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Abstract: The methanolic extract of the leaves of Origanum majorana L., was screened for its antioxidant potential and
chemical composition. Apart from high total phenolic, flavonoid and antioxidant contents, significant free radical
scavenging ability was observed as assessed by the free radical scavenging assays viz., 2,2-Diphenyl-1-picryl hydrazyl,
Ferric thiocyanate, Thiobarbituric acid, Ferric reducing antioxidant power and ABTS assays. The GC-MS analysis of the
methanolic extract detected the presence of seven compounds - SH-Cyclopropa[3,4]benz[1,2-e]azulen-5-one, 3,9,9a-tris
(acetyloxy)-3-[(acetyloxy)methyl]-2-chloro-1,1a,1b,2,3,4,4a,7a,7b,8,9,9a-dodecahydro-4a, 7b-dihydroxy-1,1,6,8-tetrame-
thyl-,[1aR-(1aa,1ba,2a,3a,4aa,7aa,7ba,8a,9a,9aa)]-; Pentacosanoic acid, methyl ester; 10-Octadecenoic acid, methyl
ester; 1,2,4-Trioxolane-2-octanoic acid, 5-Octyl-, methyl ester; Oleoyl chloride; Docosanedioic acid, dimethyl ester and

Ethyl iso-allocholate.
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INTRODUCTION

Antioxidants are used in food industries for its nutritional
aspect and food preservation. They are used in
pharmaceutical industries for their scavenging activity
against the free radicals involved in pathology or
responsible for aggravating several chronic diseases like
Parkinson’s, Alzheimer’s and Cancer. Also cosmetic
industries are on the lookout for chemicals which possess
antioxidant property as well as aroma. The antioxidants of
use today are synthetic compounds such as butylated
hydroxyanisole (BHA), butylated hydroxytoluene (BHT)
and tertiary butyl hydroquinone (TBHQ). Though of high
use, these compounds are found to cause negative health
effects (Pokorny and Korczak, 2001). Antioxidants from
natural resources are gaining much attention to cater to
the growing commercial demands. Aromatic plants are
those that possess volatile compounds as their secondary
metabolites (Udayaprakash et al., 2014a). The potential of
aromatic plants to neutralize free radicals and retard lipid
peroxidation is due to the secondary metabolites (Kulisic
et al, 2004). These metabolites either directly or
synergistically reduce reactive oxygen species (ROS).

In quest for plant based antioxidants, an aromatic plant,
i.e., Origanum majorana Linn., belonging to family,
Lamiaceae was studied owing to its medicinal importance
as revealed through ethnobotanical data and published
reports (Guerra-Boone et al., 2015). Traditionally, the
plant is used as a folklore medicine in treating respiratory
disease, bowel syndrome, joint paints and headache. The
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crude extract of the plant has been reported as an
anticonvulsant (Dipti et al, 2007), chemopreventive
against breast cancer (Dhaheri ef al., 2013), antimicrobial
(Omara et al., 2014) and antioxidant (Karousou et al.,
2012). Food industries use this herb in sausages, salads,
soups and meat dishes, to enhance the flavor (Burdock,
1995; Novac et al., 2008). The essential oil and the
alcoholic extracts of the plant are used in pharma
products, cosmetics and perfumes (Bauer et al., 2001).
The essential oil of the plant is also reported as a
flavouring agent (Vera and Ming, 1999) and as an
antimicrobial (Ben et al., 2009, Shimaa et al., 2014,
Charai et al., 1996). It is proposed that the native
compounds of plant extracts yield variance in antioxidant
activity, resulting in identification of new antioxidant
sources than that from volatile essential oils. Thus, it was
thought worthwhile enough to search for antioxidant leads
in the selected plant.

MATERIALS AND METHODS

Plant source and preparation of plant extract

Mature, healthy leaves of O. majorana were collected
from Yelagiri Hills of the Eastern Ghats in the State of
Tamil Nadu, India. The methanolic extract of the shade
dried, pulverized leaves was prepared by cold percolation
method at a ratio of 1:10 (w/v) of the solute and solvent,
at room temperature (30+2°C) for 48h, in an orbital
shaker with 150 rpm. The crude extract was filtered and
concentrated using rotary evaporator. This was
reconstituted at the desired concentration whenever
required.
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Determination of total phenolic content (TPC)

The TPC of the leaves was determined by Folin-Ciocalteu
method (Deepa et al, 2013). To 100 pl of the plant
extract, 500 pl of distilled water and 100 pl of Folin-
Ciocalteu reagent were added and allowed for incubation
for 6 min at room temperature. To this, 1.25 ml of 7%
sodium carbonate was added and the final volume of the
solution was made up to 3 ml using distilled water. The
solution was incubated for 90 min and the absorbance was
measured at 760 nm in UV-Vis spectrophotometer
(CyberLab, USA). The total phenolic content was
expressed as mg Tannic acid equivalents (TAE) per gram
dry weight (DW) of the plant material.

Determination of total flavonoid content (TFC)

TFC of the leaves was quantified using the residue
obtained by evaporating the solvent present in 200 pl of
the plant extract. To the residue, 5 ml of 0.1 M aluminium
chloride was added and incubated for 40 min. The optical
density of the solution was measured at 415 nm using
UV-Vis spectrophotometer. A standard plot of Quercetin
at varying concentrations was used to evaluate the total
flavonoid content which was expressed as mg QE/g DW
(Moussa et al., 2011).

Determination of total antioxidant content (TAC)

The TAC of the plant extract was assessed by
phosphomolybdenum method (Wan et al., 2011). To 0.5
ml of the plant extract, 4.5 ml of a solution of sulphuric
acid (0.6 M), sodium phosphate (28 mM) and ammonium
molybdate (4 mM) was added and the mixture was
incubated at 95°C for 90 min in a boiling water bath. The
solution was allowed to cool to room temperature and the
absorbance at 695 nm was observed. The result was
expressed as mg TAE/g DW of the plant leaves, using a
standard plot of tannic acid.

2,2-Diphenyl-1-picrylhydrazyl (DPPH) free radical
scavenging assay
Aliquots of the methanolic extract of O. majorana at
varying concentrations (10, 20, 30, 40 and 50 pg/ml) were
made up to 1 ml using methanol. 1 ml of DPPH (0.01
mM) was added to all the test concentrations. The
absorbance was measured at 517 nm after an incubation
period of 30 min in the dark. The inhibition percentage of
the extract at differing concentrations was evaluated by
the formula
(Ac—As)
c

% Inhibition = x100

The concentration that scavenges the radicals by 50%
(ICsp) was calculated from a linear plot of the
concentration of the extract and the corresponding
inhibitory percentages. The results were compared with
butylated hydroxyanisole (BHA) (Udayaprakash et al.,
2014b; Bhuvaneswari et al., 2014a).

Ferric thiocyanate (FTC) assay

The FTC assay, that evaluates the inhibitory activity of
the extract against the primary products of lipid
peroxidation, was performed by addition of 120 pl of 98%
ethanol, 100 pl of 2.5% linoleic acid and 9 ml of 40 mM
phosphate buffer to 100 pl of the plant extract. To 100 pl
of this mixture, 9.7 ml of 75% ethanol, 100 ul of 30%
ammonium thiocyanate and 100 pl of 20 mM FeCl; in
3.5% HCI were added and maintained in dark for 3 min at
40°C. The absorbance was measured at 500 nm with
Tannic acid as standard (Bhuvaneswari et al., 2014b).

Thiobarbituric acid (TBA) assay

200 pl each of 20% trichloroacetic acid and 0.67%
thiobarbituric acid and 1ml of 2.5% linoleic acid were
added to 1 ml of the plant extract. This was maintained in
boiling water bath for 10 min, cooled and centrifuged at
3000 rpm. The supernatant was analyzed in UV-Vis
spectrophotometer at 532 nm and the percent inhibition
was calculated (Udayaprakash et al., 2014c).

Ferric reducing antioxidant power (FRAP) assay

To an ml of the extract, 2.5 ml of 1% potassium
ferricyanide, and 2.5 ml of phosphate buffer (0.2 M, pH
7) were mixed and incubated for 30 min at 50°C. To this,
2.5 ml of 10% trichloroacetic acid was added and
centrifuged at 6500 rpm for 10 min. To 2.5 ml of
supernatant, 0.5 ml of 0.1% FeCl; and 2.5 ml of distilled
water were added. The absorbance was measured at 700
nm and percent inhibition was calculated (Kalita et al.,
2013).

[2,2'-Azino-bis(3-ethylbenzothiazoline-6-sulphonic
acid)] ABTS assay

A solution possessing 2.45 mM potassium persulphate
and 7 mM ABTS [2,2'- azino-bis(3-ethylbenzothiazoline-
6-sulphonic acid)] was incubated in dark for 12-16 h,
following which an absorbance of 0.7+0.02 was obtained
at 734 nm using ethanol as the diluent. The plant extract
along with the prepared solution was mixed in a ratio of
1:10 and allowed to react for 6 min. The absorbance was
measured at 734 nm and the inhibition percent was
calculated (Udayaprakash et al., 2015).

Gas chromatography (GC) and mass spectroscopy (MS)
analysis

The extract was used for the analysis of its
phytoconstituents, using Agilent Technologies 6890N gas
chromatography system coupled with JEOL mass
spectroscopy. The sample was injected to HP-5 capillary
column (Agilent J & W, 30 mx0.2 mmx0.25 um) fused
with silica with the oven temperature in the range 50°C-
250°C (at 10°C per min) and Helium as carrier gas with a
flow rate of 1 ml/min. The sample injection temperature
was maintained at 220°C while the GC-MS interface
temperature was maintained at 250°C. The mass spectral
data (mass-spectrogram) of the plant extract was
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compared with the Chemical Web book database,
National Institute of Standards and Technology, to
identify the phytoconstituents.

RESULTS

The methanolic extract of O. majorana was found to
possess total phenolic, flavonoid and antioxidant contents
of 19.202+0.0763 mg TAE/g DW, 1.98+0.0002 pg QE/g
DW and 110.458+0.599 mg TAE/g DW respectively. The
TAC, TFC and TPC of the extract are presented in table 1.

Table 1: Total Phenolic content, Total Flavonoid content
& Total antioxidant content of methanolic extract of O.
majorana leaves

(TrzleTéﬁgogcwc)mm 19.202+0.07626
E;Tgfa(gl;l;vg&i)d Content 1.98+0.00015
(TIESITIZIEZ)%%?/T Content 110.458+0.599
The DPPH radical scavenging assay revealed the

inhibition percentage range as 55.56 to 100% at the
concentration of 10ug/ml to 50ug/ml. The ICs, value
recorded for DPPH activity of the leaf extract was less
than 10 pg/ml (Table 2). The percent inhibition of free
radicals as evaluated in TBA, FRAP, FTC and ABTS
assays were 17.5, 11.4, 39.22 and 91.4% respectively. The
percent inhibition recorded in FRAP, ABTS, FTC and
TBA assays are represented in Fig. 1.

Table 2: DPPH scavenging activity of O. majorana

Concentration (ug/ml) % inhibition
10 55.56

20 55.56

30 66.67

40 88.89

50 100

IC 50 (ug/ml)

0. majorana <10
BHA 25.78

The chemical composition of the methanolic extract of O.
majorana leaves as analyzed by GC-MS detected seven
different compounds that included methyl esters of fatty
acids and a steroid. The compounds detected are i) SH-
Cyclopropa[3,4]benz  [1,2-e]Jazulen-5-one,  3,9,9a-tris
(acetyloxy)-3-[(acetyloxy)methyl]-2-chloro-1,1a,1b,2,3 .4,
4a,7a,7b,8,9,9a-dodecahydro-4a,7b-dihydroxy-1,1,6,8-

tetramethyl-,[1aR-(1aa,1ba,2a,3a,4aa,7aa,7ba,8a,9a,9aa)];
ii) Pentacosanoic acid, methyl ester; iii) 10-Octadecenoic
acid, methyl ester; iv) 1,2,4-Trioxolane-2-octanoic acid,
5-Octyl-, methyl ester; v) Oleoyl -chloride; vi)
Docosanedioic acid, dimethyl ester and vii) Ethyl iso-

NK Udaya Prakash et al

allocholate. The chromatogram observed in GC-MS
analysis is depicted in Fig. 2 and the compounds detected
at varying retention time periods are enlisted in table 3.

100 91.401

39.216

Percentage inhibition
.
o

17.5

11.395
o Il
0

Thiobarbituric  Ferric Reducing Ferric ABTS Assay
Assay Antioxidant Thiocyanate
Power Assay Assay

Crude concentration of plant extractwas | ml except that of TBA (100 ul)

Fig. 1: Percentage inhibition of free radicals by O.
majorana in the scavenging assays

DISCUSSION

The antioxidant property of plants is attributed to the
presence of phenolic groups (Fraga, 2007). The study
shows that the methanolic extract of the plant leaves had
TPC of 19.202+0.076 mg TAE/g DW. This is in
correlation to the study involving different solvents for
the extraction process, wherein the total phenols obtained
from the methanol extract of O. majorana was high with
5.20+2.65 mg GAE/g DM, when compared with ethanol,
diethyl ether and hexane extracts (Roby et al, 2013).
High amount of phenolic content attributes high
antioxidant activity (Dorman et al., 2003). Similar to
phenols, flavonoids are considered to act as antioxidants
by breaking free radical chains, metal chelation, singlet
oxygen quenching and inhibition of enzyme activity
(Clifford & Cuppett, 2000). Thus, the presence of
phenolic and flavonoid content adds to the total
antioxidant potency of O. majorana.

From the present study, it is evident that the methanolic
extract of O. majorana possesses significant free radical
scavenging activity as assessed by different assays.
Significant antioxidant activity in the DPPH and FRAP
assays was observed in the methanolic extract of the plant
collected from Tunisia (Ayari et al., 2013). The FTC and
TBA assays showed that the methanolic extract of O.
majorana inhibited the radicals at 39.22% in the primary
and 17.5% in the secondary stage of lipid peroxidation.
The ability to protect lipids from peroxidation reduces
cellular damage and prevents events that lead to cancer
(Hedges and Lister, 2007).

The present study detected seven different compounds in
GC-MS analysis. Among them, Oleoyl chloride, a fatty
acid derivative, has wide applications in industries,
especially in cosmetic products. Docosanedioic acid, a
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Table 3: Gas Chromatography analysis of leaf extract of O. majorana

Retfentlon Name of the compound (IUPAC) Molecular MOI?CUIaI
time formula weight
SH-Cyclopropa[3,4]benz[1,2-e]azulen-5-one,3,9,9a-tris(acetyloxy)-3-
15.6 [(acetyloxy)methyl]-2chloro-1,1a,1b, 2,3,4,4a,7a,7b,8,9,9a-dodecahydro _ )
’ -4a,7b-dihydroxy-1,1,6,8-tetramethyl-,[ 1aR-(1aa,1ba,2a,3a,4aa,7aa, 7ba,
8a,9a,9aa)]-
17.42 Pentacosanoic acid, methyl ester C,H5,0, 396.69
19.1 10-Octadecenoic acid, methyl ester CoH360, 296.48
19.32 1,2,4-Trioxolane-2-octanoic acid, 5-Octyl-, methyl ester CoH3605 344 .48
22.17 Oleoyl chloride C,3H33CIO 300.9
23.18 Docosanedioic acid, dimethyl ester CrHy604 398.62
26.3 Ethyl iso-allocholate C,6H4405 436.62
i.
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Fig. 2: Gas Chromatography analysis of methanolic extracts of leaves of Origan-u.m majorana

long chain fatty acid precursor of phosphocholine
derivative, is known for its antifungal activity (Harwood,
1969). The steroid Ethyl isoallocholate, has been reported
for its antimicrobial, diuretic and anti-inflammatory
activities (Singariya et al., 2012). The results of the
present study imply the possible utilization of the plant
against different free radicals. Further studies on isolation
of individual compounds and evaluation of their activity
is recommended.

CONCLUSION

The present study focused on antioxidant property and
GC-MS analysis of the methanolic extract of O.
majorana. The extract was found to possess high phenolic
and antioxidant content. Evaluation of the extract using
DPPH, ABTS, FTC and TBA assays showed significant
free radical scavenging activity. Seven different
compounds were detected by GC-MS analysis, which

[ i liga il |L|,l"l.'|.' l L
ol gt ol it e Wil

included methyl esters of fatty acids and a steroid. The
results suggest the use of the methanolic extract of O.
majorana in cosmetics, food and pharmaceutical
industries on isolation of specific phytoconstituents.
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