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Chromatographic Isolation of Antioxidants Guided by a Methyl

Linoleate Assay
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A convenient and fast method for establishing the relative antioxidant activity of chromatographically
purified fractions of plant extracts has been developed. The assay electrochemically determines
the myoglobin-catalyzed oxygen consumption following addition of the fractions to methyl linoleate.
Since the oxygen consumption rate decreases with increasing antioxidant activity, the method can
be used for systematic screening of naturally occurring antioxidants. Applying this method to
extracts of Satureja hortensis led to isolation of rosmarinic acid.
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The great majority of naturally occurring antioxidants
isolated from higher plants are phenolic compounds
related to cinnamic acid or flavonoids (Larson, 1988;
Pratt, 1993). Although numerous procedures are avail-
able for the determination of the antioxidant activity
for pure compounds [see e.g. Hudson (1990)], only a few
methods exist for systematic assaying when purification
of antioxidants from plant extracts is attempted. The
usual method measures the autoxidation of linoleic acid
or its esters by the decrease in oxygen tension (Le
Tutour, 1990; Le Tutour and Guedon, 1992) or by the
thiocyanate method (Masuda et al., 1993; Yagi et al,,
1994; Jitoe et al., 1994). However, the former method
depends upon a rather sophisticated apparatus and the
latter may easily require 6 days. Recently, a method
using methyl linoleate oxidation accelerated by elevated
temperatures (110 °C) and abundant oxygen supply (7
mL/min flow rate) has been proposed, but even in this
case each test required around 8 h (Cuvelier et al., 1990,
1994). More directly, the formation of hydroperoxides
can be followed by monitoring the conjugated diene
absorption at 235 um (Torel et al., 1986), provided
interfering absorption is absent. Thus, neither of these
methods is optimal for use in systematic screenings
which require a simple, rapid determination of the
relative antioxidant activity of partially purified samples.
Hence, we investigated the application of a method
previously developed by Skibsted and his co-workers for
predicting oxidative stability of processed meat and
meat products (Mikkelsen et al., 1992; Jgrgensen and
Skibsted, 1993). This assay involves metmyoglobin
(MMb)-catalyzed autoxidation of methyl linoleate sta-
bilized with Tween 20 in air-saturated phosphate buffer
and proceeds within 10 min at room temperature. The
antioxidative efficiency is assessed by the oxygen con-
sumption rate as monitored by a Clark electrode.

Summer savory, Satureja hortensis L., is a culinary
herb widely used in the food industry. More than 100
constituents have been described in the essential oil
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(Chialva et al., 1980; Deans and Svoboda, 1989; Darbour
et al., 1990; Svoboda et al., 1990; Zielinska-Stasiek and
Cisowski, 1991; Zani et al., 1991; Regnault-Roger et al.,
1993; Deighton et al., 1993). The potent antioxidant
rosmarinic acid (Cuvelier et al., 1992) has been identi-
fied (0.23—2.5% wt/dry wt) by chromatographic methods
(Herrmann, 1960, 1962; Lamaison et al., 1991). The
ethanolic extract of summer savory therefore served as
a convenient test for the antioxidative assay.

MATERIALS AND METHODS

Extraction with EtOH and Identification of Ros-
marinic Acid as the Main Antioxidant. Summer savory
(S. hortensis L.) (75 g, air-dried) was extracted with EtOH
(96%), washed with heptane, and taken to dryness. The
remanence was dissolved in EtOAc and washed with water,
and the EtOAc extract was separated into five fractions by
silica gel column chromatography (Biichi, Si60; acetone/EtOH).
The fraction showing the best antioxidative activity was
further purified by silica gel chromatography (Merck NP,
B-column eluted successively with EtOAc, EtOH, MeOH, and
H:20) to give fractions 5a—5i. The strong antioxidant activity
was concentrated in fractions 5e (122 mg) and some small
fractions (5a, 5f, 5h, and 5i) as shown in Figure 2. Fraction
5e on RP-18 gave 55 mg of pure rosmarinic acid, showing 'H
and ®C NMR data identical to published values (Kelley et al.,
1975, 1976).

Apparatus for Antioxidative Assay. Measurement of the
relative antioxidative activity of the chromatographic fractions
was carried out according to the method of Mikkelsen et al.
(1992) as further modified by Jgrgensen and Skibsted (1993),
and these papers should be consulted for details in the
preparation of reagents, etc. The methyl linoleate emulsions
were conveniently prepared as follows. In a nitrogen atmo-
sphere 250 uL of a solution of methyl linoleate (80 mg) in
MeOH (10 mL) was mixed with another 250 «L aliquot of a
solution of Tween 20 (0.4 g) in MeOH (10 mL) and the mixture
taken to dryness. Immediately before use, the remanence was
stirred with an air-saturated phosphate buffer (5 mL, 5 mM,
pH 5.8, 25.0 °C) to make a fine emulsion.

The apparatus consists of an oxygen electrode (Pt, Ag/AgCl)
separated from the sample in the measuring cell by an oxygen
permeable polyethylene membrane. For a description of
equipment, maintenance, calibration, etc., see Siggaard-
Andersen (1974). Prior to each test, the measuring cell is
rinsed successively with water and buffer. When the sample
is injected, care must be taken to ensure that all of the buffer
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Figure 1. (A, Top) Oxygen concentration (—) and log oxygen
concentration (— —) recorded as a function of time for the
metmyoglobin catalyzed oxidation of methyl linoleate without
(control) and with the addition of an antioxidant (control +
antioxidant). (B, Middle) Oxygen concentration recorded as a
function of time for the metmyoglobin-catalyzed oxidation of
methyl linoleate without (control) and with the addition of
successive fractions (5a—>5i) from a chromatographic separa-
tion of an extract of S. hortensis. (C, Bottom) Logarithm of
the data from (B).

solution is replaced by the test solution. In our experience a
cell volume of 70 uL requires injection of 2 mL of test solution.
The polyethylene membrane tolerates water and EtOH, and
solutions in these can safely be tested.

Measurement of Relative Antioxidant Activity of
Fractions. Each sample (0.1 mg) to be tested was dissolved
in water or absolute EtOH (100 xL) and added to the methyl
linoleate emulsion. The reaction was initiated by the addition
of an aqueous solution of horse heart MMb (100 yL, 0.2 mM).
The mixture was immediately injected into the thermostated
measuring cell and the recording started. The electrode
potential was recorded every 5 s and converted to a data file
processed by a spreadsheet (SuperCalc 5.5). The values were
displayed as a function of time by connecting the data points
with straight lines, giving the curves shown in Figure 1A,B.
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RESULTS AND DISCUSSION

Evaluation of Relative Antioxidant Activity.
The experimental procedure described above under ideal
conditions gives results shown as full curves in Figure
1A. The signal is a function of the rate of several
simultaneous processes, such as reaction within the
electrode, diffusion through the membrane, and the
investigated chemical reaction (Ionescu et al., 1978). An
initial phase is followed by the propagation phase with
an almost steady state concentration of linoleate radi-
cals (R*) and a rapid decrease in oxygen concentration
(Mikkelsen et al., 1992). This terminates when the
lower limit for oxygen detection by the electrode is
approached, although this limit is seldom reached when
extracts with antioxidative activity are tested. As a first
approximation, the slope during propagation gives a
qualitative measure of the antioxidative activity. Cu-
velier et al. (1990) proposed the use of the half-reaction
time (i.e. the time when the oxygen consumption rate
had dropped to 50%) for this purpose.

Semiquantitative information of the relative rate
constants for oxidation may also be obtained. The
propagation part of the antioxidant curves reflects the
reaction between linoleate radicals and oxygen with a
very small activation barrier as rate-determining (Den-
isov and Khudyakov, 1987). Although the hydroperox-
ides formed may act as initiators, the MMb present is
an efficient ROOH decomposer, accelerating the propa-
gation step. Therefore, the ROOH concentration after
an initial phase will become quasi-steady with the rate
of formation being equal to the decomposition rate
(Denisov and Khudyakov, 1987). The general rate
expression

dlO,Vdt = —k(R'I[0,] = —£T0,]

simplifies to the pseudo-first-order kinetics under such
steady state conditions for production of linoleate radi-
cals (Mikkelsen et al., 1992). Accordingly, a logarithmic
transformation of the curves (dashed curves in Figure
1) gives approximately straight lines for the propagation
phases with slopes reflecting the relative reaction rates.

When the extract from S. hortensis was assayed, these
ideal conditions were not fullfilled as shown in Figure
1B,C. The rate constant may change with time since
both the amount of MMb degradation (Mikkelsen and
Skibsted, 1992; Mikkelsen et al., 1992) and secondary
oxidation of linoleate (Halliwell and Gutteridge, 1989)
increase and thus influence the concentration of radi-
cals. This effect is observed as a deviation from linearity
of the logarithmated curves. Nevertheless, the relative
slopes during propagation still give a qualitative mea-
sure of the antioxidant activity of the fractions sufficient
for systematic guidance of chromatographic separation
of the active constituents. The pseudo-first-order rate
constants & were in this case taken as the slope of the
curves in Figure 1C after 200 s, although the initial
phase is not clearly separated from the propagation
phase. Finally, when &’ is plotted against fraction
number (Figure 2) a conspicuous illustration of the
antioxidant activity concentrated in fractions 5a, 5e, 5f,
5h, and 5i may be obtained.

Sources of Error. The reaction rate varies from day
to day since the concentration of R* varies with MMb
activity and the concentration of lipid peroxide in the
ester (Mikkelsen et al., 1992). All tests run on the same
day are affected by the same factor, which means that
the relative antioxidant activities are still correct.
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Figure 2. Antioxidative activity measured by the relative rate
constants (k") for the same fractions (5a—5i) as shown in Figure
1B. The arrow indicates £’ of the extract (5) before separation.
The antioxidative activity is concentrated in fractions 5a, 5e,
5f, 5h, and 5i.

Comparison of tests run on different days requires a new
measurement at any fraction previously measured for
calibration. Some of the plant extracts may contain
compounds interfering with oxygen consumption, but
this error is negligible when small samples are used as
in our routine (0.1 mg of sample compared to 2 mg of
methyl linoleate). Like Uhegbu and Pardue (1990), we
found that the electrode potential drifts by about 5% of
the full scale per hour. However, if the curves are
calibrated (taking the initial oxygen concentration as
100%), the relative k’ values are not influenced. Ito and
Yamamoto (1982) found that the apparent oxidation
rate obtained for rapid reactions is underestimated due
to the finite response time of the oxygen electrode, but
since the delay is below 10 s, this error is negligible in
the present case. The analytical coefficient of variation
in repeated measurements with the oxygen electrode
was found to be about 2% (Siggaard-Andersen, 1974),
in agreement with our experience when the membrane
is working ideally. Although the data points when
connected with straight lines do not always give smooth
curves, their numbers are sufficient for a reliable
determination of k’. After some time, the membrane
gives strongly oscillating data points and must be
renewed.

Conclusions. The present assay has proved to be
simple and reliable for systematic fractionation of
ethanol-soluble antioxidant constituents of S. hortensis.
In particular, it is superior to other related assays in
that it records the antioxidative activity of a fraction
within 10 min.

LITERATURE CITED

Chialva, F.; Liddle, P. A. P.; Ullan, F.; De Smedi, P. Essential
oil composition of Satureja hortensis L. grown in Pledmont.
Comparison with other oils of various origin. Riv. Ital.
EPPOS 1980, 62, 297—300.

Cuvelier, M.-E.; Berset, C.; Richard, H. Use of a new test for
determining comparative antioxidative activity of butylated
hydroxyanisole, butylated hydroxytoluene, alpha- and gam-
ma-tocopherols and extracts from rosemary and sage. Sci.
Aliments 1990, 10, 797—806.

Cuvelier, M.-E.; Richard, H.; Berset, C. Comparison of the
antioxidative activity of some acid-phenols: Structure-
activity relationship. Biosci., Biotechnol., Biochem. 1992, 56,
324-325.

Cuvelier, M.-E.; Berset, C.; Richard, H. Antioxidant constitu-
ents in sage (Salvia officinalis). J. Agric. Food Chem. 1994,
42, 665—669.

Bertelsen et al.

Darbour, N.; Bahassar, F.; Raynaud, J.; Pellecuer, J. Flavonoid
glycosides in leaves of Satureja hortensis L. (Labiatae).
Pharm. Acta Helv. 1990, 65, 239—240.

Deans, S. G.; Svoboda, K. P. Antibacterial activity of summer
savory (Satureja hortensis L.) essential oil and its constitu-
ents. /. Hortic. Sci. 1989, 64, 205-210.

Deighton, N.; Glidewell, S. M.; Deans, S. G.; Goodman, B. A,
Identification by EPR spectroscopy of carvacrol and thymol
as the major sources of free radicals in the oxidation of plant
essential oils. J. Sci. Food Agric. 1993, 63, 221—225.

Denisov, E. T.; Khudyakov, I. V. Mechanisms of action and
reactivities of the free radicals of inhibitors. Chem. Rev.
1987, 87, 1313—-1357.

Halliwell, B.; Gutteridge, J. M. C. Free radicals in biology and
medicine; Clarendon Press, Oxford, U.K., 1989.

Herrmann, K. About “tanning agent” from the leaves of
Labiatae. Arch. Pharm. 1960, 293, 1043—1048.

Herrmann, K. About the antioxidative effect of the drugs from
Labiatae and its contents of Labiatic acid (“labiate tanning
agent”). Z. Lebensm. Unters. Forsch. 1962, 116, 224—228.

Hudson, B. F. J. Food antioxidants; Elsevier: London, 1990.

Ionescu, G.; Matei, F.; Duca, A. Kinetic aspects of the oxidation
reaction of gallic acid using an oxygen-selective electrode.
Rev. Roum. Chim. 1978, 23, 1611-1617.

Ito, S.; Yamamoto, T. Compensation for measuring error
produced by finite response time in determination of rates
of oxygen consumption with a Clark-type polarographic
electrode. Anal. Biochem. 1982, 124, 440—445.

Jitoe, A.; Masuda, T., Mabry, T. J. Novel Antioxidants,
Cassumunarin A, B, and C, from Zingiber cassumunar.
Tetrahedron Lett. 1994, 35, 981—-984.

Jgrgensen, K.; Skibsted, L. H. Carotenoid scavenging of
radicals. Effects of carotenoid structure and oxygen partial
pressure on antioxidative activity. Z. Lebensm. Unters.
Forsch. 1998, 196, 423—429,

Kelley, C. J.; Mahajan, J. R.; Brooks, L. C.; Neubert, L. A.;
Breneman, W. R.; Carmack, M. Polyphenolic acids of
Lithospermum ruderale Dougl. ex Lehm. (Boraginaceae). 1.
Isolation and structure determination of lithospermic acid.
J. Org. Chem. 1975, 40, 1804—-1815.

Kelley, C. J.; Harruff, R. C.; Carmack, M. The polyphenolic
acids of Lithospermum ruderale. 1I. Carbon-13 nuclear
magnetic resonance of lithospermic and rosmarinic acids.
J. Org. Chem. 1976, 41, 449—455.

Lamaison, J. L.; Petitjean-Freytet, C.; Duband, F.; Carnat, A.
P. Rosmarinic acid content and antioxidant activity in french
Lamiaceae. Fitoterapia 1991, 52, 166—171.

Larson, R. A. The antioxidants of higher plants. Phytochem-
istry 1988, 27, 969—978.

Le Tutour, B. Antioxidative activities of algal extracts, syn-
ergistic effect with vitamin E. Phytochemistry 1990, 29,
3759—-3765.

Le Tutour, B.; Guedon, D. Antioxidative activities of Olea
europaea leaves and related phenolic compounds. Phy-
tochemistry 1992, 31, 1173—1178.

Masuda, T.; Jitoe, A.; Isobe, J.; Nakatani, N.; Yonemori, S.
Anti-oxidative and anti-inflammatory curcumin-related phe-
nolics from rhizomes of Curcuma domestica. Phytochemistry
1993, 32, 1557—-1560.

Mikkelsen, A.; Skibsted, L. H. Kinetics of enzymatic reduction
of metmyoglobin in relation to oxygen activation in meat
products. Z. Lebensm. Unters. Forsch. 1992, 194, 9—16.

Mikkelsen, A.; Sosniecki, L.; Skibsted, L. H. Myoglobin ca-
talysis in lipid oxidation. Assay for activity with linoleic acid
as substrate. Z. Lebensm. Unters. Forsch. 1992, 195, 228—
234.

Pratt, D. E. Antioxidants indigenous to foods. Toxicol. Ind.
Health 1993, 9, 63—175.

Regnault-Roger, C.; Hamraoui, A.; Holeman, M.; Theron, E.;
Pinel, R. Insecticidal effect of essential oils from mediter-
ranean plants upon Acanthoscelides obtectus say (So-
leoptera, Bruchidae), a pest of kidney bean (Phaseolus
vulgaris L.). J. Chem. Ecol. 1993, 19, 1233—1244.

Siggaard-Andersen, O. S. The acid-base status of the blood,
4th ed.; Munksgaard: Copenhagen, 1974.



Assay-Guided Isolation of Antioxidants

Svoboda, K. P.; Hay, R. K. M.; Waterman, P. G. Growing
summer savory (Satureja hortensis) in Scotland: quantita-
tive and qualitative analysis of the volatile oil and factors
influencing oil production. J. Sci. Food Agric. 1990, 53, 193~
202,

Torel, J.; Cillard, J.; Cillard, P. Antioxidant activity of fla-
vonoids and reactivity with peroxy radical. Phytochemistry
1986, 25, 383—385.

Uhegbu, C. E.; Pardue, H. L. Kinetic response of an oxygen-
selective electrode evaluated for the quantification of oxygen.
Anal. Chim. Acta 1990, 237, 413—420.

Yagi, A.; Uemura, T.; Okamura, N.; Haraguchi, H.; Imoto, T,;
Hashimoto, K. Antioxidative sulphated flavonoids in leaves
of Polygonum hydropiper. Phytochemistry 1994, 35, 885—
887.

J. Agric. Food Chem., Vol. 43, No. 5, 1995 1275

Zani, F.; Massimo, G.; Benvenuti, S.; Bianchi, A.; Albasini, A.;
Melegari, M.; Vampa, G.; Bellotti, A.; Mazza, P. Studies on
the genotoxic properties of essential oils with Bacillus
subtilis res-assay and Salmonella/microsome reversion as-
say. Planta Med. 1991, 57, 237—-241.

Zielinska-Stasiek, M.; Cisowski, W. Bioflavonoids from Sat-
ureja hortensis L. herb. Pol. J. Chem. 1991, 65, 2291.

Received for review September 26, 1994. Accepted February
27, 1995.%

JF940542Y

® Abstract published in Advance ACS Abstracts, April
15, 1995.



