3
c,2
b,1
b,2
93.20±0.23
96.71±1.35
95.38±0.34 b,2
Stage 3
96.23±0.22
c,3
b,1
b,2,3
93.39±0.82
96.19±0.26
95.75±0.34 b,2
Stage 4
96.75±0.17
c,2
a,b,1
b,2
92.50±1.78
96.34±0.22
95.12±0.55 b,2
Stage 5
96.49±0.23
Standards
BHT
Quercetin
α –tocopherol
98.00±0.01
87.31±2.72
91.08±0.28
Values represent the mean of triplicate ± SD according to Duncan’s Multiple Range Test. Values with different letters
in the same column were not significantly (p<0.05) different between stage of leaf. Values with different numbers in the
same row were significantly (p<0.05) different between species and solvent.
Leaf Stages

4. Conclusions
Various extracts and fractions could contain different types of antioxidant compounds, which
demonstrate varying activity in the three in vitro assays used in this study. Based on the previous study, B.
racemosa contain gallic acid, ferrulic acid, naringin, rutin, luteolin and kaempferol and lycopene as the
active compound. This identification indicates that Barringtonia species is a rich source of phytonutrient. A
more detailed investigation have to be focused on the amount of active compounds, the availability of
relevant toxicity data in order to evaluate the plants and its medicinal potential as it is easily accessible
source of natural antioxidants supplement. This paper has partially identified the stages of leaves to do the
essays but a more detailed study will be required to identify which of the active compounds are more in the
leaves, which people eat in their daily consumption.

5. Acknowledgments
The authors wish to thank the Vice Chancellor for permission to publish this piece of work and the
University Sultan Zainal Abidin (UniISZA), Malaysia, for the financial support and laboratory facilities.

6. References
[1] R.Y. Nsimba, H. Kikuzaki, Y. Konishi. Antioxidant activity of various extracts and fractions of Chenopodium
quinoa and Amaranthus spp. seeds. Food Chem. 2008, 106: 760–766.
103

[2] N. Ozsoy, A. Can, R.Yanardag, N. Akev. Antioxidant activity of Smilax excelsa L. leaf extracts. Food Chemistry.
2008, 110: 571-583.
[3] I. H. Burkill. A dictionary of the economic products of the Malay Peninsula, 2nd ed.; Ministry of Agriculture and
Cooperatives, Kuala Lumpur, Malaysia, 1966.
[4] S. Joseph, M.Sugumaran, K.L.W. Lee. Herbs of Malaysia - An introduction to the medicinal, culinary, aromatic
and cosmetic use of herbs ; Wong, K.M., Eds.; Federal Publications Sdn Berhad (General & Reference Publishing):
Kuala Lumpur, Malaysia, 2005.
[5] S. Khan, A. Jabbar, C. M. Hasan, M. A. Rashid. Antibacterial activity of Barringtonia racemosa.
Fitoterapia. 2001, 72:162-164.
[6] S. A. Deraniyagala. Antinociceptive effect and toxicological study of the aqueous bark extract of Barringtonia
racemosa on rats. J. Ethanopharmacol. 2003, 86: 21-26.
[7] T. J. Thomas, B. Panikkar, A. Subramoniam, M. K. Nair, K. R. Panikkar. Antitumour property and toxicity of
Barringtonia racemosa Roxb. seed extract in mice. Journal of Ethnopharmacology. 2002, 82: 223-227.
[8] M. Behbahani, A. M. Ali, R. Muse, N. B. Mohd. Anti-oxidant and anti-inflammatory activities of leaves of
Barringtonia racemosa. Journal of Medicinal Plants Research. 2007, 1(5): 095-102.
[9] N. M. Hussin, R. Muse, S. Ahmad, J. Ramli, M. Mahmood, M. R. M. Sulaiman, Y. A. Shukor, M. F. A. Rahman,
K. N. K. Aziz. Antifungal activity of extracts and phenolic compounds from Barringtonia racemosa L.
(Lecythidaceae). African Journal of Biotechnology. 2009, 8: 2835-2842.
[10] D. Bhakta, D. Ganjewala. Effect of leaf positions on total phenolics, flavonoids and proantho-cyanidins content and
antioxidant activities in Lantana Camara (L). Journal of Scientifc Research. 2009, 1: 363-369.
[11] K. Slinkard, V. L. Singleton. Total phenol analyses: Automation and comparison with manual methods. Am. J.
Enol. Vitic. 1977, 28: 49-55.
[12] M. Habsah, M. R. Zalilawati, S. Khozirah, L. Jalifah, L. Nordin, A. M. Ali. Antibacterial and DPPH free radicalscavenging activities of methanolic extracts of Aaptos sp. (marine sponges). Pertanika J. Trop. Agric. Sci. 2009, 32:
43-50.
[13] R. Ahmad, A. M. Ali, D. A. Israf, N. H. Ismail, K. Shaari, N. H. Lajis. Antioxidant, radical-scavenging, antiinflammatory, cytotoxic and antibacterial activities of methanolic extracts of some Hedyotis species. Life Sciences.
2005, 76: 1953-1964.
[14] Y-J. Fu, N. Wu, K. Fu, Y-G. Zu, F-R. Chen, X-L. Liu, Y. L. W. Kong, C-B. Gu. Antioxidant activities of extracts
and main components of pigeonpea (Cajanus cajan (L.) Millsp.) leaves. Molecules. 2009, 14: 1032-1043.
[15] S. Y Wang, and H-S. Lin. Antioxidant activity in fruits and leaves of blackberry, raspberry and strawberry varies
with cultivar and developmental stage. J. Agric. Food Chem. 2000, 48: 140-146.
[16] K. K. Achakzai, P. Achakzai, A. Masood, S. A. Kayani, R. B. Tareen. Response of plant parts and age on the
distribution of secondary metabolites on plants found in Quetta. Pak. J. Bot. 2009, 41: 2129-2135.
[17] J. M. Moure, D. Cruz, D. Franco, J. Sineiro, H. Dominguez, M. J. Núñez, J. C. Parajó. Natural antioxidants from
residual sources. Food Chemistry. 2001, 72: 145-171.
[18] H. Nurul Mariam, M. Radzali, R Johari, A. Syahida, M. Maziah. Antioxidant activities of different aerial parts of
putat (Barringtonia racemosa L.). Malaysian Journal of Biochemistry and Molecular Biology. 2008, 16: 15-19.
[19] K. Kamarul Rahim, A. A. Azlim Almey, C. Ahmed Jalal Khan, I. Syed Zahir, K. Mustapha Suleiman, M. R.
‘Aisyah. Total phenolic content and primary antioxidant activity of methanolic and ethanolic extracts of aromatic
plants leaves. International Food Research Journal. 2010, 17: 1077-1084.
[20] R. Asmah, and S. W. Yan. Comparison of total phenolic contents and antioxidant activities of turmeric leaf, pandan
leaf and torch ginger flower. International Food Research Journal. 2010, 17: 417-423.
[21] Y. Baravalia, M. Kaneria, Y. Vaghasiya, J. Parekh, S. Chanda. Antioxidant and antibacterial activity of Diospyros
ebenum (Roxb.) leaf extracts. Turk J Biol. 2009, 33: 159-164.

104

[22] S. A. Dias, F. P. Cardoso, S. M. O. Santin, W. F. da Costa, G. J. Vidotti, M. C. de Souza, M. H. Sarragiotto. Free
radical scavenging activity and chemical constituents of Urvillea ulmaceae. Pharmaceutical Biology. 2009, 47:
717–720.
[23] K. Zhou, and L. Yu. Antioxidant properties of bran extracts from Trego wheat grown at different locations. J.
Agric. Food Chem. 2004, 52: 1112-1117.

105

