24

Journal of Food and Drug Analysis, Vol. 18, No. 1, 2010, Pages 24-33

Eyriatt BH\g B

Comparative Study of the Antioxidant Activity of Forty-five
Commonly Used Essential Oils and their Potential Active

Components

HSIAO-FEN WANG!, KUANG-HWAY YIH?** AND KEH-FENG HUANG!

! Department of Applied Chemistry, Providence University, No. 200, Zhongqi Rd., Shalu Township, Taichung, Taiwan, R. O. C.
2 Department of Applied Cosmetology, Hungkuang University, No. 34, Zhongqi Rd., Shalu Township, Taichung, Taiwan, R. O. C.

(Received: April, 13, 2009; Accepted: December, 18, 2009)

ABSTRACT

This study was to examine the in vitro antioxidant activities of forty-five commonly used essential oils and their major
components. The oils and major components were subjected to screening for their possible antioxidant activity by measuring the
ABTS"" radical scavenging ability, reducing power and metal chelating activity. The ABTS"" radical scavenging ability and
reducing power of cinnamon leaf and clove bud essential oils are the best two among these essential oils. At the concentration of
1 mg/mL, cinnamon leaf (96.45 + 0.01%) and clove bud (96.33 + 0.01%) essential oils showed the strongest ABTS*" radical scav-
enging ability. The ECsy values of cinnamon leaf and clove bud essential oils are 12 pg/mL and 10 pg/mL, respectively. At the
concentration of 10 mg/mL, cinnamon leaf and clove bud essential oils showed reducing power of 119.42 = 0.68% and 112.92 +
0.87% relative to butylated hydroxyanisole (BHA), respectively. Eugenol is the main component of cinnamon leaf and clove bud
essential oils that contributes significantly to their ABTS"" radical scavenging activity and reducing power. In the metal chelating
activity test system, basil essential oil was determined to be 57.48 + 0.25% and its ECs value is 984 pg/mL. Methyl chavicol is
the major component of the basil essential oil that attributes greatly to its metal chelating activity. The higher phenolic content may
explain the higher ABTS"" radical scavenging and reducing power activity of the forty-five kinds of commonly used essential oils.
High electron density of the oxygen atom and low steric hindrance of the plane molecule of the methyl chavicol are the two possibili-
ties that account for its higher metal chelating ability.

Key words: ABTS™" (2, 2’-azinobis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt) radical scavenging ability,

metal chelating, reducing power, essential oil

INTRODUCTION

In living organisms, the reactive oxygen species
(ROS) and reactive nitrogen species (RNS) are known to
cause damage to lipids, proteins, enzymes, and nucleic
acids leading to aging as well as wide range of degenera-
tive diseases including cancers, atherosclerosis and coro-
nary heart pathologies!)). ROS and RNS include diverse
entities namely superoxide, hydroxyl, peroxyl, peroxini-
trite, and nitric oxide radicals®.

On the other hand, the aerobic organisms develop
antioxidant defense mechanisms that restore the damages
caused by ROS and RNS entities. The defence mecha-
nisms can be enzymatic and non-enzymatic. The enzy-
matic mechanisms comprised, for instance, superoxide
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dismutase, catalase, glutathione reductase and peroxi-
dase among others. The non-enzymatic mechanisms
are composed of endogenic and dietary antioxidants
and trapping agents such as ascorbic acid, a-tocopherol,
f-carotene, flavonoids and trace elements such as zinc
and selenium®.

Synthetic antioxidants such as butylated hydroxy-
anisole (BHA) and butylated hydroxytoluene (BHT) are
allowed to use in certain food preparations because of
their antioxidant potency, even though there are some
experimental evidences indicating that they could induce
DNA damage™®. Therefore, there is an increasing interest
in searching antioxidants from natural origin to scavenge
free radicals to prevent human body from oxidative stress
produced by ROS and RNS®.

Essential oils of herbs and their components have
many applications in folk medicine, food flavoring and
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preservation as well as in the fragrance and pharma-
ceutical industries®. The antimicrobial” and antioxi-
dant properties® of essential oils have been known for
a long time, and a number of investigations have been
conducted on their antimicrobial activities using various
bacteria and viruses.

Many essential oils also have been confirmed to
possess the antioxidant activity and were evaluated
in terms of reducing power, activities of scavenging
2,2’-azinobis(3-ethylbenzo thiazoline-6-sulfonic acid)
diammonium salt radical (ABTS™") and ability of
chelating ferrous ions®!¥. In this study, the antioxi-
dant capacity of forty-five commonly used essential oils
was investigated using three in vitro antioxidant assays
including ABTS™" radical scavenging ability, metal
chelating activity and reducing power. These essential
oils were compared with those of the commercial anti-
oxidants, and the major components showing antioxidant
activity were further identified by GC-MS. The composi-
tions of commonly and commercially used essential oils
were different from their original extraction and were
rarely investigated. The purpose of this study may provide
an opportunity to find out new antioxidant ingredients'¥)
from herbs for functional foods and cosmetics uses.

MATERIALS AND METHODS
1. Materials

2,2’-azinobis(3-ethylbenzothiazoline-6-sulfonic
acid) diammonium salt (ABTS) was purchased from
Sigma (St. Louis, MO, USA). Ammonium thiocyanate,
hydrogen peroxide and iron (II) chloride tetrahydrate
were purchased from Showa (Tokyo, Japan). Potassium
hexacyanoferrate (III), linalool, methyl chavicol, eugenol
and dl-limonen were purchased from Merck (Darmstadt,
Germany). L(+)-Ascorbic acid, 3-carene and thymol
were purchased from Acros Organics (Geel, Belgium).
Butylated hydroxyanisole (BHA), eugenol acetate and
B-caryophyllene were purchased from TCI (Shanghai,
China). o-Pinene was purchased from Aldrich (St.
Louis, MO, USA). p-Cymene was purchased from Fluka
(Buchs, Switzerland). Menthol was purchased from MP
(Eschwege, Germany). Methyl salicylate was purchased
from Alfa Aesar (Karlsruhe, Germany). The forty-five
kinds of essential oils of 100% purity were purchased
from the Australian Botanical Products (Hallam
Victoria, Australian) (TGA warrant by Australia govern-
ment, USDA and ACO certification). All the other chemi-
cals and solvents were of standard analytical grade and
purchased from Echo Chemical Co. (Miaoli, Taiwan).

1. Methods

(I) Gas Chromatography-Mass Spectrometry (GC-MS)
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The analyses of the volatile compounds were run
on a Thermo GC-MS system (GC-MS Trace DSQ-Mass
Spectrometer, MSD 201351, Thermo, Minneapolis,
MN, USA). TR-5MS column was used (5% phenyl poly-
silphenylene siloxane, Thermo, USA) with a length of
30 m, an inside diameter of 0.25 mm and a film thickness
of 0.25 pm.

Oven temperature was programmed as follows:
isothermal at 40°C for 1 min, then increased to 250°C,
at a rate of 10°C/min and subsequently held isothermally
for 40 min; then increased to 300°C at a rate of 4°C/min.
The carrier gas was helium (I mL/min). The injection
port temperature was 220°C and the detector temperature
was 280°C. lonization of the sample components was
performed in the EI mode (70 eV). Injected volume was
1 pL. The linear retention indices for all the compounds
were determined by co-injection of the samples with
a solution containing a homologous series of C8-C22
n-alkanes®. The individual constituents were identi-
fied by their identical retention indices referring to the
compounds known from the literature data!”), and also
by comparing their mass spectra with spectra of either
the known compounds or with the Trace DSQ-MASS
spectral database (Thermo, USA).

(I1) ABTS"* Radical Cation Decolourisation Assay

The experiments were carried out using an improved
ABTS"" (decolourisation assay with slight modifica-
tions) and compared with that of BHA!M1?) 1t’s appli-
cable for both lipophilic and hydrophilic compounds.
The ABTS"" was produced by reacting 7 mM stock solu-
tion of ABTS with 2.45 mM potassium persulfate (final
concentration) and allowing the mixture to stand in the
dark for 1 h at room temperature. The ABTS™" solu-
tion (1.75 mL) was mixed with 0.05 mL of essential oils
(1 mg/mL EtOH) in I-cm path length disposable
microcuvette and incubated in darkness at room tempera-
ture for 1 h. After the mixture had reached equilibrium,
the absorbance of the solution was measured spectropho-
tometrically at 734 nm. All determinations were carried
out in triplicate. The percentage of inhibition of ABTS™"
complex formation was calculated using the following
equation:

Scavenging effect (%) = (1- absorbance of sample at
734 nm / absorbance of control at 734 nm) x 100%

(II1) Determination of Metal Chelating Activity

The chelation of ferrous ions by the essential oils
was estimated by the method of Oyaizu''® with slight
modifications and compared with that of EDTA-2Na.

The reaction mixture containing 0.05 mL of essen-
tial oils (I mg/mL EtOH) was added to a solution of
2 mM FeCl, (0.75 mL). The reaction was initiated by the
addition of 5 mM ferrozine (1.5 mL) and the mixture was
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finally quantified to 0.25 mL with methanol by pipette,
shaken vigorously and incubated in darkness at room
temperature for 30 min. After the mixture had reached
equilibrium, the absorbance of the solution was measured
spectrophotometrically at 562 nm. The lower the absor-
bance of the reaction mixture indicated the higher the
Fe?*-chelating ability. All tests and analyses were done in
triplicate and average values were taken. The percentage
of inhibition of ferrozine-Fe?" complex formation was
calculated using the following equation:

Scavenging effect (%) = (1- absorbance of sample at
562 nm / absorbance of control at 562 nm) x 100%

(IV) Determination of Reducing Power

The reductive potential of the essential oils was
determined according to the method of Oyaizu!'® with
slight modifications and compared with that of BHA.

The reaction mixture containing 0.05 mL of essen-
tial oils (10 mg/mL EtOH) was mixed with phosphate
buffer (0.25 mL, 2 mM, pH 6.6) and potassium ferri-
cyanide [K5Fe(CN)¢] (0.25 mL, 1%, w/v). The mixture
was incubated at 50°C for 20 min. A portion (0.25 mL)
of trichloroacetic acid (10%, w/v) was added to the
mixture, which was then centrifuged for 10 min. The
upper layer of solution (0.1 mL) was mixed with distilled
water (0.5 mL) and FeCl; (0.75 ml, 0.1% w/v), shaken
vigorously and incubated in darkness at room tempera-
ture for 30 min and the absorbance was measured at
700 nm in a spectrophotometer. Higher absorbance of the
reaction mixture indicated greater reducing power. The
percentage of reducing power complex formation was
calculated using the following equation:

Reducing power effect (%) = (absorbance of sample at
700 nm / absorbance of 1 mg/mL BHA at 700 nm) x 100%

(V) Statistical analysis

Data were presented as mean + standard deviation
(S.D.) of three determinations. Statistical analyses were
performed using a one-way analysis of variance. Differ-
ences were considered significant at P < 0.05. The ECs
values were calculated by linear regression analysis. It
was defined as the effective concentration of sample to
obtain 50% antioxidant or metal chelating activity. Data
were calculated by employing the statistical software
(SPSS, version 13.0, SPSS Inc., Chicago, IL, USA).

RESULTS AND DISCUSSION
L. Analysis of Chemical Composition by GC-MS

Information of the forty-five essential oils was listed
in Table 1. The GC-MS was employed to analyze the
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chemical composition of cinnamon leaf, clove bud, thyme
red and basil essential oils.

The GC-MS studies on the cinnamon leaf essential
oil resulted in the identification of thirteen components,
which accounts for 98.64% of the total amount and the
major component (82.87%) was eugenol (Table 2). The
other twelve components were o-pinene, o.-phellandrene,
p-cymene, B-linalool, cinnamaldehyde, safrole, copaene,
B-caryophyllene, cinnamyl acetate, o-caryophyllene,
eugenol acetate and benzyl benzoate, respectively.

There are three major chemical compositions:
eugenol (82.32%), eugenol acetate (11.17%) and PB-caryo-
phyllen (4.75%) in clove bud essential oil (representing
98.24% of the oil). Eight compounds: o-pinene, ¢-phel-
landrene, d-limonene, p-cymene, crithmene, B-linalool,
thymol, and carvacrol in thyme red essential oil (repre-
senting 98.55% of the oil) and two major compounds of the
essential oil are thymol (63.65%) and p-cymene (23.8%).
GC-MS analysis of the basil essential oil identified
three compounds, representing 98.96% of the oil. They
are methyl chavicol (85.35%), B-linalool (12.53%), and
menthol (1.08%). The major components of these essential
oils those were purchased from pure chemicals and used to
study the antioxidant activity with essential oils.

1. ABTS™" Radical Scavenging Activity

Cinnamon leaf, clove bud, wintergreen and thyme
red essential oils have apparently shown good ABTS*"
radical scavenging activity among forty-five commonly
used essential oils. At the concentration of 1 mg/mL,
cinnamon leaf (96.45 + 0.01%), clove bud (96.33 +
0.01%), wintergreen (96.15 £ 0.01%) and thyme red
(95.98 + 0.01%) displayed the strongest ABTS"" radical
scavenging activity. The ABTS'" radical scavenging
activities in Jasmine absolute, ylang ylang, yarrow and
tea tree bush still essential oils were 94.63 = 0.09%,
9393 + 0.04%, 91.27 + 0.08% and 90.39 + 0.19%,
respectively. Other essential oils do not show apparent
ABTS"" radical scavenging activity up to 70% and the
sandalwood eastindian essential oil was shown the lowest
ABTS"" radical scavenging activity (4.95 = 0.42%).
These results were listed in Table 1.

To compare with the ABTS"" radical scavenging
activity of BHA, cinnamon leaf, clove bud, wintergreen
and thyme red, were diluted from 10 to 50 pg/mL. The
experimental results were displayed in Figure 1(A). The
ABTS"" radical scavenging activity could be observed
as follows: clove bud > cinnamon leaf > thyme red >
wintergreen. The antioxidant capacities in series of
concentrations of essential oils were used to calculate
the 50% effective concentrations (ECsg). The amount
of essential oil, necessary to decrease the absorbance of
ABTS"" by 50% (ECs), was calculated graphically (%
of inhibition was plotted against the antioxidant concen-
tration in the reaction system). The data showed that
clove bud possess the best radical scavenging capacity
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Table 2. Composition of the essential oils from cinnamon leaf, clove bud, thyme red and basil

Cinnamon leaf Clove bud Thyme red Basil

R,? Compound ® M.f. Peak Area (%)

9.04 o-Pinene CioHs 2.05 1.26

12.10 o-Phellandrene CioHie 0.59 1.32

12.18 d-Limonene CioHyg 2.82

12.93 p-Cymene CioHig 1.37 23.8

13.24 Crithmene CioHys 0.77

16.41 B-Linalool CyoH;30 1.33 2.66 12.53
20.04 Menthol CioHp00 1.08
21.00 Methyl chavicol CoH,0 85.35
21.66 Thymol CyoH140 63.65

21.86 Carvacrol CoH140 2.27

24.45 Cinnamaldehyde CoHgO 0.19

25.13 Safrole CioH80, 0.96

27.87 Eugenol CioH12,0, 82.87 82.32

28.75 Copaene CysHyy 0.78

30.61 B-Caryophyllene CysHyy 3.40 4.75

31.83 Cinnamyl acetate C1H 20, 0.74

32.10 o-Caryophyllene CisHyg 0.50

34.63 Eugenol acetate CioH 1403 2.00 11.17

44.03 Benzyl benzoate C14H1,0, 1.86

Unknown 1.36 1.76 1.45 1.04

4R, Retention time (min).

Y The components were identified by their mass spectra and retention indicates (RIs) with that of the Wiley and NIST mass spectral

databases and the previously published RlIs.
¢ M.f.: Molecular formula.

(ECs¢p = 10 pg/mL). The ECs, values of the best four
essential oils, clove bud, cinnamon leaf, thyme red, and
wintergreen were determined to be 10 pg/mL, 12 pg/mL,
18 pg/mL and 21 pg/mL, respectively.

At the concentration of 30 pg/mL, cinnamon leaf
essential oil and four of its main components (o.-pinene,
p-cymene, [-caryophyllene, eugenol) were designed
to examine the ABTS™" radical scavenging activity.
In Figure 1(B), it is clear that the ABTS"" radical scav-
enging activity is in the following order: eugenol >
cinnamon leaf essential oil > p-cymene > -caryophyl-
lene > o-pinene.

The ABTS™" radical scavenging activity and
work-up of clove bud and thyme red essential oils were
similar to that used in cinnamon leaf essential oil.

In Figure 1(B), ABTS"" radical scavenging activity
of clove bud essential oil and three of its main compo-
nents are in the following order: eugenol > clove bud

essential oil > eugenol acetate > B-caryophyllene. In
Figure 1(B), the ABTS"" radical scavenging activity of
thyme red essential oil and four of its main components
are in the following order: thymol > thyme red essential
oil > B-linalool > p-cymene > d-limonene.

Eugenol and thymol are the major components that
attribute the high ABTS™" radical scavenging activity
of cinnamon leaf, clove bud and thyme red essen-
tial oils. The close correlation between antioxidant
activity and phenolic content of extracts obtained from
various natural sources has been demonstrated by many
researchers!>16),

From the above description, it is clear that the
phenolic compound is effective in the ABTS"" scav-
enging ability. It is reported that phenolic compounds in
plants possess strong antioxidant activity and may help to
protect cells against the oxidative damage caused by free
radicals!”).
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Figure 1. ABTS™" radical scavenging activity of the top four essen-
tial oils with the highest activity and their major components.
(A) Concentration-dependent effect of ABTS'" radical scavenging
activity of cinnamon leaf, clove bud, thyme red, wintergreen
essential oils and BHA.
(B) ABTS"" radical scavenging activity of major chemical
components of cinnamon leaf, clove bud, thyme red, wintergreen
compared with its essential oils at the concentration of 30 pg/mL.

II1. Determination of Metal Chelating Activity

Basil essential oil has apparently shown the stron-
gest metal chelating activity among forty-five commonly
used essential oils. In the metal chelating activity test
system, the basil essential oil was determined as 57.48
+ 0.25% at the concentration of 1 mg/mL, whereas
the value of cypress was 44.29 + 0.54%. At 5 mg/mL,
chelating ability of Satureja cuneifolia™ was 66.1%.
Agrocybe cylindracea strain BU'?) chelated ferrous ions
by 90.6% at 5 mg/mL. Agaricus bisporus, Pleurotus
eryngii, Pleurotus ferulae and Pleurotus ostreatus®®
chelated ferrous ions by 59.5%, 41.4%, 51.0%, and 64.0%
at Smg/mL and 76.4%, 79.4%, 73.1%, and 82.3% at
20 mg/mL, respectively. At 5-20 mg/mL, chelating
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Figure 2. Metal chelating activity of basil essential oil and its major
components.

(A) Concentration dependency of the metal chelating activity of
basil essential oil and EDTA-2Na.

(B) Metal chelating activity of three major chemical components
of basil compared with its essential oils at the concentration of
1 mg/mL.

abilities of Coprinus comatus®) were 27.1-66.1%.
However, Pleurotus citrinopileatus'®® showed chelating
abilities of 58.4-75.7% at 5-20 mg/mL and Hypsizigus
marmoreus®? showed chelating abilities of 79.8-94.6%
at 5-20 mg/mL. It can be seen that chelating abilities of
basil and cypress essential oils were higher than those
of C. comatus, A. bisporus, P. eryngii, P. ferula, P.
ostreatus, P. citrinopileatus, and H. marmoreus.

Other essential oils did not show apparent metal
chelating activity up to 40% and the jasmine essential
oil has shown the lowest metal chelating activity 1.36 £
0.10%. These results were listed in Table 1.

To compare the metal chelating activity of basil and
EDTA-2Na, the set samples were diluted from 500 to
2500 pg/mL. The experimental results were displayed in
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Figure 2(A). The ECs( value of the basil essential oil was
984 png/mL.

To investigate the metal chelating activity of
the three major components of basil essential oil, the
following experiments were undertaken. At the concen-
tration of 1 mg/mL, B-linalool, menthol, methyl chavicol
and basil essential oil were investigated in the experi-
ment of the metal chelating activity. In Figure 2(B), the
metal chelating activity is in the following order: basil
essential oil > methyl chavicol > B-linalool > menthol.

Three major components of basil essential oil,
B-linalool, menthol and methyl chavicol, are tertiary
alcohol, secondary alcohol and ether, respectively. The
electron pairs of the oxygen atom of the three compo-
nents are responsible for the coordinating ability(24). The
methyl group of methyl chavicol increases the electronic
density of oxygen atom that raises the coordinate ability.
It is the possibility of the methyl chavicol representing
the higher chelating ability than B-linalool and menthol.
The order of the electron density of the three major
components of the basil essential oil was shown in Figure
3. Steric effect is another possibility that influences the
chelating ability. The methyl chavicol is a planar mole-
cule with a sp> C-O bond. The B-linalool and menthol
are two stereo-molecules with a sp> C-O bond, respec-
tively. The more stability of the methyl chavicol-Fe metal
complex than the other two proposed Fe complexes is due
to the small steric hindrance and small repulsion of the
chelating complex. The order of the steric effect of the
proposed three metal complexes was shown in Figure 4.

A ® ©

Methyl chavicol

A -Linalool
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IV. Determination of Reducing Power

Cinnamon leaf, clove bud and thyme red essential
oils have apparently shown better reducing power among
forty-five commonly used essential oils. At the concen-
tration of 10 mg/mL, the three essential oils were deter-
mined to have 119.42 + 0.68%, 112.92 + 0.87% and 92.11
+ 0.24% reducing power relative to the BHA, respec-
tively. These values are higher than that of Agaricus
blazei (86% at 10 mg/mL) and lower than that of Agro-
cybe cylindracea™ (99% at 5 mg/mL). With regard to
ethanolic extracts, Lo®?% mentioned that at 20 mg/mL,
reducing powers of A. bisporus, P. eryngii, P. ferula,
and P. ostreatus were 76%, 75%, 70%, and 61%, respec-
tively. Reducing powers of C. comatus®" were 25% at
5 mg/mL and 56% at 20 mg/mL. Furthermore, at
20 mg/mL, H. marmoreus?? showed a reducing power
of 74%. However, P. citrinopileatus®® showed a high
reducing power of 103% at 5 mg/mL. It can be seen
that reducing powers of cinnamon leaf, clove bud and
thyme red essential oils were more effective than those
of A. bisporus, C. comatus, H. marmoreus, P. eryngii,
P. ferula, and P. ostreatus and less effective than the P.
citrinopileatus.

Fennel essential oils showed 68.82 + 0.43% reducing
power. Other essential oils did not show apparent
reducing power up to 70% and the coriander essential
oil has the lowest reducing power (6.85 £ 0.15%). These
results were listed in Table 1.

To compare the reducing power relative to BHA,

[ ]
H/O / ..O ..
>
|

Menthol

Figure 3. The order of the electronic effect of the three major components of the basil essential oil.

sp?

'
A I

SN

I O—>Fe=0
O o~Fe*? > H,C
Fe~g = H
\
H
spd —
/3 -Linalool Menthol Methyl chavicol

Figure 4. The order of the steric effect of the proposed three metal complexes.



32

essential oils of cinnamon leaf and clove bud were
diluted from 10 to 200 pg/mL. The experimental results
were displayed in Figure 5(A). The reducing power of
essential oils of cinnamon leaf is better than that of clove
bud essential oil. Cinnamon leaf essential oil and five
of its major components o-pinene, p-cymene, B-caryo-
phyllene, eugenol acetate and eugenol were employed
to compare their reducing power. In Figure 5(B), the
reducing power is in the following order: eugenol >
cinnamon leaf essential oil > B-caryophyllene > eugenol
acetate > o-pinene > p-cymene. Eugenol is the major
component that accounts for the high reducing power of
cinnamon leaf essential oil.

Clove bud essential oil and three of its major compo-
nents eugenol, B-caryophyllene and eugenol acetate were
used to compare the reducing power. In Figure 5(B), the
reducing power of eugenol is also better than that of clove
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® 3t
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Figure 5. Reducing power of essential oils made from cinnamon leaf
and clove bud and their major components.

(A) Concentration dependency of the reducing power of cinnamon
leaf, clove bud and BHA. (B) Reducing power of the major chemical
components compared with its essential oils at the concentration of
1 mg/mL cinnamon leaf and clove bud oils.
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bud essential oil. From the above experiments, eugenol is
the major component that contributes high reducing power
activity of cinnamon leaf and clove bud essential oils.

In three test systems, all of the major components
and cinnamon leaf, clove bud, thymol red, and basil
essential oils exhibited remarkable antioxidant activi-
ties. In general, the phenolic compounds showed greater
activity than its essential oils in ABTS™" radical scav-
enging activity and reducing power systems. Our
research shows that cinnamon leaf, clove bud, thyme red,
and basil essential oils have the potential to develop into
antioxidant ingredients for functional foods and cosmetic
products.
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