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Antioxidant activities in stem bark, leaves, and fruits of Olea
ferruginea Royle grow in Himachal Pradesh, in relation to
altitudinal changes

Neha Sharma’, Indrajeet Kumar? Rajesh Kumar Sharma'?
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Abstract Background: Olea ferruginea Royle is one of the important plant which is commonly used by local people
~fortheir health benefits as folk medicine. The secondary metabolites of plants vary due to different abiotic
and biotic stresses. In the present study, variation in phenolics and flavonoids content and antioxidant
activity due to altitude, variation has been studied.
Aim: The aim of the study was to investigate the phytochemical content and antioxidant activity of the stem
bark, leaf, and fruits of O. ferruginea collected from five populations (Thalaut, Sapangi, Suind, Kolibeher, and
Kais) of North-west Indian Himalayan.
Materials and Methods: Stem bark, leaf, and fruit extracts were prepared by the maceration process using
80% (v/v) methanol and phytochemicals (phenolics and flavonoids) contents as well as their antioxidant
activities were analyzed using in vitro assays, namely DPPH (2, 2-Diphenyl-1-picrylhydrazyl) ABTS (2, 2-Azino-
bis 3-ethylbenzothiazoline- 6-sulfonic acid), and ferric-reducing antioxidant power (FRAP).
Results: The results revealed that phenolics (mg GAE/g fw) and flavonoids (mg QE/g fw) varied between
5.2-9, 5.1-9.4 and 4.6-8, and 0.8-1.8, 8.8-22.8 and 0.8-1.1, respectively, in stem bark, leaf, and fruits.
Average DPPH, ABTS, and FRAP activities were found highest in the methanol extracts of stem bark, leaf,
and fruits, respectively, of O. ferruginea plants. The biochemical attributes of the test plant’s parts showed
positive and significant correlations with altitudes (R* = 0.86-0.99; P < 0.01). Principal component analysis
showed that Sapangi and Kais population is biochemically different from other populations (Thalaut,
Kolibeher, and Suind).
Conclusion: The present study reveals that stem bark, leaf, and fruits of the O. ferruginea are a rich source
of natural antioxidants and may be exploited for commercial and health benefits.
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INTRODUCTION

Free radicals are generated during the aerobic metabolic process
and are involved in various regulatory mechanisms such as cell
proliferation, apoptosis, and gene expression but when generated in
excess, they can hamper the defensive potential of the antioxidant
system, damage the essential biomolecules in the cell due to
oxidation of membrane lipids, cell proteins, carbohydrates, DNA,
and enzymes.!" Oxidation reactions of biomolecules are not only
important to the food industries and inside the human system
but also required to avoid the deterioration of products found in
cosmetics, pharmaceuticals, and plastic industries.”) Antioxidants are
substances that have the ability to inhibit or delay the oxidation of
biomolecules caused by free radicals. These antioxidant compounds
have the capacity to neutralize the free radical.

Nowadays, several synthetic antioxidants such as butylated
hydroxyanisole and butylated hydroxyl toluene are commercially
available and are frequently being used but because of their synthetic
origin and adverse effect on the biological system, it is important to
replace them by exploring the potential of biodiversity elements as
a natural source of antioxidants. The demand for natural additives,
including antioxidants, has grown worldwide in recent years.! It
is well-known that plants are one of the major sources of food,
fodder for humans and cattle, and also is being used for the
therapeutic purpose since ancient times. Because of technological
advancement, it is known that plants used for the therapeutic
purposes are an excellent source of many phytochemicals such as
phenolics, flavonoids, carotenoids, anthocyanin, and tocopherol.?
Most of the phytochemicals, especially phenolics and flavonoids
have antioxidant potential, are used in food products, cosmetics,

and pharmaceutical industries.*”

Olea ferruginea Royle (syn O. cuspidate Wall. Ex G. Don) is a small tree
that grows widely in the Himalayas from Kashmir to Kumaun up
to an altitude of 2500 m.®% It belongs to the family Olaceae and
generally known as Indian olive, which is one of the six species of
Olea found in India. This is one of the important plants which are
commonly used by local people for their health benefits as folk
medicine."” Stem bark, leaf, and fruits of O. ferruginea plant is used
as antiperiodic in fever and debility, toothache, astringent medicines,
mouth ulcer, sore throat, mild digestive aid, antiseptic, etc.'"'?
Therefore, this study aimed to evaluate Phytochemical (phenolics
and flavonoids) contents in the methanol extracts of leaf, bark
bark, and fruits of O. ferruginea plants collected from five different
populations (Thalaut, Sapangi, Suind, Kolibeher, and Kais) of
the Kullu valley of Himachal Pradesh, India, and to explore their
antioxidant activities.

MATERIALS AND METHODS

The present study was carried out in the Kullu district of Himachal
Pradesh, India. Five geographically different sites, namely Thalaut,
Sapangi, Suind, Kolibeher, and Kais were selected for the sampling
purpose [Table 1]. Plant samples (leaf, stem bark, and fruit) were
collected from each site in triplicate. The samples were brought
to the laboratory and washed thrice using tap water followed by
double distilled water to remove the dust particles and chopped
into small pieces.

Table 1: Geographical locations of different populations of
Olea ferruginea in North-Western Indian Himalaya

Populations Altitude (m amsl) Latitude Longitude
Thalaut 981 N 31°42.734 E077°06.739
Suind 1151 N 31°54. 418" E077°09. 348’
Sapangi 1184 N 31°45.226° E077°06.739
Kolibehar 1293 N 31°54. 656" E077°06.739
Kais 1460 N 31°01.207° E077°08. 242
Chemicals

Chemicals such as DPPH (2, 2-Diphenyl-1-picrylhydrazyl) ABTS
(2, 2'-Azino-bis 3-ethylbenzothiazoline- 6-sulfonic acid, and
2,4,6-tripyridyl-S-triazine were purchased from Sigma-Aldrich Pvt.
Ltd., India. Whereas, Folin Ciocalteu phenol reagent, gallic acid,
quercetin, ascorbic acid, sodium carbonate, methanol, aluminum
chloride, etc., were purchased from Merck, Pvt., Ltd., India. All the
chemicals used were of analytical grade and stored at 4°C in the
refrigerator.

Extract preparation

For the preparation of extract, one (1 * 0.01) gram of each
plant sample was weighed and crushed in 10 ml aqueous
methanol (80% v/v) using mortar and pestle. The crushed
samples were kept at 4°C in a refrigerator for 48 h and then
centrifuged at 10,000 g. The supernatant of the centrifuged plant
samples was collected as a plant extract and further stored at
4°C for further analysis.

Determination of phenolics

After slight modification, the Folin Ciocalteu Phenol Reagent
method was used to quantify the total phenolics in methanol
extracts.!”! In brief, 1 ml of the plant extract was mixed with
the same volume of Folin Ciocalteu phenol reagent and 2 ml
of 2% (w/v) sodium carbonate, and the total volume of the
reaction mixture was maintained up to 10 ml using double
distilled water. The reaction mixture was then heated in a
water bath at 80°C for 30 min. After cooling, the absorbance
of the blue-colour mixture was measured at 650 nm using a
spectrophotometer (Ultraspec 2100 Pro, Healthcare Bioscience
AB, Uppsala, Sweden). A standard curve was prepared by the
different concentrations of gallic acid, and results were expressed

in terms of mg GAE/g fw.

Determination of flavonoids

Total flavonoids in methanol extracts of O. ferruginea were quantified
by the aluminum chloride colorimetric method.! In brief, 1 ml of
the plant extract was thoroughly mixed with the same volume of
2% ethanolic AICL (w/v). The reaction mixture was then allowed
to stand for 60 min at the room temperature, and absorbance
was recorded at 420 nm using a spectrophotometer (Ultraspec
2100 Pro, Healthcare Bioscience AB, Uppsala, Sweden). Different
concentrations of quercetin were used to prepare the standard curve.
The results of total flavonoids in methanol extracts were expressed

as mg QE/g fw.

In-vitro antioxidant measurements
DPPH radical assay

DPPH radical scavenging activity of the methanol extract
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was measured by a method described by.""! Briefly, 5 ml of
DPPH (0.135 mM) prepared in methanol was mixed properly with
1 ml of the plant extract and the reaction mixture was incubated
in dark for 30 min. The absotbance of the reaction mixture was
recorded at 517 nm using a spectrophotometer (Ultraspec 2100
Pro, Healthcare Bioscience AB, Uppsala, Sweden). A blank was
prepared using 1 ml methanol instead of plant extract. The results
were expressed in terms of mM AAE/g fw.

ABTS radical assmy

ABTS radical scavenging capacity of the methanol extract of
O. ferruginea was measured by the method given by.'" ABTS
radicals (ABTS™) were generated by allowing the reaction between
ABTS solution and potassium in dark for 16 h. ABTS cation was
then diluted by using 80% aqueous methanol and absorbance of
the solution was maintained 0.700 + 0.02 at 734 nm. One ml of
the methanol extract was then mixed with 5 ml of ABTS" and
shaken properly. The absorbance of the reaction mixture was
measured at 734 nm using a spectrophotometer (Ultraspec 2100
Pro, Healthcare Bioscience AB, Uppsala, Sweden) and results
were expressed in terms of mM AAE/g fw.

Ferric veducing antioxidant power assay

The ferric reducing antioxidant power (FRAP) of methanol extract
of O. ferruginea was determined as per the method described
by.l'l FRAP assay was initiated by adding 10 ml of 300 mM
acetate buffer to 1 ml of 10 mM 2,4,6-tri-2pyridyl-1,3,5-triazine
in 40 mM HCI and 1 ml of 20 mM ferric chloride. The mixture
was then prewarmed at 35°C before use. 150 ul of plant extract
was added to 3 ml of the above mixture and kept at the room
temperature for 10 min. The absorbance was taken at 593 nm using
a spectrophotometer (Ultraspec 2100 Pro, Healthcare Bioscience
AB, Uppsala, Sweden). A standard curve was prepared using
different concentrations of ferrous sulfate solution. The results
were expressed in terms of mM AAE/g fw.

Statistical analysis

All experimental measurements were carried out in
triplicates, and results were expressed as a mean of three
analyses * standard error. The statistical analyses were
performed using the statistical software (SPSS Version 16.0,
Chicago, USA). Significant differences between the means
were achieved by Duncan’s multiple range tests at P < 0.05.
Principle component analysis was also performed to access the
biochemical relationships among populations.

RESULTS AND DISCUSSION

Plants are the most important source of natural compounds which
are important for the health benefits of humans and other animals.
They are the major source of natural phenolic and flavonoid
compounds which are responsible for boosting the health benefits
value such as antioxidant activity in human beings.'"™"”) Several
authors have reported that olive fruits and leaves contain an immense
quantity of polyphenols and antioxidant activities.”'**"* Sharma
et al"® have studied the antioxidant activities in methanol extract
from raw and ripe seeds of O. ferruginea and found a significant level
of phenolics and antioxidant activity. Antioxidant activity in the
methanol extract of O. ferruginea fruits was studied and concluded
that this plant part can serve as a source of natural antioxidants for
the local population and can also be exploited for the commercial
purposes.”’ Al Juhaimi e7 al.,* investigated that in the olive
plant drying process influencing the total phenolic contents and
antioxidant activity, and gallic acid was found as a major phenolic
compound. Mehmood and Murtaza®™! have studied the antimicrobial
and antioxidant activities of O. ferruginea and suggested that leaves
and bark can be used as a source of natural antioxidants.

In the present study, total phenolics and flavonoid content in
methanol extracts of stem bark, leaf, and fruits of O. ferruginea
plants are shown in Table 2. The results showed that total phenolics
and flavonoid contents in all the tested parts of O. ferruginea were
significantly increasing with increasing altitudes (P < 0.05). Total
phenolics and flavonoid content (expressed as mg GAE/ g fwand
mg QE/g fw, respectively) ranged between 5.2-9 and 0.8-1.8 in stem
bark, 5.5-9.4 and 8.8-22.8 in leaf, and 4.6—8 and 0.8—1.1 in fruits,
respectively [Table 2]. The highest average content of total phenolics
and flavonoids was found in leaf followed by stem bark and least
in fruits [Table 2]. In the present study, the amounts of phenolics
and flavonoids were found maximum in the leaf which may be
due to the presence of a higher level of secondary metabolites,
formed from primary metabolites due to more absorption of
ultraviolet (UV)-radiation.

The variations in phenolic components in tested parts may also be
ascribed to variations in altitudes, habitats, growth stages, harvesting

181 Sharma e# 4/ have

stages, exposure times, surface areas, etc.
reported that Withania somnifera collected from the roadside have
more phenolic compounds than those found in the undisturbed area.
It has been reported that total phenolics content in the methanol

extract of fruits of O. ferruginea ranges between 3.4 and 2.3 mg

Table 2: Phenolics and flavonoids content in the methanol extracts of stem barks, leaf, and fruits of Olea ferruginea populations
of North-Western Indian Himalayas

Populations Phenolics (mg GAE/g fw) Flavonoids (mg QE /g fw)

Stem bark Leaf Fruit Stem bark Leaf Fruit
Thalaut 5.17¢ 5.51° 4.61¢ 0.81¢ 8.75¢ 0.76°
Suind 6.26° 7.95° 5.63¢ 0.97¢ 9.80¢ 0.82¢
Sapangi 6.29¢ 8.60° 6.67¢ 1.22° 14.73¢ 0.90°
Kolibeher 6.98° 8.57° 7.34° 1.35° 20.15° 1.00°
Kais 8.992 9.432 7.95° 1.782 22.78° 1.112
Average 6.74 8.01 6.44 1.23 15.24 0.92
F 89.22*** 83.33*** 54.42*** 69.83*** 692.09*** 67.90***

***Significant (P<0.001). Values are mean of three replicate determinations. Mean values in each column with different letters are significantly different
(P<0.05). Standard errors values are not shown as the values are <10% of mean value
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TAE/g fw which was found lower as compared to the methanol
extracts of leaf and stem batk of O. ferruginea [Table 2].”! Debib and
Boukhatem¥ have reported the total phenolics, antioxidant, and
antimicrobial activity of Olea europealeaf extract and found that total
phenolics range from 3.64 to 21.47 mg GAE/g dw). Several studies
have investigated that total phenolics content in plants is positively
related to antioxidant activity.”>*!

Flavonoids are a special group of polyphenols, which are exclusively
present in all the parts of plants. Different organs or tissues of
various plants, including the leaves, flowers, fruits, seeds, and roots
have been teported to be rich in flavonoids.”” Many researchers
have shown that flavonoids have a wide range of pharmacological
activities, including antioxidant, anticancer, enzyme inhibition, and
anti-inflammatory properties; therefore, flavonoids have applications
in human health, pharmaceutical, and industrial sectors.’**! Higher
flavonoids content in the leaf extract maybe because of more
conversion of primary metabolites into secondary metabolites as
leaf contain more carbohydrates as compared to stem bark and
fruits of the plants.’ In the present study, total flavonoid contents
in leaf extracts were found higher than those reported by Cheurfa
et al., (2019)P" in the leaf of O. exropea (0.98-1.06 mg QE/g fw).

Free radicals are involved in many disorders such as neurodegenerative
diseases, cardiovascular diseases, and cancer.’”” Antioxidants are the
molecules/compounds which inhibit the oxidation caused by free
radicals by donating the electrons. The free radical scavenging
properties of bioactive compounds contribute to the protective
effect against the free radicals. Free radicals can be neutralized by
providing an electron to them. It is well documented that plant
bioactive compounds such as phenolics, flavonoids, and other
secondary metabolites group donate an electron to the free radicals
generated under adverse conditions for mitigating the effects of free
radicals.?*** Besides the antioxidative effects other protective effects
such as anti-inflammatory, anticancer, and antimicrobial properties
have also been reported which contribute to the health benefits.?>*!
For free radical scavenging activity for reactive species, DPPH has
been widely used as an assay to evaluate the antioxidant activity of
extract from the plant sources due to its less time-consuming in the
analysis compared to other methods.?”

The results of in vitro antioxidant assays such as DPPH, ABTS,
and FRAP are shown in Table 3. The results showed that DPPH,
ABTS, and FRAP activities expressed as mM AAE /g fw in different
populations ranged between 19.5-20.7, 2.2—4.5, and 29.2-37.5 in
stem bark, 18.5-19.3, 3.9-4.4, and 29.7-32.6 in leaf, and 19.1-20,
0.9-4.3, and 38.9-46.8 in fruits extracts, respectively [Table 3]. The
results showed that antioxidant activities in tested plant parts also
increase significantly with increasing the altitudes (P < 0.05) which
may be due to increasing phenolics and flavonoid contents. The
average DPPH, ABTS, and FRAP antioxidant capacity was found the
highest in stem batk, leaf, and fruits, respectively [Table 3]. Variations
in antioxidant activities in the methanol extract obtained from stem
bark, leaf, and fruits may be due to variations in altitudes, habitats, soil
properties, the intensity of UV radiations, exposure time, vehicular,
and other emissions.”*! Kabbash ¢z a/""! reported that DPPH
inhibition was found to be varied between 86.56%—90.09% in O.
europaea leaf extract and also varied with season. Sharma ez a/. found
that DPPH (2, 2-Diphenyl-1-pictrylhydrazyl) ABTS (2, 2'-Azino-

bis 3-ethylbenzothiazoline- 6-sulfonic acid), and FRAP activity in
terms of mM AAE/g fw varied between 0.15-0.24, 0.0019-0.013,
28.02-31.43, respectively, in the fruit of O. ferruginea collected from
different populations. Bouarroudj ez a/*? further reported that
DPPH and ABTS antioxidant activities varied between 59%—-85%
and 31%—-75%, respectively, in oil obtained from O. exrgpaea.

The tested biochemical attributes of stem bark, leaf, and fruits of
O. ferruginea showed a strong relationship (cc values: 0.863-0.994)
with altitudes [Table 4]. FRAP activity in stem bark had the strongest
correlation with altitude where phenolic content in leaf showed a
poor relationship with altitudes. Principal component analysis (PCA)
was performed to investigate the relationship among five populations
based on the biochemical attributes of stem bark, leaf, and fruit
extracts of O. ferruginea. PCA is represented by PC1 (95.87%) and
PC2 (2.61%) and showed that Sapangi and Kais populations are
biochemically different from other populations, i.c., Thalaut, Suind,
and Kohibeher [Figure 1]. The variations among the population
may be ascribed to the phytochemical composition of plant extracts
which may be induced or inhibited by different environmental
factors such as altitudes, UV radiation, leaf size, soil properties, and
plant-microbe interaction.?!

CONCLUSION

Plants are rich in many bioactive compounds as utilized in traditional
medicine for a long time. Many plants are even not explored for
their utilization in various industries and human health benefits. In
the present study, different parts of O. ferruginea (stem bark, leaf,
and fruit) were investigated for phenolics and flavonoids as well

Table 3: Antioxidant activities in methanol extracts of stem
barks, leaf, and fruits of Olea ferruginea from North-Western
Indian Himalayas

Antioxidant capacity Populations Olea ferruginea fractions

(mM AAE/kg fw) Stem bark  Leaf Fruits
DPPH assay Thalaut 19.53¢ 18.48¢ 19.11¢
Suind 19.98¢ 18.79° 19.30°
Sapangi 20.11° 18.84° 19.33¢
Kolibeher 20.31° 19.112 19.69°
Kais 20.72° 19.27° 19.99°
Average 20.13 18.90 19.48
F 52.27***  8.59**  22.31**
ABTS assay Thalaut 2.20¢ 3.86° 0.92¢
Suind 3.50° 4.03° 3.494
Sapangi 4.11° 4.14° 3.77¢
Kolibeher 4.30° 4.26° 4.09°
Kais 4.48° 4.42¢2 4.292
Average 3.72 4.14 3.1
F 188.15***  10.31** 575.64***
FRAP assay Thalaut 29.19¢ 29.72° 38.88¢
Suind 30.92¢ 30.37° 43.43°
Sapangi 33.26° 30.86° 44.39°
Kolibeher 35.16° 31.08° 44.50°
Kais 37.522 32.62° 46.79°
Average 33.21 30.93 43.60
F 243.32*** 100.13*** 496.46***

***Significant (P<0.001), **Significant (P<0.01). Values are the mean
of three replicate determinations. Values in each column of respective
assay with different letters are significantly different (P<0.05). Standard
errors values are not shown as the values are <10% of mean value.
DPPH: 2, 2-Diphenyl-1-picrylhydrazyl, FRAP: Ferric-reducing antioxidant
power, ABTS: 2, 2’-Azino-bis 3-ethylbenzothiazoline-6-sulphonic acid
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Figure 1: Variation among population of Olea ferruginea based on its
biochemical attributes analysed using principal component analysis tool

Table 4: Correlation coefficients between altitudes and
various biochemical properties of Olea ferruginea

Altitudes CC values  Altitudes CC values
Phenolics-stem bark 0.921** ABTS-stem bark 0.911**
Phenolics-leaf 0.863** ABTS-leaf 0.895**
Phenolics-leaf 0.970** ABTS-fruits 0.845**
Flavonoids-stem bark 0.963** FRAP-stem bark 0.994**
Flavonoids-leaf 0.980** FRAP-leaf 0.933**
Flavonoids-fruits 0.976** FRAP-fruits 0.906**
DPPH-stem bark 0.958**

DPPH-leaf 0.865**

DPPH-fruits 0.916**

**Significant (P<0.01). DPPH (2, 2-Diphenyl-1-picrylhydrazyl)
ABTS (2, 2'-Azino-bis 3-ethylbenzothiazoline- 6-sulfonic acid), CC:
Correlation coefficients

as antioxidant activities. The results revealed that the tested parts/
plants contain the significant amounts of phenolics and flavonoids
as well as possesses antioxidant activities Thus, the present study
suggests that different parts of O. ferruginea could be considered as
an effective alternative for natural antioxidant and a potential source
of natural antioxidants for pharmaceutical and food industries and
could further be promoted for human and animal consumption.

Acknowledgment

We gratefully acknowledged the Director of G. B. Pant National
Institute of Himalayan Environment, Kosi-Katarmol Almora,
263462 for providing the necessary research facilities and financial
support (Project no 19).

Financial support and sponsorship

G. B. Pant National Institute of Himalayan Environment,
Kosi-Katarmol Almora, 263462 for providing the necessary research
facilities and financial support (Project no 19).

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1. Pisoschi AM, Pop A, Cimpeanu C, Predoi G. Antioxidant capacity
determination in plants and plant-derived products: A review. Oxid

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Med Cell Longev 2016;2016:9130976.

Moure A, Dominguez H, Zufiiga ME, Soto C, Chamy R.
Characterisation of protein concentrates from pressed cakes of Gevuina
avellana (Chilean hazelnut). Food Chem 2002;78:179-86.
Conde-Hernandez 1A, Guerrero-Beltran JA. Total phenolics and
antioxidant activity of Piper auritum and Porophyllun: ruderale. Food Chem
2014;142:455-60.

Martillanes S, Rocha-Pimienta J, Gil MV, Ayuso-Yuste MC,
Delgado-Addmez J. Antioxidant and antimicrobial evaluation of rice
bran (Oryza sativa 1..) extracts in a mayonnaise-type emulsion. Food
Chem 2020;308:125633.

Kundra R, Samant SS, Sharma RK. Assessment of antioxidant potential
of Trillinm govanianum Wall. ex D. Don, a critically endangered medicinal
plant of Northwestern Indian Himalaya. Proc Natl Acad Sci India Sect
B Biol Sci 2020;90:95-101.

Kumar N, Goel N. Phenolic acids: Natural versatile molecules
with promising therapeutic applications. Biotechnol Rep (Amst)
2019;24:¢00370.

Singh B, Singh JP, Kaur A, Singh N. Phenolic composition,
antioxidant potential and health benefits of citrus peel. Food Res Int
2020;132:109114.

Joshi S. Otea ferruginea Royle, Indian olive: An underutilised fruit tree
crop of North-West Himalaya. Fruits 2012;2:121-6.

Sharma RI, Sharma N, Samant SS, Nandi SK, Palni .M. Antioxidant
activities in methanolic extracts of Olea ferruginea Royle fruits. Int |
Biosci Biochem Bioinform 2013;3:154-6.

Rouibah Z, Ben Mensour A, Rekik O, Boumendjel M, Taibi F, Bouaziz
M, et al. Chemical composition, antioxidant activities, in an allergic
asthma model, of Olea europaea L. leaf extracts from Collo (Skikda,
Algeria).1-12. doi:10.1080/01480545.2019.1679827.

Ahmad H, Ahmad A, Jan MM. The medicinal plants of salt range.
Online J Biol Sci 2002;2:175-7.

Zabihullah Q, Rashid A, Akhtar N. Ethnobotanical survey in kot
Manzaray Baba valley Malakand agency, Pakistan. Pak J Plant Sci
20006;12:115-21.

Wolfe K, Wu X, Liu RH. Antioxidant activity of apple peels. ] Agric
Food Chem 2003;51:609-14.

Ordonez AA, Gomez JD, Vattuone MA. Antioxidant activities of
Sechinm edule (Jacq.) Swartz extracts. Food Chem 20006;97:452-8.
Liyana-Pathirana CM, Shahidi F. Antioxidant activity of commercial
soft and hard wheat (T7iticum aestivum 1..) as affected by gastric pH
conditions. | Agric Food Chem 2005;53:2433-40.

Re R, Pellegrini N, Proteggente A, Pannala A, Yang M, Rice-Evans C.
Antioxidant activity applying an improved ABTS radical cation
decolorization assay. Free Radic Biol Med 1999;26:1231-7.

Benzie IE, Strain JJ. The ferric reducing ability of plasma (FRAP) as
a measure of “antioxidant power”: The FRAP assay. Anal Biochem
1996;239:70-6.

Sharma RK, Kundra R, Samant SS, Nandi SK. Antioxidant properties
of methanol extracts from Olea ferruginea Royle seeds. National Acad
Sci Lett 2017;40:379-82.

Derakhshan Z, Ferrante M, Tadi M, Ansari F, Heydari A, Hosseini MS,
et al. Antioxidant activity and total phenolic content of ethanolic
extract of pomegranate peels, juice and seeds. Food Chem Toxicol
2018;114:108-11.

Gill CI, Boyd A, McDermott E, McCann M, Servili M, Selvaggini R,
et al. Potential anti—cancer effects of virgin olive oil phenolson
colorectal carcinogenesis models iz vitro. Int | Cancer 2005;117:1-7.
Braun L. Olive-leaf extract. ] Comp Med 2005;4:69-73.

Al Juhaimi F, Ozcan MM, Uslu N, Ghafoor K, Babiker EE,
Adiamo OQ), ¢ al. The effects of conventional heating on phenolic
compounds and antioxidant activities of olive leaves. ] Food Sci
Technol 2018;55:4204-11.

Mehmood A, Murtaza G. Phenolic contents, antimicrobial
and antioxidant activity of Ofea ferruginea Royle (Oleaceae). BMC
Complement Altern Med 2018;1:1-6.

52 International Journal of Food and Nutritional Sciences | Volume 9 | Issue 4 | October-December 2020



24.

25.

26.

27.

28.

29.

30.

32.

34.

Sharma, et al.: Antioxidant activities in aerial parts of Olea ferruginea Royle

Debib A, Boukhatem MN. Phenolic content, antioxidant and
antimicrobial activities of “Chemlali” olive leaf (Olea enropaea 1..)
extracts. Int | Pharmacol Phytochem Ethnomed 2017;6:38-46.
Zheng W, Wang SY. Antioxidant activity and phenolic compounds in
selected herbs. ] Agric Food Chem 2001;49:5165-70.

Cai YZ, Sun M, Xing J, Luo Q, Corke H. Structure-radical scavenging
activity relationships of phenolic compounds from traditional Chinese
medicinal plants. Life Sci 2006;78:2872-88.

Zeng X, Xi'Y, Jiang W. Protective roles of flavonoids and flavonoid-rich
plant extracts against urolithiasis: A review. Crit Rev Food Sci Nutr
2019;59:2125-35.

LiRS, Wang XB, Hu X]J, Kong LY. Design, synthesis and evaluation of
flavonoid derivatives as potential multifunctional acetylcholinesterase
inhibitors against Alzheimer’s disease. Bioorganic Med Chem Lett
2013;23:2636-41.

Nile SH, Keum YS, Nile AS, Jalde SS, Patel RV. Antioxidant, anti-
inflammatory, and enzyme inhibitory activity of natural plant
flavonoids and their synthesized derivatives. ] Biochem Mol Toxicol
2018;32:¢22002.

Kumar I, Sharma RK. Production of secondary metabolites in plants
under abiotic stress: An overview. Significances of Bioengineering &
Biosciences 2018;2:196-200.

Cheurfa M, Abdallah HH, Allem R, Noui A, Picot-Allain CM,
Mahomoodally F. Hypocholesterolaemic and antioxidant
properties of Olea enropaea 1. leaves from Chlef province, Algeria
using in vitro, in vive and in silico approaches. Food Chem Toxicol
2019;123:98-105.

Pourmorad F, Hosseinimehr SJ, Shahabimajd N. Antioxidant activity,
phenol and flavonoid contents of some selected Iranian medicinal
plants. Afr ] Biotechnol 2006;5:1142-5.

Pietta PG. Flavonoids as antioxidants. ] Nat Prod 2000;63:1035-42.
Katalinic V, Milos M, Kulisic T, Jukic, M. Screening of 70 medicinal

35.

36.

37.

38.

39.

40.

41.

42.

plant extracts for antioxidant capacity and total phenols. Food Chem
2006;94:550-7.

Dzah CS, Duan Y, Zhang H, Wen C, Zhang J, Chen G, e al. The effects
of ultrasound assisted extraction on yield, antioxidant, anticancer and
antimicrobial activity of polyphenol extracts: A review. Food Biosci
2020;28:100547.

Carvalho M]J, Gouveia CS, Vieira AC, Pereira AC, Carvalho MA,
Marques JC. Nutritional and phytochemical composition of Vaccininm
padifolinm Sm wild berries and radical scavenging activity. ] Food Sci
2017;82:2554-61.

Appleton KM, Krumplevska K, Smith E, Rooney C, McKinley MC,
Woodside JV. Low fruit and vegetable consumption is associated
with low knowledge of the details of the 5—a-day fruit and vegetable
message in the UK: Findings from two cross-sectional questionnaire
studies. ] Human Nutr Diet 2018;31:121-30.

Flores G, Wu SB, Negrin A, Kennelly EJ. Chemical composition and
antioxidant activity of seven cultivars of guava (Psidium guajava) fruits.
Food Chem 2015;170:327-35.

Soare JR, Dinis TC, Cunha AP, Almeida L. Antioxidant activities of
some extracts of Thymus ygis. Free Radic Res 1997;26:469-78.
Sheoran S, Nidhi P, Kumar V, Singh G, Lal UR, Sourirajan A, e al.
Altitudinal variation in gallic acid content in fruits of Phyllanthus emblica
L. and its correlation with antioxidant and antimicrobial activity.
Vegetos 2019;32:387-96.

Kabbash EM, Ayoub IM, Abdel-Shakour ZT, El-Ahmady SH.
A phytochemical study on Olka europaea 1.. Olive leaf extract (cv.
Koroneiki) growing in Egypt. Arch Pharm Sci Ain Shams Univ
2019;3:99-105.

Bouarroudj K, Tamendjari A, Larbat R. Quality, composition and
antioxidant activity of Algerian wild olive (Olea enrgpaca L. subsp.
Oleaster) oil. Ind Crops Prod 2016;83:484-91.

International Journal of Food and Nutritional Sciences | Volume 9 | Issue 4 | October-December 2020 53



