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Antioxidant properties of palm fruit extracts
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Phenolic compounds have been shown to exhibit bioactive properties, and in particular antioxidant effects. A
phenolic-rich fraction has been isolated from the aqueous by-product obtained during the milling of oil palm
fruits. The objectives of the study were to determine the phenolic content of the crude and ethanolic extracts of
oil palm fruits and to evaluate the antioxidant properties of these extracts. The total phenolics content of the
crude and ethanol extracts as determined by the Folin-Ciocalteu method were found to be 40.3 + 0.5 and 49.6 =
0.6 mg GAE/g extract (dry basis), respectively. The radical scavenging activity of the extracts determined
using 2,2 diphenyl-1-picrylhydrazyl radical (DPPH") indicated that both crude and ethanol extracts exhibit
hydrogen-donating capacity, and have antiradical power (ARP) comparable to ascorbic acid. The DPPH
radical scavenging activity of the extracts were less than that of gallic acid, but the time-course variations of the
scavenging curves suggest that the extracts acted by a mechanism similar to that of gallic acid. The electron-
donating potentials of the extracts were inferred from the hydrogen peroxide scavenging and reducing power
assays. The reducing power of crude and ethanol extracts at 1 mM GAE were found to be comparable to that
of 0.3 mM gallic acid. The extracts indicated complete scavenging of hydrogen peroxide at concentrations
above 0.4 mM GAE. These findings suggest that the crude and ethanol extracts are able to scavenge free

radicals, by either hydrogen or electron donating mechanisms, and can therefore act as primary antioxidants.
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Introduction

The oil palm (Elaeis guineensis), is the source of two im-
portant edible oils, i.e palm oil from the mesocarp, and
palm kernel oil from the kernel. The extraction of palm oil
involves a milling process, where substantial amounts of
water are introduced into the system. Water-soluble phyto-
chemicals from the palm fruit mesocarp partition into the
aqueous phase, and can be recovered through a combi-
nation of centrifugation and membrane filtration techno-
logies.! The product obtained from this process” contains
several phenolic compounds, including gallic, chlorogenic,
protocatechuic, gentisic, coumaric, ferulic and -caffeic
acids, as well as catechins, hesperidin, narirutin and 4-
hydroxybenzoate.'

Phenolic compounds exhibit a wide range of biological
and physiological properties due to their ability to act as
antioxidants,™* free radical scavengers™® and chelators of
divalent cations.” The antioxidant activity of phenolic com-
pounds is influenced by several factors, i.e. position and
degree of hydroxylation, polarity, solubility, reducing po-
tential, and stability of the phenoxy radical.® The structure
of phenolic compounds, in particular the position and
degree of hydroxylation, is of primary importance in deter-
mining their antioxidant activity.” However, phenolic com-
pounds, which account for one of the largest and most
widely distributed group of phytochemicals', vary con-
siderably in structure with over 8000 naturally-occurring
compounds having been identified.'" In this work, the
antioxidant properties of the palm fruit extracts were
studied by their ability to scavenge free radicals using the

2,2 diphenyl-1-picrylhydrazyl radical (DPPH') reducing
power and hydrogen peroxide scavenging assays.

Materials and methods

Chemicals and instruments

Methanol was of analytical grade. DPPH, gallic acid, ascor-
bic acid, potassium ferricyanide, trichloroacetic acid, ferric
chloride and phosphate buffered saline were purchased
from Sigma-Aldrich Co. Ltd (St. Louis, MO, USA), hydro-
gen peroxide from Sigma-Aldrich Laborchemikalien
GmbH (Seelze), Folin-Ciocalteu reagent from Sigma-
Aldrich Chemie GmbH (Riedstr), and sodium carbonate
from Asia-Pacific Specialty Chemicals (NSW, Australia).
Reverse osmosis (RO) water was used for preparation of
aqueous solutions. Palm extracts had been prepared at the
laboratories of the Malaysian Palm Oil Board (MPOB;
Bandar Baru Bangi, Malaysia).”

Absorbance measurements were recorded by a Shi-
madzu UV-160A UV-Visible Reading Spectrophotometer
(Shimadzu Corporation, Japan) using disposable cuvettes
(Sarstedt, Niimbrecht, Germany) for visible range, and
quartz cuvettes for measurements in the ultraviolet (UV)
range.
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Determination of total phenolics content

Total phenolics content was determined by the Folin-
Ciocalteu method as modified by Gao et al.'* Gallic acid
was used as a standard, and the total phenolics content
was expressed as mg gallic acid equivalents (GAE)/g dry
matter.

Radical scavenging activity

To 3 mL of 0.2 mM DPPH' solution in methanol in alu-
minum foil-wrapped test tube, 100 pL of sample was
added. Test tubes were vortexed and incubated for 30
min at room temperature, and the absorbance read at 515
nm. Extracts were tested at concentrations of 0.2-1.0 mM
GAE. Gallic and ascorbic acids were also tested at similar
concentrations. The DPPH scavenging activity was

% DPPH'
Scavenging = 100 x&l;sorbance of Control- Absorbance of Sam@
Absorbance of Control

calculated as follows:"*'*

where Absorbance of Control is the absorbance in
absence of standards or extracts
Absorbance of Sample is the absorbance
in presence of standards or extracts

Reaction kinetics

The method used was based on that described by Da
Porto et al."”® with slight modification. The procedure in-
volved reaction of a 0.2 mM methanolic solution of
DPPH with antioxidant compounds at several molar
ratios. Standards (gallic and ascorbic acids) were pre-
pared as aqueous solutions of 0.1-1.0 mM, and 0.4-4.0
mM respectively. Crude and ethanol extracts were dissol-
ved in water to produce solutions of 0.2-2 mM GAE. The
reaction was started by addition of 100 pL of extract or
standard antioxidant solution to 3 mL DPPH'solution in a
test tube. Absorbance of the reaction mixture at 515 nm
was then measured at 5 s intervals over varying periods of
time, between 5 to 10 minutes.

Reducing power

The reducing power of extracts was determined by the
method of Oyaizu'® as modified by Chang et al.'” using
extract solutions of concentration 0.1-1.0 mM GAE.

Scavenging of hydrogen peroxide

A modified method based on that of Ruch ez al, '* was
used to determine the ability of the extracts to scavenge
hydrogen peroxide. Hydrogen peroxide (43 mM) was
prepared in phosphate buffered saline (pH 7.4). Stan-
dards (gallic and ascorbic acids) and extract solutions
were prepared at concentrations of 0.1 to 1.0 mM.
Aliquots of standard or extract solutions (3.4 mL) were
added to 0.6 mL of hydrogen peroxide solution. The
reaction mixture was incubated at room temperature for
10 min, and the absorbance was determined at 230 nm.
The percentage of scavenging was calculated as follows:"’

% H,0,

Scavenging = 100 x| Absorbance of Control- Absorbance of Sample
Absorbance of Control

where Absorbance of Control is the absorbance in
absence of standards or extracts
Absorbance of Sample is the absorbance in
presence of standards or extracts

Results and Discussions

Total phenolics contents of extracts

The total phenolics contents of the crude and ethanol ex-
tracts were found to be 40.33 + 0.48 and 49.58 £ 0.63mg
GAE/g extract (dry basis), respectively. It is postulated
that the treatment with ethanol may have resulted in the
precipitation of non-phenolic compounds, and thus con-
tributing to the higher phenolics content in the ethanol
extract.

DPPH radical scavenging activity

The scavenging of the DPPH radical by hydrogen-
donating antioxidants (AH, Equation 1) is characterized
by a rapid decline in the absorbance at 515 nm, followed
by a slow step where the absorbance depreciates more
gradually. The rapid reaction between antioxidants and
DPPH’ occurs with the transfer of the most labile H atoms
to the radical, while the subsequent slow step depends on
the residual H-donating capacity of antioxidant degra-
dation products.***'

DPPH" + AH —— DPPH-H + A" (Equation 1)
The scavenging behaviour of both crude and ethanol
extracts are similar to that of gallic acid, as seen from the
disappearance of DPPHover time curves (Fig. la-c).
Ascorbic acid, on the other hand exhibits a very rapid
initial step (Fig. 2), and the disappearance of the purple
colour of DPPHoccurs almost immediately upon contact
between reactants. These observations on the scavenging
rates of gallic and ascorbic acids are consistent with the
observations reported by Sanchez-Moreno et al.,”* who
classified these compounds as displaying, intermediate
and rapid kinetic behaviour, respectively.

The DPPH radical scavenging activity of gallic acid,
ascorbic acid, crude and ethanol extracts increases in a
dose-dependent manner. Gallic acid exhibits higher DPPH
radical scavenging activity than either ascorbic acid or
palm extracts when tested at concentrations of 0.2-1.0
mM GAE. For example, at a concentration of 1.0 mM,
the DPPH radical scavenging activity of gallic acid (94.5
+ 0.3%) was more than 6 times that of ascorbic acid (14.6
+ 1.1%), crude extract (15.4 £ 0.4%), and ethanol extract
(14.2 £ 0.7%). On the other hand, the radical scavenging
activities of the extracts are comparable to that of ascorbic
acid.

The molar ratio of antioxidant/DPPH required to de-
crease the concentration of DPPH to 50% of its initial
value, denoted as ECsy or Efficient Concentration, is an
indicator of antiradical activity, i.e the lower the EC;, the
more potent the scavenging activity. The ECs, can be
obtained from plots of percentage (%) remaining DPPH
as a function of molar ratio (MR) of antioxidant/DPPH
(Fig. 3). It has been suggested that the reciprocal of ECs,
called the antiradical power (ARP) provides a clearer and
more direct indicator of the radical scavenging potency of
a compound.” It is observed that the ARP of gallic acid
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Figure 1 : Scavenging of DPPH radical by varying concentrations of (A) gallic acid, (B) crude extracts, and (C) ethanol extract

(13.05) is higher than that of ascorbic acid (3.78), crude
extract (3.14) or ethanol extract (3.31). These ARP values
for gallic and ascorbic acids agree with the values re-
ported previously.”

This high ARP for gallic acid is attributed to the num-
ber of hydroxyl groups that are available to donate hydro-
gen atoms to the DPPH radical. The ARP of the crude and

ethanol extracts are respectively, 3.14 and 3.31, which
are comparable to those of eugenol (3.7) and zinge-
rone (3.7), and higher than that of ferulic acid (2.33).”
While the ARP of the ethanol and crude extracts are com-
parable to that of ascorbic acid, the radical scavenging
curve discussed earlier suggests that the mechanism of
DPPH radical scavenging by the extracts could be similar

300
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Figure 2. Scavenging of DPPH radical by ascorbic acid
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Figure 3. Plot of % remaining DPPH against Molar Ratio (gallic acid/DPPH)

to that of gallic acid. Though the exact composition of
the phenolic compounds present in the crude extracts
have yet to be fully elucidated, the presently available
data identifies some of these compounds as gallic, chloro-
genic, protocatechuic, gentisic, coumaric, ferulic, and
caffeic acids, as well as catechins, hesperidin, narirutin,
and 4-hydroxybenzoate." As reported by Brand-Williams
et al.,” gallic, gentisic, caffeic, and proto-catechuic acids
exhibit potent antiradical activity, ferulic acid exhibits a
moderate activity, but coumaric and vanillic acids exhibit
poor activity. It could therefore be expected that the palm
extracts could exhibit moderate anti-radical activity due to
the combined antiradical activity of the different phenolic
compounds present.

Reducing power

Reducing power assay measures the electron-donating ca-
pacity of an antioxidant.** The reduction of the ferric ion
(Fe’") to ferrous ion (Fe*") is measured by the intensity of
the resultant blue-green solution which absorbs at 700
nm, and an increased absorbance is indicative of higher
reducing power. The reducing power of the extracts in-
creased progressively over the concentration range stu-
died (0.1 to 1.0 mM GAE). Extract solutions at 1mM
GAE had comparable reducing power to gallic acid at 0.3

mM. These findings suggests that the palm extracts are
capable of donating electrons, and could therefore react
with free radicals or terminate chain reactions. The re-
ducing power of ascorbic acid was also studied over the
0.05-0.6 mM concentration range and it was found that
the reducing power increased in a dose dependent manner
up to a concentration of 0.3 mM, but did not show any
clear trend beyond that range.

Hydrogen peroxide scavenging

The scavenging of hydrogen peroxide by the standards
(gallic and ascorbic acid) and extracts after incubation for
10 minutes increased with increased concentration. Both
extracts exhibited higher hydrogen peroxide scavenging
activity than either gallic or ascorbic acids at similar con-
centrations. While hydrogen peroxide itself is not very
reactive®, it can generate the highly reactive hydroxyl
radical (OH) through the Fenton reaction’®?’ (Equation
2). Thus, the scavenging of hydrogen peroxide is an
important antioxidant defense mechanism.*®

Fe’" + H,0, —» Fe’" + OH+ OH (Equation 2)
The decomposition of hydrogen peroxide to water
involves the transfer of electrons as in Equation 3.%

H,0, +2H '+ 2¢ — 3 2H,0 (Equation 3)
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The scavenging of hydrogen peroxide by phenolic com-
pounds has been attributed to their electron-donating
ability.® The crude and ethanol extracts have high
electron-donating abilities, and 100% scavenging was
achieved with concentrations of crude and ethanol ex-
tracts at 0.4 mM GAE. In comparison, the hydrogen
peroxide scavenging activity of gallic acid and ascorbic
acid at 1.0 mM were found to be 93.2 = 0.6% and 70.4 +
2.5%, respectively.

Conclusion

The phenolics profile of crude and ethanol extracts are
similar, though the latter has higher total phenolics con-
tent. The ability of palm fruit extracts to act as hydrogen
donors is indicated by their ability to scavenge DPPH free
radicals, and in this respect the DPPH radical scavenging
activity of both crude and ethanol extracts are comparable
to that of ascorbic acid. The radical scavenging kinetics,
on the other hand suggests that the scavenging mecha-
nism of the extracts is similar to that exhibited by gallic
acid. The results of the reducing power and the hydrogen
peroxide scavenging suggests that the extracts can also
act as electron-donors, and as such can terminate radical
chain reactions.

Acknowledgement
NB is the recipient of a Malaysian Palm Oil Board scholarship.

References

1.  Tan YA, Sundram K, Sambanthamurthi R. Water-soluble
phenolics from the palm oil industry. In : Pfannhauser W,
Fenwick GR, Khokhar S, eds. Biologically-active
Phytochemicals in Food — Analysis, Metabolism, Bio-
availability and Function. Cambridge: The Royal Society
of Chemistry 2001; 548-551.

2. Sambanthamurthi R, Tan YA, Sundram K. Malaysian
Patent Application No. PI 980 4378 (1998); US Patent
Application # 09/405, 206 (1999); Indonesia Patent
Application # P-990892 (1999).

3. Catapano AL. Antioxidant
Angiology 1997; 48: 39-44.

4.  Hagerman AE, Riedl KM, Jones GA, Sovik KN, Ritchard
NT, Hartzfeld PW, Riechel, TL. High-molecular weight
plant phenolics (tannins) as biological antioxidants. J
Agric Food Chem 1998; 46:1887-1892.

5. Fraga CG, Martino VS, Ferraro GE, Coussio JD, Boveris
A. Flavonoids as antioxidants evaluated by in vitro and in
situ liver chemiluminescence. Biochem Pharmacol 1987;
36: 717-720.

6. Cavalini L, Bindoli A, Siliprandi N. Comparative
evaluation of antiperoxidative action of silymarin and
other flavonoids. Pharmacol Res Commun 1978; 10: 133-
*136.

7.  Afanas’ev IB, Dorozhko Al, Brodskii AV, Kostyuk VA,
Potapovitch AI. Chelating and free radical scavenging
mechanisms of inhibitory action of rutin and quercetin in
lipid peroxidation. Biochem Pharmacol 1989; 38: 1763-
1769.

8.  Decker EA. Antioxidant mechanisms. In: Akoh CC, Min
DB, eds. Food lipids — chemistry, nutrition, and
biotechnology. New York: Marcel Dekker, 1998; 397-421.

9.  Shahidi F, Naczk M. Food Phenolics: Sources, chemistry,
effects, applications. Lancaster, PA:Technomic Publishing
Company Inc, 1995.

10. Bravo L. Polyphenols: Chemistry, dietary sources, meta-
bolism, and nutritional significance. Nutrition Rev 1998;
56: 317-333.

effects of flavonoids.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Harborne JB, Baxter H, Moss GP, eds. Phytochemical
Dictionary: Handbook of bioactive compounds from
plants.2" Ed. London: Taylor and Francis, 1999.

Gao X, Ohlander M, Jeppsson N, Bjork L, Trajkovski V.
Changes in antioxidant effects and their relationship to
phytonutrients in fruits of sea buckthorn (Hippophae
rhamnoides L.) during maturation. J Agric Food Chem
2000; 48: 1485-1490.

Chu YH, Chang CL, Hsu HF. Flavonoid content of several
vegetables and their antioxidant activity. J Sci Food Agric
2000; 80: 561-566.

Yildirim A, Mavi A, Kara AA. Antioxidant and anti-
microbial activities of Polygonum cognatum Meissn
extracts. J Sci Food Agric 2003; 83: 64-69.

Da Porto C, Calligaris S, Celotti E, Nicoli MC. Antiradical
properties of commercial cognags assessed by the DPPH
test. J Agric Food Chem 2000; 48: 4241-4245.

Oyaizu M. Studies on products of browning reaction :
antioxidative activity of products of browning reaction
prepared from glucosamine. Jpn J Nutr 1986; 44: 307-315.
Chang LW, Yen WJ, Huang SC, Duh PD. Antioxidant
activity of sesame seed coat.Food Chem 2002;78:347-354.
Ruch RJ, Cheng SJ, Klaunig JE. Prevention of cyto-
toxicity and inhibition of intercellular communication by
antioxidant catechins isolated from Chinese green tea.
Carcinogenesis 1989; 10: 1003-1008.

Oktay M, Giilgin I, Kiifrevioglu I. Determination of in
vitro antioxidant activity of fennel (Foeniculum vulgare)
seed extracts.Lebensm.-Wiss.U-Technol 2003; 36: 263-
271.

Dangles O, Fargeix G, Dufour C. Antioxidant properties
of anthocyanins and tannins: a mechanistic investigation
with catechin and the 3’°,4’°,7-trihydroxyflavylium ion. J
Chem Soc Perkin Trans 2000; 1653-1663.

Goupy P, Dufour C, Loonis M, Dangles O. Quantitative
kinetic analysis of hydrogen transfer reactions from
dietary polyphenols to the DPPH Radical. J Agric Food
Chem 2003; 51: 615-622.

Sanchez-Moreno C, Larrauri JA, Saura-Calixto F. A pro-
cedure to measure the antiradical efficiency of poly-
phenols. J Sci Food Agric 1998; 76: 270-276.
Brand-Williams W, Cuvelier ME, Berset C. Use of free
radical method to evaluate antioxidant activity. Lebensm-
Wiss u-Technol 1995; 28: 25-30.

Yen GC, Chen HY. Antioxidant activity of various tea
extracts in relation to their antimutagenicity. J Agric Food
Chem 1995; 43:27-32.

Namiki M. Antioxidants/antimutagens in foods. Crit Rev
Food Sci Nutr 1990; 29: 273-300.

Cohen G, Heikkila RE. The generation of hydrogen
peroxide, superoxide radical and hydroxyl radical by 6-
hydroxydopamine, dialuric acid, and related cytotoxic
agents. J Biol Chem 1974; 249: 2447-2452.

Halliwell B. The biological toxicity of free radicals and
other reactive oxygen species. In Aruoma OI, Halliwell B,
eds. Free Radicals and Food Additives. London: Taylor
and Francis, 1991; 37-49.

Duh PD, Tu YY, Yen GC. Antioxidant activity of water
extract of Harng Jyur (Chrysanthemum moifolium Ramat).
Lebensm—Wiss Technol 1999; 32: 269-277.

Wettasinghe M, Shahidi F. Antioxidant and free radical-
scavenging properties of ethanolic extracts of defatted
borage (Borago officinalis L.) seeds. Food Chem 1999;
67:399-414.

Wettasinghe M, Shahidi F. Scavenging of reactive-oxygen
species and DPPH free radicals by extracts of borage and
evening primrose meals. Food Chem 2000; 70: 17-26.



Asia Pac J Clin Nutr: Chinese Abstract

Antioxidant properties of palm fruit extracts

IR AR

Nagendran Balasundram M8t Tan Yew Ai PhB, Ravigadevi SambanthamurfihD¥, Kalyana
SundranPhD? and Samir Samman PhD

"Human Nutrition Unit, University of Sydney, 2006/MSAustralia
*Malaysian Palm Oil Board, 6 Persiaran Institusi, ®far Baru Bangi, 43000 Kajang, Malaysia

2L AR Z W TUR IR S W AT B WS, R N AESTAACET T SR A R AR PEI, 70 Hh 5 2R
JEIy. ABIEFEIH A2 T 0 A5 R A S O AR SR P K SR IR 4, X Le g U i e sa A i sk
ITWIFE. | Folin-Ciocal teu ¥l e ML S HU RN BRIV ) B IO IR 5, 45 2R 2099070 40.3 £ 0.5 and
49.6 + 0.6 mg GAE/g (T"Hz). A DPPH. JE Ui R F HAERIRES), S RIS U AR SR IO ¥ HAy
Bomm vk I aE S, I HEAT S CARUNIE BR B BRI 68 . IX YRR SEICYIIR B DPPH [ th %L1 fig
BRI TR, H2ElERPR S R TIRACL XA aERE R e, JFRATIR T,

P LA THEWT L B AT STk i T AOBE DS, 1 oM GAE ARSIV AN S VIR I RE D 55 0. 3 mM AR TR )
WS RENA M. IR RT 0.4 mM GAE (3R RE e T PRI AL L. IX Lo RER WA AR B A S
Py REE I DOk R 1 B ORI R B i, LT B — R

REER AT, PR, B, MR





