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Antioxidant activity of fresh and dry herbs of some Lamiaceae species
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Abstract

The herbs of lemon balm, oregano, and peppermint were analysed immediately after harvest and after drying to determine their
antioxidant activity and content of total phenolics, L-ascorbic acid, and carotenoids. The strongest inhibition of linoleic acid (LA)
peroxidation was found for fresh and dried oregano. For peppermint and lemon balm it was significantly lower and decreased after
drying. The ability to scavenge the free radical DPPH (2,2-diphenyl-1-picrylhydrazyl) was very high in almost all tested samples,
exceeding 90%. The three species tested had a very high content of total phenolics and drying of oregano and peppermint resulted
in their considerable increase. The highest content of ascorbic acid was determined in fresh peppermint and lemon balm and carot-
enoid content was at a similar level in all the species tested. Drying caused great losses of these compounds.
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1. Introduction

Chemical constituents with antioxidant activity
found in high concentrations in plants (Velioglu, Mazza,
Gao, & Oomach, 1998) determine their considerable
role in the prevention of various degenerative diseases
(Challa, Ahmad, & Mukhtar, 1997; Diplock et al.,
1998; Hu & Willett, 2002). Besides the fruits and vegeta-
bles that are recommended at present as optimal sources
of such components, the supplementation of human diet
with herbs, containing especially high amounts of com-
pounds capable of deactivating free radicals (Madsen &
Bertelsen, 1995), may have beneficial effects (Lutomski,
2001). Although consumption of fruits and vegetables

Abbreviations: AA, L-ascorbic acid; GA, gallic acid; LA, linoleic
acid; ORAC, oxygen radical absorbing capacity; DPPH, 2,2-diphenyl-
1-picrylhydrazyl; TAA, total antioxidant activity; RSA, radical scav-
enging ability; f.m., fresh matter.
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has increased in Poland recently, it is still lower than
in the Mediterranean countries. Therefore the incorpo-
ration of seasoning based on herbs into everyday meals
may be of crucial importance. Bearing in mind that Po-
land is one of the leading countries in the European pro-
duction of herbal raw material (Jambor, 2001),
enriching the diet with herbs should not meet any obsta-
cles. The benefits resulting from the use of natural prod-
ucts rich in bioactive substances has promoted the
growing interest of pharmaceutical, food and cosmetic
industries as well as of individual consumers in the qual-
ity of herbal produce.

Halvorsen et al. (2002) demonstrated over a 1000-
fold difference between total antioxidants in dietary
plants and stressed the need for investigations on the
role of processing and storage of raw materials in this
respect. Among the important constituents participat-
ing in the cell defence system against free radicals are
phenolic compounds and also ascorbic acid and carot-
enoids (Diplock et al., 1998; Gao, Ohlander, Jeppsson,
Bjork, & Trajkovski, 2000; Szeto, Tomlinson, &
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Benzie, 2002). According to Kalt, Forney, Martin, &
Prior (1999) the effect of ascorbic acid on antioxidant
capacity of fruits is negligible. Similarly, the antioxida-
tive properties of carotenoids seem to be controversial
and under certain conditions such as high oxygen pres-
sure in the plant tissue can be converted into prooxi-
dant activity (Larson, 1988). Herbs, regardless of the
purpose they serve, are used as fresh or dried. Enzy-
matic processes during drying fresh plant tissues may
lead to significant changes in the composition of phyto-
chemicals (Jambor & Czosnowska, 2002). The evalua-
tion of antioxidant properties of the raw material
allows the determination of its suitability as high qual-
ity food beneficial for human health and therefore is of
considerable importance.

The aim of this study was to compare the antioxidant
activity of fresh and dried herbs of some species from
the Lamiaceae family.

2. Materials and methods

Plant material was collected from the following three
perennial species of Lamiaceae family in their second
year of cropping: lemon balm (Melissa officinalis 1.),
oregano (Origanum wvulgare L.), peppermint (Men-
tha X piperita L.). Plants were grown in the Experimen-
tal Station of the Agricultural University in Krakow.
Harvest was done in the second half of June 2002, when
lemon balm and oregano were at the beginning of flow-
ering and peppermint just before flowering. Immediately
after harvest, one part of the herb was prepared for
analysis and the second one was air-dried in a shady,
well-ventilated room at the temperature of 25-32 °C
for 10 days and then packed in paper bags and stored
for 6 months. Analytical samples consisted of leaves
and shoot tops, hard stalks being discarded.

Both fresh and dried plant material were subjected
to the same analyses. The weight of analytical samples
were equivalent, i.e. the water losses during drying and
storing of herbs were taken into account. This allowed
the comparison of results expressed as per fresh matter
(f.m.) of plant tissue regardless of herb character. The
content of L-ascorbic acid (AA) was determined by the
iodometric method of Tillmans (Kretowska-Kulas,
1993), that of total carotenoids — spectrophotometri-
cally, after the extraction of plant material in 80% ace-
tone, basing on the equations by Lichtenthaler &
Wellburn (1983). For the test of total phenolics and
two assays of antioxidant capability the herb extracts
were prepared using 80% methanol. Total soluble
phenolics were estimated by a photometric method
with the Folin—Ciocalteu reagent using gallic acid
(GA) as a standard (Slinkard & Singleton, 1977; Zheng
& Wang, 2001). Total antioxidant activity (TAA) was
determined by the method given by Toivonen &

Sweeney (1998). The products of peroxidation of exog-
enous linoleic acid (LA), initiated by ferrous-EDTA,
were measured spectrophotometrically at 232 nm in
the solutions of herb extracts (final concentration was
0.82%) and control. A control consisted of the above
reaction mixture with 80% methanol in place of the
herb extract. TAA was expressed as a percentage of
inhibition of LA peroxidation by herb extracts in com-
parison to the oxidation level in the control. Radical
scavenging activity (RSA) was tested according to the
method with DPPH as a stable free radical (Pekkari-
nen, Stockmann, Schwarz, Heinonen, & Hopia,
1999). The ethanolic solution of DPPH (0.1mM) was
used as a point of reference for monitoring the de-
crease of its absorbance at 516 nm after addition of
herb extracts (final concentration was 0.41%). The con-
trol was prepared without herb extract, ethanol being
used for a baseline correction. RSA was expressed as
the percentage of DPPH elimination after 1 and 5
min since the start of reaction, calculated according
to the following formula: [absorbance of control sam-
ple — absorbance of sample with herb extract]/absor-
bance of control sample x 100%.

The data were subjected to ANOVA, means being
compared by Duncan’s test at p = 0.05.

3. Results

Table 1 presents the results of two assays of antioxi-
dant capability and the content of total phenolics, ascor-
bic acid, and carotenoids in the fresh and air-dried herbs
of the three species tested. The highest antioxidant abil-
ity, expressed as inhibition of LA peroxidation (TAA),
was found for extracts from both fresh and dried oreg-
ano. The TAA value for peppermint and lemon balm
was significantly lower. In the case of these two species,
the process of drying decreased their total antioxidant
activity.

The ability of scavenging DPPH - free radical mea-
sured after 5 min was very high in the extracts from
all the tested herbs, exceeding 90%. The only exception
was dried oregano for which the RSA value was lower
(84%). Comparison of RSA measurements after 1 and
5 min allowed estimation of the rate of DPPH neutrali-
sation. In the case of peppermint and lemon balm ex-
tracts, obtained both from fresh and dried plant
material, this parameter reached its maximum level after
1 min, while the oregano extracts reacted with DPPH
much more slowly. In oregano extracts, a significant dif-
ference of RSA between fresh and dried herbs was
found. Both after 1 and 5 min the DPPH scavenging
ability of extracts from dried herb was lower than that
from fresh plant material.

In the three species tested the content of total soluble
phenolics was very high, and ranged between 1400 (fresh



E. Capecka et al. | Food Chemistry 93 (2005) 223-226 225

Table 1

Comparison of fresh and dry herb of three species of Lamiaceae with respect to antioxidant activity

Tested parameter Herb character Species

Peppermint Lemon balm Oregano

TAA (%) Fresh 62b 69b 95¢
Dry 50a 50a 90c

RSA (%) After 1 min Fresh 93de 93de 64b
Dry 9Y4ef 95f 4la

After 5 min Fresh 93de 93de 92d

Dry 95f 95f 84c

Total phenolics (mg 100 g~ fm.) Fresh 1954b 2253¢ 1406a
Dry 2580d 2183¢ 2221c

L-Ascorbic acid (mg 100 g™! f.m.) Fresh 52.6¢c 53.2¢ 23.1b
Dry 4.5a 3.3a 4.2a

Carotenoids (mg 100 g~ f.m.) Fresh 58.1d 46.3c 51.0cd
Dry 32.7b 21.0a 25.5ab

Means followed by the same letters are not significantly different.

oregano) and 2600 mg GA 100 g~' f.m. (dried pepper-
mint). Drying resulted in a considerable increase of total
phenolics in the case of oregano and peppermint, while
for lemon balm no significant difference was observed
between freshly harvested and dried plant material.

Ascorbic acid content in fresh plant material differed
significantly depending on the species tested. The highest
content was determined in peppermint and lemon balm
while in oregano it was lower by half. Drying caused a
great reduction of this compound in all the examined
species. In the case of lemon balm and peppermint over
a 10-fold decrease was noted.

A similar level of carotenoids was observed in fresh
plant material in all species studied. Drying caused their
significant decrease, approximately one half of the
amount determined immediately after harvest was found
in dried herbs.

4. Discussion

Present results confirm the unique antioxidant prop-
erties of all the three examined species. Zheng & Wang
(2001), who examined 39 herbal taxa, reported that var-
ious species of oregano showed high levels of phenolic
compounds that strongly correlated (0.984) with ORAC
values. This led those authors to declare that phenolics
are major components of the antioxidant system in
plants. The present results concerning the particularly
strong inhibition of LA peroxidation by oregano ex-
tracts confirm the findings of Zheng & Wang (2001).
Nevertheless, it is worth noting that in this species sig-
nificantly higher TAA was accompanied either by the
lower (fresh material) or by the similar (dried material)
content of phenolics in comparison with peppermint
and lemon balm.

The high content of phenolics affected also the
strong capability of the species examined to deactivate
free radical DPPH, especially fresh and dried pepper-
mint and lemon balm as well as fresh oregano. Lagouri
& Boskou (1996) & Kédhkonen et al. (1999) stated that
among plant phenolics responsible for antioxidant
activity the prominent role was played by phenolic
acids and flavonoids. A very important compound in
herbs of Lamiaceae family is rosmarinic acid, showing
high scavenging DPPH potential (Chen & Ho, 1997),
this being related to the presence of four hydroxyl
groups in its molecule (Fecka, Mazur, & Cisowski,
2002). The rosmarinic acid content in oregano extracts
is very high (Chen & Ho, 1997). Oregano is particu-
larly rich (55,000 ppm) in this compound and pepper-
mint and lemon balm also contain high amounts
(about 30,000 and 37,000 ppm, respectively). In the
DPPH scavenging test, Chen & Ho (1997) showed that
besides rosmarinic acid, other phenolic acids (i.e. caf-
feic, chlorogenic, and ferulic) participate in the neutral-
isation of this free radical. A detailed quality analysis
of phenolic compounds occurring in the plant material
might elucidate the question of significant differences
noted with respect to TAA and RSA between the spe-
cies, either fresh or dried.

In dried plant material the significant losses of both
ascorbic acid and carotenoids were found in comparison
with the fresh herbs. Ascorbic acid is easily decomposed
during post-harvest treatment of leafy tissue. A consid-
erable decrease (by 90%) of its level was observed in
spinach stored for 3 days at ambient temperature (Dip-
lock et al., 1998) as well as during short-term storage of
lettuce leaves at room temperature (Rozek, Leja, Mycz-
kowski, & Mareczek, 1995). It has been long known that
carotenoids as a labile substances, sensitive to oxidation,
radiation, etc. (Davies, 1976), could be destroyed during
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drying processes. High AA content noted in fresh pep-
permint and lemon balm corresponded to a very high
DPPH scavenging ability, whereas lower AA content
in oregano was accompanied also by lower RSA. A con-
tradictory dependence was found, however, in the case
of TAA. A distinct decrease in both AA and carotenoid
contents in all samples examined after their drying was
not accompanied by a reduction of RSA either in lemon
balm or peppermint, but in the case of oregano corre-
sponded to a decrease in this parameter. On the other
hand, the TAA value was lowered as the result of drying
of peppermint and lemon balm, but remained on the
same level with oregano.

Ambiguous connections between the content of par-
ticular antioxidants and antioxidant activity are difficult
to explain only on the basis of quantitative analysis. Mi-
los, Mastelic, & Jerkovic (2000) & Zheng & Wang (2001)
suggested that not only the level of antioxidants but also
a synergy occurring between them and the other plant
constituents might influence the differences in the anti-
oxidant ability of plant extracts. A similar suggestion
concerning the mechanism of action of phytonutrients
introduced in human organisms was put forward by
Tran (2001).

Antioxidant activity, expressed as the ability to inhi-
bit LA peroxidation as well as to scavenge free radicals,
was very high in the case of all the examined herbs.
Lower TAA values measured in the extracts of pepper-
mint and lemon balm seemed to be compensated by very
high RSA values. With oregano, the lower rate of
DPPH scavenging was observed together with very high
inhibition of LA peroxidation. Regardless of a signifi-
cant decrease in ascorbic acid and carotenoid contents
after drying of plant material, it may be noted that both
fresh and dried herbs of the three species examined are
rich sources of antioxidants, in particular from the
group of phenolic compounds.
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