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Abstract

Background: Safety and efficacy of the synthetic antioxidants used in the food industry are
frequently questioned because such antioxidants are unstable and highly volatile, therefore,
interest in finding naturally occurring antioxidants that have the potential to protect human
beings from damage induced by oxidative stress has intensified.

Objective: Bioactivities of Thymus daenensis and Anethum graveolens essential oils with special
reference to their antioxidative properties are studied.

Methods: Total phenolic content (TPC), lipid peroxidation inhibition (LPI), ferrous-ion
chelating (FIC), superoxide anion and nitric oxide radical scavenging, and tyrosinase inhibition
activities of the essential oils were determined.

Results: TPC of T. daenensis and A. graveolens oils were 644.07+6.79 and 174.91+2.05 mg
GAE/100 g. T. daenensis and A. graveolens oils showed the highest LPI activity with FICs of
63.28+0.21 and 70.22+1.9 percent respectively. Superoxide anion and nitric oxide radical
scavenging activities of the above oils had ICsy of 0.013, 0.001 and 0.005, 0.0014 mg, respectively.
A. graveolens oil showed 6 fold higher anti - tyrosinase activity than T. daenensis oil.
Conclusion: There was not correlation between lipid peroxidation or ferrous ion chelating
activities with total phenolics implying that the oils contain chelating ligands. The effects of
antioxidant phytochemicals in the biological systems are ascribed on their ability to scavenge
radicals, chelating metals, activate the antioxidant enzymes, and to inhibit the oxidases. T.
daenensis and A. graveolens oils have good commercial potential in both food processing and
cosmetic industries.
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Introduction

Plant kingdom is a good source of natural
preparations containing effective bioactive
compounds which can be used for different
applications, particularly as food additives and
health  promoting ingredients in the
formulations of functional foods and
nutraceuticals [1]. Thymus and Anethum
species are well known as medicinal plants
because of  their biological and
pharmacological properties. Genus Thymus
comprises about 400 species of hardy,
perennial, and aromatic evergreen or semi-
evergreen herbaceous plants found mainly in
the northern temperate region [2]. These
species have been used as carminative,
diuretic, urinary disinfectant and vermifuge
[3]. Anethum graveolens (Dill) is an annual or
biennial herb. In general, dill leaves (dill
weeds) and seeds (small fragrant fruits) are
used as seasoning. Dill seeds have been used
to flavour cakes and pastries, soups, salads,
potatoes, meats, sauerkraut and pickles. The
seeds have antipasmodic, carminative,
stomachic, emmenagogue and galactogogue
properties. Food processors and consumers
have expressed a desire to reduce the use of
synthetic chemicals in food preservation.
Common culinary herbs, spices and aromatic
plants that exhibit biological activities could
provide sources of acceptable, natural
alternatives. Bioactive phytochemicals from
these plants are often recovered as “essential
oils” by hydrodistillation of whole tissues or
seed. The essential oils and extracts of many
Thymus species are widely used in
pharmaceutical, cosmetic and perfume
industry, and for flavouring and preservation
of several food products. Antimicrobial
activities of the oils from various varieties or
species of thyme were reported by a number of
researchers [4-8]. Chemical polymorphism is
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characteristic to the species of Thymus;
numerous chemotypes have been defined, such
as carvacrol and thymol, a-terpineol, thujone,
geraniol, linalool and others [9]. The essential
oils obtained from the aerial parts of Thymus
daenensis subsp. daenensis were analyzed by
using GC and GC/MS. Twenty six compounds
representing 99.7% of T. daenensis oil were
identified. The main ones were thymol
(74.7%), p-cymene (6.5%), P-caryophyllene
(3.8%) and methyl carvacrol (3.6%) [10]. Dill
seed has an oil content of 2.3 — 3.5%, of which
40 — 60% 1s carvone, whilst dill weed has 0.4 —
0.8% oil composed of 40% carvone, 32%
limonene and 20% phellandrene. (4S5) - (+)-
Carvone was found to be a good potato
sprouting inhibitor [11]. The use of spices and
herbs as antioxidants in processed foods is a
promising alternative to the use of synthetic
antioxidants. Many reports indicate that plant
flowers have remarkable antioxidant activity
[12-15]. Antioxidants are compounds that
neutralize chemically active products of
metabolism, such as free radicals which can
damage the body. Plant phenols and
polyphenols play a major role in the
prevention of various pathological conditions
such as cancer, cardiovascular and
neurodegenerative diseases believed to be
associated with oxidative stress. Plant phenols
also exhibit significant antioxidant,
antitumoral, antiviral, and antibiotic properties
[16]. Safety and efficacy of the synthetic
antioxidants used in the food industry are
frequently = questioned  because such
antioxidants are unstable and highly volatile
[17], therefore, interest in finding naturally
occurring antioxidants that have the potential
to protect human beings from damage induced
by oxidative stress has intensified [18]. Major
reasons for increasing interest in natural
antioxidants are: doubts on the safety of use of
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synthetic substances (butylated
hydroxytoluene-BHT- and butylated
hydroxyanisole-BHA), the  antioxidative

efficacy of a variety of phytochemicals, the
consensus that foods rich in certain
phytochemicals can affect the etiology, and
pathology of chronic diseases and the ageing
process and the public conception that natural
compounds are innately safer than synthetic
compounds and are thus more commercially
acceptable [19]. Use of essential oils is not
under regulatory control in many countries. In
the present work, bioactivities of Thymus
daenensis and Anethum graveolens essential
oils with special reference to their
antioxidative properties are reported.

Materials and Methods

Materials

The plant materials were collected from Dena
region of Iran. They were identified and their
essential oils were extracted at Department of
Medicinal Plants, Research Institute of Forests and
Rangelands, Tehran, Iran.

Total phenolic content (TPC)

Total phenolic content (TPC) of extracts
was determined using the Folin — Ciocalteau
assay [20]. Samples (300 pl) were introduced
into test tubes followed by 1.5 ml of a Folin —
Ciocalteau’s reagent (10 x dilutions) and
1.2 ml of sodium carbonate (7.5% w/v). The
tubes were allowed to stand for 30 min before
measuring absorbance at 765 nm. TPC was
expressed as gallic acid equivalent (GAE) in
mg per 100 g material (y =0. 0111x — 0.0148;
1 =0.9998).

p-Carotene/linoleic acid bleaching assay

In this assay, antioxidant activity was
determined by measuring the inhibition of
volatile organic compounds and conjugated
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diene hydroperoxides arising from linoleic
acid oxidation. The method described by
Miraliakbari and Shahidi was used with slight
modifications [21]. A stock solution of -
carotene and linoleic acid was prepared with
0.5 mg of f-carotene in 1 ml chloroform, 25 pl
of linoleic, acid and 200 mg Tween 40. The
chloroform was evaporated under vacuum and
100 ml of aerated distilled water was then
added to the residue. The samples (2 g/l) were
dissolved in DMSO and 350 pl of each sample
solution was added to 2.5 ml of the above
mixture in test tubes. The test tubes were
incubated in a hot water bath at 50°C for 2 h,
together with two blanks, one contained the
antioxidant BHT as a positive control and the
other contained the same volume of DMSO
instead of the extracts. The test tube with BHT
maintained its yellow color during the
incubation period. The absorbencies were
measured at 470nm on an ultraviolet
spectrometer (Cintra 6, GBC, Australia).
Antioxidant activities (inhibition percentage,
1%) of the samples was calculated using the
following equation:
I%:(AB-carotene after 2h assay/ Ainitial |3-ca1rotene)>< 100
where A—ﬂcarotene after 2 h  assay is the
absorbance of f-carotene after 2h assay
remaining in the samples and Ainitial p-carotene 15
the absorbance of f-carotene at the beginning
of the experiments. All tests were carried out
in triplicate and inhibition percentages were
reported as means + SD of triplicates.

Ferrous-ion chelating (FIC) assa

FeSO,4 (2 mM) and ferrozine (5 mM) were
prepared and diluted 20 times. Extracts (250,
500 and 1000 pl, diluted to 1 ml) were mixed
with 1 ml diluted FeSO,, followed by 1 ml of
diluted ferrozine. The tubes were mixed well
and allowed to stand for 10 min at room
temperature. Absorbance of each extract was
measured against blank at 562 nm [22]. The

+
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ability of the sample to chelate ferrous-ions
was calculated and expressed as;

Chelating effect (%) = [1-
(Asample/ Acontrol)] x100%
Nitric oxide radical scavenging

The ability of the extract to scavenge nitric
oxide free radicals was determined using a
modification of the method described by
Marcocci and co workers [23]. In brief, a
0.5 ml aliquot of extract (1 mg/ml) or positive
control (1 mg/ml) dissolved in KH,PO,—KOH
(50 mmol/l, pH 7.4) was mixed with 0.5 ml of
(10 mmol/l) sodium nitroprusside solution.
The mixture was incubated at 37°C for 2. 5h
under normal light condition. After incubation
the sample was placed in dark for 20 min.
Thereafter, 1 ml of Griess reagent (1 g/l N- (1-
naphtyl)  ethylenediamine  and 10 g/l
sulphanilamide dissolved in 20 ml/l aqueous
H;PO4) was added and the absorbance was
taken after 40 min at 546 nm. The percentage
inhibition was calculated using the following
equation:

Inhibition (%) = [(Acontrol'Asample)/ Acontrol]
x100

Superoxide anion radical scavenging

The ability of the extract to scavenge
superoxide anion radicals was determined by
the method described by Lee et al. [24]. In
brief, to a 100 ul aliquot of dissolved extract
the following was added: 100 pl (30 mmol/l)
Na,EDTA, 100 ul (3 mmol/l) hypoxanthine in
50 mmol/l NaOH and 200 pl (1.42 mmol/l)
nitroblue tetrazolium (NBT) in NaH,PO4—
NaOH (50 mmol/l, pH 7.4). After a 3-min
incubation period at room temperature, 100 pl
(0.5 U/ml) xanthine oxidase in the NaH,PO4—
NaOH buffer was added followed 2.4 ml
NaH,PO,~NaOH  buffer. The resulting
solution was incubated at room temperature
for 20 min and the absorbance at 560 nm was
measured. The absorbance was also measured
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at 293 nm to detect if the extract inhibited uric
acid generation. Once it was confirmed that
uric acid formation is not inhibited, then the
percentage inhibition at 560 nm was calculated
using following equation and ICsy values were
estimated using a non-linear regression.

Inhibition (%):[(Acontrol'Asample)/ Acontrol]
x100

Tyrosinase inhibition

Tyrosinase  inhibitory  activity = was
determined by a spectrophotometric method,
as described by Chan et al. [25] using a
modified dopachrome method with L-DOPA
as the substrate. A 5 mg aliquot of the extract
was weighed and dissolved in 2 ml of 50%
DMSO. Then, 40 pl of sample was added to
80 ul of 0.1 M phosphate buffer (pH 6.8),
40 ul of 0.02 mg/ml tyrosinase and 40 pl of
L-DOPA (2.5mM) in a well of a 96-well
microtiter plate. The samples were incubated
for 30min at 37°C. Each sample was
accompanied by a blank that contains all
components except L-DOPA. Absorbance was
measured at 475 nm. Results were compared
with the control containing 50% DMSO in
place of the sample solution. Kojic acid and
quercetin were used as the positive controls.
The percentage of tyrosinase inhibition was
calculated as:

Tyrosinase Inhibition (%)=
Asample)/ Acontrol] %100

Anti-tyrosinase activity of the leaf extracts
was also expressed as kojic acid equivalents
(KAE) in mg/g of oil which were obtained
from the following standard curve: (Kojic
acid) y = 0.292x + 0.423 (+* = 0. 945), where,
vy represents % inhibition and x represents
concentration in pg/ml.

[(Acontrol'
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Results

Total phenol contents of 7. daenensis and
A. graveolens oils were 644.07£6.79 and
174.91£2.05 mg GAE/100 g. The lipid
peroxidation inhibition (LPI) activity of both
plants oils as measured by the beta carotene
bleaching assay is shown in Table 1. For all
concentrations, Anethum graveolens showed
higher LPI activity than
Thymus daenensis. Both oils exhibited higher
LPI than BHT or BHA, the synthetic
antioxidants (Table 1). Iron chelating activity
also was determined at different oil
concentrations (Table 2) and EDTA (0 — 0.008
mg/ml), as standard compound. The maximum
percentage of iron chelating activity of the oils
is presented in Table 2. The standard of EDTA
was observed to be the highest (74.6%) at
concentration of 0.008 mg/ml and the lowest
(30.85%) at 0.0001 mg/ml. T. daenensis and A.
graveolens oils had ferrous ion chelating (FIC)
activities of 63.28 = 0.21 and 70.22 + 1.9
percent at 1 and 0.002mg concentration levels
respectively, while EDTA had 74.6 £ 1%
chelating activity at 0.008 mg concentration.
ICso of T. daenensis, A. graveolens oils and
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EDTA were 0.73, 0.0013 and 0.00071 mg,
respectively  (Table 2). Percentage of
superoxide radical scavenging activity and
inhibition of wuric acid formation were
increased with increasing concentration of the
oils. Anethum graveolens oil exhibited
stronger  superoxide radical scavenging
activity than the 7. daenensis oil (Table 3).
Superoxide anion radical scavenging activities
of T. daenensis and A. graveolens oils at 50%
concentration (ICsp) were 0.013 and 0.001 mg,
respectively (Table 3). Percentage of nitric
oxide radical scavenging activity was also
increased with increasing concentration of the
oils. Lower concentrations of A. graveolens oil
exhibited stronger radical scavenging activity
than the higher concentrations of 7. daenensis
oil (Table 4). Nitric oxide radical scavenging
activities of 7. daenensis and A. graveolens
oils at 50% concentration (ICsp) were 0.005
and 0.0014 mg, respectively (Table 4). Anti-
tyrosinase activity of 7. daenensis and
A. graveolens oils, expressed in kojic acid
equivalent values (KAE) showed 6 fold higher
activity with A.graveolens oil as compared to
T. daenensis oil (Table 5).

Table 1- g-Carotene bleaching activity of Thymus daenensis and Anethum graveolens essential oils

Essential oil Mg 30 min 60 min 90 min
Thymus daenensis 0.3125 69.31+1.7 88.22+£5.5 89.6+2.3
Thymus daenensis 0.15625 61.68+3.4 745+1.5 81.4+3.7
Thymus daenensis 0.07813 5492+1.8 72+ 6 80.4+0.5
Thymus daenensis 0.03906 53.8+1 76.06 + 1.4 80+3.7
Thymus daenensis 0.01953 53.4+0.6 7336+ 1.5 762+25
Anethum graveolens 0.625 77.5+6 80.23+£0.9 92.1+3.6
Anethum graveolens 0.3125 72.3+£8 80.8+7 92+£3
Anethum graveolens 0.15625 71.2+£6.5 773 +1.1 90.4+£5
Anethum graveolens 0.07813 689+6 7635+ 1 86.5+4
Anethum graveolens 0.03906 70.2+6 7231+13 84.2+7
BHT (1mM) 0.22 mg/ml 55+2.5 78.6+2.5 81.2+2.3
BHA (1mM) 0.18 mg/ml 55.08 +2.6 78.56 +2.4 81.5+2.5
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Table 2- Ferrous ion chelating (FIC) activities of essential oils from T. daenensis and A. graveolens

T. denansiensis oil

. 1 0.5 0.25 0.125 0.0625 0.03125 ICs
concentrations
Mean T. d(“o/i’;ens’s FIC 6328102  41.06:18  23.7:0.6 151405  13.1407  5.6:04  0.73
Anethum graveolens g 045 0.0010 0.0005 0.0003
oil concentrations
Mean A. graveolens
FIC (%) 70.2+2 42.4+5 27.5+2.5 22.3+1 0.0013
EDTA 0.0080 0.004 0.002 0.001 0.0005 0.0003
Mean FI(CO Agy EDTA  o46:1  658:13 61543 57.643 452412 37.3+18  0.0007
Table 3- Percentage of superoxide anion free radical scavenging activity
T. denansiensis oil concentrations 0.016 0.008 0.004 0.002 ICsg (mg)
Mean superoxide anion free radical 565,11 407104 27.8+15 19.0242 0.013
scavenging activity (%)
Anethum graveolens oil 0.0016 0.0008 0.0004 0.0002
concentrations
Mean superoxide anion free radical ¢4 (.06 455108 35.4+0.7 21.7+1 0.001
scavenging activity (%)
Table 4- Percentage of nitric oxide radical scavenging activity
. denansiensis oil 0.008 0.004 0.002 0.001 0.0005 1Cs0 (mg)
concentrations
Mean nitric oxide radical 50 611 4 401405 1403237  825:0.6  1.51=0.1 0.005
scavenging activity (%)
Anethum grave?lens oil 0.002 0.001 0.0005
concentrations
Mean nitric oxide radical ND ND 575433 45539  33.4=138 0.0014
scavenging activity (%)
Table 5- Anti-tyrosinase activity of T. daenensis and A. graveolens oils
T. denansiensis oil concentrations 0.004 0.008 0.016 0.032 ICsg (mg)
Mean Tyrosinase inhibition (%) 29.9+0.3 31+1.4 40.6+0.8 58.9+0.6 0.024
KAE (mg) 0.05 0.1 0.19 0.38
Anethum graveolens oil 0.0008 0.0016 0.0032 0.0064
concentrations
Mean Tyrosinase inhibition (%) 35.6x1.5 37.2+0.9 46.7+0.5 56.8+2.5 0.004
KAE (mg) 0.05 0.9 0.17 0.34
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Discussion

Reactive oxygen and nitrogen species
(ROS/RNS), controlled by endogenous
enzymes such as superoxide dismutase,
glutathione  peroxidase,  catalase, are
continuously produced in the human body.
Valuable biomolecules (DNA, lipids, proteins)
may be damaged upon over-production of
these species and exposure to external oxidant
substances [26]. Antioxidants have been
reported to prevent oxidative damage by
ROS/RNS and may prevent the occurrence of
certain diseases such as cancer and the aging
process. They can interfere with the oxidation
process by reacting with free radicals,
chelating catalytic metals and also by acting as
oxygen scavengers [26]. Essential oils
containing high amount of thymol and
carvacrol were reported to possess the highest
antioxidant activity [27]. In the present study
the total phenol content (TPC) of T. daenensis
oil was higher than that of 4. graveolens oil.
Total phenolic content of the polar subfraction,
as gallic acid equivalents, was reported to be
124.3 pg/mg [28]. The lipid peroxidation
inhibition (LPI) activity of both plants (Table
1) showed that Anethum graveolens had the
highest LPI activity than Thymus daenensis.
The nonpolar subfraction of the methanol
extract of aerial parts of Thymus caramanicus
has shown the highest inhibition (84.4%), as
assessed by the B-carotene/linoleic acid assay,
which was only slightly lower than that shown
by BHT (93. 3%) [28]. Antioxidant activities
of ethanolic extract from dill flower and its
various fractions were evaluated with
2, 2-diphenyl-1-picrylhydrazyl radical
scavenging, Trolox equivalent antioxidant
capacity, reducing power, chelating power,
and B-carotene bleaching assays. In all assays,
the flower extract showed higher antioxidant
activity than the leaf and seed extracts [29].
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Dill leaf, seed and their essential oil could
provide good antioxidant activities [30]. In this
study the LPI activity of both oils were higher
than BHT or BHA (Table 1). In general,
antioxidant and radical scavenging properties
of plant extracts is associated with the
presence of phenolic compounds possessing
the ability to donate hydrogen to the radical.
Numerous reports indicated good correlation
between the RSA and the concentration of
phenolic compounds measured by Folin—
Ciocalteu method. A great number of simple
phenolic compounds as well as flavonoids can
act as antioxidants, however, their antioxidant
power depends on some important structural
prerequisites, particularly on the number and
the arrangement of hydroxyl groups, the extent
of structural conjugation and the presence of
electron-donating and  electron-accepting
substituents on the ring structure [31].
However the present results show that there
appears to be no correlation between LPI
activity and TPC. This is consistent with
findings of Lim and Quah [32] in which the
TPC correlated with both AEAC and FRAP
but not with LPI activity in methanolic
extracts of six cultivars of Portulaca oleracea.
LPI activity is mainly attributed to the
hydrophobic character of the antioxidant
molecules but TPC measures both types of
antioxidants, hydrophobic and hydrophilic.
Chelating activity of the oils was determined
by the ferrozine assay. Ferrozine can
quantitatively form complexes with Fe*". In
the presence of other chelating agents, the
complex formation is disrupted with the result
that the red color of the complex is decreased.
Measurement of the rate of color reduction
therefore allows estimation of the chelating
activity of the coexisting chelator [33].
T. daenensis and A. graveolens essential oils
inhibited the formation in a dose dependent

¥
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variable with the ICsq values of 0.73 and
0.0013 mg/ml respectively. However, EDTA
showed an excellent chelating ability with the
ICs values of 0.0007 mg/ml (Table 2). Due to
its high reactivity, iron is the most important
lipid oxidation pro-oxidant among the
transition metals. Lipid oxidation is accelerated
by breaking down of hydrogen peroxide and lipid
peroxides by ferrous state of iron to reactive free
radicals through the reaction:
Fe*' + H,0, — Fe*" + "OH + "OH, known as the
Fenton reaction. Radicals from peroxides are also
produced by Fe'" ion. However the rate is one
tenth of Fe*" ion [34]. These can lead to lipid
peroxidation, modification of protein and
damage to DNA. Metal ions could be
inactivated by chelating agents and the metal-
dependent processes could potentially be
inhibited [35]. There is no correlation between
ferrous ion chelating (FIC) and TPC.

Despite the high chelating activity of
Anethum graveolens oil (Table 2), the
relatively low TPC implies that this plant
contain chelating ligands, which most
probably are non-phenolic compounds that
could act as secondary antioxidants, and they
help in preventing the generation of hydroxyl
radical via  Fenton’s reaction.  This
phenomenon has also been reported by Lim et
al. [22] in chelating activity of M. tanarius and
M. gigantean extracts. These results support
the nutraceutical value of these spices and the
potential of thymol and carvacrol in preventing
the formation of toxic products by the action
of reactive nitrogen species [36, 37].
Non-volatile antioxidants, such as flavonoids
and vitamin E were also found in the extracts
of T. vulgaris [38]. Therefore essential oils of
thyme can be used as natural preservative
ingredients in the food industry [39].
Superoxide radical is produced in human body
by various oxidative enzymes in the form of
one electron reduction of molecular oxygen.

6 Journal of Medicinal Plants, Volume 10,
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Xanthine oxidase is one of the major oxidative
enzymes to produce superoxide radical as a
result in tissue injury [40]. In vitro superoxide
radical was generated by xanthine oxidase
during the reaction; NBT undergoes oxidation
and leads to water-soluble blue formazan [41].
The decrease in blue color formation after
adding the solvent fractions in the reaction
mixture was measured as superoxide radical
scavenging. In this study the highest
superoxide radical scavenging activity was
observed in A. graveolens oil, which was at
least 10-fold higher than 7. daenensis oil
(Table 3). Many flavonoids have been reported
to be potent inhibitors of xanthine oxidase
[42]. Tron also is playing a major role for the
formation of lipid peroxidation in the body.
Therefore, the effects of antioxidant
phytochemicals in the biological systems are
defense on their ability to scavenge radicals,
chelating metals, activate the antioxidant
enzymes, and to inhibit the oxidases [43].
Results of the present study disclosed the
superoxide radical scavenging activity of the
oils. These oils may serve as antioxidant
defense mechanism by binding any catalytic
iron generated during the course of cell
destruction, minimizing hydroxyl radical-

mediated tissue injury associated with
neutrophil-oxidant production during
inflammation and by binding

lipopolysaccharide (LPS) with a consequent
reduction in LPS bioactivity and ameliorating
LPS-induced toxicity. Nitric oxide radical
scavenging activities were concentration
dependent with that of A. graveolens oil
stronger than (Table 4).
Increased levels of nitric oxide can be found in
certain spasmodic conditions, for example,
allergic rhinitis, adult respiratory distress
syndrome and asthma immediate and late
phase [44]. Plant extracts with antioxidant
activity could also have immunomodulatory

T. daenensis
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ability [45]. Table 5 summarizes the anti-
tyrosinase activity of the oils, in which the oils
were expressed in kojic acid equivalent values
(KAE). 4. graveolens oil showed the highest
anti-tyrosinase activity with KAE of 0.05
mg/g. Tyrosinase inhibitors are chemical
agents capable of reducing enzymatic
reactions, such as food browning and
melanisation of human skin. Therefore, these
agents have good commercial potential in both
food processing and cosmetic industries.

Conclusion

There appears to be no correlation between
lipid peroxidation and ferrous ion chelating
activities with the total phenol content
implying that the oils contain chelating
ligands. These results support the nutraceutical
value of these spices and the potential of
thymol and carvacrol in preventing the
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