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The methanolic extract of Olea ferrugenia Royale was dissolved in distilled water and partitioned with n-
hexane, chloroform, ethyl acetate and n-butanol successively. The phytochemical screening of all these
organic fractions and remaining aqueous fraction was carried out and then the antioxidant potential of
all studied fractions was evaluated by four in vitro methods: DPPH free radical scavenging activity, total
antioxidant activity, FRAP assay and ferric thiocyanate assay. Total phenolics of these organic
fractions were also determined. All the fractions showed significant antioxidant potential. The results
revealed that ethyl acetate soluble fraction showed highest value of percentage inhibition of DPPH
radical (92.96% x 0.13), with IC5, value of (19.76 + 0.12 ug/ml, relative to butylated hydroxytoluene (BHT),
having IC5, of 12.1 + 0.92 pg/mL. This fraction also exhibited highest FRAP value (714.45 + 2.61 ug of
trolox equivalents), highest total phenolic contents (416.4.59 + 7.73 mg of gallic acid equivalents), as
well as highest value of inhibition of lipid peroxidation (57.51% * 1.56) when compared with other
fractions. However, the chloroform soluble fraction showed highest total antioxidant activity (0.9101 x
0.03) when compared with other fractions.
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inhibition of lipid peroxidation (%).

INTRODUCTION

Natural products based drugs have been used against
various diseases since time immemorial and are a
significant part of today’s drugs. Folk-lore used herbs as
therapeutics and medicaments. The importance of some
plants has long been published but a large number of
them remain unknown yet. So, it is essential to explore
their uses and to conduct pharmacognostics and
pharmacological studies to discover their therapeutic
uses (Bhatti et al., 1998). In recent years, the use of
biologically active compounds from natural sources is
intensified, therefore, a broad field of bioactivity assays,
isolation methods and spectroscopic studies has been
developed. Plants are a rich source of natural
antioxidants, some of them, e.g. tochopherols (vitamin E),
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ascorbic acid (vitamin C) and carotenoids are substances
of major importance in human composition and food. The
large scale accessibility of agricultural and industrial plant
waste materials and their low cost makes them a striking
source of natural antioxidants (Perez-Bonilla et al., 2006).
Over the last years, researchers have become more and
more interested in nutritional phenolic compounds
because of their free radical scavenging activity and other
potential beneficial effects on human health (Manach et
al., 2004). Olive oil is the main fatty component of natural
olive (Olea europea L.) and mediates positive effects on
cardiovascular, metabolic, inflammatory and autoimmune
diseases (Lastra et al., 2001).

Olives and their derivatives may be considered, as
potential sources of natural anti-oxidants which could be
used in food and pharmaceutical industries (Savarese et
al., 2007). In recent years, the consumption of olive oil
and olives has steadily increased. This trend is being
fostered by the recognized nutritional value of



Mediterranean diet (Sabitini and Marsilio, 2008). Olive
and its oil consumption have been shown to be
associated with a variety of health benefits including a
lower incidence of heart disease and certain types of
cancer. These beneficial effects have been attributed not
only to a low saturated/ mono unsaturated fatty acid ratio,
but also to other additional molecules present in minor
concentration, particularly antioxidant phenol compounds
(Perez-Jimenez et al., 2007). Olive leaves are being
utiized as a traditional remedy for reducing fever,
preventing/curing malaria and in preventing hypertension
(Ranalli et al., 2006). A major bioactive compound,
Oleuropein (OE) has been isolated from Olive tree
exhibiting potent antiatherogenic, anticancer, anti-
inflammatory and antimicrobial properties (Gikas et al.,
2007). O. ferrugenia Royale (kao, Indian Olive), belongs
to family Oleaceae comprising of 29 genera and 600
species (Baqar, 1969). It is a native broad leaved tree of
sub-continent, distributed from 500 to 2000 m in sub-
tropical, dry and moist temperate regions of Pakistan
(Ahmad et al., 2009). This frost and drought resistant
species has adopted 250 to 1000 mm/ annum
precipitation and -10 to 40°C temperature, therefore it can
easily be planted on wide areas of arid, semi-arid and dry
temperate regions of Pakistan with minimum input. The
water-shed, microclimatic and edaphic conditions of the
area can be improved through plantation of this tree. Its
fruit and wood may be used as fodder, oil and fuel
(Komaki et al., 2003). Moreover its leaves have been
used for medical purposes and recently introduced into
Pharmacopeia Ph Eur 5 (Jensen et al., 2002). O.
ferrugenia Royale fresh fruit in summer season are
collected, dried and recommended to diabetic patient in
winter season for reducing blood glucose level (Ahmad et
al., 2009). Based on our knowledge about the plant under
consideration, no comprehensive study on the antioxidant
activities was carried out. Therefore, we illustrate the in
vitro studies on various fractions and methanolic extract
of O. ferruginea to asses its effectiveness for protection
from oxidative stress.

MATERIALS AND METHODS
Plant Material

The plant O. ferrugenia Royale (voucher specimen no.) was
collected from Kotly, Azad Kashmir in March 2009 and identified by
Mr. Muhammad Ajaib (Taxonomist), Herbarium Department of
Botany, GC University, Lahore. A voucher specimen (GC.Herb.Bot.
948) has been deposited in the herbarium of the same University.

Extraction and fractionation of antioxidants

The shade-dried ground whole plant (5.5 kg) was exhaustively
extracted with methanol (12L x 4) at room temperature. The extract
was evaporated to yield the crude methanolic residue (995 g),
which was dissolved in distilled water (1.5L) and partitioned with n-
hexane (1L x 4), chloroform (1L x 4), ethyl acetate (1L x 4) and n-
butanol (1L x 4), respectively. These organic fractions were
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concentrated separately on rotary evaporator to get residues as 83,
90, 64 and 96 g, respectively. The remaining aqueous layer was
also concentrated (180 g) in a similar way. For this study, the crude
methanolic extract, organic fractions and the aqueous fraction thus
obtained were used to evaluate their in vitro antioxidant potential
and phytochemical screening.

Chemicals and standards

DPPH" (1,1-Diphenyl-2-picrylhydrazyl radical), TPTZ (2,4,6-
Tripyridyl-s-triazine), trolox, gallic acid, follin ciocalteu reagent and
BHT (Butylated hydroxytoluene) were obtained from Sigma
chemical company Ltd. (USA) and organic solvents (n-hexane,
chloroform, ethyl acetate, n-butanol), sulphuric acid, sodium
phosphate, ammonium molybdate, ferric chloride and ferrous
chloride from Merck (Pvt.) Ltd. (Germany).

Phytochemical screening

The phytochemical components of plant extracts were screened by
using standard procedure described by (Sofowara, 1993; Trease
and Evans, 1989; Aylooa et al., 2008).

Test for reducing sugars (Fehling’s test)

Fehling’s solution (A and B) in a test tube was boiled with sample
solutions (0.5 g of sample in 5 ml of water). Formation of red
precipitates indicated the presence of sugars.

Test for terpenoids

Two methods were employed to check the presence of terpenoids.
First (Salkowski test) ,Concentrated H>S0. (3 ml) was carefully
added in test tube containing 0.5 g of each of the extracts in 2 ml of
chloroform to form a reddish brown coloration at the interface which
indicated the presence of terpenoids. Second, TLC card having
spots of samples was sprayed with ceric sulfate solution and
heated further on a TLC heater. Appearance of brown color
indicated terpenoids.

Test for flavonoids

Four methods were used for detection of flavonoids in plant
extracts. First, dilute ammonia (5 ml) was added to a portion of an
aqueous filtrate of the extract. Concentrated sulphuric acid (1 ml)
was also added. A yellow coloration that disappeared on standing
indicated the presence of flavonoids. Second, a few drops of 1%
aluminium solution were added to sample solution. Yellow
coloration indicated the presence of flavonoids. Third, TLC card
having spots of samples was sprayed with Benedict's reagent.
Green fluorescence in UV light indicated flavanoids. Lastly, TLC
card having spots of samples was sprayed with Lead acetate which
also showed Green fluorescence in UV light and indicated the
presence of flavanoids.

Test for saponins

5 ml of distilled water was added in 0.5 g of extract in a test tube.
The solution was shaken vigorously till the formation of a stable
persistent froth. 3 drops of olive oil were added in the frothing and
was shaken vigorously till the formation of an emulsion which
indicated saponins.
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Test for tannins

Mixture of 5 ml of n-butanol-HCI and 2 ml of sample solutions were
warmed for 1 hr in a water bath. Appearance of red color indicated
the presence of tannins.

Test for alkaloids

TLC card having spots of samples was sprayed with Draggendroff's
reagent. Appearance of orange color indicated alkaloids.

Test for cardiac glycosides (Keller-Killiyani test)

0.5 g of extract was diluted with 5 ml water. 2 ml of glacial acetic
acid containing one drop of ferric chloride solution was added drop
wise in the diluted extracts.

This was underplayed with 1 ml of concentrated sulphuric acid. A
brown ring at the interface indicated the presence of a deoxysugar
characteristic of cardenolides. A violet ring may appear below the
brown ring, while in the acetic acid layer a greenish ring may form
just above the brown ring and gradually spread throughout this
layer.

Antioxidant assays

The following antioxidant assays were performed on various
extracts of the plant under study.

DPPH radical scavenging activity

The DPPH radical scavenging activities of various samples of this
plant were examined by comparison with that of known antioxidant,
butylated hydroxytoluene (BHT) using the method of (Lee and
Shibamoto, 2001). Briefly, various amounts of the extracts (1000,
500, 250, 125, 60, 30, 15 and 8 pg/mL) were mixed with 3 ml of
methanolic solution of DPPH (0.1 mM). The mixture was shaken
vigorously and allowed to stand at room temperature for 1 h. Then
absorbance was measured at 517 nm against methanol as a blank
in the spectrophotometer. Lower absorbance of spectrophotometer
indicated higher free radical scavenging activity. The percent of
DPPH decoloration of the samples was calculated according to the
formula:

Antiradical activity = Acontrol - Asample/ Acontrol x100

Each sample was assayed in triplicate and mean values were
calculated.

Total Antioxidant Activity by Phosphomolybdenum Method

The total antioxidant activities of various samples were evaluated
by phosphomolybdenum complex formation method (Prieto et al.,
1999). Briefly, 500 pg/mL of each extract was mixed with 4 mL of
reagent solution (0.6 M sulphuric acid, 28 mM sodium phosphate
and 4 mM ammonium molybdate) in sample vials. The blank
solution contained 4 mL of reagent solution.

The vials were capped and incubated in water bath at 95°C for
90 min. After the samples had been cooled to room temperature,
the absorbance of mixture was measured at 695 nm against blank.
The antioxidant activity was expressed relative to that of butylated
hydroxytoluene (BHT).

All determinations were assayed in triplicate and mean values were
calculated.

Ferric reducing antioxidant power (FRAP) assay

The FRAP assay was done according to the method of (Benzie and
Strain, 1996) with some modifications. The stock solutions included
300 mM acetate buffer (3.1 g CHsCOONa.3H.O and 16 mL
CH3;COOH), pH 3.6, 10 mM TPTZ (2, 4, 6-Tripyridyl-s-triazine)
solution in 40 mM HCI and 20 mM FeCl;.6H20 solution. The fresh
working solution was prepared by mixing 25 mL acetate buffer, 2.5
mL TPTZ solution and 2.5 mL FeCl3.6H>O solution and then
warmed at 37°C before using. The solutions of plant samples and
that of trolox were formed in methanol (250 pug/mL). 10 mL of each
of sample solution and BHT solution were taken in separate test
tubes and 2990 mL of FRAP solution was added in each to make
total volume up to 3 mL. The plant extracts were allowed to react
with FRAP solution in the dark for 30 min. Readings of the coloured
product [ferrous tripyridyltriazine complex] were then taken at 593
nm.

The FRAP values were determined as micromoles of trolox
equivalents per mL of volatile oil by computing with standard
calibration curve constructed for different concentrations of trolox.
Results were expressed in TE mM/mL.

Total phenolic contents

Total phenolics of various samples were determined by the method
of Makkar et al. (1993). 0.1 mL (0.5 mg/mL) of sample was
combined with 2.8 mL of 10% Na,COs; and 0.1 mL of 2N Folin-
ciocalteu reagent. After 40 min absorbance at 725 nm was
measured by UV-visible spectrophotometer. Total phenolics were
determined as milligrams of gallic acid equivalents per gram of
sample by computing with standard calibration curve constructed
for different concentrations of gallic acid. The standard curve was
linear between 50 to 400 mg/mL of gallic acid. Results were
expressed in GAE mg/mL.

Ferric thiocyanate (FTC) Assay

The antioxidant activities of various samples on inhibition of linoleic
acid peroxidation were assayed by thiocyanate method (Valentao et
al., 2002). The 0.1 mL of each of sample solution (0.5 mg/ mL) was
mixed with 2.5 mL of linoleic acid emulsion (0.02 M, pH 7.0) and 2.0
mL of phosphate buffer (0.02 M, pH 7.0). The linoleic emulsion was
prepared by mixing 0.28 g of linoleic acid, 0.28 g of Tween-20 as
emulsifier and 50.0 mL of phosphate buffer. The reaction mixture
was incubated for 5 days at 40°C. The mixture without sample was
used as control. The 0.1 mL of the mixture was taken and mixed
with 5.0 mL of 75% ethanol, 0.1 mL of 30% ammonium thiocyanate
and 0.1 mL of 20 mM ferrous chloride in 3.5% HCI and allowed to
stand at room temperature. Precisely 3 min. after addition of ferrous
chloride to the reaction mixture, absorbance was recorded at 500
nm. The antioxidant activity was expressed as percentage inhibition
of peroxidation (IP %) [IP% = {1-(abs. of sample) / (abs. of control)}
x 100]. The antioxidant activity of BHT was assayed for comparison
as reference standard.

Statistical analysis

All the measurements were done in triplicate and statistical analysis
was performed by Microsoft excel 2007. Results are presented as
average + SEM.
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Table 1. Phytochemical constituents of Olea ferrugenia Royale.
Test n-hexane soluble Chloroform soluble Ethyl acetate n-butanol Remaining
fraction fraction soluble fraction  soluble fraction aqueous fraction

Alkaloids - + + ++ +
Terpenoids +++ +++ ++ ++ +
Saponins - + T4
Tannins - + +

Sugars - - + 4+ ++
Phenolics - +++ +++ ++ +
Flavanoids - +++ +++ ++ +
Cardiac + ++ ++ +++ +
glycosides

+ shows presence and — shows absence.

RESULTS AND DISCUSSION

The phytochemical screening was performed on all
fractions of the plant under study and results are shown
in (Table 1). It was observed from the results that
chloroform, ethylacetate and n-butanol soluble fractions
carried flavanoids and phenolics, as well as alkaloids
which were absent in n-hexane fraction. Cardiac
glycosides were present in all fractions but chloroform,
ethylacetate and n-butanol soluble fraction showed them
in higher concentration and n-hexane soluble fraction
carried them in least amount. Tannins and sugars were
present in all fractions except in n-hexane soluble fraction
whereas n-butanol soluble fraction contained sugars in
appreciable amount. Most of the terpenes were present
in n-hexane soluble fraction and lesser in all other
fractions. Saponins were also present in all fractions in
smaller amount except in n-hexane soluble fraction. The
remaining aqueous layer indicated the presence of
phenolics, flavanoids, cardiac glycosides, tannins,
saponins and alkaloids which are significantly biologically
active components.

The radical scavenging activity of the studied samples
was evaluated using a methanolic solution of the “stable”
free radical, DPPH (Ferreira et al., 2006). A freshly
prepared DPPH solution exhibits a deep purple color with
an absorption maximum at 517 nm. The purple color
generally fades when an antioxidant is present in the
medium. Thus, antioxidant molecules quenched DPPH
free radicals (that is, by providing hydrogen atoms or by
electron donation, conceivably via a free-radical attack on
the DPPH molecule) and converted them to a colorless
product (that is, 2,2-diphenyl-1-hydrazine, or a
substituted analogous hydrazine), which resulted in a
decrease in absorbance at 517 nm. Hence, the more
rapidly the absorbance decreases, the more potent the
antioxidant activity of the extract (Table 2). The ICs
values in pg/mL (Table 3) of different samples were
calculated in the present study and the highest radical
scavenging activity, was shown by ethyl acetate soluble

fraction (19.76 + 0.12), followed by the order of
chloroform soluble fraction (60.09 + 2.91), n-butanol
soluble fraction (66.74 + 1.66), n-hexane fraction (140.21
* 1.65), methanolic extract (173.53 + 0.25) and by water
fraction (226.19 £ 7.21).

The total antioxidant capacity of the O. ferrugenia
Royale extract and fractions was measured
spectrophotometrically by Phosphomolybednum method,
in which the reduction of Mo (VI) to Mo (V) took place by
various fractions of plant which was detected at 695 nm
by spectrophotometer due to the formation of green
phosphate Mo (V) compounds (Miladi and Damak, 2008).
The highest total antioxidant capacity (Table 3) is in the
order of chloroform soluble fraction (0.9101 = 0.03), n-
hexane (0.8987 + 0.02), crude methanolic extract (0.6766
* 0.00), ethyl acetate soluble fraction (0.4034 + 0.01), n-
butanol soluble fraction (0.3326 £ 0.01) and lowest by
water fraction (0.2603 % 0.02).

The reducing power of various samples was observed
by FRAP assay in which, the yellow color of the test
solution changes to various shades of green and blue,
depending on the reducing power of different samples.
This assay utilized antioxidants as reductants in a redox-
linked colorimetric method, employing an easily reduced
oxidant system present in stoichiometric excess (Benzie
and Strain, 1997). At low pH, reduction of ferric tripyridyl
triazine (Fe Ill TPTZ) complex to ferrous form (which has
an intense blue color) can be monitored by measuring the
change in absorption at 593 nm. The reaction is non-
specific, in that any half reaction that has lower redox
potential, under reaction conditions, than that of ferric
ferrous half reaction, will drive the ferrous (Fe Il to Fe Il)
ion formation. The change in absorbance is therefore,
directly related to the combined or “total” reducing power
of the electron donating antioxidants present in the
reaction mixture. The presence of reducers (that is,
antioxidants) causes the reduction of the Fe*
/ferricyanide complex to the ferrous form. Therefore,
measuring the formation of Perl’s Prussian blue at 595
nm can be monitored by the Fe**concentration (Isabel et
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Table 2. Free radical scavenging activity of various fractions of Olea ferrugenia Royale using 1,1-Diphenyl-2-picryl hydrazyl radical (DPPH).

S/N Sample

Concentration in assay (pg/4 ml)

Age scavenging of DPPH radical (%) S.EM?

500

250
125
60

1 Methanolic extract

1000
500
250
125

2 Hexane soluble fraction

250
3  Chloroform soluble fraction 125
60
30

60
30

4  Ethyl acetate soluble fraction 15

250
125
60
30

5 n-butanol soluble fraction

500

250
125
60

6 Water fraction

60

30
15
8

7 BHTY

81.13+0.10
63.05+0.34
47.55+0.23
33.18+0.11

83.68+0.08
68.83+0.41
56.53+0.37
45.43+0.26

85.37+0.10
67.88+0.55
54.14+1.15
44.81+0.57
32.81+0.29

92.96+0.13
73.68+0.07
40.77+0.04
32.57+0.31

90.80+0.16
68.29+0.71
52.54+0.37
35.16+0.36

74.10%0.43
56.26+0.25
44.46+0.46
29.42+1.07

91.25+0.13
75.56+0.07
42.67+0.04
23.57+0.31

(a). Standard mean error of three assays. (b). standard antioxidant.

al., 2007). The present study showed that the extract and
fractions of O. ferrugenia showed potent antioxidant
power with FRAP values in pM/mL (Table 2). The ethyl
acetate soluble fraction exhibited highest FRAP value of
(714.45 = 2.61), followed by crude methanolic extract
(685.93 + 4.54), n-butanol soluble fraction (606.66 *
6.57), chloroform soluble fraction (340.53 + 10.29), n-
hexane fraction (311.91 £ 11.86) while the lowest value
was shown by aqueous fraction (180.56 + 7.88).

The antioxidant activity of plant materials correlated
well with the phenolic content. The phenols concentration
in the different extracts is expressed as milligram of gallic
acid equivalents (GAEs) per gram of extract (Skerget et
al., 2005). Amongst different fractions (Table 2), ethyl

acetate soluble fraction showed the highest phenolic
content (416.4 + 7.73), followed by n-butanol soluble
fraction (413.1 8.02), aqueous fraction (371.04 =
15.63), chloroform soluble fraction (349.6 + 4.12),
methanolic extract (336.2 £ 1.6) and lowest phenolic
contents were found in n-hexane soluble fraction (315 +
3.01).

The Ferric thiocynate method (Kim and Kim, 2010),
determines the amount of peroxide produced at the
beginning stage of Linoleic acid emulsion during
incubation, which reacted with ferrous chloride to form
ferric chloride which further formed ferric thiocynate (red
pigment) upon reaction with ammonium thiocynate (Table
2). The ethyl acetate soluble fraction showed potent lipid

*
*



Siddiqui et al. 4085

Table 3. /Csp total phenolics, total antioxidant activity, FRAP values and inhibition of lipid peroxidation values of different Olea ferrugenia fractions.

Sample ICs0 of DPPH assaa)ly Tol_al_antioxida:g FRAP value Total phenolics (GAE In_hib!tion of lipid
(Hg/ml) £ S.E.M activity + S.EM TE (uUM/ml) + S.EM®  mg/g of extract) + S.E.M®  peroxidation (%) + S.E.M?
Crude methanolic extract 173.53 £0.25 0.6766 + 0.00 685.93 + 4.54 336.2+1.6 50.18 £ 0.34
n-hexane soluble fraction 140.21 £1.65 0.8987 +0.02 311.91 +11.86 315 £ 3.01 49.20+0.18
Chloroform soluble fraction 60.09 + 2.91 0.9101+ 0.03 340.53 +10.29 349.6 +4.12 4475 +1.09
Ethyl acetate soluble fraction 19.76 £ 0.12 0.4034 £ 0.01 714.45 £ 2.61 416.4 +7.73 57.51 £ 1.56
n-Butanol soluble fraction 66.74 + 1.66 0.3326 + 0.01 606.66 + 6.57 413.1 £8.02 50.38 + 0.31
Water fraction 226.19 +7.21 0.2603 +0.02 180.56 + 7.88 371.04 +15.63 43.92 + 0.84
BHT” 12.1 £0.92 1.2186 + 0.07 - 62.91 + 0.60

(a). Standard mean error of three assays (b). Standard antioxidant.

peroxidation inhibitory potential (57.51 + 1.56),
followed by n-butanol soluble fraction (50.38 +
0.31), aqueous fraction (43.92 + 0.84), chloroform
(44.75 £ 1.09), n-hexane (49.20 + 0.18) and crude
methanolic extract (50.18 £ 0.34) compared to
standard BHT (62.91 £ 0.60).

Conclusion

The results of phytochemical screening suggested
that the claimed medicinal importance of the plant
is due to the presence of large number of

phenolics and flavanoids, alkaloids, cardiac
glycosides, saponins, tannins and reducing
sugars which are all Dbiologically active

components. The chloroform, ethylacetate and n-
butanol soluble fractions contained most of them
while n-hexane fraction showed least activity due
to the absence of these components.

By the evaluation of the antioxidant activities of
the crude methanolic extract and various fractions
of O. ferrugenia Royale by above discussed
methods, it was revealed that ethyl acetate
soluble fraction showed highest DPPH radical
scavenging activity, FRAP value, inhibition of lipid

peroxidation as well as total phenolic contents.
The chloroform soluble fraction exhibited highest
total antioxidant activity as compared to other
fractions. So, it was generally concluded that the
medium-polar fractions of this plant contain strong
antioxidants and are valuable resources of natural
bioactive materials which may find their use to
prevent the deterioration of food by inhibition of
lipid oxidation and improve the health-promoting
properties when they are added.

ACKNOWLEDGEMENT

The authors are thankful to Dr. Durre Shahwar,
Department of Chemistry, GC University, Lahore,
for providing some chemicals for this study.

REFERENCES

Ahmad M, Khan N, Wahab M, Hamza S, Siddiqui F, Khan U,
Nazim K (2009). Vegetation structure of Olea ferrugenia
Royale forests of lower dir district of Pakistan. Pak. J. Bot.,
41: 2683-2695.

Ahmad M, Qureshi R, Arshad M, Khan MA, Zafar A (2009).
Traditional herbal remedies used for the treatment of
diabetes from district attock (Pakistan). Pak. J. Bot., 41(6):

2777-2782.

Ayoola GA, Coker HAB, Adesegun SA, Adepoju BAA,
Obaweya K, Ezennia EC, Atangbaylia TO (2008).
Phytochemical screening and antioxiant activities of some
selected medicinal plants used for malaria therapy in
southern Nigeria. Trop. J. Pharm. Res., 7(3): 1019-1024.

Bagar SR (1969). Trees of Pakistan their Natural History,
characteristics and Utilization. Royal Book Company,
Karachi, p. 634.

Benzie FF, Strain JJ (1997). Ferric Reducing/ Antioxidant
Power Assay: Direct Measure of Total antioxidant Activity of
Biological Fluids and Modified Version for Simultaneous
Measurement of Total Antioxidant Power and Ascorbic Acid
Concentration. Methods Enzymol., 299: 15-23.

Benzie IEF, Strain JJ (1996). A measure of antioxidant power:
the FRAP assay, Anal. Biochem., 239: 70.

Bhatti GR, Qureshi R, Shah M (1998). Enthobotany of
Calotropis Procera with special reference to the people of
Nara Desert. Sci. Sindh, 5: 13-22.

Ferreira ICFR, Queiroz MJRP, Vilas-Boas M, Estevinho LM,
Begouin A, Kirsch G (20086). Evaluation of the antioxidant
properties of diarylamines in the benzo[b]thiophene series
by free radical scavenging activity and reducing power.
Bioorg. Med. Chem. Lett., 16: 1384-1387.

Gikas E, Bazoti FN, Tsarbopoulos A (2007). Conformation of
oleuropein, the major bioactive compound of Olea europea.
J. Mol. Struct., 821: 125-132.

Isabel CFR, Ferreira BL, Soares ME, Bastos ML, Pereira JA
(2007). Antioxidant activity and phenolic contents of Olea
europaea L. leaves sprayed with different copper
formulations. Food Chem., 103: 188-195.

Jensen SR, Franzyka H, Wallander E (2002). Chemotaxonomy
of the Oleaceae: iridoids as taxonomic markers.



4086 J. Med. Plant. Res.

Phytochemistry, 60: 213—-231.

Kim JS, Kim MJ (2010). In vitro antioxidant activity of Lespedeza
cuneata methanolic extracts. J. Med. Plants Res., 4: 674-679.

Komaki E, Yamagughi S, Maru I, Kinoshita M, Kakehi K, Ohta Y,
Tsukada Y (2003). ldentification of anti-amylase components from
olive leaf extracts. Food Sci. Technol. Res., 9: 35-39.

Lastra AC, Barranco MD, Motilva V, Herrerias JM (2001).Mediterranean
diet and health: biological importance of olive oil. Curr. Pharm. Des.,
7:933-950.

Lee K, Shibamoto T (2001). Antioxidant property of aroma extract
isolated from clove bud [syzygiun aromaticum (L.) Merr. Et Perry],
Food Chem., 74: 443-448.

Makkar HPS, Bluemmel M, Borowy NK, Becker K (1993). Gravimetric
determination of tannins and their correlation with chemical and
protein precipitation methods. J. Sci. Food Agric., 61: 161.

Manach C, Scalbert A, Morand C, Remesy C, Jimenez L (2004).
Polyphenols: food sources and bioavailability. Am. J. Clin. Nutr., 79:
727-747.

Miladi S, Damak M (2008). In vitro antioxidant activity of aloevera leaf
extracts. J. Soc. Chim. Tunisie, 10: 101-109.

Perez-Bonilla M, Salido S, Van BTA, Linares-Palomino PJ, Altarejos J,
Nogueras M (2006). Isolation and identification of radical scavengers
in olive tree wood. (Olea europaea). J. Chromatogr. A, 1112: 311-
318.

Perez-Jimenez F, Ruano J, Perez-Martinez P, Lopez-Segura F, Lopez-
Miranda J (2007). The influence of olive oil on human health: Not a
question of fat alone. Mol. Nutr. Food Res., 51: 1199-1208.

Prieto P, Pineda M, Aguilar M (1999). Spectrophotometric quantitation
of antioxidant capacity through the formation of a
phosphomolybdenum complex: Specific application to the
determination of vitamin E. Anal. Biochem., 269: 337-341.

Ranalli A, Contento S, Lucera L, Di FM, Marchegiani D, Di FV (2006).
Factors affecting the contents of iridoid oleuropein in olive leave
(Olea europaea L.). J. Agric. Food Chem., 54: 434-440.

Sabatini N, Marsilio V (2008). Volatile compounds in table olives (Olea
europaea L., Nocellara del Belice cultivar). Food Chem., 107: 1522-
1528.

Sofowara A (1993). Medicinal plants and traditional medicine in Africa.
Spectrum books, Ibadan, p. 150.

Savarese M, Marco ED, Sacchi R (2007). Characterization of phenolic
extracts from olives (Olea europaea cv.Pisciottana) by electrospray
ionization mass spectrometry. Food Chem., 105: 761-77.

Skerget M, Kotnik P, Hadolin M, Hras AR, Simonic M, Knez Z (2005).
Phenols, proanthocyanidins, flavones and flavonols in some plant
materials and their antioxidant activities. Food Chem., 89: 191-198.

Trease GE, Evans WC (1989). Pharmacogonosy. 13" Edition. Bailliere
Tindall, pp. 176-180.

Valentao P, Fernandes E, Carvalho F, Andrade PB, Seabra RM, Bastos
ML (2002). Antioxidative Properties of Cardoon (Cynara cardunculus
L.) infusion against superoxide radical, hydroxyl radical and
hypochlorous acid. J. Agric. Food Chem., 50: 4989-4993.



