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ABSTRACT

Different extracts from five medicinal plants in terms of phenolic compounds and antioxidant
properties were studied. By using four solvents, twenty extracts of the tested plants [clove (Syzygium
aromaticum), rosemary {Rosmarinus oficinalis}, thyme (Thymus vulgaris), sweet marjoram (Origanum
majorana) and ginger (4lpinia zerumbet)] were obtained. Total phenolic compounds and total
flavonoids were measured using Folin-Ciocalteu reagent and AlCls, respectively. In addition, total
antioxidant capacity of the extracts was estimated by different methods including: DPPH (1,1-
diphenyl-2 picrylhydrazyl radical), ABTS™ (2, 2' azino bis-(3-ethylbenzthiazoline-6-sulfonic acid),
and B-carotene/linoleic bleaching test. Clove extracts exhibited the strongest antioxidant capacity in all
used assays, followed by rosemary and thyme extracts. In general, ethanol, water and hexane extracts
showed comparable activity to the synthetic antioxidants TBH(Q). Therefore, these extracts could be
used as preservative ingredients in the food and/or pharmaceutical industries. Data from this study
could be used for developing natural antioxidants and bioactive agents of health promoting activities.

Keywords: Syzygium aromaticum, Rosmarinus oficinalis, Thymus vulgaris, Origanum majorana,
Alpinia zerumbet, antioxidant activity, phenolic compounds.

INTRODUCTION

Antioxidant compounds such as flavonoids,
tannins, coumarins, curcumanoids, xanthons,
lignans and terpencids are found in different
plant parts (e.g., fruits, leaves and seeds).
Therefore, there is growing interest in separating
these bioactive compounds and using them as
natural antioxidants. Processing of fruits,
vegetables and oilseeds results in high amounts
of waste materials such as peels, seeds, stones
and oilseed meals (Jeong ef al, 2004). Various
solvents have been used to extract polyphenols
from plant materials (Vasso and Constantina,
2007). Extraction yield is dependent on both
solvent and the method of extraction (Pinelo et
al, 2004). Water and aqueous mixtures of
ethanol, methano! and acetone are commonly
used in the extraction (Goli et al., 2005). Wang
and Helliwell (2001) reported that aqueous
ethanol was superior to methanol and acetone
for extracting flavonoids from tea. In another
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study, water was found to be a better solvent
than methanol 80% or ecthanol 70% for
extracting tea catechins (Sun and Ho, 2005).

Aromatic and medicinal plants are rich
sources of phenolic compounds with health-
promoting activities. In this investigation five
plants [clove (Syzygium aromaticum), rosemary
(Rosmarinus oficinalis), thyme (Thymus vulgaris),
sweet marjoram (Origanum majorana) and ginger
(Alpinia zerumbet)] were selected to study their
phenolic contents and antioxidant activities. While,
thyme possesses various beneficial effects such as
antiseptic, carminative, antimicrobial, and
antioxidative properties (Baranauskiene et al,
2003). As well as, the major aroma constituents of
thyme were 2-isopropyl-5-methylphenol (thymol;
8.55 mg/g), 4-isopropyl-2-methylphenol (carvacrol;
0.681 mg/g), linalool (0471 mg/g), o-terpineol
(0.291 mg/g), and 18<ineole (0245 mg/g).
Twelve aroma constituents of thyme were
examined for their antioxidant activities using the
aldehyde/carboxylic acid assay. Eugenol, thymol,
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carvacrol, and 4-allylphenol showed strongar
antioxidant activities than did the oth
components tested in the assay. They inhibited %;
the oxidation of hexanal by almost 100% for la
period of 30 days at a concentration of Spg/
Their antioxidant activities were comparable ¢
those of the known antioxidants such as q-
tocopherol and BHT (Lee et al., 2005). |

Ginger [Alpinia zerumber (Pers.) B.L. Bu
& RM. Sm. (Family Zingiberaceae)] is |a

perennial ginger growing widely in the
subtropics and tropics. It is used in folk
medicine for its anti-inflammmatory,

bacteriostatic and fungistatic properties (Zoghbi
et al.,, 1999). The essential oil extracted from its
lecaves  possessed  both  relaxant  and
antispasmodic actions in rate ileum (Bezerra jef
al, 2000). The highest dihydro-5, 6-
dehydrokawain content was found in the hexane
extract of fresh rhizomes. Ethyl acetate extracts
from leaves showed higher 1,1-diphenyl;2-
picrylhydrazyl (DPPH) radical scavenging
activities than those from rhizomes. Ethyl
acetate extract from wastewater of leayes
possessed strong inhibition to [P-carotene
oxidation. Ferulic and p-hydroxybenzoic acjds
were the major phenolics present in tthe
extracts (Elzaawely et al, 2007).

Rosemary extracts were categorized into
groups: phenolic diterpenes possessing abietic acid
framework, flavonoids, and phenolic acids.
Carnosic acid (CA) and carnosol, abietane-
diterpenes, and rosmarinic acid (RA),
hydroxycinnamic acid ester were the
antioxidant compounds present in rosemary. [CA
was identified as a major component in |the
acetone extracts from mature shoots of rosemary
(Caruso et al, 2000). These compounds, together
with other isoprenoids (sterols, isoprene, mono-
and diterpenes, tocopherols or carotenoids) play a
photoprotective role and are considered as
bioactive constituents (Troncoso et al, 2005;
Vogelsang et al., 2006). !

Aroma extract from dried clove Tuds
[Svzygium aromaticum (L.} Merr. et Perry]|was
obtained by steam-distillation under mild
conditions. The aroma extract isolated from
clove buds inhibited the oxidation of hexanal for
30 days at a level of 50 pg/ml. Clove bud extract
inhibited malonaldehyde formation from| cod

liver oil by 93% at the 160 pg/ml level. Twenty-
two compounds were identified in the extracts of
clove buds by gas chromatography/mass
spectrometry. The major aroma constituents of
clove buds were eugenol (24.371 mg/g dry
weight) and eugenyl acetate (2.354 mg/g dry
weight). The antioxidant activity of clove bud
extract and its major aroma components i.e.,
eugeno! and cugenyl acetate, were comparable
to that of a-tocopherol (Lee and Shibamoto,
2001). Clove oil is obtained by distillation of the
flowers, stems and leaves of the clove tree.
Clove oil was evaluated by employing various in
vitro antioxidant assays, Clove oil inhibited
97.3% lipid peroxidation of linoleic acid emulsion
at 15 pg/ml. concentration. In addition, clove oil
had an effective DPPH scavenging, ABTS"
scavenging, superoxide anion radical scavenging,
hydrogen peroxide scavenging, ferric ions (Fe™)
reducing power and ferrous ions (Fe®") chelating
activities (Giilgin et al, 2012).

Sweet marjoram (Origanum majorana L)) is
a herbaceous and perennial plant native to
southern Europe and the Mediterranean. For
food uses, marjoram is employed to flavour
sausages, meats, salads and soups (Novak et al.,
2000). Traditionally, it is used as a folk remedy
against asthma, indigestion, headache and
rheumatism. The fresh or dried highly aromatic
leaves and flowering tops of marjoram are
widely used to flavour many foods. Its essential
oil and alcoholic extracts are applied in
pharmaceuticals, perfumes and cosmetics {Bauer
et al, 1990). Little is known about the
biologically active compounds of marjoram as a
medicinal plant, except for its essential oil. The
essential oil contains mainly terpinen-4-ol
(>20%) which with (+)- cis-sabinene hydrate is
responsible for the characteristic flavour and
fragrance of marjoram oil. In addition to these
compounds, o- and y-terpinene and terpinolene
were the other major components; thymol and
carvacrol were determined in smaller amounts
(Baratta et al, 1998). Antioxidant activity of
marjoram essential oil and its purified substance
has been reported (Jun et al., 2001). Its volatile
oil possesses antimicrobial properties against
food borne bacteria and mycotoxigenic fungi
(Baratia et al, 1998; Daferea ef al, 2000;
Ezzeddine ef al., 2001).

Many medicinal plants were studied in the term
of phenolic compounds and antioxidant activity.
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However, most of these studies focused on using
only one solvent to extract bioactive compounds.
In the current research, we examined different
plant extracts in the term of phenolic compounds
and antioxidant activity. So in this investigation,
we selected five medicinal plants which are
commonly found in the national and international
markets including clove, rosemary, thyme, sweet

marjoram and ginger,
MATERIALS AND METHODS

Materials and Reagents

Five plantsamples [clove (Syzygium
aromaticum) (buds and flowers), rosemary
(Rosmarinus oficinalis) (leaves), thyme (Thymus
vulgaris) (leaves), sweet marjoram (Origanum
majorana) (leaves) and ginger (Alpinia
purpurata) (thizomes)] have been obtained from
a local markets (Zagazig, Egypt). Tert-Butyl
hydroquinone  (TBHQ), I, 1-Diphenyl-
2picrylhydrazyl (DPPH), 2, 2-azino-bis (3-
ethylbenzthiazoline-6-sulfonic acid) (ABTS), B-
carotene, gallic acid and quercetin were
purchased from Sigma (St. Louis, MO, USA).
All other chemicals used were analytical grade.

Preparation of the Extracts

Plant samples were dried in a vacuum oven
at 40 -C and ground to a fine powder in a mill.
Ground materials  (10g) were  extracted
individually with different solvents (100mL)
hexane, ethyl acetate, ethanol 80% and distilled
water using magnetic stirrer at room temperature
followed by filtration through Whatman No. 1
filter paper. The residues were re-extracted
under the same conditions, then hexane and
ethyl acetate combined filtrate were evaporated
in a rotary evaporator (BUCHI-water bath-B-
480) below 40-C. Water and ethanol 80%
extracts were freeze-dried (Thermo- Electron
Corporation - Heto power dry LL300 Freeze
Dryer). The dried extracts after evaporation of
solvents were weighed to determine the yield
and stored at -20-C until further use.

Determination of Total Phenolic Compounds

The concentration of total phenols in all extracts
were measured by a UV  spectrophotometer
(Jenway-UV--VIS Spectrophotometer), based on a
colorimetric oxidation/reduction reaction, as

described by Skerget er al. (2005). The used
oxidizing reagent was Folin—Ciocalteu reagent
(AOAS, 1990). To 0.5 mL of diluted extract (10
mg in 10 ml. solvent) 2.5 mL of Folin—Ciocalteu
reagent (diluted 10 times with distilled water)
and 2 mL of Na,CO; (75 g/11.) were added. The
sample was incubated for 5 min at 50°C and
then cooled. For a control sample, 0.5 mL of
distilled water was used. The absorbance was
measured at 760 nm. Total phenolic content
expressed as gailic acid equivalent (GAE) was
calculated using the following linear equation
based on the calibration curve:

y=0.015x + 0.0533
R? = 0.9966

Where y is the absorbance and x is the
concentration (mg GAE g”' extract).

R*=Correlation Coefficient.
Determination of Total Flavonoids

Total flavonoid content was determined by
the method of Ordon et al. (2006) with some
modification. A 1.5 mi, aliquot of 20 g L'
AICl; ethanolic solution were added to 0.5mL of
extract solution (10 mg in 10 mL solvent). After
one hour of addition, the absorbance at 420 nm
was measured at room temperature. A yellow
color indicated the presence of flavonoids.
Extract samples were evaluated at a final
concentration of 1 mg mL™". Total flavonoid
content expressed as quercetin equivalent (QE)
was calculated using the following equation
based on the calibration curve:

y=0.02248x
2=0.992

Where x is the absorbance and y is the
concentration (ug QE).

R*=Correlation Coefficient.
DPPH Radical-Scavenging Activity

The electron donation ability of the obtained
extracts was measured by bleaching of the
putple colored solution of DPPH according to
the method of Hanato et a/. (1988). One hundred
pL of each extracts (10mg extract/10mL
solvent) was added to 3 mL of 0.] mM DPPH
dissolved in toluene, ethyl acetate, ethanol and
methanol according to the solvent used for
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extraction. After incubation period of 30, 60 and
120 min at room temperature, the absorbance
was determined against a control at 517 nm
(Gulcin et al, 2004). Percentage of antioxidant
activity of free radical DPPH was calculated as
follow:

Antioxidant activity (Inhibition) %= [{(Aconwel —
Asample)/ Acomml] X 100

Where Aconro 18 the absorbance of the control
reaction and Agny. 1s the absorbance in the
presence of plant extract. TBHQ was used as a
positive control. Samples were analyzed in
triplicate.

ABTS Radical-Scavenging Activity

For the ABTS assay the method of Re et al.
(1999) was adopted. The stock solutions were 7
mmol L' ABTS solution and 2.4 mmol L™
potassium persulfate solution. The working
solution was prepared by mixing the two stock
solutions in equal quantities and allowing them
to react for 12-16 h at room temperature in the
dark. One mL of the resulting ABTS™ solution
was diluted with 60 mL of methanol. ABTS™
solution was freshly prepared for each assay.
Ten pl of each extract (10 mg extract/10 mL
solvent) and (TBHQ solution) were allowed to
react with 5 mL of ABTS"™ solution for 7 min,
then the absorbance at 734 nm was recorded. A
control with no added extract was also analysed.
Scavenging activity was calculated as follows:

ABTS radical-scavenging activity (%) =
[(Abscontml - Abssample)/ Absconlml] x 100

Where AbS.,wa i the absorbance of ABTS
radical + methanol and Absgu. is the absorbance
of ABTS radical + extract/synthetic antioxidant.

p-Carotene/Linoleic Acid Bleaching

The ability of extracts and synthetic
antioxidants to prevent the bleaching of B-
carotene was assessed as described by Keyvan et
al. (2007). In brief, 0.2 mg of B-carotene in 1
mL of chloroform, 20 mg of linoleic acid and
200 mg of Tween 20 were placed in a round-
bottom flask. After removal of the chloroform,
50 mL of distilled water were added and the
resulting mixture was stirred vigorously.
Aliquots (3mL) of the emulsion were transferred
to tubes containing extract or synthetic
antioxidant. Jmmediately after mixing 0.5ml. of

extract solution (10 mg extract /10 mL solvent),
an aliquot from each tube was transferred to a
cuvette and the absorbance at 470 nm was
recorded (Abs’). The remaining samples were
placed in a water bath at 50 °C for 2 h, then the
absorbance at 470 nm was recorded (Abs'?"). A
control with no added extract was also analysed.
Antioxidant activity was calculated as follows:

Antioxidant activity (%) = [1 — (Abs’smpe —
Abs i) (ADS oo — Abs )] X 100

Where Absomp,c is the absorbance of sample
at O-time, Abs'*’,. is the absorbance after 120
min, Abs’..m is the absorbance of control at 0-
time and Abs'?,,,1 is the absorbance of control
after 120 min,

RESULTS AND DISCUSSION

One of the principal causes of food
deterioration is lipid oxidation. Lipid oxidation
results in the formation of reactive oxygen
species and free radicals; which are purportedly
associated with carcinogenesis, mutagenesis,
inflammation, DNA changes, aging and
cardiovascular diseases (Gordon 1991). The use
of antioxidants in lipids and lipid-containing
foods is one method to minimize rancidity,
retard the formation of toxic oxidation products,
maintain nutritional quality and increase the
shelf life of food products (Siddhuraju and
Becker, 2003; Shahid et al., 2008).

Synthetic antioxidants such as butylated
hydroxyanisole (BHA), butylated hydroxytoluene
(BHT) and tert-butyl hydroquinone (TBHQ) are
widely used in the food industry because they are
more effective and less expensive than natural
antioxidants (Pitchaon et al, 2007). Their safety,
however, has been questioned. TBHQ is banned in
Japan and certain European countries and BHA
and BHT are reported to be carcinogenic. Hence,
research into safer and more effective natural
antioxidants is under way wherein several natural
sources are being examined (lto ef al, 1982; Pin-
Der and Gow-Chin, 1997; Shahidi 1997).

Yield of Extracts

The vield of extracts with different solvents
varied from 1 to 18.5g extract/100g plant
(Figure 1). Thyme, clove and sweet marjoram
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had the highest yield when extracted with
cthanol 80% followed by water. Rosemary and
ginger gave high yield when extracted with
water followed by ethanol. Owing to its high
lipid content, rosemary and clove gave the
highest yield as extracted with ethyl acetate
followed by hexane. Variation in the extraction
yields of different extracts is attributed to
differences in polarity of compounds found in
plants; such differences have been reported
(Jayaprakasha et al,, 2001).

Total Phenolic Compounds

The Folin—Ciocalteu method measures the
reduction of the reagent by phenolic compounds
via the formation of a blue complex that can be
measured at 760 nm against gallic acid equivalent
{GAE) as a standard (Imeh and Khokhar, 2002).
The amount of total phenolic compounds varied in
the different extracts, ranging from 17.5 to 293 mg
GAE g ' extract (Table 1). In general, the results
revealed that ethanol and water were better than
other solvents for extracting phenolic compounds
owing to their higher polarity and good solubility
(Siddhuraju and Becker, 2003; Kequan and
Liangli, 2004; Wieland et al, 2006). As not
expected, hexane extract of clove was founded to
posses the highest amount of total phenolics.

679

Bagavan et al. (2011} detected 47 compounds in
the hexane extract of S, aromaticum, of which
chavibetol was predominantly present. The other
major constituents present in the hexane extract
were eugenol acetate (phenol, 2- methoxy-4-(2
propenyl)-, acetate (15.09%), caryophyllene- (I1)
(2, 6, 10, 10-tetramethyl bicycle [7.2.0] undeca-1,
6-diene (13.75%), caryophyllene oxide (3.04%),
2,6,6,9 tetramethyl- 1, 4, 8-cycloundecatriene
(1.67%), and copaene (1.33%). The data in Table
1 show that hexane was the best solvent for
extracting phenolic compounds from clove,
followed by ethanol and water, with respective
values of 293, 230 and 230 mg GAE g’ extract.
The best solvent for thyme and sweet marjoram
was ethanol followed by ethyl acetate and water,
with respective values of 233, 204 (ethanol 80%),
172, 143 (ethyl acetate) and 125, 99.9 (water) mg
GAE g extract, respectively. Rosemary had the
highest total phenolic compounds in water extract
followed by ethanol and hexane extracts, with
respective values of 213, 202 and 103 mg GAE g’
extract. The best solvent for extracting phenolic
compounds from ginger was hexane followed by
ethyl acetate and ethanol, with respective values
76.6, 70.6 and 48.2 mg GAE g extract.

20

18 - W Ethanol 80%
g 16 - o Distilied water
*":-5 14 - @B Hexane
% {1 Ethyl acetate
S
K
&

Clove Rosamary Ginger Thyme Sweet
marjoram
Plants

Figure 1. Yield of extracts (g/100g) for different plants

Table 1. Total phenolic compounds (mg gallic acid /g extract) in different plant extracts

Concentration (mg gallic acid / g extract)

Plant Hexane Ethyl acetate Ethanol 80% Distilled water
Clove 293 58.8 230 230
Rosemary 103 67.5 202 213
Ginger 76.6 70.6 48.2 17.5
Thyme 491 172 233 125
Sweet marjoram 10.6 143 204 99.9
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Total Flavonoids

Flavonoids possess a broad spectrum of
chemical and biological activities, including
radical-scavenging properties. For this reason,
all extracts were analyzed for total phenolic and
flavonoid contents. Table 2 present the
flavonoid contents of different extracts. The best
solvent for extracting flavonoids was hexane.
Sweet marjoram extract had the highest total
flavonoid content (46.3 mg QE g ' extract)
followed by rosemary extract (43.2 mg QE g '
extract) then thyme extracts (31.47 mg QE g
extract). On the other side, water extract was the
best for clove (17.5 mg QE gf1 extract). High
flavonoid content was also observed in extract
with ethyl acetate for sweet marjoram (23.4 mg
QE g ! extract), while the lowest value was
found in ethanol extract with ginger (0.99 mg
QE g’ extract). It is hard to find information in
the literature to compare the obtained results
with published data.

Antioxidant Activity of Plant Extracts

As mentioned by Frankel and Meyer (2000)
and Huang et al. (2005) no single method is
adequate for evaluating the antioxidant capacity
of foods or extracts, since different methods can
yield widely diverging results. Thus, several
methods based on different mechanisms should
be used. Here we applied assays of ABTS
radical-scavenging activity, DPPH radical-
scavenging activity and p-carotene/linoleic acid
bleaching test to each extract.

DPPH Radical-Scavenging Activity

The effect of antioxidants on DPPH radical-
scavenging is thought to be due to their
hydrogen-donating ability, DPPH’ is a stable
free radical and accepts an electron or hydrogen
radical to become a stable molecule (Gulcin et
al., 2004). Free radicals involved in the process
of lipid peroxidation are considered to play a
major role in numerous chronic pathologies such
as cancer and cardiovascular diseases (Dorman
et al, 2003). DPPH’ is considered to be a model
of a stable lipophilic radical. A chain reaction of
lipophilic radicals is initiated by lipid
autoxidation. Antioxidants react with DPPH,
reducing the number of DPPH’ free radicals to
the number of their available hydroxyl groups.
Therefore, the absorption at 517 nm is
proportional to the amount of residual DPPH

(Juan et al., 2005). It is visually noticeable as a
discolouration from purple to yellow. The
scavenging activity of extracts against DPPH’
was concentration-dependent. The results of
DPPH radical-scavenging activities of various
plants extracts are represented in (Figure 2). The
results clearly indicated that all extracts
exhibited antioxidant activity. The extracts that
contained high amount of total phenolic
compounds Table 1 showed relatively high
antioxidant activity, In general, ethanol followed
by water, hexane then ethyl acetate extract
showed radical scavenging activity as strong as
that of TBHQ (Figure 2: A, B, C and D). It has
been proven that the antioxidant activity of plant
extracts is mainly ascribable to the concentration
of phenolic compounds in the plant (Heim et af,,
2002). The extracts antioxidant activity with
different solvents varied from 91.4 to 5.50%
after 120 min. The highest antioxidant activity
was observed with hexane, water and ethanol
80% extracts of clove, with respective values
91.4%, 90.7% and 89.3%, followed by water,
ethanol and hexane extracts of rosemary, with
respective values 90.2%, 86.5% and 74.9%.
Ethanol, water and ethyl acetate extracts of
thyme has respective values 87.6%, 78.5% and
67.3%, followed by ethanol, ethyl acetate and
water extracts of sweet marjoram, with
respective values 86.9%, 57.1% and 38.1%.
Ginger had antioxidant activity in its ethyl
acetate, hexane and ethanol extracts, with
respective values of 46.8%, 37.0% and 20.9%.
The results of the DPPH’ free radical scavenging
assay suggest that components involving the
extracts are capable of scavenging free radicals
via electron- or hydrogen-donating mechanisms
and thus might be able to prevent the initiation
of deleterious free radical mediated chain
reactions in susceptible matrices. This further
shows the capability of the extracts to scavenge
different free radicals in different systems,
indicating that they may be useful therapeutic
agents for treating radical-related pathological
damage.

ABTS Radical-Scavenging Activity

Although the DPPH free radical is
ubiquitously used to estimate the potential free
radical-scavenging activity of natural products,
the ABTS™ free radical is commonly used when
issues of solubility or interference arise and the
use of DPPH’ based assays becomes inappropriate
(Arnao, 2000; Dorman et al., 2003).
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Table 2. Total flavonoids content (mg QE/g extract) in different extracts

Concentration (mg QE/ g extract)

Plant

Hexane Ethyl acetate Ethanol 80% Distilled water
Clove 4.58 4.72 12.0 17.5
Rosemary 43.2 4.00 7.06 4.99
Ginger 9.62 12.6 0.99 1.39
Sweet marjoram 46.3 234 7.24 4.94
Thyme 314 10.2 8.36 7.46

m O-time m After30 min After 60 min [ After 120 min

Clove Rosemary Ginger Thyme Sweet TBHQ
marjoram

% Remaining

{A)Hexane extracts
B Otime W After30min B After60min 3 After 120 min

g

80

40 -
20 -

% Remaining

Clove Rosemary Ginger Thyme Sweet TBHQ
marjoram

{B) Ethyl acetate extracts
| O-time W After 30 min After 60 min {1 After 120 min

WIOO

?E-'- 80 -

‘g 60 -

£ 3

B 0 =

Clove Rosemary Ginger Thyme Sweet TBHQO
marjoram
{C} Ethano! 80% extracts
& O-time @ After 30 min After60 min 1 After 120 min
io00
80 -
60 |
30
20 -
o

% Remaining

Clove Rosemary Ginger Thyme  Sweet TBHO
marjoram
{D) Distilled water extracts

Figure 2. Scavenging activity of (A) hexane, (B) ethyl acetate, (C) ethanol 80%, (D) distilled
water extracts against DPPH radical compared with TBHQ
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Proton radical scavenging is an important
attribute of antioxidants, ABTS”, a protonated
radical, has a characteristic absorbance maximum
at 734 nm that decreases with the scavenging of
proton radicals (Mathew and Abraham, 2006).
Different extracts demonstrated a wide range of
ABTS™ scavenging activities from 1.12 to
99.5% (Figure 3). In our study, all extracts
exhibited antioxidant activity. Ethanol extracts
were the most efficient ABTS™ scavengers in
general, followed by water and hexane extract.
The highest scavenging activity was observed
with distilled water, hexane and ethanol extracts
of clove with respective values 99.4%, 99.1%
and 98.5%, followed by hexane, ethanol and
water extracts of rosemary, with respective
values 99.1%, 87.1% and 63.2%. Ethanol, ethyl
acetate and water extracts of thyme had values
of 99.5%, 78.3% and 59.2%, followed by
ethanol, ethyl acetate and water extracts of
sweet marjoram, with values of 81.1%, 72.3%
and 33.3%. Ginger had scavenging activity in
ethyl acetate, hexane and ethanol extracts, with
respective values of 91.6%, 72.3% and 30.4%.
Similar results were found by Djeridane et al.
(2006) for some medicinal plants. In general, it
can be said that extracts of high-polarity
solvents are considerably more effective radical
scavengers than those obtained using low-
polarity solvents, indicating that antioxidants or
active compounds of different polarities could
be present in the extracts with high antioxidant
capacity. Change in the polarity of a solvent
alters its ability to dissolve a selected group of
antioxidant compounds and influences activity
estimation (Kequan and Liangli, 2004).

Scavenging of the ABTS™ radical by extracts

was found to be higher than that of the DPPH
radical, Factors such as the stereoselectivity of

m Hexane m Ethyl acetate

i1z0

1 Exthanaol 80%

radicals and the solubility of extracts indifferent
test systems have been reported to affect the
capacity of extracts to react with and quench
different radicals. Wang er al. (1998) found that
some compounds possessing ABTS™ scavenging
activity did not show DPPH-scavenging activity.
This was not the case in the present study. The
ABTS "-scavenging data suggest that components
within the extracts are capable of scavenging free
radicals via a mechanism of electron/hydrogen
donation and should be able to protect susceptible
matrices from free radical-mediated oxidative
degradation.

p-Carotene/Linoleic Acid Bleaching Assay

Synthetic free radical-scavenging models
(ABTS and DPPH) are valuable tools to indicate
the potential antioxidant activity of plant
extracts; however, these systems do not use a
food or biologically relevant oxidisable substrate,
s0 no direct information on an extract’s protective
action can be obtained {Dorman et al, 2003).
Therefore, it was considered important to assess
the extracts in a B-carotene/linoleic acid (lipid-
water emulsion)} assay despite its reported
limitations (Koleva et al, 2002; Ley and
Bertram, 2003). In this assay, oxidation of
linoleic acid produces hydroperoxide-derived
free radicals that attack the chromophore of p-
carotene, resulting in bleaching of the reaction
emulsion. An extract capable of retarding/inhibiting
the oxidation of P-carotene may be described as a
free radical scavenger and primary antioxidant
(Liyana-Pathirana and Shahidi, 2006). As can be
seen in Figure 4, all extracts were capable of
inhibiting the bleaching of p-carotene by
scavenging linoleate-derived free radicals,

71 Distitled Water

100

a0

60D -

ap

Scavening activity %)

20

Rossinary

Clove

Ginger

Sweant TBHOQ

marjoram

Thyme

FPlant extracts

Figure 3. Scavenging activity of plant extracts against ABTS™ radical compared with TBHQ
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The order of decreasing efficacy at a dose of
200 pg mL™' was TBHQ> clove> thyme>
ginger> rosemary> sweet marjoram extracts.
The results revealed that, overall, hexane and
ethanol extracts had comparable scavenging
ability to the synthetic antioxidants TBHQ. It
has been suggested that the polarity of an extract
is important in water--oil emulsions, in that non-
polar extracts are more effective antioxidants
than polar extracts owing to a concentrating
effect within the lipid phase (Koleva et al,
2002). Thus, it would be expected that the less
polar extracts would be more potent. This
phenomenon was not observed in the case of all
extracts studied here, a finding which has also
been reported previously (Koleva er al., 2003).
According to the data of f-carotene/linoleic acid
bleaching test, the extracts were capable of
scavenging frec radicals in a complex
heterogeneous medium. This suggests that the
extracts may have potential use as antioxidant
preservatives in emulsion-type systems.

Considering the results of all three assays,
the extracts prepared from clove had the highest
antioxidant activity, followed by those prepared
from thyme, ginger and rosemary, while sweet
marjoram extracts were less effective. The
highest antioxidant activity was observed with
hexane, water and ethanol extracts of clove, with
respective values 95.0%, 79.3% and 77.3%,
followed by water, ethanol and hexane extracts
of thyme, with respective values 70.0%, 66.0%
and 43.7%. Ethyl acetate, hexane and ethanol
extracts of ginger had values of 81.3%, 64.5%
and 37.3%, followed by hexane, ethyl acetate

and ethanol extracts of rosemary, with values of
50.8%, 49.2% and 26.4%. Sweet marjoram has
antioxidant activity in hexane extract, with value
19.28%. Phenolic compounds can explain high
antioxidant capacity (Fernandez-Pachon et al,
2004; Mullen et al, 2007), although some
authors have reported that there is no correlation
between the content of these main antioxidant
compounds and radical-scavenging capacity.
Our results do not support this claim. The
antioxidant activity of phenolic compounds is
mainly due to their redox properties, which can
play an important role in adsorbing and
neutralising free radicals, quenching singlet and
triplet oxygen or decomposing peroxides
(Osawa, 1994),

Conclusion

Clove, rosemary, thyme, sweet marjoram and
ginger extracts were prepared using different
solvents, and the in vitro antioxidant activity of
each extract was investigated. Various extracts
showed varying degrees of antioxidant activity
in different test systems in a dose-dependent
manner. Furthermore, the pattern of activity of
the extracts within the assays also differed. In
general, it was observed extracts with higher
antioxidant capacity were in parallel to their
higher polyphenolic contents. It could be
concluded that the obtained extracts using higher-
polarity solvents were more effective radical
scavengers than those obtained using lower-
polarity solvents. Ethanol showed slightly better
characteristics than distilied water as a solvent for
phenolic compounds and flavonoids extraction.

mHexane W Ethylacetate Ethanol 80% [ Distilled water
100
¥ 80
=
o™
£ 80
<
e
5 40
2
g 20 -
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Clove Rosemary

Ginger

Sweet
marjoram

Thyme
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plant Extracts

Figure 4. Antioxidant activity of plant extracts in f-carotene/linoleic acid system compared with TBHQ
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Thus, for use in the food industry, ethanol would
be a more appropriate solvent. Furthermore, it is
notable that clove extracts exhibited strong
antioxidant capacity in all assays used, followed
by rosemary and thyme extracts. Overall,
ethanol, distilled water and hexane extracts
showed relatively comparable activity to TBHQ.
Therefore, these extracts could be used as
preservative ingredients in the food and/or
pharmaceutical industries. Further research is
required to identify phenolic compounds found
in different extracts before such use can be
proposed with confidence.

REFERENCES

AOAS (1990). In Official methods and
recommended practices of the American (il
Chemists” Society (4™ ed.). Champaign:
American Oil Chemists’ Society.

Arnao, M.B. (2000). Some methodological
problems in the determination of antioxidant
activity using chromogen radicals: a practical
case. Trends Food Sci. Technol., 11 : 419—
421.

Bagavan, A., A. Abdul Rahuman, C. Kamaraj,
G. Elango, A. Abduz Zahir, C. Jayaseelan, T.
Santhoshkumar and S. Marimuthu (2011).
Contact and fumigant toxicity of hexane
flower bud extract of Syzygium aromaticum
and its compounds against Pediculus
humanus capitis (Phthiraptera: Pediculidae).
Parasitol. Res., 109: 1329-1340.

Baranauskiene, R., P.R. Venskutonis, P. Viskelis
and E. Dambrauskiene (2003). Influence of
nitrogen fertilizers on the yield and
composition of thyme (Thymus vuigaris). 1.
Agric. Food Chem,, 51: 7751-7758.

Baratta, M.T., H.J.D. Dorman, 8.G. Deans, A.C.
Figueiredo, J.G. Barroso and G. Ruberto
(1998). Antimicrobial and antioxidant
properties of some commercial essential oils.
Flavour and Fragrance J., 13(4): 235-244.

Bauer, K., D. Garbe and H. Surburg (1990).
Common fragrance and flavor materials (p.
163). Weinheim: VCH.

Bezerra, M.A.C., JH. Leal-Cardoso, A.N.
Coelho-de-Souza, D.N. Criddle and M.C.
Fonteles  (2000).  Myorelaxant  and
antispasmodic effects of the essential oil of

Alpinia speciosa on rat ileum. Phytotherapy
Res., 14: 549-551.

Caruso, J.L, I Callagan, C. DeChant, K.
Jayasimhulu and G.D. Winget (2000).
Carnosic acid in green callus and regenerated
shoots of Rosmarinus officinalis. Plant Cell
Rep., 19(5): 500-503.

Daferea, D.J., B.N. Ziogas and M.G. Polissiou
(2000). GC-MS analysis of essential oils
from some Greek aromatic plants and their
fungitoxicity on Penicillium digitatum. J.
Agric. Food Chem., 48: 25762581,

Djeridane, A., M. Yousfi, B. Nadjemi and D.
Boutassouna (2006). Stocker P and Vidal N,
Antioxidant activity of some Algerian
medicinal plants extracts containing phenolic
compounds. Food Chem., 97: 654-660.

Dorman, H.J.D., M. Kosar, K. Kahlos, Y. Holm
and R. Hiltunen (2003). Antioxidant
properties and composition of aqueous
extracts from Mentha species, hybrids,
varieties, and cultivars. J. Agric. Food
Chem., 51: 45634569,

Elzaawely, A.A., T.D. Xuan and S. Tawata
{2007). Essential oils, kava pyrones and
phenolic compounds from leaves and
thizomes of Alpinia zerumbet (Pers.) B.1L.
Burtt. &amp; R.M. Sm. and their antioxidant
activity. Food Chem., 103(2): 486-494.

Ezzeddine, N.B., M.M. Abdelkefi, R. Ben Aissa
and M.M. Chaabouni (2001). Antibacterial
screening of Origanum majorana L., oil from
Tunisia. J. Essential Oil Res., 13: 295-297,

Fernandez-Pachon, M.S., D. Villano, M.C.
Garcia-Parrilla and A M. Troncoso (2004).
Antioxidant activity of wines and relation
with their polyphenolic composition. Anal.
Chim. Acta., 513:113-118.

Frankel, E. and A.S. Meyer (2000). The
problems of using one-dimensional methods
to evaluate multifunctional food and
biological antioxidants. J. Sci. Food Agric.,
80:1925-1941.

Goli, A H., M. Barzegar and M.A. Sahari (2005).
Antioxidant activity and total phenolic
compounds of pistachio (Pistachia vera) hull
extracts. Food Chem., 92: 521-525.

Gordon, M.H. (1991). Oils and fats: taint or
flavor?. Chem, Br., (November): 1020-1022.



Zagazig J. Agric. Res., Vol. 39 Ne. (4) 2012 685

Giil¢in, 1., M. Elmastas and H.Y. Aboul-Enein
(2012). Antioxidant activity of clove oil —- A
powerful antioxidant source. Arabian J.
Chem., In press.

Gulcin, L., O.1. Kufrevioglu, M. Oktay and M.E.
Buyukokuroglu (2004). Antioxidant,
antimicrobial, antiulcer and analgesic
activities of nettle (Urtica dioica L.). ]
Ethnopharmacology, 90: 205-215.

Hanato, T., H. Kagawa, T. Yasuhara and T.
Okuda (1988). Two new flavonoids and
other constituents in licorice root: their
relative astringency and radical scavenging
effects. Chem. Pharm. Bull., 36: 2090-2097.

Heim, K.E., AR. Taigliaferro and I.J. Bobilya
{2002). Flavonoid antioxidants: chemistry,
metabolism and structure-activity relationships.
J. Nutr. Biochem., 13: 572-584.

Huang, D., B. Ou and R.L. Prior (2005). The
chemistry behind antioxidant capacity assays.
J. Agric. Food Chem., 53: 1841-1856.

Imeh, U. and S. Khokhar (2002).Distribution of
conjugated and free phenols in fruits:
antioxidant activity and cultivar variations. J.
Agric. Food Chem., 50:6301-6306.

Ito, N., A. Hagiwara, M. Shibata, T. Ogiso and
S. Fukushima (1982). Induction of squamous
cell carcinoma in the fore stomach of F344
rats treated with butylated hydroxyanisole.
Gann, 73: 332-334,

Jayaprakasha, G.K., RP. Singh and K.K.
Sakariah (2001). Antioxidant activity of
grape seed (Vitis vinifera) extracts on
peroxidation models in vitro. Food Chem.,
73: 285-290.

Jeong, S.M., S.Y. Kim, D.R. Kim, K.C. Nam,
D.U. Ahn and S.C. Lee (2004). Effect of
seed roasting conditions on the antioxidant
activity of defatted sesame meal extracts.
Food Chem. Toxicol., 69; 377-381.

Juan, X., C. Shubing and H. Qiuhui (2005).
Antioxidant activity of brown pigment and
extracts from black sesame seed (Sesamum
indicum L.}. Food Chem., 91: 79-83.

Jun, W.J,, BK. Han, K.W. Yu, M.S. Kim, LS.
Chang, HY. Kim and H.Y. Cho (2001).
Antioxidant effects of (Origanum majorana
L.) on superoxide anion radicals. Food
Chem., 75: 439-444.

Kequan Z. and Y. Liangli (2004). Effects of
extraction solvent on wheat bran antioxidant
activity estimation, LWT - Food Sci.
Technol., 37. 717-721.

Keyvan, D H.J., D. Damien, L. Into and H.
Raimo (2007). Chemical composition and
antioxidative activity of Moldavian balm
(Dracocephalum moldavica L.) extracts.
LWT — Food Sci. Technol., 40: 1655-1663.

Koleva, LI, T.A. Van Beek, J.P.H. Linssen, A.
de Groot and L.N. Evstatieva (2002).
Screening of plant extracts for antioxidant
activity: a comparative study on three testing
methods. Phytochem. Anal., 13: 8-17.

Koleva, LI, J.P.H. Linssen, T.A. Van Beek,
L.N. Evstatieva, V. Kortenska and N.
Handjieva (2003). Antioxidant activity
screening of extracts from Sideritis species
(Labiatae) grown in Bulgaria. J. Sci., Food
Agric., 83: 809-819,

Lee, K.-G. and T. Shibamoto (2001).
Antioxidant property of aroma extract
isolated from clove buds (Syzygium
aromaticum L.) Merr. et Perry]. Food Chem.,
74 (4): 443-448.

Lee, S.-1., K. Umano, T. Shibameoto, and K.-G.
Lee (2005). Identification of volatile
components in basil (Ocimum basilicum L.)
and thyme leaves (Thymus vulgaris L.) and
their antioxidant properties. Food Chem.,
91(1): 131-137.

Ley, J.P. and H.J. Bertram (2003). 3.4-
Dihydroxymandelic  acid amides  of
alkylamines as antioxidants for lipids. Eur. J.
Lipid Sci. Technol., 105: 529-535.

Liyana-Pathirana, C.M. and F. Shahidi (2006).
Antioxidant properties of commercial soft
and hard winter wheats (Triticum aestivum
L.) and their milling fractions. J. Sci. Food
Agric., 86: 477-485.

Mathew, S. and T.E. Abraham (2006). In vitro
antioxidant activity and scavenging effects of
Cinnamomum verum leaf extract assayed by
different methodologies. Food Chem.
Toxicol., 44:198-206.

Mullen, W., S.C. Marks and A. Crozier (2007).
Evaluation of phenolic compounds in
commercial fruit juices and fruit drinks. J.
Agric. Food Chem., 55: 3148-3157.



686 Abo El-Maati, et al.

Novak, J., B, Christina, J. Langbehn, F. Pank,
M. Skoula, Y. Gotsiou and CM. Franz
(2000). Ratios of cis- and trans-sabinene
hydrate in (Origanum majorana L.) and
Origanum midrophylium (Bentham) vogel.
Biochemical Systematics and Ecology, 28:
697-704.

Ordon, J.D., M.A. Gomez and M.I. Vattuone
(2006). Antioxidant activities of Sechium
edule (Jacq.) Swartz extracts. Food Chem.,
97: 452-458.

Osawa, T. (1994). Novel natural antioxidants for
utilization in food and biological systems, in
Postharvest Biochemistry of Plant Food
Materials in the Tropics, ed. by Uritam, I,
Garcia, V.V. and Mendoza, E. M., Japan
Scientific Societies Press, Tokyo, pp. 241-251.

Pin-Der, D. and Y. Gow-Chin (1997).
Antioxidant efficacy of methanolic extracts
of peanut hulls in soybean and peanut oils. J,
Am. Oil Chem. Soc., 74: 745-748.

Pinelo, M., M. Rubilar, J. Sineiro and M.J.
Nunez (2004). Extraction of antioxidant
phenolics from almond hulls (Prunus
amygdalus) and pine sawdust (Pinus
pinaster). Food Chem., 85: 267-273.

Pitchaon, M., S. Maitree and P. Rungnaphar
(2007). Assessment of phenolic content and
free radical-scavenging capacity of some
Thai indigenous plants. Food Chem., 100:
1409-1418.

Re, R., N. Pellegrini, A. Proteggente, A.
Pannala, M. Yang and C. Rice-Evans (1999).
Antioxidant activity applying an improved
ABTS radical cation decolorization assay.
Free Radic. Biol. Med., 26: 1231-1237 .

Shahid, 1., H. Saba, A. Mubeena, Z. Muhammad
and A. Jamshed (2008). Efficiency of
pomegranate peel extracts in stabilization of

sunflower oil under accelerated conditions.
Food Res. Int., 41: 194-200.

Shahidi, F. (1997). Natural antioxidants: an
overview, in  Natural  Antioxidants,
Chemistry, Health Effects and Applications,
ed. by Shahidi, F., AOCS Press, Champaign,
IL, pp. 1-10.

Siddhuraju, P. and K. Becker (2003). Antioxidant
properties of various solvent extracts of total
phenolic constituents from three different
agroclimatic origins of drumstick tree

(Moringaoleifera Lam.) leaves. J. Agric. Food
Chem.,, 51: 2144-2155.

Skerget, M., P. Kotnik, M. Hadolin, A. RiZner-
Hras, M. Simoni¢ and Z. Knez (2005).
Phenols, proanthocyanidins, flavones and
flavonols in some plant materials and their
antioxidant activities. Food Chem., 89; 191—
198.

Sun, T. and C. Ho (2005). Antioxidant activities
of buckwheat extracts. Food Chem., 90:
743-749.

Troncoso, N., H. Sierra, L. Carvajal, P. Delpiano
and G. Gunter (2005). Fast high performance
liquid chromatography and ultraviolet—
visible quantification of principle phenolic
antioxidants in  fresh rosemary. I,
Chromatogr. A., 1100: 20-25.

Vasso, O. and T. Constantina (2007). Utilization
of plant by-products for the recovery of
proteins, dietary fibers, antioxidants, and
colorants. J. Agric. Food. Chem., 55; 209-232.

Vogelsang, K., B. Schneider and M. Petersen
(2006). Production of rosmarinic acid and a
new rosmarinic acid 3'-O-p-D-glucoside in
suspension  cultures of the homwort
Anthoceros agretis Paton. Planta, 223:369-373.

Wang, H. and K. Helliwell (2001). Determination
of flavonols in green and black tea leaves
and green tea infusions by high-performance
liquid chromatography. Food Res. Int., 34:
223-227.

Wang, M., J. Li, M. Rangarajan, Y. Shao, E.J.
LaVoie, T.-C. Huang and C.-T. Ho (1998).
Antioxidative Phencolic Compounds from
Sage (Salvia officinalis). J. Agric. Food
Chem., 46(12): 4869-4873.

Wieland, P., S, Ferran, D. Wilfried, P. Andreas,
G. Irene, J. Diego (2006). An industrial
approach in the search of natural antioxidants
from vegetable and firuit wastes. Food
Chem,, 97: 137-150,

Zoghbi, M.G.B., EEH.A. Andrade, and J.G.S.
Maia (1999). Volatile constituents from
leaves and flowers of Alpinia speciosa K.
Schum. and A4. purpurata (Viell.) Schum.
Flavour and Fragrance J., 14: 411-414.



Zagazig J. Agric. Res., Vol. 39 No. (4) 2012 687
SN claliaal Auds il (uad Glalidonal 44630 ailadl)
Gl daaa Cpdll POl - alaall gl aaaa Jld 3 aaa
Opfban Gl ) 5598 Jana - Aol pd |l (A8 daaa o
G N Al - Aot N &S - Aot ) 31 A gaall laaSll and

Yo 505 gall ) giadlh S jall ISH g giaall GlIAS g 5SS Balimall Gl gal) Al 5o ga Caadl 134 (e angll
:l__l,i.lnll lall Che &1_,.11 daaad] ).Lﬁal‘ ;LAHJ AY dytu__! el ¢Q1 eOhuln QA PR a@a& ‘.’J‘Lu ua];l.m
phasialy 4 saadll SIS jall SH  pinall (a DS Gl o Jaaad U 5 i g all ¢ e M eig a3 g 5l oJi il zan
o3 B SO Baliiaall Gl Al 50 a3 UK £ 5k gIY1 2y 5 5 alad s AJISH ooy B jpa Ty 98 A5y 4k
Ll Cdaiiead () ol juaB 435) 3k aladiul a3 Ciasl g ABTS s DPPH J3e 5 all (34301 aladint Clialituall
a3 g oba sl 4m ol i) JS L8 50uS Bilian (ol i (g g8 Al Jii Al o bl Canda ol g Sl gl g G50 NS
4 jlia sanSU Saluzaddl Ll il b o il gl Galiiiall (S L gae scialaiunall Aty | i 3l
3l ga€ 5 4332 Y Jaiad Lpayide CilibnlS Cilialiiual o3 aladind oSe AUl y (TBHQ) daelicall 50u8Y) Cilaliiaay
Adaa huiD Jaiad 5auS Cilaluass i gall asiadll 6 aodiud





